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BJAHAHHUE YJIbTPA3BBYKA HA BbIXOJ TYMHHOBBIX
KHCJIOT H3 TOP®A

K. K. CTPAMKOBCKAJI, B. M. MELIEPSIKOBA, B. A. YTKUH,
JI. ®. MAHEHKOBA

(PekoMeHI0BaHA HAYYHO-MeTORXHYeCKHM ceMuHapoM XTQ)

Cnabple BOJHBIE pPAacTBOPbI €AKHMX M YIJIEKHC/ABIX HIeJ04el, a TakKe
aAMMHaK M3BJeKawT u3 Ttopda u Gypbix yrJIeH T'yMyCOBOH HPHUPOJbI rPymmy
BEIECTB, HOCALIUX HA3BAHHE TYMHUHOBBIX KHCJOT. JTH KHCJOTbl B HAcCTOf-
ee BpeMs HMMEIOT IUHPOKOe IpHMeHeHHe B HapoaHoM Xozsiictee. OmHaKo
NpPU CYLULECTBYIOULEH TEXHOJIOTHH I'yMHUHOBbIE KHCJOTHl H3BJEKAITCS C OYEHb
MaJIeHbKAMH BbIxojamMu — oT 17 go 20% wua ropsiuyro maccy, B TO Bpens
Kak cojep:kaHue HX B Tomuuee aocturaer 30 u maxe 58Y (1).

H3pseueHue T'yMHHOBBIX KHCJOT H3 TBEPAOLO rOPIOYEro BOLHLIMH pa-
CTBOpaMH Ilesiouell npeacrasJsier coboil MPOIece 3KCTParHpoBaHHs, OCJOK-
HEHHBIB XuMHuyecKOH peaxuuell. MureHcHbHKalUsg 3TOro Nponecca MOKET
OblTb OCyLIeCTBJEHA IyTeM AUCIEPrUpPOBAaHUA TBEPJAOH (pasbl, Hampumep,
¢ NOMOILBK YJbTPA3ByKa, IMOBBILIEHHEM TeMIepaTyphl, HOCKONbKY TYMHHO-
Bble KHCJIOTH BCTYNAIOT BO B3aMMOJAEHCTBHE C €KOHN LIeJOYbIO, H JAeHCTBHEM
ApPYrux (paxkTopos.

B pannoi paGore MCCAELOBAHO BJAMSHHE HA BBIXOJ TYMHHOBBIX KHCJOT
3 topda: MPOJONKUTEJbHOCTH AEHCTBUs YJbTPa3BYKOBBIX BOJH, TeMIepa-
TYpbl IIPH O3BYYHBAHMH, BJIAKHOCTH TOpP(}A, COOTHOLIEHHS TONJIMBA H IHle-
JIOUHOTO peareHTa, KOHIIEHTPAlMM IeJOYH B HCXOLHOM pacTBope ¥ BpeMe-
HH HarpesaHusi TOP(O-LIENOUHON CYCINeH3HH ITOCJTe O03BYYHMBaHHS.

Hccaeposaiics nusuHHbil Topd Taranckoro 6osora Tomckoit 06iaacTH.

HMcTOUHUKOM yABTPAa3BYyKa CJAYKHJA MAarTHUTHO-CTPHUKLUMOHHBEIH H3Jy4a-
TeJ b, NMUTAOLIMACH OT JaMHoBOro reHeparopa tHna ¥3M-1,56 ¢ uwacrtoro#
22 rey.

Topdp nomelajcs B KOHWYecKylo Koaly emkoctbio Ha 500 ma w
sanuBaics 1%-HbIM BOJHBIM DPacTBOPOM €IKOTr0 HaTpa. 3areM KoJ004Yka
yCTaHaBJHBaJach B BOASAHYIO BaHHY, AHOM KOTOPOH CJYXKHJ MarHHTO-CTPHK-
IHOHHBIH H3JyYaTeNb, H TPOBOAUJIOCH O3BYUHBAHHE.

[yMHHOBble KHCJIOTHl ONMpENENsaHCh MO METOAHKe, pa3paboTaHHO
KanuHUHCKHM HMHCTHTYTOM TOpda, OCHOBAaHHOH Ha 0OWmMX NpPHHIMIAX
BecoBoro Meroaa (2,3).

Bblio uccienoBaHo BJAHSIHHE BpPeMeHH 03BydHBaHHd oT 15 mo 60 mu-
HyT. McnoitbiBanacs npofa topda ¢ BIaXKHOCTBIO, COOTBETCTBYIOIIEH BO3-
QyurHo-cyxomy cocrosinuio. CooTHollleHHe cyXoro Topda M pacrBopa LIejao-
un npunsaro 1:50. Temnepatypa B yJAbTPa3BYKOBOH BaHHe IMOAAEpPKHBaJacCh
47—48°C. IloayueHHble pe3yJabTaThl IPHBeJeHB Ha pHc, l.

OTH MaHHBlEe MOKAa3blBAIOT, UTO ¢ NPUMEHEHHEM YJbTPa3BYKa BHIXOX
TYMHHOBBIX KHCJOT YBEJHUYMBAeTCd, HO AJHTENbHOCTb AEHCTBHSI YJbTPa3BY-
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kKa Gosee 30 MHH. 1aeT He3HAYUTEJbHYIO MpUOABKY BbIX0Aa 3THX MPOLYKTOB.
Tak, npu 03ByuHBaHHH B TeyeHHe 30 MHH. BbIXOJ FYMHHOBHIX KHCJIOT yBe-
JHUHBAETCS MO CPABHEHHIO C TAKOBBIM H3 Heo3ByueHHOro obpasmna ma 11,3%,
a yBeJIMYeHHE MPOMOJIKUTENBLHOCTH [eHCTBHA YyabTpasByka ¢ 30 MuH. 10
OJIHOTO yaca NPHBEJO K YBeJUYeHHIO BBEIXOJAa HX ToJbKo Ha 1,4%.
BinsHKe TeMOepaTypbl IPH O3BYYHBAHHH HA BLIXOJ TYMHHOBBLIX KHCJOT
BBISICHSIJIOCh KaK C BO3/JYIIHO-CYXOlH aHaJHTHUYECKOH mpoOOoil, Tak M ¢ BJaANK-
HOI, TpPONYLIeHHOH OJHH pas
" yepes Mscopy6ky. CooTHO-
uieHe Cyxo# TOp¢: wesoH-
HO#l pacTBop ObIJIO NPHHATO
1:50. PesyapTaThl ONbLITOB
cBefennt B Taba. 1. ‘
13 paHHbIX 2TOH TabJIH-
ubl cJAeLyeT, 4To C FMOBbllie-
HHEM TeMIepaTypbl IpH 03-
ByuuBauuu or 27 10 57°C
yBeJUYHBAeTC W BBIXOM TY-
MuHOBBIX KucaoT.  OaHAKO
MPHPOCT 3TOTO BBIXOAA 3a-
MejJiseTca [pH yBeJHYEHHH
(+]
remmepatypnl ¢ 47 10 57°C.
Bavanue BJAMHOCTH
5 30 45 60 Toptha Ha BLIXOA TYMHHOBBIX

Bpems B muw.
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Puc. 1. 3aBHcHMOCTL BHEIXOAAa T[YMHHOBBIX
KHCJIOT OT BPEMEHH O3BYUMBAHHA

KMCJIOT HCCAEIOBAJOCh IPH BpeMmeHH o3ByuuBadds 30 MuH, Temneparype
47—48°C U COOTHOWEHHH CyXofi Topd : meaoynoi pactsop 1:50.

Topd ¢ BnaxHoctbio 84,09 Obln mpomylueH vepes MscopyOKy  ONHH
pas, a 3aTeM IOACYIUHBAJCSA IO Pa3jiHYHOR BJIAXHOCTH H JOMOJHHTS/IbHOMY
JApo06JeHHI0 He NOJBepraJjcd.

Tabauunal

BaunsHue TEMOEPATYPH Npd 03BYYHBAHHHM Ha BBIX0J, T'YMHHOBBIX KHCJIOT

Bpeus Boixon Ha ropmouyic Maccy % IpH
Ipo6a 03BYUH- TeMnepaType 03ByunBanusg, °C
Banus 27 37 44 47 57
AHanuTH-
yeckas Brax-
HOCTh — 3,5 15 29,0 — — 36,8 36,8
C  Baax-
HOCTBIO
84,0% 30 — 43,8 45,70 52,8 52,9

BBIXOJ I'YMHHOBBIX KHMCJIOT ONpEHNeNsiIcs TaKMkKe MIA BCEX npob c¢ pas-
JHYHOH BJaXKHOCTbIO 0e3 03BYyUHBaHHS.

PeaynbTaTe ONBITOB, IPHBEJEHHbIE Ha PHC. 2, MOKa3blBalT, HTO
BbIXO/J T'YMHHOBBLIX KHCJIOT 3HAUMTEJbHO TMOBLUIAETCA IIpH  yBeJHYCHHH
BJAKHOCTH TOILIHBA. DTO ABJCHHE, OUEBUIHO, OODBACHACTCS TeM, 4TO BJAXK-
HBIfl TOp TpeAcTaBAseT cOGOH KOJJIOHMA, HAXOASIIHHCA B COCTOAHHH Mpe-
neapHoro HaOyxauusi, Peaknus TyMHHOBBIX KHCJOT CO IHEJOYBIO B 3TOM
COCTOSIHMHM NPOTEKAaeT 3HAUMTENbHO ObicTpee H mMojHee. U BbICYIIHBaHHEM
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ke topda OH TepsieT CBOKWO KoJJsonAHyio BjiaxHocTb. I'. JI. CragHukos [5]
YKa3tIBaeT, YTO BJAXKHOCTb, paBHas 38%, ABAdeTca rpaHHlel HOJHOH TO-
Tepd TOP(PSIHEIM KOJMJIOHAOM Beell BOAbl Habyxanuda. Ilonmyuennble Hamu
JlaHHble MOKA3bIBAIOT pPe3Koe CHUXKEHHEe BBIXOAA T'YMHHOBBIX KHCJAOT NOC/E
BLICYINHBAaHUSI TOopa A0 BJAAXKHOCTH, MeHblueill 38%.

B nocaenyonmux oneltax Topd ¢ BaaxKHOCTbiO 83,79 o3ByunBaJjacs IpH
temneparype 37°C B TedeHue 30 MHH. TIPH COOTHOIIEHHH CYXO€ BeILeCTBO

K IIeao4yHoMy pactBopy 1:50. B pesyabrate OblI0 HOJYy4€eHO Ha FOPSYYIO
Maccy topa:

IYMHHOBBIX KHCJIOT — 43,80%,
HenpopeardpoBapilero octatka = — 27,0%;
(PYNbBOKHCIOT —29,2%.

Insi HempopearupoBaBLIero octatka ObLT OIpejeseH TPYNHOBON COCTaB
no OOBIYHOH METOJAUKEe, NMPUHATOH [/ ONpejeseHHs TIPYIHOBOTO COCTaBa
top(a. PesynbTrathl onpejeneHus npuBefeHbl B Tabdq. 2, OTKyAa $ICHO, UTO

IPYNNOBOH COCTaB MOJYYaoUerocss IOoc/ae H3BJeYeHHSI TYMHHOBBIX KHCJOT
0CTAaTKa OTJHUYHBIH OT HCXOLHOIO TOD-

¢a. B Hem 3HauuTe/LHO MeHbille Jer-
Korujaposusyemplx  Bewects, 109
npoTuB 33, a TakxKe 3aMETHOE yMEHb-
HIeHHe JHUTHHHE M LEJTI0N03bL.
Takum oOpasom, pefictBHe na
TOP( Mmoass yJAbTPA3BYKOBBEIX  BOJIH, / /"‘ﬁ N
OYEBHIHO, NPUBOJHUT K TOHKOMY €ro )"V )
JAMCMEPrapoBaHUI0 H K HoJiee MONHOMY L
H3BJICUCHHIO YiKe MHMEINXCAd B TOI- et ]
JIEBE T'YMEHOBBIX KHCJIOT. A TakxKe, H3-
BECTHO, UTO BOJAa TON JAeHCTBHEM
y/bTPa3ByKa paclajlaeTcs Ha paluka-
JBl BOZOpOAa M rugpoxcuia (4), Ko- /0 20 30 40 50 60 70 60 90
TOpbie MOTYT, MO-BHAHMOMY, B3aHMO- Bammoome %,
JAECTBOBATb C JIMTHHHOM M JIDYTHMHU
JIETKCOKUC/AAIOUIMMHCS  BEUIECTBAMHU
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Puc. 2. 3aBucuMocTb BHIXOHA TY-
MHHOBBLIX KHCJIOT OT  BJIAXHOCTH

Topda, AaBas JONOJHHUTEJbHOE KOJH- topda. BHIXOL TyMHHOBHIX KHCIOT
4eCTBO PACTBOPHMbIX B ¢/JAaboi Hleqao- H3 TOpda: X — HEO3BYUEHHOTO, O —
UH KUCJADbIX BEILECTB. 03BYYEHHOTO TIpH TeMreparype

37°C, /\ — 03BYUYEHHOID IIpH TEM-

[Tonyuarouuecsi ¢ NpUMEHEHHEM nepatype 47°C

YAbTPa3ByKa TyMHHOBbIE  KHCJOTDHI

HEeCKOJNbKO OTJAHYHBI OT BhIASJEHHBIX

u3 Topda 6e3 06IyueHHA MO SJMEMEHTAPHOMY COCTABY M NOBBLILICHHOMY CO-
JepiKaHHio PeakUHOHHbIX Tpynn (Taba. 3).

Bo Bcex OpeAblAyIHHX ONBITAX I'YMHMHOBble KHCJIOTHLI ONPEACMANHCH MO
METOLHKe, TPeJyCMATPUBAIOILEll TPeX4acoBoe HArpeBaHue TOPQOLIeTOUHOH
CYCTEH3HH ¢ TPeMs NMOpUHsIMH cBexell meaoun. Takoe AJAHTeNLHOE Harpesa-
HUe CYCHeH3HH M GOMBIUOH pPacxof 1Lieno4H Helesecoo0pasHbl B TEXHOJOTHH
sToro npouecca. ITosromy ompejeneHue ONTHMAJbHOrO pacxola IIe104H H
JJIATENBHOCTH O3BYUMBAHHA HAMH MPOBOJHJIOCL MO CJEAYIOMEH MeTOLVKE.
Hapecka anaauTHueckoit nmpobel Topda cmemusanace ¢ 1.%-HOH I1e104BIO
B coorrowlennu 1: 10, o3ByunBanach ¥ kunsgtuiach 30 MHHYT. 3aTem L1d
fipeKpalleHns PeaKIHH H Jy4YLIero QUIbTPOBAHHS CYCIIeH3UA pasfaBasiach
NECSATHKPATHBIM KOJHUECTBOM XoJogHofl Boawl. M3 duibTpara omnpeiess-
JIHCh TYMHHOBHIE KHCJOTHI.

Boixon rymuHOBbIX Kuciaor (taéa. 4) nocie 30-MHHYTHOrO o6ayIeHHA
yBesnunBajcs B 1,7 pasa 1Mo CpaBHeHHIO C HEOOJaydCHHBIM TopoM U MaJo
OTJIMYAJICS OT Pe3y/bTaToB, NPEACTABJEHHBIX HA PHC. 1, XOTA pacxoj 1leno-
YW W BpeMs HarpeBa OnIIH COKpaHleHBl BO MHOTO pas.
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Ta6auna 2

I'pynnoBoii cocTaB BelwecTB

Fpynnosoit coctaB % Ha ro-
prouyl Maccy

pynnel Bewects Ocrarox
Hexon-
or ?(gTaT' ot Topéda |HbIH TOpY

Jlerko ruapoausyemsle 38,0 10,0 33,1
I'yMHHOBBIE KHCIOTHI 0,4 0,1 30,0
JIMFHUH M 1eaa03a 47,3 12,3 16,8
D yabBOKHCIOTH 16,6 4,6 13,5
Butywbl — - 6,6

TaGauvua 3

Xapamepncml(a TYMHHOBBIX KHCJAOT

Ycaorusa obpa- JneMeHTapHLI coc- CozepkaHue peakLHOHHBIX
60TKH 1aB, % TPy M2-3K8[2
|Bpemsa o3-
Temnepa- ; COOH +
1ypa °C By:::a- C H [O-EN4+S OH COOH OH
47 30 58,35 | 4,54 37,11 11,76 2,00 9,76
HEeO3BYyUEeH 59,47 | 5,22 35,31 8,09 2,34 5,75

TaGauna 4

BausiHue BpemMenH 03ByuMBaHUS HA BBHIXOJ
TYMMHOBBIX KHCJIOT

Bpesn o3y-| L e ncasr  or
(MuH.) B 9% Ha rop. {WEHHIO K HEO3BYyWY,
maccy TOpdy, %

0 20,07 100

5 21,20 105

10 22,20 111

15 25,40 127

20 29,49 147

30 34,80 174

60 36,20 181

76

TaGanvwma b

Bansnne BpemeHu xunsyenus
Ha BHIXOA TYMHHOBBIX KHCJOT

BrIXOI TryMHHOBHIX
KHCIOT B % HA ro-
pauyl Maccy

BpeMsa kuna-
YyeHHs (MHH.)

5 21,26
10 22,10
15 26,21
20 29,60
30 36,12
60 33,81




OnTtuMajbHblM BpeMeHeM HarpeBa TOPQOLICJOYHON CYCHEH3HH [ocJHe
06.y4eHHds, Kak NOKasblBAalOT AAHHBE Tab/a. 5, cieayer cuuraTh 30 MHHYT,
a coorHolleHHe Top¢a W LIJOYHOrO peareHtTa Npu 3tom paBHbiM 1 :10
(tTaba. 6).

UTo kacaeTcsi KOHIEHTPAIMH pacTBopa IesouH, TO 10 JaHHLIM TabJ, 7,
3a ONTHMaJbHyIO cjleayer NPHHATH 1% pacTBOp, TaK KakK IPH COOTHOLIe-
HHH TBepAOi u XKuakoh ¢as 1:10 ¢ yBeauuenuem KoHueHtpaiuu ot 0,25%

Ta6anua 6 TabanuaT7
BausHve COOTHOLIEHHA pPEareHTos BausiHue KOHUEHTPAUMM IUEJOYHOIro
Ha BHIXOJ, TYMHHOBBIX KHCJOT peareHTa Ha BBRIXOJ TYMHUHOBBIX KHCJOT
H3 topda
CooTHo1e- BBHIXOJ ryMHHOBBIX
HHe TOpD: KHCIOT B % Ha ropio- Konuentpa- | Bblxol ryMHHOBBIX
1eJ0Yb yyI0 Maccy una OOH, |kucaor B % Ha ropwo-
% Yy Maccy
Lo 29,12 0,25 11,82
1:10 36,12 0’5 20’51
1:20 36,61 !
1:50 37 .19 0,75 26,01
' ’ 1,00 36,12
2,00 40,01

no L% mnoayyeHo pe3koe yBeJHUYEHHe BbIXOAA I'YMHHOBBIX KHCJICT, a MHC-
nonb3oBaHue 2% -Hoil HesouM JaeT yKe He3HAUHTEAbHYIO NMpUOABKYy BHIXOAA
(4%), B TO BpeMsl KaK pacxoj LIeJOUH YBEJHUYHBAETCS BIBOE.

BriBoani

1. ITokazaHo, 4To ¢ NpUMeHEeHHeM yJbTPa3BYKa BBIXOA T'YMHHOBLIX KHC-
JIOT U3 Ttop(pa mMoxer ObiTh yBenuuen B 1,5—1,8 pasa.

2. Onpene/ieHEl ONTHMAJbHbIE YCJIOBHA H3BJEYEHHS TYMHHOBBIX KHCJOT
C HCNOJb30BAHHEM YJbTPa3BYyKa.
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