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B crartri po3risiHYTI OCHOBHI MeTOAUM JOC/IIKEHHS TMOLIKOIKEHHX
3a/1i300€TOHHUX eJIeMeHTIB 1 iX JAouwijibHicT B BUKOpHcTaHHI. Tak €K,
OiNbIIICTH METOMIB € MPUAATHI JIMIIE AJs MeBHUX Ae(eKTiB i MOIKOAKEHb
yepes BeJIUKY CKJIAJAHICTh B pO3paxyHKax I BpaxyBaHHI 0araTto(pakTopHoCTI.

In the current trends, the necessity of studying the load-carrying capacity of
the reinforced concrete elements with various types of damage is increasingly
necessary. This is relevant when there is a need to reequip the existing
buildings and structures; there is a reconstruction of the damaged
construction objects, where various negative factors took place; if the
calculated load on the construction was exceeded; the impact of an aggressive
environment or natural phenomena: landslides, mudslides, earthquakes, and
others. The urgency of this question leads to the formation of methods for
studying certain damage and deformation, which in most cases simulate the
main defects or their combinations. A striking example is the combination of a
defect with a displacement of reinforcement in the manufacture of reinforced
concrete constructions with the damaged concrete, which leads to a change in
the work of the element from a pure bending to bending with torsion. This
problem requires an analysis of existing research methods of the damaged
reinforced concrete elements, and their further development. The article deals
with the main methods of studying the impact of damage on the load-carrying
capacity of the flexural reinforced concrete elements and analyzes their
expediency for further use under the action of the load. The general data on
the research of reinforced concrete T-girders with the damage to the shelf and
the appearance of skew bending due to poorly constructed structures is
provided. Since certain methods have different algorithms for data analysis,
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the most common and topical research methods are examined in this article:
vibration diagnostics; comparison of dynamic characteristics of the reference
structure with the corresponding dynamic characteristics of the model with
the defect and localization of the defects; the diagnostic method is based on
real-time monitoring of the change of the element’s work based on the
impedance using PZT (Lead-Zirconium-Titanate) for the reinforced concrete
structures. Simulation of the obtained results using the automated settlement
systems only partly solves the problem. On the basis of the analyzed data,
conclusions were made on the methods of research of the reinforced concrete
beams with damages and an outline of the direction of further research was
provided.

KirouoBi ciioBa:
3a11300€TOHHI €JIEeMEHTH, MOIIKOKEHHS, Te(PEeKTH, aHaI3.
Reinforced concrete elements, damages, defects, analysis.

Beryn. Ha tenepiuHiii yac Bce yacTillle BAHUKAE HEOOXIIHICTh B AOCIIIKEHHI
poOOTH TOIIKOIKEHUX 3ai300€TOHHUX €JEMEHTIB. 3O0LIblIeHHsIM 00’ €MiB
BUKOPUCTAHHS  3alli300€TOHY NPU3BOAUTH [0 HEOOXIAHOCTI  MiABUIIECHHS
e(eKTUBHOCTI MPOBEIEHHA TEXHIYHOrO OrJsAy, MiACUIEHHA 1 PEeKOHCTPYKLIT
MOILIKOKEHUX 3al1300€TOHHUX €JIEMEHTIB LIIAXOM 30UIbIIEHHS TOYHOCTI
BU3HAUEHHSI BHYTPIIIHIX 3yCWJIb, MILIHICHUX Ta Ae(OPMATHUBHUX XapAKTEPHUCTHUK
enemeHTa. lle nocsAraeTbcs BOOCKOHANEHHS ICHYIOUMX Ta (POpMyBaHHS HOBHUX
METOMIB, TaK AK B OLIBLIOCTI MPAKTUYHUX BHUIMAJKIB PO3PAXyHOK MPOBOAMTHCA
METOJIOM €KBIBaJIEHTHOIO €JIEeMEHTa, 3TiHO 3 YMHHMUMM Hopmamu [1]. Illupoke
BUKOPUCTaHHS METONYy €KBIBAJICHTHOIO €JIEMEHTAa 3 METOKH BU3HAUEHHS HECYy4oi
3MQTHOCTI TMOUIKOIKEHUX €JIEMEHTIB OOYyMOBJIEHE MPOCTOTOK Ta WIBUAKICTIO
pO3paxyHKy MpOTe€ [aHWii METOJ HE HaJa€ MOBHOI KapTUHU HAMNpyXeHO —
ne(OpMOBAHOIO CTaHy ejJeMeHTy. ToMy HasBHI METOAM [IarHOCTUKU HEeCcyuoi
3MATHOCTI MOIIKOKEHUX €JEMEHTIB MOTPEOYIOTh OUIBII MMPIIUX AOCTIIKEHb.
Ocob6nuBo maHa moTpeba akTyajbHa JJI AOCTIIKEHHA POOOTH MOIIKOMIKEHUX
3aJ11300€ TOHHUX €JIEMEHTIB 3a 111 HaBaHTaKEHHS.

I[loctaHoBKa MeTH J0C/igXKeHb. BUBYEHHS MOIIKOIXEHUX €JIIEMEHTIB €
aKTyaJIbHOIO TEMOK, TOMY MeTa JaHOi poOOTH TMoJiArae B aHali3i ICHYHOUMX
METO/IIB IOCHII)KEHb BIUIMBY MOLIKOIKEHD 1 1€(PEKTIB 3a11300€TOHHUX €JIEMEHTIB
Ha 1X MILHICTb Ta 1e()OPMATUBHICTb.

AHaJIi3 OCTaHHIX [J0C/iIKeHb. BuW3HAaUeHHS BIUIMBY TMOWIKOJXEHb Ha
3a11300€TOHHI KOHCTPYKUIi CTa€ Bce OUTbLI aKTyaJlbHUM Ha TepeHax YKpaiHw,
OCKUIBKM € HasBHO 0araTo CHOpyJ, IO HE eKCIUTyaTyloTbCs. 3acTOCyBaHHs
ICHY!OUMX METO/IIB € YaCTKOBUM BHUXOJOM 13 CHUTyalli TOMy, IIO BILJIWB
MOILIKOKEHb HAa KOHCTPYKLIIO Ma€ CKIaaHWi xapakrtep. ToMmy KOXHHI MeTon
MiAXOAATh TUIBKU ISl IEBHUX YMOB. SICKpaBUM MPUKJIAIOM LbOTO € JOCIIIKEHHS
Knnvenka €.B. [2], ae npu BUKOpPUCTaHHI METOLY MOJEIIOBAHHS, HA OCHOBI
komiuiekcy «JIIPA 9.6», nopiBHAIM OTpUMaHI €KCIEpUMEHTalIbHI pe3yJbTaTaMu 3
pe3yJabTaTaMyd MporpaMHoro komiuiekcy. Ha ocHoBI 1poro Oynau 3poOJieHi
BHCHOBKHU:
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- CTUCHYTI 3aJli300€TOHHI MOPSIMOKYTHI €JIEMEHTH 3 BIAHOCHO MAaJUMHU
€KCLEHTPUCUTETAMHM TIOKa3ajdu BUCOKY 301KHICTb pe3yJibTaTiB pPO3paxyHKy 3
eKclepuMeHTalbHUMU JaHuMU (KoediuieHT Bapiauii mopiBHroBaB 0,055). Hecyua
3MATHICTh 3pa3KiB 3 EKCLUEHTPUCUTETOM MpUKIafaHHsd cwiu ey = 0,25 ™
BIAPI3HAETLCS BiA pe3yJibTaTiB, OTPUMAHMX IPU HATYpPHOMY €KCIIEpUMEHTI B
KiJIbKa pa3iB. Ha 0CHOBI ICHYIOUMX pe3ysbTaTiB aBTOP YAOCKOHAIMB METOJ 3TiJHO
YUHHUX Jit0urX HOpM [1] 3 JoaaBaHHAM MEpeayMOB i MPUMYLUEHb;

- 1 KOKHOTO BUMNAJAKY PO3PaxyHOK CKJIQJAa€TbCsd HEOOXigHA KUIbKICTb
piBHAHb. Tak, Ui BUMNAAKY T[03aLIEHTPOBOTO CTUCHEHHS 3aJ1i300€TOHHOIO
eJIeMEeHTa MPSIMOKYTHOIO Tepepidy 3 KOCHM TMOIIKOKEHHSAM (KoJiu (pPOHT
MOIIKO/)KEHHSI HE TapayieJIbHUIl KOJHOT TOJIOBHOT OCi) PO3MISIAAETHCS M'SATh
PIBHSIHB:

® PIBHAHHS PiIBHOBAru 11010 oci X;

® PIBHSHHS CYMU MOMEHTIB 111010 OCI X;

® PiBHSIHHSI CyMM MOMEHTIB IIOAO OCl Y;

® CTaTUYHUI MOMEHT CTUCHYTOI 30HH OE€TOHY, OO OCI X;
® CTaTUYHUII MOMEHT CTUCHYTO1 30HM OETOHY, 00 OCi Y;

- PO3B’A30K CHUCTEMHU PIBHSAHb JA€ MOMJIMBICTh BU3HAYMTH 3aJUIIKOBY
HECyuyy 3/JaTHICTh MOIIKOKEHOr0 B TMpoleci eKcrutyaTauii OeToHHOro abo
3aJ1I300€TOHHOI'O €eJeMeHTa, a 3HAYMUTb, OIIHUTH MOJKJIMUBICTH HOro IOJaJbIIOL
HOpMaJIbHOT eKcIutyarauii abo HeOOXiIHICTh MOCWIEeHHs. [[ns enemMeHTiB, w010
3ruHaroThes (6€3 po3paxyHKOBOT apMaTypu B CTUCTIHN 30H1) clcTeMa CIPOLLY€EThCS,
OCKIJIbKM HEMa€ HeOOXiAHOCTI BU3HAYaTH HAMPYrd B KOXKHOMY OKPEMOMY
CTpWXHI. Alle B UbOMY BHUIAAKy BHUHUKAE HEOOXIAHICTb MEPEBIPKU
repeapMoOBaHOCTI 3FMHAHOTO e€jleMeHTa 1 B pasi, fAkimo ¢> ¢ , WO CIif
BpPaxOBYBATH B PO3PAXYHKY.

Takox clig 3a3HAYUTH METOIMKY JUIsl AOCHIAKEeHb BIUIMBY Jii Ae]exTiB i
MOIIKO/UKEHh HA 3TMHAHI 3aj11300€TOHHI €JI€MEHTH, SIKI BUKJIMKAIOTh KOCHI 3THH,
K HaBeJeHO B poOotTi [3], e BHAcHiIOK AedeKTy Npu BUTOTOBJICHHI YU
MOILIKOKEeHHI, BiAOYy€ThCS 3MiHA KyTa Haxwily CWJIOBOI MJIOLIMHU B Mpoleci
HABaHTAXEHHS 13 MOAAJBIIMM JOCHTIKEHHAM BIJIMBY BUIIE 3rafaHoro KyTa Ha
MILHICHI Ta Ae()OPMATHBHI XapaKTEPUCTUKHU €JIEMEHTA.

Meton  nOCHIIKEHHS  3ali300€TOHHUX 0ajoK TaBpoBOoro nmnpodiao 3
MOLIKO/PKEHHSIM TOJIMYKKA a0o0 i1 MOBHOMY pYHHYBaHHI onucaHo B poOoTi [4,5] 3
3aCTOCYBaHHSIM MeToay [6] isi aHanizy oTpuMaHuX AaHuX. JlaHuit Meton
aKLEHTOBAHWI Ha BIUIMBI TPbOX OCHOBHMX (DaKTOpIB Ha 3aJUIIKOBY HeECydy
3IaTHICTh MOUIKOIYKEHOTO €JIEMEHTa: MOLIKOIKEHHS MOJMYKHU Yepe3 BiIHOLICHHS
BEJIMUMHU MOUIKOJKEHHSA 10 BEJIMYMHU 3BUCIB MOJWYKHU; TIMOWHU MOLIKOHKEHHS
yepe3 BiIHOLICHHS MIMOWHU MOUIKOMKEHHA TMOJUYKA A0 TOBIIMHU TOJUYKH i
KyTy TOIIKO/UKEHHS 4epe3 BiIHOLIEHHS KyTa MOLIKOJKEHHA A0 KyTa HaXWJy
MOJIMYKU.

Hapeneni Buile MeTOAM MIAXOIATH JHWIIE JISI €JIeMEHTIB 3 JedeKkTamu
BUTOTOBJIEHHSI (ycl Ae(eKTH OTpHMaHi J0 3aBaHTaKEHHS KOHCTPYKLIi), IO
CYTT€BO BIUIMBAIOTh HA HAIMPYKEHO-Ae()OPMOBaHU CTaH eJeMeHTa.
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[ToTpeba B HepyHHIBHOMY METOJI JiarHOCTMKW YaCTKOBO PO3KPUBAETHCS B
3aCTOCyBaHHI MeToay BiOpoaiarHocTuku. OCHOBHMMU TiepeBaraMu BiOpaliiitHOro
METOAY € 3IaTHICTh BiIOOpa)xkaTu CIHUIbHY poOOTYy apmaTypu 3 OETOHOM, IO
BiIHOILLIEHHIO 10 HalOLIbII Hebe3neuHuM nedekTiB. JlaHuil MeTon B CBOil poOOTI
po3kuBae Kamamues M.I. [7].

[Tpu mpoBeneHH1 OOCHIIKEHHS, B poOOTI [7], poOUThCA aKLIEHT Ha MOPIBHAHHI
IMHAMIYHUX ~ XapaKTEPUCTUK  €TAJIOHHOT  KOHCTPYKLIi 3  BiAMOBIAHUMM
AVUHAMIYHUMM XapaKTepUCTUKaMK MOJEII 3 1e(PEKTOM Ta JIoKai3awLiero ne(eKTiB 3
3aCTOCYBaHHS METOAy BiOpOAIarHOCTUKW. ABTOPOM OTPUMAaHO HACTYIMHI
BHUCHOBKH:

- Tpy 30UTbLIEHH] PO3Mipy Ne(eKTy 3HAuYeHHsS YacTOT BJIACHUX KOJIMBaHb
3MEHILYIOTHCS, @ TAKOK CBITYATh MPO Te, IO 3rhHaJIbHA (hopMa KOJIMBaHb, € HAOLIbLI
1H(OPMATHBHOK XapaKTEPUCTUKOIO JIJIS JIOKami3alii 1e(eKTiB B KOHCTPYKILIIT;

- HA YacTOTy BJACHUX KOJIMBAHb KOHCTPYKLIWA ICTOTHO BIUIMBAa€E 3MiHA
p03MipiB i q)opMI/I nepepi3y, TOBKUHU €JIeMEeHTa, MOIYJIA MPY>KHOCTI MaTepia.ny,
LIUTBHOCTI Marepiay, 3aXMCHOTO Iapy apMaTypH, a TaKOK HasBHICTb TaKHX
):[eq)eKTlB K BHUKpHIIYBaHHS O€TOHY, MOpPOXHEYi, HEOOXiAHI A MpPOBEACHHS
KOMYHiKalliif, 30H/ TIOTaHO YIIiJIbHEHOTO OETOHY;

- Tpu 30UTbLIEHH] 00JacTl YIIKOIKEHb BiOYBA€THCA 3MEHILEHHS KOPCTKOCTI
nepepi3iB Oanku, O BUKIMKAE 3MEHIIEHHS BEJIMYMH YaCTOT BJIACHUX KOJIMBAHb;

- HaWKpallll pe3yJbTaTh MPO MICLUE3HAXOKEHHS Ne(EeKTy B KOHCTPYKIIT
OTpUMaHI 3a JOMOMOIOK METOAY 3MiHUM (OPMHU KOJMBAHb €TAJOHHOI Mojei
KOHCTPYKIIT 1 MoAesi 3 MOIKOMkKeHHSIM. OCHOBOIO JaHOTO METONY € KpuTepiid
MonanbHOT 30DkHOCTI (MAC). BXigHMUMHM NapamMeTpamMud € 4YacTOTH BJIACHUX
KOJIMBaHb KOHCTPYKLIIT 1 BiAMOBiAHI iM (OPMU KOJIMBAHB;

- moxuOKa JIoKamizalii TMOWIKOJKEeHHsA Oanku ckiaana 7-9 cm  1pu
BUKOPUCTaHHI 7 TOYOK MOHITOPUHTY, MPH 301IbIIEHH] YUCIa TOYOK MOHITOPUHTY
y3J0BK OalKy BeTMUMHA MOXUOKHU 3MEHIIY €ThCA.

Ha puc. 1. HaBeaeHO rpa(bu( 3MiHU (popMU KOJMBaHb Mol KOHCTPYKLIii, Ha
SKOMY YITKO BHPaXX€HUH MiK TOYHO BKa3aB pO3TallyBaHHS MOLIKOIKEHOI 00JacTi

(puc.1).

4 *
: Q-

Puc. 1. Jlokanizaiist npu3mMaTU4IHOTO A€PEKTY

3araJlbHIM BHCHOBKOM JaHOTO METOAY €: NOILIJIbHICTh BUKOPHCTAHHS TPHU
NMEeBHUX BUIAX TOLIKO/KEHb (aBTOP PO3MIIANAB TMOIIKOMKEHHS YTBOPEHHI Bif
MepeBaHTAKEHHS), MOTpeda B MOATILIIOMY MOCHIIKEHHI JaHOro MeToaa IpH
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IHIIMX BuAaX Ae(eKTiB, peHTa0eNbHICTh BUKOPUCTAHHA AAHOIO METONY MpHU
BUKOPUCTaHHI TEBHOI KILKOCTI TOYOK MOHITOPUHTY B 3aJ€KHOCTI BIJ BUIY
nedeKTy i 00’ €KTa JOCIiIKEHHS.

[Tpu po3KpUTTI MUTAHHS BIOPOA1arHOCTUKHM MOLIKOIKEHb, HEOOX1IHO 3BEpPHYTH
yBary Ha MOPIBHSAHHS ICHYIOUMX aJTOPUTMIB BUSABJICHHS MOLIKOIKEHb.

Buxoasun 3 BiOpauwiiiHMX XapakTEepUCTHK, METOAM 1AeHTU(IKALIl Mo
YIIKOJKEHHIO TOAUIAIOTECA HAa YOTUPU OCHOBHI KaTeropii: MPUpOJHI 4acTOTHI
METOAM, METOIM (POPMU Ha OCHOBI pEXKUMY, METOJl KPUBU3HHU HA OCHOBI (popMH, i
METO/M, 10 BUKOPUCTOBYIOTh fIK (POPMH, TaK 1 4acToTU pexumy. B poGoTi [8]
pPO3MISIHYTO JaHe TMOPIBHAHHS, 3 SKOrO MOKHA 3pOOMTH HACTYMHI BUCHOBKHU.
AHani3 N'ITU JOCHTIIKEHUX AJITOPUTMIB BHUSBJICHHS MOLIKOIXEHb - 116 METOIMKA
IHAUMKATOPY €AMHOTO NowKokeHHd (SDI) Ha OCHOBI 4acTOT, METOJ y3arajJbHEHOL
dpakranbHoi po3mipHocTi (GFD) Ha ocHOBI (hopMU Ha OCHOBI PEXKHUMY, METO]
pexumy KpuBu3HM (opmu (MSK) Ha OCHOBI KpHMBU3HH, METOJ OOIpBaHOrO
srnamkyBaHHs (MSK) Ta meton inaekcy mkoau (DIM) Ha 6asi eHeprii Bia
aegopMallii, 1aB HACTYIHI pe3yJbTaT B Ta0I. 1.

Ta6muus 1
[TopiBHAHHS aIrOPUTMIB BUSIBJICHHS OIIKOI)KEHb METOLY BIOPOIIarHOCTUKH
BusBneHuns Buspnens JlaTuuk
AnroputMu BusBneHrs KUTBKOX mowKoKerE | Llymosmii BiJICTaHI
p OJIMHOYHOT BEJINKOT iMmyHiTET 8
nowkowkenns| TOMKOKEHb ot JOTYCKY
SDI Tak Hi Hi H/3 H/3
GFD Tak Hi Hi BigmigHo | BigMino
MSC Tak Tak Tak HoGpe JloGpe
GSM Tak Tak Hi HoGpe JloGpe
DIM Tak Tak Tak Bigmino | Bigmino

Metonn pexuMmy KpuBH3HM (POPMHM Ta METOJ I1HAEKCY IIKOAM € BiIHOCHO
HaJIMHUMM TIpM BHCOKOMY BHMMIPIOBAHOMY IIIyMi Ta 3HA4HIA BIACTaHI MiX
natyukamu. Illo B cBoro yepry poOUTh AaHI JBa aJrOPUTMM 3aJ0BUILHUMU IS
JOOCHIIKEHHA €KCHEPUMEHTAJIbHUX B3IPLIB 3 MOMIKOMKEHHIMU 1 TOPIBHAHHSA
pe3ysbTaTiB HA OCHOBI HUX 3 IHIIMMHU CMOCOO0aMU TOCHIIKEHHS MOLIKOHKEHUX
311300€ TOHHHX E€JIEMEHTIB.

Meton niarHOCTMKM 0a30BaHUl Ha MOHITOPUHTY B peaJbHOMY 4Yaci 3MIHM
poOOTH eleMeHTa Ha OCHOBI iMIenaHcy, 3 BUKOpuUcTaHHsIM PZT (cBuHIO-
UMPKOHAT-TUTAHAT) Ui 3aJ1i300€TOHHUX KOHCTpYyKLii [9]. Metoa 6a3oBaHuii Ha
CTPYKTYPHOMY MOHITOPUMHIY Ha 0a3l IMIedaHCy BHMKOPUCTOBYIOYM 3B’SI30K
(enexTpoMeXaHIYHUX BJACTMBOCTEW) MK Haknaakoro PZT 1 mocnigHoro
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CTPYKTYpOIO. K ieai30BaHUM NPUKIAA0M € PUC.2 eJIeKTPOMEXaHIuHOI CUCTEMH.
Enexktpuunuii acnekt Haknaaku PZT onucaHuii KOpOTKO3aMKHEHUM IMIIEIAHCOM,
a CTPYKTypa AOCIAHOrO B3ipLs MpeacTaBjeHa MEXaHIYHUM IMIEAaHCOM PYyXOMOL
TOYKH, SKHUA BKIoYae B cebe epeKkT macu, >KOPCTKOCTI, aemmdipyBaHHs i
IrPaHUYHUX YMOB.
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Puc. 2. IneanizoBana cucrema eJIeKTPOHHOTO MEXaHI3My

Haknmanka PZT kuBuThcad Bim Hampyru abo cTpyMmy. IHTerpomaHa
€JICKTPOMEXaHIUHA CUCTEMA MOXKE 6yT1/1 €NIEKTPUYHO NPEICTaBIeHA eeKTPUIHIM
OMoOpoM, Ha SIKWI BIMBae auHamika PZT i CTPYKTYpH B31le$I qYTJII/IBICTB hi ()
BUSIBJIEHHA MOUIKOIKeHb MeToay SHM Ha OCHOBI iMIenaHCy TICHO TOB's3aHa 3
o0paHot0 cmyroro 4acToT. [1[06 epekTUBHO BUSIBUTH MOIIKOMKEHHS, HEOOXIAHO,
mo6 [0oBkMHA XBWII 30yMKeHHA Oyla MEHIIOW 3a XapaKTepHY [OBXKUHY
NomKoKeHHs.  JlaHuit Meton nociijkeHWit onucaHuii B poOoti [9] 3
MOIIKO/KEHHSIM Y (hopMI 3acidyOK 10 OETOHHY B BEpXHIH 4acTUHI Oanku 3a Jii
HABAaHTaXEHHS B pEAIbHOMY 4aci, 10 poOWUTh NaHWN METOJ MEPCHEKTUBHUM Y
AOCTIIKEeHHI 3aJ11300€TOHHUX €JIEMEHTIB 3 MOLIKOIKEHHAMHU.

MeTon TUTOMOrO €JEeKTPUYHOIO OMOpy € OJHWM 13 BUAIB HEpPYHHIBHUX
METOMAIB JOCHIJ)KEHHA KOpO3IMHOTO CTaHy apmaTypu B 3ai300€TOHHUX
eneMeHTax. OCHOBOIO SIKOTO € 3aJIeKHICTh MUTOMOIO EJIEKTPUYHOIO OMopy A0
MUTOMOTO OMOPY BOASAHOT (pa3u B OETOHHI 1 10J1i 00’ €MHOrO BOJIOHACUYEHHS TIOp 3
ypaxyBaHHSIM MOMPAaBOYHUX KOe(Qilll€HTIB BiJ XapaKTepUCTUK MartepiaiiB. JlaHui
MeToA OyB MPAKTUYHO AOCHIIKEeHNH B poOoTi [10], 3 1eMOHCTpaLi€r0 MpakTUIHOT
LWIHHOCTI B BUABJIEHHI KOpO3ii 1 1T CTyMeHs PO3BUTKY B 3a/11300€TOHHUX €JIEMEHTaX.
Tak npu 3HA4€HHI MUTOMOTO €JIeKTpUIHOTO omnopy 55 - 33 kOM™*cM Kopo3ia Oyna
BIJICYTHS, a mouvHarouu 31 3HaueHHs 11 kOm*cm 1 Hmkde Oyj0 BUSIBJIEHO
Ypa)K€HHS KOPO3I€I0 13 3aJ€XKHICTIO PI3KUM 3POCTAHHSAM CTYMEHs MOIIKOIXKEHb
Bi/l 3MEHLIEHHS MUTOMOIO €JEKTPUYHOIO OMNOopy. 3arajbHUM BHCHOBKOM AAHOTO
METOy €: JOUIJIbHICTh BUKOPUCTAHHS B JIarHOCTHULI MOIIKO/HKEHHSI KOPO3i€r0 Ha
pi3HMX eTamax, BIACYTHICTb HEOOXIIHOCTI B TMOIIKOMHKEHHI eJleMeHTa Ipu
O1arHOCTUL, MOUUIbHICTh BUKOPUCTAHHI MPHW IarHOCTHUII BEJMKOI KUIBKOCTI
TIJISTHOK.

Takox caifg 3a3HAYMTH JOLIBHICTD BUKOPUCTAHHS 1 CTBOPEHHS CHUCTEM
apromaruzoBaHoro mnpoektyBaHHs (CAIIP). Ockinbku, B pe3ysbTaTi 3pOCTaHHS
CKJIQJTHOCTI MpH BpaxyBaHHI OaratodakTopHOCTI 3a Mii HaBaHTa)KEHHS 1 1HIIMX
YUHHUKIB 32 HAsABHOCTI MOLIKO/JKEHb 1 Ne(EKTIB B 3ai300€TOHHUX €JEMEHTax
3HaYHO 3pOCTa€ po3paxyHKoBa CKJIamHICTh. (OcoO0JIMBOI yBarm 3aciyroBYy€
ctBopeHHs1 HOBOro CAIIP, yepe3 He MOXJIMBICTb BUKOPUCTAHHS ICHYHOUUX IJIA
CKJIQJIHUX BUMAJKIB MOLWIKOMKEHb 1 He(eKTiB abdo iX KomOiHauii, abo0 BHUCOKY
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Tpyno3aTparHictb.  JlocmimxeHHs  (opmyBaHHS  MOAYJbHOI  CXeMHU IS
By3bKocIemianizoBanoi iHrerpopaHoi CAIIP mns nmiarHOCTyBaHHS TEXHIUHOTO
cTaHy 00’€kTiB Oy1iBHUUTBA € po3kputo €peMenko b. M. B poboTi [11].

[IpoananizoBaHi poOOTHM TMOKa3ylOTh AaKTyaJlbHICTb JAHOIO MHUTAaHHA 1
NOUUIBHICTh TIOAAJBINNX NOCHIIKEHDb MOUIKOMKEHUX 3a1I300€TOHHUX EJIEMEHTIB
3a Jii HaBaHTaKEHHS.

BucHOBKM Ta nmepcneKTHUBHU MOAAJBIIMX AOCTiIKeHb. [Ipy aHanizi MeToiB
JOCTII)KEHb HECY4Ol 3JaTHOCTI 3alli300€TOHHUX €JIEMEHTIB NpPH TMOIIKOKEHHI
MOXHa 3pOOMTH BHCHOBOK, [0 JaHa mpoOjemMa mnoTpedye MogaiblInux
€KCIIEPUMEHTAJIbHUX 1 TEOPETUYHUX JOCTIIKEeHb. Takoxk IcCHye mnoTpeba B
noJajblIiii po3poOui METOAIB IJIsl OOCHIIKEHHS 3a1i300€TOHHUX €JIEMEHTIB 3
TUMIOBUMU TIOLIKO/)KEHHSIMU,  fKI HaadaAyTh MOKJMUBICTh AOCHUTH TOYHO
IMITYBaTH peasibHI TMOIIKOJKEHHS, s BUBYEHHS HANpyKeHO Jae(opMOBaHOIO
CTaHy TaKMX KOHCTPYKLIIl.

Ha ocHOBI mpoaHaiizoBaHUX JDKeped MOKHA 3pOOMTH BHUCHOBOK IO JaHe
MUTaHHA HE 10 KIHIA JociiikeHo. OcoO0JMBO 1€ CTOCYETbCSA AOCIIIKEHHS
€JIEMEHTIB 13 MOLIKOKEHHSIM CTUCHYTOI 30HU O€TOHY, L0 € TUMOBUM Je(eKTOM,
AKWM CTAHOBUTb 3HA4YHY HeOe3meKy AJid Mojajblioi Oe3mevyHol eKcIuTyaTarlii
KOHCTPYKIIiil. Ta BpaXyBaHH [ii HABAHTA)KEHHS PI3HOTO POy IHTEHCUBHOCTI.
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