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JIOKTOp OMOMEIUITMHCKUX HayK, mpodeccop (Kaynac, JIutea)

I'anc I'yeku — uneH coobuiectsa naronoru I. IloTcaama, JOKTOp MEIUIMHCKUX HAyK,
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HyxoBckuc I[TaBen BukenTheBHY — 3aBeyromuii maboparopueii pusnonornu pacrenuit Mactutyta
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HHCTUTYT DKCNEPTHOM OLEHKY NYBJIUKALII
Meanuuna
Banawos Bnaoumup Ilasnosu4, nokrop 6uonorndecknx Hayk, npogeccop (Caparck, Poccus)
Bebnesa Tamapa HukonaesHa, KaHEUAAT MefUIMHCKNX Hayk (Mocksa, Poccust)

Bnacoe Anexceti ITemposu, JOKTOp MeIULIMHCKMX HayK, mpodeccop (Capanck, Poccus)
Tepacumosa Hamanvs IeHHadvesHa, BOKTOP MEAUIIMHCKUX HAyK, mpodeccop (Capanck, Poccust)
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Hay4ynbl1ii sxxypHaJ «BecTHUK MOpI0OBCKOI0 YHHBEPCHTETA)

MPUHAMAaeT HE ONMyONWKOBaHHBIE paHee Hay4YHbIE CTaThll W JIUCKYyCCHOHHBIE
MaTepuasibl HAyYyHOTO XapakTepa KaHAWIATOB W JOKTOPOB HayK, IIPero-
JaBaTtejei, acHUpPaHTOB W CTYACHTOB CTapIIMX KypcoB (B COaBTOPCTBE).

HaumenoBanue u copepikanue pyOpHUK xKypHalia COOTBETCTBYIOT OTPACISAM HayKU
W rpynnaM CHelualbHOCTeH HayyHBIX pabOTHUKOB, coracHO HoMmeHkIaType crenm-
aJbHOCTEH HAyYHBIX PAOOTHHUKOB:

01.04.00 ®wuszuka

05.13.00 Wudopmarnka, BEIMUCIUTEIbHAS TEXHUKA U YIIPABICHIE

05.20.00 IIpotecch! M MaIIMHBI arPOUH)KEHEPHBIX CHCTEM

14.01.00 Knuuuyeckast MEIUIIMHA

14.03.00 Meuko-OHMOIOTHYECKUE HAyKH

JKypHanm ocymecTBisieT HaydyHOE peleH3UpoBaHWE (IBYCTOpPOHHEe  Clie-
MOe) BCEX MOCTYMAIIUX B PENAKIUI0 MaTepHaloB C IEJIbI0 AKCIEPTHON OIeH-
Ki. Bce pemeHs3eHThl SBISIOTCS MPHU3HAHHBIME CIICIHAINCTAMU TI0 TEMaTuKe pe-
LICH3UPYEMbIX MaTepHalioB. PelieH3uu XpaHATCS B M3AATCIIbCTBE M PEIAKIIUU
B T€UEHUE 5 JIET.

Penakus xypHasia HampasiseT aBTOpaM IPEICTABICHHBIX MaTepPHANIOB KOIHUU
PEIeH3MI MM MOTHBHPOBAHHBIA OTKA3.

Penmakmms KypHana HarpaBlsieT KOMMH peleH3uii B MUHHCTEPCTBO 00pa3oBaHUS
1 Hayku Poccuiickoit deniepaiinu mpy NOCTYIJIEHMA COOTBETCTBYIOIIETO 3arpoca.

JKypnan BxioueH B IlepedeHb pelieH3UPYEMBIX HAYYHBIX HM3JIaHUM, B KOTOPBIX
JIOJDKHBI OBITh OMyOJIMKOBaHBI OCHOBHBIE HAyYHBIC PE3yJIbTaThl AUCCEPTAIUN HA CO-
WCKaHUE YYCHOH CTENeHW KaHIUaTa HayK, Ha COMCKAHWE YYCHOW CTEIEeHU JOKTOpa
Hayk (Ilepeuenr BAK).

’KypHan uHIIEKCUPYETCs U apXUBHPYETCs B 0a3ax NaHHBIX:
Poccwuiickuit naaexc Hayunoro nutupoBanus (PUHLI)
EBSCO
Index Copernicus
ResearchBib
SHERPA/Romeo

Kypuan sBnsercs uneHoMm Directory of Open Access Journals (DOAJ),
Komwurera 1o 3THKe HaydHBIX ITyOIHKAITHH,
Accormmanuu HaydHEIX penakTopoB u n3nareneit (AHPU) u Cross Ref

Marepuaitsl )KypHana A0CTymHH 1Mo gurersun Creative Commons «Attribution»
(«Atpubymmsi») 4.0 Bcemupnas
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YIK 519.876.5:004.942 DOI: 10.15507/0236-2910.027.201701.012-020

CPABHEHUE MOJIEJIEl C HEUPOHHOH CETbIO
M OLS-PEI'PECCHUEM ITPU NIOCTPOEHUU
CTPATETUH YIPABJEHUSI PUCKOM

OT JIOXOJA IO UHJAEKCY

B. H. Illennuxos, E. B. IllennnkoBa, C. A. CaHHHKOB"
@I'BOY BO «MI'Y um. H. I1. Ocapésay (2. Capanck, Poccus)

‘primarx12@yandex.com

Bseoenue. Monenu ¢ HelipoHHOH ceTblo 1 OLS-perpeccueil MCIONB3YIOTCS Ha PHIH-
K€ aKIUi W BKIIOYAIOT B ceOsl TepeMeHHbIE, ONUCHIBAIONINE COCTOSIHIE TaHHOTO PHIHKA.
OIHMM U3 BO3MOXKHBIX CIIOCOOOB OIpENENCHUs TaKUX 3aBHCHUMOCTEH SIBISETCS HX
KJIacTepU3alysi C TOMOINBI0 aHalu3a INIABHBIX KOMIIOHEHT. Llenp wmccrmemoBaHusT —
PacKpBITh CYTh JBYX MEPCIECKTUBHBIX dBPUCTHYCCKHX IMOIXOMOB K OIICHKE AWHAMUKU
(DYHKIIMOHATBHBIX CBSI3€H MEXIY JOXOJaMU Ha PHIHKE aKIMi U TIEPEMEHHBIX, OIHCHI-
BAOLIMX COCTOSIHUE PHIHKA.

Mamepuanvt u memoosi. MaTepuaaaMu AJIsl UCCIEAOBAHUS TOCTYKIITH MOICIN C He-
npepsIBHOI ceThto 1 OLS-perpeccust B IpocTpaHCTBE CTpaTerHid yIIpaBlIeHUs 10X0AaMH,
a TaKke MaTeMaTH4YeCcKas CTaTUCTHKA.

Peszynomamot uccnedosanus. VI3BeCTHO, UTO CYTh YCTaHOBICHUS (DYHKITMOHATBHBIX CBSI-
3¢l MEXIy IOXOIaMH Ha PHIHKE aKIUi COCTOMT B MX KIACTEPU3AIMH C HCIOIb30Ba-
HHEM JIMHEIHOTO WJIM HEeJMHEHHOTO aHalM3a IVIaBHBIX KOMIIOHEHT COCTOSHHUS PBIHKA.
B nanHOl pa®oTe MpHUBOOHWTCS aHANIW3 JABYX MEPCHEKTUBHBIX IBPUCTUYECKUX MOIXO-
JIOB K OIICHKE JMHAMHUKH (PYHKIIMOHANBHBIX CBSI3CH MEXIy JHOXOMAMU Ha PHIHKE aKI[Hi
U TIEPEMEHHBIMH, ONHCHIBAIOMIUME COCTOSIHUE PHIHKA.

Obcyacoenue u 3axmouenusi. B pesynbrate uccieqoBaHHs ObUIO YCTaHOBICHO, YTO
MOTy9YeHHbIC HEHPOHHBIC CETH WMEIOT MPEUMYIIECTBO ITepel Ooliee TpaaullOHHBIMU
METO/IaM{ B CIIydasiX, KOTZa HEBO3MOXKHO TOYHO OIHCATh UMEIOIIUECs CBS3U, HO BO3-
MOXXHO BBIJENTUTH HEKOTOPHIA HA0Op IMOKa3aTelel, XapaKTEepU3YIOUINH HCCIeIyeMoe
sBieHue. M naxke B camoii HeOnmaronpuaTHoi cutyaiuu MBPN-ceTh MOXET IpeBOCX0-
muth Meton OLS-perpeccun.

Knrouegvie cnoea: MBPN-Monenu, BONAaTHIIBHOCTb, CPEIHSS KBaJpaTW4HAs OLIEHKA,
OLS-perpeccus, npaBuiia TOProBIx

Mna yumuposanusa: lennuxos B. H., lllennukosa E. B., Cannukos C. A. CpaBHeHue
Mojeneil ¢ HelpoHHOU ceThio M OLS-perpeccueit mpu MOCTPOSHUH CTPATETHH YIIPaB-
JICHUSI PUCKOM OT J0Xona mo uHaekcy // BectHuk MopmoBckoro yHuepcureta. 2017.
T. 27, Ne 1. C. 12-20. DOI: 10.15507/0236-2910.027.201701.012-020
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COMPARISON OF MODELS

WITH NEURAL NETWORK AND OLS-REGRESSION
IN CONSTRUCTING THE RISK MANAGEMENT
STRATEGY AGAINST THE INCOME

ACCORDING TO INDEX

V. N. Shchennikov, Ye. V. Shchennikova, S. A. Sannikov"
National Research Mordovia State University (Saransk, Russia)
*‘primarx12@yandex.com

Introduction. The models with neural network and OLS-regressions are used in the
stock market and include variables that describe the state of the stock market. One of
the possible ways to determine these dependencies is clusterization trough analizing
principal components. The main aim of the research is revealing the essence of two
promising heuristic approaches to assessment of the dynamics of functional relation-
ships between the incomes in the stock market and variables that describe the state
of the market.

Materials and Methods. The source data are models with a continuous network and
OLS-regression in the area of management strategies. Mathematical statistics rev-
enue management strategies.

Results. 1t is well known that specifics of functional relationship establishment be-
tween the income in the stock market lies in their clusterization through a linear
(nonlinear) analysis of principal components of the market condition. We analyzed
two promising heuristic approaches to the assessment of the dynamics of functional
relationships between the income in the stock market and variables describing the
state of the market.

Discussion and Conclusions. The analysis of the dynamics of functional links be-
tween the revenues on the stock market was made.

Keywords: MBPN models, volatility, mean square estimation, OLS-regression, trade rules

For citation: Shchennikov VN, Shchennikova YeV, Sannikov SA. Comparison of mo-
dels with neural network and OLS-regression in constructing the risk management strate-
gy against the income according to index. Vestnik Mordovskogo universiteta = Mordovia
University Bulletin. 2017; 1(27):12-20. DOI: 10.15507/0236-2910.027.201701.012-020

BBenenne.

BbazoBas cTpykTypa cetu mpocTa: BXo/I-
HOW BEKTOp W3 LIECTH IMEePEeMEHHBIX U OfI-
HOMEpHBIH BbIxo# (mepemenHas VWNY).
CrocoOHOCTh ceTH K 0O0OIIEHUIO MOXKET
OBITh YBEIMYCHA 3a CUET MPSMBIX CBS3CH
BXOJHBIX W BBIXOAHBIX 3JieMeHTOB [1-3].
Lenb paboThl 3aKIOYAETCS B PACKPBITHH
MEPCIEKTUBHBIX SBPUCTHUECKUX TOAXO-
JIOB K OIICHKC NWHAMHUKH (PYHKITMOHAIH-
HBIX CBS3€H B HEPOHHOH CETH.

Computer science, computer engineering and management

Ecnu OTCYTCTBYIOT TOTOBBIE CXEMBI
JUTSL OTITUMAJIBHOTO BBIOOpA MOJIENH, He-
o0xoauMo  ampoOWpoBaTh  pazTUYHbIC
Kputepun cornacus. s aroro HeobOxo-
JIUMO CPaBHUTH BEIUYHMHBI KBAJPATHOTO
KOpHSI M3 CPEIHEKBAIPATUYHON OIITHOKH
(nepemennass RMSE) na TecroBoM MHO-
xkecTBe. [locne aToro Obla 3ameiicTBOBa-
Ha apXUTEKTypa CETH, KOTopas BblIaBa-
Jla HaWMMEHBIIYIO CPEIHEKBAAPATHYHYIO
omnOKy (Tabm. 1).

13
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Tabonuma 1
Table 1

KBaapaTuuHblii KOpeHb U3 cpeHel KBaAPATHYHOI OIINOKY HA MOATBEPKIAI0IIeM MHOKECTBE
JJ11 00y4YEHHBIX ceTeil pa3InYHOi APXUTEKTYpPbI

Square root of the mean square root error on affirmative set for the trained networks
of various architecture

Koudwuryparus / [Mpsimble cBsi3u /

Configuration Direct links Jmoxn / Periods RMSE

Koadpdunment obyqyenus / Learning factor — 0,93

6-2-1 Her / No 29 000 0,12240
6-3-1 Her / No 7 000 0,11090
6-5-4-1 Her / No 1 800 0,11567

Koadpumment obyyenus / Learning factor — 2,00

6-3-1 Ectb / Yes 22 300 0,10530
0,145
0,140
0,135
0,130 O6yuenue, kodduipent = 0,9 /
m 0,125 Learning, factor = 0,9
)
2 0120 |5 T
0,115 —'l Tectuposanue, ko3h¢unueHt = 0,9 /
0.110 |- N . Testing, factor = 0,9
0,105 |- e =
0,100 L 1 ] 1 | 1 |
0 2500 5000 7500 10000 12500 15000 17500
Kommgecto amox / Number of periods
P u c. 1. KBagpaTHblil KOpeHb U3 CpeaHEKBAaApaTHIHON ommOKy st 6-3-1 cetn
F i g. 1. Square root of the mean square root error for 6-3-1 network
MarepuaJjibl 1 METOIbI [4-7] u OLS-perpeccust B mpoCTPaHCTBE

Marepuanamu Ui UCCIEIOBAaHUS 1I0- CTpaTeruil ynpaBleHHUs OT JOXO/O0B, a TaK-
CIY’KWJIM MOJENH C HENPEPBIBHOM CETBIO e MareMaruyeckas craructuka [8—10].

14 Huopmamuxa, uluuciumensras mexHuka u ynpasienue



Vol. 27, no. 1. 2017

MORDOVIA UNIVERSITY BULLETIN M‘

Pe3ynbTaThl HccjenoBaHus

PaccmarpuBaeMblii  anrOpUTM  BKIIKO-
qai B 2 pa3a OoJblIe 310X MO CPABHEHUIO
C TeM, B KOTOPOM OBUIO JOCTUTHYTO Ha-
wrydiiee 06o0meHne. TakuM  00Opazom,
KOJIMYECTBO 3IOX OBUIO B 2 pasa Oolbllie,
YyeM MmokazaHo B Taoi. 1 u puc. 1. Ilpu mro-
oom koddduimente oOyuenus RMSE Ha
TECTOBOM MHOXKECTBE OyJeT MEHbIIE, YeM
Ha oOydatomeMm. JlaHHBI 3(hdexT Mox-

HO OOBSICHUTH 3alllyMJIEHHOCTBIO 0O0y4Ya-
€MOro MHOXKECTBA M OTCYTCTBHEM LIyMa
B TECTOBOM MHOXeCTBe. [lockonbKy 00yue-
HHE IPEKPAILAIOCh, KaK TOJIBKO 3HAaYEHHE
RMSE HaumHano yBeTHMYHBATHCS, MOXKHO
NPEIONI0KNUTh, YTO CETh HE IMepeolydH-
7ach, T. €. HE «3alOMHMIIa» IIyM. Takum
oOpa3oMm, Hanmmure OOMNBIIMX IOTPEIIHO-
cTell Ha 00ydyaeMOM MHOKECTBE OOBSICHS-
JIOCh TOJBKO OerbiM mryMoM (puc. 1-3).

0,145 =
0,140
0,135
0,130
Ooyuenue, ko3 umuent = 2,0 /
7 0,125 Learning, factor = 2,0
a
0,115 1% Tectuposanne, ko3 duruent = 2,0 /
0,110 ._1_ Testing, factor = 2,0
0,105 = ) Rl T
0,100 L 1 1 L I L |
0 2 500 5000 7 500 10 000 12 500 15000 17500

Komuaectso smox / Number of periods

P u c. 2. KBagparHblii KOpeHb U3 CPEIHEKBAIPATHYHON OMIHOKH Ay 6-3-1 cetn
¢ k03¢ GueHTOM 00yUeHUs 2

F i g. 2. Square root of the mean square root error for 6-3-1 network with
learning factor 2

Cpenn Bcex TMONYy4YEHHBIX HEHpPOH-
HBIX CETeH HAWIydIleil SsBISETCS CETb
¢ apxurektypoir 6-3-1 ¢ mpsMBIMU CBS-
3aMU U Kod(punmeHTom oOyuenus 0,9.
Hns Toro 4toObl MONYYHTH pPELICHUE
B Kpar4ailine CpokH, Ko3(pHUIrUeHT 00-
y4eHus: ObL1 yBenmueH B 2 pasa. lllarm
B HAaIpaBICHUM TPagUEHTa 3HAYUTEJIb-
HO YBEJIMYHIIUCH, BCIEACTBHE YEro Mpo-
M30IJI0 TIepeCKaKUBaHUE 4Yepe3 pelle-
HHUE. B CBA3M ¢ 3TUM AJSl ONTUMAIBHOTO
o0y4eHHUs] ceTH MOHAAOOUTCS HaMHOTO
OompITee KOJTUISCTBO 310X (~ 22 THIC.).

Ha puc. 1 moxazano, uto RMSE
yoriBaeT B mepBrix 500 smoxax, a mo-
cine 12 Teic. HaunHaeT konebaThcs. Ha

puc. 3 mpencTaBlieHbl OLIEHKH, IOIY-
YEHHbIE Ha IOATBEPXKAAIOLUIEM MHO-
xkecTBe ¢ momomisio OLS-perpeccun
u ceru 6-3-1. Ilokazanus, KOTOpEIE
BBIBEJIa CETh, OKa3aJIMNCh KaK 10 3Haye-
HusM RMSE, tak u no xosddunuenty
koppensiuuu [Iupcona. OgHako Ha HO-
BbIX 00pa3lax JaHHBIX CETh I10KA3bIBa-
eT Jy4Illhe pe3yabTaThl, YeM Ha o0yua-
fomem MHoxecTBe (REG1).

Jlo 3TOro MOMEHTa CpaBHUBAJIUCh
APXUTEKTYPbl CeTed W MpPEAINoaraioch
BIIMSIHUE CUTHAJa Ha pe3yibTar. B cBi3u
C 9TUM BO3HHMKAET BOIPOC: BIMAIOT JIU
JIAHHBIC TIEPEeMEHHBIC HAa KOHEYHBIH pe-
3yneTar (Tadm. 2-3).

. . . [y
Computer science, computer engineering and management 15
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0,85000
0,75000
0,65000
0,55000
0,45000

0,35000

VWNY (B macmirate) /
VWNY (scaled)

0,25000

1 1 ]
0,15000 | | 1 1 1 | 1 1 1
o~ — al (=) [sa) o~ — v D o o~ — o [ — v
o < <t <t v el O Nel o~ o~ [ee] [ee] 0 [ N
o o o on o on on on on (ag} on on on on on on
Crnyyaii / Case
——VWNY ------- Perpeccus / Regression Certs / Network

P u c. 3. CpaBuenue 3naueHuit nepemenHoit VWNY, nosnydeHHBIX perpeccueit
U CeThIO, C €€ UCTUHHBIMU 3HAUCHUAMHU

Fig. 3. Comparison of VWNY variable values obtained by the regression
and the network, with its true values

Taonuia 2
Table 2
Kputepuu corjiacoBaHus /Jisi BIX00B Perpeccuu u ceTH

Concordance criteria for regression and network outputs

RMSE na o6yuaromem u recroBoM MHOXkecTBe / RMSE on learning and testing set
REGI REG2 Cets / Network
Obyuertue | 0,1210 0,1234 0,1189
earning
Tectupoanue /
Testing - 0,1100 0,1030
Koppensus [Tupcona / Pearson correlation
VWNY Perpeccus | Cers / Network
egression
VWNY 1,00 - -
Perpeccus / 0.66%** 1.00 B
Regression K ’
Certs / Network 0,68%* 0,98** 1,00

[pumeuanue: ** — npu 1%-HbIX XBocTax pacmnpeznenenus / Note: ** — in case of 1 % distribution
tail areas

1/1H¢0pﬂ4amuka, BbIHUCTIUMENIbHAA MEXHUKA U ynpaeleHue
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Tabnuma 3
Table 3

Bxuaag NMEPEMEHHBIX B PEIICHUE HA oﬁyqammeM MHOKECTBE,
TECTOBBIX MHOKECTBAX U BCEX TAHHBIX

The contribution of all variables into the solution based on learning, testing sets and overall data

RMSE
DC631 Ui(t) DEI(t) | URP(t) | UTS(t) | MP(t+1) | YP(t+12)
O6mee /Gen 0,117 0,118 0,120 0,141 0,148 0,117 0,119
Obywaomee /1 g 119 | 0120 | 0123 | 0143 | 0139 | 0,119 0,121
carn
Tec%g;"e / 0,105 0,106 0,108 0,128 0,191 0,106 0,108
Pasuuna B RMSE, % / Difference in RMSE, %
O6wee / Gen | 100,00 0,94 2,88 20,30 26,45 0,33 1,74
Obysaroitiee /| 100,00 | 091 2,87 20,02 | 16,54 0,26 1,51
carn
Tec%g;"e / 100,00 1,19 2,95 2227 82,91 0,82 3,39

Jsa Toro 4To0bI OLEHNUTH pPEeaNbHBIH
BKJIaJ] IEPEMEHHBIX B PEe3yNbTaT aHaJIn3a
HEHPOHHOH CETH, HEOOXOAUMO BBIYHCIIUTh
BBIXOJ] CETU C ONTUMAJIBHBIM BEKTOPOM.
[IpeanonoxuM, 4YTO 3HAUYEHHE KaKIOH
NEPEMEHHON HEM3BECTHO U JAOJKHO OBITh
3aMEHEHO Ha cpenHee apupMeTHYecKoe
OCTaJbHBIX TISITU TPU HMX TTOCTOSHHBIX
3HaueHHsX. Takum oOpa3zom ObUIM TO-
JIy4eHBI [IECTh HOBBIX BXOIHBIX MaTpHII.
ITocne 3TOro BBIYHMCISUTUCH BBIXOIHBIE
psiibl Uil TOJNYyYEHHBIX BXOAHBIX Ma-
Tpun. i JaHHBIX PSIOB BBIYUCIHIH
RMSE wu cpaBaunun ee ¢ RMSE uncxon-
HOM BXOAHOW Marpuupbl. J[eno B TOM, 4TO
€CIi TepeMEHHas aKTHBHO BIHIET Ha
pemenue, To ee RMSE Oyner 3Hauntens-
HO Oojblle, 4YeM B HMCXOJHOH MarpHule.
Bce HaiineHHble CcpemaHEKBaJIpaTUYHBIC
OIIMOKKM OKa3aJuCh OOJbIIE HCXOMHBIX,
a cJIeZIoBaTeNbHO, 3aMEHa IIEpEMEHHOM ee
0e3yCIOBHBIM OXHJAHHEM TOJBKO YXYI-

LIa€T OLEHKY LieJeBod nepeMeHHou. Ilo
pe3ynbTaraM pPEerpecCHOHHOTO aHalIHu3a
9TH NIEpEMEHHBIE KBATUPHULIUPYIOTCS KaK
HeakTHBHBIC. HenpeaBunennas wunQuis-
Ul U MECSYHasl MPOAYKLHS UMEIOT He-
KOTOpPOE OOBSACHSIIOIIEE 3HAYCHHWE U HE
MOTYT OBITH 3aMEHEHbl KOMOWHAIHSIMHU
JIPYTHX BXOTHBIX NMEPEMEHHBIX.

IIpu TakoM NONOXKEHUU Bewlew pas-
JTMYUS MEeXAy HeHpoHHOH ceThto M OLS-
perpeccueil CTaHOBHUTCSI IPOCTO OTPOMHBI-
MH. UTOOBI yly4IIUTh pe3yabTaT 3a CUeT
¢yukm  aktuBaimun - OLS-perpeccun,
MOXKHO HCTIONIB30BaTh POPMYITY:

__Oucnepcusi ocmamkog (Henunelinas mooens)
oducnepcus ocmamrog (TuHeliHas Mooens)

R

3HaueHWe JaHHOW (YHKIHMU JIEKHUT
B nipomexyTke Mexay O u 1. M3-3a Toro,
YTO HEHPOHHBIE CETH YIaBIMBAIOT HEJIH-

Computer science, computer engineering and management
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HEHHOCTHU B COJEprKaIMXCs AaHHBIX, IMO-
TPEUTHOCTh MOXKET TOJIbKO YMEHBIIIUTHCS.
3Ha4eHWs STUX OTHOIIEHUH OKa3bIBa-
foTcs ipuMepHO paBHbIME 0,94 u 0,92.
CrenoBarenbHO, OO B JAHHBIX OTCY-
CTBYeT HEIMHEWHOCTh, TUOO HEHpOHHAsS
ceTh HemoctarouyHo 3¢ddexTuBHO UC-
MOJIb3yeT CBOM HEIWHEHHBIE BO3MOXKHO-
ctu. Ilpeanonoxum, 4YTO HENUHEUHOCTH
B JIAaHHBIX OTCYTCTBYET, IIOCKOJIBKY 0aza
JTAHHBIX CTPOUTCS C TIOMOIIBIO JIMHEHHBIX
Mozeneil. bombiioe 3HaueHHE OAHHOTO
OTHOULICHUSI MOXXHO OOBSICHUTBH TEM, UYTO
HEHpOHHAs] CETh JIUIIb HE3HAYUTEILHO
npeBocxoguT OLS-perpeccuto mo Kpu-
teputo RMSE. OnHako CTOUT 3aMETHTh,
YTO HEHPOHHBIE CETU BCE KE IPEBOCXO-
1At OLS-perpeccuro naxe B pabore ¢ Ta-
KHMHU JaHHBIMH, B KOTOPBIX OYCHB C1a00
BEIpaXCHA HEITMHEHMHOCTh MEXIy BXOJa-
MU U LEJIEBOU NEPEMEHHOM.
O0cyxneHue U 3aKJII0YEeHH S
Heiiponnsie cetu UMEIOT IpeuMyliie-
CTBO Iiepes Oornee TpaAuIHOHHBIMHA METO-
JlaM{ B T€X CIIy4asX, KOrga TOYHOE OIH-
CaHUEe BCEX WMEIOIIUXCS B3aUMOCBS3eEi
HEBO3MOXXHO, HO BBIJIENSIETCS HEKOTOPHIH
HabOp TMOKa3zaresei, XapaKTepH3YIOIINX
ucciegyemMoe sBleHHe. B oTcyTcTBHE
YETKOM KOHLENTYAJIbHONM MOZENIN IIpH-
MEHEHHE PErpecCHOHHBIX METOJOB HE
MPEJCTABISICTCS BO3MOXHBIM. JlaHHEIE
0 MaKpOIKOHOMHUYECKUM (pakTopam, uc-
MOJTb30BAHHBIE TIOCIE TPEIBAPUTEILHOM

00pabOTKHM OKa3bIBAIOTCS MOYTH HJICAIh-
HO CBSI3aHHBIMH C IIEJIEBOM ITEPEeMEHHOM
(moxomom Ha NYSE) nuHEHHBIMH CBS-
35IMH, Ha YTO YKa3bIBAIOT OOJBINME 3HA-
yeHus: k0d(h(UIMEeHTa CMEIaHHOW KOp-
peNIALIMN TIPU PETPECCHOHHOM aHAJM3e
1 oTHOWEHHus R.

BriOpanHas apXuTeKTypa ceTH ¢ He-
MOCPENICTBEHHBIMU CBA3SMHU MEXKIy BXO-
JlaM{ ¥ BBIXOJIAMHU ISl TAKOW CHTYaIlHH
SIBJISIETCS  JOBOJBHO  ymadHO#.OmgHaKo
CTOMT OTMETHUTh, YTO JIaXKe B CIJIOKHOM
curyauun MBPN-ceTh MOXET mnpeBoc-
xoauTh Metoq OLS-perpeccuu no mnoka-
3arento RMSE u koaddumnuenty koppe-
nsawn [Tupcona. bomee Toro, 6-3-1 ceTh
Jaxe 1pu paboTe ¢ HOBBIMU JIAHHBIMH
MO3BOJISICT COCTaBUTh 0OJIee TOYHBIM
MPOTHO3, YeM OIICHKA PETPECCUU Ha YXKe
paHee oOpaboTaHHBIX JAaHHBIX. OUYeBU-
Ha BBICOKas CTENeHb COTIACOBAaHHOCTH
pe3yabTaToB, KacamoIIuXcs BKIaAa OT-
JIECJbHBIX TMEPEMEHHBIX, KOTOPBIC JAr0T
OOBIYHASL pErpeccuss W MHOTOCJIOWHAs
cerb. Takoe COOTBETCTBHE IOBBIIIACT
YBEPEHHOCTh B TMPABUIBHOCTH PE3yib-
TaTOB U OJHOBPEMEHHO TOBOPHT O TOM,
4YTO, MO KpailHed Mepe, JHUHEWHas co-
CTaBJIAIONIAS CBA3M MEXAY JOXOIOM II0
WHJIEKCY U BHIOpaHHBIM (DaKTOpOM YIaB-
JINBAETCS HEUPOHHOM CEThIO AOCTATOY-
HO ycmemHo. Takum o0pa3om, paboTa
HEHPOHHBIX ceTeil oOpeTaeT OONBIIYIO
MPO3PaYHOCT.
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HEWPOHHBIE CETH B 3AJJAYAX PACYETA IIEH
OIIIMMOHOB ®OHAOBbLIX PBIHKOB

C. A. CanHukos
@I'FOY BO «MI'Y um. H. Il. Ocapésay (e. Capanck, Poccus)

primarx12@yandex.com

Beeoenue. Vicnionb3oBaHue HEWPOHHBIX CETEH JJIsl HETMHEHHBIX MOJEICH TOMOraeT mo-
HSTh, B KaKOW CTEIICHH MPOSBISAIOTCS HEAOCTATKU JIMHECHHON MOJIENH, BBI3BaHHBIC UX
crerudukarpei. Llens uccnenoBaHusi — pacKphITh COACpPIKAHUE MOHATHS «pacyueT LeH
OIIIHOHA C WCIIOJh30BAHHUEM allapara HEHPOHHBIX CETEH».

Mamepuanvt u memoowl. B paboTe ObLIM MCIONB30BAHEI 2 BUA TEPEMEHHBIX: YH/IOTCH-
HbIC (BXOASAIINE B MOJCIb HEMPOHHBIX CETECH) U JICHCTBYIONIME HA MOJECND (ITOCTOSHHBIC
BO3MYILCHH).

Pesynbmamot uccnedosanuii. C moMolpo nomydeHHoi 33-14-1 neitponHoit cetu ¢ nps-
MBIMH CBSI3SIMH OBUIH MOJYYEHBI 2 COBOKYITHOCTH MPOTHO30B; pa3pabOTaHbl KPUTEPUH
ONTUMAJIBHOCTH CTPATETHii B 3a/ja4ax pacueTa LeH OIMIHOHOB (DOHIOBBIX PHIHKOB.
Obcyorcoenue u 3axnouenus. ITlomydens! 2 BUaa HEHPOHHBIX ceTeil, KaXkIas N3 KOTOPBIX
JTaeT COOCTBEHHBIE TTOJIOKUTEIBHBIC PE3YIBTAThI, IIPEBHIIAIOIINE TIOKA3aTEIN PErPECCH-
OHHOTO aHajM3a. Taxxe OBUIO BBIABICHO, YTO aJaNTUBHAS CETh Jy4YIle OL[EHUBAET 6y;1y—
IIye JTOXO/BI, 9eM MpOCTasi HepOHHAS CETh.

Knrwouegvie cnosa: MBPN-Mozenb, BONaTUIBHOCTD, CPEHEKBAApaTUUHAsl OLIEHKA, HEH-
POHHasi CeTh, OIMIMOH (HOHIOBBIX PHIHKOB

Jna yumuposeanua: CannuxoB C. A. HeilpoHHble ceTu B 3ajayax pacuyeTa LEH OILHU-
oHOB (oHI0BBIX phIHKOB // BectHnk Mopmosckoro ynuepcutera. 2017. T. 27, Ne 1.
C. 21-26. DOI: 10.15507/0236-2910.027.201701.021-026

NEURAL NETWORKS FOR STOCK MARKET
OPTION PRICING

S. A. Sannikov
National Research Mordovia State University (Saransk, Russia)
primarx12@yandex.com

Introduction. The use of neural networks for non-linear models helps to understand
where linear model drawbacks, coused by their specification, reveal themselves. This
paper attempts to find this out. The objective of research is to determine the meaning of
“option prices calculation using neural networks”.

Materials and Methods. We use two kinds of variables: endogenous (variables included in
the model of neural network) and variables affecting on the model (permanent disturbance).

Results. All data are divided into 3 sets: learning, affirming and testing. All selected vari-
ables are normalised from 0 to 1. Extreme values of income were shortcut.

© Cannukos C. A., 2017
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Discussion and Conclusions. Using the 33-14-1 neural network with direct links we ob-
tained two sets of forecasts. Optimal criteria of strategies in stock markets’ option pricing

were developed.

Keywords: MBPN model, volatility, mean square estimation, neural network, stock

market option

For citation: Sannikov SA. Neural networks for stock market option pricing. Vestnik
Mordovskogo universiteta = Mordovia University Bulletin. 2017; 1(27):21-26. DOI:
10.15507/0236-2910.027.201701.021-026

Beenenne

Ucnonps3oBaHnue HEHUPOHHBIX ceTel
U HENMHEHHBIX MOJENEH IOMOTaeT Io-
HSTh, B KaKOW CTETIEHW MPOSBIISIIOTCS He-
JIOCTaTK{ JINHEHHON MOJENH, BBI3BAHHBIC
ux crenu@uKanued WiM MpeanoIoKeH -
eM 00 3¢dexTuBHOCTH pBHIHKA. B coBpe-
MEHHBIX ITyONMKALHUSIX 4acTO BCTPEYAIOT-
Csl HCCIIEAOBAHUS C HAIMYAEM CTPYKTYPBI
«CJIEZIOBaHME C 3ala3abIBaHIEM» B IIEHAX
Ha ONIMOHKI Wwin akiuu [1-3]. B ganHbIX
paboTax OCHOBHOH ymop JeNaeTcs Ha TO,
YTO IIEHBI OMNIMOHOB SABJISIOTCS OPUEHTH-
pOM, 3a KOTOPBIM CIEAYIOT LIEHBI COOTBET-
CTBYIOIIMX Oymar Ha pbIHKe akmuil. U3
3TOTO JAenaercss BbIBOA 00 3¢ddexTuBHO-
CTH pBIHKA: 3Hasl MOJIO)KEHHE PBIHKA OIl-
[MOHOB, MOXKHO H3BIIeYb HH(OPMAIIHIO,
KOTOpasi HE JIOUUIA 10 phIHKA HaJIMYHBIX
cpeacts. JlaHHBI TIpoTHO3  Oymymei
LEHBl aeT BO3MOXKHOCTH [UI1 COCTaB-
JICHUsI BBITOJHOM TOPrOBOW CTpPATErHM.
Wnelinoil OCHOBOM pe3yJbTaroB JAaHHOM
padoTHI MOCTYKWIN HccaeqoBanus [4-5].
Lens paboThl 3aKiro4aeTcs B PacKpBITHU
paboTBl HEWPOHHBIX CETeH MNP aHaIN3e
LIEH ONLHOHOB ()OHIOBBIX PHIHKOB.

CoBpeMeHHBIE METOIBI, B TOM YH-
CJ€ METOABl HEHPOHHBIX CeTeH, Mpeno-
CTaBISIOT BO3MOXXHOCTb  HCCIIEZOBAaTh
HENMHEWHBIE MOAETH  (OPMHUPOBAHUS
ued. CranpapTHble Moaenu (HopMHpo-
BaHUS IIEH OKa3bIBAIOTCS HEAOCTAaTOYHO
YIOBJIETBOPUTEIHHBIMU H3-32 HETIOIHO-
Thl crienu(UKalWU, a HE U3-3a CBOMCTB
«(hdexTHBHOCTH pbIHKa». C MOMOIIBIO
MBPN-moznenu [6] B 1aHHO# cTaThe pac-
CMaTpUBAETCSI BO3MOKHOCTh M3BIECUCHMUS
npuObUIM Ha MajloM OTPE3KEe BPEMEHHU.
C momompio 0a3bl JAaHHBIX O CHENKaXx,
COBEpIIACMBIX B TEYEHHE PabOdvero IHsS

Ha Europe Options Exchange — EBpomeii-
ckoit ormmmonHoW Oupxke (EOE) B . AM-
crepaame, ObUT CIIPOTHO3MPOBAH pazMep
npuObUM 1O akuusM Kommanuu Philips.
B npouecce paboTel ObUTH CMOAETHPO-
BaHbl 2 HEWPOHHBIE CETH U MOAENb JIH-
HEHHOTO PErpecCHOHHOIO aHaNIN3a; MPH-
BE/ICHO MX CPaBHEHHUE IO 3 KPUTEPUSIM:
cpenHeit kBanparnuHoil ommoke (MSE),
ko3¢ ¢unmeHty xkoppessiuuu [Tupcona (p)
1 TIOJTY4YEHHOMY JOXOAY 3a ONPEIEeTICHHBIN
(UKCUPOBaHHBIH NPOMEXKYTOK BpeMe-
Hu. Haubonbimas sddexrusHocts (11 %
TOJOBOTO J0XOma) Oblla JTOCTHUTHYTA
¢ MOMOINBI0 HeHpoHHOH cetn 33-14-1.

0030p JIMTEpPaTYpPBI

B HayuHO#i u y4yeOHOI nuTeparype,
MOCBALUICHHOW HEWPOHHBIM CETSIM, He
yaemnsieTcss JOCTaTOYHO BHMMaHMA pabo-
Te ¢ HelpoHHbIMU ceTaMU. Kak npasusio,
aBTOPHI CTaTell HE aHAMM3UPYIOT UX CXOM-
CTBa M pa3iuyus C KJIACCUYECKHMHU Me-
Togamu (Hampumep, OLS-perpeccueit).
Hanpumep, B pabore A. b. bapckoro [5]
ocBelleHa paboTa OCHOBHBIX BHIOB HeEM-
POHHBIX CETeH; BO3MOXHOCTH aHaJIN3a
HEHPOHHBIMU CETAMHU IOIPOOHO OIuca-
uel /. A. IlocnienoBeim [4].

MarepuaJjibl 1 METObI

B paborte ucnons3ytorcs 2 Buia Iie-
PEMEHHBIX: SHJIOT€HHbIE (BXOIIIUE B MO-
JIeTb HEHPOHHBIX CceTel) M IEeHCTBYIOITHE
Ha PaccMaTpUBaeMyi0 MOAedb (ITOCTOSH-
HBIC BO3MYIIICHNUS).

Pe3ynbTaTsl HccjienoBaHus

1 nmporHo3upoBaHus OZHOU Iie-
PEMEHHON Ha BbIXOHE (IOXOA MO aKIUU
gepe3 15 MuH) Hcmonb3yercs 33 3K30-
reaaple nepemMeHHbie [7—8]. Ilockombky
B JIaHHOH BBIOOpKE HCIIONIB30Bajlach HH-
¢dopManusi 0 peanbHBIX CHENKAX, LEHEI

by
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B HCXOAHOM (paiine cOOTBETCTBYIOT HEpe-
TYJISIPHO PACMOJIOKEHHBIM MOMEHTaM IO
BpeMeHH. B cBs3W ¢ 3TUM paccmarpuBa-
JUCHh CpEAHHE 3HAYCHHS IIEH 32 Ka)IbIi
15-munayTHBI wHTEpBan BpemeHu. [lo-
ckoibky EOE otkpeiBaercs B 9:30 u 3a-
KkpbiBaeTcs B 17:00, kaxaplii JeHb TOPrOB
COCTOST W3 TPUAIATH |5-THMHHYTHBIX
WHTEpBANOB. V3 NMaHHBIX O aHan3a
OBUIM MCKITIOYEHBI TIePHOBI HEaKTHBHOM
toproBiu (¢ 16.45 no 17:00 u obenen-
HBIH nepepsiB). Ecnu B Teuenue 15 mun
CAENIOK MO OMIMOHAaM HE INPOUCXOIUIIO,
TO B Ka4eCTBE IICHBI aKIIM Ha HATUYHOM
PBIHKE HICTIOIb30BAIOCh TIOCTOSHHOE He-
B3BEIICHHOE CpEIHEee 3Ha4YeHHe OT Ipe-
JBITYIIET0 MHTEpPBaIa BPEMEHH.

Kaxnoe naOmoneHue ohopMIIsiIOCh
B YETBIPEX 3aMHCAX: [EHbI ONMIHOHOB call
¢ 4 pa3HBPIMH IIECHAMH WCIIONHEHUS; Iie-
TieBas TepeMeHHasi — CpPeTHHUI JO0XO IO
akmusiM Philips (3a cnemyromuit 15-mu-
HYTHBIA TPOMEXKYTOK).

Bce nepemeHnHble, KOTOpBIE HCHOJb-
3YIOTCS IIpU aHAIM3E€ HEUPOHHOU ce-
THIO, MOXKHO Da3leluTh Ha 2 TPYIIIHL:
MPUHAMAIOIINE JWCKPETHBIE 3HAYCHHS
Y IPUHUMAIOIIIHE HeTIPEPhIBHBIE 3HAYCHHS
[9-10]. Ilo mepBoMy BuAy MEpPEeMEHHBIX
HEHpOHHAsT CeTh pPAacMo3HAaeT OMIHOHBI
Pa3HBIX CEpUll U MO-pa3HOMY HaIpaBIIs-
eT BXoAHOH curHain. Hampumep, ot Toro,
CcOCTOsIach caeka 1o omiuonaMm B 14:00
B msaTHUILY wid B 11:00 B cpemy, 3aBUCAT
BBIBOJIBI B OTHOIIICHHUH TIEHKI akIuu. JlaH-
Has CHUTyallusi — XapaKTEepHBIA TpUMEp
HEJIMHEHHBIX B3aUMOIACHCTBUM.

AHaJOTHYHOE  3aKIIOUYEHHE  MOXK-
HO cJIeNaTh B OTHOIIEHUH IHCKPETHBIX
nepeMeHHbIX. Hampumep, 2 cruenku, 10
WCTEYCHHsSI KOTOPBIX IO OMIIHOHY OCTa-
nock 3 mec. (1) u HeckodbKo AHEH (2),
OKa3bIBAIOT pA3HOE BIHUSHHUE HA IEHY
aKIMM B KPaTKOCPOYHOH NEpPCIEKTHBE.
Taxum 00pa3oM, MOXKHO TIPEATIONOKHUTH,
YTO CYIIECTBYeT COBOKYIMHOCTH peIla-
IOIINX TPaBUJI, MO KOTOPHIM OIpeaes-
€TCsl COCTOSTHHE CHCTEMBI C COOTBETCTBY-
IOLIUMH BBIBOAAMH OTHOCHUTEIBHO OIHOM
WJIM HECKOJIBKHX IIEJIEBBIX TIEPEMEHHBIX.

Kpome nmaHHbIX 2 BUIOB HEpeMEH-
HBIX, PAcCIO3HAIOIIUX COCTOSIHUE CHUCTe-
MBI, IMEIOTCS TIEpEMEHHBIE, HETIOCPEICT-
BEHHO CBSI3aHHBIC C IIEJICBOY (JTMHEHHOM,
KBaJpaTUYHON W 0OpaTHOH HempephIB-
HOM CBSI3BIO).

Bce panHble OBITM pa3ieneHbl Ha
3 rpynmel: oOydaromue, HOATBEpPXKIa-
fome u TectoBble. Ilockombky Boma-
THIBHOCTh M3MEpSAETCS MO MPHHINITY
JIBWKYIIETOCS OKHAa C IaroM KaxJble
15 nHeit, oOydaroniee MHOKECTBO OXBa-
TBIBa€T MPOMEXYTOK ¢ 11 deBpans mo
13 mapra 1992 1., Brimouaet 24 pabounx
a1 2 784 HaOMrOneHnii OKOH B 15 MUH.
B monrepkaaromee MHOKECTBO BOIILIO
300 unaOmroneHuit. Bo wusbexanue s¢-
(heKTOB IHS M HENEeNW HCIOJTHEHUS B OT-
JEeNbHYIO0 TPYIIy ObUTM BBIACTICHBI aH-
HBIE A7 TecToB ¢ 16 MapTta no 3 anpens
(Takum 00pa3oM, OCTaBaJOCh JOCTATOYHO
BpEMCHH JIO HCIIONHEHWs). BrIOpaHHBIC
NepeMeHHbIe  OBUT  HOPMAITM30BaHBI  OT
0 mo 1. Kpaitaue 3HadeHust moxofa ObUIH
COKpAILICHBl; B HOBOM MacIuTa0e 3Ha4eHHe
0,5 cooTBETCTBYET HYJIEBOMY 3HAUEHUIO 32
COOTBETCTBYIOIIHI IPOMEKYTOK BPEMEHH.

J1a BBISICHEHWS BIWSHUS TIepeMeH-
HBIX U CTENEHU MPUTOJHOCTU JUHEHHOMU
Mozaenn ObUT HCHONB30BaH METOA Hau-
MeHpIHX KBaaparoB (OLS-perpeccus).
[lockonbKy moapasymeBaeMasi MEpEMEH-
Hasl TPOLIEHTHAsI CTaBKa SBISETCS MYJb-
TUKOJUTMHEAPHOH (T. €. TPOCIIEeKUBACTCS
JMHEWHas 3aBHCUMOCTh MEXIY MepeMeH-
HBIMU PErpPeCCHOHHOM MOJIENIN) ¢ COOTHO-
IIIEHHEM AJUHHBIX U KOPOTKUX MO3UILHH,
JaHHAs IepeMEHHas Oblla UCKIIIOUYEHA U3
WCCIIeZIOBaHUSI.

[Tomy4yeHHbIe B pe3yabTaTe UCCIIENO-
BaHUS JaHHBIC TIPEICTABIICHBI B TAONIHIIE.
bbuto ycTaHOBIEHO, UTO paccMaTpHBa-
emasi Mozenb OOBSICHSAET CHTyauuo 0o-
nee yeM B 3 % ciayuaes; KpoMe 3TOro,
B Heill oOHapyXeHa MUHUMAalbHas KOp-
pemsiust psina. PerpeccuoHHbBIE TaHHBIE
OTpa)kal KpPWBBIE PEANBbHBIX JTOXOIOB
Ha TPOTSDKEHUU TIEPBBIX TpeX TOpro-
BBIX JIHEW M3 TECTOBOIO MHOXECTBA; Ha
OCTAaBILEMCS] MHOKECTBE ObLiIa BHISBICHA
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TEHIEHIUA K IMOHMKEHUIO 10X0m0B. I1o-
CKOJIbKY CPEIHUHN T0XO/ MO aKkIusaM 3a 15
MUH OBIJI aHAJIOTHYHBIM I BCEX OIIL[HU-
OHOB, B Tpa()Kk BHOCHIIOCH TOJIBKO OJHO

3HauCHHE LeneBord nepemeHHou. Ta-
KUM 00pa3oM, KOJIMYECTBO HAOJIOACHUN
B TPOBEPOYHOM MHOMKECTBE COKpAaTH-
aochk no 435.

Tabnuna
Table
3HaunMble pe3yJbTAThI perpeccuu Ha 00y4aeMoOM MHOKECTBE
Significant results of regression on a learning set
. AnantuBHas
VYnporeHHas perpec- Ipocras neii- HeHpoHHas
Hepemennste / | Perpeccus (B) / cus (SE B) / Simplified pounast cets (T) / cets (Sig T) /
Variables Regression (B) : Simple neural ;
regression (SE B) network (T) Adaptive neural
network (Sig T)
IOCADIF -0,10340 0,037060 -2,790 0,0053
TRAHOUR 0,02799 0,007990 3,502 0,0000
CACONOC 0,27614 0,127250 2,170 0,0301
RETLAG 0,07605 0,020110 3,782 0,0002
CACONJU -0,07880 0,027630 -2,830 0,0044
CAPUDIF -0,11280 0,041130 -2,742 0,0062
CAMMAEUR -1,27950 0,493490 -2,593 0,0096
HISVOLA 0,25582 0,020400 4,916 0,0000
EXERT -0,33600 0,066200 -5,051 0,0000
LAMBDAEUR 0,50799 0,178840 2,840 0,0045
MONEY -0,50690 0,167600 -3,134 0,0017
K%HC”H“ / 0,99024 0,245610 4,593 0,0000
onstant
Koa¢hdunmeHThI, pu KOTOPBIX OBUIN BBIMOJHEHBI PacueThl /
Coefficients for which calculations were performed
F-crarucruka / F-statistics 3,51
Ksagparuunas ommbka (R”2) / Quadratic error (R"2) 3,92
YTounennsiit R*2 / Revised R"2 2,81
Yposens 3naunmoct (F) / Level of significance (F) 0,00
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[TockonbKy B crenyromye 3 gHs pac-
XOXKICHHUS B pe3yabraTax MPOBEPKU BCE
OoJbIIe YBETHYUBAIHICH, BOSHHUKIIA HEOO-
XOJAUMOCTb PETYJISIPHON TEepeHACTPONKU
HelipoHHOH cetu. CHauama cetb oOyda-
jach Ha oOydvaromeM MHoxecTtBe (300
3anuceit) Ha npoTspkeHun 18 000 smox.
[Toce 3TOro MPOrHO3UPOBAJICS TOXOJ 110
TECTOBOMY MHOXECTBY Ha | 4 Bmepen,
U ceTh Iiepeodydaiachk Ha mmocienane 232
3amucH (B TOM 4ucie Ha 4 MPOrHO3HUPY-
€MBIX II1ara). 3aTeM MOBTOPSJICS MPOTHO3
Ha 1 u ganee. [Tocie 3Toro Bce BHUMaHUE
OBLIO YIEIIEHO KPAaTKOCPOYHOMY MPOTHO-
3y, IOCKOJIBKY TTPEIMETOM HCCIICIOBAHUS
SIBIISFOTCS U3MEHEHHS TTOKa3aTeneil B Te-
geHue | TOproBoro JTHS.

OO0cy:xneHue U 3aKJII0YeHus

C mnomouipto momydeHHoU 33-14-1
HEHpPOHHOW CETH C TPSIMBIMH CBS3IMHU
(Mexmy BXOmaMH ¥ BBIXOAAMH U JIOTH-
YeCKUMH (YHKIUAMU aKTUBAINH) OBLIH
orpesiesieHbl 2 COBOKYITHOCTH ITPOTHO30B.

[lepBast — mpu 00yueHUN HA UCXOMHBIX
00yJaromMx H TOATBEPKIAIONIUX JaH-
HbIX Ha npotsokeHuu 18 000 snox. B xoxe
WCCNeoBaHusl OBIIO W3YYEHO BIHSTHUE
Pa3IMYHBIX  KOA(DGOHUITUCHTOB OOydeHUS,
HUMITYJIECOB, KOJMYECTBA CKPBITHIX dlie-
MEHTOB Ha CpeTHEKBaAPATHYHYIO OITHOKY
Ha TMOATBEPXKIAMONEM MHOkecTBe. Hawm-
XyAIIHE Pe3yJbTaThl OBUTH JIOCTHTHYTHI
mpu kodpdurmmente obyuenus 0,1, uMm-
myibee 0,9 u 14 CKPBITHIX dIIEMEHTaX.

Bropas — npu MOBTOPHOM OOy4eHUHU
HEVPOHHON CETH C NOMOULIBIO JABUXKYIIIE-
rocs okHa. JlaHHBIM METON TOJHKEH OBLI

VAYYIIATh PE3YJIBTaThl MO KaXAOMY W3
KPUTEPUEB:

— CpemHss KBajparuyHas omwuOKa Ha
TECTOBOM MHOJKECTBE;

— ko3¢ uiuert koppessiuu [Tupco-
Ha MEXJIy BBIXOJOM M IICJICBEIMH 3Haue-
HUSIMY,

— nmoxox (YUCTBIN), TOTYYCHHBIH Ha
TECTOBOM MHOKECTBE.

B pesynbrare mpoBeneHHON pabOTHI
OBLIO BBISBJICHO, YTO BTOPOH BHJ CETH
o0ecreunBaeT Jydlline pPe3yJbTarhl IO
CPaBHCHHUIO C PErPECCHBHBIM aHAIIU30M.
OpHako naHHBIA (AKT HE TOBOPUT O €T0
MIPEBOCXOJICTBE HAJ JTMHEWHON MOJENBIO.
IIpu porro3e Ha MPOMEXYTOK > 3 THEH
m00asi U3 TONYYCHHBIX ceTed OymeT a-
BaTh OTPUIIATEIIBHBIN JIOXO/.

B xone uccnenoBanus ObUT IpUMEHEH
METOJI aIallTUBHOTO OOy4YeHUS CETH IpH
MOMOINK JBIXyIerocss okHa. CeTb 00-
yuasack 100 pa3z, B pe3yssTare 9ero ObIIo
nony4yeHo 404 mpaBHIBHBIX MPOTHO3A U3
435; ga BBIXOIE HAOIIONAIACh TEHIECHIIUA
K TIOHIKCHHIO J0XOMOB. Eciu roBOpHUTH
000 BCEM TECTOBOM MHOXECTBE, TO 00€
CeTH narT Ooyiee YIOBIETBOPUTEIBHEIC
MMOKa3aTeiy, YeM pPETPecCHOHHBIA aHa-
3 (MMOCKOJBKY CIOCOOHBI (PHUKCHPOBATH
HEJIMHEHHOCTH B JIAaHHBIX). AJaNTHBHAS
CETh JIyUIlIe OIICHUBACT OyIyIIHE JOXOIbI,
YeM MPOCTast, TOCKOIBKY MOXKET IPOTHO3HU-
pOBaTh Kak MOJOKHUTEIBHBIE, TaK U OTPHU-
narejabHble 10Xoabl. OaHaKO HEOOXOaUMO
MIOMHHTb, YTO KaueCTBO MPOTrHO3a IaJ1acT,
€CJIM OH CTPOUTCS Ha IPOMEKYTOK BpeMe-
HY, MPEBBIIAIONINN 3 JTHS.
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ITPOBJIEMBI HH(DQPMAHHOHHOfI BE3OITACHOCTH.
HMHTEPHET BEHIEN

C. A. lllukoB
@I'FOY BO «MI'Y um. H. Il. Ocapésay (e. Capanck, Poccus)

stenlav@mail.ru

Beeoenue. B craTbe paccMaTpHUBarOTCsI BO3MOXKHBIE YIpo3bl B chepe HHHOPMATHOHHON
6€30MacHOCTH TIPH IIePeXo/ie OT TEXHOIOTHH WH()OPMAIIMOHHOTO B3aNMOJCHCTBHUS THIIA
«MaIIMHA-MAMIMHA) K [I00aJIhbHOMY KOMMYHHKAIIHOHHOMY B3aMMOAEHCTBHIO THIA «HH-
TEpHEeT Bellei». YIpo3sl pacCMaTpUBAIOTCS Ha IIPUMeEpax cHCTeMbl « YMHBIN Jlom», Gec-
npoBomHOTO craHaapra ZigBee, snekrpoxapos ¢upmsr Tesla 1 6ecKOHTaKTHOI cHCTEMEI
omnarsl Apple Pay. IlpuBomutcs ompeneneHue TepMHHA uHmMepHem 6eujeli; paccMa-
TPUBAETCS UCTOPHS Pa3BUTHUS JAHHOW O0JACTH, KPaTKO M3JIaraercs CTPyKTypa paboThI
uHTepHeTa Bemeil. OmucriBaercs pazpadotanusiil B 2011 . loT-cBA3aHHbIA cTaHAapT —
IEEE 1888, 1enpio BHEAPEHHS KOTOPOTO SBISETCS MOBBIIICHHE YHEProdPHEeKTUBHOCTH
pelreHnii, TOCTPOCHHBIX Ha 0a3e MHTepHeTa Bemiel. PaccmarpuBarorcst 6a30BBIE MpO-
GreMbl 6€30IIaCHOCTH TIPU CO3JAHHU CUCTEMBI « YMHBIIT JOMY.

Mamepuaner u memoowi. B xauectBe 00BEKTOB MccieoBaHusl ObUTM BEIOpaHBl Apple
Pay, 6ecipoBonHoit cranmapt ZigBee, anextpokapsl Tesla Model S. Merogamu ananmsa
¥ CPaBHEHMUS, a TAKKE ITyTeM MOJCIUPOBAHUS ObUIM OIpe/eIeHbl YIpo3bl 0€301MacHOCTH
JUISL MTHTEPHETAa BEIeH.

Pezynemameur uccnedosanus. B xozne uccneqoBanus Oblia BBIIBICHO, YTO Ja)XKe caMble
coBpeMeHHbIe TexHosoruu He naoT 100 % rapantun 6e3onacHocTn. HanGonee 6e3omac-
HOU M3 pacCMOTPEHHBIX MPUMEPOB OKa3anach cucrema Apple Pay. [maBHbIM akTopom
HEZ0CTAaTOYHOM OE30I1aCHOCTH BO MHOIOM SIBIISICTCS JKEJIaHHE MPOM3BOJAMTEISI MAKCH-
MaJbHO YJEIIEBUTH IPOIECcC MPOU3BOACTBA. 11 TOCKONIBKY PSIOBBIE MOJIB30BATEIH, KaK
MpaBHUJIO, B MOCIEIHIO O4Yepeab OOpaInaloT BHUMaHHE Ha O€30MacHOCTh CHUCTEM, TO
MPON3BOIUTENN HPEIIIOYUTAIOT COKpAIaTh 3aTpaThl HIMEHHO B 3TOU cdepe, cobmonast
HEoOXOAMMBIC CTAaHAAPTHI IO HIDKHEH rpaHuIIe.

Obcyocoenue u 3axnouenus. bbllo yCTaHOBICHO, YTO COBPEMEHHBIN MHTEPHET BelleH
HE COOTBETCTBYET BCEM HEOOXOAMMBIM TPeOOBaHUSIM 0€30MacHOCTH. YCTPaHATh yS3BHU-
MOCTH PEKOMEHIYETCsI yTeM pa3pabOTKM HOBBIX CTaHIAPTOB OE30IMAaCHOCTH C TpesBa-
PHUTEIBHBIM IIOJHBIM aHAJIM30M CYIIECTBYIOIIMX Yrpo3 MHTepHeTa Bemed. Kpome storo,
HEOOXOAMMO HalaAUTh KOHTPOJIb HAJ JIOTHCTHKOI TaKWX YCTPOHCTB OT MPOH3BOIAUTENS
JI0 ATara HHCTAJULILKMU 000pYI0BaHHs Ha 00BEKTE.

Knrwueswle cnosa: nntepHet Bemel, nHGopMauoHHas 0€30MacHOCTb, yrpo3a oe3omnac-
HOCTH, IporpaMMHoe obecliedeHre, orepaluoHHas CHCTeMa, JJOTHCTHKa Betueil, ZigBee,
Apple Pay, Tesla

JIna yumupoeanusn: luko C. A. [Ipobnemsl nHGOpMATMOHHOM 6€30MTaCHOCTU: HHTEP-

Het Beleii / Bectuk MopaoBckoro yHusepcutera. 2017. T. 27, Ne 1. C. 27-40. DOIL:
10.15507/0236-2910.027.201701.027-040

© Iuxos C. A., 2017
27



Ml BECTHUK MOPJIOBCKOTO YHUBEPCUTETA

Tom 27, Ne 1. 2017

PROBLEMS OF INFORMATION SECURITY:
INTERNET OF THINGS

S. A. Shikov
National Research Mordovia State University (Saransk, Russia)
stenlav@mail.ru

Introduction. The article deals with the threats to information security in the internet-
working of physical devices, also known as Internet of Things (IoT), and the security
challenge in terms of home automation systems, ZigBee protocol, Tesla electric cars and
Apple Pay mobile payment. Section provides the term definition and history of the Inter-
net of Things. The IEEE 1888 IoT-related standard developed in 2011 as integrated solu-
tion based on energy-saving technologies for the Internet of Things. The author considers
security challenges for the “smart home” system. Next section reviews the experiments
of the author involved in testing of the Internet of Things devices.

Materials and Methods. The subjects of study are the Apple Pay, the ZigBee wireless
standard, Tesla Model S electric cars. The main methods for identification of security
threats are analysis and comparison.

Results. The companies of electronic devices simplify and reduce the price of manu-
facturing process. The customers and users are rarely interested in levels of electronic
devices security policies. This is the weakest link of electronic products in terms of secu-
rity and safety. The tests demonstrated that modern electronic-based technologies do not
reach the 100-percentage security level. Apple Pay mobile payment system demonstrated
the highest security rating.

Discussion and Conclusions. Modern electronic devices for Internet of Things does not
meet all safety requirements, from the point of view of the author. The article recom-
mends analyzing the potential threats and developing new security standards. In addition,
the logistics of electronic devices for Internet of Things need to be under control from
the manufacturer to equipment installation time.

Keywords: Internet of Things, information security, safety threats, software, operating
systems, logistics of things, ZigBee, Apple Pay, Tesla

For citation: Shikov SA. Problems of information security: Internet of Things. Vest-

nik Mordovskogo universiteta = Mordovia University Bulletin. 2017; 1(27):27-40. DOI:
10.15507/0236-2910.027.201701.027-040

Beenenue

Lenbto uccnenoBaHus SIBISETCS U3y1e-
HHE BJIMSHUS TIOOANTLHOTO B3aHMMOJICHCT-
BUSI THIA «MAalllMHA-MAIHA» HA TEXHO-
TeHHYI0 0e30MacHOCTh M yCTOWYMBOCTH
paboTBI CHCTEM KMU3HEOOECIIeYEHHST COB-
pemeHHOro obmiectBa. B craree paccma-
TPUBAIOTCS HauOoJee BEPOSTHBIC YIPO3bI
HapymeHus KOH(QHUICHINAIBHOCTH, JIO-
CTYITHOCTH M LEJIIOCTHOCTH WH(opManuy,
LUPKYIUPYIOIEeH B HHPOPMALIMOHHBIX Ce-
TSIX, KOTOpBIC IMpeHa3HA4YeHBI TS yIpaB-
JICHNS! TIPOMBIIIICHHBIMI OOBEKTAMH.

OnHUM U3 COBPEMEHHBIX TPEHJIOB
pasBUTHSL TIOOANBHBIX WH(DOPMAIMOH-
HBIX CHUCTEM SBISIETCA T. H. UHINEPHEM Ge-
weti (HanpuMep, OECKOHTAKTHAs CUCTEMa
ortarel Apple Pay; aBromoOmim, ynpas-

JsieMble co cMaptdona, u ap.). Odurm-
aNbHOE OIpeJIeTICHNEe JIAHHOTO TEePMUHA
npuBogutcs B MCO-T Y.2060, Overview
of the Internet of Things: «...uHTEpHET
Bemier (Internet of Things, [oT) — arto
rnobanbHass UHOpPacTpykTypa uH(OpMa-
LMOHHOIO 00IIecTBa, oOecIeunBaromas
MePe/IOBbIE YCIYTH 33 CYET OpPTaHH3aInN
CBSI3U MEXAY Belamu ((PU3nIecKUMH U
BUPTYalbHBIMH) Ha OCHOBE CYLIECTBYIO-
MIMX ¥ Pa3BUBAIOIIUXCS COBMECTHMBIX
MHQOPMAIIMOHHBIX W KOMMYHHKALMOH-
HBIX TEXHOJIOTHUI».

Oco0blit HHTEpEC K JaHHOMY Harpas-
nenuto mnposeisier Kutait. [moGambHOE
COTPYAHUYECTBO B 3TOW 00ONacTH MpHBe-
70 k pazpadotke B 2011 1. IoT-cBa3anHo-
ro cranaapta — IEEE 1888, uensto BHe-

B
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JAPCHUA KOTOPOI'O ABJIACTCA IOBBIIICHUC
sHeprodpGeKTUBHOCTU peuieHuid. JlaH-
HBI CTaHAapT Ha OCHOBE YHHUBEPCAIb-
HOTO TPOTOKOJIA KOHTPOJSI CETH MOMO-
raeT KpymHbIM KOMMEPYECKHM 00bEeKTaM
CHU3WUTH JHEpromnorpediieHne Oiaromaps

Crammenne
LEHBE, BEAYIIEH
K TIOABICHHIO
BTOpOi BOIHE
NPHIOKEHHAH /
Price drop

C G H CHHIKCHHE
_OCODHOCTR

VCTPOHCTR,
PACIIOIOAKEHHBIX

H PAZBHTHS
B MOMCIITICHHAH,

of applications :
devices located

Copoc ua .
RS in the room

YCKOPEHHY 10

Muusario PHEALLEA

amepronoTpedienna
EKTPOHHBIX YCTPOHCTR

OecnpoBoLHOH cBA3H /

o . HOUIYHATE o e
leading to the ¥ Miniaturization and
N af CHIHATBI v
emergence of 5 . reduction of power
A i OKAal f i
a second wave  TEOTORIAMHN consumption of
Ability of the

electronic devices and
development of wireless
communication

JUCTAHIIMOHHOMY HAaOJIOICHUIO, YIIPaB-
JICHUIO0 U OOCITYy>KUBAHHUIO C UCIIONB30Ba-
HUEM JIaTYUKOB U MOHUTOPOB HaONrOfIe-
Hus. Ha puc. 1 mpencraBieHo pa3BHTHE
texHojorun loT kak mocrymarenbHOE
pazsutue [10 u TenekommyHukanui [1].

HMuTerpuposaHHEIE PELICHUS Ha Base
CEHCOPOR M MPOIPAMMHEIX 8reHTOR /
Integrated solutions based on sensors

and software agents

Teneor ICPpaiy | TCICTIPHCY TCTRHE
(cTIOCOOHOCTE KOHTPOTHPOBATE
H YTIPARIATE ¥A4ICHHBIMK)
obwextamu [ Teleoperations and
telepresence (ability to control and
manage remote objects)

Muposas ceTn
usiueckux
obberTon /
Global web
of physical
objects

5 to receive
JIOTHCTHRY / R
Demand for grojocalion
signals
accelerated x

Yeranosinenne MectononoAesmns
moaeii u npeameros / Location
of people and objects

[MoscemecTHOE
O3 IO Illpl‘l BaHHE [

Global positioning

HHBCHTAPH3ALNN ﬂ
U NPEAOTEPAIIEHHA
noreps / RFID-lags

logistic
RFID-metkin Ui DIIEKT pPOHHOC II?DIUO.-JLUIIL. DE30MACHOCTE,
BTG sapasooxpanetne, Helonachas TpalcIopTHPORKA
MPOAOBTLBCTECHHALIX TORAPOB, YVIIPARICHHAS
MapImpyTHIATTHN po ? 0B, yTIpZ

noxymenramu / Electronic surveillance, security,
healthcare, safe transportation of food products,
document management

Ipuoncenns win
BEPTHKAILHBIX
pritkos / Applications
for vertical markets

to facilitate the
routing of inventory
and loss prevention

Paszeurure Texnoaornn / The development of technology

2000 2010

TTOMOLLHHKH ABTOMATHIAUME LENOYeK NOCTABOK /
Aides automation of supply chains

2020

lNon [ Year

P u c. 1. Opomrorus TexHomoruu loT
Fig. 1. Evolution of IoT technologies

BMmecre ¢ Tem psin clienuaIMcTOB
B obnactu MH(GOPMAIMOHHOH Ge30macHo-
CTH OTMEUAIOT, YTO paclpoCTpaHEeHNE B3a-
MMOJICHCTBHSL TEXHHUUYECKHX CHUCTEM 0e3
yuyacTHsl 4eloBeKa HeceT B cebe JocTa-
TOYHO CEPbE3HBIC YIpo3bl 0OE30MaCHOCTH
[2]. C omHOI#t cTOpOHBI, yOaNeHHOE YIIPaB-
JIEHWE CHCTEMaMM THIIA «YMHBIH IOM
MO3BOJISIET ¢ OONBIIMM KOM(pOPTOM Opra-
HHU30BaTh CBOE U3HEHHOE MPOCTPAHCTBO;
a ¢ JpYro, JaT4MKU M JIIEMEHTHI yIIPaB-
JICHUsI CUCTEMaMH >KM3HEOOECHEeUEeHUs,
OKa3aBIINCh B PyKax 3JI0yMBIIIJICHHUKA,
3HAYUTENHHO YBEIMYHBAIOT PUCKH B 00Ma-
CTH MHQOPMAITIOHHOW 0€30MacHOCTH.

Hanpumep, B 2008 1. HanMoHaIbHBIN
pasBeabiBarenbHblil  coer CHIA, ocy-
HIECTBISIOMNNA  KOOPAMHALIMIO  YCUIIUN

Computer science, computer engineering and management

pa3BelKi B OMNpEACICHHBIX reorpaduye-
CKHX PETHOHaX M MPOMBIIUICHHBIX OTpa-
CIsIX, onmyOnuKoBan TokyMmeHT «Disruptive
Civil Technologies», B KoTOpoM cpenu
IIECTH TPaXIAHCKUX TEXHOJOTHU C Hau-
OoJIbIIel «B3PHIBHOM CHJION» OBIT Ha3BaH
IoT. CormacHO yka3aHHOMY JOKyMEHTY,
Kk 2025 1. y3namu loT, T. e. moTeHIMamb-
HBIMH LIEJSIMH XaKepoB, CMOTYT CTaTh BCE
OKpY’KaroIlle HaC MPEIMETHI.

IIpeanaraemplii aHANUTUYECKUN Ma-
TEepHal KacaeTcsl HEKOTOPHIX MpodieM
B oOnacT HHGOPMAITMOHHON Oe30macHo-
CTU MHTEpHETA BEILEH.

1. Vrpoza HapyiieHus: KOH(UICHIIU-
anbHOCTU. JlaTuMKu CHCTEMBl <« YMHBIN
JIOM» TIEPENalOT TPEThel CTOPOHE JaHHbIE
0 CBOEM COCTOSIHUM M MECTOHAXOXIICHUH.
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Takum 00pa3oM, CUUTHIBAHUE 3TUX JTAHHBIX
37IOYMBIIUICHHUKOM TIO3BOJIUT TIONYYUTh
MHQOPMAITNIO, KacalolIylocs, HarpuMmep,
TIepeMEIIICHHsT WA 00pa3a >KU3HH.

2. CIOXXHOCTH B IPOBEICHUH aBTOPH-
3aiun. HanmexHass aBTOpuM3aIus Mpeyc-
MarpuBaeT OOMEH COOOIICHHSIMHU MEXIY
CTOPOHAMH U HCIIOJIh30BAHUE KPHUIITOTPa-
¢ugecknx wiroded. Takas TexHOIOTHSA
obOecrieueHrss 0e30IaCHOCTH HE Bcerja
peaiiuzyemMa 13-3a MOBBIIICHUST SHEPrOIo-
TpeOJIeHHs; KPOME 3TOTO, JaTYMKU YacTO

00naiafoT BO3MOKHOCTSIMU TOJIBKO OIHO-
CcTOpoHHEH KoMMyHHKauuu. [To 3Toit ke
NPUYMHE B MHTEPHETE BEIEeH 3aTpynHH-
TEJIHO MCIOJIb30BaTh OOBIYHBIE CPENCTBA
o0ecIieYeHUs IENIOCTHOCTH HHPOPMAITUH.

WNHTepHer  Bewei JI0CTaTou-
HO cJoXxHasi WH(popManuoHHAs cpena.
Okcnepr B oOnacTu HMHGOPMALUOHHON
oesomacHoctn JI. YepHsk mpemiaraer
paccmarpuBaTh INpoOJEMY BHEAPEHUS
WHTEpHEeTA BEIeH C TpeX paz3In4HbIX TO-
yek 3peHus (puc. 2) [3].
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P u c. 2. Tpu B3mIsi1a Ha HHTEPHET BEILECH
F i g. 2. Three views on Internet of Things

Kak BuaHO U3 puc. 2, nns ynpasie-
HUS ¥ JOCTYIa K OBITOBBIM yCTPOHCTBAM
yepe3 JaTYUKHM M IMPUBOIABI HEOOXOOM-
MO CEMaHTHYECKOE HHTEIUICKTyaJbHOE
CBsI3yIOlllee IIpOrpaMMHOE obecreyeHne
(TTO). lannast He0OXOAUMOCTH BIIEYET 32
€000l HE TOJNBKO YBEIHUUCHUE KOIUYECT-
Ba TEXHHMYECKUX KaHAJIOB YTEUKH HHPOP-
Mallii, HO M MOTEHLUAIbHBIE YIPO3bI OT
ysizumocteit I10.

30

WHTepHeT Belied NpencTaBisieT CO-
Ooli janmbpHElIee pa3BUTHE B3aMMOJICH-
ctBug THna M2M «MalirHa-MallnHa.
B o6mem ciygae B loT kaxnas Bems Oy-
JIET UMETh CBOH HICHTHU(HUKATOP; B KOM-
TIeKce oOpas3yeTcsi KOHTHHYYM BeIei,
MepearoIuX APYr Apyry UHGOpPMAIHIO,
CO3JAIONINX BPEMEHHBIE WU I[OCTO-
SHHbIE ceTHu. B psame cimyuaeB mporiecc
uX (YHKIHOHHPOBAHUS MOXKET OBITH
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MOJTHOCTHI0 aBTOMATH3MPOBAaH, a HAaIU-
Yhe CUCTEM HCKYCCTBEHHOTO WHTEILICK-
Ta TO3BOJIUT WM3MEHATH CBOM CBOWCTBA
1 aJanTHPOBAThCS K OKpYXKarlolieil cpe-
ne. boxee Toro, IoT mo3BomsieT co3ma-
BaTh KOMOWHAIIMIO W3 HHTEUICKTyallb-
HBIX YCTPOUCTB (HAIpPUMeEp, Pa3IMdyHOTO
pola CpeiacTBa AMCTAHIIMOHHOTO cOO-
pa JaHHBIX U POOOTHI), OOBEAMHEHHBIX
MYJIBTHIIPOTOKOJBHBIMH CETSIMH CBSI3H,
U JII0AEeH-01epaTopoB.

C Touku 3peHUs UHGOPMAIIMOHHOU
0e30MacHOCTH, KaX1as Belllb MproopeTa-
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Bemieil. Ha Bcex »Tamax JIOTHCTHUKH, OT
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VHHKaJbHBIX WACHTH(UKATOpAX MOTYT
OBITh TIOXHIIEHBI, YTO TMOPOXKIACT P
mpoOeM, CBA3aHHBIX C 3alllUTON Mepco-
HANBHBIX MaHHBIX. O CIOXHOCTH perle-
HUS TIpo0ieM 6e30MacHOCTH «HMHTEepHETa
BEIICH» MOKHO CYIUTh 10 00OOIICHHOM
apxurekrype loT-pemenus, npencras-
JIEHHOM Ha puc. 3.
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to the Internet

M3yuas naHHyIO CXEMY, HETPYIIHO 3aMe-
THTb, YTO OOecriedeHre Oe30MacHOCTH B3a-
MUMOJICHCTBUS JIGKUT B IEPBYIO OYepe/b Ha
MPOTOKOJIAX OOMEHa MEXIy YCTPOHCTBAMHU
1, BO-BTOPBIX, HA OTIEPAI[MOHHBIX CHCTEMaX
YCTPOMCTB, MOAKITIOYAEMBIX K TIIOOATLHOM
cetn. Ecnu TexHomorust obGecnieuenust 6e3-
OIACHOCTH IMPOTOKOJIOB MEKCETEBOT0 00Me-
Ha B HACTOSIIIIEE BPEMs JIOCTATOYHO U3YYeHa,
TO OIEPAIMOHHBIE CHCTEMBI OOJBIITMHCTBA
BHOBb TOJIKITFOYAEMBIX YCTPOHUCTB (OBITOBAS

Computer science, computer engineering and management

TEXHHUKA, aBTOMOOWII U T. J1.) A0COJIFOTHO HE
YUHUTHIBAIOT TPeOOBaHHUI MHPOPMAIOHHON
0e30macHOCTH.

[To yxa3zanHOl TpoOlieMe KOMITaHUEH
ISACA B 2013 . ObIT TpOBenEH OMpOC,
Kacaromuiicss TpobiaeM  0e301acHOCTH
B TexHojoruu [oT, comiacHO KOTOpoMy
«TIOBBINICHHBIE PHCKH  O€30MacHOCTI
Ha3zBaau 38 % pECHOHACHTOB, a «yIpo-
3bl KOH(QHICHIUAIEHOCTH JaHHBIX)» BBI3-
Ba OecrokoiicTBo y 28 % omporeH-
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HbIX. Takoil pe3ynasrar HampsMyrO CBS3aH
¢ TeM, 4To 51 % y4acCTHUKOB MOCIEIHETO
I00abHOTO HCCIENOBAHUS TUIAHUPYIOT
W3BJI€Yh BBHITONy W3 BHEAPEHHS WHTEPHE-
Ta Bemiel, a 45 % MoararoT, 9T0 OH YXKe
noBnusT Ha ux OmsHec [4]. B cepemune
suBaps 2014 . komnanus Proofpoint 00b-
siBUJIA 00 0OHApYKEHUU KaMITaHUH TI0 pac-
CBUIKE CITaMa, MCTOYHHUKOM KOTOPOH CTai
OOTHET, IPUMEPHO Ha YETBEPTh COCTOSB-
K HE U3 KOMIIBIOTEPOB, & U3 CKOMIIPO-
METHUPOBAaHHBIX POYTEPOB, MYJIBTUMEIHM-
HBIX IIEHTPOB, CMapT-TEJIEBU30POB «1 Kak
MUHUMYM OHOTO XOJOIWIBHUKA [5].
BonmpmmHCTBO aHAIUTHKOB B 00IacTH
WH(GOPMAITMOHHOW  0E30MMacHOCTH  CXO-
JITCSI BO MHEHHH, YTO MHTEPHET Bellei
COZIEPXKHUT CJIMIIKOM MHOTO He(opMmamu-
30BaHHBIX TapameTpoB [6—10]. B cBs3u
C 3TUM HapsIy C TakuMH (popmalin3oBaH-
HBIMH KOMITOHEHTaMH KaK KPUITO3aINTa
MPOTOKOJIOB M CETel Tepemadyn JaHHBIX
HEOOXOMMO yYHUTHIBAThH T. H. «4eJOBeYe-
cKkuit» Qakrop. JpyriuMu cioBamu, pa3Bu-
THE WHPOPMALMOHHOW KyNBTYpBl OOILIe-
CTBa M YYeT WHTEPECOB OM3HEca Hrpaer
Jake Oollee 3HAYMTENBHYIO pOilb B obec-
neueHnn Oe3omacHocTH loT, yem 3amura
OT TEXHUYECKHUX CPENCTB pa3Benku. [loms-
30Barelb JOJKEH TPaMOTHO KOHTPOJIHPO-
BaTh COOCTBEHHBII MHTEPHET BEILEH U HE
JIOITyCKaTh BBIXONA JIAHHBIX 32 IPEEIb
JIOMalIHEeW JIOKalIbHOM CETH, HaIpHUMED,
C TTOMOIIBIO 3AIIUIIEHHOTO COSTNHEHHUS.
B ynomsiyTOoM BbIIIE oTyeTe Hanmo-
HaJbHOTO pa3Be/bIBaTeIbHOTO COBETa
CIIIA «HuTepHer Beuieit» ¢urypupy-
eT ellle OJHA TOTEHIUAIbHO pa3pyIIu-
TeIbHAsl TEXHOJOTHUS — HE3aMETHOE IS
MOTpeOUTENEe W TIOBCEMECTHOE IIPEB-
palieHne B HMHTEPHET-Y3JIbl pacrpo-
CTpaHEeHHBIX Belleld, K KOTOPBIM MOXHO
OTHECTH Me0enb, TOBApHYIO YIAKOBKY,
pasnuYHbIE  JIOKYMEHTBI, CIOCOOHBIC
HAaHECTH OTPOMHBIM ypOH HHTEpecam
HallMOHAJIBHOW Oe3ormacHocTH. Hampu-
Mep, OCTaBJEHHAas COJJaTOM B TAaHKE
o0epTka OT KOH(ETHI MOXKET CTaTh ICH-
HBIM UICTOYHUKOM MH(OPMAIH O MECTO-
HaXOXJIEHUU W TEePEeMEICHUsIX OpOHU-

pOBaHHOW MAIIMHBI, a CJIEIOBATEIBHO,
CBOCOOpa3HBIM MAaSIKOM JUIsl HAHECCHHS
pakeTHO-00MOO0BEIX ymapos [11].

B Hacrosimee Bpemst B Om3HEC-c000-
IIECTBE aKTHBHO OOCYXXIAOTCS BOIIPOCHI
WHPOPMAIIMOHHON 0€30MacHOCTH MHTEP-
HETa BellleH KaK OJTHOTO U3 CaMbIX aKTHB-
HO pa3BUBAIONINXCS CETMEHTOB pHIHKA.
Jannas paboTa MoCBsIIeHa aHAIH3Y YSI3-
BAMOCTEH OT Pa3IMYHbIX XaKePCKUX aTak
C BO3MO)KHOCTBIO TOJIYYCHHS KOH(HICH-
[UANTbHON MH(OPMAIK O MOJIb30BaTEIIE,
MOCIICAYIONICH Kpake, MEePenpoiaKe UiH
JIPYTOTO HEIEIEBOTO HCIIONB30BAHHUS I10-
Ty4eHHOH WH(OpPMAITIH.

O030p JuTEpaTypbl

Pabora siBasieTcss POJOIKCHUEM HC-
CJIeZIOBAaHUN B OOJIACTH TEXHUYECKOU 3a-
IIMIICHHOCTH CUCTeM 00palbOTKU KOH(U-
JICHIIMAIEHOW HMH(OpMAllMU H  CHCTEM
00pabOTKH TEePCOHATBHBIX NTAHHBIX, IIPO-
BOIMMBIX Ha Kadeape WHGOPMAIMOHHON
6e3onmacHoctn u cepsuca PI'bOY BO
«MTI'Y um. H. I1. Orapesa» [6—11].

Meromuku B3jOMa MOAPOOHO pac-
CMOTpPEHBI B JIMTEpaType TaKUX aBTOPOB
kak b. beizep [13], A. IlerpoBckuii [14],
J. MuxaitmoB n U. XKyko [15], a Takxe
M. Carton, A. I'pun, I1. Amuanu [16].

B pesynbprare aHanu3a Hay4yHOW JUTeE-
parypbl ObLIH BBISBICHBI HAHOOJIEE MOIY-
JSpHBIE U YPPEKTUBHBIE METO/IbI ATAK:

1. Araka nmocpeqHUKa, WM aTaka «4de-
JIOBEK TmocepenuHe» (aHmi. Man in the
middle (MITM)) — Bua xpunrorpadude-
CKOM aTakW, KOrIja 3JI0yMBIIUICHHUK IIe-
pEeXBaThIBAET M MOAMEHSET COOOIICHUS,
KOTOPBIMH OOMEHHUBAIOTCSI KOPPECTIOH ICH-
TBI, TIPUYEM HU OJTUH U3 TIOCIEAHUX HE J0-
TaJIbIBaeTCs O €ro MPUCYTCTBUH B KaHAJe.

2. Merog KoMIIpOMeTalnny KaHaja
CBSI3H, ITPU KOTOPOM B3JIOMIIIUK, TIOIKITIO-
YHUBIIUCh K KaHaly MEXIY KOHTparcH-
TaMHl, OCYIIECTBISIET  BMEIIATEIHCTBO
B TIPOTOKOJ TIEpeadn, yAalsas WA HCKa-
as nHpopmarwmio [14].

3. ®OunMHr — BUJ WUHTCPHET-MOIIICH-
HUYCCTBA, HAMPABJICHHBIH HA TMOJTYyYCHHUEC
JIOCTyTa K KOH(MUACHIMATbHBIM JTaHHBIM
MoJb30BaTeNiell — JIOTMHAM M TapOJIsM.

9
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Ilens mocTuraercs myTeM MacCOBBIX pac-
CBUIOK 3JIEKTPOHHBIX IHCEM OT HMEHH
MOITYJIAPHBIX OPEH/IOB, a TaKkKe JHYHBIX
COOOIIeHNIT BHYTPU DPAa3UYHBIX CEpPBU-
COB. B muceMe 9acTo comepKuTcs mpsmast
CCBIJIKA Ha CAMT, BHEIIHE HEOTIINYHUMBII OT
HACTOSIIIETO, TUOO Ha CAalT C PEIUPEKTOM.
ITocne Toro, Kak MOJIL30BATENh MOMAAAET
Ha TOJJIENBbHYI0 CTpPAHWILY, MOIICHHHKH
MBITAIOTC  PA3IMYHBIMU  TICHXOJIOTHYE-
CKHMHU TIpHEeMaMU TOOYIUTh €T0 BBECTH
Ha TOAJCILHOM CTpaHUIlE CBOU JIOTUH
U TapoJib, KOTOPbIE OH HCIONB3YyeT IS
JIOCTYTIA K OTIPENIEIIEHHOMY CaiTy.

OUIIMHT — OHA U3 Pa3HOBUAHOCTEH
COLMAIIFHON WH)KEHEPUH, OCHOBAaHHAs Ha
HE3HAHWU IIOJIE30BATEISIMH OCHOB CETE-
BOIl 0€30MMacHOCTH, B YaCTHOCTH, TOTrO
(haxTa, YTO CEPBUCHI HE PACCHUIAIOT THCEM
C Mpock0aMu COOOIIUTH CBOW YYETHEIC
JlaHHbIE, TApoJb U T. 1. [16].

4. DoS (ot aam. Denial of Service —
0TKa3 B 00CITy)KHBaHHH) — XaKepCKas ara-
Ka Ha BBIUYUCIIUTEIBHYIO CUCTEMY C IIETBIO
JIOBECTH €€ JI0 OTKa3a, T. €. CO3/IaHue Ta-
KHX YCIIOBHI, TIPH KOTOPBIX T0OPOCOBECT-
HBIE MIOJIH30BATENM CHUCTEMBI HE MOTYT
MOJTYYHUTh JOCTYN K TPEIOCTaBISIEMbIM
CHUCTEeMHBIM pecypcaMm (cepBepam) MO0
9TOT jaocTym 3arpyaneH. OTka3 «Bpa-
JKECKOI» CHUCTEMBI MOXET OBITh IIaroM
K OBIJIQICHUIO CHCTEMOU (€C/IM B HeIlTar-
Hoti curyaru [1O BbImaeT kakyro-mrbo
KPUTHYECKYI0 HH(POPMAITUIO — HAIIPUMED,
BEPCHIO WJIM YaCTh MPOTPAMMHOIO KOJa),
OTHAKO dYalle 3TO Mepa 3KOHOMHUYECKO-
TO JIaBJICHUS: TOTEPS IMPOCTOH CIYXOBI,
MIPUHOCAIIEH J0XOM, CYeTa OT IpoBaiiepa
W MEphl 10 YXOAy OT araku HaHOCST
«TeNT» OIIyTHMBIN (DHMHAHCOBBINA YPOH.
B nacrosmee Bpemsst DoS u DDoS-araku
HauboJee MOMyJISIPHBI, TTOCKOJIBKY IMO3BO-
JSIOT JOBECTU JO0 OTKa3a MPaKTHUECKU
o0yl CHCTEMY, HE OCTaBIs FOpHIUYE-
CK{ 3HaYMMBIX YUK [15].

MarepuaJjbl 1 METOABI

Ienpio paboTHI SBISETCS OLIEHKA HH-
(hopMaIMoHHON 0e30MacHOCTH OOBEKTOB
uHTepHeTa Bemed. llom OezomacHOCTHIO
MOHUMAKOT  ypPOBEHb  3AIUIIEHHOCTH

KOH(QUICHIMANEHBIX JaHHBIX, HCIOJIb3Y-
eMbIX 00bEKTaMH BO BpeMsI CBOCH paboTHlI.
B KkauecTBe OCHOBHOH XapaKTEPHUCTUKU
3aIIMIIEHHOCTH PacCMaTpUBAETCA yCTOM-
YHBOCTh CHCTEMBI K PacIpOCTPaHEHHBIM
Croco0aM XaKepcKoro B3jioMa ((HIIHHT,
MITM u DDoS-arakn).

Jnsi  OLEHKH 3alUIIEHHOCTH UH-
(hopmamoHHON 0E30MaCHOCTH CTPYKTYP
MHTEpHETa BELIEH HCIIONb3YyeTCs aHaIU3
APXUTEKTYPbl BXOASALIMX B HETO dIIEMCH-
TOB W JAETANbHBIA Pa30Op BO3MOXKHBIX
XaKepcKux cnocoboB B3noma. Ha Ham
B3IVIsI, Hauboyee NPEANOYTUTEIIEHBIM
ABJSIETCSl OLIEHKA YSA3BHMOCTH OT IOITY-
JSIPHBIX B HAcTosIIee BpeMs (DUIIHMHIO-
BeIX, MITM-arak, a TakXe METOI0B CO-
LUAJIbHOM MHXCHEPUH.

B xadectBe 00BEKTOB I MCCIIENOBA-
HUs ObUTH BBIOpaHbI HauOosee IMOIyYIsIp-
HBIC CUCTEMBI:

1. Apple Pay — cucrema MOOMIIEHBIX
aTexed or kopropauuu Apple. Beuta
npencrasinena 9 cenrsops 2014 . C mo-
Momipio mporpamm Apple Pay mons3o-
Batenu iPhone 6/6+, 6s/6s+, SE, iPhone
7/7+, Apple Watch moryt ororaunBars
MOKyIku 10 TexHomoruu NFC  («Ommk-
HSisl OECKOHTAKTHAsl CBA3b») B COYETAHUH
¢ nporpammoii Wallet u Touch ID, a Tak-
e JUIS TUTIaTeXel B MHTEPHETE.

2. BecnpoBonnoii cranmapt ZigBee —
cuenuduKanys  CETEeBBIX  MPOTOKOJIOB
BEPXHET0 YpPOBHSA (YypOBHS IIPUIIOXKeE-
uuit APS (application support sublayer)
u cereBoro ypoBHs NWK), ncnons3yro-
IIMX CEPBUCHI HW)KHUX YPOBHEH (ypoB-
HS ynpaBleHHs TOcTynoM k cpene MAC
u pmsnyeckoro ypoas PHY) u permamen-
trpoBaHHBIX cranmaprom IEEE 802.15.4.
ZigBee u IEEE 802.15.4 onuceiBatot Oec-
MPOBOJIHBIC MIEPCOHAIIBHBIC BBIYHCINTEIb-
ueie cetn (WPAN).

3. Omnextpokapel Tesla Model S —
ISITUABEPHBIC  3JIEKTPOMOOMIM  MPOHU3-
BOJICTBA aMepUKaHCKOW Kommanuu Tesla
Motors. IIpoToTum O BriepBbIe MOKa3aH
Bo @pankdyprckom aBrocanone B 2009 r;
noctaBku aBroMoOmist B CIIIA Hadanmch
B utoHe 2012 . [17].

Computer science, computer engineering and management 33
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Pe3yabrathl necae1oBaHus

B Hacrosimiee Bpemss HaOWpaIOT IIO-
MYJIAPHOCTh PA3IMUHBIE CTaHAAPTHI IS
yhOpaBleHHs WHTepHeT-Bemamu.  OHH
MpeAJIaraloT TOTOBbIE HA0OPHI TPOTOKOJIOB
yIpaBlIeHUS ¥ Jal0T BO3MOKHOCTB JTOCTa-
TOYHO OBICTPO Pa3BEpPHYTH CBOIO CETh IS
ynpaBieHus ycrpoictsamu [11].

ZigBee — OeclpoBOAHOW CTaHIApT,
Hanctpoiika [EEE 802.15.4, npu nomomu
KOTOPOTO YCTPOWCTBA, TOAKIIOYCHHBIE
K [oT, csa3biBatoTcst Apyr ¢ apyroM. [an-
HBIH CTaHAApT HCIONB3YIOT A CBOUX
ycrpoiicte Samsung, Philips, Motorola
U Jpyrue KpyNHbIE NPOU3BOAUTEIM.
UccnenoBatenn  BEHCKOH  KOMIAHHUH
Cognosec oOHapyxwm B ZigBee kpu-
THYECKUI HEIO0YET, KOTOPHIM CIIOCOOCH
CKOMITPOMETHPOBATH JTI000I YMHBIH J0M.

OcHoBHas mpoOiemMa 3aKJro4aeTcs
B TOM, YTO INPOU3BOAMUTEIN HCIOJIB3YIOT
crargaptable Kiroun cBs3u (link key) mos
CBOHX yCTPOMCTB, B MTOTOHE 32 COBMECTH-
MOCTBIO C YCTPOWCTBAMH JPYTHUX IPOU3-
BOIIUTENICH, IENICeBU3HOW M  YI0OCTBOM
nojib3oBarend. lcnons3oBanue craHnapr-
Heix link keys craBut mom yrposy Oes-
OIMacHOCTh ceTH B HenoM. K Tomy ke cam
craHmapt ZigBee HemocTtaTodHO OTBET-
CTBEHHO OTHOCHTCS K BOMpocy Oe3omac-
HOCTH WM COXPAaHHOCTH KJIFOYeH, TO ecTb
Oe3omacHas MHALMAIM3AIMSI M Tepenada
3aM(ppPOBAaHHBIX KIIOYEH BHYTPH CETH
CHJIFHO YsI3BUMBEIL. [Ipu oMot mpocTtoro
cHu(HHTa aTaKyromuil cnocoOeH mepe-
XBaTUTh OOMEH KIIIOYaMH WM BHEIIPUTHCS
B CETh, HCIONIB3Ys CcTaHAapTHbIH link key.
B urore ycTpoicTBa OKa3bIBAOTCSA OTKPBI-
16l 1711 MITM-arak, a ceTh, aKTUBHEIN Ce-
TEBOW KJIFOY M BCE€ KOMMYHHKAITUH BHYTPH
CETH — CKOMIIPOMETHUPOBaHHI [16].

ITocne omeitoB ¢ loT-mammoukamu,
JATYUKaMU IBWKEHUSI, TaTIMKaMH TeMIIe-
patypsl 1 IBepHBIMH 3aMKaMu B Cognosec
ObUT cAeNaH BBIBOA, YTO NPOM3BOIUTEIH
OCHAIAIOT YCTPOKMCTBAa I JOMaIlllHEe-
TO WCIOJB30BAHUS JIUIIH HEOOXOAUMBIM
MUHUMYMOM (GYHKIHH, YTOOBI COOTBET-
CTBOBAaTh MHHHMMAJbHOMY CTaHAAPTY.
K coxanenuto, 310 OOBIYHAs TMPAKTH-

Ka, HE OCTaBISIOMIAs TI0JIb30BATEISIM
BbIOOpa, JaXe €CIUM OHHU XOTAT IIOBBI-
CUThb CTaHAapT 0E30IacHOCTH Ha CBOEM
yCTpoHcTBE (XOTS OBl M3MEHHB IapOIH
W YCTAaHOBUB JIONOJHUTEIBHOE 3alIUTHOE
[10) [17]. Ilo MHEHMIO HCCTEAOBATENCH,
9Ta mpobiemMa Kyzia cepbe3Hee HEI0UETOB
B caMoM cTtaHgapte ZigBee.

C nonoOHBIMM HEAOCTaTKaMH CHCTe-
MBI 0€30IIaCHOCTU CTAJIKUBAIOTCS TaKKe
obJyiaiaTenii HOBBIX JIIEKTPOKApPOB (Hup-
MbI Tesla Motors [11].

Hanpumep, B centsiope 2016 r. uc-
cnepoBarenu KommaHuu Tencent Keen
Security Lab  mpomemoHcTpupoBamu
ynaneHHsld B3moM Tesla Model S P85
u Model 75D. Kak npaBuiio, i peasiu-
3allUi TOAOOHBIX aTaK MCCIIEA0BATENN
KoMIpoMeTupytoT 6oproBoe I1O camoro
ABTOMOOWIISA, HO CHELHAIHUCTHl HOPBEX-
CKOM KoMnaHuu Promon pemmnu nogoi-
TH K BOIIPOCY C APYIOi CTOPOHBI U aTaKo-
BaTh Android-miproxxenue.

[To ymonmuanuio BO BpeMsl yCTaHOBKH
odunmansHoro npunoxenus: Tesla Bma-
Jieriel] aBTOMOOMIISI JOJKEH BBECTH HMS
MOJIB30BATENs M TAapoib, UL KOTOPBIX
pwIokeHne creaepupyet kmod OAuth.
BrocnenctBun,  Korja — IOJIb30BATelNb
BHOBb O0palnaercs K MPUIOKEHHIO, OHO
WCIIONIB3YEeT AaHHBIN KIIOY, MO3TOMY MO-
BTOPHBII BBOJ YYETHBIX JAHHBIX HE Tpe-
oyercsa. llpumoxxenwe ynanser DaHHBIN
kiaou nocne 90 nHEH HCIoNb30BaHUS
Y TIOBTOPHO 3alpaiiiBaeT UMs IOJIb30Ba-
TEJISL U TIapollb.

Uccnenosarenu Promon oOHapyku-
1M, 4To npunoxenue Tesla XpaHuT kiou
OAuth B ¢opmare OOBIYHOTO TEKCTa
B naupekropun sandbox. CienoBarenbHO,
aTaKyIOIIUil CIOCOOEH MPOYUTATh KIIOY,
ecli eMy YyAacTCsl MONYYUTh JOCTYI
K cMapTgoHy xepTsHl [18].

CrienMaaucThl MUIIYT, YTO B HACTO-
A11ee BpeMs COBCEM HE CJIOXKHO CO3JaTh
BpeIOHOCHOE TIpmiIokeHne mist Android,
KOTOPOE COAEPKAI0 OBl rOOt-DKCIIOUTHI,
Hanpumep, Towelroot nim Kingroot [Tam
kKe]. OKCIJIOMTHI IOMOTYT MOBBICHTH
NPUBWIICTHH TPWIOKCHUSI B CHCTEME,
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a 3aTeM MPOoYeCTh WM MOAMEHUTH JaH-
HbIE IPYTUX MPUIOKCHHH.

OnHako HpPOCTO Y3HATh KIIIOY HENO-
CTaTOYHO. 3aroIyuuB €ro, 3J0YMbIIIICH-
HUK CMOXXET HPOJeNaTh ¢ MAIIUHON P
JNEUCTBUI, HO HE CMOKET €€ 3aBECTH, —
JUTSL 3TOTO HEOOXOAUM Mapob BIaJeblIa.
HccnenoBatenu NpuayMaid, Kak cIpa-
BUTHCS U C 3THM: €CJIM BPEIIOHOCHOE IIPHU-
noxenne ynaiut kiaod OAuth ¢ ycrpoi-
CTBa JKEPTBBI, €l MPUIETCS BHOBb BBECTH
UMl [IOJIb30BaTENsl U Mapoiib, T. €. y ara-
KYIOILIETO TOSBUTCS BO3MOXKHOCTH IEpe-
XBaTUTh YUeTHBIE JaHHbIe. VccnenoBare-
T TPULUIA K BBIBOLY, YTO aTaKyIOIINH
MOXKET 0e3 0c000T0 Tpyma BHECTH HU3MeE-
HeHus1 B kox mpuioxkeHus Tesla. Ecmu
Oonmaromapss Malware 3J0yMBIIUICHHUK
yKe MOTYYHI TO0t-JOCTYI K YCTPOHCTBY,
eMy OymeT HETpyZHO HAcCTPOWThH Iepe-
CBUIKY KOIIMM YYETHBIX JAaHHBIX BJIaJENb-
11a aBTOMOOMJISI Ha CBOM CEpBEP.

Wmes kimou, a Takke ydeTHbIE JaH-
HBlE OT O(UIMANBEHOTO MPHIOKEHUS
Tesla, 3M0yMBIIIIIEHHUK MOKET HAIPABUTh
cepBepam Tesla mpaBUIIbHO cOCTaBICHHBIE
HTTP-3anpockl, UCHOIb3ysl TOKEH U, €CJIN
MOHAJO0UTCSI, WMl TIONB30BaTeNsl U Ta-
POJb KEPTBBL. B UTOre y arakyromero mno-
SBUTCSI BOBMOXKHOCTB 3aBECTH JIBUTaTellb
0e3 KimouYa, OTKPBITH JABEPHU, OTCIECOHUTH
MaluHy U T. 4. [Tam xe].

BeckoHTaKkTHBIE CHCTEMBI — OIJIAaTh
C TIOMOIIBI0 CMApT(HOHOB TAKKE UMEIOT
psn ya3BuMocTed. PaccMoTrpuM B Ka-
YecTBE IpHUMEpa CcaMyl MOMYISPHYIO
cucremy — Apple Pay. Cytp ee paboTsl
COCTOUT B TOM, YTO BMECTO HCIIOJb30-
BaHMS IUIACTUKOBOM KapThl MM Haluy-
HBIX CPEICTB JIIOOYIO TOKYIIKY MOXHO
OIJIaTUTh C TOMOINBIO Tajxkera Apple.
Omnuata NpOUCXOAMT, KOTIA MOJIb30BATENb
nogHocHut cBoit iPhone nnmu Apple Watch
K OecKOHTakTHOMY TepMuHaily. Yepes
HECKOJIBKO CEKYHJ Ha 3KpaHe MOSBIISIETCS
cooO0IIeHne 0 BOZMOYKHOCTH TIPOBEICHUS
OImyiaTtel W TMPEIJIOKEHUE TIOATBEPAUTH
TPaH3aKLHUIO Yepe3 CKaHep OTIeyarka
WIN TIApOJIb.

Cuctema Apple Pay coctout u3 4 oc-
HOBHBIX YacTeil:

1. OCHOBHOI MeXaHHM3M OCHOBaH Ha
TEXHOJIOTHH, OJM3KOH Mepenavyn JaHHbBIX
NFC (ua paccrosanu 10 20 cMm), B CBA3-
ke ¢ yunoMm Secure Element, koTopblit
IpeacTaBisieT co00il WHAYCTpHUATbHBINA
cTaHzapT B obOnactu (MHAHCOBBIX OIle-
pauuii. Ha 3TOM uyume BBITIOIHAETCA
crienuagbHoe Java-TpuiioKeHue.

2. Secure Element — o0macTbh BBI-
JEJICHHOW TIaMsaTH, OTIEJICHHOM OT
cucTeMHOH. B a3T0il obmactm XxpaHsAT-
Csl JaHHble OAHKOBCKUX KapT IIOJIb30-
BaTens B 3amudpoBaHHOM Buze. Hu
OJlHAa TNporpaMma He UMeeT K Hel Jo-
CTyN, JAaHHBIE HUKyIda HE MepenarTcs,
u Jaxe Apple He MOXeT HOBIHATH Ha
3Ty CTpAaTETHIO.

3. Secure Enclave — KOMIIOHEHT,
KOTOPBIM yIPAaBIsAET NMPOLECCOM ayTeH-
TU(QUKAIMK W 3amycKaeT IIJIaTeXHbIe
TPaH3aKIMH, a TAK)KE XPAHUT OTIEYaTOK
nansua w1t Touch ID.

4. Apple Pay Servers — cepBepHas
4acTh, YNPABIAIOLIAsA COCTOSHHEM Kpe-
JUTHBIX U 1€0ETOBBIX KapT B MPHIIONKE-
Hun Wallet, BMecTe ¢ HOMEpOM ycTpoii-
cTBa, XpaHsmumcs B Secure Element.
Apple Pay Servers Takke OTBeuaioT 3a
MEePEKOANPOBAHUE TUIATEHKHBIX CBEACHUM
BHYTpPH MPHIOKEHUH.

Apple Pay obGmamaer MHOTOypOBHE-
BOM CHUCTEMOM 3aIUTHI: YHUKaJbHBIN
UACHTU(UKATOP yCTPOWCTBA, THHAMUYE-
CKU T'eHEepHpyeMble KOJbl 0€30MacHOCTH
JUISL KaXJOM IUTaTeXHOW TpaH3aKIUH,
OMOMeTpUYECKHE CBEACHUS — OTIIEYaTOK
nanema [20].

Bo BpeMs co3maHNS TOIKIIOYEHUS
yCTpoiicTBa OOMEHMBAIOTCS OJIHOpa-
30BBIMH KJIFOYaMHU, KOTOpBIE YAAJISIOT-
cd NpH OKOH4YaHMM cBA3u. Kurou mpu-
3BaH 3aMEHUTb HOMEpP KapThl B LENAX
0e30MaCHOCTH W TPEACTaBIACT cOOOH
CTeHEepPUPOBAHHBIM CIIydyalHBIM 00pa-
30M HoMep. HoMep GaHKOBCKOH KapThl,
CKpBIBAaEMBIM 332 HUM, paclIM(QpPOBKE HE
nojiaeTcs.

. . . oc
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Anaromus Tpanzaxuuu Apple Pay / Anatomy of Apple Pay Transaction

Ilonn3oBarens ayTentndunupopan ¢ nomomsio Touch ID: qunamuueckas kpHOTOrpamMma
CrEHepHPORAHA M OTOC/IAHA TIPOAABLY ¢ KiarouoM (mapkepom) / User is authenticated with
Touch ID and dynamic cryptogram is generated and sent to merchant with token

Besonacubii
NWIEMENT / SECUI'Q =,
Element

TPhone 6

Cerepas kapra uzpiexkaer PAN /
Card network retrieves PAN

[poaasen /
Merchant

Mokynarean /
Acquirer

Xpanminiie Cereran

IMHTEHT /
MapKepos / kapra / Card Issuer
Token vault network )

h Mapkep / Token
<3:J PAN
h [oxreepxaeHne /

Approval

JuHamuueckas
KpHnTOrpaMma /
Dynamic cryptogram

DMHTEHT NPOBEPSAET
KPUTITOrPAMMY M OTChIIAET
paspenieHue / Issuer checks

cryptogram and sends approval

P u c. 4. Anaromus Tpansakuuu Apple Pay
F i g. 4. Anatomy of Apple Pay transaction

Bee ato 3amensier CVV 0aHKOBCKOI
KapThl I TUIATEXKHOM TpaH3akimu. Ilo-
Clie YCTAHOBKHM CBSI3U M OOMEHa KIII0YaMu
JUISL TIepeliayd JAaHHBIX OHU TOIIBEPraroT-
¢ mm¢poBanuio, MHGOPMALMIO 00 ai-
TOpUTME KOTOporo Apple He pacKpbIBaer.
3ammppoBaHHbIE COOOIIEHUS OTPAKAIOT
NPUHAUISKHOCTh ONPENEICHHOMY YCTPO-
CTBY, CO3/IaBILIEMY HCIIONB3YEMBIH KITFOY.

Haxxe ecnu ximrou OyaeT mepexBadeH,
3TO HE JAacT 3JIOYMBIIUIEHHUKY LEeHHON
UH(OPMAIMY, TOCKOJIBKY MOCIIE Pa3pbiBa
COEIMHEHHS KJIIOY YausieTcs.

B coBokymHOCTH 3TH cpencTBa odec-
MEYUBAIOT OOJIee HAJISKHYIO 3aIHUTY, YeM
MarHUTHas 1MoJioca U JJake YU B OaHKOB-
CKOM KaprTe.

OnHako HECMOTpS Ha YCHIMSA pas-
paborunkoB, B cepBuce Apple Pay ectp
npoOJIeMHBIE MECTa, KOTOPhIE BO MHOTOM
3aBUCAT HE OT Apple: B mpolecce JBH-
JKEHUsI CPEACTB 3a/ICHICTBOBAHBI JPYyTrHe

CTPYKTYpHBI, B TOM 4HCie OaHKH C WX 3HAa-
YUTEIBHBIMU TIPOOeIaMu B 0€30IIaCHOCTH.

CkaHep OTIIEUaTKOB IMAJIbIIEB HE BCET-
Jia paboTaeT KOpPpPEeKTHO. SIBIsACH COBpe-
MEHHBIM W, Ha TIEPBBII B3MISAJ, HAJCK-
HBIM CPEICTBOM YIOCTOBEPEHHUS IJIUYHO-
CTH, OHO OIHOBPEMEHHO IIPE/ICTABISIET
coboif puck mus Oe3omacHocTH. Ecmm
Touch ID BbIiieT U3 CTPOSI, MOKHO BOC-
MOJIb30BaThCsl Pin-KOmOM, YTO JIMKBHIHU-
pYeT JOCTHXKEHUS TPOJBUHYTOM CHCTE-
MBI 0€30MaCHOCTH.

ITpu onmare ¢ moMomsio YacoB Apple
Watch otmegarok He TpeOyeTCs, U B 3TOM
ciydae BOMpOC O Oe30MacHOCTH IpH-
obperaeTt 0co0yo akTyanbHOCTh. Ho BMe-
CTE C TEM TPaH3aKIHs C TIOMOIIbI0 Apple
Watch Moxer OBITH COBEpIIIEHA TOJIBKO
B TOM CJIy4ae, €CIIi 4achl HaxXONIsATCSA Ha
3aIICThE BIaENbIIA.

B c¢BS3u ¢ 3TUM NOSABWIMCHL JONOJI-
HUTEIIbHBIC WHCTPYMEHTHI MPOBEPKU: Ce-
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KPETHBIN KO, OAHOPA30BbIi Mapoiib, 3BO-
HOK B CITy>KOY TIOJIEP’KKH KIMSHTOB WIIH
MpeaocTaBiIeHre HHPOPMAIIUU O TIPEIbI-
IYIUX TOKYTIKax.

Hekoropsie 6aHKH B APYTUX CTpaHax
TpeOyIoT OT TOJIb30BaTeNsl aBTOPH3AINU
B MOOMJIBHOM HMHTEpHET-OaHKHUHTE. DTH
JIEHCTBYSI YMEHBIIAIOT YIOOCTBO HCIIOIb-
3oBaHus Apple Pay u3-3a mosBnenus mo-
MTOJTHUTEIRHBIX YPOBHEH mipoBepkH [20].

B nacrosimee Bpems B Poccuiickoit
®enepallii  UCTIONB3yeTCS CaMBId TIpo-
cToil dopMar oriatrel 6e3 OMOTHHUTEINb-
HBIX aBTOPH3AIlMiA B MPOIECCE.

OO0cy:x1eHus1 U 3aKJI0YeHUs

B xome mpoBeneHHOM paboTHI IO aHa-
U3y yA3BUMOCTEH ObUIN C/IETIaHbl CIemy-
OIIUE BBIBOAbI:

1. Hu omHa coBpeMeHHas cHCTeMa
«YMHOTO JIOMa» HE SBISIETCS JCHCTBU-
TenpHO Oe3omacHoi. OmHa U3 OCHOBHBIX
MIPUYUH HEJTOCTaTOYHOTO KadecTBa HHGOP-
MAaIOHHOW 0€30MacHOCTH 3aKITI0YaeTCs
B KCJIaHUHU HpOH3BOI[HTCJ'ICI>i MaKCUMaJlb-
HO YICIIEBUTH CBOM MPOAYKTHI C LEIbIO
MPHUBIICYEHUS] MAKCHMAaJIbHOTO KOJIHYECT-
Ba KJIMEHTOB, KOTOpHIE, KaK MPAaBHUIIO, ITPH
BEIOOpE TOBapa OTHAIOT MPEANOYTEHNE He
Oe3omacHOCTH, a (QyHKIIMOHATY H IICHE.

2. Naxe Takue MOMyJsipHBIE OecIpo-
BOJHBIE CTAHIAPTHI Kak ZigBee He nuie-
HBI ysi3BUMOCTEH. [IpUYMHBI UX HaTW4HS
TaK)Ke 3aKITIOYAIOTCS B KEJAHUH MaKCH-
MaJIbHO YIEHIEBUTH MMPOAYKTHI, COOIIOAAs
MUHUMAaJIbHBIE TpeOoBaHUS MH(OpMAaIH-
OHHOI 0€30IMaCHOCTH.

3. HaGupatomue nomyasipHOCTb 3J1eK-
Tpokapsl Tesla ¢ BOSMOXKHOCTBIO AHCTaH-
IMOHHOTO YIPAaBICHUS TaKKe UMEIOT PSijT
mpobieM C yIaJIeHHBIM YIpaBleHHEM
aBroMoOmiIeM. Puck B maHHOM ciydae
3aBHCHUT HE CTOJBKO OT CaMoOro IMpou3-

BOJIUTEIIST aBTOMOOUJICH, CKOJILKO OT MO-
OMIIBHBIX YCTPOKCTB, C KOTOPBIX BEIETCS
KOHTPOJIb 32 TPAHCIIOPTHBIM CPEICTBOM.

J1a TTOATOTOBKM K TIEPEXOMy K BCe-
o0beMITIONIMM HH(POPMAITUOHHBIM CETSIM,
BKIIFOYAIOIIMM TexHojoruu Ttuma IoT,
HA Hall B3DJIsJ, HEOOXOAMMO pEIICHHE
CleqyromuX 3an1a4 B o0nactu nH(popMma-
IUOHHOW 0€30MacHOCTH.

1. OmeHka yA3BUMOCTH TOAKITIOYA-
€MBIX YCTPOHCTB Ha 3TaIle MPOU3BOJCTBEH-
Horomnpotiecca. K coxanenuto, BHacTosIIee
BpEeMsl B CBSI3U C JIABUHOOOPA3HBIM CITPO-
COM Ha TMOMOOHBIE YCTPOWCTBA MHOTHE
MIPOM3BOIUTENN HE YAEISIFOT JOCTaTOYHO-
TO BHUMaHUs JaHHOH npoOliieme;

2. Paszpaborka I[1O, orBeqatomero
TpeOOBaHUSIM 0E30MACHOCTH C HCIIOJb-
30BaHUEM CTaHIIAPTOB Pa3pabOTKU Oe3-
OIMacHBIX TpuioxkeHuid. Kpome aroro, He-
00XOIMMO TIPEIyCMOTPETH BO3ZMOXKHOCTH
obOHoBnenus garaoro I10.

3. YipaBieHue JIOTUCTUKON yCTPOICTB
Ha BCEX 3Tarax, OT MPOM3BOJACTBA JI0 WH-
CTAUIAMU Ha oObekTe. JlaHHBIN momxon
MO3BOJINT 3HAYUTENEHO CHU3UTH YS3BU-
MOCTH B almapaTrHO-3aBUCUMOM KOJIE.

Ha ocHoOBaHMM TPOBEAEHHOTO W3-
yueHuss 1npobiaeM  MH(DOPMAIMOHHOM
0e30macHOCTH  B3aUMOJICHCTBUS  THIIA
«MallTMHAa-MalIWHaY) CJEAYeT OTMETHUTh,
YTO B HACTOSIIEE BpPEeMs HE CYIIECTBYET
JIOCTaTOYHOTO KOJWYECTBA CTAaHIAPTOB
1 peKOMEHIAIi B 061acTy HHGOpMAIIH-
OHHOU 0€30MMaCHOCTH MHTEPHETA BEIICH.
Bonee Toro, MHOTHE pEeKOMEHIAIUH, Ka-
caronyecs: JaHHOW cdephl, HE MOTYT
OBITh WCIOJNB30BAHBI TPU TMOIKIIOUYCHUH
K TII00ATBHBIM CETSIM (HampuMep, KOMITO-
HEHTBI, IPUMEHSEMBIE B CUCTEME « YMHBIN
JIOM», HE TPEANOaraloT aBTOPHU3AIUIO
U ayTeHTH(UKAIHIO).
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KAMEPHASI ObPABOTKA ITOBEPXHOCTH
JAETAJIEW HE3AKPEIIVIEHHBIM HIJIN®OBAJIBHBIM
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Bseoenue. Tlpu ¢uanmHoN 00paboTke neTanel THIA TET BPALICHUS CO CIOKHBIM
KOHTYPOM TOBEPXHOCTH MEIKOAMCIEPCHBIMU HE3aKPEIICHHBIMH aOpa3MBHBIMHU Ya-
CTHLIAMHM BO BpeMs YIUIOTHEHHs CXKaThIM BO3AYyXOM 4epe3 3JIacTHYHYIO 000JOuKy
B CIIEIIMAJIBHON KaMepe B CheMe MeTajla IPUHUMAeT Y4acTHe JJOCTATOYHO OOJIbIIoe
KOJINYECTBO aOpa3uBHBIX 3€PEH.

Mamepuanvt u memoowi. XapaxkTep KOHTAaKTHOTO B3aUMOJIEHCTBUS YIUIOTHEHHOTO
ciosg ¢ oOpabaTbiBaeMOil IOBEPXHOCTBIO JETalIH ITIaBHBEIM 00pa3oM OMIpeneNseTcs
(dopmoii aOpa3MBHBIX 3€PEH M UX PEXKYIIUX IJIEMEHTOB, KOTOpas SBJISIETCS BeChbMa
pasHoobOpasHoii. OHAKO M3YYCHUE MHOTOYHCICHHBIX TCHEBBIX OTIICUATKOB abpa3uB-
HBIX YaCTHI] [TOKA3aJI0, YTO BCE OHHM BIHCHIBAIOTCS B SIUIHIC U B IIEPBOM IIPHOIIIKeE-
HUH MOTYT OBITh CMOJIEIMPOBAHbI B BU/IE DIUIUIICOM/IA BPAIICHHSI.

Peszynomamer uccneoosanus. bl onpeseneH cbeM MaTeprana ¢ OBEPXHOCTH JETalN
abpa3MBHBIMHU PEXYIIMMHU 3€PHAMH B Tpoiiecce 00paboTKu.

Obcyscoenue u 3axnouenus. B cratbe moka3aHbl 0COOCHHOCTH O0OpabOTKH MOBEPX-
HOCTeH nerajell He3aKpeIUICHHBIM aOpa3MBHBIM MaTepuaioM. [IpuBeneHbI MeTOABI
06paboTku, Moenu abpa3sUBHBIX 3€PEH W MATeMaTHYECKHE 3aBUCHMOCTH, MO3BOIIS-
IOIIMe MPOTHO3UPOBATh ChEM Marepualia U MPOU3BOAUTEIBHOCTh MpOIlecca MUKPO-
pe3aHusi.

Knrouesvle cnosa: moBepxXHOCTb JeTaieil, Tesla BpalleHNs], He3aKPEIUICHHbIH nuIugo-
BaJILHBI MaTepHall, MOJeIb a0pa3uBHBIX YacCTUILI, IPOU3BOAUTEILHOCTE 00pabOTKH

Jna yumuposanun: Cxpsoun B. A. KamepHnast 00paboTka MOBEPXHOCTH AeTaseil He-
3aKpeIUICHHBIM NUTH(OBaNTEHBIM MaTepuanoM // BectHuk MopioBCKOTrO YHHBEPCHUTETA.
2017. T. 27, Ne 1. C. 41-51. DOI: 10.15507/0236-2910.027.201701.041-051
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CHAMBER TREATMENT OF DETAIL
SURFACES BY UNFIXED
POLISHING MATERIAL

V. A. Skryabin
Penza State University (Penza, Russia)
vs_S1@list.ru

Introduction. For finish treating the details like bodies of rotation with the com-
plex external contour trough fine-dispersed unfixed abrasive particles, many abrasive
grains are used for removing metal in sealing by compressed air through elastic shell
in special chamber

Materials and Methods. Character of pin intraction of close-settled layer with the
processed detail surface is determined by the form of abrasive grains and their cut-
ting elements. The form of grains is different. The study of many shadow imprints
of abrasive particles demonstrates what all of them are fitted into an ellipse. All
particles can be shaped as rotation ellipsoid in first approaching.

Results. The information provided by the study is used for determining the removal
of material from detail surface by abrasive cutting grains in processing.

Discussion and Conclusions. The article presents the processing methods, the grain
models and mathematical dependences used for predicting the productivity of the
micro-cutting process.

Keywords: detail surface, rotation body, unsupported polishing material, abrasive particle
model, processing productivity

For citation: Skryabin VA. Chamber treatment of detail surfaces by unfixed polishing
material. Vestnik Mordovskogo universiteta = Mordovia University Bulletin. 2017;

1(27):41-51. DOI: 10.15507/0236-2910.027.201701.041-051

Beenenue

ITpu 00paboTKe HaApy>KHOH MOBEpPX-
HOCTH JeTalieil He3aKpemsieHHbIM alpa-
3MBOM TIpH CTaTMYE€CKOM YIUIOTHEHHH
abpa3uBHOM CpeIbl B CHCITHAIBHON KaMe-
pe [1-2] B cheme MeTamia ¢ MOBEPXHO-
cT 00pabarbiBaeMOH AeTany MpUHUMAET
y4acTHe AOCTaTOYHO OOJIBIIOE KOJIMYECT-
BO a0pa3HBHBIX YACTHII.

MarepuaJjibl 1 METOAbI

[110THOCTh KOHTAKTHPOBAaHUS pPado-
yell cpebl C MOBEPXHOCTHIO JIETalu MpHU
ee 00paboTKe CTAaTUYECKH YIUIOTHEHHBI-
MU a0pa3uBHBIMU YaCTHLIAMHU JOCTATOUYHO
BeIcOoKa. Crioco6 (uHUIIHON abpa3uBHON
00pabOTKM CTAaTUYECKN YIUIOTHEHHBIMH
aOpa3sMBHBIMH CYCIICH3MSIMH  OCYILIECTB-
JISJICS. B COOTBETCTBHH C puC. 1, a—0.

42

Ha puc. 1, a moka3aHo, Kak LHJIHH-
JpudecKue n3znenus / 3aKperuisioTcs Ha
ocH 2 ¥ TOMEIIAIOTCS B a0pa3sUBHYIO CY-
CIICH3HMIO 3, HAXOMSIILYIOCS B CHELIHATEHOM
KOHTEHHEpe 4, B KOTOPOM CMOHTHPOBAHA
MWIMHAPHYECKas 000JI0YKa 5, HM3TOTOB-
JICHHAas U3 CIielMabHON pe3nHbl. Pabouas
CYCIICH3UsI CXKUMAETCs TIPH Tojiade Ha Iie-
pUMeTp 00OJIOYKH ckaroro Bozmyxa. O0-
paboTKa MPOUCXOAUT INPU BPALICHUN OCH
¢ zeraismMu co ckopoctbio V. Ha puc. 1,
0 BHIHO, YTO TIpH 00pabOTKE IIIOCKas Jie-
TaJlb NIEPEMELIAETCS CO CKOPOCTBIO V.

ITpu o6paboTke neraneit oOpa3yroTcs
MHKPOCKOIIMYECKHE CTPYKKH, IO Xapak-
TEPUCTHKAM KOTOPBIX 3aTPYIHHUTEIHHO
OIICHUTH MPOM3BOAUTEIHLHOCTh TpoIlecca
o0Opabotku aeraneit [Tam xe].

Texnuueckue HAayKu
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2 4
PN

P u c. 1. O6pabotka meraneil CTaTHYECKH YIIOTHEHHBIM a0pa3uBOM: a) 00paboTKa IMIHHIPUISCKUX
neraneii; 6) 06paboTka INIOCKHUX AeTaneit

F i g. 1. Processing with static sealing abrasive: a) processing of cylindrical parts;
6) processing of flat parts

e

]

D

P u c. 2. Ynanenue marepuana abpa3uBHBIM 3¢pHOM: M — MUKPOBBICTYIIBI BEPIIMHBI a0Pa3uBHOIO
3epHa; N — CyOMHKPOBBICTYIIBI, HAXOSIIMECS HA MUKPOBBICTYIIAX BEPIIMH a0pa3HBHbBIX 3€PEH;
h — rmyOuHa BHepeHUs aOpa3HBHOIO 3€pHA B MOBEPXHOCTb 00padaThIBaeMOl 1eTall; V' — CKOpOCTh
TepemeleHus abpa3uBHOTO 3€pHa; Y, — NMEPEIHUN yros abpasvBHOIO 3epHa; & — yrojl pe3aHus
F i g. 2. Removing the material with abrasive grains: M — top abrasive grain microprotrusions;
N — submicroprotrusions located on the tops of abrasive grains microtips; # — depth
of abrasive grains penetration in surface of workpieces; /' — movement velocity of abrasive grains;
y, — front corner of the abrasive grain; 8 — angle of cutting

Engineering
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[Ipu 0OpaboTKe neraneil cTaTH4ecKku
VIUIOTHEHHOW a0pa3uBHON CycCHeH3HEH
¢ IIyOWHO# pe3anus 10 1 MKM B TIpoIiec-
ce yHaJeHHs MaTepuajga y4acTBYIOT MH-
KPOBBICTYITBI a0pa3sUBHBIX YaCTHII.

Pe3yabraThl necae1oBaHus

Ha puc. 2 mpuBenena peanusanus
mpolecca ynajJleHud Marepuana c Io-
BEPXHOCTH 0OpadaTeiBaeMOH AeTan pas-
JMYHBIMH PEXYIIMMH dJIEeMEeHTaMu abpa-
3MBHOTO 3€pHA.

Xapakrep KOHTaKTHOTO B3aUMOJEH-
CTBHsI YIUIOTHEHHOTO cjiosg ¢ oOpalarbiBa-
€MOM TMOBEPXHOCTBIO JETali BO MHOIOM

omnpezensercss GopMoii adpa3HBHBIX 3€peH,
KOoTOpasi SIBJIIETCS BeChbMa Pa3HOOOpa3HOM,
U MX PeXyLIMX IeMeHTOB. M3y4yenne MHO-
YNCJIEHHBIX TEHEBBIX OTIIEYATKOB MOKA3ajIo,
YTO BCE OHM BIHCHIBAIOTCS B AIUIC [2—4].
Y4uTteiBas 310, a TaKkKe pe3ysbTarsl hccie-
JOBaHMI TomorpadMy 3epeH Ha CKaHHUpY-
fomieM Mukpockorie [Tam xe], ux dopmy
B IIEPBOM NPUOMKECHIN MOKHO CMOZIEIH-
pOBaTh IUIAICOMIOM BpAILEHMs, Ha IIO-
BEPXHOCTH KOTOPOTO B BHZE MPEPHIBUCTHIX
KOJIBLIEBBIX BBICTYTIOB HAXONSATCSI MUKpPOHE-
POBHOCTH C PacCTONOKEHHBIMH Ha HUX CyO-
MHKPOHEPOBHOCTAMH (puc. 3).

Pl

a

P u c. 3. Mopnenp abpa3suBHOTO 3¢pHA: d U ¢ — MOIYOCH DIUTATICOU A
BpAILIEHUs; /i — BBICOTA BBICTYIIa MUKPOpeNbeda; /i — BBICOTA BBICTYNA
cyOMmuKpopenseda; f, — CpeHHi Iar BEICTYIIOB MUKpOpenbeda;

t ,— CPEIHHMH WIar BBICTYNIOB CyOMHKpOpenbeda
F i g. 3. Abrasive grain model: a and ¢ — semiaxes of the rotation ellipsoid;

h, — height of submicrorelief protrusion; /

— height of submicrorelief pro-

trusion; ¢, — average pitch of microreliefnf)rotrusion; t,, — average pitch
of submicrorelief protrusions

=~
_~

Texnuueckue HayKu
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UzBectHO, uTO 3mmIiconn obOpasy-
€TCsl BpallleHHEM 3JUTUIICA BOKPYT OCH X
(puc. 4):

C

>N

Y

P u c. 4. Mozaenbs abpa3uBHOTO 3€pHa;
@ ¥ ¢ — TOJyOCH DIUTUIICOU/IA BPAICHHSI

F i g. 4. Model of an abrasive grain; a and ¢ —
semiaxes of the rotation ellipsoid

3anumem YPaBHCHUC JJIJIUIICA:

X 7
—+==1
a e (D
y=0.

ITocne mpeoOpa3zoBaHUS MONYUHM:

(5]

¥ =0.

2)

CnoxuB Z* u y?, HaleM HCXOIHOE
ypaBHEHHE DIUTUIICOU/IA!

I a U ¢ — TOIYOCH 3JUTUIICOUIA
BpaITCHUS.

[Tnomane mUTICON A BPAIICHHUS
OTIpeNesieTCs N3BECTHON 3aBUCHMOCTBIO:

Engineering

S =20 NZH @Y di+
0

+2naz Z°+(Z-2") -dx.
! 3)

Ucnone3ys ypaBuenue smumca (1)
npu (a>c), npousBegeM auddepeHun-
pOBaHHUE 10 X €ro OOIMX YacTei, B pe-

3y/bTaTe 4ero onpenenum Z-Z':
2

C
77'= = 4)
W3 ypaBHEHHS SJUTHIICA OIPEICITHM
Z? crenyronmmM o0pasom:
2
2 2 ¢ 2
Z*=c —a—2~x .
[MoxacraBuB Z? u Z:Z' B hopmymny (3),
HOJIyYHM BBIPAKCHHE CJICIYIOLIECTO BHIA:

4rec 22y ,2
Szﬁj /az—u-dx:
a a

4ﬂcI

(a* —&*-x* -dx, (5)
IJe &— DKCICHTPHUCHUTET JILTUTICOMIA
BpAILCHHUS.
2 2
a —c¢
Takum obOpazom, ¢ =
a
KonmmdectBo MuUKpo- U CyOMUKPOBEI-
CTYIIOB Ha IIOBEPXHOCTH abpa3WBHOTO
3epHa MOYKHO OTIPENIENUTh 110 CO3TaHHBIM
BIICPBBIC aHATUTUUCCKUM 3aBHCUMOCTSIM.
Jis  MHUKpPOBBICTYIIOB  aOpa3vBHBIX
3epeH C yYeTOM UX IOBOpPOTa B IpOIlecce
00paboTKH 3aITHIIIEM:
My
NM:Z”'Ci'Kn’ (6)
i=1
e [ — KOJIMYECTBO OKPYKHOCTEH
B CEYCHHUH JJUTUIICOUIA, MOJCIHPYIOIETO
¢bopmy abpa3uBHOTO 3epHa, Ha KOTO-
PBIX pacrojararoTcs BBICTYIIBI MUKPO-
npopuiIs ¢ ONPENETEHHBIM IIAroM f ;
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K — xosddunuent, YUHTBIBAOIIHIA
NPEPLIBUCTOCTE  MUKPOHEPOBHOCTEH
(B COOTBETCTBUH C 3aKOHOM PaBHOM Be-
postaoctn K = 0,5); n — KOIAYECTBO
CIICJI0B KOHTAKTa BBICTYIIOB MHKPOIPO-
¢uns co cperHUM maroM f W JUIMHOM
[ B nmpejenax JIUIMIca oTIeuaTKa He-
3aKPEIICHHOH abpasHBHON YaCTHICH,
obOpabarkIBatoIeil JeTalb.

CymMapHOE KOJHYECTBO CyOMH-
KPOHEPOBHOCTEN, PACIOJOXKEHHBIX Ha
MHKpPOBBICTYIIaX IOBEPXHOCTH abpa-
3UBHOTO 3€pHA OINpeeNsieTcs Mo cle-
OyIOUIed aHATUTHYECKON 3aBUCUMOCTH

(puc. 5):

h — T-p -a
o — ). cT f + pM , (7)
b, -cosy 180-b,,
Iae h — cTaruveckas riTyOMHa BHe-

JPeHHsl CyOMHKPOHEPOBHOCTEH; f — ma-
pameTp BBICTyHa MHKpopenbeda abpa-

(f =p, -(l—cos%)) ;

3UBHOM YaCTHIIBI

b,, — WMpUHA EIMHUYHOH CYyOMHKpOHE-
POBHOCTH; Y — IEPEIHHIA YroNl eIuHMY-
panuyc

HOH MMKDOHEPOBHOCTH;, P —
OKpYIJICHHSI  BBICTYIIa MI/IKponpocpHn;{

aOpa3uBHOTO 3epHa; o — IEHTPAIbHBIH
YIoJl BBICTyIIa MUKpOpelibeda.

P u c. 5. B3aumozelicTBre abpa3sMBHOTO 3epHA C MMOBEPXHOCTHIO 00padaThiBaeMOi
neranu: [ — mapaMeTp BBICTYIIOB MUKpoOpenbe(a abpasuBHOM 4acTHIIBL;

ﬁ/ B//

YIITBI BBICTYTIOB MHKpOPEbeda, MMEIONMIX (GopMy YCCUCHHO# MPaBHIBHOM

TMAPAMUIBL C PAZyCOM OKPYIVICHHS P, CYMMapHO#1 IJTMHOM,
M3Mensomeiics ot 010 2 ¢

F ig. 5. The abrasive grain interaction with surface of workpiece: [, — parameter

of microrelief protrusion of the abrasive particle; p’ and p” —

microrelief protrusion

corners shaped of a truncated regular pyramid with a radius of rounding p_ and total
length which varies from 0 to 2 ¢
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OnanM 13 Hanbosee BaKHBIX MOKa3a-
Tenel mporecca (UHUAIIHOW 00pabOTKH
SIBJISIETCSI €0 MPOU3BOAUTENBHOCTD [1-5].
CpeM MOXKET OBITh MPECTaBICH Ompere-
JICHHOM MaTeMaTH4€eCKOW MOJENbIO.

B cBs13u cO CIOXKHOCTBHIO MPOBEACHHUS
aHaJM3a Mpoliecca pe3aHus TOBEPXHOCTH
o0OpabarsiBaeMOll AeTanu Bceld COBOKYTI-
HOCTBIO a0pa3uBHBIX 3€peH sl ONpeae-
JIeHUs1 TIPOU3BOJUTEIBHOCTH 00pabOTKH,
paccMOTpUM MeEXaHW3M YHaleHHs MaTe-
pHualia eMMHIYHON a0pa3UBHOM YacTHIIEH.

3ameTuM, YTO yHajJeHHWe MaTepuana
C TIOBEPXHOCTH 00pabaThIBacMOM JeTann
MHKPO- ¥ CyOMHUKPOBBICTYIIaMU aOpa3nB-
HBIX 4YacTHIl NUIM(OBAHUEM U JAPYTHMHU
MeTonaMu (pUHUIIHONH 00pabOTKH CBS-
3aHHBIM a0pa3vBOM HE NMPHHUMAJIOCH BO
BHUMaHHUE.

B ¢ynaaMeHTanbHBIX —HCCIEAOBa-
HUSX MHKPONPOQUIIS YacTUI[ He3aKpe-
TUIGHHOW a0pa3wBHOW CYCIIEH3WU OIIpe-
JIENIEHbl YWCIICHHBIE 3HAYCHHS ITUPUHBI
1 BBICOTHI MUKPO- U CyOMUKpOTIPODHIIS
abpazuBHbIX gactull [1-10]. HoBeiMu uc-
CJIEIOBAaHUSAMHU YCTAHOBJIEHO, YTO DPajJu-
yC OKpYyIICHHs BEpUIMH MHUKpopenbeda
abpa3MBHBIX YaCTUI] HAXOAWUTCS B AWarna-
3oHe 0,1-0,5 MKM, a paguyc OKpYIJICHHS
BEPLIMH CyOMHKPOBBICTYIIOB U3MEHSETCS
B npenenax 0,08-0,10 mxm. Kpome sto-
ro, B HUX TMOKa3aHO, YTO MapaMeTphbl MU-
Kpo- U cyOMuKpopenbeda MpaKkTHICCKU
HE CBS3aHBI C pa3MepamMu aOpa3HBHBIX
3epeH.

HccnenoBannuaMH yCTaHOBJIEHO, UTO
B HadaJlbHbIII MOMEHT 00paboTKH IIO-
BepxHocTH aetanu (¢ = 0,5-1,0 mun) npu
oOuiem BpeMeHH 00paboTKH ¢ = 6—8 MUH
yoajeHue MaTepualia MPOUCXOIUT IIpe-
UMYIIECTBEHHO C TOMOINBK CyOMH-
KPOHEPOBHOCTEH, pAaCIONOXEHHBIX Ha

Engineering

MHUKPOBBICTyIIaXx a0pa3HBHBIX 3€peH.
[lo mepe 3amonmHeHHs BHOAAUH CyOMH-
Kporpo(uisi CyOMHKPOCTPYKKOH CheM
MarepHualia NPaKTHUYECKH MpeKpamaer-
csl, ¥ NajbHelllee yJjaJeHue mMarepuasna
C MOBEpXHOCTH oOpabaThiBacMOl mera-
JU  OCYIIECTBISIETCS MHKPOTPOQHIEM
aOpas3uBHBIX 3epeH. MHOTOYHCICHHBIE
MCCJIeIOBaHUs MOKa3ajd, YTO ChEM Ma-
Tepuaja C MOBEPXHOCTH JEeTalld CyOMH-
KPOHEPOBHOCTAMU cocTaBiuser 1-3 %,
YTO NPEHEeOPEeKUMO Majo IO CpaBHe-
HUIO CO ChEMOM MaTepuana, HpUxoms-
IIMMCS Ha MHUKPONPOQHIb aObpa3uBHBIX
3eper (97-99 %). Taxkum oOpazowm,
B JaJbHEHIIEM C IIOJHBIM OCHOBAaHUEM
MOXHO CUHTaTh, YTO yAalleHUEe MaTepua-
Jla C TIOBEPXHOCTH JI€Talli OCYIIECTBIA-
eTCsl MPEUMYIIECTBEHHO MHUKPOIpOohu-
neM aOpa3uBHBIX uacTul. CyMMapHBIH
0o0beM AepOpPMHUPOBAHHOTO MaTrepuasa
€IMHUYHBIM MHKPOBBICTYIIOM a0Opa3uB-
HOTO 3€pHAa ONpEAENSeTCS CIeTyIOIIUM
obpazom:

I
V,=K -V, =27r,-0,5- (®)

1@ +2p,) (hj = py) + 7Py 1,

TJIE 1, — 4aCTOTa BPALIEHHUs 00pabaThl-
BaeMoii JieTanu, MuH '; 7, — paauyc obpa-
OarwiBaemoit netanu, m-107%; K —xkoaddu-
IMEHT CTpyXKKooOpasoBanus; K =1 — ¢
(g, — k03 pULMEHT HAaBaJIOB A€(POPMUPO-
BaHHOI'O MaTepyaa); p —paauyc OKpyrie-
HUSI BBICTYNA €IWHUYHOTO 3epHa, M-107;
p — IUIOTHOCTH 00PabaTHIBAGMOTO Mare-
puana, Kr/m>; bj " hj — MIUPUHA U TITyOu-
Ha [APAINUHbI, OCTABISIEMOW ANHUYHBIM
BBICTYTIOM MHKPOTPOGIIsT adpa3uBHOTO
3epHa Ha MTOBEPXHOCTH 00pabaThIBacMOi
JETaIM COOTBETCTBEHHO, M* 1076 (puc. 6).
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B,

ot

—

P u c. 6. Ceuenue mapamnuHbl OT Pe3aHUs] MUKPOBBICTYIIOM €IMHUYHOTO a0pa3UBHOTO 3epHa

F i g. 6. Cross-section of scratches from cutting with the microprotrusion of a single abrasive grain

B xonme mpenBapuUTENbHBIX pacdyeToB
OBUIO YCTaHOBIIEHO, YTO MOTPEHIHOCTh
CYMMapHOTro o0beMa MO 3aBUCHMOCTSM
(8) u (9) ne mpesbimaer 5 % Mo cpaBHe-
HHUIO C MPEIABAPUTENHHO IMPOBEICHHBIMU
9KCIIEPUMEHTAIILHBIMU HUCCIIEIOBAHUSIMH,
IIe macca IOJIYy4YEeHHOW MUKPOCTPYX-
KM OIpeaciaiiaCh Ha CICHHUAJIBHBIX MH-
KPOAHAIMTHYECKMX Becax C TOYHOCTBHIO
1o 0,0001 r.

JlaHHbIi QaKT CBUAETEIBCTBYET O J0-
CTaTOYHOM TOYHOCTH  MPEIJIOKEHHOU
METOJUKH pacueTa oO0beMa IaparuHbl
OT EIWHUYHOTO MHKPOBBICTyma abpa-
3MBHOTO 3€pHA C Y4eToM Kod(duiuenra
CTPYKKOOOpa30BaHMS.

3anumem HopMyTy A HAXOXKICHHS
IUIOIA/AN LAPAIMHBL:

Su = 0’5'[(bj+2pM)'(h, _pM)"'”'p:/f];

by=2p, +2:(h —p,)siny = 2-hsiny, (9)

Tae Y — MepeaHuid yroji BBICTyIa MHU-
Kkpopenseda (y = -50°).

[To u3BECTHBIM MapaMeTpaMm MpoLec-

Ca MUKpOpE3aHusd pas3IMYHbIMU 3JICMCH-

48

TamMl aOpa3WBHBIX 3E€PEH MOXHO JaTh
OILIEHKY CheMa MeTaJula MHOXXECTBOM He-
3aKpeIJICHHBIX a0pa3uBHBIX YaCTHII.

[Tpu ¢unMIIHON 00pabOTKE HapyX-
HBIX TIOBEPXHOCTEH IHIMHIPUYECKUX
JleTayell cTaTHYecKn YIUIOTHEHHOM abpa-
3UBHOM CyCHEH3UMEH ChEM Marepuaia
ompenenseTcs 1Mo NPUBEICHHON Marema-
TUYECKOUN 3aBUCUMOCTH, B KOTOPOH ILIOT-
HOCTh YJQJIIEMOT0 MaTepHaja ¢ Y4eToM
ko3 urmenTa CTPYKKOOOpa30BaHHUS
YMHOXaeTcsl Ha 00beM LapanuHbl, M-
Hy OKpPYXHOCTH TIO IuUaMmeTpy oOpada-
THIBAEMOH JIeTalIH, YaCTOTY €€ BpPalICHUS
u Bpemst 00paboTku ¢. [Ipu aTOM B MaTe-
MaTUYECKYyI0 3aBUCHMOCTD TAKXKE BXOAUT
pin  K03((UIMEHTOB, YYUTHIBAIOLINX
OTIpe/ieTIeHHbIe YCIOBHS 00pa0OTKH.

CymMMapHOE KOJMYECTBO aOpa3mB-
HBIX 3€peH N M0 MOBEPXHOCTH KOHTAKTa
¢ 00pabaTbIBaMOl IEeTaNbIO OMpeeseT-
Csl CJICAYIOIIUM 00pa3oM:

Ny =271,B,3mp, ), (10)

e 7, — pajguyc jaetanu; B — min-
Ha (mupuHA) OOpabaThiBaeMOil IeTanw;
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1, — KOJIMYECTBO 3€PEH B EJIMHHUIIE MACChI
YIUIOTHEHHOTO a0pasMBHOIO CIOS;, p, —
IJIOTHOCTEL adpa3uBa.

[lpu BHenpeHuu aOpa3WBHBIX 3e-
peH B o0OpabaThiBaeMyl0 IOBEpXHOCTb
U WX OTHOCHUTEIHHOM JBIDKEHHH BO3-
HHUKAIOT CHJIBI PE3aHusi, ONpenelsiomue
XapakTep OTHOCHUTEJIBHOTO TIOJIOXKCHUS
abpa3uBHbBIX 3epeH. Ecin naHHBIE CHIIBI
NPEBBICAT CUITy HOPMAILHOTO JaBICHUS
abpa3MBHOTO 3epHA Ha 00pabaTHIBAEMYIO
MOBEPXHOCTh, TO OHO TIOBEPHETCS K 3TOH
MOBEPXHOCTH APYTOM TPaHbIO WM BEp-
LIMHOM.

[ToBopor abpa3uBHBIX YAaCTHI[ CIIO-
COOCTBYET yBEITHUYCHHIO CheMa MeTajia
npu 00paboTKe, KOTOPOE YUYUTHIBAETCS
k03(punmentom nosopora K .

B pesynbrare wucciemoBaHuii  ObLIO
YCTaHOBJIEHO, YTO TIPX 00pabOTKe JAeTalH
IPOMCXOIUT YBEJINYEHHUE PEXYIIEH CIO-
COOHOCTH a0pa3WBHBIX YACTHI] 33 CUET
MEJBUANIINX CKOJIOB MHKpoOpeibeda Ha
30 %; 3T0 yunThIBaeTcs k03(hHUIHEHTOM
K . B 3aBucumoctn OT ycnoBui o0pa-
00TKH, cocTaBa aOpa3WBHOHN CYCIEH3HUH
U MaTepranga oOpabaThlBacMON ITOBEPX-
HOCTH JIeTaly 3HaueHHs Kod(dduimeHTa
Km, YUYUTHIBAIOLIETO BIUSHUE JKHUJIKOM
cocraBisionield  aOpa3uBHOM  CyCIHEH-
3UM, U3MCEHAIOTCSA B auamaszoHe 1,2-1,5,
a 3HayeHWs Kod(hQHUIMEHTa ITOBOPOTa
K — B npenenax 1,2-1,3. Kpome storo,
B 3aBUCHMOCTH OT IIIEPOXOBATOCTH 00pa-
0aTbIBaeMOIl IOBEPXHOCTH, KOIPPHULIUCHT
K,, m3mensiercs B quanasoue 1,15-1,50.

B srom cnyuae pacueTHas 3aBH-
CUMOCTh I OIpPENENICHUS BEIUYHHBI
cheMa MeTajula mpu o0paboTke HapyX-
HBIX TOBEPXHOCTEH Jerayiell B YIUIOT-
HEHHOW a0pa3uBHOH cpelle MPUMET clie-
JIYIOIIUH BUT :

Oy =p-(I-&,)-27n, -1, -
+7rp1f4]-NZ Ky K, Ky, - K.
ViesnbHbIi chbeM MaTepuaa (¢, Mr/cm?)
ompenenseTcst o Gopmyre:

e S — mwiomaabk oOpadarhiBaeMoit
MOBEPXHOCTH JACTAIH.

Taxoke 3anuineM GopMylly MUHYTHON
IPOU3BOAUTENLHOCTH O, MI/MHH:

OO0cy:xneHue U 3aKJII0YeHus

[Mocne 2-3 muH 00pabOTKH AeTaNH
WCXOIHBIA MHUKpOpENbed 3a CUeT M3HOCa
a0pa3uBHBIX YAaCTHII ITEPEXOTUT B Oolree
CIITKEHHBIN PaOoYmii, KOTOPBIH B WUTOTE
OTIpeJieNisieT BeJTMYHHY CheMa MaTepHhaia
C TOBEPXHOCTU JEeTalli, 3aJaHHyI0 IIe-
POXOBaTOCTb MOBEPXHOCTH, TOUHOCTHBIE
nmapaMeTpsl Tporiecca o0paboTKu U ¢u-
3UKO-MEXaHHIECKHE CBOMCTBA 00padaTkI-
BaeMO¥ TIOBEPXHOCTH JICTAIH.
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OBOCHOBAHHUE ITAPAMETPOB JIUHAMHUYECKOI'O
CTABUJIN3ATOPA YCTOUYUBOCTHU ABUKEHUA
IHOABUKHOI'O MOAVJIA SKCIIEPUMEHTAJIBHOI'O
CTEHJA IIPU UCCIIEJOBAHUU AKTUBHBIX
POTAIIMOHHBIX PABOYUX OPTAHOB
ITOYBOOBPABATBIBAIOIIINX MAIINH

B. ®. Kynpsmkun®, H. U. Haymkun, A. C. KHs3bK0B,

B. H. Kynpssmukuna, M. I. llnsnaukos, B. B. Kynpsimkus,
E. 10. Tepexun

DI'BOY BO «MI'Y um. H. I1. Ocapésay (2. Capanck, Poccus)
‘kupwf@mail.ru

Bgeoenue. Pabota nocesinieHa 000CHOBaHHIO KOHCTPYKTHBHBIX I1apaMETPOB M TEXHOJIO-
THYECKUX PEKUMOB (PYHKIIMOHUPOBAHUS THHAMHYECKOTO CTAaOMIIN3aTopa YCTONYUBOCTH
JIBIDKEHHS IOJBMXKHOTO MOJIYJIS SKCIIEPUMEHTAIBHOIO CTEHJAA IS HCCIICIOBaHUS aK-
TUBHBIX POTALMOHHBIX Pa0OYMX OPraHOB IMOYBOOOpadaThHIBArOMMX MammuH. [y 3TOro
OblIa PacCMOTPEHa KOHCTPYKIMSI YKA3aHHOTO IKCHEPUMEHTAJIBHOTO CTeH/A M JaHa Xa-
paKkTepHCcTHKa ero paboThl. Ha 0CHOBaHHM TEOPETHYECKHUX M HKCIIEPUMEHTAIBHBIX paHee
IPOBEICHHBIX MCCIEJOBaHUN ObliIa OTMEUEHAa BO3MOXHOCTH HapyIIEHUs YyCTOWYMBOCTU
X0Jla TIOJIBMXKHOTO MOJYJISL, YTO B CBOIO OUYepellb OTPHIATENBHO CKa3bIBacTCs Ha obec-
IICYCHUHU BBINOJHEHUS 3aJaHHON METOIUKOW MporpamMMBbl dKcriepuMeHTa. Taioke Oblia
yKa3zaHa HEOOXOAMMOCTh KOHCTPYKTOPCKOTO PEIICHUS IO YCTPAHCHHIO BBHISBICHHOTO
HemocTarka. KpoMe 3TOro, paccMOTpEHbI KOHCTPYKTUBHBIE OCOOCHHOCTH M XapaKTepH-
CTHKH MPUMEHSEMBIX YCTPOMCTB 1O 00ECNEYCHUIO CTAOMIH3AUH TOABHKHOTO MOYJIS
IPH UCCIICIOBAHMN AKTUBHBIX POTALMOHHBIX pabOYMX OPraHOB MOYBOOOPAOATHIBAIOIINX
MamuH. Ha 0ocHOBe CpaBHUTENBHOTO aHam3a ObUT MPEUIOKEH JUHAMHYCCKUN CTaOWIH-
3aTOp yCTOMYMBOCTHU JABM)KEHHS B BHUIE IEKTPOMArHUTHOIO TOPMO3a C IOCIIEAYIOLIIM
€ro pa3MemIeHueM B KOHCTPYKIMH CYIIECTBYIOMIETO TIOIBHKHOTO MOYJISL.

Mamepuanvr u memoowvl. C 1eNbI0 MHTETPALUKM 3JIEKTPOMAarHUTHOTO TOPMO3a B KOH-
CTPYKIHIO CYIIECTBYIOUIETO MOJBIKHOTO MOYJISI, HA OCHOBE CHHTE3a OCHOBHBIX IOJIO-
JKEHUH U 3aKOHOB MEXaHWKH U HKCIICPUMEHTAJIbHBIX JAHHBIX CHJIOBOTO B3aMMOJECHCTBHS
aKTHBHBIX POTAIIMOHHBIX Pa0OYMX OPTAaHOB C MOYBOH, OBLIO MPOBEACHO TCOPETHUECCKOE
HCCIIeIOBAaHUE YCTOWYNBOCTH €0 JABWKEHNUs. B pesynbrare TaHHOTO HCClieJOBaHus Oblia
COCTaBJICHA PACUETHAS CXeMa HATPYKEHHUS MMOJBIKHOTO MOIYIS C YYETOM €€ KOHCTPYK-
THUBHBIX OCOOCHHOCTEH, a TaKKe CHIOBBIX (DaKTOPOB, NEHCTBYIOIIMX HA €€ OMOPHBIC
KoJIeca U UCcieqyeMble aKTHBHBIC POTAlMOHHBIE paboune opraHel. C y4eToM 0COOECHHO-
cTel IUIaHMPOBAaHMA YKCIIEPUMEHTA U TIOYBCHHBIX YCIIOBUH ObUTH BBIABICHBI aHAJTUTHYE-
CKHE 3aBHCUMOCTH OCHOBHBIX CHJIOBBIX XapaKTEPHUCTHK ONPEICIIONINX YCTOHYHMBOCTD
JIBHDKEHHS TTOJBMXKHOTO MOJYJIS.

Pesyromamul uccnedosarnus. Ilyrem 00pabOTKH pe3ylnbTaToB UCCIEIOBAHHS OBLIA MOy~
yeHa 0a3a JaHHbBIX, NPEICTaBIIONIas cO00 3HAYCHHs CHIIOBBIX XapaKTEPHUCTHK, OIpe-
JISIISIOMINAX YCTOHYMBOCTD JBIDKCHUS MTOJBIDKHOTO MOMIYIIs. JlanpHelIee HCIOIb30BaHUs
3HA4YCHUH JTaHHOW 0a3bl C yYeTOM KOHCTPYKTHUBHBIX OCOOCHHOCTEH MOJBMKHOTO MOMY-
ISl TIO3BOJIMIIO OOOCHOBATh Hambojee ONTHMAILHOE MECTOPACIONIOKCHHUS DIICKTpOMAar-
HUTHOT'O TOPMO3a B €ro KOHCTPYKIMHU. Takke Ha OCHOBE CTaHAAPTHOW METOAMKU OBLIO
MIPOM3BECHO 000CHOBAHHE KOHCTPYKTUBHBIX MAPaMETPOB AIEKTPOMArHUTHOTO TOPMO3a
¢ BBIOOPOM €ro THIopa3Mepa.

© Kynpsimkun B. @., Haymxun H. U., KuaseroB A. C., Kynpsmkuna B. H.,
HInsnaukos M. I, Kynpsimkun B. B., Tepexun E. 1O., 2017
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Obcyocoenue u saxnouenus. TIpoBeIeHHOE HCCIEA0BaHUE MO3BOJIMIIO IYTEM HCIOIb30-
BaHMS HJIEKTPOMArHUTHOTO TOPMO3a B KOHCTPYKIUH ITOABHKHOTO MOJIYJSI OOECIIEUUTH
CTabUIN3aLUI0 €TO ABWXKEHUS, YTO MO3BOJIMT MOBBICUTH YHCTOTY SKCIIEPHMEHTAIBHBIX
HCCIIEN0BAaHUN U IOIy4aTh Hanboaee OObEKTHBHBIC JaHHBIC B XOJ€ HX IIPOBEACHHUSI.

Knrwuesvie cnoga: >KCIIEPUMEHTAIBHBIA CTEHJ, HMOABHXKHBIH MOJIYIb, YCTOHYMBOCTB
JBIDKEHHS, aKTUBHBIN POTALIMOHHBIA pabo4nii opraH, cTabHIN3aTop JABMIKCHUS

Jna yumupoeanua: O60CHOBaHUE NapaMETPOB AMHAMHUYECKOTO cTabmiIn3aropa ycToi-
YUBOCTH [IBMIKEHHS ITOJBIKHOTO MOJYJISI SKCIIEPUMEHTAIBFHOTO CTEHJa HPHU HCCIENO-
BaHMU aKTHBHBIX DPOTALMOHHBIX PabOYMX OPraHOB MOYBOOOPAOATHIBAIOLIMX MAIIUH /
B. ®@. Kynpsmkun [n ap.] // Bectauk Mopnosckoro yausepcutera. 2017. T. 27, Ne 1.
C. 52-66. DOI: 10.15507/0236-2910.027.201701.052-066

JUSTIFICATION FOR PARAMETERS

OF A DYNAMIC STABILIZER

OF THE EXPERIMENTAL STAND MOBILE UNIT

IN STUDYING OF ACTIVE ROTATIONAL WORKING
TOOLS OF TILLER MACHINES

V. F. Kupryashkin’, N. N. Naumkin, A. S. Knyazkov,

V. N. Kupryashkina, M. G. Shlyapnikov, V. V. Kupryashkin,
Ye. Yu. Terekhin

National Research Mordovia State University (Saransk, Russia)
‘kupwf@mail.ru

Introduction. The article deals with design options and technological modes of the dy-
namic stabilizer of the experimental stand mobile unit for studying tillage machine active
rotating work tools. Based on theoretical and experimental studies, the possibility the
movable module instability was discovered. This negatively affects on implementing the
experiment program trough the especific method. The need in engineering solutions for
the defect correction is shown. In addition, the authors consider the structural features
and characteristics of the used devices for providing the stabilization of the movable
module in the study of active rotating work tools of tillage machines. An electromagnet-
ic brake dynamic stabilizer in the structure of the existing rolling module was proposed
as an engineering device.

Materials and Methods. A theoretical study of rolling module stability, based on synthesis
of basic regulations and laws of mechanics related to active rotating work tools was con-
ducted. As a result of the theoretical research, a design scheme of movable module loading
was created. This scheme includes the design features and structural power factors.
Results. A database representing the settings of power specification in the motion stabili-
ty determining the mobile unit was created. Further use of the database values allow sup-
porting the most optimal location of the electromagnetic brake with its design options.
Discussion and Conclusions. The research of the electromagnetic brake in a mobile unit
promoted stabilizing the unit movement, increased the frequency of its use and provided
data that are more precise during experiments.

Keywords: experimental stand, mobile unit, resistance movement, active rotational work-
ing tool, movement stabilizer

For citation: Kupryashkin VF, Naumkin NN, Knyazkov AS, Kupryashkina VN, Shlyap-
nikov MG, Kupryashkin VV, Terekhin YeYu. Justification for parameters of a dynamic sta-
bilizer of the experimental stand mobile unit in studying of active rotational working tools
of tiller machines. Vestnik Mordovskogo universiteta = Mordovia University Bulletin.
2017; 1(27):52-66. DOI: 10.15507/0236-2910.027.201701.052-066
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Beenenne
IIpu npoBeneHUM  SKCHEPUMEH-
TQJIBHBIX HCCIEAOBAaHUM  aKTHBHBIX

pabounx opranoB (APO) mouBooOpa-
0aThIBAIOMIMX MAIIWH IIHPOKO IpHUMe-
HSIOTCS CHENUau3UPOBaHHBIC JKCIIEe-
pUMEHTaIbHBIC CTEHABl — IOYBEHHBIC
KaHaJbl, [O3BOJSIOIINE MPOBOAUTH
HaTypHBIE UCIBITAaHUS U UMUTHPOBATh
peanbpHBIe yCIOBUSA (YHKIIMOHHPOBA-
HHUS TOYBOOOPAOATHIBAIONINX MAIIHH

u ux paboumx opraHoB B JabopaTop-
HBIX ychoBusx [1-2].

Juis mpoBeneHnss 1abOpaTOPHBIX WC-
cnemoBanuit mpu ucneitannu APO mouBo-
obpabarpiBaronux MamuH B MHCTHUTYTE
MexaHuku u sHepretukun ®I'BOY BO
«MI'Y um. H. II. Orapésa» ucnonb3yer-
Csl OJIUH U3 TaKUX CIELHUATU3UPOBAHHBIX
AKCIIEPUMEHTABHBIX CTSH]IOB, IIPEICTaB-
JISTFOUTAH OO0 TTOYBEHHBIN KaHAJ C MO~
BIDKHBIM MoayiieM (puc. 1).

VAR
/o] 5] ke

-"_/.',.2 ch*
iz

4
L © W

P u c. 1. OGmee ycTpoHCTBO dKCTIEPH MEHTAJIBHOTO CTEHIA
F i g. 1. General structure of the experimental stand

[TouBeHHBIE KaHAT MPEACTABISIET
co00if siMy [, BBUIO)KEHHYIO KHPITHIOM
U 3amnojHeHHyro mouBoi [3]. B Bepx-
HEl JacTW KaHaJa yCTaHOBJIEHa pama 2,
M3roToBIeHHAs u3 npodwisi. Ha Heil Ha-
XOAUTCS TSAroBasl CTaHIMS 3, MpeAHa3Ha-
YeHHas NI o0ecreueHus] MOCTYIaTelb-
HOTO JIBW)KEHHUS IOJBH)KHOTO MOAyns 4.
Kpome atoro, Ha pame 2 3aKkperuistoTcs
KpaHOBBIE PENbChl J, KOTOpBIE CIIy)KaT
JUISL TIEPEBMXKEHUS TOABMIKHOTO MOJY-
a1 4. Bo03BparHO-NIOCTyNareabHOE IIe-
pEMELICHUE TOABMXKHOIO MOAYIA OCYy-
LIECTBISIETCS CTAJIbHBIMUA KaHaTamMu 6
U 7, KOTOPBIE COETMHEHBI C OJIHOM CTOPOHBI
C paMoOM MOJYJISl B €€ NepeaHe U 3aHen
4yacTIX COOTBETCTBEHHO, a C JIpyrol —
¢ OapabaHaMu TATOBOW cTaHiuu 3.

4

IlonBwxHBIT Momynb 4 3KcIepH-
MEHTQJIBHOTO  CTE€HIA  HIPEACTaBISET
co00i oTHmenpHYI0 pamMy & C OIOPHBI-
Mu Kojecamu 9 u /0, a Takke C pa3Me-
IIEHHBIMU Ha HEH HEe3aBUCHUMBIM JJIEK-
TpUUECKUM TpuBoAoM [/, obecreunBa-
IOIIUM  BpalleHue ucnbiTyeMbix APO
12 XOHKpEeTHOH 1mo4Bo0oOpabaTeIBatoeit
MalIlUHBI.

IIpaxTdeckoe MCTIOIB30BAHHUE IKCITE-
PUMEHTAJIHOTO CTeHJa MpPU MPOBEACHUU
ucneitanni  APO  mouBooOpabatbiBa-
IOIMX MaIllMH Ha HEKOTOPBIX Ompere-
JICHHBIX DPEXHUMAax, XapaKTePH3YHOLIUXCS
OONBIMUMHU  3HAYCHMSIMA TITyOMHBI  00-
paboTKH, TOAAaYM HAa HOX W TBEPAOCTH
1o4YBHI [3], BEISIBUJIO HapyILIEHHE YCTONYH-
BOCTH JIBIDKCHUSI MOABIIKHOTO MOIYJS —

Texnuueckue HAayKu
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OTKJIOHEHHE TOCTYNATeNbHON CKOPOCTH
TEJICKKH OT TEPBOHAYAIBEHO 33/IaHHOTO
MPOTPaMMON  DKCIIEpUMEHTa  3HAYCHHUSL.
Kpome »sTOro, mpOBEmEHHBIE TEOPETH-
YecKhe HccienoBaHusa [4-5] mo3BoImIH
MOATBEPIIUTH MPAaKTHYECKUE HAOMIONCHUS
B 00J1aCTH YCTOMYMBOCTH JBIKECHUSI MOJ-
BIYKHOTO MOJIYJISI, 3aKJIFOYAIONINECs B Ha-
PYIICHUH CIIETYIOIIETO YCIOBHS:

FCT 2 er’ (1)

e F_ — cymmapHas cuia Compo-
TUBJICHHS TEPEKATHIBAHUIO TENeXKH, H;
er — 3HAYEHHE ITOATAJIKUBAIONIEH CHIIBI
B3aumoyeiicteuss APO ¢ mouBoii, mprBe-
JICHHON K OCH BPAIIICHHS OMOPHBIX KOJIEC
Teaexku, H.

Takum 0o0pa3oM, BBIBICHHBIA (akT
HApYIICHUS yCTOMYMBOCTH JIBHIKCHHS
MOJBMYKHOTO MOIYNS TIPU TIPOBEICHUH
nccienoBanuit APO orpuriatenbHO cKa-
3bIBaETCS Ha OOECIICYCHUU ITOCTOSHCTBA
MEPEMEHHBIX (PaKTOPOB, ONPEACTIEMBIX
KOHKPETHON MPOrpaMMON 3KCIIEpUMEHTa,
U, CJIEI0BATEIBHO, HA YUCTOTE U OOBEK-
TUBHOCTH TTOTy4aeMbIX TAHHBIX, 9TO Tpe-
OyeT ompeAeneHHOro KOHCTPYKTOPCKOTO
pEIIeHus Mo ero YCTPaHEHHIO.

O030p JITEpPaTYpPBI

Kak moxa3pIBaroT pe3yasTraTsl MHOTO-
YHUCIIEHHBIX ucciaeqoBanuii APO mouso-
00pabaThIBAIONINX MAaIIWH, OCHOBHBIMH
(akTopamu, TPUBOMAIMIMMHU K HapyIe-
HUIO YCTOMYMBOCTH JIBWKCHHS ITOIBHXK-
HOTO MOJYJIsl KCIIEpUMEHTAIBHOTO CTEH-
Jla, ABJSIOTCSL CHJIBI, XapaKTEepHU3YIOLIHe
UX B3aUMOJEHCTBUE ¢ ouBOM [4-9].

3agadqy oOecriedeHHs YCTONYMBOCTH
X0Ia JABWXEHHS (TIOCTOSHCTBA TOCTYIIA-
TENBHOM CKOPOCTH) 3KCHEPUMEHTAIBHOM
TENIEKKH, KaK M B TIEPBOM ClIydyae, Mccie-
JIOBAaTeN peliaid TPaJAUIMOHHBIM CIIOCO-
00OM — yCTaHOBKOH TOPMO3HBIX YCTPOMHCTB,
MO3BOJISIFOIIMX 32 CYET TOPMO3HOTO MO-
MeHTa 00eCTIeunTh KOMITEHCAIMIO TOATAall-
KUBAIOILIETO yCHIHsSl (hpe3epHBbIX paboumx
OpraHoB. B KOHCTpYKIMAX 3SKCIIepUMEH-
TaJIbHBIX CTEHJIOB MHOTUX HCCIIEIOBaTENeH
HAIlUT! TIPUMEHEHHE JIEHTOYHBIE TOPMO3a

Engineering

[6-7]. danHas cxema OTIMYAETCS MPOCTO-
TOW KOHCTPYKIMH, HO IIPU 3TOM HeynoOHa
B oKcIuTyaranyu. HeymoOcTBo 3akimogaercs
B HEOOXOIMMOCTH TIOCTOSIHHBIX PETYIHPO-
BOK II0 IIpUYMHE U3HOCA 31eMeHTOB. Kpo-
M€ 3TOrO0, JJaHHBIE TOPMO3HBIE YCTpOMCTBa
TpeOyIoT cucTeMaTHIeCKUX padoT Mo TapH-
POBKE TOPMO3HOTO MOMEHTA.

Hpyrum criocobom obecriedeHnst cTa-
OmM3anyy ABMKEHUS TTOIBMYKHOTO MOJY-
JIs1 IBJISIETCSI IPUMEHEHHUE B €r0 KOHCTPYK-
IIUM TACCUBHOTO craduim3aropa [10].

B sTOM Cityyae KOHCTPYKIUS TTOIBHK-
HOTO MOZIYJISl CO CTaOMIIM3aTOPOM YCTOM-
YHBOCTH JIBIKEHUS (PHC. 2) TIPENCTaBISIET
coboif pamy [/, Ha KOTOPOH pPa3MEIICHBI
npuBog 2 ¢ APO 3. Pama ommpaercs
OTIOPHBIMU KoJlecaMu 4 U cTaOuim3aropa-
MH 5 Ha PenbCoBBIA MyTh 6. CTabunmsa-
TOP YCTOMYMBOCTH JBMXKEHHS COCTOUT W3
KopIryca 7, Ha KOTOPOM KPETUTCS TIPH T10-
Moty Oonta 8 u raku 9 momsyH 10, u3-
TOTOBJICHHBIH W3 aHTU(QPHUKIMOHHOTO Ma-
Tepuana (Hanpumep, Tekcronura). Kopmyc
crabunmsaropa 7 MPHUCOEAWHEH K ocH 1]
raiikoit /2.

IlaccuBHBIN cTaOWIU3aTOP YCTOWYH-
BOCTH JBIKEHHUS IOJBHMKHOTO MOIYJIS
WCIBITATENIFHOTO CTeHJIA ISl UCCIIeI0Ba-
HUSI pabOTHl POTAlMOHHBIX MOYBOOOpa-
0aThIBAIOINMX MAIIUH padoTaeT Clemy-
IOLIMM 00pa3oM.

Bo Bpems paboTel 3KCIepUMEH-
TabHOTO CTEeHJAA TOABIKHBIA MOIYJIb,
OTHMpasch Ha OMOpPHBIE Koieca 4 U CTa-
Omninsaropsl J, repemeniaercs ¢ 3ajaH-
HOW TMOCTYNaTeJbHOM CKOPOCTBIO IO
penbcoBoMy nyTd 6. OmHOBpPEMEHHO
npuBoj 2 obecriednBaeT BpallaTeIbHOe
nemwkerane APO 3, xoropoe Hampas-
JICHHO 110 XOJIYy JBW)KCHUS IOJBHKHOTO
Monynsi. BenenctBue oOpabOTKM MOYBI
APO 3 BO3HHMKaeT NOATAIKHUBAIOIIAS
cuja, KOTOpas BeleT K YBEIWMYCHUIO 3a-
JIAHHOM MOCTYIIaTeIHbHOW CKOPOCTH TOI-
BIDKHOTO MoOmynsi. OQHAKO BCJIEICTBHE
CKOJIBXXEHHUSI MEXIy moinsyHoMm /0 cra-
Ounmzaropa 5 W peabcoM 6 BO3HHUKAET
CWJIa TPEHHS, KOTOpas KOMIIEHCHPYET
noATalKUBaIyo cuiy. Ilpoucxomut

IJ
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CTa6I/IJ'II/I3a]_II/I$I HOCTyHaTCJILHOﬁ CKOpO-
CTU NCPCMCUICHHUA IMOABUKHOI'O MOIYIIS
", TaKUM 06p330M, obecreunBaeTcs Imo-

CTOAHCTBO €€ 3HAUCHUs, ONPCALCTIACMOI0O
nporpaMMoﬁ OKCIICPUMCHTAa B TCYCHHC
BCCI'O OIIbITA.

A-A
11 7

P u c. 2. IToaBmXHBIN MOAY/Jb C TACCHBHBIM CTAOMIIN3aTOPOM
Fig. 2. A mobile unit with a passive stabilizer

Hecmotpss Ha mnpeumymecTBa IaH-
HOW KOHCTPYKIHH CcTabuim3aropa Haj
paccMOTpEeHHBIMH paHee, OHa HE JIHIIe-
Ha HEJIOCTAaTKOB, TAaKUX Kak TpeboBaHUeE
K TOCTOSIHHOMY YXOIy, 3aKJIIOYaloIeMy-
Csl B OYHCTKE TIOJI3YHA H PEITLCOBOTO MY TH
oT meuH ¥ Tpszu. Kpome storo, momsyH
cTabum3aTopa MmoiBep:KEeH U3HOCY.

Cremyronuii BapuaHT CTa0MIM3aTopa
yCTOfI‘-IHBOCTH JABUKCHUA ITOABUKHOI'O
MOJYJIS MO3BOJISIET UCKIIIOYUTh HEAOCTAT-
KA TPEAbITYINX KOHCTPYKIMA 3a CYeT
WCTIONIb30BAHUS 3JIEKTPOMArHUTHOTO TOP-
mo3a [11] (puc. 3). B atom cirydae mon-
BIDKHBIN MOAYJIb OSKCIICPUMEHTAJIIBHOT'O
CTeH/Ia TIpeACcTaBisieT coboil pamy [, Ha
KoTOpoil paszmemen npuson 2 ¢ APO 3.
Pama onmpaercst onmopHbeIMEH KoJecaMu 4
U 5 Ha penbcoBblid myTh 6. Ha pame / 3a-
KpeIJIeH KPOHIITENH 7, HA KOTOPOM ycCTa-

HOBJICHA DJIIEKTPOMAarHuTHas wydra &,
COEIMHEHHAs TIPU TTOMOIIN COETMHUTEIh-
HOU My(ThI 9 C OLIOPHBIM KOJIECOM 3.
ONEKTPOMAarHUTHBIA  CTAOMIIN3AaTOP
JBIDKEHUSI TIOJIBUXKHOTO MoOnyis pado-
TaeT cleAyrimuM obpa3oM. Bo Bpems
paboTHl  AKCIIEPUMEHTATBHOTO  CTEH-
Jla TOABWXHBIA MOy, OMUPAsCh Ha
OIIOpHBIE Kosieca 4 U 5, mepeMeIaeTcs
€ 3aJJaHHOH MTOCTYNATENbHOM CKOPOCTBIO
[0 PeNbCOBOMY IyTHU 6. OJHOBPEMEHHO
npuBog 2 oOecreynBaeT Bpaliareib-
"Hoe nsumxenne APO 3. BcecaencrBue ux
B3aUMOJECHCTBHUSL C IIOYBOM BO3ZHHUKAET
MOATANKMBAIOIAs CHWjIa, KOTopas Be-
JIET K YBEJIMYEHHUIO 3aJaHHON MocCTyma-
TEIBHOU CKOPOCTH 3KCHEPUMEHTAIbHOU
tenexxku. OIHAKO BCIEACTBUE PabOTHI
ANIEKTPOMArHUTHOTO TOpMO3a 8 CO3/aeT-
Csl TOPMO3HOM MOMEHT, KOTOPBIA Tepe-

Texnuueckue HAayKu
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JaeTcsl 4epe3 COEAMHUTENbHYI0 MY(QTy
9 OOPHOMY KOJIECY 5, YBEIUUUBAET TEM
CaMbIM COIIPOTHBJICHHE II€PEKATHIBAHUIO
IMMOJABUKHOIO MOAYJId M KOMIICHCHUPYCET

noarankuparomyto cuny APO 3. Takum
o0pa3oM, NPOUCXOAWUT CTAOMIU3ALUSL

JABHMIKCHUA U HOCTyr[aTCJ'IBHOﬁ CKOpOCTH
IMOABUIKHOI'O MOOYIJIA.
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P u c. 3. TlogBMXHBIH MOIYNB C 3JEKTPOMArHUTHBIM CTAOMIIN3aTOPOM
F i g. 3. A mobile unit with an electromagnetic stabilizer

YuuThiBas KOHCTPYKTHUBHBIE OCO-
OCHHOCTH TEPEUYMCIICHHBIX YCTPONCTB
JUIs. o0ecrieueHus: CcTabuIIn3aluu JIBU-
JKEHHUST TIOJIBUXKHOTO MOJYJS OKCIIe-
PUMEHTAIBHOTO CTEHJAA JJs HCCIEN0-
Banus APO mouBooOpabaTeIBaromux
MallliH, HauboJiee MPUEMIIEMBIM MBI
CUMTAEM BapHaHT TEJICKKU C BICKTPO-
MarHuTHBIM crabunuszaropom. Kpome
OTMHMCAHHBIX MPEUMYIIECTB, OH TMO-
3BOJIIET O00ECTIEeYUTh JUCTAHIIMOHHOE
YIpaBIICHUE DIECKTPOMATHUTHBIM TOP-
MO30M M BO3MOXHOCTh PETYJIUPOBAHUS
TOPMO3HOTO MOMEHTa Ha Pa3JIMYHBIX
pexuMax MpOBEIICHHS HCTIBITAHUH.

Engineering

MarepuaJjbl 1 MeTOIbI

PaccmoTpum 000CHOBaHUE MECTOIIO-
JIOKEHUS MPEIIaraeMoro dIIEKTpoMar-
HUTHOTO TOPMO3a B KOHCTPYKIIMU TMOJ-
BIKHOTO MOJYJIA. YUHTHIBast €e 0CoOeH-
HOCTH (CM. pHUC. 3), JIEKTPOMAarHUTHBIHI
TOPMO3 MOYKHO PACTIOJIOKUTH Ha OCSIX €TO0
OIMOPHBIX MEPEAHUX UIIN 3aTHUX KOJICC.

Bei00p MecTomonoykeHus: eKTpoMar-
HHUTHOTO TOPMO3a OCYLIECTBISUICS Ha OCHO-
BaHWH ycroBws (1), COCTaBIEHHOTO C Y4ETOM
CIJI, ICHCTBYIOIIMX Ha TOJBIKHBIA MOMYIb
M ero pabodre 3IeMEHTBI, & IMEHHO OIop-
HbIe TieperHre / 1 3aaHue 2 KoJeca, a Takke
APO 3, pasmermiennpie Ha pame 4 (puc. 4).
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g

{2

P u c. 4. Cxema HarpyeHus HOABUKHOTO MOAYJIS
F i g. 4. Scheme of the load of a mobile unit

O00CHOBaHHE MECTOTIONIOKEHUS TIPE]I-
JIaraeMoro  AIEKTPOMArHUTHOTO TOPMO3a
B KOHCTPYKIIMH TIOJBMXKHOTO MOJIYISI BBI-
MONHSUIOCHh Ha 0a3e MpPOBEAEHHOTO Teope-
THYECKOTO HCCIICAOBAHUS YCTOMYNBOCTH
JBIKEHHUS TIOJBIKHOTO MOZYJIS, METOIMKA
1 Pe3yIIBTaThl KOTOPOTO IOJPOOHO paccMo-
TpEeHsI B padote [5].

Wcnone3yst ycrmoBue (1) m mgaHHBIE
pHC. 4, TOMYYINM CIIEYIONINE 3aBUCUMOCTH:

— TP paCITIOJIOKEHUH TOPMO3a Ha Tie-
peaneit ocu:

er S FCTB + FfA’ (2)

— TpU PACTIONOKEHHH TOpMO3a Ha
3aJHel ocu:

Ere S FCTA + F/B’ (3)

e F , — moprankuBaromas Cuia
APO F, mnpuBeneHHas K OCH OIOp-
HBIX KOJEC MOABIKHOTO Moayns (T. E),
H (cormacho puc. 4, F =F);F uF_ —

e X cTB ctd

CWIbl  COMNPOTUBICHHWM  II€PEKATHIBAHUIO
3aJHAX W TEPEAHUX KOJEC TMOABHKHOTO

MOAYJsl COOTBETCTBeHHO, H; F PR F P

CWJIBI TPEHHS Ha CTHIKE KOlleca M pelibca,
MePeHNX W 3aTHUX KOJEC TMOIBMKHOTO
MOZYJIsl COOTBETCTBEHHO, H.

st ompenesneHust cuibl £ BOCTIONG-
3yeMcs 3aBHCHMOCTBIO, YCTaHOBJIEHHOM
B XOJI€ SKCIIEPUMEHTAIbHBIX HCCIEIOBA-
Huit B3aumoneiicteust APO ¢ nousoit [3]:

4)

e p — TBepaocTh nousl, Mlla; S —
mojlauya Ha HOX, M.

ComacHo ycnoBusiM ucnbitanuid APO
10 METOAWKE TIIAHMPOBAHNS SKCIIEPUMEHTA,
3HAYCHUSI TTaPaMETPOB TBEPIOCTH TIOYBHI p
m3mensercs B mpenenax or 0,25 Mlla mo
1,65 Mlla, a 3Ha4ueHus TIoAa4YM HA HOX S —
ot 0,03 m 10 0,11 m [3; 12—13].

Jst ompeneneHus] CHUIBI COTPOTHB-
JIEHUs. TIEPEKATHIBAHUIO 3aaHUX F_ .
¥ TepenHux F_ - KOJEC MOIBHIKHOTO
MOMIYJISI BOCTIONB3YEMCS YPaBHECHHSIMU,
YYUTHIBAIOIIUMHU KOHCTPYKTHUBHBIE OCO-
OCHHOCTH TOJBIKHOTO MOJYJS, PEXH-
MaMH{ ero paloThl, a TaKXe CHIIOBBIMHU
XapaKTepUCTUKaMH B3aNMOJICHCTBHS UC-
neITtyemMbeix APO ¢ mouBoit [5]:

F.=4,5—7Tp — 38 + 2496pS,

Texnuueckue HAayKu
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gm. (1, —ll)—(23,2+42,2p—66S+49,2pS+42,5p2)1[2y+fdj,8 . (5)

B :{ (1, +1)—(4,5-7p-3S),

DK 12
[amy, +(23,2+42,2p—665 +49,2pS +42,5p" ), + |( 2u+ fd \ B . ©)
A (4,5-7p-39)], DI,

I1e g — YCKOpPEHHEe CBOOOMHOIO TMa-
nenust (g = 9,81 m/c?); m, — macca non-
BIKHOTO Monyist (m_ = 380 kr); [ u [, —
paccrostHue ot 1ieHTpa macce (1. C) 10 ocH
3aqHUX Kojec (T. B) u 0a3a MOJBUKHOTO
MOAYASl COOTBETCTBEHHO (JUIA paccMa-
TpHBaeMoi KOHCTpyKumu [/ = 300 mm, [, =
1 100 mm); [, u [, — pacCTOsIHMS OT LIEH-
tpa APO (1. O) 10 OCH 3alHUX OMOPHBIX
kojec (T. B) B TOPM3OHTAJIBLHOW U Bep-
TUKAJIHOW TUIOCKOCTAX COOTBETCTBEHHO
(c yaeToMm aHanM3a reoMeTpUU KOHCTPYK-
UM TIOABMXKHOTO MOAYJS U TIPH YCIO-
BUM (ppezepoBaHUs TMOYBHI HA TITyOWHY
h=12cm: [, = 800 mm, [, = 360 Mm); p —
KOO OUIMEHT TpeHUs KadeHus (I 4dy-
TYHHOTO KOJIeCa U CTAIBHOTO penbca M =
0,5 mm [14]); f — ko dunmeHT TpeHHS
B MOMIIMITHUKAX OcCed komec (Al Moj-
mumarKoB KadeHus f = 0,01 [Tam xel);
d — TMaMeTp OCH KOJIEC IO TMOMIITHITHUK
(d = 35 mm); D_— nuametp konec (D=
200 mm); S — kodhPULMEHT, YyYUTHIBA-
IOLIMH CONPOTUBIICHHE OT TPEHUS pedop
(B =0,5 mm [Tam xe]).

3HaueHHs CUJI TPEHHS Ha CTHIKE KO-
Jeca U penbca I PR F 5 OTIPEJICITHM 110

dopmymam:
F}A :fc RIT; (7)

Fy =1 Ry (®)

Engineering

rae /. — Ko3pPUIMEHT TPEHUS CKOJIb-
KeHusi (IPH TPEHHH HECMa3aHHBIX qy-
TYHHOTO KOJIECA U CTAJIbHOIO pelbea f, =
0,15 [Tam xe]); R u R ,— cuisl nasie-
HUS Ha MEPEeAHUX M 3aJHHUX Kojlecax Te-
JISKKU COOTBETCTBEHHO, H.

st onpenenenys cui RTl u RT2 BOCIIOJb-
3yeMCsl CIeYIOIIMMA BRIPKEHUSIMH [5]:

Fxe 1 03

R = ; 9
I . )

_gm (=)= F, (L +1) - M 10 (10,

2r
12

_ ngll +F;el3 +M

R

rae F, — 3HaYCHHE BBITAIKUBAIOIICH
cuisl APOF S MIPUBENCHHOM K OCH BpaILICHHs
OTIOPHBIX KOJIEC TIOBIKHOTO MOIYIIA (T. E)
(commacuo puc. 4, F = F); M, — MomeHT
mapel CHJI TPU TPUBEICHUM ITOATAIKHBA-
roueid cuiibl APO £ K 0CH BpallieHus omop-
HBIX KOJIEC TIOBIKHOTO Momyist (T. E), H.

Jis ompenesneHust CUibl £ BOCIONb-
3yeMcsl 3aBHCHMOCTBIO, YCTaHOBJICHHOM
B XOZIe JKCIEPUMEHTAIIBHBIX WCCIIEI0-
Baunii B3ammoneilicteust APO ¢ mousoi
[3], a nnsa ompeneneHuss MoMeHTa M. e ™~
YpaBHEHUEM, MOJIYYCHHBIM MPU TEOPETH-
YECKOM HCCeAoBaHuu [5]:

F =232 +422p — 665 +

T+ 49,21pS + 42,5p% (11)

39
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M., =45~

7p-38),107. (12)

IToncrapmss nocienoarensHo (11) m (12) B (9) u (10), a 3arem B (5) u (6) ¢ yue-
TOM psiJia IPeoOpa30BaHUI TOIYUUM CIIEAYIOIIUE YPABHEHHS:

gml, +(23,2+42,2p—

66S+49,21pS+42,5p2)l3

+
I
Fy =1, ’ ; (13)
L (45-7p-35)1,
I,
gm, (I, =1)—(23,2+42,2p - 665 +49,2pS +42,5p ) (1, +1,)
Fy=1 h (14)

(4,5-7p-35)1,
l

Pe3yabrarhl ncciaenoBaHus

Jis aHanm3a JUHAMHUKH CHJI TPSHUS
F, v F_ COOTBETCTBEHHO MOJICTABUM B 3a-
BucumocTr (13) u (14) npHUHATBIE U W3-
BECTHBIC 3HAYCHUS MApaMeTPOB, a TAKKE

MHUHUMAJIBHOE ¥ MaKCUMAJIbHOES 3HAYCHUS
nogay Ha HOX S (S . = 0,03 m; §_
0,11 M) ¥ 3HaUEHUS TBEPAOCTH IIOYBHI p
B jnuamnasone ot 0,25 MlIla go 1,65 MIla.

Pesynbrarsl pacdeToB CBEIEM B TAOMHILY.

Taonuma
Table

3naveHust CHJI, ):[ei’lcnaylomnx Ha nepeaHue FAjI/I 3aiHUE FBj KoJ1eCa NOJABHIKHOI0 MOAYJIsl
IPA Pa3IUYHBIX BAPUAHTAX YCTAHOBKH 3JIEKTPOMATrHUTHOI'O TOPMO3a

Values of the forces effecting on the front F and rear F B wheel of the mobile unit
under different options of mounting electromagnetic brake

[onaua Teepnocts noussl p, MIla / Soil hardness, p, MPa
3uauenus cui, H / Ha HOX S, M /
Values of forces, H Supply on
coulter, S, m 0,25 0,60 0,95 1,30 1,65
1 2 3 4 5 6 7
0,03 21,4 45,1 68,9 92,7 116,4
FXE
0,11 71,1 164,7 258,4 352,0 445,6
0,03 1047,5 | 10272 999,5 964,6 9227
R
It
0,11 1050,4 | 1029,1 1000,5 964,6 921,4

60
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Oxonuanue mabnuywt / End of table

1 2 3 4 5 6 7
0,03 2651,0 | 2604,3 | 2539,9 | 2457,7 | 23579
R
pas
0,11 2658,4 | 2609,3 | 2542,5 | 2458,1 | 23559
0,03 87,7 86,0 83,9 81,2 77,8
FC'I'B
0,11 87,8 86,3 83,9 81,2 77,8
0,03 149,5 146,4 142,3 137,0 130,7
F,
0,11 149.,9 146,7 142.4 137,0 130,6
0,03 237,0 2324 226,2 218,2 208,5
ctB + F/A
0,11 237,71 233,1 226,4 218,2 208,3
Boinonnenue ycioBus 0.03 + + + + +
(3HaK «+» — yCIIOBHE BBIIOJI- ’
HSETCS; 3HAK «—» — YCIOBUE
He BoImoiHsercs)) / Condition
(«+» — condition is met;
«» — condition is not met)
F <F,+F, 0,11 + + - - —
0,03 34,4 35,1 35,9 37,1 38,4
Fc-rA
0,11 343 35,0 35,9 37,1 38,4
0,03 4717,8 470,7 460,8 4483 433,0
Fpy
0,11 478.,9 471,5 461,2 4483 432,7
0,03 512,3 505,8 496,8 485,3 471,4
ct4 + F/B
0,11 513,3 506,5 4972 485.,4 471,2
Boinonnenue ycioBus 0.03 + + + + +
(3HaK «+» — yCIIOBHE BBIIOJI- ’
HSIETCS; 3HAK «—» — YCIOBUE
He BoinonHseTcs) / Condition
(«+» — condition is met;
«» — condition is not met)
F <F, +F, 0,11 + + + + +

Engineering
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W3 ananusza TaOnMHMLBI CIETyeT, 4YTO
pasMelieHue MEKTPOMarHuTHOTO TOPMO-
3a Ha OCH TEpeTHUX KoJiec He MO3BOIS-
eT 00eCTIeYnTh BEBITIOTHEHHE TPeOyeMoro
YCIIOBHSI Ha BCEX peXHUMax padOThI MOJ-
BMIKHOI'O MOAYJid, a UMCHHO IIpU Sm =
0,11 m u p > 0,95 Mlla. PasmeneHne
AIIEKTPOMArHUTHOTO TOPMO3a Ha 3aHei
OCH OTOPHBIX KOJEC, HAIpOTHB, TO3BO-
NSeT MOOWUTHCS BBHITIONHEHUS yCIOBHS
Ha BCEX pexnMax (YHKIMOHUPOBAHUS
MOABMKHOTO MOJIYNS U, CIIEJOBATENBHO,
o0ecrneunTs CTa0MIBHOCTh €ro JBHXKE-
HUSl 110 PEIbCOBOMY IYTH DKCIEPUMEH-
TaTbHOTO CTEH/IA.

IIponsBemem BbIOOp THIIOpa3Mepa
ANEKTPOMArHUTHOTO TOPMO3a MO CIEeIy-
IOLIEMY YCJIOBHIO:

T,<T., (15)
e T, u T — pacueTtHoe u Tabnny-

HO€ 3HAYCHHUS TOPMO3ZHOTO MOMEHTa CO-
OTBETCTBEHHO, H'M.
3nayenne MomeHTta T, OIpenenauMm
no gopmyine [Tam xe]:
T,=K.T

T ~ pmin’

(16)

rae k — kod(pdHUUMEHT 3amaca Top-
MO3HOTO MOMEHTA (k,=15), T omin  PAC-
YEeTHBIH MHUHHUMAIBHBI TOPMO3HOW MO-
MeHT, H-M.

Mowment T . ONpENENsieM ¢ y4eToM
ocobeHHOCTe paboThl M HArpyXEeHUS
MIOJIBI>KHOTO MOJYJIS (CM. puc. 3) 1o ciie-

nyroreit hopmye:

D, . _
= 17Bpacq7 TKIO 37

pmin (17)

e Fp .., — pacueTHas CHia TPEHHUs
CKOJIBXKEHUSI Ha TOPMO3HBIX Kojecax, H;
D_— nnamerp xoneca (D = 200 mm).
PacyetHoe 3HaueHue cuibl Fp
OIIPE/IENIUM C YU4ETOM OCOOEHHOCTEH CH-
JIOBOTO HAIPY)K€HHs 3KCHEPUMEHTaIb-
HOH TeNeXKHU 1 3aBUCUMOCTH (3) 10 cIie-

nmytorneit hopmye:

62

/Bpacu = eri - FCTAi’ (18)

e F u F — 3HAYE€HUS MOATAJIKH-
BAKOLICH CHIIBI Ha APO u cwia COTIpO-
THUBJICHUS TICPEKATHIBAHUIO HA TIEPETHUX
KOJIecax TOABUKHOTO MOIYJSl, COOTBET-
CTBYIOIIIUEC HAMOOJIEE THIKEIIOMY PEKUMY
ero pabotsr, H.

Hcxons w3 ananmmza NaHHBIX TaOIH-
b1, HAanOOoJIee TSOKEIBIA PEXUM PabOTHI
COOTBETCTBYeT MAaKCHMaJbHBIM 3Hade-
HUAM TBepAocTH 1mouBkl (p = 1,65 MIIa)
1 nofauu Ha HOX (S = 0,11 M), 11 KoTO-
peix F =4456 Hu F_ =384 H.

Ilocne HOCJ‘IC,Z[OBaTeJ'ILHOI/I MoJICTa-
HOBKHM W3BECTHBIX M PACCUMTAHHBIX 3HA-
gernii B (18), (17) u (16) momyumm:

F =445,6 — 38,4 = 407,2H;

fBpacu

200

=407, 2710*3 =40H -m ;

pmm
T, = 1,540 = 60H-m

Hanee no karanory [15] ¢ yaerom yc-
noBus (15) BeIOMpaeM TOpM03' [IT-6M1
C TOPMO3HBIM MoMeHTOM T = 60 H-.wm
1 pabouuM Uara3oHOM yacToT Bpalle-
Hust ot 1 1o 4 000 mun .

Kunemarnueckas cxema MOIBUKHOTO
MOAYJS C pa3MEICHHBIM Ha OCH 3aJJHHX
KOJIeC 3JIEKTPOMAarHUTHBIM  TOPMO30M
NpeAcTaBlIeHa Ha puc. 3.

OO0cy:xneHue U 3aKJI0YeHUs

IIpoBeneHHOe wccnenoBaHWE IMO3BO-
JUJI0 HAWTH KOHCTPYKTOPCKOE pelleHue
Mo 00ecCIeueHHI0 CTa0MIIN3aIUN YCTOM-
YMBOCTH JBM)KEHHS TOABM)KHOTO MO-
Iyl SKCTIIEPUMEHTAJIBHOTO CTEHIA HpHU
nposeneHun ucnbiTanuid APO  mouBo-
obOpabarpiBatomux MamuH. Kpome 3to-
ro, ObLIO MPOBEACHO OOOCHOBAaHHE BHI-
Oopa TumnopasMepa M MECTOIOJIOKCHHS
ANEKTPOMAarHUTHOTO TOPMO3a C YYETOM
KOHCTPYKTUBHO-TEXHOJOTHYECKUX  Ta-
paMeTpoB M pPEXKHMOB PaOOTHI, a TaKKe
0COOEHHOCTEH MPOBENEHHS SKCIIEPUMEH-
Ta. JIOCTUTHYTHIE PEe3yJbTaThl B IIEPCIICK-

Texnuueckue HAayKu
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THBC CHOC06CTBy}OT MOBBIIICHUIO YUCTO- W IO3BOJIAT IMOJIYYaTb Hanbosee OOBEK-
Thl SKCHCPUMCHTAJIBHBIX I/ICCJIeI[OBaHI/Iﬁ THUBHBIC JAHHBIC B XOAC UX MPOBCACHUA.
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MHOI'OKPUTEPUAJIBHBIE CUCTEMbI
ONITUMMU3ALIMU B AT'POITPOMBIIIIJIEHHOM
KOMIUVIEKCE

E. B. lllemrynoBa

@I'FOY BO «Apocnasckasn eocyoapcmeeHHAs
cenvbckoxosalicmeenHas akademusy (2. Apocnaesns, Poccus)
e.sheshunova@yarcx.ru

Beedenue. B cratbe paccMaTpHBaOTCSI BOIIPOCH HCIONB30BAHUS MHOTOKPUTEPHAIBHBIX
CUCTEM ONTUMU3AIUH, UX TPEUMYLIECTBO Mepell OAHOKPUTEpHaIbHbIMU. BriepBrie naH-
Has Tema OBLIa pacCMOTpEHa UTaIbSHCKHM 3koHoMmEcTOM B. Ilapero. B manpHeiimem
HMHTEpPEC YUEHBIX BCEro MHpa K M3yYEHHUIO 3TOr0 BOIPOCA YCHIIMIICS, MOCKOJIbKY MHOIO-
KpHUTEpUANbHBIE 3371a4i, OYE€BUIHO, IPUCYTCTBYIOT BO BCEX Cdepax AeATEIFHOCTH.
Mamepuanvt u memoowi. JIns pacCMOTPEHUS JaHHOTO BOIPOCa ObLIM COCTABJICHBI MaTe-
MaTH4eCKHe MOJAETH 00BEKTa ONTHMU3AINHY, BRIOPAHBI KPUTEPUU ONTHMAIILHOCTH, yCTa-
HOBJICHBI BOBMO)KHBIE OIpaHHUYEHHUSI.

Pesyromamul uccnedoséanus. 3anadn MPOSKTHPOBAHUS CIOKHBIX CHCTEM BCETAa SBIIS-
FOTCSI MHOTOKPUTEPUATLHBIMH, TTOCKOJIBKY MPU BBIOOPE JOCTOBEPHOTO BaphaHTa MpH-
XOIUTCS YYHUTBHIBATH MHOXKECTBO DPA3IMYHBIX TPEOOBAHUH, KOTOpBIC MPEIbSBISAIOTCS
K cucteMe. JIs momydeHus 6osiee MOTHOM XapaKTePHUCTUKH HEJOCTATKOB M IOCTOUHCTB
MPOEKTUPYEMOTO 00BEKTa OBLIIO YBETHMYCHO KOJIUYECTBO PACCMAaTPUBAEMBIX KPUTECPHEB
KadyecTBa. MeToJi MHOTOKpUTEPHUAIbHON ONTUMH3AIMU TIPEIIoNaraeT BO3MOXKHOCTh paH-
JKUPOBaHUSI KPUTEPHEB, T. €. ONPEICICHUS NPEUMYIIECTB KaXKAOTO MPEANIECTBYIOMIETO
KPHUTEpHUs TIepell CICAYIOMIM. B yCIoBUsIX HEMOMTHOTH HH()OPMAITUH, TPYIHOCTEH COM3-
MepeHHs 3HAYUMOCTH KPUTEPUEB ONTHMU3AIMK BBIOOP JTyHIIEro MpeACTaBIseT onpere-
JICHHYIO CIIO)KHOCTB, KOTOpasi, OJTHAKO, YACTUYHO HHUBEIUPYETCs Oraromaps UCIOb30Ba-
HUIO PACCMOTPEHHOTO B CTaThe METOAA.

Obcysrcoenue u 3axmovenus. B MPeABITyIX UCCIETOBAHUSIX HAMH PACCMATPHBAJIHCh
3aJa4i, B KOTOPBIX, KaK MPaBHJIO, OBII BCETO OIUH OCHOBHOH KPUTEPHH M, COOTBET-
CTBCHHO, €MUHCTBEHHAs IeneBas QyHKIuUsA. B crmydasx, korna Ka4ecTBO PEHICHHUS Olle-
HUBAETCS TI0 HECKONBKUM KPUTEPHSIM, BHIOOD JIyUIIEro peIicHHs MPEACTaBIET COOOM
0oJiee CIIOXKHYIO 3a/1ady, OCOOCHHO YYHTBIBas, YTO HEH3BECTHO, KAKOC UMEHHO W3 HHUX
OyzeT my4ymuM. MIMEHHO MO3TOMY OKOHYATENbHOE pPEeIleHHE IOJDKHO YYHTHIBATH BaXK-
HOCTh Ka)XJOH 1eneBoi (yHKImH. OCHOBHOHM CIOKHOCTBIO MPU MHOTOKPUTEPHATIBHOM
ONTUMH3ALUH SBISIETCS HEOIHO3HAYHOCTH BHIOOpA «ONTUMAIBHOTO pemeHus». s ee
MPEOI0JICHHST HEOOXOMUMO YYeCTh BCe TPeOOBaHUs, MPEABABIAECMBIC K paccMaTpHBac-
MOMY OOBEKTY.

Knroueewie cnoea: ONTUMU3AIMA, MHOTOKpUTEPHUAJTIbHASA CUCTEMA, KpI/ITepI/Iﬁ OIITUMAJIb-
HOCTH, 3aJla4ya OINTUMH3aAlIUU, MaTEMaTUYCCKast MOACIIb, OCHOBBI OIITUMHU3alluUU

na yumuposanua: llemrynosa E. B. MHorokputepuanbHble CUCTEMbl ONTUMH3ALUU
B arponpOMBIIIICHHOM KoMIutekce / BectHuk Mopaosckoro yausepcureta. 2017. T. 27,
Ne 1. C. 67-76. DOI: 10.15507/0236-2910.027.201701.067-076

bnazooapnocmu: ABTOp BbIpaKaeT 0OarofapHOCTh CBOEMY HAyYHOMY PYKOBOIHTEIIO

C. A. KpacHosy, a Take pykoBoactsy ®I'BOY BO «SpocmaBckas rocygapcTBeHHas
CENTbCKOXO3SICTBEHHAS aKaZIeMHsD) 3a TOMOIIb IPH ITOATOTOBKE HAYYHOH CTaThH.
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MULTICRITERIA SYSTEMS OF OPTIMIZATION
IN AGRO-INDUSTRIAL COMPLEX

Ye. V. Sheshunova
Yaroslavl State Agricultural Academy (Yaroslavl, Russia)
e.sheshunova@yarcx.ru

Introduction. The article deals with multicriteria systems of optimization and their ad-
vantage over one-criterion systems. This approach is based on the key ideas of the fa-
mous economist V. Pareto. Recent interest of many scientists to this area of knowledge is
caused by emergence of multicriteria tasks in all spheres of human activities.

Materials and Methods. For consideration of this issue, the mathematical models of
an optimization object are made, the optimal criteria are chosen, the possible restric-
tions are set.

Results. Design of difficult systems is always multicriteria challenge, because the de-
signers take into account many requirements for the system. For a complete review of
all positive qualities and defects of the proposed facility, the number of quality criteria
taken into account was increased. Choosing the best option is burdened by incomplete
information and difficulties of determining the significance of optimization criteria. The
method, presented by the authors, can overcome most of the difficulties.

Discussion and Conclusions. In the previous studies we considered the tasks where there
was one main criterion and, accordingly, only the objective function. The choice of the
best solutions for several criteria is a more complex task on. The final decision must
take into account the importance of each objective function. The main difficulty with
multi-criteria optimization is the selection of the best solution. It is necessary to take into
account all requirements for the object under considerating.

Keywords: optimization, multicriteria system, optimal criterion, problem of optimization,
mathematical model, optimization bases

For citation: Sheshunova YeV. Multicriteria systems of optimization in agro-industri-
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Beenenne

Onmumu3zayueil Ha3bIBaeTCAd Le-
JIeHaIlpaBlieHHAs] AesATEeNbHOCTh, KOTO-
pas 3aKirodaeTrcs B TONy4YeHWH Hau-
JTYYIIUX PE3yJbTaTOB TPH 3aTaHHBIX
ycmoBusix [1].

s HaxOoXJIeHHsT ONTUMAIBHBIX pe-
IIEHUH HEOOXOMUMBI CIICIUANbHEIE Ma-
TEMaTU4YEeCKUE METOIbl, U yxke B 18 B.
y4eHbIE  3QJOKWIH  MaTeMaTHYeCKHe
OCHOBBI OINTUMU3ANNH (JUCICHHBIC Me-
TOJIbI, BAPUALIMOHHOE MCUUCIICHHUE H JIP.)
[Tam xe]. Kpome sToro, BBEeieM OHSTHE
Kpumepusi ONMUMAIbHOCHUY — KOJTHYECT-
BEHHOW OIIEHKH ONITHMHU3HUPYEMOTO Kaye-
cTBa oObekTa [Tam xe].

Ha ocHoBaHnu BBIOpAaHHOTO KpHUTE-
pYs ONTHUMAIBHOCTH COCTAaBISIOT IIeJie-

68

By (YHKIHIO, KOTOpas TIPEACTABISIET
c000¥ 3aBUCUMOCTH JAaHHOTO KPHTEPHS
OT TTapaMeTPOB, BIHUIIONINX Ha €€ 3Hade-
HUe. Buj kputepus onTUManbHOCTH WA
LEJIeBON (PYHKIIUM ONpECeTCs KOH-
KpETHOM 3ajaueld ontuMusanuu [2].

Juia perneHus 3aa4d ONTHMU3AINH
MIPOU3BOIAT CIEMYIOIINE OTIePAIIH:

— COCTaBIICHHE MAaTeMaTHIECKOH MO-
JIeTd 00bEKTa ONTUMHU3AIINH;

— BBIOOp KpUTEpHUS ONTUMAIBHOCTH
U COCTaBIICHUE 1EJICBOI (DYHKIINU;

— yCTaHOBIIEHHE BO3MOXKHBIX OTpa-
HUYCHUH, KOTOpPBIE HAKJIAIBIBAIOTCS Ha
TIepEeMEHHBIC;

— BBIOOp METONa ONTHMHU3AINH, TI0-
3BOJISIFOIIET0 HANTH SKCTpEMaIbHBIC 3HA-
YCHHUS HCKOMBIX BEINYHH.
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BomnpocaMm, CBSi3aHHBIM C MHOTOKpH-
TEpUATbHOW CHCTEMOH ONTHUMU3ALNH,
MOCBSIIEHO OOJNBIIOE KOJMYECTBO HAyY-
HBIX padoT.

Hanpumep, A. I. Tpudonos yaensn
BHUMAaHHE MHOXECTBY aJbTEPHATHUBHBIX
METOJIOB; paccMaTpuBall METOA JOCTH-
JKEHHsI TIeNIM KaK 3ajadyy HeJWHEHHO-
ro MPOrPaMMHUPOBAHHS;, AaHATU3UPOBAT
CTPATETHIO B3BEUIEHHBIX CYMM, KOTOpPas
mpeoOpa3yeT MHOTOKPHUTEPHAIBHYIO 3a-
Jlady MHUHUMHU3AIHA B HEKYIO IMPOCTYIO
JUIL BCEX BBIOPaHHBIX OOBEKTOB, YTOOBI
B JAJIbHEHIIEM K Hell MOKHO OBLIO MpH-
MEHUTh CTaHAAPTHBIN allTOPUTM OIITUMHU-
3aruu [3].

YueHbIME OBLIH TIPEIJIOKCHBI ClIe-
IyIOIITHE METOIBI MHOTOKPHTEPHATHHOM
onTtuMmu3anuu [4]:

— wmeron Panra, mpemHazHaueHHBIH
JUTSL TIOUCKa KPUTEPHEB Ha OCHOBE OIlle-
HOK JKCTIEpPTOB;

— metop Preobrazovanie — nns mipe-
00pazoBaHus UCXOMHBIX JAHHBIX 1O IITKa-
ne XappuUHITOHA,

— wMeton Max, mpencTapIsAOMNN
co00if TMOWCK MAaKCHUMaJbHOTO 3Haye-
HUSl W JIeJIEeHHe Ha HETO BCEX TEeKyIIUX
3HAYCHUM;

— Meron Ves, UCNONb3yEMBI B MHO-
TOMEpPHOM ONTUMHU3AIMK (METOJE aHAIH-
3a uepapxuil);

— meron PoiskMaxVesa — 11 Ioucka
MaKCHUMalIbHOTO 3HaY€HUSI B METOE MHO-
TOMEPHOW ONTUMHU3AIUHU, TO3BOJISIONIAN
BBIOpaTh HAWJIYYINYIO aJbTEPHATHRY;

— wMerox Proverka, ucmoib3yeMmblit
B MHOTOMEPHOW ONTHMH3AIMH (METOC
Panra).

. W. barumes, . E. Illamomxu-
KOB paccMarpuBalii YeJIOBEKO-MAIllHH-
HbIE TPOIEAYPHl PEIICHUS 3aaad MHO-
TOKPUTEPUAIBHOT0 BbIOOpa. OCHOBHOE
BHUMAaHHE OHH YIEISUTA aHAJIW3y M WC-
MONb30BAaHUI0 HMH(OpPMAIMU 00 OTHO-
CUTENIFHOW Ba)XHOCTH KPHUTEPHEB OITH-
MaJIbHOCTH TIPU MPUHATHH PEIICHUM.

Hccnenosanus A. B. Jlorosa, 1. 1. T1o-
CIIEJIOBOM TMOCBAIIEHB TEOPUH MHOTO-

Engineering

KPUTCPUAIBHON ONTHUMH3AIMA U METO-
JlaM TIOJICPKKH MPUHATHS PEIICHUN MPH
HECKOJIBKUX KPUTEPHIX.

B. B. [loguHOBCKUM OBITH paccMo-
TPCHBI OCHOBHBIC UACH MHOTOKPUTCPH-
AJIBHBIX CUCTEM U JaHO MPEACTABJICHUC
0 METOoJlax BHIOOpa ONTHMAIbHBIX Ba-
pUAHTOB, OIIEHUBAEMBIX I10 HECKOIb-
KHM KPUTEPUAM C HCIOIb30BaHUEM
uHpOpMAnuK 00 WX OTHOCHUTEIHHOU
Ba)KHOCTH.

Msb1 npegnaraeM HMPUMEHUTb METO-
JIbl MHOTOKPHTEPHUAILHOW ONTUMU3AINH
B CEIIbCKOXO3SHCTBEHHOM IPOM3BOJICTRBE.

MarepuaJjibl 1 MeTOAbI

PaccmoTpuM  TeriooOMEHHHK, KO-
TOpLIﬁ MNpe€aAHasHAUYCH JIA OXJIAXICHUA
ropsideld KHUIKOCTH, B JJAHHOM CiIydae
MOJIOKA, OT TEMIIEPaTyphl f, IO TeMIe-
parypsl t,. B xauecTBe XmamareHra wuc-
T0JIB30BANIACh BOJIA C TEMIIEPATYpPOH 1.
OYHKIMOHUPOBAHWE  TEIUNIOOOMEHHHKA
XapaKTepPH30BAIOCH  CICAYIOIIUMHA  WH-
(GOpMaOHHBIMH ~ TIEPEMEHHBIMU: W

2
W, — MaccoBble Pacxosibl HOCTyl'[I/IBH_IeFIO
MOJIOKa W XJIafiareHTa; A — KOHCTPYKITHU-
OHHBIN THIT TETNIOOOMEHHWKA (TIPOTHUBO-
TOYHBIM, TPSIMOTOYHBIN TIIACTHHYATHIN);
F — mmomrans mMOBEpPXHOCTH TEILIOOOMe-
Ha; 0 — KOJIMYECTBO TEILIA, MEPEAaHHOE
MOTOKOM MOJIOKa TOTOKY XJIQJIareHTa;
K — o0muii ko3¢ dunueHT teronepena-
yn; At — cpemHenorapupMudecKas pas-
HULA Temneparyp; f, t,, t, t, — Teme-
paTypel MOJIOKAa W XJIAJJareHTa Ha BXOJE
M Ha BBIXOJE M3 TEINIOOOMEHHHKA COOT-
BETCTBEHHO [5—7].

MareMaTHueckyr0o MOJAEIbh TEIUIO-
oOMEHHHMKa TPEeNCTaBUM B BHIE ISATH

UHQOPMAIIMOHHBIX ~ CBSI3€i; OCHOBHBIE
YpaBHCHUA TEIUIONCPEAAYUN IIPUBEACM
B crenytommx Gopmynax [8]:
Q=K -F- At (D
t—1,)—(1,—t
Atz(l 4) (2 3), (2)
In L ~h )
(tz - ts)
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K=f(t,t,, 8,1, W, W,),

3)
m 'c’(tl - tz)sz 'cz'(t47 tz):()’ (4)

Q=W -c-(t,-1,).l (5)

IJIE ¢ U ¢, — TEIJIOEMKOCTh MOJIOKA
U BOJbl COOTBETCTBEHHO.

IlepeuncaumM ONTHUMU3HUPYIONIUE WH-
(opManoHHBIE TIEpEeMEHHBIE Ui HC-
CIIEAYEMOro TEIUIOOOMEHHHKa: n = 5;
m=11; F =m — n = 6. CormacHo Tex-
HOJIOTUYECKUM YCJIOBHSIM (DyHKIIMOHH-
poBaHMS  TEIJIOOOMEHHHKa,  peria-
MEHTUPOBAHHBIMH ~ MH()OPMAIIMOHHBIMU
MEPEeMEHHBIMH B CHCTEME  SIBJISIFOTCS
W, t,t,t,.

B kauecTBe ONTUMHU3UPYIOIIHX IIie-
PEMEHHBIX ObLTH BBIOpaHBI KOHCTPYKLIH-
OHHBIM THII TEIUIOOOMEHHHMKA /i U Mac-
COBBIM pacxon xnagareHra W,. Uncnen-
Hble 3HAYCHHsS] O0a3UCHBIX (MCKOMBIX)
WHPOPMALIMOHHBIX ~ TEepeMEeHHBIX  (F),
0, K, At, t,) noayyum 1nocie peuieHus
MaTeMaTHYeCKOW MOAETH TeII000MEH-
HuKa [9-11].

B kauecTBe xJ1agoHOCUTENSI OBLT BbI-
Opan xmagoH R410A, xoTopslii mMeeT
CIIEAYIOIINE XapPAKTePUCTHUKH:

— Temreparypa kunenus — -51,4 °C;

— JaBJICHHWE HACBHIICHHOTO Mapa —
1,56 MlIla;

— BOCIJIAMEHSAEMOCTh OTCYTCTBYET;

— ko3 duumenT paspyleHus 030Ha
pasen 0 [12-13].

Takke OBLI HCIIONB30BAaH TEMJIOBOH
HAacoOC, A7l KOTOPOTO MPUMEHSUIUCH Clie-
IYIOUIME KPUTEPHH ONTUMH3AINN:

— k03¢ $HULIHMEHTHI IPe0oOpa30BaHuUS;

— TeMIlepaTypHble IOKazaTeau (Ha
BXOJI€ M BBIXOJE M3 HAacoca);

— norpebisiemMas MOIHOCTh HAcocCa,;

— MPOU3BOAUTEILHOCTE;

— DKCIUTyaTaIMOHHbIE Mokaszarerw [14-33].

MHorokpuTepranbHas ONTHMHU3ALNS
pelaeT MHOXKECTBO 3a/1a4 IapaMeTpuye-
CKOM U CTPYKTYPHOU ONTHUMH3ALUU.

[ pacuera mapameTpoB Harpesa BOAbI
Y OXJIQXKJICHUSI MOJIOKa C TTOMOIIIBIO TETUIO-
BOTO Hacoca OblIa UCTOJIb30BaHa MaTeMarH-
YecKasi MOJIENb C yIETOM MEPEMEHHBIX.

CxemMa MOJENUPOBAHUS YCTaHOBKH,
HarpeBa BOIBl M OXJAXACHUS MOJIOKa
npencrapieHa Ha puc. 1 [34].

+«— "

_Quuw Q2
coe | |
X — J Gxi(n) x2 @ \ Yi
l\_ Txs1 (z) T2 @
W
Qal (@) W’: QOE 0]
P L T —
[ { Go2 (7 1
X)) Getm | o ARG VY. N
Tol (» To2 ()

P u c. 1. CxemMa MOZETMPOBAHHUS YCTAHOBKH HArpeBa BOJBI M OXJIAXKICHHS MOJIOKa
F i g. 1. Driving simulation of water heating and milk cooling installation
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Ha nanHOM cxeMe HarpeB BOABI U OX-
JaXACHUE MOJIOKA MPEACTABICHBI B BUJIE
M3MCHSIIONICHCS (TMHAMUYIECKON) CHCTe-
MBI, KOTOpasi OCYIIECTBIIET TIPeoOpas3o-
BaHUE BXOIHBLIX BO3JECHCTBHH B BBIXOJ-
HBIE MIEPEMEHHBIE MAPAMETPBI.

BxonHoii BEKTOp X1 U BBIXOJIHOH BEK-
TOp Y, OTHOCSATCS K TPYHTOBO#M BOJIE:

X, = {Q(0); G (1); T (D)}, (6)
yl - {sz(l’); ze(T); sz(r)}ﬁ (7)

e Q, (T) — KOJMYeCTBO TEma, OT-
OMpaeMoro TPYHTOBOH BOAOH B €IUHUILY
BpEMEHHU (XOJ'IO,I[O]'[pOI/ISBOZ[I/ITCJ'ILHOCTL)
kBT; G, (T) — pacxoj rpyHTOBOH BOIIbI HA
BXOJIE B nacoc, kr/u; T, (t) — Temnepa-
Typa TPYHTOBOH BOIBI Ha BXOJE B HACOC,
K; Q,,(t) — Konu4ecTBO Temna, OCTaBlIe-
rocsi y IPYyHTOBOH BOJBI, KBT G,,(v) -
pacxom TPYHTOBOM BOIBI Ha BBIXOJE W3
Hacoca, kr/4; T, (T) — Temneparypa rpyH-
TOBOM BOJIBI Ha Bmxoue u3 Hacoca, K.

BxomHoii BekTOp X, U BBIXOJHOH BEK-
TOp VY, OTHOCATCA K BOJE, HarpeBaeMon
TETUTOBBIM HACOCOM:

X, ={Qu,(0); Gy, (1); Ty, (D)},
yZZ{QOZ(T); GOZ(T); Toz(T)}» (9)

e Q, (t) — KOoJIMYeCTBO Tema, Ko-
TOpO€ TEePEeHOCUTCS BOAOW, IOCTyMa-
IOLICH JITIs1 HarpeBaHusl Ha BXOJIE B HACOC,
kBT; G (T) — pacxoi HArpeBaeMoi BOJIbI
Ha onz[e B Hacoc, kr/4; T, (1) — Tem-
neparypa HarpeBaeMoil BOIbI Ha BXOE
B Hacoc, K; Q (1) — xonmu4ecTBo Terua,
KOTOpOE TIepEeIaeTCsl B €AUHHUIY BPEMEHH
HarpesaeMol Bozie, KBT; G (1) — pacxon
HarpeBacMol BOJIbI Ha BBIXOJIE M3 HACOCA,
kr/4; T, (T) — TeMmeparypa HarpeBaemMoi
BOJIBI Ha BBIXONIE U3 Hacoca, K;

®)

Engineering

BxogHo ynpasmstomuii Bexktop U
ABIIETCS  MOIIHOCTBIO  KOMIIpECcOpa
N, xBT.

Boixoanbie BekTOpbl Y1 U Y2 3aBHUCAT
OT BXOIHBIX BEKTOpoB F| u F,. Orta cBssb
MOXET OBITh Bmpa;KeHa onepaTopOM W.
[Ipu mocTpoeHnn MaTeMaTUUECKOH MOJEH
U €€ TEXHOJOTHYECKOIo IpoLecca Heo0xo-
MO YCTQHOBHUTH BHJ M CTPYKTYpy OIle-
paropa, KOTOPBIi ONUCHIBAET 3aBUCHMOCTb
BBIXOJHBIX TTAPaMETPOB OT BXOJHBIX:

Y =WI[X, X,]

HpI/I Harpe€B€ BOAbBI U OXJIAXKICHUU
MOJIOKa C HCIIOJIB30BAHHUEM TCIIJIOBOTO
HacocCa MbI IMOJTy4aeM BBIPpAKCHUA:

Y, =W I[X; X,];

Y, =W,[X; X,],
Y, = {Quu(0); Gy(1); Ty (D}
Y, = {Qu,(1); Gy (1); T\ (1)}

Bxopnoit ynpansrouuii Bexktop U
MPEACTABISET MOIIHOCTH KOMIIpeccopa
N, kBTt. ['maBHas 3ajgaya MoJelIupoBa-
HUSl — MOJNy4YeHHe MaTeMaTHYeCKuX 3a-
BHCHMOCTEH AJIs ONPEIEIeHHs XOI0H0-
Q,,(t) W TEemIONMPOU3BOAUTENLHOCTH
Q (t) Hacoca:

Q,,(H =W, [N; G, (b); T, (D],
Qoz(t) = Wz[N’ Go](t)9 To](t)’ Toz(t)z
G,,(); T, (D]

PaCCMOTpI/IM MOACIb HaneBa BOJbI
U OXJAXICHUA MOJIOKa C HCIIOJIbB30Ba-

HUEM TEIUIOBOTO Hacoca, KoTopas Oymer
SABIATHCS (DYHKIIMOHAIBHOH (puc. 2) [7].

7"
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P u c. 2. Mozenbs HarpeBa BOJbI M OXJIQXK/ICHHUS MOJIOKA C MCIOJIb30BaHHEM TEIUIOBOTO HAacoca
F i g. 2. Model of water heating and milk cooling using a heat pump

B kadecTBe OCHOBHBIX YypaBHEHHI
IIPU pacyeTe TEIUI00OMEHa, KaK M3BECT-
HO, HCIIONBb3YIOTCSl YpaBHEHHE TEIUIOIe-
penadn ¥ ypaBHEHHE TEIUIOBOTO OasaHca.

OmnpenensironM  GakTopoM  padoTHI
TEIUIOBOTO Hacoca SBIsIeTCs, Kak ObLIo
OTMEUYEHO paHee, MOLIHOCTh KOMIpeccopa
N, nmo3ToMy HEOOXOAMMO YCTaHOBHTH €€
3aBHCUMOCTB OT BCEX OCTAJIbHBIX Xapakre-
pHCTHK paboTHI TETUIOBOTO Hacoca [7]:

N=W,[q,(1): 9, (1): G(2)].

(10)

Kosdpunment mpeobpasoBanus Te-
TUIA BBIYMCIISCTCS CIICIYIOIIUM 00pa3oM:

— 4 11
v (11)
Taroke ykaxkeM (opMmyiny i orpe-
JereHust  koadduimenta npeodpazoBa-
HUS XOJI0/1a:

N=gq,—q,

KT

KE:%. (12)

Takum 00pa3oMm, TEIUIOBOM HAacoC
MOXKHO CUMTATh MHOTO()YHKIIMOHAIBHOM
CUCTEMOM.

Pe3yabrarbl ucciie10Banust

3agaun OIHOKPUTEPHATIBHON MUHHUMH-
3aIH TIPEICTABIIIIOT COOOM CaMyro IIpo-

72

CTYIO MareMaTH4ecKyl0 MOZIENb ONTHMH3a-
LIWH, B KOTOPOW OCHOBHAs (DYHKLIS 3aBUCHT
OT OIHOM TIepeMeHHON. J{i1s romyuenus 60-
Jiee TIOJHOM XapaKTepUCTUKH IapaMeTpOB
MPOEKTHPYEMOTro  00beKTa  HEOoOXOIMMO
YBEJIMYUTh KOJIMYECTBO PAaCcCMaTpUBAEMBIX
KpuTepueB KadecTBa. Takum oOpazom, 3a-
Jaud TIPOEKTHUPOBAHUS CIOXHBIX CHCTEM
BCEIJd MHOTOKPHTEPUAIBHBI, IOCKOJIBKY
MpU BEIOOpE JTOCTOBEPHOTO BapHaHTa IIPH-
XOITUTCSL YUUTHIBATH MHOKECTBO Pa3iIMIHBIX
TpeOOBaHMIA, MPEBSIBISIEMBIX K CHCTEME.

O0cyxaeHne U 3aKJIH0YEHUs

MHorokpuTepranbHasl — ONTHMHU3ALHSA
pelIaeT MHOXKECTBO 3aJa4 IapameTpuye-
CKOM ¥ CTpYKTypHOI ontumm3anmy. HeoO-
XOUMO OTMETHUTh, YTO TpPHU HCIIONB30Ba-
HHUW MHOTOKPUTEPHAIEHON CUCTEMbI HAHTH
OIITHMAJIbHOE PEILICHHE TOpa3io CIOXKHEE,
4YyeM IpH OJHOKpHUTepuanbHoW. OaHAKO
IPY 3TOM 3HAYMUTEJIHHO MOBBIIAETCS Kadye-
CTBO PEUICHUS, a TIOMydaeMble Pe3yIbTaThl
JOCTAaTOYHO TPHOIMKEHBI K PeabHBIM CH-
TyalusM TIOBEICHHUS U3y4aeMOro OOBEKTa.
UYem Oorbllie KpUTEPUEB KauecTBa BBOAUT-
Csl B PAaccMOTpEHHE, TeM OoJee TOYHYIO
XapaKTEepUCTUKY ObEKTa MOXHO IOTYUHTb.
[lo HameMy MHEHHIO, 3a[a4d CIIOKHBIX
CHCTEM BCErJa MHOTOKPUTEPUANIBHBI, TO-
CKOJIbKY TIPY BBIOOPE ONTHMAaJIBHOTO BapH-
aHTa HEOOXOOMMO YYHTHIBATh MHOMKECTBO
Pa3IMYHBIX TPeOOBaHUM, MPEIbABISIEMBIX
K paccMaTpruBaeMoMy OOBEKTY.

Texnuueckue HAayKu
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MMPOEKTUPOBAHUE NMPUBOJIA KOHBEMEPA
B CUCTEME KOMIIAC-3D

M. 0. Poauomkun, JI. B. MacieHHnKOBA,
O. A. ApiokoBa, 10. T. Poqnomkunna®
@I'FOY BO «MI'Y um. H. Il. Ozapésay (e. Capanck, Poccus)
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Beeoenue. B coBpeMEHHBIX yCIOBHAX Tepe MHKEHEPaMH BCTAIOT 3a[a4d COKPAIIECHHs
CPOKOB KOHCTPYKTOPCKO-TE€XHOJIOTMYECKON IHOATOTOBKHM IIPOU3BOACTBA C OJHOBPEMEH-
HBIM TIOBBIIICHHEM KadecTBa pa3padaTbiBAEMON TEXHHYECKOH MOKyMeHTauuu. JlaH-
HbIe 3a/a4d MOryT ObITh pereHbl npu ucnonszoBanun CAD/CAE/CALS-texHonorui
B IPOMBIIUICHHOM IIPOM3BOACTBE. [IpOeKTHpOBaHUE M3NENUH MAIIMHOCTPOSHHS CBS3a-
HO C MOZICIUPOBAHUEM JeTallell U TPEeXMEPHBIX COOPOK B rpa)UuecKHX CHCTEM aBTO-
MaruzupoBaHHoro npoextuposanus (CAIIP) ¢ mocnemyromuM MHXEHEPHBIM aHAIN30M.
B crarbe paccMaTpuBaeTCs MOCIENOBATENILHOCTh IPOSKTUPOBAHUS MIPUBOJIAa KOHBEHepa
¢ MOMOIIIBIO MpuKIanHbiX 6udnmuorek KOMITAC.

Mamepuanet u memoowi. Ilpn nmomomu npuknagaex o6ubmmorek KOMITAC 6suta mpo-
BEJICHBI PacyeT ¥ MOJIETHPOBAHIE MEXaHUIECKHUX Tepesiad, BXOIAIINX B COCTaB MPUBOJA
koHBelepa. Takke ObUIN BBINOIHEHBI IPOEKTHBIN pacueT u noctpoerne B KOMITAC-3D
TpEeXMEpPHON MOJENU MIPUBOAA.

Pesynomamor uccnedosanus. bbuia NpeangokeHa MOCIEA0BaTENIbHOCTh IPOEKTUPOBAHUS
IpUBOJa KOHBelepa ¢ momorsio 6udmmorek KOMITAC-3D.

Obcyscoenue u 3axniovenus. B pesynprate uccienoBaHHs Obula paszpaboTaHa Me-
TOAVKA CO3JAaHUS TPEXMEPHOW MOJENM IPHBOAA KOHBeiiepa, BKIJIIOYAOMIAs BBIOOP
HEOOXOAVMBIX MapaMEeTPOB U IPOEKTUPOBAHMS, PACUeT U MOAEIMPOBAHHE Me-
XaHMYECKUX Mepelad, BXOMIIIMX B MpoeKTHpyeMoe wusnenue. JlaHHble (akTopsl
MO3BOJISIT HCIIOJIE30BaTh BO3MOXKHOCTH coBpeMeHHBIX CAIIP mpu mpoexTupoBaHUH
U3IENTNH COOTBETCTBYIONIETO THUIA, YTO OOECIEUUT COKpalleHHEe BPEMEHHU Ha IOJ-
TOTOBKY IPOM3BOJCTBA, a CJIEJOBATEIbHO, IOBBICUT JKOHOMHYECKYIO 3((eKTHB-
HOCTB pabOTHI.

Knroueevie cnosa: cucreMa aBTOMAaTH3UPOBAaHHOTO HPOEKTHPOBAHHs, TIPUBOJ KOHBelepa,
TpexMepHasi Mofieslb, MexaHudeckas nepenada, KOMIIAC-3D

Jlna yumuposanusa: IlpoektnpoBaHne npuBoaa koHBerepa B cucteme KOMITAC-3D /

M. 1O. Poauomnikun [u ap.] / Bectauk Mopnosckoro yauBepcutera. 2017. T. 27, Ne 1.
C. 77-92. DOIL: 10.15507/0236-2910.027.201701.077-092
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CONVEYOR DRIVE DESIGN IN COMPAS 3D SYSTEM

M. Yu. Rodioshkin, L. V. Maslennikova, O. A. Aryukova,
Yu. G. Rodioshkina*

Mordovia State National Research University (Saransk, Russia)
jgrim@mail.ru

Introduction. Engineers often face problems associated with design and technological
preparation of production and with improving the technical documentation quality. These
problems can be solved using CAD/CAE/CALS-technology in industrial production.
Design engineering products is related to modeling parts and assemblies in 3D CAD
graphics, followed by engineering analysis. The authors demonstrate the sequence of the
conveyor drive design using COMPAS application libraries.

Materials and Methods. A conveyor drive mechanical transmission was calculated and
simulated using COMPAS application libraries. Design calculation and construction of
COMPAS 3D model are present in the article.

Results. The authors proposed their method of the conveyor drive design using COMPAS
3D libraries.

Discussion and Conclusions. The method of a 3D conveyor drive model design with the
choice of the necessary parameters for design, calculation and simulation of mechanical
transmissions as a part of the projected product was developed. The proposed technique
allows using the capabilities of modern CAD software for product design related things
ensuring time reduction for preparation of production, and promoting economic efficiency.

Keywords: computer-aided design, the conveyor drive, 3D model, mechanical transmis-
sion, COMPAS 3D

For citation: Rodioshkin MYu, Maslennikova LV, Aryukova OA, Rodioshkina YuG.
Conveyor drive design in COMPAS 3D system. Vestnik Mordovskogo univer-

siteta =
2910.027.201701.077-092

BBenenue

Kommnniexcnoe Baenpenne CAD/CAM/
CAE-TexHOJIOTHIA B IpOIIecC KOHCTPYKTOP-
CKO-TEXHOJIOTHYECKOW TTOATOTOBKH TIPO-
M3BOJICTBA M UX PAa3BUTHE — B HACTOSIIEE
BpeMsi HE MpPEHMYIIECTBO, a HEo0Xo-
qumoctb. [lpu wucnons3oBanuu  CAIIP
B MAIIMHOCTPOSHUH COKPAIIAFOTCS CPOKH
KOHCTPYKTOPCKO-TEXHOJIOTUIECKONH IO~
TOTOBKH TIPOW3BONICTBA, CYIISCTBEHHO
MOBBIIIIAETCS KaueCTBO KOHCTPYKTOPCKOU
Y TEXHOJIOTUUECKON IOKyMEHTAIIUH, YMEHb-
LIAKOTCS U3ACPKKU WU COBCEM HCKIIIOYa-
€TCsI OMBITHOE TIPOM3BOICTBO M3IICIIHIA.

B Py3aeBckoM HMHCTUTYTE MAaIlUHO-
ctpoenns OI' bOY BO «MI'Y um. H.I1. Ora-
pé€Ba» pa3BepHYT MH(DOPMAIMOHHO-TEX-
HOJIOTHUYECKUNM KOMILIEKC, OCHAILlCHHBIN
COBpPEMEHHBIM TPOTPaMMHBIM  0o0ec-
MEeYeHNEeM JIJIsi WH)XKCHEPHBIX PacueTOB
(T-flex, KOMIIAC, SolidWorks, Siemens
PLM) [1].
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CuntaeM HEOOXOIUMBIM HCIOIB30-
BaHHe 3D-TeXHOIOrMM M HPUKIATHBIX
WHCTPYMEHTAJIBHBIX CPEICTB MPOEKTUPO-
BaHMWs, pacieTa U WHKECHEPHOTO aHaIN3a,
B yacTHOCTH, B cpeae KOMIIAC, mpu
KOHCTPYKTOPCKO-TEXHOJOTUYECKOU TO/I-
TOTOBKE MPOU3BOJICTBA.

llempro  wWccnenoBaHUS — SIBISETCS
pa3paboTka METONWKH CO3[JaHHs Tpex-
MEpHOW MoJleNld TIpUBOJAa KOHBelepa
C TIOMOIIIBIO CUCTEMBI TPOYHOCTHEBIX Pac-
YETOB U MPHUKJIATHBIX OUOIMOTEK B Cpeie
KOMIIAC.

O0630p auTeparypbl

B cocTtaB pa3BHTHIX MAaIIMHOCTPO-
utenbHBIX CAIIP Bxomar CAD-, CAM-
n CAE-cuctemslr. @ynkiun CAD-cuctem
(Computer-Aided Design) B mamuHo-
CTPOSHUH TONAPA3ACIAIOT HAa (QyHKIHH
JIBYMEPHOTO M TPEXMEPHOTO MPOEKTH-
poBanusa. K dynkuusam 2D oTHOCST Uep-
qeHue, O(QOpPMIICHHE KOHCTPYKTOPCKOU
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JoKyMmeHTauuu; K ¢yHkuusM 3D — mo-
Jy4eHHE TPEXMEPHBIX T'eOMETPHUYECKHX
Mozesel, METPUYECKHE PacuyeThl, peau-
CTUYHYIO BU3yaJU3alMi0, B3aUMHOE IIpe-
obpazoBanue 2D- u 3D-moneneii. B psme
CUCTEM INPETyCMOTPEHO TaKXe BBIIOJIHE-
HUE TPOILENyp, Ha3blBAEMBIX MpPOLEAY-
paMy TMO3MLMOHUPOBAHUS: KOMIIOHOBKA
U pasMelieHue 000pyI0BaHMs, POBEAE-
HHUE COEIMHHUTENbHBIX TPAcC U Ap.

[IpoexkTrpoBaHuEe TEXHOIOTUYECKUX
MIPOIIECCOB COCTABISAET YacTh TEXHOJIOTH-
YeCKOM MOATOTOBKM MPOU3BOJICTBA U BbI-
nonnsercst B CAM-cucremax (Computer-
Aided  Manufacturing).  OcHOBHEIE
¢yakmun  CAM-cucreM:  pa3paboTka
TEXHOJIOTUYECKUX TPOLECCOB, CHHTE3
YOPaBJSIOMNUX MPOrpaMM Ui TEXHOJIO-
rudeckoro obopynosanus ¢ UITY, mo-
JeTUpOBaHUE MPOLECCOB  00pabOTKH,
B TOM YHCJI€ IOCTPOCHUE TPACKTOPHM OT-
HOCUTENIBHOIO JBMXXEHHUS HHCTPYMEHTa
¥ 3aTOTOBKH B IpoIlecce 00paboTKu, Te-
Hepalus MOCTIPOLECCOPOB Al KOHKPET-
HBIX TUTIIOB o0opynoBanus ¢ UITY, pacuer
HOPM BpEMEHHU 00pabOTKH.

Oyakmmun  CAE-cucrem  (Computer-
Aided Engineering) moBoisHO pazHOOOpa3-
HBI, TIOCKOJIBKY CBSI3aHBI C IPOEKTHBIMH
MpoLelypaMil  aHalli3a, MOJIETMPOBaHuS,
ONTUMM3ALMN  TMPOEKTHBIX  PELeHHH.
B cocraB mammHocTpoutensHbix CAE-
CHCTEM BKJIIOYAIOT MPOrpaMMbl Ui BBI-
MIOJTHEHUsI MOAEIMPOBaHUs Honel (uzu-
YECKHMX BEJIMYMH, B TOM YHCIIE aHAIIN3
MIPOYHOCTH, pacyera COCTOSHUI Mofe-
JUPYEMBIX OOBEKTOB W HMMHUTALIMOHHOTO
MOZETUPOBAHMS CIOKHBIX TPOU3BOICT-
BEHHBIX CHUCTEM.

B paGore [2] ocBemeH OIBIT HC-
MOJIb30BAHUS BO3MOXKHOCTEH CHCTEMBI
SolidWorks Motion mpu uccienoBaHuM
PBIY2XHBIX MeXaHU3MOB. Pesynbrarom
pacueroB B SolidWorks Motion npu BbI-
MOJHEHUH KHHEMaTH4ecKoro M CHJIO-
BOTO aHaIM3a PBHIYAKHOIO MEXaHU3Ma
SBJSIFOTCS.  TpadUKH  KHHEMAaTHYECKHX
XapaKTEPUCTUK JJS OCHOBHBIX TOYEK

Engineering

U 3BCHHCB MEXaHU3Ma, a TAKKe JUHAMU-
yeckash BU3yaju3allvisi CXEMbl MEXaHHU3-
Ma. B uccnenoBanuu [3] mpencraBieH
OTIBIT COBMECTHOTO TPHUMEHEHHS B TEX-
HudueckoM ynuBepcurete KOMIIAC-3D
U CHUCTEMBI YIIPABJICHUS 3JICKTPOHHBIM
ApPXUBOM KOHCTPYKTOPCKOH JTOKyMEHTa-
uuun JIOUMAH:Kb npu usydyenuun nuc-
murinHel CATIP.

B pabote [4] onucan momxom K Mojie-
JUPOBAHUIO M aHAIHM3Y DJIEMEHTOB MeEXa-
HUYecKuX mepenad B cpene SolidWorks
Ha Oaze APL. B [5] mpoBomutcst pac-
YeT MPOYHOCTH IIECTEPEHHOTO HAacoca,
peanmmzyemoro  cuctemorr  SolidWorks
Simulation.  [IpoyHOCTHBIE  pacdeThl
B MPHUBEJCHHBIX MMPUMEpPaX OCHOBAaHbI Ha
YUCJICHHBIX METOJIaX PEIICHUS 3a/1a4 Me-
XaHWKH, B YACTHOCTH, METOJIC KOHEUHBIX
aneMeHTOB. B [6] paccMoTpeHsl npuH-
munbel paboThl OMONMMOTEKH IMapaMeTpH-
YeCKUX MOJETeH 3yOOpPE3HBIX OJIOSKOB
B cucreme KOMIIAC. B [7-9] ocBemens
OCHOBHBIE BOIIPOCHI aBTOMATH3AI[UH IPO-
EKTUPOBaHMs, pacueta W odopMIcHHS
KOHCTPYKTOPCKOH W TEXHOJOTHYECKOM
nokymeHTannu (deprexeit m 3D-mome-
JIei) OCEBOTO PEeXYIIET0 HHCTPYMEHTa
U YepBIYHBIX 3yOOpe3HbIX (pe3 cpemct-
Bamu cuctemsl KOMITAC.

MarepuaJjibl 1 METObI

PaccMoTpuM nociienoBarebHOCTb IMPo-
eKTHPOBaHMs TPHBONA KOHBeWepa ¢ WC-
nosp3oBarreM Oomomuorek KOMITAC-3D.
Orarbl MPOSKTUPOBAHUS ITPUBO/IA KOHBEH-
epa BBIMOJIHAIOTCS COMIACHO METOMKE,
U3JIOKEHHOU B padoTax [10—11].

Ilepeswiti sman — BBIOOP BIEKTPO-
JIBUTATENS, WCXOAHBIMH IapaMeTpamu
UL  KOTOPOTO  SIBISIIOTCS ~ MOIIHOCTH
U KoJmdecTBO oOoporoB. J[[Burarens
BBIOMpAeTCs W3 MPUKIAAHOW OuOIH-
oreku KOMIIAC «bubnuoreka siek-
TponaBurarenei». Jlannas OubmmoTe-
Ka TIO3BOJISIET CO3[1aBaTh JBYMEPHBIH
YepTeK BCEX OCHOBHBIX BHJIOB JIBHTA-
Teas. JluamoroBoe OKHO OHOIHMOTEKH
MpesICTaBIeHo Ha puc. 1.
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P u c. 1. lmanoroBoe OKHO MpHUKJIAAHOW «BHOINOTEKH 3I1eK-
TpOABUTaTENCH»

F i g. 1. Dialog box of the application Library
of Electronic Motors

Bmopoti sman — pacdyer u monenu-
poBaHHEe KIMHOpEMEHHOH mepenadn. Mc-
XOJHBIMH JaHHBIMU ISl IPOEKTUPOBAHUS
SBJISIFOTCS CICAYIOLINE MTAapaMeTpPHI:
MIPEABAPUTENBHOE IIEPEJaTOYHOE
OTHOLICHUE IIepeiayul;

— TIpeBapHUTEIILHOE MEXOCEBOE pac-
CTOSIHHE, MM;

— IpeABapHUTeNbHas MOLUIHOCTb, KBT;

80

— YacToTa BPAIICHHS BEAYIIETO IIKH-
Ba, 00/MUH;

— KOJIMYECTBO pEMHEH.

C nomousto komiiekca GEARS mpo-
W3BEIEM pacyeT MapamMeTpoB sl MPOeK-
TAPOBAaHUSl KIMHOPEMEHHOW Teperadn
[Tam sxe]. CHauana BBITOTHSACTCS TIPOEKT-
HBIH pacyeT. J{s 9Toro BeIOEpeM BKIAAKY
C OJTHOMMEHHBIM Ha3BaHUEM (puc. 2).
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ﬁ MpoekTHEIR pacdyEr

Crparuua 1 | Mpegmer pacuéra

==

HauMeHOBaHUE W 080SHAYEHWE NApaMEaTpa 3HavEHUE
Bl
A | 1. [pegEapHTenbHOE NEPELATONHOE OTHOWEHKE NEPELAYM Hy 2
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7. Tun petdHA = IKDp.U.UJngDBDn -

P u c. 2. /luanoroBoe OKHO JUIs IPOBEJCHHUS IPOSKTHOTO pacyeTa KIMHOPEMEHHOI mepenadn
F i g. 2. Dialog box for belt transmission design calculation
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ATOCT 1284.1-89 160 N 1800 1.929 521 3 1.173
ATOCT 1284.1-83 180 355 1900 1.992 h22 I3 1.094

ATOCT 1284.1-89 200 400 2000 2.02 518 5 1.202

ATOCT 1284.1-89 224 450 2120 2029 518 4 1.059

ATOCT 1284.1-89 250 500 2240 2.02 516 4 1.158

ATOCT 1284.1-89 280 560 2360 202 50 4 1.257

BOCT 1284.1-89 125 250 1600 202 502 4 1.116

B MOCT 1284.1-89 140 280 1700 202 515 4 1.246

BOCT 1284.1-89 160 35 1800 1.989 51 3 1.089

BrOCT 1284.1-89 180 355 1900 1.952 h22 3 1177 -

P u c. 3. [lonoGpanHbIe Iepenadn
Fig. 3. Selected transmission
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ﬁ MoaBop recMETPUYECKNX N3PAMETPOE LUKWEOE

¥V H&EC

CTpaHua 1 ||'|peu,neT DaC‘-léTE|

==l

HaumeHosaH1e 1 ofiosHaqYeHe NapaMeTpa Benywmi wkis Benomeni WKKE — 9 -
OBO3HEYEHHE PEMHSA - E Fi“i—ﬂ
0, PAac4ETHAA WHPHHE KEHSBKH WKMEE, MM Wp ah ‘3 2
1. PacueTHEIM QMaMETD WKKMEE, MM dp 200 400 i r-.j
2. ¥ron KaHaBKM WKKUBA, TPanyc a 40 40 1
& bu;mimaHaN:aHasm M0 HADYKRHOMY AWEMETDY bJ‘ 10,32 1022 - — K J
5
4. PAccToAHWE MEXLY OCbHD KPSHEN KaHEBKM 1 f g g __I_ _ _ _l__
BAMAENALLIMM TOPLOM WKKMEE, MM
5. Hapy#HeIi AWEMETP WKKEE, MM dg 205 405
6. KonMYeCTBo pemHei z 7
7. Tny6iHa KaHABKM LKWES, MM b+h 35 95
8. PACCTOAHME MEAY OCAMA KAHABOK, MM e 12 12
9. LLIMpUHE LIKMEE, MM M a8 a8

P u c. 4. Tlogbop reoMeTprUIecKUX MapaMeTpOB IIKHBOB
F i g. 4. The pulleys geometric parameters selection

ﬁBﬂnblIﬂM:XﬂHIﬂ‘-lECKIﬂEnEpE,qﬂHIﬂle EIERE

=By %D | &

]
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a2 WUe D-400, L-88
_ K.onbuesoi nas

@_ Konsueesie OTEEPCTHA

H
Fi
H
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N

R

BHyTpeHHE KoHTYR

PHRE

'Lh Paznenqrent Memiy cTyneHANMK
4. ‘@ UHanngp. D=48, L=22
%- LUNoHO4HEIA Nas
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QEwaa gnvna mogenn = 88

Wnono4neni nas

=

[I'Ion NpMsMaTHYeckyio wnonky FOCT 23360-78

Yronnosopora
WAOHIMHOMD Na3a

000 %)

-)
14x9x6 -

[7] CHATE 0rpaHyeHHa No AMaMEeTpY
Bana

WinoHk.a

[ nytivHa naza 38

B apuaHT oTpHCoBEM

[ OTphcoeka whoHkd

[] CHMMETPMYHAS WNoHKS
MapannenkHo ofpasyow e

[ ok

][ MpuraeHuTE l[ OrreHa

P u c. 5. luanorossie okHa nporpammbl GEARS

Fig. 5. GEARS program dialog boxes
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Ha puc. 3 mpeactaBineHbl pacueT-
Hble oJ00OpaHHbIEC TEepeaayu.

ITocie sToro mpoucxoguT mnoadop
reOMETPUYECKUX IapaMeTPOB LIKHUBOB.
Ha puc. 4 npeacraBieHO OKHO C IIO-
JyYEeHHBIMH MapamMeTpaMH BeIyIIero
Y BEIOMOTO IIKHBA.

Tpemuui sman — MOCTPOEHUE TBEP-
JNOTEIBbHON TpEeXMEpHOU MOZEIU IIKH-
BOB C TIOMOIIBIO TIPUKIAAHON OMOIH-
orekn «KOMITAC SHAFT-2D». Jns
3TOTO BOMAEM BO BKIaAKy «Bamsl
U MexaHuueckue mnepemadud 2D» u co-
31aIUM JBYXMEpPHBIH uepTex. VYKa-
KEM, UYTO CO3J1aeM IIEPBYI0 CTYyICHb
u BeIOepeM HIKUB. BHeceMm mapameTpsl
paccuMTaHHOrO IIKMBAa. Bo Bkiajke

«JloTIOMHUTENbHBIE MOCTPOCHUSN» YKa-
KEeM KOJbLEBOHM ma3 U Bce Tpebyemble
pa3Mepnl, a TakXe KOJbIEBbIE OTBEP-
CTHUS, MX JIHaMETPbl U MECTOIIOJIOXKE-
Hue. B 1ieHTpe BBINOIHUM OTBEpPCTUE
u mmnoHouHbIH na3 no 'OCT 233608-78.
YepTexx LIKMBAa TEHEPUPYETCS  aB-
tomarndecku. llocTpoenune Mozpenu
IIKMBA TPOUCXOOUT TMOCIE HaKaTHUSL
KHOIIKM «JlomoJHuTEeNbHBIE IIOCTPOE-
HUsD» W BhIOOpa BKIaaku «[eHeparus
TBEPAOTENBbHON Moxenu». [luanoro-

BbI€ OKHAa NPOrpaMMBbl IIPEACTaBICHBI
Ha puc. 5.

Mogens mKHBa MOKa3aHa Ha puc. O.
AHaJIOTHYHBIE ONIEPAIK IPOBOAUM C Be-
JYLUIMM LIKHUBOM.

P u c. 6. Mozens BeqoMOro mKkuBa
F i g. 6. The model of the driven pulley

Engineering
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[locne atoro yrouHseM mogoOpaH-
HYIO IIepefady ¢ MOMOIIbIO 3TOU ke Ou-
ommotexu. [IpoBepouHslil pacdyer BBIION-
HSIETCS aHAJIOTUYHBIM 00pa30oM.

Yemeepmuiii sman — MOJEIUPOBa-
HHE YepBAUHOU Nepeadu npu MOMOIIH

EOMETPHYECHHH pacyeT

npuknagHoi 6monuorexun « KOMITAC
SHAFT-2D». Jlnsi BBINOJHEHUS AaH-
HOM omepanuu co3AaeM HOBBIM uYep-
TEX M 3amyckaeM OuOImoTexky. BwI-
OupaeM TEOMETPHUYCCKUUA pacdeT II0
MEXO0CEBOMY pacCTOSHUIO (puc. 7).

CrpaHmua 1 | Crpanmua 2 | MNpegmer pacyeta
MapareTpil
1. Hucno BUTKOE YepEARa 4
2. Yucno 2yfeeE Koneca 32
3. Mogynk, rm 16.0 v
4. K.oaphHUHEHT QHaMETPa YEPEAKS g ﬁ
5. Bun wepeqka ) v
E. Blig 0SpadoTkM yepEaK.a TOMEHWE v
¥. Megocesoe paccToAHME, mi 320
8. Hron npodung sauenneq9a, © 2% "lm o "
3. Koz bHUMEHT BEICOTEI FON0OBKH 3YGa 1
10. F.oa Uy MEHT PACHETHOEN TOMLMHE 222
11. KoadppUUKEHT pagMyca KPHEHSHE! NEPEXOIHOM KPUEDH 03
E MPAHHYHON TOUEE NPpOPUna 345
12, Koa®HUMEHT PAIMANEHOMD 3a30pa Y NOEEPXHOCTH 0z
EMaaMH YEPEAYHOMD KONECa
13. HanpaeneHue nuHMK BHTE.a npasae V

P u c. 7. lnanoroBoe okHo nporpammbsl «kKOMITAC SHAFT-2D»
Fig. 7. The COMPAS SHAFT-2D dialog program box

BHocuM wucxonHble JaHHBIE (YHCIIO
BUTKOB, YHCJIO 3yObEB, MOAYJb U T. 1.),
paccuntannble cornacHo [Tam xe] u dop-
MHUpyeM pe3ynsrartel  pacdera. Cremy-
IOIIMI pacyeT Ha MPOYHOCTh BBIOJIHACT-
Csl aHAJIOTMYHBIM 00pazoM. B pesynsrare
MPOCKTUPOBAHUST U TIOCTPOCHHS YepTexKa
OubnMoTeka TpeoyCMaTpHBaeT IOCTPO-

84

CHHE TBEPIAOTEIBHOH MOJIENHN: CIeLyeT
yKa3aTh CIIOCOO0 OTPHCOBKH — U MOJEIb
CreHepupyeTcs aBTOMaruieckd. bubnm-
OTEKa BBIMOJHSACT paciyeT OTHOBPEMEHHO
JUTSL YepBSIKa M YePBSIIHOTO Kojieca, HO MO-
JIeTIMPOBaHUE JETajJel 3aleuieHust Ipo-
ucxomuT nosranHo. CHavasa 1mo pacyeram
CTPOUTCS YEPBSIK U €ro MoJieNb (puc. §).
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P u c. 8. TBepnoTenbHas TpexMepHasi MOJIENb YepBsKa
F i g. 8. Solid-state three-dimensional model of the worm

Jlanee MPOW3BOAUTCS pacyeT YepBsd-
HOTO 3aIICTUICHHUS C TIOMOIIHI0 KOMILIEKCa
nporpamMm GEARS. [l aTOTO HICTIONE3Y-
€M TEeOMETPUYECKUI pacyeT Mo Mewoce-
BoMy paccrosiHuo. Co3aeM HOBBI yep-
TeX U 3amyckaem OuOmmorexy. Ctpoutcs

JIBYMEPHBII YepTex BEHIA YepPBSIYHOTO
KoJieca C BO3MOKHOCTBIO MMOCIIEMYIOIIEeH
TeHEepaIiy B TBEPIOTEIbHYIO MOJETh Yep-
BSYHOTO Kouieca (puc. 9). JlaHHbIH pacder
MPOU3BOANTCS OHOBPEMEHHO C PacyeToM
YepBAKa U TOJHOCTHIO aHAJIOTUYEH EMY.

P u c. 9. Monenp yepBsiuHOTO Konieca B cOope
Fig. 9. Model of assembled worm gear

Engineering
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Pacyer u BBIOOp TOMIIMITHUKOB Ka- a TBEPIOTEIBHBIC MOJICIHU CTPOSTCS TI0 pac-
YEeHUs] TPOM3BOJMTCS AHAIUTUYECKH CO- CYHTAHHBIM 3HAYEHUSIM C TIOMOIIBIO OHOMH-
mracHo [Tam xe] u ¢ momombsio GEARS,  orexu «llommmmanku-3Dy (puc. 10).

.F[o,qr_uwnumm . |

DuareTp cTyleHd . 65
TN W CTAHLANT NO0WATHME S
Tun 7. PAMANEHO-UNOMHEIE DOAWKOERIE KOHWYBCKHE

M OALUMIHMEN POAMKOBEE KDHUYECKWE 0IHOPAIHEE MOBRILIEHHDE
FPYSONOEBEMHOCTH C YoM KOHTS5Ta MeHsle 207

CTaHaapT NooWHnHHES:

Moawwnkme, FOCT 27365-87 Tun 70004 Q
O 603HAHEHHE MOALHIHAKS:
MaguanHeae 731 34 TOCT 37365-87 z

Maomek NogUHAHAES MO HORMEPY |

MapameTpl NoAWHAHKES

Waotpaketue B apuaHT npueAzku

=

d, td B5 B. tm 36 C.kH 10,00 )
Do 140 M. kr 1,55 CokH  [o.00 + x
B apuaHT oTpucoskM
PaceTosHue o 7] 2epranchaa
fas0B0rD TOpULS 0:00 Ebeeeas =
) HnpowenHan
| (] | | NpraeHTE ] | OmraeHa
P u c. 10. luanoroBoe 0KHO IporpaMMbl BEIOOPa MOAIIUITHAKOB
F i g. 10. Bearing selection program dialog box
C momompio komiiekca GEARS taxk- BrocuMm mcxomHbIe NaHHEBIE; (HOPMHU-
’)K€ MOXKHO TPOM3BECTH pacdyeT Ha Mpod- pyeM pesynbTarhl pacdera (puc. 11). Ha
HOCTh M TETNIOCTOHKOCTh pelyKTopa. puc. 12 mpeacTaBiieHO OKHO pacyeTa.
3= Pacuet Ha MpoYHOCTE PH OEHCTHHH MaHCHMaIRHOH Hal PYaHH g Lqucrb
Crpaiua 1 | Mpegmet pacusta
INapardeTpel CTOMKOCTE
&f 1. PacueTHaAa Harpyzka, H* 1441.3
b —
<] 2. Hucno ofopoToE Ha MEpBAKE, 06/ MH 4
/} 3. Marepuan BeHWA YEPBAYHOMD KONECa BpO%-101 ﬂ
\“_”;,1 4. ['pynna marep1ana 1
Ty
b, Jonyckaemble HaNpAxeHWA No konTakty, MMa =]
E. Jonyckaemble HaNPAMEHHA No KMsrkay, MMa 1z
7. TBEPAOCTE AKTWEHER NOEERXHOCTEN 45
BUTKOE YepBaka, HRC wiu HB 29 04. 2011

P u c. 11. Pacuer Ha mpoyHOCTH
F i g. 11. Strength analysis
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2= PAcYeT Ha Te NAI0CTOHHOCTh

|

TpaHuua 1 {| Mpeamer pacueta
MapateTpel
5 1. Pesird paSoTel Nepeaaym Bes MCKYCCTEEHHOMO OXNaHKOEHM v
2 Macca peaykTopa, kr 120
3 K.N.L. & onopax nas
4. Mapka tacna T PaHCMMCHOHHDE ﬁ
5. Macca macna B BaHHe, kr 5
B. KMHEMaTIHYECKaA BASKOCTE Macna npd D0°C, [+ 10%-B)m*2dc 400
7. KMHEMAETWUECK aR BAZKOCTE tacna npd 100°C [+ 1076 Jm™=2/c 32
8. Ternepatypa okpy#atowero soznysa, *C 20
9. Mnowagk cEOAOOHOM NOBEMEHOCT OXNAHIEHMA KOQNYCa, k™2 2.5
10, K03 pbHUHEHT TeNnonepegadu kopnyca, [Brim™=2 C] 131

P u c. 12. PacueT Ha TEIIOCTORKOCTE
F i g. 12. Thermal resistance calculation

MopenupoBaHue penykropa Ipo-
u3BeJeM ¢ oMol Oubmuorekn «Pe-
nyktop-3D», mpenHasHaueHHOM — 1uid
MPOEKTHOTO pacuera U MOCTPOCHHUS
B KOMIIAC-3D TpexMepHOW Moaenu
OJHOCTYNEHYAThIX PEIYKTOPOB OOIIEro
Ha3HAUEHHUS TPEeX BHIOB: KOHHYECKO-
ro, UAIMHIPUYECKOTO MM YEPBSIYHOTO.
3amyckaem OMONMOTEKY, BHIOWpAEM THII
«YepBsunblii pexykTop» (puc. 13).

BeoguM wmcxomHble gaHHble. [Ipo-
rpaMma KOpPpPEKTHPYeT pacdeTHbIe 3Haue-
HUSI, U €CIM OHM Hac He YJOBJIETBOPSIOT,
TIOSIBIIAETCS] AUAJIOrOBOE OKHO C KOPpEK-

Engineering

THPOBKOM mapamMeTpoB 1o pacuery. [locie
4Yero npeaiaracTcs BbIOpaTh HE0OXONu-
Mble pa3pe3bl U cedeHus. Jlanee mpowuc-
XOIUT TIOCTPOCHHUE JeTajed peayKropa
u ero coopka. Ha puc. 14 npencrasnena
TpeXMepHasl MOJEIb PEAYKTOpa B pa3pese.

Ilamoiti sman — cOopka TpHBOIA
B cucreme KOMIIAC-3D. [lo6aBinsgem
B COOpKy paHee CIHPOCKTHPOBAaHHBIC
MOJICNIM PENYKTOpa, JJIEKTPOIBUTATE-
N4, KJIMHOPEMEHHOW Iepenayu, Jera-
mu «Pama» u «Pama nBurarens». Ha
puc. 15 mpeacTtaBieHa TpexMmepHash Mo-
JleTb IPUBOJIa KOHBEHepa.
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P u c. 14. Penykrop uepBsuHbIi
Fig. 14. Worm reducer

J

P u c. 15. IIpuBon koHBelepa
Fig. 15. Conveyor drive
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Ilo cOopouHoif Momenu mpuUBOAA
MOXXHO BBIIIOJIHUTh YEPTEX 0OLIero Buaa
IIPUBOJA C IIOMOIIBIO KOMaH/bI «aCCOLH-
aruBHbIe BUIBD. Cnenuduxanus Gopmu-
pyeTcs aBTOMaTHYECKH.

Pe3ynbTarhl nccjienoBaHus

B xome wuccnemoBanus ObLna paspa-
0oTaHa MOCIENOBATEILHOCTE IIPOESKTUPO-
BaHMs IIPUBOZA KOHBEilepa C IIOMOIIBIO
npukiagaeix  6unomorek  KOMITAC-3D.
B craree mpencTaBneHBl BO3MOXKHOCTH
MPOEKTHOTO M TPOBEPOYHOIO PacyeTOB
pa3paboTaHHBIX  TPEXMEPHBIX  Mozeseit
JeTanel, BXOOAIINX B IPOEKTHPYEMOe H3-
Jienye, MOJCIMPOBAHUE  MEXaHHMYECKHX
nepeaad. BrINoONHEHNE NaHHBIX OIEpaIuii
00ecreurBacT MHOTOKPATHOE —HCIIONB30-
BaHHE pa3pabOTaHHOW KOHCTPYKTOPCKOH
JOKyMEHTALIUK ULl W3IEIUH COOTBETCTBY-
IOLIETO THIIA, @ CJIEIOBATENILHO, COKpallle-
HYE BPEMEHH Ha MOATOTOBKY IPOM3BOJICTBA.

OO0cy:xneHue U 3aKJII0YeHus

Takum oOpazom, Obula paspaboTaHa
METOIUKA CO3IaHHUS TPEXMEPHOM Moze-
JM IpUBOJA KOHBeHepa, BKIIOUYAIOINAS
BBIOOpP HEOOXONMMBIX IapamMeTpoB IS
MPOEKTHPOBAHHMS, pacyeT U MOJEITUPOBa-
HUE MEXaHWYECKHX Mepenady Uil MpPOeK-
TUpyeMoro u3aenus. JlaHHas MeToAWKa
MOXET OBITh NMPUMEHHMa MpPU MPOCKTH-
POBaHMHM U3AEIUN MALIMHOCTPOEHHUSI, BBI-
IIOJTHEHUs IIPOU3BOICTBEHHOTO MIPOCKTH-
pOBaHMSA JieTalieii MaIllMH W BBHITIOTHEHUH
BBIITYCKHBIX KBATH(UIIMPOBAHHBIX PadOT
TexXHU4YecKoro mpoduisi. Mcnonb3oBanne
coBpemenHbIX rpaduueckux CAIIP npu
MPOEKTHPOBAHUU MAIIMHOCTPOUTENbHBIX
W3AEIUHA II03BOJIIET COKPATUTh CPOKHU
KOHCTPYKTOPCKO-TEXHOIOTUYECKOW TIOJI-
TOTOBKH TPOW3BOJCTBA, IIOBBICUTH Ka-
4ecTBO pa3padaThiBaeMOil TEXHUYECKOH
JOKyMEHTAalNH.

CIINCOKR UCITIOJb30OBAHHBIX UCTOYHHUKOB

1. Keuemaiikun B. H., MaiikoBa C. 9., Maciennukosa Jl. B., Ponnomxkuna FO. I'. Ocobennoctu
OpraHHU3alUHK [IOITOTOBKH CTYACHTOB HHXCHEPHBIX CIICIUAIbHOCTCH B COBPEMEHHBIX YCIIOBHSIX PA3BUTHS
MamHocTpoeHus // BectHuk Mopaosckoro yHuBepeutera. 2015. Ne 1. C. 44-51. URL: http://elibrary.ru/

item.asp?id=23338429

2. Pomnmomikuna 0. I. Kunemaruueckuii ananms perdakHOro mMexaHusma B cpene SolidWorks //
SWorld : c6. Hayd. Tp. 2014. T. 7, Ne 1. C. 40-42. URL: http://elibrary.ru/item.asp?id=21349554

3. UcaeB A., ®enopoBa /I. N3yuenne aucuumimael CAIIP Ha ocHOBE MPOTrpaMMHEBIX MPOIYKTOB
ACKOH // CAIIP u rpaduka. 2015. Ne 12 (230). C. 78-80. URL: http://elibrary.ru/item.asp?id=25732981

4. Yyrynos M. B., lllékun A. B. MonenupoBaHue u aHalu3 3JIEMEHTOB MEXaHHMYECKHX Iepead
B cpene SolidWorks Ha 6a3ze API // BectHuk Mopnosckoro yausepcurera. 2014. Ne 1. C. 148-153. URL:

http://elibrary.ru/item.asp?id=21474954

5. Aymun U. ®., Mackaiikuna C. E., Ilonyemuna H. W., BaBaeBa H. I. [IpounocTHO#1 pacuer
KOpIIyca IIeCTepEeHHOTo Hacoca ¢ mcnoib3oBaHueM SolidWorks Simulation // BectHuk MopaoBckoro
yauBepcutera. 2014. Ne 1. C. 154-160. URL: http://elibrary.ru/item.asp?id=21474955

6. éxun A. B., Mutun J. B., Cyabaun C. I1. Onucanue CTpyKTypbl OHOIHOTEK TapaMeTPHIECKUX
Mozeneit 3ybope3sbix nonoskos B cucteme KOMITAC // CTUH. 2014. Ne 4. C. 6-9. URL: http://elibrary.ru/

item.asp?id=21836470

7. Cyabaun C. I1., Mutun J. B., lllékun A. B. ABTomMaTH3a11s IPOCKTHPOBAHUS TEXHOIOTHYECKON
JIOKyMeHTaluH ¢ ucronbzoBanrneM cucteMbl KOMITAC // Bectauk mammHOcTpoeHmst. 2013. Ne 7. C. 80-83.

URL: http://elibrary.ru/item.asp?id=20737002

8. léxkun A. B., Mutun J. B., Cyapaun C. II. ABromaru3zanus MpOCKTHPOBAHUS CIIUPATIBHBIX
cBepin B cucreme KOMITAC // CAIIP u rpaduxka. 2013. Ne 1 (195). C. 90-94. URL: http://elibrary.ru/item.

asp?id=21307461

9. llléxun A. B., Mutun J. B., Cynsaun C. II. ABromMaTu3anusi NpOCKTUPOBAHHS YCPBIIHBIX
3ybopesnbix gpe3 B cucreme KOMITAC // CAIIP u rpaduka. 2011. Ne 12 (182). C. 101-104. URL: http://

elibrary.ru/item.asp?id=21307379

90

Texnuueckue HayKu



Vol. 27, no. 1. 2017 MORDOVIA UNIVERSITY BULLETIN M‘

10. dynaes I1. ®., Jleauxos O. I1. [letanu MaiiyH: KypcoBO€ MPOCKTUPOBAHUE : y4eO. MOCOOUE ; JOM.
Mun. 06p-st P®. 5-¢ u3n., non. M. : Mammuoctpoenue. 2004. 560 c., win. URL: http://lib-bkm.ru/12875

11. Iefin6ant A. E. KypcoBoe npoekTupoBaHue AeTajiell MalyH. 2-¢ u31., nepepab. u pom. Kanu-
HuHrpan : Aurapueiid Ckas. 2002. 454 c. URL: http:/lib-bkm.ru/12743

Hocmynuna 22.11.2016, npunsama x nybauxayuu 13.01.2017; onybruxosana onnatin 31.03.2017

06 asmopax:

Ponuomknn Muxauni FOpseBud, nipenoaBareins OTACICHUS CPEAHETo MPpodecCHOHANIBHOT0 00paso-
BaHus Py3aeBckoro uncturyra MamHoctpoeHus @I'bOY BO «MI'Y um. H. I1. Orapéa» (431440, Poccus,
r. Py3aeBka, yi. Jlenuna, a. 93), ORCID: http://orcid.org/0000-0002-3745-8643, rmrim@mail.ru

MacaennnkoBa Jlrogmuina BacuaseBna, npodeccop kadenps! oOIeHay HbIX TUCHUIUINH Py3aes-
ckoro uHctuTyTa MamuHocTpoeHus PIBOY BO «MI'Y um. H. I1. Orapésa» (431440, Poccus, 1. Py3aeBka,
yia. Jlenuna, n. 93), nokrop neparorumdeckux Hayk, ORCID: http://orcid.org/0000-0002-8696-2256,
maslennikova-lv@mail.ru

ApiokxoBa Osibra AjeKcanapoBHa, IPENOaBaTellb OTASICHHS CPEIHEro IPodeCcCHOHAIBHOIO 00pa3o-
BaHus Py3aeBckoro uncturyra MamHoctpoeHuss @I'bOY BO «MI'Y um. H. I1. Orapésax» (431440, Poccus,
r. Py3aeBka, yn. Jlenuna, a. 93), kaugunar neparornueckux Hayk, ORCID: http://orcid.org/0000-0002-
1157-1613, aryukowa@mail.ru

Ponnomxuna FOmus I'puropbeBHa, noueHT kadeapbl o0IeTeXHHYeCKUX TUCUUILTIH Py3aeBckoro nu-
crutyta ManmHoctpoerust PIBOY BO «MI'Y um. H. I1. Orapépay (431440, Poccus, 1. Py3aeBka, yi1. JIeHuHa,
1. 93), kauauaat negarornyeckux Hayk, ORCID: http://orcid.org/0000-0002-1320-8973, jgrim@mail.ru

Bkaao coasmopos: M. YO. PonnolikyH: KOMIbIOTEpHBIE pabOThL, BEPCTKA U PEIAKTHPOBAHHE TEKCTA;
JI. B. MacieHHHUKOBa: U3yueHHE KOHLCTILIUY, HAYYHOE PYKOBOJCTBO, KpuTHuecKkuil ananus; O. A. Aproko-
Ba: yyactue B noaroroske tekcta; 0. I'. Ponuomkuna: moaroropka HavyajlpHOIO TEKCTA C MOCIEAYIOLIEH
JOpa0OTKOM, aHAJIM3 JINTEPATYPHBIX JAHHBIX.

Bce asmopul npouumanu u 0006punu okonuamenbublii 6aAPUAHIM PYKORUCU.

REFERENCES

1. Kechemaykin VN, Maykova SE, Maslennikova LV, Rodioshkina YuG. Osobennosti organizatsii
podgotovki studentov inzhenernykh spetsialnostey v sovremennykh usloviyakh razvitiya mashinostroeniya
[Features of training of engineering students in the modern conditions of engineering development). Vestnik
Mordovskogo universiteta = Mordovia University Bulletin. 2015; 1:44-51. Available from: http://elibrary.ru/
item.asp?id=23338429 (In Russ.)

2. Rodioshkina YuG. Kinematicheskiy analiz rychazhnogo mekhanizma v srede SolidWorks [Kinematic
analysis of the linkage in SolidWorks]. SWorld: sb. nauch. tr. = SWorld: Collection of Scientific Papers.
2014; 1(7):40-42. Available from: http://elibrary.ru/item.asp?id=21349554 (In Russ.)

3. Isayev A, Fedorova D. Izucheniye distsipliny SAPR na osnove programmnykh produktov ASKON
[Study of CAD discipline based ASCON software]. SAPR i grafika = CAD and Graphics. 2015; 12(230):78-
80. Available from: http:/elibrary.ru/item.asp?id=25732981 (In Russ.)

4. Chugunov MV, Shchekin AV. Modelirovaniye i analiz elementov mekhanicheskikh peredach v srede
SolidWorks na baze API [Modeling and analysis of elements of mechanical transmissions in SolidWorks
based on API]. Vestnik Mordovskogo universiteta = Mordovia University Bulletin. 2014; 1:148-153. Avail-
able from: http://elibrary.ru/item.asp?id=21474954 (In Russ.)

5. Dushin IF, Maskaykina SYe, Poluyeshina NI, Vavayeva NG. Prochnostnoy raschet korpusa shes-
terennogo nasosa s ispolzovaniyem SolidWorks Simulation [Strength calculation of gear pump housing
with SolidWorks Simulation]. Vestnik Mordovskogo universiteta = Mordovia University Bulletin. 2014;
1:154-160. Available from: http:/elibrary.ru/item.asp?id=21474955 (In Russ.)

Engineering 91



Ml BECTHUK MOPJIOBCKOTO YHUBEPCUTETA Tom 27, Ne 1. 2017

6. Shchekin AV, Mitin EV, Suldin SP. Opisaniye struktury bibliotek parametricheskikh modeley
zuboreznykh dolbyakov v sisteme KOMPAS [Description of structure library of parametric models
of gear cutting cutters in COMPASS system]. STIN. 2014; 4:6-9. Available from: http:/elibrary.ru/item.
asp?id=21836470 (In Russ.)

7. Suldin SP, Mitin EV, Shchekin AV. Avtomatizatsiya proektirovaniya tekhnologicheskoy doku-
mentatsii s ispolzovaniyem sistemy KOMPAS [Automation of technological documentation design using
COMPASS system)]. Vestnik mashinostroeniya = Engineering Bulletin. 2013; 7:80-83. Available from:
http://elibrary.ru/item.asp?id=20737002 (In Russ.)

8. Shchekin AV, Mitin EV, Suldin SP. Avtomatizatsiya proektirovaniya spiralnykh sverl v sisteme KOMPAS
[Computer-aided design of spiral drills in COMPAS system]. SAPR i grafika = CAD and Graphics. 2013;
1(195):90-94. Available from: http://elibrary.ru/item.asp?id=21307461 (In Russ.)

9. Shchekin AV, Mitin EV, Suldin SP. Avtomatizatsiya proektirovaniya chervyachnykh zuboreznykh frez
v sisteme KOMPAS [Computer-aided design of worm gear cutting mills in COMPAS system]. SAPR i grafi-
ka = CAD and Graphics. 2011; 12(182):101-104. Available from: http://elibrary.ru/item.asp?id=21307379

10. Dunayev PF, Lelikov OP. Detali mashin: kursovoye proektirovaniye: ucheb. posobiye [Machine
parts. Course design: Textbook.]. 5 ed. Moscow: Mashinostroeniye; 2004. Available from: http://lib-
bkm.ru/12875 (In Russ.)

11. Sheynblit AYe. Kursovoye proektirovaniye detaley mashin [Course design of machine parts].
2" ed. Kaliningrad: Yantarnyy Skaz. 2002. Available from: http://lib-bkm.ru/12743 (In Russ.)

Submitted 22.11.2016; revised 13.01.2017; published online 31.03.2017

About the authors:

Mikhail Yu. Rodioshkin, Lecturer of Vocational Education Department, Ruzayevka Institute
of Engineering, National Research Mordovia State University (93 Lenina St., Ruzayevka 431440, Russia),
ORCID: http://orcid.org/0000-0002-3745-8643, rmrim@mail.ru

Lyudmila V. Maslennikova, Professor of Social Studies Department, Ruzayevka Institute of Engi-
neering, National Research Mordovia State University (93 Lenina St., Ruzayevka 431440, Russia), Dr.Sci.
(Pedagogy), ORCID: http://orcid.org/0000-0002-8696-2256, maslennikova-lv@mail.ru

Olga A. Aryukova, Lecturer of Vocational Education Department, Ruzayevka Institute of Engineering,
National Research Mordovia State University (93 Lenina St., Ruzayevka 431440, Russia), Ph.D. (Pedagogy),
ORCID: http://orcid.org/0000-0002-1157-1613, aryukowa@mail.ru

Yuliya G. Rodioshkina, Associeted Professor of Social Studies Department, Ruzayevka Institute
of Engineering, National Research Mordovia State University (93 Lenina St., Ruzayevka 431440, Russia),
Ph.D. (Pedagogy), ORCID: http://orcid.org/0000-0002-1320-8973, jgrim@mail.ru

Contribution of the co-authors: M. Rodioshkin compiled the draft; L. Maslennikova developed
a theoretical framework; coordinated activities of the co-authors, and critically revised the manuscript;
0. Aryukova took part in writing of the draft; Yu. Rodioshkina wrote the draft, and reviewed the scholarly
literature.

All authors have read and approved the final manuscript.

.
92 Texnuueckue Hayku



Vol. 27, no. 1. 2017 MORDOVIA UNIVERSITY BULLETIN M‘

http://vestnik.mrsu.ru ISSN Print 0236-2910

ISSN Online 2313-0636

ME/TUKO-BHOJIOTHYECKHE HAYKH /
MEDICAL AND BIOLOGICAL SCIENCES

VIK 61:577.2

DOI: 10.15507/0236-2910.027.201701.093-107
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Beseoenue. B crarbe NpeanokeH METOX IOJyYCHHs KOHBIOraTa MPOTHBOOILYXOJIEBOTO
XUMUOIIpernapara JOKCOpyOHIrH ¢ 9k30reHHor nByxuenodednoit JJHK oceTpoBbIx peib
(MCTOYHUK — KOMMepYecKuil mpemnapar «JlepuHar»). Beutn momobpaHsl onTHMaibHbIE
ycnoBHs cuHTe3a KoHblorara (pH, Temmeparypa u MaccoBoe COOTHOIICHHE KOMIIOHEH-
TOB), o0OecreynBaroNIie HAaHOOJBIIYIO CTEIEHb CBI3BIBAHMS XUMHOIIpEnapara ¢ HOCHU-
teneM. IIpoBeneHo mcciieqOBaHHE TOKCHYHOCTH U CHEHH(UISCKOH NMPOTHUBOOITYyXOJIe-
BOW aKTUBHOCTHU CUHTE3MPOBAHHOTO KOMILJIEKCA.

Mamepuaner u memoowi. Cunte3 koubtoraroB JJHK-moxcopyOuima mpoBomumm cme-
mmBanueM pacteopa JJHK, BogHOrO pactBopa mokcopyounnHa u ¢pocharnoro 6ydepa.
Cmech nHKyOHpoBamu 60 MUH NIpH MOCTOSIHHOM TeMIlepaType M HEeNPephIBHOM IIeH-
kupoBaHUU. OUUCTKY KOHBIOIaTa OT HEBKJIIOUHMBILETOCS XMMUOIIpenapara IpoBOAWIN
MetonoM ynbTpadunsrpanuu. [lokasaTenn TOKCHYHOCTH IIpemapaTra yCTaHOBICHBI Ha
HMHTaKTHBIX MBIIIaX B COOTBETCTBHHM C NMPUHATBIMH CTaHAapTaMu. [IpoTuBoomyxoneBas
aKTUBHOCTH OIIEHUBAJIACH 10 HHAEKCY TOPMOXKECHHS POCTA OIyXOJH U HHAEKCY WHIHOH-
pOBaHMsI METacTa3UpOBaHUA Ha MBIIIAX C TPAHCIUIAHTUPOBAHHON KapLuHOMOH JIbrouc.
Cnemnuduaeckas TPOTHBOOITyX0IeBass aKTUBHOCT ObIIa MCCIIOBAaHA B SKBUTOKCHIE-
CKHX J103ax Ipernapara.

Peszynemamur uccnredosanus. BpUIO yCTaHOBICHO, YTO NPH BBEICHUH B HKBHTOKCHYE-
CKUX J103aX KOHBIOTaT oOnajzaeT OoNbIleil MPOTHBOONYXOJEBOH AKTHBHOCTBIO, YeM
BOZOPAcTBOPUMEIN mpemapar (Ha 35 % mo obbemy omyxomu U Ha 51 % mo mHIEKCY
TOPMOXKEHHUSI POCTa omyxon). Bee mccnenoBanHble (OPMBI, 32 HCKIIIOYSHHEM BOJO-
pacTBOpuMOTO JIokcopyOuimHa B noze 0,5 LD, T0CTOBEpHO yMEHBIIAIIN KOIHYECTBO
METacTa30B OIyXOJIU B JIerkue. MeracTta3oB B rpynnax, nonydasmux JIHK-xoxbroru-
POBaHHBIM mpenapar, ObUIO MEHBINE, €M B IPYMIAX, KOTOPHIM IPOBOIMIN JICUCHHUE
BOJIHBIM JIOKCOPYOHIIMHOM, OJTHAKO STH Pa3fINyKs He ObLIM CTaTUCTHYECCKU 3HAYMMBIMH.
Obcysrcoenue u 3axmovenus. Hambonee BEpOSTHBIM MEXaHH3MOM YBEIHICHHS MPOTH-
BOOITYXOJIEBOW aKTMBHOCTH JOKCOpyOuIMHa mpu ero konbtoranuu ¢ JHK sBasercs
n30MpaTebHOe HAKOIUICHHE XMMHOIIpENapara B OIyXOJIEeBOH TKaHM, OOYyCIIOBICHHOE
sHouuTo30M Komiuiekca JIHK-noxcopyOunus.

© 3aboposckuii A. B., Kokopes A. B., bponosckas E. I1., ®upcros C. A., Munaesa O. B., Kynukos O. A.,

YepasixoBa H. H., Mensexonkos B. 10., 2017
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TARGETED DELIVERY OF DOXORUBICIN
BY EXOGENOUS BIOCOMPATIBLE NANOVEKTORS
IN EXPERIMENTAL NEOPLASIA

A. V. Zaborovskiy'*, A. V. Kokorev’, Ye. P. Brodovskaya’,

S. A. Firstov’, O. V. Minayeva’, O. A. Kulikov’,

N. N. Chervyakova’, V. Yu. Medvezhonkov’

IA. I Yevdokimov Moscow State University of Medicine and
Dentistry (Moscow, Russia)

’National Research Nuclear University MEPhI (Moscow, Russia)
SNational Research Mordovia State University (Saransk, Russia)
‘azabor@mail.ru

Introduction. The article presents the method of obtaining the conjugate of the anticancer
chemotherapeutic agent doxorubicin with the exogenous double-stranded DNA of the
sturgeons is proposed (the source: commercial drug “Derinat”). The optimal conditions
for synthesis of conjugate (pH, temperature and the mass ratio of the components), en-
suring the highest degree of binding the chemotherapeutic agent to a carrier, were picked
out. The investigation of the toxicity and specific antineoplastic activity of the synthe-
sized complex was conducted.

Materials and Methods. The synthesis of DNA-doxorubicin conjugates was performed
by mixing of the aqueous DNA solution, phosphate buffer and aqueous doxorubicin so-
lution. The mixture was incubated for 60 minutes at constant temperature and continuous
shaking. Clearing of the conjugate from the non-encapsulated chemotherapeutic agent
was made by ultrafiltration method. The performance of the drug toxicity was established
on the intact mice in compliance with the accepted standards. The antineoplastic activity
was evaluated upon the Tumor Growth Inhibition Index and Metastasis Inhibition Index
in mice with the transplanted lung Lewis carcinoma (LLC). Specific anti-tumor activity
was studied in the toxically equivalent doses of the drug.

Results. Tt is found that administered in the toxically equivalent doses conjugate has
a higher antitumor activity than soluble drug (up to 35 % by volume of the tumor and
51 % by the index of tumor growth inhibition). It is found that all investigated forms ex-
cept the water soluble doxorubicin 0,5 LD10, significantly reduced the number of tumor
metastases in the lungs. The number of metastases in animals treated with DNA-conju-
gated drug was lower than in the animals that were treated with aqueous doxorubicin, but
these differences were not statistically significant.

Discussion and Conclusions. The most probable mechanism of increasing antitumor ac-
tivity of the DNA-conjugated doxorubicin is a selective accumulation of the drug in the
tumor tissue, due to the endocytosis of the DNA complex.

Keywords: doxorubicin, anticancer drug, targeted drug delivery, DNA conjugate, toxicity
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BBenenue
[NoBblIeHNe M30UPATENHFHOCTH MPO-
TUBOOITYXOJIEBBIX ~ XMMHOTEPANEBTHYE-

CKHX areHTOB SIBIISIETCS OJTHON N3 HanOoJee
aKTyaJbHBIX 33/ad OHKO(apMaKOJIOTHH.
Hawnbonee pacmpocTpaHeHHBI TYyTh ee
pelIeHus] — CBS3bIBAHME IUTOCTaTHYe-
CKOT'O XMMHOIIpenapara ¢ TeM WU HUHBIM
BEKTOPOM, KOTOPBIH MOXKET OOECIEeUHUTh
crienuQuueckoe CBA3BIBAaHKUE C PEIEeNTo-
paMu Ha MOBEPXHOCTH OITyXOJIEBOW KIIET-
KM U TOCIEAYIIMA 3HIonuTo3. Hamre
BHHMAaHHE TNPHUBIEKJIA BO3MOXHOCTh HC-
MOJIb30BaHMS B Kaue€CTBE TaKOr'o BEKTOpa
HaTuBHOM 3k30reHHoMn JJHK.

O0630p auTeparypbl

W3BectHo, uTo 3K30reHHas JJHK mo-
XKeT arouTHPOBATHCS KIIETKAMH KHBOT-
HbIX [1-8]. YcTaHoBIEHO, UTO SHAONIUTO3
JHK umeer perentop-onocpe1oBaHHBIMN
xapakrep [2—-6]. DTOT MeXaHu3M BHY-
TpUKIETOYHOro npoHukHoBeHus JIHK
OBUI BBISIBJIEH TaKXKe ISl OIMYXOJIEBBIX
kietok [7-8]. JanHble (aKTHl IMOCTY-
JKUJIK OCHOBAaHHEM Ui MCIIOJIb30BaHMS
sk3oreHHot JIHK B kauectBe BekTOpa
JUIsL HallpaBJIEHHOW JOCTAaBKH HPOTHBO-
OMYXOJEBBIX XUMUoNpemnaparoB [9—12].
OmHako B TPHUBEIEHHBIX paboTax s
cunre3a kouwtorara JJHK c¢ mokcopy-
ourmmaoM (Jlokc) mcmonmp30Bamu HE YH-
CTBI XUMHOIIPENapar, a €ro KOMILIEKC
C 4YeJoBeueCKuMH anbOymMuHoM. PaxTu-
YeCKH ajJhOyMUH BBICTyHAll B POJH JIMH-
Kepa TpU CBSA3BIBAaHUHM XWMHOIIperapara
¢ IHK. Heob6xomumMo OTMETHTB, UTO B BOJI-
HOW cpene mpu Temneparype Tena JJHK
o0pa3yeT MNpPOYHBIE KOMILICKCHI TOJBKO
C KAaTHOHHBIMHM IOJUMEpPAMH, a KOHbB-
IoraT C HATHUBHBIM allb,OyMUHOM, HMEFO-
MM CPaBHUMOE KOJMYECTBO AHUOHHBIX
M KaTHOHHBIX TPYMIL, SBISAETCS HEIOCTa-
To4HO CcTaOWwIbHEIM [13—-15]. [TockombKy
anbOyMHH B YCIOBHSIX CTpecca MOXKET

Medical and biological sciences

JOCTaTOYHO HWHTEHCHUBHO IOMIOLIATHCS
kjeTkamu [16—17], B ToM 4ducie omyxosne-
BbIMH [ 18], HEBO3MOKHO YCTaHOBUTH POJIb
K)XIO0TO U3 BEKTOPOB B TPAHCIOPTE XH-
MHOIpenapara, TO CTaBUT I0J] COMHEHHE
HEOOXOMMMOCTh  mcnonb3oBanus JITHK.
B cBs3u ¢ atiM Hamu ObLT pazpaboTaH
Y anpoOHMpOBaH METOJ CHHTE3 KOHbBIOraTa
JHK-/lokc, He TpeOyrommii UCIIOIH30Ba-
HUS aap0yMUHa.

Heas padorbl — pa3paboTKa METo-
Jla CHHTe3a KOHBIOraTa MpOTHUBOOITYXO-
JIEBOrO0 XMMHOIpENapara JIOKCOPyOUIIMH
¢ JHK, wuccnemoBaHme TOKCHYHOCTH
Y CHeU(UIEeCKOi TIPOTHBOOITYXOJIEBOH aK-
THUBHOCTH CHHTE3UPOBAHHOI'O KOHBIOTara.

MarepuaJibl 4 METObI

Mamepuanwv

B pabore ObuTH HCIOIB30BAHBI Clie-
IOYIOLINE PEaKTUBBIL:

— JIHK-Na (uctounuk — Kommepue-
ckmii mpemapar «Jlepunary, 3A0 «Tex-
HOMeZcepBuCY, Poccus);

—  JIOKCOpYOHMIIMHA  THUAPOXJIOPU]
(Dox), > 98 % (Sigma-Aldrich, CIIIA);

— Boga Milli-Q;

— ¢ocdarnsiii Oydep (PBS) (Sigma-
Aldrich, CIIIA);

— pactBop Xenkca (OOO «buomnory,
Poccus).

Cunmes konwviocamos J{HK-/[oxc

B cTepunbHBIX YCIOBHSX CMeEIINBa-
au 2 mn pacteopa JHK c conepxanuem
cyOcrantuy 15 mr/mit, 2 M1 BOTHOTO pac-
TBOpa JloKC C conepxaHWeM mpemnapara
7,5, 10 unm 15 mr/mi (B 3aBUCUMOCTH OT
cepun) u 2 ma ¢ocdarnoro 6ydepa ¢ pH
7.0 mu6o 8.0 (B 3aBUCUMOCTH OT CEpPHH).
Onucanue cepuil IpUBEICHO B paszzaeiie
«pe3ynbTaTel»y. CMech WHKyOupoBaau 60
MHUHYT T[pU TIOCTOSIHHOM TemIeparype
(4 °C, 20 °C u 37 °C) 1 HenmpepbIBHOM
meikupoBanuu. 11oydeHHbI KOHBIOTAT
ounany ot cBobomHoro Jokc meromom
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yABTpaQUIBTpalik Ha  OPUTHHAIIBLHOM
ycraHoBke [19] ¢ ucnons3oBaHUEM LIEILTIO-
nozHoi MemOpansr Q1210-55 F3 («Orange
scientificy, bemprus) ¢ mmamerpom Tmop
12-14 x/la; TpOAOIKHUTEILHOCTE IIPOIIe-
Iypel — 4 4. JIisi KaKAoro mepeMeHHOTo
napametpa (pH, Temmeparypa, cooTHoIIIe-
HHUE PEarcHTOB) BBHIIOIHUIN M0 3 CHHTE3a.
CrerieHp BKITFOYEHHS Tpernapara B KOHBIO-
rar PacCUUTHIBAIN TI0 (POpMyIIe:

® = (m,—m)/m; - 100 %,

IJIe M, — UCXOHOE KoauuecTBO Jlokc,
m — KOJIMYECTBO HEBKItOUMBIIETrocs J{okc
(paccuuThIBaJM MO KOHIIEHTPAIIUHU B yilb-
TpaduisTpare).

Konnentpanuo mnpemnapara B yib-
TpapuIbTpaTe ONpeAessin CcreKTpodo-
TOMETPUYECKH Ha CHEKTPo(dOoTOMETpe
UV-2600 Shimadsu (SImonus) npu amuHe
BOJTHBI 490 HM TI0 TIPEIBAPHUTEIHHO II0-
CTPOCHHOMY KaJIMOPOBOYHOMY TpaduKy.

OKxcnepumenmol HA HCUBOMHBIX

JKuBOTHBIC I MCCIeNOBaHUS OBLIH
MmoNydeHbl W3 NMUTOMHHUKA «CTONO0Bas
W CONEP)KAINCh B CTAaHNAPTHBIX YCIOBH-
SIX BHUBapusl. DKCIEPUMEHTHI Ha KHBOT-
HBIX TIPOBOJMIIUCEH C COOMIONCHUEM HOPM
OMO3TUKH TIOCIIe ONOOPEHUSI JIOKATBHBIM
stnueckuM komureroM npu OI'bOY BO
«MTI'Y um H. I1. Orapésay.

Hccneoosanue ocmpoi mokcuuHocmu

WccnenoBanne TOKCHYHOCTH OBLIO
BBIMTOTHEHO Ha 240 OeIbIX MBIIAX JTUHUN
BALB. XXuBorHble ObuUIM pa3/ieiCHBI Ha
4 rpynisl (1 KOHTPONBHYIO U 3 OTIBITHBIX).
B KOHTpOINBHOI TIpymie KUBOTHBIM BHY-
TpuBeHHO BBoAWIMd 0,2 MJ H30TOHUYE-
CKOTO pacTBopa Harpus xjopunaa. B 1-i
OTBITHOW TPYIINE BBOIWIA BHYTPUBEHHO
Hoxc; B 2-it — Jlokc, KOHBIOTHPOBAHHBIIA
¢ IHK; B 3-it — 1,5%-n51it pactBop JHK.
BHyTpu ONBITHBIX TPy OBUIO BBIAEIE-
HO TI0 6 moarpynm (B Kaxaol 5 ocoOeit
MYKCKOTO TIOJIa M 5 — JKE€HCKOT0), B KO-
TOPBIX BBOIWJIM TIpemaparbl B J03ax 2,
4, 8, 16, 24, u 32 Mr/kr B mepecuere Ha
gucThli JIokc cooTBeTcTBeHHO. JKUBOT-
Hble HaOmomaiuch B TeueHue 30 mHeH,
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€XETHEBHO  (DUKCUPOBANIACH  JIETAllb-
HOCTh. Olpe/ieneHne TMoKa3arenei TOK-
CHYHOCTH TIPOBOJHMIIOCH C TOMOIIBIO
probit-analisys. Taxke ObUTH pacCUUTAHBI
LD,, LDy, u LD,,, uccnenyemsix cy0-
cTaHud U ux 95%-Hble JOBEpUTEIHHBIC

WHTEPBaJIbL.
Hccnedosanue npomugoonyxonesoi
aKmueHoCmu
HccnenoBanne MpoOTUBOOIYXOJIEBOM

aKTUBHOCTH OBbUIO TpoBeneHo Ha 60 MbI-
max oboero nona ymaun C57Bl/6. Tpo-
THUBOOITYXOJIEBYIO aKTUBHOCTh M3y4allk Ha
CHHI'€HHOM OIyXOJIeBOil cucteme U3 OaH-
Ka omyxoieBblx mTamMmmoB OI'BY «POHL]
uM. H.H. broxuna» Munznpasa Poccuu —
kapraOMe Jierkoro JIprouc (LLC).

Onyxonesyto Tkanb LLC Tpancnnan-
TUPOBAJIM >KUBOTHBIM BHYTPHMBIILIEYHO
B Oeapo 3aJHEl JIanKu clieBa B KOJIMYECT-
Be 1x10° kneTok B pactBope Xenkca. Ha
22-e CyT. IOclie TpaHCIDIaHTAIIUH OITyXO-
JIEBBIX KJIETOK KUBOTHBIE BHIBOJMIIMCH U3
JKCIIEpUMEHTA.

[IpoTuBOOMyXONEBOE W aHTHMETa-
CTaTUYECKOE JICHCTBUE OLEHUBAIH B CO-
OTBETCTBHUU C METOIUYECKUMH PEKOMEH-
JalMsAMHU 110 U3YyYEHHIO crenu(puuecKon
AKTUBHOCTH MPOTHBOOITYXOJIEBBIX Tpera-
paroB, aelcTByomumu B PO [20-21].

B nponecce skcnepuMeHTta ompe-
JeNsid 00beM IEPBUYHOTO OITyXOJIEBO-
IO y3/la, @ B KOHIIE 3KCIEPUMEHTa — €ro
Mmaccy. KommuecTBo Meracta3oB B Jer-
KHX TIOJICUYUTHIBAIU TIOCe (HUKCAIMH HX
B pactBope KapHya ¢ momorpio OUHOKY-
nspHoit myniel MBC-9 (yBenuuenue 16x).
Pa3meps omyxonei Ha MecTe TpaHCIJIaH-
TalMM ONpPENeNIsUIM C MOMOLIBI0 IITaH-
TEHUUPKYISI U PACCUUTHIBAIM UX 00bEM
o (GopMyIie IITUIICOUAA:

V=0,131-L- (D, + D),

rae L — nnuHa omyXoiy; Dl u D2 — IIBa
B3aMMHO MEPIECHANKYISIPHBIX AHAMETPA.
WHbeKnun mpemnaparoB MPOU3BOIU-
JIUCh BHYTPUBEHHO TPEXKPAaTHO C UHTEp-
BajJoOM B 72 4 CyT. HauMHAas C 7-X CYT.
nocine nepesuBku mwramMa LLC. Beibop

Meouko-buonozuueckue Hayku
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03 OBUT ClieJlaH Ha OCHOBE IIPOBEIICH-
HBIX TOKCHKOJIOTUYECKUX HCCIIETOBAHUIMA
(cpaBHHMBAIHCh SKBUTOKCHUECKUE JO3bI).
B 1-# m 3-# rpynmax mo3bl IpemapaToB

cocrapuiy nonoBuny LD, . B0 2-ii u 4-i —

LD, Hoza IHK B 5-i rpymme cooTBeT-

CTBOBAJIO JI03€ B TPYIIIE C BBICIICH 10301
KoHBIOTara (Tadm. 1).

Tabnuma 1
Table 1
CxeMbI IPOBOAMMO¥i TEpANHK
Schemes of the therapy
Jo3a / Dose
I'pynma / Group N Ipenapar / Drug
% ot LD mg
Konrpomnsaas / 10 _ _ _
Control

1-s ombiTHAs / 1 Bonopacteopumsiii Jlokc /

experimental 10 Water solvable Dox 05 LD, 2 mg/kg
2-s1 onbITHAs / 2™ Bonopacteopumsiii Jlokc /

experimental 10 Water solvable Dox LD, 4 mg/kg
3-s1 onbITHas / 3¢ Konnbrorar JTHK-JTokc /

experimental 10 DNA conjugated Dox 0.5 LD, 6 mg/kg (Dox)
4-s51 ombiTHAs / 4" 10 Konsrorar THK-J{okc / LD 12 mg/kg

experimental DNA conjugated Dox 10 (Dox)
5-s ombITHas / 5% 7,5 mg/kg

experimental 10 AHK / DNA - (DNA)

IIpoTuBOOIYX0ONEBYI0O  aKTUBHOCTb UM = (4, - B) -

OIICHUBAJHM TI0 HHICKCY TOPMOXKCHUS
pocta omyxonu (MTPO), xoropsrit pac-
CUUTBIBAIH 110 (hOpMyIIE:

UTPO = (V. — V) /| V.- 100 %,

e VK u VO — cpenHuil 00bEM OITyXO-
T B KOHTPOJBHOW W OIBITHBIX TPyMIIax
COOTBETCTBEHHO.

OO0 aHTHMMETacCTaTHYECKOM JE€HCTBHUE
MpernapaToB CYIWIU MO CIEIYIONIUM I0-
Ka3aTelIsIM.

1. Yacrora MeTacTazupoBaHUs OILY-
XOJIM — TIPOIIEHT KUBOTHBIX C MeTacTasa-
MU TIO OTHOIIICHUIO K 00IIEMy KOJIUIECT-
BY JKMBOTHBIX B TPYIIIIC;

2. CpenHee KONMYECTBO METacTa3oB
Ha OJIHO >KMBOTHOE B KaXXJI0H rpyIIIe.

3. MHaexc MHrHOMpOBaHUS METacTa-
supoBanus (MUM):

Medical and biological sciences

—(4-B)/ A4 B_-100%,

e A v A — 4acToTa METaCcTa3upOBAHHsI
B JIETKUE Y MBIIIEH KOHTPOJILHOM U OITBITHOM
rpyni; B_u B — cpejHee KOIMYeCTBO MeTa-
CTa30B B JIETKMX Ha OJJHO KUBOTHOE B KOHTp-
OJIbHOM U OMBITHOM TPyIaX COOTBECTBEHHO.

CrarucTrdecKkylo o0paboTKy ITaHHBIX
OCYILECTBISUIN C HCIIOIb30BaHUEM t-KpH-
Tepust CTBIOZIEHTa M KPUTEpUS XU-KBajpar.
Kputnueckuii ypoBeHb 3HAMMMOCTH Pa3iu-
yuii mpuHUMacs paBHeM 5 % (p < 0,05).

Pe3yabrarsl ncciae10BaHus

Paspabomra memooa cunmesa KoHvb-
toeama J{HK-/[okc

HccnenoBaHo BIMAHUE KOHIIEHTpa-
unoHHbix otHomeHus JIHK-Ilokc, pH
U Temueparypbl Ha 3((EKTUBHOCTH CBS-
3piBanms JIHK ¢ Jloke (Tabm. 2).
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Tabnuma 2
Table 2

IddexTuBHOCTD cBsA3bIBaHud Jloke THK npu pa3inyHbIX napaMeTpax cCHHTe3a

Efficiency of doxorubicin-DNA conjugation at different synthesis parameters

MaccoBoe cooTHO- Conepxanne Jlokc
menue JJHK/Joke / | Temneparypa, °C / | Crenens konbroranuu / | (mr #va 1 mr JJTHK) /
pH Mass ratio Temperature, °C Conjugation level Dox contents (mg
DNA/Dox per 1 mg of DNA)
4 74 +3 0,37 £ 0,02
2:1 21 64 +3 0,32 £ 0,01
37 48 £4 0,24 £ 0,01
4 71 +£5 0,47 £ 0,02
7,0 3:2 21 66 + 4 0,44 £ 0,02
37 61 +6 0,41 £ 0,03
4 Kommeke HectabmieH / Complex is unstable
1:1 21 42+3 0,42 £ 0,01
37 38+4 0,38 £ 0,02
4 43+5 0,22 + 0,03
2:1 21 39+5 0,20 £ 0,03
37 34+6 0,17 + 0,03
4 44 +3 0,29 £ 0,01
8,0 3:2 21 42 +4 0,28 £ 0,02
37 38+ 6 0,25 + 0,03
4 Kommneke nHectabuiien / Complex is unstable
1:1 21 32+6 0,32 £ 0,03
37 29+5 0,29 £+ 0,02

Meouko-buonozuueckue Hayku
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B xucinol cpene KomiougHas CHCTe-
Ma OblIa HeCTaOWIBHOH, B CBA3M C YeM
uccienoBaiach 3((HEKTUBHOCTh CHHTE-
3a TP HEHTPAITHFHOM U CIabO0IIETI0THOM
saadeHnu pH. W3 tabmn. 2 BUAHO, YTO OII-
TUMAaIGHBIM JJI1 CHHTE3a KOHBIOTATa SIB-
JsieTCs HeWTpajgbHOoe 3HaueHue pH, mpu-
YeM 10 Mepe IMOHIKEHUS TeMIIeparyphl
CTeTIeHb BKJIIOYeHHsI J[OKC B KOHBIOTAT
yBennunBasiack. Hambombiee comepika-
HUE XUMUOIIperapara Ha EAWHHIY Mac-
CBhI HOCHUTEJSI OTMEYAJIOCh MTPU MacCOBOM
coorHomennn JIHK/Jlokc 3:2. Takum
o0Opazom, Uil CHUHTE3a KOHBIOTaTa, WC-
MOJIH30BAaHHOTO B JAHHOW paboTe, ObLIH
BEIOpaHbI crenyromue yeaosus: pH = 7,0;
temneparypa 4 °C; mMaccoBoe COOTHOIIIE-
nue JIHK/Ilokc = 3:2. IlocnemoBaresnb-
HOCTb OIlEpaluii CHHTE3a OMICAHA BBIIIE.

W3BecTHO, YTO OJHWM W3 IJIABHBIX
MEXaHU3MOB IPOTHBOOIYXOJIEBOTO 13-
¢dexra JIoKC SBISETCS HWHTEPKAIALNS
MEXIY HYKJICOTHIaMH BO BPEMS CHH-
te3a JIHK, uto mpepeiBaeT mocnenHuil.
B cB3u ¢ STUM BO3HHUKAeT BOIPOC

0 TOM, He OyleT J1 MoTepsiHa AKTUBHOCTh
npenapara npu B3aumonelicteuu ¢ JHK
in vitro? OpnHako pe3ynbTaTel paHee
MPOBENEHHBIX wccienoBanmii  [10-12],
a TaKk)Ke TOJy4YeHHbIe B HACTOSIIEH pa-
0oTe MoKa3pIBarOT, UTO JIOKC, CBSA3aHHBIN
¢ oax3oreHHor JIHK, coxpanser cBoro
IPOTUBOOIYXOJIEBYIO aKTUBHOCTh. JTOT
(heHoMeH, BHUINMO, OOBICHIETCA TeEM,
YTO B HCIIOJIB30BAaHHBIX YCIOBUSAX CHH-
T€3a HE MPOHUCXOIUT HEOOPaTUMOro CBS-
3pIBaHMs JlOKC ¢ HYKJIEOTUIaMHU; JaHHbIE
CBA3M ¢ Hykieotuaamu B coctaBe JJHK
MMCIOT HE KOBAJICHTHBIH, a BOJOPOIHBIN
xapaktep (CpemHssl DJHEpPrusi CBS3H —
4,9 xxan/monp) [22-23]. daronuTHpOBaH-
Hele komruiekcbl JITHK-Jlokc pa3pymiaror-
Csl DHJOHYKJIE3aMH, YTO COMNPOBOXKIAETCS
BBICBOOOXKACHHEM XUMHOIpeETapara BHY-
TPU KIIETKH.

Hccnedosanue ocmpoii  moKcuuHo-
cmu konvrocama /[HK-/[oxc

Pesynbrarel uccnenoBaHUs OCTPOM
TOKCUYHOCTH I[OKC MMpEACTaBJICHBI
B Tab1. 3-4.

Tabnuma 3
Table 3

JIeTaJIbHOCTD JKMBOTHBIX NpH BBCICHUHU PA3JTUYHBIX JIEKAPCTBEHHbLIX (l)OpM HOKC

Lethality of animals when injecting different doxorubicin forms

" JlerangpHOCTh (abC. %) B 3aBHCUMOCTH OT 036l JIOKC, MI/KT /
I'pynma / C;ggf;g;;‘:’; Lethality (abs %) depending on dose of Dox, mg/kg
Group Substance
2 4 8 16 24 32
Bonopacteopumslit
1 Joxc / Water 0 1 3 7 10 10
solvable Dox
Konstorar JIHK-/lokc /
2 DNA-Dox conjugate 0 0 2 > 8 10
3 JTHK / DNA 0 0 0 0 0 0

Medical and biological sciences
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Tabnuma 4
Table 4

IToxa3are M 0CTPOii TOKCHYHOCTH PA3/IMYHbIX JIeKapCTBeHHbIX ¢popm Jlokc

Acute toxicity markers for different doxorubicin forms

Bomnsrit pactBop [okc / Kownstorar JIHK-lokc /
Water solution of Dox DNA-Dox conjugate
TToxazaremu /
Markers
Ho3za, mr / U_* Ho3za, mr / U_*
Dose, mg 95 Dose, mg 95
1 2 3 4 5
LD, 4.4 2,1-6,4 6,2 2,7-9,0
LD,, 9,9 7,1-13,4 14,6 10,5-19,9
LD, 43,9 27,7-118,2 69,5 41,1-256,8

IMpumeuanue: * — 95%-ub1ii noBepuTenbHbIil nHTEpBaN / Note: * — 95% confidence interval

O6bem omyxonu, Mm® / Tumor volume, mm?

92000
8000
7000
6000
5000
4000
3000
2000
1000

D
5 7

Ilepuoxns! HabmroneHws, cyT. / Periods of observation, day

=== Konrpons (LLC)/ Control (LLC)

9

11

13

BomopacTeopumerit JIP LD,/ Water-soluble DR LDy,
—— KonptoraT JP-JHK LDy / Conjugate DR-DNA LDy,

Bonepactsopimelf TP 0,5 LD,/ Water-soluble DR 0,5 LDy,
Konstorar AP-JHI 0.5 LDy, / Conjugate DE-DNA 0.5 LD,

#— [[HK / DNA

1

wn

17 19

P ucy Ho k. [luHamuka o0beMa OIyXoiu B rpymnmax (* — 1ocToBepHOe OTINUHe 00beMa OITyXOJIH B IPyIIIe
BOZIOPAcTBOPUMOTO JIOKC OT aHanorudHoro nokasarens B rpyme JJHK-xonsrornposarroro Jloke B nose LD, )
F i gure. Dynamics of tumor volume in groups. For all groups except the group treated with DNA,
the tumor volume is significantly different from that of the control group starting from the 14" day.

* — significant difference in tumor volume in the group of water-soluble Dox and the group of DNA

100

conjugated Dox in LD, doses)

Meouxo-ouonoauueckue Hayku
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W3 Tabn. 4 BUAHO, YTO TOKCHUYECKHE
7036l KOHBIOTaTa B cpeaHeM B 1,5 pasza
BBIIIE TI0 CPaBHEHUIO C BOIOPACTBOPH-
MbIM Jlokc. IIpuyumHOM CHUXKEHHS TOKCHY-
HOCTH MOXKET OBbITh HENOJIHAs JUCCOLra-
LUsI KOHBIOTaTa B COMaTHYECKHUX KIJIETKaX,
MEHbIIIee HAKOTUIEHHE B MUOKapAe, a TaK-
e HHIuOUpoBaHHE MPOOKCHIAHTHOTO
adderra JloKC HYKIEHWHOBOW KHCIIOTOH.
VuuThIBas, YTO YMEHBIIEHHE TOKCHYHO-

CTH MOXET COIPOBOXKJATHCSI CHUKEHUEM
criequ(puIecKoil IpOTHBOOIYXOJICBOM aK-
TUBHOCTH XVIMHUOTIPETIapaTa, JUIst JabHek-
IIETO MCCIIEA0BAHUS OBLIH MCIIOE30BAHBI
9KBUTOKCHYECKHE 103 XMMHUOIIpETapara.

Hccnedosanue npomugoonyxonegoui
aKmueHocmu

Pesynbrarsl onieHKH 00beMa OIyXoiu
MIpE/ICTaBIICHBl Ha PUCYHKE; WHIECKC TOp-
MOKEHHSI POCTa OIMYXOJH — B TalI. 5.

Tabnuma 5

Table 5
3HaueHUs HHIEKCA TOPMOKEHHUS POCTA ONMYXO0JH B rPynmax
The values of Tumor Growth Inhibition Index (TGII) in the groups
3nauennst UTPO nHa sTanmax HaOmroneHus /
Values of the TGII at various stages
Tpymribl )KUBOTHBIX /
Groups of animals
9cyr./ | 12cyr./ | 14cyr./ | 16cyr./ | 18 cyr./ | 20 cyr./ | 22 cyT. /
9t day | 12" day | 14" day | 16" day | 18" day | 20" day | 22" day
Bonopacreopumslit
Hoxc 0,5 LDy / )
Water-soluble doxo- 15,9 27,5 32,7 38,9 25,7 36,0 27,9
rubicin, 0,5 of LD
Konstorar JIHK-
Joxc 0,5 LD, /
DNA-Dox corl1ju- 4,1 35,7 38,1 47,4 34,7 46,6 343
gate, 0,5 of LD
BonopactBopumblii
Jokc LDy, / Water- 5,0 32,1 454 432 33,7 42.4 44,1
soluble Dox, LD
Kownsrorar JJHK-
Hoxe LD,/ / DNA- -8,7 24,3 42,7 53,6 50,0 64,0 67,4
Dox conjugate, LD
JTHK / DNA -3,4 2,1 13,8 12,8 1,5 9,6 2,6

Bunno, uro Ha (oHEe XMMHOTEpanuu
MPOUCXOJIMIIO TOPMOXKEHHE pOCTa OIy-
X0 BO BCEX TIpyIMIax >KUBOTHBIX. Ha
14-e cyT. HaOMIONCHUS TTOSBHUIINCH CTATH-
CTUYCCKU 3HAYMMBIC pa3jiniuuvs B o0Beme

Medical and biological sciences

OMyXOJNHU MEXAY KOHTPOJBHOW M BCEM
OIIBITHBIMHU TPyNIamMH. MeXIy OIBITHBI-
MH TpYIIaMH JOCTOBEPHBIX pa3IHIHid
B JIaHHBIX IIOKA3aTesIsiX He ObUIO 3ape-
ructpupoBaHo 10 20-x cyT. Habmrome-

101



Ml BECTHUK MOPJIOBCKOTO YHUBEPCUTETA

Tom 27, Ne 1. 2017

Hus. Ha 20-e u 22-e cyT. o0beM OImyxomu
B rpymme, nomydasmed JIHK-konsroru-
posanubid JIoke, B 103¢ LD, , ObUT MeHB-
1ie aHAJIOTUYHOIO IOKa3arelisi B IpyIIe,
MOJy4aBLIEW BOAOpAacTBOpUMBINA JIokc Ha
34,3 u 35,0 % (p < 0,05 s 06enx ToUeK).
Jns sroit no3sel pazauna no UTPO mexay
rpynmnoi JJHK-/lokc u rpymnmoi Bogopact-

BopuMoro Jloke Ha 20 u 22 cyT. cocTaBis-
na 14,1 u 15,0 nOpoLEHTHBIX MyHKTOB (WX
50,9 u 52,8 %) cOOTBETCTBEHHO.

AHasioruuHas TEHIEHLUS OTMeva-
Jach TaKXKe IS TPYII KWBOTHBIX, IIO-
nyvaBuvx npenapar B gose 0,5 LD,
OJTHAKO CTAaTUCTHYECKH OTH Pa3INUMS
MIOATBEPKACHBI HE OBUIH.

Tabnuma 6
Table 6
Pe3yabTaThl OlIeHKH AHTHMETACTATHYeCKO AKTHBHOCTH
Results of antimetastatic activity investigation
Cpennee 4ucio
Macca omyxonu Yacrora TTIOBEPXHOCTHBIX WNunexc un-
Ha 22-e CyT., T MeTacTasu- METacTa3oB THOMPOBaHHSA
I'pynmsr >KUBOTHEIX / (M £ curma) / | poBammst %/ | (M + curma) / MeTacTa3upo-
Groups of animals Tumor mass on | Frequency | Average number | Banus / Metas-
the 22nd day, g | of metasta- of metastases tasis Inhibition
(M =+ sigma) ses, % on the surface Index
(M = sigma)
KonrponsHast (6e3 neuenus) /
Control (no treatment) 88+29 100 94,7+ 4,2 B
Bonopacreopumsiit [lokc,
0,5 LD,, / Water-soluble 6,4 +2,1 100 71,2+ 6,9 24,8
doxorubicin, 0,5 of LD
Konprorar JIHK-/Ioke, 0,5
LD,, / DNA-Dox conjugate, 58+24 100 65,3 + 11,2 31,0
0,5LD,,
BonopactBopumsiii Jlokc,
LD, / Water-soluble doxoru- 51+2,2 90 44,5 £ 12,1 57,7
bicin, LD |
Konsrorar JIHK-/Ioke, LD,/
DNA-Dox conjugate, LDIIO0 41+18 80 356+98 69,9
JIHK / DNA 8,6 +3,1 100 90,2 + 8,5 4,8

[Mpumeuanue: MOXYKUPHBIN MWPUQPT — JOCTOBEPHBIE OTIAMYMS OT KOHTPOJIBbHOI rpymmsl / Note: bold

is significant differences from the control group

Meouko-buonozuueckue Hayku
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[lpu oneHKe aHTUMETACTaTUYECKOM
AKTUBHOCTU OBLIO YCTAHOBIIEHO, YTO BCE
uccieoBaHHbIe (OPMBI, 3a HCKIIOUe-
HHEM BomopacTBopuMoro Jlokc B mo3e
0,5 LD,;,, IOCTOBEPHO CHWKAIM KOJIM-
YECTBO METACTA30B OIYXOJIU B JIETKHE.
Uucno MeTacTa3oB B TpyIax, MOMydaB-
mux JIHK-konbrorupoBanHslil pemnapar,
OBUTO MEHbBINIE, YeM TPYIIax, KOTOPHIM
TIPOBOIIUIH JIeUeHHMEe BOMHBIM Jlokc, of-
HaKO 3TH pa3jiudus He OBLUIN CTaTHUCTH-
4Yeckd 3HaYMMbIMH. HawmOomee BeposT-
HbIM MEXaHU3MOM YBEIUYCHUS TPOTUBO-
OITyXOJIEBOW akTHBHOCTH JIOKC Tipu ero
konwtorarmu ¢ JIHK sBrnsercss m3bmpa-
TeTFHOE HAKOIUICHHE XHUMHOIperapara
B OIYXOJICBOM TKaHH, O0YCIIOBJIICHHOE JH-
nJoruto3oM komimiekca JIHK-Jlokce.

O0cy:xneHue U 3aKJII0YeHH s

B pesynbrare wuccnemoBaHus ObLI
NPEANIOKEH METOJ MOMYUYECHUS! KOHBIOTa-
Ta TIPOTHBOOITYXOJIEBOTO XUMHUOTIpenapa-
Ta JIOKC ¢ 3K30r€HHOH JBYXLENOYEYHOU
JHK; npoBeneHo uccienoBaHue TOKCHY-
HOCTH W CIEUU(PHUUECKON MPOTHBOOMY-
XOJICBOH aKTUBHOCTH CHHTE3UPOBAHHOTO
KOMIIJIEKCa; MOKa3aHO, YTO TOKCHYHOCTh
KOHBIOTaTa HUKe, 4eM y cBOOOIHOTO J{oKC
(LD,, 6bumm pagubl 14,6 mr/kr u 9,9 mr/kr
JUIE KOHBIOTaTa M JIOKC COOTBETCTBEH-
HO). BBeieHre B 9KBUTOKCHYECKHX J103aX
KOHBIOTaTa oOmagaer OoyblIeld MPOTHU-
BOOITYXOJIEBOIl aKTHBHOCTBIO, Y€M BOJO-
pacTBOpPHMEI Tipenapar (MakCHMyM Ha
35 % no obvemy omyxomu u Ha 51 %
o UTPO).
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MAGNETIC BACTERIA AND THEIR POTENTIAL
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Introduction. This outline explores the scientific discovery concerning the magnetotac-
tic bacteria (MTB). The results of the discovery are used in microbiology, mineralogy,
limnology, physics, biophysics, chemistry, biochemistry, geology, crystallography, and
astrobiology. Magnetosomes of the MTB are organized in linear chains and orient the
cell body along geomagnetic field lines while flagella actively propel the cells, resulting
in so-called magnetotaxis.

Materials and Methods. The review article about the magnetotactic bacteria is
a collection of many research papers from different institutes. The emerging impor-
tant points about this review lie in: (1) any biological system is capable of producing
magnetic biomaterials such as magnetite (Fe,0,) and gregite (Fe,S,); (2) the naviga-
tion of these nano-crystals in the biological system is interconnected with the Earth’s
magnetic field.

Results. The researchers involved in the study have shown that the magnetotactic bacte-
ria do respond to a magnetic field. This makes them attractive for biomedical and indus-
trial applications because of the availability of superior electromagnets, superconduct-
ing magnets and permanent magnet. Magnetic bacteria can also be used as a diagnostic
tool in the detection of imperfections even at the nanoscale.

Discussion and Conclusions. Although the importance of this issue is still limitedly
used in medical area, more performance is necessary to explore the world of these bac-
teria that are candidate for new industry and new therapy strategies in biotechnology
and medical fields.

Keywords: magnetic bacteria, biophysics, nanoparticles, construction of biological
cells, cancer, medicine, earth’s magnetic field, nanoparticles technological applications
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MAT'HETHYECKHUE BAKTEPUU U UX IIOTEHIIUAJIBHOE
NPUMEHEHMUE: OB30PHAS CTATbA

C. P. Dapmxmanu, C. M. Aabmuxu, H. M. AGex Aabkpem,
C. A. Xamyna

Yuusepcumem beneasu (e. beneasu, Jlusus)
‘dr_s_hamouda@yahoo.ie

Beeoenue. Cratsst mpenocTaBisieT 0030p HayIHBIX OTKPBITHH, KACAIOIIUXCS MarHUTOTAK-
tuueckux Oakrepuii (MTB). Pesynbrarsl OTKpBITHH MCHONB3YIOTCS B MUKPOOHOJIOTHH,
MHHEPAJIOTHH, JTUMHOJIOTHH, (DU3MKe, ONO(pU3UKE, XUMHUH, OMOXUMUH, TEOJIOTUH, KpPH-
crayorpadun u acrpodbuosnoruu. Marautocomel MTB oprann3oBaHbl B THHEHHBIE IIETTH
U OPHEHTHUPYIOT KJICTOYHBIE TeJla BIOJIb CHJIOBBIX JIMHUI T€OMAarHUTHOTO TIOJIS, TIPHYEM
BpallaTeIbHbIe ABMKCHUS JKI'yTHKOB IIPUBOAAT K T. H. MATHUTOTAKCHCY.

Mamepuansl u memoowi. O630pHas CTaThbsi 0 OAKTEPUAX, TYBCTBUTEIBHBIX K MAarHUTHO-
My TIOJIO, SIBIISIETCSI KOMIMIIAINEH HECKOJIIBKUX HAYYHBIX Pa0OT U3 Pa3IHIHBIX HAyYHBIX
yupexxaeHuit. Hanbomnee BaykHbIe MOMEHTBI 3TOT0O 0030pa CBOJSATCS K CIIEAYIOMIUM IOJIO0-
skeHusM: 1) mrobast Omosiorndeckasl CHCTeMa CIoco0Ha Co37jaBaTh MarHUTHBIE OHOMare-
puainbl, Takue kak Marnetut (Fe,O,) u rperut (Fe,S,); 2) HaBuramus 5THX HAHOKPHCTAJI-
JIOB B OMOJIOTHYECKOH CHCTEMe B3aMMOCBsI3aHa ¢ MarHUTHBIM I10JIeM 3eMJIH.
Peszynemamer ucciedosanusa. Mccnenopareny, y9acTByIONINE B H3y9IEHHN JAaHHOH TEMBI,
IMOKa3ajau, 4YTO MAarHUTOTAKTUYCCKUC 6a|<Tep1/m }leﬁCTBI/ITCHbHO pearupyroT Ha MarHurt-
HOE ToJIe. DTO JIeJIaeT UX IPHUBIEKATeIbHBIMH TSI MEANKO-ONOIOTHYECKOTO U IPOMBIII-
JIEHHOTO HCIIONb30BaHUS M3-3a HAJTMYUS CHIBHBIX 3JIEKTPOMArHUTOB, CBEPXIPOBOISIIIX
MarHUTOB M MOCTOSHHOTO MarHuta. MarHeTndeckue OaKTepHH TakKe MOTYT OBITh ¥C-
TIOJTE30BaHbI B KAYECTBE JHATHOCTHYECKOTO MHCTPYMEHTA IpH OOHApYKeHUH Ae(EeKTOB
JlaXke Ha HAaHOYpOBHE.

Obcyarcoenue u 3axniouenus. HecMOTpst Ha BXKHOCTB 3TOHM TEMBI, KOTOPast II0OKa HAXOAUT
JMIIb OTPAHUYEHHOE NPUMEHEHUE B MEIUIIMHCKOH 0071acTH, HEOOXOIUMO HCCIEN0BaTh
MHp 3THX OakTepHid, KOTOpbIE SIBJIFOTCS KaHIUIaTaMH JUIS WCIONB30BAaHUS B HOBBIX
TIPOMBIIIUIEHHBIX TEXHOJOTUSIX U TEPAIeBTUUECKUX CTPATEeTHH B MEIUINHEL.

Knrouesvie cnosa: MarHNTOTaKTHYECKUE 6aKTepI/II/I, 61/10(1)1/131/11(3, HaHoO4acTHla, CTpOCHUC
OMOJIOTHYECKHUX KJIETOK, paK, MEAUIINHA, MArHUTHOE I0JIE€ 3€EMJIM, TEXHUYCCKOE UCIIOJIb-
30BaHHWEC HAHOYACTHI]

/s yumuposanus: Marnetuueckue OaKTEpUH M UX MOTCHIMAIBHOE MPUMEHEHHUE: 00-
3opHas crates / C. P. Dnpmxmanu [u ap.] // Bectauk Mopnosckoro yausepcurera. 2017.
T. 27, Ne 1. C. 108-122. DOI: 10.15507/0236-2910.027.201701.108-122

bnazooapnocmu: bnarogapum peleH3eHTa 3a yKa3aHHWE HA BAXKHbIE MOMEHTHI, Kaca-
folyecs: Hanted cratby. Ero Touka 3peHust Oblia NPHHATA C IOHUMaHUEM.

Introduction
Magnetotactic Bacteria (MTB) —
magnetic microorganisms were disco-

ing on one side of the microscope slide.
He also observed that some of these
microorganisms, when suspended in

vered in 1963 by Salvatore Bellini in an
obscure publication of the Instituto di
Microbiologia at the University of Pa-
via, Italy. Bellini was investigating water
and sediments from potholes and shallow
lakes when he noticed that in many of his
samples, a peculiar group of bacteria al-
ways swam in one direction, accumulat-

Medical and biological sciences

a droplet of collected water, swam to-
wards the arm of his microscope. Wonder-
ing if the composition of the microscope
influenced this behavior, he sequentially
replaced the microscope arm, lenses, and
stage with metals, followed by wood and
then cardboard. However, the organisms’
behaviors did not alter regardless of the
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changes Bellini, made for either the parts
or the materials of the microscope.

Distrustful that the bacteria were
being guided by an external stimulus,
he attempted to manipulate them with
a magnet, discovering that they immedi-
ately followed the magnet. Further ex-
periments with both live and dead cells
exhibited the same ability to follow
a magnet, leading Bellini to intuition that
these “magneto sensitive bacteria”, as he
called them, contained an internal com-
pass that oriented them to a magnetic
field. Bellini’s findings remained largely
hidden until Richard Blakemore redis-
covered these magnetic bacteria in 1975.
Blakemore named these bacteria “mag-
netotactic bacteria”’, MTB an elicitation
from the biological term “magneto taxis”.
Blakemore described these bacteria as
aquatic prokaryotes which grow at ambi-
ent and mesophilic conditions. Blakemore
had spent some time investigating micro-
organisms living in mud, and he too real-
ized that these cells also could be repelled
or attracted to a magnet, depending on the
pole that faced the cells [1-2].

The discovery of MTB caused a sig-
nificant impact on research fields such as
microbiology, physics, biophysics, chem-
istry, biochemistry, geology, limnology,
crystallography, and even in astrobiology.
This strange behavior attracted a great
deal of interest from other scientists,
bringing magnetic bacteria into labora-
tories as a research specimen. Although
magnetic bacteria can be found in any
environment, especially in lake and sea-
water habitats, due to their unique life, it
is not easy to isolate and cultivate MTB.
However, the fast advances in biotech-
nology, magneto technology and in other
fields have eased the cultivation of MTB
in laboratories.

The formation and physiological
function of magnetic crystals in these
organisms are still not known sufficient-
ly. However, thorough understanding of
bacterial magnetosome formation will
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serve as a model to uncover the mecha-
nism of magnetosome formation and
function in other species. It is also noted
that functional analysis of several genes
involved in magnetosome formation,
such as, mamJ, mamK, magA have re-
vealed the roles of membrane associated
proteins in transport and bio minerali-
zation. Current research at present time
focuses on the molecular mechanisms of
bacterial magnetosome formation and its
practical applications in biotechnology
and medicine.

However, two developments dur-
ing the past decade have changed this
perception dramatically, the first being
the discovery that many organisms, in-
cluding bees, algae, pigeons, and hu-
mans, are also capable of biochemically
precipitate the ferrimagnetic mineral
magnetite (Fe,O,). In the MTB, the geo-
magnetic response is based on either
biogenic magnetite or greigite (Fe,S,).
Second, the development of simple be-
havioral conditioning experiments for
training honey bees to discriminate mag-
netic fields demonstrates conclusively
that at least one terrestrial animal is capa-
ble of detecting earth-strength magnetic
fields through a sensory process [3].

Materials and Methods

Magnetosome formation is the mi-
neralization process under strict bio-
chemical mechanisms control, including
four steps: iron accumulation, mem-
brane formation, transportation and con-
trolled bio mineralization of magnetite
(Fe,0,). Magnetite contains both ferrous
(re(iuced) and ferric (oxidized) iron spe-
cies. Magnetite is oftentimes described
as iron ILIII oxide. Fe ions exist in both
the +2 and +3 valence states. Equationl.
Shows an oversimplified synthesis reac-
tion demonstrates the chemical makeup
of the compound [4].

FeO (Ferrous Oxide) +

+F,0, (Ferric Oxide) — F,O, (Magnetite). (1)

Meouko-buonozuueckue Hayku
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The formation mechanism of magne-
tosomes is a complex process and is not
entirely understood. It includes the forma-
tion of magnetosome vesicles, taking the
iron mineral into the cell, carrying the iron
in the magnetosome vesicles and the con-
trol of magnetite or greigite biomineralisa-
tion within the vesicle. However, there are
some other views that explain the process.
In these views, it was proposed that three
major steps were present in magnetosome
biomineralisation. The first step involves
the cytoplasm folding inwards, creating
a pocket to form the magnetosome mem-
brane by GTPase, and the organization
of these vesicles along a line to form the
magnetosomes’ carrier fiber. The second
step is involving the carrying of iron into
the cell by carrier proteins and sidero-
phores and collecting them in the vesicles
by transmembrane iron carriers. The iron
within the cell is strictly controlled by oxi-
dation and reduction mechanisms, as too
much iron is highly dangerous for the cell.
The last step is the formation of magnetite
in the magnetosome and the organization
of the morphology.

In MTB, magnetite formation takes
place in microaerobic and anaerobic con-
ditions, as high oxygen content has an
inhibiting effect. However, the relation
between magnetite formation and low
oxygen levels are unclear. While the rela-
tion between magnetosome formation and
sources of iron is unclear, it is known that
iron is the basic element for magnetosome
production. MTB require more iron com-
pared to other bacteria for the biominerali-
sation of the magnetite crystal.

Magnetite (Fe,0,) is the main chemi-
cal component of m: magnetosomes charac-
terized by the high chemical purity, fine
grain size uniformity, and good biocom-
patibility. These properties can be used
as a new kind of nano-magnetic materi-
als applied in many fields of biochemis-
try, magnetic materials, clinical medicine
and wastewater treatment [5]. The various
types of (F,0,) and (F,S,) magnetosome
crystal morphologres are shown in fig.1.

Medical and biological sciences

Fig. 1. a—d) Fe,O,; a: cubo-octahedron
(equilibrium form); b—c) hexahedral prisms; d)
elongated cubo-octahedron; e-f) Fe S ; a) cubo-
octahedron (equilibrium form); b) rectangular

prismatic crystal [6]

P u c. 1. a-d) Fe,0,; a) kyb6o-okTasmp (paBHOBeC-
Has ¢opma); b—c) HIeCTUrpaHHbBIC IPH3MEL;
d) ynnuuenHslii ky6o-okrasup; e-f) Fe,S,;
a) Ky00-okTadap (paBHOBecHas Gopma); b) mpsi-
MOYTOJIBHBIHA MPU3MaTUUECKHuit Kpuctami [6]

MTB produce crystals that are the
smallest crystals that can be formed of
(Fe,0,) or (Fe,S,) and still be perma-
nently magnetlc at ambient temperature.
Figure 2 describes the magnetic domains
for the magnetosomes. Magnetosomes
contain crystals that are Stable Single-
Magnetic-Domains.

Fe 304
HHH =
SUPER- SINGLE | MULTI-
PARAMAGNETIC DOMAIN [ DOMAIN
350 1000

PARTICLE S1IZE  (R) —+

F i g. 2. Magnetosomes contain crystals that are
Stable Single-Magnetic-Dom ains [6].
P u c. 2. MarHuTocoMsl cofepykaT KpUCTaJIIbL,

SIBJISIFOIINECS CTAOMIbHBIMU OTACIBHBIMHU
MarHUTHBIMU JOMeHaMHu [6]
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Magnetotactic bacteria arrange their
Magnetosomes in chain(s) along long
axis of cell. These bacteria have a unique
feature of consuming soluble salts of
iron from growth media to form intra-
cellular chains of single magnetic crys-
tals (3040 nm) of magnetite (Fe,O,)
and gregite (Fe,S,). These intracellular
nano-crystals, each encapsulated by its
own biological membrane about 3—4 nm

thick are known as magnetosomes.
Magnetosomes are organized in linear
chains and orient the cell body along
geomagnetic field fig. 3. Shows the ar-
rangement of magnetosomes surround-
ing a biological cell. However, the
magnetosome proteins such as MamK
and MreB play an essential role in the
Construction of the Magnetosome Chain

(fig. 4.) [6].

F i g. 3. Magnetospirillum magneticum with single magnetosome chain.
The magnetosome chain acts like a single magnetic dipole [14]

P u c. 3. Magnetospirillum magneticum ¢ om1HOI MarHUTOCOMHOH LETBIO.
MaruutocomHsble LienH JeHCTBYIOT KaK eIMHbI MarHUTHbIM 1unois [14]

The magnetosome chain acts like
a single magnetic dipole. In the chain
motif, the total cell magnetic dipole mo-
ment is the sum of that of the individual
crystals. This implies that by forming
chains, the bacterium has maximized its

—‘-1

magnetic dipole moment (remanence).
Magnetosomes are vesicles that are in
a membrane within the cytoplasm that is
full of magnetite and greigite, which help
the bacteria align themselves according
to the Earth’s magnetic field [6].

v

100NnMm

F i g. 4. Purified magnetosomes with membranes. Magnetosome membranes
contain unique proteins which are involved in construction of the magneto-
some chain [6]

P u c. 4. MarHuTOCOMHBIE OEIIKH UTPAIOT BaXXHYIO POJIb B IIOCTPOCHUH
MarHMuTOCOMHOM 1emnu [6]

It can be added that current research
have revealed the same features that are
shared by the magnetite crystals extracted
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from magnetotactic bacteria and by some
of those extracted recently from the soft
tissues of the human brain (fig. 5).

Meouko-buonozuueckue Hayku
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Fig. 5. Shows a comparison of high-resolution (HR) TEM images of singlc-domain
magnetite extracted from the magnetotactic bacterium. Aquaspirillum Magnetotacticum
and from the human cerebellum [7]

P u c. 5. CpaBHeHHE N300paskeHHH, TTOIYIEHHBIX C MTOMOIIBIO TPOCBEIHBAIOIIETO
3NeKTpOHHOTO MUKpockona (IT9M), olHOIOMEHHOTO MarHeTHTa, N3BJICYEHHOTO U3
MarHUTOTaKTHYeCKo# OakTepnn Aquaspirillum magnetotacticum
U U3 YeJIOBEYECKOTo Mo3xKeuka [7]

Magnetite crystals formed within
these magnetosome vessicles have three
main features which serve to distinguish
them from magnetites formed through ge-
ological processes. First, high-resolution
TEM studies reveal that bacterial mag-
netites are nearly perfect crystals, usually
elongate in the [111] direction. Inorganic
magnetites are usually small octahedral
crystals, often with lattice dislocations
and other crystal defects. The elongation
of biogenic crystals in the [111] direc-
tion serves to maximize the net magnetic
moment of the particle, and presumably
is the result of natural selection for their
magnetic properties. Second, bacterial
magnetite crystals are restricted to a size
range from 30 to about 500 nm, with
shapes which confine them to the single-
domain magnetic stability field . Inor-
ganic magnetites tend to have log-normal
size distributions, and range from super-

Medical and biological sciences

paramagnetic to multi-domain in size.
Third, bacterial magnetites tend to be
rather pure iron oxide, with no detectable
concentrations of the element titanium
which is typically present in geologically
produced magnetite.

It can be concluded that many higher
organisms including humans possess the
biochemical ability to form magnetite.
The knowledge of the biological func-
tions of magnetite are as yet incomplete.
Magnetite is the hardest known biogenic
material formed by an organism. Magnet-
ite also seems to be involved in the ability
of many animals to use the geomagnetic
field as an orientational or navigational
cue. The magnetosome chains in the
salmon, which strongly resemble those
in the bacteria and algae, could certain-
ly be used for this purpose. Recent be-
havioral work with honeybees, showing
that north-seeking bees can be changed
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into south-seekers with a brief magnetic
pulse, confirms that a ferromagnetic ma-
terial like magnetite is indeed part of the
honeybee magnetic sensory system [7].
However, Magnetite is now known to
form commonly in a variety of tissues for
which a sensory function is rather unlikely
because magnetite was also found in human
and mouse tumors. Biogenic magnetite has
been found in many organisms ranging

from bacteria to higher vertebrates, includ-
ing humans. The high levels of magnetite
in rapidly growing mouse tumors hints that
it may have a role in cell division. This
implies that magnetite has as yet unknown
roles in eukaryotic biochemistry, perhaps
as a localized source of iron for activating
iron-based enzymes [7]. It is also present in
many tumor materials. The physical pro-
perties of magnetite are shown in table.

Tabnuna
Table
Some Physical Properties of magnetite
HexoTtopble ¢pusnueckune cBOiiCTBa MarHeTHTA
Magnetite melting / Temneparypa niaBneHus 1590 °C
Boiling points are observed / Habmogaemast Touka KUNEHUS 2623 °C
Density / IInoTHOCTH 5.18 g/em?

Heats of fusion (at 2 623 °C) / Tennora maBnenus npu 2 623 °C

138.16 kJ/mol

Decomposition (at 2 623 °C) / Dueprus paznoxenus npu 2 623 °C

605.0 kJ/mol

Vaporization (at 2 623 °C) / DHeprus napoobpaszoBanus mpu 2 623 °C

298.0 kJ/mol

Curie temperature / Touka Kropu

850 K

Enthalpy / Duranpnus

1 115.7 kJ/mol

Entropy of formation / DuTponus o6pa3oBanust

146.1 kJ/mol/K

Magnetite particles are not porous / YacTuipl MarHetTura He HOPUCTHI

Dissolution is much faster than other pure ferric oxides /
PacTBopeHHe PONCXOAUT ropas3o ObICTpee 10 CPaBHEHHIO C APYTUMHU YUCTBIMH OKCHJIAMH JKeye3a

Magnetotactic bacteria are obligate
micro-aerophiles and need narrow range
of dissolve oxygen for growth as well as
magnetosome formation. For producing
magnetosomes from magnetotactic bac-
teria, oxygen and its concentration are
crucial. Many are microaerophilic, mean-
ing that they prefer low oxygen levels
for growth. Despite the diversity in these

crystals (see fig. 6), they also exhibit mo-
tility, directed by the earth’s geomagnetic
field to swim either up or down in wa-
ter, presumably to reach regions where
oxygen levels are optimal., however, the
magnetosomes’ ability to interact with
magnetic fields and their miniscule size
makes them nanoparticles with many po-
tential applications.

Meouko-buonozuueckue Hayku
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50 nm

F i g. 6. TEM micrographs of chains of magnetosomes, showing various morphologies:
a) cubic twinned crystals (small arrows), and clusters of small crystals (large arrows) mag-
netotacticum; b) rectangular crystals in strain; c) elongated crystals, characteristic
of twinning (arrowed); d) rectangular crystals with thickness fringes in strain [8]

P u c. 6. MuxpodoTorpaduu nenelt MarHITOCOM, ITOTYIEHHBIE C TIOMOIIBIO
MIPOCBEYMBAIOILETO NEKTPOHHOro MUKpockona (I19M), moka3siBaroT pa3inyHyo
Mopororuro: a) KyOudeckrue CrapeHHbIe KPUCTAILTE (MaJeHbKHE CTPENKH),

U KJIACTEPBl MEJIKUX KpHUCTaILIoB (Oonbline cTpesku) 6akrepui M. magnetotacticum;
b) mpsMoyTONBHBIE KPHCTAILIB; C) BEITSIHYTast popMa KpPHUCTAIIOB, XapaKTepHast
JUISL CHAPEHHBIX KPHCTAIOB (TOKa3aHbl cTpenkaMu); d) mpsMOyroibHbIe KPHCTAILIBI
CO CJI0OeM OKAaHTOBKH [8]

Results

Magnetism is the phenomenon by
which some materials attract or repel
other materials from a distance. Ex-
amples of such materials include iron,
lodestone and some steels. Magnetic
forces are generated by moving charged
particles, leading to magnetic fields.
If a material is placed in an external
magnetic field, the atoms in this mate-
rial possess an atomic moment which
responds to this external field (see
fig. 7). Magnetic materials also possess
magnetic dipoles. These dipoles can
be considered to be small bar magnets
with north and south poles. The mag-
netic dipole moment can respond to the
external magnetic field.

Medical and biological sciences

The external magnetic field strength is
denoted by H (units A/m), the magnetic in-
duction in the material is denoted by B (units
tesla) and the magnetization by M (units
A/m). B, H and M are related by:

2)

where p, is the permeability of free
space (its magnitude is 1.257 x 107 H/m)
and M is the magnetic moment m per
unit volume of the material. The value of
M depends on the type of material and
the temperature and can be related to the
field H through the volumetric magnetic
susceptibility y by the relation:

B =y, (H +M),

M = yH. 3)
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Bl =

Flux density, B (or magnetization, M)

_ "
-'* H

U Magnetic field strength, H

H=0

Fig. 7. The B-versus-H behavior for a ferromagnetic material that was initially unmagnetized [9]

P u c. 7. CooTHolIeHNEe MEXIY INIOTHOCTHIO noToka (B) u cuinoit maruutHoro nosst (H)
Ut peppOMarHUTHOTO MaTepualia, KOTOPbIi He ObLT IepBOHAYaIbHO HaMarHuueH [9]

The magnetic response results in ma-
terials being classified as either diamag-
netic (repelled weakly from a magnetic
field, as is water and almost any fatty
substance). Paramagnetic (weakly at-

H=0
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tracted to a magnetic field, as is deoxy-
hemoglobin in blood cells fig. 8). Shows
the magnetic dipoles configuration for
a diamagnetic and paramagnetic material
with and without a magnetic field.

X

0
0
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(b

F i g. 8. a) The magnetic dipole configuration for a diamagnetic material with and without a magnetic
field. In the absence of an external field, no dipoles exist; in the presence of a field, dipoles are induced
that are aligned opposite to the field direction; b) magnetic dipole configuration with and without
an external magnetic field for a paramagnetic material [9]

P u c. 8. a) MarHuTHAs KOHQUTYpALHs TUMONS AT THaMAarHUTHOTO Marepraa Ipu HaJIOKEHHU U Oe3 Halo-
JKEHWS] MAarHUTHOTO TOJIs1. [1py OTCYTCTBHM BHEIIHETO IOJISL He JIUTIONS CYIIECTBYET; PU HATOKESHUH TTOJIST
JITIONY MHAYIHPYIOTCS 1 BEIPAaBHUBAIOTCS MPOTHUBOIIONIOXKHO HAIPABICHHIO OIS, b) MarHUTHAsE KOH(Urypa-
LHSL JAMTIONSE TPY HAJTMYMU U OTCYTCTBHM BHEIIHErO MarHUTHOTO OISt ISl TapaMarHUTHOro Marepuana [9]
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Ferromagnetic (interact very strongly
with the magnetic field) (see fig. 9.).

H =0

QOO0
QOO0
QOO0
OO0

F i g. 9. Schematic illustration of the mutual
alignment of magnetic dipoles for a ferromagnetic
material, which will exist even in the absence of
an external magnetic field [9]

P u c. 9. Cxemaruueckas WILTIOCTPALIUS
B3aUMHOTO PACHOJIOKEHHSI MATHUTHBIX JIUIIONEH
Jutst PeppOMArHUTHOTO MarepHaa, KOTOPbIi
OyJleT CyIIecTBOBaTh JAAXe IPH OTCYTCTBHU
BHEIIHETO0 MarHUTHOTO oIS [9]

Antiferromagnetism and ferrimag-
netism fall within the broad category of
ferromagnetism. Some materials, includ-
ing the magnetic biomaterial magnetite
(Fe,0,), exhibit ferrimagnetic behavior.
In the case of Fe,O,, Fe ions exist in
both the +2 and +3 valence states. The
magnetic moments of the two types of
Fe ions differ; in this case, there is a net
magnetic moment because for the solid
as a whole the spin moments are not
completely cancelled.

The Earth can be considered as
a large magnet surrounded by a mag-
netic field. It is thought that the Earth’s
magnetic field is caused by convection
flows (vertical movement caused by the
temperature differences in the inner and
outer layer) in the liquid crust. The outer
core is the area between the inner core
and the mantle, which is 1 260 km thick
and is made of iron and nickel. While
the temperature in the outer parts of the
outer mantle is 4 400 °C, the temperature
goes up to 6 100 °C in the parts close
to the inner core. The regular displace-
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ment of the atoms in a sufficient power
causes the forming of magnetic fields
and this causes a permanent magnetism
around the Earth. It is also thought that
the eddy flows in liquid iron and nickel
affects the Earth’s magnetic field. How-
ever, there is an 11° difference between
the Earth’s rotation axis and the dipole
magnet’s rotation. The Earth’s magnetic
field is about 5x107° T.

The Earth’s magnetic field is like
a dipole magnet that has north and south
poles (see fig. 10.). The earth is pic-
tured as a large magnet, a dipole with
the positive pole at the south pole and
a negative pole at the noth pole. Field
lines from outside the earth connecting
from the south (+) pole to the north (-)
pole. In the northern hemisphere, the
field lines are oriented downward into
the earth, and vice-versa in the southern
hemisphere.

F i g.10. Magnetic field lines of a bar magnet.
An ideal shape for the magnetic field close
to the surface of Earth planet, as produced inside
this body by fluid motions

P m c. 10. MarHuTHEIE CHJIOBBIE JTUHHH
MarHuTHOTo crepkHs. MneanbHas popma
MarHUTHOTO TOJISA 3eMJIH, 0Opa3oBaHHAs TOKAMHU
B JKHJIKOM METaJZIMYECKOM SIpe IIaHEThI

Like most other free-swimming bac-
teria, magnetotactic bacteria propel them-
selves through the water by rotating their
helical flagella. Because of their magne-
tosomes, magnetotactic bacteria are pas-
sively oriented and actively migrate along
the local magnetic field B, which in natural
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environments is the geomagnetic field. The
original model for the function of magneto-
taxis was based on the assumption that all
magnetotactic bacteria are micro-aerophilic
and indigenous in sediments.

The geomagnetic field is inclined
downward from horizontal in the Northern
Hemisphere and upward in the Southern
hemisphere, with the inclination magni-
tude increasing from the equator to the
poles. NS Cells which swim northward
in the Northern hemisphere and SS cells
which swim southward in the Southern
hemisphere would migrate downward to-
wards the sediments along the inclined
geomagnetic field lines. Thus magneto-
taxis helps to guide cells in each hemi-
sphere downward to less oxygenated re-
gions of aquatic habitats. Once cells have
reached their preferred microhabitat they
would presumably stop swimming and ad-
here to sediment particles until conditions
changed, as for example, when additional
oxygen was introduced, or when distur-
bance of the sediments caused them to be
displaced into the water column.

This theory is supported by the pre-
dominant occurrence of North-seeking
(NS) magnetotactic bacteria in the North-
ern hemisphere and South-seeking (SS)
magnetotactic bacteria in the Southern
hemisphere, as determined by the magne-
totaxis assay under oxic conditions. Due
to the negative and positive sign of the
geomagnetic field inclination in the North-
ern and Southern hemispheres, respective-
ly, magnetotactic bacteria in both hemi-
spheres therefore swim downward toward
the sediments under oxic conditions [10].

It is a known fact how the magnetic
field of the Earth is very important for life
on Earth. Relation between living systems
and the earth magnetic field has been in-
vestigated for many years. The Earth’s
magnetic field is still accepted to be the
main factor for birds and other flying liv-
ing beings to complete their travels cor-
rectly. The changes in migration routes,
which are observed from time to time, are
sometimes said to be due to the changes

in the Earth’s magnetic field. However, the
Earth’s magnetic field has not been suffi-
ciently studied, and its role on small living
models such as bacteria has not been ad-
equately discussed.

One of the best examples in this field
is the relation between the Earth’s magnet-
ic field and magnetotactic bacteria which
were discovered by Salvatore Bellini in
1963. Most materials found in organisms
are generally thought of as being nonmag-
netic, either diamagnetic or paramagnetic.
For materials of these types, the direct
physical influence of the earth’s magnetic
field is extraordinarily weak with the en-
ergy of magnetic interaction being many
orders of magnitude below that of the
background thermal energy, kT (where
k is the Boltzmann constant and T the ab-
solute temperature) [11].

However, another category of mate-
rials, termed ferromagnetic, interact very
strongly with the earth’s magnetic field.
Unlike diamagnetic and paramagnetic
substances, quantum-mechanical interac-
tions acting on unpaired electrons within
ferromagnetic materials force the electron
magnetic moments (Bohrmagnetons) to
form long-range alignments. The magnetic
moment from each Bohr magneton within
such a crystal is added vectorially, and in
some materials a crystal of only a few tens
of nanometers in size will have magnetic
interaction energies with the 50 microte-
sla (uT) geomagnetic field in excess of the
background thermal energy.

Motion of this material in response to
external magnetic fields can in principle
account for a variety of magnetic effects
at the cellular level, such as the mag-
netic alignment of magnetotactic bacteria
and algae. Under some conditions the in-
duced motions of magnetosomes can be
large enough to open mechanically sensi-
tive transmembrane ion channels, which
in turn have the potential to influence
a wide range of cellular processes.

At present, 12 iron minerals have been
identified in organisms although only two
of these (Fe,O,, Fe,S,) have been found

4°
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so far as biochemical precipitates in ver-
tebrates. Of these materials, magnetite has
a variety of ferromagnetism termed ferri-
magnetism. These properties make mag-
netite interact over 10° times more strong-
ly with external magnetic fields than does
any other biological material. Magnetite
is the first novel material to be discovered
as a biochemical precipitate in human tis-
sues through the medical science and eve-
rything else in human bones and soft tis-
sue is either diamagnetic or paramagnetic.
Magnetite is also the only known metallic
compound to be made by living organisms
and has the highest electrical conductiv-
ity of any cellular material. Although the
total amount of magnetite in an adult hu-
man is small (a few hundred micrograms),
there are several million crystals per gram,
each of which interact rather strongly with
external magnetic fields. Because magnet-
ite is the only known biogenic mineral in
higher organisms which is ferromagnetic
at room temperature, it is important for
human health to know what is the biologi-
cal function of this material in human tis-
sues and how it forms [7].

Many of the effects reported in bio-
magnetic experiments suggest that the
magnetic field acts somehow to alter the
electrical properties of biological mem-
branes. In order to understand this in-
teraction, it would be worth viewing
Maxwell-Boltzmann distribution. Max-
well-Boltzmann distribution states that the
probability f(E) that a particle will have
energy E is given by:

f(AE) = A exp CAFKD, (€))

where A is normalization constant.

e the probability for occupying a given

energy state decreases exponentially with

energy. K is Boltzmann’s constant times

the absolute temperature T. the application

of this term is that for a higher tempera-

ture, it is more probable that a given parti-
cle can be found with energy AE.

One of several possible mechanisms for
producing dramatic biological effects from
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mechanical motions within a cell is the
opening and closing of mechanically sen-
sitive trans-membrane ion channels. These
structures operate essentially at the kT lim-
it, and external input of mechanical energy
of AE will change the probability of a chan-
nel being open or closed by a Boltzmann
factor of exp(-AE/KT). If coupled perfectly,
a magnetosome with a magnetic thermal
energy ratio of 10 in the geomagnetic field
could act to change the probability of a gate
being closed by a factor of exp(-10) (e.g.,
the probability at any time of the gate be-
ing closed could shift from a value near
0.99999 to a value of 0.00005).

On the other hand, acquired knowledge
have indicated that magnetosomes are un-
equivocally responsible for the magnetotac-
tic response of microorganisms. Mutants of
magnetotactic bacteria have been obtained
which do not synthesize magnetosomes.
These are fully motile but not magneto-
tactic. With both bacteria and algae, the
arrangement and volume of magnetite pre-
sent within each cell is more than enough
to align it passively in the Earth’s field of
5x10-T. The ratio of magnetic to thermal
energy (-uB/kT) is greater than 10 for the
bacteria and greater than 100 for the algae.
Thus, each cell’s magnetic moment easily
overrides the effect of Brownian motion
caused by thermal agitation which tends to
randomize cell orientation.

There are two basic types of mo-
tions that external magnetic fields might
produce on an intracellular magneto-
some: a translational force on the particle
produced by gradients in the field, and
a rotational torque generated as a particle
tries to line up like a compass with the
applied field. The translational force for
a sub-micron magnetite particle is well be-
low thermal noise in virtually all situations
encountered by human; Moreover, the
ability to re-magnetize the cells by means
of a brief, monophasic magnetic pulse
of several hundred teslas and thereby in-
stantaneously reverse their swimming di-
rection without cell turning provided un-
equivocal proof that the magnetotactic
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behavior of these organisms is due to fer-
romagnetism [7].

Discussion and Conclusions

Magnetism and magnetic materials
have been used for many decades in many
modern medical applications. Several new
applications are being developed in part
because of the availability of superior elec-
tromagnets, superconducting magnets and
permanent magnet. Magnetic materials can
be applied to cell separation, immunoas-
say, magnetic resonance imaging (MRI),
drug and gene delivery, minimally invasive
surgery, radionuclide therapy, hyperthermia
and artificial muscle applications.

Current research areas in medicine to
which magnetic biomaterials can be ap-
plied include molecular and cell biology,
cardiology, neurosurgery, oncology and
radiology. The physical properties which
make magnetic materials attractive for
biomedical applications are: (1) they can
be manipulated by an external magnetic
field. This feature is useful for separation,
immunoassay and drug targeting, and (2)
hysteresis and other losses occur in alter-
nating magnetic fields. This is useful in
hyperthermia applications.

Nanoparticles made from magnetic
materials are referred to as “magnetic na-
noparticles”. These particles can be moved
by applying magnetic fields, which allows
them to be controlled inside the body.
Magnetic nanoparticles suspended in so-
lution are called “ferrofluids” and have
many applications in medicine, acous-
tics, and electronics. There are two ways
that magnetotactic bacteria might be use-
ful. One approach takes advantage of
the cells’ abilities to align to a magnetic
field. A second approach would be to ex-
tract the magnetosomes from the bacteria
to use as small, uniformly sized magnets
in devices that require such nanoscale
particles. In the human body, there is
a constant movement of ions within and
outside the cells as well as across cellu-
lar membranes. This electrical activity is
responsible for magnetic fields, called bio-
magnetic fields. In order to study and use

these magnetosomes, scientists must be
able to grow these magnetosome contain-
ing bacteria in a reliable fashion.

In biology, there has been much in-
terest in the possible use by bees and pi-
geons of magnetic materials as biological
compasses for navigation. Some magne-
totactic bacteria are known to respond to
a magnetic field, they contain chains of
small magnetite particles and they can
navigate to the surface or bottom of the
pools that they live in using these par-
ticles. These particles can be obtained
by disruption of the cell wall followed
by magnetic separation; the presence of
the lipid layer makes these particles bio-
compatible and they can be readily func-
tionalized for a variety of biomedical
applications. The benefit of using biolog-
ically-derived nanomagnets made of iron
oxides, like magnetosomes, is that they
can be taken up by the body with minimal
toxic side effects.

One consideration for these magnetic
nanoparticles is in cancer treatments. In
one type of treatment, magnetic particles
are used to generate heat and kill cancerous
cells in a technique known as magnetic hy-
perthermia. Magnetic particles can either
be injected locally into the cancerous tissue
or by using antibodies tagged with these
magnetic particles that attach to cancerous
tissues. Then, the magnets can be turned in
a magnetic field to generate heat, effec-
tively destroying the cancerous cells. Cur-
rently, clinical and research studies are
being performed using magnetosomes of
different sizes and shapes to determine the
most optimal particles that will efficiently
conduct magnetic hyperthermia. This re-
search takes advantage of the wide range
of shapes and sizes of magnetosomes pro-
duced in magnetic bacteria.

Another medical application of mag-
netosomes is to use them for drug delivery,
which is the transportation of drug molecules
to specific regions of the body. The advan-
tage of using magnetosomes for drug deliv-
ery in the body, rather than other methods, is
the ability to control and direct their path to-
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wards particular tissues that require treatment
through a magnetic field treatment and mini-
mize the impact of chemotherapy drugs on
surrounding cells. The same technique could
be used to carry anti-inflammatory, anti-bac-
terial, or blood clotting drugs to localized re-
gions. Another valuable application would be
the use of magnetosomes as contrast agents in
magnetic resonance imaging (MRI).

In industry, industrial production re-
quires the use of toxic or heavy metals,
which are often difficult to handle. Since
magnetotactic bacteria can be easily ma-
nipulated by the turn of a magnet, the en-
tire cells themselves would be useful as
microscopic “shovels” or “carpets” with
which to move layers of substances. For
example, when bacteria are grown in me-
dia, or food sources, containing certain
metals and minerals, the metals are taken
up by the bacteria. In this way, certain
metals can be accumulated in the bacte-
ria. Then the bacteria can be drawn away
from the remaining mixture by applying a
magnetic field. This technique would ef-
fectively remove chemicals from a mix-
ture. In addition, bacteria can be attached
to larger particles that need to be separated
or isolated but cannot be taken up inside
the bacteria. This technique of fixing bac-
teria to these particles could be useful for
removing the particles, as one could then
direct the bacteria and their attached cargo
to swim in a certain direction along a mag-
netic field to a separate area [4; 12—13].

This review article about Magnetic
Bacteria is a collection of many research
papers from different institutes. The emerg-
ing important points about this review lie
in: (1) any biological system is capable
of producing magnetic biomaterials such
as magnetite (Fe,O,) and gregite (Fe,S,).
These intracellular nano-crystals are termed
magnetosome. Owing to the numerous pro-
teins that are present in the magnetosome
membrane and the lack of information
about their function, it is expected to see
many studies focused on the characteriza-
tion of these proteins, as well as site-direct-
ed mutagenesis studies to determine the role
of these proteins in magnetite synthesis. (2)
the navigation of these nano-crystals in the
biological system is interconnected with the
Earth’s magnetic field.

In addition, researchers involved in
the study of magnetotactic bacteria have
shown that magnetotactic bacteria do re-
spond to a magnetic field. This makes
them attractive for biomedical and indus-
trial applications because of the availabil-
ity of superior electromagnets, supercon-
ducting magnets and permanent magnet.
Magnetic bacteria can also be used as
a diagnostic tool in the detection of imper-
fections even at the Nanoscale. Although
the importance of this issue is still limitedly
used in medical area, more performance is
necessary to explore the world of these bac-
teria that are candidate for new industry and
new therapy strategies in the medical field.
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Bseoenue. BUU-unbexuus SBISICTCS. MEAJICHHO IPOrPECCUPYIOLIMM BUPYCHBIM 3ab0J1e-
BaHWEM MMMYHHOH CHCTEMBI, KOTOPOE MPHBOANT K OCIA0ICHUI0 IMMYHHOU 3aIIUTHI OT
omyxoied u nHdeKkmil. DTo OfHa N3 BaXKHEHIINX WH(EKIIMOHHBIX ITaTOJIOTHH YenoBe-
Ka, OTIMYAIOIAsics MaHJEeMUYSCKUM PACIPOCTPAaHCHUEM M IPHBOAAINAS K 3HAYUTENb-
HBIM COIMAIFHO-YKOHOMHYECKNM HoTepsM. K coxaneHnio, TeMIbl pa3BUTHS SMUASMUAN
BUY/CIIN/ B Poccutickoit deneparyn SBISIOTCS CAMBIMA CTPEMHUTEIBHBIMU B MHUDE.
Mamepuanvt u memoowsl. B naHHOH! paboTe NpeacTaBIeHbl OKa3aTeay 3a00JIeBaeMOCTH
U CMepTHOCTH HaceneHus Pecrry6nuku Mopznosus 3a 2015 1., o6ycioBnenHsix BUY-un-
(bexuueil; onpeneaeHs BO3pAcTHAs, MOJIOBAs U COLMAIIbHAS CTPYKTYpPbI 32001€BaMOCTH.
Peszynomamer ucciedosanus. duugemudeckas curyanust no BUY-undexknun B Pecrry-
Omrke MopmoBHsl UMeeT TeHJCHIMIO K yXyAUIeHHIo. Jlo HaCTOSIIEero BpeMEeHH COXPaHs-
eTcsl BBICOKHH YpOBEHb 3a00JIeBa€MOCTH; YBEIHUMBAETCS 00IIee KONHMYECTBO CMepTeH
BUY-unpunupoBannsix. Habmromaercst BBICOKHIT ypOBeHb HHGHIUPOBAHHBIX B BO3-
pactHbIX Kareropusax 21-30 ner u 3140 set, T. €. y JUIl TPYAOCIIOCOOHOrO BO3pacTa.
Hecmotpst Ha 310, PM mmeer craryc oTHOCHTENnbHO OnaromonyyHoro peruona I1OO
1 TIPOJOJDKAET OCTaBaThCs B UHcie Teppuropuii PO ¢ HU3KUM ypoBHEM paclpocTpaHe-
Hust BUY-undexmn.

Obcyscoenue u 3axka0YeHus. YBETHMUCHNE CITydacB 3apakeHHs WM IOKas3arelneil 3aboe-
BaeMOCTH MOTYT CBHJCTEIbCTBOBATH O BTOPOM MHke 3abosneBaemoctn BUY-nndekmeit
Ha Teppuropun PM.

Knrouesvie cnosa: BUU-undexnus, 3aboneBaeMocts, cMepTHOCTs BY-nudummposan-
HBIX, CTPYKTypa 3a00J1eBaeMOCTH, dMHAeMUUecKas cutyalus no BUY-undekimu

Jna yumuposanus: Mouutopudr 3aboneBaemoctn BUY-undekuueit B PecmyOmuike
Mopnosus (o ganaev 2015 ) / 1. C. bunoB [u ap.] // BectHuk MopaoBckoro yHu-
Bepeurera. 2017. T. 27, Ne 1. C. 123-130. DOI: 10.15507/0236-2910.027.201701.123-130
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Introduction. HIV-infection is a slowly progressing viral disease of the immune system
with a trend to a weakening of the immune defence against infections and tumours. This
is one of the most important infectious pathologies with pandemic spread and result in
significant social and economic losses. The pace of the HIV/AIDS epidemic in Russia is
the most rapid in the world.

Materials and Methods. The indexes of morbidity and mortality of the population of
Republic of Mordovia in 2015 as a result of HIV-infection are represented in the paper.
The age, sex and social distribution of morbidity are determined.

Results. The epidemiological situation of HIV-infection in the Republic of Mordovia
tends to deteriorate. A high level of morbidity remains; the total number of deaths and
the number of HIV-infected patients increases. There is a high level of infection in the
age groups of 21-30 years old and 31-40 years old, that is of people of working age. In
spite of this situation, Mordovia has a relatively favorable status of HIV-infection in the
Volga Federal District and continues to be among the territories of the Russian Federa-
tion with a low prevalence of HIV-infection.

Discussion and Conclusions. The growing number of new cases of infection and increas-
ing morbidity may be an indication of a second “peak” of HIV-infection in Republic of
Mordovia.

Keywords: HIV-infection, morbidity, mortality of HIV-infected patients, morbidity struc-
ture, epidemic situation of HIV-infection

For citation: Blinov DS, Laseyeva MG, Chernova NN, Balykova OP, Kitayeva LI, Tu-
mutolova OM. Monitoring of HIV-infection in the Republic of Mordovia (Updated 2015).
Vestnik Mordovskogo universiteta = Mordovia University Bulletin. 2017; 1(27):123-130.
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BUY-undekuns sBnseTcs MeIICHHO
MPOTPECCUPYIONINM BUPYCHBIM 3abole-
BaHHEM HMMYHHOH CHCTEMBI, KOTOPOE
MPUBOANUT K OCJIA0JICHUIO UMMYHHOU 3a-
IIUTHI YEJIOBEKa OT OIMYyXOJeH W MH(EK-
uuid. Ctaaus, Ipu KOTOPOH y dYeloBeKka
MOSIBIISIFOTCSl BTOPUYHBIE WH(EKIIMOHHEIE
WIH OIYyXOJIeBble 3a00JieBaHUs, CBS3aH-
HBIE CO CHIKEHUEM MMMYHHTETa, HA3bl-
BaeTCsS CHHAPOMOM IIPHOOPETEHHOTO HM-
myHoneduuuta (CIIUI) [1-2].

BUY-undeknus sBusercs omHOW U3
BOXHEWIINX WH(EKIHUOHHBIX TATOJIOTHI
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YeJI0BEKa, OTIIMYAIONIASCS TaHAEMUYECKUM
pacrpoCTpaHeHUEM U MPUBOISILIEH K 3Ha-
YUTENIbHBIM  COIMATEHO-DKOHOMUYECKUM
morepsiM. MzydeHne ocoOeHHOCTEH drme-
MHYECKOTO TIPOIIeCCa, €ro KadeCTBEHHBIX
¥ KOJIMYECTBCHHBIX XAPAKTCPUCTHK SBIISI-
€TCsl OJJHOW M3 IIABHBIX 33jad 1o npodu-
naktuke u 6oproe co CITUJ [3].

O0630p auTeparypbl

K coxanenuto, B P® temnnl pa3Bu-
i snmuaemun BUY/CIIUJ  sBistroTcs
caMbIMH OBICTPHIMHU. I3HauanbpHO CIly-
yau 3apakeHus (UKCUPOBAIKUCH TIIpe-
UMYIIECTBEHHO Y JUI], TOTPEOIISTIONIX
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nHbeKIoHHbIe HapKoTukH (I11H), B Ha-
CTOSIIIIEe BPEMs SMUACMHUST HAYMHACT OX-
BaTbIBaTh W JIPYTHME KaTECrOpUH T'Pa)</iaH,
B TOM YHCIIE COIMAJIbHO OJNaroroiyyHble.
B wacTHOCTH, y9acTHITHCE CITydan nieperna-
Yl BUpYycCa MPH TeTEePOCEKCYaTbHBIX KOH-
TakTax. [Ipu 3TOM TpyITy prcka COCTaB-
JSIeT MOJIOACKb B Bo3pacte 15-25 rer,
a TaKKe MOJIOJbIC >KCHIIUHEI, TTOABIIs-
tforee OOJBITMHCTBO KOTOPBIX «3apaka-
torcs BUY-undexuuneit B pesynsrare He-
3AIIUTIICHHOTO TTOJIOBOTO KOHTAKTa» [4—5].
Takum oOpa3om, >mUHAEMHYSCKAS
CUTyallus CTPEMHTEIBHO YXYAIIAETCS.
Onuaemusi MPOAOIDKACT IPEBATMPOBATH
B HanOoJee YSA3BUMBIX TpYIIax Hacele-
Hus, a uMeHHo cpeau [TMH. Ourytumsrit
MOJbEM 3a00JIEBAEMOCTH B IPYTHX TPYyI-
Max HAaceleHUs CBs3aH, B IMEPBYIO OUe-
peab, ¢ pOCTOM YYACTHUBIIUXCS CITydacB
nepeayy BUpyca MOJOBBIM ITyTEM, Ipe-
UMYIIECTBEHHO IMPH TETEPOCEKCYaTbHBIX
KOHTaKTaxX. 3a KOPOTKHI TMEpHOJ BpeMe-
HU JAHHBIN TTOKa3aTelb yBenuduics 0o-
nee yeMm B 2 pa3a. Hecmorps Ha TO, WTO
1o 80 % HoBwIX ciiydaeB BUU-undunu-
poBanus B P® muarHocTHpyrOTCS y MO-
noaprx mronedt (15-29 ner), He mepecra-
€T pacTH oIl MHPHUIIMPOBAHHBIX JIFOIEH
crapmrero Bo3pacta (> 40 ner). Kpome
TOTO, HAOIFOAETCsl YBEIMUEHUE OOIIETO
konuuectBa cmeprein BUU-unduimpo-
BaHHBIX. OINUACMHS YyBEIUYMIA OXBarT
U W3 yS3BUMBIX TPYII HAaCEJEHUs CTaia
BBIXOAWTH B OOMIYIO MOMYIANNI0 [6—7].

ITo mamaeM cratuctukun 3a 2014—
2015 rr,, PM oTHOCHTCS K TEM TeppHUTO-
pusim PO, rae 3apukcHpoBaH HU3KHUN Ypo-
BeHb pacnpoctpaHenus BUY-undexnun.
Cpenu 14-u tepputopuii [IOO PM 3anu-
MaeT 12-e MecTo IO MOKa3aTeisM HHIIM-
JIEHTHOCTH ¥ TPeBaJIEHTHOCTH [7—8].

MarepuaJjbl 1 MeTOAbI

[Ipu w3yyenun nokaszareneir 3abore-
BAaGMOCTH M CMEPTHOCTH HaceieHus PM
3a 2015 r, obycnoBnennsix BUY-un(pek-
IIMEH, a TaKXKe ONPEAEIEHUN UX BO3pacT-
HOM, ITOJIOBOM M COLMAIBHON CTPYKTYp,
OBUTH UCIIOB30BaHbl JTAHHBIC O(UIHATb-
HOTO T'OJIOBOTO OT4eTa 00 3MUAEMHOJIOTH-
yeckoil oOcraHoBke 1o BUY-unbekimm
B PM B 2015 . Cratuctuueckuii aHanus
JAHHBIX BBIMOJIHSUICS C IIOMOILBIO MAKeTa
nporpamm Excel, Statistica 8.0., SPSS11.5.

Pe3yabTaTsl ncciae1oBaHus

Ha Ttepputopun PM BUY-undexuns
BIIepBbIe OblIa BhIsiBIEHa B 1996 T. (cpe-
o1 nHOropogHux). Cpean MECTHOro Ha-
cenenust cinydan BUY-uapummpoBanus
OpuH 3apuKCHpOBaHBI TOJBKO B 1998 1.
[Noka3zarenu 3aboneBaemocti BUY B mep-
Bble 5 seT HabOmromeHuit OblTH Hanbonee
HU3KUMH 1 IMEJIU CIIOPAaJUYECKUI Xapak-
tep. Hagamom srmaemun BUY-nadexm
B PM cunraerca 2001 r., korma Obul 3a-
(uKcHpOBaH TEPBBI M CaMbIl BBICOKUH
nuk 3aboneBaemoctu (16,7 Ha 100 THIC.
HaceJieHus1) — BBIsABICHO 153 ciywas Go-
JIe3HU; TIPH 3TOM JOJISI MECTHOTO HaceJe-
Hus coctaBmna 85,6 % (puc. 1) [9].
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P u c. 1. Yposens 3apaxenuss BUU-undekuueit 8 PM 3a 20 et (#a 100 Thic. HaceIeHuUs)

F i g. 1. The level of HIV-infection in the Republic of Mordovia during 20 years
(per 100 thousand of population)
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Bropoii muk 3abomeBaemoctn BIY
B PM 6bu1 ormeuen B 2015 . (15,5 Ha
100 TbIC. HaceneHHs): BIEPBBIE OBLIO
BBISIBIICHO 149 cnmyuaeB 3apakeHHs; JOJs
MECTHBIX JKHTeliell cocrtaBmia 84,6 %
(126 gen.). ITo cpasaenuto ¢ 2014 r. Ko-
JUYECTBO 3a00JIEBIINX YBEIMYMUIOCH Ha

300

26,2 % B obmem u Ha 22,3 % cpenu xKu-
tenei PM.

ITo cocrostamio Ha 01.01.2016 1. OO
3apeructpupoBado 1 512 BUY-undunm-
POBaHHBIX, U3 KOTOPbIX 1 463 uen. — xu-
tenu PM. JlaHHblEe O pacrpeiesieHuu 3a-
00J1eBa€MOCTH TIPEACTABICHBI HA PHC. 2.
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PacmpoctpanenHocTs Ha 01.01.2016T. / Prevalence, 01.01.2016

B [Teppuunas 3aGomepaeMocTh 3a 2015 1. / Primary incidence, 2015

P u c. 2. [loka3arenu nepBUYHON 3aboneBaeMOCTH H pacnpocTpaneHHocTH BUU-nabexunmn
B paifonax PM (ua 100 TbIC. HaceneHus)
F i g. 2. Indicators of primary incidence and prevalence of HIV-infection
in Republic of Mordovia areas (per 100 thousand of population)

Kak BumnOo w3 puc. 2, HaHOOMBITHI
MOoKaszareidh pPaclHpoOCTPAHECHHOCTH  3a-
Ooneanus Ha 100 Thic. HaceneHHs OBLI
3aperucTpupoBaH B PoMonaHOBCKOM p-He
(234,2 cnyyas), HaumeHbpIui — B EnbHU-
KOBCKOM (27,7); cpemHH TOKa3aTelb 10
PM cocrasun 186,2 cimydas.

B 2015 r. coxpaHuics BEICOKHI ypo-
BEHb WH(UIIMPOBAHHBIX B BO3PACTHOM
kareropun oT 21 go 30 mer — 33,6 %
(2014 . — 389 %, 2013 & — 34,7 %,
2012 . — 51,1 %); wabnroganoces yBenu-
YeHHE J0JIM MH(PHUIIMPOBAHHBIX M B BO3-
pactHoii kareropuu 31-40 ner (¢ 38,0 %
126

B 2014 1 1o 43 % B 2015 r.); mpou3soriern
HE3HAYUTENBHBIA POCT YUCHIA MAICHTOB
¢ BeisBieHHON BWUY-mH(peknuedi B BO3-
pacte 41-50 net (¢ 15,7 % B 2014 . o
17,5 % B 2015 1).

ConpanpHasi CTPYKTypa BBISIBICHHBIX
ciry4yaeB 3a00JieBaHUS BBITVISIIUT CIIEAY-
oMM oopazom: 54,3 % npuxoautcs Ha
paboTaroliee HaceneHnue, B T. 4. 11,4 % —
HaXOJAIIUXCA Ha 3apaboTkax B . Mo-
ckBe; 38,9 % — mepaborarommx; 0,7 % —
ygamuxcs kommemka [10—11].

B 2015 r. 65110 3apeructprupoBano 34
ciydast cmepru ot BUY (1 cimywait — mo-
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CMEpTHO), U3 HUX ¢ auarHo3om CIIAJ] —
13 uen. Haubospliee KOIMYECTBO cMep-

Teil OBUIO 3apEeTHCTPUPOBAHO Y TAIMCH-
ToB B Bo3pacte oT 31 no 40 net (Tabmuiia).

Tabnuma
Table

Bo3pacrtHast cTpykrypa nauueHToB ¢ BUU-undexuueii u KoauuecTBo cMeprei

The age structure of patients with HIV-infection and the number of deaths

Bospacr, et / Age 0-14 15-17

18-20

21-30 31-40 41-50 > 51

3aboneBaeMOCTh

(na 100 TBIC.) /
Morbidity

(100 thousand)

0,7 0,7

0,7 33,6 43,0 17,5 4,0

Konngectso ciaydaen
cmeptu (abe.) / Num- - -
ber of deaths (abs.)

21 9 2

Ilo cocrossamo Ha 01.01.2015 r
Ha JMCIAHCEpHOM yueTe cocTosio 857
oonbHbix BUY-undexnueit (429 — myx-
CKOrO Tona U 428 — KEHCKOro), Cpeau
kotopbix 12 gereil. ons xutenei r. Ca-
paHcka B 0OIeM KOIWYECTBE OOJBHBIX
coctabisuia 48,3 %. Ha 01.01.2016 r. na
yuete crosuio 942 gen. (489 — Mmykckoro
nona u 453 — KEHCKOT0), CPear KOTOPBIX
14 pereit. lons xuteneir 1. CapaHcka —
48 %. B oboux cimy4asx COOTHOIIEHHE
MeXIy WHQUINPOBAHHBIMH  JIOIBMH
MY>KCKOTO U >KEHCKOTO TI0JIa COCTaBIISIET
npubnuzurensHo 1:1.

B 2015 r. or BUU-uHpuIMpoBaHHBIX
Mmarepeil pogmiiocs 30 merel, mpu 3TOM
0BT 3apeructpupoBaH | cimydail oTkaza
oT pebenka. M3 453 >KeHIMH, CTOSIINX

Ha [jucnaHcepHoM ydere B lLlenrtpe-
CIIU/, mo manasiM Ha 01.01.2016 T, 10 —
OepeMeHHEIE.

O0cy:x1eHue U 3aKJI0YeHUs

PocT uncna HOBBIX CiydaeB 3apake-
HUS W yBeNWUYeHHe ToKa3zarenel 3aboe-
Ba€MOCTH CBUCTEIHCTBYIOT O BTOPOM
ckauke 3aboneBaemocTi BUY-undekuu-
eii B PM. BonbimmHCTBO ciydaeB 3a00-
JIeBaHUSI OBUIO 3apEruCTPUPOBAHO Y JIMILL
B Bo3pacte 21-40 mer cpemu paboraro-
mero Hacenenwus. [loka3zarenn 3abomeBa-
€MOCTU y MY>KYHH U YKESHIIIMH HAXOJSATCS
B PaBHOM COOTHOIIEHHMH, YTO BBI3BIBACT
TPEBOTY B CBSI3M C BBICOKMM pPHCKOM
BBIXOZA 3MUIEMHH 32 PAMKH KIIOYEBBIX
TPyNn W €€ MepexoJoM B TeHepalu3o-
BaHHYIO CTaJIHIO.
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CTaThy, cOOp IUTEpaTyPHBIX JaHHBIX U nX aHanu3; H. H. YUepHoBa: cOop auTepaTypHbIX JaHHBIX U JOKa-
3aTeNbCTB M MX (hOpPMaNTM30BaHHBINH aHanu3, KypupoBanue nanubix; O. I1. BanbikoBa: cOop IuTepaTypHbIX
JaHHBIX Ha MHOCTPAHHBIX S3bIKAaX U MX aHaJM3, Kypuposanue nanHbix; JI. M. Kuraesa: c6op nuteparyp-
HBIX JIaHHBIX, ITOJIFOTOBKA IIEPBOHAYAIEHOIO BApHaHTa TEKCTA CTaThH, KOMIIBIOTEPHAs paboTa ¢ TEKCTOM;
O. M. TymyTonoBa: cOop JIUTEpaTypHBIX JaHHbIX, [IOATOTOBKA IIEPBOHAYAIEHOTO BapHAHTa TEKCTA CTaThH,
KOMITBIOTEpHBIE pabOTHI C TEKCTOM.

Bce asmopul npouumanu u 0006punu okonuamenbubvlii 6aAPUAHM PYKORUCU.
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TEPBASI HAXOJIKA MUTINUS RAVENELII
(BERK. & M. A. CURTIS) E. FISCH. (PHALLACEAE)
B PECIYBJIMKE MOPJOBHUSI

A. B. UBoiisioB
@I'FOY BO «MI'Y um. H. Il. Ocapésay (e. Capanck, Poccus)

ivoilov.av@mail.ru

Bseoenue. Ilpn uzydenunm muxoOnoThl PecryOmuku Mopnosus jerom 2016 1. Obln
HAWJICH HEOOBIYHBI 10 BHEIIHEMY BUIY U 3amaxy rpub — Mutinus ravenelii (Berk. &
M. A. Curtis) E. Fisch., 1888 (myrtunyc PaBeHens), oTHOcsmmiics K rpubam oTaena
Basidiomycota. ['pu6 mpencrapiser HECOMHEHHBIH MHTEpEC IS MHKOJIOTOB-()IOPHCTOB
U CHCTEMATHKOB KaK PEAKUH a[BEHTHUBHbBIH BHJ, IMEIOLINH 3HAYUTEIBHBIN, HO MPEPHIBH-
CTbI (OU3BIOHKTHBHBIN) apeai. Llenp nccnenoBaHust — 1aTh ONUCAHUE HAHACHHBIX 0a3u-
JIFIOM, KOOPAMHATHI HAXO/OK, TIPOBECTH MX MOP(OMETPHIO.

Mamepuaner u memoow:. TIpu yCTaHOBICHHH CHUCTEMAaTHYECKOH MPHHAIUIKHOCTH rpuda
HCIIOJIB30BAJINCH COOTBETCTBYIOIINE COBPEMEHHBIE OIPENEINTEIH, aTiIachl ¥ IEKTPOHHBIC
0azbr qaHHbEIX «Index Fungorumy» u «MycoBanky.

Pesynomamut uccredosanus. B crarbe mpuBeneHa unpopmMaisi o mnepBoit Haxomke B PM
MmytuHyca PaBeness, wm cobausero rpuba Pasenens (M. ravenelii (Berk. & M. A. Curtis)
E. Fisch.). 3noxxena uctopus onucaHus BUIa, €T0 CHCTEMaTHYecKas IPUHAIIEKHOCTD, STU-
MOJIOTHSI Ha3BaHMs, OINHCAHUE IUIOIOBBIX Tel, o0lee paclpocTpaHeHHe Ha 3eMHOM Iuape,
0COGEHHOCTH ero dKoJoruu. IIpuBe/IeHbI CBEICHUS O BPEMEHH TOSIBIICHUSI 3TOTO aMepHKaH-
CKOT'O BH/Ia HA €BPONEHCKOM KOHTMHEHTE U B OTAENIBbHBIX €BPONEUCKUX cTpaHax. [lokasaHo,
YTO B TOCIEHNE TOIBI M. ravenelii cTa JOBOJIBHO YacTO BCTPEUAThCSI B CTpaHax EBpOMEL,
B ToM umciie B Poccuiickoit Penepanmm. OToMy CrocoOCTBYeT Kak MOTEIUICHHE KIMMara,
TaK W mporeccs mobanm3aiuu (TiepeBo3ka Ipy30B — CEMsH, PacTeHHH, KUBOTHBIX, Calo0-
BO-OTOPOZIHBIX CYOCTPATOB, ITyTELICCTBHS JIIO/ICH), YBEIHUYCHHE IUIOIAIN 3aKPBITOTO TPYHTa
U TIOJIEBBIX KYJIBTYp C MCHOJIB30BAHUEM IUIOJOPOAHBIX CYOCTPaTOB, MYIBIHPOBAHNIE IOCECBOB
U TIOCAJIOK OBOIIHBIX KYJIETYp KOpPOH, ONMIIKAMH, COTIOMOH. B cTaThe yka3aHBI MECTOHaxXo-
JKIICHHUS] MAKPOMHIICTOB, MPHBEICHBI MX KOOPIAHHATHI U JaThl HAXOIOK.

Obcysicoenue u 3axkmodenus. Pa3mMepbl HalICHHBIX TUIOAOBBIX TEJT OBUTH TUITHYHBIMHE IS
BUIa. B cBsI3M ¢ TeM, uto M. ravenelii cautaeTcs NHBa3MOHHBIM BHIOM C HETIPE/ICKa3yeMOit
CTpaTeruell NOoBEACHHS, JaHa PEKOMEH/IALM O BKJIFOYCHHHU €TI0 B CIIMCOK I'PUOOB, HYXa-
IOIIMXCSl B MOHUTOPHHTE.

Kniouesvte cnosa: muxoonora Poccun, Pecriyonnka Mopposusi, rpub-6a3uanomMurieT,
Mutinus ravenelii, MyTunyc PaBeHelsi, ”HBa3UOHHBIN BUJ, MOHUTOPUHT

Jna yumuposanusn: Vsoino A. B. Ilepas wnaxomka Mutinus ravenelii (Berk. &

M. A. Curtis) E. Fisch. (Phallaceae) B Pecrydmike Mopmosust // BectHrk MOpIOBCKOTO yHH-
Bepcurera. 2016. T. 27, Ne 1. C. 131-140. DOI: 10.15507/0236-2910.027.201701.131-140.

© HUsoiinos A. B., 2017
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FIRST FINDING OF MUTINUS RAVENELII (BERK.
& M. A. CURTIS) E. FISCH. (PHALLACEAE)
IN THE REPUBLIC OF MORDOVIA

A. V. Ivoylov
Nationa Research Mordovia State University (Saransk, Russia)
ivoilov.av@mail.ru

Introduction. An unusual fungus for Mordovia Mutinus ravenelii (Berk & M. A. Curtis)
E. Fisch, 1888 related to the Basidiomycota mushrooms was found in 2016 during the re-
search of microbiota of the Republic of Mordovia. The fungus is the subject of the inter-
est for mycologists-florists and systematics as a rare adventive species with a significant
but intermittent (disjunctive) area. The purpose of the study is to describe the basidia, to
locate the findings and to make their morphometry.

Materials and Methods. The author used reference books, atlases and databases In-
dex Fungorum and MycoBank for ascertaining the origin of the fungus.

Results. This article contains information about the first finding in the Republic
of Mordovia the stinkhorn mushroom (Mutinus ravenelii (Berk. & M. A. Curtis)
E. Fisch). Then the author describes the form species definition history, its system-
atic identity, name etymology, fruiting bodies, general spread on the earth, especially
its ecology, and the appearance of the American species in Europe. M. ravenelii has
been often found in European countries, including Russia in recent years. This is
coused by climate warming and globalization processes (cargo of seeds, plants, ani-
mals, gardening substrates, traveling) the increase of the greenhouse area and field
crops with using the fertile substrates, mulching crops and planting of vegetable
crops bark, sawdust, straw. The article indicates macromycetes location, gives their
coordinates and finding dates.

Discussion and Conclusions. Dimensions of the founded fruiting bodies were typical
for the species. M. ravenelii is considered to be an invasive species with unpredict-
able behavior strategies, so it is should be included into the list of the fungi moni-
tored in Russia.

Keywords: mycobiota of Russia, Republic of Mordovia, basidiomycete mushroom, Mu-
tinus ravenelii, invasive species, monitoring

For citation: Ivoylov AV. First finding of Mutinus Ravenelii (Berk. & M. A. Curtis)
E. Fisch. (Phallaceae) in the Republic of Mordovia. Vestnik Mordovskogo univer-
siteta = Mordovia University Bulletin. 2017; 1(27):131-140. DOI: 10.15507/0236-
2910.027.201701.131-140

Beenenne

IIpn wm3yyennun wmuKoOHOTHI Pecrry-
Oomuku MopaoBus serom 2016 . ObIT
HalJleH HEOOBIYHBIH MO BHEIIHEMY BHIY
W 3anaxy rpud — Mutinus ravenelii (Berk. &
M. A. Curtis) E. Fisch.,, 1888 (myTu-
Hyc PaBenens), oTHocsmuiics K TIpu-
06am otmena Basidiomycota, momotmena
Agaricomycotina, kacca Agaricomycetes,
nmonkiacca  Phallomycetidae  Hosaka,
Castellano & Spatafora (2006), mopsia-
ka Phallales E. Fisch. (1898), cewmeii-
ctBa Phallaceae Corda (1842), pona
Mutinus Fr. (1849). Ero Haxomka sBis-
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€TCSl TEpBBIM JTOCTOBEPHBIM IOATBEP-
JKIGHUEeM JaHHOTO BHIA ISl peciryOIu-
ku. [pud mpencTaBIseT HECOMHEHHBIN
WHTEpEC JUII MUKOJOTOB  ((pJIOPUCTOB
¥ CHCTEMAaTUKOB) KaK PEIKUN aBECHTHB-
HBIM BHJ, UMCIOIIUN 3HAYUTCIBHBINA, HO
MPEPBIBUCTHINA (IM3BIOHKTUBHEIN) apeal.
B cBs3u ¢ 3TM HaMu OBUIO BBITOTHEHO
OTYICaHWe HalIeHHBIX 0a3UINOM U TPOBe-
JIeHa UX MopdomeTpus.

MarepuaJjbl 1 METOAbI

IIpu ycTaHOBJIEHUU CUCTEMATUYECKON
MPUHAJISKHOCTH  Tpuba  HCIIONh30Ba-
nuck onpeaenurenu [1-2], atnacel [3—4]

Meouxo-ouonoauueckue Hayku
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U 93JEeKTpOHHBIE 0a3bl AaHHBIX «Index
Fungorum» u «MycoBank» [5-6].

Pe3yabTarhl Hccie10BaHUSA

Pon Mutinus HacuuThIBa€T TIO pa3HbIM
ucrounnkaMm ot 12 mo 31 Bumos [5-8]. Ero
MPE/ICTAaBUTENN HACEeNI0T B OCHOBHOM
TPOIIMYECKUE W CYOTPOIMYECKUE HKOCH-
cteMbl [9]. U3 o0miero kojamyecTBa BHUIOB
JIBa OTMEUEHBI Ha Tepputopun Poccuiickoit
ODeneparwm — 310 M. caninus (MyTUHYC CO-
Oaumit) u M. ravenelii (myturyc PaBenens).
M. caninus oObIMeH Ul YMEPEHHOH 30HBI
CEBEPHOI0 MONyIIapusi, OCOOEHHO YacTo
OH BCTpeyaercs B IOKHOM ee uactu [9],
M. ravenelii, Boixomen n3 CeBepHoil AMe-
PHKH, KaK TpaBHiIo, onamaetcs peske [10].
Cremyer OTMETUTb, YTO JIONTOE BPEMS 3TOT
BUJI HE OTIWYaIU OT M. caninus, 4TO OT-
pPaXEHO B OINpPENEIUTENe TaCTePOMUIIETOBR
XX B. [11]. B aTOM m3gaHuM B AWarHose
M. caninus, KpoMe THITAYIHOTO >KENTOBATO-
0eoro mBeTa perenTaKyina IMPHBOIUTCS
TaKKe po30Basi OKpacka, OoJiee Xapakrep-
Hag 1t M. ravenelii.

Cunraercs, urto M. ravenelii Obul 3a-
Be3eH B EBpasuto u3 CeBepHoil AMepuKH
BMECT€ C WHTPOMYIIMPOBAHHBIMH pacTe-
asivu. OH mosiBuiics B EBpore B KoHIle
XIX B. Briepsbie ObL1 0OHapy»eH B 1888 1.
B Aummu [mut. mo 12]. Ha eBponetickom
KOHTHHEHTE TiepBas Haxoika 3adukcupo-
BaHa B 1943 r. B I. bepnune, B KOTTEKHOM
cany [13]. B Hunepmanngax rpud BriepBbie
3apeructpupoBam B 1950 ., B HopBerum —
B 1954 r., B JIarBuu 1 Ha rore OUHIITHIUN —
B 1961 r., B JIutBe 1 DcTonuu — okoino 1980 .
[12-15]. B Tlomeiie BoepBble OH OBLI
obnapyxen B 1967 r. B . Kpakose [16],
a B HACTOSIIIEE BPEMS B HEM HAaCUHUTHIBACTCS
bomee 50 MeCTOHAXOXKIECHHH MaKpOMHMIIE-
ta [12; 17]. Ha Ykpamne mepBas Haxomka
M. ravenelii narupyercs 2001 . [18]. Crne-
JlyeT OTMETUTb, YTO B TMOCICAHUE TOJBI
3TOT BUJI CTAN JOBOJIBHO YacTO BCTPEUYATHCS
B crpaHax Epomsr [19]. Dtomy cnoco0-
CTBYeT Kak TOTeIUleHne kiamMara [19], tak
Y TIPOIIECCHI Io0a3aiuy (TIepeBo3Ka Tpy-
30B — CEMSIH, pAaCTE€HW, >KUBOTHBIX, CaJI0-
BO-OTOPOAHBIX CyOCTPaTOB W ITyTEIIECTBHS
JEOZIEH), YBEIMUYEHUE TUIOMIAAN 3aKPBITOTO

Medical and biological sciences

TPYHTa ¥ TONEBBIX KYJABTYP C HCIIONB30-
BaHUEM IUIONOPOAHBIX CyOCTPaTroB, MYyJlb-
YHPOBaHWE TTOCEBOB M ITOCAJIOK OBOITHBIX
KyJIETyp KOPOH, OITMIIKaMH, COJOMOW [12;
20]. Kpome TOTO, pacmmpeHuio apeaia
M. ravenelii criocOOCTBYIOT OCOOCHHOCTH
OMONIOrnH IAHHOTO BUJIA — CAIIPOTPO(HOCTS,
MPEATIOYTEHIE TIPOM3PAcTaTh Ha HapyIICH-
HBIX YEIOBEKOM TEPPHTOPHSIX, PacIpoCTpa-
HEHHE Crop Tpuda ¢ TIOMOIIBIO HACEKOMBIX
1, BOSMOYKHO, TIepeJIeTHRIX Tl [21].

PetpocniektuBHO YCTaHOBJICHO,
4yTto BHepBble M. ravenelii ObUl ommcaH
B 1855 1. kak Corynites ravenelii aHTTIHIA-
cKrM OoTaHuKOM 1 MuKostoroM M. JTx. bep-
ki (M. J. Berkeley, 1803—-1889) u ame-
PUKaHCKUM OOTaHUKOM M MHKOJIOTOM
M. 3. Képrucom (M. A. Curtis, 1808—
1872). Ilozxe, B 1886 r., mBednapckuit
MHUKOJIOT W ¢uromarosior . Dumep
(E. Fisher, 1861-1939) nepenmeHnoBan ero
B Ithyphallus ravenelii, a B 1896 1. amepu-
kaHckuit mukosor J. 3. bepr (E. A. Burt,
1859-1939) — B Dictyophora ravenelii.
B nacrosimee Bpemsi Tpub MMeeT Hayd-
Hoe HasBauue Mutinus ravenelii (MyTH-
Hyc Paenens). Tak ero Ha3Baiu B 4eCTh
aMEpUKaHCKOTO OOTaHWKa W MHUKOJIOTa
I V. Pasenens (H. W. Ravenel, 1814—
1887). B monynspHoi nuteparype rpud
TaK)Ke WHOTJAa Ha3bIBalOT COOAUYbUM TPH-
oom PaBeners.

IIpumedarensHO, 9TO HaydHOE POIOBOE
Has3BaHWe Tpuda — Mutinus — IEpEeBOANUTCS
C JIaTBIHA KaK «MY>KCKOM IOJIOBOM YJIEH»
mmbo «rmeHuc» (OT nar. muto, mutto). Ha
€BpPONEHCKUX SI3bIKaX €ro HauMEHOBAaHHE
TaKKe TECHO CBA3aHO C XapaKTEPHBIMU
OCOOEHHOCTSIMA TpHOa — BHEIIHWM BH-
JOM WA CMepsmmM 3armaxoMm. Harpu-
Mep, MO-aHIIMICKH €ro Ha3BaHUE 3BYUYHUT
kak crimson Stinkhorn (manunoswii 6o-
HIouuil podicox), mo-ucnancku — Carmesi
zakur-zakila (manunoswlii cobauuii nenuc),
no-garcku — Réd stinksvamp (xpacnsiii 6o-
HIouuil epud), To-MBeICcKu — Stinksvampar
(6onrouuii epubd), no-puacku — Pokkdsienet
(6omrouuti epub), mo-monbcku — Madziak
malinowy (manunoswviii cobauuii neuuc),
MO-YKPauHCKH — MyTHH MaJMHOBBIN.
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M. ravenelii — OTHOCUTENBHO PEIKHIA
TONAPKTUYCCKUI BUJI, SBISIETCS TYMYCHBIM
carpotpodoM, BCTPEYaETCsI C U0 TI0 OK-
TAOpH Yalle BCETO B CHHAHTPOITHBIX (CBS-
3aHHBIX C YEJIOBEKOM) MECTOOOHTAaHHSX:
MapKax, TeIUIMIaX, OpamKepesx, Ha Oropo-
nax. VIHoroa ero HaXofsIT B Jiecax MCKyCCT-
BEHHOIO U €CTECTBEHHOIO MPOUCXOKACHHUS.
Pacrer HeOonbIMMyU TpymnIiamMu, HO Hepen-
KO o0OpazyeT OoJiee KpPYITHBIC CKOTDICHHSL
[penmounTaer Oorarsie MEPErHOEM TOYBEI.
OTHOCHUTCSI K THIIMYHBIM TEPMO(DHILHBIM
BuniaM. Pacnipocrpanenue criop mpoucxoaut
MPY TIOMOII HACEKOMBIX, KOTOpBIE TOea-
10T 11e0y, WMEIOIIYI0 CHJIBHBIA HeTpUsT-
HBIH 3arax THUIOILIETO Msica.

M. ravenelii Bctpedaercs B CeBep-
Hoit Awmepuke, EBpomne ([lanus, lomman-
nus, I'epmanus, JlarBus, JIutBa, Hopse-
rus, [Tonpma, Ykpanna, Uexus, IcToHuS),
Asmn  (Mumms, Kazaxcran), Bcromy pe-
ok [14; 18; 22-28]. B P® Obi1 oTMeueH
B IlommockoBbe, PecryOnmmke Kapemnus,
Jlunenxo#t, Tynbckol, JIeHHHIpaaCKoil,
Bomnoronckoit, Kuposckoit, KemepoBckoit,
Upkytckoii, HoBocubupckoii, TromeHckoi
U IpyrHX OON-TsX, ANTalickoM 1 XabapoB-
CKOM Kpasix, PecrryOmmke Xaxacus [29-37].
Ero taxoke Haxomwiu B cocenuux ¢ PM Psa-
3aHcKoi 1 [lensenckoit 06m-Tsx [31].

I'pu6 Brmouen B KpacHble kHuUTH
Aunratickoro kpast (3), Pecnyomuku Ka-
pemus (3), Kemeposckoit (3), KupoBckoii
(3), Jlumenxoit (4), HomocmOupckoii (3)
n Caparosckoii (3) obn-teit [38-44]. H
compenenbHbix ¢ PM Tepputopusix He ume-
eT cTaryca OXpaHsSEMBIX BUIOB. BHeceH
B Kpacurele crimcku (Red List) I'epmanun
(baBapust, Cakconms-Anxansr), J[lanum,
VYkpanus! [45-48].

O0cyxaeHHe U 3aKTI0YeHUs

Mutinusravenelii(Berk. & M. A. Curtis)

E. Fisch., Syloge. funorum (Abellini)
7:13 (1888) — Corynites ravenelii Berk. &
M. A. Curtis [as ‘ravenelli’], Transactions
of the Linnean Society of London 21:151
(1853) [1852] — Ithyphallus ravenelii
(Berk. & M A. Curtis) E. Fisch., Jahrbuch
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des Koniglichen Botanischen Gartens und
des Botanischen Museums zu Berlin 4:88
(1886) — Dictyophora ravenelii (Berk.
& M. A. Curtis) Burt, Botanical Gazette
22:385 (1896).

OTHKETKH repOapHBIX 00pa3LoB.

1. PM, . Capanck, yn. EBceBnera, 1. 10,
npuycaneOHbI y4acTOK, Ha TUIONOPOTHOM
nouse (TpsaKa ¢ JIYKOM PeITYaThIM — Allim
cepa L. n necHoll 3emisiHukod — Fragaria
vesca L.) (N 54°09'149, E 45°09'29”)
26 VI 2016. Cobp. C. B. AmnapuH, orp.
A. B. UBoiinos.

2. PM, T'O CapaHck, y4acTOK Mex-
Iy JNa4HbIM MacCHBOM W OBIBIIHM JIECO-
nuToMHUKOM  «lOp3eneHcTpoi» BOCTOY-
Hee KOTTEPKHOrO Ioc. YucTele mpynel,
(N 54°10'53", E 45°0629"), na 3emie
PSIOM C THUIOINIMM XBOPOCTOM IIOA Ye-
peMyxoii 0ObIKHOBeHHOU (Padus avium
Mill.). 29 VII 2016. Co6p. B. @. bapaHos,
A. B. Hgoitnos, onp. A. B. MBoiinos.

Moronieie  TUTOZIOBBIC Tejla OBAJILHBIC
WA sSUeBuaHbe, 1-3 cM B auamerpe.
O6omnouka (nepuuii) Oenmas win OlenHO-
JKeNToBarasi, IMpU CO3PEBAHUU Pa3phIBACT-
Csl Ha BEPIIMHE JByMS-TPEMS JIOTACTSIMH
M COXpaHSETCS y OCHOBAHHUS ILIOJJOBOTO
Tema. Pernenrakyn (HOKKA) IMJIHHIPH-
YeCKHi, TyO4aThlii (CeTdarblif), TOJIBIH,
6—12 cm BrIcOTOM M 0,5—1,0 CM TOIIIMHOM,
3a0CTPEHHBIN Ha BEpIWHE, B HIDKHEH 4a-
cT 0eroBaTO-pO30BBIH, B BEpXHEH — TeM-
HO-KapMHHO-KpaCcHBIA (MaTMHOBEIHN). Bep-
IIFHA PelenTaKyna 0e3 MUIIKH, IOKPhITa
MOYTH IVIAJIKOM TEMHO-OJIMBKOBOM >KHIIKO-
CTBIO, OBICTPO WCYE3AIOIICH, CONepIKaIleH
B ce0e CITopbl M 00IaAatoIIei HEPHUATHBIM
3amaxoM Iagand (THuromero msca). Ilmo-
JIOBBIC Tena coxpaHstorcs 1-2 mas [4-5;
37-38]. Bum xopoImo ompenensercs Io
MAaKpOIIpU3HaKaM Oyaroiapsi MaJHMHOBOMY
(BHIITHEBO-KpACHOMY) II[BETY BEpXHEW ua-
CTH pelenTaKyJa.

VY HalileHHBIX SK3eMIUBIPOB (B 1-M Me-
CTOHAXOKIACHUN — oKojio 10 mT., BO 2-M —
18 mT.) pa3mMeps! TUIOOBBIX TEN OBUIA TH-
MUYHBIMU TS BUa (PUCYHOK).

Meouko-buonozuueckue Hayku
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Fq
i‘ g

P u cy = o k. [Inonoseie Tena Mutinus ravenelii (hoto aBTopa)
F i gur e. Fruit body Mutinus ravenelii (author’s photo)

B cBs3u ¢ Tem, uro M. ravenelii sB- €ro B CIHCOK BHJIOB, MHOUIEKAIIMX MO-
JISIETCS.  CMHAHTPONHBIM ~ MHBA3HOHHBIM ~ HUTOPHHTY. HeoOXoMuMBbl MOMCKH HOBBIX
BUJIOM C HEMNpEACKa3yeMOoil cTparerueil MECTOHAXOXKACHUM STOTO0 MaKpOMHUIIETA,
MOBEJCHUSA, PEKOMEHAYETCS BKIIOYUTH KOHTPOIb COCTOSIHUS €r0 MOIMYJISLUMA.
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Hndopmanust st aBTOPOB U YUTATEIEH

1. Penakuus xypHana «BecTHuk MOpIOBCKOTO YHHBEPCHUTETa» NIPUHUMAET OPUTHHAJIbHBIE HAy4dHBIE
CTaTby Ha PyCCKOM H aHIJIMICKOM 5I3BIKaX, COOTBETCTBYIOIIHE podrtio JKypHaia 1 OTpaKarolie pe3ybTarhl
TEOPETUYECKUX W/WIN OSKCIEPHMEHTATIbHBIX HCCIIENOBAHNA aBTOPOB KAHIWAATOB M JOKTOPOB HayK,
HperoaBaresel ¥ aCIUPaHTOB MO CIIEIYIONINM HalPaBICHHSIM:

01.04.00 Puzuka

05.13.00 Hudopmarrka, BBIMUCTUTEIbHAS TEXHUKA U YIIPABICHHE

05.20.00 TIIpoueccs! 1 MaIIMHBI ArPOMH)KEHEPHBIX CUCTEM

14.01.00 Knunanueckas MEAHWIIMHA

14.03.00 Menyko-6HoIOrHIECKIe HAYKH

He nomyckaercs HanpaBiieHre B peakIMIo paHee OITyOIMKOBAaHHBIX CTAaTeH MIIH CTaTeH, OTIPaBICHHBIX
Ha IMyONMKAIMIo B APYTUE KypHATbl. MOHUTOPHHT HECAHKI[OHUPOBAHHOTO IIMTHPOBAHUS OCYIIECTBISIETCS
¢ omotipio cucteM «Anrturuiaruam U «CrossChecky. JKypHai IpUBETCTBYeT CTaThH, COACPIKALINE MaTepHal
0 3HAYUTENBHBIX JOCTIKEHHSX B yKa3aHHBIX HAIIPaBICHHSIX.

2. Ocoboe BHUMaHHE CIIETyeT YIEIUTh KadecTBy IepeBoja. JKenmarenbHo, 4ToObl OH ObLT BBIIOIHEH
HOCHUTEJIEM aHIIMHCKOTO SI3bIKa.

3. Heobxomumo ykazars YIK.

4. 3aroJI0BOK CTaThH I0JDKEH KpaTko (He Oosee 10 CIIOB) ¥ TOYHO OTpaKaTh COIEPIKAHUE CTAThU, TEMATHKY
M Pe3YJIBTaThI POBEICHHOTO HAYYHOTO HCCICIOBAHUS. [IpUs0OUmcs Ha pycckom U aH2IULICKOM A3bIKAX.

5. Aunotamus (200-250 cnoB) BbIIONHSET QYHKIHMIO PACIIMPEHHOTO HAa3BaHHS CTaTbU U IOBECTBYET
0 ee coziep>kaHu. B Helt TOIDKHEI OBITE YeTKO 0003HAYCHBI CIIEYIONIHE COCTABHBIC YACTH:

1) Beenenwue (Introduction);

2) Marepuansl u metoasl (Materials and Methods);

3) Pesynerars! uccnenosanus (Results);

4) O6eyxnenue u 3akmodenus (Discussion and Conclusions).

TIpusooumcsi Ha pycCKOM U AH2TULICKOM S3bIKAX.

6. KmoueBnie cioBa (5-10) sBISIOTCS TOMCKOBBIM 00pa3oM HaydHOH cTaTbu. B cBs3m ¢ 3tHM
OHH JOJDKHBI OTpa)kaThb OCHOBHBIC IOJIOXKEHHMS, IOCTIDKEHHMS, PE3YIbTaThl, TEPMHUHOJIOTHIO HAYYHOTO
UCCIeNOBaHNUS. [Ipusoosamces Ha pycckoM U AHSTUICKOM SI3bIKAX.

7. baaromapHocTi. B 5TOM pasznene cnemyeT yHOMSHYTh JIIOASH, TOMOTaBIINX aBTOPY NOATOTOBUTH
HACTOSIIIYIO CTaThlO, OPTraHHM3all{, OKa3aBIIMEe (DUHAHCOBYIO MONICPIKKY. XOPOIIMM TOHOM CUHTAETCs
BBIpaXKEHHE OarolapHOCTH aHOHUMHBIM pelieH3eHTaM. [Ipugoosimces Ha pyccKoM U aHSTUTICKOM SI3bIKAX.

8. OCHOBHOI TEKCT CTaThbH U3/1aracTCsl HA PYCCKOM WU aHIIIUHCKOM S3BIKAX.

1) Brenenne (1-2 cTp.) — mocTaHOBKa HAy9YHOH MPOOJNIEMBI, €€ aKTyallbHOCTh, CBS3b C BOKHEHIIINMU
3a/[a4aMy, KOTOpble HEOOXOIMMO PEHINTh, 3HAUYEHWE IS Pa3BUTUS ONpEJCICHHONW OTpPAaciy HAayKH WU
MIPaKTUYECKOM AEATENBHOCTH.

2) O630p mureparypsl (1-2 ctp.). Heobxoammo omnrcars 0CHOBHBIE (ITOCTICIHUE O BPEMEHH) HCCIICIOBAHUS
U ITyONIMKAIIIH, Ha KOTOPBIE OIMPAETCs aBTOP; COBPEMEHHBIE B3IISIBI Ha IIPOOJIeMy; TPYIIHOCTH IPH pa3paboTke
JTAaHHOM TEMBI; BBIJIETICHHE HEPEIIICHHBIX BOIIPOCOB B TIpe/ieliax 00IIel IIpoOIeMbl, KOTOPEIM ITOCBSIIEHA CTAThSI.

3) Marepransl 1 Metonsl (1-2 crp.). B nmaHHOM pasmene OMUCHIBAIOTCS TPOLIECC OPTaHHU3AIHU
SKCIIEPUMEHTa, TPHMEHEHHbIE METONMKH, HCIONb30BAaHHAs allaparypa; AAaloTCs MOApOOHbIE CBEACHUS 00
00BbEeKTE MCCIIENOBAHMS; YKa3bIBACTCSl MOCIISOBATELHOCTD BBINOIHEHHS! UCCIICOBAHNS U O0OCHOBBIBACTCS
BBIOOP HCIIONB3YEMBIX METO/IOB (HAaOMIOEHE, OIPOC, TECTUPOBAHNE, SKCIIEPHMEHT, JIJAOOPATOPHBIH OIIBIT U T. 11.).

4) Pesynbrarsl HCCIEOBaHHS. DTO OCHOBHOHM pasiei, Lelb KOTOPOrOo — IpU IOMOIIM aHaiu3a,
0000IIeHNs U Pa3bsCHEHHS JaHHBIX JOKa3aTh pabodylo Tumoresy (TUIOTe3kl). Pe3ynbrarsl nccieqoBaHms
JIOJKHBI OBITH M3JIOKEHBI KPATKO, HO TIPH 3TOM COAEPKaTh JOCTATOYHO HH(POPMAIINH AT OL[EHKH CIeTaHHBIX
BBIBOZIOB. TakxKe OHKHO OBITH 000CHOBAHO, IOUEMY JUTSl aHaJIM3a ObLIM BEIOpAaHbI IMEHHO 3TH JaHHbIE. Bee
Ha3BaHWs, NOANNCH W CTPYKTYPHBIE JIEMEHThI rpaQKoB, TAOJIML, CXeM H T. 1. 0OpMJISIOTCS HA
PYCCKOM H aHIVIHICKOM SI3bIKAX.
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5) OOcyxaeHHe 1 3aKTIOUCHUS. B 3aKITFOUeHIN CYMMUPYIOTCS PE3yJIBTAaThl OCMBICTICHHUSI TEMBI, ICTIAI0TCS
BBIBOJIBL, 0000IIICHHS ¥ PEKOMEH/IALHH, BHITEKAIOIINE U3 PaOOTEI, TIOUEPKIBACTCS UX IIPaKTHYECKast 3HAYNMOCTb,
a TaKoKe ONPEIEIIIOTCS] OCHOBHBIC HAIPABJICHHS UL TAIBHEHIIIETO NCCIIeJOBAHMS B 9TOH O0IACTH.

9. CnMcOK MCMOJb30BAHHBIX HCTOYHHKOB (0QopMIIIETCS B COOTBETCTBHHU ¢ TpeboBaHmsmu [ OCTa
P 7.0.5-2008). Ccpuiatbesi Hy)KHO B IEPBYIO OYepeib Ha OPUTHHAIIBHBIC HCTOYHUKH M3 HayYHBIX JKypHAJIOB,
BKJIIOUEHHBIX B [NI0OAbHbIE MHAEKCH IUTHpoBaHusL. JKenarensHo ucnonb3oBars 3040 nctouynukos. M3 HUX
3a nocienHue 3 rozfa — He MeHee 20, HHOCTpaHHbBIX — He MeHee 15. Crnenyer ykazars DOI wimm anpec nocryna
B cetu UnTepHeT. Oghopmusiemcs Ha pyccKom U aH2IULICKOM S3bIKAX.

10. Apdnmanus asropos. ©.11.0., opranmzanusi(u), axpec opranm3amuu(if) (Tpebyercs ykasars Bce
MecTa paboThl aBTOpa, B KOTOPHIX BBITONHSINCH MCCIENOBAHHUS (IIOCTOSHHOE MECTO, MECTO BBIOIHEHHS
MPOEKTa | 1p.)), JObKHOCTh U yueHoe 3Banue, ORCID ID, Researcher 1D, anexrponnas mouta, TenedoH,
TIOYTOBBII a7PeC /IS OTIPABKH aBTOPCKOTO IK3eMILIIPA. [Ipusooumcst Ha pyccKom U AHSIUNICKOM SI3bIKAX.

11. Bkiax coaBTOpoB. B KoHIIE pyKorHcy HEOOXOIMMO BKIIFOUMTh NPUMEUAHHS, B KOTOPBIX PA3bsCHSICTCS
(hakTHYECKUIA BKJTA T K&XKIOTO COABTOPA B BEIIIOIHEHHYTO PA00TYy. [Ipu6ooumcst Ha pycckom u aH2IULICKOM sI3bIKAX.

IIpn mopmade cTaThyl B peJakOUIO aBTOP CONIANIACTCS C MOJNOKCHMSIMU Pa3MEIICHHOTO Ha caifTe
JIMLEH3UOHHOTO JIOTOBOPA.

B xypHane «BectHuk MOpIOBCKOTO YHHBEPCHTETa» TIPUHSATO «IBYCTOPOHHEE CIETIOE» PELICH3NPOBAHIE
(PELICH3eHT U aBTOp HE 3HAIOT UMEH JIPYT JIpyra).

PerieH3eHT Ha OCHOBAaHNHM aHAIM3A CTAThU PHHUMAET PELIeHNE HIIH O PEKOMEHAINY €€ K ITyOIHKaIiN
(6e3 nopaboTKH MK ¢ TOPAaOOTKOIN), WITH O €€ OTKJIOHCHHUH. B citydae Hecorniacust aBTopa CTaThH ¢ 3aMEUaHUSIMHI
PEIIEH3eHTa €ro MOTHBHPOBAHHOE 3asBICHHE PACCMATPUBACTCS PENAKIIIOHHOMN KOJITETHEH.

INonuTrka penaknuoHHON KOMIETHH KypHaiia 6a3upyeTcst Ha COBPEMEHHBIX IOPHANYECKHX TPEOOBAHHAX
B OTHOILEHHH KJIEBETHI, aBTOPCKOTO MpaBa, 3aKOHHOCTH M IUIaruara, mopaepxusacT Kojmeke sTukn HaydHBIX
nyOnukarmii, copmynupoBaHHblii KomMuTeToM 1Mo 3THKe Hay4yHBIX IyONMKaIlMil, U CTPOUTCS C Y4ETOM
STHYECKUX HOPM PabOTBI PENAKTOPOB M M3IaTelNiel, 3aKpeIUIeHHbIX B Kojekce MoBefeH s  PyKOBOIIINX
NPHUHIUIIAX HAWIydIIed MPaKTUKA I pefakTopa sKypHaia u Kogekce moBeneHHs Il W3aTeNs JKypHAa,
paspaboranabix Komurerom o myomukarmonHoit stuke (COPE).

JlomyckaeTcst CBOOOIHOE BOCIIPOM3BEACHHE MAaTEPHANOB JKypHalda B JIMUHBIX LETAX M CBOOOXHOE
HCIIOJIb30BAHUE B HH(bOpMaLII/IOHHbIX, Hay4HBIX, yqe6HbIX N KYJIBTYpHBIX ILEIAX B COOTBETCTBHH CO
ct. 1273 1 1274 . 70 u. IV I'paxxnanckoro konekca PD. VHbie BUJIbI UCTIONB30BAHUS BO3MOXKHBI TOJIBKO ITOCTIE
3aKJIFOYCHIS] COOTBETCTBYIOIINX MMCEMEHHBIX CONIAIICHHH ¢ TIPaBooOIaiaTesieM.

DNeKTpOHHBIC BEPCHH CTaTell pa3Meniarorcs Ha caiite HaywHoil anexrpoHHOM OmOnmorekw. JKypHan
pacIpoCTpaHsieTcsl 1O MOMIINCKE, 3asABKaM BBICIINX YYEOHBIX 3aBEHCHUH, YUpEKHAEHUH O0Opa3oBaHUS
Y OT/ENBHBIX JIUII, @ TAKXKE ITyTEM PAcChUTKH HOMEPOB HAJIOKEHHBIM ILIATE)KOM.

Bnosun Cepreii MuxaiinoBuu — riaBHbIi penakrop. Ten.: +7 (8342) 24-48-88.

[onyTtun Cepreii BukropoBud — 3aMecTuTENb IIaBHOTO penakropa. Tem.: +7 (8342) 32-81-57.

Topnuna Ceetnana BukropoBHa — 0TBETCTBEHHEIN cekpeTapb. Teir.: +7 (8342) 48-14-24.

Penaxrop — JI. A. ITydosxuna

Iepeson C. B. I'onosanosa, H. H. Ilnexankogoii
Kommerotepnas Bepctka 4. C. [lonymuna

Wndopmarmonnas noanepxka P. B. Kapacesa

Teppuropus pacnpocrpanenus — Poccuiickas Oeneparus, 3apyOe:KHbIe CTPaHbI.
TTonnucano B neyars 10.03.2017 r. Jlara Beixona B cBer 31.03.2017 .

@opmar 70 x 100 '/, .. Yen. mew. n. 11,70.

Tupax 250 k3. 3aka3 Ne 336. CBoGoxHas LieHa.

Ortneyarano B Tunorpaduu M3narenscrsa MopioOBCKOTO YHUBEPCHTETA
430005, Pecrryonnka Mopaosus, T. CapaHck, yi. Coserckas, 24
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Information for authors and readers of the journal

1. “Mordovia University Bulletin” accepts scholarly articles and debatable academic materials
in Russian, English from holders of the following degrees: Ph.D., Dr.Sci., lecturer, postgraduate student.
Articles should conform to the subject of the journal and report on the results of theoretical and/or
experimental studies of the authors.

The journal covers the following specialties:

01.04.00 Physics

05.13.00 Computer Science, Computer Engineering and Computer Facilities and Management

05.20.00 Agroengineering System Processes and Machines

14.01.00 Clinical Medicine

14.03.00 Medical and Biological Sciences

Submission of a manuscript implies that the work described has not been published previously.
Monitoring of unauthorized citations is provided by services “Antiplagiat” and “CrossCheck”. The journal
gives preference to the articles with containing significant advances in considered areas of science.

2. If you translate your text into English, please do so in correct English (either American or British
usage is accepted, but not a mixture of both).

3. It is necessary to indicate the UDC code.

4. The title of the article should be short and informative (less than 10 words) and should be convey
your essential points clearly.

The title is to be provided in Russian and English.

5. The abstract plays a role of an enhanced title. The abstract should state briefly the purpose of the
research, the principal results and major conclusions (200-250 words). It consists of 4 distinct parts:

1) Introduction

2) Materials and Methods

3) Results

4) Discussion and Conclusions

The abstract is to be provided in Russian and English.

6. The structure of the paper should contain the list of keywords (5-10 words) in Russian and
English. They should reflect basic statements, results achieved and the terminology of the investigation.

7. Acknowledgements: List in this section those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.). The acknowledgements
are to be provided in Russian and English.

8. The main body of the article should be presented in Russian or in English.

1) Introduction (1-2 pp.) is the challenge of the problem treated, its relevance, its connection
with the chief tasks to be solved, its importance for the development of a definite area of science or for
practical activity.

2) Literature review (1-2 pp.): It is necessary to describe the recent principal studies and publications
relied upon by the author; modern views on the issue; difficulties in the development of the subject; the
allotment of the outstanding issues within the general problem of the article.

3) Materials and methods (1-2 pp.): This section describes the process of the experiment, using
techniques and equipment; provides detailed information about the target of research; indicates the
sequence of research and justifies the choice of methods used (observation, survey, test, experiment,
laboratory experience, analysis, modeling, learning and generalization, etc).

4) Results: In this section should be presented systematic analytical and statistical material. The
research results should be described adequately, so that the reader can trace the process and assess the
validity of the conclusions made by the author. This is the main section, which aims to prove a working
hypothesis (or hypotheses) by analysis, synthesis and data clarification. All titles, signatures, and structural
elements of graphs, tables, charts etc. should be in Russian and in English.

5) Discussion and conclusion: The conclusion must contain a brief summary of research results. The
main points of the work must be repeated. It is better to present any repetition of the material with new
formulations. It is necessary to compare the results with the target, indicated at the beginning of the article.
In conclusion, the results are to be summarized from a theoretical and practical point of view; the main
directions for further research are indicated in this area.

9. Bibliography: The bibliography should be drawn up strictly according to the GOST P 7.0.5-2008
and in uniform format (in Russian and English).

It would be desirable to refer to papers published in indexed journals with impact factor.

It is advisable to refer to 30-40 sources (at least 20-30 recent sources).

Citations of articles published in “Mordovia University Bulletin” should include author, title,
volume number, year, and page number, DOI and/or URL.

The bibliography is to be provided in Russian and English.
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10. Institutional affiliation of authors: Last name, first name, the name of the institution, the
address of the institution, the place were the project occurred, the position and academic title of the
author, ORCID ID, Researcher ID, e-mail, phone, postal address for delivery of obligatory copy
(in Russian and in English).

11. Authors’ contributions. At the end of the manuscript, authors should explain in the notes the
actual contribution of each collaborator in the work performed. The order of the authors and co-authors of
the article must be consistent in itself (in Russian and in English).

The author agrees to the terms of the enclosed license agreement by submission of the article.

The journal has adopted a “double blind” reviewing (reviewer and author are not familiar with each other).

A reviewer analyses an article and decides recommending it for publication (after revision of without
it), additional reviewing or refusing of it. In case of noncompliance of an author with the comment of
a reviewer, they can address a motivated statement to editorial council.

Editorial staff’s policy is based on modern legal requirements concerning libel, copyright, legitimacy,
plagiarism, ethical principles, kept in community of leading scientific issues publishers. Journal’s editorial
policy is based upon traditional ethical principles of Russian academic periodicals; it supports Academic
Periodicals Ethical Codex, stated by Committee on Publication Ethics (Russia, Moscow) and it is formed
in account of standards of ethics of editors’ and publishers’ work confirmed by Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of Conduct for Journal Publishers, developed by
Committee on Publication Ethics (COPE).

Free reproduction of journal’s material is allowed for personal purposes. Free use is permitted for
informational, academic, educational and cultural purposes in compliance of paragraphs 1273 and 1274 of
chapter 70, part IV of Civil Codex of Russia. Other types of use are possible only after making agreements
in writing with copyright holder.

Electronic copies of the journal with full text of the articles in PDF are in free access at the website
of Academic Electronic Library. The journal is distributed by subscription, requests of universities,
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