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00 oqeHKe KUMUQeCK020 $UDbmpOBaHUR ­
OOe3BOJKUBaHUR BMOKpOU qaCmU MamUH
 

n. B. OClinOB, H. H. KOKyWHH, 

11. B. KmOWKHH, n. B. KaypoB 

MOAem1 ABl-1}l(eHl-1il cycneH3l-111 6y­

Ma}l(HOI1 MaCCbl npa nona-ie aenocpen­
CTBeHHO Ha DAM j KAM l-1 Kl-1 HeTl-1Kl-1 

OTIll-1Ba l-1 06e3BO}l(l-1BaHl-1il B MOKpOI1 

4aCTl-1 MaWl-1H C Y4eTOM ee peono ru­
4eCKl-1X x a p a KTe p l-1 CTl-1 K Allil paC4eTOB 

Cl-1CTeM MaCCOn0Ar0TOBKl-1 l-1 ¢!OPMYIOUjl-1X 

YCTPOI1CTB orpaxeau BO MHOrl-1X OTe4e­

CTBeHHbi X patiorax [1, 2]. Ha npakraue 
Ha lllO6011 DAM l-13MepeHl-1il KOHLjeH­

rpauua MaCCbl l-1 CYXOCTl-1 6yMa}l(Horo 

nonorua no AIll-1He cero-uioro crena l-1 B 

npeCCOB0I14aCTl-1n03BOllilIOTnOCTp0l-1Tb 

npl-1MepHylO Al-1arpaMMy l-13MeHeHl-1il 

BOAOOTAa4l-1 l-1 BblCOTbl BOllOK Hl-1CTOro 

CllOR . BMeCTe C TeM Ha npe,ll npHRHfRX 

e crs He06xoAHMOCTb OnepaTl-1BHOI1 

OLjeHKl-1 CBOI1CTB 06e3BO}l(l-1 BaH l-1il MaCCbl 

l-1 C¢!OpMHpOBaHHoro nonorua. cono­
crasnaa AaHHbie C APyrl-1Ml-1 rex sono ra ­
4eCKl-1Ml-1 natioparopuun« l-13MepeHl-1ilMl-1 

l-1 AaHHbIMl-1 MaWl-1HHbIX KOMnblOTepHblX 

Cl-1CTeM, 4T06bl npl-1Hl-1MaTb npaaansaue 
peureuaa no perynapoaa-uuo pe}l(l-1Ma 

¢!YHKI..\l-10Hl-1pOBaHHil MaWl-1H. 06bl4H0l1 

npOLjeAYPOI1 ilBflileTCil l-1CnOflb30BaHl-1e 

MOAl-1¢!l-1 KaLjl-111 annapara lllonnep- Pn­
rnepa l-1 npl-160pOB Al-1HaMl-14ecKoro 06e­

3BO}l(l-1BaHl-1il C H3MepeHl-1eM BpeMe Hl-1 

l-1CTe4eHl-1il onpenenesuux 06beMOB 

¢!l-1flbTpaTa MaCCbl l-13 uanopuoro ilUjl-1Ka 

MaWl-1Hbl. Al-1arpaMMa BOAOOTAa4l-1 saure 
scero CTP0l-1TCil B OCil X "spenn - 06b ­

eM ¢!l-1flbTpaTa" Aflil npOCTOI1 OLjeHKl-1 

"6blCTpee - MeAfleHHee" C LjeflblO no ­

CfleAYIOUjel1 KOppeKTl-1pOBKl-1 rexyuiero 

pe}l(l-1Ma, fl l-1 6 0 C Bl-1 A0l-13MeHeHl-1ilMl-1 Aflil 

npl-16fll-1}l(eHl-1il A l-1 a r p a MMbl K fll-1HeI1HOMY 

Bl-1AY, KaK n OKa3a HO Ha pHC. 1 [3]. 3ry 
CTaAl-11O B nureparype aaauaaior nepa­
OAOM ¢!l-111bTpOBa Hl-1il-06pa30BaHl-1il enos 
l-1 xapakrepaayior ypaBHeHl-1eM Ilapcv: 

1 dV
lJ =- - (1),

5 d't 

rAe	 lJ - CKOpOCTb ¢! l-1 fl bTp OBaHl-1 il ; 

5 - nnouians ¢!l-1flbTpOBaHl-1il; 

V - 06beM ¢!l-1flbTpaTa ; 

1: -	 BpeMil ¢!l-1flbTpOBaHl-1il; 

~~	 - MrHOBeHHail CKOpOCTb ¢!l-1flb­

rposaaaa . 
nOcfleAYIOUjl-1113Tan - CTaAl-1il npOHl-1­

LjaeMOCTl-1 - l-1CTe4eHl-1e ocrasureacs CBO­

60AH0I1, He CBil3aHH0l1 C BOflOKHOM lKl-1A­

KOI1 ¢!a3bl, B TOM 4l-1Cfle nOA AeI1CTBl-1eM 

XHMH'IeCKHX npol1YKTOB, 'Iepe3crpyxrypy 
nop C¢!OpMl-1pOBaHHoro enosonpenenes­
HOI1 ynopilA04eHHOCTl-1 l-1 pa3MepHOCTl-1. 

'{acrs BOAbl 3aAeplKl-1BaeTCil BO ¢!floKYflax 

l-1 nOflHOCTblO He MOlKeT 6blTb ynaneaa 
AalKe nOA BaKyyMoM, npeCCOBaHl-1eM l-1 

CywKOI1. Ilpencrasnaerca. 'ITO Ha 3TOM 

srane CKOpOCTb 06e3BO}l(l-1BaHl-1il npax­
Tl-14eCKl-1 nocroauaas, XOTil B peam.aocru 
6yMalKHoro np0l-13BOACTBa 3TO He TaK, KaK 

l-1 nokasana l-1CCfleAOBaTefll-1 [1] . DOflee 

npl-1MeHl-1MbIM Aflil peonorua BOflOKHl-1­

CTblXcycneH3l-111sanserca xparxaa ¢!opMa 

ypaBHeHl-1il Haase-Crokca: 

lJ = (M)jhE (2), 

rne il.P - nepenaa AaBfleHl-1il ; 

h - BblCOTa CflOil; 

E - cneLjl-1¢!l-14eCKail nOBepxHoCTb 

nop enos: 
k - K03¢!¢!l-1I..\l-1eHT npOHl-1LjaeMOCTl-1 

Ilapca . 
ECfll-1 roBOPl-1Tb 06 3¢!¢!eKTe npacno­

cofineuuux K KOHKpeTHblM YCllOBl-1ilM 

np0l-13BOACTBa Cl-1CTeM Xl-1Ml-1KaTOB B 

06Ujel1 Te XHOflOrl-1l-1 l-1 OTAeflbHO C ue­

llblO 06e3BO}l(l-1BaHHil, TO RCHO, 'ITO Aflil 

Ka4eCTBeHHoro ¢!opMOBaHHil Macca B 

HanopHOM RUjHKe ,llOIl}l(Ha conepxars 
MaKCl-1MyM CB060AH0l1 }l(l-1AKOCTl-1 aa 
C4eT Xl-1Ml-1l-1, l-1 xouuenrpauas MaCCbl 

AOfllKHa 6blTb Ml-1Hl-1MaflbHO B03MOlK ­

HOI1, 'ITO, nOMl-1MO npoxero. CHl-1lKaeT 

311eKTpl-14ecKylO Harpy3Ky ua npl-1BOA 

MOKpOI1 4a CTl-1 l-1 noasonaer roBOPl-1Tb 0 

perynapyeaon pelKl-1Me 06e3BOlKl-1Ba­

Hl-1il. Paccxarpasaa npoueccu ¢!l-1flb­

TpOBaHl-1il cycneH3l-111 nOA AeI1CTBl-1eM 

Xl-1Ml-1KaTOB, 6blflO BBeAeHO nouarue 
XHMH4 e c Ko ro epHllbTpOBaHHil, XOTil B 

OTpaClleBOI1 TepMl-1HOllOrl-1H OHO MallO 

l-1CnOflb3yeTcil [4] . OTMeTl-1M, 'ITO 6e3 

npaaansuo nOA06paHHbiX Xl-1 Ml-1 KaTOB 

Ha nOTOKe nnocuocerovaux DAM j 
KAM canoe MellKoe BOflOKHO l-14aCTl-1l..\bl 

uanoruurrena.ocofieuuo B npacyrcrsaa 
B03Ayxa, npu uanycke nonanaior Ha 

nOBepXHOCTb, a 3aTeM aa C4eT BaKyyMa 

l-1 nOTOKa lKl-1AKOI1 ¢!a3bl ycrpennmorca 
K ceT04H0l1 CTopOHe nonorua, pe3KO 

CHl-1lKail CKOpOCTb 06e3BO}l(l-1BaHl-1il 

nonoraa l-1 ycyry611ilil Ae¢!eKTbl roTOBOI1 

npoAyKLjl-1l-1 no nblfll-1MOCTl-1 l-1 pa3HOCTO­

pOH HOCTl-1 CBOI1CTB . Conporusne aae 

CeTKl-1 cyUjeCTBeHHO B03paCTaeT, a yCl-1­

neuue BOAOOTAa4l-1 sa C4eT Xl-1Ml-1KaTOB 

He acerna peanasyerca nonoxarensuo 
B Ka4eCTBe npOI1YKLjl-1l-1 . K TOMy}l(e OnTl-1­
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ManbHailBem1411Ha YAep)f{aHl1il npa AO­
311pOBKe XI1MI1KaTOB aa Ka)f{AOH MaWI1He 
CBOil, I1CXOAil 113 sapana nOBepXHOCTI1 
4aCTI1l.\ MaCCbl 11 OnTl1MyMa I1HTeHCI1B­
HOCTI1 06e3BO)f{I1BaHl1il [5]. B HaCTOil­
uiee spexa Ha MHOrl1X npeanpaarnax 
OCBOl1nl1 11 4aCTO I1cnonb3YlOT aHanl13 
3neKTpOKI1HeTI14eCKI1X xapaKTepl1CTI1K 
COCTOilHl1il 6yMa)f{HOH MaCCbl npa Mac­

COnOArOTOBKe 11 OTnl1Be Ha cerxy BO 
B3al1MOCBil311 Cnp0l.\eCCaMI1 YAep)f{aHl1il 
Men041111 uanonuarena, OAHaKO oueuxa 
06e3BO)f{I1BaHl1il rpetiyer caoeoripasao­
ro nOAxOAa. Hanpuxep. npa 3Ha4eHI1ilX 
3neKTpOKI1HeTI14eCKOro Z-nOTeHl.\l1ana 
suure -5 MV Ha6nlOAaeTcil TeHAeHl.\l1il 
CHI1)f{eHl1il YAep)f{aHl1il MenKoro BonOK­
Ha 11 uanonaarenn, HO oAHoBpeMeHHo 
TeHAeHl.\l1il ycxopeuaa BOAooTAa411, 
4TO CBil3aHO npexne acero C ycune­

Hl1eM <pnoKynl1poBaHl1il 11 YXYAweHl1eM 
Ka4eCTBa <popMOBaHl1il nonorua npa 
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PI1C. 1. BOAooTAa4a MacCbI 113 uanopaoro il~I1Ka 6AM npa 113MeHeHI111 
XI1MI14eCKOH TeXHOnOrl1l1. 

nepenoaaposxe <pnoKynilHToB, ocofiea­
HO nocne I1CTe4eHI1il 60nbweH 4aCTI1 
TaK Ha3blBaeMoH cB060AHOH )f{I1AKOCTI1 
Ha Y4acTKe rl1APOnnaHoK (puc. 2, 3). 
Hafimonaerca I1HTeHCI1BHOe 06e3BO)f{I1­
BaHl1e B Ha4ane cercxaoro crena 11 ero 
AanbHeHwee peskoe 3aMeAneHl1e. B03­
apauiascs K BblwecKa3aHHoMY, ypaa­
HeHl1e Haase-Croxca B caMOM 06~eM 

BI1Ae MO)f{HO npeACTaBI1Tb KaK nOnl1HOM 
rpersea CTeneHI1. nOCTpOI1B HaOCHOBe 
npaKTI14eCKI1X natioparopuux 113Me­
peHI1H Al1arpaMMbl BOAOOTAa411 runa 
"V/r, Mn/ceK - V, Mn" I1nl1 "V/r, Mn/ceK 
- T, cek" 11 06pa60TaB I1X C nOMO~blO 

KOMnblOTepHoH nporpaMMbl MathCAD 
C nccroaepaocn,io 95 % C Y4eToM 
ncnoaorrensuux 3Ha4eHI1H apryxe-rra, 
npa Bbl411CneHI111 np0l13BOAHOH dV/dT 
113 COOTBeTCTBYIO~ero ypaBHeHl1il-no­
nl1HOMa MO)f{HO nonY411Tb rpa<pI1KI1 113­
MeHeHl1il CKOpOCTI1 BOAOOTAa411 MaCCbl 
6e3 11 C I1cnonb30BaHI1eM XI1MI14eCKI1X 
nponysros, KaK nOKa3aHO sa PI1C. 4. 
OHI1 orpaxaor Ha4anbHYlO CTaAl110 06e­
3BO)f{I1BaHl1il MaCCbl AO <POpMl1pOBaHl1il 
enos B I1cnonb3yeMoM npafiope, 4TO 
He 03Ha4aeTaHanOrl14HO AOCTI1)f{eHl1e 

"CYXOH" nl1Hl111 Ha cerxe <PYHKl.\110HI1­
pYIO~eH 6AM, HO MO)f{HO yraepxnan, 

••• 
• • 
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PI1C. 2. ~3MeHeHl1e YAep)f{aHl1il MenKoro BonOKHa 11 aanonuarens npa A0311poBKe 
XI1MI1KaTOB. 

4TO no Bapl1aHTY 1 B Macce ropasno 
fionsure XI1MI14eCKI1 oCB060)f{AeHHOH 
)f{I1AKOH <pa3bl, 4eM B sapaaare 5 11 B 7 
C XI1MI1KaTaMI1 TeKy~eH TeXHOnOrl1l1. 

B npeccoBoH 4aCTI1 cl1Tyal.\l1il 6YAeT 
raxaa )f{e, n03TOMY B aapaaare 1 HeT 
He06xOAI1MOCTI1 B~COKOH HarpY3KI1 
npeccoaaaas: Ha060poT, ee MO)f{HO 

CHI1311Tb Anil coxpaae-oia C<P0PMI1­
pOBaHHoH crpyxrypu nonoraa . To 
ecrs AByxKoMnoHeHTHail CI1CTeMa 
XI1MI1KaTOB Ha OCHOBe nOnl1BI1Hl1na­
MI1Ha <<XeLorex™)) /<<PoLymin™))B 
aapaaure 1 60nbwe AeHCTByeT no 
npl1Hl.\l1ny MI1Kpo<pnoKynl1pOBaHl1il, 
06e3BO)f{I1BaHl1e Ha MaWI1He I1AeT 

67 '. .... :I.' UeJtlllOJ103a 6'{M<lfQ KapTOO 
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PI1C. 3. ~3MeHeHl1e BOAoOTAaYI1 MaCCbl 113 HanOpHOrO R~I1Ka 6AM npa A0311 pOKe 
XI1 MI1 KaTOB. 
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PI1C. 4. CKOpOCTb BOAOOTAaYI1 dV/d, = f (Vi). 

paBHOMepHO no Bce~ Anl1He MOKPO~ natioparopuon annapare 11 nanee I1AeT 
YaCTI1 . npl1yeM MO>KHO YCl1nl1Tb KaK 06e3BO>KI1BaHl1e BOnOKHI1CTOrO enos. 

npouecc YAep>KaHI1R BonOKHa 11 Hanon­ 0603HaYI1B nnouiaaa nOA KpI1BbIMI1, K 

HI1TenR, TaK11 06e3BO>KI1BaHl1e 113MeHe­ npunepy, no sapaaary 7 I1HTerpanoM 
Hl1eM paCXOAa 11 TOyeK A0311pOBaHI1R f ~--kd" a no aapaaury 1 - I1HTerpanoM 

KOMnOHeHTOB . MO>KHO npeAnOnO>KI1Tb, f; qdr no I1X pasaaue BblYI1Cnl1M 3ep­
YTO AO TOYKI1 neperufia Ha Kpl1BblX epeKT 113MeHeHI1R 06e3BO>KI1BaHI1R no 
npOI1CXOAI1T epOpMl1pOBaHl1e enos Ha pa3pa60TaHHo~ KOMnb~TepHo~ npo­

rpaxae. HaAO CKa3aTb, aHallOrl1YHble 

Al1arpaMMbl 3aBI1CI1MOCTe~ K03epepl111l1­
eHTOB epl1nbTpalll1J,1 MaCCbl or Belll1YI1Hbl 

uanopa nonyyeHbl npl111CnOnb30BaHI111 
nplll60pa nn~ [1]. Cnoaouiuo npocroji 
TeXHI1KI1 Onepa TI1BHO onpeAenR~TcR 

CBo~ c TBa MaCCbl Ha nOTOKe MacconoA­

roTOBKI1 nocne pasxona 11 A0311POBKI1 
pa3Ho~ XI1MI1 I1, B Kn ~Y aR XI1MI1KaTbl 

xa vecr ea. 113y Y a ~TCR oc06 eHHoCT I1 
06e3 BO>KI1Ba HI1R B MOKPO~ yaCTI1 KOH ­

KpeTHo~ MaWI1Hbl, TaKI1M 06pa30M 
COCTaBnRR caoeotipaaauti "AHeBHI1K" 

nOTOKa Ka>KAO~ MaWI1Hbl. Kpoxe Taro, 

0606~I1B AaHHbie C I1CnOnb30BaHI1eM 

npl160pOB J1n~, lllonnep-Parnepa I1nl1 
AI1HaMl1yeCKoro recrepa no 06e3BO>KI1­

BaHI1~, I1HcTpyMeHToB no onpeneneinuo 

3neKTpOKI1HeTI1yeCKI1X xapaKTepl1CTI1K 

MaCCbl 113 uanopnoro RIljI1Ka, lll1epP 

YAep>KaHI1R ua cerxe. B03MO>KHO CAe­
nars ausonu 11 a c6anaHCI1pOBaHHOCTI1 

npI1MeHReMO~ Ha nOTOKe 6AM / KAM 
CI1CTeMbl npoueccaux XI1MI1KaTOB. 
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