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sensing devices.
Being high-precision sensing devices, particularly ADXL accelerometers permit to measure

accelerations over the range +5g to +1,7g with threshold of sensitivity 5-107 g [8].

However, in spite of high-precision performance, some errors can emerge measuring inclination
angle and the angle of setting of deflector of controlled objects caused by setting inaccuracy of
accelerometer transducers inclinometer case.

Algorithmic correction of measurement results is proposed i.e. in mathematical model of three-
axis accelerometer transducer unit for inclinometer it is necessary to take into consideration
misalignment of inclinometer sensitive axes with sensitive axes of three-axis micromechanical
accelerometer unit.

The work deals with the development of mathematical model of inclinometer on the base of three-
axis accelerometer transducer unit for control and orientation system of objects, in matrix and scalar
view.

We have gained the formulas for inclination angle calculation and the calculation of the angle of
deflector setting from sensing accelerometer devices signals taking into account the misalignment of
inclinometer sensitive axis with sensitive axes of three-axis micromechanical accelerometer unit.

Calculation in mathematical model of instrumental error permits to increase accuracy measuring
inclination angle and angle of deflector setting by far.
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YK 624.046.2
oA0 MOKJINBOCTI BUKOPUCTAHHS CIIPOIIEHUX METOIUK
PO3PAXYHKIB TP BUSHAYEHHI HECYYOI 3JIATHOCTI IIEPEPI3IB
3AJIBOBETOHHUX EJIEMEHTIB

. M. 3ezi0x08, K. m. H., 00y.
Kntrouoei cnosa: nopmamueHi 0oKymenmu, 3a1i300emOoHHI eleMeHmuU, ePAHUYHT MOMEHMU.
IMocTtanoBka npo6jeMn Ta anaui3 nyoJikiniii. [Tpy BUKOHAHHI PO3paxyHKiB, MPOEKTYBATHHUKN
KOPUCTYIOTbCSI II€BHMMH IIPaBWJIAMU 3aCTOCYBaHHs, IO € 3arajlbHONPUNHHATUMU METOIAAMHU

BiJINIOBITHUMH TIPUHITUIIAM 1 BIAMOBIJAIOTh IX BUMOTaM. Y I[bOMY BUIAQJIKYy MOBUHHO OYTH JOITyCTHMO
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Bicuuk ITJJTABA

BUKOPHUCTAHHSI aJbTEPHATHBHUX (CIPOIIEHUX) METOIUK MPOCKTYBAaHHS, SKIIO MOXKHa JOBECTH, IO
BOHH 3iCTaBJICHI BiAMOBIAHUM NpUHLOMIAM 1 3a0€3MeUyI0Th HE MEHIIY CTYHiHb O€3MEeKH, MIIHOCTI i
3pYYHOCTI eKcIUTyaTawii, Hi>K METOJUKH, MPOIIOHOBaHI YNHHUMH HOPMAaTHBHMMH AOKyMeHTamu. Jlo
I[LOTO MHTAHHS CIiJ MAXOIUTH 3 O0epexHicTIo. By3bka iHTeprpeTailis 1i€i BUMOTH HE 3a0X0UY€
BUKOPUCTAHHS aJlbTEPHATHBHUX METOAMK. EKBIBAJIEHTHICTH MOXKHA PO3YMITH OUIBII HIMPOKO, SK
JIOCTaTHICTh CTYNEHIO OE3MeKH, MIITHOCTI 1 3pyYHOCTI eKCILTyaTallii Uil BUKOHAHHS KOHCTPYKIISIMHU
CBOIX ()YHKIIHA. SIKIT0 TpaKTyBaTH MHUTAHHS TaKUM YHHOM, TO €BPOKOJ, HA OCHOBI SKOT'O CKJIaJCHO
BerynuBmmii B giro JIBH B.2.6- 98 : 2009, mo3Bonsic BUKOPHCTOBYBATH JOCHUTH 3HAYHY YaCTHHY
METOAUK 3 HOPMATHBHUX [OKYMEHTIB Mil0YMX HA TEPUTOPil KOJMIIHBOIO IOCT- PaIsSHCHKOIO
MIPOCTOPY, OCKUTHKY OCHOBHI MPUHIIUAIIN B 3HAYHIA Mipi cxomarbest. Ciil TaKOX 3a3HAYUTH, IO TIPH
BUKOPUCTaHHI OyJbsiKOi albTepHATHBHOT METOJUKH B)KE HE MOXXHA BBKATH, IO TPOEKTYBAaHHS
BUKOHAaHO B MOBHiH BiamosimHocti 3 JABH B.2.6- 98 : 2009, omnHak perymorodi oprasizauii, Opu
NPOBENICHHI MOBIPOK, 3a3BUYail KOPHCTYIOTHCSI CIIPOIIECHOI0 METOAMKOIO KOJHMIIHIX, MEepeBipEeHHX,
HOPMAaTUBHUX JIOKYMEHTIB.

Mera crarTi. [1Insxom 3icTaBineHHs TpaHUYHUX MOMEHTIB B TIepepi3i 3113006 TOHHOTO eJIeMEeHTa
B 30HI YHCTOI'O 3TMHY, OTPUMAHMX LUIAXOM BHKOPHUCTaHHS METOIMK PO3PaXyHKY BUKJIAJCHUX Yy
JEeSKNX HOPMATHBHUX JOKYMEHTaX, BHUSBHUTH BIJIMIHHOCTI MiXK 3aCTOCYBaHHSM HAaIlilOHAJLHOTO
HopMmaTtuBHOTO nokymeHnTta JIBH B.2.6-98 : 2009 3 MOXIIMBICTIO BUKOPUCTAHHS CIIPOMIEHUX METOJIHK
Ha cTaJlii MonepeIHbOro MPOEKTYBaHHS.

Buxaan wmarepiainy. Sk npukmam, Oynma po3riisiHyTa 3aii300eToHHA Oanka TepepizoM
hxb=400x300mMM. Knac Geromy mpmiinaTuii npu pospaxynkax — C%hs, 3 po3paxyHKOBHUMH
xapakrepuctukamu f,, =14.5MIla; £ =30-10°MIla. Kinac apmarypu A5S00C, 3 po3paxyHKOBHMH

xapaktepuctukamu f,, =435MIla; E, = 20-10° MIla. 3axucHuif map GETOHY IS PO3TATHYTOI i

CTHCHYTOI apMarypu npuiHATHN piBHEM 40 MM. 3 poO3paxyHKy MpPOCTOPOBOTO KapKacy >KHUTIOBOTO
OyAMHKY, 3 CITKOIO KOJOH 6X6 M, 3 ypaxyBaHHsIM BCiX MOXIMBUX KOMOiHALlii HaBaHTaXCHb, B
nporpamHoMy komrmiekci SCAD Office 11.3 Oymo migiOpaHo TeopeTwuHe apMyBaHHs. [liorma
nepepisy po3TATHYTOI apMaTypu cKiama Ag=3.77 cM”, IIOMA CTHCHYTOI apMaTypn — As =2.26 cM”.

Buxoasun 3 oTpuMaHOro apMyBaHHS IJISl MEPETHHY OajKd B MPOJBOTi, Oyl0 BHKOHAHO PsX
PO3paxyHKiB 3 BHUKOPUCTAHHSM, SIK BITUM3HSHUX HOPM HPOEKTYBaHHS, Tak 1 3apyObKHUX, AJIsS
3iCTaBICHHS TPAaHUIHUX MOMEHTIB B TIEpepisi.

Po3paxyHkn 3 BH3HaueHHS Hecydoi 3MaTHOCTI TeEpeTWHIB OynM BHKOHAaHI 3a HACTYIMHHMH
HOPMAaTHUBHHUM JOKYMEHTaM 1 IpaBUiIaM:

1) TexHuueckue YCIOBUSI M HOPMBI HPOEKTUPOBAaHMA M BO3BEIOCHUS JKEJI€300€TOHHBIX
coopyxxenuit, 1926 t;

2) Ilepiox mo Buxony CHull II-B.1-62* (1932—1955 r.r.);

3) CHull II-B.1-62* «beToHHBIE U Kene300eTOHHBIE KOHCTPYKIHU» 1962 T.;

4) CHull II-21-75 «beToHHBIE U KeIe300€TOHHBIE KOHCTpYKIm» 1975 T.;

5) CHull 2.03.01-84* «betoHHbIe U Kene300eTOHHBIE KOHCTPYKIUm» 1984 1.;

6) CII 52-101-2003 «beToHHBIE W >KeNE€300€TOHHBIE KOHCTPYKIHMH O€3 IpeIBapUTEIHLHOTO
HarnpspkeHws apMatypen» 2003 r.;

7) CHB 5.03.01-02 «beTtoHHbIe U xene300eTOHHBIE KOHCTPYKIUU» 2002 T.;

8) EN 1992-1-1 «Design of concrete structures» 1992;

9) JIBbH B.2.6-98:2009 «beronHi Ta 3a1i300eToHHI KoHCTpYKIii. OcHOBHI onoxeHHs» 2009 p.

Tabauys 1
Tpanuuni momenmu 6 nepepisi 3a1i306eMOHHO20 eleMenma
6 30HT YUCTNO20 32UHY GUIHAYEHI 3d OeAKUMU HOPMAMUBHUMY OOKYMEHMAaAMU
Pospaxynkore . BignocHa
N , I'paHuyHU MOMEHT, .
HopmaTtuBHuUi 1OKYMEHT apMyBaHHS Ay/Ay’, M p13HMLS,
2 rd (T'M) 0
cM (%)
TexHuuecKue yciaoBUs U
HOPMBI IPOEKTUPOBAHUS U 377226
BO3BEIEHUS ) ’ 5.13 92.3
KeJe300€TOHHBIX
coopykenuid, 1926r.
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[Tepuomx 1932-1955r.T. 5.58 100.4
CHulII 11-B.1-62* 5.67 102.0
CHulI 11-21-75 5.56 100
CHulI 2.03.01-84* 5.56 100
CIT 52-101-2003 5.56 100
CHB 5.03.01-02 5.55 99.8
EN 1992-1-1 5.35 96.2
JIBH B.2.6-98:2009 5.62 101.1

3 Tabmumi 1 BHAHO, IO BIAMIHHICTP MK TpPaHUYHAMH MOMEHTAMH BHU3HAYCHHMHU 34
HaIllOHATBPHAMHM HOpPMaMH{ Ta BHINENepeNniueHuMy (HUHI 9uHHWM) HOpMmamu Pocii, bimopyci Ta
€Bpocoro3y, He niepeBuIye 5% y Oik 3MEHIIICHHS I'PaHUYHUX 3HAYCHb.

[Ipo weninilinuii po3paxyHok eseMeHTiB. HemiHiiHMHA pO3paxyHOK 3acHOBaHWUU Ha
BUKOPHUCTaHHI HENMiHIHNX Aedopmariid, 10 SKUX CXUIIbHI 3a1i300eToHHi eneMeHTH. Lleit meTon piako
BUKOPUCTOBYETHCS HA MPAKTHUIl 3Ba)KalOYM Ha CBOIO CKIAJHICTh. [ HETIHIHHOTO PO3paxyHKY
noTpiOHa HasiBHICTH KOMI'IOTepa i iHQopMalis mpo apMaTypy MO BCiid JAOBXWHI KOHCTpykuii. Llei
METOJ] MOX€ BHSIBUTHCS KOPHCHUM TIPY OIIiHIII MIIHOCTI TIEPETUHIB BXKE TOTOBOI KOHCTPYKIIii a0 y
pasi, KMo HEOOXiTHO TEepEeKOHATHUCS B HAMIMHOCTI 0aratopa3oBO BHUKOPHCTOBYBAaHUX OTHOTHITHHX
KOHCTPYKIi# (Y TOMY YHCII, IEpeTHANPYKEHUX 3 HATATOM apMaTypH Ha YIIOpH).

Heniniitauii MeTon po3paxyHKy nependadae BU3HAYCHHS IUIACTUYHMX IIAPHIPIB, SIKUHM BKIIIOYAE
pO3paxyHKH MTOBOPOTIB y MapHipax. Y paMKax JaHOT'O METOIY BiIMOBA JOCATAETHCS, KOJIH:

1) vy mIacTUYHOMY HIAPHIPi BiI3HAYAETHCS TPAHUYHUI TOBOPOT;

2) KIIBKICTh IUIACTUYHUX IIAPHIPiB MEPETBOPIOE KOHCTPYKIIIO HA MEXaHI3M.

[ImacTuyHMi WAPHIP yTBOPIOETHCSA, KOIH CTaJIb JOCATAE MEX1 TEKYUYOCTi.

PosristHeMO TpomiT Hepo3pizHOI Oanku, mo 300pakeHO Ha pucyHKY 1 . JIig BU3HAYEHHS
TPaHUYHOTO CTaHy 3 HECY4Oi 34aTHOCTI HEOOXiJTHO BUKOHATH HACTYITHI pO3paxyHKOBI 3aX0.IH:

1. 3Haroun BIACTUBOCTI apMaTypH, PO3MipH Mepepisy 1 ki1ac 6ETOHY, 00UUCIIOIOTE MOMEHTH M,
B nepetuHax A 1 B. M,; — 3ruHanbHUM MOMEHT IIPU HAmpysi B apMmatypi fy . OOUHCIIOIOTE TaKOX
MOMEHT M,; 3 BUKOPUCTAHHAM KOe]illieHTiB HaAilHOCTI.

2. Bu3HaAyalOTh HABAaHTaKEHH:A, SKE BUKIMKAE IPY’KHI 3TUHANbHI MOMEHTH, piBHI M, B
nepetrHax A i b.

3. [oetamHo 301IBITYIOTh HABAHTKEHHS Ta PO3PaXOBYIOTh HA KOYKHOMY €Talli HaCTyIHE:

a) KyT NOBOpOTy IIapHipiB y mnepernuHax A 1 b, migcyMOByIoUM KpPHBH3HU Oallkl MiX
mapHipaMu (11 bOTO HeoOXiMHO po30uTH OanKky Ha Kijgbka yacThH. KpuBW3HA B KOXKHIA YacCTHHI
BH3HAYA€THCA 3a Gopmynoro (5.18) [2], ska Binmosigae popmymi (7.18) 3 [3]):

o =Ca, +(1-¢)-a,
ne: o — aedopmariiiiHa XxapakTepUCTUKa, IO PO3TIIAJAETHCS, HAIPUKIa, AedopMallisi, KpHBH3HA
abo TOBOPOT.; Oy, O — MapaMeTpw, OOYHCIEHI Jis CTaHy «O0e3 TpIUH» Ta «3 TPIIIHHAMNY
BiJIITOBITHO; {— xoedirtieHT po3momiay (BpaxoBY€E 3HIKEHHS JKOPCTKOCTI y Tiepepisi mpu

po3TArY);

0 ) 3ArUHATBFHUI MOMEHT y riepepisi B;

¢ ) nedopwmariii craii Ta 6etony B nepetnHax A , b i B.

4. I[lopiBHIOIOTH KyT MOBOPOTY B nepeTHHaxX A i b 3 rpaHnYHAM KyTOM IIOBOpOTA.

5 . BigmoBa BHHHKA€ TOAl, KOJH B mepeTuHax A 1 b Oyzae mocArHyTo rpaHUYHHNA KYT IIOBOPOTY
a0o xonu y nepepisi B BuHnKae MOMEHT My.

6 . Po3paxoByrOTh HaBaHTaKEHHS, SIKE BIJINOBIJIA€ CTAHY «BiIIMOBIY», BU3HAUCHOMY BHIIIE.
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Ma = Myk Mb= Myk

Puc. 1. Cxema ona nanizy naacmuunux oegpopmayiti Hepo3pizHOi 6anKu. a) npysHcHi MOMeHmU npu
dopmysanni nepuwiozo wapuipa 6 A i b; 6) obepmanna 6 na nepwiomy wapHipi i3 30inbUWEHHAM
HABAHMAHCEHHSL

Tpeba Bim3HAUMTH, IO PO3PAXYHOK KYTIiB MIOBOPOTY BUKOHYETHCS HA ITJICTABi CEpEIHIX 3HAUYCHD
MEXaHIYHMX XapaKTEepUCTHK, a MIIHICTh — Ha MiACTaBl PO3PaxXyHKOBHX BEIWYWH, TOOTO 3
BUKOPUCTAHHSIM KOe(]iLli€HTiB HAXIHHOCTI.

3a3HaueHi mpoueaypud HaBeleHI Ui TOro, Mmo0 MPOUTIOCTPYBAaTH €TamM pO3paxyHKIiB Ha
BIIHOCHO TIpoCcTOMY TpHKjiIami. HeoOximHo po3ymiTH, IO PO3paxyHOK O0araTompoiiTHOI Oayku
BUSIBUTBCSL IOCUTH CKJIAJHUM, HaBIiTh MPH BUKOPHCTaHHI KOMIT'toTepa. KpiM Toro, B Xolli po3paxyHKy
HEOOXiTHO BPaXxOBYBAaTH PAJ TPAHUYHUX YMOB. 3 WX MPUYHH JTAHUI METOJ PiTKO BUKOPUCTOBYETHCS
Ha TIPAKTHUIl, YACTIillle 3aMiCThb HBHOTO 3aCTOCOBYIOTh PO3PaXYHKH 3 ypaxyBaHHSIM IEpepO3MOaLTy
rPaHUYHUX MOMEHTIB BHACIIIOK IUIACTUYHUX IehOopMaIriii.

lono ocodauBOCTell PO3paxyHKY 3a/1i300eTOHHUX €J1eMEHTIB M0 HOPMAJbLHUM IMepeTHHAM
3a HopMmamu [1].

Bigmorigno n0 m.4.2[2], Hecy4a 37aTHICTh 3a1i300€TOHHOTO CJIIEMEHTY MPSIMOKYTHOIO MEpepizy
Ha JIi10 3rHHAILHOr0 MOMEHTY BU3HaueHa 3a ¢popmynamu (4.3, 4.4) [2].

Cucrema ABOX HeNiHIHHWX anreOpaiunux piBHAHB(4.3, 4.4) [2] 3 1ABOMa HEBIIOMHMH
PO3B’SBYIOTHCS MIIOOPOM 3 KOHTPOJIEM KPUTEPiiB BUUEPIIaHHA HECYUOl 31aTHOCTI Ha KOKHOMY KpOITi
po3paxyHkiB. IS OLIHKH  HampykeHo-Ae(QOpMOBAHOTO CTaHy pPO3PaxyHKOBOTO —Iepepizy
BUKOPHUCTOBYETHCS AeopMaLiiHIA METOI.

3a pesynbTaTamMu pimieHHs cucteM piBHAHL (4.3, 4.4) [2] OyayeThcs miarpama «MOMEHT —
KpuBH3HaY. Haiibinbira BennunHa 3adikcoBana Ha il niarpami i mpuiiMaroThes 3a HECY4y 31aTHICTb.

BucHoBok. 3azHauenuii B [1] Ta [2] po3paxyHOK HOpMalbHHX IEPETHHIB 3a71i300€TOHHUX
eIeMEeHTIB 3a JnedopMallifHUM METOJIOM He € BaXXKUM, alie NOoTpedye TPHBAJIOro dYacy i
po3B’s3aHHS MpocTuX 3anad. [lopiBHSHO H0 yrHHMX HOopM Pocii, binopyci Ta €Bpocorosy, pe3yabraTt
BU3HAUEHHS HECYYol 3AaTHOCTI MO HOpMaJbHHM IepeTHHaM He mepeBuulye 5% y OiK 3MEHIICHHS
TPaHUYHHX 3HAYEHb, IPU IIbOMY Ta X PI3HUI MiX ckacoBaHuMH HopMamu CHull 2.03.01-84*Ta [1]
ckianae 1o 2%. Buxonsum 3 oTpuMaHUX JaHWX, JUTI BUKOHAHHS MPUOIM3HAX PO3paxyHKIB Ha CTamii
MOTIEPEAHBOTO MPOEKTYBaHHSI, IOCTATHRO CKOPHUCTATHUCS JIETKOIO Ta MEPEBIPEHOI0 YaCOM METOAUKOIO,
3 MOJAJIBIINM YTOYHEHHIM Pe3yNbTaTiB 3a [1] mpu AeTalbHUX po3paxyHKax.
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SUMMARY

While implementation of calculations, designers use the certain rules of application, that are the
generally accepted methods. There must be possibly the use of the simplified design techniques in this
case, if it is possible to prove that they are confronted to corresponding principles and provide the
degree of safety and durability not less, than methodologies offered by operating normative
documents. Eurocode on the basis of which DBN V.2.6- 98: 2009 was made, allows to use
considerable part of methodologies from the normative documents operating on the territory of former
post-soviet territory, as their basic principles correspond largely. During the use of any alternative
methodology it is already impossible to consider, that planning is executed in complete accordance
with DBN V.2.6- 98: 2009, however regulative organizations, during realization of calculations,
usually use the simplified methodology of the former, tested, normative documents.

By comparison of maximum moments in the cut of reinforce-concrete element in the zone of clear
bend, which were received with the help of using of methodologies of calculation which were used in
some normative documents, it is necessary to educe differences between application of national
normative document of DBN V.2.6- 98: 2009 with possibility of the use of the simplified
methodologies on the stage of the previous planning.

Marked in DBN V.2.6- 98: 2009 the calculation of the normal crossing of reinforce-concrete
elements according to the deformation method is not difficult, but needs a lot of time for the decision
of simple tasks. Comparatively with the operating norms of Russia, Belarus and European Union, the
result of determination of bearing strength of the normal crossing does not exceed 5% toward the
reduction of maximum values, while the same difference between the cancelled norms of
SNiP 2.03.01-84* is 2%. Coming from the obtained data, for implementation of approximate
calculations on the stage of the previous planning, it is enough to take advantage of easy and tested
methodology, with further clarification of results at the detailed calculations.
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YK 674.047.3
BU3HAYEHHS PAIIIOHAJIBHOI'O PEZKUMY CYIIIHHA TEPEBUHHU 3
BUKOPUCTAHHAM AJAIITUBHOI, PETPECIMHOI MOJAEJII

B. C. Tkauos, k. m. n.; ooy., C. K. IOpxkos, acc., B. IO. IOpkosa, mae.

Kniouosi cnoga: cywints oepesunu, adanmuena, peepeciiina Mooens, NacugHUll eKCnepumenm
IMocranoBka mpo6Jemu. KoH’IOHKTypa pHHKIB OCTaHHIMH pPOKaMH JE€MOHCTPYE CTiHKe
3pOCTaHHSl TONMUTY Ha JAepeBUHY. He AWBISYNCH Ha HOBITHI PO3pPOOKH INTYYHHX 3aMiHHUKIB,
JIepeBHHA 3AHIITUTHCSI OCHOBHUM MaTepiayioM B Oy IiBHUITBI, BAPOOHUIITBI MEOJIB 1 IHITNX Tay3sX.
Anamiz myOJaikaniii. B manuit 9ac CymiiHHA JOepeBHHH B YKpaiHi Mae HEOOXITHICTH B
MoOJIepHi3allii TEeXHOJOTIYHOTO OONagHaHHS 1 OCOONMBO 3acO0iB aBTOMATUYHOTO KOHTPONIO 1
yHOpaBliHHSA. 3 KOKHHUM POKOM EJIEKTPOCHEPTisl NOpOXYae, a TOMY MUTAaHHS E€KOHOMIYHOro ioro
BUKOPUCTAHHS CHOTO/IHI Jy’Ke aKTyaslbHi. YacTKOBO iX BHpimeHHs Oepe Ha cebe CydacHa aBTOMATHKA.
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