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YncjieHHHOE MOJeJTHPOBAHUE Ta30MHAMHMKH NpPeAoXpaHuTeabHOro kianaHa (Numerical
Modeling of the Gas Dynamics of the Safety Valve)

Paccmampusaromes eazoounamuueckue npoyeccovl 8 nOI0CMU NPEOOXPAHUMENbHO20 KAANAHA C
onpeoeneHuem CUl08020 8030€liCMBUs 2a308020 NOMOKA HA OUCK C YY4emoM HeCmayuoHapHOCmu U
corcumaemocmu nomoka. Ilpedoxpanumenvusiii Kianauw npedcmasisem coO0U MexaHu3m, demoma-
MuUYecKy OMKPLIBAIOWULICS. NPU NOBbIUUEHUU O0Aa8leHUsl Gblile paboye2o U 3aKpblearowuiics npu
CHUDICeHUU 0asiieHUsi 00 paboye2o UlU HEeCKOIbKO HUudce He2o. 3adaueli paciema npedoxpanumens-
HbIX KIANAHO8 A6NAemcs onpedeienue NPOnyCKHOU CNOCOOHOCMU, NO0OOP XaApaKmepucmuk npy-
JHCUHBL K HUM, OUHAMUYECKUX YCUNUU, BO3HUKANOWUX NPU CPAOAMbIBAHUU NPEOOXPAHUMENbHO2O0
Kianana. M3eecmmuvie mamemamuyeckue Mooenu pabomsl KIANAHO8, ONUCHIBAIOWUE OBUINCEHUs
oucKa noo oeticmeuem Cull CO CMOpPOHbl 2a3a U NPYIHCUHbL, OCHOBAHHbBLE TUOO HA NPUMEHEHUU IMNU-
pUdeckux Ko3uyuenmos, 1ub0 Ha CIOHCHO Peanu3yemom peuenu 3a0a4u 0 2a300UHaAMUYECKUX
npoyeccax, ocywyecmeaisiemMvblx 8 mpexmepHoUu NOCMAaHo8Ke ¢ Ucnonvsoearuem nakema ANSYS.

B oannoii cmamve 060cH08b18a€MCsL 803MOHCHOCM YUCTIEHHO20 MOOENUPOBAHUS OCHOBHBIX 2d-
300UHAMUYECKUX XAPAKMEPUCTNUK KIIANAHA HA OCHOBe PeuleHUsl 0CeCUMMEMPUUHbIX YPAGHeHUL 2a-
3060U OUHAMUKU. [N YUCNEHHO20 peuleHUs CUCmeMbl 2a300UHAMUYECKUX VPAGHEHUU C 0CeBol
cummempuel NpuMeHsemcs: Memoo KOHMpOabHo20 obvema. Ilapamempyol 2asa Ha epaHuyax KOH-
MpoNbHLIX 00bemos onpeodensaromces no memody C. K. ['o0ynosa ¢ ucnonvzogsanuem agmomooenbHo-
20 peuieHus 3a0ayu 0 pacnade NpouU3BOIbHO20 paspvleéd. B pacueme npumensemcs cmpykmypupo-
BAHHAS OPMOSOHANLHAS PA3HOCMHASL CeMKA, NOCMPOEHHAS. KOMNJIEKCHLIM Memo0OM 2PAHUYHBIX
IEMEHMO8 U OMoOPaANCAIOWAST KPUBOTUHEUHYIO PACYEMHYI0 001aCcmb HA NPAMOY20bHUK. 3anuca-
Ha mMamemamuyecKkas Mooeib 08UNCEHUSI OUCKA KIANAHA C Y4emoM HeCmAayuoHapHo20 U3MeHeHUs
0asyeHusi 8 eMKOCMU, 8 KOMOPOU pe2yaupyemcs 0asieHue.

Tonyuenvt pezynbmamsi YUCIEHHO20 MOOEIUPOBAHUSL HECMAYUOHAPHO20 NPOYECCd OMKPLIMUS U
sakpoimus knanana. Ilposedennoe uucienHoe mooerupoganue 2a300UHAMUYECKUX NPOYUECCo8 8
NpeooXpaHumenbHOM NPYHCUHHOM KAANAaHe NpAmMo20o O0eticmeus NoKa3aio, 4mo medenue 8 obnac-
Mu, PACNOIONCEHHOL 8blule NO NOMOKY Om OUCKA, UMeem 0Ce8yl0 CUMMempuio. 36VKo8as NUHUS,
«3anuparowasy 3my 061acmes om 603MYWeHUll HUHce No NOMOKY, npeobaaoaroujee 8pems CONPUKa-



caemcs ¢ Kpaem oucka. Pezyremamol sxcnepumenma noomeepacoarom OUHAMUKY OMKPbIMUs Kid-
nana, paccuumaHmyio no paccmampueaemomy memooy.

Gas-dynamic processes in a cavity of the safety valve with determination of force impact of a gas
flow on a disk, taking into account the instability and compressibility of a flow are considered. The
safety valve represents the mechanism automatically opening in case of increase in pressure to the
value higher than the operating one and closed in case of pressure decrease to the operating one or
slightly below it. The task of calculation of safety valves is throughput determination, selection of
characteristics of their spring, the dynamic efforts arising when actuating the safety valve. The
known mathematical models of operation of valves describing movements of a disk under the influ-
ence of forces from gas and a spring are based either on application of empirical coefficients, or on
difficult implementable decision of the task on the gas-dynamic processes which are realized in
three-dimensional setting with use of a package of ANSYS.

In this paper the possibility of numerical modeling of the main gas-dynamic characteristics of
the valve on the basis of the solution of the axisymmetric equations of gas dynamics is justified. The
method of control volume is applied to the numerical solution of system of the gas-dynamic equa-
tions with an axial symmetry. Gas parameters on boundaries of control volumes are determined by
S.K. Godunov's method with use of the self-similar decision of the task on decay of an arbitrary
gap. In calculation the structured orthogonal difference grid constructed by a complex method of
edge elements and displaying the curvilinear estimated area on a rectangle is applied. The mathe-
matical model is written for movement of a disk of the valve taking into account the unstable change
of pressure in capacity in which the pressure is regulated.

Results of numerical modeling of the non-stationary process of opening and closing of the valve
are received. The carried-out numerical modeling of gas-dynamic processes in the safety spring
valve of direct action showed that the current in the area located above along a flow from a disk
has an axial symmetry. The sound line "locking" this area from perturbations is lower along a flow
adjoins to the edge of a disk for the prevailing time period. Results of an experiment confirm dy-
namics of opening of the valve calculated by the considered method.

KawueBble c10Ba: MperoXpaHUTENbHBIE YCTPOUCTBA, Ta30IMHAMHUYECKUE TPOIIECCh, MaTeMa-
TUYECKask MOJICIb, TUHAMUKA, YACIICHHBIC METO/IBI.
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Bo3nukHoBeHHe ()peTTHHIa B COCAUHEHUNAX C HATATOM NPH HATPYKEHHH M3TrHOOM C Bpa-
menneM (Occurrence of Fretting in Connection with Interference with Loading by Bending
with the Rotation)

Paccmompenuvl npuuunsl 603HuUKHOGEHUA hpemmunea 8 yClo8UsX NIOMHO20 KOHMAaKma oemainell
Ha npumepe coeounenus: ¢ Hamsazom. bonvuwoe konuuecmeo makozo pooa coedunenutl, UCNOIbIYe-
MbIX 8 MAWUHOCMPOEHUU, UCTIbIMbIBAIOM NepeMenHble Hazpy3ku. K makum munam Hazpy30K Modic-
HO omHecmu nyIbcupyiowjue u yoapuvie, CmpeMawuecs COBUHYMb coeouHsemble 0emaiy OMmHOCU-
menbHOo Opye Opyea, CKpyyuearouue, KOmopvle 803HUKAIOM NOO Oelicmeuem KPYMmUulbHblX Koaeoa-
HUL, U CNOCOOHbBIE 8bI36AMb OKPYICHOE CMEUeHUEe CONPIHCEHHBIX dNeMenmos. Paccmompensl ycio-
8Usl NOABIEHUS U HEKOMOopble PA3HOBUOHOCIMU PA3PYULEHUU, NOABIAIOWUXCL 8 KOHMAKMUPYIOUWUX
oemansax 6 pesynvmame gpemmune-usnoca. Hanpumep, hpemmune, 803HUKWUL 6 Mecme NOCAOKU
HAPYIHCHO20 KONbYA NOOWUNHUKA 8 KOPNYCHYI0 Oemans. IIpuyunoii 0anHo20 paspyuieHus s8uiucs



MUKponepemeweHus: (OmHoCUmenbHble OBUNCEHUsT KOHMAKMUPYIOWUX oemareti), G03HUKUUE B0
gpems pabomul y3ia. Takue paspyuieHus HeOIA2ONPUAMHO BIUAIOM HA pacnpedeneHue Hacpy3KU 6
nOOWUNHUKe, NPOOYKMbL Jce UBHOCA OYOYM CIAYHCUMb KAK AOPA3USHBLE DJIeMEHNbl, YUMo MAaKice
NI0X0 ompazumcs Ha pabome Oemainu.

Coenan 0630p pabom, 8 KOMOPLIX NPEONPUHUMATUCL NONBIMKU PeUUmb OAHHbIL B0NPOC Memo-
00M KOHEYHBIX 2NeMEHMO8, Hanpumep 6 npocpammuom komniexkce ANSYS. B npoananuzupoeannom
npumepe npu MOOeIUPOBAHUL Peulanacs 3a0ada Oisi mpex COCMOAHULL: CYenIeHUs], CKOJbAHCEHUs. U
PACKPbIMUsL CIbIKA.

The paper considers the reasons for the occurrence of fretting in dense contact details, for ex-
ample the pressure connection. A large number of such compounds used in mechanical engineer-
ing, are experiencing fluctuating loads. These types of loads include pulsating and shock ones tend-
ing to move the parts relative to each other, twisting loads which arise under the action of torsional
vibrations and capable to cause circumferential offset of the mating elements. The conditions of ap-
pearance and some types of damage appearing in contacting details in the result of fretting wear
are considered. For example, fretting occurred in the landing place of the outer ring of the bearing
in a housing part. The reason for this destruction was the microscopic (relative motion of the con-
tacting parts) that occurred during the operation of the node. Such destruction does not favorably
influence the load distribution in the bearing, the products of wear will serve as the abrasive ele-
ments, which is also bad for operation of parts.

A review of works is carried out describing the attempts to solve this problem by the finite ele-
ment method, for example using ANSYS software. In the analysed example while modeling the prob-
lem was solved for three states: the mesh, the slide and the opening of the joint.

KiaroueBble cjioBa: GpeTTUHT, (PPETTHHT-KOPPO3HSI, COCTMHEHUE C HATATOM, U3THUO, BpaIlICHHE,
MeTO]1 KOHEUHBIX AneMeHToB (MKD).
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Karymka nist Hamotku nposoJioks (Coil for Wire Winding)

Kamywxa, koncmpykyus Kkomopou paccmompena  cmamuve, OMHOCUMCS K YCMPOUCmeam 0
agmomamu3ayuy HAMOMKU NPOBOJOKU U MONCem Oblmb UCNONIL308AHA 8 COCMABEe A8MOoMamuye-
CKUX JUHUL 011 ee npou3eoocmea. OOHOU U3 camblx MpPYOOeMKUX U OJUMENbHbIX Onepayuli npu
npou3800cmee NPoBOLOKU ABNIAEMCS ee HAMOMKA Ha Kamywku. Tpaouyuonno maxue ycmpoicmea
co0epaHcam ONOPHYIO 6MYIKY C YCMAHOBIEHHbIMU NO ee KPAsAM OUCKAMU, NPU SMOM K OMAUYUMENb-
HbIM 0CODEHHOCMAM KamyuieKk KOHKpemHbulX Gupm-npouzsooumerieli yaue 8ce20 OMHOCAMC CNo-
co0bl 8bINOIHEHUS] UX KOHCIPYKMUBHBIX 2JIeMEHMO8, NOGbIUAIOWUX HAOEHCHOCb KAMYULeK U CKO-
POCmb HAMOMKU HA HUX NPOBONOKU. Bmecme ¢ mem nposedeHHbvlll nameHmHO-UHDOPMAYUOHHDIL
NOUCK NOKA3A], YMO dDeKmusHbIX peueHull, OMHOCAUUXCA K ABMOMAMU3AYUY NPOYecca HAMOm-
KU U NO360JIOWUX, 8 YACMHOCMU, HOCMOSHHO KOHMPOIUPOBANMb MACCy OYHMA Npo8oIOKU, HAMO-
MAHHOU HA KamywKy, He oocmamouno. Texnuueckas 3a0aua onucvl8aemo20 mexHuuecKko2o peule-
HUs — pacuuperue QYHKYUOHATIbHBIX 803MONCHOCMEN KAMywKy 0Jisl HAMOMKU NPOBOJIOKU U obec-
neyeHue 803MONCHOCMU UCNONb308AHUSL ee He MOAbKO OJisl CMOMKU NPOBOJIOKU 8 OYHM, HO U KAK
J/leMeHma 0Opamuoll CeA3U 8 CUCeMAax dA8moMAamuiecKo2o ynpaeienus. 3adaua peuiena mem,



YMo KaAmyuKa cooepicum onopHy 6MmyJaKy ¢ YCMAHOBIEHHbIMU NO ee Kpasm OUCKAMU, 6HYMpU
KOMOpoU pazmeujenda ocb HA ONopax, npu 3mMom 8 OUCKAX BbINOJHEHbl NPOOOIbHbIe CKBO3HbIE
naszvl HaA NOJIOBUHY OUAMEMPA OKPYICHOCIU YROMAHYMBIX OUCKO8, d HA OCU C OOHOU CMOPOHbI
KamywiKu 3aKpenjieHa nepeas JuHelKa ¢ YCMAaHOBNeHHbIMU HA Hell C8eMOU3sLY4aruumu npubo-
pamu, a ¢ npOMUBONONIONCHOU CHOPOHbL KAMYWKU — 6MOPAs TUHEUKA C YCMAHOBIEHHbIMU HA
Heu pomosnemenmamu. IlonodcumenvHulil mexHuUyecKul pe3yibmam om npumeHeHus npeoio-
HCEHHO20 MEXHUUECKO20 PeuleHUss COCMOUM 8 803MONCHOCIU UCNOIb30BAHUSL KAMYWKYU 8 Kade-
cmee cuedaue2o d1eMeHma 8 cucmeme aemoMamuyeckKo20 YnpasieHus ITuHuell no u3eomosie-
HUIO NPOBOJIOKU.

The coil, the construction of which is discussed in the paper, refers to devices for automating
the winding of wires and can be used as part of automatic lines for its production. One of the
most time-consuming and lengthy operations in the production of wire is its winding on the coils.
Traditionally, such devices contain a support sleeve with disks mounted along its edges, while the
specific features of the coils of specific manufacturing companies most often include the ways of
performing their structural elements that increase the reliability of the coils and the winding
speed of the wires on them. At the same time, the conducted patent-information search showed
that effective solutions related to the automation of the winding process and allowing, in particu-
lar, to constantly monitor the mass of the bundle of the wire wound on the coil, is not enough. The
technical problem of the described technical solution is an extension of the functionality of the
coil for winding the wire and making it possible to use it not only to wire the wire into a bundle,
but also as a feedback element in automatic control systems. The problem is solved by the fact
that the coil comprises a support sleeve with discs mounted along its edges, inside which an axis
is placed on the supports, while the disks have longitudinal through grooves half the diameter of
their circumference, and on the axis from one side of the coil the first ruler with light-emitting
devices is fixed, and from the opposite side of the coil the second ruler with photocells is mounted
on it. A positive technical result from the application of the proposed technical solution implies
the possibility of using a coil as a tracking element in the automatic control system for the wire
production line.

KawueBble cjioBa: KaTylika, HAMOTKA, IIPOBOJIOKA, aBTOMATU3aIUs, MUKPOKOHTpOJLIEp, (HOTO-
AJIIEMEHT

Keywords: Coil, winding, wire, automation, microcontroller, photocell
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HcciienoBanue jga3epHbIX IKPAHOB YJIEKTPOHHBIX onTHYeckux MuineHeil (Research of La-
ser Screens of Electronic Optical Targets)



IIpusedenvl pe3yromamul UCCICO08AHULL NO PA3PAOOMKE NAZEPHLIX IKPAHOE INEKMPOHHBIX ON-
MuYecKux muuienell 0Jisl CmpenKo8oz2o opyxcusa Ha kageope « Bvruucaumenvnas mexuuxay Houcl TY
umenu M. T. Kanawnuxoea u ¢ Hncmumyme mexanuxu YpO PAH. Onekmpounvie onmuyeckue
MULenU, OMAUYArUWUecs 6blCOKUMU MOYHOCMHBIMU U NOMEX0YCMOUYUBLIMU CBOUCMEAMU, HO 8Me-
cme ¢ mem 2poMO30KOCMbIO KOHCMPYKYUU, BbLCOKUM IHEPOnompeOieHuem u mpyooemKoCmvio
HacmpouKu, WUPOKO UCNOAb3YIOMCA O UCNBIMAHUA U OUACHOCMUKY CIMPENKO8020 U ApMUILIepUti-
CKO20 OpYJHCUsi HA NPOU3BOOCMBAX U BOCHHLIX NPUEMKAX, YAYUUEHUe UX IKCHILYAMAYUOHHBIX
CBOLICME A8NAeMC aKmyanbHou 3adaueti. Hccrnedosanvl eapuanmvl KOHCMPYKYUU A3EPHBIX IKPA-
HOB C UCNOIb308AHUEM 3ePKATbHBIX peulemox U aasepHulx niockocmeil. CHauana npogedeH 6bloop
@Pomoouo0o8 0 onmu4eckux OamyuKo8 U PexiCumbl Ux pabomol UCX00s U3 COOMHOUEHUS CUe-
Han/wiym u OnumenvHocmu Gpouma cueHana. /laiee uccied08anvl napamempul ia3epHOU 3epPKalb-
HOUL peuiemKuU, 8blA8NIeHbl MaKue He0OCMamKu, KaK cyujeCmeenHoe ociabienue 1a3epHoeo ayua npu
MHO2ZOKPAMHOM OMPANCEHUU, MPYOOEeMKOCMb MEXAHUYECKOU HACMPOUKU peulemKy U Haiudue
«MepmevIX 30H» 8 NpUu3epKaibHulX obracmsax. Ho oepanuuenue pazmepos 30Hbl pecucmpayuu no-
380J151em 6ce dice UCNOIb308AMb JlA3ePHble 3ePKANbHbLE PeulemKU Oisi YACTHbIX CIy4aed UCnvlma-
Hutl. Takoice ucciedoeana nazepuas NioCKOCMb Ha 0aze 1a3zepHoz2o ypoeHs. Mcxoos u3 manozo
VPOBHSL NOJIE3HO20 CUSHANA He0OXO00UMO UCNOb308aMb ujenesblie oua@dpazmvl, ONMUYECKYIO CUC-
memy U 2NeKMPOHHYIO CXeM) YCULeHUs. Y C0diCHeHue KOHCMPYKYUU 1a3epHOLl NI0CKOCMU NO360.1U-
JI0 NONYHUMb JyduLee COOMHOWEHUE CUSHAT/WYM, HO ONMUYECKAs CUCeMd U Napamempul 1asep-
HO20 YPOBHS MAKHCEe 0SPAHUYUBAIOM PA3ZMEPbL 30Hbl PESUCMPAYUU MEHbUUMU 3HAYEHUAMU, YeM
Jla3epHoll 3epKanvHoll pewemiu. [Ipusedenvt pe3yibmamovl IKCNEPUMEHMANbHBIX UCHLIMAHULL 1d-
3epHbix 9kpanos. Coenan 661600 0 NEPCNEKMUBHOCIU OANbHEUMUX UCCIe008AHULL U YCOBEPUIEHC-
B0BAHULL ONMUYECKUX MUULEHE C Yelblo pACUPEHUs UX chep UCNOIb308AHUSA U CHUJICEHUs ceDe-
CMOUMOCMU.

The paper presents the results of researches on development of laser screens of electronic
optical targets for small arms at Computer facilities department of Kalashnikov ISTU and at
Institute of Mechanics, Ural Branch of the RAS. The electronic optical targets featured by high
precision and noiseproof properties, but at the same time bulkiness of a design, high energy
consumption and labor input of control are widely used for test and diagnostics of small and
artillery arms on productions and military acceptance and improvement of their operational
properties are the relevant task. Options of a design of laser screens with use of mirror lattices
and laser planes are investigated. At first the choice of photo diodes for optical sensors and the
modes of their work proceeding from a ratio signal/noise and duration of the front of a signal is
carried out. Further parameters of a laser mirror lattice are investigated; such shortcomings as
essential weakening of a laser beam at repeated reflection, labor input of mechanical control of
a lattice and existence of "dead zones" in the near mirror areas are revealed. But restriction of
the sizes of the check-in area allows to use nevertheless laser mirror lattices for special cases
of tests. The laser plane on the basis of the laser level is also investigated. Proceeding from the
small level of a useful signal it is necessary to use slot-hole diaphragms, the optical system and
the electronic scheme of strengthening. Complication of a design of the laser plane has allowed
to receive the best ratio signal/noise, but the optical system and parameters of the laser level
also limit the check-in area sizes to smaller values, than at a laser mirror lattice. Results of ex-
perimental tests of laser screens are given. The conclusion is drawn on prospects of further re-
searches and improvements of optical targets for the purpose of expansion of their spheres of
use and decrease in prime cost.

KawueBble ¢jioBa: onTHYECKasi MAIICHb, (OTOIMOI, JIa3epHAs IUIOCKOCTh, JIa3epHAs 3epKab-
Hasl pelieTka, W3MEpUTENbHAs CHCTEMA.

Keywords: optical target, photo diode, laser plane, laser mirror lattice, system of equations.
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TecTupoBanue MUPPOBHIX MUKPOCXeM U MPOrpaMMHPOBAHUE CTEHAO0BOr0 000PYI0BAHUS
«Formula 2k» nasi usmepennss napamerpoB (Testing of Digital Microcircuits and Program-
ming of Bench Equipment "Formula 2k" for Measuring Parameters)

B oannot cmamve paccmampugaemcst 00uH u3 cnoco606 mecmupo8aHus YUGposvix MUKPOCXeEM,
a UMEHHO, MecmUpo8aHue ¢ NOMOWbIO CMeHd08020 obopydosanus Formula 2k. Tecmuposanue no-
3680J151€M NOBBICUMb KAYECMBO BbINYCKAEMOU NPOOYKYuU 61a200aps omopaKoske HeKa4eCmeeHHbIX
I/IeMEHmMO8, 8 UeM 3aUHmepeco8an KOHeunblll nompeoumens. Tecmupoganue MuKpocxem npeonona-
2aem peuileHue mMakKux 3a0ay, KAk no020mo8Ka KOHCMPYKMOPCKOU OOKyMeHmayuu, paspabomka
nPOSPAMMHO20 obecnedenuss 01 mecmuposanusi 000py008anus u e2o0 omaaoku. Mcxoouvim mame-
PUANOM 0I5l IMO20 ABNAEMC MEXHUYECKas OOKYMEHMayus Ha nposepsemyro Mukpocxemy. M3 0o-
KYMeHmayuu 8bloupaiomcs axcHeuuiue napamempsl, no38osa0wue Cyoums 0 Kavecmee MUKpo-
cxemuvl npu ee mecmupoganuu. Ha ocnose smux blOpaHublX napamempos co30aemcs neyamuas
niama Ona ux uzmepeHus. B xode noo2omoexku x mecmuposanuio UCHONb3Yemcs NpPocpAMMHOe
obecneueHue 0151 CO30aHUsL NePexOOHOU niamsl. i Hee KOHCMPYKMOPCKASL OOKYMEeHmayus pas-
pabamvieaemcs Ha baze nakema npoepamm AltiumDesigner. /s nookmouenus MuKpocxemvl K ne-
PEXOOHOU niame UCNOIb3YeMCsl CheYuaibHoe KoHmakmupyloujee ycmpoticmego. Ono maxaice co30a-
emcst 6 cpede AltiumDesignerucxoos uz cxem e2o ycmpoucmea. Imo KOHMAaKmupyowee yCmpoti-
CMBO C853b18aeM 6b1600bI MUKPOCXEMbI C KOHMAKMHbIMU NIOWAOKAMU HA nepexoonoll niame. Ha
OCHO8e mexHuyeckux ycrosuti u Datasheet 0nsi mecmupyemoi MUKpocxemvl Onpeodesiiomcst 00nyc-
KU HA 3HAYeHUs Napamempos, KOmopwvle HeoOX00umbsl 015 uzmepeHus. HMcxoos uz smux OaHHbIX
npoU3800UMCsl pazpabomra npocpamMmHO20 0becnederus Ha CNeYUaIU3UpOSanHOM si3blke mecmepa
Sinopu, evinonnsemcs Hacmpouka mecmepa O nposedenus usmeperuil. Ilocie evinoanenus om-
JIAOKU U 8CeX UBMEPEHUl PoPpMUPYIOMCs 8bIXOOHble OaHHble usMepsieMvlx napamempos. Eciu ece
uzmepsiemvie NApAMempvl COOMBEMCMBYIOM 3ASBIEHHbIM, MUKPOCXeMa NPOXOOUm KOHMPOTb, 6
UHOM CTlyHae OHa OMOPAKOBbIBACMCSL.

One of the ways of digital microcircuit testing is studied, namely: testing by means of the “For-
mula 2k’ bench equipment. Testing allows for improving the quality of the output due to the rejec-
tion of low-quality elements, that is why, the consumer is interested in testing. The testing of micro-
circuits solves the following task: preparation of design documentation, development of software
for equipment testing and its debugging. The source material for it is the microcircuit technical
documentation. The most important parameters are chosen according to the documentation. These
parameters allow to estimate the quality of the microcircuit during its testing. A printed circuit
board is created based on these parameters. During the preparation for testing, the software is used
to create a transition board. The design documentation for the board is developed on the basis of
the Altium Designer software package. A special contact device is used to connect the microcircuit
to the adapter board. It is also created in the Altium Designer according to its device schematics.
The contacting device connects the microcircuit pins with the pads on the adapter board. Parame-
ter tolerances required for the measurement are determined according to the specifications and
datasheet for the tested microcircuit. The software is developed in the programming language “Si-



nop” using this datasheet. The tester is configured to carry out the measurements. The output data
of the measured parameters is generated after completion of debugging and measurements. If all of
the measured parameters are consistent to the declared ones, microcircuit is considered to pass
control, otherwise it is rejected.

KaueBble ¢jI0Ba: TECTUPOBAHHE MUKPOCXEM, KOHTAKTHUpYIOIIee yCcTporcTBo, AltiumDesigner,
Formula 2k, Sinop, nepexoanas miaTta.
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I'eomeTpuueckoe paccMoTpeHue mnpoiecca ¢pe3epoBaHusi MeTAINYECKOH 3aroTOBKH
(Geometrical Consideration of the Process of Milling a Metal Workpiece)

B pamxax meopuu cmpyxkmypno-suepeospemenuvix noneti (meopusi COB-noneti) ceoticmeé ghuzu-
YyecKux 00beKmos npu ONUCAHUU Pe3aHus Memaiiuyeckux Mamepuanos npeonazaemcs Ucnoib3o-
8amv NPOCMPAHCMBEHHYIO DUSUKO-2e0MEMPUYECKVI0 UHMEPNPemayuio npeomema uccie008anusl,
PACCMOMPEHHYIO HA Npumepe aHalu3a npoyecca YuiuHopuieckozo gpeszeposanus. Ilpu oonom u3z
8apPUAHMO8 MEXHOJI02UYECKO20 npoyecca, UCNOAb3Ysa napamempul gppezeposanus t, v, t, (t — enyou-
Ha pe3anuss, M; 0 — CKOPOCMb 2NA6HO20 OBUNICEHUS PE3AHUs, M-MHH ' 1, — ONbIMHOE 8peMs 3a OOHO
nepemeujenue 3a20moeKu, Mun), umeem 03MONCHOCMb ONepayuio pe3anus 3a 00HO nepemeujerue
3a20MOBKU NPEOCMABUmMsb 8 NPOCMPAHCIBEEHHBIX 0EKAPMOBLIX NPAMOY20JIbHbIX KOOPOUHAMAX 8 GU-
0e cmpykmypHo-3Hepzogpementozo noas 11, (COB-none), ceomempuueckuti 0opas Komopoz2o omo-
Opadicen 8 sude NpamoyeovHo2o napaniieienuneda. Odvemy napaiieienuneda Cmagumcs 6 Coom-
semcmeuu gusunecxkasn geauduna I, aenarowasnca 0000weHHol Xapakmepucmuxkou npeomema uc-
cnedosarnus (npoyecca pezeposanus).

Ypasnenue COB-nona npoyecca cpe3anus cmpyicku 3a 00HO nepemewjerue 3a20mosKi OmHo-
cumenbHo spawaroujelics ppesvl 8 OKmanme t — v — ty!

II, = C-O'B = tvt,.
Eounuya uzmepenus senuuunsi I1;:
[I1,]=[CDB]=[[v][t] =1 M x | mmue ' JU x | mus I’ = 1 m* (Mus/mun)]]

20e (mun/mun) — o6onouxa O edunuysl seruyunsl; JI — onepamop 08uxceHus.

THousmus obonouku O u onepamopa osudicenus ]| esedenvt 6 meopuu CIB-noneii ons 6onee
271YO0K020 aHanu3a npeomema uccied08aHus.

Buipaoicenue 1M (mun/mun) ]I — npumep o6osnavenus edunuybl usmepenus CIB-nons I, kak
00HO20 U3 8APUAHMOE MeXHOI02UU npoyecca peseposanus. 30ecb 000104UKa (MUH/MUH) NOKA3bI-
saem, umo 11, senaemcs pynkyueil pemeru.

Onucannas memoouxka oaem 803MONCHOCMb BbIPA3UMb KAHCObIN KOHKPEMHbI 8APUAHIN PEXHCU-
Ma (ppeszeposanusi OOHUM HUCTIOBLIM NOKA3AMETEM.



Cxema gusuxo-eeomempuueckol uHmepnpemayuu npeomema ucciedo8anus 011 OAHHOU 3a-
oayu no3eonsem 0003HAUUMb KANHCOBIU pedicum hpe3eposanusi OnpedeieHHol Pu3uieckoll ee-
JUYUHOU, NOCKONbKY HO OCAM KOOPOUHAMHO20 Yeid MO2YN OMKIAObIBAMbCA PA3Hble Napamem-
pol. Ona nogvluiaem 2eoMempuyecKyio Ha2AA0HOCMb pe3yabmamos, Noayydemvix aHaiumude-
CKUMU Cpedcmeamu, cnocoocmeys bonee 1yO0KOMY meopemuieckomy 0CMbICAeHUI0 MexXHOI0-
2uuecko20 npoyeccd, a makice OCOZHAHHOMY (OpMUPOBAHUIO 3HAHUL U KOMNAKMHOCMU UX
npeocmasieHul.

Within the framework of the theory of the structure-energy-time fields (the theory of SET-
fields) of the properties of physical objects in describing the cutting of metallic materials, it is
proposed to use the spatial physical geometric interpretation of the subject of the study, consid-
ered using the example of the analysis of the process of cylindrical milling. In one of the vari-
ants of the technological process, using the milling parameters t, v, t, (t is the depth of cutting,
m; v is the speed of the main cutting motion, mmun™; is the test time for one transfer of the
workpiece, min), it is possible to represent the cutting operation for one movement of the work-
piece in spatial Cartesian rectangular coordinates in the form of a structure-energy-time field
11, (SET-field), the geometrical image of which is displayed as a rectangular parallelepiped.
The volume of the parallelepiped is put in correspondence with the physical quantity I1;, which
is a generalized characteristic of the object of investigation (the process of milling).

The equation of the SET-field of the chip cutting process for one displacement of the workpiece
relative to the rotating cutter in the octant t-v-t, is

II)=C-2-B=t-x"t.

where 11, C, 3, B are Russian capital letters.
The unit of measurement of value I1; is:

1] = [C-3B] = [t]-[v]-[t-] = 1 m ] x I sevur " JI % [ un 1P = I (mur/;aur) [T

where (min/min) is the sheath O of a unit of magnitude,

JI (1 is the Russian capital letter) is the operator of motion.

The concepts of the sheath O and the motion operator /[ are introduced in the theory of SET-
fields for a deeper analysis of the subject of research.

Expression 1 m’ (min/min) [T is an example of the designation of the unit of measurement of the
SET-field I1;, as one of the variants of the technology of the milling process. Here, the shell
(min/min) shows that I1; is a function of time.

The described technique makes it possible to express each concrete variant of the milling mode
with a single numerical index.

The scheme of the physical geometric interpretation of the subject of research for this task al-
lows us to designate each milling mode with a certain physical value, because different parameters
can be plotted along the axes of the coordinate angle. It increases the geometric visibility of the re-
sults obtained by analytical means, contributing to a deeper theoretical understanding of the tech-
nological process, as well as the conscious formation of knowledge and the compactness of their
representations.

KuroueBble ciioBa: (hpezepoBaHue, mapaMeTpsl Mporecca pe3anus, MPOCTPaHCTBEHHAS (PU3HKO-
reoMeTpuYecKass MHTEPIPETanusl TMpeaAMeTa HCCICIOBaHUs, CTPYKTYPHO-IPHEPTOBPEMEHHOE II0JIe
nporecca Gppe3epoBaHusl.

Keywords: Milling, parameters of the cutting process, spatial physical and geometric interpreta-
tion of the subject of research, structural-energy-time field of the milling process.
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AJITOPUTM PaCNO3HABAHMA M300pakeHHii ¢ NpudoOpoB ydera 31ekTpodHeprum (Image Rec-
ognition Algorithm from the Electricity Metering Devices)

Pabomwsi no pacnoznasanuio uzobpasicenuti ¢ npudopos yuema 371eKmpo3IHep2UuL NPOBOOSIMCs 8
pamkax coemecmnozo npoekma guauana Yomypmauepeo IHAO « MPCK [lenmpa u I[Ipusondicesn» u
WoicI'TY umenu M. T. Karawnukosa no pazpabomxe agmomamuzuposanuou cucmemvt « Moouno-
HbIUL DHEP2OyHemy.

IIpu paccmompenuu 6onpoca usmepenuss Koau4ecmsa nompeonsieMol dHepeuu 8 YCl08Usx, Ko-
20a NOMHAsL 3aMeHa YCmapesuwiux npudopo8 HaA A8MOMAMUUPOSAHHbBIE UHPOPMAYUOHHO-
usMepumesnbHvle CUCEMbl KOMMEPUECKo20 yuema 8 KOPOMKULL CPOK HeB03MONCHA, BOZHUKAEM He-
00X00UMOCb 8 ABMOMAMUUPOBAHHOU BepuduKayuy NnoKa3auu. Aemomamusayus npoeepKu
KOpPeKMHOCMU CHAMUSL NOKA3AHULL NO360JIslem YEeluyums moyHOCMb USMEPEHUs OMNYCKA JleK-
MpOdHEpeULL, YMO 6 C80I0 0Yepedb 8e0em K YMEeHbULEHUIM YObIMKOS.

Il 0ocmudiceHuss OAHHOU yeau UCNOAb3YVIomcs gomoepaghuu npubopos yuema, cOelaHHble
KOHmMpoaepamu Ha mepmunan. Mzobpascenus obpabamviéaiomces aneopummom, Komopwlii pacno-
3Haem NOKAsauusi npubOpos, u oanee 3aHOCAMcs 8 6a3y OAHHbLIX NOMPeOaeHUs INeKMPOIHEPLUL.

Ilepeo pacnosnasanuem uzodpasiceHue anaiusupyemcs Ha npeomenm pacnoiodceHus 00beKmos
¢ NOCAeOVIOWUM UcnpagieHuem uckaxcenuil. Ilpoyecc npedobpabomku cocmoum u3z HecKOIbKUX
9MAN08 HAXONHCOCHUSI KOHMYPO8 00BLEKMO8 U UX UsMeHeHUs. [ 9Mo20 UCHONb3VIOMCs 0emeKmop
Kannu, npeobpazosanus Xagha, a maxace agpgunivie npeobpazosanusi 0as KOPpeKmuposKu noJio-
JHceHUsi 06veKmos Ha uzoopajicenuu. J{anHvlil Memoo 8 OalbHeliuem no3eosem 6ojee MmouHo Us-
glieKkams UCKOMYIO uHgopmayuio. B areopumme pacnosmasanus ucnonvzyemcsi memoo Buonvl —
IDiconca, komopulil 3¢ppexmuser npu pabome ¢ OOILUIUM KOIULECTNBOM OAHHBIX HA MATOMOUSHBIX
gbIYUCTUMENbHBIX Mawunax. Takoce OauHblil Memoo RnPoCm 8 UCNONb308AHUU, YMO NO360JISIeN 8
KOpOmKUe CpOKU adanmuposamscsi K NOSAGNIEHUI0 HOBbIX U008 NpUbOpPOs8 yuema ¢ paHee HeyumeH-
HbIMU dJleMenmamil npu 00y4eHul.

Onucannviii npoyecc obpabomku uHgopmayuu noseonsiem oOvicmpo obpabamuieams OONLULONU
maccue uHgopmayuy ¢ 00CMAamoyHoOU MOYHOCMbIO, YMO NO3BOIAEm Y8eIUUUMb 00CMOBEPHOCb
OGHHBIX NPU yyeme OmmnycKaemotl 1eKmpoIHepIUlL.

Works on image recognition with metering devices of electricity are conducted within the
framework of the joint project of the Udmurtenergo (Branch of IDGC of Centre and Volga region)
and Kalashnikov ISTU in the development of an automated system «Mobile Energy Billing».

When considering the question of measuring the amount of energy consumed, when the full re-
placement of obsolete instruments of the automated information-measuring system of commercial
accounting in a short time is impossible, there is a need for automated verification of readings.
Automation of check of correctness of readings allows for increasing the measurement accuracy of
electricity supply, which in turn leads to the reduction of losses.

To achieve this purpose, you can use photos of metering devices made by the controllers to the
terminal. Images are processed by an algorithm that recognizes the readings, and then they are
stored in a database of electricity consumption.

Before recognition, the image is analyzed for the location of objects and correcting distortions.
The preprocessing procedures consist of several stages of finding the contours of objects and their



modification. For this purpose, the Canny detector and Hough transformations are propose and
also the affine transformation to correct the position of the objects in the image. This method allows
for more accurate extracting the desired information. The recognition algorithm uses Viola—Jones
object detection, which is effective when working with large amounts of data on low power comput-
ing machines. Also, this method is easy to use, allowing in short terms to adapt to the emergence of
new types of metering devices, with previously unaccounted for elements in the training.

The described process allows for quickly processing a large amount of information with high
precision, thus reducing risks and losses at the account of electricity sold to consumers.

KiroueBrblie cjioBa: o0paboTka M300pakeHUH, pacro3HaBaHue oOpa3oB, MAIIMHHOE OOy4YEHHE,
nerekrop Kannu, npeodpazoBanue Xada, Xaap-kiaccu(uKaTopsi.

Keywords: Image processing, image recognition, machine learning, Canny detector, Hough
transform, Haar classifiers.
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Opranm3anus J0CTyna K JaHHBIM Ha OCHOBe OMHAPHBIX MPABHJ B HWHTEJIEKTYAJbHOI
cucteme TectupoBanus (Organization of Data Access Based on Binary Rules in an Intelligent
Testing System)

B oaunoti cmamve paccmampugaemcs 0OUH U3 ypogHell 3aujumuvl UHDOPMAYUY, a UMEHHO MO-
0ellb KOHMPOJsL OOCMYNA K OAHHbIM, 8 KOMOPOU peanu3yemcs NPUHYun pabomul cucmemsl pazepa-
HUYEeHUs NPae HA OCHOBE OUHAPHBIX NPABUL. AKMYATbHOCMb OAHHOU MeMbl 00O0CHOBbIBAENICS 6 HA-
we épems HeoOXOOUMOCMbIO 0ZPAHUYEHUs. OOCMYNA K OAHHbIM NPAKMUYECKU 8 J100bIX CUCmeMax,
20e umeemcs Kakasa-1ubo opeaHu3ayuoHHAas CMpykmypa cpeou noivzoeamenel. Lleavio dannou pa-
bomul sa675emMcs nogvlueHue 6e30NaAcCHOCMU XPAHUMbBIX OAHHbIX NYMeM 02PanudeHus 00Cmyna K
Hum. [Ipunyun pabomol cucmemvbl COCMOUM 8 MOM, YMO Y KAHCO020 NOb308aAMENS eCMb NPABO U
Habop npas, Komopule onpeodenaom yposenb 00CMyna K ungopmayuu 0 0AHHO20 NOb308AMEIS.
CosokynHocms npag npeocmasisiemcs 6 6uoe 080UYHO20 YUCIA, 20€ OIUHA YUCAA ONPeOelsiencsl
KOUYECMBOM 8CEBOZMONCHBIX Npas. st anpodbayuu 3moeo nooxooa no pasepanuieHuro npas oviia
ucnonb306ana unmennekmyanvhas cucmema mecmuposanus (MCT), 6 komopoil Oannwili 00X00
npeocmasner Kak 00un uz mooyaeu UCT. Umozom 6ceii pabomsil aensemcs peaiusayus aieopums-
Mma npedocmasieHusi O0CMyna K OAHHbIM HA OCHO8e OUHAPHBIX NPAGUJL, KOMOPAs NOMOICEM 3HA-
YUMENbHO NOBbICUMb YPOBEHb OE30NACHOCMU CUCTEMbl, 68 KOMOPOU OAHHLL aneopumm Oyoem
npumene. Ilpedcmasnennuvlii mamepuan 6yoem nonezer 0 CHEYUATUCIO8 NO UHGOPMAYUOHHO
bezonacrnocmu.

In this paper, we consider one of the levels of information security, namely the data access con-
trol model, which implements the principle of the system of delineation of rights based on binary
rules. Nowadays the relevance of this topic is justified because of need to restrict access to data in
any virtually system where there is any organizational structure among users. The purpose of this
work is to improve the security of stored data by limiting access to it. The principle of the system is
that each user has a right or set of rights that determine the level of access to information for the
user. The set of rights is represented in the form of a binary number, where the length of the number
is determined by the number of all possible rights. To test this approach for delineation of rights, an
intelligent testing system (ITS) was used, in which this approach is presented as one of the ITS



modules. The final result of this work is the implementation of the algorithm for providing access to
data based on binary rules, which will help to increase the level of security of the system, in which
this algorithm will be applied. The presented material will be useful for information security spe-
cialists.

KiroueBble cjioBa: KOHPUICHINATHHOCTh NaHHBIX, WT, 3ammra JaHHBIX, WHTEIUICKTYaIbHBIC
CHCTeMBI, 0a3a JaHHBIX, UHHOPMAIIMOHHAS OE30TTACHOCTb.
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OT npou3BOAMTENBLHOCTH K HEKOMUPYEMOCTH CJI0KHbIX TexHH4Yeckux cucreMm (From Pro-
ductivity to Uncopy of Complex Technical Systems)

B cmamve paccmampusaromcs ocHogHbie dmanvl «HCUZHEHHO20 YUKIAY CIONCHOU MeXHU4ecKou
cucmembl. Ilpednodicensv ¢ nNO3UYULL CUCMEMHO20 N00X00a Kpumepuu dghgexmusnocmu (npouseo-
OUMeNbHOCMb, KA4ecmeo, U30epiHCKu), Komopbvle cpabamvl8aiom HA ONpeoeleHHbIX d9Manax Hcus-
HEeHHO20 YuKia mexuuyeckou cucmemsl. Ilokazano, umo npu nepexooe om o0OHO20 SMana K opy2o-
My popmupyromes Kpumudeckue 30Hbl, 8 KOMOPLIX MO2YM NPOAGUMbCSL HOBbLE CEOUCMBA CLONCHOTU
MEeXHU4eCKoll CUCmeMvl, 4mo No360Jsem 0O00CHOBAHHO NOOOUMU K COBEPULEHCMBOBAHUIO KAK Ca-
MOU cucmembvl, MaK U 8bINYCKAEMbIX €10 UZ0ENU.

B pabome nokazano, umo 8 ycio8usx 8vbiCOKOU KOHKYPEHYUU 8 PA3IUYHbIX OMPACTAX NPOMbIUL-
JIeHHOCMU aKmMyaabHOU 3a0ayell A611emcs npooenue HOPMAMUEHOU ONUMETbHOCINU HCUSHEHHO20
YUKA CNLOJCHOU mexHu4eckou cucmemsl. Ha ocnose nposedennozo ananusa copmynuposan bvi-
800 0 HEOOXOOUMOCU CO30AHUS CTLOHCHLIX MEXHUUECKUX CUCMeM, KONUPOBAHUE KOMOPbIX U NPO-
U3BOOUMBIX UMU U30ENUU 8 3A0AHHBIL NPOMENCYMOK BPeMeHU CMAHOBUMC HEBO3MONCHIM. [l
9M020 HAPAOY C U38ECIHBLIMU KPUMEPUAMU, MAKUMU KAK NPOU3BOOUMENbHOCIb, KAYeCmEo U U3-
0EpIHCKU, ABMOopamu chHopmyrupo8ar Ho8wvlli Kpumepuil ¢hgheKkmusHoCmu «HeKONUPYemocmsy, 6bi-
NOJHEHUe KOMopo20 NO36OAUNM 3HAYUMENTLHO NPOOIUMb HCUSHEHHBIU YUK CIONCHOU MeXHU4ecKou
cucmemvl NpU YCi08uU 60CMpedOBAHHOCMU 8bINYCKAEMOU NPOOYKYUU 8 MpedyeMblx 00bemax.

Ilpeonazaemviii asmopamu nooxo0 «Ieonoyuu Kpumepues QHeKmusHOCMU CLONCHBIX MeXHU-
YecKUx cucmem om npou3o00UMeIbHOCMU K HeKONUPYeMoCmuy no360Jisen ¢ NO3UYULl CUCIeMHO20
AHAU3A NPEOTONCUMb MEXAHUIMBL IPPEKMUBHO20 YNPABLEHUSL CTLONCHOU MEXHUYEeCKOU CUCTeMOUl
Ha 8cex 29manax ee HCUHeHHO20 YUKIA.

The paper considers the main stages of the life-cycle of complex technical system. The basic
stages of “life cycle” of complex technical system are provided. The efficiency criterion complex is
offered from positions of system concept, productivity, quality and cost ‘work’ at the certain stages
of technical system “life cycle”. It is shown that the transition from one stage to another forms
“critical points” in which new properties of system might become apparent, allowing to approach
reasonably improvement of both the system and manufactured products.

The approach proposed by the authors allows offering mechanism of efficient management of
complex technical systems at all stages of its life cycle from the standpoint of system analysis. It is



shown that the actual problem is the extension of the normative duration of the life-cycle of complex
technical systems in conditions of high competition in industries. On the basis of the analysis, a
conclusion is made about necessity of creation of complex technical systems, a copy of which and
their manufactured products becomes impossible. For this purpose, in addition to well-known crite-
rion like productivity, quality and costs, a new criterion of effectiveness — “uncopy” (something
that cannot be copied) was stated to allow for prolonging the “life cycle” of complex technical sys-
tems provided that there is demand of output goods on the required scale.

The proposed approach “Evolution of criteria of efficiency of complex technical systems for
productivity to uncopy” allows for proposing the mechanisms of effective controlling the technical
system at all stages of its life-cycle from the point of view of the system analysis.

KawueBble cjI0Ba: CIOXKHAs TEXHUYECKas CHUCTeMa, KpUTepuH 3((HEKTUBHOCTH, TPOU3BOIM-
TEJILHOCTh, YIIPABJICHUE KAYeCTBOM, OCPEIKITMBOE MPOU3BOACTBO, HEKOIUPYEMOCTb.

Keywords: complex technical system, efficiency criterion, productivity, quality control, lean
manufacturing, “uncopy” (something that cannot be copied).

HAYKMU O 3EMJIE

VJIK 502.656
DOI 10.22213/2410-9304-2017-4-59-68

B. A. Anexcees, NOKTOp TexHHYeCKHX Hayk, mpodeccop? WxI'TY nmenn M. T. Kanamnukosa
(V. A. Alekseev, DSc in Engineering, Professor, Kalashnikov ISTU)

M. H. llynemun, couckarens, VxI'TY umenn M. T. Kanamnukosa (D. N. Shulmin, Applicant,
Kalashnikov ISTU)

E. M. Kozauenxo, xannunatr texandeckux Hayk, VDkI'TY umenu M. T. Kanmammukosa (E. M. Ko-
zachenko, PhD in Engineering, Kalashnikov ISTU)

ABTOMATH3allUs YCTPAaHEHHUs] aBapUiHOro cOpoca B CTOYHBIE BOJAbI NMPOMBIILJIEHHOTO
npeanpusaTus (Automation of Removal of the Emergency Reset to Waste Waters of Industrial
Enterprise)

B cmamve nokaszano, umo ocobyto onachocms 0Jis IKOI02UU NPeOCmasisaiom asaputinsie copo-
Cbl 8 CMOYHbBIE 800bL. AHANU3 CUCMEM KOHMPOJIS Kauecmeda 800bl NOKA3AL, YO HeOOHAPYHCEeHHbII
cOpOC 3a2PAHAIOWUX 8EULeCTNG MOJCem Npusecmu K HeONa2onpusmHuiM NOCIe0CMEUAM U nospe-
JAHCOeHUIo cucmemvl Quaibmpayuu U 00e38PeHCUBAHUI0 CIMOYHBIX 800 NPOMBIULIEHHbIX NPeonpu-
amui. Paccmompena agmomamuzuposannas yCmaHo8Ka KOHMpPOas USMEHEeHUL ONMuYecKou niom-
HOCMU 800HbIX cped. YcmaHosKa npeoHasHavena 0isi yCmpaHeHus: a8apuiiHblx copocos 8 CmouHble
8000l NpoMblULIeHH020 npeonpuamus. Onucan 1a60pamopHblll CMeHO Ol UCCIe008AHUSL MeMO008
peaucmpayuy a8aputiHbix cOPOCO8 8 CMOUYHBIX 800AX NPOMbIULIEHHbIX npeonpusmui. Jlabopamop-
HbIL CIEHO COO0epHCUNM ONMUKO-ITIEKMPOHHBIN KOMNJIEKC KOHMPOJISL ONMUYECKOU NIOMHOCMU 800-
HbIX cped, YCMPOUCmMEa aHano20-yu@dposo2o npeodpaz08aHusi CUCHANI0O8 ¢ ONMUYEeCKUX 0amuuKos,
NEePCOHANbHBIU KOMNbIOMED U 2UOPOCUCTIEMY U3 pe3epeyapos, senmuiel u mpyovl Benmypu. [lpeo-
JIOJHCEeH aneopumm pabomvl a8MOMAMU4EeCcK020 YCMPAHeHUss A8apuliHo2o0 copoca 8 CMOYHbIX CUC-
memax, COCmoAwWUll U3 NPoYecca UHUYUAIU3AYUY, NPOYeccd PACnO3HABAHUSL (POPMbL CUSHANA C ON-
Mmuyecko20 0amuuKa U NpuHAmus peuieHusi no evlbopy muna asapuu. OnpedeieHa oyewka cma-
ounbHoCmu pabomuvl 1aOOPAMOPHO20 CMEHOA U NPOU3BEOeHA OYEHKA NOZPeUHOCMU NOYYaemblx
pe3yibmamos u peziamenm kaauoposxku cmenoa. Ciyuaiinas nocpeunHocms CmeHoa He npesvluia-
em 0,5 %. B cmamve paccmompenwvt makoice onpocvl kKamubpoexu cmenoa. Ilpusedenvt npumepsi
ocyuecmeenus KaaubposKu ¢ UCNOIb308AHUEM 3apaHee NOO20MOBIeHHbIX PACMBOPO8 npumecell ¢
80001i.



The paper shows that emergency discharges into sewage represent a particular danger for
the environment. An analysis of water quality monitoring systems has shown that an undetect-
able discharge of pollutants can lead to adverse consequences and damage to the filtration sys-
tem and the neutralization of industrial waste water. An automated installation for monitoring
changes in the optical density of aqueous media is considered. The plant is designed to elimi-
nate emergency discharges into industrial waste water. A laboratory stand for the investigation
of methods for registering emergency discharges in sewage waters of industrial enterprises is
described. The laboratory stand contains an optical - electronic complex for controlling the op-
tical density of aqueous media, devices for analog - digital conversion of signals from optical
sensors, a personal computer and a hydraulic system from reservoirs, valves and Venturi pipes.
An algorithm for the automatic elimination of an emergency fault is proposed in waste systems,
consisting of the initialization process, the process of recognizing the waveform from the opti-
cal sensor and deciding on the type of failure. The estimation of the stability of the laboratory
stand was determined and the error in the results obtained and the calibration procedure for
the stand were evaluated. The random error of the stand does not exceed 0.5%. The paper also
deals with the calibration of the stand. Examples of calibration using pre-prepared solutions of
impurities with water are given.

KaioueBble ciioBa: aBapuiiHbie COPOCHI, BOJHBIC 3arps3HCHUS, CUCTEMa OYMCTKU CTOYHBIX BOJI,
yCTpaHEHUE aBaAPUIHBIX COPOCOB.

Keywords: emergency discharges, water pollution, sewage treatment system, elimination of
emergency discharges.
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CpaBHHMTe/IbHAsl OLEHKA NMPOYHOCTH, KECTKOCTH U TPEIMHOCTOHKOCTH 0eTOHHBIX KOHCT-
PYKUMil, apMHUPOBAHHBIX MOJMMEPKOMIIO3UTHON M cTagbHOil apmarypamu (Comparative
Evaluation of Strength, Rigidity and Crack Resistance of Concrete Structures Reinforced
with Fiberglass Rebar and Steel Rebar)

B oannou cmamwve npusodsmcs pe3yiomamvl UCCIE008aHUL 00pA3Y08 OEMOHHLIX OANOK NO
NPOYHOCMU, — JICECMKOCMU U MPEUWUHOCOUKOCY, — APMUPOBAHHLIX — NOJUMEPKOMNOZUMHOU
apmamypoii  npouszsoocmea 00O «KomAPy». ILlenvio uccnedosanus A61A10cb  onpeoeneHue
NPOYHOCIU, HCECMKOCMU U MPEWUHOCHOUKOCIU OANOK ¢ NOIUMEPKOMNOZUMHOU apMAmypou U ux
cpasHenue ¢ dicene300emoHnbIMU OAIKamu, Komopule Obliu NpuHAmsl dmanoHuvimu. OCHOBHBIM
OOKYMEHMOM, YCMAHABIUBAIOWUM Mpebosanust 0 nposedenus ucnvimanuti, aeisemcs I OCT 8829—
94 «H30enus cmpoumenvHbie dcene300emonnvie u b6emonHble 3a8600CK020 U320mosneHus. Memoowvl
ucnoimanuil Hazpydcenuem. Ilpasuna oyenku npounocmu, dHcecmkKocmu U mpewjuHOCmOUKOCHUy.
banku ¢ komnozummnoii apmamypori u3e0moenenvl N0 aHalo2uy ¢ OAIKAMU CO CMANbHOU APMamypou
C coxpameHuem 2eomempuu, ouamempa U Koaudwecmea cmepoicHel apmamypul. IIpoepamma
UCNbIMAHUSA 6KTIOYANA 6 Cebsi u3yueHue MexHU4ecKolu OOKYMeHmayuu Ha npoOoyKyuio, usyyeHue
HOPMAMUBHO-NPABOBLIX OOKYMEHMOSE O/l BO3MONCHOU 00IACMU NPUMEHEHUS, 8U3VAIbHBIL OCMOMP
gHewHe20 6uda obpasyos, npogedeHue UCHLIMAHUAL N0 NOKA3AMeNaM NPOUYHOCMU, HCeCMKOCMU U
MpewuHOCmouKocmu. Buewnuti ocmomp u oocnedosanue 6aiok nposoouUcs Ha Npeomem NPosepKu
Kayecmea nosepxHocmell (Hanudusi Oegpekmog u nogpedsicoenuti). Ilposepka pazmepos 6anox u
Yycmanognenue nogepxXHOCMHbIX 0e@eKmos (PaKoGuHbl, CKO/bl) BLINOTHANUCL C NOMOUWBIO CPEOCmE
uMepeHull, a UMEHHO: WMAHSEHYUPKYJIA, PYIeMKU U USMEPUMeNbHOU Iy Nbl.

In this paper, we present the results of studies of concrete beams for strength, rigidity and crack
resistance reinforced with fiberglass rebar manufactured by KomAR. The purpose of the study was



to determine the strength, rigidity and crack resistance of beams with a fiberglass rebar and their
comparison with reinforced concrete beams, which were adopted by reference beams. The main
document, stating the requirements for testing, is GOST 8829-94 «Products reinforced concrete
and concrete factory production. Methods of loading tests. Rules for evaluation of strength, rigidity
and crack resistancey». Beams with composite rebar are made by analogy with beams with steel re-
bar with preservation of geometry, diameter and number of rebar bars. The test program included
the study of technical documentation for products, the study of regulatory documents for a possible
field of application, visual inspection of the appearance of samples, testing of strength, rigidity and
crack resistance. External inspection and examination of the beams were carried out to check the
quality of the surfaces (the presence of defects and damage). Checking the size of the beams and the
establishment of surface defects (shells, chips) is performed with the help of measuring instruments.
calipers, roulette and measuring magnifier.

KawueBble cjioBa: KOMIIO3UTHAS apMaTypa, CTalbHas apMaTypa, OeTOHHAs Oalika, mporuo, Iu-
pPHHA PACKPBITUS TPEIIUH.

Keywords: fiberglass rebar, steel rebar, concrete beam, deflection, crack opening width.
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HccaenoBanne BO3MOKHOCTH NPHMEHEHHUs Ia30rUAPaTHBIX TEXHOJOTHH A1 (PaKIHOHH-
POBaHUsI MONMYTHBIX HE(PTAHBIX I'a30B ¢ BLICOKUM coaepkaHueM a3oTa (Investigation of Possi-
bilities of Applying the Hydrate Techniques for Fractioning the Associated Petroleum Gas
with High Nitrogen Content)

Cmambs noceawjena pacuemmuomy anHaiuzy ocobeHnocmel o0pa30eanus 2a306blX 2UOpamos 6
nonymuuix Heghpmsnwvix 2azax ([IHI') ¢ evicoxum cooepoicanuem azoma.

Ilocmanosnenuem Ilpasumenvcmea PD Ne 1148 om 8 mosbps 2012 2. negpmedobwisarouyum
KOMRAHUAM paspeuiaemcs cacueams 6 ¢gakenax me bonee 5 % odovema nonyueHnHo2o nOnymHoz2o
Hegpmanoeo 2aza, a ocmaswuecss 95 % Oondcnvl Obime ymunusuposanvl. Ha nexomopuix mecmo-
poocoenusax nepmu Yomypmcrxou Pecnyonuxu [IHI' cunvno 3abannacmuposan azomom N, (00

90 % no obwvemHoOMy cocmagy) u umeem manoe 3HaveHue Huzuel meniomol cecopanus, menee 8,00
Mo/’ umo cywecmeenno cyscaem 8vl60p nymeii €20 ymuiu3ayui.

B cmamuve paccmampusaemcs cnocob ymuauzayuy NONYmMHO20 He@mAHO20 2a3a C 8bICOKUM CO-
oepoicanuem azoma, 3aKIYAIOUUNICS 8 UCNOTb308AHUU NPOYECCa 2UOPamoodpazosanus OJisk omoe-
JIeHUsl A30Ma Om 6cex OCMAIbHbIX KOMHIOHEHMO8 NONYMHO20 Hehmano2o 2a3a. Bvioenrennviii azom
MOdHCEM PAcceusamuvcsi 8 OKpyscaioujem 6030yxe 6e3 Kakux-aubo 3K0A102UHeCKUX NoCieoCmesull, a
Makoice UCNoIb308amsbCs Kak mogaphviil npodykm. Cmech 2opouux 2a308, NOIY4eHHAs nocie yod-
Jlenust bannacma (azoma), umeem 6bICOKYI0 MENI0my C2OpPaHusl, KOmopas d@dexmusHo modxcem
VIMUTUBUPOBANBCS CHCULAHUEM 8 PAZIUYHBIX MENJIOIHEePSeMUYeCKUX YCMAHO8KAxX 0/ 8bipabomKu
INEKMPUYECKOL IHEP2UU, d MAKICE 8 HACPEBAMEbHbIX Nedax Uil MONKax Komioe 6e3 npesviuletus
npedenvro oonycmumou xonyenmpayuu (I1J[K) no oxcudam azoma, umo uzdbasum Heghmsmvie
KOMRAHUU OM YNIamvl wimpaghos.

s 3axa0uenuss 0 mexHuuecKou peaiusyemMocmu 2a302U0PamHbix mexHoI02Utl omaoeeHus azo-
ma om OCMANbHLIX KOMHOHEHMO8 NONYMHO20 HepMAHO20 2a3a He0OX0OUMO 0amb Omeem Ha 60-
npoc 0 NPUHYUNUATLHOU 803MONCHOCIU 00PA308AHUS 2A302UOPAMO8 8 2d3€ C 8bICOKUM COOEPHCa-
Huem azoma (0o 90 %). Imomy onpocy nocésaueno 0anHoe Uccieo008aHue.



The paper is devoted to the settlement analysis of features of formation of gas hydrates in the as-
sociated petroleum gas (APG) with the high content of nitrogen.

According to the resolution of the Government of the Russian Federation No. 1148 of November
8, 2012 the oil-extracting companies are allowed to burn not more than 5% of volume of the re-
ceived associated petroleum gas in torches, and the remained 95% have to be utilized. On some oil
fields of the Udmurt Republic the APG is heavily ballasted by nitrogen (to 90% of volume structure)
and has low heat of combustion that significantly narrows the choice of ways of its utilization.

The paper deals with the process of utilization of the associated petroleum gas with a high nitro-
gen content, which is realized in the process of purification (hydrate formation) to separate nitro-
gen from all other components of APG. Nitrogen, separated from other components, can be dis-
persed in the ambient air without any environmental consequences or used as a commodity product.
The mixture of combustible gases remaining after removal of APG ballast in the form of N, is effec-

tively used for combustion in various heat power installations.

For a conclusion about the technical feasibility of using gas hydrate technology to separate ni-
trogen from the other components of the APG is needed to answer the question about the possible
formation of gas hydrates in APG with a high content of nitrogen (up to 90%,). This research is de-
voted to this question.

KawueBble cjioBa: 3a0a/ulacTUPOBAHHBI HE(TIHOW Ta3, pa3jiejicHUE Ta3a, ra30BbIi THApAT,
TepMOOapUUYECKHE yCIOBHS THAPATOOOpa30BaHMUsI, METOIBI pacyeTa.

Keywords: ballasted oil gas, gas separation, gas hydrate, pressure temperature conditions of hy-
drate formation, calculation methods.
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IIporHo3upoBanne TMHAMHYECKNX HATPY30K B Ta30NMpoOBOJAaX HA OCHOBE METOI0B WIEHTH-
¢puxauun (Forecasting Dynamic Loads in Gas Pipelines Based on Identification Methods)

Brympennee oagnenue 2aza — 00HO U3 OCHOBHLIX CUNOBbIX 8030€UCMEULU, ONpedensiouux Ha-
npsdICeHHoe COCmOosiHUe mpyoonposo0os. Tonwuna cmeHox mpyo MazucmpanbHblx mpybonpoeooos
00bIYHO ONpedensemcs MoabKO UCX00s U3 8HYMPeHHe20 0asienusi npodykma. OOHaKo npu 5mom
KOHCMPYKMUGHoe peuterue mpyoonposooa Kax cmpoumenbHol KOHCIMPYKYUU 8blOUpaemcs ¢ yye-
MOM 8CeX BO3MONCHBIX 8030€UCMBULL OISl NPUHAMOU CXeMbl NPOKAAOKU MPYyOOnpo8ooa.

1100 6030eticmeuem GHympeHHe20 0asnienus 8 mpyoax 803HUKAIOM KObYegble pacmsicuearoujue
HAanpAjceHus, KOmopbule paccuumsléaiom no Oe3mMoMeHmHOU meopuu MOHKOCMEHHbIX YUTUHOpUYe-
CKUX 000104eK, npeHedpeaas usMeHeHUueM paoudibHbIX HANPSANCEHUU NO Mmojuure mpyovl u Ha-
YANLHBIM HECOBEPULEHCTNEOM (DOPMbI NONEPEUHO20 ceyeHus. Xoms 8ciedcmsue 08aIbHOCmU mpyo
(omKIOHeHUs1 hOpMbL NONEPEUHO2O CcedeHUst Om KPYy2080il) Hapsody ¢ KOAbYesbiMU paACmASUBAIOUU-
MU HANPAACEHUAMU U BOZHUKAIOM U3UOHBIE HANPSICEHUs, HO UX 8 PACYemax no npeodeibHbiM CO-
CMOAHUAM He YYUMbLEAom. Mo 00bACHAEMC s meM, Ymo 8 npeoeiax 0ONycKos, YCMaHO8IeHHbIX
Ha 08AIbHOCMb (OMHOUleHUEe PaKmMUu4ecko2o ouamempa mpyowvl K HOMUHAILHOMY), paspyuaroujee
oasiieHue NPakmuiecku 0OUHAKo8o 01 mpyob ¢ pa3iuyHol osarvHocmovio. OOHAKO UMEOmMCs Cly-
yau, K020a NpeoesibHbIM COCMOoAHUEM 0 MPYOONpo8o0a A6IAemcs He e20 paspyulenue, a onpeoe-
JIEHHDIL YPOBEHb OONYCKAEMbIX HANPAXCeHUll. DMo OMHOCUmMCs K mpybonposooam, mpaHcnopmu-
PYIOWUM 2a3 C COOEPAHCAHUEM Ccepo8o00pooa. Hccredosanus noKa3aiu, Ymo CKIOHHOCMb MAK02o
mpy6onpoooa Kk KOppO3UOHHOMY PA3PYUIEHUIO MeM blule, Yem 00nbule KOHYeHmpayus u napyu-
anvHoe 0asiienue cepo8ooopoOad U HANpPsANCeHHoe COCMosiHue mpyoonposooa. /s obecneyenus Ha-
0€AHCHOU pabomvl MaKux cucmem 0ONYCKaemoe MaKkCUMAaibHOe Hanpsicenue onpeoesemcs 8 3a6u-
cumocmu om npedena mexyiecmu memania mpyo. Ilpu onpedenenuu sHce KOIbYEBLIX HANPAHCEHUL



Om GHYymMpeHHe20 0aBeHUss He0OXO00UMO YUUMbIBAMb HAYALILHYIO 08AILHOCb CeyeHus mpyoonpo-
8ooa.

B cmamve uznacatomcsi 60npocvl NPOSHO3UPOBAHUSI KOJbYEBLIX HANPAICEHUU 8 CMEeHKe IKC-
nayamupyemozo mpyoonpogooa no napamempam Ryibcayuil oagneHus pabouetl cpeovl. llpueo-
OUMCsL MamemMamuieckasi MOOeib U pe3yibmanmbvl IKCHEPUMEHMATbHBIX UCCAEO0B8AHUIL.

Internal gas pressure is one of the main force influences that determine the stressed state of pipe-
lines. The thickness of the walls of the pipes of the main pipelines is usually determined only on the basis
of the internal pressure of the product. However, the constructive solution of the pipeline as a building
Structure is chosen taking into account all possible impacts for the adopted pipeline layout.

Under the influence of internal pressure, annular tensile stresses arise in the tubes, which are
calculated from the membrane theory of thin-walled cylindrical shells, neglecting the change in the
radial stresses along the tube thickness and the initial imperfection of the cross-sectional shape.
Although owing to the non-roundness of the tubes (the deviation of the cross-sectional shape from
the circular one), along with the ring tensile stresses, flexural stresses also arise, but they are not
taken into account in the calculations for the limiting states. This is due to the fact that within the
limits of pre-starts, set for the non-roundness (the ratio of the actual diameter of the pipe to the
nominal one), the destructive pressure is practically the same for pipes with different non-
roundness. However, there are cases when the limiting state for a pipeline is not its destruction, but
a certain level of allowed voltages. This applies to pipelines that transport gas with hydrogen sul-
phide content. Studies have shown that the tendency of such a pipeline to corrosion destruction be-
comes higher with the greater concentration and partial pressure of hydrogen sulphide and the
strained state of the pipeline. To ensure reliable operation of such systems, the permissible maxi-
mum voltage is determined depending on the yield strength of the pipe metal. When determining the
ring stresses from internal pressure, it is necessary to take into account the initial non-roundness of
the pipeline section.

The authors show the possibility of evaluating the alternating stress component in a pipe wall by
fluid pressure pulse measurements. The mathematical model of the problem solved and experimen-
tal results are presented.

KawueBble ¢JI0Ba: KOJIBIEBbIC HAMPSIKCHUS, MMyJIbCAIUS JIABICHUS, CAMOKOMITCHCAIIUU TPYO0O-
MMPOBOJIOB, UACHTU(DUKAIUS, PECYPC TPYOOTIPOBOIOB.

Keywords: ring stresses, pressure pulsation, self-compensation of pipelines, identification, pipe-
line life-time.
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XapakTep pacnupocTpaHeHUus K0JIeOaHUI CTEHOK ra30npoBoaa 0T MCTOYHUKA BO30YKIeHUI
(Character of Vibration Propagation for Gas Pipeline Walls from Excitation Source)

Paccuumanwr akycmuyeckue umneoancvl 6eckOHeuHOU YUIUHOPU4eckol 000a0uKy mpyowvl ¢ yue-
MoM CYWecmeyIouux Yclo8ull pe3oHaHCc08 No NPOOOTbHLIM U COBUL0BLIM BOJIHAM 8 00010UKe npu
PA3IUYHBIX A3UMYMATLHBIX YUCIAX U Y2ax MexcOy HanpagieHuem pacnpoCcmpanenus HOPMATbHOU
B0JIHbL U HOPMABIO K NOBEPXHOCMU 000IOUKU.

Heobxooumo nposooums conocmasnenue pacnpeoenenusi UMneoanca no 4acmome u no OJuHe
mpyovl, HaUdeHHOe U3 IKCNepUMeHmda ¢ meopemudeckum pacnpeoesienuem UMNneoancd, paccyu-
MAHHBLIM NO YPABHEHUAM aKYCIMUKU.



Becvma akmyanvho, umo npu 00800Ke azpecamos 2a30KOMNPecCOPHOU CMAaHYyuu 803HUKAEem He-
00X00UMOCMb CONOCMABNIEHUSI XAPAKMEPUCTNUK AKYCIMUYECKO20 NOJIA, NONYVYEHHbIX U3 IKCHEePUMEH-
Mma u paccyumanHblX No cucmeme YpaeHeHul, ONUCbIBAOWUX (DYHKYUOHUPOBAHUE dHEPLeMUYECKOU
ycmaHnoeku. B ceazu ¢ amum neobxooumo uccredosams, Kakue uzmepeHus Heooxooumo npogecmu 6
X00e UCNbIMAaHUs U KaKk oopabomams NOIYUEHHYIO UHPDOPMAYUIO, YMOObL NOJYUUMb HeoOX0OouMble
XapaxmepucmuKkyu axKyCmu4eckou GOJHbl (UMNEOaHC, COOMHOWEHUe MexcOy dHepeusmu beywei u
cmosiuell KOMHOHEHMbL).

B cmamve paccmompen xapaxkmep pacnpocmpanenus Koaebaumuti cmeHok mpybonpoeooa om
ucmoyHuxa 6030yxcoenuil. Ilokazano, umo KOMNIEKCHble KOPHU ONpeoensitom B0JHbl, KOMopbie
VHOCAM 9Hep2uio UCMOYHUKA 6 DeckoHeuHocmb. Bce ocmanvhvle KopHu onpedenaiom makue Koie-
bamenvhble 08UNCEHUs, IHEPSUsL KOMOPBIX JTOKAIUZ08AHA OKOJIO UCOYHUKA.

The acoustic impedances of the infinite cylindrical shell of the tube are calculated with allow-
ance for the existing resonance conditions along the longitudinal and shear waves in the shell for
different azimuthal numbers and angles between the direction of propagation of the normal wave
and the normal to the shell surface.

1t is necessary to compare the distribution of the impedance in frequency and along the length of
the tube, found from an experiment with a theoretical distribution of the impedance calculated from
the equations of acoustics.

1t is very important that when adjusting the aggregates of the gas compressor station, it be-
comes necessary to compare the characteristics of the acoustic field obtained from the experi-
ment and calculated from the system of equations describing the functioning of the power plant.
In this connection, it is necessary to investigate what measurements need to be taken during the
test and how to process the information obtained in order to obtain the necessary characteris-
tics of the acoustic wave (impedance, the ratio between the energies of the running and stand-
ing components).

The paper considers the propagation of vibrations from the pipe walls excitation source. It is
shown that complex roots define waves that carry energy source to infinity. All remaining roots de-
fine such an oscillatory motion, the energy of which is localized near the source.

KawueBble cioBa: KojcOaHHMs CTCHOK W IIyMbI Ta30MpPOBOOB, BXOJAHOH aJMUTAHC, 3aJaud
3BYKOM3OJISIIIMH, aKyCTUIECKOE I0JIE, SHEPTeTUIECKON YCTAaHOBKH.

Keywords: wall and noise oscillations of gas pipelines, input admission, soundproofing tasks,
acoustic field, power installation.
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OcobenHocTH 00pa0OTKH JaHHBIX B HHTE/UIEKTYaJIbHOH WHTErPHUPOBAHHON cucTemMe 0e30-
nacHoctu o0bekToB M Tepputopuii (Data Processing Features in the Intellectual Integrated
Security System of Objects and Territories)

B pabome npedcmaenena umnmeniexmyanvbHas UHMeESPUPOBAHHAS cucmema 0e30nacHocmu,
npeoHasHaueHHas 0Ji obecneyeHus KOMNJIeKCHOU 6e30nacHoCmu 00beKmos u meppumoputl u npeo-
CMasusAOwWas coO0ll CLONCHLLL NPOSPAMMHO-MEXHUYECKUU KOMNIIEKC, COCMOAWUL U3 PA3TUYHbIX
noocucmem bezonacHocmu u MoHumopunea. Ilpusedenst 0cHo8Hble NPUHYUNBL CO30AHUS U NPAKMU-
yeckue nooxoovl Kk nocmpoenuto cucmemul. Ha ocnose sviueykazannvix npunyunos enepegvie cghop-
MYIUPOBAHBL NPUHYUNBL CO30AHUSL UHMeSPUPOB8aHublx cucmem 6Oeszonacnocmu (MUCH) KBO u



1100, necuue 6 ochogy EOunbix mpebosanuti K npoekmupo8aHuIo U CO30AHUI0 UHMESPUPOBAHHBIX
cucmem 6e30nacHOCMU 8 8UOe KOMNIEKCA MEXHUYECKUX cpeocms, NpeOHA3HAYeHHbIX OJi Ynpasiie-
Hus pasauynvivu yempoticmeamu UUCH. Jlanuvie mpebosarnus, odnradarowue uHGOPMAyuoHHOU,
MeXHUYeCcKoU, IKCHIYAMAYUOHHOU U NPOSPAMMHOU coemecmumocmbio, neaau 8 ochogy I'OCT P
56875-2016 «HUngopmayuonnvle mexHoro2uu cucmemvl 6€30NACHOCU KOMNIEKCHble U UHMeSPU-
posannvle. Tunogvle mpebdosanus K apxumexkmype U mMexHOI0SUAM UHMELIeKMYAIbHbIX CUCmeM
MOHUMoOpuHea 0Jisl 0becneverus Oe30naACHOCU NPeONPUAMULL U MEPPUMOPULLY.

Tlockonvky npakmuueckas peamuzayuu cucmemsl 6€30nACHOCMU HA 00beKMAax U meppumopusx
80 MHO2OM 3A8UCUM OM KOMHEMEHMHOCMU UHGOPMUPOBAHHOCU OOJIHCHOCHHBIX TUY, UMEIOWUX
OmHouleHue K 60Npocam obecneueHusi 6e30nacHOCmu, 8 Yelax peulenus OaHHOU npoodaIemMbl A8mo-
pamu cmamvu npeoaazaemcsi pso NOI0ACEHUN — NPAKMUYECKUX N00X0008 K NOCMPOEHUI0 UHMe-
JIEKMYaNbHOU UHmMe2pupo8anuol cucmemsl bezonachocmu MUCB-4D. JlauHble no0Xo0bl NOCIYHCU-
JU 0CHOBOU 0151 pazpabomiu ouepeornoco npoexma I'OCT PD «Humeepuposanuvie unmeniekmy-
anvHble CUcmeMbl MOHUMOPUHed U obecneyeHus Oe30nacHoCmu pacnpeodeienHblx 00beKmos, npeo-
npusmui u meppumoputi. Apxumexmypa u obwjue mexmuveckue mpedosanusi K 000pyO08aHU U
NPOCPAMMHBIM CPEOCMEAM UHMESPUPOBAHHBIX CUCTNEM 0bechedeHUs Oe30NACHOCIILY, NPOULEeOUe20
OKOHUAMENbHYI0 DKCNEPMU3Y 8 MEXHUYEeCKOM KOMUmeme U HAnpagieHHO20 HA YMEepicoeHue 6
Poccmanoapm P®.

B cmamve npuseden wupoxuii nepeuensb HAyuHOU, MemMoOU4ecKoU U HOPMAMUBHO-NPABOBOLL -
mepamypul, HeoOXOOUMOU Ol NPAKMUYECKOU peanu3ayuu cucmem 6e30nacHocmu Ha obbexmax u
mMeppumopusix.

The work presents an intelligent integrated security system designed to provide complex security
of objects and territories and is a complex software and hardware complex consisting of various
security and monitoring subsystems. The main principles of creation and practical approaches to
the system construction are given. Based on the above principles for the first time, the principles for
the creation of integrated security systems (11SS) for CWE and VET, formed the basis for the Uni-
fied Requirements for the Design and Development of Integrated Security Systems in the Form of a
Complex of Technical Means for Managing Various IISB Devices. These requirements, which have
information, technical, operational and software compatibility, formed the basis of the Standard
GOST R 56875-2016 "Complex and integrated information technologies for security systems. Typi-
cal requirements for the architecture and technologies of intelligent monitoring systems for ensur-
ing the security of enterprises and territories".

Since the practical implementation of the security system in the objects and territories depends
to a large extent on the competence of the information security officials, in order to solve this prob-
lem, the authors of the paper propose a number of provisions - practical approaches to the con-
struction of the intellectual integrated safety system IISB-4D. These approaches served as the basis
for the development of the next draft of the Standard GOST of the Russian Federation "Integrated
intelligent monitoring and security systems for distributed objects, enterprises and territories. Ar-
chitecture and general technical requirements for the hardware and software of integrated security
systems", which passed the final examination in the technical committee and was sent to Rosstan-
dart for approval.

The paper lists a wide range of scientific, methodological and legal literature necessary for
practical implementation of security systems at sites and territories.

KawueBble cjI0Ba: MHTEIUICKTyaIbHAs MHTETPUPOBAHHAS CHUCTEMa 0E30MacHOCTH, Te€OMHQOP-
MAaIOHHAasi CUCTeMa, CUCTEMbI YIIPaBJICHHUS JOCTYIIOM, BUJCOHAOMIONCHNE, KPOCCIuIaTpopMeHHOe
MPUIIOKEHUE, TATYUKH, MOHUTOPUHT, KDUTUYCCKH BaXKHBIC U MOTEHIIMAIBLHO OMACHBIE OOBEKTHI, OT-
YeThl, BU3yamu3allus, KJIacTepu3aius, KOppemsius.

Keywords: intelligent integrated security system, geoinformation system, access control sys-
tems, video surveillance, cross-platform application, sensors, monitoring, critical and potentially
dangerous objects, reports, visualization, clustering, correlation.
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Busyaau3anusi JaHHBIX O COCTOSIHMU Oe30macHOCTH 00bekTOB M TeppurTopuii (Visualizing
Data about the State of Safety of Objects and Territories)

Haznsonoe npeocmasnenue npocmpancmeeHHbixX XapaKmepucmux 00beKmos a6isiemcs omoeib-
HbIM Hanpaeienuem euzyanuzayuu. Mcnonvzoseanue mpex- u uemvlpexmepHo2o uU3o0pasdceHus no-
380/15€m HA2NAOHO NOKA3bIBAMb KOMUYECTNBEHHbIE U PENAYUOHHbIE XAPAKMEPUCIUKU NPOCMPAHC-
BEHHO OPUEHMUPOBAHHBIX OAHHBIX U OBICMPO UOEHMUPUYUPOBAMb 8 HUX MPEHOBIL.

B cmamve nokasanvl ocobeHHoCmu 8U3yanu3ayuu OAHHbIX 68 UHMEeSPUPOSAHHOU cucmeme 06e30-
NACHOCMU NOMEHYUATIbHO ONACHBIX, Kpumuuecku eaxcHvlx o0ovekmos (1100 u KBO) u meppumo-
puil, npedcmasnsioujeli coO0U CIO0NHCHBIL NPOSPAMMHO-MEXHUYEeCKUL KOMIILEKC, NO360MA0WUL One-
PAMUBHO OYeHUsams NOCMYNAaowyo UHpopmayuio, onepamusHo obpabameiéams ee, NPUHUMAMb
HeobXooumble Mepbl N0 NPEOYNPEHCOEHUIO U Peasupo8anuio NPU 60O3HUKHOBEHUU Y2PO3 Upe36bluali-
HBIX CUMYAYULl NPUPOOHO20, MEXHOSEHHO20 U MEPPOPUCUYECKO20 XapaKkmepa.

Ilpu onucanuu noocucmemvl U3YATUIAYUU CUCHEMbL NPOU3BOOCMEEHH020 Monumopunea 1100
Nno0YepKUBaemcs, Ymo 0coOEHHOCMbIO OMOOPANCEeHUs. OAHHBIX O PUULECKOU 3AUWUUEeHHOCTNU 00b-
eKmos8 6 NpeocmasisieMoll 2eoUHPOPMAYUOHHOU cucmeme 0e30NaAcHOCMU ABNAEMCcs OeCuO6HbLI
BUPMYANbHBIY, YeMbIPEXMEPHBLIL MUD C 803MONCHOCIbBIO UHMESPAYUU, YNPasileHus U aHaiu3a npo-
CMPAHCNBEHHO-8DEMEHHBIX OAHHBIX OM paziuuuslx cucmem. B ocnogy apxumexmypor ['HC-
bezonachocmu 00beKmos noiodceHa OOMeHHas (kiacmephas) cmpykmypa. Kascowiii kiacmep 60-
Jlee HU3K020 UepapXuyecko20 YPOBHs C613aH C OOHUM U3 OOMEHO8 0Oojlee 8blCOKO20 VPOBHS, Npu
9MOM peanu3yemcs UHmMe2paibHas OYeHKa 0e30NacHOCmU K1Acmepa npeovloyue20 uepapxuyecKko-
20 ypoeus. Ungpopmayus o Konmponupyemvix 00vekmax nocmynaem Ha cOOmeemcmayujue ypos-
HU NPUHAMUS PeleHUll, A8MOMAMU3UPOSAHHO PACNPeOesiemcs 8 COOMEEMCmeuU ¢ NOITHOMOYUAMU
U 005A3aHHOCMAMU NOb30BaAMeNel U Clodcugwelicss uepapxueil ynpaegnenus. 1100pooHo uznosiceHvl
cywecmsyrowue QyHKyuyu noocucmemovl 0moopaddceHus, NOps0oK QOopMUposanusi Omuemos, 8u3ya-
JU3AYUU COCMOAHUSL CUCEMbl MOHUMOPUH2A HA YOAIeHHbIX cepeepax u omoodpa’icenue Kavecmea
C6A3U ¢ 00BEeKMOM KOHMPOJISL 8 UOE CREYUANbHBIX NUKMOSPAMM, QYHKYUU KAPMO4eK npoucuLecm-
8Ull U Op.

Onucanue pabomsi noocucmemvl 0mMoOpadCenus, UHmMezpupyioujel. npoCcmMpaHcmeeHHo-
8peMeHHble OaHHble, CHAOMICEHO PUCYHKAMU U MAOIUYAMU, HA2TAAOHO ULIIOCMPUPVIOWUMY DA3IUY-
Hble ee (hyHKYuUU.

B yenax ceoespemennoco ycmpaneHus GO3HUKWUX HEUCNPABHOCMEN JJleMeHmo8 cucmem 6e3o-
NACHOCMU A8MOPAMU NPEONIONHCEHA  ABMOMAMUSUPOBAHHASL CUCTNEMA KOHMPOJISL 0OCTYHCUBAHUS
MeXHU4eCKUux cpeocme 0XpaHvl Cucmem Gu3uuecKol 3auumol 06beKmos.

A visual representation of the spatial characteristics of objects is a separate direction of visuali-
zation. The use of three- and four-dimensional images allows you to visually show the quantitative
and relational characteristics of spatially-oriented data and quickly identify trends in them.

The paper shows the features of data visualization in the integrated security system of potentially
dangerous, critical objects (VET and CWE) and territories, which is a complex software and hard-
ware complex that allows you to quickly evaluate incoming information, promptly process it, take
necessary measures to prevent and respond to occurrence of threats of emergency situations of
natural, technogenic and terrorist nature.



When describing the visualization subsystem of the VET production monitoring system, it is em-
phasized that the feature of displaying data on physical security of objects in the geoinformation
security system being presented is a seamless virtual, four-dimensional world, with the ability to
integrate, manage and analyze spatial temporal data from various systems. The domain architec-
ture (cluster) structure is based on the GIS object security architecture. Each cluster of the lower
hierarchical level is associated with one of the higher-level domains, and an integrated security as-
sessment of the cluster of the previous hierarchical level is implemented. The information on the
monitored objects arrives at the appropriate levels of decision making, is automatically distributed
in accordance with the authorities and responsibilities of users and the established hierarchy of
management. Details of the existing functions of the display subsystem, the procedure for generat-
ing reports, visualizing the status of the monitoring system on remote servers and displaying the
quality of communication with the object of control in the form of special pictograms, the function
of incident cards, etc.

The description of the operation of the display subsystem integrating space-time data is provided
with figures and tables that clearly illustrate its various functions.

With a view of timely elimination of the arisen malfunctions of the elements of security systems,
the authors proposed an automated system for monitoring the maintenance of technical means of
safety of the physical protection systems of the facilities.

KawueBble cjoBa: MHTEIPUPOBAHHAS CHUCTEMa, CHCTEMa, MPOrpamMma, yCTPOMCTBO, AATYHK,
00BEKT, MOHUTOPHUHT, OTYET, YpE3BbIYAHHAS CUTYaIIHUSI.

Keywords: integrated system, system, program, device, sensor, object, monitoring, report,
emergency.
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HccnenoBanue BO3MOKHOCTH NMPUMEHEHHS Ta30TYPOMHHBIX YCTAHOBOK ISl YTHWIM3AUMU
MONMYTHOT0 He(TSIHOIO Ta3a ¢ BLICOKHUM CO/Iep:KaHHeM a30Ta HA He(PTAHBIX MeCTOPOKIEHUAX
yamyprekoi pecnyoiuku (Investigation of Possibility of Applying Gas Turbine Installations
for Utilization of Associated Petroleum Gas with High Nitrogen Content at Oil Fields of Ud-
murt Republic)

Cmambs nocesaujeHa uUccie008aHUu0 B03MOMCHOCIU NPUMEHEHUs 2A30MYPOUHHBIX YCMAHOBOK
(I'TY) ona ymunuzayuu nonymroeo negpmsanoeo easa (IIHI') ¢ evicokum cooepocanuem azoma (N)
8 Kauecmeae 0CHOBHO20 MONIUBA.

Komnonenmnuoiii cocmas negpmsinoeo eaza npeocmagisem coOoil cmeco npedesibHblX Yenet000-
PO008, BKIIOUAIOWYI0 MEMAaH, d3MaH, NPonau, 6ymau, uzo0yman u opyaue y21e6000poovl, NPOYEeHm-
HOe COOMHOULeHUE KOMOPbIX 8APLUPYEMC ST OM MeCma He@hmsaH020 NPOMbLCIA, 8 3A6UCUMOCIU OM
2€0J102UtecKUxX 0cobeHHoCcmel. JKcniyamupyemvlie Mecmopodicoenus Yomypmcekou Pecnyonuku
(YP) xapaxmepusyromcsa 0obviuell maxicenou, mpyoHo u3gnekaemol nemu ¢ nonymuwvim Hegms-
HbIM 2A30M, COOePHCAWUM 3HAYUMENbHOE KOIUYeCmE80 a30ma U No3IMoMy o01a0aruum HU3KOU
MEeNnIomMou C2Opanusl, Ymo CyujeCmeeHHo 3ampyoHsem e2o memoovl ymuauzayuu. OObluHO makoi
eaz cpasy copacvieaemcs 6 ammocghepy Uiy Oecnoie3Ho CHcueaemcs Ha PAaKeiIbHbIX YCMAHOBKAX: 8
000UX CIYUAsX MO HE2AMUBHO CKA3bIBACMC S HA COCMOSHUU OKpYcalouell cpedsl. B Tlocmanos-
nenuu Ilpasumenvcmea Poccuiickoii @edepayuu (PD) om 8 nosopsa 2012 200a Ne 1148 ycmanas-
ausaemcs yenegoul noxkazamens cocueanust [IHI na ghaxene: ne bonee 5 % om obwezo konuuecmea



noxyyaemozo 2asa. Ilpu npegviuieHuu 95mo2o npedeibHo OONYCMUMO20 NOKA3AMEs NPUMEHSIIOMCS
nosviuiarowue Ko3pghuyuenmol, rusAOWUE HA pazmep GbINaAam wmpagos. Jannvle mepsvl 00IHCHb
CMUMYIUPOBAMb HehmsiHble KOMNAHUU K Ppa3pabomKe npoekmos no 3¢hekmueHomy ucnonv3osa-
HUIO nonymuoeo Hegpmanozo 2asza. Cywecmeyem HeCKOIbKO PAYUOHANbHBIX MEeMO008 YMUIu3ayuu
ITHT": nanpumep, ucnonb308anue e2o 8 Kauecmese colpvs 0Jisk Hepmexumuieckol nPpOMbIULIeHHOCTU
U MONAUBA O PA3TUYHBIX YCMAHOBOK, 8bIpAOAMbIEAIOWUX DJIEKIMPUUECKVIO IHEPSUI0 U MeNnio-
my. B 0annoti cmamve uccnedyemcs 603MOACHOCIb YIMULUZAYUU NONYMHO20 HepmsaHo2o 2aza ¢
BbICOKUM COOEPHCAHUEM A30MA NYMEM €20 CHCUSAHUS 8 KO2EHEPAYUOHHBIX 2A30MYPOUHHBIX YCMA-
HOBKAX C NpeuMyujeCmeeHHou 8blpabomKo 21eKmpo3IHePIUlL.

The paper is devoted to research of a possibility of application of gas-turbine installations (GTI)
for utilization of the associated petroleum gas (APG) with the high content of nitrogen (N>) as the
main fuel.

The component composition of the petroleum gas is a mixture of saturated hydrocarbons, includ-
ing methane, ethane, propane, butane, isobutene and other hydrocarbons, the percentage of which
varies from the oil field, depending on the geological features. The exploited oilfield of the Udmurt
Republic are characterized by the extraction of heavy, difficult extracted oil with the associated pe-
troleum gas containing a significant amount of nitrogen and therefore having a low calorific value,
which significantly complicates its utilization methods. Usually such a gas is dumped in the atmos-
phere at once or is futilely burned in flare plants: in both cases, this negatively affects the state of
the environment. The Decree of the Government of the Russian Federation (RF) of November 8,
2012 No. 1148 establishes the target index flaring of the associated petroleum gas on the flare: no
more than 5% of the total amount of gas produced. At excess of this maximum permissible limit,
increasing coefficients are applied that affect the amount of payment of fines. These measures
should stimulate oil companies to development of projects for the effective use of associated petro-
leum gas. There are several rational methods for utilization of APG: for example, its use as raw
materials for the petrochemical industry or fuel for various installations that generate electricity
and heat. There are several rational methods for utilization of APG: for example, its use as raw ma-
terials for the petrochemical industry or fuel for various installations that generate electricity and
warmth. In this paper the possibility is investigated for utilizing the associated petroleum gas with a
high nitrogen content by burning it in gas turbine plants for generating electricity.

KawueBble c1oBa: monyTHbIH He(TAHON ra3, ra30TypOMHHAS yCTaHOBKA, YTHIIN3AIUS, KOTCHE-
pars, HU3IIas TeryIoTa Cropanus, K0o3()MOUITUEHT OJIE3HOTO ACHCTBHSL.

Keywords: associated petroleum gas, gas-turbine installation, utilization, cogeneration, net calo-
rific value, efficiency.
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dacajHoe IeMEHTHO-CWJINKATHOE MOKPbITHE MO Kepamuueckomy kupnuuy (Facade Ce-
ment Silicate Coating for Ceramic Bricks)

Paspabomano ¢hacaonoe dexopamusHoe noxpvimue Ha OCHO8E HCUOKO2O HAMPUEBO20 CMeEKId U
nopmuaHoyemenma, MoOUDUYUPOBAHHOE KOMNIEKCHOU YIbmpa- U HAHOOUCNEPCHOU 0006asKoll,
gKmouarowell OUOKCUO MUmana, 8CHy4eHHbIl Nepaumosslii Necok U OUCNePCU0 MHO20CIOUHBIX Yaile-



POOHbIX Hanompybok. I[Ipeumywecmeom pazpabomannoeo NOKPbIMuUsl SAGIAEHC UCNOTb308AHUE 8
Kauecmee CUTUKamu3amopa nopmaaHoyemMeHma 6Mecmo mpaouyuoOHHO UCNONb3YeMO20 OKCUOA YUH-
Ka. Paspabomannoe yemeHmMHO-CUTUKAMHOE NOKpbimue 001adaem 000CMOUKOCMbIO, XOPOUWUM
cyenieHuem ¢ OCHOBAHUEM, NAPO- U 2A30NPOHUYAEMOCbIO, UMeen NOBLIUEHHYIO 00I208€YHOCHb CO
CPOKOM CIYAHCObL NOKPLIMUUSL, NPEGLIUAIOWUM CYuecmsylouue anarocu 6 4—5 pas. Hanuuue 6 co-
cmaege NOKpuIMus MHO2OCJIOUHBIX Y2NIePOOHBIX HAHOMPYOOK NPUBOOUM K NO2TOWEHUIO MEXHO2EHHO20
INEKMPOMACHUMHO20 U3TYYeHUsl. BcnyuenHolil nepaumosulil necok, 6xo0siuutl 8 COCmag CUIUKAMHO-
20 NOKpbIMuUs, NO360J1Aem NPUOamv emy peibeHyio No8epXHOCMb NpU HAHEeCeHUU HA OCHOBAHUE.
Ipumenenue paspabomanno2o Gacaono2o YeMeHMHO-CUTUKAMHO20 NOKPLIMUSL 603MONCHO NO NO-
BEPXHOCMU  CUTUKAMCOOEPHCAWUX — MAMEPUANO8  (KUpNUY, YeMeHmHblll OemoH, U36eCmKO80-
YEeMEeHMHAsL WMYKAMYPKQ).

The facade decorative coating has been developed on the basis of liquid sodium glass and Port-
land cement modified by the complex ultra- and nano- disperse additive that includes the titanium
dioxide, expanded perlite sand and dispersion of multilayer carbon nanotubes. The advantage of
the developed coating is the application of Portland cement as silicatizator instead of convention-
ally applied zinc oxide. The developed cement silicate coating possesses water resistance, good
mesh with the base, steam and gas permeability, has the increased durability with the coating life-
time 4-5 times higher than the existing analogs. The presence of multilayer carbon nanotubes
within the coating leads to absorption of technogenic electromagnetic radiation. The expanded per-
lite sand comprised into the silicate coating allows for giving it the textured surface when applied
on the base. Application of the developed facade cement silicate coating is possible on the surface
of silicate containing materials (brick, cement concrete, cement lime plaster).

KaioueBble c10Ba: XUAKOS HATPHUEBOE CTEKIIO, MOPTIAHIIEMEHT, CHJIMKAaTHAs Kpacka, MHOTO-
CJIOMHBIC yTJICPOIHBIC HAHOTPYOKH, SKPAaHUPOBAHUE.

Keywords: liquid sodium glass, Portland cement, silicate paint, multilayer carbon nanotubes,
shielding.
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Hcnonb3oBaHue perpecCHOHHOIO aHAJIN3a AJIs ONpeae/ieHUs] IPOHUIIAeMOCTH B TePPHUIeH-
HbIX nmopoaax bamkupckoro ceoaa u cogukamckou aenpeccuu (Application of Regression
Analysis for Determining the Permeability in Terrigenous Rocks of the Bashkir Arch and
Solikamsk Depression)

B cmamve paccmompenvt nponuyaemvie u Henporuyaemvie nopoost bawkupcroeo céooa u Conu-
Kamckou denpeccuu. bawkupckuil c600 Haxooumcs 8 1xicHou wacmu Ilepmckozo kpas, Conukamckas
oenpeccus 3aHuUMaem 80CMOYHYI0 YACMb Ce8epHOll NoNosUHbl Kpas. Mamepuanom ons paccmompe-
HUsl ABTAIOMCA NOPUCHOCb, NPOHUYAEMOCTb, 00BEMHAS U MUHEPATIO2UYECKasl NIOMHOCIU U NJIOM-
HOCMb HACBIWEHHO020 00pa3ya, noiyueHHvle Npu UCCIe008aHUU KEPHOBO20 MAMEPUANd U3 CKBAJICUH,
HAX0O0SAUWUXCSL HA PACCMAMPUBAEMBIX MEKMOHUYECKUX dNeMeHmax. M3 nomyyeHHvlx OaHHbIX cocmas-
JIeHa CMamucmuyecKy 3Ha4umas 8bl00pKa, 00CMAamoyHas Oas NPO8eOeHUs: CMAmUCmMu4ecKko20 ama-
auza. Cmenensb C853u NApamMempos medxHcoy coooll U onpeoeieHue pasiuduil U cxoocmes 8 nopooax
PA3UYHBIX MEKMOHUYECKUX JTIeMEHMO08 NPOBOOUIOCH, NO Pe3VIbMAamam, NOJy4eHHbIM NpU NOCmpoe-
HUU KOPPenAYUOHHbIX mampuy. [Ipu paccmompenuu nonyueHHvlx Kodgguyuenmos Kopperayuu uc-
credyemvlx napamempos noiy4eHo, Ymo nopoovl Ha PA3HbIX MEKMOHUYEeCKUX 2NeMeHmax pasnuia-
IOMCsl RO CMENneHU CEA3AHHOCU MeHCO)y 00bEMHOU, MUHEPATbHOU NIOMHOCMbIO U NIOMHOCMbIO HA-
chlueHHo2o obpazya. Imo yKaszvieaem HA pasiuyue nopoo 8 VNJIOMHEHHOCMU NOPOO HA PA3HbIX
meKkmoHuyeckux snemenmax. Haubonee niommuvie nopoovt npeocmasnenvt na meppumopuu Conu-
kamckot oenpeccuu. OCHOBHBIM NAPAMEMPOM O pACCMOMPEHUS 8blOPAH NApamemp NpOHUYAeMO-



Ccmu Kaxk 0OuH u3 Hauboiee 8aXdCHbIX Npu paspabomie mecmopoxcoeruil. /s viasienus napamen-
P08, BIUAIOWUX HA OnpedelieHue NPOHUYAEMOCMU, NPOBEOEH PecPecCUOHHbLIL AHAIU3, NOKA3bIBAIOUULL
3a6UCUMOCTIL MeNCOY 3A8UCUMOU NePEMEHHOU U OOHOU UNU HEeCKOIbKUMU Hezagucumvimu. Tlo pe-
3YIbMAMam 3mo20 aHaIU3a NOCMPOeHbl TUHEliHble MameMamuieckue Mooeau U 6bli6leHa Cmenetb
BIUAHUSL KAXHCO020 U3 PACCMAMPUBAEMBIX NAPAMEMPO8 HA (POPpMUPOBaHUe KOIPPuyueHma npoHu-
yaemocmu. Ilposeden cpagHumenvhvlll aHAIU3 MeNCOY NAPAMEMPAMU, GIUAIOWUMU HA OnpeoeleHue
NPOHUYAEMOCTU 8 NPOHUYAEMbIX U HeNPOHUYAEMbIX NOPOOAX HA PA3TUYHLIX MEKMOHUYEeCKUX de-
MeHmax.

The permeable and impermeable rocks of the Bashkir arch and Solikamsk depression are con-
sidered in the paper. Bashkir arch is located in the southern part of Perm region. Solikamsk de-
pression occupies the Eastern part of the Northern half of the region. Porosity, permeability, volu-
metric density and mineralogical density and the density of a saturated sample are considered. The
material was obtained in the study of core material from wells on the considered tectonic elements.
The statistical significant sample was compiled from the data. This sample is sufficient for statisti-
cal analysis. The correlation matrices were constructed. It shows the degree of correlation of the
parameters among themselves and identify differences and similarities in the rocks of different tec-
tonic elements. The coefficients of correlation of parameters were obtained that the rocks in differ-
ent tectonic elements differ in the degree of coupling between volumetric mineral density and the
density of the saturated sample. It indicates a difference of species in the density of rocks at differ-
ent tectonic elements. The toughest rock is located in the territory of Solikamsk depression. The
main parameter is selected to be permeability as the one of the most important in the development
field. The regression analysis was made to identify the parameters that influence the determination
of permeability. It shows the relationship between the dependent variable and one or more inde-
pendent. As the result of this analysis a linear mathematical model is constructed and the degree of
influence of each of the analyzed parameters on the formation of the permeability coefficient is re-
vealed. The comparative analysis was made between the parameters that influence the determina-
tion of permeability in the permeable and impermeable rocks for various tectonic elements.

KiaroueBbie cioBa: k03(pGUIMEHT TOPUCTOCTH, KOAD(HUIIMEHT NPOHHUIIAEMOCTH, OOBEMHAas
IUIOTHOCTh, MUHEpAJIOTHYECKasl UIOTHOCTh, bamkupckuii cBoj, ConMkaMckas Jernpeccus, perpec-
CHOHHBIN aHaJH3, KOPPEIALMOHHAS MAaTPHIIA.

Keywords: coefficient porosity, permeability, bulk density, mineral density, Bashkir arch,
Solikamsk depression, regression analysis, correlation matrix.



