METOAbI BO3AEUCTBUSA HA NIIACT U NMOBbILWEHUA HEGTEOTAAYN

MAaJIbHBIA XapakTep, TO 3TO TPeOyeT MOCTOSHHOTO KOH-
TpOJIsl 32 COOJIOACHUEM €ro PeLenTypbl, OKa3bIBAIOLICH
OCHOBHOE BO3/ICHCTBHE HA KOTMYECTBO U MHTCHCUBHOCTD
oOpa3oBaHusi OMorasa, BIMSIOIIETO Ha ra3oBbI (hakTop
HedTH.
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BIIUAHUE YIIbTPA3BYKA HA U3BJIEYEHUE XXKWOKOCTH
N3 BJIAXHbBIX OBPA3LIOB NI'PYHTA

E.A. Map¢pun
(Kaszanckuu nayunotii yenmp PAH (KaszHI] PAH))

BBepeHue

C cepeauHBbI MPOILIOTo CTOJETUS U3Yy4aeTCsl BIUSHHUE
YIPYTUX KOJIEeOaHWH Ha pa3iW4HbIE CPEelIbl M IPOLECCHI,
IIPOTEKAaoIUe B NPOAYKTUBHBIX ItacTax [1, 2]. ®usuue-
CKUE SIBJIICHMs, BO3HHMKAIOUIME IPHU TaKOM B3aUMOJIEH-
CTBHMH, MHTEHCU(HUIUPYIOT Tporecc no0buu Hedtu [3].
MHoOro4HcIeHHbIe TIPOMBICIIOBBIE SKCIIEPUMEHTHI, ITPOBE-
JIeHHbIE B Halled cTpaHe W 3a pyoexxom [1-3, 5], B Tom
YyHUclie ¢ yyacTueMm aBTopa [4, 6—8], CBUIETENBCTBYIOT O
BBICOKO# ycremHocTH (Oonee 80 %) MeTona Bo3aeHCcTBUS
HAa IUTACT YIPYTUMH KoJeOaHUsIMM; 00 YBEIUMUCHUH TeOu-
Ta HE(pTH M CHIDKCHUM OOBOJHEHHOCTH H3BJICKACMOM
nponykuun. Cpeay HaOII0JaeMBbIX B TIOJIE YIPYTHX KoJIe-
OaHMii SBJIEHHUH, IPUBOSIINX B KOHEYHOM CYETE K yBe-
JIUYCHUIO He()TEOTAauu, MOXKHO OTHECTH [9—14]: merasa-
M. TUTACTOBOW JKUIIKOCTH; YCKOpEHHe mporecca (Quib-
TpaLUK JKUJIKOCTEW; YBEIMUEHNE MPOHUIAEMOCTH MOPH-
CTOTO KOJIEKTOPA; NHTEHCU(HUKALINIO KaMUIIPHON Tpo-
MTUTKW; W3MEHEHHE PEOJIOTMYECKUX CBOMCTB IUIACTOBBIX
KUAKOCTEH U JIp.

B mpouecce pa3paboTku MECTOPOXKAEHUI Hapsady ¢
npobiieMaMu JOOBIYM, pa3AeNeHHuss U TPAHCIIOPTHPOBKU
HedTH Tepe]] HeTENPOMBICTIOBUKAMHU CTOST 3a/1a4d yTH-
JMU3AIMK OOOYHBIX MPOAykTOoB. OfHA M3 TakuX 3ajad
CBsI3aHA C U3BJICUYCHUEM IUIACTOBOM JKHIKOCTH M3 TPYHTA,
KOTOpas MONaJaeT B Hero, B TOM YHCIIE B pe3ynbTaTe Oy-
peHHS M PEMOHTa CKBaXHH. B pesymbrare OTCTaMBaHHS
TaKOH CyOCTAHIINK YaCTh KHUIKOCTH CKATUTHBAETCSI HA T10-
BEPXHOCTH W €€ 3aKayMBalT B ruiacT. J{yis u3BIeYeHHST
OCTaBIICHCS KHUIKOCTH HEOOXOMHM JAPYroil IMOAXOI.
VmeroTcst OCHOBaHMS TMojiarath, YTO B pe3yabTare BO3-
JEHCTBUS YIPYTUMH KOJNEOAHUAMH MOKHO HHTCHCH(H-
[UPOBATH MPOIECC HU3BICUCHHS KUIKOCTU M3 TAKHX CPEI.
Lenpro Hacrosmiedl pabOTHI SBISIETCS KCIIEPUMEHTAIb-
HOE M3yYeHHE BIMSHUS YIPYTUX KoynebaHWil Ha mporece
W3BJICUCHUS )KUIKOCTH U3 BIAKHBIX 00pa3IoB IPyHTA.

MeToauka akcnepumMeHTa

B ocHOBe pa3paboTKu METOIMKH 3KCIIEPUMEHTA ObLTH
HCIONB30BaHbl pe3yibTaThl padoT [14, 15]. CyTth 3kcHe-
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Puc. 1. Cxema ycmanoexu:
1 — obOpazen cpezibl; 2 — TOHKHUIT CIIOH BIIArONPOHUIIAEMOTr0
Marepuaia; 3 — cI0oi BIUTBIBAOIIErO MaTepuaia; 4 — rpys;
5 — eMKOCTh

pUMEHTA 3aKJII0YAeTCS B U3MEPCHUU CTCIICHU U3BJICUCHHUS
KHUJKOCTU U3 HCCIIEYEMOH Cpe/ibl 10 00paboTKH ee yiib-
Tpa3sykoM (¥Y3) u mociae 00paboTKH.

DKCIIepUMEHTAIbHAS YCTAaHOBKA (pHC. 1) IpeacTaBis-
€T co0Oi eMKOCTh 5, B KOTOPYIO ITOMEIAETCS UCCIIenye-
Mast cpena /. Ha moBepxHOCTH cpefpl MOMeIIaeTcs TOH-
KHH CJIOW BJIarompOHHMIIAEMOro MaTepuana 2 — Oymara
(FOCT P 52354-2005). CBepxy pa3MeIiaercs CIOH BIH-
TBHIBAOIIIETO BJIary MaTepuana 3, KOTOPBIA MPUKHUMAETCS
K o0pa3iy / rpy3om 4. Ilepen pa3MelieHUEM BIHUTHIBAIO-
LIEro Bjary marepualia U Ipy3a eMKOCTb C HCCIelyeMOi
CpeJioii B3BEIINBAETCSI Ha 3JIEKTPOHHBIX BECaX.

Bu3zyanbHeIM HaOIIOIEHHEM 32 TIPOIIECCOM IOTJIONIe-
HUS JKUJIKOCTH U3 oOpasiia / MaTepuaioM 3 OmpeaeiseT-
C MOMEHT YaCTHYHOI'O TIIOTJIONICHUS U (UKCHUpYETCs
BpeMsl KOHTakTa. Ha 3JIEKTpOHHBIX Becax H3MepseTcs
Macca €eMKOCTH ¢ 00pas3rioM 0Oe3 BIMTABIIETO KHIKOCThH
MaTtepuaya u rpysa. [lociae BBIUUTaHUS MacChl eMKOCTU
olpesiesIsieTcss M3MEHEHHWE Macchl o0paslia BO BPEMEHH.
DKCIIEPUMEHT TPOBOIUTCS OJHOBPEMEHHO Ha HECKOJIb-
Kux oOpa3max — oOpasuax cpeibl A0 M TOcie BO3JeH-
cTBUs. [IpakTUYECKH OMHOBPEMECHHO IIPOMCXOAAT 3a-
KJIaJlka BIMTHIBAIONIETO MaTepHansa B €MKOCTH C o0pa3-
[IaMHU ¥ U3MEPEHHE UX MACCHI.

OO0paboTka yIPYrUMU KOJCOAHHSIMH HCCICIYEMbIX
00pa3IoB BIAYKHOTO TPYHTA OCYIECTBISIACH C TIOMOILBIO
yABTPa3BYKOBOTO TEXHOJIOTMYECKOTO arfmapara Cephu
"Bomua" V3TA-0,2/22-OM. Hcnone3yemas ammaparypa
HMEET 3JICKTPOHHBIA TeHepaToOp ¢ TaMEPOM M PETYIIATO-
poM BbixomHOH MomHOCTH (30...100 %) W mbe303JIeK-
TPUYECKYIO KOJeOaTenbHylo cucreMy. Takas anmaparypa
o0ecreynBaeT MaKCHMMAaJIbHYI0 HMHTCHCHUBHOCTH BO3JICH-
crBus — 10 Br/cm? npu yacrore konebanuii 22+1,65 kI
W3mepennst maccel 00pa3IoB MPOBOAWIIUCH C HCIIOIB30-
BaHHeM 3JieKTpoHHBIX BecoB BK-300 c¢ BepxHum mpene-
soM 300 r u TouHocThio £0,005 1.

Bbeutn mccnenoBanel Ba o0paslia BIa)KHOTO TPYHTa
cpenpl. Obpaserr I npencraBiser co0ol BIAKHBIA TPYHT
KOHCHCTCHIIUEH TYCTOM CMETaHbI, KOPUYHEBO-3€JICHOBA-
Toro 1Bera. Ha omryms cpena moxoxa Ha BIaKHYIO TIIUHY
C HE3HAYUTEIBHBIM KOJIMYSCTBOM YACTHI[ IICCYAHMKA.
IIpoba momydeHa ¢ yuactka kycra 15058-15056 B urone
2015 r. B Tatapcrane.

Oo6paszer II Gonee TycToi, 4eM mepBbIi, ¢ KOHCUCTCH-
IHUCH IIEMEHTHOI'O PAaCTBOPA IS MTYKATYPKU M BKITFOYC-

HUSIMU TBEpZBIX YaCTHUI[ NECYaHUKA M Ooliee KPYIHBIX
¢bpakmuii. B 00pasiie mpucyTCTBYeT CTOWKHI 3amax am-
muaka. [Ipoba oroOpana Taxke B utoHe 2015 r. ¢ yyactka
Kycra 15212.

Pe3ynbTaThbl 3KCNEPMMEHTOB

OKCHEepUMEHThl MPOBOJWINCH IO pa3paboTaHHOMN
BbIme Meroauke. O0beM HcclienyeMbIX 00pa3loB MO3BO-
JIMJT TIPOBECTH JKCIIEPUMEHTHI TOJIBKO Ha OrpaHUYEHHOM
YHCIle PEKUMOB BO3JeWcTBHs. [IepBbIi DKCIIEPUMEHT 3a-
Kirouasicsi B oopabotke Y3 obpasua I B Teuenune 30 ¢ Ha
MOIIHOCTH, cocTtaBisonieii 50 % or makcumannHO. B
pe3ynbTaTte 3TOro BH3YaJlbHO €ro KOHCHCTEHIMs CTaa
oonee xumkoit. ITocme Y3 o0OpaboTkm oOpaser; Takxke
cran Oojiee HarpeTsiM mpuMmepHo Ha 8 °C. J[ist uckimove-
HUSI TEIUIOBOTO (pakTopa B ATOM U IMOCIIEAYIOUINX JKCIe-
puMeHTax HeoOpaboTaHHBI Y3 00pasell HarpeBajics 10
TOM K€ caMO TeMIlepaTypbl Ha BOJSIHOM OaHe.

Jlnst cpaBHEHUsI pe3yNbTaTOB M3BIICYEHUS JKUAKOCTH
HCIIONB30BAJIMCh JIBe MpoOBI oOpasma I — oOpaboraHHas
Y3 u HeoOpaboTaHHas. Macca HeoOpabOTaHHOH MPOOHI
cocraBuna 50 T, obpadoranHoi — 49,15 1. 3a 2 4 norepu
JKHIKOCTH B HeoOpaboTaHHOM 00pa3siie coctaBmwm 13,755 ¢
(27,51 %), a B obpaboranHoM obpasie — 15,20 t (30,92 %).
Crnenyer OTMETHTB, YTO Macca Ipy3a, IPHIaBIUBAIOIIETO
BITUTHIBAOIIHMI MaTepHai K oOpa3siaM, Obuia mopsiaka 10 T,
a caM BIUTHIBAIONIMH MaTephaj IpPEACTaBIsUT CcOOOM
CIIOKEHHYIO B 4 pa3a Oymary (THma HpOMOKAIIKH) Mac-
coii 1,4 r. IlepBbIil MpoBeIEHHBIN IKCIEPUMEHT TOKa3al,
4To B pe3ynpTare o0paboTku Y3 mpolecc H3BIICUSHUS
JKUIKOCTH U3 obOpasia uaeT Ha 10,5 % sddexrusnee. C
JIpYTOil CTOpOHBI, 11t u3BinedeHus 13,755 r xuakoctu u3
HeoOpaboTaHHOrO 00pasia Tpedyercs mopsaka 119 muH,
B TO BpeMs Kak JUIsl U3BJICYECHHS TAKOTO K€ KOJIMYEeCTBa
JKUJIKOCTH U3 00paboTaHHOro o0pasiia HeOOXOIMMO BCe-
ro 60 muH. Takum 00pazom, B pe3yiibTaTe 00padoTKu Y3
obpasia I B 2 pa3a yBenuuuBaeTCs CKOPOCTh U3BJICUCHUS
kuakoctd ¥ Ha 10,5 % Oonbine Macca H3BJIEKaeMOi
KHUIAKOCTH.

B xone mpoBeieHHs IEPBOrO UCIBITAHUS TAKKE OTpa-
OaThIBasIach MeToAMKa McnbiTanuil. K cnenyromemy wuc-
TBITAHUIO OBLIH MOATOTOBIICHBI OJIMHAKOBBIE 1O (hopme u
Macce oOpasipl BhuThBatomero Martepuana (1,4 r), u
rpy3bl Maccoil okojio 174 T U TUIONIa/IbI0 TOBEPXHOCTH,
COOTBETCTBYIOIIEH IJIOMIAM COTPUKOCHOBEHHS C BITUTHI-
BaIOIINM MaTepUalIOM.

Bo BTOpOM HCHBITAaHUHM MOIITHOCTH BO3JEHCTBUS YBe-
nuaunu 10 60 %, a IpogOIKUTENFHOCTh cocTaBuia 60 c.
B pesynbrare Y3 00paboTku KoHcHCTeHIMs1 oOpasua [
TakKe crayna Ooyee Xuakod. /[MHaMHKa U3MEHECHHUS OT-
HOCHTEJBFHON Macchl U3BJICUEHHOW M3 oOpasua I sxumako-
CTH JUIS PAa3UYHBIX PEXKHMOB BO3ACUCTBUS Y3 mpen-
CTaBJIeHa Ha puc. 2.

3a 139 MHH moTepu KUIKOCTH B HEOOpaOOTaHHOM
obpasiie coctapwin 14,23 1 (29,07 %), a B 06paboTaHHOM
— 18,24 1 (36,74 %). B pe3ynprate 00padoTku Y3 mpo-
LIeCC M3BJICUCHUS KHMIKOCTH M3 o0paslia IMpOTeKaeT Ha
28,2 % »sddexruBHee. [y W3BIEUSHUS OAWHAKOBOTO
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Puc. 3. Bpemennas 3agucumocmo usmMeHeHus Maccol U361e4eH-
Hou drcuokocmu u3 oopasya Il
1-Y375%,60c;2-Y350 %, 60 c; 3 — 6e3 06paboTku

konmmuectBa (14,23 1) kmaxkoctH U3 HeoOpPabOTaHHOTO
oOpasia Tpedyercs 139 muH, a u3 oOpaboTaHHOrO 00pa3-
na — oxkono 50 muH. Takum 00pa3oM, MOBTOPHBIN AKCIIE-
pUMEHT ¢ 00paboTkoii Y3 OOJIBIIUMH MOIIHOCTHIO H
MIPOJIOJDKUTENEHOCTBIO CBUIETEILCTBYET O TOM, 4TO 0O-
Jlee 4eM B 2,5 paza yBEIMYUBAETCS CKOPOCTh M3BIICUECHUS
KHUIKOCTU M3 oOpasua u Ha 28,2 % Oorblle U3BJIEKAETCS
KHUIKOCTH.

O6pazen 1l obOpabareiBancss Y3 Ha JBYX pexumax:
MorHocThio 50 u 75 %. IlpomomkuTenbHOCTh BO3MEH-
crBus coctaBuia 60 c. [lockoneky comep:kaHue KHJIKOCTH B
obpasue Il 6bu10 MeHble, YeM B oOpasue I, skcriepumeHT
TIPO/IOJDKANICS 3HAYMTENBHO JONbINe. Pe3ynbrar sKcrepu-
MEHTa TPEJICTABJIEH Ha PHC. 3 B BHJE 3aBHCHMOCTH Macchl
W3BJICUEHHO 13 00pa3iia KUIKOCTH OT BPEMEHH.

PacxoxneHne B THHAMHKE TIOTEPH MAacChl JKHUIKOCTH
00paboTaHHBIX Y3 00pa3ioB HaONIONACTCS B TEUCHHE
nepBbIX 15 MuH mocne odpadorku. Tak, 3a nepBble 2 MUH
mocje 00pabOTKU OONBIICH MOITHOCTHIO KOJIHYECTBO H3-
BIIEUEHHOH »uakoctd Ha 13,5 % Oonbine, 3a 5 MHUH —
ToNbKO Ha 8,9 %, k 40-ii MUH 3KCIIEpUMEHTa PacXoXKie-
Hue cocraBmwio Bcero 1,7 %. K xoHmy skcnepumenta (x
187-it MuH) pacxoxaenue cocraswio 0,45 %. B cpaBHe-
HUHM C HeoOpaOOTaHHBIM 00pa3loOM, y KOTOPOro Macca

M3BIICUCHHON )HuIkocTH coctaBwia 4,395 v (8,7 %), y
00paboTaHHBIX Y3 cpemHsist U3BJICUCHHAS Macca MKHIKO-
ctH cocraBmia nopsiaka 5,01 1 (9,9 %).

B pesynprate Y3 00pabOTKH MPOIECC W3BIICUCHUS
KUIKOCTH U3 obOpasna Il mporekaer Ha 14 % 3ddexTus-
Hee. [l ¥3BNeYeHMs ONMHAKOBOrO KonmuecTBa (4,4 1)
KUJIKOCTH W3 HeoOpaboTaHHoro obpasna TtpeOyercst 187
MHUH, a u3 o0padoranHbIX Y3 00pa3uoB — okono 110 MuH.
Takxum 00pa3oMm, sKCIiepuMeHT ¢ Y3 00paboTkoi 00pasiia
II cBuaeTENBCTBYET O TOM, YTO OOJNIEee ueM B 1,7 pasa yBe-
JMYUBACTCS CKOPOCTh M3BIICUCHUS JKUIKOCTH M3 obpasiia
u Ha 14 % OoJbIIIe )KUIKOCTH U3BJICKACTCS.

Pe3ynbTaThl MPOBENCHHBIX 3KCIIEPUMEHTOB MOATBEP-
JAJTH BO3MOXKHOCTH HCIIONIb30BAHHUS BO3JCHCTBHUS YIIPY-
THX KOJEOaHUW IS MHTCHCHU(UKAIIMU TPOLIECCOB Macco-
mepeHoca B MOPHUCTHIX cpeaax. CrieqyeT OTMETHTh, YTO
JIOCTUTHYTHIN 3((QEKT B JaHHOM citydae sSBIsuics P dek-
TOM MOCIECHCTBUSI, T. €. TIPOIIECC U3BICUCHHS KUIKOCTH
U3 TPyHTa OCYHIECTBISUICS mmocie Y3 o0paborku. ITO
03HAYAEeT, YTO W3BJICUCHHE JKUJKOCTH W3 TPYHTA B IPO-
necce Y3 00paboTku OymeT OCYIIeCTBIATHCS Oojiee WH-
TeHcuBHO. OCHOBHO# MpUUKHON HabII0AaeMoro ¢ dexra
SIBJISETCS OCNabIeHne MEXMOJIEKYIISPHBIX CBS3EH MEeXIy
MOJICKYJIAMH JKUIKOCTH U TBEP/IBIX YACTHII TPYHTA.

[TockonbKy HWccaeayeMblid Ipolecc 1mono0eH (Quiib-
TpaIM{ IUTACTOBBIX (IIIOHMIOB, BO3ACHCTBUE YIPYTUMH
KOJIeOaHUAMH Ha TUIACT MPUBEJCT K aHAJIOTHYHOMY pe-
3yabTary. Takum 00pa3oM, MoNydeHHbIE Pe3yAbTaThl MO-
T'YT OBITh UCITOIB30BAHBI TIPH BBIOOPE PEKUMA BOJTHOBOTO
BO3JICHCTBHUS HAa MPOMYKTUBHBIC MIIACTHI C IETIBIO YBEIH-
yeHus HerenoObun. Heckonbko HHOM MOAX0 K BBIOOPY
peXruMa BO3IEHCTBUSA OTpaxkeH B pabortax [16—19]. On-
HAKO U PEe3yNbTATHI, MONYYCHHbIC B JaHHOH paboTe, U pe-
3yNnbTaThl aBTOPOB [16, 19] B KOHEUHOM cuUeTe MPUBOJIAT
K BBIOOpY HEOOXOIUMBIX MapaMeTpoB pabOThl CKBaKHH-
HBIX TEHEPaTOpPOB YIPYruX KOJEOAHMHA W YCIOBHH WX
pa3MelIeHus Ha YCThEe CKBAaXKHHBI.

3aknioveHne

TakuMm 00pa3oM, MPOBEACHHBIC KCIEPUMEHTAbHbIC
WCCIIEJIOBAaHMSI BO3JICHCTBUSl YIIbTpa3ByKa Ha BIIa)KHBIC
00pasipl TPyHTa CBHUIETENBCTBYIOT 00 YCKOPEHHH MpO-
Lecca M3BJIEYEHUs KUAKOCTH 00pas3loB 10 2,5 pasa u
YBEJIMYEHUH IO U3BIeKaeMol >kuakoctd Ha 10...28 %
[0 CPaBHEHHIO C HeoOpaboTaHHBIMH OOpa3iamu. [lomy-
YeHHBIE Pe3Y/IbTAaThl MOI'YT OBITH UCIIOJIB30BAHBI MIPU BbI-
6ope pexkuMa BOJTHOBOT'O BO3JICHCTBHS HA MPOMYKTHBHBIC
TUIACTHI C LIENBIO YBETUUEHUST He(DTEJ00BIYH.
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