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Amnoranis. [TocranoBka npo6nemu. BusHadeHHs (i3MKO-MEXaHIYHUX XapaKTEPUCTUK MaTepialy eKCILTyaTOBaHUX
KOHCTPYKIIA 3a JIOTIOMOTOK HEPYHHIBHUX METOJIB BH3HAYCHHS MAa€ 3HA4YHI OOMEXeHHs. BOHU BHKIHKaHI
BIZIMIHHOCTSIMH CKJIay O€TOHY, apaMeTpaMH CTPYKTYpPH KOHCTPYKIIi Ta yMOBaMH IIPOBEJCHHS BUMIPIOBaHb. 3HAYHUN
BIUIMB Ha JIOCTOBIPHICTh HEPYHHIBHUX METOJIB BH3HAYCHHS Ma€ 0coOMCTUH (hakTOp, IO 3aJICKUTH Bia (axiBIls, SKUN
BUKOHY€ BU3Ha4YeHH:. Mema docnidycennsn. OUIHUTY BIUTMB 3yCHIUIS IPUTUCKAHHS YJIbTPa3BYKOBUX NPHIIAIIB M1 4ac
«CyXOro KOHTaKTy» Ta HEOOXIAHICTh JOTPUMAaHHS BUMOT BUPOOHMKIB IPHIIAIIB IIO0 BETUUUHI 3yCHIUIS NPUTHCKAHHS
npunany. Memoouka. Bumipy 4acy NOMIMPEHHS YJIbTPa3BYKOBHUX KOJIMBaHb MPOBEACHO 3a JOMOMOIOI0 MPHIIALY
«[Tynbcap 1.1» 3a 3MiHU 3yCHIUIA MPUTHCKAHHS TPHIIATy 10 OCTOHY 3pa3ka B MeKaxX PEKOMEHIIOBAHMX BUPOOHUKAMH
npuiaay, Ta MeHmoro. CtatucTiuaHa o0poOKka OTpUMaHUX pe3ysbTaTiB (i3 Bidyalizaiielo) BUKOHAHA 3 BUKOPHCTAHHSIM
nporpamuoro komruiekcy EXEL. Pesymeratu. IlpoBeneHi AOCTIKEHHS MiATBEPAUAIN HEOOXiMHICTh ypaxyBaHHSI
BEIMYMHKA 3YCWUISl TMPUTHCKAHHS MpUIaAy [0 MOBEpXHI OETOHy TiJl Yac BHMIPIOBAHHS 4Yacy IOIIUPEHHS
YIABTPa3BYKOBHUX KOJHMBaHb. BU3HaueHO, M0 y pa3i 3MiHI 3yCHIUISA MPUTUCKAHHS MPHJIATy MOXHA BUAUIATH JEKiTbKa
IHTepBAIB, I SKUX 3aJCKHICTh «Jac TMOIIMPCHHS YIbTPA3BYKOBHX KOJHBAHb — 3YCWIUIS MPUTUCKAHHS MPHIAIY»
aNpOKCUMYETHCSI JIiHIHHO. Po3Mipn Ta B3aeMOpO3TalIyBaHHS TaKWX IHTEpBAJIIB CYTTEBO 3aJieKaTh BiJ BIAMIHHOCTI
rapaMeTpiB NMOBEpXHI OETOHY KOHCTpPYKIIi, 3MiHU CKaay OeToHHOI cymii Ta ii BracTuBOCTed, yMOB OpMyBaHHS Ta
TBepAHEHHs OeToHy. [[ns Beix BuIpoOyBaHsb (y pasi po3risiay Bciel cepii 3pa3KiB) po3Max BHOIPKHM OLTBIIMK HIK MEXi
JIOBipyOro iHTEepBaly. Po3rismaroun KoxeH i3 3pa3kiB OKPEMO BiJl iHIIMX 3’siCyBaJi, 10 po3Max BUOIpkH repedyBae B
MeXax JOBipyOro iHTepBaiy. BucHoBKH. J[oCii[UkeHHS MiATBEPIMJIM BIUIMB Ha PE3YJIbTaTH BUMIPIOBaHb 3YCHIUIS
MIPUTHCKAHHS TIpUIaay IO TOBEPXHi, CKIamy, YMOB (GOopMyBaHHS Ta TBepAHEHHs OeToHy. [liABHIIEHHS TOYHOCTI
BHM3HAYCHHS (Di3MKO-MEXaHIYHMX XapaKTEePUCTHK Marepially KOHCTPYKII MOXIIMBO IPU BpaxyBaHHI BKAa3aHWX BUIIE
(hakTopi
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Annoranusi. ITocmanoexa npoénemwpr. OnpeneneHre (DU3NKO-MEXaHHYECKHX XapaKTEPUCTHK MaTepHaa
IKCIUTYyaTUPYEeMbIX KOHCTPYKIMI MNpU TMOMOIIM HEpa3pyLIAIOMIUX METOJ0B KOHTPOJsSI HMEeT 3HAYUTEIbHBIC
OrpaHHYeHUs.. DTH OTpaHUYCHUsI BBI3BAHBI PA3IMYMIMH B COCTaBe OETOHA, MapaMeTpaMH CTPYKTYPbl KOHCTPYKIIHH, a
TaKXKE YCIOBHSIMHU IIPOBEICHHUS HW3MEpCHUH. bBoybloe BIMsSHHE Ha JOCTOBEPHOCTh HEPA3PYMIAOIIUX METOAOB
KOHTPOJS HMMEET 4YeNIOBEYCCKHIl (DaKTOp, 3aBHCAIIMKA OT YPOBHSA IOATOTOBKH CIICIUAUCTA, KOTOPBIA MPOBOIMT
u3mepenus. Ilens. OUCHUTD BIMSHUC YCWIHS MPIKUMA YIBTPA3BYKOBBIX MPUOOPOB BO BPEMsl «CYXOTO KOHTAKTa» U
HEOOXOIUMOCTh COOJIOZCHUST TPeOOBAaHMI MPOU3BOIUTENCH MPHOOPOB MO BEIMYMHE YCHIIMS TPIKATHS HPHOOpA.
Memoouxka. VI3MepeHue BpeMEHH PACIpPOCTPAaHEHHS YJIBTPa3BYKOBBIX KOJcOAHMIA MPOBEICHO MPH MOMOIIHM Tpudopa
«Tymecap 1.1» mpu U3MEHEHUH YCHJIHMS TPUKATUs MprOOpa K OCTOHY 00pa3iia B PEKOMECHOBAHHOM MPOU3BOIUTEICM
npubopa auana3zone U MeHbIM. CtaTHcTHYecKas 00paboTKa IMOTyYeHHBIX Pe3yIbTaToB (C BU3yalH3aleil) BEIITOHEHA
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¢ wucmoip3oBaHueM mporpammHoro kommuiekca EXEL Pezyasmamet. TlpoBeneHHbIC WCCIEIOBAHUS TOATBEPIUIA
HEOOXOIUMOCTh y4y&Ta BEJIMYUHBI YCWIHMS IPHXKATHA MPUOOpa K TOBEPXHOCTH OCTOHA NPU M3MEPEHHH BPEMCHU
pacnpoCTpaHeHHs YJIbTPA3BYKOBBIX KOJICOAHUI. YCTaHOBIICHO, YTO IPU HM3MCHCHHH BEIHYMHBI YCHIIHS MPKATHS
mpubopa K TOBEPXHOCTH OETOHA MOKHO BBIACITUTH HECKOIBKO HMHTEPBAJOB UISI KOTOPBIX 3aBHCHMOCTH «BpEMS
pacrpoCTpaHeHUs YIBTPA3BYKOBBIX KOJIeOAHMH — yCHIIHE MIPIDKATHA TPHOOpay ammpoKCHMHPYETCs TNHEeHHo. Pa3meps!
Ta B3aUMOPACIIONOKECHUE TAKMX MHTEPBAJIOB CYIIECTBEHHO 3aBHCUT OT W3MEHEHHH MapaMeTpoB MOBEPXHOCTH OCTOHY
KOHCTPYKIIMH, U3MECHEHHE COCTaBa OCTOHHOW cMecH M €€ CBOWCTB, yCJIOBUN (popMOBaHMS W TBepAeHUS OctoHa. Jis
BCEX WCIBITAaHWNA (NP pacCMaTpUBaHWU BCEH cepurd OOpa3IoB) pa3Max BBIOOPKH OOJBIIE YeM T'PAHMIIBI
JIOBEPUTEIBHOTO MHTEpBajia. [Ipu paccMOTpeHHH Kakaoro nm3 oOpas3IoB OTAETBHO OT OCTAIBHBIX Pa3Max BBHIOOPKH
HAXOJUTCS B TPAHMIIAX TOBEPUTEIHHOTO MHTEpBaia. BriBosbl. [IpoBeicHHBIC HCCIICOBAHNS TOATBEPIMIH BIUSHUE HA
Pe3yIbTaThl U3MEPEHUHN YCHIHS MPHXKHMa MPUOOpa K MOBEPXHOCTH, COCTaBa U CBOMCTB OCTOHHOW CMECH, YCIIOBHIA
¢opMoBaHus U TBepAcHUsA OeToHA. [IOBBIIIGHUS TOYHOCTH OMpencicHUS (U3UKO-MEXaHUYCCKUX XapaKTCPUCTHK
MaTepuaia KOHCTPYKIIMIA BO3MOXHO MPH YUETE BHIINICYKa3aHHBIX (PaKTOPOB.

KitroueBbie cj10Ba: usuxo-meanuieckue Xapakmepucmuku, Hepaspyuaowuti KOHmMpo.s, YibmpaseyK
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Abstract. Problem statement. The determination of physicomechanical characteristics of the material of the
structures in operation using non-destructive testing methods has significant limitations. These restrictions are caused
by differences in the composition of concrete, the parameters of the construction of the structure as well as the
conditions of measurement. The human factor depends on the level of training of the specialist who carries out the
measurements. Purpose. To evaluate the impact of ultrasonic devices pressing during the "dry contact" and the need to
comply with the requirements of device manufacturers regarding the size of the force of pressing the device. Methods.
The measurement of the propagation time of ultrasonic vibrations was carried out using the «Pulsar 1.1» device with a
change in the force of pressing the device to the concrete of the sample in the range recommended by the device
manufacturer and less. Statistical processing of the results obtained (with visualization) was performed using the EXEL
software package. Results. Studies have confirmed the need to take into account the magnitude of the force pressing the
device to the concrete surface when measuring the propagation time of ultrasonic vibrations. It has been established that
with a change in the magnitude of the pressing force of the device to the concrete surface, several intervals can be
distinguished for which the dependence “propagation time of ultrasonic vibrations — the pressing force of the device” is
approximated linearly. The dimensions and interposition of such intervals substantially depend on changes in the
surface parameters of the concrete structure, change in the composition of the concrete mix and its properties,
conditions of concrete molding and hardening. For all tests (when viewing the entire series of samples), the sample size
is larger than the limits of the confidence interval. When considering each of the samples separately from the rest of the
sample size is within the limits of the confidence interval. Conclusions. Studies have confirmed the effect on the
measurement results of the pressure of the device to the surface, the composition and properties of the concrete mix, the
molding conditions and the hardening of the concrete. Improving the accuracy of determining the physicomechanical
characteristics of the material of the structures is possible taking into account the mentioned above factors.

Keywords: stress-strain state; physicomechanical characteristics; non-destructive control; ultrasonics

IlocranoBka mnpodJjemMu. bymiBHUIITBO BU3HAUYECHUX MOIMEPEHbO. AJle, K MOKa3aHO B
noTpedye 3HA4YHOI KUIBKOCTI BH3HAUeHHs  [7], MaTepian KOHCTPYKIIA HE  3aBXIH
¢bi3uko-MexaHIYHUX xapakTepucTuk (DOMX)  BIANMOBIZa€ TMPOSKTHUM 3HAYCHHSIM, a Ha
Oerony. 3a3Buuail Juis Bu3HadyeHHd @OMX  pe3ynbTaTH BHUMIPIOBAaHHS BIUIMBAaE Mie U
OCTOHY Ta JOCHIDKEHHS WOTO CTPYKTYpPH  pIBE€Hb  HampyXeHO-Ie(OopMOBAHOTO  CTaHy
3aCTOCOBYIOTh ynbTpa3BykoBi mpwiamu [1; 6].  (HAC) koucTpykiii [8]. OxpiM TOro, OCKUTEKH
HaniitHicTh BHU3HAYCHHS JOCATAETbCST  HE 3aBXKIU MO>KJTBE BUKOPHUCTAHHS
KOPUTYBaHHSIM  TapyBaJIbHHUX 3aJ€KHOCTEH,  HACKPI3HOTO MPO3BYYYBAHHS KOHCTPYKIIIH, IS
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MPOBEJICHHS] BU3HAUEHHS BUKOPUCTOBYIOTh TaK
3BaHUN «CYXHi KOHTakT». byliBenbHI HOpMH
[9] HE pekOMEHAYIOTh (aje JOMYyCKarTh) HOTO
BUKOPHUCTAHHS. [HCTPYKIi AJI1 KOPUCTyBadiB
VIBTPa3BYKOBUX  MPHIATIB  PEKOMEHAYIOTh
MPUTUCKAHHS TIPWIANy IIiJ] Yac MPOBEACHHS
BuMipiB i3 3ycwwsm 5...10 xr [10; 11]. Ilpu
[IbOMY TIPHIJTATN HE KOMIUIEKTYIOThCS 3ac00aMu
BUMIPDIOBaHHS 3yCWJUIA TpUTHCKaHHS. Ha
OyniBeTbHOMY MaiilaHuuKy (200 y Oy/iBIi, 110
eKCIUTYyaTy€eThCs)  HE  3aBXKAM  MOXKIHUBO
BIITBOPUTH yYMOBH, aHAJIOTI4HI TUM, 110 Oyiu
BCTAaHOBJICHHI TpU TOOYAOBI TapyBaJbHHX
3aJIeKHOCTEH y abopaTopii.

Mera pociikeHHS OILIIHUTH BIUJIUB
3YCHILIS MPUTUCKAHHS YIBTPa3BYKOBHX
OpuUaaiB MiJ Yac «CyXOro KOHTaKTy» Ta
HEOOXI1THICTh JOTPUMAHHS BHUMOT BHUPOOHHUKIB

HpUIaIiB 1010 BEIMYUHU 3yCHILIA
MIPUTUCKAHHSA IIPUIANy.

Bukaang  marepiaay.  ExcriepumenTn
NPOBEACHO 3  JIBOMAa  CepisiMH  3pa3KiB

BUTOTOBJICHHX 13 BaXXKOTO OCTOHY. 3araibHUM
BUJI 3pa3KiB OJHIET 3 Cepiii MPEICTABICHO Ha
pucyHky 1. Sk 3amoBHIOBa4 BHUKOPUCTAHO
rpa”iTHUid  mebinp  ¢pakmii  5..20 MM
Pubanbcbkoro kap’epy Ta  IHIMPOBCHKUH
piuKOBUH  MMiCOK.  3pa3Ku  BHUTOTOBIIEHO
po3mipom 100 x 100 x 400 mm. Ilepma cepis —
4 3pa3ku 3 BAXKKOrO OETOHY (3amoOBHIOBaYi:
mebinp ¢pakmii 5..20 MM Ta JIHIMPOBCHKUHN
micok). [lpyra cepis — 5 3pas3kiB 3 TOro X
ckiany OeToHy, IO W mepma cepisd, ajie i3
30IMBIICHHSM KUIBKOCTI IleMeHTy Ha 25 % 3i
30epeKEHHIM BOJIOLIEMEHTHOI'O CIIIBBIiJ-
HOIIICHHS.

BunpoOGoByBaHHS TPOBOAMIWCH Y  Billl
28 nib.

Puc. 1. 3osniwniil suensao 3pasxis oomiei 3 cepiti /
Fig.1 Appearance of samples of one of the series
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[IpoTsiroMm eKcriepuMEeHTIB BUMIipIOBaBCS
yac TMOUIMPEHHS YJIbTPa3BYKOBUX KOJMBaHb
(UITY3K) Ha mocriiiHili 0a3i, MO 3yMOBIEHO
KOHCTPYKITI€I0 TPHIIAJIIB. 3aCTOCOBAHO TPHIIAT
«[lynecap 1.1» (puc.?2). basa BumiproBaHHs
ckinangana 120 MMm. BuszHayeHHS NpOBOIWIIOCH
Ha JBOX OIYHMX TOBepXHAX 3pas3kiB. OnHa
MOBEpXHS  KOHTaKkTyBajla 3  METaJleBOIO
omanyOKOI0 Ml 4Yac BUTOTOBJICHHI  Ta
TBepaHeHHs. [[pyra moBepxHs Oyma BiIbHA Bif
KOHTAaKTY 3 ONaIyOKOIO.

Jns koxkHoro 3paska BuzHayaBcs UITY3K
B UYOTHPHOX MICIIX Ha OIYHI MOBEpXHI.
3ycuiisi TPUTHUCKAHHS TPWIaLy 10 3paszka
3MIHIOBAJIOCH BiJl YMOBHOTO HYyIIsl (Bara JuIie
camoro mpuiamxy) ao 10 xr. Kpok 3miHu
cknamas 1,0 kr Ha BCiX eramax, KpiM MepIioro,
JUTSL STKOT'O 3yCHJIJISl 3MIHHJIOCH BiJl BIIACHO1 Baru
npunany g0 1 kr. 3ycwuis NPUTHCKAHHS
00paHO B MeXax PeKOMEHAALIN IHCTPYKIIT Juis
KOPHUCTYBaYiB.

Puc. 2. Bumiprosanns uacy nowupennsn ¥Y3K 3a
donomoeor «llynvcap 1.1» / Fig. 2. The measurement
of the propagation time of ultrasonic oscillations was

carried out using the «Pulsar 1.1»

Jlis  oTpuMaHHS pe3yJabTaTiB BHKOHAHO
CTaTUCTUYHY OOpOOKY 3a JOMOMOTOI 3ac00iB
EXEL, a came BH3Ha4YeHi: CepeaHE 3HAYCHHS
UITY3K Ha KOXHOMY eTarri; MakCUMajbHE Ta
MiHIMaTbHE 3HAYEHHS; CTaHJapTHE
BIIXWJICHHS; KOEQIIIEHT Bapiamii, KpuTepin
CTpI0/IeHTa Ta MEXi JIOBIPUOTO iHTEpBANy i3
3abe3mneueHicTio 0,95.

Bizyamizamiss CTaTUCTMYHHX pPO3pPaxXyHKIB
OTPUMaHMX pe3yJbTaTiB BUKOHAHA Yy BHIJISII
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rpadikiB. Bkazani 1aHi oTpuMaHO Al KOKHOTO
3paska cepii Ta s BCiel cepii.

Ha pucynkax 3 ta 4 HaBeeHO pe3yJabTaTH
BumiproBanas UYIITY3K s 3paskiB  mepiioi
cepii Ha TIOBEpXHi, IO KOHTaKTyBaja 3
METaJIEBOIO0 OMayOKOIO il YaC BUTOTOBIICHHS
(puc. 3) Ta sika HE KOHTAKTyBaja 3 OMATYOKOIO
(puc. 4). A HaA pUCYHKY 5 — pe3ynbTaTH
BuMiproBanb UYITY3K cminbHO 17151 BCiX 3pa3KiB
cepii.

Jlerko MOMITHTH, IO Ui KOXHOTO 3pa3ka
ICHY€E JIBa IHTE€pBAJM, B SKUX 3a 3MIHH 3yCHJIISA
MIPUTUCKAHHS UITy3K 3MIHIOETBCS
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«TMOBUIbHOY». MK ITUMH 1HTEpBAJIaMH € TPETiid,
B SIKOMY BimOyBaeThcs pizka 3mina UITY3K.
OpHak U1 KOXKHOTO 3pas3Ka Iei iHTepBaj Mae
cBoi Mexi. Jlma pisHMX 3pa3kiB iHTEpBal i3
pizkumu 3minamu UITY3K cximagae Big 20 1o
45 % BiJ BChOTO 1HTEpBaTy BUMipIOBaHb. Jluiie
JUTSL OJTHOTO 3pa3ka Iieil iHTepBan nepedyBae B
MEXaxX pPEKOMEHJIOBAaHMX BHPOOHUKAMH IS
NpOBEJCHHS BUMIpOBaHb. J{ns  OimbInocTi
3pa3KiB  PEKOMEHJOBaHUI BUPOOHHUKAMU
npuiaaiB IHTEpBaJ CKJIAJa€ JHIIE YaCTUHY
inTepBany, B skomy UIITY3K 3wmiHoO€ETHCS
«TIOBITTEHOY.
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Puc. 3. Pesynomamu eumiproganns YI1Y3K 3a sminu 3ycuninsg npumucKkants 015 3paskie nepuioi cepii Ha nosepxti, wjo
nio yac 8U20MosieHHs KOHMAKMY8aid 3 Memanegoro onanyoxorn: a —3pasok Nel; 6 —3pazok Ne 2; 6 — 3pazok Ne 3;
2 —3paszox Ne 4 / Fig. 3. Results of the measurement of the propagation time of ultrasonic oscillations when changing
the pressing force for samples of the first series on the surface, which during manufacture was in contact with the metal
formwork: a — sample no. 1; b — sample no. 2; ¢ — sample no. 3; d — sample no. 4

Pesynbratu CTATUCTUIHOL 00poOKH
OTpUMaHuX JaHux (puc. 3—-5) HaBeAeHO Ha
pucyHkax 6-8.

Jns  KOXKHOrO  3pa3ka  pe3yibTaTu
BHMIPIOBaHb Mepe0yBalOTh B MEXKax JOBIPUOTO
iHTepBaiy i3 3abe3neyenictio 0,95.
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Jlnsi  TOBEpXOHBb, MO KOHTAKTYBalH 3
OMajgyOKOI0 B MeXax <«IOBUIBHOI» 30HHU
koedilieHT Bapianii He nepeBuurye 9,6 %, a B
Mexax «pizkoi» — 38,2 %.

Jlnsi TOBEpXOHb, IO HE KOHTAKTyBalH 3
OMajgyOKOI B MeXaxX <«IOBUIBHOI» 30HH,
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koediuieHT Bapiamii He nepeBuulyBas 10,2 %.
Hns  iHTepBaniB, y skux 3minn YITY3K
BiOyBaMCh  pi3ko, KoedimieHT  Bapiarrii
3MiHIOETECS 3 41,7 10 66,2 % .
HeoOxigHO 3a3HA4YUTH, IO
pe3ynbTaTd  MATBEP/DKYIOTH  BIUIMB  YMOB
TBepJIHEHHS (HasBHICTH ab0  BIJICYTHICTh
ormanyOKH TMOpydY i3 TOBEpXHEI OETOHYy) Ha
BJIACTUBOCTI TOBEPXHI OETOHY KOHCTPYKIIii.
JIerko TOMITHTH, IO «IOBUIBHA» 30HA IS
MOBEPXHI, M0 HE KOHTAKTyBaja 3 METaJeBOIO
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onaxyOKoOr0, Kpaie Bu3HaueHa y pasi O1IbIIoro
3yCHIUIS TPUTHCKaHHS npunaxy. OCKiIbKU 1is
MOBEpXHS 3pa3ka Oyna 3Bepxy IMmija dYac
dopMyBaHHS, TO BIPOTITHO Taki pe3ylIbTaTH
CTal¥  HACIHIAKOM 1€ W  TpaBiTaIliiHOI
nonspusanii  OeToHy, SKa  CHPUYHMHIOE
BimMiHHOCTI Yy ®MX nmnsa mapiB OeToHy, IO
nepeOyBaii Ha pI3HIA BUCOTI miag dac
dopMyBaHHS Ta Ha TIOYAaTKy TBEPJHEHHS
OeTony.
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2 (d)

Puc. 4. Pesynomamu eumiproganns YI1Y3K 3a sminu 3ycunng npumucKkants 015 3paskie nepuioi cepii Ha nosepxti, wjo
nio uac 6U2oMmMoGIeHHs He KOHMAKMy8anid 3 OnaIyoKkorn: a —3pa3ok Ne 1; 6 — spazok Ne 2; 6 — spazox Ne 3, e — 3pazok
Ne 4/ Fig. 4. Results of the measurement of the propagation time of ultrasonic oscillations when changing the pressing
force for samples of the first series on the surface, which during the manufacturing did not contact the formwork:

a — sample no. 1; b — sample no. 2; ¢ — sample no. 3; d — sample no. 4

100



Bichuk [TpuaHinpoBeskoi aepskaBHOT akazemii OyaiBHUITBA Ta apxiTekTypH, 2019, Ne 2 (251-252) ISSN 2312-2676

44,0 44,0
40,0 40,0
Z g
£ 36.0 £ 36,0
o 32, <
i 32,0 2 32,0
7 280 ”
= 28,0
= 24,0 &
I 24,
£ 20,0 g‘ b
£ 16,0 g 20,0
L= v
S 12,0 S 160
8,0 12,0
4,0 8,0
01 2 3 4 5 6 7 8 9 1011 0 1 2 3 4 5 6 7 8 9 10 11
3yCHIS NPATHCHEHHS NPHIALY, KT 3yCH/IA NPHTHCHEHHS OPHIALY, KT
a o (b)

Puc.5. Pezynomamu sumiprosanus YI1V3K 3a 3minu 3ycunis npumuckants 0Jis 3pa3sKié nepuioi cepii Ha nogepxwi, ujo
nio uac 8UCOMOGIEHHs: 4 — KOHMAKMYald 3 MEeMmaiegoio OnaiyoKkow ; 6 — He KOHMAKMyeaida 3 Onauryokow /
Fig. 5. Results of the measurement of the propagation time of ultrasonic oscillations when changing the pressing force
for samples of the first series on the surface, which during the manufacturing: a — process was in contact with the metal
formwork; b — did not contact the formwork
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Puc. 6. Pesynomamu cmamucmuunoi 06pobku peszynomamis eumiprosanus YI1Y3K y spaszkax nepuoi cepii Ha
NOGEPXHI, Wo Ni0 Yac 8U20MOGIEHHs KOHMAKMYBAd 3 Memanesoio onanyoxow: a — spasoxk Ne 1; 6 — spazox Ne 2;
6 — 3pazox Ne 3; 2 — 3paszok Ne 4 / Fig. 6. Results of statistical processing of the results of measurement of the
propagation time of ultrasonic oscillations in samples of the first series on the surface, which during the manufacturing
process was in contact with the metal formwork: a — sample no. 1; b —sample no. 2; ¢ — sample no. 3; d — sample no. 4
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Puc. 7. Pesynomamu cmamucmuunoi 06pooku pesynvmamie sumiprosanns 4I1Y3K y 3paskax nepwioi cepii, na
Nno8epxHi, Wo Nio 4ac 8UC0MOBGIeHHs He KOHMAKMY8aia 3 onaiyoxorn: a — 3pasok Ne 1; 6 — 3pazok Ne 2; 6 — 3pazok
MNe 3, 2 —3pasox Ne 4 / Fig. 7. Results of statistical processing of the results of measurement of the propagation time
of ultrasonic oscillations in samples of the first series on the surface, which during the manufacturing did not contact
the formwork: a — sample no. 1; b —sample no. 2; ¢ — sample no. 3; d — sample no. 4
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Puc. 8. Pezynemamu cmamucmuunoi o6pobku pesyromamie sumipiosanusa YI1V3K y 3paskax nepuioi cepii, na
NOBEPXHI, WO Ni0 4ac 6U0MOGIEHHA: A — KOHMAKMYBALA 3 MEMAie8oi0 OnanyoKoio, 6 — He KOHMAKMyeana 3
onanyoxoro / Fig. 8. Results of statistical processing of the results of measurement of the propagation time of ultrasonic
oscillations in samples of the first series on the surface, which during the manufacturing: a — process was in contact
with the metal formwork; b — did not contact the formwork
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[Toctymose 30UTbIIICHHS 3YCHIUIS
MPUTHCKAHHS TPWIATy A0 3pa3ka BUKIUKAE
3aHypEeHHs KOHIICHTPATOPIB NPTy B OCTOH.

HeoOxinHO TakoX ypaxoByBaTu JiHINHMIA
xapaktep 3MmiH YIITY3K y pa3i 30iabmeHHs
3YCWJUISL IPUTUCKAHHS, SKHI TaKOX BIUTHBAE Ha
TOYHICTh TapyBaJIbHUX 3QJIGKHOCTEH, IO
BUKOPHUCTOBYIOTECS Y TOCTIIKEHHSIX.

Ha pucynkax 6—8 HaBeneHO Bi3yalizallito
pE3yNbTaTIB  CTATUCTUYHOI OOpOOKM JaHUX
mono BumiptoBanHs UYIIY3K nmns  3paskis
nepIoi cepii Ha MOBEPXHi, KA KOHTAKTyBaJa 3
METaJIEBOI0 OMaTyOKO0 Tij] 9ac BUTOTOBJICHHS
(puc. 6), sika HE KOHTAKTyBaJla 3 OMATYOKOIO
(puc. 7) Ta MOPIBHSAHHS PE3yNbTaTIB TijJ Yac
cyMmicHOi 00poOku i BCiX 3paskiB (puc. 8).
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AHaJi3 1mokasye, 1o po3TJsIaT BCi 3pa3KH, SK
Taki, 110 HajJeXaTb 1O OJHI€l TeHepalbHOL
CYKYITHOCTi, MOKJIMBO JIUIIIE B MEXaX YaCTHHU
IHTEpBaly  3MIHM  3yCHUISI  MPUTHUCKAHHS
npuwiany. CnpoOu BUIYYUTH OJMH 13 3pa3KiB
(abo nBa 3pasku) i3 pPO3paxyHKy HE 3MiHHUIU
XapakTepy OTPHUMAaHUX 3alIeKHOCTEH, a JIUIIe
3MIHIIA MEX1 30HH 3 MPUUHSATHUM 3HAYCHHSIM
koedirienTa Bapiartii.

Ha pucynkax 9 ta 10 nokasano pe3ynpTaTi
BumiptoBanass  YIIY3K Tta  craructudHoi
00poOKM JaHuX YCiX 3pa3kiB apyroi cepii Ha
O1YHMX MMOBEPXHSX, 110 KOHTAKTYBAJIHU Ta 1110 HE
KOHTaKTyBaJld 3 ONAIYOKOK Yy TIpoIeci
BUTOTOBJICHHS
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Puc. 9. Pesynemamu sumiproganna YI1Y3K 3a sminu 3ycunia npumuckanua 015 3pa3sKie opyeoi cepii Ha nosepxwi, wjo
nio Yac 6U20MOBIEHHs: a — KOHMAKMY8ALd 3 MEMAne80i0 ONAIyOKoio ;| 6 — He KOHMAKMY8ald 3 OnauryoKow /
Fig. 9. Results of the measurement of the propagation time of ultrasonic oscillations when changing the pressing force
for samples of the second series on the surface, which during the manufacturing: a — process was in contact with the
metal formwork; b — did not contact the formwork
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Puc. 10. Pesynomamu cmamucmuunoi 06podku pezynromamie sumiprosanna YI1Y3K y 3paskax nepwoi cepii, Ha
NOBEPXHI, WO Ni0 4ac 6UL0MOGIEHHA. A — KOHMAKMYBALA 3 MEMAiesoi0 Onanyokoio, 6 — He KOHMAKMyeana 3
onanyororo / Fig. 10. Results of statistical processing of the results of measurement of the propagation time of
ultrasonic oscillations in samples of the second series on the surface, which during the manufacturing: a — process was
in contact with the metal formwork; b — did not contact the formwork
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PesynbrariB BUMIpIOBaHHS JJs  3pa3KiB BrockonaneHHss METOAMKHM BU3HAYEHHS
apyroi cepii JEeMOHCTpPYIOTh aQHAJOTIYHMN  BIACTUBOCTEH 6eToHy YIABTPa3BYKOBUM
XapakTep 3MiHU. BiAMIHHOCTI y 3aJIe)KHOCTI  METOJIOM ii MOXKJIMBO BHKOPHCTATH SK OJIHY 13
UITY3K Big 3ycusuis NIPUTUCKAHHS MpUJIany 1€ CKIJIQJIO0BUX MePEBIPOYHOTO pO3paxyHKy
MPOSIB 3MIHU BJIACTMBOCTEHM CTPYKTYPH 3pa3ka,  KOHCTpykmid [12; 13] Ta jias  OIIHKH
0 SIBISIIOTH COOOK0 BioOpaskeHHsT OIbII  TEXHIYHOTO CTaHy KOHCTPYKLIH OyaiBenb Ta
BHCOKOi PYXJIUBOCTI OCTOHHOI CyMimi 3  CHOPYA.

MIJBUIICHOI0 KUTBKICTIO IIEMEHTY Vy CKIIafi BucnoBku. IligTBepkeHO BIUIMB Ha
oetony. Jlms Bcix BumpoOyBaHb (y paszi  pe3yiabTaTH BUMIPIOBaHb 3yCHIUIS IPUTHCKAHHS
po3risiy Bei€l cepii 3pa3kiB) po3max BHOIpKM — TNpHJIaAy 0  TOBEpXHI, CKIaay, YMOB

OUThIIMIA, HIK MEXI JOBIPYOTO IHTEpBAIY.
Po3rnsg KOXKHOTO 3pa3ka OKpeMO BiJ I1HIIMX
MoKa3ye, 10 po3Max BHOIpkH mepedyBae B

dbopMyBaHHS Ta TBEPIHECHHS OCTOHY.
AHauni3 HaBeJCHUX pe3yJbTaTiB CBIAYUTH,
10 BUKOPUCTaHHA JUIsi BU3HaueHHS OMX

MeXax JIoBip4yoro iHTepBasly. ToOTO He3HauHi  MaTepially  KOHCTPYKLIA  pEKOMEHIOBAaHUX
BIIMIHHOCTI B yMoBax (OpMyBaHHsI Ta  BHUPOOHHKOM YIIBTPa3BYKOBUX MpUITAIIB
TBEPIIHHSA O6eTony poOIATH KOXHY  3yCWJb INPUTHCKaHHS HE J03BOJSE OTPUMATH
KOHCTPYKIIFO  (KOXKHMM  3pa30K)  JyXe  JOCTOBIpHI pe3yiabTaTH BHMIPIOBaHb.
IHAVBIAyaTbHAM, a BHUKOPUCTAHHS Hamepen IMinBumienss To4yHOCTI BU3HaueHHI OMX
MoOyJIOBAaHUX  TapyBAJIbHUX  3QJICKHOCTEH  MaTepialy KOHCTPYKIIM MOMJIMBE 32 YMOBH

MMOKAa3y€e HEJOCTATHIO TOYHICTb.

9.

. Chen Jun.

BpaxyBaHHS ~ BKa3aHUX  Bulle  (akTopiB
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