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OUZUKO-MATEMATUYECKHUE HAYKHA

A CLOSED SET WITH EMPTY INTERIOR
(IN PARTICULAR, CANTOR’S SET) AS A SINGULAR
SET OF FUNCTIONS
Silchenko E.!, Zolotukhina V.2
3AMKHYTOE MHOKECTBO C IYCTOM BHYTPEHHOCTbIO
(BYACTHOCTU KAHTOPOBO MHOXECTBO)
KAK CUHTI'YJSAPHOE MHOXECTBO ®YHKIINU
Cuabyenko E. B}, 3oa0otyxuna B. I’ 2

YCunvuenxo Eszenuii Bopucosuy / Silchenko Evgeniy — acnupanm;
23onomyxuna Bepa I'ennadvesna / Zolotukhina Vera — cmapuuii ra6opanm,
Kageopa meopuu GyHKyuil, paxynmem MamemMamux U KOMIbIOMEPHLIX HAYK,
DedepanvHoe 20cydapcmeeHHoe DH0NHCemHoe 00PA306aMeNbHOe YUPeNCOeHUe BbICULES0 0OPA308AHIUSL
Kybanckuii 2ocyoapcmeennblil ynueepcumem, 2. Kpacrnooap

Almomauuﬂ: 6 cmamose coo6maemc;z, umo 6 mempudyecKkom npocmpancmee OISl KAMCO020 He
coaepofcameeo U30JIUPOBAHHBLX  MOYEK 3AMKHYmMo2co MHodHcecmea cC nycmoﬁ GHYMPEHHOCNbIO
cywecmeyem @QYHKYuUsl, OJisi KOMOPOU OAHHOE MHONCECME0 AGNAEMC s CUHZYTIAPHBIM MHONCECMBOM
(MHOO!CQCI’”G‘O CUHYTIAPDHBIX MOYeK d)yukuuu HA3bl6AOM  CUHCYIASAPHbIM  MHOMNCECMBOM, MOYKA
HA3bI8ACMCSL CUHSYTIAPHOU OJis (PYHKYUU, eCliu 6 000U OKPECMHOCMU IMOU MOYKU YHKYUS A6TAEMCS
HeOZPAHUUeHHOU), 6 Kauecmeée npumepa Cmpoumcs @yuKyus, OJisi KOMOPOU MHONCECTNEOM
CUH2YJIAPHBIX MOYEK ABJIAemCsl KAHMOPO60 MHOMCECME0. Hpedbﬂeﬂﬂemm 00Ka3ameﬂbcmeo, ymo sma
dyHKYUA — NOOX00AWAS.

Abstract: in this article we report that in any metric space for any closed set with empty interior,
which does not contain isolated points, there is a function for which the given set is the singular set
(set of singular points is called the singular set; the point is called singular for the function, if in any
neighbourhood of this point the function is unlimited); As the example we construct the function for
which the set of singular points is the Cantor set. We present the proof that this function is suitable.

Knroueesvie cnoea: CUH2YJIAIDHbIE  MOYKU, CUHSYIIAPHOE MHOHCECMBO qbyﬁm;uu, KaHmopoeo
MHOHCECMBO.
Keywords: singular points, singular set functions, Cantor set.

Vmeepoicoenue. Tlyctb X — METpPUYECKOE IMPOCTPAHCTBO. ECIM MOAMHOKECTBO Ag X
3aMKHYTO€, IMEET MyCTYI0 BHYTPEHHOCTh int A=, a rake ne COJICP>KUT M30JIMPOBAHHBIX TOYEK
MPOCTPAHCTBA X, rtorma cymectByer ¢yHkiusa f:X — R Takas, 4To MHOXXECTBO A sersercs
MHOKECTBOM CHHTYJISIPHBIX TOYCK

Loxazamenscmeo.
JlokazaTenbCcTBO BOCXOIMT K IOKA3aTeNbCTBY yTBepKaAeHus 3 u3 [1].
Paccmotpum ¢yHKIHIO

0, xeA;
f(x)= 1
p(x,A)’

l‘[onca)xem, YTO MHOXXECTBO A SBJISIETCSA MHOXKECTBOM CHUHTYJISIPHBIX TOYEK d)yHKLIl/Il/I f .

Xe A

Tak xax Buyrpensocts 1INt A=, To Besikas Touka a € A ABIsIETCS TOUKOI MPHKOCHOBEHHS

nononuenns X \ A. U3 storo no onpenenenuio crexnyer, uto Vo >0 B O -OKpecTHOCTH TOUKH

# l Jnst mo0bIx
p(X,A) o6

>0 u M >0 moxno nomobpars O >0 Tak, uTo6s BemMOMHAIHCH HepaBeHcTBa O < & W

A maiinercs Touka X € X \ A. IIpn stom OGymem nMeTh f(x)=



. 1
1 >M , To ectb X € Og (@) v f(X)>M . s storo nocratouno B3sTH o= mln{&v}.

)

Taxum o6pa3oM, Touka A ssusercs CHUHTYJIAPHOM TOUKOM f .

IIpoBepum, uTo TOUKA b & A 1e moxer 6T CUHTYJIIPHON TOYKOM f .

Ecmn b & A, TO p(b, A) =Uu> 0 BBHJly 3aMKHYTOCTH A Tonoxum & =g H TIOKaXEM,
uTto X € 05 (b) p(X, A) > H. JlomycTuM HpOTHBHOE: ,O(X, A) < ﬁ Torna Haiiziercst Touka
2 2

al eA Takasi,  4TO p(x'a’) <§. W3  HepaBeHCTBa  TpPEYroNbHHKA  CIEIyeT

p(b,a") < p(b,x)+ p(x,a") < % + % = j4» YTO IPOTHBOPEUHT PABEHCTBY p(b, A) =Uu.
1 2
Urak, VX e O s (b) Bepna ouenxa f(x)= m < ; Takum oGpaszom, b eccr peryJsipHast

TOYKa f .

MOXKHO [IOTIONHHUTENBHO OTMETHTb, YTO (QyHKIHS f menpepiBra Ha X \ A BBuIy
HENPEPLIBHOCTH METPUKH O .
Ipumep. ®yHKIHMS, CHHTYISIPHOE MHOYKECTBO KOTOPOIi €CTh KaHTOpoBO MHOkecTBO C [O,l] .

Kaxnomy aucny X € [0,1) MOXeT OBITh TTOCTaBJIE€HA B COOTBETCTBHE €r0 3aIHCh B TPOWYHOI

cncreme cumcnenns suma X = 0, Ay Q- e 4 E{O,l, 2}, U 00paTHO, KaKA0H

n

TaKoll 3almiCH HPH YCIOBHH, YTO CKOJb YTOJHO MANEKO BCTPEYAIOTCS HHU(QPHI, OTINYHBIE OT 2 ,
cootBeTcTBYeT HekoTopoe uucio u3 [0,1) .

ToukaMm KaHTOpOBa MHOXECTBA Ha [0,1) OTBEYAIOT TPOMYHBIE 3alHCH, B KOTOPHIX Imdpa 1 He

BCTpeYaeTcs JINOO BCTpEUaeTCsl eMUHOXKIBI U TIOCIIE Hee CIeayoT nudps 0.
Onpenennm pynxmmio f: [0,1] - R cneayrommm o6pazom.
Ecm XeC c [0,1], o nonaraem f (X) =0.

Ecmt X €[0,1]\ C ., 1o B rpomunoif 3amucu ancia X' pano unu nosnHo Berperutes uuppa 1. B
5TOM cilydae ToJaraeM f (X) PaBHBIM HOMEpY TO3UIIME HEPBOTO BXOkaeHus mudpsl 1 B 3ammcn
ancna X .

Tokaxewm, uto C  gB1seTCH MHOMKECTBOM CHETYIAHBIX TOMEK (yHKIIHI f.

Iposepi, uto kaxnas Touka C sBiseres cunrymapHoit s f.

Mycts C € C . Torna B TponuHoii 3anucu uncna C uudpa 1 He BeTpeyaercs MO0 BCTpeyaeTcs

€IMHOXKIBI ¥ TTOCTIE Hee CIEeMYIOT TONBKO TUPPHI 0.

I[J'Ii[ JII000r0 HaTypaJIbHOTO n MOXKXHO IIOCTPOUTH YHUCIIO X TpOWYHasA 3alucCh KOTOPOTro

n b
coenanaer ¢ samuceio wncaa G o nosumin 1| a waunnas ¢ nosuman N | crout napa ungp 11
0CJIe KOTOPBIX CIEIYIOT LI PBI 0.

Beakoe Takoe umcno X HE TNIPpHUHAIJICIKUT C , TO €CTb MNPHUHAMICKHUT [0,1]\0 , "

n

YIOBJIETBOPSIET PABEHCTRY | c— Xn| < % .



Takum 06pazom, st mobbx & > OuM:e -oxpecTHOCTH Touku C € C HaMJEeTCs YHUCIIo

X, € [O,l] \C raxoe, uro f (Xn) =N>M . Jus osrtoro nocrarouno B3sTH
1

n>max<1l+log;—, M
&

VOenumcs, 4TO KaKaas Touka [0,1] \ C sBusercs peryssipHO# [is f .

IIycts de [0,1]\C Torga B TpoOMYHOH 3amucu uucia d BcTpevaeTcs nudpa 1, mpuuem
IocJie Hee BcTpedaeTcst XoTs OBl oiHa nudpa, oranyHas ot 0.
Hycts N — Homep mosumum mepBoro BxoxaeHus wabpsr 1 B TpoMUHO 3amicy umcia d.

BossMem gncio a TakKo€, 4TO €ro TpoudHas 3alMuCh OO NMO3ULIUU n BKIIFOUHUTCJIBHO COBIAIACT C

samncsio wncna 0 , a ajiee CIeayroT Iu(psl 0. Ouesuno, uto A < d.
Kak ObputO paHee OTMEUeHO, B TPOMYHOH 3amicH JFOOOTO YHCIA CKOJNb YTOJHO JajeKo
erpeuatorcst mudpsl, ormmunsie ot 2. Myers [T — Homep mosuumn nepsoit undpsi B TpondHoit

3alMcy 4MCIa d , OTJINYHON OT 2 u CIIEAYIOIIEH TOoCie MepBOi HUQPHI 1. Bossmem wmcmo b
TaKoe, 4TO €ro TPOMYHASI 3aMKCh COBMAJACT C 3aIUCHIO YHCIA d n0 nosmmn (M| a wa nosumm M
crout uudpa 2 , oCJIe KOTOPOH clenyroT bl 0. O4eBUAHO, 4TO d<b.
Eem Xe (a, b), o X  JexHT MeXIy UHCIAMH  BHIA a=0,~--000--- u
n

b=0,.. -2 . -000 -+, TIO9TOMY TPOWYHAS 3aIHCh YHCIIA X wumeer sug X= 0,.. " -+, IPHYEM II0CTIe
n m n

pBI 1 BeTpeyaroTes ugpsl, omgaasle oT 0. U3 aToro criemyer, 4to0 X € [0,1] \C u f(x) =n.

Taxum 00pa3oM, MbI HAIITA OKPECTHOCTh (a,b) uncna d , B kotopoii pyrkmms f orpammuena.
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TEXHUYECKHE HAYKHA

OPTIMIZATION OF STAND FOR DYNAMIC-STRENGTH TEST
OF MAGNETIC SHOCK
Nesvit V., Evsyukov V.2, Stepanishev N.%, Korshenko K.* Bondarec O.%,
Bondarec N.°
OINTUMUBAIINSA CTEHIA JJISAI JMHAMUKO-ITPOYHOCTHBIX
HUCIBITAHUMA MATHUTHBIX AMOPTU3ATOPOB
HecBur B. I[.l, EBcrokoB B. A.2, Crenanuies H. A.3, Kopmenko K. B.%,
Bonaapen O. A.°, Bongapen H. B.°

'Heceum Bumanuii Tmumpuesuy / Nesvit Vitaly - kanoudam mexnuueckux nayx, doyenm;
2Eeciokos Buxmop Anexceesuu / Evsyukov VIktor - kanoudam mexnuueckux nayk, ooyenm;
*Cmenanuwes Huxonaii Huxonaesuy / Stepanishev Nikolai - cmapuii npenooasamen,
Kaghedpa conpomusierus Mamepuaios u meopemuiecKo MexaHuxku,
*Kopuenro Koncmanmun Buxmoposuu / Korshenko Konstantin — accucmenm,
Kagheopa mpakmopos u asmomoouiel;
®Bonoapey Onez Anamonvesuy / Bondarec Oleg — accucmenm;
®Bonoapey Hamanwvs Banepvesna / Bondarec Natalia — unowcenep,

Kageopa conpomusienus Mamepuanos u meopemuieckol MexaHuku,
Tocyoapemeennoe o6paszosamenvioe yupesicoenue JIy2ancKuil HayuoHAIbHbITL A2PAPHbLIL yHUBEPCUmMen,
. JIyeanck, Yxpauna

Almomauuﬂ: 0151 UCNBIMAHUS MASHUTNHBIX amopmuzamopos, Kaxk npasujio, UCHOJIb3YIOMCA HA60POYEeHHble
dopozocmosiyjue CmerObl, 3a0aya KOMOPbIX 3AQUKCUPOSAMb GeIUHUHY ONPEOe/IeHHbIX NaApamempos.
3(1@(1‘1(1, peuwiaemas 6 OanHOU cmambve: uHmech(])uKauuﬂ ucnblmameilbHO20 npoyecca ¢ 00H06p€M€HH01Z
onmwuusauuezi Koauyecmeda UCnblmyemvlx napamempos amopmusamopos, Komopbie onpe()elmiomaz
nymem aHaiu3ad aHaiocudHsvlx UCHBLIMAHULL cmaHdapmelx amopmusamopoe. B cmenoe UCNOIb3yemcsi
00CmamoyHoe Koauuecmeo npu6op06 u npucnocob'ﬂenuﬁ, Komopble no360JIA10n nepeKpblinb npaxkmu4decKku
6€Cb cnekmp aaHHblx, cHuMaemvix co cmenoa. B cmenoe ucnoav3yemcs napajilejivHoe 6Klo4eHue
npu60p03, noseoJistiroujee uzbedicams GIUAHUA MASHUMHBIX NOJIEll. MOM,;HOCMb cmenoa 0ocmamoyna Ons
nposeaeﬁuﬂ ucnvimaHuil 6ce2o cnekmpa amopmu3amopoe.

Abstract: to test the magnetic shock absorbers are usually used heaped expensive boards, whose task
to fix the value of certain parameters. The problem to be solved in this article: the intensification of
the test process with simultaneous optimization of the number of test parameters of shock absorbers,
which are determined by analysis of similar tests of standard shock absorbers. The stand uses a
sufficient number of instruments and tools that allow you to cut off almost the entire range of data
taken with the stand. The stand is used parallel connection of devices, allowing to avoid the influence
of magnetic fields. Power enough to stand the test of all spectrum of the shock absorbers.

Kntouesvle cnosa: macnumuwviii nomok, meopema Hpnuioy, ouamaznemux, MaeHumonpoeo(), moxu
Dyko, cmeHO.
Keywords: magnetic flux, Earnshaw's theorem, diamagnetic, magnetic, eddy currents, stand.

VIIK 62-567.7

IMocTranoBka 3agayd. AMOPTH3ATOPHI IO BIMSIHUIO Ha O€30MAacHOCTh JBIKEHHS TaKHe JKe
COCTABIISIONIHE, KaK M 3JIEMEHTHI CHCTEMBI aKTHBHOM 0€30MacHOCTH aBTOMOOMIIS; CKaThl, TOPMO3HBIE
CHCTEMBI U pyJeBoe ympapiaeHue. I1o3ToMy ucHbITaHHE aMOPTH3aTOpa HAa CTEHAE - OJHO U3 yCIOBUH
6e30macHOCTH BOAUTEN. A OT KauecTBa CTE€H/Ia 3aBHCUT U KaueCTBO aMOPTHU3aTOPa.

1. Jlnga Toro 4troOBl ONTUMM3UPOBATh 3KCIEPUMEHT IO KOJIMYECTBY 3aMepsieMbIX MapaMeTpoB
HE0O0X0MMO, KaK TOBOPSIT, OTJACINUTH 3€PHO OT IuIeBel. HekoTopblie 3KCIepUMEHTaTOPhl YBETHIHBAIOT
YHCIIO )KU3HEHHO B)XKHBIX NapaMETPOB aMOPTHU3ATOPa, HE 03a00UMBAsICh TeM, KaKOe MECTO B CHCTEME
OHH 3aHMMAIOT ¥ TJIABHOE, KaK BIMSET 3aMepsieMbIi mapaMeTp Ha paboTOCIIOCOOHOCTh aMOPTH3aTOpa
(c yd4eToM ero JONTOBEYHOCTH). 3amada SKCIIEPUMEHTATopa IONTydaTh JOCTOBEPHBIE W, TJIABHOE,
HeoOxoquMmble naHHble. [loaToMy pexkoMengoBaHo nMmeTh T3 Ha pa3paboTKy CTeHAa, KOTOpPOe
COCTaBJISIETCSI COBMECTHO C HCIOJHHTENEeM. [ Kak pe3ynbrar, IpU IPOSKTUPOBAHHM HEOOXOIMMO
BBIPabOTaTh COBMECTHBIE TPEOOBAHUS IO BCEM aCHEKTaM 3KCIEPUMEHTA.
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OcHoBHas 4acThk. [Ipu pa3paboTke cTeHAa, aBTOpaMH aHAIW3UPOBAINCH H3BECTHBIE Pa3paboTKH,
MINPOKO MPUMEHSETCS B IPOMBIIICHHOCTH ¥ Ha OCHOBAaHHMY aHAJM3a BEIOMPAJINCH JTyUIIHe.

Hampumep, cTeHn and OUHAMOMETPHYECKMX WCIBITAaHUH THIPABIMYECKUX aMOPTH3aTOPOB,
omucanHelii B kHure Jlepbapemamkep A.JI. I'mapaBmudeckwe aMopTH3aToOphl aBTOMOOMIIEH.
M. MamuHoctpoenue, 1965 r. B 9Toif kHUTe mpeacTaBieH psJ CTEHIIOB, COCTOSIIUX M3 paM, Ha
KOTOPBIX yCTaHOBJICHBI YCTPOMCTBA B BUAE KPUBOLIMIHO-MIATYHHBIX MEXaHU3MOB, 00€CTICUHBAIOIINX
B WTOTE€ IOCTyNAaTENbHBIE IEPEMENIEHHsI IITOKOB aMOpPTH3aTOpOB B BEPTHKANBHOM mockocTH. C
JanbHeWIell peructpanueil U u3ydeHHeM KoJieOaTeNlbHBIX MPOLECCOB M CHUIOBOTO HArpy:KEHUS HX
JleTaneil ¢ MOMOIIBI0 PA3NIMYHON MO KOHCTPYKLHMU M YCTPOHCTBY TE€H30METPHUECKOM ammaparypsl.
HecmoTtpst Ha 3¢ QeKTHBHOCTS HCIOJIB30BAaHUS TaKWX CTEHIIOB, BCE OHM OOJANAIOT CYIIECTBEHHBIM
HEJJOCTAaTKOM, 3aKJIIOYaIOMIUMCSI B TOM, 4TO IOCJIEJHNEC HE UMEIOT KOHCTPYKTHBHBIX BO3MOXKHOCTEH,
MO3BOJIIIOIINX HMHTHPOBATH HEPOBHOCTH JIOPOKHOTO IIOJOTHA B INHPOKOM JHAIa3o0HE UX
MPOSIBIICHHSI.

W3BecteH Tarke CTEHX JUIT CHATHS XapaKTEPUCTHK TEJIECKONMYECKOro aMopTH3aTopa |
UCTIBITAaHHA €ro, OMHCcaHHbIl B KHUre banabuna U. B. u ap. McneiTanus aBTomoOmielt: YueOHUK 11
MAaIIMHOCTPOUTEIBHBIX TEXHHKYMOB IO CHEUHATBHOCTH «ABTOMOOMIecTpoenue» / U. B. banabus,
B. A. Kypos, C. A. Jlantes. 2-e u3a. nepepad. u gon. M.: Mammaoctpoenue, 1988. 192 c. Tak Ha cTp.
96-99 9TOif KHHWIM MPEACTABICHBI OMUCAHHE KOHCTPYKIMHU, MPUHIUNHATIbHAsS cxema (puc. 56) u
pabora Takoro creHma. CTEHJ COCTOMT W3 paMbl C HaNpPaBILIIOIIMMH, MepeMelaomeiics 1o HUM
TpaBepcoi, Ha KOTOPOH 3aKkpeIuieH amoprTu3aTtop. IIpuBoa TpaBepchl OCYIIECTBISIETCS ¢ IOMOIIBIO
MepeJaTOYHOro Mexanu3mMa ¢ yactoroil ee nepememenus 0,8, 1,2, 1,6 u 2,5 I'n. Takoit crenn, Tak xe
KaK ¥ Ipeblayliye, NpeICTaBIeHHbIC B aHaJIore, UMEEeT OrpaHUYEHHbIC BO3MOXKHOCTH 110 CO3JIaHUIO
HepeMeNIeHnH ITOKa aMOPTH3aTopa, a, CIIEJ0BAaTeNIFHO, He M03BOIIET UMUTHPOBATH €r0 KoebaHus B
YCIIOBHSX, MPUOTMKEHHBIX K 3KCIUTyaTallHOHHBIM U T. JI.

Tlocne anamm3a yctpoiicTBa U TpeOOBaHHS K HCIBITATEIbHBIM CTEHIAM, HAaydHbIE PabOTHI BEIyIINX
ABTOPOB M (pUpPM, 3aHHMAIOIINXCS MAHUTHBIME aMopTi3aropamu [2; 4; 7], ObUIM BBIOpaHBI OCHOBHBIC
perIaMeHTHpYIOIIHE TapaMeTphl U O] HUX ObLT pa3paboTaH CTEH I, IPEICTaBICHHBIH Ha puC. 1.

ga

a) 6)
Puc. 1. Cmeno 0151 HamypHBIX UCHBIMAHUL MACHUMHBIX AMOPMUZAMOPOS

Crenn (Puc. la, 6) coctouT U3 3meKTpoABUratens 1 ¢ peryaumpyeMod 4acToToil BpalleHus,
KOTOpPBIA My(TOi coenuneH ¢ penykropom 3. Ha Ban pemykropa HacakeH TUCK 4 C OTBEPCTHUSAMH,
COCIMHEHHBIH MPH MOMOLIM IaTyHa 5 co mTokoM 6. CaM IITOK YXKECTKO COEIMHEH C CEKTOpoM 7
(MMeromnM TOCTOSHHBINH paguyc KpuBH3HBI). CeKTop 7 MMeeT OTBEPCTHs Ul KPEIUICHUs KopIryca
MarHuTHOIO aMopTH3aTopa 8, IUId U3MEHEHMs HakKIOHa aMopTusaropa or BepTukanu. IlTox 9
aMopTH3aTopa COCIMHEH C TeH3oMmerpuueckoil Oankxoit 10. Ha Tenzomerpuueckoit Oanke
yCTaHOBJIEHBI: BUOpomartdumk 11, TeHsomerpmueckuil nmatumk 12 wm wHmUKatop 13, wHIUKATOp
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IpeaHa3HaueH Ul TAPUPOBKU TEH30MeTpHUUecKor Oanku. TeHzomerpudeckas O6anka uMeer onopsl 14,
C TOMOILIBIO KOTOPBIX MOXKHO H3MEHSTH XKECTKOCTh Oayky. Bce y3ibl yCTaHOBIIGHBI Ha XKECTKYIO
OIIOPHYIO KOHCTPYKLUIO 15.

W3mepurenpHas ammapaTypa CKOMIIOHOBaHA B OJI0K 16 M coeanHeHa HECKOJIBKHMH KaOelIsMH C
HCTIBITATeNIbHOW YCTaHOBKOW, B OJIOK M3MEpHUTENBHON ammapaTypsl BXOIAT: Taxomerp, IH(ppOBOH
BOJIBTMETP M  aMIEpMeTp, Harpy304HOe YCTPOWCTBO, BHOpOM3MepUTENbHas ammaparypa,
TEH30METPHUYECKHH YCUIUTENb, CAMONUIITYIUH TPUOOp 1 OIOK MUTaHUS.

C uenpio yHH(GUKAUMU AeTayieil cTeHIa, MpenBapUTeIbHOE MPOSKTHPOBAaHHE 0a3MpOBATIOCH HA
UCIIONB30BAHUN CTAHAAPTHBIX JeTaneil, BXOAAMIMX B KOHCTPYKLMIO AHAJOTHYHBIX CTEHIOB WU
000pyJOBaHUs, BBIIYCKAEMOTO ISl TEXHHYECKOTO OOCIY)KUBaHUS aBTOMOOWIIEH. DTO OTHOCHTCS KO
BCEM BXOIIIUM KOMIUIGKTYIOIIMM CTEHJa, 3a WCKIIOYEHHEM H3MEpUTENFHOH —aImmapaTypsl.
JluzaifHeps! NCXOAWIN U3 MOCTyJaTa, YTO HE BCE TO, YTO CTOUT JIOPOTO COOTBETCTBYET BESHHUSAM U
TpeOOBaHWAM ONTHMAJIBHOTO CHSITHS IIApaMETPOB HCHBITAaHWH W TJaBHOE ONTHMH3ALMH TeX
HU3MepsIeMBIX JaHHBIX, KOTOPHIE U OIIPEeIISIOT Ha3HaueHHEe CTeH A,

OnHOIl M3 ITOMHHHUPYIOIUX 3a8a4 SBISETCS «BCESTHOCTH» CTEHAA: T.€. OH JOJKEH MO3BOJIHUTH
UCIIBITBIBATh AMOPTH3ATOPHI OT TEX Pa3MepOB, KOTOPbIE UCIONB3YIOTCS Ul aMOPTU3aTOPOB MOIIE/IOB,
0allkoB M T.O. 0 aMOPTHU3aTOPOB KaMUHHOHOB. COOTBETCTBEHHO M HEOOXOIUMO pEIIaTh 3amady:
MHHUMaNbHas METaTIOEMKOCTh HPH MAaKCHMAaIBHBIX pa3Mepax HCIBITYeMBIX aMOpPTH3aTopoB. B
pe3yiabTaTe KOMITBIOTEPHOTO MOJEIMpOBaHHWs ObLT BeIOpaH creHn (puc. 1) ¢ pasmepamu
600%600%1500 MM ¢ Maccoii HCIIOIB30BaHHOTO MeTasuia 115 kr.

AHann3 CTEHJOB AHAJIOTHYHOIO IPO(WIL 0 MaTepHANOEMKOCTH (pe3ylbTaT Ha eIUHUILY
MOIIHOCTH)), TTOKa3bIBAET, YTO Pa3pabOTaHHBII CTEH] BIIMCHIBACTCS B aHAJOTWYHBIC IapameTpsl. st
pEeTUCTpaluy JaHHBIX SKCIIEpUMEHTa BBHIOpaHO OBa ocumiuiorpada: 3neKTpoHHO-Ty4eBoi (C-1-93) c
perucrpanueii uepes web-kamepy HoyrOyka u ocuwwuiorpadpa H-117 ¢ perucrpamueit uepes
3aMUCHIBAIONINI anmapaT. Bubpauusi perucTpupyercs ¢ moMoIpio Bubpoperucrpatopa BU-6-67H —
PETHCTPHUPYIOIIMI KaK paAdaibHble, TaK M TaHTEHIUAJIbHBIC IEpeMEIleHUs. PermcTpanmust 3Tux
nepeMenieHni MPOM3BOIUTCS ¢ MmoMolnkio camomnucia H327-3. Takum oOpa3zoM, perucrpupyromias
anmaparypa OXBaTHIBaeT BECh CHEKTp BHOpaIMi, MepeMeleH!H, Harpy30K U T.nI., KaK Ha pealbHOM
TC. TapupoBka Harpy3oK HpPOWU3BOAMTCS JBYMsS CIIOCOOAMH: JWHAaMOMETPOB CIEIHaIbHBIM
npucrocobieHneM (puc. 2) B KOTOPOM UCIIOIb3yeTcst HHAUKaTop ¢ aeieHueM 0,002 Mm.

Puc. 2. Pecucmpayuonnsie ycmpoiicmsa

Takoit HOMONHHUTENBHBIN CMOCOO HM3MEpeHH#H OBUI MPEIYyCMOTPEH CHELHATbHO C  LEJbI0
HCKJIIOUCHHUS «TPETaTypbl» 3JIEKTPOHHBIX MPUOOPOB, T.e. HA HHAWKATOP HE BIMSIOT MarHUTHbBIC
MOTOKH ¥ CKa4YKU B 9HEPTOCHCTEME U HE BIIUAIOT MarHUTHBIC MOJIS CAMHUX aMopTH3aTopoB [3]. eno B
TOM, YTO OJMH M3 Ipe/ularaeMbiX 0OpasloB aMOPTU3aTOPOB pa3paboTaH TakMM 00pa3oM, 4TO IpH
JBWXCHUH aBTOHOMHO MOXKET BBIPa0aThIBATh AJIEKTPOIHEPTHIO: T.€. BO BPEMs aMOPTH3AlMH OH elle
SBJISETCS TeHeparopoM. I[IpudeM TOK, KOTOpBI OH BbIpa0aThIBAaeT, AOCTATOYEH JUIS 3apsiaKd
akkymynsaTopa. [IpuHIun paboTsl TaKOro amMoOpTH3aTopa reHeparopa A0CTaTo4Ho mpocT. OnuH U3
HUX, HanlpuMep, pa3padoran Mypakosckum B. H. (matent PO Ne 2173499 ot 10.09.2001 1.).

Hcxons u3 BEIIEH3II0KEHHOTO.

OCHOBHOI mHapaMeTp WCHBITATEIBHOTO CTEHAA COCTOMT B TOYHOCTH ChEMa pe3yIbTaToB
OKCIIEPHMEHTa, TOYHOCTH HX (PUKCAIMM M TJIABHOE, 9TO BCE JOJDKHO YBS3BIBATHCS C YHOOCTBOM
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paboTel omeparopa creHga. OMNHCBIBAEMBIH CTEHJ NPOEKTHUPOBANCA HCXOAS MMEHHO M3 3THX
TpeboBanuii. OnepaTop cTeHAa BUAUT PE3yIbTaThl SKCIICPIMEHTA KaK M XOJ IKCIICPIMEHTA, HOATOMY
OH MOJXET, HE JOXKHUIAsCh OKOHYATEIHHONH 00pabOTKH pe3yinbTaToB, H3MEHUTh HArpy3Ky, MOIIHOCTh
MarHUTHOTO TOJISI, 9acTOTy BHOpanuii u T.1. [5]. M3MeHeHHs mapaMeTpoB Harpy3KH OIepaTop MOXET
NPOU3BOJNUTH B PyYHOM PEKHMME B 3aBHCHMOCTH OT TOTO, KAKUX JaHHBIX, 10 MHEHHIO OllepaTropa, He
XBaTaeT Ui aHaIu3a (PaKkToB.

BriBogs!:

1. TlpencraBneHHbBII CTEHJ MO COOTHOLIEHHMIO LIEHA — KAueCcTBO SBIETCSA, HA B3N
MPOEKTHPOBIIIKOB, ONTUMAIBLHBIM. 1071 KauecTBOM MOHMMAIOTCS BCe HEOOXOMMBIE TTapaMeTphI CTEHIA.

2. Tlo xonM4YecTBY PEruCTPHPYEMBIX MapaMeTpOB CTEHI YAOBIETBOPSET BCEM NMPEABSIBISIEMBIM
TpeOOBaHHIM.
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DANGER OF ATMOSPHERIS DISCHARGES OF FIRE HAZARDOUS
SUBSTANCE AND DEFENSE AGAINST THEM
Gumbatov M.}, Qafarov E.2, Ahmedova A2, Hajiyeva 1.%
OIMACHOCTDB BBIBPOCA ITOXKAPOOITACHBIX BEHIECTB
B OKPYXAIOILIYIO CPEAY U 3AIIUTA OT HUX
I'ymbatos M. 0.}, Tagapos . K.2, Axmenora A. I'.%, Fagxnesa U. B.*

rymbamos Mazomed Opyoorc oznvi / Gumbatov Magomed - kanoudam mexuuueckux Hayk, 0oyenm;
Taghapos Dmune Kamuns oznvt / Qafarov Emil — accucmenm,
3 4xmedosa Aiimen Famnem xoizol / Ahmedova Ayten — accucmenm,
*Taoxcuesa Upada Banaii kuizer / Hajiyeva Irada — accucmenm,
Kageopa upe3sbiuatinblx cumyayuil u 6e30nacHOCmu HCU3HEOeAMeTbHOCIU,
CMpPOUMenbHO-MeXHON02UYeCKUll hakyibmen,
A3epbatioscanckull apxumexmypHo-cmpoumensvHuiil yHusepcumem, 2. Baxy, Azepbaiioxcanckas Pecnybnuxa

Annomayusn: uzyuenvl RPUUHBL BO3MOICHOCMU BLIOPOCA BPEOHBIX U ONACHBIX BEUECE 8 OKPYICAIOULYIO
cpedy u ux nocreocmeusi. Paccnedosanuem 0Obino ycmanoeneno, 4mo OCHOBHOU NpuduHOU 6b16poca
JIE2KOBOCHIIAMEHSIIOWUXCSL  6EUYECE 6 OKPYICAIOWYIO Cpedy SGIAEmcsi Hapyulenue 2epMemuyHOCHu
peaxyuonnwix annapamos. Ha npumepe asapuii negpmexumuyeckux npouzeoocme npusedeHsl paspyulenust
30aHUll, annapamos KoMMYHukayutl, eubemu nrooeil. Ilokazanbl Hekomopvie npumepvl U OnpeoeneHvl
noanowjarouue CeoUCMEa HeKOMOPbIX MAMEPUATO8 C Yelblo UX UCNOIb308AHUS NPU bIOPOCE IHCUOKUX
NOJICAPOONACHBIX  6eujecms.  YCMAHOBNICHO, YMO YenecOOOPAsHO CHCUSaHUe 2d308 HA  (DAKeTbHbIX
VCMAHOBKAX, A HCUOKUE 8eUjeCnea Jiyuule CoOUpams NOSIOWAIOWUMU MAMEPUATAMU.
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Abstract: we studied the causes of possible emission of harmful and hazardous substances and their
consequences Wednesday. The investigation revealed that the main reason for the emission of
substances of the fuels. Wednesday is the tightness of the reactionary. HA examples of accidents
petrochemical plants are the destruction of buildings, communications devices of death. Showing some
examples and identified some material absorbing property for use with the release of liquid dangerous
substances. Determined that the appropriate combustion gases in flares and liquid substances better
security of absorbing materials

Kﬂlﬂlleﬁble cnoea: 63pvlg, NOXMNCAPOONACHOCMb, XUMuveckKue eewecmed, a@apuﬁnaﬂ cumyayus,
OKpyJicarowas cpeoa.
Keywords: explosure, fire hazard, chemical substances, emergency situations, environment.

VIIK 662.217.8.543.42

B xmmmueckoif ® He)TEeXMMHYECKOH TNPOMBIIIICHHOCTH IIpH HapyNIEHHH pEeXHMa
TEXHOJIOTHYECKUX IPOIIECCOB BPEIHbIE M IOXKApOONACHBIE Ta3bl (Maphl) I COKUTAHUS TOAAIOT
(akenbHBIE YCTAHOBKHU. B ciyyae aBapuu Takue BEILIECTBA PACHPOCTPAHSAIOTCS B OKPYKAIOILYIO CpEeLy
[1]. TTomamatomme B OKPYXAIOLIYIO CpPeoy XUMHUYECKHAE BEIIECTBA HMMEIOT CIOKHBIH XUMHUYECKUI
COCTaB ¥ TPHHSITBIE MEphI TakXKe MOIDKHBI OBITh aJeKBaTHBI WX cBoWcTBaM. Hampumep, amamerp
BOJIOPOJHOM JIMHHUHU JIOJDKEH PAaCCUMTHIBATBHCS TAK, YTOOBI TPyOOJIETHEM PEeXHMME €ro KOHIEHTpPAIHs
JIOXOJI¥JIa OBI IO HIDKHETO Ipejiesia B3phIBAeMOCTH. B IPOTHBHOM ciTy4yae U3-3a HU3KOW CKOPOCTH rasa
YBEJINYUBAETCS BO3MOXKHOCTH 00pPa30BaHMs B3PHIBOOIIACHOTO ra30BOro obJaka. Y CTaHOBKA 3aIlUTHBIX
KJIaIlaHOB B JAHHOM CJIydae HENpHeMiIeMa, TaK KakK JOCTaTOYHasi TePMETHYHOCTh He 00ecIieynBaeTcst
[2]. PasHumna Temmeparyphl U BSI3KOCTh CPEABI MO3BOJSIET YBEIMYHTH MOTOK raza. Hecmotps Ha 31O
HEJOCTAaTOK HE YCTPAHSACTCS C AUCTAHIMOHHOM YIIPABICHUEM 3alIUTHBIX KIAMAHOB M CUUTACTCS
HEHaJeKHbBIM. B03MOXXHO HCIIONB30BaHWE MAAHHOTO CIOco0a, KOTrJa B3pBHIBOOIIACHOE Ta3bl HE
00J1aJal0T TOKCHYHBIMH CBOMCTBaMH. B HEKOTOPBIX CilydasX INpH peleHHH Oe30MacHBIX 30H
MOIIHOCTh YCTQHOBKH HE YYHTHIBAIOT, @ 3TO HEOOXOAMMO B YCTAHOBKAaxX OOJBIIMX MOIIHOCTEH B
He(PTEXMMHYECKUX KOMILIEKCaX.

OnHOI M3 OCHOBHBIX NPHYHMH BBHIOpOCA JIETKOBOCIUIAMEHSIOIIMXCS BEIIECTB, IMONAJAIONINX B
OKPY)KAIOLIYI0O Cpely, - HapylleHHe I'epMETHYHOCTH PEaKIMOHHBIX anmnapatoB. B mpumep 3Toro
MOXKHO yKa3aTb Ha TO, YTO MPH NPOMU3BOJCTBE KAMPOJIAKTaMa IONalaHne B aTMOc(hepy IUKIOTeKCaHa
npom3orren B3pbB [3]. PaccnemoBanue npuyrH B3phIBa IMOKA3ajo0, YTO MPU YCTAHOBKE TPYOOIPOBOIa
(mmametp 508 MM) He OBUIM COOJNIONEHBI MpaBWia OE30MACHOCTH, HEOOXOIWMBIE pacyeTbl
UCIIBITAaHUS TPYOONPOBOZA He OBUTH BBHINOJIHEHBI HA JOJDKHOM ypoBHE. B pesynprare aBapmm ObuTH
pa3pylieHBl ~ €MKOCTH W TpyOONpOBOIBI, Ha  OONbHIYI0  IUIOMAAb  OBUIM  Pas3iIHTHI
JerkoBocIuiamensironrecs Bemectsa (180x250 mm), BeicoTa maMenu pocrturana 100 merpos, Obita
HpeKpalieHa mojaya 3JeKTPUUEeCTBa a TaKKe IHMOBPEXKAEHBI HEKOTOpble 00BeKTH. Torma morudim
4 yenoBeka, 26 yeroBek ObUIN paHeHsbl, n3 230 moxapHbIX 23 YesioBeKa ObIIIO TPaBMUPOBAHO.

Bricokas Temmeparypa mpuBena kK JedopManuu CTeH 3[aHHS, Pa3pyIIeHbl AUCTHIIAIHOHHBIC
Oaman (BeIcoTa 75 M, Bec 80 TOHH) M CTalbHBbIE KOHCTPYKIWH. B 3maHMAX, HaXOAAIIMXCS Ha
paccrosiaun 600 METPOB OT MPEANPHATHI, IPONU3ONLUTH TPEIINHA CTEHBI, Pa30MUTHI OKOHHBIE CTEKIa U
paMbl, HAXOASAIINECS B OKPYKEHUH aBTOMOOMIIN HE MOJJIERKAT PEMOHTY.

ITonoGHble aBapuu TakKe OBUIM B MPOU3BOJICTBE THIIEHA ITPU MOAa4Ye ITAaH-MPOIIAHOBOH CMECH B
UPOJIM3HYIO Neyb. [Ipy HapyleHnn TeMrepaTypHOro peskuma Mpou30lIes B3phIB U Havyajcs moxap.
B pesynbraTe mokapa COCyIbl M TEXHOJOTHYECKHE JIMHUH pPAa3pyLICHBI, CTalbHBIE OMOPHI U
KOHCTPYKIMH OBLIM pacIulaBlIeHbl. Y AapHas BOJHA CHJIOH | T HUTPOTpOTHIIA pa3pyIIiia 2 peakTopa u
3 cymmnpHble ammaparsl. Takod 3Heprum XBaTwio Obl mpu oOpa3zoBaHuu B3pbiBa cMecu 1100 M
STHJIEH-BO3]lyXa WU 1200m° MeTaHa-Bo3ayxa. Ilpu nmomomu 14 moskapHbIX MamuH yepe3 6 yacoB
HmoXkKap JIOKaNM30BaH, a depe3 9 d9acoB OBUIO BO3MOXKHO ero TymeHwe. Ilociae dero myrem
UCTIONB30BAaHMUSI BOJHOTO OXJIKACHHS IOCTENEHHO OBUIO IIPEKPAIleHO IIOMafaHue BpPEIHBIX U
B3PBIBOOIIACHEIX BEIIECTB B OKPYKAIONIYI0 Cpexy. B KadecTBe OXJIaXKAAIONIETO BEIIECTBa
HCIIOJIb30BaHHE BOJBl MMEET HEKOTOpble NMPEeUMYILECTBa: MpU 100°C remora mapooGpasoBaHus u
IpPOCTOTa  HWCMOJB30BAHHUS, HE B3aMMOJCHCTBHE Ta30BBIM  BbIOpocaM, OOnbIIOi  00BEM
obpa3oBaBILIerocs mnapa ¥ YBEIHYCHHHM TEMIIepaTypbl CaMOBOCIJIAMEHEHHWs Tra3a. B Takom ciydae
nenecoobpasno nogada 0,3 Kr BoAbl Ha KakAbIA Kr ras3a [4]. [logady Bozbl U3 €eMKOCTH Ipeasaraercs
MNPOU3BOJNUTH C TOMOIBIO TpyOsl BeHTypw, mpuMeHeHWe KOTOpOH NHpaKTHUeCKH OINpaBiaHo. B
HPeNIPUATHIX XUMHYECKOH HPOMBIIUICHHOCTH OOJBIIYI0 OIACHOCTh IPEACTAaBIACT pas3iiMB U
pacIpocTpaHeHHe OIACHBIX JKUAKUX BemecTB. st cOopa Takux BEHIECTB C IOMONIBIO Hacoca
HEeo0XOJMMO HCHOJIF30BAaHNE CHENUATEHO 3alUIIEHHOT0 3IeKTpoaABUTaTeNst. Torjaa HerenecooOpa3Ho
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IPUMEHEHUE TII€CKa W HEKOTOPBIX MOTJIOMIAIONINX BEIIECTB, IIOCKOJIBKY IIECOK HE CYUHUTACTCA
3(1)(1)CKTI/IBH])IM CpE€ACTBOM [5] HpOBe,HeHI)I CpaBHUTECJIBHBIC SKCIICPUMEHTDI IOTJIOA0IUX CBOWCTB
HEKOTOPBIX MaT€pUaIOB, KOTOPLIC MOTYT OBITh UCIOJIH30BAHBI Ipu c60pe OITACHBIX XUJAKHUX BCHICCTB.
PeSyJ'ILTaTI)I MPUBEACHBI B Ta6n1/1ue.

Tabruya. [oerowarougue c8oticmea Mamepuanos 0Jisk ONACHBIX HCUOKUX Belecms

Ne B3psiBo- KoJsnyecTBo norjomawmero 1 kr
- 10KapoonacHbie MounoTblii Kearas
n/n Mecox BeHTOHHNT JIuraue
BelllecTBa W3BECTHSAK 3eMJIs
1 Ppakiun Cs-Cr 04 2,4 3,3 53 19
2 Benzon 0,3 2,3 2,9 44 14
3 AneToH 0,3 2,3 2,9 34 1,6
4 bensun 0,4 1,6 2,8 4.2 14

Ilpu sKcriepUMeHTEe YYTEHBI MOPBI CTPYKTYPHI, CIIOCOOHOCTh B3aMMOJCUCTBHS TOTJIONIAONIMMHI
BEILECTBaMHU, MOBBIIICHHE TEMIIEPATYPHI U ApYyrue cBoicTBa. M3 TaOMUIBI BUAHO, YTO HAHOOIBIINMHU
MOTJIOLIAIONINMY CBOIicTBaMu oOnanaeT 6eHToHUT. [lornomniatoniye cCBOHCTBa MaTepPUAIOB 3aBUCUT HE
TOJIBKO OT IMOPBI BHYTPEHHEH CTPYKTYpHI, a Takke OT pa3Mepa YacTHll, HACBHITHOW INIOTHOCTH H
IpyruxX  (OU3NKO-XUMHYECKHX CBOMCTB. Pe3ynapTaThl NpPOBOAMMBIX W MPAaKTHYECKHX pPaboT
MOKAa3bIBAIOT, YTO HamboJiee IeIecO00pa3HbBIMA MOXKHO CYMTATh COKUTAaHHE Ta30B Ha (haKeTbHBIX
YCTaHOBKaX, a JKWJKHE OINACHBIC BCIIECTBA - COOHMPATh TMOTJONIAIONIMMH MaTephaliaMHu, TNPH
OJIHOBPEMEHHOM IPUMEHEHHUHU BCEX HAJICKHBIX U JIOCTYITHBIX MaTEpPHUaOB.
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EXPLORING THE POSSIBILITY OF OBTAINING ALUMINIUM
FLUORIDE WITH MINIMAL SILICON DIOXIDE CONTEN
Shirinova D.

MN3YYEHUE BO3MOXHOCTHU HOJYUYEHUSA ®TOPUCTOI'O
AJIIOMUHUA C MUHUMAJIBHBIM COAEP KAHUEM
ABYOKHNCHU KPEMHMUA
IMMupunora /1. b.

Hlupunosa JJypoana Baxup keizer / Shirinova Durdana - ooyenm,
Kageopa neghmexumuyeckoli MexHoOI02UU U NPOMBIUIEHHOU YKOIO2UU , XUMUKO-MEXHOI02UYeCKUll (hakyibmem,
A3zepbatidxcancKuil 20Cy0apCcmeeHHblll YHU8epcumem He@mu u npoMbluLIeHHOCMU,
2. baky, Azepbaiioacanckas Pecnybnuxa

Annomauusn: 6 pabome ONUCAHA BO3MONHCHOCb NOAVUEHUS PMOPUCTO20 AFOMUHUS C MUHUMATLHBIM
cooepacanuem ogyoxucu kpemuus. C yeavio 0oCmudicenuss NOCMAHOBNIEeHHOU 3a0aiu OblLIU NPOBeOeHbl
1a60pamopHsle  ONbimvl  NPUOTUNCEHHOU NPOMBIWIEHHOU Modenu. B nabopamopwuix yciosusx
onpeodeyieHbl MeXHONI02UYECKUe NaApamempsbl Npoyeccd, COCMOsHUe el KPEMHEe8OU KUCIOmbl,
ananumuyecKue noKazamenu pacmeopa Gmopucmoz0 AnOMUHUS, NPUYUHBL 3a2PA3HEHUU NPOOYKMA C
08YOKUCHIO KpeMHus. Bapvupoeanuem onvimos ycmanosieno, umo amoMunuii @mopucmoiii ¢
MUHUMATLHBIM COOEPHCAHUEM O8YOKUCU KPEMHUS 803MONHCHO NOTYHUMb NPU CIPOSOM BbLOEPHCUBAHUU
ocmamounol Kucromuocmu npu nooodepowcanuu pH pacmeopa 6 onpedenennvix npedenax.

Abstract: in this paper described the possibility of obtaining fluorid receive with a minimum content of
silicon dioxide. With a view to achieving the objectives of undernourished was conducted laboratory
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experiments to approximate an industrial model. The lab identified technological process parameters
status of silicic acid gel, analytical indicators solution fluoric aluminum, causes contamination of the
product (c) silicon dioxide. Various experiments established that fluorid receive with a minimum
content of silicon dioxide may receive in strict keeping with the residual acidity while maintaining pH
of a solution of certain limits.

Knwuesvle cnosa: anomunuti  @mopucmoiil, O08YOKUCU KpPEMHUA, 2UOPOOKUCL — ATIOMUHUA,
KpeMHe(pmopucmogo0opooHas KUcioma.
Keywords: aluminum fluoride, silicon dioxide, aluminium hydroxide, hexafluorosilicic acid.

VK 661. 482.631.809

DropucTslit ATIOMUHUN IOJIy4aeTCs B pesyibTare B3aUMOJIeHCTBHE
KpeMHe(TOPHCTOBOJIOPOIHOM KHCIOTEl  (sIBisifolieiicss  mpoxykToM —abcopbuuu — tetpadropuia
KPEMHUS, BBIAEILIIOIIETOCS TIPH pA3NIOKEHHH arnaTuTa CEepHOH KHCIOTOH B IIPOM3BOJICTBE
cynepgocara) u ruapaTa OKUCH aMIOMUHHUA [1].

IIporuecc mpoTekaer aHAJIOTMYHO MEXaHU3MY B3aHMOACHCTBHSA KpeMHE(TOPUCTOBOIPOJHOM KUCIIOTHI €
©IIKUMH IETOTaMH.

Peaxums npoTekaer B 1Be cTaauu, NpHYEM Ha MEPBOH, CPABHUTEIBHO OBICTPO UAET HEHTpAIU3aLUs
cBO6OHBIX H' HOHOB, MPHCYTCTBYIOIIMX B BOZHOM PAcTBOPE KPeMHE(TOPUCTOBOIOPOIHON KUCIOTHI 32
CUYET PE3KOro CMEUICHHMS BIPABO ITOJOXKEHHUS AIIEKTPOIUTHYECKOH JUCCONMAU (hTOPHCTOBOAOPOIHON
KHCJIOTBI BBI3BAHHOTO CBSI3BIBAHHEM B OTHOCHTEIIBHO MPOYHBIA KOMILIEKCHON HOH SiFg . Bo BrOpOii
CTaUH TpPOMCXOAWT HefiTpammsamus H® MoHOB, 06pasyrommxcss B pacTBOpe 3a CUET MEJICHHOTO
MOJIEKYJSIPHOTO Tporiecca pasioxenus SiFg HOHOB.

Takum 0Opa3oMm, mporecc B3aUMOACHCTBUS KPEeMHO(TOPHUCTOBOAOPOIHOI KUCIOTHI ¢ THAPATOM
OKHCH aJIFOMUHUS UAET MO PEaKIHu:

Ha mepBoii, cpaBHUTENBEHO OBICTPOI IPOUCXOAUT 00pa30BaHNE KPEMHEPTOPHUCTOTO ATIOMUHHUS:

3H,SiFg+2Al(OH);=Al,(SiFg);+6H,0

A Ha BTOpPOH CTaguM, OTHOCUTEIBHO MEUICHHOM, €ro pasjoXKEeHHUE, COIPOBOKAAOIIECECS
obpa3oBaHueM (GTOPHUCTOTO aTIOMHHUS, IBYOKUCH KPEMHUS U (hTOPHUCTOBOJOPOJHON KHCIIOTHI:

Aly(SiFg)3 +6H,0=2AlF;+3Si0,+12HF

DTOPHUCTOBOAOPOHAS KHCIIOTA, BBIACISIOMIASCS B PE3ybTaTe Pa3I0oKeHUS KPEMHE(PTOPHCTOTO
QITIOMUHHS, B3aNMOJIEHCTBYET ¢ N30BITKOM THIPaTa OKHCH ATIOMHUHUS:

12HF+4AI(OH);=4AlIF;+12H,0

CyMMapHBIi poLecc B3aNMOISHCTBHS KPEMHE()TOPHUCTOBOJOPOJHOM KHCIOTHI C THAPATOM OKHCH
AIIOMHUHUS MOXKHO 3aIIUCaTh CIEAYIOIUM 00pa3oM:

H,SiFg+ 2 Al(OH)3=2AIF3+SiO,+4H,0

OOpasyromasicss M0 peaklud JBYOKHCh KDEMHHS MOXKET HaXOJUThCS B BHAE 3018 M Teisd
KPEeMHEBON KHCJIOTHl B 3aBUCHMMOCTU OT COAEP’KaHUSA OCTATOYHOW KHCIOTHOCTH. I'esib mo-cBoemy
COCTOSIHHUIO IpeJicTaBisieT 0oxee 0OBEMHBIA 0CAIOK, MOMYYEHHBIH OCaXICHHEM KOJIOHJOB B BHIE
XJIONBbEB WM TONyYeHHBIH NPU OJHOPOIHOM 3aCTBIBAaHWH 30J€H. Byqydn B MEHBIINX, YeM Iellb,
pa3Mepax YaCTHUYKH 3011 KPEMHEBOH KHCIOTHI MOTYT MPOXOAUTH 4Yepe3 MOpHI (QIIIBTPYIOIIETO
MOJIOTHA [2] ¥ TakuM 00pa3oM, YBEIHYMBATH COJEPKaHHUE TBYOKHCH KPEMHHS B pacTBOpaX, HAYIIUX
Ha KPUCTAJUIM3ALHIO.

PaGora cocrosiia B TOM, 4YTOOBI ONPENEIHMTh TE YCJOBHS, INPH KOTOPBIX HAET IpoOIecc
o0pa3oBaHus TeNisi KPeMHEBOW KHCIIOTHI T.e. 0OOJiee KPYNMHBIX YacTHYEK, KOTOpbIE HE CMOIJIN Obl
IPOKTH Yepe3 Hops! GpUIBTPYIOLIETro MooTHA. ViccienoBaHus MPOBOIMIHCH CIIEYIOMINM 00pa3oM:

B xuMuUecKHii cTakaH éMKOCTBIO B OJMH JIUTP oT™MepuBaiu 400Mi1 KpeMHE(DTOPHCTOBOIOPOIHOM
KUCIOTHl KoHIeHTpanuu 130~140 r/n. 3ateM HarpeBamm e€ 0 TeMIepaTypEl 85°C u mobasmsn Mo
pacuéTy THApaT OKHCH ATIOMHUHHS IIPH HETIPEPHIBHOM NEpEeMENINBaHUHY, B TedeHue 25-30 MUHYT.

Tomyuennyto mymelly (QIIPTPOBAIM AaHATOTMYHO Kak Ha JICHTOYHOM BakyyM-QuibTpe B
TPOM3BOJICTBEHHBIX YCIIOBUAX. B OTGMIBTPOBaHHOM pacTBOpEe ONpENeNsM, Kak yKa3bIBalOCh BBIIIE,
OCTaToyHas KHCIOTHOCTh, pH pacTBOopa M coieplkaHue IBYOKHUCH KpeMHHs. PacTBopbl ¢ropucToro
ATFOMUHUS, TIOTy4YEHHbIE B Ja00OPaTOPHBIX YCIOBUSX COZIEPIKAIM OCTaTOUHYIO KUCIOTHOCTH oT 0 10 10 /1.

Ilpu ompeneneHuu colepKaHUs KPEeMHEBOM KUCIOTHI B PacTBOPE M OCTATOYHOW KHUCIOTHOCTH
UCIIO0JIB30BAJIN METOAUKHU, PEKOMCHIOBAHHBIC ypa.]'ll)CKl/IM Hay‘lHO-MCCJ’[C}lOBaTeI[bCKI/IM HUHCTUTYTOM
(YHUUXUM) PO.
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Tabauya 1. Ananumuyeckue OanHble pacmeopa Gmopucmozo anoMuHs, NOIYYeHHble 8 TADOPAMOPHBIX YCIOBUX

Konuefpram}m Koua-Bo Al(OH); OcTaTouHas Conep:xanue SiO;
HCXOIHOI KHCJIOTHI pH pacrBopa
o r KHCJIOTHOCTD I/ B pacTBope r/a
127,2 60,7 05 2,55 2,7
127,2 60,0 1,46 1,95 3,0
133,0 59,9 2,92 18 3,7
120,5 53,7 39 1,7 3,9
127,2 56,4 4,66 1,6 4.8
127,2 58,0 53 1,45 5,9
133,0 59,0 6,24 1,40 7,1
127,2 54,8 7,3 1,37 7,9
127,2 55,7 6,2 1,36 8,2
127,2 55,6 8,78 1,35 8,5
116,8 51,4 10,2 1,36 8,9

IMPUMEYAHUE: Omnpenenenne comepxkanus SiO; MpOM3BOAMIOCH B PACTBOPE (PTOPUCTOTO ATOMHHHS C
OTHOCHUTENbHON II0THOCTHIO 1,18. Cozepxanue Biaru B ruipat okucH anoMunust 10%.

Tlony4eHHbIe pe3yJabTaThl aHAIW30B CBeACHbl B Tabmuiyy. M3 Tabmuupl BHIOHO, YTO NS
JoctikeHust copepkanus SiO, B MpoJykTe B Mpeaenax TpeOOBaHHIT HOPMATHBHO-TEXHHYECKOTO
JIOKyMeHTa [3] ciemayeT ocTaTOYHYIO KHCIOTHOCTh PacTBOPHI (PTOPUCTOTO AMIOMHHHS ITOJAEPKUBATH
He BbIe 4,66 /1 npu pH =1,6.

VYka3aHHBIH MTpe/el KUCIOTHOCTH HEOOXOINM Takke Il YITydIIeHus rpolecca (GHIbTPANH, TaK
KaK IpH MEHbILIEH KUCIOTHOCTH (GUIIbTpalus pacTBopa GTOPHCTOro alOMUHHS IPOUCXOAUT JIyYllIe.

Jumepamypa

1. 3aiyes B. A., Hoeuxosé A.A., Pooun B.H. TlpousBoactBa (TOPHCTBIX COCOUHEHUH IIpU
nepepadoTke ¢pochopHOro ceipbst. M. Xumust, 1982. 246 c.

2. TexHomormueckuil periaaMeHT mpomusBoAcTBa ¢ropucroro amomuaus CCP3. Cymraurt, 1989.
CpoKk AeHCTBHS TIOCTOSIHHO. 66 C.

3. T'OCT 19181-78, AnromuHu# HTOPHUCTHIH, TeXHUIECKUH. 27 C.

DETERMINATION OF THE STOCK RUBBER-CORD SHELL STRENGTH
AT THE DESIGN STAGE AIR SPRING TOROID TYPE FOR THE
SECONDARY SUSPENSION SYSTEMS OF TRANSPORT VEHICLES
Krikunov V., Rybkin K.2, Chernenko A
OIIPEJIEJIEHUE 3ATIACA ITIPOYHOCTH PE3MHO-KOPJIHOMN
OBOJIOYKHU HA CTAAUU TPOEKTUPOBAHUA
INHEBMATHUYECKOI'O YIIPYT'OI'O 2JIEMEHTA TOPOUJIHOI'O
TUIIA AJI51 CACTEM BTOPUYHOI'O IOJAPECCOPUBAHUSA
TPAHCIIOPTHBIX MAIINH
Kpukynos B. A.", Priokun K. /1.2, Yepuenxo A. B.?

*Kpurynoe Bradumup Andpeesuy / Krikunov Vladimir — cmyoenm;
2Poibkun Koncmanmun Jenucosus / Rybkin Konstantin — cmyodenm;

*Yepnenro Anopeii Bopucosuu / Chernenko Andrey — kandudam mexnuueckux nayx, ooyenm,

Kagedpa asmomobuell u MpaHCNOPMHO-MEXHOI0SUYECKUX KOMNIEKCOB,
FOoicno-Poccutickuii 2ocyoapcmeennulii norumexuudeckuii ynugepcumem um. M. U. ITnamosa, . Hogouepracck

Annomayun: cmamva nocesujeHa 60npocy onpeoeneHus 3anacda NPOYHOCHU Pe3UHO-KOPOHOU
0601104KU HA CMAOUU NPOEKMUPOBAHU NHEBMAMUYECKO20 YNPY2020 eMeHMd mMOpoUoOH020 mund.
TIpedcmagnenvl OCHOBbL NPUOBTIUINCEHHO20 MemOdd pacuéma HA NPOYHOCHb NHEBMAMUYECKO20
VAPY2020 dNEMEHmMA ¢ Pe3UHO-KOPOHOU 060I0UKOU MOPOUOHO20 MUNA KAK NPU 0Ce60U, max u npu
nonepeuHou  dehopmayuu  NHEGMAMUYECKO20 YNPYye020 JAEMEeHmd, NOAYYeHbl COOMHOUIEHUS,
nosgonAwWUe NPOU3BOOUMb  OYEHKY NPOYHOCMU  PE3UHO-KOPOHOU  000N0UKU HA  Cmaouu
NPOEKMUPOBAHUs NHEEMAMUYECKOU 6UOPOUSOIUPYIOWEl] ONOPbL MOPOUOHO20 MUNA.
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Abstract: the article is devoted to determining the safety factor of rubber-cord shell at the design stage
of planning of pneumatic resilient element of toroid type. Presents the foundations of the approximate
method is based on the strength of the air spring with a rubber-coated toroid type both in the axial and
transverse strain when the air spring, the relations obtained, allowing to assess the strength of rubber-
cord shell at the stage of designing a pneumatic vibration isolator of the toroid type support.

Knroueevie cnosa: pa60mocnoco6Hocrnb, npoYHOCH®b, pe3uHo-l<0p0Haﬂ O60flO'-tKa, oceeasa U
nonepeunas oehopmayust, KOpOHblIl KAPKAC.
Keywords: performance, strength, rubber-cord shell, axial and transverse strain cord carcass.

PaboTocnocoOHOCT TTHEBMaTHYECKOTO YIPYroro 3JeMEHTa C pEe3MHO-KOPIHOH o00o1oukoit
TOPOMJHOTO THIIAa BO MHOTOM OIIPEAENISIETCSl MPOYHOCTHIO Kapkaca obGomouku [1, 2]. ITostomy
OIIpe/ieNICHNEe BO3MOXKHBIX YCHJIMH B HUTSAX KOpJa MMeeT OOJbIIoe IpaKTHYecKoe 3HaueHHe. JTa
3a7a4a MPUMEHHUTEIHHO K YCIOBHSIM HECHMMETPHYHOTO HATPY>KEHUsS ITHEBMaTHYECKOTO YIPYTOTro
3JIEMEHTa € PE3MHOKOPAHOW 000JI0OYKOW TOPOMAHOTO THUIA JOCTATOYHO HE H3ydeHa. B OCHOBY
NpUONIKEHHOTO MeTofga pacuéra Ha IPOYHOCTh ITHEBMATHUECKOTO YIPYTOoro 3JIeMEHTa C
PE3UHOKOPAHON 000JI0YKON TOPOMIHOTO THIA KaK MPU OCEBOM, TaK U MPH IONEPEYHOH AedhopMaum
MTHEBMATHYIECKOTO YHPYroro 3JIeMeHTa IIOJIOKEHa MaTeMaTH4YecKas MOJeNb, INPEACTaBICHHAs B
[3, 4, 5], a Taxoke clieqyIONIHMe TOMYIIEHNUS:

- epuMeTp NpodHIIst 000JIOUYKH TIPH AeOpMAIH HE H3MEHSIETCS;

- npoduas Hamboiee aedopMupyeMoi yacTd rodpbl 000J0YKM HpH AedOpMalUK COXpaHSET
¢dopmy okpyxHOCTH (pHC. 1).
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Puc. 1. Pesuno-xoponas 060104Ka mopouoHo2o muna

37

B mporecce onpenerenus 3amaca npouHoctd PKO Ha craquu IpOEeKTHPOBaHHS THEBMATHIECKOTO
YIOPYTOTO DJJIeMEHTa C PE3HHO-KOPAHOW OOONOYKOM TOPOMIHOTO THMA OBUTH PacCMOTPEHBI
CIIE/TYIOLINE JTAITBL:

- OTIpE/IeIIeHBI YTITbI HAKIIOHA KOPHOM HUTH, a TAKXKe IUIOTHOCTh HUTEH KOp/a;

- IOBE/IEH aHAaJIN3 PACIpe/ie/ICHHs YCHIIMI B IEPEKPEIIMBAIOIIMXCS CIIOSX KOPIHOTO KapKaca.

Koapdurment 3anaca npounoctu PKO omnpenensiercs mo gpopmysie [6, 7]:

U= IRIIPW @
max

I7€: j — TEXHOJOTUYECKUI KOX(QPUIMEHT CHIDKEHMS 3amaca npouynoctu PKO
(i=065); N pasp ~ PASPBIBHOC YCHIIME B HUTAX KOPJa; N max — MAKCHMAJIbHOE YCHIIHE B HUTAX
Kopza.
2 2
Ne PR 2
R'n1'(|1_ Iz)'cosek
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rze: R - paguyc sxsaropa rodppst PKO; N |~ 4o CII0EB KOpJa KapKaca;

T —2-arcty

I, 1, - mpourocts HUTEH KOpJa B CIIOAX KapKaca; @, Yrot xopia B cioe Kapkaca; | - -
0

IUIOTHOCTh HHUTEH KopAa B cOopouHoM Oapabaue; | 5~ bamuyc cbopouHoro Oapabana; 95' yroin

3aKpOSt KOPJIa; () - YTOMl KOPa B CIIOE KApKaca; ¢) - Yroil Kopjia Ha dKBarope PKO; P - paauyc

ro¢psr PKO.

Takum o00pa3oM, IOJNydeHHBIE COOTHOIIEHWS [6, 7] MO3BOJNAIOT TNPOU3BOAHUTH OLEHKY
npouHoctd PKO Ha cranuu npoekTUpOBaHUSA MHEBMATHUYECKOrO YIPYroro 3jJeMeHTa TOPOUAHOIO
TUNA U1 Pa3IUYHBIX CHUCTEM BTOPUYHOIO IOAPECCOPUBAHMSA KaK IpPHU OCEBOH, Tak M IpH
nonepeyHon neopManuu.
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IDENTIFICATION OF MODAL PARAMETERS USING KALMAN FILTER
Kim Kwang Ju
OIPEJAEJIEHUME MOJAJIBHBIX IAPAMETPOB
C UCIIOJIb30BAHUEM ®UJIBTPA KAJIMAHA
Kum KBan Uiky

Kum Kean Yoicy / Kim Kwang Ju — npenoodasamen,
Tonumexnuueckuti ynueepcumem um. Kum Yaxa,
2. [Ixenvan, Kopeiickas Hapoowo-/Jemoxpamuyeckas Pecnyonuxa

Abstract: the application of system identification to vibrating structures consists of identifying the
modal parameters (eigenfrequencies, damping ratios and mode shapes) from vibration data. For the
dynamic characteristics, the control theory based on the transfer function representation is called the
classical control theory, in contrast with, the methodology of the linear system theory based on the
analysis of the time series by Kalman filter and the representation of the state space is called modern
control theory. In this paper, we consider the methodology of identifying the mode parameters of the
dynamic system of structures by using the Kalman filter, which is a powerful means of modern control
theory. The effectiveness of this structure identification method is evaluated through simulated
analysis of multi - degrees of freedom vibration syteam.

Annomayus: npumenenue cucmemvl uoeHmupurkayuy 01 GUOPAYUOHHLIX CMPYKMYD COCHOUM 6
onpedeneHuy MOOAIbHbIX RAPAMEMPO8 (COOCMEEHHBIX HaCmOom, OeMNPUPYIOWUX KOIPHuUyueHmos u
gopmul  Konebanuil) u3 Oamuwblx 0 GubOpayuu. s OUHAMUYECKUX XAPAKMEPUCMUK, Meopus
ynpaeJjieHus, OCHOB6AHHAsA HA nepe()amowoﬁ (i)yHKquu npe()cmaeﬂenuﬂ, HA3bI6AEMCS KIACCUYECKOU
meopuezi ynpaejieHusd, 6 onuiudue om Memoooo2ull TUHEUHOU meopuu cucmem Ha OCHOo6€e aHaiusa
BPEMEHHBIX Ps008 ¢ nomowwlo gurempa Karmana, u npedcmasienue NpoCcmMpancmeda COCMOAHUL
HA3b18AEMCS. COBPEMEHHOU meopuell ynpaeieHus. B smoi cmamve Mbl paccMoOmpum Memoouxy
uoeHmughurayuy MOOAIbHbIX NAPAMEMPO8 OUHAMUYECKOU CUCTEMbl CIPYKIMYP € HOMOWbI0 uibmpa
Kanmana, xomopwill  Aensiemcs MOWHBIM — CPEOCMBOM — COBDEMEHHOU  meopuy  YNpAaeieHus.
Dghpexmusnocmob 3moco memooda udeHmuBUKayuL CMpyKmypvl OYeHUBAemcs Yepe3 MoOeIupyemblil
AHAU3 HECKOTIbKUX cmeneHell c60000bl subpayuu.

Keywords: Kalman filter, modal analysis, normal frequence, mode shap, damping ratio.
Knwuesvie cnosa: ¢uiemp Kanmana, mooanvHulll ananu3, codOCmeeHHas yacmomad, ¢Hopmul
Konebarnuil, Ko3guyuenm demnpuposanus.

1. State-space model

The equations of motion for an ny degrees-of-freedom (DOF) linear, time invariant, viscously
damped system subjected to external excitation are expressed as

Mz (t) + C2(t) + Kz(t) = Ju(t) 1)

Where M, C; ,K € R™4*™ are the mass, damping and stiffness matrices, respectively; ] € R™a*™d
is the excitation influence matrix that relates the n;-dimensional input vector u(t) to the ny-
dimensional response vector; z(t) is the ng-dimensional displacement response vector; dot denotes
taking derivatives with respect to time.

By defining the state vector x(t) = [z(t) z(¢t)]”, equation (1) can be converted into the
continuous state space form

x(t) = A, x(t) + B.u(t) 2)

Where

0 1
Ac= —_M-1K _M_lcf]l B, = [M(—)lj] ®3)
In practice, only a limited number of measurements are available; therefore, the dimension of the
measurement output is less than or equal to the total number of degrees of freedom.
The n,-dimensional output vector y(t) can be expressed as
y(©) = Ca(6) z(t) + Cy z(t) + Cq Z(8) (4)
Where Cg4,Cy,C, € R™*"d are the measurement location matrices corresponding to the
displacement, velocity and acceleration responses of the structural system.
We can rewrite the output vector into the continuous state space form,
Y(t) =C, x(t) + D¢ u(t) (5)
Where
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Co=[Cq—CaM™ K Cy—CM™'C], D, = CaM™Y] (6)
In practical application, accelerations are often used commonly, so in this work, only accelerations
are considered. Therefore, the C. of equations (6) is as simple as follows.
Cc=Co[-M'K —-M71C] (7
Equations 2 and 5 define the state space equation in continuous time:
x(t) = A, x(t) + B, u(t) (8a)
y(©) = Cc x(t) + D u(t) (8b)

Equation (8a) is known as the State Equation and equation (8b) is known as the Observation
Equation. But measurements are taken in discrete time instants, so equations must be expressed in
discrete time too.

Typical for the sampling of a continuous-time equation is a Zero-Order Hold assumption, which
means that the input is piecewise constant over the sampling period, that is

YVt € [ty terr) = [kAL, (k + 1DAL) = x(t) = x(t) = xi,
u(t) = u(ty) = ue, y(6) = y(t) = i 9)

Under this assumption, the continuous time state-space model (8a) and (8b) is converted to the
discrete time state-space model:

Xk+1 = A X + B Uy (loa)
Yk = C Xk +D Uy (lOb)

Where X, is the discrete time state vector containing the sampled displacements and velocities; uy
and y, are the sampled input and output; A is the discrete state matrix; B is the discrete input matrix; C
is the discrete output matrix; D is the discrete direct transmission matrix. They are related to their
continuous-time counterparts as ([2])

A=eAA B=(A-DA;'B, (11)
C=C,D =D, (12)

In system identification, system response disturbance might be caused by different phenomena.
The most obvious one is noise generated by the sensors, or noise arising from round off errors during
A/D conversion.

It is necessary to extend the state space model (10a) and (10b) including stochastic components, so
stochastic state space model is obtained.

Xk+1 = A Xk + B Uy + Wi (13a)
yk=ka+Duk+vk (13b)

Where w;, € R" is the process noise due to disturbances and modeling inaccuracies; v, € R™o
is the measurement noise due to sensor inaccuracy.

We assume they are both independent and identically distributed, zero-mean normal vectors.

Wi ~ N(O, Q) Vg ~ N(O, Q) (14)

2. The Kalman filter

Due to the noise present in the stochastic state space Equations (13), it is only possible to predict
the response in term of probability. For state space systems, this prediction is accomplished by the
construction of the associated Kalman filter.

For the state space model specified in (13) with initial conditions xJ = u, and P = X, for k =
1,2,..,N

Xt = Axkd (15)
PEt = AP AT +Q (16)
With x& = xE"1 + K &, @an
PF = -K,C)PF? (18)
Where K, = PF1CT 3it (19)
&= Yk — Elelyr-1] = yie — Cxf? (20)
X = Var(e) =Var[C (x —xf 1) + v ] =CPFLCT +R (21)
K is called the Kalman gain and ¢, are the innovations.
Under stationary conditions,
limg,, PK1=P>0 (22)
P=APAT+Q—-APCT(CPCT+R)1(APCT)T (23)
K=APCT(CPCT+R)? (24)

3. System identification and modal analysis in a state-space model

The natural frequencies and modal damping ratios can be retrieved from the eigenvalues of A, and the
mode shapes can be evaluated using the corresponding eigenvectors and the output matrix C. The
eigenvalues of A come in complex conjugate pairs and each pair represents one physical vibration mode.
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Assuming low and proportional damping, the second order modes are uncoupled and the jth
eigenvalue of A has the form

Aj =exp ((—(}- wj Tiw ﬁ) At) (25)

Where w; are the natural frequencies, ¢; are damping ratios, and At is the time step.
Natural frequencies w; and the damping ratios ¢; are given by
n(A; —Real|ln(A;
= ol wj[M( A g
The jth mode shape ¢; € R™ evaluated at sensor locations can be obtained using the following
expression: ¢; = C ; 27)

Where 1); is the complex eigenvector of A corresponding to the eigenvalue 4;

4. Verification through numerical simulation

In order to verify the validity of the proposed method in this paper, a three degree of freedom

vibration structure system as following (figure 1).

x1 x2 x3
kl |_> kz I_— k3 |_> U(t)
—AMM—

—AMA—
ol m g me [T me K

G Cz C3-

Fig. 1. 3 degrees of freedom vibration structure system

In figure 1, external excitation is applied through point mz and is expressed as u(t).
The physical parameters in the given structure vibration system are set as follows.
m1=10kg, m2:15kg, m3:20kg

kllekg, k2:15kg, k3:20kg

¢,=3n/s, ¢, =5n/s, c3=10n/s

As the external excitation u(t), we used triangluar form signal as shown in figure 2.

u(t),N

i NN
I

Fig. 2. External excitation diagram according to time

Random noise with a covariance corresponding to 10% of nominal values was added in viscous
coefficiances c1, c2, ¢3. At the same time,a random noise with a variance corresponding to 5% of the
excitation maximum value was added in excitation. We added random noise corresponding with the
measurement noise level of low cost acceleration sensors to measurement values.

From table 1, it can be seen that relative error between theorical values and identification results is less
than 15% in damping ratio and less than 10% in the eigenfrequences and mode shape. That is, modal
parameters were well identificated even in the presence of process noise and measurement noise.

From now on, the validity of the method proposed in this paper was proved.

Comparison of theorical value and identification result Table 1.
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Table 1. Shows the results of the identification of the modal parameters obtained

by using the Kalman filter algorithm

Normal frequence, Hz
theory identification relative error,%
1th 2.1014 1.9901 5.4785
2th 7.9821 8.5580 7.2147
3th 11.9635 11.2068 6.3254
Damping ratio,%
theory identification relative error,%
1th 6.5 5.89 9.5
2th 0.4 0.443 10.8
3th 0.4 0.459 14.8
Mode shape
theory identification relative error,%
(0.5878 (0.6063 (3.1457
1th 0.8875 0.8354 5.8741
1.000) 1.000) 0)
(1.000 © ©
2th 0.3070 0.2875 6.3651
-0.4982) -0.4796) 3.7415)
(-0.8693 (-0.9436 (8.5417
3th 1.000 0 0
-0.4102) -0.3818) 6.9214)
5. Conclusion

In this paper, we proposed the methodology to indentify modal parameters of a structure vibration

system by using kalman filter algorithm, which becomes one of the powerful methods of modern
control theory.

By using the kalman filter algorithm, it is possible to identify modal parameter optimally even in

the presence of process noise and measurement noise exists.

The performance and validity of the proposed methodology was verificated through simulation

application.
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BIG DATA VISUAL ANALYSIS USING COGNITIVE PATTERNS
Shishkin Yu.
BU3YAJBHbBIN AHAJIN3 BOJIBIINX JAHHBIX C TIPUMEHEHUEM
IMO3HABATEJIBHBIX IATTEPHOB
Inmkun 1O. E.

Hluwrun FOpuii Eézenvesuy / Shishkin Yurij — acnupanm,
Kagheopa uHpopMayUOHHBIX MEXHON02UL U KOMNBIOMEPHBIX CUCTHEM,
DedepanvHoe 20cydapcmeeHHoe ABMOHOMHOE 00PA3068amenbHoe YUpedcOeHUe BbiCUule20 00pa306aHus
Cesacmononbckuii 2ocyoapcmeennulil ynueepcumem, 2. Cesacmonoin

AHnHOmMayua: 6 cmamve paccmMampueaomcs Mmemoovl  eusyanuzayuu  borvwux  Jlannvix,
ucnoawvsyouue 6a3o8vle NOHABAMENbHLIE CMPYKMYPbl YEN08eKd C Yelblo YeeluueHus obvema
eocnpunwwaeMoﬁ qubapMauuu Uu noevluteHust Kadecmea npuUHUMAaembvblx, Ha ee O0CHosée,
VApasnenyeckux peweHull. Bvidenenvt Knouegvle cucmemHbvle KOMNOHEHMbl CPeOCME aHANU3A
Bonvuux ,ﬂaHHblx ons peuierus npumadybzx ynpaejleH4ecKux, NPOMbIULIEHHbLX u
KPYNHOMACWMAOHBIX HAYYHBIX 3a0ay. Beooumcsa nowamue crabocmpykmypupo8aHHbiX OAHHLIX KAK
pa3H06udHocmu Bonvuux ﬂaHHle, c ydyemom npumaaﬁozo acnekma pa3pa6om1<u cucmemasl
NOO0EPHCKU NPUHATNUS DeUteHUI.

Abstract: the article analyzes the methods of big data visualization using the basic human
cognitive structures in order to increase the amount of perceived information and improve the
managerial decisions quality based on it. Highlighted big data key system components analysis
tools for solving application, industrial and large-scale scientific problems. The concept of semi-
structured data was introduced as a type of big data, taking into account the applied aspect of
decision support system development.

Knruesvie cnoea: Bonvuwiue [auuvie, ciabocmpykmypuposanHvie OaHHble, CUCHEMA NOO0EPHCKU
NPUHAMUS peuleHUll, a2eHMHbIN NOOX00, UMUMAYUOHHOE MOOEIUPOBAHUe, 8U3YATUIAYU.

Keywords: Big Data, semi-structured data, decision support system, agent-based approach,
simulation, visualization.

Ha ceropnsimnuii neHb U pelleHMs MHOTHX NPUKIAJHBIX YIPABICHYECKUX, MPOMBIIUICHHBIX U
KPYIMHOMACIITa0HBIX HAyYHBIX 3a1ad WCIHOJB3YIOTCS ABTOMATHU3HPOBAHHBIE OSKCIIEPTHBIE CHUCTEMBI
npuHATHS pemieHnii [1]. MeToas! BU3yann3aluy, HCHONB3YIONIHE MTO3HABATEIbHbIC MAaTTEPHBI YEeTIOBEKa,
NPUMEHSIOTCS. JUISl BBHINOJHEHWS! aHaIM3a JAHHBIX MOHHTOPHHTa W MOJEIHPOBAHMS, OTOOpaXKeHUS
MepapX1H KIIACCOB H TIPOIIECCOB IMPOrPAMMHOTO 00ECTIEIEH ST, OCYIIECTBIICHHS POLIECCOB BEPU(BHKAIMH 1
BaJIMJIALINH, YTO OCOOEHHO aKTYaJIbHO JUIsl CHCTEM KPUTHYECKOTo Ha3HaYeHus [2].

Ilenpro uccnenoBaHus SBJISETCA MPOM3BECTH aHAIU3 CYLIECTBYIOLIMX METOJOB BU3yalH3alllU
OoybIIMX 00BEMOB JAHHBIX, BBIICNUTH CPEOM HHUX IOJMHOXECTBO METOJIOB, HCIIOJIb3YIONIINX
BpPOXKJCHHBIE II03HABaTeNbHbIE NATTEpHBI uYenoBeka. JlaThb ompelelieHHe JaHHBIX C HESIBHO
BBIP2)XEHHON CTPYKTYpOH B paMKaX pelIeHHs NMPUKIATHOI 3a1auu pa3pabOTKU CHCTEMBI MOIJIEPIKKI
MPUHATHS PELICHUN.

Bomsmme Nannsre (BJ1), BcnencTBiue ocoOeHHOCTEH CTPYKTYpBI, 3 (GEKTHBHO HCIONB3YIOTCS IPH
XpaHeHHH, 00paboTke M MCCIEAOBAHUN TAHHBIX MOHHTOPHHTA B IUIOXO (hOpMaTHM3yeMBIX 00JIacTsIX
3HaHuii [3, 4]. B mupokom cmbicne B/ BKiToUaroT B ce0si CTPYKTYpPbI JaHHBIX U METOJIbI ISl pabOTHI C
HHUMH, JeJIALIMecs: Ha KJIAacChl: CTPYKTYPU3alny, KJIacTepu3auny 1 Busyanusauuu. [Ipu s dextrBHoi
opraHusaliii CUCTEM MOAACPKKHU HNPUHATUAL pemeHMﬁ C UCIOJIb30BAHUEM CUCTEM BU3YyallM3alluu,
MHOIOMEPHOHN CTPYKTYPbl JaHHBIX M MX B3aUMOCBS3€H JIMIO, MPUHUMAIOLIEE PEIICHUE, MOJIy4yaeT
BO3MOXXHOCTH BEISIBIICHHSI HESBHBIX CBS3€Hl B YNpaBIsIeMOH CHCTeMe, 9TO, B KOHEYHOM HTOTE, Ha
KaueCTBEHHOM  ypOBHE MOBBIMACT 3(P(EKTHBHOCTH  yIpaBlIeHYeCKHX  pemeHudd [5, 6]
Pe3ynbTaTMBHOCTE ONMMCAHHOW CHCTEMBI YNPABIEHHS MOXKET OICHUBATHCA KOMIUIEKCHBIMHU
KOJIMIECTBEHHBIMH METPHKAMHU U KPHUTEPHSIMH, KOMIIOHEHTH KOTOPBIX B OOIIEM BHAE MOTYT OBITh

TNPEACTaBICHbI apoil BEKTOPOB: Ko3QdULMEHTH! 3 PeKTuBHOCTH (P = <qagi|’qacc 1 Udeadliner qfin> u

K03 pUIIHEHTH 3HAYUMOCTH '9=<|agilllacc’Ideadline!'fin>: € UHIEKCHl KOMIIOHEHTOB WMEIOT

craenyromuii  (QU3MYSCKUil CMBICT: OIEPATHBHOCTb, MPOTHOCTHYECKAs TOYHOCTh, COOIIOACHHE
OUPEKTHBHBIX CPOKOB U  (uHaHcoBas d¢ddexruBHocTs [7]. Takum ob6pa3om, KpHTepHid
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3¢ GeKTUBHOCTH, HCIIONB3YEMBbIH JUIS NPU3HAHUSA NPEINOYTUTEIBHOCTH HEKOTOPOro MOAMHOXKECTBA
13 KOHEYHOTO MHOXKECTBA CTPATET Ui, MOXKET OBITh IIPECTABIICH B BULE!

2o 8)= x(p; - 9).Vi, je0|n) 222,

rae | ;(| — MOLIHOCTh (PyHKIHOHANA, XapaKTePHU3YIOIIEro KOJIMYECTBEHHBIH WHTErpalbHbIA
nokasatenb d(P(EKTHBHOCTH BBIODAHHON CTPATeTHH, |, ] — HHACKCHl KOMIIOHEHTOB KPHUTEPHS
3¢ (HEeKTUBHOCTH.

JlaHHBIE MOHHMTOpWHIa (U3MYECKHUX, TEXHMYECKMX M HKOHOMUYECKHX CHCTEM, COOMpaeMble C
HCIIOJIE30BaHUEM Pa3JIYHBIX TEXHHYECKUX CPECTB, IT0 CBOEMY 00BeMy, H3MEHUHBOCTH U pa3HOOOpa3Hio
MO3BOJIIIOT OTHECTH HX K CIIA0OCTPYKTYPHPOBAHHBIM JaHHBIM, TAKHM 00Opa3oM CTAHOBHTCS BO3MOKHBIM
MpUMEHEHHE IS UX 00pabOTKM Martemartmdeckoro armapara bompmmx [lanseix [8]. CymecTByromme
ompesieNieHns  CIa0OCTPYKTYPHPOBAaHHBIX JAHHBIX HE YYUTHIBAIOT CHENU(UKY WX TpUMEHEHHS U
Pa3pabOTKK CUCTEM MOIIEPKKH MPHHATHS PEIICHHUI U HE B TIOJTHOW Mepe YIOBIETBOPSIOT TPEOOBAHMUSM,
NpeIbsIBIIEMbIM K CHCTEMaM aHAITN3a U BUSYAIU3aLHK OONBIINX JaHHBIX [9].

Beenem monsATHE cnabOCTPYKTYPUPOBAHHBIX JAHHBIX KaK KOMIIOHEHTa CHCTEMBI MOJJIEPIKKU
NPUHATHSA PEIICHUH CIeIyIoIUM o00pa3oM: CclabOCTPYKTYpHPOBAaHHBIMU JAaHHBIMHU HAa3bIBAaeTCs
Pa3HOBUAHOCTE CTPYKTYpHUPOBaHHBIX Bombmmx JlaHHBIX, SHTPOIHS KOTOPHIX HE BO3pAcTaeT IIpH
CKOJIb YTOJHO OOJBIIIOM YBEIMYEHHH 00beMa JaHHBIX, HepapXUuecKasi CTpyKTypa HabOpOB TaHHBIX
MOJHOCTBIO OIMCHIBACTCSl TeTaMH W MapKepaMH 3aluced W Tojied B caMux Habopax JaHHBIX,
o0J1afaromyX HEOOXOAMMBIM U JOCTATOYHBIM MHOTO0Opa3HeM, MMO3BOJLFOIINM IPOU3BOAUTD MOTHBIN
1 OOBEKTHBHBIN HHTEIUICKTYANbHBIN aHATN3 IPEIMETHON 00JIacTH.

HccenenoBanue TUIIOBOM CTPYKTYpPBI CUCTEMBI BU3yaiau3aluu bonbinx JJaHHBIX KaK HHCTPYMEHTA
JUIL  TONACPKKH TPHHATHS —PEHICHWH NPHUKIAJHBIX  YHPABICHYECKHX, INPOMBIIIICHHBIX U
KPYITHOMACIITA0HBIX HAyYHBIX 3aJad IIO3BOJIMIIO BBIAENUTH CIEAYIOIINE KIIOYEBBIC CHCTEMHBIE
KoMIoHeHTsI [10, 11].

— TOJCHCTEMa MICTOYHUKOB JaHHBIX, CHCTEMBl YIPABICHHS DPEJIIIMOHHBIMH W MHOTOMEPHBIMU
0azamMy JaHHBIX, CHCTEMbI XPaHEHUs TaHHBIX, IPOTOKOJIBI 00ECIIeYeHH s LIeIOCTHOCTH, 0€3011acHOCTH
U HEeTIPEepbIBHOCTU HH(POPMAIIOHHBIX I0TOKOB;

— ToJcucTeMa 00pabOTKM aHHBIX, IPUBEAEHHS K O0IIel CTPYKType, GUIbTpauuy AyO0INKaToB,
KJTaCTepU3aliH, arperaliy 1 TpaHchopmarmy;

— TIOJICHCTEMA MOJICITHPOBAHUS, TPOTHO3UPOBAHMS, OLICHKU W BaJIUIAINY JaHHBIX;

— MOJCUCTEMAa BH3yalW3alUd ¥ aHalu3a, HHTEPIpeTanus pe3ynbTaToB, BHU3yalH3allHs
B3aMMO/IEHCTBHSI, OTOOPaKCHHUS BHYTPEHHUX CBA3€H, BU3yaIH3alHs MOCIEACTBUHA MPHHUMAEMBIX
peLIeHUH.

CyliecTByIoIe METOAbl OTOOpakeHWs] MH(GOPMAIWKM JENSTCS Ha KIACChl: IOCTPOEHHBIE Ha
CTaTMYECKHUX AWarpamMMax CTaHJApTHOTO THIA, CEKTOPHBIE AWArpaMMbl, THCTOIPAMMBI, JTHArpaMMbl
paccenBaHus, T€ONPOCTPAHCTBEHHBIE M TPEXMepHbIe KapThl, cpeactBa Text Mining u Data Mining;
JUHAMHYECKHE JHarpaMMbl CIIOXKHOTO THIA ¢ WHTEPAKTHBHBIM YIPABICHHEM, MacHITaOHpOBaHUEM
00OOIIEHHBIX JAHHBIX M BO3MOXHOCTBIO OCYIIECTBICHUS BH3yalbHBIX 3allpoOCOB B IAHHBIX
M3MEHSIONINXCS B pealbHOM BpeMeHH [ 12].

OcymiecTBIeHHEe TMpoliecca HWHTEPIPETalnd pe3ynbTaToB o0paboTku bompmmx JlaHHBEIX C
NPUBJICYEHHEM 3KCIEPTOB TpeOyeT JalbHEHIIero pa3BUTHs CPEICTB BH3YaJINM3alUN M OTOOPAKEHUS
HHGOPMAlIUK, TaKUX KaK TPEXMEpPHbIC MPOEKIUH, TOJOrPaMMbI, MHCTPYMEHTHI JOINOJHEHHOH W
BHpTya.]'leOi’I PCaIbHOCTH. KauecTBeHHOE MOBEIIIEHHE 00BEMa U CTENEHU BOCIIpUATUA OAaHHBIX
noyib30BaTesieM, 0e3 OTCeUeHWs] CYIIECTBEHHBIX JeTaueif, BO3MOXHO TPH KOMIUICKCHOM
UCTIONB30BAaHUN MATEMaTHYeCKHX METOJOB, HOBBIX HH()OPMAIMOHHBIX TEXHOJOTHH U yd4eTOoM
NPUHIUIIOB KOTHUTHBHOH Icuxonorud. OpHEeHTHPOBaHUE BU3YaIbHBIX CPEJCTB Ha, CIOXKHBIIHECS
SBOJIIOIIMOHHEIM ITyTeM, 0a30BbI€ ITO3HABATENBHBIE CTPYKTYpPHI UEIOBEYECKOTO CO3HAHUS CHIDKAeT
TpeOyeMblii ypOBEHb MHHHMAQJIBHO HEOOXOAMMBIX TEOPETHUYECKHX W  CIIEHHUANbHBIX 3HAHHH
[I0JIb30BATEIII W IMO3BOJIACT 3HAYUTCIIBHO YBEJIIMYUTH 06’]>eM OOHOBPEMECHHO BOCHPUHUMACMBIX
JAaHHBIX, YTO MPUBOJUT K IMOBBILICHUIO KAY€CTBA IPUHUMACMBIX SKCIIEPTHBIX pemeﬂnﬁ.
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