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TpeTbSIKOBa c.n •• MaMOHOBa T .H. 14 - 11439 

BnHSIHHe y -ny'lell 'Ha lleTeKTHpyiOI!lHe CBOilCTBa naacaHOBOil 
nneHKH 

HccnenosaHo BnHSIHHe y -ny'lell Ha caollcraa naacaHosoA nneHKH, 
o6ny'leHHOil TSI)I(9nbiMH HOHSMH. Hsy'leHHe H36aparenbHOCTH nponecca 
rpaaneHHSI nascaHa nocne o6ny'leHHSI noKasano pasnH'IHYIO 'lyscrsarenbHOCTb 
x neACTBHIO y -ny'lell (npa o6ny'leHHH Ha B03llyxe) nonaMepa, He o6ny'leH
Horo aoHaMH a paspymeHHoro s palloHe cnena (rpeKa). 06ny'leHae a sa
xyyMe (- 10-s Top) He snaHer Ha as6aparen&HOCTb nponecca • .anSI ycane
HHSI cnenos HOHOB c noMOIIlbiO y -asny'leHRSI nenecoo6pasHo nposonarb 
o6ny'leHae Ha B03llyxe. 

Pa6ora BbinOnHeHa B na6oparopHR srnepHb!X peaxnaA OH.RH. 

OpenpHHT 06'be.QRBeHHOrO HHCTHTyTa SI.QepHblX HCCne.aOB8BHll. lJ.y6H8 1978 

@ 1978 061>9/IBHBHHbi/J BHC1'Bf'Y1' SIJlBpHbiJC BCCnBJ10BBHBIJ ily6HB 

PerHcTpa~HOHHhle csoicTBa nonH3THneHTepe~TanaTa 
/naBCaHa/ no OTHOWeHHIO K T.IDKenhlM 3ap.IDKeHHhlM qacTH· 

~aM fl03BOnHIOT HCnOnh30BaTb ero KaK ~eTeKTOp B ~H3H· 
qeCKHX H KOCMHqeCKHX 3KCnepHMeHTaX, a TaiOKe ~ng nony

qeHHH H~epHbiX ~HnbTpOB /l/. 
Ba)l(llhlMH ~aKTopaMH, onpe~enHIO~HMH ~eTeKTHpyro~e 

CBOBCTBa MaTepHana, HBnHIOTCH: H36HpaTenbHOCTbnpo~ec

ca TpasneHHH - pa3nHqHe B CKOpOCTHX TpaBneHHH pa3py

weHHOrO pa~Ha~Hei Be~eCTBa B~Onh TpaeKTOpHH qaCTH~bl 

H Heo6nyqeHHoro nonHMepa (VTP /VrrJI ). a TaiOKe nopor 

perHCTpa~HH. H3MeHHTh HX MO)I(HO,no~seprag nneHKY ,nocne 

o6nyqeHHH ee HOHaMH, B03~eiiCTBHIO KaKOro-nH60 3neKTpo· 

MarHHTHOrO H3nyqeHHH, HanpHMep ynhTpa~HOneTOBOrO CBe

Ta, Y -nyqei HnH 3neKTpOHOB 121 . 

HaH6onhwei npoHHKaro~ei cnoco6HOCThiO o6na~aeT y
H3nyqeHHe, B CBH3H C qeM npe,ncTaBnHeTCH B03MO)I(HhlM O~

HOBpeMeHHO B03~eBCTBOBaTh Ha 6onhWYIO TOn~HHY o6nyqeH

HOrO HOHaMH Be~eCTBa. H3yqeHHe BnHHHHH y -nyqei Ha ~e

TeKTHpyiO~e CBOBCTBa naBCaHOBOB nneHKH OTeqeCTBeHHOrO 

npOH3BO~CTBa B pa3nHqHhlX ycnOBHHX o6nyqeHHH HBHnOCb 

npe~MeTOM HaCTOH~ei pa60Thl. 

C 3Toi uenhiO nneHKa Ton~Hoi 10 H 50 MK o6nyqanacb 

HOHaMH KCeHOHa H aproHa nOTOKOM 105 -108 UOH06/c.w2 Ha 

~KnoTpoHe Y-300 Jia6opaTopHH H~epHhlX peaK~Hi OH.HH 

j,IJ;y6Ha/. 3HeprHH HOHOB KCeHOHa COCTaBmma 

0,75 M3B/HyKA., aproHa - 5,6-:-7,6 M3B/HYKA; y~enhHhle 
noTepH 3HeprHH npH 3TOM 6hlnH 80 H 15-:-12,5 M3B·c.w 2/.wz 
cooTBeTCTBeHHO. YMeHhWeHHe 3HeprHH nposo~Hnoch c no

MO~hiO aniOMHHHeBbiX ~Onbr. 06nyqeHHe no~ yrnaMH 30,45 

H 90°U03BOnHnO H3yqaTb He TOnhKO CKOpOCTH TpaBneHHH, 

HO H ~OpMy KaHanoB cne~OB HOHOB. 
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06nyqeHHble HOHaMH o6pa3IJ;bl nneHOK ~enHnHCL Ha TpH 
'laCTH: nepBaJI H BTOpaJI 3KCDOHHpOBanHCL y -ny'laMH ~o-
30H ~T 5,0 •10 3 ~0 2,0•108 paO Ha B03~yxe H B BaKyyMe 
I 10- -:- 1 o-4 Top/' a TpeTLJI 'laCTL JIBnJinacL KOHTponLHOH 
DO OTHOWeHHIO K ~BYM nepBbiM. 

Ilo~o6Hble 3KcnepuMeHTbl 6LinH npoae~eHLI c naacaHOM, 
He o6nyqeHHbiM HOHaMH, ~nJI onpe~eneHHJI CTeneHH B03-
~eHCTBHJI y -pa~uau;uu Ha nonuMep B npe~enax yKa3aHHLIX 

~03. 

B xo~e 3KcnepuMeHTOB CHHManucL cneKTpoMeTpuqecKue 
xapaKTepHCTHKH, H3y'lanaCL KHHeTHKa H H36HpaTenLHOCTL 
TpaaneHHJI Ha o6nyqeHHLIX o6pa3u;ax. 

3KCDOHHpOBaHHe Y -n~'laMH npOBO~HnOCL Ha ycTaHOBKe 
"CBeT" OT HCTO'IHHKa l 7Cs MOIIJ;HOCTLIO 7 •106 paO/CYIIIKU. 

llaacaH npe~cTaanseT co6oii nuHeiiHLiii 3WHP TepewTa
neaoii KHcnoTbl 

0 
II 

-0-C -~ -C- 0- (CH ) 
II 2 2 

0 

CornacHo cTpoeHHJO MoneKynbl 3TOT nonuMep ~o~eH 
6b1TL pa~HaiJ;HOHHO-yCTOH'IHBbiM, XOTJI HanH'IHe 'leTBepTH'I
HbiX aTOMOB yrnepo~a MO)I(eT 06'LJICHJITL ~eCTpyKIJ;HOH· 

Hble npou;eccbl, Ha KOTOpble ecTL yKa3aHHJI B pa6oTax
13

-
51 

HanpuMep, uccne~oaaHHJI xapaKTepHCTH'IecKoii BJI3KOCTH 
pacTaopoa o6ny'leHHoro Y - ny'laMH naacaHa noKa3LIBaJOT 
Ha yMeHLWeHHe ee C pOCTOM ~03bl o6ny'leHHJI, XOTJI XO~ 
KpHBbiX, nony'leHHbiX pa3HbiMH aBTOpaMH, OTnH'IaeTCJI Me)l(
~y co6oii ~OBOnLHO 3Ha'IHTenLHO. 

B ~aHHOii pa6oTe TaK)I(e 6blna c~enaHa nonLITKa nony
'IHTL 3aBHCHMOCTL xapaKTepHCTH'ICCKOH BJI3KOCTH OT ~03bl 
H ycnOBHH o6ny'leHHJI, O~HaKO B npe~enax 'IYBCTBHTenLHO· 
CTH MeTO~a He y~anOCL 3aMeTHTL H3MeHCHHJI B ~HaDa30He 
~03 40-200 MpaO. 

H3y'leHHe cneKTpanLHLIX xapaKTepucTHK naacaHa, o6-
ny'leHHoro pa3nH'IHbiMH ~o3aMH y -nyqeii Ha B03~yxe H B 
BaKyyMe, npOBO~HnOCL C DOMOIIJ;LIO ynLTpawuoneTOBbiX 
cneKTpoMeTpoa MrY "CneKop~" u "Carry-15". Pe3ynLTaTLI 
H3MepeHHii npe~cTaaneHbl Ha puc. 1 H 2. 
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Puc. 1. Jf3MeHeHue on•u~ecKozo nozAo~eHUA AaecaHoeou 
MeHKU KQK fPYHKf.IUA 0031>1 Y - U3Ay~eHUA. 
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Puc. 2. Jf3MeHeHUe OniiiU~eCKOU MOIIIHOCIIIU nozAo~eHUA 
AQ6CQH060U MeHKU 0111 0031>1 y- U3Ay~eHUA npu 06Ay~eHUU 
Ha 6030yxe /1/ U 6 eaKyyMe /2/. KpueaA /3/ OIIIHOCUIIICA 
K KOHIIIpOAI>HOMY o6pa3f.IY· 
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H3 puc. 1 BHJJ;HO, 'ITO npB y -o6ny'leHBB nascaHosa..a 
nneHKa ysenB'IBBaeT norno~eHBe BOJIH B paiioHe 315-360 HM 
no Mepe yBenB'IeHBJI ~03hl 06ny'leHBJI, 'ITO MO)I(eT CBB· 
~eTen&CTBOB8.Tb B non&3y ~eCTPYKUBOHHhiX nponeccoB, npo· 
XO~JI~X B CaMOM nonBMepe. IlpB'IeM, 3Ha'IBTen&HhiB poeT 
Ha6mo~aeTCJI npB ~03aX ~ 108pa(). IlpB o6ny'leHBB nneHKB 
B Ba.KyyMe ~030B 5. 107 pa() He Ha6mo~aeTCJI B3MeHeHBB 
B cneKTpe no cpaBHeHBID C KOHTpOnbHhiM o6pa3nOM, B TO 
speMJI KaK o6ny'leHHwe Toii )l(e ~o3oii Ha B03~yxe nneHKB 
noKa3wBaJOT noshlllleHHOe norno~eHBe cBeTa I puc. 2/, 'ITO 
YKa3hiBaeT Ha nonO)I(BTen&HYJO pon& KBCnOpOAa B MOMeHT 
Y·o6ny'leHBJI. 3TOT BhiBOA nOATBep)I(AaeTCJI pe3yn&TaTaMB 
no B3y'leHmo 3aBBCBMOCTB CKOpOCTeii TpasneHBJI CaMOrO 
nonBMepa oT ~03hl y -o6ny'leHBJI, npose~eHHoro Ha B03Ayxe 
B B Ba.KyyMe. 

C:KopocT& TpasneHBJI KaHana cneAa /no ABaMeTpy I BOHa 
KCeHOHa, BXOAJI~ero B nonBMep no~ yrnoM 90~B 3aBBCB· 
MOCTB OT ~03hl y ·o6ny'leHBJI npeACTaBneHa Ha puc. 3. 
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Puc. 3. 3a6ucu;woc•r. cKopoc•u •pa6AeHUJI CK603H02o KaHa
Aa cAe<)a uoHa KCeHoHa o• ()oaw y- uaAy'leHUJI Ha 6oa<)yxe 
/1,3/ u 6 6aKyy;we /2,4/. Kpu6r.re 3 u 4 oaHOCJiaCJI K MeH
KaM, Ko•opr.re nocAe o6Ay'leHUJI y - AY'IOMU ()o apa6AeHUJI 
xpaHUAucr. Ha 6oa<)yxe 6 •et~eHue 13 cy•oK. 

KpBBhle 1 B 3 OTHOCJITCJI 1C o6pa3naM, KOTOphle o6ny'l&nBCb 
Ha B03~yxe, a 2 B 4 - B saxyyMe. Ilocne o6ny'leHBJI nono
BBHa o6pa3nos 6wna npoTpasneHa HeMe~neHHO /KpBBhle 1 

6 

B 2/, a OCT&nbHhle • TOnbKO 'lepe3 13 CYTOK XpaHeHBJI BX Ha 
B03~yxe /KpBBhle 3 B 4/. 

Ha puc. 4 noKa3aHhl UB1Cpo4IOTOrpa4)BB cne~OB BOBOB 
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Puc. 4. MuKpo(/joaozpa(/juu cAe<)o6 KceHoHa u apzoHa 6 Aa6-
caHo6r.rx MeHKax, o6Ay'leHHI>IX y-Ay'laJHu <)oaou6,7·107pa<) 
Ha 6oa<)yxe /a/, 6 6aKyy;we /6/;u KoHapoAr.Hwx /6/. Tpa6-
AeHue npo6o<)UAocr. 6 2~- HOM paca6ope NaOH npu 20 °C 
6 aet~eHue 24 t~aco6. 
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JCCeHOHa H aproua, BXOAJI~X B nJieHJCY nOA yrJIOM 30° JC no

BepXHOCTH. 06Jiy'leHHe y -ny'laMH A030i: 6,7 •10
7 pa() npo

BOAHJIOCh Ha B03AYXe /a/ H B BaJCyyye /6/. ,lJ;JIJI cpaBHeHHJI 

noJCa3aHW JCOHTPOJihHWe o6pa3UW /a/. 
H3 npeAcTaBneuuwx pucyuxoB MO>KHO BHAeT~>, 'ITO npu

cyTCTBHe ICHCJIOPOAa 3cllclleJCTHBHO CJCa3WBaeTCJI Ha AeCTpyx

IUIB nOJIHMepa TOJihiCO BO BpeMJI 06Jiy'leHHJI y - JIY'IaMH. 

ITo3TOMY H3y'leHHe H36HpaTeJihHOCTH TpaBneHHJI cneAOB 

HOHOB npOBOAHJIOCh TOJihiCO npH 06Jiy'leHHH Y - JIY'IaMH Ha 

B03AYXe. 
Pe3yJI~tTaTw no H3y'leHHIO cxopocTH TpaBneuHJI BAOJih 

TpeJCa, CJCOpOCTH TpaBJieHHJI nOJIHMepa H H36HpaTeJihHOCTH 

npo~ecca TpaBJieHHJI B 3aBHCHMOCTH OT A03W Y - o6ny'leHHJI 

npeACTaBneuw ua puc. 5-7. CxopocTh TpaBneHHJI onpeAe

JIJIJiaCh no Bpeueuu CJCB03Horo TpaBJieHHJI xauana cneAa 

HOHa C nOMOIQhiO 3JieJCTpOJIHTH'IeCJCOrO MeTOAa /S/. 

H3 xpHBWX MO>KHO BHAeTh, 'ITO cxopoCTh TpaBneuuJI 

nneHJCH pe3JCO B03paCTaeT, Ha'IHHaJI C A03W Y -H3Jiy'leHHJI 

nopJIAJCa 108 pa() /pUC. 7/, B TO BpeMJI JCaK CKOpOCTh 

TpaBJieHHJI BAOJih CJieAa 3aMeTHO yBeJIH'IHBaeTCJI y~e npH 

A03e /5+6/ ·105 pa() /puc. 5,6/. HaAO OTMeTHTh, 'ITO 3TOT 

pe3yJIJ.TaT xopomo cornacyeTCJI co cneKTpaJihHWMH AaH

HWMH, npeACTaBJieHHWMH Ha puc. J, rAe pe3KIIii nOA'heM 

nornoiQeHHJI cooTBeTCTByeT A03e -10
8

paC>. BBHAY 6onee 

BwcoKoi 'IYBCTBHTeJihHOCTH K AeCTPYK~HH y-ny'laMH pa3-

pymeuuoro pauee uouaMH noawepa no cpaBHeHHIO c nepBo

Ha'laJihHWM H36HpaTeJihHOCTh npo~ecca TfaBJieHHJI pacTeT 

c yBeJIH'IeHHeM A03W, Ha'IHHaJI c 5+6.10 paC> I puc. 5,6/. 
HuTepeCHO OTMeTHTh, 'ITO KpHBaJI 3aBHCHMOCTH CKOpOCTH 

TpaBJieHHJI BAOJih CJieAa OT A03W y -H3Jiy'leHHJI &MeeT pai

OH HaCWIQeHHJI, npH'IeM BeJIH'IHHa :Z.03W, npH KOTOpOB pOCT 

CKOpOCTH npeKpaiQaeTCJI, 3aBHCHT OT THna HOHa H ero 

3HeprHH. 3TO JIBJieHHe, BepOJITHO, MO>KHO 06'hJICHHTh CTe

neHhiO AeCTpy~HH nOJIHMepa B paioHe CJieAa, H n03TOMY 

AJIJI HOHOB KCeHOHa npeAeJI HaCWIQeHHJI H MaKCHMYM Ha 

KpHBOB H36HpaTeJihHOCTH HaCTynaeT np11 A03e y -nyqei 

(4+5) .106 paC>, a AJIJI uouoB aproua - (2-:-4).10 
7 

pal>. 
B CBJI3H c TeM, 'ITO H36HpaTeJihHOCTh npo~eccaTpaB

neHHJI CKa3WBaeTCJI Ha WOpMe H BeJIH'IHHe KaHana CJieAa 

npH AJIHTeJihHOM TpaBJieHHH, HHTepeCHO 6WJIO npOCJleAHTh 

8 

I 
I 

: 
I 

t{1) 

50 

V1 /MKM/'1/ 

Ar 

v1vM. 

Vrfvn 
2{X) 

fCf) 

0 {{)6 tiF f~rua(pad} 0
9 

Puc. 5. 3aaucu;woc111b cKopoc111u u ua6upa•eAbHOCJIU npol#ec
ca 1/lpaaAeHUJI cAeC>oa uoHOB apzoHa o• C>o3bl y - uaAy'leHUJI 
a 2~-HOM pac111aope 111eAO'lU npu 50° C. 1 
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Puc. 6. 3aaucu;woc•b cKopoc•u u ua6upa•eAbHoc•u npo
l#ecca •paaAeHUJI cAeC>oa uoHoa KceHoHa o• C>oaw y- uaAy'le
HUJI a 20*- HOM pac•aope 111eAO'lU npu 30°C. 
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B3MeHeHBe ,1:\BaMeTpa KaHana CJie,t\a OT ,J:\03111 Y • B3JIY'IeHB. 

npB TpasneHBB .t\O CKB03BOA nop111. H3uepeBBe ABaMeTpoB 

npOBO,t\BJIOCh C nOMOUU.IO MeTO,t\a "ny3WploJC&" /~/& topuy 

JC&Hana Ha6JIIO,t\aJIB c nouo~&IO onTB'Iecxoro umcpocxona. 

TaKBM o6pa3oM, 6WJIB nony'leHIII KpBBIIIe 3&BBCBMOCTB 

CKOpOCTB Tp&BJieHBJI K&HanOB CJie,t\OB no ,1:\BaMeTpy (VA ) OT 

.t\03111 y ·ny11eA npB o6ny'leHBB nascaHa Ha B03,t\yxe. Pe3Koe 

B03p&CT&HBe CKOpOCTB Tp&BJieHBJI TpeKOB npB ,t\03ax-lo8pa(} 

,t\JIJI 060BX BB,t\OB BOHOB, O'leBB,t\HO, o6yCJIOBJieHO,t\eCTpyx

IUieH nonBwepa I puc. 81. 3aBBCBMOCT& B36BpaTeJI&HOCTB 

npo:u;ecca TpasneHBJI OT .t\03111 6onee 3aMeTHa ,t\JIJI BOHOB 

aproHa I puc. 51, 'ITO, sepoJITHO, cxa3111BaeTCJI B Ha xo,t\e 

KpBsoB: cxopocTB TpasneHBJI Tpexa BOHa I puc. 81. 
Cl»opuy K&H&JIOB CJie,t\OB BOHOB nOCJie ,t\JIBTeJIJ.HOrO TpaB· 

JieHHJI nJieHKB MO*HO BB,t\eTJ. Ha MBKpO~OTOrpa~BB, npe,t\· 

CT&BJieHHOH Ha puc. 4. ,lJ;JIJI CJie,t\OB BOHOB aproHa 3~eKT 
YCHJieHBJI OT ,1:\eHCTBBJI y • Jiy'leH 60JIJ.We no cpaBHeHBIO 

C KOHTpOJIJ.HiaiMB, 'leY ,t\JIJI BOHOB KCeHOHa. 3HeprBJI aproHa 

B .t\&HHOM onwTe 6wna 7,6 M3B/HYKII., a xceHoHa -

0,75 M3B/HYKII. 
IlpB cpaBHeHBB 3~eKTOB OT ,1:\eACTBBJI y - Jiy'leH Ha 

nJieHKy, npe,t\B&pHTeJIJ.HO 06Jiy'leHHYJO BOH&MB aproHa pa3· 

JIB'IHOH 3HeprHB, I puc. 91 BB.t\HO, 'ITO 3TH 3~eKTIII 3H&'IB· 

TeJI&Hee ,t\JIJI BOHOB 60JIJ.WeH 3HeprBB. BepOJITHO, 3TO 

CBJI3&HO C 3HepreTB'IeCKBM pacnpe,t\eJieHBeM BTOpB'IHiaiX 

0 - 3JieKTpOHOB, B03HBK&IO~X npB npOXO>K,D;eHBB BOHOB 'lepe3 

JiaBC&H B K&KBM·TO o6pa30M C HHM B3&BMO,t\eHCTBYJO~X. 

06JiaCTh nOJIHMepa, 'lepe3 KOTOpYJO npOWJIB yK&3&HHIIIe 

3JieKTpOHial, npH ,1:\eHCTBBB y·B3Jiy'leHBJI npeTepnesaeT ,J:\O• 

nOJIHBTeJIJ.HOe pa3pymeHBe, B CKOpOCTh npo:u;ecca B03pa· 

CTaeT no cpaBileHBIO C KOHTpOJihHIIIM o6pa3IJ;OM. 

Ha OCHOB&HBH npe,t\CT&BJieHHWX pe3yJIJ.T&TOB MO*HO 

C,t\eJI&Th BlaiBO.t\, 'ITO npB 06Jiy'leHBHy-Jiy'I&MB Ha 803,1:\yXe 

ll CKOpOCTh TpaBJieHBJI B,t\OJlh CJie,t\OB BOHOB aprOBa 

B KCeHOHa B03paCT&eT npB yBeJIB'IeHBB ,J:\03111 Y •JIY1fei ,J:\0 

onpe,t\eJieHHOH seJIB'IHHw. H3MeHeHBe cxopocTB TpaBneHBJI 

B npe,t\eJI&HaJI ,J:\03& y • 06Jiy'leHBJI ,t\JIJI ,1:\0CTJDKeHBJI nOCTOJIH· 

HOB BeJIB'IBHIII V 3aBBCJIT OT TBna BOH& B ero 3HeprBB; TP 
21 yBeJIB'IeHHe H36BpaTeJIJ.HOCTB npo:u;ecca TpaBJieHBJI 

,J:\0 onpe,t\eJieHHOH ,t\031al CBJ13&HO C pa3JIB'IHOH 'IYBCTBBTeJIJ.• 

10 

1.0 
Vn" 

[HK%c) 

as 
.. ----------....----------

~ 
I 

I 
I 

I 

" I 
I 

I 
I 

I 
I 

~ , ,, 

.500 

.P30° 
405~ -o----~-------~----~Jlo--~-4' 

0 q fO' (()8 100 
f/t»>(paa/ 

Puc. 7. 3a6UCUMocab cKopocau apa6AeHWI Aa6caHo6orl 
nAeHKU o• (}o3w y-u3Ay~eHu~ npu aeMnepaaypax apa6Ae
HU~ 30°u 50° 6 20tft,- HOM paca6ope Jlle.llo~u. 
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Puc. 8. 3a6ucuMocab cKopocau apa6AeHu~ KaHaAa c.11e<}a 
UOHa apzoHa U KCeHOHa oa (}03bl y• U3/ly~eHU~ 6 20tft,- HOM 
paca6ope 111ello~u npu 50°C. 
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a/ 

6/ 

Puc. 9. MuKpo¢o•ozpatjjuu cAebo6 uoH06 apzoHa c 3Hepzuell 
5,6 M3B/HYKA. /a/ u 1,5 M3B/HYKA. (6/ 6 Aa6caHo6oiJ 
ruaeHKe npu oo3e y -u3Ay'leHUJI 6,7·10 pao u •pa6AeHIIU 
6 2()1fo- HOM pac•6ope r~~eAO'IU npu 20°C. 
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HOCTbiO K ,IJ,eCTpyKI(HH y •Jiy'laMH He 06Jiy'leHHOrO HOHaMH 
noJIHMepa H pa3pymeHHoro a paiioHe cne,IJ,a; yMeHbWeHHe 
H36HpaTeJibHOCTH npH ,IJ,03aX ~108 pao 06'bJICHJieTCJI pe3KHM 
pOCTOM CKOpOCTH TpaBJieHHJI llOJIHMepa. 

06ny'leHHe y -ny'laMH B aaxyyMe /10-
3

- 10-4rop/ He 
H3MeHJieT H36HpaTeJibHOCTH nponecca TpaBJieHHJI CJie,IJ,OB 
HOHOB, ll03TOMY nenecoo6pa3HO HCUOJib30BaTb Y·06Jiyqe
HHe TOJibKO B npHCYTCTBHH :KHCJIOpO,IJ,a. 

ABTOpbl Bblpa>KaiOT npH3HaTeJibHOCTb r .H.cllnepoay 3a 
nocTOJIHHoe BHHMaHHe x pa6oTe H neHHble coaeTbl, IO.C.3a
MJITHHHY 3a none3Hble o6cy>K,IJ,eHHJI, B.A.IU;eroneay H 
r .H.AxanbeBy 3a npoae,IJ,eHHe o6Jiy'leHHH HOHaMH, JI.H.Ca
MOHJIOBOH, B.A.illHpxoaoii, TI.IO.AneJIIO 3a noMOIUb B pa6oTe. 
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