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B HaCTOH~ee npeMH .nnH H3roTonneHHH H.nepHbiX I}>HnhT

poB H3 flOllHMepHblX MaTepHanOB HCflOllb3YIOTCH TH:>Kellble 

3apH:>KeHHbie 'laCTHUhl - OCKOllKH )J,eneHHH H)J,ep ypaHa, 

KIOpHH, KanHI}JopHHH HllH yCKOpeHHhie HOHbl KCeHOHa l]' 2/ , 

C03)J,aiOIUHe 6onhwHe pa.nnaunoHHhie nonpe:>K)J,eHHH 

B ofinyqaeMOM MaTepHane. 3HeprHH 3THX 'laCTHU 

napbHpyeTCH B .nnana3oHe npu6nH3HTenhHO 0,5-1 M:JB/HYKA. 

H COOTBeTCTByeT npofiery B nnaCTH'IeCKHX MaTepHanax 

THna naBCaHa HllH flOllHKapfioHaTa, paBHOMY 10 -c-20 MKM 

/eM. puc. 1/. 
llpe)J,CTaBnHeT fionhWOH npaKTH'IeCKHH HHTepec pac

CMOTpeTb B03MO:>KHOCTb HCll0llb30BaHHH fionee nerKHX HO

HOB, B 'laCTHOCTH HOHOB aproHa, ny'IKH KOTOpWX MOryT 

fihiTb nony'leHbl He TOllbKO Ha UHKllOTpOHe Y- 300, HO H Ha 

.npyrux ycKopHTenHx. 3HeprHH ycKopeHHWX Ha UHKnoTpoHe 

Y-300 HOHOB aproHa MO:>KeT .nocTHraTh oKono 5 M:JB/HYKA., 

'ITO COOTBeTCTByeT npofieraM B nnaCTH'IeCKHX MaTepHanax 

· 70 MKM - 3Ha'IHTellbHO fiOllbWHM, 'leM )J,llH HOHOB KCeHOHa, 

3HeprHH KOTOpbiX He npeBbiWaeT 1 M3B/HyKAOH/CM. puc.Jj. 
IJ.enbiO )J,aHHOH pafiOTbl HBnHeTCH H3y'leHHe B03MO:>K

HOCTeH HCflOllb30BaHHH )J,llH H3rOTOBlleHHH H)J,epHWX I}>HllbT

pOB ny'IKa HOHOB aproHa. . 

B ocHone npouecca H3roTonneHHH H.nepHhiX l}>nnhTpon 

ne:>KHT H~6HpaTenhHOe TpanneHHe .necrpyKTHponaHHoro 3a

PH:>KeHHhiMH 'laCTHUaMH flOllHMepa, KOTOpoe 3aBHCHT OT 

CTeneHH )J,eCTPYKUHH H )J,HaMeTpa )J,eCTpyKTHpOBaHHOrO Ka

Hana/2/. )l.nH Ka:>K.noro nonHMepHoro MaTepnana cyiUecT

nyeT HeKOTOpaH MHHHMallbHaH /noporOBaH/ BellH'IHHa y.nenb

HWX flOTepb 3HeprHH, )J,OCTaTO'IHaH y:>Ke )J,llH TOrO, 'ITOfihi 

cTano B03MO:>KHhiM ·TaKoe H36HpaTenhHOe TpanneHHe /2, :l I. 
)l.nH nancaHa 3Ta nenH'IHHa cocTaBnHeT oKono 

3,0- 3,5 3B.cM 2/M2, 'ITO 3Ha'IHTellhHO HH:>Ke y.nenbHbiX 

flOTepb 3HeprHH )J,llH HOHOB aproHa B HHTepBane HX 

KHHeTH'IeCKHX 3Hepruii E < 5 M:JB/HYKAOH. 
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)J.HaMeTp BbiTpaonuoaeMoro B nnacTHl.feCKOM MaTepuane 

CKB03HOrO KaHana /4/ 

D(t) = D
0
<1- e-a(to-tl) + b(t

0
- t), 

r.II.e t - opeMJI TpaoneHHJI; a, b, t 0 , C 0 - onpe.II.enJieMbie 

H3 onbiTa KoJ<W!HU.HeHTbi. )J.nJI .II.HaMeTpOB D ~ 0,1 MKM, 
KaK npaBHnO, OCHOBHYIO ponb HrpaeT nHlllb llOCne.II.HHH qneH 

3TOrO BMpa~eHHJI H BenH'IHHa l) B XOpOUieM llpH6nH~eHHH 

OKa3biBaeTCJI llpOllOpD,HOHanbHOH BpeMeHH TpaBneHHH /S/, 
IJ (t) .:.: 2Vt , 

r.II.e Y - CKOpOCTb TpaoneHHJI nnaCTHKa. llpH H3rOTOBneHHH 

$HnbTpOB C nopaMH lJ ·~ 0,1 MKM Tpe6yeTCJI y~e 6onee 

TJ.UaTenbHbiH yl.feT 3$$eKTOB, 3aBHCJIJ.UHX OT TOniiJ,HHbl nneH

KH, OT Hal.fanbHOH nnOTHOCTH H .II.HaMeTpa pa.II.HaiJ,HOHHbiX 

llOBpe~.II.eHHH KaHana. 3aBHCHMOCTb OT THlla HOHa B 3TOM 

cnyqae CTaHOBHTCH 3Ha'IHTenbHO 6onee cymeCTBeHHOH. 

Mbl ceifqac orpaHH'IHMCH .II.HaMeTpaMH n 0,1 MKM. 
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Puc. 1. KpueaJI 3aeucuMocmu npo6eza uoHoe apzoHet u Kce
fiOHa e AaecaHe om ux 3Hepzuu. 
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Puc. 2. 3aaucUMOCmb ouaMempa nop u U3MeHeHUJI mOAIJIUHbl 
AQ6CQH060U nAeHKU om npOOOAXUmeAbHOCmU 06Ay~eHUJI 
YAbmpa~uoAemoebiM caemoM. 3Ha~Ku " - oaHHble u3Me-
peHUJI OUQMempa nop /Ae6aJI WKQAO/, 3HQ~KU • - U3Me-
peHUJI yMeHbWeHUJI mOAIJIUHbl nAeHKU jnpa6QJI WKaAa/. 
CnAowHaJI u nyHKmupHaJI Kpueble omHOCJimCJI coomaemcmeeH
HO K epeMeHU mpaeAeHUJI 49 U 26 MUH. 

H3y1.feHHe 3aBHCHMOCTH cKopocTH TpaoneHHJI nonuMepa 

B.II.Onb TpeKa OT 3HeprHH HOHa, BMllOnHeHHOe .II.nH MaKpo$o

nH/4/, noKa3ano, 'ITO npu yoenHl.feHHH y.II.enbHbiX noTepb 

3HeprHH dE/dx 3Ta CKOpOCTb CHal.fana B03paCTaeT, a 3aTeM 

OCTaeTCJI llOCTOHHHOH. JlaocaH npe.II.CTaBnHeT co6oii coe.II.H

HeHHe TOrO ~e Knacca, 'ITO H MaKpO$Onb, CBOHCTBa 3THX 

nnaCTHKOB .!I.OBOnbHO 6nH3KH Me~.II.Y co6oii, llO 3TOMY MO~HO 
O~H.II.aTb TaKOH ~e 3aBHCHMOCTH CKOpOCTH TpaoneHHH OT 

dE/ dx H .II.nH naBCaHa. llOCKOnbKY .II.nH yoenH'leHHH .II.eCT

PYKU.HH nonuMepa ucnonb3yeTCH .II.ononHHTenbHOe o6ny1.feHHe 

ynbTpa$uoneTOBbiM coeTOM, oa~Ho H3Y1.fHTb 3TY 3aoucu

MOCTb HMeHHO llpH 3TOM ycnOBHH ', 

"')J.ononHHTenbHOe o6ny1.feHHe ynbTpa4JuoneTOBbiM coeTOM 
o6ny1.feHHOH HOHaMH nneHKH He TOnbKO yoenHl.fHBaeT CKOpOCTb 
TpaoneHHH B.II.Onb TpaeKTOpHH HOHa, HO ll03BOnJieT TaK~e 
nonyl.fHTb npaBHnbHYIO IJ,HnHH.!I.PHl.feCKYIO 4JopMy $HnbTpyiOJ.UHX 

KaHanoo'2/ 
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,lJ;JI.Il 3TOrO 6biJIH HCllOJIL30BaHbl HOHbl aproHa H3 UHKJIO

TpOHa Y- 300, 3HeprH.Il KOTOpbiX CHH:>KaJiaCL C llOMOIULIO 

aJIIOMHHHeswx <llonLr cooTBeTCTBYJOIUeB: TOJIIUHHLI I eM. 

ma6A. 1/. WHJILTpbl H3roTaBJIHBaJIHCL H3 nascaHosoB: nneHKH 

TOJIIUHHOH f = 12 MKM. BpeM.Il o6Jiy'leHH.Il ynLTpa<llHoJieToM 

sapLHpo:BanocL oT 'leTwpex AO n.IITHaAuaTH qacos. Bee 

ycJIOBH.Il 6biJIH TaKHMH :>Ke, KaK AJI.Il nneHoK, o6nyqeHHbiX 

HOHaMH KceHoHa I 2/. 

Ta6Au~a 1 

T onuuiHa amo- 3Hepi'HSI HOHOB YJJ.enbHhie npo6el' 

MHHHeBOI'O Ar, noTe pH HOHOB Ar 
nol'noTH TenSI, MaB/HyKnOH 9Hepi'HH B naacaHe, 

MKM HOHOB Ar B MKM 
naacaHe, 

MaB-cM IMI' 

0 5,0 16,0 70 
18 3,4 19,5 44 
27 2,3 22,0 29 
36 1,3 27,2 16 
40,5 0,7 29,7 11 

ITocne o6ny'leHH.Il yJILTpa<llHoJieToM nascaHoBa.ll nneHKa 

npoTpasJIHBanacL B 20~-HOM pacTsope NaOH npH TeMnepa

Type 50±1°C AO pa3JIH'IHbiX AHaMeTpos nop. ,D;n.11 3Toro 

HCllOJIL30BaJIHCL ycTaHOBKH H MeTOAHKa, OllHCaHHble B pa-

6oTe /2/ H llpHMeH.IIIOIUHeC.Il AJI.Il o6pa60TKH 06JiyqeHHbiX 

KCeHOHOM llJieHOK. 

Pe3yJILTaTw onwTa AJI.Il nocTO.IIHHoro 3Ha'leHH.Il dE/dx = 
= 27,2 M:JB cM2/Mz npeAcTasneHw Ha puc. 2. 3Ha'leHH.Il 

D H3Mep.IIJIHCL ra30AHHaMH'IeCKHM MeToAoM/2/. ,D;n.11 o6pa3-

uos, llOJiy'leHHbiX npH 10-'laCOBOM 06Jiy'leHHH, 6biJIH BblllOJI

HeHbl TaK:>Ke KOHTpOJILHble H3MepeHH.Il C llOMOIULIO 3JieKTpOH

HOrO MHKpOCKOna. 06a MeTOAa H3MepeHH.Il AHaMeTpOB nop 

AaJIH 6JIH3KHe 3Ha'leHH.Il D. 
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Puc. 3. 3AeKmpoHHaJI MUKporjjomozparjjuJI nonepet~Hozo cpe3a 
JIOepHOZO rjjUA~t•pa c ouaMempOM nop 0,952 MKM. YeeAut~e
HUe- 6 10500 pa3 . . 

H3 puc. 2 BHAHO, 'ITO 3aBHCHMOCTL AHaMeTpa nop oT 

A03bl yJILTpa<iiHOJieTa BbiXOAHT Ha llJiaTO npH6JIH3HTeJILHO 

npH 8-qacosoM o6ny'leHHH, T .e. Tpe6yeMa.ll A03a ynLTpa<llHo-
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neTosoro o6nyqeHH11 oKa3biBaeTC11 B.IJ.BOe 6onbweil, qeM 
0' 

B cnyqae HCITOJib30BaHH11 HOHOB KCeHOHa ,--' . 
Ha puc. 3 noKa3aHa nonyqeHHaR c noMOWbiO 3JieKTpoH

Horo MHKpocKona ¢oTorpa¢u11 ce"'eHHR KaHanos R.IJ.epHoro 

¢HnbTpa /3Ta ¢oTorpa¢H11 C.IJ.eJiaHa li.B.M"'e.IJ.nHWBHnH/. 

Xopowo BH.IJ.Ha ux uunHH.IJ.PH"'ecKaR ¢opMa. Yxo.IJ.Rwee 3a 

nnocKoCTb cpe3a H3o6pa~eHHe KaHana o6h11CHReTc11 TeM, 

"'TO 6oM6ap.IJ.HpOBaBWHe nneHKY HOHbl aproHa BXO.IJ.HnH B Hee 

ITO.ll. yrJIOM, HeCKOJibKO OTnH"'aJOIUHMC11 OT np11MOrO. 
)J.n11 OTpafiOTKH MeTO.!J.HKH TpaBJieHH11 Ba~HO npocne.IJ.HTb 

BnHHHHe Y.IJ.eJibHbiX ITOTepb 3HeprHH HOHaMH aprOHa Ha CKO

pOCTb TpasneHHH nop npH pa3JIH"'HbiX .IJ.03ax ynbTpa¢uone

Tosoro o6ny"'eHHH. TaKaH 3aBHCHMOCTb npe.IJ.cTasneHa Ha 

puc. 4 .IJ.JIH Tpex pa3JIH"'HbiX speMeH TpasneHH11. TpasneHHe 

npoBO.IJ.HJIOCb B 20o/o-HOM paCTBOpe \aOH npH 50° C. 
l13 KpHBbiX puc. 4 BH.IJ.HO, "'TO ITpH .IJ.aHHbiX .IJ.03aX 

yJibTpa¢HoJieHJBOrO 06Jiy"'eHHH CKOpOCTb TpaBJieHH11 KaHanOB 
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Puc. 4. 3aeucuMocmb ouaMempa nop ifju.llbmpa om yoe.llbHbiX 
nomepb :JHepzuu uoHoe apzoHa npu pa3.11U'lHOii npooo.ll:»eu
me.llbHocmu Y.llbmpaifjuo.llemoeozo o6.11y'leHUJI u pa3.11U'lHOM 
epeMeHu mpae.lleHUJI. 3Ha'lKaMu * u 0 HaHeceHbl coomeem
cmeeHHO oaHHble O.IIJI 6- u 10- 'lacoeozo o6.11y'leHUJI y.llbmpa
ifjuo.llemoM. KpuebJe 1,2,3 omHoc.RmcJI K epeMeHu mpae.11eHUJ1 
15,51, 75 MUH. 
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¢HJibTpa B HCCne.IJ.OBaHHOM HHTepsane 3HeprHH HOHOB aproHa 
0,7-5 M3B/HYK.IIOH ocTaeTcR nocToRHHoil. 

IIocKonbKY npouecc o6ny"'eHH11 ynbTpa¢uoneToM Tpe6y

eT 3Ha"'HTeJibHOrO BpeMeHH, O"'eHb Ba~HO ysenH"'HTb 3¢

¢eKTHBHOCTb YCTaHOBKH .IJ.n11 o6ny"'eHH11. 3Toro MO~HO .IJ.O

CTH"'b nyTeM o6ny"'eHH11 MHorocnoHHbiX CTOllOK nneHOK. KaK 

BH.ll.HO H3 ma6.11. 2, CTOITKH, COCT011IUHe .IJ.a~e H3 .IJ.eCRTH CJIOeB 

12-MHKpOHHOH nascaHOBOH nneHKH, OCTaiOTC11 ewe npo-

3pa"'HblMH .IJ.nR .IJ.ecTpyKTHPYIOIUero ynbTpa¢HoneTosoro H3-

ny"'eHHR. )J.HaMeTpbi nop nocne 3Toro nony"'aiOTCH TaKHMH 

~e. KaK H B cnyqae o6ny"'eHHH O.IJ.Horo cnoH nneHKH. 3To 

HMeeT MeCTO KaK .IJ.n11 HOHOB aproHa, TaK H .IJ.n11 HOHOB KCeHo

Ha. /l13MepeHHH D BblnonHRnHCb ra30.IJ.HHaMH"'ecKHM Me
TO.!J.OM /2/ /. 

Ta6.11u1.1a 2 

3arntCHMOCTb JJHaMerpa nop tpitnhTpa D or 'lllCna cnoeu 

[I CTOf!Ke nancaHORl>IX nnei!OK C TOnJJ!HHOii 12 MKM. 8peM51 

o6ny'-lefHt51 ynbTpa<j)HOneTOivl ty<j)= 4 H 10 '-IClCOB 

l.JHcno MKM 

cnoen 
06ny"'eHHe HOHBMil 06ny'-leHHe HOIIBMH 

B CTOf!Ke 
Xe ·Sr<i)= 1 '-lac a Ar, ty!!) = 10 '-lacon 

0,82 0,32 
2 0,77 0,31 
3 0,75 0,28 
4 0,81 0,30 
5 0,75 0,32 
6 0,80 0,26 
7 0,77 0,30 
8 0,81 0,28 
9 0,82 0,32 

10 0,82 0,32 

libiJIO H3y"'eHO BnHRHHe TeMnepaTypbl TpaBHTenR Ha 

cKopocTb TpasneHHH KaHanos ¢HnbTpa. Pe3ynbTaTbl npe.IJ.-
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Puc. 5. 3aeucuMOC11lb cKopocmu mpae/WHUR KaHa/loe ¢u/lb11lpa 
om meMnepamypbz mpaeume/IR. 

cTaaneHbi Ha puc. 5. 11cnonb30Banc.H 20~o-HbiH pacTaop 

NaOH. TeMnepaTypa perynHpoaanacb c TO'iHOCTbiO ±0,5"C. 

llpo.nomKHTenbHOCTb ynbTpa!lmoneToaoro o6ny'ieHHH cocTaa

n»na 10 1.1. )l.n.H H3MepeHHH .LJ.HaMeTpoa nop cHoaa Hcnonb

JoaancH ra30.LJ.HHaMH'.JeCKHH MeTO.LJ.. HeKoTopbie o6pa3I.J,bi 

<iJHnbTpOB KOHTpOnHpOBaflHCb C llOMOll\blO 3neKTpOHHOrO MH

KpOCKona. 

113 pUC. 5 BH.LJ.HO, 'iTO pe3KOe B03pacTaHHe CKOpOCTH 

TpaaneHHH Ha6niO.naeTc.H npH TeMnepaTypax T .c 60° C, 
ll03TOMY llpH H3rOTOBneHHH <iJHnbTpOB npouecc TpaaneHHH 

cne.nyeT npoBO.LJ.HTb npH TeMnepaType He Bbiille 55-60° C. 
llpH 3THX ycnOBH.HX Ka'ieCTBO .H.LJ.epHbiX !l>HnbTpOB, H3rOTaB

flHBaeMbiX C llOMOII.I,biO HOHOB aproHa, OKa3biBaeTC.H npaK

TH'ieCKH TaKHM )l(e, KaK H llpH HCllOflb30BaHHH HOHOB KCeHOHa. 
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