Tabmuis — 3anexHicTh BUXiTHUX napameTpiB rigposaxucty 3E/la Big KII giapparmu npu tucky
Ha Bxoai P, =20,0MIla

KII miadgparmu HIBuaxomis, [lepenag THCKY MK BXOJIOM 1 BUXOJIOM
H, XB. Dp = p; - Py, Mila
2,43 1,74 0,015
2,38 1,74 0,228
2,48 1,74 0,253
2,5 1,74 0,346
2,51 1,74 0,392
2,34 1,74 0,426
2,52 1,74 0,439
1,98 1,74 2,396
3,51 1,74 4,155
1,39 1,74 6,513
1,16 1,74 8,50
1,01 1,74 9,933

SIk BHIIHO 3 TaOI., MBHUAKOIS (TPUBATICTh MPOXOKCHHS CUTHAIY Bifl BXOIY 10 BUXOY)
rigpozaxucty 3EJ/la 3anuimiaeTbcsi BENIMUMHOIO TOCTiMHOI, He3anexxkHo Bixg KII miadparmu, a
mepenaa THCKY MK BXOJOM 1 BUX0JA0M D P 3MIiHIOETHCS B HIMPOKOMY Iiama3oHi 3HAYEHb

(0,015...9,933) MIla. [ns edextuBHOi poboTu rimposaxucty 3E/la HeoOXigHO, 1100
D p £ 0,4MIla, romy Haiibinemr npunataum € KIT giapparmu skuii 3MiHIO€THCS B Mexax 2,38 -
2,5.

Bucnosku. lnsaxom nexomno3uiii riapasiiuHoro 3axucty 3EJ[a Ha okpemi CTpyKTypHi
€JIEeMEHTH. TPYOKH, Kamuisipu, KUIBIEB1 IIUIMHH, APOCENbHI IMaiOW, KiamaHu, aiadparmu
pO3pobIIeHO oro MaTeMaTuyHy Mojelb. Bukopucrapuiu giarpamy npoxoakeHHs curaainis 1 K11,
OTpUMAJIM HOro JIiHIHHY MaTeMaTU4YHY MOJEIb. 3a JOIMOMOTrOI0 JIHIHHOI MaTeMaTUYHOI MOJel
MIPOBEJICHI aHANITHYHI JOCHIPKEHHSI BIUIMBY *OPCTKOCTI AiaparMu Ha ePeKTUBHICTb pOOOTH
rigpozaxucty 3EJ/la. ¥V pesynbTaTi AOCHIKEHb BCTAHOBJIEHO, IO IS €PEKTUBHOI pOOOTH
rigposaxucty 3E]la KII giadhparmu noBureH ctranoButH 2,38 - 2,5, a ioro BIUIMB Ha IIBUJIKO/IIIO
BIJICYyTHIH.

Cnucok JiTepaTypu: 1. HedrenpomsicioBoe obopynoBaHue: CrpaBounuk /Tlox pen.
E.W. byxanenko.— 2-e wu3z., nepepad. m gom.— M.. Henpa, 1990. 2. [lomos J.H. /lunammka u
peryJimpoBaHue THUAPO- U THeBMocucTeM. — M.. MammHocTpoenue, 1987. - 464 c. 3. bamra T.M.
'mapaBnwueckue MPHUBOABI JIETATENBbHBIX ammapaToB. — M.. MammuocTtpoenue, 1967. — 495 c. 4.
Hauuno 10.A., Kupumnosckuit 10.JI., KonmakoB FO.I'. Anmapatypa o0OBEMHBIX T'MAPONPHUBOIOB:
Paboune mpomeccel m xapakrepuctukd. — M.. Mamunoctpoenune, 1990. — 272 c. 5.Tpakcen [xon
CunTe3 cucreM aBTomMarmyeckoro perymuposanus: Ilep. ¢ anrn. — M.: MAILIT'M3, 1959. — 614 c.: .,
TaoII.

V]IK 622.24.05-519
1. 3. TIOTAK, kano. mexu. nayx, A. A. MAHJ/[PA, kano. mexu. Hayk

CHHOCIb BUBHAYEHHSA TAPAMETPIB 3AI'ACAHHSA XBWJIb JIEMBA B
I3OTPOITHOMY IIPYKHOMY CEPEJOBHUIIII

PaccmoTpeHbpl MeTOIbI ONpeiesieHns BEIMYUHBI 3aTyXaHUs YIbTPa3BYKOBBIX KosieOaHUI BosiH JIamOa B
ynpyrux cpeaax. [lpeacraBineHsl pe3ynabTaTbl B BHJE TpapUKOB JUIsl JBYX HYJIEBBIX MOJ —
CUMMETPUYECKON U aHTUCUMMETPUYECKOM OT IPOUIEHHOIO PACCTOSHU.
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HepyliHiBHUI1 KOHTPOJIb € Ba)KIMBOIO JJAHKOIO PO3BUTKY MalIMHOOYAIBHOI, TPAHCIIOPTHOI Ta
IHIIUX Trajgy3ed HapoaHoro rocmoaapcTBa. llepeBakHa OUIBIIICTH KOHTPOJIO 00’ €KTIB
3MIACHIOETbCS aKyCTMUHUMHU MeToAaMH. TOMy BaXJIMBUM € OTPUMAaHHS SIKHAaWMOBHILIOL
iH(popMallii Mpo mapaMeTpy MOMIMPEHHS aKyCTUUHUX XBUJIb, 30KpeMa XBWJIb JlemMOa, o Habynu
IHTEHCUBHOTO PO3BUTKY Ha JaHWi yac. BaxnuBicTh BUKOpUCTaHHS XBWiIb JlemOa mosdrae y ix
BJIACTUBOCTI MOLIMPIOBATUCH HA 3HAYHO OUIBIII BIJCTaHI y MPYKHOMY CEpEAOBHILI HIK 00’ €MHI
xBuIi. L5 BmacTuBICTh 103BOJISIE €PEKTUBHO 3aCTOCOBYBATH TaKl XBUJI y TPOTSKHUX METAJIEBUX
KOHCTPYKIIISIX.

[cHytoul Meroau OOYMCIIEHHS pIBHS 3aracaHHs aMmIUTITyAd XBWIb JlemOa 0a3yroThcsi Ha
Hamepes 3aJaHuX MPYKHUX KOHCTAHTax MaTepiaiy, 30KpeMa MOJIYJSAX MPYKHOCTI MEpIIOro Ta
Apyroro mopsanky. Taka 3aJeXHICTb pIBHS 3aracaHHs aMmIUTITy[Ad BiJ BEJIUYHMH TPYKHUX
KOHCTAHT € BOXXJIMBUM (PI3UYHUM SIBULIEM, SIKE MO’KHA BUKOPUCTOBYBATH JIJIsl XapaKTEPUCTUKHU Ta
rpajamnii JOCHKyBaHOTO Matepiany. Tak JOCHIDKEHHS 3aracaHHs aMIUNITyJAd XBHJIL 3a
napamMeTpaMu JIYHO-CUTHATIB NpenacTaBieHo B mpami [1]. HaykoBmi mociipkyBaiu mapamerpu
MaTepialy Ha TMEBHIM 4YacTOTHIM cMy3i. Pe3ynpratamMu poOOTH € TOPIBHSHHS 3aracaHHs
aMIUNITYJU JIyHO-CUTHaJly JUid cTaimi 13 pisHUMH ¢azamu. Henonmikamu AOCHIIKEHHS €
HEMOXJIMBICTh 3aCTOCYBAaHHS Pe3yJbTaTIB JJIs OLIIHKA MaTepiaay MeTalleBUX KOHCTPYKIIIH, 10
eKCIUTyaTyloThesa. J{oCmiUKeHHsT 3aracaHHs yJbTPa3BYKOBUX XBWJIb B MPOTSKHUX METaJEBUX
KOHCTPYKIIiSIX, 110 €KCILTYyaTyIThCs MpeacTaBicHo B [2]. B poOoTi mocimipKkyBatuch iHKOTENIEBI
TpyOONpPOBO/IHY, IO EKCITYaTyIOThCS MPU BUCOKUX TeMIleparypax. Pe3yiabTaToM JOCTIIKEHHS €
3aJIe)KHOCTI 3MIHM TUIACTMYHOCTI Ta MPYXHOCTI Marepialy BiJf yacy eKCIUTyartaiii Ta pi3HHUX
teMriepatyp. Henomikom po6oTH € ii By3bKa CHPSIMOBAHICTh Ha JOCHIPKEHHS I1HKOTEJIEBOIO
MaTepially NMpu BUCOKUX Temmeparypax. Pe3ynbraTu AOCHIIKEHHS CKIAHO 3aCTOCYBaTH JUIS
MeTaleBUX KOHCTPYKLIH, 1110 €KCILTYyaTyI0ThCsl IPU HOPMaJIbHUX TeMIIepaTypax HaBKOJIUIIHBOTO
CepeIOBUIIIA.

MeTo BU3HAYEHHS MapaMeTpiB MeTaly 3a BEJIMYMHOIO 3aracaHHsl IMOBEPXHEBUX XBUJIb
npeacrasiedo B [3]. B poboti 3ampornoHoBaHO 30yKyBaTH MOBEPXHEBI XBHJI MEXaHIYHUM
MetonoM. [lapamerpu maTepiany BBakaroThbCs (PYHKIIE€I0 BEIMUYMHU JUCTEPCIi IIUX XBWIb, SKa
BHU3HAyYajgacs CHEKTpaJbHUM MeToJoM. Pe3ynbratu nocnipkeHb Oyid BUKOPHUCTaHI JUIsl aHaATI3y
MeTally OETOHHUX KOHCTPYKIIH 3THUX CMYT aepomnopTiB. [IpogoBKeHHAM 1BOTO JOCIIKEHHS
€ mpans [4]. B mparii Bka3aHO Ha 3HAYHUU BIUIMB HA TIapaMETPH MOBEPXHEBHX XBWJIb apMaTypH
OETOHHUX KOHCTPYKIIiH, 1110 HE A03BOJISE 3 JOCTATHHOIO TOUHICTIO BU3HAYATH XapaKTEPUCTUKH Ta
rpajgamii JOCHiIKyBaHOTO MaTepialy 1 K pe3yJbTaT — Ha HEMOBHICTh METOJY aKyCTHYHOTO
HEpPYWHIBHOIO KOHTPOJIIO. JIpyruM HEJOJIKOM METOAY € HEIOCTATHICTh TEOPETUYHUX Ta
MPaKTUYHUX PE3YyJbTaTIB JUIsl MOro 3acTOCYBaHHS MNpPU HEPYHHIBHOMY KOHTPOJII BHKIIIOUHO
MeTaleBUX KOHCTPYKIIH.

Amnani3zyrouu BHILECKa3aHe, MIPUXOAUMO O BUCHOBKY MPO HEJOCTATHICTIO 1H)OPMATUBHICTD
TEOPETUYHUX MOJIEJIEH OMUCY 3aracaHHs aMILUTITYyAU MOUIMPEHHS YJIbTPa3BYKOBUX KOJMBaHb Ta
PO HEOOXIAHICTh €KCIIEPUMEHTAILHOTO JOCTIHKCHHS! BEJIMUYMHU 3aracaHHs aMIUTITYJId XBHWJIb
Jlem0a B mpykHOMY CepeloBHIII. 3amaueto JaHOi poOOTH € PO3pOOJICHHS CITOCOOY BU3HAYCHHS
napameTpiB 3aracanHs XBuiib JlemOa B 130TpONHOMY MPYKHOMY CEpPEAOBHILI Ul 3a0€3NeUeHHS
MOJAJBIIOI MOKJIMBOCTI JIOCHIDKEHHS XapaKTEPUCTUKH Ta Tpajauii marepiary o0 exTy
KOHTPOJIIO.

B 3aranpHOMY, 3aracaHHsi aMIUTITY1 3aJI€KUTh BiJl JBOX OCHOBHHX (DaKTOPIB:

- BEJIMYMHU HUIAXY Ta F€OMETPUYHMX MapaMeTpiB CEepelOBHILA MOIIUPEHHS, PO3CIIOBAaHHS
XBUJILOBOI €HEPTii Ha FPaHULIAX PO3JLITY CEpPEIOBHIL;

- azcopOyBaHHS Ta PO3CIIOBAHHS KOJMBHOI €HEprii mMaTepiajoM CEepeloBUIIA MOIIUPEHHS
XBUJII.

3aracaHHsl aMIUTITY/IM BHACIIA0OK B3a€MO/IT 13 TPAHULISIMU PO3JLTY CepeloBUI XBUiIb Jlemba
€ CKJIaJIOBOIO TE€OPii iX reHepyBaHHsl. [3 30UIbIIEHHSIM I'YCTUHU IPaHUYHUX LIApiB A0 CEPEIOBUIIA
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nomupeHHs: XxBuib JlemOa, IHTEHCUBHICTh BUXOAY XBUJIBOBOi €HEprii B Il IIapu 301IbIIYETHCS.
MarematuuHuii onmuc yYMOB B3aemonii xBwib JlemOa 13 IHIIUMH CEpPEeOBUIIAMU MOKHA
BHU3HAYMTH aHAJIOT14HO [5].

Jlo iHdopMaTUBHUX NapaMeTpiB CepeloBUIA MOIIUpPEHHs XBWIb JlemOa BITHOCATH PO3MIp
aMIUTITyAM TEHEpPYBaHHsA KOJWBaHb, TEOMETPUYHI PO3MIpU CEpPEAOBHINA, TOBXKHUHY XBUII,
HasIBHICTB/BIJICYTHICTh TMOBEpXOHb BiAOUTTA [8]. ['eomerpuyHi mnapameTrpu CepeloBHINA HE
BIUTMBAIOTh Ha BTPATHU KOJMBHOI €HEprii, a TUIbKK Ha ii IpOCTOpOBUI mepepo3noait. PizuyHe
MOSICHEHHS 1IbOTO SBUILA IOJIATAE B TOMY, IO HE3BAKAIOUM Ha MOCTIHHY BEJIMYUHY KOJUBHOT
eHeprii y ¢poHTI XBUIII, TEOMETPUYHI po3Mipu (GPOHTY 30LIBIIYIOTHCS 13 MOMIMPEHHAM XBUIl. B
pe3yabTaTi Mepepo3NOAUTY KOJMWBHOI €HEeprii Mo OUTBIIIN TIOml BIAMOBIIHO 3MEHIIYETHCS
aMIUTITyJ]a KOJIMBaHb B OKpPEMO B3ATiM Toulli. Bennunny konuBHOi eHeprii E,; MokHa BU3HAUUTH
Tak [7]:

E,=u>w’x = P/(r >c2), (1)

7€ U — KOJIMBaHHS €JIEeMEHTapHOro 00’ €My MpYy>KHOTO cepeoBuIla, W - KyToBa 4acrora, I -
rycThHa, P — TUCK XBWIJII, C — IIBUIKICTh TMOMIUPEHHS XBHIII.

JUia aHamidy [Apyroro UYMHHMKA BIUIMBY Ha 3aracaHHs amIuntyau xBuib JlembOa —
azcopOyBaHHsI Ta pO3CIIOBaHHS XBUJIBOBOI €HEprii MaTepiajioM cepeloBHUIla NpUIMEMO, IIO0
TPaHUYHUMH MOTO IIapaMu 3 ABOX CTOPIH € MOBITPs. Y BUIAJKY MOBITPS SIK TPAaHUYHOIO IIapy,
KOJMBaJIbHA €Hepris XBuib JlemOa, 110 MOMMPIOIOTHCS B CTall, MPAKTHYHO IOBHICTIO Oyle
YTPUMYBATHUCh MPYKHUM cepelloBUlleM. ToMy Ha 3aracaHHsl aMIUTITYJU IUX XBHUJIb BHOCUTHUME
BIUIMB Marepiaja TMPYKHOTO CEpeNOBHINA — CTajlb. XBWIl JlemMOa MOMIMPIOIOTHCA B CTajeBiil
IUTACTHHI TOBIIMHOKO N, TOBXKMHA Ta IIUpPUHA TUIACTHHU € JOCTATHHO BEJIMKUMHU 1 HE BIUTUBAIOTH
Ha rapameTpu X MOLIUPEHHS.

Po3citoBaHHS XBWJIBOBOI €HEprii Ta MeXaHI3M 11 aJcopOyBaHHS MarepiajoM MpYy>KHOTO
CepeIoBUINIA 1€ MPOLEC, 1110 3a/1l0€ HEPIBHOMIPHOCTI Ha MIKpPO Ta Makpo PIBHAX Ha MOBEPXHSIX
PO3JIiTY CEepeIOBHIL, BPaXOBY€E HEPIBHOMIPHOCTI MaTepiary, MiKpOBKIIIOYEHb TOIII0, puc. 1 [6]. B
bOMY BHIIQJIKy 3MEHUIECHHS BEJIMYMHU KOJMBHOI €Heprii BiAOyBaeTbCs uepe3 AUCHEPCio
XBUJIBOBOTO (PPOHTY, IO PO3IIMPIOETHCA 13 MOCTYHNOBUM MOIIMPEHHSIM XBHIIl. HepiBHOMIpHOCTI
Ta MIKpOBKJIIOYEHHSI BHOCSThH 3aMITHUM BIUIMB TIJIbKU MPH CIIB PO3MIPHOMY iX F€OMETPUUHOMY
pO3MIpi 13 JOBKMHOIO XBHWJI, MPU MEHIIHUX pPO3Mipax XBUJIl OTMHAIOTh HEPIBHOMIPHOCTI 0e€3
Nepepo3nolly KOJUBHOI eHeprii. BenuuwmnHa 3aracaHHs aMIUIITYyId HOpsIMO MpPOIOpIiiiHa
T€OMETPUIHOMY PO3MIPYy HEOAHOPIAHOCTI B KyOil, 1 mourMHae BHOCUTH BIUUB Tipu 1/10 moBxuHM
XBWIL. SIK pe3ysbTaT HassBHOCTI HEOAHOPIAHOCTEN, YTBOPIOETHCS 3HAUYHA KUIBKICTh BIIOUTTIB, 1110
YTBOPIOIOTh TICEBIO XBWJIIO. Taka TCEBOO XBWIA CTBOPIOE 3aBagd HECy4ld XBWJIL 1 MOXKe
MOBHICTIO il MOTJIMHYTH TpPH HASBHOCTI BIAMOBITHOI KUIBKOCTI HEOAHOpigHOCTEH. Oco0JMBO
3HaYyHa BUPaXXKEHICTb 3aBaJ] CIIOCTEPIraeThCsl y aHI30TPOIHUX MaTepiaax.

3aracaHHs aMIUTITY I BU3HAYA€ThCs y nerubenax [7]:

A, =a A xf, (2)
1e a - koedilieHT 3aracalss, | - TOBXHHA NUIAXY HMOIIUPEHHs XBWII, f - gacTora.

Jlns imeanmizoBaHUX TPYKHUX CEPEJOBHIN MOXHA BBa)KaTH, IO KOEQILIEHT 3aracaHHs
YJIBTPa3BYKOBOI XBUJIl IEBHOT YaCTOTH € KOHCTAHTOIO.

OCKUTbKM 3aracaHHs aMmIUTITyAUd 3aJIeXUTh BiJl afcOpOyBaHHS Ta PO3CIIOBaHHS KOJIMBHOI
eHeprii, To KoeQIli€eHT 3aracaHHs MOKHa PO3KJIACTH Ha JBa JIOJAHKW. &, — 3aracaHHs Bij
azcopOyBaHHs Ta 8 p — 3aracaHHs BijJ pO3CIIOBaHHS:

a=a,+a,. (3)

AncopOyBaHHsI 1€ MPOIEC MEePETBOPEHHS aKyCTHYHOI €Heprii B TEIJIOBY BHACIIOK TaKHUX
SIBUI SIK BHYTPIIIHE TEPTs, 1[0 BUKJIMKAHE IUCIIOKAIIEI0 Ta TEPMOIPYXKHICTIO. Po3citoBaHHs
3aJIeKUTh B PO3MIPY TpaHUIlb 3€pEH, NPUCYTHOCTI pi3HMX (a3. BuzHauutu koedilieHT ap
MO>KHa TaK:
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a,=Sd*t*, (4)

Je S — KOHCTaHTa, 110 BU3HAYA€ThCA SK BEJIMYMHA BTPATH KOJMBHOI €HEPrii MpH Mepexojl
yepe3 pi3Hi (pa3u craii 3a TOMOMOTOI0 Pi3HHMINI aKyCTHYHUX iMIeaaHciB; d — BenruuHa 3epeH; f —
4acToTa.

MoskHa cTBEpAKYBaTH, 110 IPU OJHAKOBIN YaCTOTI YIbTPa3BYKOBOI XBHIIL JUIsl PI3HUX CTaJeH

BEJIMYMHA 3aTacaHHs 3aJieKaTUMe B1 KOCQIIIEHTY a p.
B T ¥ .".-ml;‘:
h ) 1 '

4 KM
L

L ™ LY

a) (GoTo, OTpUMaHe MPOCBIUYIOUUM 0) rpaHwmIIi 3epeH
€JIEKTPOHHUM MIKPOCKOIIOM MaJIOBYTJIEIEBOT
craii (0.15% C)

Puc. 1. MikpocTpykTypa crani
Koediuient 3aracanis aMIunTy Iy XBHIII OyJie TPONOPLUIHHUM KOJUBHINA €HEprii, TOMY:
a°bu’eDP. (5)

PiBHicTh (3) 103BOJIIE BHW3HAYATH CKCIIEPUMEHTAIBHO IMapaMETPUd XBUJILOBOTO IOJIS,
MIPUITYCKAIOUYM CEPEJOBHINE TOIIMPEHHS 17cali30BaHMM, a CaM€ OJIHAKOBICTh BCIX (i3uko-
MEXaHIYHUX BenuuyuH. Llell miaxiy BHUKOPUCTOBYETbCS NpPU NPOBEIEHHI MaTeMaTUYHOTO
MOJICJTFOBAHHSI TIPOIIECY 3aracaHHs aMILTITYIA XBHIII.

Bignomennst amrmnity xBujii JlemOa BU3HAUEHUX B JBOX PI3HMX MICISX MPEICTABICHO Ha
puc. 2. Crnoci0 BHU3HAYEHHsI 3aracaHHs aMIUITYId MpeacTaBlieHud Ha puc. 3. BuzHaueHHs
3aracaHHsl aMmIUTITyM MK TE€HEpPYIOUHMM Ta NpUUMaIbHUM IEPETBOPIOBAYEM € HENOIIbHUM,
OCKUIbKM PIBEHb ii 3aracaHHsl BUBHAYAETHCS POZUIUPEHHSM ITyYKa aKyCTUYHUX XBHUIIb.

i Amnnityna el

TN T
U

-
U vac

I I
At
L e]‘ D19 ||

Puc. 2. BusHaueHHs 3aracaHHs aMIUTITYId
CUTHAIY

Makewnpy il aeni

Puc. 3. ExkcnepumeHTanbHE IOCHIIKEHHS
3aracaHHs aMIUTITYau XBUb Jlemba

Pe3ynbpTaTi npoBeeHUX AOCHIIKEHb NpeacTaBiieHl Ha puc. 4. Kpusa OyayBanach it 1BOX
Moa XBWiIb JlemMbOa — HyJIbOBUX CHUMETPUYHOI Ta aHTUCUMETpUUYHOI. UYMCIIOBI 3Ha4YeHHs
OOYHCIIOBAIMCH INUIAXOM TOPIBHSAHHS aMIUNITYA BIJ JBOX NPUWMAaJbHUX TEPBUHHUX
NEepPETBOPIOBAYIB.

Ax MoxHa mob6auuTh 13 puc. 4, aHTUCUMETPUYHA MOJa Ma€ OUIBIIUN pIBEHb 3aracaHHs,
OCKUIbKM KOJHMBAHHS €JIEMEHTapHOro 00 €My CepelOoBHINA, L0 CTBOpPEHE ii MPOXOIKEHHSIM €
OuIbIIIE TTOIOHUM JI0 TIOTIEPEYHOT 00’ EMHOT XBHUJII.
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0,015 4
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Bincrans, M

Puc. 4. 3aracanus mox xsuii JlemOa B cram X60

[IpoBeneni mOCHIDKEHHS JalOTh 3HAYHY 1HQOpPMAII0 TMPO MOXKIUBHM  Jiana3oH
BUKOpHUCTaHHS XBWIb JleM0a B HaTypHUX YMOBaX IMPOBEJACHHS HEPYHHIBHOTO KOHTPOJIIO.
Pe3ynbrati AOMOMOXKYTh 3HAYHO 3MEHIIUTH Yac MPHU MPOEKTYBaHHI MPUCTPOIB HEPYHHIBHOTO
KOHTPOJIIO, @ TAKOXK Jal0Th JOJATKOBY 1H(POpPMAIIit0 PO CTYIiHb HEOJHOPITHOCTEH MaTepiaty.
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