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' 
B nocneaHHe roabi 6onhllloe BHHMaHHe yaemieTcSI pa6oTaM no Hay-

·'leHHro ll9HCTBHfi HOHH3HpyiOIIIHX Hany'leHHfi Ha paanH'lHbie MaTepHanbi. flo

Bbiiii9HHblfi HHTepec K noao6Horo poaa HCCneaciBaHHS!M; o61.SICHH9TCSI 6ypHbiM 

pa3BH~HeM MHOrHX. OTpacnefi COBpeMeHHOfi TeXHHKH ( KOCMH'l9CKOfi, .peaKTop:

HOH ~ T.n.) 1 CBSI38HHbiX C ~efiCTBHeM paaHaUHOHHbiX nOTOKOB 6onhiiiOfi nnoT-
. . 

HOCTHo B H8CTOSIIII99 BpeMSI HM99TCSI uenbi!i PS!ll (jlyHaaMeHTanhHbiX pa6oT
1

• 

nocBsnueHHbiX HayqeHHIO HaMeHeHHSI (jJHaHtiecKHX cBoiicTri MaTepHanoB noa 

ll9HCTBHeM paamitiHbiX BHllOB HOHH3HPYIOIIIHX HanytieHUii. BonhWOii lfHTepec 

npeacTaBnSieT HccneaoBaHHe paaHaUHOHHoro BoaaeficTBHSI Ha paanHtiHbie no

nHMepHbie. MaTepHanbi1 B 'l8CTHOCTH1 Ha 4JToponnaCT1 KOTOpbrfi 38HHM89T 

Ba>KRoe. MecTo cpean apyrHx MaTepnanoB, ncnonhayeMbiX B coBpeMeRHofi 

TeXHHKe. lllnpoKoe ncnonhSOBaHne (jJToponnacTa o61>SICHSieTcSI ero·saatiH~ 

. TenhHOfi XHMHti9CKOfi HH9pTHOCTbiO H BbiCOKOfi1 no OTHOIII9HHIO K ·apyrHM · 

nonHM9pHbiM MaT9pH~naM1 TennOCTOfiKOCTbiO ( T9MOBaSI. ll9CTpyKUHSI Te(jlnoHa 

aa6moaaeTcSI nHIIIh npn TeMnepaType > 250°). OaRaKo, KaK noKaaaao B pa

. 6oTa~ 1 1
• 
2

•
31

, (jJToponnacT Re o6naaaeT aocTaTotiRoii paan~uHOHHofi cTofi

KoCThiO. BoaaeficTmi:e Ha (jJToponnacT aa>Ke cpaBHHTenhHO He6onhiiiHX ll03 

. Slll9pHbiX H3nyqeHHfi. npHBOllHT K. p93KOMy H3M9H9HHio ero 4JH3HKO-M9X8HH'l9C- . 

KHX cBolicTB H BbiaeneHHIO TaKHX cHnhHOKOllHpyromH:ic areHTOB KaK F H H F 
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HnaK~st pallnaunoHHast cToiiKocTh <PToponnacToB no cpasaeanro c JlpyrnMH 

. nonnMepaMH ( aanpnMep, nonnaTnneHOM) o5'bSICHsieTCSI nx CTPYKTYPHhiMH oco-

6eHHOCTSrMH, B qaCTl!OCTH, _50J'IhiUHM. YI"J'IOM CBSI3eif BO <jJToponnaCT8X. B I"J18B-
. ~/ . 

IIOH uenn Memlly yrnepOJlllhiMH HJ'IH BOilOPOilHhiMH aTOM8MH , a TaKme 

paannqneM. B aaeprnSix cBSI3H C- F , F - F , u C- H , "H - H ·• 0JlHaKo 

llD HaCTOSIUief'O BpeMeHH · HH OllHa H3 MHOI"HX TeOpHif, npejlJ'IO)!(eHHhlX JlJ'ISI 

o5'hstcueanst MexaunaMa peaKunii, aa5nrollaeMhiX B o5nyqeHHhtx nonnMepax,ae . 

B COCTOSIHHH 05'hSICHHTh BCe SIBJ'IeHHSI, ConpOBO)!(Jl810UIHe p81lHaUHOHHOe B03-

IleiiCTBHe •. B CBSI3H c aTHM '5onhiUoe aaaqeane HMeroT ,aKcnepnMeHTht, 
' • • < • • '.' • • • ··.! .. :·· •. >< • 

· llaiOUIHe KOJ'IH'leCTB.eHHhie ,peaynhTaTbl 0 llefiCTBHH H31IY,'leHHii Ha nonnMepblo 

TaKaSI uu<jlopMaunSI saml!a K~K· llliSI pSIIla npaKTHtJeCKHX ueneil, TaK H llliSI . . ,'· . . ' . " .. 

nposepKn neKoTophtX TeopeTntJeCKHX npellCTasneanil. Bbtllenenue Koppollnpyro-
. . .. . . . /2 5/ 
mnx areHTDB H3 <jJToponnacToB nccnellOBanoch B pa5oTax . ' c ncnonh-

30BaHHeM XRMHKO-aHaJ'IHTH'leCKHX MeTOilOB onpelleneHHSI BhlXOila o5pa3yJO-

. ' 
IUHXCSI npn_o5ny'leHJIH.npOilYKTOB. 01lH8KO noll05HaSI MeTOilHK8 o5nallaeT.He~ 

llOCT8TO'lHOll 'lyBCTBHTeJ'IhHOCThJO llJ'ISI onpelleneHHSI BhiXOilOB M8J'IhiX KOJ'IH'leCTB 

lla~HhlX. npo)lyKTOB, 'ITO nBnSieTCSI BeChM8 cyUieCTBeH~hiM npn H3y'leHHH. 3aKO

HOMepl!OCTeii o5pa30B8liHSI H BhiXOilB. pa3J'IH'lHhiX aneMeHTOB H3 MaTepnanoB 

noll lleilcTBHeM pallnaunoHHhiX noneii ue5onhiUOH nnoTHOCTH. B aacTonmeii 

pa5oTe nayqancSI sonpoc o5paaosauuSI H lln<!J<jlyann <PTopa na Te<jlnoua noll 

lleHCTBHeM ·'ae50J'IbiU~X noTOKOB HOHH3HpyiOUief'O li31IY'leHHSI ( HeiiTpOHhi, ·Y 

) 
· 10 qacT. ·) · 

KBaHThi ( = · 10 ·::2":· . • Onpelleneune o5paaosaunSI n BhiXOila cso5ollHOro 
CM ,CeK . 

<jJTopa ocymecTBJ'ISIJ'IOCh MeTOilaMn aKTHB8UHOHHoro aHann3a. 

: · M eTo!mKa aKcnepnMeHTa 

05ny'lel!He 5b!CTpb!MH aeiiTpoHaMH (c aJieprneii 14 Mas) npDH3BOilH-
. , . •. • ~ ' ' . ~ ' I 

J'IOCh Ha HeiiTpOHHOM reaepaTope na5opaTOpHH SIIlepHhlX peaKUHH OH.HH. 
. . · 

10
9 HeilTp B 6 HaTeucnBHDCTh noToKa neiiTpoaoB cocTaBnSina 2 • peMSI o ny-cM .ceK 

4 

'lel!HSI o5pa3UOB fibiJ'IO ,;. 'l 

llHCKH .QHaMeTpOM 14 MM, _l 

B cneunanhHbtii . lliOpanroMHH 

B HenocpellCTBel!HOll 6J'IH30C 

HHKa HeiiTpOHOB HCnOJ'Ih30Bi 

PaaMep TpHTnesoii MHIDeHH 
• ' <. ·"" 

Ma aKcnepHMeHTa n~o5nyq~ 

CT8BJ'IeHa Ha pHC. 1.. 

o+ •: 
Pnc. 1. CxeMa onbtTa no o1 

Bnnstane .~:~eiicTBnn·y. 

pyromnx areHTOB H3 T·e<Pnoli. 

HRSI nnueiiaoro ycKopHTenS:i. 

OH.HH. HHTeacnsnocTh noTo 

MaKCHMaJ'IhHan · al!eprnsr ·Y -

pa3UOB - 2 MHHYTblo 05nyq; 

KJ'IaJlhiBSJ'IHCh B aJ'IIOMHHHaBy 

phi ycKopnTenn B uenocpe.Qc 

poii o6pa30BhiBanocb Hanyqe 



• 
> cpaBH9HHIO C llPYI'HMH 

TCH HX CTpyK~ypHbiMH OCO

~ ao ~ToponnacTax B rnaa-
/4/ 

aTOM8Mil , a T8K)K9 

C- H , H - H ·• OnnaKo 

pnii, npenno)KeHHhiX nnH 

o6nyqeHHhiX nonnMepax,ue 

1JOWMe pannaunonuoe aoa-

le!OT . aKcnepHM9HTbi 1 

na~yqeunii ua nonnMepbi, 

!CKnx ueneii, TaK n nnH 

Ilt, BbiJleneune Kopponnpyro-
. . /2,5/ 
J~6oTax c ncnonh-

neneunn Bhixona o6paayro-. 
~SI MeTonnKa o6nanaeT.ue,-

~ BbiXOJlOB ManbiX KOnM'leCTB 

·aeH~biM npn nayqeunn· aaKo

meMeHTOB ua MaTepnanoB 

moTuocTn. B uacTonmelt 

1. ~TDP£l na · Te~noua non 

3ny'leHMH ( ueltTpOHbl 1 •Y 

aHMSI M BbiXO]la CBOOOJlHOI'O 

> auannaa. 

;nelt 14 Mae) np,on~~OJ;XH

leiJHhiX peaKunlt OI1HI1. 

19 ueiiTP BpeMSI o6ny-
···CM2,ceK ' 

1 

I 
I' 

I 

I 

I 
[· 

qeuuH o6paauoa 6hmo .;, 1 qaca, 06nyqaeMbie o6pa3Uhi npencTaannnu co6olt 
. . ' i . ' ' 

]lUCKU JlUBMeTpOM 14 MM 1 KOTOpbie B KOnU'l9CTBe 80-100 WTYK llOMeruanUCb 
I 

a cneuuanhHbiii nropanroMuuueBbiii uunuunp~ uaneaaeMbilt ua ueiiTpouonpoaon, 

B HenocpeJlCTBeHHOH 6nU30CTU OT UCTO'IH~Ka.ueiiTpOHOB .. B Ka'leCTBe UCTO~-
••• , I 

I 

HUKa H9HTpOHOB UCllOnh30Banacb TpUTUeBaH.MUlli9Hh JlUBMeTpOM }4 MM, 
• I , • 

PaaMep TpuTueaoii MUrueuu onpenemm pa~Mep o6nyqaeMbiX o6paauoa. Cxe-

Ma aKcnepHMeRTa no o6nyqeuuro o6paauoai ua ueiiTponuoM reuepaTope npen

cTaaneua ua puc. 1. 

mPUrrueiJog NuweH6 
rv tn.IITLJI"'l''-A.;iVV~ l:otoo5ta 

Puc. 1, CxeMa OllbiTa no o6nyqeuuro Te~n~HOBbiX o6paauoa neiiTponaMn 

Bnumme !leiicTBHSI y -Kaa!IToa ua o6paaoaauue u Bbilleneuue Koppo!ln-
. ' 

pyromux areJITOB ua T·e~noua uccne!loBano~h B no ToKe TopMoanoro · uanyqe-

HUSI nuueiiuoro ycKopuTenii arieKTpouoa na6opaTopuu neltTpouuolt ~uauxu 
' ' II ' 10 . 'IBCT 

OI1.HI1, I1uTeucuauocTh noToKa ·Y -KBaHTOB cocTasnsma "' 10 
2 

_ . I . CM CeK 
. I . 

MaKCUManhHaSI · auepruSI ·Y -KBaHTOB 6hma "' 20 Mas. BpeMSI o6ny'lJeHUSI o6-
. . I . 

pa3UOB - 2 MUHyTbi, 06.nyqaeMbie o6pa3Ubl, B KOllU'leCTBe 30-40 WTyK 38-
. I . 

KnallbiBannch B amoMUJIHesyro KacceTy, Ko~opaSI noMemanach BHyTpu KaMe-
l 

phl YCKOpUTellSI B uerrocpe!lCTBeHHOH OllU30CTH OT MCllHOH MUllieHU, B KOT0-

1 poii o6paaOBbiBanoch Hany;'leuue.-
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I. 

IT 
~- - • I - ~ - - 5 . O.tl .ttenCTBHeM nenTpOliOB li raMMa-KBaliTOB Ha 't'ToporrnaCTOBblH 0 -

· I . 18 . 
paaeu rrponcxonnno o5paaoBanne pannoaKTHBHoro.naoTorra F , RBnRrome-
. _ 19 I 18 _· z9 18 

rocR. · nponyKTOM peaKunn F (n, 2 n) F nnn F (.y, n) F 
I 

ITocKon:cKy KpoMe nannor.o naoTorra nnKaKnx npyrnx naoTorroB, pacnanaromnx-

CR c ncnycKanneM y -KBanToB,I B onbtTe ue o5paao~b!Banoc:c, a caM naoTon 

F 18 
, nMeeT yno5Hbie nnR nccnenoBannR MeTo.ttaMJI raMMa-cneKT.poMeTpim 

I . 

xapaKTepJICTHKII pa.ttl!OaKTIIBHOrO pacnana (nepnon nonY}:)acnana 110 MliliYT1 

I ) • 
II aneprl!ID y -KBaliTOB - 511 K;9B , npe.ttCTaBminOCb B03MO;w;HbiM llO 9TOMY 

. I 

uaoTony orrpenennTh BbiXO.tt <PTopa, o5paayromerocR BO <PToporrnacToBbiX o5-
. I . 

paauax B CB050.ttliOM II CBSI3aliHOM COCTOSiliHSIX. B · peaynbTaTe B03.tl9HC'l'BiiSI Ha 
. . ) . . . -

HliX li9itTpOliOB li raMMa-KBaliTOB, C 9TOH 'UelxbiD o5ny'Ielilibl9 o5pa3Ubl ne-
·1 . ·., . __ ,-: 

nHnHCb Ha HeCKOnhKO paBHbiX 'IaCTeit ITO i0.;.;2Q UJTYK B Ka;w;noit B aaBHCHMOC-
1 . . 

TII oT nx TOnntHlibi, Onna qacT:c cnymnna nnSI onpenenennSI KonnqecTBa pa
l 

nnoaKTHBHoro <PTopa, o5paayroruerocSI aa BpeMSI o5nyqennSI, OcTanhlibie >Ke 
.. - I 

·o5pa3Ubi noMemannc:c B cneunanhHbie <PToporrnacToBbie cTaKaHb1 c npnTep-. I . . 3 
Tofl npo5Kofl. B cTaKaHbi no5aB1mnoc:c 0,5 eM H2 0 , nocne qero oHn, 

! 

B CBOID O'Iepenb 1 IIOMemanHCb B, 
I 

Me.ttHbie Karrcynbi c aaBIIH'IHBaromeflcSI Kpbilll-

Kofl (eM, pnc. 2). TeM caMbiM' nocTnranacJ:> ueo5xonnMaSI repMeTnaaunSI 
. . I 

. I . 
nuyTpn <PToponnacTOBbiX cTaKaHoB, MenHaSI Kancyna aaTeM .HarpeBanac:c na 

I • 
I • 

MacliSIHoit 5.aue, TeMrrepaTypa KOTopoit aanaBanac:c li nonnepmnnanac:c nocTo-

· SIHHoll: c rroMom:cid My<Pen:cHoil: neqn c aBT:>MaTn'IeCKHM perynSITopoM TeMrrepa-
1 . 

TYPbi 1 o5ecne'InBaromnM 5% TO'I,HOCTh. ycTaHoBKn TeMrrepaTypbi B nnanaao.l:ie 
0 . \, 

oT 20 no 250 <::;. Te~n.ep.;t-TYpa 'BHyTpH <PToponnaCT9Boro, cTaKaHa naMepSI-

na~h c noMom:cro BBeneHH~fl ,B .Hero TepMonapbi_- Tepl\-t006p'a6oTKa .ljl:ropo-. 

nnac;=Ta nponcxonnna npn 3Ha'IefrnSix TeMnepaTypbr· -50_,, 100, 150,·· 290 n 

0 250 c .. BpeMSI ycTaJionneHHSI aanaHHOil: TeMnepaxypbi. xone5anoch··.B npene..., 

naX OT 2 no 17 MHHYT B 3aBHCliMOCTH OT TeMnepaTypbl, 8Ta 38BliCliMOCTb 

npencTannena na pnc. 3, BbmepmKa o5ny'IeHHbiX o5paauon <PToponnacTa 

6 

.. 

Pnc. 2. 8cKna MenHoii Kan 
UOB Te<PnoHa, 



roB Ha cf>ToponnaCTOBb!il: o6-

'0. IISOTona F 18 
, siBnsnome-

'III F l9 )F1s (.y, n 

yriix IIsoTonoB, pacrranaroiUIIx-

JasoBhiBanocb, a caM II30TOII 

onaMII raMMa-crreKTpoMeTpiiii 

on rronypacrrana 110 MIIHyT, 

llOCb B03MO)KHbiM IIO 9TOMY 

OCH BO cf>TopoiinaCTOBbiX. o6-

B pe~ynbTaTe B03Jleil:CTBIIH Ha 

I6 o6ny'IeHHbie o6pasubr· ne-

lliTYK B Ka)KJlOil: B SaBIICIIMOC-

" ' ~ ' 
·npeJleneHIIH Konii'IeCTBa pa-

•' o6ny"<IeHIIH. OcTanbHbie >Ke 

croBbre cTaKaHbi c rrpuTep-

H2 0 •. nocne qero OHII, 

lbl c 38BIIII'IIIB8IOIUeil:cst Kpbllli-

~06XOJliiM8H repMeTII38UIISI 

1c~na saTeM .aarpeBanacb aa 

acb n IIOJlJlep)KIIBanacb IIOCTO-

I'IeCKIIM perynHTOpOM TeMIIepa

:I TeMrrepaTypbi B niiarra~o.lte 

!BCT~BOrO, CT8K8H8 II3Mepst

Io · 1'epMoo6p'a6oTKa :cl>.Topo- ... 

pbr-:-50.,· too; 150, .. 290 II 

!lTYPbt .. Kone6anocb·;_n , rrpeJle-, 

tepaTypblo 3Ta 38BIICIIMOCTb 

rx o6pasuoB cf>ToporrnacTa 

1--- mePMJnOr;JQ 

PIIc. 2. 3cKII3 MeJlHOil: Karrcynhr, B KoTopoil: rrponcxoJlnno narpeBaJme o6pas
uoB Tecf>noHa. 
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T·c~ 
250 

200 

150 

100 

50 

5 10 15 20 •m1n 

Puc. 3, 3aniiCMMOCTh BpeMeHM ycTaHoBnemui naHHOi!: TeMnepaTyphi B Men
HOi!: Kancyne nm1 pa3HbiX TeMnepaTyp. 

8 

~~~-. 

t 
! 

~~ 

tt 

,.-"..,._ 

n nequ npu sanaHHoi!: Te~ 

BpeMH .npe6b!B8HMH <jJTopo: 

ITOK838110 HM)Ke1 OKa3biB8E 

lllMilbi1 ripH KOTOpOM. ·nocT: 

B CB050nHOM, COCTOHHMM 

Type Kancyna·n3BneKanac 

HOi!: TeMneparypb~~ noone 

. Bona, ilnH. yMeHhWeHMH Til 

!(aHa, · CTeHKM :. <jl~oponnaCTI 

BaHIIOil BOnbi, 3aTeM npo~ 

Bone, C ITOMOIU?IO CUHHTIIJ 

M3 <jloToaneKTpOHHOI'O YME 

KaTonHh!M riOBTOpMTeneM 

AAil0-1. nuK B aHepreTI: 

511 K9B F 18 
• c riOMOUJ 

' 
II3 o5mero cneKTpa u MHT 

cqeTHOI'O ycTpOfiCTBa, no 

npuHanne)Kamei!: F 18 '_,' 

TennoBaH o5pa5oTKa <jJTop 

qeHHoi!: npu usMepeHuu·ca 

Hue <jJTopa, Bbtwenwero · m 

B CBH3M c TeM, ·qTo o6c'l 

aKTHBHOCTh F 18 
, conep 

HOI'O MCTOqHMKa, . 5bina on: 

. 11a KoTopyro nonpaBnnno?c 

IIOCTh ITOnO)KeHMH I'BMMa-: 

aHanusaTopa, .5hi.ita He xy: 

ponuponanach B npouecce 

Mbt cocTaB.rinna 10% .nnn 

IT03Bonnna onpenennTb Bbt 

ne xy)Ke 0,5%• 



/ 

annofi TeMrrepaTyphi s Men-

B rretJII rrpu sanannofi TeMrrepaType ocymecTBmrnacb B TetJenue 1 qaca. 3To 

BpeMsr IIpe6bJBaHIISI ¢ToporrnaCTOBhiX o6pa3UOB B BonsrHOfi 6ane, KaK '6yneT 

rroKasano HII:1Ke, oKa3hiBaeTcsr oiiTHManhHhiM nnsr o6pasuoB pasmi'IHofi Ton

lliiiHhi, rrim KOTopoM. nocnrraeTcsr nau6oiiee rronHhifi Bhixon o6pasoBaBmerocH 
. . • I 

s cBo6onnoM. cocTOHHHH F 18 
• , ITocne ~hinep:lKKH ,rrpu sanaHJ{()il: TeMrrepa-

Type Karrcyna H3BneKanach us My¢enhHOfi rretJu u oxna:1Knanacb ,. no KOMHaT-
. I 

. noti TeMnepaTyphi. ITocne aT oro·, H3 ¢ToporrnacToBoro cTaKans :ll3BneKanacb 
I 

. Bona. JlnH yMeHb!lleHHH noTepb ¢Topa, o.cTaB!llerocsr B sone na cTenKax eTa-

Kana, CTeHKII <jJTOpOIInaCTOBOI'O CTaKaHa io6MbiBanHCh 1-2 CM3 nHCTIInnnpo

BBHHOti BOnhi. 3aTeM npOH3Bonnncsr o6cq'e-t aKTHBHOCTII1 conep:1Kameifcg B 

Bone, C noMO!llbiO CUIIHTIInnHUHOHHOI'O cneKTpOMeTpa. CneKTpOMeTp COCTOsrn 

II3 ¢oTosneKTponnoro YMH0:1KIITensr, CIII'H~n c KoToporo nocne ero yciineniiH 

KaTonHhiM IIOBTOpiiTeneM nonaBancsr na onnoKananhHhifi · ananiisaTop Tuna 

AAJl0-1. finK B snepreTII'IecKoM cneKTpe, cooTBeTCTBYIOlliiifi sneprnn 

511 K3B F 
18 

1 C IIOMOllibiO nii<jJ<jlepenun'·~nhHOI'O niiCKpllMIIHaTopa Bb!pesanCH 

II3 o6mero cneKTpa II IIHTeHCIIBHOCTh er? onpenensrnacb c noMOllihiO nepe

C'IeTnoro ycTpOfiCTBa. ITo OTHO!lleHIIIO IIH(eHCIIBHOCTefi C'leTa nHHIIII 511 K3B
1 

rrpiinanne:1Kame ti F 
18 

, naxonsrmeMycH 's BOlle, B KoTopofi nponcxonnna 
' 

TennoBaH o6pa6oTKa ¢ToponnacTa, K nn:r~ncnsnocTH C'leTa aToll: nnnnn, nony..., 

qennoil: npn nsMepennu caMoro o6pasua,lnaxonnnoch rrpouenTnoe cooTHo!lle

nne ¢Topa, Bhi!llen!llero ns o6pasua no o~nollleHHIO K ocTaB!lleMycsr B HeM. 

B CBSI3H C TeM, 'ITO o6C'IHThiBaeMaSI Ha CUHHTHnnSIUHOHHOM cneKTpOMeTpe 

F 18 . . i 6 u 

aKTHBHOCTb , conep:1Kamerocsr B BO_Ile, He rrpencTaBnsrna co on TO'Ie'l-
i 

noro ncTO'IHHKa, 6hma orrpenenena cpenHsrsr a¢¢eKTIIBHOCTh perncTpaumr, 
. I 

na KoTopyro rronpaBnsrnoch nail:Jlennoe 3Ha'IeHne BhiXOila ¢Topa. CTa6nnh-. . I 
HOCTh IIOn0:1KeHIISI I'aMMa-IIHKa, li3MepeHHOI'O C liOMOUlbiO OllHOKaHanbHOI'O 
. . . . i 

anannsaTopa, 6bma ne xy:1Ke 1% sa 10 'lacos nerrpepbiBHOfi pa6oThi n KOHT-
. . . I . 
ponnpoBanacb B npouecce onhiTOB. 3¢¢eKTIIBHOCTh perucTpnpyromefi "cncTe-

1 

Mbl COCTaBnHna 10% .llnH 3HeprHH raMMafKBaHTOB 511 K3Bo JlaHnasr MeTonHKa 

nossonHna onpenenHTb Bhixon <jJTopa us nsyqaeMhiX o6pasuoB c TO'IHOCThiO 

li, ne xy:1Ke 0,5%. 
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I 
3KcrrepuMel!TanbHbie pesynhTaTbi 

I 
I 18 . 

B xone pa6oTbi 6bmu rrony~el!bi nal!l!bie o BbiXOJle 1! aa pa3l!biX 

BpeM~llllplX IIl!TepnanaX B 38BllCHMOCTll OT cyMM8pHoro BpeMeHH 8KCil031IUllll 

qJToponnacTOBbiX o6pasuon .B BOJlSIHOfi 6aae. 3TH nal!HbJe rrpencTannel!bi B 

Ta6nHue 1 JlnH nnyx saaqeaHfi TonmHH HsyqaeMhlX o6pasuon. Hs aaanHsa 
. 6 . 18 

8THX pesynhT8TOB bin CJlenaH Bb!BOJl 0 TOM, qTO OCHOBli8SI qaCTb , F 

BhiXOJlHT H3 o6pasuon 8 TeqeaHe qaca. Ha ocaonaHHH aToro H Bbi6Hpanocb 

BpeMSI Bh!Jl9p)I{KU o6pa3UOB B BOJlSIHOfi 6aHe. KaK BIIJlHO H3 TOfi )1{9 :ra6niiUhi, 

BhiJleneHue F 18 . ns o6pasuon rrpoucxoJlHT na)l{e qepes nononhl!O 3HaquTenb- .. 

1109 BpeMSI, Ilp0ill9Jllli99 C MOM9HT8 HX o6nyqeHHSio 3TOT sP8KT · M0)1{9T, Ha H81U . . ~ 

B3rnnJl, 06'hSICHS!TbCli TeM, qTo CTpyKTypHbl9 U3MeUeHHSI B rronuMepe MoryT 

nponon)l{aTbCli aeKoTopoe npeMH nocne rrpeKpameaus:r o5nyqeHns:r,· 'ITO, oqe

BliJlHo, CBli38JIO C BniiliHll9M OCT8TO'IHhiX p8JlliK8nOB H Jl9fiCTBH9M 8KKOMO

JilipOB81lllblX ra30B, KOTOpbie MeJlneHHO JlHc!Jc!JyHJlHpyroT K IlOBepXI!OCTHo 

Yl1ol 

10 

5 

0 

150't: 

~ - 2 0 . HUICIJOH 

o....:100HU.t:PcH 
o-200~ 

~ 
'L.-Q 9 ~ ~-

Pnc.' 4. 3anncnMOCTb Bhrxona ¢Topa-18 ns ¢ToporrnaCTOBhiX o6pasuon oT 
BpeMeHH IIX aKCil031IU1IH B BOJlliHOfi 6ane. 
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I. 
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Ha pnc. 4 rrpencTaE 

rrnacTOBhiX o6pasuon ·Tonu 

sHuuu n Bonnuofi .6aHe .·. c · 

8 Ml!HyT nocne aaqana Ha 

cno6onuoro c!JTopa, o6pasc 

C IlOMO~bro OITHC8HH 

sanncHMOCTll BhiXOJla . F J 

pasuon, rronnepruiHxcn o6. 

'Ha pnc. 5 IlOK838H~ 
rrpn o5nyqeHHH ~ec!Jnoaa Hi 

pasnbiX .TonlUHH nccnenye~ 

c ynennqeaneM TeMrrepaTj 

Type"' 2500, npHKOTopofi 

H8Cblill9HHe, npnqeM 8TH 

KOBhlfi BI!Jl ll H93H8'1HTenb 

nenHqHae• 3To Mo)l{eT em: 

nn¢¢YHJlHpyromero ¢Topa .~ 

nanllieecs:r B pesym~TaT 

aecymecTBeHHhi·M. TaK,aSI ; 

nonyqeaaas:r npn o6nyqeHHJ 

neaa aa puc. ~· Xon rrony 

TaKoli )l{e, KaK n rrpn o5n; 

BhiXOJl8 F 18 n cnyqae 

HHll HefiTpOH8MH, 'ITO, Bep 

aHeprnH OTJla•m,· coo6!Ilae~ 

nonyqeHHhie pesynbT 

naMH MeTOJlHKH nns:r onpen 

TaK n npyrHx rasoo6pasHI 

pacrrana 37 MnH., E = 
·Y 



Bb!XOil9 f' 18 
aa pa3llhrx 

apaoro BpeMelln aKcnoauuuu 

ll8HHbJe npellCTaBnellbl B 

rx oopaauoB. Ha aHanuaa 

F 
18 

0 OCHOBH8R "'8CTh 

BaHun aToro u Bhroupanoch 

' BUilHO U3 TOll /K9 :raonUUbl, 

S qepe3 JlOBOnhllO 3ll8"'UT9nh

H •. 3TOT 'tjlaKT · MOIK9T, lla. H8W 
~ 

~eHeHuR B nonuMepe MoryT 

~HUR oony"'ellliH, "'TO, O"'e-

noB U ll9HCTBU9M 8KKOMO-

rpyroT K noBepXllOCTU. 

ll. - 2 0 HUI:I'OH 

0...: 1 00 HI:Jt.OIW 

0- 20 0 IAJI:R!H 

----o-~-
9;_ 

50 • 
l(min) 

:>nnaCTOBbiX oop83UOB OT 

Ha puc. 4 npellCTaBneHbl aaBucuMocTu BbiXOila F 18 
us <PTopo-

nnaCTOBblX Oop83UOB TOnWUHOH 20, 100, 200 · MKM OT Bp9M9HU UX 9KCno-

3UUJIU B BOilHHOH oaHe C TeMnepaTypofi 1500. BullHO, "'TO no UCT9"'9llllll 

8 MllllyT nocne Jiaqana HarpeB8llliH 00p83U8 BbiXOiliiT nO"'TU Bee KOnU"'9CTBO 

CBOOOilHOro cpTopa, Oop830B8BWerocg B peaynhTaTe Oony"'9HUH. 

C noMOWhJO onucaHHofi Bhrwe MeTOilUKu obmu uccnenoBaHhr TaK/Ke 

38BUCUMOCTU BblXOil8 F 
18 

OT TeMnepaTypbl BOilHHOfi oaHU U TOnWIIHhi oo-

pa3UOB0 nollBeprWUXCR oony"'9HUJO. 

Ha puc. 5 noKaaana 38BUC:UMOCTb BbiXOila F 18 
• oopaayrowerocH 

npll o5ny"'eHUll TecpnoHa HefiTpOH8MU OT TeMnepaTypbl BOJlHHOH 08Hll 1 itnH 

pa3HhiX .TonwuH uccneayeMbiX TefiJnoHOBhlX o5paauoB. Ha pncyHKa BllllHO, "'TO 

c yBenn"'eHneM TeMnepaTyphr Bhrxoa ¢Topa yBenuqnsaeTcH n npn TeMnepa

Type"' 250°, npii KOTopofi y/Ke npon.cxoanT paapyweune Te!llnoHa; llOCTuraeTcH 

118Cb!IU9HUe 1 npl!"'eM STU 38Bl!CUMOCTU JlnH pa3llb1X TOnU!lfii l!M910T Olli!Ha

KOBblii Bl!Jl U II93H8"'l!TenhHO OTnll"'810TCH Jlpyr OT llpyra no aoconJOTHOil 

Benl!"'UHe. 3TO MO/K9T CBUJl9TenhCTBOB8Th. 0 TOM, "'TO npouecc 38XB8T8 

ancpcpyHnnpyrowero ¢Topa MoneKynofi Ha nMeroweecg Ba·KaHTHoe MecTo, o5pa-

BaBweecH B peaynhTaTe ee aecTpyKuuu, B.JlaHIIOM cnyqae HBnHeTcH 

HecywecTBeHHhrM. TaKaH }l<e aasn~l!J'v!OCT? Bbrxoaa OT TeMnepaTypb1 0 

nonyqeaaaH npn oonyqeHnn o5paauoB asyx Tonwua ·Y - KBaHTaMu, npeacTaB-

neaa Ha pnc. f?· Xoa nony"'eHHhiX aaBncuMocTefi, KaK aTo BllllHO na pncyHKa, 

TaKofi IKe, KaK u npn o5nyqeann aefiTpoHaMu, xoTH a5comoTHoe aaaqeaue 

Bb!XOil8 F 
18 

· B cnyqae y - KB8HTOB HeCKOnhKO . HII/Ke0 "'eM npll o5nyqe-

HUII aefiTpoHaMu, "'TO, BepoHT!IO, MOIKHO CBH38Th c o6nbWIIM 3li8"'9HI!eM 

SHepruu OTJl8"'II, COOOUtaeMofi HJlpy npu oonyqeHIIll HefiTpomiMII. 

fiony"'eHHble peaynhT8Tb! nOK83b!B810T nepcneKTllBHOCTh pa3pa50T8HHOii 

H8Mll MeTOilUKll. JlnH onpeneneHUH C Bb!COKOH TO"'HOCThiO BbiXOJla K8K ·¢Topa, 

TaK U Jlpyrux raaoo6pa3Hb!X npOJlYKTOB, (HanpuMep, Cl 35 
(nepUOJl nony

pacnaaa 37 MllH , Ey = 1600 ll 2170 K SB) ) , oop83YJOIIIllXCH B nonHMepax 
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Pnc. · 5, 3aBIICIIMOCTb BhiXOJla lf>Topa-18 na o6paauoB Te!f>noaa, o6ny'leHHbiX 

Heii:TpOH8Mll i OT TeMnepaTypbl BOJlRHOH 6aHII II TOnlUHHbl Telf>noHa. 
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Pnc. 6. 3aBnCIIMOCTb BhiXOJlE 

raMM8-KB8HTOB 1 OT• TeMrrepa~ 
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Pnc. 6. 3aBUCMMOCTh Bbixona tPTopa-18 :us o6pasuoB Te<j:lnoaa, o6ny'leJIHhiX 
raMM8-KB8HTOB 0 OT· TeMIIepaTyphl BOn5!HOH 6aHU M TOJimllllhl TeQJJIOH8, 
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noll lleilcTBIIeM SIIlepl!biX IIsnyqeJIIIil. Ha ocl!oBaliiiii nonyqeJilibiX saBIICII.Moc-

F 18 
Teil BbiXOila · MO*HO llenaTb pasnii'Ilibre aKcTpanonSIUIIII llnSI onpellene-. 
liiiSI BbiXOila KoppOiliiPYIOIIliiX- npOilYKTOB liS Tecpnol!a B nonS! X IIOliiiSIIpy!OllliiX 

IIsny'leliiiH. l1s aKcnepi!Mel!TanhlibiX llalilibiX aToil pa6oTbi MO*HO CllenaT_h 

TaK)!(e II H9KOTOpbie BbiBOilbl 0 MexaliiiSMe peaKUIIH1 npoTeKa!OIUIIX B nonii

Mepe npii SIIlepl!oM IIsny'leliiiii1 OllHaKo, aToT Bonpoc Tpe6yeT 6onee nollpo6-

Jioro IICcneJloBaliiiSI c IIcnonbsosaniieM oniiCal!l!oil B:bnne MeTOJliiKII~ 

B saKn10'19liiie aBTOpbi Bb!pa>Ka!OT npiiSliaTenhliOCTh r.H. 4>nepoBy sa 

noCTOSUIHOe BliHMalii!e K pa6oTe, a TaK)!(e l1.l1. 3Bapa II n.c. ITdnaK:y 3a 

U9HHbie COB9Tbi II saMe'laliiiH B npouecce BhinOnHeHIIH JlaHliOfi pa60Tblo 

\ 

niiTepaTypa 

h B.B. TI!xoMIIpoB. "'IToniiMepllbie noKphiTIIH B aTOMHofi TexliiiKe", AToM
II3JlaT, 1965. 

2. 4>. EoBetl:. "'llettCTBIIe IIOHII31Ipy!OIUIIX II3ny'lel!IIH l!a npHpOilHhie H CHliTe
TH'IeCKHe nonuMephr", M., l1sll-BO uuocTp. nuT-phi, 1959. 

3. A. 1.fapna6u. 'Slnep!Ible nanyqeimH u nonuMephr"'. ITepeBOil c alirnuttcKoro_ 
M., l1sll-BO HliOCTp. nHT-phi, 1962. -

4. "'Pannaunol!HaH XHMHH nonHMepoB"'. Tpynhr cnMnoauyMa no pallnaunol!l!otl: 
XHMHH noniiMepoB (MoCKBa 1 HOSI6pb 1969 r.), l13Jl-BO "'HayKa", M., 1966. 

5. n. T. Eyrael!KO H np. XHMH'IeCKHe Jl9HCTBHH HOliH31Ipy!OIUHX H3ny'lel!Htl:. 
M., Bl1Hl1Tl1 AH CCCP, 1958. 

PyKonucb nocTyniina B uanaTenhcKutt oTnen 
6 MapTa 1972 rolla. 
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Ta6.mma .I. :&Dco.IJ; qyropa-18 Ha pasmzx npeMeHmtX mtTep:saJiaX n srumcm.toCTli OT cyr.'l!!.apHoro 

npeMemr sKcnosmum qyropowra.cToBHX oc5pas:uon n no,IUIHoi:i 6aHe .IJ:M' .ItByx TOJIIItlm 

JrCCJie.IJ;OBaHHWC 06pas:upn. 

Teune~TYJ)a 6amr I00°C, TOJIJI!IDUl Te!flJIOHa 0,2MM · · Ter.mepaTYJla' 6aHII 150°C, TOJIIll11lffi Te!flJioHa 0,2Mr.: . 
'tfuCJIO liHTeHCllBHOCT:& liHTeHCHBHOCT:& OTHo- 'tfuCJIO IfHTCHCliBHOCT:& lfiiTeHCliBIIOCT:& 0THOCliT. Bper.~ 

mmePJKIDI . IIPe.zon. ctreTa JIY.IIliii - ctreTa JIHHim CliT. Bll.IJ;epmar npe.zon. ctrcTa .mnnnr ctreTa JlliHIIIl BllXO.IJ; t 6aHe): "C5aH:&" 5Il.K3B B 5Il K3B B B,O.IJ; t 6aHe "c5aH:t." 5Il K3B B 5Il K3B D \P'rr-18 traCOB BO.IJ;e Te~OHe B • 'ia.COB) BO.IJ;e Te!flJIOHe B o 

§ I 0 1970 78100 3,70 I 0 3160 77500 6,2 

4 I II? 54000 . 0,32 4 I 520 . 55000- __ 1,4. 
\ 6 2 liS 37000 0,47 6 2 133 '\ 38500 0,51 

8 4 51 25500 0,30 8 3 73 27000 0,4 

. Te.r.mepaTYJla ·roo0c, TOJilllliHa Te@roHa 0,5MM Ter,mepaTY:pa 6amr_ 150°C, TOJIIItlma TC9:l.i"IOHU 0,5r.:r.: 

I 0 1430 70000 3,0 * 0 2970 _84000 5,2 
2 I 200 48000 0,6 . 2 I 435 58000 I,I 
6 2 98 34400 0,42 6 2 IIO. 40500 0,4 
8 3 .·59 . 24000 0,36 8 3 68 28400 0,35 


