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AHHOTAIUSA

AKTyaqbHOCTb TEMbl OOYCIIOBJIEHA TEM, 4YTO B CBSI3U C POCTOM TEXHOJIOTUI
HOSBIISIETCS OOJIBIIOE KOJTMYECTBO MOOMIIBHBIX M CTAIIMOHAPHBIX POOOTOB, UCHOIB3YEMBIX B
IOBCEHEBHOM >KM3HU, HapUMep KBaJIPOKOMNTEPHI, JOCTABISAIOLINE MOCBUIKH, MU CHCTEMbI
«YMHBI JTOM», CIy’)Kallhe I aBTOMATHU3alUU YIPABICHUS PA3IMYHBIMU TaJKETaMHU,
UCMOJb3yeMbIMU B JOMAIIHUX HyXAax. ManopecypcHas Kpunrorpadus CIyxKUT Jis
oOecrieyeHns 3aIIUTHl TaKUX CHCTEM, B CTaThbe NPUBEACH KpaTKWii 0030p W CpaBHEHHE
Pas3INYHbBIX, METOJIOB IIU(PPOBaHUS KpUNTOTrpaguueckoil 6e301aCHOCTH UHTEPHETA BEIEH.

KiaroueBble cioBa: kpuntorpadusi, CTOMKOCTh MH(POB, KPUITOAITOPUTMBL,
MaJlopecypcHasi Kpunrorpadus, HHTEpHET Bellel, mudpoBaHue.

Abstract

The relevance of the topic is due to the fact that due to the growth of technology there
is a large number of mobile and stationary robots used in everyday life, such as quadrocopters
delivering parcels, or "smart home" systems that serve to automate the management of
various gadgets used in home needs. Low-resource cryptography serves to ensure the
protection of such systems, the article provides a brief overview and comparison of various
methods of cryptographic security encryption of the Internet of things.

Keywords: cryptography, cipher strength, crypto algorithms, low-resource
cryptography, Internet of things, encryption.

HekoTopele U3 anropuTMOB OpPHEHTHUPOBAHBbI HA aIllapaTHYK pEaTU3allUio, IPYTHUE,
Ha00O0pOT, MOKA3bIBAIOT JIYUILIHE XapaKTEPUCTUKH ITPU MPOTPAMMHON pean3aluu.

B 1976 romy mosiBunace peBostolioHHas ctates Y. Jupdu n M. Xennmana, B
KOTOpPOM TpeJuiaraioch HOBOE HaIpaBlI€HHE B KpUNTOrpaguu M BBOAMIUCH OCHOBHBIE
HOHATUS KPUNTOrpauu C OTKPBITBIM KITFOYOM, JI0 3TOTO B KPUIITOrpaduu UCIOJIb30BAINCH
TOJIBKO QJITOPUTMBI C CEKPETHBIM KITHOUOM.

V. Mudpdu nu M. XemnmaH nOpeuIoKWIM JBa (PyHIaMEHTAJIbHBIX H3MEHEHUS:
MepcoHanM3aIus Kioued (Kaxapli 0ObeKT B CHCTEME HMMEET CBOW COOCTBEHHBIM KITIOY);
pasfesieHne Kirouel (KaKIpld K04 JEJIUTCS HAa OTKPBITBIA M 3aKpBITBIN, KOTOPbIE BMECTE
00pa3yroT KIIOYEBYIO TIAPy).

Januelii BUJ IMM(GPOBaHUS OCHOBBIBAETCS Ha HJee OJHOCTOPOHHEH (QYHKUIHU C
noTaHbIM BXOJA0M. (DyHKIMSA HA3bIBAE€TCS OJAHOCTOPOHHEW, €CIU €€ JIETKO BBIYHMCINTB, HO
HEBO3MOKHO MHBEPTUPOBATH B JOCTYNHBIX BPEMEHHBIX PaMKaX, yUYUTBIBAs CYILECTBYIOIIYIO
BBIYHCIIUTEIIbHYIO MOIIIHOCTb, HE 3Hasi CEKPETHOTO KITFOYa.

CaMoil M3BECTHOM 3ajayeil, KoTopas HCIIOJIb3YeTCs I OTUX LEIel sBiseTcs
dakropuzanuu OONBIIMX HATypaJlbHbIX UHCEN, Ha KOTOPOM M OCHOBaH aJrOpPUTM
mmdpoBanus cucremsl RSA.

CroiikocTh mM(POBAHUSA HANPSIMYIO NpHUBS3aHA K pa3Mepy Kiloda, a yBEIHMYEHHUE
pasmepa KJroua B JIBa pa3a 00ecreynBaeT SKCIOHEHIINAIbHOE YBEINYCHUE KPUIITOCTOMKOCTH,
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XOTSI M CHIDKAeT MPOU3BOAUTENbHOCTh. Kimtoun RSA 06bryHO nmeroT mymny 1024 unn 2048
OWUT, OJJHAKO CYIIECTBYIOT SKCIIEPTHBIE MHEHHS, COTIACHO KOTOPBIM, B OJrpKaiiiiee Bpems
MOSIBUTCSI BO3MOXKHOCTD B3J1amMbiBaTh 1024-0utHble kimtoun, modtoMy NIST TpeOyeT nepexona
Ha MUHUMAJIbHYIO JIHHY Kitoya 2048 out uinu 4096 out [2]. Cnegyetr otmeTuts, uro B 2013
roay rpymma kpuntorpados, Bo3riasisemas ¢ A. [llamupom, ycnemHo onpenenuia 4096-
OutHbld K04 RSA, mpuMeHsiss akyCTUYECKHH KpPUIITOAHAIN3, OJHAKO JIIOOOH alropuT™M
muGpoBaHUS YSI3BUM JIJIsl JAHHOTO METO/1a aTaku [3].

AnbrepHatuBoii RSA B peanuzanuu mudpoBaHUS C OTKPHITHIM KIIOYOM SBIISETCS
smwmntrdeckas kpunrtorpadus ECC (Elliptic Curve Cryptography), xoTtopas mo3BojseT
oOecrieunBarh 0oJee BBICOKYIO 0€30IacHOCTb C NMPUMEHEHHEM MEHbUICH BBIYUCIUTEIBHON
MOIIHOCTH, YTO JIETIAeT ee OoJjiee MOAXOAAIIEH 151 MOOMIIbHBIX TPHIIOKEHUN.

ANropuT™M OCHOBaH Ha anreOpanyecKkoil CTPYKTYpe 3IJUIMINTUYECKMX KPUBBIX Hal
koHeuHbIMU mnossiMu. ECC  anroputm siBisiercs Haubosee 3(PGEKTUBHBIM aITOPUTMOM,
MIOCKOJIbKY ~ TIO3BOJIIET  OOECHEYUTh  CONOCTaBUMBIM  ypOBEHb  O€30MACHOCTH  IpPHU
MCIIOJIb30BAaHUU KJII0UYa MEHBILEro pa3mepa (C pasmepom Kitoua B 224 Outa obecriedynMBaeT
OJIMHAKOBEIN ypoBeHb Oe3omacHOCTH ¢ RSA ¢ wimouom B 2048 0Out) [4]. Anroput™ B
OCHOBHOM HCIOJb3YyeTCS B CpeJaXx ¢ OrpaHHYEeHHBIMH pecypcamu. lcnonb3oBanue
KOPOTKOT'O KJIF0Ya TIO3BOJIIET YMEHBIIUTH JHEPronorpedieHne (MCHoiIb30BaHUE PECYPCOB
OMepaTUBHOM NaMATH U mpoleccopa) u yckopuTh mudpposanue. B EBpone muorme IT
peleHusi, OCHOBaHHBIE Ha CMapT-KapTax, ucnoisp3ylor ECC mmdpoBanue, Hampumep,
HAI[MOHAJILHOE yIOCTOBEPEHHE JTUYHOCTH cTpaH EBporelickoil SKOHOMUYECKOW 30HBI, HOBAst
KapTa MEIUIIMHCKOTO CTpaxoBaHus B ['epmanuu u ap.

Taxxe B obnacTu kiaccuueckod kpunrorpaduu Hambojee paclpoCTPaHEHHBIMU
aBIstOTCs, Hanpumep, DSA (Amepukanckuii crangapt mmdposanus) u ['OCT 34.12-2015
(Poccuiickuii crangapt mudpoBaHUs, BKIIOYAIOIIUN alroputMel Immdpoanus Marma u
Ky3neuuk) [3].

B cpaBHenuu ¢ ManopecypcHolt kpuntorpadueii, Takue craHAapThl MU(POBAHUS, KaK
EC u TI'OCT, oOpaOarbiBatoT HHpOpManuio gocratouyHo ObicTpo. Hampumep, Kysneunx
(mmHa Onoka — 128 OuT, miuHa Kioda — 256 OWT) B CBOEH CKOPOCTHOM peanuzanuu 54
Moaiit/c, a DSA (mnuna 6moka — 128 6ut, niuHa kiroda — 128 6ut) — 51 Mbaiit/c [5,6]. Ho
nonobupie mudpsel 3aHMMaT Topa3fgo Oonbiie ROM u RAM mnamsaTu KOMIIbIOTEpa,
IPUMEPHO COpPAa3MEPHO CO CKOPOCTHIO BBIMIOJIHEHUS, YTO OTBEPraeT NMPUMEHEHUE NaHHBIX
QITOPUTMOB B PEKUMAX OTPAHUYEHHBIX BO3MOXXHOCTEN, TAKMX KaK KOHEUHBIN 3aI1ac SHEPTUH
Y OTPAaHUYEHHBI 00HEM MaMSITH.

Taxoke xoTesnoch Obl OTMETUTH UCIIOJIb30BaHUE MPOTOKOJIOB B MHTepHeTe Bemeil. [
TOr0 4TOOBI JII0OBIE KOMIOHEHTHI VIHTepHETa Belleil MOIIM MOJHOLIEHHO (PYHKIIMOHUPOBATh
U B3aUMOJEWCTBOBATh MEXIY COOOH, 3a4acTyl0 HEOOXOJMMO yCTaHABIIMBATh 3alUIIEHHOE
COCMHEHUE MEXAy BCEMHM KOMIIOHEHTAaMH JaHHOW cHucTeMbl. JlaHHBIA mpolecc
MOJIpa3yMeBaeT HCIOJb30BAaHUE KPUNTOTpaQUUECKUX aarOpuTMOB U KIIOYEH TS
mdpoBanus Tpaduka, ¢ MpeABAPUTEIbHBIM MPOXOXKACHUEM Ipolecca ayTeHTU(DHUKAIUH.
Cam mnpouecc ayTeHTU(UKAIMHM SBISETCS KIIOYEBOM MpolLeaypoil, Tak Kak ©0e3 Hero
3JI0YMBIIUIEHHUK MOYKET BMEIIAThCS B CETEBOE B3aUMOJIEHCTBUE, OTIIPABIISTh CBOU KOMaH/IbI,
YeM IMOJIHOCTBIO HapymaeT (yHKIMOHMpoBaHUE Bced cetw WuTepHera Bemeit. s Bcex
BBIIIETIEPEUNCIICHHBIX LIeIeH, KaK MPaBUJI0, UCTIOIb3YIOTCS MPOTOKOJBI.

Hanpuwmep, nporokon IKE (Internet Key Exchange) ucnons3yercs B BUPTyalbHBIX
YaCTHBIX CETAX, YCTAHABIMBAeT 3alIMINEHHBIM KaHal CBS3M, OCYIIECTBIISET MPOLECC
ayTeHTU(UKAIMA CTOPOH B3aUMOJICHCTBHUS, a TAaK)Ke OCHOBAaH Ha MPOTOKOJE pa3/eieHHS
cekpera Jlupdu - Xemnmmana (DH) [1,5]. CobcrBenno, mporokon Jduddu - Xemnmana
MO3BOJISIET HECKOJIIBKUM B3aUMOJICHCTBYIOIIMM CTOPOHAM MOJYYUTh OOLIMI CEeKpEeTHBIN KU
JUISL MCTIONIb30BaHMSI €r0 B CUMMETPUYHOM IIH(pPOBaHUM, HAMPUMEP, B JTIOOOM alIroputMe
MaJIOpeCypcHO# KpunTorpadguu, 4ro BecbMa yaob6Ho. Ho, B mporecce npuMeHEHUs
nporokona IKE nexuT wucnons3oBaHue KpunTorpadud C OTKPBITBIM KJIIOYOM, YTO
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aBToMaThyecku Hempuemiiemo B MurtepHete Bemeld. Kpunrorpadus ¢ OTKPBITEIM KIIOUOM
JIOBOJILHO pPECypcOeMKasi, HE OTBEYaeT TPEOOBAHUSAM MAIOPECYpPCHOCTH M HE MOXKET
MOJAEPKUBATHCS yCTpoilcTBaMu MHTepHEeTa BenieH.

AHanornyHeIM  oOpa3oM cymiecTBYIOT craHnaptel ZigBee u Bluetooth LE,
OTIMCHIBAIOIIME B3aMMOJICHCTBHE YCTporcTB MHTepHeTa Bemmied Mexay coOoil. [maBHBIM
HEIOCTaTKOM 3THX MPOTOKOJIOB SIBISETCS OTCYTCTBHE 3alllUThl OT arakd MeTozoMm "Man in
the middle" (MITM, «4enoBek mocepeanHe») . 3TOYMBIIUICHHHK MOXKET BKJIMHUTCS B 0OMEH
uHpopManuel, «IMoACHymaTb» TpapuK M TEepexBaTUTh OOMEH KIIYaMH, a 3aTeM
ucnoinp3oBath link key — crannapTHbIi K104 CBSA3HM, KOTOPBIM MCHOJIB3YIOT IPOU3BOIUTEIH.
Orto BMmewmatenbctBO MITM  1o3BONSIET CKOMIPOMETHPOBATH CETEBOM KIIIOY, CETEBOE
B3aMMOJICICTBHE, OTKPBITh YCTPONCTBA CETH I aTak.

Huxe mnpencraBnenst nporokoasl MQTT, XMPP, DDS u AQMP, xotopsie
o0ecreunBarOT KOMMYHUKAIIUIO ycTpoiicTB IHTepHeTa Beieil.

MQTT [1]. [anHblii OpoTOKON cOOMpAaeT JaHHbIE C PA3IUYHBIX YCTPOWCTB U
o0opynoBaHUs MW TMepeAaeT NoilydyeHHyro uHpopmanuio Ha cepeep. I[lpu 3ToM oH
o0OecrieunBaeT HAJACKHYIO Iepefady JaHHbIX, 0€3 MOoTepb, U TaKKe MOXET paboTaTh B
YCIIOBUSIX CBSI3U C MepeOOsSMHU.

XMPP [2]. TIpoTokon, HCHOAB3yeMbIN Uisi 0OMEHa MTHOBEHHBIMH COOOIIECHUSIMU
MEXy JIOJIbMH, a TaKkKe CoOOIIeHusaMu o npucyrctBuu. Jlns MHTepHeTa Bemel peanusyeT
MIPOCTOM CITOCO0 aJIpecaly YCTPOUCTB.

DDS [5]. IIpoTokoiy, KOTOpBI pachpenenser [TaHHbIE, IOJIYyYEHHbIE C OJHHUX
YCTPOMCTB, JUIs IEpeaun Ipyrum ycrporictBaM. OCHOBHAs 3aJa4ya MPOTOKOJIA — COEAUHEHHE
C IIeJIEBBIMH YCTPONCTBAMHU.

AQMP [4]. IIpomexyTOUHBII HPOTOKOJ, KOTOPbIM OpraHu3yeT U oOpadaTbiBaeT
ouepelb COOOIIEHUH.

Tabnuya 1.
Cpasnenus npocpammHbIX peanu3ayuii MaiopecypCHuIX aleopummos wmugpposanus
AJTopuT™M
RCA DSA ECC
[TapameTp oueHku
Peanzanust (mporpaMMHasi/anmnapaTHas) porpamMMHast nporpamMMHast porpamMMHast
JnuHa kimoda (0UT) 128 80 80
Pa3mep Gnoka 128 64 HOTOYHBIN mIHp
CropocTs mudposanus oaHoro bioka 5 Maiir/c | M6aiit/c 0,6 Moaiit/c
JIAHHBIX
KonmuectBo payHaoB mudpoBaHus 18 31 -
KonuecTBo namsitu, 3aHHMaeMoe 4780 Gaiir 1000 Gaiir i
peanm3anuei
3anelicTBOBaHUE ONIEPATHBHON MaMSTH 180 GaiT 18 Gaiir -

Kak MOXHO yBHJETb, OCOOEHHOCTH MPOTOKOJIa HAIMPSIMYIO 3aBHCST OT OOJIACTH €ro
npumenenus. Hampumep, MQTT crienyer ucnonb3oBath npu cOope mokazaTeneld 1aBIeHHs
wii temnepatrypbl, a AQMP — npu opraHuzanuu oyepeau COOOIIEHHH NMPH COBEPLICHUU
0aHKOBCKUX TpaH3aKLIUH.

Tak xak ManopecypcHble Kpunrorpaduyeckre aaropuTMbl 3a4acTy0 UCIOIb3YIOTCS B
MOOUIBbHOU poOoTOTEXHMKE W B MHTepHeTe Bemied, TO Ha HHUX MOTYT COBEpIIATHCA
pa3sHOOOpa3Hble aTaku C LENbI0 Kpaxu Wwin ¢anbcupukanuu odpadaThiBaeMOM, XpaHUMON
WJIU TIepelaBaeMoi HH(POPMAIIUH.

Hanpuwmep, B pabote babenko JL.K. conepxxutcs onucanue anredpanyeckoi ataku Ha
Mmasopecypcubiid mudp Present. Kak m3BectHO, Present siBisieTcsi CHMMETPUYHBIM OJIOYHBIM
AIropuTMOM MUGPOBAHUS C UTMHON O5oka 64 Outa u ;umHOH Kiroda 80 wiu 128 6uT, mpu
9TOM KOJIMYECTBO payHA0B Immdpa paBHO 32 M. ABTOpaMm pabOTHl yAallOCh OINUCATh U
IPOBECTH alreOpandecKkuii aHau3 IATH payHaoB mudpa Present [1].
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Hcxonst u3 momydeHHBIX aBTOpaMH JAaHHBIX M cOocTaBieHHOW TaOsmmpbl (Tabmwuima 1.)
MOKHO CJIeJlaTh BBIBOJ, 4TO AJreOpandeckuii aHaau3 MATH PayHJAOB M BOCCTAaHOBIICHUE
Kioda 128 OMT mpW 3allaHHBIX BBIYHCIUTENbHBIX MomHOCTAX (2 I'T HIITY u 1 I'6
ONEPATUBHOM MaMsTH) BBINOJHAETCS YCIEIIHO 3a O4YeHb KOPOTKOE BpeMs. Takxke mpu
KOMOMHHMPOBAaHUHM HEKOTOPBIX METOAOB KPUNTOAHAIM3a aBTOPHI CMOIJIM BECbMa YCIEIIHO
NpoaHaJM3UpoOBaTh 10 26 payHnaoB naHHoro mudpa. Ilostomy s obecredeHus
0e30MacHOCTH KOMIIOHEHTOB VHTepHeTa Belieil HeoOXOUMO HCIOIb30BaTh MaKCHUMAalbHOE
KOJIMYECTBO PayHIOB JAHHOTO KPUNITOTPAPUIECKOTO aroOpruTMa.

B pabGore «CereBbie TexHonmoruu VHTepHeTa Beleil» aHAJIOTMYHBIM 00pazoM
OCYILECTBIISICA anredpandeckuil ananus mudpa Present, 1 MeToab! aBTOPOB JaHHOM pabOTHI
TaK)Ke OKa3aJKCh YCIHEIIHBIMHU Ha MEPBBIX MATH payHiax mudpa. Haunnas ¢ mectoro payHia
mmdp Present okazpiBaeTcsi CTOMKUM MPOTUB alNredpanveckoro KpunroaHanusa [6].

Uro kacaercs kpunToaHanuza majgopecypcHoro mudpa Clefia, pazpabotannoro Sony
Corporation, To camMa KOMIIaHHS MPUBEIA JOKYMEHT, COACPKAIIUNA Pa3IMYHBIC MOIXOIbI K
KpUNTOAHATH3Y JAHHOTO MIH(pa.

ABTOpPBI pa3buparOT MHOXECTBO cmocoOoB kpunroananmusa Clefia, npuBogsaT
npUMepbl 1 00OCHOBBIBAIOT, KaK TOT WJIM MHOW METOJ aHallu3a MOXET ObITh HamlpaBlieH Ha
naHHb mdp. Hanpumep, aBropsl orMmeuarot, uro Clefia 6maromapss cBouM 0COOCHHOCTSIM
ABIISIETCS CTOMKOMN K nuddepenmanbHOMy KpuntoaHanusy, oonee 10 paynnos Clefia croiiku
K aTakaM TpsSMOYTOJIEHUKOM, W 00JaJaeT JOCTATOYHOH CTOMKOCTHIO MPOTHB CIAi0BON
ataku. Takke aBTOpPBI paccMaTpUBAIOT HE TOJIBKO MPOrPaMMHO-PEAIM30BAHHBIN aITOpPUTM,
HO U anmnapaTHO-OPUEHTUPOBAHHYIO BEPCHIO.

W B KxoHIIE creayeT OTMETUTh, YTO Pa3IHYHBIC JIETKOBECHBIE MHU(PBI UCTOIB3YIOTCS
JUISL pa3HBIX LIeJIel, B 3aBUCUMOCTH OT TIOCTaBJICHHOW 3a7au. B ogHOM ciydyae HeoOxoauma
ObICTpast CKOpPOCTh O0OpaOOTKM [aHHBIX, a B JAPYroM, HalpuUMep, HYKHO OrPaHUYHUThH
SHEPronoTpedeHue Wik ke o0padarbiBaTh HH(OPMAIMIO B YCIOBUSX OrPAaHUYEHHBIX
3amacoB MaMmsATH. Y KIACCHMYECKHX KpUNTorpadguyeckux MmU(POB OTMEUYalOTCS BBICOKHE
CKOpOCTH MIM(PpOBaHUS TAHHBIX, HO TIPH 3TOM OHH HE MOTYT OBITh UCIIOJIb30BAHBI B CHCTEMAaX
C OTpaHUYECHHBIMH pecypcaMi, IJe HallId MpUMeHeHHe JerkoBecHbie mudprl. Taxke cpeau
MaJOpeCypCHbIX IHM(PPOB HMMEIOTCSA allapaTHO- H  MPOrPaMMHO-OPUEHTHUPOBAHHEIE
ITOPUTMBI, UCIIOJIB30BAHNE KOTOPBIX TAKKE BaApbUPYETCS B 3aBUCUMOCTH OT MOCTAaBICHHOU
3a7]a4M NIepej] CUCTEMOM.

Uro kacaercss NPOTOKOJIOB B3aWMOJEWUCTBUsA YCTpoucTB HMHTEpHETa Bellel, OHU
UMEIOT DPAa3JINYHbIe CTENEHM 3alllMIIeHHOCTH, WM BOOOIIe OTCYTCTBYIOT. Mcmonbp3oBanue
ACUMMETPUYHON KpuHOTOrpaduu MallopecypCHbIMH ycTpoiicTBamu HHTepHeTa Bemieit
HEIeJIec000pa3Ho, B CHUIIY BBICOKOH PECYpPCOEMKOCTH JAHHBIX alrOpPUTMOB, MOITOMY M HE
HCTIONIB3YIOTCS] aHAIOTUYHBIE TPOTOKOJIBI, OCHOBAaHHBIE HA aCHMMETPUYHON KpUMNTOTrpaduu.

B pesynbrare uccienoBaHus aTak Ha MaJoOpeCcypcHble MUQPHI clieyeT OTMETUTD, YTO
OOJBIIMHCTBO U3 PACCMOTPEHHBIX HAa JAHHBI MOMEHT HE CITOCOOHBI MAKCUMAIIBHO YCIIEITHO
B3JIOMAaTh MHUQPHI HETUKOM 3a MPUEMIIEMOE BPEMs, HO B CBSI3M C POCTOM BBIYHCIUTEIHHBIX
MOILIHOCTEN ycTporcTBa MIHTepHeTa Belel MOTyT OKa3aThCs M0 yrpo30il.
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Baxpameena /I./1., TyuxkoBa A.C.
Texnogoruss MAaHAMANIIIIAHT A

Tlogondicckuti 20cy0apcmeentvill yHugepcumem meieKkOMMYHUKAYUL U UHGOpMamuKu
(Poccust, Camapa)
doi: 10.18411/1j-10-2019-21
idsp: ljournal-10-2019-21

AHHOTAUA

Ha mpoTspkeHMM BCero CyImiecTBOBaHHS IEped  4YeJIOBEKOM CTosja  3ajada
MOJATOJIKHYTh HAaIll MO3T K OBICTpOil paboTe, 3aCTaBUTh €ro (yHKIIMOHUPOBATH HA IMOIHYIO
MOITHOCTB. Bc€ 3TO0 HE0OX0AUMO I TOTO, YTOOBI CTPYKTYpUPOBATh MH(OPMAIIHIO, JTyUIle
aHaAJIM3UpPOBaTh, MOHMMAaTh, CHUHTE3UPOBaTh, BCIIOMUHATh M TE€HEPUPOBaTb HOBBIE HJICH.
TexHomorust MAHHAMAIIIIMHATA (MEHTAIbHAs KapTa) - 3TO CXeMa, KOTOpasi UACaTIbHO MOJXOIUT
JUIs MO3TOBOTO IITYpMa, IUIAHUPOBaHMs, cOopa MH(OpMAaUM, NPEACTABICHUS JaHHBIX U
MHOTHX JPYT'HX IPUMEHEHUH, 00 3TOI TEXHOJIIOTUN MBI ¥ IOTOBOPHM B CTaTheE.

KiroueBbie cioBa: Mind Mapping, MeHTanbHasi KapTa, MEHTAJIbHOE OTOOpa)KeHHE,
KapTUPOBAaHUE CO3HAHMUS.

Abstract

Throughout existence, the task of man was to push our brain to work quickly, to make
it function at full capacity. All this is necessary in order to structure information, better
analyze, understand, synthesize, recall and generate new ideas. Mind mapping technology
(mind map) - a scheme that is ideal for brainstorming, planning, information gathering, data
presentation and many other applications, this technology we will discuss in the article.

Keywords: Mind Mapping, mental map, mental mapping, mapping of consciousness.

Beenenne

Texnonorns Mind Mapping wuam Jydmiee mporpaMMHOe oOecredeHue s
oTOOpaxkeHUsl pazyma (HCIIOJIb30BAHME MEHTAJIBbHBIX KapT). 3axBaT MJEH CO CKOPOCTHIO
MBICIM C TIOMOLIbIO CO3JaTeNsi KapThl pa3yMma, pa3pabOTaHHOW, YTOOBI NOMOYb BaM
COCpPEIOTOYUTHCS Ha CBOUX HJAESIX M YJAINTh BCE OTBIIEKAIOIIME (QaKTOpbl BO BpeMs
MaiHaMAnuHTra. YTO K€ 3TO 32 TEXHOJIOTHUS?

MenTanpHas KapTa - 3TO HEKHHl HHCTPYMEHT, I/I€ Bbl 0Oepére IeHTpalbHYIO
KOHIICTILIUIO WM TEMY, 3aTeM C03/1aéTe CyOKOHLENTHI /Ul BU3YaJIN3allUi CBOETO MBIIUICHHUS.
KoHe4yHO, MOXHO COCTaBUTh KapTy HaMsATH Ha YHCTOM JIMCTe Oymaru, HO OIM(pPOBKa
npoliecca MpuaaeT eMy yao0cTBo U THOKOCcTh. C MOMOIIBI0 UPPOBON KapThl pa3yMa Bbl HE
OTpaHMYEHBbl pa3MEpOM CBOEW Oymaru M MOXETe JIETKO MepeMeliaTb uien 0e3 0coObIX
yeuwnui. Cuia 3TOHW TEXHOJOTMM 3aKIIIOYaeTcsl B MPOCTOTE €€ MCMoib3oBaHUs. B kapre
MBICTIEH, B OTJIMYME OT TPAJUIMOHHBIX 3aMETOK WM JUHEHHOro TeKcTa, HHQpOpMaIus
CTPYKTYpHUpPOBaHa TaKMM 00pa30M, UTO ropasio OJirke HalIOMHHAET Mpolecc paboThl BallIero
Mo3ra. ITockonbky 3TO NeATeNbHOCTh, KOTOpas SBISETCS OJAHOBPEMEHHO aHATUTUYECKOW U
XYyJ0KECTBEHHOH, OHA BOBJIEKAaeT Balll MO3T B ropasio Oosee 6orarelii cnocol, momorasi BO
BCEX €ro KOTHUTUBHBIX (yHKIMAX. Takum cmocoOoM BbICTpaUBaeTCs MHOTOMEpHas,
accolaTtuBHas 1 oOpa3Hast Mo3roBas kaprta (Mind Map) Bcero matepuaiia.

Hcnonb3oBaHue TEXHOTOTHH MAHAMAINIIUHTA

TexHosorusa MUPOKO MPUMEHSIETCA I Pa3HBIX LIEJEH - NCTUHA 3aKJII0YAETCS B TOM,
YTO OHM MOTYT IOMOYb IPOSCHUTH Ballleé MBIIUIEHWE MPAKTUYECKH BO BCEM, BO MHOTHX
Pa3IMYHBIX KOHTEKCTaX: JIMYHOM, CEeMEHHOM, 00pa30BaTeIbHOM WM JI€JIOBOM. MEHTalIbHbIE
KapThl UMEIOT MOYTH HEOIPAaHWYEHHOE KOJUYECTBO NMpUMeHeHH. OHU ABISAIOTCA CHIIBHBIM
MHCTPYMEHTOM, IIOTOMY YTO OHM IO3BOJSIOT BaM MBICIUTh BU3YaJbHO, HCIOJIb3Ys
¢dororpadun g pemeHuss npoOieM, IUNIAHUPOBATh CTPATETMU M YETKO IepelaBaTh UACH.
TexHonorust MaWHAMAINMHTA Ype3BbIYAWHO A(QEeKTHBHA Ui BEACHUS  3aIHCeH,
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IUIAHUPOBaHMUsI MPOEKTa, NPEACTAaBICHUS HWHQOPMALUU JPYTMM M MHOTHX JApPYIHX
IIPUMEHEHUM.

A nouemy 3T0 Tak? BOT HECKOJIBKO MPEUMYILIECTB:

e  MeHTanbHBIE KapThl TO3BOJIIOT (PUKCHPOBATH MH(OPMAIIHIO, KaKOH Obl OHA
He Obuta, B eMKoi (opme. Taxke, BU3yanbHble HH(POPMALMOHHBIE KapTHI,
XOpOLLIO MOAXOAAT I IPE3CHTALUN U JOKJIA10B;

e  OHH ynyylIAIOT HAIIy CIOCOOHOCTH COXPAHATH M BCIIOMHUHATH MH()OPMAIIHIO
IIOCPEACTBOM IIATTEPHOB U ACCOLMALINI;

e brnaromaps Tomy, uTO HMH(OpMaIUA 3aMUCBIBAETCS B YHOOHOM M JIErKoi
¢dopme, HaIll TOJIOBHOM MO3T JTy4Ille OTKJIAIbIBAET 3TO B MAMSTH;

e JlaHHBIE, 3allMCaHHBIE B MEHTAJBHBIX KapTaxX, JErKO BCIOMHHTbB, 3TO
obecrieunBaeT JErkUi AOCTYN K MHPOpPMALMH, a TAKXKe 3alHCH MO3BOJISIOT
CIKOHOMUTB BPEMsI, COCPEIOTOUNBIIUCH Ha KIIFOUEBBIX BOIIPOCAX;

e  TexHosoruss MalHIMAIIIMHIA YJIydllaeT Hally CIIOCOOHOCTb BHIEThb OoJiee
LIMPOKYIO KapTUHY.

MeHnTasibHas KapTa MOXET MPEBPaTUTh JUIMHHBIN CIIMCOK MOHOTOHHOM MH(pOpMalLuU B
KPaco4HY!0, 3alIOMUHAIOIIYIOCS] U BBICOKOOPTaHM30BAHHYIO AMarpaMMmy, KOTopas paboTaer B
COOTBETCTBHUH C €CTECTBEHHBIM CITIOCOOOM BaIlleTO MO3Ta AeaTh BEIIH, HO IoYeMy?

Uro penaeT MEHTaJbHYIO KapTy HAacTOJIbKO 3((EeKTUBHOW, TaKk 3TO TO, YTO OHA
MO3BOJIIET HaM MCIOJIb30BaTh 00€ CTOPOHBI HAILIEro MO3ra OJHOBpeMeHHO. JleBas cropoHa
MO3ra YIpaBJiseT JIOTUKOH, AHAIMTUKOM M JeTalssMu. OH OYEeHb CTPYKTYpUPOBaH H
opranusoBaH. [IpaBasi ctopoHa TBOpueckas, ¢ OOraTbiIM BOOOpa)KEHHWEM, W JIIOOUT IyMaTh
cBoOoHO. Korza KTo-10 roBoput: "mymail HecTaHAapTHO', HA CaMOM JIelie OH UMEET B BUIY
OTOWTH HA HEKOTOPOE BPEMS OT JIEBOM CTOPOHBI BAIIEr0 MO3ra M IO3BOJUTH €ro IPABOU
CTOpPOHE MEYTaTh, UCCIIEIOBATh U AyMaTh O "OoJiee MHPOKOM KapThuHe".

HMmenHO Torja MeHTalbHas KapTa MOXET CTaTh OEClIEHHbIM MHCTpyMeHTOM. Bmecto
TOTO YTOOBI MCIIOJIB30BaTh BHIPOBHEHHBIN I1A0JIOH M COCTABIATH CHMCKH, MEHTAJIbHAs KapTa
M03BOJIIET O0JIee TBOPUECKUM MBICTUTENIBHBIM MPOIIECCaM BCIUIBIBATh HA IIOBEPXHOCTD.

Ho on He nmenaeT 3TOro 3a C4eT JIOTMUECKOH JIEBOM IOJIOBUHBI Mo3ra. MeHTanpHas
KapTa TaK)Ke MMO3BOJISIET MBICIISIM U UESIM—HE3aBUCUMO OT TOTO, HACKOJIBKO OHU MOTYT OBbITh
00pa3HBIMU—OBITH OPTaHNU30BAHbI BIIyMYHBO U JIOTHYHO.

MeHnTanbHas KapTa crocoOCTBYET "CIUSHUIO pa3yMa' BCEro Mo3ra.

PexomMeHnaanmuu no McnoIb30BaHUI0 TEXHOJIOTMH MAWHIAMAIIINHTA

Bcerna crout ucnonp3oBaTh 1BETa, PUCYHKU U CUMBOJIBI 00MIbHO. CTapaiTech ObITh
KaK MOKHO 0oJiee HarJIsiIHBIM, M Balll MO3T OTOJIaroJJapuT Bac 3a 3TO0.

JlepxuTe Ha3BaHUS TEM KaK MOKHO KOpOYE, COXpaHss UX B OJHOM CJIOBE — WJIH, €Il
Jydllle, TOJIBKO Ha KapTUHKE. Beerna nmmre BO3MOXHOCTb COKPAaTUTh 1O OAHOIO CI0Ba WIN
nu(psl — Ballla MEHTaJIbHas KapTa OyaeT HaMHOTo 3G eKTUBHEE TaKUM 00pa3oM.

Memnsiite pa3Mep, LBET U BbIpaBHUBAHUE TEKCTA. MEHANUTE TONUHY U JUIMHY JIMHUM.
[IpenocraBbTe Kak MOXHO OOJIbIIE BU3YAJIbHBIX MOACKA30K, YTOOBI MOAYEPKHYTh Ba)KHBIE
MoMeHThI. Kakast Mes1o4b MoMOraeT BOBJIEYEHHIO BAILIErO MO3Ta.

3akiir0ueHue

TexHonorus MaltHAMAMINUHTA — yBIeKaTeabHas U Ooraras Tema. CTOUT HOMHUTb, YTO
CETOJHS C TMOMOIIBIO PA3IMYHBIX MPOrPaMM HHTEIJIEKTYaJbHOTO KapTorpadupoBaHUs BbI
MOYKETe MPUKPEIUIATH (hailyibl K pa3TUUHBIM BETBSM IS ele Oosbiueii ruOkocTu. Bol Takke
MO’KETe U3MEHUTh Ha pa3jMyHble BU[bI, YTOOBI HAMTH TOT, KOTOPBIM MOAXOAUT BaM JIydlle
BCETO I TOTO, 4YTOOBI MPOKAYaTh CBOM MO3T.

*kk
1. MenbaukoB C. B. AKTHBHBIE U HHTEpaKTHBHBIC ()OPMBI NIPOBEICHHS 3aHIATHI TPH MMOATOTOBKE OaKalaBpOB

cdepsr oocayxkupanus [Tekcr|: yaueOHOoMeTomuueckoe mocodue / C. B. MenpHukoB. — Mocksa: W3natens
Crenanenko,2011. — 152 c.
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HNBanyenko J.A.
MeToa CUTYalMOHHOTO AHAJIM3Aa B HEMPOHHBIX CeTAX INIy0OKOro 00y4yeHust

MUPIA - Mockosckutl mexHoao2u4eckKutl yHugepcumem
(Poccust, Mockea)
doi: 10.18411/1j-10-2019-22
idsp: ljournal-10-2019-22

AHHOTAIHSA

[Ipennaraercss TPOEKT CHHTE3a HEUPOHHOH CeTH TJIyOOKOro OOy4YeHHs U
CUTYallMOHHOTO aHaiu3a. Mojenb CMOXKET camMo00y4yaThCsl C TMEPBBIX 3TAmoB pPabOThHI
QITOPUTMA U MHHHUMH3UPOBATH (DYHKIIHIO TIOTEPh, IPH 3TOM OHA MOXKET OBITh MCIIOIh30BaHA
JUISL PELIEHUs] CIOXKHBIX 3a/ay, TPEeOYIOIIUX MMOCTOSHHOM KIacCH(PUKAIUU OOHOBISEMBIX
JAHHBIX, IPOTHO3UPOBAHUS TIOCIICICTBUN IPUHSTUS SANHHYHBIX PEIICHUH U T.JI.

KiioueBble cJi0Ba: HCKYCCTBEHHBIE HEWPOHHBIE CETH, CUTYAllMOHHBIA aHAIu3,
nIy0oKoe 00ydeHue, apXUTEKTypa HEHPOCeTH.

Abstract

It is proposed to design the synthesis of deep learning neural networks and situation
analysis. That model will be able to self-learn from the first stages of the algorithm, minimize
the loss function, solve complex problems requiring constant classification of updated data,
predicting the consequences of individual decisions.

Keywords: artificial neural networks, situational analysis, deep learning.

Beenenne. B cratbe paccMaTpuBaroTCsi HEHpPOHHBIE CETH TIIYOOKOro OOydeHMs —
OJIHO W3 3HAYUMBIX HaIlPaBICHUHM DPA3BUTHS COBPEMEHHBIX TEXHOJIOTUH COBPEMEHHOCTH.
[Toka 4TO anropuTMbI HEHPOHHBIX CETEH U Pa3pabOTKU MCKYCCTBEHHOI'O MHTEJIEKTA JalleKu
OT CJIaXXEHHON pabOThl YEJIOBEYECKOTO MO3ra U HECIIOCOOHBI B IIOJTHOM Mepe peliaTh 3a1a4u,
NOCWIbHBIE YesloBeKy [1]. A HMEHHO: NpPUHUMATh CIOXKHBIE PELUICHUS B IOCTOSHHO
M3MEHSIOMIECHCS Cpelle, CAMOCTOSITEIbHO W3y4daTh HOBBIE W HOBBIC JaHHBIC 0€3 IMOMOIIH
yUUTeNs, aHATU3UPOBATh MOCIEJICTBHS KaXJIOr0 TMPUHSATOrO pEeIIeHHs, OLEHUBATh C
Pa3IMYHbIX TOYEK 3pEHUS] CUTYaIlMH WU CO3/1aBaTh HEYTO MHAWBUIyaJIbHOE (TO, UTO HE OBUIO
BHECEHO B 0a3y 3HaHui MamuHbl) [2]. IMeHHO 3Ta mpobiema pa3BUTHS M HATOJIKHYJA Ha
UACI0 O CUHTE3¢ HEHWPOHHBIX ceTed IIyOOKOro OOy4YeHHsl W CHUTYallMOHHOTO aHalu3a,
00BbEIMHUB BO3MOXHOCTh CAaMOOOYYEHHsST M CIIOCOOHOCTh JIMHAMHUYECKH MPUHUMATh
€IMHUYHBIE CUTYallMOHHBIE PELICHUS] BTOPOTO.

Heiiponnsie cetu riyOokoro oOydeHus. IyOokoe oOydeHHe — aJropuTMbl
MaIIMHHOTO OOYy4YEeHHs, MOJEIUPYIOIIME HEepapXUUeCKUe CTPYKTYPhl JAHHBIX, HCIOIb3Ys
APXUTEKTYpPhl MHOYKECTBA HEIMHEHHBIX MPEe0Opa30BaHHMA.

OcoOEHHOCTh TakOTO OOYYCHHS 3aKIIOYaeTCs B CaMOCTOATEIbHOW pabore ¢
UCXOJHBIMU JTAaHHBIMH M TOCIEAYIOIIUM H3BJICYEHUEM HEOOXOAMMBIX TaHHBIX M3 BCEro
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JIOCTYITHOT'O HEHpoceTH 00beMa - TO €CTh CaMOOOydeHre U MeTa-o0ydeHue. Tak CTaHOBUTCS
BO3MOXXHBIM OOYYUTh MOJICNb TMPEACKA3bIBATh pPE3yibTaT, 3aJlaB JHIIb Ha0Op BXOIHBIX
JAHHBIX, Bellb Takas HEHpoceTh CIOCOOHA CaMOCTOSATENbHO JIOTMUECKU KIacCHUPHUIIMPOBATH
JaHHBIC, KOPPEKTUPOBATH OMIMOOYHBIC BEIXOAHBIC PE3YJIbTATHI H BHIOMPATH AITOPUTM PaOOTHI
U camooOy4denus [3].

Cy1iecTByeT KOHTPOJIMPYEMOE U HEKOHTpOJIMpyemMoe o0yueHue Helpocereid. B To
BpeMsi, KaK KOHTPOJMPYEMbI TuUll OOydeHHs MpelroyiaraeT Haluuue MapKUPOBAHHBIX
CTPYKTYpUPOBAHHBIX HAOOpOB MaHHBIX, B TOM YHCJIE BXOJHBIC IaHHBIE U TpeOyeMbie
BBIXOJHbIE PE3YyJbTaThl, HEKOHTPOJHUPYEMBIM THUI OOy4eHHs OCHOBBIBaeTCS Ha Habopax
JAHHBIX, HE UMCIOIINX MAPKUPOBKU M CTPYKTYpHI. [Ipu 3TOM B mporiecce KOHTPOIUPYEMOTO
0o0ydeHHUsl BBIYMCICHUS KOPPEKTUPYIOTCS B COOTBETCTBMM C BEPHOCTBIO pe3yjbTara, a B
MPOIIECCe HEKOHTPOIUPYEMOTO — BBIYHCICHUSI MOTYT KOPPEKTHUPOBATHCS B TEUCHHH BCETO
IpolLecca CaMOCTOSTENIbHOM JOrHuecKkoi KiaccupuKaluu JaHHBIX. To ecTh HE COOTBETCTBUE
OKU/IAEMOMY pE3YJbTaTy ONpeAessieT HEeOOXOJMMOCTh TPOBEICHHS KOPPEKTUPOBKH, a
CaMOCTOSITENIbHOE «PEIICHUE» HEHPOHHOM CeTH, OCHOBAHHOE HA aHAIM3E BCEX JaHHBIX [4].

OOmmii MexaHu3M pabOThl HEHPOHHBIX ceTed TiyOokoro odyuenus (mamee HCI'O)
MO3BOJIIET TMPEJCKa3bIBaTh PE3YNbTAT 1O HaOOpYy BXOJHBIX MaHHBIX. I'paduueckas MoJenb
HCI'O mnpencraBiena Ha pucynke 1. OTIMYUTEIBHBIMH CBOMCTBAMU TaKOM CHCTEMBI
ABIISAIOTCS: OOJIBIIIOE YUCIIO CKPBITBIX CJOEB, pa3jMyYHbIE THUIIBI CBSI3eH (Synapses) U BecOB
(weights). Takum 00pa3oM, B CETH CYIIECTBYET TPH THIIA CIIOEB HEUPOHOB: BXOIHBIC (input),
KOTOpbIE TPUHHUMAIOT BXOAHBIC JaHHbIE, CKpbIThie (hidden), koropeie 00pabaThIBaIOT,
AHATM3UPYIOT U KIACCU(PUIMPYIOT MX, U BBIXOAHBIC (output), BBIIAIONIUE OKOHYATEIIHHBIN
pe3ynbTaT. Bce oHU 00pa3yroT CI0XKHYIO B3aUMOCBSI3aHHYIO CTPYKTYPY.

Synapse

Output

Input

Hidden

Puc. 1. Cxema netiponnoii cemu 2ny60xk02o 0byueHus.

IIpobemaTuka riy6okoro o0yuyeHusi HelpoHHBIX cereil. OnHako, oOydeHue
ABIIIETCSL CaMOM CJIOKHOM M caMO#l TpyAOEeMKOM yacThio riaybokoro oOyuenusa. Heobxoaumo
MaKCHUMAaJIbHO <«3allOJIHUTH» CETh BXOJHBIMH Ha0OpaMM MJaHHBIX Ha HayalbHOM »JTare
MPOEKTUPOBAHHUSL, ITPU STOM, B 3aBUCUMOCTH OT MIOCTaBJICHHOM 3a]aui, MOXKET MOTpeOoBaThCs
OTPOMHBIN 00beM HH(POPMAINH, KOTOPYIO T0CTaTOYHO TPYIHO 00paboTaTh BPyUHYIO.

OnauMm 3 kmrodeBbiX noHsTHE 00ydeHuss HCI'O sBisiercst ¢pynxyus nomeps - oHa
MOKa3bIBAaET, HACKOJIBKO BBIXOJHBIE DPE3YJIbTaThl OTIMYAIOTCS OT pealbHBIX (3a/laHHBIX)
JAaHHBIX, a UMEHHO OTpa)kaeT OUIMOKM HeWpoceTu. 3a cueT TOro, YTo B Hayaje paboOThI
QITOPUTMA CETh elle NMPaKTHUECKH He oOydeHa, BBIXOAHbBIE JaHHbIE He OydayT BepHbl. Ha
KOPPEKTUPOBaHHUE MPAaBWIBHON pabOTHI aNrOpUTMa TaKKe MOXKET YXOIUTh 3HAUYUTEIbHOE
KOJINYEeCTBO BpeMeHH U pecypcoB. B mpeansnoit HCI'O QyHKuus morepb MakCHUMalabHO
Omm3ka k Hymo. Ho, kak yxe TOBOPWIOCh, MUHUMH3AIUSA ATOW (YHKIHH TPYIOCMKHMA
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MPOLIECC, HE CMOTPS Ha €r0 aBTOMAaTH3aUIO (IIyTeM TPaJIu€HTHOTO CIyCcKa). A B ciydyae, eciiu
pellieHre 3aJadd  BBICTPAWBAETCS HA BCE BpeMs OOHOBISIOMIMXCS JaHHBIX (HAMp.
JUHAMHUYECKas cpella) WM €clid pacCMaTpUBAIOTCS NEHCTBUS M CUTYyallUd, TpeOyrolue
NPHUHITHS ONMPEACIICHHBIX PENICHUH, MPOoIecC MHUHUMH3AIMK OyJaeT MpoTeKarh Oojee
npoOaeMaTuyHO[5].

Jiia apantanuun HCI'O k omnpeneneHHbIM THIIAM 33ad MPEAaraeTcs MCIOJIb30BaTh
CUTyallMOHHBIH aHanu3. [lox cuTyallMOHHBIM aHAIW30M IOHUMAETCS CaMOOOydYeHHE H
ABTOKOPPEKTUPOBKA HEHPOHHOW CETH Ha OCHOBE OOLIEro TOHUMAaHUS CHUTYallHH,
BbIpa0aThIBaEMOr0 B IMIPOLECCE B3aMMOJCUCTBUS CIIOEB HEWPOHOB, B TEMIE Pa3BUTHL
CUTYallHUH.

MeTo CHTYaUMOHHOTO AHAJIM3a B HEHPOHHBIX CeTHAX IJIYyOOKOro oOy4YyeHHs.
Meroauka KOHLENTYaJIbHOTO IIPOCKTUPOBAHMS HAa OCHOBE CUTYAalMOHHOIO aHaJIM3a
no3BoJIieT 0OpabaThiBaTh MPOOJIEMHBIE CHUTyallMM dYepe3 METOJUKY MOCTPOCHUS
KOHIIETITYJIbHBIX CTPYKTYp aKTOB JAesTenbHoOcTel[6]. KoHuenrtyaibHas CTpyKTypa akra
JIeATEIbHOCTH TPEJICTABIIEHA KAaK COBOKYIHOCTb €IMHHYHBIX peleHui. B Takoil monenu
peanu3yeTcss BEPXHUU YPOBEHb — IMPOLECCOB, U HWKHUU YpPOBEHb - neucTBuil. [Ipu 3Tom
COBOKYITHOCTh KOHIIETITYaJIbHBIX CTPYKTYp eauHuuyHbix pemieHuil (manee KCEP) cozmaet
IEJOCTHYI0O MOJEb TNPUHUMAEMBIX PEIICHWH i1 TMpoeKTUpoBaHus. PazOueHue
KOHLIETITYaJIbHOM CTPYKTYpPBI HA OTAENIbHBIE IIPEICTABICHUS JAET BO3MOKHOCTh pPEaIn30BaTh
WHBIE aCTIEKThI MOJIEJIEH MICKYCCTBEHHOI'O UHTEIUIeKTa[ 7].

PaccmarpuBas KCEP, moxno mnpuiitu k wuzaee o mnpoexkrupoBanun HCI'O ¢
HCIIOJIb30BAHUEM METOJa CHUTYAallHOHHOI'O aHAIW3a, 4YTO B TEOPUU IO3BOJMUT IPOBOAUTH
ri1yookoe o0ydueHre HeHpPOCeTH C YUeTOM BCEX BO3MOXKHBIX CBOMCTB, IEUCTBUMN, CYOBEKTOB U
00BEKTOB, a TAKXKE CBS3AMH MEX]Yy KOMIOHEHTAMHU M Pa3JIMUYHBIMU BapHaHTaMHU DPA3BUTHUS
npoliecca MPUHATHS PELICHU.

Jlnst  pemieHus 3ajad  TPUHATHAS — pelIeHWM ObUla MpeajioKeHa  METOIUKa,
IpeCTaBisIoNmas co0oi nepapXudeckyro CTpykTypy 6auskyto no crpoeruto k HCI'O. B neit
IIPEJIaraeTCsl UCCIEN0BATh BO3MOKHOCTh IMPOEKTUPOBAHUS YEPE3 CUTYAl[MOHHBIA KOHTEKCT.
B KCEP (cm. PucyHok 2) cymiecTBYIOT: OeHCTBUE; CyOBEKT ACHCTBHs; OOBEKT ACHCTBHUS,
KOMITOHEHT JICCTBUS; CBOMCTBA CYOBhEKTa JICUCTBUS; CBONCTBA OOBEKTA JCHCTBHUS, CBOMCTBA
KOMIIOHEHTHI JEUCTBUS; CBSI3U MEXKIY BCEMU DJIEMEHTAMU U COOTHOLLICHUS.
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Puc. 2. Konyenmyanvhas cmpykmypa eOUHUYHO20 peulenus

JlanHasi METOMKa TMpeArnoiaraeT MpoLecc BbIOOpa Ha OCHOBE OOINEro MOHWMaHUs
CUTyaluu, BBIpaGaTLIBaCMOF O B IIpouecce BBaHMOI[efICTBHSI 9JICMCHTOB CTPYKTYpPbI, B TCMIIC
pa3Buths cutTyanuu [8]. B COOTBETCTBMM ¢ TPUHIMIAMHU CHTYAaI[MOHHOTO aHaJin3a
H€O6XOI[I/IMO I[GI\/JICTBI/IG OTOXIACCTBJIATH C ONPCACIICHHBIM CIMHUYHBIM PCUICHHUCM.
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B cpaBHeHMU ¢ apXUTEKTypOH HEUPOHHBIX CETE MOKHO OTOXKIECTBIIATH KaxI0€
€IMHUYHOE DEIICHHE C HEHPOHOM, CBSI3M PELICHUN C CHHAIICAMM, & CBA3AHHYIO CTPYKTYPY
HECKOJIbKUX €AMHUYHBIX PEIIeHUH CO ciloeM HeWpoHHOW ceTu. Takum oOpazom, B3sB 3a
OCHOBY METOJ] CHTYallHOHHOTO aHajH3a, IPeICTaBUM HEHPOHHYIO Ce€Th, Kak Habop
CJEIYIOLINX HJIEMEHTOB:

IlepBbIif OTKPBITHIN ciO# (input) COAEpPKUT B cede 3IEMEHTHI: CYOBEKT, OOBEKT,
KOMIIOHEHT M T.A. — YTO SIBJSETCS 0a30BbIM BXOAHBIM ciioeM. Kak ¥ B KOHIIENTyaJlbHOMN
CTPYKTYpPE €IMHUYHOTO PELICHHS, KaXK/Iblii U3 3TUX HJIEMEHTOB HECET B ceOe orpe/eieHHbIe
cBoricTBa (weights) u umeet paznmuunblie cBs3u (links). B otimmune ot KCEP y npennoskerHoi
HelpoceTn mMmeercs yenegas @ynxyus (output / target), BBINOJHEHHE KOTOPOH SIBISETCS
pELICHUEM TTOCTABJICHHON 3a/1a4U.

IIponiecc NpPUHATUS OKOHYATEIBHOIO PELIEHUs JUIA BBIIOJHEHUS IIOCTABICHHOU
3a/lauyd PaCKpPbIBAECTCS Yepe3 CUTYALMOHHBIA aHAJIM3 U MPOTEKAET B CKPBITHIX CIIOSAX TAKOU
HCT'O, rne B3auMoAeicTBYSI M OTHOLLIEHUSI MEX/y 3JIEMEHTaAMH MOPOXAAI0T HOBBIE U HOBbBIE
€MHUYHBIC PEIICHUS, KOTOPBIE ONPEACIIAIOT HAIIPABJICHUS IBHXKEHUS K LIEIH.

[Iyrem uHTErpanmuu CHUTYallMOHHOTO aHaiu3a B pabOTy HEMPOHHOW CETH MOXKHO
MOJIYYUTh CETh IITYOOKOro 00Y4eHHS ¢ BO3ZMOXKHOCTBHIO MTPOBEPKU MOTHOTHI M aJIEKBATHOCTH
BCeX 00pabaThIBaEMBIX JAaHHBIX, OCHOBBIBASICH HA CBOMCTBAX KAXIOTO €AMHUYHOTO PELICHUS
U UX COBOKYIIHOCTH B CUCTeMe. Takas MOJelb MPEACTaBIseT COOOW CIOXKHYIO HEpapXHI0
MHOKECTBA BO3MOYKHBIX CUTYallUH, 1EHCTBUI, KOMIIOHEHTOB U T.[., IPUBOJSAIINE K PEIICHUIO
nocTaBlieHHOW 3amauu. Takum o00pa3om, Bec CBsA3M HEHPOHOB OyneT oOmpeaensiThes
BR)XHOCTBIO (hakTOpa B OTAEIHHON aHaNM3upyeMou curyauuu. [Ipu sTom GyHKIUS MOTEph
Takke OyJeT MUHUMHU3UPOBATHCSA, B TOM YHUCIE, C YIETOM BCEX CUTYallMOHHBIX M3MEHEHUN
HabopoB manHbX. O6mas cxema HCI'O ¢ mpumenennem KCEP (cutyanmoHHOTrO anammsa)
MIpE/ICTABJICHA HA PUCYHKE 3.

Target

Hidden
CuTyauuoHHbli aHanus (KCEP)

Puc. 3. HCI'O ¢ npumenenuem cumyayuoHHo20 aHaiu3a

Marpuina pemeHnii paccCMaTpUBaeTCs KaK OCHOBA JUISl MPOEKTUPOBAHUS CIOKHOM
CUCTEMBI, B KOTOPOM MOYKET NMPOBOJIUTHCS PErYyJIsipHAs MPOBEPKA HA aKTyaJbHOCTH IOJHOTHI
(pemieHUsT aKTOB JESTENbHOCTH) M aJ€KBATHOCTU (CUTYallMOHHbIE PEIIECHUs) TaHHBIX.
Pemenust akToB JeATENBHOCTH (POPMUPYIOT (PYHKIMOHAJIBHBIE CBOMCTBA, @ CUTYallMOHHBIE
pemieHuss — cTpykTypHble cBoiicTBa[9]. Takum oOpaszom, HCI'O ocHoBaHHast Ha MeTOIe
CUTYaIlMOHHOTO aHAJIN3a MPOSBIAET ce0s KaKk HEHpOCeTh ¢ pa3IMYHBIMU TUIIAMH MHOXKECTBA
CBS3€M M OTHOILIEHUN, OCHOBAaHHBIX HA EAMHMYHBIX CUTYallHOHHBIX PELIEHUSX, KOTOPbHIE
JIOTHYECKHU MPHUBOJAT K BEPHOMY PELICHHIO CIOXKHOM 3anaun. Ilpu 3ToM naHHas cetb Oyzaer
camooOy4yaTbCcs M aBTOMAaTMYECKM MUHUMM3HMPOBATH (QYHKLHIO HOTEPh B HECTAOMIBHOMN
Cpele WM TpPH TOCTOSHHO OOHOBISEMBIX HaboOpax IaHHBIX. Takke MOMXHO BBIJICIUTH



- 14 - JIlendenyuuu paseumus HayKy u obpasoeanus

CJIEIYIONIE OCOOCHHOCTH TaKOW CETH: YHUKAJIBHOCThH aJITOPUTMA — MTOCTPOEHUE MPOUCKOIUT
C YYETOM BCEX OTHEIBHBIX CBOMCTB Ka)JOM CUTYallMH, & HE C UCIOJb30BAHUEM CTAHAAPTHOU
CHUCTEMBI; IMHAMUYHOCTh CETH — OHA TIOJICTPAUBACTCS O] M3MEHSIFOIITMECS HAOOPHI TaHHBIX
MEHSIET CBOM CTPYKTYpY M (DyHKIMOHHpOBaHHUE; yMeHHE 00paboTarh HedOopMaIn30BaHHYIO
nH(OpMaIHI0; BBICOKHE CIOCOOHOCTh W CKOPOCTh NPHHATHS EIUHUYHBIX PEIICHHUNA
(BBICTpaNBaEMbIX HEHPOHHBIX CIIOEB).

[Ipemyoxennass HeWpoOHHash CETh Ha OCHOBE CHHTE3a TIJIyOOKOro OOy4YeHUus H
CUTYaIlMOHHOTO aHaJn3a IMO3BOJUT pellaTh CJIOXKHBIE 3aJadyd, TpeOyIollue MOCTOSHHOU
Kkiaccuukanuu OOHOBIISIEMBIX HAa0OpPOB JIAHHBIX, ONMUCAHUS HW3MEHSIOMIEHCS CHUTYallHH,
MIPOTHO3UPOBAHUSA TOCJICACTBUN NPUHATUS EIUHUYHBIX pelieHuil. B mepcrnekrtuse
HEOOXOAMMO BBIpAOOTAaTh MaTeMaTHUecKyr wmojens mpemitokeHHoir HCI'O, a Ttaxke
pa3paboTarh MpPOrpaMMHOE OOECIeYeHHEe W CO3AaTh ammapatHoe BoruionieHue. l[lomumo
storo cuHTe3 HCI'O ¢ cuTyallMOHHBIM aHAJIM30M MOXKET OBITh OCHOBOM JUIsl CO3MIaHUS
<CKUBBIX» CUTYallUOHHBIX MOJIEJICH MJIM UCKYCCTBEHHOT'O MHTEJIJICKTA.
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AHHOTAIUSA

B cratbe nmpuBoasTcs 0630p TexHnonorun LoRaWAN. AKieHTHpOBaHO BHUMaHUE Ha
monyisimmn LoRa u Ha e€ xmoueBbix mnapamerpax. [IpuBeneHa wmeroauka pacuera
mapameTpoB monyisiiuu LoRA u cetu LoRaWAN. TIpuBenensl HeoOXoaumbie GOPMYITBI TSt
pacdera OCHOBHBIX XapakTepucTuk cetu LoRa.

KuroueBnbie cioBa: momymnsiusa LoRa, 6romket kanana, cetb LoORaWAN.

Abstract

The article provides an overview of LoRaWAN technology. Attention is focused on
LoRa modulation and its key parameters. The method of calculation of parameters of
modulation LoRA and LoRaWAN network is given. The necessary formulas for calculating
the main characteristics of the LoRa network are given.

Keywords: LoRa modulation, channel budget, LoRaWAN network.
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LoRa - 310 3anaTeHTOBaHHAsl cXeMa MOAYJISALUU C PACUIMPEHHBIM CIIEKTPOM, KOTOpas
sBIsieTcs: nmpou3BoaHON oT moxyisuuu Chirp Spread Spectrum (CSS) m koTopas MeHseT
CKOPOCTh MepeJauyd JaHHbIX HAa OCHOBE YYBCTBUTEIHHOCTH B Mpejenax (UKCHPOBAHHOM
HIMPUHBI T0J0Cckl KaHaia [1]. OHa noaaepKuBaeT EPEMEHHYI0 CKOPOCTh MEpEeAauu JaHHbIX,
UCHONB3YS KOA(D(PUIIMEHTH OPTOTOHAIBHOTO PACIIMPEHHS, YTO MO3BOJIAET Pa3pabOTUHKY
cHUCTeMbl OOMEHHMBATh CKOPOCTh MEpeAayd JaHHBIX Ha JIUana3oH WM MOIIHOCTh, YTOOBI
ONTUMHU3HPOBATH TPOU3BOAUTEIBHOCTD CETU B MIOCTOSIHHOM I10JI0CE MPOIYCKaHUSI.

K xmtoueBbim cBoiicTBamu Mmoayisiiuu LoRa otHocsTes [2]:

1) Macmrabupyemast IpormycKHasi CHOCOOHOCTb.

LoRa - mMomynsiuus MOKET MacHITadMpOBATHCS KakK IO IIMPUHE TOJIOCH], TaK U IO
yactote. OH MOXET UCMOJIb30BaThCS KaK ISl Y3KOMOJIOCHOTO CKauKoOOpa3HOro M3MEHEHUS
YacTOThI, TaK WU JUIsl IIMPOKOIIOJIOCHBIX IPUJIOKEHUN C HPSIMOM IOCIIENOBATEIbHOCTRIO. B
OTJINYME OT CYHIECTBYIOLIMX CXEM Y3KOIMOJIOCHON WM IIMPOKONOJOCHOW Monyisauuu, LoRa
MOKET OBITH JIETKO aJalTHPOBaH i JIIOOOT0 pekrMa paboThl C TMOMOIIBIO BCETO
HECKOJIbKUX MPOCTHIX U3MEHEHHH perucrpa KoHpurypamum.

2) [TocTositHHAs orubaroIIas / Majgoe SHePronoTpedIeHuE.

[Tomo6no FSK, LoRa - 3T0 cxema mMoaynsiuuu ¢ MOCTOSHHOW orubaroiiei, Kotopas
O3HA4YaeT, YTO OJHU M T€ K€ HEAOPOTHE M MAaJOMOIIHBIC BBHICOKOA(P(EKTHBHBIE KaCKaIbl
MOTYT OBITH TIOBTOPHO HCIIOJBb30BaHbl 0e3 m3meHeHuil. Kpome toro, Onaromapsi yCUICHUIO
0o0paboTku, cBszanHOMy ¢ LoRa, BbIXOJHAas MOIIHOCTH TiepeJaTYnKa MOXKET OBITh
yYMEHbIIIEHA 110 CpaBHEHUIO ¢ 00buHOM nuHKMel FSK mpu coxpaneHuu TOro ke Wiv Jy4Iiero
OropKeTa JIMHUU.

3) Bbicokas HaJIeKHOCTb.

N3-3a acuHXpoHHOro xapakrepa curHail LoRa o4eHb yCTOMYMB K MEXaHH3MaM
BHYTPHUIIOJIOCHBIX M BHEMOJIOCHBIX NoMex. [lockonbky mepuon cumBona LoRa moxer ObITh
JUIMHHEE, YeM TUIHMYHBIA KpaTKOBPEMEHHBIH nakeT ObicTpozeiicTByromux cucteM FHSS, on
o0ecreyrBaeT NPEeBOCXOIHYIO YCTOMUNBOCTh K MEXaHU3MaM HUMITYJIbCHBIX AM-TIOMeX; MOTyT
OBITh MOJIy4YEHBI 3HAUEHUSI BHEKaHAJIbHOM H30upaTenbHOCTH npueMHuka 90 nb u nonasneHue
B coBMmeleHHOM KkaHaie 20 ab. O6wsryHO ansa monynsiiuu FSK ato cocraBnser 50 ab nns
MOJIaBJICHUSI B COCEJHEM U albTEpPHATUBHOM KaHamax u -6 1nb nang mnopaBieHus B
COBMEILIEHHOM KaHaJIe.

4) Y CTONYMBOCTh K MHOTOJTY4EBOCTH U 3aTYXAHMIO.

Nmvnynsc JIUM  gBasieTcss OTHOCHUTENBHO IIMPOKOIIOJIOCHBIM, MmodTomMy LoRa
o0OecneunBaeT yCTOWYMBOCTh K MHOT'OJTy4YEBOMY PaclpOCTPAHEHUIO U 3aTyXaHUIO, YTO JENaeT
€ro UCaJIbHBIM Ul UCIIOJIBb30BAHUS B TOPOJCKUX U IPUTOPOAHBIX YCIOBUSX.

5) Ycroituus k 3¢ dekry JJomurepa.

JlomnepoBCKU CABUT BBI3BIBAET HEOONBINON CABUT 4acTOThl B umnylbce LoRa,
KOTOpBI BBOJUT CPABHUTEIHHO HE3HAUUTENbHOE CMEIIEHHWE BPEMEHHOW OCH CHUTHaja
OCHOBHOHM TOJOCBI YacTOT. DTOT JIONMYCK CMELIEHHS YacTOThl CMsr4aeT TpeOoBaHHE K
MCTOYHUKAM TaKTOBBIX HMMITYJIBCOB C KE€CTKMM jaonmyckoM. LoRa maeanbHO moaxoaut uist
MOOWJIBHBIX JIMHUM NIepeaul TaHHBIX.

6) JHanpHOMEiCTBIE

Jnst GUKCUPOBAHHOM BBIXOJHOW MOIIHOCTH M MPOMYCKHOW CHOCOOHOCTH OIOKET
kaHama LoRa mpesbimaer Oromxer obbraHoro FSK. Ecnu mpuHSATH BO yCTOHYMBOCTH K
IOMeXaM U MEXaHW3MaM 3aMUpPaHus, 3TO YJIYyYIlIeHHE B OIOJKETe JIMHUU MOXET JTOCTUTaTh
yBEIUYEHUS B 4 pasza ero npeesos.

7) YBenu4yeHHas MpoIycKHast CHoCOOHOCTh CeTH

LoRa wmonynsauusg wucrnonb3yeT OpPTOTOHANbHbIE KOI(PQPUIIMEHTH PaCUIMpPEHUs,
KOTOpBIE MO3BOJISIOT [I€PENAaBATh HECKOJIBKO CUTHAJIOB PACUIMPEHUS B OJTHO U TO K€ BpeMs U
0 OJHOMY M TOMYy Xe€ KaHaly 0e3 MHHHMAaJIbHOTO YXY/IIEHHS YYBCTBUTEIbHOCTH
IIPUEMHHUKA.

8) PanxxnpoBaHue u nokain3anus
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Heorsemnemsim cBoiicTBoM LoRa sBisiercss cnocoOHOCTh JMHEHHO pa3inyaTh
yacToTy ¥ Bpemst omnOok. LoRa siBnsieTcs uaeanbHOM MOAYIALUEH sl painoIOKaIIMOHHbBIX
OPWIOKEHUH M, TakuM oO0pa3oM, HACANbHO MOAXOIUT JJsl NPUIOKEHUH HU3MEpEHUs
JATBHOCTH U JIOKAIM3ALUH, TAKUX KaK CIY)KObI ONpENIeIeHUs] MECTOTIOIOKEHHUS B PEabHOM
BPEMEHHU.

LoRa sBnsercs peanmsauumeil ypoBHs PHY u He 3aBucuT oT peanusanmii Oonee
BBICOKOIO YpoBHA. OT0 mno3poisieT LoRa cocymecTtBoBath M B3aMMOIEHCTBOBATH C
CYILIECTBYIOIIIMMHU CETEBBIMU aPXUTEKTYpaMHU.

LoRa-monynsauusa pemaer Bce mpoOiieMbl, cBa3aHHble ¢ cuctemMamu DSSS, uToObI
00eCreynTh HHU3KYI0 CTOMMOCTh, HH3KYI0O MOIIHOCTh, HO TIPEXJAE BCEr0 HAISKHYIO
aJIbTEPHATUBY TPAAUIIMOHHBIM METOAM CBSI3HU C PACUIMPEHHBIM CIIEKTpOM [1].
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Pucynox 1. Cnexmp LoRa

IIpn monynsuum LoRa pacmmpenue cnekTpa JOCTHraeTcsl MyTEM T'€HEpUpPOBaHUS
JIYM-curnana, KOTOPbIM MOCTOSIHHO U3MEHsETCs Mo yactore. [IpenmyiiecTBo 3TOro Meroaa
COCTOMUT B TOM, YTO BPEMEHHBIE U YACTOTHBIE CIBUTM MEXKIY NEPEJATYNKOM U IPUEMHUKOM
SKBUBAJICHTHBI, YTO 3HAUUTEIBHO CHMKAET CJIOKHOCTh KOHCTPYKUMHU npuemHuka. [llupuna
noJsiocs! 4acToT JIYM 3KBUBajIE€HTHA CHIEKTPAJIBHOM IIMPHUHE MTOJIOCHI CUTHAJA.

TpeOyeMblii cuUrHaAll JAaHHBIX IOAAeTCs C Oojiee BBICOKOM CKOPOCTBIO IMepeaadu
JAaHHBIX U MOAYNHpyeTcs Kak curHan JIYM.

CooTHomeHne MeXay TpeOyeMoil CKOpPOCThIO Tiepefadd JaHHBIX, CKOPOCTHIO
nepesayd CHMBOJIOB M CKOPOCTBIO IIEpejaun JaHHbIX JUIsl MOAYIsiuu LoRa MokHO BbIpa3uTh
cieayronmm obpazom [1-3]:

Ckopoctb Moaymnsuu, Rb:

ZSF
R = SF * 1/(W) , out/c (1)

rae: SF - koaddunuent pacrnpoctpanenus (7..12); BW - mmpuna nosocsr moayssiiun (1)
JlnurenpHOCTH cCUMBOMA, T's

T, = 25F JBW , cek (2)
CKOpOCTh Mepeiaull CHMBOJIOB, Rs:
R, = Ti = BW /25F, cumBon/cex ©)
S

Yumnosas ckopocTh, Rc:
1
Ry =—= BW /25F | uun/cex (4)

N
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Mopynsuus LoRa Takxe BkirogaeT B ce0s cXeMy HCIIPaBIEHHUS ONIMOOK, KOTOpas
MOBBIIIACT HAJIC)KHOCTH IEPEIABAEMOr0 CUTHAJA 3a CUET N30BITOYHOCTH.
Taxum oOpa3om, HOMHHATIBHAS OUTOBAsI CKOPOCTh CUTHAJIA JAHHBIX paBHA!

4 ZSF
Ry = SF % [ /[=] ©

rae: SF - koaddumuent pacnpocrpanenus (7..12); CR - xomosas ckopocts (1..4); BW -
HIMpUHA Noj0ckl Moayssiuu (I'm)
Ecnu onpenenuts CKOPOCTH KOJIa:

4
Rate Code = (6)
44+CR
To, HOMHUHATBHAS CKOPOCTH (OUTPEHT):
Rate Code
Rb =SF % —5F > out/c (7)
BW

B paguorexHuke A XapaKTEPUCTHKU CETH PaJMOCBSI3M MOKHO HCIOJIb30BATH TPHU

OCHOBHBIE XapaKTEPUCTUKH:
1) manpHOCTH / pacCcTOSIHUE,
2) CKOpOCTB Iepellauu JaHHBIX,
3) morpebiasiemas MOIIHOCTD.

TpymHo paccMOTpeTh Bce TpH KpUTEpUS C OJMHAKOBO, IOCKOJBKY (u3mueckue
3aKOHBl YCTAHABJIMBAIOT YETKUE orpaHumyeHus: Hampumep, LoRaWAN moxxer nepenaBarb
JaHHble Ha OOJIBIIME pAcCTOSHUS M TPeOyeT OTHOCHUTEIHHO HEOOJBIIOr0 KOJIHYECTBA
SHEpPrux, HO UMEET TOJIbKO HU3KYIO CKOPOCTh IIepeiaun JaHHbIX [4].

bromxer nuHMM CBA3M OECHIPOBOAHON CUCTEMBI SIBISIETCS MEPOMl BCeX NMpHUObUIEH U
HOTeph OT NepeAaTyuKa yepe3 KaHajl paclpocTpaHeHUs /10 MpueMHUKa. OOBIYHO CIy4aifHbIM
o0pa3oM  W3MEHSIOIIMEeCS  KaHAIbHbIE  MEXaHU3MBI, TaKHe€ KaKk  MHOTOJYYEeBOE
pacrpocTpaHeHHE U JIOMJIEPOBCKOE 3aTyXaHHe, YUUTHIBAIOTCS IIyTEM y4eTa JIOTMOJIHUTEIbHOTO
3araca B 3aBHCHMOCTH OT OXKHJIAa€MOH Cephe3HOCTH.
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Pucynox 2. Brodocem kanana cesasu [5]

bropket kanana 6ecripoBOHON CETH MOKET OBITh BhIpaXKEH Kak [2]:

Prx(dBm) = Pry(dBm) + Lgysrpy(dBm) — Leganne, (dB) — M(dB) (11)

rae: Prx - o’)kumaemast MOIIHOCTb, AJAKOIIAs HA MPUEMHUK; Ptx - mepenaBaemMas MOIIHOCTB;
GsysTEM - CUCTEMHBIC YCHIICHUS, HAIPUMED, CBS3aHHBIE C HAIIPABJICHHBIMYU aHTEHHAMU | T.1.;
Lsystem - TOTepH, CBSI3aHHBIE C CUCTEMOM, TaKWe KaK JIMHWW MHUTaHUsS, aHTCHHBI (B CiIydae
KOPOTKHUX 3JIEKTPUUECKUX aHTEHH, CBSA3aHHBIX CO MHOTMMH yJaJI€HHBIMH YCTPONCTBAMU) U T.
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I.; LcHANNEL - TOTEpH B KaHale paclpOCTpaHEHUs, PAcCUYUTAHHbIE JIUOO MO UIMPOKOMY
JMara3oHy MoJiejiel KaHajoB, W00 MO SMIUPUUECKUMU JaHHBIM; M - 3amac Ha 3aMHUpaHue,
100 pacCYUTAHHBIN, TUO0 MOTYyYECHHBIA IMIUPUYECKU.

bropker kaHana yka3plBaeT Ha KAayeCTBO KaHala IMepefadyd paguoCUTHANOB (puc.2).
Ucnonb3yss moxens (11) mMoxkHO paccumtarh Oromker kaHaima LoRaWAN, Takke MOXHO
UCIIOJIb30BaTh 0oJiee MPOCTYIO MOJIENh OFOPKeTa KaHajla, KOTOpas HE YYWUTHIBACT JaHHBIC
MOJIy4YE€HUE KOTOPBIX JOCTOBEPHO BO3MOXKHO TOJIBKO IMIIMPUYECKUM ITyTeM. broJkeT kaHasa
LoRaWAN mnosiyurM myTeM CIOKEHHSI MOIHOCTH epeaaud (MOIIHOCTh Mepeaaryuka, 1x),
YYBCTBUTEIHLHOCTU MPUEMHUKA (MOIIHOCTh MPUEMHUKA, RX), yCHUIIeHNUsS aHTEHHBI U MOTEPU B
cBoboaroM nipoctpanctse (FSPL) [5].

brooorcem kanana LoRaWAN = Tx + Rx + FSPL (12)

ITorepn Ha Tpacce NOKa3bIBAlOT, CKOJBKO 3HEPrHM TEPsSeTCs B CBOOOIHOM
IIPOCTPAHCTBE Ha paccrosHuM Mexay Tx u Rx. Uem panbiue paccTossHUE MEXIY
nepeJjaTiYuKoOM U IPUEMHHUKOM, TEM HIKE ypoBeHb dSHepruu. Ilorepu oOBIUHO
IPECTaBIsIETCs CIEAYIOIIUM 00pa3oM:

FSPL = (44-nd 1 )2 = (44-wdF/c)-2 (13)

rae: FSPL - notepu B cBoOoiHOM npocTpaHcTBe; d - paccTosHue Mexay Tx u Rx B merpax; f
- 4acTOTa B replax.

CymiecTByeT Takke IIMPOKO HCIIONIb3yeMasi Jiorapupmuyeckas ¢opmyna pacuera
1OoTEph B CBOOOIHOM MPOCTPAHCTBE:

FSPL (0B) = 20-lg(d) + 20-1g(f) - 147,55 (14)

YnaBoennoe paccrosiHue (d) o3Hauaer moTepro Ha nmytd 6 b (B cBOOOIHOM
IIPOCTPAHCTBE).

Ha ctopone npuemnnka (Rx) 4yBCTBUTENBHOCTh MPUEMHHUKA - 3TO 3HAUYE€HUE, KOTOPOE
BIIMSICT Ha OFO/DKET KaHama. Tak Ha3pIBaeMasi YyBCTBUTEIILHOCTh RX ONMUCHIBACT MHHHUMAIILHO
BO3MOXXHYIO MOIIHOCTh TpHEMa M JONYCK M TEeIJIOBOIO IIyMa W PacCUYUTHIBACTCS
CJIEIYIOIIUM 00pa3oM:

Yyecmeumenvrocmos Rx = -174 + 10lg(BW) + NF + SNR  (15)

rae: BW - mmpuna nonocel B I'; NF - koagduinment myma B 1b; SNR - oTHOIIeHHe curxain
/ mIym.

UysctBuTenbHOCTh pueMHHKa LORaWAN BrIIIe - U, Cl€10BaTeNbHO, JIYYIIE - YEM,
Harpumep, Wi-Fi.

VYpaBueHue (4) moka3pIiBaeT KpalHU clydaidl MOTEpH Ha Tpacce 0e3 ydeTa yCUJICHUS
AQHTEHHBI U IPYTUX TUIIOB OcabjaeHus B CBOOOJHOM MPOCTPAHCTBE:

brooorcem kanana = Maxc. Mownocmo nepedauu (0b) -

Maxc.Hyscmeumenvrocms Rx (0b) (16)

Ha ocnoBe nosydueHHbIX gaHHBIX 0 Brojpkere kaHaia u, Hanpumep, moaenu Okamypa-
Xara (17) MOKHO IpOBECTH pacyeT AanbHOCTH AeiicTBus cetn LoRaWAN.

L;0p=09,55+26,16-1g(f:)—13,82-1g(h1)-A(h)+[44,9— 6,55-1g(hy)]-lg(d)  (17)

rae f¢ - yacrota Hecymiei (B MI'm) ot 150 MI' go 1500 MI'm, h; - BeIcoTa aHTEHHBI 6a30BOA
craniuu (B merpax) ot 30 mo 200 m, h, - BbicoTa aHTEeHHBI TepMHHANIa (B METpax) B
nuarnaszone ot 1 M g0 10 m, d - 370 paccTossHEEe OT 6a30BOI CTAHIIMU 10 TepMUHANA (B KM), a
A(h) - nonpaBounslii K03 durHeHT 115 ) (HEKTHBHOM BBICOTHI aHTEHHBI TEPMHHAIA.

[TonpaBounbIii KO3((ULIKMEHT 3aBUCUT OT PACHOJIOKEHHUS aHTEHHbl TEpMHUHAJIA U B
nuarasoHe ot 1 1o 10 meTpoB HaxoauTcs 1o popmyie:

A(hz) = (1,1-1g(fc) - 0,7)'h,— 1,56-1g(fc) + 0,8 (18)
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B cnywae mnocTpoeHHs ceTM Ha OTKPBITOM MECTHOCTH, HEOOXOJWMO BHECTHU
JIOTIOJTHUTEIIBHBIE TTONPAaBOYHbIE KOA(PPHUIUEHTH! Al IPUTOPOAA U CEIIbCKOM MecTHOCTH[6].
[Torepu Ha OTKPBITOM MECTHOCTH HAXOAATCS 10 popMyJIe:

Lo = Lrop — 4,78 [Lg(fo)]* + 18.33-1g(f.) — 40,94 (19)

Jlannas pabota BeimosiHeHa B pamkax I[1I[® MCX PK, BR06349515 «TpancdepT u
ajanTainus WHHOBAIIMOHHBIX TEXHOJIOTHM JJI ONTUMH3ALUU MPOU3BOJICTBEHHBIX MPOIIECCOB
Ha MoJouHbIX depmax CeBepHoro Kazaxcranay.

*kKk

1 LoRaWANT™ Specification v.1.1, LoRa Aliance — Pexum moctyma: https://lora-alliance.org/resource-
hub/lorawantm-specification-v11 [[{ata o6parienus: 5.11.2019]

2. Semtech Application Note ANI1200.22 LoRa™ Modulation Basics — Pexnmm pocryma:
https://mww.semtech.com/uploads/documents/an1200.22.pdf [[{ara o6parienus: 5.10.2019]
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AHHOTAIHSA

B  nanHOM  craTthe  ONMCHIBAaETCA  CyTh ~ MeETOJa  BHII€0-KOMITBIOTEPHOU
ncuxoAauarHocTuku u ncuxokoppekiuu (BKII) u mpuBoauTcs pe3ynbTaT UCCIEIOBAHUS €TO
NPUMEHEHHUS JJI AUarHOCTUKU KIMEHTOB MHUKpoduHaHcoBoil opranuszanuu «Kpeaut 911».
[TokazaHno, uro, ucnons3ys merog BKII, MmoxxHO onpenenuTs MOIIEHHUKA, KOTOPHIN 3aBEI0OMO
MpUIIEN C MOAJAEITbHBIMU JIOKYMEHTaMM, a TakKXe JaTh MPOTHO3 IMOBEJIEHUS KIWEHTOB Ha
JUTUTENbHBIA MEPUOJI, TOCKOJIBKY C MOMOIIBIO MPOTPAMMBI MOKHO BBISIBUTh TAKOE CBOMCTBO
KaK <(UDKHUBOCTBY». YCTaHOBIEHO TakKe, YTO Jy4lle BceX BblIaunBaeT «VHTyMTUBHBIN
YCTOWYMBBIM» THI, a JOJDKHHUKOB OKa3anoch Oomnbine cpeau  «HTYUTHBHOTO
UMITYJIECUBHOT0» TUIA.

KuroueBnble ¢/10Ba: BUI€0-KOMIBIOTEPHAS IICUXOJUArHOCTHUKA, BUICO-KOMIIBIOTEPHAS
NICUXOKOPpPEKLIHs,  MHUKpO(UHAHCOBAas  OpraHM3alusl, WHTYUTUBHBIM  yCTOMYUBBIH,
WHTYWUTUBHBIN UMITYJIbCUBHBIHN, 3()()EKT KOTepEHTHOTO yCUJICHHS, BOJTHOBAs MOJIENb, MOJIENb
MICUXUKH, (a30BBIA MOPTPET, 3pUTENIbHAS OHMOIOTHYECKasi oOpaTHas CBsI3b, (ha30BBIN MOPTPET
JU1a, TAPMOHUS TUYHOCTH

Abstract

This article describes the essence of the method of Video-computer psychodiagnostics
and psychocorrection (VKP) and the result of the study of its application for the diagnosis of
microfinance organization “Credit 911”. It is shown that, using the VKP method, it is possible
to identify a scammer who obviously came with fake documents, and also to predict the
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behavior of clients for a long period, since with the help of the program it is possible to
identify such a property as “deceit”. It has also been established that the “Intuitive Stable”
type pays the best, and there are more debtors among the “Intuitive Impulsive” type.

Keywords: video computer psychodiagnostics, video computer psychocorrection,
microfinance organization, intuitive stable, intuitive impulsive, coherent amplification effect,
wave model, psyche model, phase portrait, visual biological feedback, face phase portrait,
personality harmony

Metoa BUIEO-KOMITBIOTEPHOM MCUXOANArHOCTUKU U IICUXOKOPPEKIMH pa3padboTal .
T. H. ABranaun HuxonaeBuuy AmHyamBWiIM, TJaBHBIA coTpyaHuK Wucturyra I[IpoGnem
VYmopasinenuss PAH. B 1996 r. ABTOp mnpeamoyiomi, 4TO B YEJIOBEYECCKOM MO3I€ MOTYT
BO3HUKATh YCJIOBHUS, TPU KOTOPBIX €CTECTBEHHBIM 00pa3oM BoO3HHKaeT «I¢¢eKT
KOI€pEHTHOTO YCWJICHHS», B PE3YJIbTaTe KOI€PEHTHOCTU BOJIH, U3JIy4aeMbIX IOJIYIIAPUSAMHU.
[Ipy 3TOM H3MEHEHHE CTENeHU KOIePEHTHOCTH NPHUBOJUT K BIIOJIHE ONPEICICHHOMY
WU3MEHEHHUIO TICUXO0JIOTHYECKOr0 COCTOSIHUS denoBeka. AnyamBuian A. H. co3nan BonHOBYIO
MOJ1€JIb TOJYIIApUNA TOJIOBHOTO MO3Ta, MOJIEb IICUXUKH Y€JI0BEKA, OTKPBUI CBA3b CTPYKTYpPHI
ICUXUKU CO CTPYKTYpOH MO3ra M CBsI3b MEXIy (ha30BbIM MOPTPETOM MO3ra M (ha30BbIM
noprperoM Jjuma dvenoBeka. Ha ocHoBe paHHOW Mojenu aBTop u300pen «Crocob
OIpeEIICHUs IICUXO0JIOTMYECKOT0 TUIIA IO AHYaIIBUIIN.

Metox BKII npaktudecku npumensiercst ¢ 1997 roga B 0310pOBUTENBHON MEIUIMHE,
IICUXOTEPAIINHU, NCUXOKOPPEKIUH JUIsi TapMOHU3AaLUU JINYHOCTU M B3aUMOOTHOILIECHHUN U
yOpaBjieHuH mnepcoHanioM B Oosnee ueM 20 crpanax: Poccus, CIIA, Kanana, Upnanmgus,
BenukoOputanus, ['epmanus, [omnangus, Hopeerwms, Wumus, Iloasma, CroBakus,
Xopsatus, Benrpusi, Ocronus, JIutea, JlatBus, Pymbinus, Ykpauna, benopyccus, Kazaxcran,
A3zep0OaiikaH.

Buneo-koMmploTepHas I[CUXOJUArHOCTHMKAa U IICUXOKOPPEKIMsS OCHOBaHa Ha
ornpeneneHny (YHKIHMOHATIBHON acHMMETpPUHM JBYX MOJYyLIapuil TOJOBHOI'O MO3ra IyTeM
aHaM3a W300paKeHMs JIMIa YelIOBEKa, KOTOPO€ BBOJUTCS B KOMIBIOTEP C IOMOIIBIO
BHUJICOKAMEPHI.

B pesynbrare 3TOr0 KOMNBIOTEP CTPOUT «(pa30BbIM MOPTPET» JULA UCCIEAYEMOTO U
ompenenser: 1) JTOMUHUPOBAaHME OJHOIO U3 IMOJYLIApUH TOJOBHOTO MO3ra Ha OCHOBE
Pa3HOCTH AaMIUIUTY]l KoJeOaTelnbHBIX IPOLECCOB, NMPOUCXOAAIIMX B IPABOM U JIEBOM
NOJYHIApUsX M 2) CTENeHb COTJacOBAaHHOCTH (KOTEPEHTHOCTH) 3THUX KojeOaTeabHbIX
poLeccoB Mexay coboil. [To 3TUM 3HaueHHSM KOMIBIOTEP OMPEIENeT MCUXOJIOIHYECKOe
COCTOSIHUE 4YEJIOBEKA COIVIACHO IPUBEICHHON BBILNIE ABTOPCKONW THIIOJIOTMM W BBIJAET:
MOJIHYI0  JINYHOCTHYIO  TICUXOJIOTMYECKYI0  XapaKTePUCTUKY,  HPO(EeCcCHOHATIBHYIO
XapaKTEPUCTHUKY, TPOrHO3 MOBENEHUS B SKCTPEMAIbHON CUTYAlLlUH, IPOTHO3 MPU YXYALIEHUU
COCTOSTHUSI U PEKOMEHJIAI[MU 0 TapMOHU3alUU JUYHOCTH. KOJM4ecTBO MCHUXOIOrHMYecKUX
COCTOSIHUH, U3 KOTOPBIX BBIOMpAeT KOMIBIOTEpP, MOXKET ObITh He orpaHudeHo. He ciemyer
IyMaTh, 4TO 4eM Oomblie, TeMm jdyuyine. CymecTBylOT onTuManbHble yucna: 49, 63, 81. Ha
npakTUKe Hanbolee mpuemieMsiM siBisiercs 49 (7x7).

Kpowme Toro, ¢ 11enb10 oCyIIecTBI€HUsI ICUXOKOPPEKIIUY ITyTEM BBEJIEHUS 3pUTEIBHON
OMoIOrYecKoi OOpaTHOM CBSI3M, YEIOBEK paccMaTpUBAeT [Ba HOBBIX JIMIA YEJIOBEKa WU
YCPEIHEHHBIN MTOPTPET.

OpvH NOpPTPET COCTaBJIEH M3 MPaBbIX MOJOBHUH JIMLA, ApYrod — u3 jeBblX. Jluio,
COCTaBJIEHHOE W3 TPaBbIX IIOJOBHH, YCIOBHO HAa3bIBA€TCA «IYXOBHBIM», T.K. OTpa)KaeT
COCTOSIHUE MPABOT0 MOJIyLIapys FOJIOBHOIO MO3Tra — UHTYUIUIO, BHYTPEHHUM MUp Y€JIOBEKa.

Jpyroii mopTpeT, COCTaBIECHHBIA W3 JIEBBIX IIOJIOBHH JIMIA, YCJIOBHO Ha3bIBAETCSA
<GKU3HEHHBIM». OH OTpa)kaeT COCTOSIHME JIEBOTO IOJYIIApHs T'OJIOBHOTO MO3ra — JIOTHKY,
IIPAKTUYECKUN yM, U3BOPOTIUBOCTb, PEAIU3ALNIO YEJIOBEKA B IPAKTUYECKON )KU3HU.
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YcepenHeHHBIM  TOPTPET MPENCTaBIsAeT COO0OM  MaTeMaTHYEeCKOe  YCPEIHCHHE
JTyXOBHOTO H JKM3HCHHOTO TMOPTPETOB M WCIONB3YeTCs [UIsl TICUXOKOPPEKIHUH Kak
MEepPBOHAYANIbHBIN 3TANOH, K KOTOPOMY JTOJIKEH CTPEMHUTHCS YEJIOBEK.

[lcuxokoppeknusi B JaHHOM CIlydae 3aKII04aeTCs B TPOSBICHUM CKPBITHIX,
M0JICO3HATENIbHBIX YYBCTB Ha JIBYX MOPTpPETax U UX oco3HaHuM. Eciu yenoBek 0IHOBPEMEHHO
CO3EpIaeT 3TH JIBa CBOMX JIMIIA M MPOSBICHHBIC HA HUX IOJICO3HATEIIbHBIC YYBCTBA, TO HA
OCHOBE 3PHUTEIIbHONW OMOJOTHYECKONW OOpaTHOW CBSI3U MPOUCXOJUT CHHXPOHHU3AIUS PaOOTHI
MONTyIIAPHA, TICUXO(PU3NOIOTHYECKAsS CAMOPETYJISALUs, CTaOWIH3UPYIOTCS TICUXUYECKUE
MPOLIECCHI, BRIPABHUBAIOTCS IOTUYECKHE U MHTYUTHUBHBIE CIIOCOOHOCTH, MOBBIIIAETCS CTEIICHb
TapMOHHUH JINYHOCTH — CTETMEHb ICHUXOJOTHYECKON 3alIUThl OT JKU3HEHHBIX MOTPSCEHUN U
Oone3neit. CrneayeT OTMETUTD, YTO B PE3YJIbTAaTE TAKOM MCUXOKOPPEKIMU MPOUCXOAIT TaKKe
busnonornueckue ((PpU3NIECKUE) U3MEHEHUs: MeHseTcsl (opma Jua — JIMIO CTaHOBUTCS
0oJiee CHMMETPUYHBIM, YMEHbBILAIOTCS ICUXOCOMATUYECKUE PACCTPONCTBRA.

Hwxe  mnpuBogutTcs  NpUMEp  BHICOKOMIBIOTCPHOW  NCHXOJUArHOCTUKUA U
MICUXOKOPPEKIUHU (TMICUX0-(HhU3HUOTOTHIECKON CAaMOPETYIISIIUN), YTO IPUBOIUT K MOBBILICHUIO
CTENEH! FapMOHUU JTUYHOCTHU (aJEKBATHOCTH).

IHocmpoenue ¢pazosozo nopmpema

IIpu wucnonb3oBaHuM MeToAa (Ha30BBIX IMOPTPETOB CpPAaBHUBAIOTCS HE QopMma U
reOMEeTpUYECKHE pa3Mepbl 4epT Juma (Kak B (U3MOTHOMHKE), a HAINpaBIICHUsS JHHANW Ha
JIEBOW M MpaBoOil CTOpOHAaX JMLA. PasHOCTb YIVIOB 3TUX JIMHUM U CPEJHECTATHUCTUYECKUE
3HAUEHUS YIJIOB COOTBETCTBYET CTAOMIIBHOCTH CBSI3U MEX1Y MOJIYyLIapUsIMH FOJIOBHOTO MO3Tra
Y JOMUHHUPOBAHUIO OJTHOTO U3 HHUX.

Cunmesuposanue u3 UCXoOHoU omozpapuu 1e6ONOIYUAPHO20 U RPABONONYUAPHOZ0 NOPMPEMOs
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Hoeoe JUYO HYenro6eKkda, CUHmMeE3UpPOBAHHOE KOMNbIOMepom U3 npaso u j1e60nojlyuapHsblx nopmpemoes

Takoe nuio0 umen OBl 3TOT YENOBEK, €Ciy OBl JIBa MOJyIIapUsl €ro TOJIOBHOTO MO3Ta
pabotanu Obl UAEATBFHO CHHXPOHHO. DTO MOPTPET, YCIOBHO HA3BAHHBINM «TapMOHUYHBIM»
OpUMEHSTCS Jajiee UIs TCHUXOKOPPEKUWH IyTeM BBEACHUS 3PHUTEINBHON OHOIOrHMYeCcKOn
00paTHO¥ CBs3H.

Meron Buaeo-KOMNbIOTEPHOM TMCUXOAMATHOCTUKM OBUT TPUMEHEH B OAHKOBCKOM
Jiene A ONpeNesieHus BEpOSTHOCTH BO3BpaTa KpeauTa Ha MpUMEpe KIHUEHTOB OaHKa
«Kpeaut 911».

HeobOxomumo ydects, uro meton Bupeo-xkommbroTepHoit ncuxoauarHoctuku (BKIT)
OmnpeAeNsieT CBOWCTBO, a HE ciyyald. TOo €CTh - CKIOHHOCTh YEJIOBEKa K TEM WM HHBIM
MIOCTYIKaM, a HE caM MOCTyNnoK. (CBOWCTBO NPOSBISAETCS NPU COBOKYIHOCTH IOCTYIIKOB,
KOTOpPBIE BBICTPAUBAIOTCS B OIPEAEIICHHONW 3aKOHOMEpPHOCTH. JlJI1 ompeneneHus CBOWCTBa
nyTeM HalOJIOJIeHHs 3a TMOBEACHUEM YelloBeKa TpeOyeTcsi MHOTO BpEMEHHM, 4ToObl HaOpaTh
CTaTUCTUKY U BbIBeCTH 3aKiroueHue. Texnonorus BKII nmo3Bossger cuenaTe 3TO 32 HECKOJIBKO
MHUHYT IyT€M KOMIBIOTEPHOTO aHajau3a n3oOpakeHus nuna kiaveHta. BKII ocHoBana Ha
aHaize (a30BOro MOPTpPETa JHIlA, OTPAXKAIOLIEro COCTOsHME ero Mosra. Heobxoaumbie
NPU3HAKU HAKOIUIEHBI HA JIMIE B T€YEHWE MHOTHUX JIET U 3TH NPU3HAKU (aCUMMETpPHUS JIUIa U
acCUMMETpHUsi SMOLUN Ha JIMIE) HEMOCPEJICTBEHHO XapaKTEpU3YyIOT CBOMCTBO UENOBEKa.
Knuenty He 3agaroT Bonpockl. JlocraTouno umeTs ero ¢otorpaduro (andac).

BKII onenuBaer B IMpoOLEHTaX BEPOSTHOCTH IMPOSIBIEHUS TOTO WJIA MHOTO CBOMCTBA
4eJoBeKa.  BeposTHOCTH SIBIISIETCS KaUeCTBEHHBIM ITOKa3aTeleM B OOJIbIICH CTENeHHu, YeM
KOJIMYECTBEHHBIM.

Hanpumep, kiaueHT Opayn HeOosblIMe KpeAUThl Ha HEOOJNIbLIME CPOKH U BOBpPEMS
BO3Bpaman. KpeautHas ucTopus y HEro xopomias, HO €ro CBOMCTBO €Ill¢ HE MPOSIBUJIOCH.
[Tocne sToro oH B3s1 OonbLIOW KpeauT M ucye3. HalbmoneHuwe 3a ero NoOBEJEHHEM HE
MPOSIBUJIO €r0 CKJIOHHOCTHh K MouleHHu4YecTBYy, a BKII TexHonorus mokasano Obl 3TO cpasy
npu nepBoM ke oOpamenun. IIpu stom, BKII BbimaeT pekoMeHnanuu B MpOLEHTaxX, a HE
npocto «1A» mnu «HET». To ecTb, ecnu yenoBek UMeeT CKIIOHHOCTh K MOIIEHHUYECTBY Ha
55%, 3TO He oO3HayaeT, 4TO HYXHO OTKa3blBaThb. B JaHHOM ciyyae HYXHO IpPOSBHUTH
OCTOPOXKHOCTh TpPH 3ampoce OoJbIIoN cymMMmbl. B apyrom ke ciiydae KIHEHTY MOXHO
IPEUIOKUTH CyMMY OOJIBIIIE 3aIIPALTHBAEMOM.

Huxe npuBesieHbl mpUMephl JUArHOCTUKYM KIMEHTOB OaHKa.
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Ilepsonauanvnasn pomoepagus

Jlyxoemnwitl u JcusHenHbvLL nopmpem

Kommerorep otHec 3toro uyenoseka K Ilcuxomormueckomy tumy «Jlornmueckuit
umnyascuBHbI L60D60». BeposTHOCTH CcBOMCTBA JDKMBOCTU cocTaBiigeT B 1enoM D=60%,
u3 HuX 36% u3 BeIrojsl U 24% u3 crpaxa. J[aHHBIA KIMEHT ObLI OTHECEH K MOLICHHUKaM,
KaKUM OH M SIBJISIETCS B JIEHCTBUTEIBHOCTH, TO €CTh K TE€M, KTO MpUIIE] U3HAYaJIbHO C
HOJ/IeTIaHHBIM [TACIIOPTOM ¢ 1eJIbi0 0OMaHa. CTaTUCTUYECKUI aHAJIN3 KJIMEHTOB I10Ka3al, 4YTo
NPOSIBJIICHUE JTaHHOTO KadecTBa Ooiee BEPOSTHO sl «JIOrMYecKOro MMITYJIBCHBHOTOY THIIA,
JOJDKHUKOB OKa3ajiock Oosblie cpenu «VHTYUTUBHOTO MMIYJIbCUBHOTO», TaK Kak JJISl HETO
XapakTepHO KadyecTBO «Oe3amabepHOCThY. Jlyumie Bcex BbolIIaunBaeT «MHTYUTUBHBIN
YCTONYMBBIN» THII:

Ilepsonauanvnas pomoepagus

Jlyxo6Hwltl u dcusHeHHbvIL nopmpem
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NutynTuBHbIN ycToiuuBbiil Tun - 160S60.

Takum oOpa3om, MpUMEHEHHE MeTOo1a BH1€0-KOMITBIOTEPHO MICUXOIUATHOCTHKY TIPH
aHaJIM3e KJIMEHTOB OaHKa MOXET OBITh OYEHb IOJIE3HBIM W IEPCIEKTUBHBIM CIIOCOOOM
BBISIBJICHHSI MOIIICHHUKOB U «XOPOIINX» aKTUBHBIX IJIATEIBIIHKOB.
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AHHOTAIHSA

Wnes pacnio3naBaHus TEKCTYphI, ONMCAHHAS B JaHHOM paboTe, 3aKIII0YaeTCs B OIICHKE
YUCJICHHBIX 3HAYEHUM pa3JIMYHBIX €€ CBOMCTB. Peanm3aius COBOKYITHOCTH IPEICTABICHHBIX
B pabOTE€ METO/OB MO3BOJISAIOT JIOCTHYh JOCTATOYHO BBICOKOM TOYHOCTH OMPEICICHUS THUIIA
Marepuania.

KuroueBbie cjI0Ba: KOMIBIOTEPHOE 3pEHUE, HCKYCCTBEHHAs HEHPOHHAs CEeTb,
MaTpHIla CMEKHOCTH, MPOCTPAHCTBEHHAS! Pa3HOCTH SIPKOCTEH, ITTUHBI CEpUN IPKOCTH.

Abstract

The idea of texture recognition, described in this paper, is to evaluate the numerical
values of its various properties. The implementation of the set of methods presented in the
work allow to achieve a sufficiently high accuracy of determining the type of material

Keywords: computer vision, artificial neural network, adjacency matrix, spatial
brightness difference, brightness series length.

OO6nacte NMpUMEHEHHMs] KOMIBIOTEPHOTO 3pEHHsl OYEHb IIMPOKA: OT CUUTHIBATENCH
HITPUXOBBIX KOJIOB B CyllepMapKeTax A0 JOMOJIHEHHOHN peanbHOCTH. OIHAKO CYIIECTBYET Psij
3aja4, TPeOYIOUIMX OIpeNeNeHUs] TEKCTYp OOBEKTOB, (QUIypHPYIOIIUX Ha aHAIU3UPYEMOM
nuzobpaxenun. Hampumep, aBromaTuzanusi paboTsl poOOTOB, B 3aJaud KOTOPBIX BXOIUT
pacrio3HaBaHUe, yAepiKaHUEe U MepeMelieHne 00BbeKTOB, OMOMETUIIMHCKUE UCCIEI0BaHMs, U
rpouee.

Wnes pacrio3HaBaHMs TEKCTYphI, ONMCAHHAsA B JaHHOW paboTe, 3aKII04aeTCs B OLEHKE
YHUCIIEHHBIX 3HAYEHUI pa3IMYHbIX €€ CBOMCTB, TaK HA3bIBAEMbIX TEKCTYPHBIX OIHCATENIEH.
Jiis Habopa TPEHUPOBOYHBIX M300paXKEHUH C Pa3TUYHON TEKCTYpOl BBIUUCIISAIOTCS 3HAYCHUS
TEKCTYPHBIX omnucareneil. JlaHHbIe 3HaYeHHWs MOJAIOTCS Ha BXOABI 00ydaeMOW HEUPOHHOMN
CETH, BBIXOJaMH KOTOPOH SIBJISIFOTCS TIOKA3aTENN CXOACTBA €€ C ONPEIEICHHBIMU TUIIAMH.

Jlanee HOBoe M300pa’keHUE MOABEpPraercs MOJICYETY TOTo ke Habopa TeKCTYpPHBIX
onucaTesei, KOTOpble PACCUUTHIBATIMCH U JUIl TPEHUPOBOUHBIX M300paXeHUH U TOJAI0TCs Ha
BXOJbl HEWPOHHOM CETH, KOTOpAas OLIEHMBAET €ro NPHHAMIECKHOCTh K ONpPEIEICHHON
TEKCType. [l OLICHKH CBOMCTB MaTepuasa CyleCcTBYET MHOKECTBO METO/OB.

1. MeToapl, UCTIOIB3YIOIIME MAaTPUILY CMEKHOCTH.
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OauH M3 acmeKkTOB TEKCTYphl CBS3aH C MPOCTPAHCTBEHHBIM paCHpEleICHUEM H
IIPOCTPAHCTBEHHON  B3aMMO3aBUCHUMOCTBbIO 3HAYEHUHM SPKOCTH JIOKAJIBHOM  oOsactu
n3oopakerus [1]. CTaTUCTHKK TPOCTPAHCTBEHHON B3aMMO3aBUCHMOCTH 3HAYCHUH SIPKOCTH
BBIYUCIISIIOTCS TI0 MaTPUIIaM MIEPEXO0/I0B 3HAUCHHUH IPKOCTH MEXIY ONMKAUIINMU COCETHUMU
toukamu. O6o3naunm sty matpuny P(i,j,d, @), rae i U j — SAPKOCTH COCeIHUX TOYEK Ha
U300paKEeHNH, PACIONOKEHHBIX Ha paccTosHuu d aApyr OT JApyra, TNpH  YIJIOBOM
HarpaBjeHuu @ (puc.l.)

1 2 3 4 2 1 1 2 3 a4

3 4 1 3 4 1 1 1 5 2 4

3 4 1 1 2 4 2 5 1 2 3

4 1 2 3 3 3 3 2 2 2 4

4 4 2 2 1 3 4 4 3 4 1
a) 6)

Puc. 1. a) Hcxoonas mampuya uzobpasicenus; 6) Chopmupoeannas Mmampuya CMeNCHOCMU ¢ napamempamu d
=L¢p=0

Pazmep matpuiibl onpenensercss KOJIMYecTBOM I'pajaluil spkoctu n3odpaxenus. Tak,
Ha PHCYHKE BBIIIE TIOKA3aHO MCXOAHOE M300paKeHHE C TpajallisiMi HHTEHCUBHOCTH OT 1 10
4 (U1 MOJYTOHOBOTO M300pakeHUs rpajaiuu MeHstoTces oT 0 1o 255). 3HaueHue KaxJaoro
JJIEMEHTAa  MaTpULlbl  PAaBHO  KOJMYECTBY  BCTPEYAEMOCTHM  Mapbl  MHUKceNned ¢
COOTBETCTBYIOIIMMM ~ 3HAQUEHUSIMM HMHTEHCHBHOCTEH B  3aJaHHBIX MO3ULUAX  JPYyr
OTHOCHUTENIbHO Jpyra. Hampumep, BcTpedaeMocTh mapbl co 3HaueHueM (1, 2) B HCXOaHOM
N300paK€HUH TIPH YCIIOBUM PACIOJIOXKEHUs CMEKHOW Mapbl Ha OJHOM CTpOKe paBHa 5, a
BCTPEUYAEMOCTh Maphl CO 3HaueHueM (3, 4) — 4.

[TockonbKy YHCIIO TakuX MaTpull MOXET ObITh OYeHb OOJBIIUM, OOBIYHO
OTPaHUYMBAIOTCS JIMIIb PACCMOTPEHMEM IHKCENe, HaXOAsIIUecss B HENOCPEICTBEHHOMN
65u30CTH, TMO0 YCPEAHSIOT MAaTPHUIIbl, COCTABICHHbIE JUI PA3IMYHBIX OPHEHTAIUH.

OnBITHBIM IyTeM OBUIO ONpPENENEHO, YTO B COBOKYMHOCTHM C MaTpULlaMU HHU3KOTO
nopsiika, T.. MAaTpPHUIIAMH, OINpENeIIeMbIMA TNPH HU3KWX 3HAdYeHUsX paccrosaus d < 5,
BBITO/IHO MCHOJIb30BaTh MAaTPUIIbl BEICOKOTO MOPSAKA, JUISl pacCTOAHUS d MeXAy MUKCEISIMU
6ouee 10.

[TIo MaTpuile COBMECTHOW BCTPEYAEMOCTH BBIYHMCIISETCS OKOJIO JBAJLIATH MPU3HAKOB
[2]. Hampumep, creneHb OAHOPOAHOCTH WIJIM SHEprus (4eM MeHbIle 3HaYeHUEe — TeM MeHee
OJIHOPOJHO M300pakeHUe), SHTPOIUS, KOHTPACT, TOMOT€HHOCTb U T.1.

2. MeTonbl, OCHOBaHHBIE Ha THCTOIpaMME IPOCTPAHCTBEHHOM Ppa3HOCTH
SAPKOCTEH.

Jlns aHanmM3a TEKCTyp TMCTOrpaMMa pacCMaTpPHBAETCsl KaK IUIOTHOCTh BEPOSTHOCTH
pPa3HOCTH YPOBHEHW SPKOCTH MEXJIYy TOYKAMU KaXJOW Mapbl 3JIEMEHTOB, pPa3AeleHHBIX
3aJJaHHBIM paccTossHueM O = (Ax,Ay), T.e. JUISI KaKIOrO 3JIEMEHTa WCXOJHOW MAaTpPHIIBI
BBIYUCISIOTCS. 3HaueHust fy(X,y) MarpuIibl MPOCTPAHCTBEHHOW pPasHOCTH SIPKOCTEH, TIIIe
fo(x,y) = [f(x,y) — f(x + AX,y + Ay)|, X, Y — KOOpJAMHATHI 2JIEMEHTa H300paKCHHU.

Ha ocHoBe Marpuipl 3HAYEHWI NPOCTPAHCTBEHHON pa3HOCTH sIpKOCTed (puc. 2)
BeIuMCsieTcs rucrorpamMma P(i, j, d, ) BeposiTHOCTH ypOBHEH pa3HOCTHU SIPKOCTH.

IloBeneHue rucTOrpamMmbl SIpKO XapakTEepU3yeT TEKCTypy. s KpymHO3EepHUCTOU
TEKCTYpPHI OOJIBIIMHCTBO Pa3HOCTEN f; Malbl, a 17151 MEIKO3EpHUCTON — BETUKH.
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1-c=1 2-1=1
12 |3|a]2]1 Al afaf2]1
3 |al1|3|a]1 A3 f|2]-1]3
s a1 f1]2]4 1| 3|0 |-1]-2
al12)|3[3]s3 3|-1|1]0]o0
alafl2f2]1]3 ofz2fo]1]-2
a) 6)

Puc. 2. a) Ucxoonas mampuya uzobpasicenus; 6) Bviuucienue 3Hauenuil npocmpancmeerHol pasHocmu
apxocmetl 0as napamempos d =1, 9 = 0

JUIg OLIEHKM NOBENEHUS TEKCTYPbl MOTYT HCIIOJIB30BAThCS CIELYIOIINE BEIWYUHBI,
BBIUNCIISIEMBIE HA OCHOBE IIOCTPOEHHOW TMCTOI'PAMMBI: KOHTPACT, BTOPOW YIJIOBOW MOMEHT,
CpeJHee 3HaUeHHUE BEPOATHOCTH, SHTPONHUSL, U T.JI.

Eciu TekcTrypa HampaBieHHas, CTENEHb pa30poca 3HAUYEHUH pg U3MEHSIETCS C
HalpaBJIeHUEM O, T. K. HaIpPaBJICHHOCTb TEKCTYpbl O3HA4aeT pa3Hyl0 CTENEeHb I'pyOOCTH B
Pa3IM4YHBIX HAIIPABJICHUAX

Bbruucnsas mpu3HAaKM JUIS Pa3NMYHBIX paccTosHUi (AX,Ay) W yIrIIOB (p, MOXKHO
MOJIyYUTh MHOTOMEPHBIM BEKTOP MPU3HAKOB TeKCcTyp. OnHaKo, eciy BbIOOp HalpaBiICHUN U
paccTosHUM, MO3BOJIAIONIMX Hanbosee MOJHO OXapaKTepu30BaTh N300pakeHHe, He sSBISeTCs
OUYEBHU/IHBIM, 1al0bl BBIYMCICHHE HE CTal0 Manod()(EeKTUBHBIM M 3aTPaTHBIM IO BPEMEHH,
OyZeT TOJEe3HO HCIOJIb30BaTh MHTETpajJbHOE M300pa)KeHHEe, KOTOpPOEe IO3BOJISIET B3ATh
YCPEIHEHHOE 3HaYeHHE IPKOCTH I10 IJIOIIA M.

WuTerpanbHoe npeacTaBieHre N300pakeHHUsl — 3TO MaTpHila, pa3MEpHOCTb KOTOPOM
COBMAJIa€T C Pa3MEPHOCTHIO MCXOAHOIO M300pakeHus. B KaX7aoM 3JIeMEHTe ee XpaHUTCS
CyMMa MHTEHCUBHOCTEHN BCEX MUKCEIIEN, HAXOIAINXCS JIEBEE U BBIIIE JAHHOIO JIEMEHTA.

DNeMEeHTHI MaTPUIlbl PACCUUTHIBAIOTCS 110 CleAyotel hopMmyre:
i<x,j<y

Ly = ) 1),
i=0,j=0
rae I(i,j) — sApKoCcTh MuKceNnss HCXoaHOTo n300pakeHus B Touke (i, j).

Kaxnprii smement wmarpunsl L[x,y] mpexacraBmser coboii cymMMmy mHKcened B
npsamoyronbHuke oT (0,0) mo (X,y), T.e. 3HauUeHHE KaXIoro nukcens (X,y) paBHO CyMMe
3HAYEeHUH BCEX MUKCENOB JIEBEE U BHIIIE JAHHOTO MHKceNs (X,y). Pacder marpuisl 3anumaer
JUHEHHOE BpeMs, NPONOPLUOHATIBHOE YHCIYy TMHKCeJIe B H300paKeHUH, TOITOMY
UHTErpalIbHOE N300paKeHUE MPOCYUTHIBAETCS 32 OAMH IPOXO/I.

3. MeTozpl, OCHOBaHHBIE Ha U3MEPEHUH JUIUH CEPUI APKOCTH.

Cepust — 3TO MaKCHUMaJIbHasl CBSI3aHHASI COBOKYITHOCTH BBITSHYTBIX B MPSIMYIO JIHHHIO
MUKCETIOB  OAMHAKOBON  sipkocTh. Cepusi XapakTepu3yeTrcss SPKOCTbIO, UIMHOM H
HaIPaBJICHUEM.

Ha Puc 60 n3o6pakxeHust MaTpulia JJIUH cepuil sipkocTH, rae | — 3Hauenue spkoctu, J
— muiHa cepud, (I, J) — konMuecTBO COOTBETCTBYIOIINX CEPUHL.
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11|z |al2] N1 ]z2]z2]4a]s5]6

alalalzs]|ala 1|1laflo|lo|o]o

alalafa]ala 2|li1lolololo]o

al1l3lz]3]z slslo|lol2]o]o

alalzl2]2]s al3a|z|lo|lo|lo]o
i) 6]

Puc. 6. a) Ucxoonas mampuya uzobpasicenus;, 6) Mampuya onun cepuii spkocmu oas Hanpagienus @ = 0

OGo3nauuM Ng — 4YHCIIO BO3MOKHBIX 3HAYEHUH SPKOCTH, Ny — UHMCIO BO3MOXHBIX
IUTMH cepuid, a p(i, j) — YKCIO0 Cepuid JUIMHBI j C SIPKOCTHIO 1. Beimenstor [2] crmemyromiue
CTaTUCTHKH BeNWYHHEI (i, j) g ananmmu3a teketyp: SRE — Short Run Emphasis (O6pathsie
MOMEHTBI BO3pacTaloT mpu KopoTkux cepusix), LRE — Long Run Emphasis (MomeHTHI
yBEJIMYCHBI ITpU JIHHHBIX cepusix), GLNU — Gray Level Non-uniformity (HeoxnopoaHocTs
spkoctr), RLNU — Run Length Non-uniformity (HeoanopomHocTs aiunbl cepun), RPC —
Run Percentage (/[{onst uzo0paxenus B cepusix).

Takum o00pa3oM, MOXKHO aKIEHTHPOBATh pPAa3IMYHBIE CBOICTBA TEKCTYphl U
UCTIOJIb30BaTh MX B KAUECTBE €€ MPU3HAKOB.

Peanmzanusi COBOKYITHOCTH TPEACTABICHHBIX B pab0Te€ METOIOB IO3BOJIAIOT AOCTHYB
75% TOYHOCTH OIpeNeNeHus] THIa Marepuaja JUlsl CJIEeIyIOIero Habopa HCCIeTyeMBIX
TEKCTyp: JIepeBO, TKaHb, Bsi3aHas TKaHb, KUPIHYHAs KJIagKa, CTEKJIO, METal, 30JI0TO,
pKaBuMHA, KOKa, IutacTuk. [Ipu 3ToM HanOousblias 4acTh HEBEPHBIX OTBETOB COCTABIISIIOT
OmMMOKH B Mapax NepeBO-TKaHb M METAUI-CTEKJO. [laHHYI0 mpoOiieMy MOXKHO PEIIHTh,
pa3paboTaB ajlroOpuTM OIPEEIICHUs] M30TPOIHOCTH MaTepuaia. M30TpornHbie MaTepuaibl
UMEIOT OJMHAKOBBIE CBOWCTBA BO BCEX HANpPABICHUSAX, AHHU30TPOIHBIE - pa3HBIE.
N30TponHBIMH MaTepHajgaMH SIBISIOTCS METajUlbl, KAMHH, OETOH, HEKOTOpBIE MJIACTMACCHI.
TekcTypa TKaHU CO CHI)KEHHOW INIyOMHOM I[BeTa Takke OyAeT MMETh BBICOKOE 3HAUYEHUE
U30TpoInHOCTH. TekcTypa e aepeBa B OOJBIINHCTBE CBOEM SBISETCS aHU30TpOnHOM. Takum
00pa3oM, OmHMOKHA B OINPENEIICHUH THIIA TEKCTYPHl B IMapax IepeBO-TKaHb OyIyT CHU)KEHBI.
[IpenmonoXuTenbHO, ONpeesieHHe W30TPONHOCTH TIOBBICHUT KAayecTBO OIGHKH H B
npoOJIeMHOM Mape MeTauI-cTexo [3].

CylecTBYIOT M JpyrMe METOJbl OLIEHKM TEKCTYPHBIX CBOMCTB, Takue Kak METOA
Oerymmx uinH, Mmetoa LBP-rucrorpamm, u npoune. Mcnonb3ys uxX, MOKHO TakKe MOBBICUTH
BEPOSITHOCTbH MTPABHIILHBIX OTBETOB HEHPOCETH.
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AHHOTAIUSA
[Iporpecc B TexHosornmu cOopa M XpaHEHHUS IUMPOBBIX TAHHBIX MPHUBET K POCTY
OTPOMHOTO KOJHMYECTBAa 0a3 MaHHBIX. JTO NPOM3OILIO BO BCeX cdepax UeIOBEUECKOM
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JESITeTbHOCTH, OT MUPCKOTO (HampuMep, JaHHbIE O TPAH3aKIUAX B CylIepMapKeTe, 3amucu 00
UCIIONIb30BAaHUU KPEAWTHBIX KapT, JaHHBIE TeNe(OHHBIX 3BOHKOB, W TOCYAapCTBEHHAs
CTAaTUCTUKA) K O0oJiee SK30THYECCKUM (HAmpHUMep, H300pKECHHUsS] aCTPOHOMHYECKHX TeT,
MOJICKYJISIpHBIE 0a3bl JaHHBIX U MEAUIIMHCKHUE 3anmucH). HeyauBUTETHHO, YTO 3TOT MHTEPEC
BHIPOC B BO3MOKHOCTH HMCIIOJIB30BAaHUSI STHX JAHHBIX, M3BJIICYCHUS U3 HHUX HH(MOpPMAIIHH,
KOTOpasi MOKET OBITh 3HAYMMA ISl BIIaJIeNblla 0a3bl JaHHBIX. JIUCIUILTNHA, CBSI3aHHAS C 3TOM
3ajaueil, N3BECTHA, KaK MHTEIUICKTYaJIbHBIA aHAJIN3 IaHHBIX, O YeM MBI U TOBOPHM B CTATheE.

KiaroueBble ciaoBa: Data Mining, MHTEIUICKTyalbHBIA aHAMM3 JNaHHBIX, [10, 06a3bl
JTAHHBIX

Abstract

Advances in digital data collection and storage technology have led to the growth of a
huge number of databases. This happened in all areas of human activity, from mundane (for
example, supermarket transaction data, credit card usage records, phone call data, and
government statistics) to more exotic ones (for example, images of astronomical bodies,
molecular databases and medical records) . Not surprisingly, this interest has grown in the
possibility of using this data, extracting from it information that may be significant for the
owner of the database. The discipline associated with this task is known as data mining,
which we discuss in the article.

Keywords: Data Mining, database, software

Beenenue

Opranu3anuyu 0o BceMy MUPY I'€HEpUPYIOT 0OJIbIIOE KOJIMUYECTBO JAHHBIX, KOTOpPHIE B
OCHOBHOM  Majio c(OpMUpPOBaHBl WM K€ HeCHOPMHUPOBAHBIL. OTH HECKOMIIAHOBAHHBIE
JaHHBIE TPEOYIOT 0O0paOOTKH ISl MOJyYEHUs] 3HAUMMOW U ToJie3Hou mHbopmaruu. YToObl
OpraHu3oBaTh OOJIbLIOW OOBEM J[aHHBIX, HEOOXOAMMO pEeaIn30BaTh KOHIIEMIHIO CHUCTEM
ynpasnenus b/, Takux kak Oracle 1 SQL Server. OTu cucteMsl ynpasieHus 6a3aMH JaHHbBIX
TpeOyroT ucnoib3oBaHus SQL, crenuann3upoBaHHOIO $A3bIKA 3alpOCOB JJISI M3BJICUCHMS
uHpopManun u3 6a3pl AaHHbIX. OpHako ucnosb3oBaHue SQL He Bcerna agekBaTHO JUIs
yJIOBJIETBOPEHHs MOTPEOHOCTEH KOHEUHBIX IMOJb30BaTENEed B CHEIMATM3HMPOBAHHOW U
CJIO)KHOM MHGpopManuu u3 HechopMUPOBAHHOTO OOJBIIOrO OaHKa JaHHBIX. DTO Tpelyer
MIOKMCKAa OIpPEAEICHHBIX aJIbTEPHATUBHBIX METOAOB JUIsl M3BJEYEeHHUA HHDOpManuu Hu3
OO0JBIIOTO ¥ HEOPraHW30BaHHOTO MCTOYHUKA, MOATOMY M HAYMHAIOT HcIosb3oBaTh «Data
Miningy.

3agauu, pemiaeMble MeTOAAMHU HHTE/UIEKTYAJIbHOI0 AHAJIN3A TAHHBIX

Tax uro xe Takoe «Data mining»? DTo mpoliecc W3BJIECUEHUS 3HAHUN U3 pPa3IMYHBIX
UCTOYHUKOB JJaHHBIX , TAKUX KakK 0a3bl JaHHBIX, TEKCT, KAPTUHKU, BUJEO U T.A. [lonyueHHbIE
3HAaHUS JOJDKHBI OBITH JOCTOBEPHBIMHM, IOJIE3HBIMU W HHTepnpeTrupyeMbiMu. Data Mining
OepeT cBOe Hayajlo B Pa3IUYHbIX JAWCHUUIUIMHAX, U3 KOTOPBIX ABYMs Haubosiee BaKHBIMU
SBJISIIOTCSI CTAaTUCTUKA U MalMHHOE oOyueHue. CTaTUCTHKAa UMEET KOPHU B MAaTEMAaTUKE —
3TO pasfen HayKd, KOTOpBI 3aHUMaeTcss cOOpOM UM AaHaJIM30M YHCIIOBBIX JIAHHBIX C
UCIIOJIb30BAaHUEM PA3JIMYHBIX METOAOB U IpHeMoB. lcnonp3oBaHWE AAaHHOTO pasjena
BO3MO)XKHO Ha Ppa3HbIX JTalax HHTEJJIEKTyaJlbHOTO aHaiu3a JaHHbIX. CTaTHCTHKA MOKET
OBbITH 3a/IeHiCTBOBAaHA B: CTaJJMM OYMCTKU JAHHBIX, dTarne cOOpa JaHHbBIX, aHAJIU3a JAHHBIX, a
BOT MalllMHHOE 00y4YeHHe OOJBIIMHCTBO CBOUX MCTOKOB MMEET M3 KOMIIBIOTEpHOU 00JacTu.
B mpoliecce MHTENIEKTYyaTIbHOTO aHaN3a JAHHBIX HCIOIb3YIOTCS pa3IU4YHble HHCTPYMEHTHI
aHaiu3a, 4ToO0bl ONPEeNUTh B3aUMOCBSA3H MEXAY JaHHBIMU B XPaHUJIMILAX, U UCIOIb30BATh
UX ISl IPAaBUJIBHOTO MTPOTHO3UPOBAHMUS.

WHTennexTyanbHbIl aHaNW3 JaHHBIX - 3TO HHTErpanusl pa3jiHYHbIX METOJOB U3
Pa3IMYHBIX JUCIHMIUIMH, TaKUX KaK CTAaTUCTHKA, MalIMHHOE OOy4YeHHe, paclio3HaBaHHE
00pa30oB, HEHPOHHBIE CETH, CUCTEMBI 00PAaOOTKH M300paKeHUil, ynpaBieHus 0a3aMu JaHHbBIX
W TakK Jajiee, Kak U yTBEepKAaJIoch paHee. Pasnmnunbie meTonpl data mining xapakTepu3yroTCs
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OIpE/IeIEHHbIMU CBOMCTBaMH, KOTOPbIE MOTYT cIelaTh pPELIaroIUi BHIOOp NMpH IOUCKE
METO/a aHalnW3a JaHHbIX. MeToabl MOXXHO CpaBHHMBATh JpYr C JPYroM, OILICHUBAs
XapaKTEePUCTHUKH HUX CBOHCTB. Cpeau OCHOBHBIX CBOWCTB W XapaKTEPUCTHK METOOB
UHTEJUIEKTYyaJbHOIO  aHajlu3a  JaHHBIX  pAacCMOTPUM  TakMe, KaKk  TOYHOCTb,
MaclITabupyeMOCTb, HHTEPIPETUPYEMOCTh,  IPOBEPSIEMOCTb,  CIOXHOCTb, T'MOKOCTb,
CKOPOCTh ¥ TMOMYJISPHOCTb. BOJIBIIMHCTBO AHATUTHYECKUX METOAOB, MCIOIB3YEMBIX B
TEXHOJIOTUM MHTEIIEKTYaJIbHOTO aHalIM3a JIaHHbBIX, SBISIOTCS M3BECTHbIE MaTEeMAaTHYECKHE
IrOpUTMbl U MeToabl. HoBoe uepToil B NpPUMEHEHUM aHAIUTHYECKUX METOJOB SIBISETCS
BO3MOXKHOCTh MX HCIIOJIb30BaHMS MPHU PELICHUU OIPEEIIEHHBIX KOHKPETHBIX 337134, 32 CUET
BO3HHUKAIOIIMX BO3MOXKHOCTEH ammapaTHOro H mporpaMMmHoro obtecneuenus. Cremyer
OTMETHUTh, YTO OOJBIIMHCTBO METOJOB HHTEUIEKTYaJbHOIO aHajau3a JaHHBIX ObUIM
pa3paboTaHbl B paMKaX TEOPHU UCKYCCTBEHHOTO MHTEIJICKTA.

Taxke yka)keM ,4TO €IMHOTO MHEHHUS OTHOCHUTEIIBHO TOTO, KaKue 3ajaddl CIEHAyeT
oTHOocuTh K Data Mining, He HaOIOAAIOCh, [TOKAa Mbl U3y4alld MaTepuai Uil HOATOTOBKU
JTAHHOM cTaTbU, HO OOJIBIIMHCTBO HCTOYHHKOB IEPEUUCIIAIOT CIEAYIOIME: KiaccuuKarus,
KJIacTEepH3alyus, NMPOTHO3UPOBAHUE, ACCOIMALMS, BH3YyalIM3allus, aHAIW3 W OOHapyKeHHe
OTKJIOHEHUIl, OLICHMBAaHUE, aHaJIu3 CBsA3ed, mojBeneHUe HTOroB. lIlepBoe-3To TO, uTO
BO3MOXKHa TIpYIIUPOBKAa (ParMEHTOB  OINpPEJCNICHHBIX  JaHHBIX BMECTE, 4YTO U €cCTb
Kinaccupukanus. DTH OObEIMHEHUS TOJDKHBI MUMETh «ECTECTBEHHBIE» OTHOIICHHUS JIPYT C
JIPYroM JJIsi TOTO, YTOOBI MOKHO OBUIO mpoBecTH Oosee dpdexTuBHbI aHanu3. Cremyromniee
CBOWCTBO - JIeJIaTh POTHO3MPOBAHNE, OCHOBAHHOE Ha MAaTEMaTHYECKOW TEOPUU BEPOSITHOCTH.
WX 4dacTo Ha3bIBAIOT JOBEPHUTEIBHBIMH, IIO3TOMY OHH B OCHOBHOM H3MEPSIOTCA.
[IporHo3upoBaHWe WHTEIUICKTYaJbHOTO aHajdM3a JaHHBIX TaK)Ke MOXET YKa3blBaTh Ha
yCIOBUS JJIi TOTrO, YTOOBI MOAJEPXkKAaTbh TEOPHUI0O O MOTEHLHAJIbHBIX OYyAyHIHMX oObemax
MUHMMaJIbHOM JIOTMUYECKOW omepanuu. A Takke BHU3yalu3alus JaHHbIX —  3TO
IpeoCTaBlIeHNe WH(POPMALMU C TOMOUIBI0 PHCYHKOB, TpadUKOB, QUarpaMM, TaOIUI U
nuarpamm. LleHHOCTh BU3yainu3aluy 3aKI04aeTcst B TOM, 4YTO OHA YacTo M03BOJIsIeT Haubosee
YeTKO M KpaTKO UACHTU(HUIMPOBATH U OTOOpaXaTh MHPOPMALIUIO, COAEPIKAILYIOCS B JaHHBIX,
MOCKOJIbKY M300pajkeHHEe MOXET cpa3y I0KaszaTh, 4TO 3aiimMeT Oojiee ofHOoro abszama B
CJIOBECHOM JKBHUBAJICHTE.

B pa3paboTke MeTOJOB BH3YyalbHOTO NPEACTABICHUS JaHHBIX B PaBHOM CTENEHU
yuactByroT MUT-cnenuanuctsl U 1u3alHEpsl, TaK KaK IW3ailH BO MHOIOM 3aBHUCUT OT TOTO,
HACKOJIbKO MOHATHA U «YUTaeMay BU3yalIU3alusl.

C momomipio BU3yalTM3alliK JIaHHBIX PEHIal0TCs caMble pa3HbIe 3a1auyd. Bo-TiepBEHIX,
3TO Ba)KHBI MHCTPYMEHT Ha HauyalbHBIX ATanax aHaiu3a AaHHbIX. Camas mpocrtas rpadpuka
MO3BOJISIET OBICTPO HAWTH 3aKOHOMEPHOCTH, TPEHIbl WJIM AHOMAJIMM JaHHBIX, KOTOPBIMU
OyzeT pyKOBOJICTBOBATHCS AHAJIWTHUK NpPU JajbHEHIIEH paboTe ¢ JaHHBIMH. AHAJOTHYHBIM
00pa3oM, JKYpHAIIUCT, MCHONB3yS TpadUKH MPH MPOCMOTPE TMEPBHYHBIX JTAHHBIX, MOXXET
chopMynupoBaTh I ce0sl BOMPOCHI, U3 KOTOPHIX B JaJbHEHIIEM MOXKET MPUBECTH CIOXKET
JUI Ipyroro MaTepuana. Bo-BTOpPBIX, BU3yalW3allsl YacTO WIPaeT BaXHYI pOJb B
NPEJICTaBJICHUN OKOHYATENBHBIX pEe3ylbTaTOB aHalk3a. JTO MOTYT OBITh CTaTHYECKHE
rpaduKy, TOKa3bIBAIOUIME TPEHJbl; HMHTEPAKTHBHAS  BHU3Yyalu3alus, MO3BOJIAIOIIAs
MOJIb30BATENsIM MCCIIE0BaTh JaHHble; U HMH(porpaduka (crtaruyeckas M HMHTEPAKTUBHAS),
YeTKoe M300paKeHHWE OCHOBAaHO HA HWCTOPHM JaHHBIX. BakHOW 3amadeil BU3yaTu3aIllH
SBIISIETCA TO, YTO HA OJHOM H300paXEHUH C OrpAaHHYEHHBIM KOJIMYECTBOM (PU3HUECKUX
u3MepeHuil (0OBIYHO JBYXMEPHBIX) OTOOpa)xaroTcs JaHHbIE, COJEpIKAILIEecs] BO MHOXKECTBE
WU3MEPEeHUN W B3aUMOCBSI3M MEXKAY HAMH. METOABl WHTEIUIEKTYaJbHOTO aHajh3a JaHHBIX
JAIOT yYBEPEHHOCTh B OTHOIICHWH TMpPEJCKa3aHHBIX pEHICHWH ¢ TOYKH 3pECHUS
COIJIACOBAHHOCTH MPOTHO3a U YAaCTOTHI MPABUIIbHBIX MPOTHO30B

WHTennekTyanbHbI aHAU3 JAHHBIX HEOOXOAMM JUIsl BBISBICHHS CYILECTBYIOLIMX
cBsa3eil B Habope nmaHHbIX. DakThyeckas 3amada data mining - 3TO aBTOMaTHYECKUA WIIH
MOJlyaBTOMAaTHYECKUH aHanu3 OoJbIIMX OOBEMOB JaHHBIX [UIS UW3BJICUCHHS paHee
HEH3BECTHBIX MHTEPECHBIX IIA0JIOHOB, TAaKWX KaK TPYIBI 3amucedl NaHHBIX (KJIaCTepHBIN
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aHajm3), HeOOBIYHBIC 3anucy (0OHAPY)KCHUE aHOMAJIMI ) ¥ 3aBUCUMOCTH (U3BJICYCHHE TIPABHUIT
accoryamnuu). 9To OOBIYHO BKJIIOYACT HCIIOJIB30BAaHHUE METOJOB 0a3bl JAHHBIX, TAKHUX KakK
MPOCTPAHCTBEHHBIC MHJCKCHI. DTU MIA0JIOHBI 3aT€M MOXKHO pacCMaTpUBATh KaK CBOETO poja
CBOJIKY BXOJHBIX JIaHHBIX, U HMX MOXXHO HCIOJB30BaTh B JaJbHEWIIEM aHalIu3e WIIH,
HanmpuMep, B MAIIMHHOM OOy4YeHMHM M TNPOTHO3HOM aHanmuTHke. Hampumep, srtan
WHTEIJICKTYaTbHOTO aHallM3a JIaHHBIX MOXET HWIACHTH(DHUIIMPOBATH HECKOJIBKO TPYII B
JAHHBIX, KOTOPbIE 3aT€M MOKHO HCIOJB30BaTh Ui MOIY4YeHUs OoJiee TOUHBIX Pe3yIbTaTOB
MPOTHO3UPOBAHUS CHUCTEMON TMONJCPKKU TpUHATUS pemieHud. Hu cOop naHHBIX, HU
MOJTOTOBKA JAHHBIX, HH WHTEPIPETAHS PE3yIbTATOB U CO3JaHUE OTYETOB HE SBIISIFOTCS
YacThIO dTara aHaIn3a JAHHBIX, CBI3aHHBIC TEPMUHBI «IPAarMPOBAHKE JAHHBIXY, «IIPOMBICET
JaHHBIX» M «OTCICKHMBAHHE JAHHBIX» OTHOCITCS K  HCIOJB30BaHUIO  METOJIOB
WHTEIJICKTYaTbHOTO aHAIM3a JaHHBIX JUIS BBIOOPKH YacTeld OONbIIOro Hadopa JaHHBIX O
HACEJICHWH, KOTOphIC (WM MOTYT OBITh) CIMINKOM Majbl, YTOOBI MOXXHO OBLIO ClIeNaTh
HAJIeKHbIE CTATHUCTUYECKUE BBIBOJABI O JOCTOBEPHOCTH JIOOBIX JIaHHBIX. IIAOIOHBI
OoOHapyXeHbl. JTU METOJbl, OJIHAKO, MOTYT OBITh HCIOJB30BAaHbI MPU CO3/JaHUU HOBBIX
TUIIOTE3 JUISI POBEPKH OOJBIIIMX MACCHBOB JIAHHBIX.

3aki0oueHune

W B xoHIIe XOTEeNOCh ObI OTMETUTH, YTO O0JACTH HCIOIB30BAHUS UHTEIEKTYaIbHOTO
aHaJM3a JAHHBIX HUYEM HE OrpaHWuYeHa - OH Be3/e, IIC eCTh OOJBIIOE KOJIUYESCTBO
uH(pOopMaLUH.
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AHHOTAIUSA

B »T0if cTathe ommcaHbl MOJENH, METOIBI MHTEIUIEKTYaJIbHOTO aHalu3a JaHHBIX U
BO3MOJKHBIE BapHWAaHTHl MX HCIONB30BaHUS: 0a30Bas apXUTEKTypa MOJENIEeH U CTPYKTYD,
CBOMCTBA MOJIEJIEN MHTEIJIEKTYaIbHOTO aHAJIN3a JAHHBIX.

KutroueBble cj10Ba: MHTEUIEKTYalbHBIN aHAIN3, MOJIETN, METO/IBI.

Abstract

This article describes the models, data mining methods and possible options for their
use: the basic architecture of models and structures, the properties of data mining models.

Keywords: intellectual analysis, models, methods.
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Data mining models are created by applying an algorithm to data. But this is more than
an algorithm or a metadata container: it is a set of data, statistics and templates that can be
applied to new data to form forecasts and derive relationships.

The data mining model obtains data from the data mining structure and analyzes it
using the data mining algorithm. The data mining structure and data mining model are
separate objects. The data mining structure stores information that identifies the data source.
The data mining model contains information obtained from the results of statistical data
processing, for example, patterns discovered as a result of analysis.

The process of data analysis, search and building a model is often iterative, as you
need to find and identify various information that can be extracted. You must also understand
how to link, transform and combine them with other data to obtain a result. After the
discovery of new elements and aspects of data, the approach to identifying data sources and
formats with subsequent matching of this information with a given result may change.

There are many different methods of data mining, query modeling, processing and
collection of information.

In fact, data mining is the processing of information and identifying patterns and
trends in it that help make decisions. The principles of data mining have been known for
many years, but with the advent of big data they have become even more widespread.

Big data has led to an explosive increase in the popularity of wider data mining
methods, partly because there is much more information, and by its very nature and content it
is becoming more diverse and extensive [1].

This article describes the models, data mining methods and possible options for their
use: the basic architecture of models and structures, the properties of data mining models.

Predictive models.

Predictive models are built on the basis of a data set with known results. They are used
to predict results based on other data sets. At the same time, of course, it is required that the
model work as accurately as possible, be statistically significant and justifiable, and so on.

These include:

- classification models - describe the rules or a set of rules according to which the
description of any new object can be attributed to one of the classes. Such rules are based on
information about existing objects by breaking them into classes.

Classification can be used to get an idea of the type of customer, product, or item, by
describing several attributes to identify a particular class. For example, cars can be easily
classified by type (sedan, SUV, convertible) by defining various attributes (number of seats,
body shape, drive wheels). Studying a new car, you can attribute it to a certain class by
comparing attributes with a well-known definition. The same principles can be applied to
customers, for example, classifying them by age and social group.

- sequence models - describe functions that allow predicting a change in continuous
numerical parameters. They are based on data on a change in a parameter over the past period
of time.

Descriptive Models

Descriptive models pay attention to the essence of dependencies in a data set, the
mutual influence of various factors, that is, the construction of empirical models of various
systems. The key point in such models is lightness and transparency for human perception. It
is possible that the discovered patterns will be a specific feature of specific research data and
will not be found anywhere else, but it can still be useful and therefore should be known.

These include:

- regression models - describe the functional relationships between dependent and
independent indicators and variables in a human-readable form. It should be noted that such
models functionally describe the relationship not only between continuous numerical
parameters, but also between categorical ones.
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- clustering models - describe groups (clusters) into which you can divide objects
whose data are analyzed. Objects (observations, events) are grouped based on data
(properties) that describe the essence of objects. Objects within a cluster must be “similar” to
each other and different from objects included in other clusters. The more similar the objects
within the cluster and the more differences between the clusters, the more accurate the
clustering.

By examining one or more attributes or classes, you can group individual data
elements together to get a structured conclusion. At a simple level, clustering uses one or
more attributes as the basis for determining a cluster of similar results. Clustering is useful in
defining various information because it correlates with other examples, so you can see where
the similarities and ranges are consistent.

- exception models - describe exceptional situations in records (for example,
individual patients), which differ sharply in anything from the main set of records (group of
patients). Knowledge of exceptions can be used in two ways. It is possible that these records
are an accidental failure, for example, errors of operators who entered data into a computer. A
typical case: if the operator, mistakenly, puts the decimal point in the wrong place, then such
an error immediately gives a sharp “splash” by an order of magnitude. It makes sense to
discard such a “noise”, random component, and exclude it from further studies, since most of
the methods that will be discussed in this chapter are very sensitive to the presence of
“outliers” - sharply different points, rare, atypical cases. On the other hand, separate,
exceptional records may be of independent interest for research, since they may indicate some
rare but important abnormal diseases. Even the identification of these records, not to mention
their subsequent analysis and detailed consideration, can be very useful for understanding the
essence of the studied objects or phenomena.

- final models - identification of restrictions on the data of the analyzed array. For
example, when studying a sample of data on patients no older than 30 years who have had
myocardial infarction, it is found that all patients described in this sample either smoke more
than 5 packs of cigarettes per day or have a weight of at least 95 kg. Such limitations are
important for understanding array data; in fact, it is new knowledge extracted from analysis.
Thus, Data Summarization is the finding of some facts that are true for all or almost all
records in the studied data sample, but which would rarely be found in the entire imaginable
variety of records of the same format and, for example, would be characterized by the same
distribution of values fields. If we take information on all patients for comparison, the
percentage of either heavily smokers or overly obese people will be very small. It can be said
that the seemingly implicit classification problem is being solved, although in fact only one
class is presented, represented by the available data.

- association models - identifying patterns between related events. An example of such
a pattern is a rule indicating that event Y follows from event X. Such rules are called
associative.

An association (or attitude) is probably the most famous, familiar, and simplest data
mining model. To identify patterns, a simple comparison of two or more elements is made,
often of the same type. For example, by tracking your buying habits, you may notice that
cream is usually bought with strawberries.

To build the considered models, various methods and algorithms of intellectual
analysis are used. Due to the fact that the technology of mining analysis has developed and is
developing at the intersection of such disciplines as statistics, information theory, machine
learning, database theory, it is quite natural that most algorithms and methods of mining were
developed on the basis of various technologies and concepts. Consider the technologies most
often implemented by the methods of mining.

Several basic methods that are used for data mining describe the type of analysis and
the data recovery operation. Unfortunately, different companies and solutions do not always
use the same terms, which can exacerbate the confusion and apparent complexity.
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Let's look at some key methods and examples of how to use certain tools for data
mining.

Basic methods

It is customary to attribute to the basic methods of mining analysis, first of all,
algorithms based on enumeration [2].

A simple enumeration of all the studied objects requires 2" operations, where N is the
number of objects. Therefore, with an increase in the amount of data, the amount of
computation grows exponentially, which with a large amount makes the solution of any
problem using this method practically impossible.

To reduce the computational complexity in such algorithms, as a rule, different types
of heuristics are used, leading to a reduction in enumeration. The optimization of such
algorithms is reduced to reducing the dependence of the number of operations on the number
of data under investigation to a linear function. At the same time, the dependence on the
number of attributes, as a rule, remains exponential. Provided that there are few of them (in
the vast majority of cases there are significantly fewer than data), this dependence is
acceptable.

The main advantage of these algorithms is their simplicity, both in terms of
understanding and implementation. The disadvantages include the lack of a formal theory on
the basis of which such algorithms are built, and therefore the difficulties associated with their
study and development.

The basic methods of mining can also include approaches that use elements of the
theory of statistics. Due to the fact that mining is the development of statistics, there are a lot
of such methods. Their main idea is reduced to correlation, regression, and other types of
statistical analysis. The main disadvantage is the averaging of values, which leads to a loss of
information content.

The main way to study the problems of data analysis is to map them to a formalized
language and then analyze the resulting model. The uncertainty in the amount of missing
information from a system analyst can be divided into three large groups:

—  suspense;

— incompleteness (insufficiency, inadequacy);

— unreliability.

Inaccuracy is physical (its source is the external environment) and linguistic (arises as
a result of verbal generalization and is caused by the need to describe an infinite number of
situations by a limited number of words for a limited time).

There are two types of physical uncertainty:

— inaccuracy (inaccuracy of measurements of values of a certain value
performed by physical devices);

— randomness (or the presence in the external environment of several
possibilities, each of which may randomly become a reality; knowledge of the
corresponding law of probability distribution is assumed).

There are two types of linguistic uncertainty:

— the uncertainty of the meanings of words (ambiguity, vagueness, ambiguity,
fuzziness). It arises if the objects of the control problem displayed by the
same word are different;

— the ambiguity of the meaning of phrases (distinguish syntactic and semantic).

Probability theory methods and classical set theory are successfully used to handle
physical uncertainties. However, with the development of systems that use the methods of the
theory of artificial intelligence, in which it is necessary to process the concepts and relations
of a natural language, it became necessary to expand many formal methods to take into
account the linguistic uncertainty of tasks.
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Genetic Algorithms

Genetic algorithms are among the universal optimization methods that allow solving
problems of various types (combinatorial, general problems with and without restrictions) and
of varying degrees of complexity. Moreover, genetic algorithms are characterized by the
possibility of both single-criteria and multi-criteria search in a large space, the landscape of
which is nonsmooth [3].

In recent years, the number of works, especially foreign scientists, devoted to the
development of the theory of genetic algorithms and questions of their practical use, has
increased dramatically. The results of these studies show, in particular, that genetic algorithms
can be more widely used when integrated with other methods and technologies. There are
works that prove the effectiveness of the integration of genetic algorithms and methods of the
theory of fuzziness, as well as neural computing and systems.

Neural networks

Neural networks are a class of models based on biological analogy with the human
brain and designed after passing through the stage of the so-called training on the available
data to solve various problems of data analysis. When applying these methods, first of all, the
question arises of choosing a specific network architecture (the number of “layers” and the
number of “neurons” in each of them).

Data mining is not only used database tools or software. Data mining can be
performed with relatively modest database systems and simple tools, including creating your
own, or using off-the-shelf software packages. Sophisticated data mining relies on past
experience and algorithms defined using existing software and packages, and different
specialized tools are associated with various methods.
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Abstract

The article discusses the definition of expert systems, their structure, classification,
and also the technology of working with them.

Keywords: expert system, artificial intelligence, analysis, synthesis.

Artificial intelligence, as a scientific discipline, consists of several large currents. One
of them is expert systems.
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The methods of artificial intelligence gained wide practical fame precisely during the
creation of this special class of programs.

The first such programs appeared in the late 60s of the last century and were intended
to create an artificial “supermind” in some subject area.

In the 60-70s, most expert systems were thought of as some kind of software
mechanism that allows you to accumulate the experience of the best expert people, and then
advise less experienced users. Classic databases did not fit this role because their query
language was not flexible enough to describe the full variety of queries in the real language.
In addition, the database query languages did not allow the query to call itself. Within the
framework of this approach, the main features of the modern technology of application and
construction of expert systems have been formed.

In the modern sense, an expert system is a highly specialized software package that
allows you to either make standard decisions very quickly (most often for managing technical
objects) or, on the basis of a long dialogue with the user, help in choosing a solution (by
evaluating options offered by the user and correcting them taking into account many factors
possibly unknown to the user, as well as suggesting your own solutions and their correction in
accordance with the goals of the user) [1].

Solving an applied problem with the help of an expert system is always a purposeful
iterative process with the goal of developing a solution that is best from some point of view.

The main difference in the work of expert and "non-expert"” systems is that the first in
each iteration use a new algorithm of actions in the subject area, which differs from the
algorithm of the previous step not only in parameters, but also in structure.

The main structural difference of the expert system from all other types of programs is
the presence of a knowledge base and, as a result, the ability to learn and self-study. Its
specific form strongly depends on the chosen representation model, but in the most general
form it will always contain the actual and algorithmic parts [2].

Expert systems can be classified on various grounds: by area of application, by
purpose, by performance indicators and others.

The deep model is called, which allows you to reasonably prove your conclusions.
Deep knowledge includes abstractions, images, analogies, which reflect the understanding of
the structure of the subject area, the purpose and relationship of individual concepts, well-
known laws and theoretical foundations.

Superficial knowledge relates mainly to the external manifestations of the object of
study. They allow you to make some assumptions. The conclusions drawn from superficial
knowledge are probably as reliable and valuable as the conclusions drawn from deep ones,
but they are not substantiated. Superficial knowledge usually refers only to the totality of
empirical associations and causal relationships between concepts of the subject area. In
principle, almost any model of artificial intelligence is initially born as a surface one, and
then, having proved its “usefulness”, it gets a solid mathematical foundation, a way of
interpreting and explaining the results of the model.

Most expert systems now use superficial knowledge. The introduction of deep
representations allows you to create databases of greater power, as deep knowledge is more
flexible and adaptive than sufficiently rigid surface. A classic example is medicine, where the
in-depth knowledge of experienced doctors allows them to generate various methods of
treating the same disease, depending on the condition of the patient, his age, the availability of
drugs and other factors.

Deep knowledge is formed as a result of a generalization of the primary concepts of
the subject area into some more abstract structures.

The “rigidity” and “softness” of knowledge indicates the ability to receive
unambiguous, clear recommendations under given initial conditions, or multiple, vague
decisions and recommendations. According to this classification, subject areas themselves can
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be classified as hard and soft. The current trend in the development of expert systems is to
move from the widespread use of hard surface models in most problems to soft deep ones.

Expert systems of interpretation and visualization are most often used in economic
systems. The fact is that the calculated coefficients used, for example, by the director in the
daily management of the enterprise, are difficult not only to analyze, but even simply to keep
in mind. The analysis of the values of the coefficients is often not very complicated and
consists, for example, in the fact that the value of a certain coefficient should not go beyond a
certain framework, provided that the value of another coefficient is in other defined frames,
and so several hundred or even thousands of interrelated coefficients .

In this situation, it is extremely important to visualize the data, that is, to visualize.
The simplest option is to create charts.

However, if the coefficients are in a certain relationship, it is necessary to use a more
complex visualization. Visualization is not always possible. It is important that the
explanations are brief (reduce the amount of data held in the head) and contain conclusions
about the causes and effects, dependencies, possible solutions and their consequences. To
solve the problems of interpretation there is a whole theory of mathematical and statistical
data analysis.

Expert diagnostic systems were one of the first to be developed. Together with expert
monitoring systems, they solve the problems of continuous diagnostics of technical objects,
for example, missiles at the time of launch and during the flight. We can say that such expert
systems perform the process of classifying an object to a certain class and detecting the place
and type of malfunction. A malfunction is a deviation from the norm. Such an interpretation
allows us to consider equipment malfunctions in technical systems, diseases of living
organisms, and all kinds of natural anomalies from a single theoretical point of view.

A feature of expert monitoring systems is that it is often necessary to take into account
a very large number of parameters that continuously come from hundreds or even thousands
of sensors with different types of scales.

In this case, it is often necessary to adhere to a real time scale in order to give an alarm
on time.

Expert planning and design systems have much in common with visualization and
interpretation systems. For example, such a system, having analyzed the electrical drawing of
a new car, can predict the places of possible mechanical damage to the wires during operation.
To solve this problem, we will use a special “cognitive” graphics, and methods for
enumerating options, and a number of specific methods that experienced design engineers
will teach the system. In modern expert systems, the latter is most often performed using the
scenario model. If the project is carried out in the field of economics, then instead of drawings
we will have a business plan.

Expert forecasting systems logically derive probable consequences from given
situations. In a forecasting system, a parametric dynamic model is usually used, in which the
parameter values are “adapted” to this situation.

Expert training systems diagnose errors in the study of a discipline using a computer
and suggest the right solutions. They accumulate knowledge about the hypothetical “student”
and its characteristic mistakes, then in work they are able to diagnose weaknesses in the
students' knowledge and find the appropriate means to eliminate them.

In the general case, all knowledge-based systems can be divided into systems that
solve the problems of analysis, and systems that solve the problems of synthesis. The main
difference between analysis problems and synthesis problems is that if in analysis problems
many solutions can be listed and included in the system, then in synthesis problems many
solutions are potentially constructed from component solutions or subproblems. The
objectives of the analysis are: data interpretation, diagnostics. The tasks of synthesis are:
design, planning.

Combined tasks: training, monitoring, forecasting.
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Autonomous expert systems work directly in consultation mode using only for
“expert” tasks, the solution of which does not require the involvement of traditional data
processing methods.

Hybrid expert systems represent a software package that aggregates standard
application software packages and knowledge manipulation tools.

It can be an intellectual add-on over a package of application programs or an
integrated environment for solving a complex problem with elements of expert knowledge.
Despite the outward attractiveness of the hybrid approach, it should be noted that the
development of such systems is an order of magnitude more complex than the development of
an autonomous expert system. Docking not just different packages, but different
methodologies creates a complex of theoretical and practical difficulties.

Static expert systems are developed in subject areas in which the knowledge base and
interpreted data do not change during the solution of a problem. They are stable. For example,
troubleshooting a car.

Quasi-dynamic expert systems interpret a situation that changes over a fixed time
interval.

Dynamic expert systems work with data changing during the solution of a problem,
often in conjunction with object sensors, sometimes in real time with continuous
interpretation of incoming data [3].

According to leading experts, in the near future, expert systems will find wide
application.

The fields of application of knowledge-based systems can be grouped into several
main classes: medical diagnostics, monitoring and control, fault diagnosis in mechanical and
electrical devices, training.

Diagnostic systems are used to establish a connection between disorders of the body
and their possible causes. The most famous diagnostic system is MYCIN, which is designed
to diagnose and monitor the patient's condition with meningitis and bacterial infections. Its
first version was developed at Stanford University in the mid-70s. Currently, this system
makes a diagnosis at the level of a specialist. It has an expanded knowledge base, due to
which it can be applied in other areas of medicine.

Predictive systems predict possible results or events based on data on the current state
of an object. The Wall Street Conquest software system can analyze market conditions and,
using statistical methods of algorithms, develop a long-term investment plan for you. It does
not belong to the number of knowledge-based systems, since it uses the procedures and
algorithms of traditional programming. Although there are as yet no expert systems that can,
due to their information on market conditions, help you increase your capital, forecasting
systems today can predict the weather, yield and passenger flow. Even on a personal
computer, by installing a simple knowledge-based system, you can get a local weather
forecast.

Planning systems are designed to achieve specific goals when solving problems with a
large number of variables. For the first time in trading practice, Damascus company Informat
has provided buyers with 13 workstations installed in the lobby of their office, where free 15-
minute consultations are held to help customers choose the computer that best suits their
needs and budget. In addition, Boeing uses expert systems to design space stations, as well as
to identify causes of aircraft engine failures and helicopter repairs. The XCON expert system
created by DEC serves to determine or modify the configuration of computer systems such as
VAX and in accordance with the requirements of the buyer. DEC is developing a more
powerful XSEL system, including the XCON knowledge base, to help customers choose the
right computing system for their configuration. Unlike XCON, XSEL is interactive.

Interpretative systems have the ability to obtain certain conclusions based on
observation results. The PROSPECTOR system, one of the most famous systems of the
interpretive type, combines the knowledge of nine experts. Using a combination of nine
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examination methods, the system managed to detect ore deposits worth a million dollars, and
none of the nine experts suggested the presence of these deposits. Another interpretive system
is HASP / SIAP. It determines the location and types of ships in the Pacific Ocean according
to acoustic tracking systems.

Knowledge-based systems can be used as intelligent control systems and make
decisions by analyzing data from multiple sources. Such systems already operate at nuclear
power plants, control air traffic and exercise medical control. They can also be useful in
regulating the financial activities of the enterprise and assist in the development of decisions
in critical situations.

In this area, knowledge-based systems are indispensable both in the repair of
mechanical and electrical machines and in the elimination of malfunctions and errors in the
hardware and software of computers.

Knowledge-based systems can be integrated into computer-based training systems.
The system receives information about the activity of an object (for example, a student) and
analyzes its behavior. The knowledge base changes in accordance with the behavior of the
object. An example of this training is a computer game, the complexity of which increases as
the skill level of the player increases. One of the most interesting training expert systems is
the EURISCO system developed by D. Lenat, which uses simple heuristics. This system was
tested in the game T. Treveveller, simulating military operations. The essence of the game is
to determine the composition of the flotilla that can defeat in an unchanging set of rules. The
EURISCO system included small ships capable of carrying out a quick attack and one very
small high-speed vessel in the flotilla and constantly won for three years, despite the fact that
in an effort to prevent this, the rules of the game were changed every year.

Most expert systems include knowledge, the content of which can be attributed to
several types simultaneously. For example, a training system may also have the knowledge to
perform diagnostics and planning. It determines the abilities of the student in the main areas
of the course, and then, taking into account the received data, draws up a curriculum. The
control system can be used for monitoring, diagnostics, forecasting and planning. The home
security system can monitor the environment, recognize events (for example, a window
opens), issue a forecast (a burglar intends to enter the house) and draw up an action plan (call
the police).
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Abstract

The mathematical and algorithmic aspects of the functioning of artificial neural
networks are described. The paradigms of training neural networks, architecture and neural
network models are considered.

Keywords: neural network technologies, neural network architecture, neural network
model, information processing

Neural network technologies appeared on the basis of neural networks, i.e. programs
that have a structure similar to the brain and imply a complex of information technologies
based on the use of artificial neural networks. This direction belongs to one of the directions
in the development of artificial intelligence.

Artificial neural networks are software or hardware implemented systems built on the
principle of organization and functioning of their biological counterpart - the human nervous
system.

The human nervous system consists of neurons. All neurons are interconnected by
nerve fibers that transmit electrical impulses.

There are two types of fibers - dendrites and axons.

Dendrites are nerve fibers along which impulses are received. Several dendrites may
approach one neuron.

Axons are nerve fibers along which electrical impulses are transmitted. Each neuron
has a single axon, which in turn can contact the dendrites of other neurons through synapses.

Synapses are special formations that change the parameters of an impulse.

The magnitude by which synapses change the momentum is called the weight of the
synapse. Weights of synapses can vary - this is the process of training a neural network. From
this it follows that “training the neural network” is the selection of the correct set of weights.
Now the question arises - how can you train the network? In the most general case, there are
two approaches that lead to different results: learning with a teacher and learning without a
teacher.

Training with a teacher.

Teaching with a teacher is a type of network training in which its weights change so
that the network answers are minimally different from the ready-made correct answers.

The essence of this approach is that you give a signal to the input, look at the network
response, and then compare it with a ready-made, correct answer. Then, using special
algorithms, you change the weights of the connections of the neural network and again give it
an input signal. Compare her answer with the correct one and repeat this process until the
network begins to respond with acceptable accuracy (the network cannot give unambiguously
accurate answers).

If we want the network to recognize faces, we can create a training sample of 1000
photos (input signals) and independently select faces on it (correct answers).

If we want the network to predict price increases / falls, then the training sample
should be done based on past data. As input signals, you can take certain days, the general
state of the market and other parameters. And the correct answers are the rise and fall of
prices in those days.

Andsoon...

It is worth noting that the teacher, of course, is not necessarily a person. The fact is
that sometimes you have to train the network for hours and days, making thousands and tens
of thousands of attempts. In 99% of cases, this role is played by the computer, or rather, a
special computer program.

Learning without a teacher.

Learning without a teacher is a type of network training in which the network
independently classifies input signals. Correct (reference) output signals are not shown.
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Teaching without a teacher is used when we do not have the correct answers to the
input signals. In this case, the entire training sample consists of a set of input signals.

With this «training», the network begins to distinguish classes of signals fed to the
input. In short - the network starts clustering.

For example, you show off a network of sweets, cakes and cakes. You do not regulate
the network in any way. You simply submit data on this object to its inputs. Over time, the
network will begin to produce three different types of signals, which are responsible for the
objects at the input.

In the mathematical description of the neural network, you can determine:

Dendrite - entrance,

Axon - exit,

Neuron - adder for output signals.

The main task is to use the internal function to obtain the pulse power at the output.

Then the mathematical model can be written as follows:

Let wi, Wo, ..., W, be the weights of the dendrites along which the moment a of force
X1, X2, ...., Xp @re transmitted.

The total output signal will be equal to d=dawi*x;

The output signal of a neuron is determined by the function: y=f(d).

The neuron is fully described by the input signal x, the function of the neuron and the
signal y at the output. One of the possible variants of the artificial neuron model is presented
in Figure 1.

w

CyMMuEpYOIIHA 37eMeHT AXTHBAUMORRM I JAEMERT
d=IW *x y=F(d)=1/(1+&¢

Figure 1. Artificial neuron model

Thus, an artificial neuron is an elementary transforming element consisting of
elements of three types: multipliers (synapses), an adder and a nonlinear converter, and that
performs two functions - weighted summation and nonlinear transformation [1].

In order to use neural network technologies, it is necessary to consider several features
that the task may or should have in order for the use of neural networks to be justified.

There is no algorithm or unknown principles for solving problems, but a sufficient
number of examples have been accumulated; the problem is characterized by large amounts of
input information; data is incomplete or redundant, noisy, partially contradictory.

Neural networks for a PC user - a tool that allows you to solve problems based on
experience. Neuroimitators are special programs for creating, training, testing and other
operations with neural networks. Neuroimitators can be used to process the results of various
experiments. The main types of tasks solved using neural networks:

1) division into classes or classification, taxonomy or clustering - if without a
teacher (network of natural classification);

2) prediction of a (real) number or prediction (otherwise called neural network
regression);

3) pattern recognition;

4) optimization;
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5) forecasting;
6) modeling.
Additional tasks:

7) forecast («what will happen tomorrow?»);

8) conditional forecast («what will happen tomorrow if ..?»);

9) determination of the significance of the input parameters. To solve these
problems, a mathematical apparatus of artificial neural networks, in particular
from sigmoid neurons, has been developed and used.

Architectures and algorithms allow you to train and test neural networks, solve various
data processing problems. Figure 2 shows the classification of various neural architectures in
connection with a possible area of their application. [2].
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Figure 2. Neural network architecture

Data processing

An artificial neural network is a set of mathematical neurons interconnected.

A mathematical neuron is an elementary processor, the action of which consists of an
input adder, a nonlinear converter, and a branch point at the output. The received signal serves
as an input to other neurons or is an output of the network. Typically, a neural network
consists of an input layer, the nodes of which correspond to the components of the input
vector, one or more hidden layers and the output layer, from which the resulting vector is read
(Figure 3). Such networks are called multilayer perceptrons [3, 4].

The operation of a network of this type can be considered as a general continuous
nonlinear mapping of the space of input vectors to the space of output vectors. This mapping
is completely determined by the network structure and the set of weights of each neuron.
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Figure 3. Mathematical neuron. Multilayer perceptron

As a rule, the transfer functions of all neurons in the network are fixed, and the weight
is a parameter of the network and can vary. Some neuron inputs are external network inputs,
and some outputs are external network outputs.

By submitting any numerical values to the network inputs, you can get a set of
numerical values at the network output. The work of a neural network is to convert an input
vector to an output vector. The result of this transformation will depend on the network
parameters - the weights of the relationships. Almost any task can be solved using the neural
network algorithm. The task is usually solved in two stages. At the first stage, the type of
network (its architecture) is selected. During the second, network parameters are selected - the
weight of the relationships (its training). Choosing a network type is a difficult task, but at the
moment there are several dozen effective mathematically proven neural network architectures.
The most popular and studied architectures are a multilayer perceptron, Falman cascade
correlation network, Volterri network, feedback networks between different neuron layers -
recurrence networks (Hopfield network, Hamming network, BAM network, perceptron
feedback network, Elman network, RTRN network) , competition-based self-organization
networks (Kohonen network, neural gas network), correlation-type self-organization networks
(PCA network, ICA network), fuzzy neural networks (TSK network, Wang-Mendel network).
Before choosing a neural network architecture, it is necessary to determine which models of
neurons will be used [5].

Neural network model

A good example of the process of constructing a neural network model can be divided
into 5 main stages:

1. Data collection for analysis. Formation of a table of dependent and
independent variables.

2. Processing and preparation of data. Formation of training and test samples.
Determining the range of parameter changes, data rationing.

3. The choice of the type and architecture of the neural network suitable for
solving the problem.

4. Construction and training of a neural network.

5. Testing the model on a test sample. Estimation of the model error,
interpretation of the results.

This allows you to significantly speed up the training of neural networks, which is also
an additional advantage of their use in the preparation of analytics and the actual issuance of
the final forecast.

The ability of the network to make independent decisions based on existing experience
makes it the most valuable in the search for unexpressed patterns that are difficult to identify
by conventional methods. Classification of networks according to their scope is aimed at
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facilitating the choice of architecture when solving a specific problem. Thus, summing up, we
can conclude that neural networks are increasingly approaching the imitation of the mind and
artificial intelligence. As a result of training, neural networks can be used in the field of
forecasting.

**k*x

1. Neyrosetevye tekhnologii. [Elektronnyy resurs]. Rezhim dostupa:
https://studopedia.ru/4_82775_neyrosetevie-tehnologii.html

2. Uchebnoe posobie po distsipline «Prilozheniya neyronnykh setey», Zhukov L.A., Reshetnikova N.V.,
Krasnoyasrk 2007. —51 c.

3. Bishop C.M. Neural networks for pattern recognition. — Oxford, Clarendone press, 1995.

4, Hertz J., Krogh A., Palmer R.G. Introduction to the theory of neural computation // Lecture Notes VVolume |
the Santa FE Institute studies in the sciences of complexity. 1991.
5. Ispol'zovanie  neyrosetevykh  tekhnologiy — dlya  povysheniya  energeticheskoy  effektivnosti

teplotekhnologicheskikh ustanovok. VV.A. Gorbunov., Ivanovo 2011.- 11 c.
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AHHOTALUA

PaccmoTpena reomerpuueckd HeNMHEHHas 3ajada 00 M3rube  IApHUPHO
3aKpEIUVICHHOW TPEXCIOMHOM IIJaCTUHBI C TPAaHCBEPCAIBHO-MATKMM 3amnoyiHuTeneM. Jlis
YHUCIICHHOIO PEIIECHUs 3aJa4yd MCIOJIb30BAJICS JABYXCIONHBIM HWTEPALMOHHBIN IpoLECC.
[IpoBeneH aHanu3 pe3ynbTaTOB YMCICHHBIX JKCIIEPUMEHTOB. [losydeHHBIE pe3ysbTaThl
CBU/IETEJILCTBYIOT 00 3(pPEeKTUBHOCTH NPEIJIOKEHHOTO METO/1A.

Kurouesrnle ciioBa: TpexciiofiHas IUIACTHHA, TPAHCBEPCAIBHO-MATKHUM 3aIl0JHUTENb,
UTEPALOHHBINA METOJ], YUCIICHHBIN SKCIIEPUMEHT.

Abstract

The geometrically nonlinear problem of the hinged sandwich plate with a transversally
soft core bending is considered. For the numerical solution of the problem, a two-layer
iterative process was used. The results of numerical experiments are analyzed. The results
obtained indicate the effectiveness of the proposed method.

Keywords: Sandwich plate, transversally soft core, iterative method, numerical
experiment.

Beenenune

Coznanne wu3genuii aBUAMOHHOM U KOCMHYECKOM TEXHHUKH, CYAOCTPOEHUS,
CTPOUTENIBCTBA B HACTOSIIEE BPEMsI HEPA3phIBHO CBA3aHO C IIPUMEHEHHUEM HOBBIX
KOHCTPYKIMOHHBIX MaT€pHaJIOB U 3JIEMEHTOB KOHCTPYKLUN U3 HUX, 00J1aAaI0IINUX BHICOKUMHU
IPOYHOCTHBIMU U IKECTKOCTHBIMM XapaKTepPUCTHUKaMH. TakuM TpeOOBaHHUSM OTBEYAIOT
CJIOUCTBIE DJIEMEHTHl KOHCTPYKIMH, B YaCTHOCTH, TpexcioiiHeie [1-9]. B manHoit pabote
paccMaTpuBaeTcs 3aja4da o0 MPOJIOJIbHOM M3rH0e TpeXcIoHHON MIaCTUHBI C TPaHCBEPCAbHO-
MATKHM 3aIoJIHUTENIEM (CM. pUC. 1a), cxeMa HarpyXeHHusl ¥ 3aKperyieHus: KOTOPOH MoKazaHa
Ha puc. 16. KunemaTnueckue COOTHOLIEHMS [UI 3alOJIHUTENS BBIBOAATCA IyTEM
MOCJIE0BATEIBHOIO0 MHTETPUPOBAHUS MO MOMEPEUYHON KOOPAUHATE MCXOIHBIX TPEXMEPHBIX
ypaBHEHUit Teopuu ynpyroctu [10-12].
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Puc. 1. Tpexcrounasa nracmuna ¢ mpauceepcanbHo-MacKum sanoaHumenem (1 — nookpennaowas necyuue ciou
ouaghpaema; 2 — Hcecmruti ONOPHLLIL dAeMeHm,; 3 — 3anoanumens, 4 — gHewnue Hecyujue ciou)
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JHannas pabota siBisercs: npopopkeruem [13-24]. ChopmynupoBana oOGoOmeHHas
MOCTAHOBKA 3a/1ayl B BHJIE HWHTETPATBHBIX TOXKAECCTB OTHOCUTENbHO (YHKIMN U3
npoctpanctB CoOosieBa. /st mpuOMMIKEHHOTO pelIeHHs 3aJadyd IMOCTPOeHa KOHEYHO-
pa3HOCTHAs amnmnpoKCHUMaIus 3aaaud. YUHCIEHHOE PEIICHHE OCYHIECTBISETCS C MOMOIIBIO
JBYXCJIIOMHOTO UTEPAllMOHHOTO METOoJa ¢ IpenoOyciiaBIuBaTeNieM, SIBISIIOIIMMCS JTHHEHHON
Y4acThIO OMEpaTopa MOCTPOCHHOM pa3HOCTHOU cxeMbl. Ha ocHOBe pa3paboTaHHOTO KOMILIEKCa
nporpamMm B cpene Matlab mpoBeneHbl YnCIeHHbIE SKCIIEPUMEHTHI ISl MOJICIbHON 3a/1a4u.
[IpuBenensl pe3yiabTaThl YUCICHHBIX HKCIEPUMEHTOB. I[IpoBeneH aHamu3 MOJIy4YEeHHBIX
pesynbTaToB. OT™METHM, 4TO B [25-36] mocTpoeHbl 0000IIEHHBIE TTOCTAHOBKHU 3a71a4 TCOPUHU
MSTKHX CETYaThIX OOOJIOUEK, TaK e, Kak W METoJbl MX pemieHus. B paborax [37-39]
M3YYEHBI 33/1a4dl OIpENEICHUs HaMpPsHKEHHO-1e(OpPMHUPOBAHHOTO COCTOSIHUSI TPEXCIOWHOM
IJIACTUHBI C TPAHCBEPCAIBHO-MATKUM 3allOJIHUTEJIEM B TE€OMETPUYECKU JIMHEHMHOU W
dbuznyecku HenmHelHoW noctaHoBke. O000IIEHHBIE TOCTAHOBKU (PM3UUECKU HETMHEHHBIX U
F€OMETPUYECKH JIMHEWHBIX 3adauy paccmorpeHsl B [40-48]. YucnenHoe penieHue
reOMETPUYECKU HEIMHEHHBIX 3a71a4 MpoBeeHo B [49-55].

1. ITocranoBka 3aga4u.

3amaua O paBHOBECHM TPEXCIOWHON TUIACTUHBI C  TPAHCBEPCAIBHO-MSATKUM
3allOJTHUTENIEM B OJHOMEPHOW TIE€OMETPUYECKM HEJIMHEHMHON ITOCTAHOBKE OMNMUCHIBACTCS
cnenymoomed cuctemMoil nuddepeHaNbHbIX YpaBHEHUH, OCHOBAaHHBIX Ha HCIOJIb30BAaHUH
monenn Kupxroda—JIsBa kK HECymIMM CIIOSM M MOJICIH TPAHCBEPCAITBHO—MSITKOTO CJIOS K
3aI10JTHUTEIIO [10—12]'
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[Ipenmonaraem, 4To B MpPaBOM TOPLEBOM CEUEHHUU Kpas HECYIIMX CJOEB KECTKO
3allleMJIEHBl U OTCYTCTBYET aJr€3MOHHOE COECJUHEHME 3aIlOJIHUTENS C OMOPHBIM 3JIEMEHTOM,
Ha JIEBOM TOPLIEBOM CEUYEHUU Kpas HECYIIUX CJOEB IUIACTUHBI MIAPHUPHO OMEPTHl Ha
abCOJIIOTHO JKECTKHE B IIONEPEYHOM HAampaBIeHUU AuadparMbl, CKICCHHOW C TOPLEBBIM
cedyeHueM 3anoiHuTens. [Ipu Takux ycnoBusx 3akperieHUs ypaBHeHUS (1) JOMONHSIOTCS
TPaHUYHBIMHU yCIIOBHSIMH

T (0) =0, w® (0) =d?w® (0)/dx? =0, k=1,2,dq"(0)/dx=0, @

u®@=0,w®@=dw® @) /dx=0, k=12,q*@)=0. )

Chopmynupyem 00600111eHHYIO TOCTAaHOBKY 3a7auu. Beenem npoctpancta CoboseBa

[56]
V, ={weW,? (0,a) : w(0) = dw(0) / dx = 0, w(a) = 0},

V; ={u eW® (0,a) :u(0) = 0}, Wy =Vyy xVy, m=1,2.
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2. HrepanmoHHbIii MeTOX U YHCJIEHHBbIE IKCIIEPUMEHTDI

Hns mpubmmxeHHoro pemneHust 3anadu (1)—~(3) mpenBapuTenbHO TMOCTPOCHBI €€
KOHEYHO-Pa3HOCTHBIE anmnpokcumanuu [57, 58]
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rae Al, — NMHeHHBIN omepaTop, | 2 — HeluHeiHbIH. JIIg pelleHus pa3sHOCTHON cXeMbl (4)
OyJeM HCIOIb30BaTh CIEAYIOLIUN ABYXCIONHBIA WTEPALlMOHHBIA IPOLECC C OIyCKAaHUEM
HEIIMHEHHOCTH Ha HIDKHUHN cItoi [59-68]:

AL UMD _u™y iz (A +AHUM =F, 6

rjae U ° — 3aJIaHHOE HAYaIbHOE TPUOJIHKEHUE, >0 — UTEpPALMOHHBII MapameTp.

B cpene Matlab nns uucieHHO# peanm3anuu UTEpalMOHHOrO Meroaa (5) Obul
pa3paboTaH KoOMIUIEKC mporpamMm. Jlis MOJENbHOW 3ajauyd  MPOBEICHBI YHCIIEHHBIE
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1) =
Kak mu CJICO0BAJIO OXUIAATh, ITOCKOJIbBKY q (O) =0 (OTCYTCTByeT aJIr€3NOHHOC
COCIUMHCHUC 3allOJHHUTCIIAA C OIIOPHLBIM BHCMGHTOM), TO BCA pCaklus B IIPpaBOM TOPLCBOM
CCUCHUU BOCIIPUHHUMACTCA BHCIIHUMU HECYIIHUMU CIIOAMU YTO U NPUBOAUT K KOHOCHTpAIUU

1
nepepe3bIBalOUX  CUJI Qo B 3TOM cedeHuu (puc. 7). bauzoctb 3HaYeHH NPOruOOB
CBUJIETEJILCTBYET O HECYLIECTBEHHOM 00KaTHH 3aIOJHUTENS B IONEPEYHOM HAIPaBJIEHUH IO
Bcel JuiMHE miuacTuHbl. CpaBHUBAs pe3yJIbTaThl, IPUBEACHHbIE HA pUC. 3 U 7, MOKHO BUJETD,
yTOo Haubosiee cnaObIM 3BEHOM B paccMaTpUBAcMOM IIJIACTHHE SIBISIETCS 3allOJHUTEIbL B

HpaBOM CCUCHUH, paSpyIJ_IeHI/Ie KOTOpOFO (paCCJ'IoeHI/Ie) HpI/IBOHI/IT K CMCHICHUIO BJICBO
qt ol
HaI/I6OJIbI_HeFO 3HAUYCHUA Hu pGSKOMy B03paCTaHHIO (k) Ha‘{aJIO peaJII/I3aLII/II/I Takou

CMEIaHHOH (OPMBI MOTEPH YCTOHYHMBOCTH BO3MOXKHO B OKPECTHOCTH CEpPEIMHBI IIACTUHBI
-|-11
(ceueHue x=al 2) IpU JOCTH)KEHHH MaKCUMaJIbHOTO 3HA4YEHHUs (2 cxaroro cnos
HEKOTOpOM KpuTUYecKOW BenmuuuHbl (puc. 5). IloBemeHue OCeBBIX NEpeMENICHHH U
0000IIEHHBIX Mepepe3bIBAlOMX cuil (pUC. 2, 6) COOTBETCTBYET (U3MUYECKOW KapTHHE
nepopmanuu. Kpome Toro, HeTpyAHO MPOBEPUTH, UTO U3 MEPBBIX JIBYX YPAaBHEHUN CHCTEMBbI
Ty + T3 =const
(1) cnenyer paBeHCTBO
OCHOBE pHC. J.

4. 3akiro4eHue.

PaccmoTpena 3amadya O JOKPUTHYECKOM TOBEACHHM TPEXCIOMHOM IUIACTHHBI B
F€OMETPUUECKH HEIMHEWMHON OJHOMEpHOW mocTaHoBKe. [IpuOMMKEHHBIH METOJ peleHHs
3a/1a4i OCHOBaH Ha KOHEYHOMEPHOMN aNlpOKCUMAIMU 3aJa4i ¢ OCIEAYIOIUM IIPUMEHEHUEM
JUIsL YACJIICHHOM peaM3allid Pa3HOCTHOM CXEMBI ABYXCIOHHOIO MTEPALMOHHOTO METOJA C
OIyCKaHMEM HEJIMHEHHOCTH Ha HWKHUM ci1oi. Pa3paboTan KoMIUIEKC TpOrpamMm, ¢ IOMOIIbIO
KOTOpPOTO IMPOBEJIEHbl YHCIEHHBIE AKCIEPUMEHTHl. OJTa 3ajadya OyAeT HCIOJb30BaHA B
JanbHEWIeM i uccienoBaHus (OpM IMOTepU YCTOMYMBOCTH IUIACTUHBI M HAXOXKICHUS
KPUTHYECKON Harpy3Kd, IpH KOTOPOH HACTYyNMaeT MOTeps YCTOMYMBOCTH IUIACTUHBL. bynyT
pa3paboTaHbl NPHOMMKEHHbIE METOABI pelIeHWs yKa3aHHOM 3ajaud  Ha OCHOBE
pa3paboTtaHHbIX B [69—72] moaxomoB. IIpu 3TOM A7 HAXOXAEHUS KPUTHUECKUX HArpy30K
OyIyT MCHOJIb30BaHbl CHEKTpaJbHbIE 3aJla4l C HEJIMHEHHBIM BXOXKJIEHHUEM Mapamerpa [73—
77], a Takke METOAbl HccleAoBaHUS (OpPM TOTEPH YCTOWYMBOCTH MHOTOCIOMHBIX
KOHCTpyKIui. [78].

, B BBIIIOJIHCHUHU KOTOPOT'O MOXKHO Y6CI[I/ITLC$I Ha

Ilybnukayus ocywecmenena npu ¢hurnancosoti nodoepicke PODOU (npoexmur NeNe 7-
08-01279, 18-41-160029, 19-08-01184).

*k*k
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AHHOTaANUA

B nmanHOii crarhe MPHUBOAMTCA KPAaTKUH aHAIMW3 CYIIECTBYIOIIUX CIIOCOOOB
BOCCTaHOBJIEHHsI OPOH30BBIX MOAUITHUKOB CKOJIbXXEHUS. M31105K€HBI HEKOTOPBIE PE3YIIbTATh
UCCIIC/IOBAaHUI U OMBITOB B 00JAaCTH BOCCTAHOBJICHUS PabOTOCHOCOOHOCTH MOAIIUITHUKOB
ckoinpxeHusa. [Ipemmaraiorcs  KOHCTPYKLMOHHBIE — PEIICHMs  IPUCHOCOONEHUN  uis
BOCCTAHOBJIEHMSI MOAIINITHUKOB CKOJIbKEHUSI.

KiroueBple  cjI0Ba: NOAIIMIHUK  CKOJBXECHMS, BTYJIKA; BOCCTaHOBIICHUE;
paboToCIIOCOOHOCTD.

Abstract

In given clause the brief analysis of existing ways of restoration of bronze bearings of
sliding is resulted. Some results research and experiences in the field of restoration of
working capacity of bearings of sliding are stated. Constructional decisions the adaptation for
restoration of bearings of sliding are offered.

Keywords: the bearing of sliding, the plug, restoration, working capacity.

HecmoTpss Ha ompeneneHHble TPYAHOCTH, KOTOpbIE CIIOXUIMCH B IPOHU3BOJICTBE
PEMOHTa CEJIbCKOXO3SICTBEHHBIX, TPAHCIIOPTHBIX M TEXHOJIOTMYECKUX MAIllUH, POI0JIKAIOT
pelmaTbcss BONPOCHI COBEPIIEHCTBOBAHMS CYHIECTBYIOIIMX TEXHOJOTMYECKUX IPOLIECCOB
BOCCTAHOBJIEHMSI JIeTaJIel U y3JI0B JAHHBIX MallINH, a TAKXKe pa3pad0TKa HOBBIX MPOLECCOB UX
peMOHTa. XOpOWIO M3BECTHO, YTO IPUMEHEHUE NPOrPECCUBHBIX TEXHOJIOTMH IIpU
BOCCTAHOBJICHUU W3HOIIEHHBIX JeTalied B 5...8 pa3 COKpallaeT KOJIMYECTBO OMNEparuil 1o
CPaBHEHMIO ¢ UX M3roroieHueMm, 10...20 pa3 cHWkaeT pacxon marepuayioB. B pesynbrare
NPUMEHEHUS PEMOHTHBIX TEXHOJOTHH ce0eCTOMMOCTh BOCCTAHOBJIEHUS MHOTHX JeTajeil
cocraBisgeT 60...80% ot cebectoMMOCTH HOBBIX. B Hacrosiiiee Bpemsi pa3paboTKa HOBBIX
TEXHOJIOTMIl PEMOHTa W3HOILEHHBIX JeTaleldl WIM COBEPLUICHCTBOBAHHWE CYLIECTBYIOIIUX
BOCCTAHOBUTEJIBHBIX OIEpaluii CTaHOBUTCS eIlé Oosiee aKkTyalbHbIM, TaK CTOMMOCTh HOBBIX
MallMH TaKOBa, YTO BO MHOTUX CIIydasx OJKCIUTyaTHPYIOIIME OpraHM3alliyd 3a4acTylo He
UMEIOT BO3MOKHOCTH UX NPHUOOPETEHHUS.

BonbmmHCTBO AeTaneil cenbCKOXO03HCTBEHHBIX, TPAHCIOPTHBIX U TEXHOJOTHYECKUX
MAaIllMH BBIXOJAT U3 CTPOS U3-3a MOTEpU (DYHKIIMOHAIBHBIX CBOMCTB, CBA3aHHBIX C M3HOCOM
compsiraeMbIx ToBepxHocTeill. I[loaromy, Kak mpaBuiIO, pPEKOMEHAYyEMble PEMOHTHBIE
TEXHOJIOTHH CBSI3aHbI C BOCCTAHOBJIEHUEM M3HOIIEHHBIX TOBEPXHOCTEN 10 UX HOMHUHAJIBHOTO
pasmepa, [lpm 5TOM OJHOBpPEMEHHO CTAaHOBUTCS 3ajlaya TOBBICUTH HM3HOCOCTOMKOCTh
BOCCTaHABJIMBAEMON MOBEPXHOCTH MO CPABHEHHUIO C 3aBOJCKOM (HOBOHM) JeTanbio. ITO
OCOOEHHO Ba)XHO TPU PEMOHTE JeTalel, W3TOTOBJICHHBIX M3 JOCTATOYHO JePUIUTHBIX
marepuaioB. K TakuMm MaTepuaiaM OTHOCHTCS I[BETHBIE CIUIaBBI, B OCHOBHOM, OpOH30BBIE
crutaBbl. Yaimie Bcero KOHCTPYKIUS ATHX JeTajedl MpeAcTaBisiioT co0oil OpoH30BbIE
MNOJLINITHUKY CKOJIBKEHHSI B BUJIE BTYJIOK.

bpoH30Bble  MONIIMIHMKOBBIE  BTYJIKM  HAlUIM  [IMPOKOE MNpPUMEHEHHE B
CENIbCKOXO3SHCTBEHHBIX, TPAHCIOPTHBIX M TEXHOJIOIMYECKMX MamuHaXx. OHU CHOCOOHBI
BOCIIPUHUMATh 3HAYUTENIbHbIE 3HAKONEPEMEHHbIE HAarpy3Kd, BBIJEPKUBATh BBICOKHE
CKOPOCTHBIE M TEMIIEpaTypHbIE PEKUMBI, pabOTaTh B YCJIOBUSAX HEJOCTATOYHOM CMasKH, B
HOPUCYTCTBUM alpa3uBa, BOAbI M JIPYI'MX arpeccUBHBIX cpea, Osarofaps HHU3KOMY
KO3(QQHUIMEHTY TpEeHUs, XOpOIIed COMPOTUBISEMOCTH H3HOCY M KOPPO3HUH, BBICOKUM
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MEXaHMUYECKMM M TEXHOJIOTHYeCKMM cBouctBaM [l1, 2]. VYka3aHHble TpeuMylIecTBa
MO3BOJISIIOT HUCMOJIb30BaTh OpPOH30BBIE MOJIIMITHUKOBBIE BTYJIKM B JBHraTeisx (BTYyJKa
BEpXHEW TOJIOBKM IIaTyHa, BTYyJKa TypOokommpeccopa), B TspkemoHarpyKeHHbIX y3Jlax
TPEHMSI, ITO BTYJIKU ONOPHBIX U MOAJEPKUBAIOIIUX KATKOB, IOJBEMHBIX CTPEJl, IOBOPOTHOMN
mw1aTGopMbl SKCKaBaTOpa, BTYJIKH OalaHCHUPOB, OMOPHBIX KApETOK M HATSDKHBIX KoJiee
TpakTopoB. Hampumep, Toapko B oxHOM 3kckaBatope DO -5111 B oOmOpHBIX posMKax
TYCEHUYHON TENEKKHU UCIOJIb3yeTcsl 24 OpOH30BBIX BTYINIOK, B MOJIEPKUBAIOIINX POJIUKAX —
6 BTYJIOK U B BEIYyLIUX U Hampasistomuxcs konécax — 10 mryk. B OosblInHCTBE cilydaes
OpOH30BbI€ TMOJIIMITHUKOBBIE BTYJIKH HWMEIOT LHIUHAPUYECKYI0 (GOpMy C TJIaJIKHUMH
Hapy)XHbIMU U BHYTPEHHUMH IIOBEpXHOCTSAMHU. IHOraa KOHCTPYKTMBHOE HCIOJHEHHUE
IpelycMaTpuBaeT MaclOChbeMHYI0 KaHaBKy Ha BHYyTpeHHell moBepxHocTtH. [lpu
OKCIUTyaTalli  TPAHCHOPTHBIX W  TEXHOJOTMYECKHX MAIIuH IPHPOI000YCTpOHCTBA
MPOUCXOIUT HM3HOC BHYTPEHHEH pabouyuil MOBEPXHOCTU OPOH30BBIX BTYJOK, IMPEICIbI
KOTOpBIX PEKOMEHIYIOT MOJpPa3AeisATh Ha 3 KaTeropuu, UCXOAs M3 €ro BEJIMYMHBI Ha
JTUaMeTp:

1 — Brynku, paboTOCIIOCOOHOCTH KOTOPBIX IpeKpariaercs mpu usHoce 10 0,1 mwm;

2 — BTYJIKH, TepSIOLIe paboTOCIOCOOHOCTH MPpH U3HOCce A0 2,0 MM;

3 — BTyJIKHM ¢ u3HOCOM Oosee 2,0 MMm.

Huametp BTynok xonebdnercs ot 20 g0 250 mm, macca ot 0,070 no 8 kr.

Ha ceromusmHnii MOMEHT B MPOMBIIIICHHOCTH HUCIOJIB3YETCsl OOJIBIIOE KOJIUYECTBO
pa3iauuHbIX Mapok OpoH3. Haubonee pacmpocTpaHeHHbIE Cpe HUX OJOBSHHUCTHIE OPOH3HI -
BpOLIC5-5-5, BpOLIC6-6-3, BbpOIIC4-4-2, amromMuHO-*Kele3ucThie OpoH3bl - BpAXK9-4,
BpAXMii1-3-1,5, cBunnoBucteie 6ponssl -bpC-30.

Bce ykazanHbie Mapku OpoH3 00JQalOT BBICOKHMH  aHTH(QPHKIIHOHHBIMH
CBOICTBaMH, KOPPO3UOHHOW CTOWKOCTBIO, MPOYHOCTHIO U XOPONICH TEIIONPOBOJAHOCTHIO.
AHaln3 HOMEHKJIATYphl JeTaned OpOH30BBIX IMOAIIMIHUKOBBIX BTYJIOK, HCHOJIb3YEMBIX B
TSKEJIOHATPYKEHHBIX y3J1aX CEJIbCKOXO3SIMCTBEHHBIX, TPAHCIOPTHBIX M TEXHOJIOTHYECKHX
MaIIMH TpUPO1000yCTPONCTBA MOKa3al, YTO HanboJiee YacTO MPUMEHSIOTCSI OJIOBSIHUCTBIE U
amomuHreBble OpoH3sl (BpOLIC5-5-5, BpAXK9-4).

CeromHs  caMbIM  pacHpOCTPAaHEHHBIM  CIHOCOOOM  IpU  BOCCTAHOBJIEHHH
paboTOCIIOCOOHOCTH arperata WM COOpPOYHOM €IMHHMIBI, B KOTOPOM BBIIIA M3 CTPOS
OpoH30Basi TMOJIIMIIHUKOBAs BTYJKA, SBJIAETCS 3aMEHa MW3HOLICHHOW BTYJIKH HOBOM,
U3rOTOBJICHHON W3 3aroTOBKM aHAJIOTMYHON Mapku OpoH3bl. OHAKO BBICOKas CTOMMOCTh
U3TOTOBJICHUS HOBOW BTYJIKM IpPH €€ HW3TOTOBJICHUHM JENalT 3TOT CHOoco0 KpaliHe
HEIKOHOMUYHBIM. 3a mnocienHue 15...20 jmeT B PEMOHTHOM IPOU3BOJCTBE HAKOIIMJIICS
OTIpe/IeNICHHBIN OMBIT BOCCTAHOBJIEHUSI U3HOLIEHHBIX OPOH30BBIX JETajeil Takue Kak; ocajka,
oOKaTKa, 3aJIUBKa, a TaKkKe OpOH30BbI€ BTYJIKH BOCCTAHABIMBAIOT U TePMOAU(D(Y3MOHHBIMU
crnocobaMu, HaIJIaBKOM M HamekaHueMm. BbpiOOp palnuoHanbHOro crnoco0a BOCCTaHOBIEHUS
3aBUCUT M OT KOHCTPYKTHBHO — TEXHOJOIMYECKMX OCOOEHHOCTeH paboueil MOBEepXHOCTH
netaneit; ¢GopMbl W pa3Mepa, cocTaBa OpOH3BI M BHJA TEPMOOOPAOOTKH, MOBEPXHOCTHOM
TBEPJOCTH U ILIEPOXOBATOCTH, IUIOTHOCTU U MOPUCTOCTHU, OT YCIOBHHA pabOThI M BHUJIA TPEHHUS,
BEJIMYMHBI U3HOCA M, YTO HEMAJIOBa)KHO OT CTOMMOCTH BOCCTaHOBJIeHHUA. J[ns ydera Bcex
3TUX  (aKTOPOB OOBIYHO PEKOMEHJYeTCsl  IOCJIEOBAaTEIbHO  IOJIb30BAaThbCd  TpeMs
KPUTEPHSIMH:

—  TEXHOJIOTMYECKHUM KPUTEPUEM WIM KPUTEPUEM IPUMEHUMOCTH;

—  KPUTEPUEM JOJITOBEYHOCTH;

—  TEXHHUKO-DPKOHOMUYECKUM KpUTEpUEM (oTHOLIEHUEM CTOUMOCTH
BOCCCTaHOJIEHUS K KO3 (HUIIMEHTY JOATOBEYHOCTH) [2].

B npakTuke peMOHTHOTO IPOU3BOJICTBA CYIIECTBYIOT OOJIBIIOE KOJIHMYECTBO CIIOCOO0B
BOCCTaHOBJICHHUs OpPOH30BBIX TOJAUIMITHUKOB CKonbkeHus. Ha puc. 1 ykaszaHel crocoOsl,
KOTOpBIE UMEIOT HauboJee NIMPOKOE MPUMEHEHHE.
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PuCyHOK 1. Ocnosuble cnocobwvl 60CCMAROBICHUS 6p0H306le NOOUWUNHUKOS CKObICEHUS

Hanbomnee mpocTBIM  METOJOM  BOCCTAHOBICHHS OpPOH30BBIX  IMOJIIUITHUKOB
CKOJIBKEHMS SBILIETCSl METOJ IutacThdeckoi nedopmaruu. Ilnactudeckyro aedopmanuio
BTYJIOK BBIIOJHSIOT KaK B XOJOAHOM, TaKk M B ropsyeM cocTOssHUM. OCHOBHBIMH BUAAMU
TUTACTHYECKON Ae(pOpMUPOBaHUS SBIISIOTCS OCa/IKa U 00KaTHE.
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Pucynox 2. Hexomopule cnocobbl 60ccmano6ietus OpOH306bIX MYI0K NAACTHIUYECKUM 0eOpMUPOBAHUEM.

Ocanka npuMeEHSIETCsl [UIsl YMEHBIIECHUS BHYTPEHHETO W YBEIWYEHMSI HAPYXKHOIO
IUamMeTpa BTYJKH, 3a CYET YMEHbIIEHHUS ee JUIMHBL. [l ocaiku BTYJOK HPUMEHSIOT
rupasiandeckue npeccol ¢ ycuaueM B 20...40 MITa.

Bennuuny naBneHus mpu ocagke ONpeAesstoT o Gopmyiie

P=oc, (1+d/6-¢); Mna 1)

T7€ O, — Ipeell TeKyyecTu MaTepuana aeranu, Mlla;
d — HapyXHBII AUAMETpP BTYJIKH MOCIIE OCAJIKU, MM;
{ — JUIMHA BTYJIKH, MM.

Pe3ynbraTom 00kaTHs BTYJIOK SIBISIETCS YMEHbIICHHE UX HAPYKHOTO U BHYTPEHHETO
quameTpa B pe3yJbTaTe IUIacTHUecKOod Aegopmanuu. TexHOJorusi BOCCTAaHOBIEHHUS 3TUM
METOJOM BTYJIOK IIPEIIoaraeT NpoAaBIMBaHUE BTYJIOK 4Yepe3 LWIMHIAPUYECKUE OTBEPCTUS
3agaHHoOro quamerpa Dogy. CrenoBaTenbHO, M3MEHEHHE HApYKHOTO JUAMETpPa COCTaBUT:

AOG)K = Do -D 00k (2)
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[Ipu oGxatuu B pe3yiapTaTe IUIACTHYECKOW NedopMaluy MPOUCXOAUT HEKOTOPOE
BBITSITUBAHUE BTYJIKU B JUIMHY U YBEJIMUEHUE TOJIIMHBI CTEHKH, IIOTOMY YTO TIOCTIE 00XKaTHs
HE JIOJDKEH MEHAThCS 00beM MaTepuaia, U3 KOTOPOro OHA U3TOTOBJICHA.

OTMmeTHM, 9TO AJIsE TOTO, YTOOBI BTYJIKY MOKHO OBLIO BOCCTAHOBHUTH, BHYTPCHHHIA
JTUaMeTp JOJHKEH 0Ka3aThCsl CYIIECTBEHHO (Ha HECKOJBKO JAECIThIX MUJUITUMETPA, 110 KpalHel
Mepe) MEHBIIIE UCXOTHOTO dyoy MO YEPTEXKY BTYIKH, YTOOBI MOCIIE 3alIPECCOBKH U PACTOYKHU
BTYJIKH B COCTaBe 0JI0Ka, €e BHYTPEHHUI TUaMeTp CHOBA BEPHYJICS K MCXOJHOMY 3HAUCHUIO
do.

TexHonorust BOCCTAHOBJICHHUS BTYJIOK OOXaTHEM IMIpelroyiaraeT MpoJaBiIuBaHKe
BTYJIOK 4epe3 IMJIUHIPHYECKHE OTBEPCTHUS OIPENEICHHOro Iuamerpa ae(OopMHUPYIOIIETro
JJIeMeHTa, Ha3biBaeMoil marpuieil. Cpenu M3BECTHBIX, B HACTOSIEE BpeMs, KOHCTPYKIUI
00XXKUMOK MaTpulla SBISETCS HEMOABMXKHBIM dyeMmeHToM. Ha kadenpe «TexHonoruu
MeTauioB M peMoHTa Mamuua» MI'Y IIpupomooOycTpoiicTBa MpOBOAATCS MCCICIOBAHUS 110
pa3paboTKe  PpAa3IUYHBIX  TEXHOJIOTMM  BOCCTAHOBJIEHHUSI  OpPOH30BBIX  MOIIIMITHUKOB
cKonbkeHus. [103ToMy OZHMM U3 HampaBJIEHUN MO 3TON TEMaTHKE SIBISETCS UCCIEIOBAHUS
MO0 BO3JICHCTBUIO TUTACTUYCCKOW JedOpMalii C IOMOIIBI0 BPAIIAIOMIUXCS MATPHI] MPH
BOCCTaHOBJICHHH OpOH30BBIX BTYJIOK. Hamu mpennaraercss B kauecTBE 00KMMHOTO dJIEMEHTa
WCIIOJI30BaTh BpalIAIONIMECs MATPHUIbI, OOIIMI BUJ YCTAHOBKM C BpallalOUUMUCA
MaTpHUllaMy TIPEJICTaBIeH Ha puc. 3 U HA puc. 4
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Pucynox 3. Obwuii 6u0 ycmanoexu noKazana NPUHYURUATbHASL CXeMA C 8PAWAIOUWUMUC MAMPUYAMU
obcamusi 6MmyJnox.
1- cmanvnasn nnamgpopma, 2- éepmuxanvHblie CMOUKY, 3- HUNCHSA CMATbHAS POIUKOBAS MAMPUYQA, 4- 6ePXHsL
CMANHASA POTUKOBASL MAMPUYA, 5- KPENEeHCHAS NAAHKA.

[TpuHuMn paboOThl YCTAaHOBKH BEPTUKAJIBHON POJMKOBOW MaTpHIIbI AJI OOKATKU IMpU
BOCCTAaHOBJICHUH W3HOILICHHBIX OJIOBSHHUCTBIX M AJIOMHHO-)KEJIE3UCThIX OPOH30BBIX BTYJIOK
CKOJIbJKEHUS, TIPEJCTaBIIET cOO0I0 HUKHIOI 3 BEPXHIOIO 5 CTajbHbIE POJIMKOBBIE MATpPUIIbI
KOTOpBIE€ YCTaHABINBAIOTCS HA BEPTUKAJIbHBIE CTOUKH 2, BEPXHSS YaCTh BEPTUKAJIBHBIX CTOEK
YKPEIUIAETCS KPETEeKHON INTAHKOW 6, HUKHSASI OTIOPHAs YacTh CTOEK JKECTKO 3aKpeIlIsieTcs Ha
CTalbHyIO IuIaTdopMmy 1, reoMmeTpuyeckre mapaMeTpbl OTBEPCTUS OOPa3YIOIIMECS MEXIY
POJIMKaMU COOTBETCTBYIOT HAPYKHOMY WM BHYTPEHHEMY IHAaMETPY BOCCTAHABINBAEMOH
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BTYJIKH 4, JUIsl BOCCTAHOBJIEHUS BHYTPEHHErO IuaMeTpa HEOoOXOOUMO MpPH H3TOTOBICHUHU
POJUKOBBIX MATPUI] YYUTHIBATH TOJIIMHY CTEHKH BTYJIKH Ha CTOPOHY, BOCCTaHABIMBacMas
BTYJIKA TPOTAJIKUBACTCSI B OTBEPCTHE MEXKAY POJUMKAMU, BO3HUKAIONIAS OKpY>KHAs CHJia
CO3/1aeT yCJIOBHE, IO3BOJISIONIEE MPOBOAMTH IPOLECC IUIACTHYECKON aedopmanuum s
OoOKaTku M 0oO0XaTHsi HapyKHOM NOBEPXHOCTH BTYJIKH [0 3aJaHHBIX T'€OMETPUYECKUX
apaMeTpoB.
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Pucynox 4. [lpunyunuanvhas cxema o0sicuma 6mynox

JlaHHBIII METOJl OTJIMYAETCS MPOCTOTOM M JOCTYMHOCTBHIO B MCIIOJb30BAaHUM, OJHAKO
OHO HE BCerja NMPUMEHUMO U COYETaHHe IPYTUX METOJOB MpPHU BOCCTAHOBICHUM OPOH30BBIX
MOJUINITHUKOB CKOJBKEHUS MPOCTO HEOOXOAMMO, UCXO/S U3 3TOTO MPOBOAATCS pa3padoTKHy,
UCTIBITAHUA W JAPYrMX HPUCIOCOOJIEHMHM U3 4YHciIa TeX KOIrjla MaTpulla HEMOJBHXKHA.
Hampumep 1m1st  comnpspkeHHs, BOCHPHUHMMAIOIIMX 3HAYUTENbHBIE YJENbHbIE HarpyskKH,
YMEHBIIEHUE JJIMHBI BTYJIOK AOMyCKaeTcs He 6osee yeM Ha 5...8%, 111 MeHee HarpyXeHHBIX
BTylMoKk — Ha 10...15% ot ux mnepBoHauyanbHOM anuHBL. C yMEHBIIEHHUEM JUIMHBI
OCaKMBAEMOM BTYJIKU 3a CYET YMEHBUICHUS IUIOILAAHN €€ IOBEPXHOCTH, PE3KO YBEINYUBAETCS
JaBJI€HHE Bajla Ha BTYJKY, YTO BbI3bIBACT IMOBBIIICHHBIH H3HOC U COKpAIIeHHE pecypca
BTYJKH. [103TOMY JaHHBIM CITOCOOOM PEKOMEH]IyEeTCsl BOCCTAaHABINBATH OPOH30BBIE BTYJIKHU C
BHYTpEHHUM JuameTpoMm 10 60 MM u BenumuuHOM u3Hoca 1o 0,2 mm. Ilpomecc oOxatus
BTYJKH IIPEAYCMAaTpUBAE€T YMEHBIIEHUE WX HApY)KHOIO W BHYTPEHHETO JHaMeTpa B
pe3ynbpTaTe miactTuueckor aegopmanuu. Hanbonee yacto Berpeyaromascs peKOMEHIalus B
JUTEpaType — 3TO 00XKaTHusg C MOMOIIBI0 KOHycHOM Matpuiel [3]. OmHaKO KOHKPETHBIX
MCCJIEIOBAaHUM MO TpearaeMoil cxeme oOxaTusi OpOH30BBIX BTYJIOK He BcTpeuaercs. C
LENbI0 Pa3pabOTKH Pa3IUYHBIX TEXHOJOTHH BOCCTAHOBJIEHHS OpOH30BBIX IMOALIMITHUKOB
CKOJIbKEHUS, TPOBOJSATCS HCCIEIOBAHUS MO BO3JCHCTBHIO IJIACTUYECKON HedopManuu c
MIOMOUIBIO POJIMKOBBIX HHCTPYMEHTOB, OJWH W3 BapHUaHTOB, KOHCTPYKLUU KOTOPBIX
MPEACTABICH HAa PUC. 5. B KOHCTPYKIIMU TIPEAYCMOTPEHBI KOHUYECKHE e(HOpMUPYIOIIHE
POJMKH 7, KOJIMYECTBO KOTOPBIX 3aBUCHUT OT HAPYXKHOTO AHaMeTpa JepopMHupyeMoin
MOBEPXHOCTH OpoH30BOM BTYNKH 6. HO 0COOCHHOCTBHIO MAaHHOW KOHCTPYKIIMU SIBIISACTCS
OJTHOBpEMEHHas jAedopMarisi HapyKHOH MOBEPXHOCTH BTYJIKHM IO BCEH €€ JJIMHE 3a CYET
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COYETaHUs] KOHWYECKUX 1e(OPMUPYIOIUX POIMKOB 7 U HA)KUMHOI'O KOHMYECKOIO KOHYyca 8§
IpU MEPEMELICHUH, KOTOPOro IO 00pa3yrollell pOJUKOB CO3JAIOTCS paJUalIbHBIE OCEBbIC
CHJIBI, BBI3bIBAIOIIUE TIACTHYECKYIO IeOopMalti0 MeTaljla Hapy>KHOU IMOBEPXHOCTH BTYJIKH.
1- mwxkHAA IatdopMa OMOpPLI-MATPUIIBL, 2 - BEpXHASA IUIaT¢opMma OMOpBI-MATpUIlbl, 3 -
CTBOJI OIIOPbI-MaTPULIBI

~ oy lon : Ny

|

|

e

Pucynok 5. Mrozoponuxosas obkamka 4 - ynoprulii HOOWURHUK, 5- 2UOPONAACH, NOOWUNHUKOS8 CKOIbICeHUs. 6-
emynka 0isi 00acuma, 7- oegpopmupyrowuil poaux, 8- HascumHou KoHyc, 9- konuueckas onpaska, 10-
cenapamop

Bpamenue negopMupyOLIMX pPOJMKOB BOKPYI Hapy)KHOH MOBEPXHOCTH BTYJIKH U
IJIABHOE HArpY)KEHUE PAJTHAIBHON CHIJIOM 3TOM IOBEPXHOCTH 3a CYET Pa3jIudHOU CKOPOCTH
MNEpEMCIICHUS HAXKUMHOTO KOHHUYCCKOI'0 KOHYCa CO34a€T YCIIOBHE, ITO3BOJIAOIICC ITPOBOANUTD
poluecc 00kMMa HapyKHOW MOBEPXHOCTHU BTYJIKU Ha PAa3JINYHYIO BEITUUYHHY.

BoIBOABI.

B HACTOAIICC BPEMS Ha I[aHHofI Ka(bez[pe MMPpOBOAATCA HCCICHOBAHUA IO HU3YUYCHHUIO
PEKUMOB o0kaTus 6pOH30BI>IX BTYJIOK IO JAHHBIM TCXHOJIOTHAM, H3YUCHUC HUX (1)I/ISI/IKO-
MEXAHUYECKUX CBOMCTB IIOCJIE OOKATLIBAHUS U 00KATUS paa Apyrux PICCJ'ICI[OB&HI/If/i, KOTOPELIC
MO3BOJIAT  pa3paboTaTh  TEXHOJOTMYECKUH  MpOIecCC  BOCCTAHOBIEHHUS  OpPOH30BBIX
MOAIIHUITHUKOB CKOJIBKCHUA PA3JIMYHBIMHA MCTOAAMMU.

Conclusions.

Now on the given faculty researches on studying modes oGxartust bronze plugs
according to technologies, studying of their physicomechanical properties after to roll and to
press out a number of other researches which will allow to develop technological process of
restoration of bronze bearings of sliding by various methods are carried out.
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HEYNPYruX XapaKTepPUCTUK LIHH 3JIaACTUYHOI0 KoJieca
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AHHOTAIUSA

B crathe paccMOTpeHBI yCIIOBUS, IPU KOTOPHIX aBTOMOOHIIb OCTA€TCsl YCTOMYMBBIM Ha
HEPOBHBIX JOporax. PaccMOTpeH CcTeHI i HCCIENOBaHUs VYIOPYIMX U HEYNpPYIrux
XapaKTePUCTUK IIIMH 3JIACTUYHOTO Koiieca. [IpensioskeH pacuer 3aTpar Ha H3TOTOBJICHHUE
CTEHJA.

KuroueBblie CJI0B: CTCH]I, 0€3011aCHOCTb, IIMHBI, aBTOMOOWIIL, HEPOBHASI IOPOTA.

Abstract

The article discusses the conditions under which the car remains stable on rough
roads. A stand for studying the elastic and inelastic characteristics of tires of an elastic wheel
is considered. The article describes the calculation of costs for the manufacture of the stand.

Keywords: stand, safety, tires, car, rough road.

bezonacHOCTh JOPOXKHOTO JBHXKEHMS CBA3aHAa CO MHOTMMHM (pakropamu. OJHUM U3
HUX SBJISETCS YCTOMUMBOCTH aBTOMOOMJsA. Ecim aBTOMOOMIB TepsieT YCTOMYMBOCTB, TO
MOYKET TPOM30HTH €r0 ONMPOKUIBIBAHHE HIIM CKOJBKEHHE MOJ JICHCTBUEM IIEHTPOOEKHON
CUJIBI TUOO CUJTBI O0KOBOTO BeTpa. Ecii aBTOMOOMIIb ABUKETCS 110 HEPOBHOM JJOPOTE, TO €T0
KoJIeca M TOJPECCOpPEHHas Macca COBEPIIAIOT BEPTHUKAJIbHBbIE KOJIE€OaHMs, KOTOPbIE MOTYT
IPUBECTH K NMOTEpEe KOHTAKTA IIMH C ONIOPHOI MOBEPXHOCTHIO U, KaK CIEACTBUE, K CHUKEHUIO
OOKOBBIX peaklUil WIM HUX MOJHOMY OTCyTCTBUIO [2, 3]. BBuAay »3TOro BO3HHMKaeT
HEOOXOJMMOCTh B CO3JIAaHUH CPENCTB JUATHOCTUKH YIPYTHX W HEYNPYTUX XapaKTEPUCTHK
IIMH 3JaCTUYHOTO KoJjieca JUIsl CHM)KEHUS HSKOHOMUYECKMX 3aTpaT NpU SKCIUTyaTaluu
aBTOMOOMIISL.

ABTOMOOMIB, Ha KOTOpPBIM neifctByer OokoBas cuna Fy [2], Oyzer coxpaHATh
yCTOMUYMBOE ABMKEHHE JI0 T€X MOp, OKa BhIMosHsAeTcs ycaosue (1):

SR, <[ZR%p* —3R &)

rae XRy — cymmapHas OokoBas peaklMs Ha KoJlecax aBTOMOOMISA; ¢ — KOd((HUIMEHT
CIETIJICHUSI IIMH C JIOPOroi; LRy — cymMMa MpOAOJBHBIX PEaKIid Ha KoJecaX aBTOMOOWIIS,;
>R; — cymma HOpMalTbHBIX peakIii Ha Kojecax aBTOMOOUIIS.

B cuny ormeuenHoro B pabote [2] cmenumanuctamu Kadeapsl «ABTOMOOWIBHBIN
TpaHcnopT» MpKyTCKOro HalMOHAIILHOIO MCCIEA0BATEICKOTO TEXHUYECKOTO YHUBEPCUTETA
®enoroBeiMm AWM., KysnenoBeiM H.IO., KuceneBeim II.A. Obuta pazpaborana Mertoauka
SKCHEPUMEHTAIIBHOTO UCCIEA0BaHUS YIIPYTUX U HEYIPYTUX CBOMCTB AJIACTUYHOCTH ILIHH, MO




- 60— Jllendenyuu passumus HayKy u obpazosanus

KOTOpYIO OBIT pa3paboTaH CTEHI, NPEICTABICHHBIH Ha pUC. 1, M €ro cxema, KOTOpas
oTroOpakeHa Ha puc. 2.

Pucynox 1 — Obwuii 6u0 cmenoa 015 uccie008anus Yapy2ux u Heynpyeux Xapakmepucmux Wil 31acmuiHo2o
kozneca: 1 — oamuuk cucmemvl usmepenus 60xkosou peaxyuu Ry; 2 — cmasxcka (manpen); 3 — usmepumenvuas
wxana; 4 — 6vicmpopasvemnoe ycmpoiicmeo,; 5 — [lnowaoxa ¢ gppuxyuonnvim nokpvimuem maccoi Moy = 1,4
Ke; 6 — 0amuux cucmemvl USMepPeHUs CMeWjeHUs NAMHA KOHMAKMa WuHsl ¢ ONOPHOIL HOBEPXHOCMbIO; 7 —pama
cmenoa, 8 — aunm,; 9 — 0amuuK cucmemvl UsMepeHus HOpManbHou Hazpysku,; 10 — ananoeo-yugposotui
npeobpaszosamenv ZET 210; 11 — ycunumens cuenanos ZET 410; 12 — gunxa; 13 —xoaeco c ucnvimyemoti
wunot; 14 — nepconanbHulil KOMNbLIOMED

1

14

13

12 11

Pucynox 2 — Cxema cmenoa 05t ucciedo8anus ynpyaux u Heynpy2ux XapaKkmepucmux WuH 31aCmuiHo20
xoaeca: 1 — eunm, 2 —noowunnukoswlil y3en, 3 — 0amuuk cCUCmemsl UsMepeHus HOPMAaibHOU HAsPY3Ku, 4 —
sunKa; 5 — ean; 6 — KoLeco ¢ dIAACMUUHOU WUHOU, 7 — NIOWAOKA C PPUKYUOHHBIM NOKpbimuem; 8 —
bvicmpopaszvemHoe ycmpoticmgo, 9 — cmsasicka (manpen),; 10 — damuux cucmemul usmepeHusi 6OK08020 yCUNUA,
11 — nodwunnuxu ckonviicenus, 0asa IuHeluno2o nepemewsenus, 12 — nanpasasrowui éan, 13 — damuux cucmemol
usmepenusi 60K08020 cmewerus NAMHA KOHMAKMA SNACIMUYHOU WUHbL C ONOPHOU nNosepxHocmuio, 14 — pama
cmenoa.

Komneco ¢ ucnbiTyemoit mmHoit 6 (cM. puc.2.) ycTaHaBIMBAaeTCs Ha Bal 5, a 3aTeM Ball
5 KpenuThes K BWIKE 4. 3aTeM KoJieco Harpy»arot, Bpaimias BUHT 1. B 3ToT MomeHT Buika 4
HE JOJDKHA OBITh 3aMKCHpOBaHAa HAa paMe cTeHaa4, a IUIomagka 7 JOJDKHA HaXOIUThCS B
MOJIOXKEHUHU ys=0 MM.

HabmioneHue 3a moyiojkeHUeM IUIOUIaIKA TPOU3BOAUTECS MO CIELHAIbHOM IIKane 3
(puc.1.) ¢ Tounocteio 10 1 mMMm. KoHTpomb 3a HOpManbHON Harpy3kou, cO3JaBaeMOW Ha
KOJIECO, BE/IETCS 110 BBIXOJHOMY CHUTHAILY CUCTEMBI U3MEPEHUs] HOpMalbHOM Harpy3ku. [Tocne
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TOT0, KaKk 3HAU€HHE HOPMAaJbHOM HArpy3Ku JOCTUTHET HEOOXOIMMOI BENIWYUHBI, BUIKA 4
JKECTKO Kpemnurcs K pame crenna 14 (puc.2.) [2].

Ha mpennoxkenHom crenae Obutn npoBeaeHbl ucnbiTaHus muHEI BRIDGESTONE
185/70R14 npu naBnenuu Bo3ayxa B Heil p=0,21 MIla u HOpManbHOI Harpys3ke Ha KOJECO
FZ=3500H, u B pe3ynbTare OblIa BhIsBICHA () YHKIIMOHAIbHAS 3aBUCUMOCTH (2):

Fy=103905 y, + 57,533, (2)

rae Fy — 6okoBas cuna, H;
Vs — CKOPOCTh CMEMICHHS ISITHA KOHTAKTa IIMHBI B OOKOBOM HAaNpaBlIEHUH, 00YCIOBICHHAS
CKOPOCTHIO OOKOBBIX JiehopMaIliii IIIMHBI, M/C.

Taxke mnpu mnpoBeaenun wucnbeitanus mmHEI BRIDGESTONE 185/70R14 nHa
pa3paboTaHHOM cTeHJe ObUIM OIpeielIeHbl HCKOMBIE IMapaMeTPhbl U PaCCUUTAHbl UX 3HAYCHUS
o opmyram, peacTaBIeHHBIM B padoTte [2]. 3HaueHUs TaHHBIX TapaMeTPOB ObLIU CBEICHBI
Tabnuny 1.

Tabnuya 1.
HapaMempbl, NnoJly4eHHble 6 pe3ybmame UCnblmaHUusl WUHbl
IMepuos kosnebanuii T, [c] 0,059
IMeppas ammiutyna A;, [m] 0,016
Bropas ammuryna Ay, [M] 0,0095
Koa¢ppuuuenr 3aryxanus f 8,835
Macca muHbI B OKPECTHOCTH MSITHA KOHTaKTa Mg, [Kr] 1,77
Koapduuuent veynpyroro conpotusienus Ksy, [H-c/m] 162

[Tapamnensno npu dopmupoBanur MeToauku ObUT TMPOU3ZBEIAEH pacyeT 3arpaT Ha
CO3J]aHUE CTEHJA JJIsl UCCIIE0BAHMS YIIPYTUX U HEYNIPYTUX CBOMCTB 3JaCTUYHbIX IIHH.
Bo-miepBbix, ObUIM paccuMTaHbl 3aTpaThl Ha JETAd W MaTepHaIbl, HUCIOJIb3Ys

(opmyay (3):
3.,=0-1, 3)

rzae [{ — ueHa 3a eAMHUILY JIeTalld WM MaTepuana, pyo./ex.;
Q — xonmuuecTBO (pacxoj) eIMHUYHBIX JeTalleil Ui MaTepuasioB sl U3TOTOBJIEHUS OHOTO
CTEeH/Ia.

CrouMocCTb 3aTpaT Ha MaTepHalbl A1 cTeHaa coctauina 102657,9 py6.

Pacuer 3aTpar Ha amopTH3anUI0 OOOPYIOBAaHHUS, MPU TOMOIIUM KOTOPOTO OBLI
U3TOTOBJIEH CTEHJI, HE NMPOU3BOAMIICS, TaK KaK CTOMMOCTb TaKoro o0Opy/0BaHUs COCTaBUIIA
MeHee HeoOXOOUMOM CyMMBI, perjiaMeHTHpoBaHHOM cT. 256 HanoroBoro Kopekca
Poccuiickoit ®enepauuu [4], corimacHO KOTOpPOM OIpeAeneH MOpAJOK M IIpaBHIIa
aMopTHU3aIi 000PYTOBAHUS.

Bo-BTOpBIX, OBUT IPOU3BEACH pacyeT 3aTpar Ha YHEPTUIO I TEXHOJOTHUECKUX HYK
MIPU U3TOTOBIICHUHU CcTeH A TIo Gpopmyite (4), pyo.:

339 = W;a ) Tas (4)

rae W,, — pacxoj 27eKTpodHepruu, KBT - 4;
T,, — crouMoCTh 0HOTO KBT - 4, py0., 7,,=1,078 py0. (s r. UpkyTCK) .
Pacxon anexrposnepruu (W23, kBT-u) paccuutsiBaiics o popmysne (5), kBT u:

Z N_vcm '71' 51 '¢t060p
W, =-= ()
ncemb ' 773/7

r7ie N — KOJIMYECTBO YCTAHOBOK, UCMOJIb3YEMbIX B TEXHOJIOTUYECKOM MPOLIECCE;
N,cn — CyMMapHas MOIIHOCTB JIEMEHTOB Ha OJITHOM YCTaHOBKE, KBT
Yi — K03 HUIIHEHT UCTIOIB30BaHUS YCTAHOBICHHOW MOIIIHOCTH;
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0i— K03 (pUIIMEHT eAMHOBPEMEHHOM paboThl 000PYIOBAHMUS;
Neers— KITJ cetr (0,95); n,,— KIT smemenra (0,85 — 0,97);
@26010 — TOMOBON (OoHI pabouero BpeMEeHH OOOPYIOBAaHWS, Y, PACCUUTHIBAEMBIA C Y4ETOM

KOJINYECTBA paO0YMX THEH U MPOIOIKHUTEITBHOCTH CMEHBI (T oy o6)-
[Tonmy4yeHHbIe 3HaYEHUS PACXOAA AIIEKTPOIHEPT U 3aHECEHBI B TAOIHUILY 2.

Tabauya 2.
Tlompebnenue snekmposHepeuy Ha MexHOI02UUeCKUe HYHCObL
0w
= z 5 L@ 4
: < s le| 2| 5| S B EE| &
02) E E = = :% § o oe‘u b:?mn
58 = Z =
T 5
1 2 3 4 5 6 7 8 9 10 11
TokapHbIil CTAHOK 3 0,9 1 0,95 0,97 7 1 7 49 143,57
®Dpe3epHbIil CTAHOK 3,5 0,9 1 0,95 0,97 2 1 6 12 41,02
CBepIIWIBHBIN CTAHOK 15 0,9 1 0,95 0,97 6 1 7 42 61,53
CBapOYHBIi CTAHOK 29 0,9 1 0,95 0,97 5 1 5 25 708,08
YIIIM 15 0,8 1 0,95 0,97 9 1 6 54 70,32
CTaHOK 3aTOYHOU 1,2 0,8 1 0,95 0,97 6 1 3 18 18,775
Htoro 1043,28

B wTore 3arparhl Ha 3JEKTPOIHEPTHIO JUIS CO3/IaHUS CTEH/A, YYUTBHIBas CTOMMOCTH
kBT - 4 B 1. UpKkytcke, cocraBuiu 1124,65 pyo.

B-TpeThux, ObUT IPOU3BEACH pacyeT 3aTpaT Ha OIUIATY TPYyHa, KOTOPHIA MPHUBENEH B
tabmuie 3.

Tabnuya 3.
3ampamuei na onnamy mpyo 0na pabomHUKo8
Bup pabot Yucrno pabounx Tpynoemkocts Pacrenka 3apabornas
(den-u) miara
TokapHsbie 1 16 900 14400
dpesepHbie 1 5 750 3750
CaepiniibHble 1 8 450 3600
CriecapHO-MeXaHUYECKHUE 1 18 500 9000
CBapoyHbIe 1 15 940 14100
ITokpacouHble 1 7 450 3150
Cb6opouHble 1 5 650 3250
NTOr'O 51250
N3 tabn. 3 BuAHO, 4TO 3aTpaThl HA OIUIATY Tpyaa coctaBmim 51250 pyo.
Htorosas CyMMa 3aTpaT Ha U3roTOBJICHHUC CTCHA NPHUBCACHA B Ta6J'II/II_IC 4.
Tabnuya 4.
3ampamul na cozdanue cmernoa 6 2019 200y
HanMenoBanme pacxosoB Cymma, pyo0.
1 3aTpaThl Ha pacXo/IHble MAaTEPHAIbI U JIETAIN 102657,9
2 3aTpaThl Ha SHEPTHIO JUUISI TEXHOJIOTHYECKUX HYXK]T 1124,65
3 O0mye 3aTpathl Ha OIUIATY TPYyaa 51250
OO01ast CTOoMMOCTh CO3JaHKs CTEHA 155032,55
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W3 tabn. 4 BuUAHO, 4TO OOIIAas CTOMMOCTBH CO3/aHUSl CTEHJA Ui HCCIEeIOBaHUS
YIOPYTUX U HEYNIPYTUX XapaKTEPUCTUK LIMH 3JaCTUYHOTO0 Kojeca coctaBuiia 155032,55 pyo.

VYuuTeiBasg TOT (akT, YTO C KaXAbIM TI'OJOM PacTeT HEOOXOAMMOCTh NPUMEHEHUS
pa3IMYHBIX CTAaHIAPTOB MEHEPKMEHTA KauecTBa Ha CTAHLUAX TEXHUYECKOTO 00CIyKUBaHUS
aBTOMOOMIIEeH, Takux, Hanpumep, kak MCO 9004-2-91, TOCT P MCO 10002-2007, TOCT P
NCO/TO 10014-2005, TOCT P MCO 9001-2008, moxpobHO ommcaHHBIX B padore [1],
KOTOPBIE PErJaMEeHTHPYIOT YIPaBICHNE MPETEH3UMH U IPUMEHEHHE KOTOPBIX CIOCOOCTBYET
COKpAILIEHUIO 3aTpaT B Clyyae HEIONYLIECHHs CIIOPHBIX CUTYyallui, UCIOJIb30BAHUE CTEHIIOB,
HOJOOHBIX Ipe/ylaraeMoMy, MPU3BAHO HE TOJBKO YJIydllaTh KadeCTBO IPEIOCTaBISIEMbIX
CTAaHLUSAMHU TEXHHUYECKOro OOCIY)KMBAHUS aBTOMOOWJIEH yCIyr M, TeM CaMblM, OTBEYaTh
COBPEMEHHBIM TPEOOBaHUSAM MEHEIKMEHTA Ka4eCTBa, HO M, B YaCTHOCTH, /ISl IPEANPUATHIA —
COKpAIllaTh 3aTpaThl HA MPOBEACHNE TUArHOCTUKU aBTOMOOMIICH, a i moTpeduTeneit yciyr
— TIOBBIIIATh HA/AEKHOCTh M 0€30MaCHOCTh HCIOJIB30BAHUS TPAHCHOPTHBIX CPEICTB, UTO
JIOJDKHO B II€JIOM OTPasUThbCid W Ha CTATHUCTUKE JOPOXKHO-TPAHCIIOPTHBIX MPHUILECTBUHA B
CTpaHe.
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AHHOTAIUSA

Crarpsi mOCBsiIIEHa MPOOJEMAaTUKE HCIOIB30BAHUS MATEeMAaTHYECKUX METOJ0B |
COBPEMEHHBIX MU(POBBIX TEXHOJOTUH MPH TUIAHUPOBAHUH TPOBEACHHS COIIMOJIOTHYECKUX
ucciaen0BaHuil. PaccMOTpeHbl BOMPOCH ONTUMAIBHOIO Pa3MEIICHUsS] BPEMEHHBIX IIEHTPOB
COILIMOJIOTHYECKHUX OIpocoB HaceneHUs. ChopMyTupoBaHbI MaTeMaTHYECKUE MMOCTAHOBKHU
3a/71a4 JUCKPETHOTO JIMHEHHOTO TMPOrpaMMHPOBAHUS, K PEHICHHUIO KOTOPBIX CBOJHUTCS
oTpeieJIeHue UCKOMBIX pa3MmernieHuil. [IpeanoxkeHsl MeToapl peneHus: chopMyTHPOBaHHBIX
3aja4.

KuroueBble ci10Ba: COIMOJIOTMYECKUH OMPOC, ONTUMAJIbHOE IUIAHUPOBAHUE,
JTUCKPETHOE JIMHEIHOE MPOTrpaMMUPOBaHUE

Abstract
The article is devoted to the problems of using mathematical methods and modern
digital technologies in planning sociological research. The issues of optimal locations of
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temporary centers of sociological surveys of the population are considered. Mathematical
formulations of discrete linear programming problems are formulated, the solution of which
reduces the determination of the desired locations. Methods for solving the formulated
problems are proposed.

Keywords: sociological survey, optimal planning, discrete linear programming

HecmoTpss Ha MHMPOKOE HCIONH30BAHUE COBPEMEHHBIX TEIEKOMMYHUKAIIMOHHBIX
TEXHOJIOTUH, TMPOBEJACHUE COIMOJIOTUYCCKUX HCCICOBAHUN, B psjue cliydaeB, TpeOyer
NPOBEJICHUSI ONPOCOB B ycTHOW (opme (amanor, WHTEpBBIO [5]), 4TO Tpeamonaraer
HETIOCPEJCTBEHHBI KOHTAKT MEXIY COIMOJIOIOM M PECHOHJCHTOM. Takue BUIBI OMPOCOB,
3a4acTyl0, CBS3aHBI CO 3HAUYUTEIBHBIMU OPTaHU3AIMOHHBIMU (JIOTUCTUYECKHMHE) PACXO/IaMU,
YTO JIEJIaeT aKTyaJbHBIM HAYYHO 0OOCHOBAHHOE IJIAHUPOBAHUE UX MPOBEICHMS.

[IpuMeHEHHE METOJ0B MAaTEMaTHYEeCKOrO IMPOTPAMMHPOBAHHS TPH OpraHU3aluu
COLIMOJIOTHYECKUX HCCICIOBAaHUI CBSI3aHO C JKENIATEIbHOCTHI0 MHHUMU3AIUM  3aTpar
(ueneBast (DYyHKIMSI) TIPU BBIIIOJHCHUU YCIIOBHUE, 00ECIICUMBAIOIINX BO3MOKHOCTh/Ka4eCTBO
HCCJICIOBaHMM (OrpaHUYCHUS).

CdhopmynupyeM HECKOJIBKO MaTeMaTHYeCKHMX MOCTAaHOBOK 3a7ad JAMCKPETHOTO
JUHEHHOTO MPOrPaMMHUPOBAHHUS, PEIICHUE KOTOPBIX TO3BOJUT OINPEACITUTH ONTUMAIbHBIE
(parMoHATbHBIC) CXEMBI pa3MENICHHSI BPEMEHHBIX IICHTPOB COIMOJIOTHYCCKUX OIPOCOB
HACEJICHUS NIPU PA3JIUYHBIX TUIIAX OPTaHU3AIUH PACTIPEICITUTEIbHOM JJOTHCTUKU OITPOCOB.

BbiGop mnomemenmii 15 BpPeMEHHBIX HEHTPOB COLHOJOTHYECKHX OINPOCOB,
nocenaeMbIX peClOH/IEHTAMH.

[Ipn mpoBeneHUU COIMOJIOTHYECKUX OINPOCOB B KPYIHBIX TOpOJax C pPa3BUTOU
TPAHCHOPTHOM HMHMPACTPYKTYpOH JIOTHCTHKA OINPOCOB MOXXET OBITh OCHOBaHa Ha
CaMOCTOSITEIbHOM ITOCEUICHUN PECTIOHICHTaMH BPEMEHHBIX COIIMOIOTUYECKHUX IIeHTpOB. [1pn
STOM IIEHTPAILHBIMU BOIPOCAMH CTAHOBSITCS CTOUMOCTh apeHIbl HEOOXOIUMBIX MTOMEIEHUI
¥ UX BO3MO>KHASI MIPOITYCKHAsl CIOCOOHOCTH (KOJMUECTBO OMPALTUBAEMBIX PECIIOH/ICHTOB).

Bynem nomnarate, 4TO COIMONOTUYECKUI OMPOC MOKET OBITH IPOBEICH B OMEIICHUSIX
Al A2, ..., An. Ilonararorcs 3a1aHHBIMU:

- Gj (J=1,2,...,n) — 3aTpaThl, CBA3aHHBIE C HCIOJIL30BAHIEM MOMEIICHUS A;;

-Vj (Jj= 1,2,...,n) KOIMYECTBO PECIOHECHTOB, OIIPOC KOTOPBIX MOXKET OBITH IIPOBE/ICH B
HoMeIeHUN A

Beenem o0o3HaueHHe HMHIUKATOpa BHIOOpa MOMENIEHUS B KAayeCTBE BPEMEHHOTO
[IEHTPa COIMOJIOTUIECKUX OMPOCOB:

_ (1, mpu UCTIONB30BAaHUU MOMEIIEHUS A;
Y _{ 0, B IPOTHBHOM CITydae

Takum o6pa3om, BbIOOp HMOMEIIEHUH s BPEMEHHBIX LEHTPOB COIIMOJIOTHYECKUX
ONPOCOB MOXKET OBITh CBEAEH K OJHOW M3 JABYX MAaTeMaTHYECKUX 3a]ad JAMCKPETHOTO
(OMHapHOrO) JIMHEHHOTO MPOTrPAMMHUPOBAHMUSL:

3amagya 1. MuHuUMH3aIMsS pacxoJOB TMPU COXpPAaHEHHH TpeOyeMoro KOJIMYecTBa
PECTIOHICHTOB.

n
F= cjxj—>min
o1

n
y. >
ZJVJXJ_V

j
x; €{0,1}, (i=1,...,n)
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rac V — momaraemoe 3alaHHbIM MUHUMAJIBHOC (HO YCJIOBUAM I/ICCJIG,Z[OBaHI/ISI) KOJINYECTBO
PECIIOH/ICHTOB.
3amava 2. MakcuMu3anus KOJHMYECTBA PECTIOHACHTOB IIPU OIPAaHUYCHUU Ha PACXO/IbI,

CBSI3aHHBIE C APEHAO0M MOMEIICHUN.
n
F= § _ V;X;—max

j=
n

3. >
Z_Ic]x]_C

i
X; {01}, (i=1,..n)

rie C — mosaraemble 3aJJaHHBIMM MakCUMallbHblE (110 YCJIOBHSIM CMEThl Ha IPOBEJICHHE
UCCIICIOBaHMsI) 3aTpaThl Ha apeHy IOMEIEeHU.

Crnenyer OTMETUTh, YTO (B COOTBETCTBUM C TEPMHMHOJIOTHEH, NPUHATON B TEOpUH
JUCKPETHOTO JIMHEHHOrO0 MpPOrpaMMHUpPOBaHUsI) pPAcCMOTPEHHbIE 3aJadyd MOTYT ObITh
OTHECEHBI K THUITY «33/]1a4 O PIOK3aKe» (1IeJIOUNCIICHHbIE 3a7aul C OJHUM OrpaHu4YeHueM) [2].

Bbi0op MecT TeppUTOPHAIBLHOIO PACHOJI0KEHUS! LEHTPOB COLMOJOTrHYeCKUX
OIPOCOB, U3 KOTOPBIX I'PYIIIbI CHEHUATUCTOB BbIe3KaIOT JIsl IPOBeIeHUs OIIPOCOB.

IIpy npoBeneHMM COLMOJIOIMYECKMX OIPOCOB HA CEJIBCKUX TEPpUTOpUsX Ooiee
yIOOHBIM SIBJISIETCS BAPUAHT JIOTMCTUKH, P KOTOPOM BPEMEHHBIE COLIOIOIMYECKHE LIEHTPBI
PacIoJIO)KEeHbl B HEKOTOPBIX (Kak MPaBHJIO, B HauboJjee KPYMHbIX) HACEJIEHHbIX MyHKTaX, U3
KOTOPBIX TPYIIIbI CIIELUATIMCTOB BBIE3KAIOT JJIsl IPOBE/ICHUS OIPOCOB B APYTrU€ HACEICHHbIE
NYHKTHI peruoHa (paiioHa). [lpu 3TOM, Hapsmy ¢ apeHIHBIMU 3aTpaTamu, OOJIBIIYIO POJb
UTPAIOT BOIPOCHI TPAHCIIOPTHOM TOCTYITHOCTH.

Ilyctb 3amaHO N BO3MOXKHBIX MECT DPACIOJIOKEHHMS BPEMEHHBIX LEHTPOB
COLIMOJIOTHYECKUX onpocoB Bj. Benmnuwuer Cj , j = /,...,n 3a1al0T CTOMMOCTb pa3MELICHUS
IIEHTPOB COLMOJOTHYECKHX ONpPOcOB B Mecte Bj. M3BecTHO M HaceneHHBIX IMyHKTOB (P, 1=
1,...,m), B KOTOpbIE JOJKHBI BBIE3KATh I'PYIIIbI CHEUAINCTOB, IPOBOAAIIUX ompoc. [Ipuuem
rpymnIe 1eaecoo0pa3Ho BbIE3KaTh B HACETICHHBIM MYHKT, €CIM OH HAaXOJHUTCS Ha PACCTOSHUU
He Ooree O KM, ITO3TOMY BCe HAaCEIEHHBIE IyHKTHI pa3ouThl Ha rpymmsl: Gy, j = 1,...,n: PieG;
, ecimu P MoxkHO mocTrub M3 ieHTpa Bj (paccrosinne mexay Pi u Bj He mpeBocxoaurt d).

HyxHo ompenennTs, B KAKMX MECTaX Pa3MECTHThb LIEHTPhI, YTOOBl BCE HACEJIEHHBIE
INYHKTBl OB JOCTHKMMBI W3 JIEUCTBYIOIIMX LIEHTPOB, a CyMMapHble 3aTpaTbl Ha
pa3MelIeHue eHTPOB ObUTH Obl MUHUMATBHBIMH.

[TocTponm MaTpuily JOCTHKHMOCTH (&jj), OTPaXKaOLIyl0 pPa30HMEeHNEe COBOKYIMHOCTH
HACEJICHHBIX IYHKTOB Ha TPYIIIBL:

:{ ], eCJ'H/IPl'EGj

a“
; 0, B IpPOTUBHOM CiIy4ae

Y

i=1..m, j=1,..n
BBeneM uHIMKAaTOPHBIC OYIIEBBI TIEPEMEHHBIC:

xX;=

{ 1, eciy LEHTp pa3MelIeH B B;
j

0, B IPOTUBHOM cClly4ae
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Torma BEIOOpP MECT TEPPUTOPUAIBHOTO PACIONIOKEHUS LEHTPOB COIMOJIOTHYECKUX
OIPOCOB MOKET OBITh CBEJICH K MAaTEMaTUIECCKOW 3a/1aue:
3amaya 3. MuHUMH3aIUs PAcXOJIOB Ha COJECp)KAHUE TNPU BHIIOJHEHUH YCIOBUMN

JTOCTHKUMOCTH.
n

F= E . ]cjxj—>mln
=

n
z agx; 2 K, (i=1,...m)

j=1
x; (0,1}, (i=1,...,n)

rae K — mokaszatenp AyOIupOBaHUs, OTPAKAIOLINI MUHUMAIbHOE KOJIUYECTBO LIEHTPOB, U3
KOTOPBIX JIOJKEH OBITh JOCTHKUM JTFOOON HAaCENEHHBINA MYHKT.

B coorBercTBMM ¢  KkiaccuduKauued — 3adady  JUCKPETHOrO  JIMHEWHOTO
IPOrpaMMUPOBAHUS IIOCTPOEHHAs MaTeMaTudeckash II0CTaHOBKAa 3a/Jadd MOXKET ObITh
OTHECEHA K KJIACCy «3a/1a4 O MOKPBITUM [2].

st pemerns copMyTUpOBaHHBIX 3a/1a4 MOTYT OBITh HCIIOJIB30BAHBI OOIINE METObBI
JUCKPETHOTO MPOTrPaMMUPOBAHHUSI (HalPUMEP, METO]T CEYSHH, METO/I BETBEH U TpaHUI] U Jp.
[6]), peanu3oBaHHBIC B pazNu4HbIX NpuioxeHusx (makersl MatCad, MatLab, nanctpoiiku
AIEKTPOHHBIX TaONUI], OHJaH-cepBUCHl U Ap. [1]). OnHako B ciydyae, KOTJa KeJlaTelbHbIM
SIBIISIETCS. MHOTOKPUTEPHAILHOCTh BBIOOpa (HampuMmep, MaKCHUMHU3ALUs IeJeBOW (YHKIHUU
3aJaud 2 TpU MUHHMH3ALUU TeneBoid (QyHKuM 3amadu 3), HEOOXOIAMMBI CIICIHANIbHbIC
MpoLEeAYypbl, OCHOBaHHbIE HAa MCIOJIb30BAaHUU METOJOJIOTMH BEKTOpHON onTumuzanuu. [Ipu
9TOM  METOABl CBEJAEHUS K 3aJaue CKaJsIpHOM onTtuMu3anuu (B YacCTHOCTH,
JeKCUKOrpauyecKuil MeTOJ, METOJ TJaBHOTO KpUTEpUs, METOJ YCTYIOK, METOJ
UHTETPAJIbHOTO Kputepust [6]), TpeOyloT MpenBapUTEIbHON OIEHKH OTHOCHUTEIbHON
3HAYMMOCTHU KPUTEPUEB HA OCHOBE SKCIEPTHBIX TEXHOJIOTHH (Hampumep, [1]), 4To cBsizaHO C
HEOOXOUMOCTBIO TIPOBEACHUS BBIUMCIUTEIbHBIX SKCIIEPUMEHTOB I10 OLIEHKE YCTONYHMBOCTH
pEelIeHn: K BO3MOXXHBIM H3MEHEHHAM OKCHEpTHBIX cyxiaeHuil [4]. Ilpm BbIcokoM
pasMEepHOCTH 3ajad Uil HaxOXAEHUs (He BCeraa ONTHUMAJIbHOro, HO OJM3KOro K HEMy
paLMOHATIBHOI0) PEIICHUs 1eJeco00pa3HO MCIOIb30BaTh 3BPUCTUYECKHE 3BOJIIOLIMOHHBIE
METO/Ibl (HapuMep, FTeHETUUECKUN anroput™ [3]).

Pemenue cpopmMyampoBaHHBIX 3aJa4 MAaT€MaTH4YECKOTO MPOTrpaMMHPOBAHUS MOKET
CIIY’)KMTb OCHOBOM NOJJECPKKH TNPUHATHS JOTMCTUYECKUX PELIEHUH NpHU OpraHu3aluyd U
IIPOBEJEHUH COLMOJIOTUYECKUX OIPOCOB HACEJICHUS.
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AHHOTAIHSA

B nanHOW cTaThe mMOKa3aHbl CUTYallMOHHBIC 3a7a4M, HANpPABJICHHBIC HA DPA3BUTHE
MaTEeMAaTHYECKOTO MBIIUICHUsT oOyJaronmxcs. PaccMmarpuBaeTcst paboTa ¢ ydamudMucs C
HEJIOCTaTOYHOM  MaTreMaTU4YeCKOM  MOATOTOBKOW,  MpemiaraloTcs  IMyTH  pPEUICHUs
CUTYaIlMOHHBIX 3a7a4. YYCHHUKHU BBHIMOJIHIIOT WH(GOPMAIMOHHBIE TEKCThI W3 PA3IAYHBIX
HMCTOYHHMKOB, BBI3BIBAIOLINE UHTEPEC MPU PEIIEHUN CUTYallMOHHBIX 33]1a4, BCTPEYAOLIUXCS B
peanbHOM ku3HU. OTMEYCHO, UYTO PEIICHHE TT0JOOHOTO po/Ia 3a/1ad MOXKET CTaTh JIJISl yYeHUKA
MHCTPYMEHTOM OpraHu3aluy COLMAIbHON TPAKTUKH.

KuioueBbie ciioBa: CuryalluoHHBIE 3a/laqyd, KOMIETEHTHOCTh, MAaTEMaTHYECKOE
MbIlUIeHHE, QYHKIUS, rpaduk, abcTpakius, GopMyibl U MaTeMaTudecKasi MOJIENb.

Abstract

This article shows situational tasks aimed at developing the mathematical thinking of
students. Work with students with insufficient mathematical training is considered, ways of
solving situational problems are proposed. Pupils execute informational texts from various
sources, causing interest in solving situational problems encountered in real life. It is noted
that the solution of such problems can become a tool for students to organize social practice.

Keywords: situational problems, competence, mathematical thinking, function, graph,
abstraction, formulas and mathematical model.

B coBpeMeHHOM oOuiecTBe TpeOOBaHUS K MPUKIAIHBIM 3HAHUSAM PACTYT, TaK Kak
(GyHKLIMOHATIbHAs T'PAaMOTHOCTh YEJIOBEKa SBISETCS II0Ka3aTelieM €ero CHocoOHOCTH
aJaNTUPOBATHCS K YCIOBUSM OKPYXKAIOIIEro MUpa.

Ilenpto  cOBepIICHCTBOBAaHMS  KayecTBa  OOpa3oBaHMs  SIBISIETCS  pa3BUTHE
MaTeMaTUYeCKOr0 MBIIUIEHUSI ¥ (YHKIUOHAJIBHOW TPaMOTHOCTH LIKOJBHUKOB. B Hammx
LIKOJIaX MEJarory AAl0T HEIJIOXUE IPEIMETHBIC 3HAHUS, HO HE y4yaT IPUMEHSATH [TOJIyYE€HHBIE
3HaHMUSA Ha NpakTuke. Kpome TOro, npuuMHON HEAOCTATOYHOM MAaTEMATHYECKOW MOATOTOBKH
yUallUXCsl CUMTAETCs HE3HaHHE OTAEIbHBIX pa3JesioB MaTeMaTHKH, claboe BiIaJeHHE
MaTeMaTUYeCKUMHU AePUHUIMAMH, HEOOXOAMMBIMH MaTeMaTH4YECKHUMH MOHATUsAMU. Yacto
3HaHUS HOCAT (POpPMasbHBIM XapakTep, 4TO BEJET K CIa0OMy pa3BUTHIO MAaTEMaTHYECKOIrO
MBILUIEHHS. DTO CBSI3aHO C TE€M, YTO YYMTEJSl HE BCErjJa MOTYT 3aMHTEPECOBaTh YUEHHKA U
NOPUBUTH JIO00BH K H3y4aeMOMY MpEAMETYy, MO3TOMY HEPEIKO CUYHTAETCS MaTeMaTHKY
TPYAHBIM TIpeaMeToM. YToObI MPeooieTh NaHHYI0 MpodIeMy, HEOOXOAUMO OOBSICHUTH, YTO
MaTeMaTHKa OCHOBaHAa Ha CTPOrOM JIOTUYECKOM MBIIUIEHUM M YMEHHMHM IPAaBHIIBHO
MEPEXO/IUTh OT KOHKPETHBIX (PAKTOB K aOCTPaKTHBIM MOHATUAM [1; 12].

MHorue mOHATUS MaTeMaTHKH HMMEIOT aOCTPaKTHBIM XapakTep, 4YTO BEOEeT K
CIIOKHOCTU UX Bocmpustus. IIpu 3ToM aOGCTpakTHOCTH LEHUTCS TE€M, YTO OHA OMMCHIBAET
oTpakeHHMe Mupa B obOmeil ¢opme. Ho abcTpakTHble MaTeMaTU4YecKHe IOHSTHUS
YHHUBEpPCAIbHBI U YJOOHBI JIsl UCTIOJIB30BAHMS B JIFO00H 00JIaCTH HAyKH.

AGcTpakuMs B~ MareMaTWMKe —  MPOIEeCC  MBICIMTENBHOTO  OTBJICYEHHS,
MPEJICTaBIISIIOIIMI COOON CYIIECTBEHHYIO COCTAaBHYIO YacThb MBICIUTEIBHONW N1E€ATENbHOCTH,
HarpaBJICHHBIA Ha ((OPMUPOBAHHE OCHOBHBIX MAaTEMAaTHUYECKUX MMOHITHH.

K Tumam aOcTparupoBaHuss B MaTeMaTUKE OTHOCATCA: «4YHMCTOE» OTBIECUCHHE,
UJeaIn3alnsd U UX pPa3IMUHbIE Bapuauuu. boiblnas 4acTb COBPEMEHHOM TEOPETHYECKOU
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bu3MKN SABIAETCS MaTeMaTW4YecKoW aOcTpakiueil, He uMeroImed moa co0ol peaTbHBIX
OCHOBaHMH [8].
MHorue npupoIHbIE SBJICHUS U3Y4al0TCs C TOMOIIbI0 MaTeMaTUYECKUX Mojesield. Mbl
HE JIOJDKHBI 3a0bIBaTh, YTO BCE HAYYHBIC aOCTpPaKIMU OTPAXKAOT MPUPOAY IIHpe, TIyoxe,
BEpHee, noJjinee u T.4. [ 13].
PaccmaTpuBast HEKOTOpBIE PUMEPHI, YOSIUMCS B TOM.
Hanpumep, popmyna npamoti nponopyuonanbnocmu Y=xx BbIpaxkaeT 3aBUCUMOCTb:
®  MEXKIYy PacCTOSHUEM S, MPOUICHHBIM TEIIOM IMPHU MOCTOSIHHONW CKOPOCTH V U
BpeMeHeM t ero aBrkeHus ( S=vt);
e Mexay mmuHoM okpykHOcTH C 1 ero nuamerpom d (C=rd);
®  MEXIy CTOMMOCTBIO A KYIUICHHOTO TOBapa M €ro KoJm4ecTBom N (A=an);
e Mexay BecoM P u ero oosemom V (P=Vd, d-yaenbHbli Bec);
e Mexay momrHOcThi0 N 1 BenmunHO# ToKa | mpu mocrossHHOM HanpsbkeHun U
(N=1U);
®  MEXIy MOHMKEHHEM TOYKH 3aMep3aHus (MOBBIIICHUEM TOUKH KumeHus) At u
YUCJIOM MOJIE pacTBOPEHHOrO BellecTBa, mpuxoxdsuierocs Ha 1000r
pactBoputens C (At=KC, rae k- kprockonudeckas Win 30yJTHOCKOIMHYECKas
KOHCTAHTBHI).
B mo e epems, gopmyna keadpamuunoii (yukyuu y=ax’+bx+c, rae a, B u ¢

IIOCTOAHHBIC YHCJIa U a #0, BbIPaXKacT 3aBUCHUMOCTD!:
2

at
a) 3aBUCUMOCTD IIYTH OT BPEMCHU IIPH PABHOYCKOPCHHOM JIBHKCHHU: SZT_+V0'[+ So,
Vo — CKOPOCTh B MOMCHT BPEMEHHU t. So—paCCTOAHUE K Ha4Yally OTCUYECTa, S — HpOP’I,Z[CHHLIﬁ IIyTh,

d?n

6) MomHocTh aBTOMOOWIISI B JIOIIAJUHBIX CHJIAX: p=—> Ti¢ P — MOIIHOCTH, d -
JMaMeTp LMIMHAPA, N — YUCIIO IUIUHIPOB;

B) Beicota S mosera cHapsga, BBINYIIEHHOTO BEPTUKAIbHO BBEPX C HaydalbHOU
CKOPOCTBIO Vo,: s:vot-gzﬁ,;

r) [Inomane kpyra: S = mr?, rae n=3,14, r-paguyc kpyra u.t. [7].

B o0yueHunm wmartemaTuke y4yuTeNns JOJDKHBI 3aMHTEPECOBATh YUYEHHKOB IpU
O3HaKOMJIEHHH ¢ HOBOM uH(popmanuei. Kak BepHo 3amernn coBerckuili ncuxosor C.JL
PyOunmteiin: «Y uyenoBeka MHTEpechl MOTYT BbI3BaTh BCE HOBOE, HE0XXKHJAHHOE,
HEHM3BEeaHHOEe, HepasraJlaHHoe, MpoOJIeMaTHYHOe - BCE, YTO CTABUT NEpeA HUM 3aJaud U
TpeObyeT OT Hero paboThl MBICTH, OHU SBJSIOTCS W TMPEANOCHIIKOW OOydYeHHUs, U €ro
pesyabTaroM. OOyueHne onupaeTcs Ha MHTEpechl 00y4aroIuXxcs, U OHO ke (HOpMUPYET HX.
[ToaToMy MHTEpecCHI CIyXaT, C OJHOW CTOPOHBI, CPEACTBOM, KOTOPBIM IEaror MmoJjb3yercs,
4yToOBbl cnenate oOydeHue Oonee 3((EKTUBHBIM, C JPYroil CTOPOHBI, HHTEPECHI, HX
(bopMHUpPOBaHKE SBISIIOTCS LETBIO MeIarornueckon padboTe [2].

ITo muenmto 0. M. Komsiruna «Ymenue pemarts 3agadd oOpa3yeT CIIOKHBIN
KOMIUIEKC, KOTOpBIM COJEPKUT aKTHBHO JIEHCTBYIOIIME MaTeMaThdyeckue 3HaHus (U
COOTBETCTBYIOIIIE MM CIIELUAIbHBIE YMEHHS M HAaBBIKH), OMNBIT B MPUMEHEHUM 3HAHUU U
OTIpe/IeNIEHYI0 COBOKYITHOCTh, CPOPMUPOBAHHBIX MBICTUTENbHBIX YMEHUN, TIPOSBIISIOLIUICS B
IIPOLIECCE PELIEHNH 3a1au» [5].

[lo MHeHHI0O MHOTHMX HCClenoBaTelliel, MaTeMaTH4ecKoe MbIIJIeHHe o0Janaer
XapaKTepOM JEATEbHOCTH, MHTEIIEKTYaIbHOCTH, SMOIIMOHAIBHO-TMYHOCTHBIN, TBOPUECKUI
u 1p. B kadectBe CBOWCTB MaTeMaTHYECKOIO MBIIIJICHUS HAa3bIBAlOT: T'MOKOCTh, TEMII,
CKOPOCTb, 3KOHOMHUYHOCTb, [TOCJIEJ0BATEIBLHOCTD, KpUTUUHOCTH U T.1. [10].

[IpumeHnsisi mosydyeHHbIE NMPEAMETHbIE 3HAHUS MPH PELIEHUH CUTYAI[MOHHBIX 3ajad,
MOYKHO JTOCTHYb KauecTBa 3HAHUH, MO3BOJISIOMMX 00y4aTh MIKOJIHHUKOB pelaTh KU3HEHHbIE
npobnembl.  CuUTyallMOHHBIE  3a7aud  TOMOTalOT mnpu  GOPMHPOBAHUM  HamboJjee
YHUBEPCAJIBHBIX CIOCOO0B paboThI ¢ MHpOpMaLKEH.

IIpusedem npumep cumyayuoHHoOU 3a0a4u.
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1. Ha3Banue: «Mup ruokocTm»

2. JInyHOCTHO-3HAUKUMBIN BOIIPOC:

OpmHaxapl, Opy3bsi, UTpasl B 3arajiku, CTOJKHYJIUCh ¢ IpoOiemoid. 3araaka Obuia B
CTHUXaX:

OH BUTAaET U KIIYOUTCSI, HaJT KACTPIOJICH KHUTISIICH.

Hy a saTot npuroautcsi, B 6ackeT0oJie HaCTOSIIEM,

Tak ero Tam Bce 30BYT, TOJIBKO B AHIJIMH, HE TYT.

[Tocrne kaxa0ro U3 CJIOB, MBI JOMHUIIEM OYKBY «a.

Bort u Bce, oHa roToBa, moito0yiTech kKakoBa!

(ceennnnn ) O.IlanumeBa.
KTo0 3HaKOM CO MHOFO, TOT 3HACT MOH KaIpu3:
Mou BeTBH CMOTPST, TO BBEPX, @ TO BHU3.
To ecTh mepecedeHus, ¢ OCIMH, TO UX HET.
A wHoraa ObIBaeT, BCE HA00OPOT.
Ho kT0 MeHs y3HaeT, To cpa3y BCe MOMMET.
T y e ) O.I1anumesa.[6]

Bce gymaror m He MOTYT HallTH OTBET Ha BOIIPOC: YTO 3a CJIOBO, TaKOe KpacuBoe?
[Toxanyiicta, moMorure pedsaram OoTrafarh 3arajaky.

Texer 1. B xonue XIX Beka, B pacipocTpaHEHHbIX y4eOHHKaX TOIO BpEMEHHU BOIPOC
0 (pyHKIMAX mOYTH He 3aTparuBajics. Ho MeToaucThl, HayyHble paOOTHUKH U YYUTENS TOrO
BpPEMEHH, 3Has YTO (PYHKIHS OTPAKAET MU3MEHEHHs NMPOUCXOASAIINX KU3HEHHBIX IPOLECCOB,
CTPEMMJIUCh BBECTU (PYHKIIMIO B IIKOJIBHOE IIPENOIaBaHueE.

Ha I1epBom Bceepoccuiickom cbesne (1911-1912) nmpenonaBateneii MaTeMaTHKH OBLIO
IOPUHATO pEIIEHHE O BBEACHUM HAECHU (PYHKIMOHAIBHOW 3aBUCHMMOCTH B HIKOJBHBIN KypC.
Hauunas ¢ 1911 roga temy (yHKIMS BKJIIOYWIM B HOBbIE KHUTH, KOTOPBIE BBIMTYCKAJIUCH 110
anrebpe. OnuH u3 BumgHeimux wmeroauctoB B.Il.IIlepemereBckuii 3asBisui: «Kakoe Obl
MHUPOBO33PEHUE HU JISKAIO B OCHOBE HAIIMX OTHOWICHHWH K MPHUPOJE, CYIIHOCTH Mpolecca
MHUPOBOH KM3HH BBIPA3UTCS OCHOBHBIM MOHATHEM — U3MEHEHUs. Eciu, Bcs MaTeMaTHKa eCTb,
B CYIIHOCTH, YYeHHE O (QYHKIUSAX, TO SCHO, YTO W DJEMEHTapHBIA KypC IOJDKEH
IPYNIHPOBATHCS BOKPYT OCHOBHOT'O MOHATHUS O (YHKLMOHAIBHOM 3aBUCUMOCTI» [9].

Texc 2. 3HaueHue cioBa «PyHKIUS»:

1. 3aBucumble Opyr OT Apyra SIBICHHUS M U3MEHSIOIIUE MO Mepe M3MEHEHMs
3TOTO JPYTOro SIBICHUS (KHHKH.).

2. IlepemenHas BenW4MHA, MEHSIOLIAsICA B 3aBUCUMOCTH OT U3MEHEHUS IPYrou
BeNIMYMHBI (MaT.). Bennunnaa naBneHus raza ecTh (PYHKIHS BEITUYHUHBI €rO
o0Bema.

3. Pabora, mpousBouMasi OpraHom, opranu3zmMom (ouor., pusuoi.). OTaencHue
CJIIOHBI SBJISIETCS OCHOBHON (DyHKIIHEH CIIFOHHOM JKeNe3bl.

4. Tlepen. OOs3aHHOCTb, KPYT JESATEIBHOCTH YETO-HHOYIb., MOJUIekKAIIas
UCTIOJNIHEHUI0 pabora (kHMXKH.). CiyxeOHble (yHKUMH. VICHOTHATH CBOIO
¢dynknuio B obmecTBe. @YHKIINU TOCYIapCTBEHHOTO YIIPABICHUSI.

5. 3nHauyeHue, HazHauyeHue, poib (KHIKH.). d. maremarnyeckoro 3Haka. @.
poIUTENBLHOTO TIagexa [3]

6. functio B mepeBo/ie ¢ JIATUHCKOTO — BHIMIOJHEHUE PaOOTHI.

Texcr 3. [{utaThl CO CIIOBOM «(DYHKIIHS:

e ['naBHas 3ajmaua mupuxképa HE COCTOMT B TOM, YTOOBI MOMECTUTH ceOsl B
CBHUJIETEJILCTBO, HO MCYE3HYTh M033AM €ro (QyHKIMH B MaKCHUMaJIbHO
BO3MOYKHOH CTETICHHU.

Depeny Jlucm (1811-1886) — seneepckuii komnosumop.

e KoHeuHas, sicHag QyHKUUs 4enoBeka — paboTarh, CO3MJaTh, U HE TOJBKO
ce0e OJIHOMY Ha IOJIb3y, — 3TO M ecTh uenoBeK. [locTpouTs cTeHy, oM,
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IUIOTUHY U BJIOKUTH YACTHUILYy CBOETO YEJIIOBEYECKOTO «51» B ATY CTE€HY, B 3TOT
JIOM, ¥ B 3Ty IUIOTHHY M B3SITh KO€-YTO U OT HUX — OT 3TOH CTEHBI, 3TOTO
JIOMa, 3TOM TUIOTUHBI; YKPETIUTh MYCKYJIbI TSXKEJION paboTol, MPUOOIIUTHCS K
SICHOCTH JIMHUH U (OPM, BO3HUKAIOIINN HA YEPTEKE. ...
Horcon Cmetinbex(1902-1968)- amepuxanckuii npozaux.
o DyHKIUU 3aePKUBAIOT CBSA3b, CTPYKTYPHI NAHHBIX CTUMYIUPYIOT CBS3b.
Mopans: CTpyKTypupyilTe JaHHBIE KaK MOYKHO TII03/lHEE B IIPOLECCE
IPOrPaMMHUPOBAHUS.
Anan Iepauc (1922-1990) - amepuxanckuil yuénoiii 8 061acmu UHGOPMAMUKU
e  Jlyume, uroOsr B 100 ¢yHKIMSIX MCIOJIB30BAJIaCh OJIHA CTPYKTypa JAAHHBIX,
yeM B 10 pynkmusx - 10 cTpykTyp.
Anan Iepauc (1922-1990) - amepuxanckuil yuénwiii 6 obracmu ungopmamuxu [4].
3ananus aJs padorTsl ¢ uHGopManmeii:

1. [IpounTaiiTe BHUMATENbHO TEKCTHI 3aJaHUs U TeMy (QYHKIHMA y = ax2, ee
rpaduk u cBoiicTBa, no yuebnuky FO.H.MaxkapsrueBa 9 kiacc.

2. Jaiite onpenenenue KBagpaTHOW (DYHKIMH, COCTAaBbTE TAOJUILy M TTOCTPOUTE
rpaduk KkBagpaTHON PyHKINU y=X2.

3. Pemure 3amauy. [laBneHue p BeTpa Ha CTEHY BBIYMCISIETCS 1O (opmyse

p=0,1v’, rae V-ckopocTb BeTpa. I10cTpouTh rpadMK M BBHIYUCIUTD 110 TPaUKy LaBICHUE P,
npu V=20, 30, 40, 50 km/gac. Berauciuts ckopocTh Betpa npu p=10, 15, 20, 25Kkr/M°,

4, CKOpOCTh T€UCHUs BOJIbI B KaHajie rryOuHOM B 1,30M Ha pa3muYHBIX TITyOMHAX
BBIPAKACTCS TIPUOIIKEHHO (hopMyloii: v=-62,5h*+50h+40 (ecm riryGHHY B3STH OOJBIIE
1,30M, TO CKOPOCTh MOJYYUTCS OTPUIATEIBHBIM YKCIOM), Tae h riayOouHa ciiost B MeTpax, V-
CKOPOCTh TCUCHUS B M/MUH.

VY3HaTh, HAa KaKOW IITyOMHE CKOPOCTh TeueHus OyneT paBHa V=40m/muH. 1300pa3uth
Ha rpaduKe 3aBUCHMOCTh MEXTy h u V.

5. B kakux 061acTsax HayKu MpUMEHseTCs KBaapaTHas QyHKIus?

6. [TpencraBbTe COCOOBI MX 3a/aHUsl U MEPEYUCIIUTE CBOMCTBA KBaJpaTUYHON
byHKINN.

1. Hab6mronas peanbHyro *Ku3Hb, HAAUTE (HOPMBI MApadOIIbl U COCTaBHTE KJIACTEP

10 UX IIPUMEHEHMUIO.
PaccmaTpuBast pyHKIMH, TOCTpOEHUE TAOJIUIl U COOTBETCTBYIOIINE TPapUKU, YICHUK
MOYKET yCTaHaBJIMBaTh 3aBUCHUMOCTb OJIHOW NEpEeMEHHOM BeaMuuHbl ((PyHKIMH) OT ApYyroi
NEPEMEHHON BeNMYMHBI (aprymMeHTa). B riasax yueHuka nepeMeHHble BETMYMHBI BIIOJHE
OTPaKalOT pEAJIbHBIE MPOLECCHl M SABJIEHUSA, B CBS3M C 3TUM Yy HEro pPa3BUBAETCS
(GyHKIIMOHAIbHOE MBIIIEHHE. B nanbHelmem oH OyIeT cMOTpeTh Ha (OpMyIly U BhIpaXKEHHE
HE Kak Ha MepTBbIi rpy3. O603HaueHus a, B, C, d..., CTAHOBSATCS MOJBHUXHBIMH, TPUHUMAs
pasHble 3HaueHus. OHM MOTYT YHCIaMH: LEeNbIMU U IpoOHBIMU. BennunHamu: TMHEHHBIMU U
KBaJpaTHBIMU; BpPEMEHEM, BECOM, TeMIlepaTypoil, T.1. [1].
UTo MOXeT 1aTh pelieHre CUTyalluOHHBIX 3a7a4 Ha ypoke? [11, 12]:
®  pa3BUBAETCS MOTHBALMS yUalllUXCs TTO3HAHUIO OKPYKAIOLIETO MHUPA;
Hay4aTcsl aKTyaJIM3UpOBATh MPEJAMETHbIC 3HAHUS U YMEHHUS,
MOBBILIAETCS YMEHHUE aHAJIU3UPOBATh JaHHYIO CUTYALUIO;
MEHSIETCS] XapaKTep OTHOIICHUs YU€HUKA U YUUTEs;
AKTHBHO M KPEAaTUBHO MOJIb3YIOTCSI CBOUMU 3HAHUSMU;
CaMOCTOSITENIbHO TNPUOOPETAIOT 3HAHMWA W Haydarcs BbIOUpaTh CIIOCOOBI
JeSITEIIbHOCTH;
®  YBEIMYUTCS [TO3HABATEIIbHBIN UHTEPEC Y yUallUXCS;
®  pa3BHUBAETCS MaTEMaTHYECKOE MBIIICHHUE.
Vcnonp30BaHne CUTYallMOHHBIX 337[ad B 00yYeHUH MaTeMaTHKE MO3BOJISIET yJalluMCs
OCYILECTBUTh Pa3HbIE MBICIUTENIBHBIE OINEpalK, pa3paboTaTh MaTEMATUYECKYI0 MOJAENb
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CUTyalluu B BHUAE (OpPMYN HIM ypaBHEHHS M TOATBEPXKIACT IOJOKHUTEIbHYIO DPOJIb B
(GOpMUPOBAHUM MATEMATHUYECKOTO MbIUIeHUs. ClenoBaTenbHO, YTOOBl AKTUBU3HPOBATH
MBICTTUTENIbHYIO JESITeNIbHOCTD YUallUXCsl, B y4eOHOM MPOLIECCE CIETYET aKTUBHO MPUMEHSTh
CUTYaIIMOHHBIC 33/1a4H.
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AHHOTAIUSA

B crarbe npencraBieHbl pe3yabTaThl HCCIETOBAHUN TAPAMETPOB JICKTPUUECKON TyTH
B TIpollecCe MPUMEHEHHUS DIEKTPOAYrOBOIO HarpeBa U IIEHTPOOEKHOW 3alUBKH MPHU
BOCCTAHOBJICHUH TOKa3aTeseil HalIeKHOCTH OpPOH30BBIX BTYJIOK CKOJbXeHUS. [IpemnoxeHs
HEKOTOPOE pacuyeTbl 1 HOMOIPAMMBI ONTUMAJIBHBIX PEKUMOB IPOLIECCA 3ATTUBKHU.

KuroueBble cji0Ba: 3JIEKTPOIYyroBOM HarpeB; OpOH30Basi BTYJKAa, HOMOTpamma;
BOCCTaHOBJICHHE.

Abstract

The article presents the results of the study parameters of the electric arc in the process
of applying the electric heating and centrifugal casting when restoring reliability bronze
bushings slip. Suggested regimens and nomograms optimal modes of the filling process.

Keywords: electric arc heating; bronze bushing; nomogram; restoration.

Lenpt0 JaHHOTO HCCIENOBaHUS SBISJIOCH HW3YYEHUE BIMSHUS MapaMeTpoB
AIIEKTPUYECKOW TyTH, TEMIIEpaTypHOro peXHMa Ipoliecca, CKOpOCTH, BbIOOpa cocTaBa U
KOJIMYECTBA IIMXTHl HAa KAYECTBO 3aJIMBAEMOTO OPOH30BOTO CIIOS METOJOM IEHTPOOEKHOM
3QIMBKA  C  TPUMEHEHHWEM  DJJIEKTPOJAYroBOTO  HArpeBa, TMpPU  BOCCTAHOBIICHUH
paboTocrnocoOHOCTH OPOH30BBIX BTYJIOK CKONbx)eHHs. CTaBuIach 3a7ada BEIIBUTH OCHOBHBIE
napaMeTpbl AMEKTPUUYECKON Ayrd, BIUSIONIME HA KayecTBO 3aJIMBKU. AHanu3 oOpaboTKu
HOMEHKJIATYpHI JIeTaNield OpOH30BBIX MOJANIMITHHKOBBIX BTYJOK, MPUMEHSEMBIX B y3JIax U
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arperarax aBTOMOOMIIEH, TPaKTOpOB, MEJIHOPATUBHBIX, CTPOUTENBHBIX u
CEJIbCKOXO3SHUCTBEHHBIX MAIllMHAX M MEXaHW3Max, II0Ka3bIBaeT, 4YTO Hamboyiee dYacto
HCITOJIB3YIOTCSI OJIOBSIHUCTBIE OpoH3bl bp OLIC5-5-5,

bp OLC 6-6-3, bp OLIC 4-4-2,5 u amomuHEBO-Xkene3uctoie OpoH3sl bp AX 9-4,
I'OCT 5017-74 u I'OCT 613-79.

UccnepoBanust mnpoBoAWIMCH Tpu  yaenbHOM wmomHoctu 0,24...0,34 kBr/em’,
TeMIiepatype HarpeBa 750 — 850°C u 650 — 730° C, ckopoctH 3...6 M/C, BEIMYNHE JTUHBI
JyTH =

LB
NPUHATHL CIENYIOIIME WCXOAHbIE AaHHbIe: Mapka BTynku — bp OLIC 6-6-3; bp Ax 9-4;
pa3Mephl 3arOTOBKM — BHYTPEHHHI quameTp 60 MM, HapyKHbIA AuameTp 65 mMm, anuna 42,5
MM; MOPOIIOK W3 IBETHBIX CIUIABOB; pa3Mep CTPYXKu 1...2 MM; ¢IIOC — MpOKaJCHHAs,
TeXHUUECKUi ymctas Oypa 2% OT Macchl CTPYXKKHU; Temmneparypa HarpeBa 650 — 8500 C;
CKOpOCTh BpameHus 3-6 M/C.; pexKUM OXJaKACHHUs B Amiuke ¢ nmeckom no 2000C, nanee Ha
BO3/IyXe€.

[Topo1ok u3 HBETHBIX CIUIABOB COCTOUT:

—  KOMIIO3UIIMOHHBINA MOPOIKOBBIK criiaB Mapku [TP-X18H9-50%);
—  XJIOpUCTHIH HUHK — 3%;
—  OKCHJ aJroMuHUA — 25%:;
—  MOPOIIKOBBINA IUHK — 22%.
XUMHUYECKUH COCTaB KOMITO3UIIMOHHOTO noponikoBoro ciiaBa B [TP-X18H9%:
- xpom — 10...20%;
— Hukenb — 8...11%;
— yruepon — He 6oxee 0,12%;
—  KkpemHuit — He 6oiee 0,8%;
— wMapranen — He 6onee 1,0%;
—  JKEJIe30 — OCTAIIBHOE.

Crnenyer mNOMHUTH, 4TO OpoH3a mIaBUTCA MNpu Temmeparype 967...1040°C B
3aBUCUMOCTH OT €€ MapKkH. JlocTaTOYHOM KUIAKOTEKY4YECThIO OHA 00JaaeT MPU TeMIIepaType
1100...1200°C. He cnenyet neperpeBaTb Opon3y Bbiiie 950°C, Tak Kak MpH 3TOM BO3MOXKEH
pa3MbIB caMOM 3arOTOBKH-OCHOBBI. [10Ar0TOBKA MOBEPXHOCTH TOJI 3aJIMBKY BKJIIOYAJIa B ceO0s
MEXaHUYECKYI0 OOpaOOTKy JUIsi CHATHS PHCOK W HApYIICHHS TE€OMETPUH OTBEPCTUS B
MPOIIECCE IKCIUTYaTalMu (IJUIUIICHOCTh, KOHYCHOCTh) C YUCTOTOM moBepxHOCTH Ry= 10 MKMm.
HeoOxoaumMoe KoIM4ecTBO Macchl OPOH30BOM CTPYKKH COCTABIISIET MPH TONIIUHE 3aTUBKU 2
MM Pc=172,5 1, a dmroca Py= 3,5 r. 1llnxTa NpUroToBIAIack TIIATEIbHBIM II€PEMEITNBAHUEM
OpoH30BOI cTpyXKH 1...2 MM U ¢uroca, TeXHHUECKH 4ucTas Oypa, u3 pacuera 2% OT MacChl
3arpy’KaeMol CTPYXKKH C TOCIEAYIOIIMM TIPECCOBAaHUEM Ha TMpecce B CHEIUATHLHOM
npucnocodnenuu [ 1].

[To pe3synbraraM ’KCIEPUMEHTOB ObUIH MOCTpOeHB! “HoMorpammel 1o onpeaeneHuro
ONTUMATBHBIX TEXHOJOTHYECKHX pPEXKUMOB IIpollecca 3alMBKU® JUISI  MOAOOpaHHON
HOMEHKJIATypbl OpOH30BBIX TMOJIIUITHUKOBBIX BTYJIOK. BO BpeMs TEXHOJOTHUYECKOTO
mpolecca pacIulaBlieHuss OpOH3bI, HArpeB 3aroTOBKM W IIMXTHl  OCYIIECTBISIIHCH
HE3aBUCUMOHN CBapO4YHOM mAyroi. TeruioBas MOIIHOCTH JYT'H BBIOMpANiach, HMCXOAS U3
obecrnieueHuss OBICTPOro W d(PPEeKTUBHOrO pacriiaBiIeHHUs OpOH3bI M HArpeBa 3aroTOBKH, a
TaKke W3 OJaronmpusTHBIX YCJIOBHH BeAeHHUs mpolecca. Mcxons w3 TOTo, 4TO JyduCTas
SHEPrusi OT DJEKTPUUYECKOM OYrM MOCTYIMAeT, MPEeXJIe BCEro, K 3arpy>KeHHOW IIMXTe, a
TOJIIIMHA 3aJIMBAEMOTO0 OPOH30BOTO CJosi Koyebsnercss B mpeaenax or 1 mo 4 mMm (B
3aBUCHUMOCTH OT BEJIMYMHBI M3HOCA). 3a OmpeAenstomuil (GpakTop ONTHUMAaIbHOW YAENbHON
MOIITHOCTHA TMPUHUMAJIACh MOIIHOCTh Ha 1 cM™ 3anmmBaeMoro Mertamia. [Ipu BBITOTHEHUH
JAHHOTO  MCCIECOBAaHUS  M3YyYalUCh  BJIMSHUE  YACJIbHOW  MOIIHOCTH Jyrd  Ha
MPOJOKUTEILHOCTD 3aJUBKH, a TAaK)Ke yJENbHONW MOIIHOCTU AYTU U MPOAOIKUTEIHHOCTH

= 50...100%, spemenu narpespa 2...4 munyT. Jl1a IpoBeIeHUS SKCIIEPUMEHTOB
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3aJIMBKU Ha BBITOpPAHUE KOMIIOHEHTOB OpoH3bl. VcciieqoBanue mpoBOIMIIOCh IPU Pa3IMYHON
yaenapbHOW MouiHocTu ¢ uHTepBaiom 0,1 kBr/em® u BPEMEHM C HUHTEpPBAJIOM | MUHYTA.
BenuunHy Toka M HampspKeHUs B LENHM 3aMEpsUId C MOMOILBIO amIepMeTpa U BOJIbTMETpa
tuna 23-30 c kiaccom TtouHoctH 1,5 m Bartmerpa JI-142 ¢ kmaccom TowyHOCcTH 2,5.
[TpomoKUTENBHOCTD 3AJIMBKHU 3aMepsiid ceKyHaoMepoM C-1-2a ¢ TouHocThlo *1 c.

Bo Bpemsi mporecca IEHTPOOESKHOW 3aJMBKM C TPUMEHEHHUEM 3JIEKTPOJyTOBOTO
HarpeBa JIEKTpUYECKas Jyra CBOCH TEIUIOBOW »Hepruedl OJDKHAa pPACIUIaBUTh LIUXTY 0
KUJKOTEKYYETr0 COCTOSIHMSI BHYTPU BpaIlAlOIENCcs BTYJIKU U IIPOU3BECTH IMPOTPEB CaMOIo
TeJla BOCCTAHABJIMBaeMOW OpOH30BOM BTYJIKH. Bbliensemast sHeprus 3JeKTpUYecKol Ayru
MEXAy  JABYMS  HEIUIAaBALUIMMMCS ~ DJEKTPOJAMHU  PACXOAyeTcs  Ha  YBEJIMUYEHUE
TEIUIOCOAEP)KaHUsI OPOH30BOM CTPYXKKM W BTYJKH, @ TaK K€ Ha IOTEPU B OKPYKAIOIILYIO
cpeny. [ToaTromy ypaBHEHHE TEIJIOBOTO OajlaHCa MOKHO MPECTaBUTH B cienyromeit popme:

Q=01+0Q; 1)

rae: Q -teruiora, BhlmenseMas JIEKTPUYECKOM Iyroil BO BPeMs TOPEHHS JIEKTPOIOB, KJIIK;
Q1 - Temnora, HeoOXOAMMas Ha TEIJIOBOE COJEPKAHUE OPOH30BOM CTPY)KKHM M BTYIKH, KJ[K;

(5 - TeroTa, UayIIAs Ha IOTEPH B OKPYKAIOILYIO cpeay, KJK.

JUis pemieHusi COCTaBICHHOIO YpaBHEHMsI TEIUIOBOrO OajjaHCa IO OIpPENEICHUI0
MapaMeTpoB OCHOBHBIX (PaKTOPOB TMpoliecca 3alMBKUA BBEAEM CIEIYIOIIHUE YCIOBHS:
TeMIlepaTypa OKpYXalolleld cpeasl, Bo3ayxa (MPOCTPAHCTBO TMOJ 3AIIUTHBIM KOXYXOM)
MOCTOSIHHA;  TeMIIepaTypa 3aJlMBaeMoOro Cjos OpOH3bl MO BCEW TONIIMHE W JJIUHE
BOCCTaHABJIMBAEMON BTYJIKM OJMHAKOBA M HAXOAMUTCS B KUAKOTEKYYEM COCTOSHMM, IIOTEPS
TEIUIOTHI MTPOUCXOUT Yepe3 HAPYKHYIO0 MOBEPXHOCTh BOCCTAHABIMBAEMOU BTYNKH (IIOTepeit
TEIUIOTBl Yepe3 TOpLbl BTYJIKH MOXXHO NpeHEOpeub BBUIY H30ISLUUU TpapUTOBBIMU
BCTaBKaMH).

KonnyecTBO TEmIOTHI, BBIACISIEMON DJJIEKTPUYECKOM JYrol 3a BpeMs TOpeHus
HETUIaBAIIUXCSI AIEKTPOJIOB 32 BpeMeH! dT  MOYKHO OINpEeNeNUTh U3 YpaBHEHHUS:

0=B-1-U-dr @

rae: P - reruoBoit Oananc; [ - cuna toka, A; U - Hanpsbkenue, B.
KonuuecTBo TemmoTsl, HEOOXOIMMOE Ha TEIJIOCOJEPKaHHEe OPOH30BOM CTPYXKKH U
BOCCTAHABJIMBAEMOM BTYJIKH, BO BpeMs MpOLiecca 3aJIMBKU HAXOAUTCS U3 YPAaBHEHUSA:

Q =P- Ct)ﬁ'dtm (3)

rae: P — oOmas macca OpoH3BI, KI; ty, — TemmepaTypa B 30HE COEIMHEHHS OCHOBHOTO U
3anuBaeMoro Metana, °C; Cr, — TEIIIOEMKOCTh OPOH3BI IPH TEMIIEPATYPE, :f?é

P=P +h5 4)

rae: P; — macca 3arpyxaeMoii OPOH30BOM CTPyXKKH, KT; FPp — Macca BOCCTaHABIMBAEMOM
OpOH30BOI1 BTYJIKH, KT.

KonM4ecTBO TEMIOTHI, UAYLIEE HA MOTEPH B OKPYKAIOILYIO CPELY YEPE3 HAPYKHYIO
MIOBEPXHOCTh BOCCTAHABIMBAEMON BTYJIKM 3a MPOMEXYTOK BpeMeHH dt, omnpenensercs u3
YpaBHEHHS:

Qg =dg T dH - L - (tl'tg) -dt (5)

rae: g — kodpPUIMEeHT TerIooOMeHa (TeIUIooTIaud) KOHBEHLHEHW U JIy4eUCIyCKaHHEM
K

M2

4yepe3 HapYKHYI0 IIOBEPXHOCTh BOCCTAHABIMBAEMOU BTYIIKH, ;
d,; —HapyxHblii 1uamerp, M; { —IJIMHA BTYJIKM, M; 1 —TeMIepaTypa Hapy»KHOM OBEPXHOCTH
BTynkH, °C; o —remmeparypa okpyxaromieii cpensl, °C.
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[TokazaTenbHON BENWYMHOW, 3aBUCSIIEH OT CKOPOCTH M XapaKTePHU3YIOIIEH
LEHTPOOEIKHOE TOJIE CUIL, SIBJIIETCS TPAaBUTAIMOHHBIN K03 durment K:
F
K== (6)
rae: F — uentpoGexnas cuna, H; 0 — cuna tsokectu, H.

Bennumna rpaBUTAlMOHHOTO KOX(QQHIMEHTa ONpEAesieT CKOPOCTh BCILIBITHS
HEMETAJUTMYECKUX BKJIIOUYEHUN B >KMIKOM Merasuie. [Is M3roToBieHHs IebHOOOPa3HBIX
BTYJOK MAalbIX M CPEIHUX JIHAMETPOB MpPH LEHTPOOSKHOM JIMThE TPABUTALMOHHBINA
ko3 duruent pasex 80...100.

B nmamHOM wmccienyeMoM  MeToAe AN ONPEACTCHHS YacTOTHl  BpAIlEHUS
11eJIeCO00pa3HO  BOCIOJIB30BaThCS  (OPMYJIO, B KOTOPOM HCKOMOE YHCIO 000pOTOB
YBSI3BIBAETCS C BHYTPEHHUM JIMAMETPOM BTYJIKH:

(7)
IJie: N — 9acToTa BpallleHUs BOCCTAHABIMBAEMOU BTYJIKH, 00/MUH;
g — YCKOpEeHHEe CBOOOIHOTO MajeHus, M/ % d- BHYTPEHHUI IUaMeTp, M.
CKOpOCTb BTYJIKH BBIPAKAETCS YPAaBHEHUEM:
m-d'n
V=——- 8
60
[Tocne npeobpazoBaHus OIYYHM CIICIYIOUTYIO 3aBUCUMOCTh:
V=222-+d K ©)
N ya. [kB1/ em] & i
01— it Zn:Sn; Pb | % |
o5} " 6 i i
0,8 — 4.0 e, LR R E
0, 3‘5 S 93§
] ]
0.5 X 25 / [ /
0.4 X 2.0 ) ) /
0.3 p—vi b 1.5
') - i 4 TN L 10 V/( .
HATPERA
z ! os| L JAAL
o L] T s ] 1 P G| 4
1 2 3 4 5 6 7 8 9 10¢am 1 2 3 4 5 6 7 8 9 10tmnm,

Puc. 2 Brusnue yoenvhoti mowHocmu oyeu u
NPOOOIACUMETLHOCMU 3ANUBKU HA BbI2OPAHUE

KOMROHEHMO8 OPOH3bl 1-Kpusas svleopanus YyuHka, 2-
onosa, 3-ceunya T=1200 C,V = 4,5 m/c, Ly/L,= 75%

Puc. 1 Bruanue yoenvHoii mowHocmu oyau Ha
npooonxcumensrhocmy 3anusku 1=1200 C, V = 4,5 m/c,
Ly/L,=75%

Pesynbratel nccnenoBaHus MO3BOJIWIM YCTAHOBUTH ciedyromee (puc. 1 u 2): - npu
BBIOOpE MaKCHUMaJIBbHOM YAENbHOW MOMIHOCTH 1yTH OT 0,5 kBr/cM® ¥ BbIIIE MPOTPEBAHNE,
HArpeB M paciijiaBieHue OPOH3BI MPOUCXOASIT B MUHUMAIbHBINA MPOMEKYTOK BPEMEHH OT 3 U
MEHee MUHYT, OTCIOZ[a CJIEIYET, UTO Ipoliece ¢aado moaaaércsi KOHTPOIO U PEryIuPOBaHUIO;
- IIMHK, OJIOBO M CBHUHEIl BBITOPAIOT MEHEE aKTUBHO, 3a 3-4 MHUHYTHI TE€XHOJOTMYECKOTO
nporiecca MuHKa Beiropaet 1,8%, omnosa 1,5% u cBunna 0,6% oT o0IIero ux KoJW4ecTBa B
coctaBe OpPOH3BI; - MPU YAETHLHOM MOITHOCTH dJEeKTpudeckoit ayru ot 0,3 kBr/cM® 1 MenbIIe
KaueCcTBO 3aJMBA€MOTr0 OpOH30BOTO CJIOS TOJYYaeTCs  YIAOBJIETBOPUTEIBHBIM, E€CITH
MPOUCXOAUT TOJHOE TMPOTPEBAHME, HArpeB M PACIUIABIIEHHE OCHOBHOTO U 3aJIMBAEMOTrO
Metaiia. OgHako, mMpu OYeHb MajbiXx MomHOCcTIX 0,1 kBr/cM® U Menee JUIATENbHOCTE
TEXHOJIOTHYECKOI0 Ipoliecca 3aJIMBKU yBennyuBaeTcs (cBbimie 10 MUHYT), 4TO IPUBOJUT K
CHIDKCHHIO MPOU3BOAUTEIHHOCTH. OnTuMaIbHBIMA YAEIbHBIMU MOIITHOCTSIMU
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JNEKTPUYECKOM JYrM CleayeT CuUduTaTh TaKhe MOIIHOCTH, KOTOpble OOeCHeurnBalOT
JIOCTaTOUHBIM TEMIIEPaTypHbI pPEXUM U MPOU3BOAUTEIBHOCTH 3a BpEMsl TOPEHUS
JNIEKTPUYECKOM JAyTrd, BBICOKOE KauyeCcTBO 3aJMBKU M HE3HAYUTENIBHOE BBITOpaHUeE
KOMIOHEHTOB OpoH3bI (10 1,0% oT ux KonmvecTBa B OpoH3e).

Hcxons, U3 MpoBEEHHOTO HCCIEIOBAHUS MOXKHO CUUTaTh, YTO YMCIOBOE 3HAUCHUE
ONTUMAIBHOM YAECIbHOM MOUIHOCTH HaxoauThcsi B mpexaenax 0,2...0,3 kBr/cm®. B
JalbHEWIIEM TpU TMPOBEACHUM BCEX HCCIEIOBAaHUN BEIUYMHY YIEIbHOW MOIIHOCTH
npuHUManu pasHoit 0,3 kBr/em®. B DKCIIEPUMEHTAX B Kaue€CTBE MUCTOYHUKOB IMUTAHUS TYyTH
HCIIOJIB30BATIUCH cBapodyHbie TpaHnchopmaropsl T/l — 500. B cBapounsix TpaHchopmaTopax
HAIpsDKEHUE  XOJOCTOrO0  XO0Ja IOCTOSIHHO, I03TOMY  PETYJIMpPOBaHUE  MOIIHOCTH
AIEKTPUYECKON AYrM OCYIIECTBISUIOCH 3a CYET M3MEHeHus Toka. HampspbkeHue XoiocTtoro
X0J1a, SBJASACH BEJIUYMHON IOCTOSHHOM, TaK)K€ ONPENEINAeT TEIIOBYI0 MOIIHOCTh IYI'H, a
3HaYUT U HUHTEHCHUBHOCTh Mpolecca 3aiuBku. Kpome Toro, yem Oojblie HampsbKeHUE
XO0JIOCTOTO X0/1a, TeM JUIMHHee Ayra. [loatomy jiMHa ayru UMeeT olpeaesstoliee 3HaueHue
HA  KAa4eCTBEHHOE  MPOBEACHHE  TEXHOJOTMYECKOTO  Mpolecca  BOCCTAHOBJIICHHS
paboTocImocoOHOCTH OPOH30BBIX MOAIIUITHUKOBBIX BTYNOK [1]. Homorpammsl ompeneneHus
ONTUMAJBHBIX TEXHOJOTHYECKHX PEKUMOB IpOLiecca 3aJIMBKH, MOCTPOCHBI Ha OCHOBAaHUU
JTAaHHBIX, TOJYYEHHBIX BBIIICTIPUBEACHHBIM HccieqoBanueM (puc.3). [IpoBenénuplil aHammu3
FEOMETPUUECKUX  pa3MepoB  OpPOH30BBIX  MOJIIMITHUKOBBIX  BTYJIOK,  MOJUIEKAIIUX
BOCCTAaHOBJICHHIO TI0 TIpeAjiaraeMod HOMEHKIJIAType, BBIABWJ, 4YTO HaumOojiee darie
BCTPEUAIOTCS BTYJAKU C AuaMeTpoM M JuHOW B mpenenax 50...80 mwm. Iloatomy mpu
CO3/IaHMM HOMOTPAaMM HCXOAMJIIM W3 OTHUX BENWYMH. B OCHOBY mocTpoeHHs TpadukoB IO
BBIOOPY Macchl 3apsiga OpOH30BOW CTPYKKU OBUIM MOJOXKEHBI YCIOBHUS aHAllM3a pa3MepoB
BTYJIKM U TOJILIMHA 3aJIMBaeMOro cios 1...3 MM, Kyzia BXOJAAT BEITMYMHA W3HOCA U MPUITYCK
HAa MEXaHUYecKyro o0pabOTKy [Uisi JaHHOW TraMMbl BTYJIOK. Jlis yZOOHOTO BBIYHMCICHHS
IPOMEXKYTOUHBIX 3HAYEHUW BEJIMYMH METOJOM HWHTEPHOJSIUN TpadUKH CTPOWINUCH C
untepBaiom 10 mM. [Ipu moctpoenun rpaduka BeiOOpa MIHHBI L, OT AmuHBI BTYIKH L,

L
HCXOJUIIM U3 COCTABIIAIONICH OTHOIICHUE L_ﬂ Z[J'ISI npeajiaraéMbixX AJIMH BTYJIOK JJIMHA OYTH
B

cocrapiuseT 30...60 mMm. Ilpu Takoil ;yMHe nyru HanpsbkeHue OyaeT KojedaTbes B Mpesenax
70...100B. [Ins oOecrieueHus] TaKUX MapaMeTpOB JUIMHBI U HaNpsDKEHUS JYTH JTOCTaTOYHO
IBYX cBapouHbIX TpaHchopmaropoB TJ-500 ¢ oOummm HampsKeHHEM XOJIOCTOro Xoja
Uy =150B
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MBCCH 23003 SPOHZeOd CTPYANIE(Kr) I'pagmix BBODOYHE GACTOTH: EpRlCHIAR BTMIRE, (05NN )

o BHOOPA CRIH TOKA, (A) AR 2T, (i), Maccs qumosa (1)
- & ks \
56’ @ = Ohed ABEMCTPS MEKTPIGS, (MM)
Py 3 SEny ; bl fans) | Lo
o i - fo
3 " RS B
P, % - ]
ol s L~ B
™ -4 -
o L ] - D
) 4
60 e % - @0l o of o] o] o]%Y ] 4] » ) i ;;M w’; s TS R T W e T T R
; = oy en a0 L . g 4 oy ] mo) e
/ LA
Y Z U b P
L4 o £ \\\ Y in \\\
o 0 g ) 4 & e (/ sis N
W I A - . o
&0 Iz [
diwl PUT gpey  LofY e dpes| £yl

Puc. 3 HOMOZpaMMbl onpedeﬂeﬂuﬂ ONMUMANbHbIX MEXHOIOCUUECKUX PENHCUMOB npoyecca 3aluBKu

I'padux BbIOOpa Macchl Quiroca CTpousu U3 pacuéra 2% OT Macchl 3apsia OpOH30BOM
cTpykku. Ilpm ompeneneHMH YacTOTHI BpalIeHUS BOCCTAHABIMBAEMON BTYIKH OT
BHYTPEHHET0 JAMaMeTpa mocTpoeHue rpagpuka Benoch npu V = 4,5 m/c. YToOBI MpaBUIBHO
IOPOM3BECTH  BHIOOp  JAuMamMeTpa  YroJbHOTO WM  TpadUTOBOrO  AJIEKTpoAa  JUis
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TEXHOJIOTHYECKOro Ipolecca ObUTM MOCTPOEHBI rpadUuKy, i€ YUUTHIBAIUCH UX CTOMKOCTh U
IUIOTHOCTB TOKA (ISl yrombHBIX — 1,2 A/MM? 1 rpaduToBbIX — 2 A/MM? ). JIJIst OnpeeneHus
napaMeTpoB TOKa IpH HampsbkeHud 85B. cTpomnuch NOMOIHUTENbHBIE TpadUKH, KOTOpHIE
MO3BOJIMJIM OTPENENINUTh: - IUJIOUIab 3aJMBAacMOl MOBEPXHOCTH; - OOBEM 3aIMBaEMOrO
MeTalljia; -MOIIHOCTh JIyTH, HeoOXOIUMOM AJisl mpoliecca 3ajJuBKU. BennunHa HanpsoKeHUsS
85B BwIOpaHa, HMcxons M3 pa3MepoB BTYIKH. [IpemiaraeMbie HOMOTpaMMBI TO3BOJISIOT
OBICTPO U TOYHO OINPEAETUTH BCE HEOOXOIUMBIE PEXKHUMBI U YCIOBHUS 3alUBKHU. JlocTaTouHO
3HATH TONIIUHY 3AJIMBKU, BHYTPEHHUI TUaMeTp U ATUHY OpOH30BOW BTYJIKH.

Jlia uccneaoBaHus, U3MEHEHHs] TBEPIOCTH OT TOJIIIMHBI 3JIMBAEMOTO CJOs, ObLIN
UCIIOJIb30BaHbl BOCCTAHOBIICHHBIE TI0 ONTUMAIBHBIM TEXHOJIOTUYECKUM peKuMaM OpOH30BBIC
noAmuimHuKOBbIe BTYJIKH bp OLIC 6-6-3 ¢ TommmHOM 3amutoro ciost 10 4 MM (puc. 4).
TBepaocts onpeaensack Ha npudope TII ¢ unrepsanom 0,5 mm. Kaxxaplii c10i UCTIBITHIBATN
B TPEX TOUKAX U KaXKJbIH OTIEYATOK U3MEPSUIM 110 IBYM JUArOHAJISIM, a TBEPAOCTh CUUTANIACh
1o cpeaHeMy 3HadeHHito auaroHand. CocraBieH TrpaduK BIHSHUS H3MEHEHUS TBEPAOCTH
3aJIUTOr0 OPOH30BOTO CIOSI B 3aBUCUMOCTU OT TOJIIMHBI. TBEpAOCTh OT TOJIIMHBI CIOS
YMEHbILIAETCS OT TPAHUIIbl CThIKA OCHOBHOM W 3ajluBaeMoil OpoH3bl K LeHTpy. llpnuém
TBEPAOCTH 3aJIUTOTO CJIOS OPOH3BI BBIIIE TBEPJOCTH UCXOAHOTO MaTtepuana. Takum oOpa3om,
NOBBILICHHAs] TBEPAOCTh Yy TpaHUIbl COEAUHEHMS] OOBACHAETCS YMEHBUIEHHEM 3€pHa,
VILIOTHEHUEM KPHUCTaJUIU3YIOLIEicsl OpOH3bI MO/ JEHCTBHEM IIEHTPOOEKHBIX CHII M 3a CUET

HE3HAUYUTEITLHOTO U3MEHEHUS TTOCIIONHOTO XMMUYECKOTO cocTaBa OpoH3HI [2, 3].
HB M

K00

N

700

Puc. 4 I"paqbuk U3BMEHEHUA mgep()ocmu 3aaumozco 6p0H308020 CJ104 8 3asucumocmu om moaujuHbsl

N3ydanoch Tak k€ M M3HOCOCTOMKOCTH 3aJMTOr0 OpPOH30BOTO cIlosl puU paboTe B
yCIIOBHSX cMa3ku 0e3 abpasuBa U ¢ cojiep)kaHueM B cmaske abpasuBa (Puc. 5).
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Puc. 5 Hznoc 6pons npu pabome 6 nape c 3axanenuoti cmanwio 45 (cmaska ¢ abpasusom 10%,)
1 — aumas, 2 — nepennasnennas, 3 - 3a1umasi
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B xauectBe cmasku wucnosnb3oBanu Macino JICn-11. Hcneitanue Benoch mnpu
MOCTOSIHHOM ckopocTu 1m/c, mponomkutensHocTH 40 uaco. IIpupaGorky map TpeHus
MIPOU3BOAMIIM TIPU CTYIIEHYATOM HarpykeHui ¢ Harpyskamu oT 2 1010 MlIla ¢ untepBasiom 1
MlIla. IIpomecc paboThl KOHTPOJIUPOBAIM IO MOMEHTY TpEHUs, TemrepaType oOpasua u
Macia. MOMEHT TpeHHsI perucTpUpOBalM Ha JuarpaMMHONW Oymare camoIuclia MalllHbI
tpenuss CMLI-2. OxoHnvyanue nmpupabOTKH ONpPENeNsIi M0 CTa0MIM3allii MOMEHTa TPEHHUS.
[Ipu ucnbITaHuU cMa3ku ¢ abpa3WBOM B KadecTBe aOpa3vBa MPUMEHSUIM KBapLEBYIO IbLIb
sepauctocteio 20...25 Mxm. (I'OCT 8002-62). laBneHue npu aOpa3vBHOM H3HAIIMBAHHUH
o010 moctosiHHbIM 3 MIla. Bpemst mutanus 1 gac. Conmepxkanue abpa3uBa B Maciie ObLIO
npussato paBHbIM 0,1%. [lopuctocTh 3aMMTOr0 aHTU(PUKIMOHHOIO CIOSI, MOJBEPraeMoro
UCIbITaHusAM, coctaBmwia 3...5%. B mporecce wuccienoBaHuii ObLIO H3yYE€HO W3MEHEHUE
ko3 duureHTa TpeHuss 00pazloB OpOH3BI, W3TOTOBICHHBIX W3 JIUTOH, MEperIaBIeHHON U
3aJIUTON MCCIIEAYEeMbIM METOZOM OpOH3BI IIPU paboTe ¢ 3aKAJCHHOM CTAJIBIO MPU PA3THYHBIX
naieHusix [4]. Pesynbrarhl uccnenoBanuii mpuBeaeHsl B Tadbauie 1.

Tabnuya 1
Brusnue oasnenus na kosghghuyuenm mpenus napovl 6pou3vl — 3aKaANEHHAS cMalb 45.
JlaBieHue Bbpon3sa bp OLIC 6-6-3
MlIa JInTas NepeIuIaBJICHHAA 3ajJiaTas
1,0 0,058 0,080 0,039
2,0 0,058 0,083 0,040
3,0 0,059 0,088 0,041
4,0 0,060 0,094 0,043
50 0,065 0,102 0,046
6,0 0,072 0,114 0,048
7,0 0,080 0,118 0,051
8,0 0,090 0,122 0,054
9,0 0,100 0,130 0,060
10,0 0,110 0,142 0,068

N3Hoc 00pa3ina BOCCTaHOBJIEHHOM HccienyemMbiM MeTofoM Ha 20% MeHbllle u3Hoca
aUTON OpOH3HI U 2...2,5 pa3a MeHbIlIe U3HOCa 00paslia, U3rOTOBIEHHOTO U3 MEPETUIaBIeHHON
Opon3sbl. [Ipu 3TOM KOHTpOOpasikl, paboTarolue B Mape ¢ BOCCTAHOBICHHBIMU OOpasiamMu
umeroT u3Hoc Ha 10...15% MeHbIIe n3HOCa KOHTPOOPA31OB, pabOTAIOIIUX, COOTBETCTBEHHO B
nape u3 JUTOM OpoH3bl M B 1,5 pa3a u3 meperuiaBieHHOH. McciaenoBaHue mokas3ayo, yToO
YBEJIMYEHUE U3HOCOCTOMKOCTH 3aJIUTOrO0 OPOH30BOTO CIIOSI MOKHO OOBSICHUTH YIy4IIEHHEM
(U3UKO-MEXaHUYECKUX CBOMCTB ATOTO CJIOSI B MPOLECCE 3ATMBKU. 3IUTHIN OpPOH30BBIN CIIOM
CTaHOBUTCA OoJjiee CTOWKHUM K BO3JEHCTBHIO a0OpasuBHbIX wacTul. Hanuuwe mop B
HE3HAYUTENIbHOM Mepe BIIMAIOT Ha W3HOC KOHTpoOpasnoB. OOpas3ibsl ¢ MOPUCTOCTBHIO [0
3...5% xopomo paboTalT Kak MpH MMOCTOSHHOHN Mojaue mMacia, Tak U IpU HEIOCTaTKe WU
BPEMEHHOM TMpEKpalieHn cMa3ku. [Iopbl akKyMyJaHpyloT CMa3Ky, KOTOpas B aBapuUifHOM
Cllyyae BBIXOJUT Ha MMOBEPXHOCTh TPEHUS, MPEAOXPaHsss TEM CaMbIM METANINYeCKOe KacaHue
Bajia Co BTYJKOH [2,3].

BbiBoabI:

[IpuMeHeHHEe 3JEKTPOYyroBOr0 HarpeBa C IEHTPOOEKHOW 3aJIMBKOM HpU BOCCTa-
HOBJICHMM HaJIS)KHOCTU OpPOH30BBIX BTYJIOK, IIO3BOJIIET HAHECEHUE aHTU(PPUKIIMOHHOTO CII0s
U3 OpOH3BI TONIMIMHOW A0 4 MM, SBISETCS TPOU3BOIAUTENBHBIM, YHUBEPCAJIbHBIM U
apdexTuBHBIM. [IpoBeJeHHBIC WCCIENOBaHUS TOKa3adl aKTyalbHOCTh TAHHOTO MeETOJa
BOCCTAHOBJIEHMsSI OpOH30BBIX BTYNOK. Ilo mokaszaTensiM  HM3HOCOCTOMKOCTHU 17§
paboTocrnocoOHOCTH BOCCTaHOBIIEHHAs BTynka Ha 15 — 20 % mOpeBOCXOIUT aHAJIOTUYHBIE
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1oKa3aTear HOBOH JUTOW OpoH30BOW BTYNKH. PHU3MKO-MEXaHUYECKHE CBOMCTBA 3AJIUTOTO
CJIOSI B MPOLIECCE 3aTMBKU CTAHOBUTCS 00JIee CTOMKHMM K BO3/ICHCTBUIO aOpa3suBHBIX YacTHII.
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