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OBIIAS XAPAKTEPUCTUKA PABOTHBI

AKTyaJIbHOCTH PadoThl. B HacTosIee BpeMs B pa3iM4HbIE OTPACIH HKOHO-
MUKW BHEJIPSIOTCS HOBBIE, JKOHOMHYHBIE U TEXHUYECKH 00Jee COBEpIICHHBIE IPO-
W3BOJICTBEHHBIE MPOLIECCH], OCHOBAHHBIE Ha HCIIOJIBb30BAHUH JIEKTPOYUIHIECKUX
METOZOB 00pabOTKM MaTepualia, B YaCTHOCTH, YJIbTPa3ByKa. YIIbTPa3BYKOBBIE,
TaKKe KaKk M MEXaHHYEeCKHe KOJEeOaHUs, YaCTO MCIOJIB3YIOT ISl MHTEHCU(DHUKALIN
Pa3NMYHBIX TEXHOJOIMYECKHX IpOIeccoB. M3BECTHBI HCCIENOBaHHs, YKa3bIBalo-
M€ Ha BO3MOXKHOCTH M HEPCIEKTUBBI MPAKTUUYECKOTO IPUMEHEHHsS YIIbTPa3ByKO-
BBIX METOJOB JUIS TIOBBIMICHHUS] KaueCTBA MOJMMEPHBIX MaTePHAIOB U MHTEHCHH-
Kalll TEXHOJOTMYECKHX IPOLECCOB IOJIydeHHs u3Jenuid. B mpencraBieHHon
pabote I pacIIMpeHHsi BO3MOXHOCTEH croco0oB ()OPMOBaHHUS MOJMMEPHBIX Ma-
TEpUaJIoB B TBEPJOM arperaTHOM COCTOSHHH B IIPOLECCE MIIACTHIECKOro 1eopMu-
POBaHUS IPUMEHSETCS JOIOJIIHUTEILHOE yIbTPAa3ByKOBOE BO3/ICHCTBHE.

TeéprodasHoe GpopMoBaHHE SBISETCS aKTyaIbHBIM IPU CO3MaHUH U IPOEK-
TUPOBAaHUU TEXHOJIOTHH U MPOLIECCOB IOJIyYEHUs U3/AENUM U3 TpyaHONepepadaThl-
BaeMBIX IOJMMEPHBIX MAaTepHajloB, TaKHX Kak ¢roporuact-4 ¥ IMOTHCYIb(OH.
TpaIuIHOHHO H3IENUs U3 ITOJUCYIb()OHA MONTYJarOT JUTHEM IOJ JABICHHUEM, U3
(roporutacta-4 — TabJIETUPOBAHUEM C MOCIEIYIOIMM CIIEKaHUEM U MEXaHUYECKOU
00paboTKOM ¢ CyIIeCTBEHHBIMH TPYIO- H dHepro3arparamu. Take TBEpHodazHoe
(hopMoOBaHHE aKTyanbHO NPU HOPMOBAHUU OOBEMHBIX U3IEITHH.

PaboTa BbImoiHEHa B paMKax COBMECTHOW Poccuiicko-AMepHuKaHCKOW Tpo-
rpamMmbl MUHHCTEpCTBa oOpasoBanuss M Hayku P® u Awmepukanckoro donna
rpaxxnaHckux uccienoBanuii u pa3sutus (CRDF) «®yHaaMeHTanbHbIe HCCTeI0Ba-
HUsS W BeIcmiee obpasosanme» (BRHE), mpoekr HOILI-019 Tam6I' TY-UCMAH
«TBépnodasusie Texnonmoruu» Ha 2007 — 2012 rr.; a Taxke mojyepkaHa TPAHTOM
®doHga CONCUCTBUS PA3BUTHIO MaBIX ()OPM HPENIPHUITHS B HAYYHO-TEXHHYECKOU
cdepe no nporpamme Y.M.H.U.K. mo tTeme «Pa3paboTka u nosiydeHne 3KCIepUMEH-
TaJILHOTO 00paslia MOJIMMEPHOTO u3zenus "'Kosieco 3youaroe” TBEpAOha3HOI 00BEM-
HOM INTAaMIOBKOW € IPUMEHEHHUEM YIBTPa3BYKOBOro Bo3zeictBusa», 'K Ne
9617p/14220 ot 30.08.2011 r.

Ieabio padoThl sBISETCS COBEPIICHCTBOBAHIE M MHTCHCU(UKAIMSA IIpoliecca
TBEpHOdazHOro (HOpMOBaHUS TONMMEPOB, YIBTPA3BYKOBBHIM BO3ACHCTBHEM IS
YIyYIIEHHs SKCITyaTallMOHHBIX XapaKTEPUCTHK MaTepHaloB U MU3JENIU U MOBHI-
IIEHHs SHEPTO- U PeCypcoCOePeskeHNs TEXHOIOTHYECKOTO MPOoLecca.

Jl1s ToCTHKEHHs MOCTaBICHHOH LIEH PELIaIiCh CIEAYIOIUe 3a1aYuM:

— TIIPOBEJICHHE KOMIUIEKCA 3KCIIEPUMEHTAIbHBIX HMCCIIEAOBAaHUN IMPOIECCOB
TBEpHodazHoro GopmoBaHus Ha mpuMepax TBEPHOGDAZHON ISKCTPY3UH U OCECHM-
MCTPUYHOI'O CKaTUsl C MpEABApPUTCIbHBIM KOHBCKTHBHBIM HAarp€BOM 3aroTOBKH U
npecc-Gopmbl ¢ mocneayomuM GopMoBaHHEM M Ipolrecca GOPMOBAHHUS, COBME-
MIEHHOTO C YIbTPa3BYKOBBIM BO3/IEHCTBHEM KPYITHOTOHHAXHBIX nonumepos [1OBIT
u ABC, B ToM uncine TpyaHonepepadatsiBaeMbix I[ITOD u I[ICD;

— HCCJIICAOBAHHUC KMHCTUKHW U3MCHCHUS IVIOTHOCTU IMOJIHMMEPOB B YCIOBUAX
OCECUMMETPHUYHOTO CXXaTud U BIIUSAHUSA HA J]aHHBIﬁ Inpouecc nmapaMmeTpoB HUCIIbITA-
HUSA W YJIBTPasByKOBOTO BO3HCﬁCTBHﬂ, MaTEMaTHICCKOEC OIMMCAHUE DKCIICPUMECH-
TaJbHBIX JaHHBIX, OIPE/ICICHUE BINSHHUS TEXHOJIOTHYECKUX ITapaMeTpoB Ipoliecca
00paboTKH Ha IUIOTHOCTH 00padaThIBAEMBIX OIMMEPHBIX MaTEPHAJIOB;



— HCCIICIOBaHHE DPENAKCAIIMOHHBIX SBICHUH NpU HANPsDKEHHOM COCTOSHHHU
MIOJIUMEpa B YCIOBHAX BBICOKOTO JAABICHUS M YIBTPa3BYKOBOTO BO3ACHCTBHS, OLICHKA
OCTaTOYHBIX HANPsDKEHUH U Ka4ecTBa IIOBEPXHOCTH 00paOb0TaHHBIX MOJIMMEPOB;

— paspaboTka (QU3MYECKOH MOJAEIM MeXaHW3Ma BO3JCHCTBHS YIbTPa3ByKa
Ha CTPYKTYpy mosiuMmepa U (HU3MKO-MEXaHHYECKHe CBOHCTBA B Ipoliecce TBEPJO-
(a3Hol 00paboTKH;

— pa3paboTKa aJropuT™Ma MPOEKTHPOBAHUS TEXHOJOTHYECKOTO Ipolecca
MOJTYYeHUS] M3AENUi U3 TpyIHONEpepadaThIBaeMbIX MOJIMMEPHBIX MaTepHaJoOB C
3aaHHOM INIOTHOCTBIO U YIIyYIIEHHBIMH (PH3HKO-MEXaHUYECKUMH CBOHCTBAMH;

— DKCIIepUMEHTANbHBIE MCCIEIOBAHMS CTPYKTYPHl M JKCIUTyaTallMOHHBIX
CBOHCTB TMOJMMEPHBIX KOMIIO3UIMOHHBIX MaTepHajoB, MOIYYECHHBIX TPaJHLHOH-
HBIMH METOJ]aMHU M TBEPI0(a3HOM TEXHOJIOTHEH ¢ yIbTPa3BYKOBBIM BO3JICHCTBUEM.

Hayunas HoBu3Ha. IIpenmoxena, 000OCHOBaHa TEOPETUYECKH M HOATBEP-
JKJIeHa HKCIIEPUMEHTAJIbHO 3aMEeHa HEOOXOIUMBIX CTaJUi MPeIBapUTEIbHOTO KOH-
BEKTUBHOTO HarpeBa NOJMMEPHOH 3aroTOBKH, Mpecc-GpopMbl MU MOCIEAYyIOUIeH
TBEpIOda3HOI 00pabOTKK JaBlICHHEM TOJIMMEPOB Ha mpoiece (GopMOBaHUS, COB-
MEUIEHHBIH C yIbTPa3ByKOBBIM BO3AECHCTBUEM.

HccnenoBana KUHETHKa W3MEHEHHS IUIOTHOCTH TOTOBOTO NPOAYKTa IPH
TBEpHOGa3sHOM (GOPMOBAHMM CO CTaAWeH NPEeIBAPUTENHHOTO KOHBEKTUBHOTO
HarpeBa 3aroTOBKH M IIpH Ipolecce POpPMOBaHUS, COBMEIIEHHOM C YIbTPa3BYKO-
BBIM BO3/I€HCTBHEM.

TIpennoxena ¢usnyeckas Mozeb, OOBACHSIONAS MEXaHU3M BO3ICHCTBUS YIlb-
Tpa3ByKa Ha CTPYKTYpy IOJIIMEpa B Ipolecce TBEPAOGA3HOro GOpMOBAHUSI U CHUKE-
HHE JaBleHns (JOPMOBAHUS BCIIEICTBHE YCKOPEHHS MPOIECCOB PENaKCallii M YMEHb-
nieHus iedekrooOpa3oBaHs, aeKBATHOCTh KOTOPOW MOJTBEPIKAEHA METOaMH (-
(bepennmanpHo-ckanupytomen kanopumerpun (JICK), pactpoBoii 3/EKTpOHHOW MHK-
pockorn (POM), tepmomexanmdeckoit criekrpockormmu (TMC), uccrenoBaHusIMH
b y3UOHHBIX U PUUKO-MEXAaHUUECKUX CBOMCTB MOIMMEPHBIX MAaTCPHUAIIOB.

VY CTaHOBIEHO, YTO MPU COBMEIEHUH Ipolecca TBEpAodazHoro GopMoBaHus
C YJIBTPa3BYKOBBIM BO3JIEHCTBHEM CHIXKAETCs AedekrooOpa3oBaHue (pacuupseTcs
JIMAIa30H CTAlMOHAPHOTO MPOTEKAHUS MPOIECcCa) BCIEACTBUE YBEITUUCHHUS MaKCH-
MaJIbHOTO 3HaYECHUS CTETICHN 1e(OPMHUPOBAHNS, TTO3BOJISIOIETO HOMYyYaTh H3JCIIHS
Oosiee CiI0KHOH (HOPMBI, YEM TpPU CyLIECTBYIOIIEH TBEPAOPA3HON TEXHOIOTHUH 32
CYET yBENNYEHHSI CKOPOCTH PETaKCalMOHHBIX MTPOIIECCOB.

IMpakTnyeckasi 3HAYUMOCTb. [IpeuIoKeH CHocod MOJTYyYeHHS TOTOBOTO
npoaykKTa € 3alaHHBIMU IIJIOTHOCTBIO U (1)I/I3I/IKO'MCX3.HI/I‘ICCKI/IMI/I CBOMCTBAMH IIO-
CPEACTBOM HM3MEHEHHs] TEXHOJIOTMYECKHX ITapaMeTpoB Iporecca (HOPMOBaHUSL.
[Toka3aHa BO3MOKHOCTb YIPABICHHS CKOPOCTHIO MpOIecca U3MEHEHHUS IJIOTHOCTH
00padaThIBaeMbIX MAaTepHaloB NpH TBEPHO(Pa3ZHOM (OPMOBAHUK C YIBTPA3BYKO-
BBIM BO3/ICHCTBHEM.

CoCTaBJICHO TEXHHKO-DKOHOMHUYECKOe OOOCHOBAHUE MPHUMECHECHHUS CTaJuu
(bopMOBaHMS IOJIMMEPOB, COBMELIEHHOH € yIbTPa3BYKOBBIM BO3/AEHCTBHEM BMECTO
MPEIBAPUTENFHOTO KOHBEKTHBHOTO HArpeBa 3aroTOBKH M Tpecc-GopMBI ¢ mociie-
nytomen cragueit GopmoBaHus. DKCIEPHUMEHTAIBHO MMOKA3aHO YBEIMUYCHUE IUIOT-
HOCTH TIOJIMMEPOB W YIyYlIeHUE (PH3HKO-MEXaHWYECKHX CBOWCTB IO KOMIDIEKCY
MapaMeTpOB: YBEIUYUBAIOTCS pa3pylIalollee HaNpsHKEHUE MPHU PacTsHKEHUH Ha
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20...50%, paspywatomiee HampspkeHue rnpu cpese Ha 30...35%, a B cpaBHEHHH ¢
MarepuaiaMu 10 obpadorku B 1,5 — 2,5 paza.

PazpaboTaHHas TeXHOJOIrMYecKas cCXeMa IOJIydeHUs HU3JeNIUi U3 IOopolIKa
I[IT®D peanuzoBana Ha Gaze nadoparopuit HOL| TamOI' TY-UCMAH «TBépno-
(ha3HBIC TEXHOIOTHI», TAE OTPaOOTaHBl TEXHOJIOTHYECKHE MapaMeTphl, BIUIONINE
Ha mporiecc, u BHeapeHa Ha OO0 «TexIIpomIlak» (MockBa), rie OpraHH30BaHO
MPOM3BOCTBO HANpaBsIomen BTyIku y3na ceapku TIIII-100B mns BepTukanbHO-
ro (acoBOYHO-yIaKOBOYHOTO ammapara u3 nopoika [ITOD mapku ®-4. IIpeumy-
IIECTBAMH JAHHOH CXEMbl SIBISIOTCS: 0€30TXOJHOCTb, BBICOKAS MPOM3BOAUTENb-
HOCTb 3a CUET COKpallleHUs BpeMeHH LuKiIa GopMoBaHus B 2,3 pa3a U CHUIKCHUE
yIEeNBHBIX 3HEeprosaTpar npouecca Ha 18%.

IMomy4enHsle W3eTMs XapaKTEPU3YIOTCS YITyYIICHHBIMH (DH3HKO-MEXaHH-
YECKUMHU II0Ka3aTeJsIMH, BBICOKOH pa3MEPHON TOYHOCTBIO U IOBBILIEHHEM Kilacca
YHCTOTHI IIOBEPXHOCTH, YTO OJHOBPEMEHHO C YBEJIMYEHHEM INIOTHOCTH YBEIHYU-
BaeT MPOYHOCTH PAOOUNX KOHTYPOB M3/ICIHIA.

Pazpaborana MoanuLUpOBaHHAS METOAUKA WHXKEHEPHOIO pacuéra HCIOJ-
HHUTENBHBIX pa3MepoB mpecc-popmbl it TBEPAOPA3HONH 0O0BEMHON MITaMIIOBKU
HOJIUMEPOB C YIbTPa3BYKOBBIM BO3AEHCTBHEM Ha 0a3e KOMIUICKCHBIX TE€OpeTHYe-
CKHUX U 3KCIIEPHMEHTAIIbHBIX UCCIEJOBaHUI.

Pa3paboTaH anropuTM IPOEKTHPOBAHMS TEXHOJIOTHYECKOH JTMHHH IO HPOH3-
BOZICTBY M3/IeNHil M3 TOIMMEPOB, B TOM UHCIIE TPYJHOIEPepadaTsIBaeMBIX, TBEPIO-
(ha3HOIT 0OBEMHOI IITAMIOBKOH € YIETPa3BYKOBBIM BO3JICHCTBUECM.

IMonyueHHble PE3yabTaThl UCIOJIB30BAIUCH IPH BBHINOJHEHUU IIOUCKOBBIX
Hay4YHO-UCCIIEJOBATENIbCKUX PadOoT U FOCYAAapCTBEHHBIX HyXA B pamkax DIIIT
«HayuHble U HayuyHO-TIelarOTMYEeCcKUe KaJpbl HHHOBAIMOHHOH Poccun» Ha 2009 —
2013 rr. ('K Ne 1219 ot 23 anpesns 2010 1. u 'K Ne 14.740.12.0865 no 06001méx-
HOI Teme «lccnenoBaHne HOBBIX KOHCTPYKIMOHHBIX M (PyHKIIMOHATHHBIX MaTEepH-
AJIOB M TEXHOJIOTUH MX 00pabOTKI»).

JlocToBepHOCTL M ODOCHOBAaHHOCTH PE3YyNBTATOB HCCIEIOBAHHI, HAYIHBIX
BBIBOJIOB M PEKOMEHAINI MOATBEPK1aeTCs:

— TNPUMEHEHHEM COBPEMEHHBIX IPHUOOPOB, METOAUK U CEPTUGHULIUPOBAHHOM
annaparypsl.

—  YOBIETBOPUTEIBHON CXOIUMOCTBIO TEOPETUYECKUX M SKCIEPUMEHTAIb-
HBIX PE3YIbTATOB;

— IOJIOXKUTEIbHBIMU PE3yJIbTaTaMU JAOOPAaTOPHBIX UCIBITAHUH U IpOU3-
BOJCTBEHHOI'O BHEJIPEHHS.

ITono:xeHust, BBIHOCHMbIE HA 3AIUTY:

—  Pe3yabTaThl 9KCIIEPUMEHTAIBHBIX HCCIIEA0BaHUM poriecca TBEpAodazHOi
00paboTKH aBieHNeM KpymHOTOHHaKHBIX noiuMepoB [IOBII u ABC, B ToMm uncie
TpyaHonepepadatsiBaeMbix [1TOD u [ICO monaumepoB ¢ MpUMEHEHHEM YIbTpa-
3BYKOBOT'O BO3JCUCTBUS;

— pe3ylIbTaThl UCCIECJOBAHUI KMHETUKM U3MEHEHUS IUIOTHOCTU IOJIUMEPOB
B YCJIOBUSIX OCECUMMETPUYHOIO CXKATH C YIbTPa3ByKOBBIM BO3/€HCTBUEM U BIMSI-
HUA Ha JIaHHBIﬁ IIpOoNEeCC nmapaMeTpoOB UCIBbITAHNUSA, MATCMATUYCCKOC OITMCaHUEC TaH-
HOTO IpoLecca;



— (¢u3nyeckas MOJeNb MEXaHU3Ma BO3AEHCTBHS YIBTpa3ByKa IPH TBEPIO-
(da3zHoM OpPMOBAHUHU HA CTPYKTYPY U (PU3HKO-MEXaHUYECKUE CBOMCTBA MOIUMEPA;

— QIrOPUTM IPOEKTUPOBAHUS TEXHOJIOTHYECKOrO Ipolecca MOMydeHHs U3-
JIeTUi W3 TpyOHONepepabaThIBaeMbIX IOJMMEPHBIX MAaTepHANOB Ha IpUMEpe
[IT®D ¢ 3a1aHHON MJIOTHOCTBIO U YIYYIICHHBIMH (PU3MKO-MEXaHUYCCKUMHU CBO¥i-
CTBaMH, ammaparypHoe odopmieHue mporecca TBEpAOQa3HON 00BEMHOM IITaM-
IIOBKH C YJIBTPa3BYKOBBIM BO3JIEHCTBUEM;

—  pe3yJbTaThl SKCIIEPUMEHTAJIBHBIX HCCIICIOBAHUI KCIUTyaTallHOHHBIX Xa-
PaKTEPUCTUK HAHOMOIU(DUIIMPOBAHHBIX MOIMMEP-YIIEPOAHBIX MAaTEPHAIIOB, MOJY-
YEeHHBIX TPAJUIMOHHON TEXHOJOTHMEeH dYepe3 CTaauio paciuiaBa, 0OpadOTaHHBIX
naBieHueM B pexxume TOD 0Oe3 HarpeBa, ¢ NpeABAPUTEIBHBIM KOHBEKTHBHBIM
HarpeBoM u ctaaueit TAD, coBMEmEHHOMN C YIbTPa3BYKOBBIM BO3/IEHCTBUEM.

Anpobanus padotbl. OCHOBHbIE PE3yIbTaThl IUCCEPTALUOHHON PabOThI Obl-
i npeacrasieHsl Ha: V — X Beepoccuiickux ¢ MeXAyHapOJHBIM y4acTHEM KO-
JIaX-CEMHUHApax IO CTPYKTYPHOH MaKpOKHMHETHKE UL MONOJbIX YuéHBIX (T. UepHo-
rojoBka, 2007 — 2011); | u Il MexayHapoaHBIX KOH(MEPEHIMAX C IJIEMEHTaMU
HAaYYHOM IIKOJIbI JUI MOJIOJBIX YYEHBIX «DyHKIMOHAIbHbIE HAHOMATepHUalIbl U BbI-
cokouncthie BemecTBay (r. Cysmanb, 2008 u 2010); Beepoccuiickoli KOHpEpEHITUH
MOJIOBIX y4€HBIX «HepaBHOBECHBIE MpoLEcChl B CIUIOMHBIX cpenax» (r. Ilepmb,
2007 — 2009); 3 MexayHapOaHO!H HayYHO-TIpaKTHYecKoi koHpepeHunu «CocTas-
JISIIOIIME HAayYHO-TeXHU4eckoro nporpecca» (r. Tam6os, 2007); Xl HayuHO#H KOH-
¢epenuun TITY «DyHaaMeHTaNIbHbIE ¥ NPUKIATHBIE UCCIIEIOBAHUS, HHHOBAIIH-
OHHBIE TEXHOJIOTHH, TpodeccroHanbHOe 0Opa3zoBanue» (r. Tambos, 2007); 3 Mex-
IYHAapoJHOH  Hay4YHO-TIpAaKTHYecKod KoHpepeHunn «JlocTmkeHHS  yIEHBIX
XXI Bekay (r. Tam608B, 2007); Bcepoccuiickoii mkoie-ceMHHAPE MOJIOJBIX YUEHBIX
1 TpernojaBaTrelieii, aCIMpaHTOB U CTYIECHTOB «l/IHHOBaMOHHBIH MEHEIKMEHT B
ctepe Bbicokux TexHosoruit» (r. Tambos, 2008); | u Il Bcepoccuiickux Hay4HO-
WHHOBAIIMOHHBIX MOJOAS&KHBIX KOH(pepeHuusx «CoBpeMeHHble TBEpIO(]a3HbIC
TEXHOJIOTHH: TEOpHsl IPAKTUKA U HHHOBALMOHHBIN MeHeDKMEeHT» (T. TamboB, 2009
n 2010); Mexaynaponnoir Monon&xHoi HayyHol koHpepeHuun «XXXV TIara-
punckre utenus» (Mocksa, 2009); 4 MexayHapoqHOW HAYIHO-TIPAKTHUECKOH
koH(pepenuuu «Hayka n ycroitunBoe pasButue obiectsa, Hacieaue B.1. Bepuan-
ckoroy (1. Tam60B, 2009); VIII MexayHnapomHoM KoHrpecce «MallluHbI, TEXHOJIO-
run, Matepuansdy (Bapnaa, bonrapus, 2011).

My6éauxamun. ITo Teme nuccepranuu onyOIMKOBaHBI 22 Ie4YaTHbIE PabOTHI
(u3 HuX 5 B )xypHanax u3 nepeuds BAK).

O0BéM U cTpyKTYpa auccepranmuu. Jluccepranusi BKIIOYAET BBEACHHE,
5 ry1aB, OCHOBHBIE BBIBOJIbI M PE3yJIbTaThl, CIIUCOK JUTEpaTyphl (174 HauMeHoBaHUSA
OTEYECTBEHHBIX M 3apyOeXKHBIX aBTOPOB) M TpHJIOKeHHe. PaboTa m3Nmo)keHa Ha
173 cTpanuuax, conepxut 67 pucyHkos, 20 tabmiuir.

OCHOBHOE COAEPXKAHUE PABOTbI

Bo BBegeHnmn 000CHOBaHa aKTyalbHOCTb TEMBI JUCCEPTALHOHHON pabOTH,
chOopMyIHPOBAHBI IEIN HCCIICA0BAHNS, IPUBEICHA aHHOTALUS OCHOBHBIX PE3yilb-
TaTOB PabOTHI, MOKAa3aHa MX HayyHas HOBHM3HA U IIPAKTHYECKas 3HAUUMOCTH, AaHbI
PEKOMEHIAIlHHY 110 PeaH3alluil Pe3ylIbTaTOB HCCIICAOBAHNH B IIPOMBIIIICHHOCTH H
Hay4YHO-MH)XCHEPHOH IpaKTHKE.
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B nepBoii riase npencrasieH 0030p cioco0OB MPUMEHEHHUS YIbTpa3ByKa B
MPOMBIIIIEHHOCTH ¥ KOHKPETHO NPHU MepepadOoTKe MOJMMEPOB B M3JEIUsS, IPOaHa-
JIM3UPOBAH MEXaHHU3M BO3JCHCTBUS YIBTPa3ByKa Ha TEXHOJIOTHYCCKUE ITapaMeTphI
mpolecca U CBOMCTBa MOIUMEPOB, IPUBENEH 0030p OTEUECTBEHHON U 3apyOekHOI
JMTEPaTyphl, OTPAKAIOIIMK COBPEMEHHOE COCTOSIHHE NieNl B 3TOi obmacth, chop-
MYJIMPOBAHBI LIeJIU U 3a/1a4y UCCIEI0BaHUM HacTOAIEH paOOThL

Bo BTOpOIi I1aBe NpeacTaBIeHbl OOBEKTHl U METOIUKU HCCIIEA0BAHUS.

OOBEKTOM HUCCIeIOBaHUS SABISICA Ipoliece TBEpAOha3zHoro GopMOBaHHs Ha
MpUMepe KPYMHOTOHHAXHBIX MOJIMMEPOB Kkiacca TepmoruractoB ABC-comonmmep
I'OCT 12851-87 u monmaTiieH Beicokou tuiotHocTu ([I3BIT) TOCT 16338-85, B
TOM 4YHCIE TpyAHolepepabaThiBaeMbIXx monuterpadropaTmieH (dropomnact-4)
I'OCT 21000-81, nonmucynbdon (TICD) TY 6-06-6-88. B kauectBe Moaupuiupy-
tomeil nob6asku ucnonb3oBann YHM «Taynur» npoussogctsa OOO «HanoTex-
Lleutp» (r. TamMGOB) — OJHOCTEHHBIE HAHOMACLITAOHBIE HUTEBHIHBIE 00pPa30BaHHs
MOJUKPUCTAININIECKOTO TpaduTa B BHIE CHITydero mopolka. IIpuroroBieHue
KOMITO3UTOB OCYIIECTBIUIOCH METOJIOM CMEIICHHUS B pacillaBe B POTOPHOM CMECH-
tene Haake Polydrive B maboparopuu peosornu noiammepos MHerutyTa Hedrexu-
muueckoro cuare3a PAH. KonueHtpaunu moauduiupyromiei 100aBKu COCTaBIIs-
1 0,2; 0,5 1 1 ma. YHM na 100 m.4. nonmmepa.

TpeTbs Ii1aBa NOCBSIIECHA SKCIICPUMEHTAIBHBIM HCCIIE0BAHHUAM IIPOLIECCOB
TBEpROdazHoro (GopMoBaHUs C NpeBAPUTEIbHBIM KOHBEKTHBHBIM HAarpeBOM IIO-
JMMEPHOH 3arOTOBKH, HA PUMeEpe KPYMHOTOHHAKHBIX, B TOM YHCJIE TPYAHOIEpe-
pabaTeIBaeMBIX MOJIMMEPOB U Ipoliecca (OPMOBaHHsI, COBMEIIEHHOTO C YIBTPa3By-
KOBBIM BO3/ICHCTBUEM.

Teéprodasnoe QopmoBanue, Ha HmpuMepe OOBEMHOM IITAMIIOBKH, MOXHO
pa3nenuth Ha Tpu craauu. [lepBast ctamust xapakTepusyeTcs ynpyram aedopmupo-
BaHUEM IOJMMEPHOI 3ar0TOBKHU J0 OIpeAeIEHHOrO 3HaUeHHUs JaBieHus GopmoBa-
HUS, KOTOPOE 3aBUCUT OT CBOWCTB M CTPYKTYpHI onumepa. Bropas cragus xapak-
TEpU3yeTCsl MePEeX0J0M MONIUMepa B BHICOKODJIACTHYECKOE COCTOSHHE, IUIAacTHYe-
ckoe nedopmHupoBaHHEe M O(OPMIICHHE 3arOTOBKH B W3AENHe. TpeThs CTagus —
BBIZIEPIKKA TTO]T JaBJIEHHEM — He0OXO0quMa JIIs 3aBEPLICHHS PeNlaKCallMOHHBIX MIPO-
LIECCOB B CTPYKType nonumepoB. CienoBaTesbHO, I OTPaOOTKH TEXHOJIOTHYe-
CKUX PEeXHMOB TBEPIO(Da3HOTO (HOPMOBaHUS HEOOXOMUMO H3YUEHHE KaK CTaJui
TEUSHUs] MaTepHasa Ha npuMepe TBEpAO(Pa3HOU IKCTPY3HH, TaK U BBIAEPIKKH O]
JAaBJICHUEM Ha IPUMEPE OCECUMMCTPHUYIHOTO CXKATHUA. SKCHCpl/IMCHTaHbeIC Huccie-
JIOBaHUS MPOBOAMINCH Ha J1a00paTOPHOI yCTaHOBKe, IIPECTaBICHHON Ha puc. 1, a.
OmnbiTel 0 TBEPAO(DA3HON IKCTPY3UU MOIMMEPOB MPOBOAWINCE HA CHEUATHHON
siYeiiKe BBICOKOTO JaByieHus (puc. 1, 6), KOTOpas SBIISETCS aHAJIOrOM SKCTPY3HOH-
HOTO IUTACTOMETpA, WM KAaNWULIPHOTO BH3KO3MMETpa, NMpPEIHa3HAYEHHOTO IS
ompezeneHus nokasareist Tekydectu pacmiasa o [OCT 11645-73. Ilpu nomomu
He€ ONPEeNeNIoTCS PEOIOTHIECKIE XapaKTePUCTUKH 00pabaThIBAEMOro IOIHMeEp-
HOTO MaTepralia 1 ONTHMaJIbHbIE TEXHOJIOTHIECKHE TTapaMeTphl Iporecca. DKCTPY-
3HOHHOE OTHOUICHHUE (), YUCICHHO paBHOE OTHOLICHHUIO IJIOLIAIU MONEPEYHOTO
CEYCeHUs 3arpy304YHOI KaMepbl K TUIONIAIH ONEPETHOro CEUSHUs Kamusipa, PHHH-
MaJIOCh U3 OIIbITa paHee MPOBEASHHBIX HAMM HCCIeNoBaHMi 1 Obuto paBHO 2,07. Hc-
NoJIb30Basicsl yabTpa3BykoBoil reneparop MJI10-0,63 ¢ MarHUTOCTPUKLMOHHBIM IIpe-
oOpazoBateneM BbIxoaHOW MomiHOCThIO 630 Bt; paboueit wacroroit 18...25,5 kI
rabapuTHbIMU pazMepamu 230x370%140 mm.



HccnenoBanoch BIMAHUE TEXHOJIOIMYECKHX IapaMeTpoB Ipolecca 06paboT-
KH{, TAKHX KaK HeoOXoaumoe maBieHue (GpopMoBaHUs, TeMIepaTypa U BpeMs Ipen-
BapUTEIBbHOI0 KOHBEKTHBHOI'O HAarpeBa IOJUMEPHOMN 3arOTOBKH, BPEMS BbIIEPIKKU
I0J] IaBJICHHEM Ha (GopMHpyeMble CBOKHCTBA MOIMMEPOB. Takxke paccMaTpuBaiach
BO3MOXKHOCTb 3aMEHBl IIPEJBAPUTEIBHOTO KOHBEKTMBHOIO HAarpeBa 3aroTOBKH,
npecc-(GpopMbl U JanbHeilero ¢GopMoBaHUs Ha COBMELIEHHYIO CTaauio GpopMoBa-
HUS 1 00paOOTKHM 3arOTOBKH MO BO3JIEHCTBHEM AaBJICHHS U YAbTPa3ByKa.
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Puc. 1. IlpuHnunuaibHas cxeMa J1a00paTOPHOIl YCTAHOBKH:
a —1—npecc ycunuem 4 Tc; 2 — siueiika BEICOKOTO JaBICHHS; 3 — aMOPTHU3UPYIOLIHE
HPOKIAJKU; 4 — BOJHOBO;, 5 — yIbTPa3ByKOBOH H3Ilydareib; 6 — ITaTHB,
7 — ynpTpasBykoBoii reaeparop MJ110-0,63; 8 — manomeTp;
6 — siueiika BHICOKOTO JaBlieHus: 1 — myaHCoH; 2 — TepMonapa; 3 — MaTpuIa;
4 — punbepa; 5 — MecTo KperyIeHHs1 BOJIHOBOIA; 6 — 3aroToBKa rmoauMepa

N3nauanbHO OBLT MCCHENOBaH mporecc TBEPAOGDA3HOH IKCTPY3UH KpPYIMHO-
TOHHAXXHBIX NOJIUMEpHBIX MatepuaoB [I9BII, B Tom uncie TpyaHonepepabaThiBa-
embix [IT®D u [ICPD. CpaBHUBAIOCH HEOOXOAMMOE AaBICHUE (POPMOBAHHS MPHU
TBEpHodazHoi sKkcTpy3uu Oe3 HarpeBa (TdD) c mpenBapUTENbHBIM HAarpeBOM
(T®D+H) mo temmepatyp, onpeaeneéHHBIX U3 paHee MPOBEAEHHBIX HAMHU HCCIIEN0-
BaHUil, U 6e3 NMpeaBapUTEILHOTO HArpeBa C COBMEIIEHHBIM YIbTPa3BYKOBLIM BO3-
neictueM (T®D+Y3). OgHOBpEeMEHHO aHANIU3UPOBAIUCH (HOPMUpPYEMbIE CBOM-
cTBa 00pabOTaHHBIX ITOJMMEPHBIX MaTepuaioB. [lomydeHHbIe SKCIIEpUMEHTATbHEIE
JlaHHbIe OBLIM CTATHCTHYECKH 00paboTaHbl ¢ mpuMeHeHueM Kpurepus CTbIOJEeHTa
(tabm. 1).

1. DxcnepuMeHTAIbHBIE IaHHBIE CBOCTB 00pa00TAHHBIX MATEPHAJIOB

Proporact-4 Iomucynbhon TI9BIT

Moxasarex, rocT 105 | tootn | T2 | roct | ten | Testn | T2 | roet | e | tootn | 192
+V3 +V3 +V3

Py, MIla — 130 | 100 | 80 — 250 | 210 |180| — |152| 120 | 90
o, MIla | 14...35 | 23 23 25 [20...35] 40 41 45 | 24 | 28 29 31
_ O, Mlla - 20,5| 20,6 20,9 - 56 60 65 - 34 | 36 43
Wos, % — - - - 003 |01) 0,09 |004] - |01 01 [0,07
Gocr, MIIa — 12| 1.2 1 - 09| 09 |06 | - |12 1 0,8
y, r/em’ 2 2,03| 2,07 |2,14 — — — - 1096|091 092 |1,07




AHau3 MOJY4YEeHHBIX SKCHEPUMEHTAIBHBIX JaHHBIX IOKa3bIBAaeT, YTO B pe-
3yJIbTaTe 3aMEHBI CTaANi MPEABAPUTENEHOIO HarpeBa M mocienayromero ¢opmona-
HUSI cTagueld pOopMOBaHHUS, COBMEIIEHHON C YIBTPa3BYKOBBIM BO3/ICHCTBHEM, CHH-
JkaeTcss HeoOXoauMoe JaBieHne TBEPAO0Pa3HOro GOPMOBAHHUS TTOJIUMEPOB B Cpe-
HeM Ha 20%. DKcrepuMEeHTaIbHO MMOKAa3aHO YBEJIHUYEHHE IUIOTHOCTH MOJIMMEPOB U
yiry4iieHne (pu3nKo-MeXxaHH4YeCKUX CBOWCTB M0 KOMILJIEKCY apaMeTpOB: yBEIUYH-
BAaIOTCsl pa3pyllaroliee HanpsbkeHue rpu pactsbkenun Ha 20...50%, paspymatoriee
HanpspkeHre npu cpese Ha 20...30%, cHmKaeTcs ypoBeHb BHYTPEHHHX OCTaTOY-
HBIX HanpspkeHui Ha 30...40%; cHMKaeTCsI MaKCUMaJIbHOE BJIATOIOTIIONICHUE HC-
xoaunoro II9BII B cpennem Ha 35%. B cpaBHeHMU ¢ TpaAMIIMOHHOW TEXHOJIOTHEH
TBEpHO(A3HasT TEXHOIOTHS ¢ HAJIOKEHHEM YJIbTPAa3BYKOBOTO BO3IEHCTBUS YBENU-
YHBAeT MPOYHOCTH MOJIUMEPA B YCIOBHUIX CPE3bIBAIOIINX HAPSDKEHUH B 2,5 pasa.

Jnist MoenpoBaHusl CTaluy BBIACPKKHU IO/ JaBJICHHEM 3ar0TOBKA IOJIMMepa
MOJIBEPraeTcsi OJIHOCTOPOHHEMY OCECHUMMETPHUYHOMY CXKATHIO IIPHU HYJEeBOil O0KoO-
BOM tehopMaliny, YTO MPAKTUYECKU MOIHOCTHIO MOJEIHPYET MOCIICTHIOK CTaIUI0
mporecca MTaMIIOBKH B TBEPIOH (ha3e IpH 3ar0THEHUH TTOJMMEPHBIM MaTepHaIoM
nosoctTy npecc-Gopmel. Peann3oBeiBanock 3T0 MyTéM 3aMeHBl (MIbEpHl Ha 3a-
TIIYHIKY B STYSHKe BHICOKOTO JTABJICHUSL.

B kadecTBe HccneryeMoro napamerpa Opuia BEIOpaHa IUIOTHOCTH MaTepHaa,
BJIMSIHUE TEXHOJIOTHYECKUX IapamMeTpoB oOpaboTku Ha (OpMHpPOBAaHHE KOTOPOU
[OKa3aHo Ha puc. 2. IINoTHOCTH 00pa3IoB [0 SKCIEPUMEHTA U IOCIE ONpeNeIIsIn
1o 'OCT 15139-69 «ITnacTMacchl, METOABI ONIPEAENIEHUS IIIIOTHOCTH.
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Puc. 2. 3aBucumocThb mJI0THOCTH Hexoanoro IIDBII
OT JaBieHus popMOBaHHS (a), BpeMEHH Iporecca GOpMOBaHUS C yIbTPA3BYKOBEIM
BO3JIeHCTBIEM (6), TeMIIEpaTyphl Mpoliecca (6) ¥ 4aCTOTHI YIbTPa3ByKOBOTO
BO3JIEUCTBUS (2) IPH OCECUMMETPHIHOM C)KaTHU MOHOJUTHON 3arOTOBKH: 00pa3IbI
MOJIBEPTHYTHI BO3JICHCTBUIO YIIbTpa3ByKa 0e3 napieHus (1), o0paboTaHbI [aBIeHHEM
6e3 ynbTpasByka (2), 06paboTaHbI JaBIEHUEM C YIBTPa3ByKoM (3)



W3 ananuza 3aBucumocteit iotHocty oopasuos [IDBII oT TexHOMOrHYECKUX
napameTpoB 00paboTKH (pUC. 2) MOXHO BBIICINUTh UX HAWIy4lllee cOueTaHHe, CO-
OTBETCTBYIOIIEE MAaKCHMaJIbHOMY 3HAu€HHIO JTAHHOTO IIOKasaTens. B ykasaHHOM
cilydae MakCUMallbHasl TUIOTHOCTh (popmupyercs npH nasieHun 250 MIla, teme-
patype 50 °C, uactore 22,5 x['l u BpeMeHH (HOPMOBaHHS MPU YIBTPA3BYKOBOM
Bo3zelicTeuu 60 c.

B pabore uccnenoBaiach KWHETHKA W3MEHEHUS MIIOTHOCTH 00pasios [1OBIT
u [IT®D B 3aBUCUMOCTH OT pa3IMYHBIX 3HAUEHWH JaBlieHUS (OPMOBAHUS C YIiIb-
Tpa3BYKOBBIM Bo3zeiicTBUEM. M3 aHaim3a KHHETHYECKUX KPUBBIX (pUC. 3) MOXKHO
BBIJICTIMTh HAWTyYIINe TEXHOJOTHYECKHE MapaMeTphl MpoBeAeHus mpouecca Gop-
moBanwus. s [TOBII He uMeeT cMbIciIa NCOBL30BaTh JaBiieHue 6onee 250 MIla u
BpeMs BBIZICPIKKH HE JIOJDKHO TpeBbiath 60 ¢ (puc. 3, a), Tak Kak jJajiee HaunHa-
FOTCS TIPOLIECCHI YIBTPAa3BYKOBOT'O Pa3yNpOYHEHUs], YTO NPUBOJIUT K YMEHBUICHUIO
wiotHocTu. s IITOD ykazaHHBIX IPOLECCOB HE HAOIIOAAETCS, IOCIE AOCTIKE-
HUSI MaKCHUMAQJIBHOW IUIOTHOCTU C YBEIMYEHHEM BPEMEHH YJIBTPa3BYKOBOTO BO3-
JEHCTBYS IaHHBIH 1MOKa3aTeNb 0CTaéTcsl MOCTOSAHHBIM. OTMEUEHO YBEIHMUYCHHUE CKO-
POCTH HPHUPOCTA TUIOTHOCTH TpuMepHO Ha 50% B mpomecce (GOpMOBaHHS, COBME-
IIEHHOM C YJIbTPa3BYKOBBIM Bo3zaelcTBHEM. [loyib3ysich MOTYydEeHHBIMU AKCIEPH-
MEHTaJIBbHBIMU JITAHHBIMHM, MOXXHO YIPAaBJSATh CKOPOCTBIO Ipolecca YIUIOTHEHUS,
MaHUITYJIUPYsl BETMIHHON NaBleHUs HOPMOBAHHS M BPEMEHEM TEXHOJIOTHIECKOTO
mporiecca Juist JOCTHKEHUS 3aJaHHOTO 3HAYEHUS IIJIOTHOCTH.
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Puc. 3. Kunernueckune KpuBble H3MeHeHHUs MIIOTHOCTH 06pa3uoB [IIBII

npu 50 °C (a) u IITOD mpu 300 °C (6) B yCIOBHUAX OTHOOCHOTO MPECCOBAHUS
MOHOJIUTHOW 3arOTOBKH: YacTOTa yabTpa3Byka 22 k[ 11

IIpn ananuse mpouecca (GopMOBaHHs ObLIN BBIJEIECHBI OCHOBHBIE (haKTOPBHI,
BIMSIOINME Ha (POPMHUPOBAHKE CTPYKTYPHI MOJIUMEPOB: NaBJICHHE OKa3blBaeMoe Ha
oOpasel, U3MEHEHUE TeMIIepaTypbl, BpEMEHHU SKCIEPUMEHTA U YaCTOTHI yIbTPa3BYy-
Ka (KOIMpOBaHHBIE MepeMeHHbIe X1, Xp, X3 U X; COOTBETCTBEHHO), KOTOPHIE OMpe-
JETSIOT IUIOTHOCTD TOJTy4aeMOTo MPOIyKTa.

C LCJIBIO ONITUMH3ALNN YUCJIa ONBITOB IMPUMEHCHO MAaTEMATUYCCKOC IUIAHU-
pOBaHHWE JKCIIEPUMEHTa 10 MeTony bokca-YuicoHa, a MaTeMaTHIECKOE ONUCAHUE
rpoliecca MoJy4YeHo B BUAE oTpe3Ka psiaa Tritnopa. s onucanus npouecca orpa-
HUYWIKCh €r0 JIMHEHHOW YacThiO, MOCKOJNBKY YpaBHEHHE PErpeccHH aleKBaTHO
OIMCHIBACT MPOLIECC W MOTPEITHOCTD MEXKAY SKCIIEPHUMEHTATBHBIMU M paCYETHBIMHU
JNaHHBIMU cocTaBisier He Oonee 1,5%. IlonyueHHOE ypaBHEHHE PErpeccHH JUist
[19BII

y =0,9627 + 0,0086.X; + 0,0174X, + 0,0786.X; + 0,0056.X,. 1)
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W3 ananuza ypaBHenus (1) crnemyer, 4ro HauGouIblee BIMSHUE Ha TUIOTHOCT Ma-
Tepuata OKa3bIBaeT BpEeMs BO3ICHCTBHS YIIBTPa3ByKa, UTO MOATBEP)KAAET IMPABHIIb-
HOCTb BBIOPaHHOI'O METO/1a MHTEHCU(UKAIUY IIpoLiecca TBEPI0GhazHOro HOPMOBaHHUS.

AHaNOrMYHBIM 00pa30M MOJIyueHO ypaBHeHHE perpeccun ajst [ITDD:

y =2,1451 + 0,0149X; + 0,0297X, + 0,0711X; + 0,0028 X;. )

Vcnonb3ys mnpencTraBieHHbIE 3aBHCHMOCTH, MOXHO IOJy4aTh KOHEYHBIH
HPOIYKT C 3aJaHHOH IUIOTHOCTHIO M MHHUMAJBHBIMH SHEPro3aTpaTaMu, BHIOUpas
KOHKPETHbIE TEXHOJIOINYECKHE TapaMeTphl IIpoLecca.

B mpornecce uccinenoanuii paspadorana Gpuznueckas MOJElb, CYIHOCTb KO-
TOpPOY 3aKJIF0YaeTcs B CIEAYIOUIEM: IIPU PACCMOTPEHUH MEXaHU3Ma YJIbTPa3ByKoO-
BOIO BO3JCHCTBUSA Ha IOJUMEP B yCIOBUAX TBEpAOGa3HOH 00paboOTKH clemyer
BBIJICJISATH TPH (pakTopa: MEXaHWYECKHH, TEIJIOBOM W (U3UKO-XMMUYECKUH, Neii-
CTBHE KOTOPBIX TECHO B3aHMOCBSI3aHO.

Mexannueckuii pakTop 00yCIOBICH MEPEMEHHBIM aKyCTHUECKHUM JIaBICHHEM
BCJIE/ICTBHE YePEIOBAHUS 30H CXKAaTHS M Pa3peXeHHs MaTeprajia M MpOosBISLETCS B
BHOPAIIMOHHOM «3aJIeYNBAHUI» Ae(PEKTOB MOJMMEPHON MATPHIBI Ha MaKpOMOJIe-
KYJISIPHOM «MHKPO-» U HaJIMOJIEKYJISIPHOM «M€30-YpOBHAX». MexaHnueckuii dak-
TOP YJIBTPa3BYKOBOTO BO3JEHCTBUS IPHBOAUT K MOJEKYIIPHOMY IPOOJICHUIO €ro
KPUCTAUTMYECKUX MOAU(UKAIMN KaK HU3KOIUIABKOM, TaK U BBICOKOIUIABKOM, CHH-
JKEHUIO CpEIHe-BECOBOW MOJIEKYISIPHOH Macchl M TpolieccaM MaccollepeHoca
(hparMeHTOB MaKpOMOJIEKYIT M3 OHOIM MOIH(UKAINH B IPYTYIO.

Tennosoii (akTop 00ycnoBiIeH TpaHchopMaleld MOTIONIEHHOW MeXaHHYe-
CKOH DHEPTHHU yJIbTPAa3BYKOBBIX BOJH B TeIlIo. [loBhIIeHHEe TeMIepaTypsl oopada-
THIBAEMOT0 MaTepHalla IPUBOAUT K MOBBIIICHUIO CKOPOCTU PETAKCAllUOHHBIX IIPO-
LIECCOB, CHIDKEHMIO BHYTPEHHUX HAIpPSDKCHUIl, YBEIMUYEHUIO MOJIEKYISIPHOH IIO-
JBIXXHOCTH M 0ojee HMHTEHCUBHOMY pa3BUTUIO IUTACTHUYECKOH nedopmamuu, K
CHI)KEHMIO HEOOXOJUMOTO J1aBJIeHUs! YOPMOBAHUSL.

Ou3uKo-XUMUIeCKuid  (HaKkTOp MPOSBISETCS B H3MEHEHHH (DU3UKO-XUMU-
YEeCKUX, MOJEKYJSIPHO-PENaKCAllHOHHBIX M MOJIEKYJISIPHO-TOMOJIOTHYECKAX TIPO-
[IECCOB M XapaKTEPUCTUK CTPYKTYPHl aMOp(HO-KPUCTAIUTMUECKOTO MOJIMMepa Mpu
COBMeELIEHHHU Ipouecca TBEpAo(a3HOro GopMOBaHUS C YIbTPa3BYKOBBIM BO3JCHi-
CTBHEM. YJIBTPa3ByK CTAHOBHTCSI CBO€OOPA3HbIM KaTalIu3aTOPOM THX MPOLECCOB U
KOJINYECTBCHHBIX U3MEHEHUI XapaKTEPUCTHK CTPYKTYPHI, B PE3YJIbTATE MOBBILIE-
HUSI OJIBUYKHOCTU CTPYKTYPBI U CBSI3aHHBIE C STHMMH TPOLIECCAMHU YBEJIMYCHUE CTE-
MIEHU KPUCTAJUTHMYHOCTH, 3aJIeUMBaHUE Ae(PEKTHBIX 00IacTel mommMepa.

Hanbonee oTuérimBo yka3aHHBIE (QU3MYECKHE MEXaHU3MBI M U3MEHEHHsS Xa-
PaKTEPUCTUK CTPYKTYpBHI 00pabaThiBAEMOro MarepHaiia IOATBEP)KICHBI METOIaMHU
TEPMOMEXaHMYECKON CHEKTPOCKOIHH, W3MEPEHMSIMU IUIOTHOCTH, TEIIOCTOMKOCTH,
BOJIOTIOTJIOIIEHHS, YIYYIICHHEM BCETO KOMIUIEKCa (hM3UKO-MEXaHMIECKUX CBOWCTB.

CTpyKTypa mojuMmepa CTAaHOBUTCS MeHee 00bEMHO-HANPSIKEHHOM; MOBBIIIA-
€Tcsl KIacC YHCTOTHI IOBEPXHOCTH, OIpeesieMblii OpraHOJIeNTHIECKH U pa3Mep-
HOW TOYHOCTH M3JeNus.

PacnipoctpaHeHre ynpTpa3Byka B HOJIIMEpPAX 3aBUCHT OT IUIOTHOCTH, CTPYKTY-
PBL, OIHOPOAHOCTH, BSI3KOCTH M CXXMMAaEeMOCTH IIOJIMMepa, KOTOPHIE ONPEACIIIOT
MPOHUKAOLIYIO CIIOCOOHOCTH YJIbTpa3ByKa, K npumepy, y I19BIT — 4,53-10* M¥krec;
Y CTalli JaHHBII OKa3aTesb OyIeT CoCTaBmATh 2,56:107° MYKr-c.
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C npaKkTU4ecKOi TOYKU 3pEeHUs] NPEACTABIISIOT UHTEPEC CKOPOCTh IOTIJIOLIe-

HUS SHEPTUU B MOJIUMEpE, OTpeielisieMas U3BECTHOM 3aBUCUMOCTBIO

Wi = 2V A’S i, (L-n)-(1-€*) = 1:S,, 3
U MOIIHOCTb YJBTPa3BYKOBOTO M3JIy4EHHsI, MOIIoIaeMas B pe3yibTare 00paboTku
ITOJIIMEPOM:

PyKkoBOACTBYSCH MOLIHOCTBIO YIBTPA3BYKOBOTO H3JIy4YEHHs, IOTJIOLIAEMON
MIOJIMMEPOM 3a BpeMsi 00pabOTKH, MOKHO MOA00paTh YIbTPa3BYKOBOI M3JIydaTesb
TpeOyeMOol MOIIIHOCTH I10JT KOHKPETHBIN TOJIMMEPHBIA MaTepUall.

ITpu cpaBHEHNH yIBTPA3BYKOBOTO BO3IEHCTBUS C IPpYTrUM 3G (GEKTUBHBIM Me-
TOJOM HHTEHCHU(UKAIMU TEXHOJOTMYECKOTO Ipolecca IONyYeHUs H3IeNUi W3
nonumepoB — CBY-HarpeBoM Marepualia — cieyeT OTMETHTbh, YTO IOCIETHUN
PEIKO NpUMEHSIETCS B KaueCTBE COBMEUIEHHONW TEXHOJIOTHYECKOH cTagun o0paboT-
KH{ TIOJINMEPOB, 2 B OCHOBHOM HCIIOJIB3YETCs B KaUeCTBE MPEABAPUTEILHOMN CTa M.
CBUY-narpeB Haubonee 3ddexktuBer npu oOpabOTKe KOMITO3HIIMOHHBIX MaTepHa-
JIOB, HANpUMEp HAaHOKOMIIO3UTOB, KOT/Ia HaHOJ00aBKa BBINOJHAECT (QYHKIUHU J10-
HIOJTHUTEJIHOTO UCTOYHUKA TeIlIa.

B yerBépToOii ri1aBe npuBenéH pa3pabOTaHHBIA aJTOPUTM MPOCKTUPOBAHUS
TEXHOJIOTHYECKON JIMHUU s TBEPIO(A3HOH 0O0BEMHOWM MITAMIIOBKH HM3JCIHN W3
¢dTopomnnacra-4 ¢ yIbTpa3ByKOBBIM BO3JICHCTBUEM.

PaspaboTanHas cxema MoiydeHus u3Jeiauil u3 nopoika (proporuiacra-4 moka-
3aHa Ha puc. 4. Jlo atoro m3aenre HopMOBaIOCH U3 MOIMMEPHOTO MPOKaTa MOCpe-
CTBOM MEXaHHYECKOW 00pabOTKH 3ar0TOBOK M HArpeBaHMs UX J0 TpeOyeMoi Temire-
paTypsl, BCIEICTBUE Y€ro UMEIOTCSI OTXOJbI, OCOOCHHO Korja TpeOyeMsblil quameTp
3arOTOBKH HE IIOTA/IaeT B CTAHIAPTHBIN PsiJI MIPOMBIIIUICHHOTO MpoKara U Tpedyercs
HaJM4ue JOTOJHUTEIBPHOTO BHYTPEHHETO OTBEpCTHS. Pa3paOoTaHHBIA BapHaHT
IperoaraeT MoJlydeHne M3AeNUs 13 Topomka ¢roporuiacta-4, KOTOPbIH 3HAYH-
TeJIBHO JIeIIeBIe IPoKaTa. B 1aHHOM croco0e 3aroToBKa M3rOTaBINBACTCS KIacCHUe-
CKMM CIIOCOOOM NPECCOBAHUS € IOCIEAYIOIIUM CIIEKaHUEM B TepMollkady, YTo He
BBI30BET JIOTIOJTHUTEIBHBIX CIIOKHOCTEH B IPOU3BOJICTBEHHBIX YCIIOBHUSIX.

HoBu3Hoil u focTonHCTBaMM pa3pabOTaHHOTO CIIoco0a SBIAIOTCS: IPOU3BOA-
CTBO M3JICJIMiA C 3aJJaHHBIMH CBOMCTBaMH (TUIOTHOCTBIO H (bM3MKO-MexaHquCKHMM
CBOHCTBaMHU); OE30TXOAHOCTH; BBICOKAsl IIPOM3BOJUTENBHOCTb, pa3MEpHas TOY-
HOCTh M KaueCcTBO ITOBEPXHOCTH H3JENNi; BO3MOXXHOCTH HCIOJIB30BaHHS CYIIe-
CTBYIOIIETO OOOPYIOBaHHS; IOBBINICHUE TEXHHKO-DKOHOMHUYECKHX ITOKa3aTelnen
IIPOM3BOJICTBEHHOTO TIPOIIecca.

MpuroToBnexve Cnekarue n TBéPﬂodJaSHa? Wssnevenve nanenns
nopowka TaBneTupoanie TepMo- 06bEMHas LuTaMnoBka 113 nipecc-thopMbl 1
paccuuTaHHol 3aroToBOK CcTaTupoBaHue C yNbTPa3BYKOBLIM TpaHenopTMpoBKa K

Macchl BO3/encTBMeM MECTY CKNaaupoBaHuns

T T I I
N ( [NlnameTp 3arotoBku ) MoHonuTU31pOBaHHas 3aroToBKa nomeLLaeTes
Macca nopoluka paccumTbl- Temnepatypa .
P P cocTaenset 2/3 ot patyp: B npecc-opmy Temnepatypoit 40...70 °C.

BAETCH B COOTBETCTBUM C cnekanus 380 ° C,
0GBEMOM U3nens AvameTpa upenus, TEpMOCTATUPOBAHMS TexHonorn4eckue napameTpsI npotiecca 06paboTkm
. BO3MOXHO Hanuune 7 é
SARAHHOM IOTHOGTLI 200..310°C paccuuTLIBAOTCS MPOrPaMMOit C Y4ETOM

L OTBEPCTHS N0 LEHTPY ) YpaBHEHUs perpeccum

g

Puc. 4. Cxema TexHoJIOrn4eckoii TMHUU TBEPAOGa3HOI 00BEMHOI IITAMIOBKH
TepMOILJIACTOB € YJbTPa3BYKOBBIM BO3/elicTBHEM

12



Macca TpeOyeMoro IopoLIKa pacCUUThIBAETCA B 3aBUCUMOCTU OT 00bEMa IO~
TydaeMoro usjenus u Tpedyemoii mioTHocTH. [IpeccoBaHme mMOpoIIka B 3aTOTOBKY
IPOBOJUTCS B Ipecc-popMe, AUaMeTp 3arpy304HON KaMepbl KOTOPOH COCTaBILET
2/3 or npumamerpa u3genus. JaBieHHe MpecCOBaHUS 3arOTOBKH, TeMIIEpaTypa M
BpeMsl HOCIEIYIOMIET0 CHEeKaHUs MPUHUMAIOTCS CTaHTAPTHBIMH IS JTaHHOH TeX-
HOJIOTHYECKOH OIepaluu.

HoBBIM TEXHOJOTHYECKHM pEIICHHEeM SBIISETCA TO, YTO CHEeYEHHAs B Tep-
momkady (380 °C) 3aroroBka oxiaxnaercs 10 290...300 °C, TepmocTatupyercs u
odopmisiercs B uszienue TBEPAO(A3HON MTAMIIOBKOHN ¢ yIbTPa3ByKOBBIM BO3JEHi-
crBueM. OcTanbHBIE TEXHOJNIOTHYECKHE MapaMeTpsl Ipolecca 3aJafoTcs CIeayo-
UM 00pa3oM: IPUHUMAETCS 3HaU€HUE YacTOThl U MOIHOCTY YJIbTPa3ByKa B 3aBU-
CHMOCTH OT 00BEMA M3IENUS U CIOKHOCTH ero (OpMbI IO YCTAHOBJICHHBIM 3aKO-
HOMEPHOCTSIM, [JaBIE€HHE U BpeMs Ipolecca (OpPMOBaHUS IPU yIbTPA3ByKOBOM
BO3JICHCTBUU PACCUUTHIBAIOTCS U3 YPABHEHUS PErpecCHU IOJ 33JaHHOE 3HAuCHUE
miIoTHOCTH m3Aenust. Ilonbop ymabTpa3ByKOBOTO OOOPYHOBAHHS OCYIIECTBIACTCS,
OCHOBBIBAsICh Ha aKyCTHUYECKUX XapaKTEPHCTHKAX 00pabaThIBACMBIX MOJHMMEPHBIX
MaTepHanoB, TPeOyeMOil MOITHOCTH YIbTPAa3ByKOBOTO M3TydICHHS M INIOIAIH II0-
HepevHoro cedeHus m3jenus. [lamee moaOHpaeTcst CTAHIAPTHBIA yIbTPa3BYKOBOH
u3Jlydyarellb, KOTOPBIH ¢ yd4€TOM KO3 (UIHEHTa NOTEPh CMOXKET 00ecIIeuuTh Tpe-
Oyemoe BO3/IeHiCTBHE Ha 00pabaThIBACMBIi MaTepHal.

[IpoBenéHHBII cpaBHUTENBHBINH pacdyéT 3HEpro3arpar mpouecca TBEprodas-
HOro (opMOBaHUS C IPeABAPUTEIbHBIM KOHBEKTUBHBIM HarpeBOM M Ipolecca
(hopMOBaHHs, COBMETIEHHOTO C yIbTPA3ByKOBEIM BO3IEHCTBHEM, MOKA3hIBACT CHHU-
JKeHHUE yJelbHBIX dHeprosarpar mnpouecca Ha 18% u cokpamienue B 2,3 pasa Bpe-
MEHH TeXHOJIOTHYECKOTO IIHKIIA.

B nsAToli raBe IpHBENCHBI PE3yNbTATHl SKCIITYaTA[HOHHBIX B CTPYKTYPHBIX
I/ICCHGHOBaHI/lﬁ HaHOMOZLI/I(l)I/ILU/IpOBaHHLIX TOJIUMEP-YTIICPOAHBIX MATCpPHUAJIOB Ha
ocuoBe IIOBIT u ABC-comonumepa, MOJYYCHHBIX TPAJUIIMOHHON KUAKO(DA3HON
TeXHOJIOTHEeH, 00pabOTaHHBIX JaBIEHHEM B pexuMme TBEPAOGA3HONU PKCTPY3HHU C
YIABTPa3BYKOBbBIM BOSﬂeﬁCTBMCM n 0e3 HEro, ¢ UCJbI0 BBIABICHUA KAUCCTBCHHOI'O U
KOJIMYECTBEHHOTO BIIMSHUS TEXHOJIOTHUECKUX (DAaKTOPOB HA CTPYKTYPHO-MEXaHH-
YeCKHE U TeIIO(PU3NIECKHEe XapaKTePUCTUKU 00pabOTaHHBIX MaTepUAaIOB.

IMpu anamm3e pe3ynbTaToB TBEPHO(A3HON IITYHKEPHOH IKCTPY3UH C HAJIOXKe-
HHEeM yIbTpa3ByKa OTMEUEHO CHIDKEHHE HEOOXOJMMOTo JaBlIeHUS (GOPMOBAHHS Ha
40% y ncxognoro matepuana 1 Ha 30% y HAHOKOMIIO3UTOB. AHAJIOTHMYHAsl KapTHHA
Ha0Iroanack IpH MpoBeieHNH dKkcnepuMeHToB o TOD ABC comommmMepa n koM-
Mo3UTOB Ha ero ocHoBe. JlaBnenue ¢opmoBanus ucxomnoro ABC ymeHsbIanach
npuMepHo Ha 30%, a KoMIO3UTOB Ha 25% MpyU HANOKEHUH JOTIOJHUTEIBHOTO Yilb-
TPa3BYKOBOTO BO3ICHCTBUSL.

30HaNBHBIM METOROM HccienoBany quddy3noHHbIE cBOMcTBa 00pa3LOB MO-
auMepoB. OTMEUYEHO CHIDKCHHE BOAOMOTIIONMICHNS HCXOJHOTO MOTUMEPHOTO Mate-
puana npu TBEpAoda3Hoi 00paboTKe ¢ yIbTPa3ByKOBBIM BO3ACHCTBHEM IPHUMEPHO
Ha 35% mo cpaBHEHHIO C MaTEpHAIOM, SKCTPYAUPOBAHHBIM 0€3 yIbTPa3ByKOBOTO
BO37eiicTBHSA, a y komnosuTta ¢ 1 M.4. YHM cooTBeTcTBYIOmast pa3HHIA COCTABIIA-
eT 86%. JlunaToMeTpUUECKIMM METOJJOM OTMEYEHO 3HaYMTeIbHOE, nopsaka 10 pas,
yYMeHbIIIeHHEe K0d(Q(UIHEeHTa TNHEHHOH ycanKkn, OMHOBPEMEHHO yPOBEHb OCTaTOq-
HBIX OpHEHTAIlMOHHBIX HaNpsbKeHUH cHibkaeTcs Ha 30...80%, yBenmumnBaercs TeM-
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neparypa remaocroiikoctu Ha 20...40 °C. KauecTBeHHbIM METOJOM OLEHKU IIEpPO-
XOBAaTOCTH OTMEYCHO YITy4IIeHHEe KauecTBa IMOBEPXHOCTH 00paOOTAaHHBEIX HONIHUMeE-
pog. IIpu GosblreM yBeIHYESHHH BHIHO, YTO YaCTUIEI U arioMepartsl Y HM HeMHO-
IO Pa3phIXJISIIOT CTPYKTYpPY KOMIO3UTa, a pu KoHeHTparmuu 1 M. 4. YHM Bugns!
CYILIECTBEHHBIC CTPYKTYpHbIC NedeKThl (pHc. 5, 6), Takue Kak MHKPOTPEIIHHBI,
HOPBI U T.II. DTO HOATBEPXKIACTCS HCCICAOBAaHUSIMH TH(D(HY3HOHHBIX CBOHCTB KOM-
MIO3UTOB.

a)

Puc. 5. ®orto cTpykrypsbl komnozurta [IIBII + 1 m.u. YHM,
obpaboranHoro TM-TeXHONIOTHEN ¢ MPUMEHEHHEM YIIbTpasByKa (a) u 6e3 Hero (6),
MOJIyYeHHbBIE Ha PACTPOBOM IEKTPOHHOM MHKpockore Quanta 600

OTMeueHO CYIIECTBEHHOE yBEJINYEHHE BOJOTOTIIONICHUS JAHHBIX KOMIIO3UTOB,
OJTHAKO €CJIU 3TU KOMIIO3UThI 00paboTaTh aBieHUeM B TBEPAOH (aze ¢ HaloKEeHUEM
JIOTIOJIHUTEINIBHOTO YJIBTPa3BYKOBOTO BO3JIEHCTBUS, TO CTPYKTypa IOJIHMMEpa CTaHO-
BUTCS 0oJiee OIXHOPOIHOM, 0€3 CYIIEeCTBEHHBIX MYCTOT W Ae(eKToB (pHc. 5, a).
B naHHOM ciyuae TEKCTypHpOBaHHE CTPYKTYPBI IPOCMATpPHBAECTCS B BHJE Mapall-
JIENBHBIX TI0JIOC, Y MaTepraja 3HaYUTEIbHO BO3PACTAIOT HKCIUTyaTallMOHHbIE MTOKa3a-
TEJH, B TOM YHCJIe IPOYHOCTHBIE, & CHI)KEHUE BoionoronieHus nocturaet 80%.

B pesynbTare skcriepuMeHTaNbHBIX UCCIIEIOBAaHUH CBOWCTB HAHOKOMIIO3UTOB
IIPY TAaHHBIX KOHLEHTPAMIX MOJU(UKATOpa U YCIOBHAX NepepabOTKH HE BBIsBIIE-
HO CYHIECTBCHHOI'O YBCJIIMYCHUSA OSKCIITyaTallMOHHBIX HOK%aTCHCﬁ, BCJICACTBHUEC
9TOT0 MOANUGHIUPOBAHUE NTOJIUMEPOB OKA3AJIOCh HELIEIeCO00pa3HbIM.

OCHOBHBIE PE3YJIbTATBI PABOTBI U BbIBOJbI

OOuMM pe3yabTaToM padOThl SBISIETCS HOBOE PELICHNUE MCIONIb30BAaHUS CTa-
on (popMOBaHUS, COBMEHIEHHOH C YIBTPa3BYKOBBIM BO3IAEHCTBUEM JUIS TTOBBIIIE-
HU 3GQPEKTUBHOCTH Ipouecca TBEPRO(Da3HOI 0O0pabOTKH KPYMHOTOHHAXKHBIX, B
TOM YHCIIe TPyAHOIEpepadaThBAEMBIX MOIHMEPOB C HO3HIMN IHEProcOepeKeHHUs
U yIy4IIeHUs 3KCILTyaTallllOHHBIX MTOKa3aTelei TOTOBOro MPOIyKTa.

BEIMOTHEHBI  SKCIIEpPUMEHTATBHBIE HCCIIEOBaHUS Iporecca TBEpHoGha3HOi
00paboTKN MOJIMMEPOB C MPUMEHEHHEM YJIbTPa3ByKOBOTO BO3AEHCTBHS; Ha OCHO-
BaHMH MOJIyYCHHBIX JAHHBIX YCTAHOBJICHO 3HAYMTEIBHOE MMOBBIIICHUE TIOKa3aTeNeH
(bM3HKO-MEXaHUUECKHX W JKCIUTYaTal[HOHHBIX CBOMCTB: pa3pylIarollee Harpshke-
HHE IPH PacTsDKEHUH, MOAYb ynpyroctd Ha 20...50%; paspymaiomiee Hampsbke-
Hue npu cpese Ha 30...35%, a B cpaBHEHMHM C MarepuaiaMu 10 00paboTKu B
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1,5 — 2,5 pa3za; OHOBPEMEHHO OTMEYCHO CHI)KEHHE HEOOXOIUMOIO JaBJICHUS
(dhopmoBanwust Ha 20...30%.

HccnenoBana KWHETHKA U3MEHEHUS! IJIOTHOCTH IOJIMMEPOB B YCIOBHSX OCe-
CUMMETPUYHOTO C)KATHs, BIMSHUE HA MPOLECC MapaMeTPOB HCIIBITAHUS U YJIbTpa-
3BYKOBOTO BO3JCHCTBHS; MOJYYEHO MaTeMaTHYECKOE ONHCAHUE IKCIEPHMEHTAllb-
HBIX JTaHHBIX, TTO3BOJISIONIEE OTy4YaTh TOTOBBIN MPOAYKT C 3aJaHHBIMH CBOWMCTBa-
MH ¥ YIIPaBJIATh CKOPOCTHIO MIPHPOCTA IUIOTHOCTH.

OTmedeHo YBEIIMUYCHUEC CKOPOCTU pEIaKCaAallUOHHBIX SIBIICHHI npu HaHpﬂ)KéHHOM
COCTOSIHHH MOJIMMEPA B YCIIOBUAX BBICOKOI'O AABJICHUSA NPU HAJIUYUU YIJIBTPa3BYKOBOTO
BO3JEMCTBHUSA, IPU TOM YPOBEHb BHYTPEHHUX OPUEHTALIMOHHBIX HAIIPSDKEHUN CHUXKAET-
cs Ha 30...80%, yBenmuuuBaercsi Temmeparypa TemiocToiikoctu Ha 20...40°C u ymyd-
HIaeTcs KaueCTBO MOBEPXHOCTH 00PabOTaHHBIX OIUMEPOB.

[Ipemioxkena ¢usnyeckas Mo/elIb MEXaHW3Ma BO3/ICHCTBUS YJIbTPa3ByKa Ha
CTPYKTYpY IojmMepa u (PU3UKO-MEeXaHHIEeCKHe CBOWCTBA B Ipolecce TBEpAOGa3-
HOHM 00pabOTKH C yIbTPa3ByKOBBIM BO3IEHCTBHEM, KOTOpAsl TIOATBEPIKAEHA JKCIIe-
PUMEHTAJIBHO.

PazpaboTaH anroputM NpOEKTHPOBAHHS TEXHOJIOTMUECKOIO Npolecca Moiy-
YEeHUS U3CIUN U3 TpyAHOIepepadaThIBAEMBIX TOJIMMEPHBIX MAaTEPUANIOB HA IMPH-
Mepe [ITDD ¢ 3amaHHON MIOTHOCTHIO M YJIYUIICHHBIMH (DU3UKO-MEXaHHYCCKHUMU
CBOMCTBaMH, MPEUMYIIECTBAMH KOTOPOTO SBISIOTCS: O€30TXOTHOCTB, BBICOKAs
MPOM3BOUTENFHOCTD 32 CYET COKpAILEHHUS BpEMEHH IIHKIa (opMoBaHus B 2,3 pasa
U CHIDKECHUE yIeJbHBIX SHEpro3arpar npoiecca Ha 18%.

BhINoNHEHBI CpaBHUTEIBHBIC SKCIIEPUMEHTAIBHBIE HCCIICOBAHUS CTPYKTYPHI
U 9KCIUTyaTallIOHHBIX CBOMCTB MOJMMEPHBIX KOMIIO3UIIMOHHBIX MaTEpUaJIOB, IO-
JY9eHHBIX TPAJUIMOHHBIMA METOJaMH M TBEPAO(A3HON TEXHOJIOTHEH ¢ yIbTpa-
3BYKOBBIM BO3JCHCTBUEM.

HpaKTI/I‘iCCKaﬂ 3HAYUMOCTDb IMMOATBEPIKACHA TPEMSA aKTaMH BHEAPCHUS PE3YJIb-
TaTOB B IIPOU3BOJCTBO U y4eOHBIH Ipolecc.

OcHoOBHBIE 0003HAYEHUA

ABC — comonuMmep akpwIOHUTpHIaA, OyTaaueHa u crupoia; [I9BII — momu-
3THJICH BbICOKOW moTHocTH; [IT®D — momurerpadropatunen; YHM — yriepon-
HbIE HAHOCTPYKTypHble MaTepuainsl; JK® — xuaxodasnoe dpopmoBanue; TOD —
TBépodasHas mIyHKepHas SKcTpysus; Py, — HeoOXoauMoe faBieHue popMOBaHMUS,
MIla; T — tremneparypa mporecca oopaborku, °C; W,, — CyTOYHOE BOJOIIOTIIONIE-
HHe,%; A, — SKCTPY3UOHHOE OTHOIIEHHE; G, — IpeJe] IPOYHOCTH HPH PACTsKeE-
nuu, MIla; o, — TIpenen MPOYHOCTH B YCIOBMAX CPE3BIBAIOIIMX HAIPSKEHWH,
MIla; v — yacroTa ynpTpa3Byka, I'Il; ¢ — CKOPOCTh paclpoOCTpaHEHUs YIbTPa3BYKa,
M/c; A — aMIDINTya yIbTPa3BYKOBBIX KoJeOaHH, MKM; |; — HHTCHCHBHOCTD YITb-
Tpa3sByka B noimMepe, Br/cm”; W) — CKOpOCTh ITOTTIONIEHHs yIETPa3ByKOBOH 3HEP-
run, JIx/c; 1 — K03 GUIHEHT OTpaXkeHNs yIbTPa3ByKa; Y — INIOTHOCTB, I/cM 5 Ny —
MOIIHOCTH YJIBTPa3ByKOBOTO H3JIyYEHUs, IOIJIONIaeMasl MoauMepoM, BT; Go. —
YpOBEHb BHYTPEHHUX OpHUEHTAlMOHHBIX HampsbkeHui, MIla; 7., — Ttemneparypa
TemnocToikocTH, °C; t — BpeMs mporecca 00paboTKH, ¢; S; — IITOMAAb TOIEePEeTHO-
ro ceueHus 00pasia, M*; o — K03(MHUIMEHT TOTIOMEH s YIbTPa3ByKa; Y — TOJIIH-
Ha CTE€HKH Ipecc-(QopMsbl, M.
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