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Pa6oTa BbiiTOnHeHa B na6opaTOpliii HJl8pHbiX peaKIIIIH, 06'h8JlHH8HHOrO HHCTH

SI)lepHbiX nccneJloBaHnli ( r.Jly6na). 

Hay'lHhili _pyKOBOJlHTenb: 

'ln8H-KOppecnOHJl8HT 

AH CCCP 

OljlnunanbHbie onnoneHThi: 

JloKTOp I)Jna'.MaT.HayK 

KaHJlHJlaT XHM. HayK 7 

Benymee npennpnSITHe 

I1ncTnTy-i- fopnoro -Jlena AH CCCP 
\ -

ABTopeljlepaT paaocnaH 

3arnHTa aliCCSpTaliHH COCTOHTCSI· 

f.H.4>nepoB 

-E.f.EpoaonHMCKHH 

Jl.I1.nennyncKaSI 

1968 r. 

1968 r. Ha 3aCSJlaHHH 

BeTa no npncylKJlSHHIO yqeHhiX cTenenell Bcecoroanoro Hay'!Ho-HccnenoaaTenbcKoro 

HJlepnoll reoljlnaHKH n reoxnMHH ( BHI1I1.Hrr) no anpecy: r.MocKBa, yn.Jlep-

9 (Ten. B-1-30-66). 

C Jl!IccepTa.uHeli MOlKHO oaHaKoMHTbCSI B 6n6nnoTeKe , BHI1I1.Hrr. 

- Y'!SHbill ceKpeTapb coBeTa 

KaHJlHJlaT T8XHII'l8CKIIX HayK: 
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Pa3Bl1Tlte H8YKH II TSXHIIKII, yaenii'leHIIe M8CWTa6oB ynoTpe6nemUI 

KOnii'l8CTB8 MIIHepanbHoro Cb!pbSI, He06XOJliiMOCTb B Hanii'IIIII CB8pX'IIICTb!X 

MaTepiianoa JlnH pemeHIIH-pSIJla aaJla'l II T.n. aa nocneJlHee JlSCSITIIneTIIe cnenanii 

HCKniO'IIITSJlbHO BalKHOH 3a)laqy onpeJleneHIIH 9nSM8HTHOro COCTaBa B8.1!l8CTBa. npn 

9TOM B 3aBIICHMOCTII OT xapaKTepa IICCJl8JlOBaHHH K MSTOJly aHanii3a npeJl'hSIBnSIIOTCSI 

CaMb!S pa3n!ItlHb!8 Tpe6oB~HHSio 

I1Horna 0'18Hb B8lKHO ycTaHOBHTb COJl8plKaHII8 B o6paaue OJlHOro onpeneneH

Horo 9n8M8HTa, IIHOr)la HS06XOJlHMO, aa KOpOTKOe., BpeMSI yaHaTb CllSKTp' 'sneMeHTOB, 

BXOJlSilliHX B COCTaB MHOrOKOMIIOHSHTHOH CHCT8Mbl H T.Jl. 

Bee aTo npiiBeno K noHBneHIIJO paanii'IHbix MeToJloB aneMeHTHoro aHaniiaa, 

OCHOB8HHbiX H8 3H8HHII- XIIMII'ISCKIIX II cpii31I'I8CKIIX 'CBOHCTB aneMeHTOB. 

npHHIIIIllHanbHO HOBbie MSTOJlbl 8Hanll:aa 6binH C03)laHbl Ha OCHOBe JlOCTIIlKSHHH 

B o6naCTII S!Jl8pHOH cp!I3HK1Io BalKHYIO• ponb B 9TOM Chirpann, C OJlHOH CTOpOHbl, coa

JlaHHe S!Jl8pHbiX peaKTOpOB II YCKOpHTeneit 3ap!llK8HHhiX 'laCTIIII H ycnexii B H3Y'I8HHH 

BaaiiMOJlel!CTBIISI S!Jl8pHbiX H3ny'ISHHH C B8lli8CTBOM,· a, C npyroll CTOpOHhi, paapa6oT

Ka BbiCOKO'IyBCTBHTSJlbHblX Jl8T8KTOpOB -S!Jl8pHbiX nany'laTeneit. 

fOBOpSI 06 IICllOnb30B8HHII YCKOpiiTenell papSilKSHH~X '18CTIIII H8)l0 OTM8TIITb
1 

'ITO J:to nocnenaero BpeMean B nnTepaType coo6manocb o6 Hcnonb30BaHHH nHmb ner-

KHX YCKOpSHHbiX S!Jlep,- TaKHX KaK npOTOHbl, JlSHTpo'Hbl H HOHbl rennH-3. 

TeopeTH'IecKoe _ paccli-loTpeaue oco6eaaocTelt peaKUIIA c y'laCTIIeM_ TSIJKanbiX 

uoaoa ( TSIJKanhlMII HOHSMII npHHHTO H83hiB8Tb ycKopeHHbie SIJlpa aneMeHTOB 6onee 

- TSilKenbiX, 'ISM reniil!) llOKa3biBaeT, 'ITO MSTOJlbl onpeJlenaHH!I 9Jl8M8HTOB- C llOMOI!lb!O 

TSilKSnhiX IIOHOB MoryT OK838TbCSI nepcneKTHBHblMII.-



_KopoTxnli npo6er TliJKellbiX nones B TBepnhiX MaTepna11ax no3BOIISt~T np.nMeHliTb 

HX KaK HHCTpyMeHT !IIIli aHaiiH3a COCT8BOB noBepXHOCTHblX CIIOeB WHpH.HOli OT HeCKOIIb-,/ 

KHX aTOMHblX CIIOeB !10 HeCKOIIbKHX MHKpOH, 'ITO naeT B03MOJKHOCTb HCCIIe!lOBBTb O!lHY 

n 3 salKlibi~ 3ana'l reo11ornn---a6cop6umo a11eMeHTOB na nosepxaocTn reo11orn'Iecxnx 

o6pa3nos, Mnnepanos n T. n. KpoMe Tore npnMenenne TliJKe~biX nonos MoJKeT 3Ha'lnTell~

no pacwnpHTb B03MOJKHOCTH MeTonos ·n3Mepennll TonmnHbl nosepxnocTH n11enox. Bo3-

MOlKHO TaKJKe H3Mepenne rpanneHTa KOHUeHTpaUHH aneMeHTOB no rny6nHe o6pa3U8, 

n, naxoneu, ::nposene.nne ·aneMeHTHor'o anann3a pa3nH'lHbJX. o6pa3UOB. 

llnst aTnx. ueneli MoryT 6bJTb npnMeneHbJ pa3nH'lHble stnepHble ·a3aHMonelicTBHll 

TstJKenhiX 3apstJKeHHbJX 'IBCTHU c stnpaMH aneMeHTOB anann3npyeMoro o6pa3ua. Onnaxo 

no naCTC?stmero speMeHH nccnenosannli, nocaSimeHHbiX MeTonaM alleMeHTHoro anann3a 

C ncn01Jb30B8HHeM THJKellblX HOHOB,HeT, 

HacTostmast. pa6oTa nMella caoeli 3ana'lelt lfccnenoaaH}Ifi' npnMeHeHHli ycKopeHHhJX 

TSIJKeribiX l!OHOB, pa3pa6oTKY MeTOllOB aneMeHTHOrO anann3a c ux y'laCTneM n 

. /1,2,3/ 
Bb!liCHeHHe B03MOJKHOCTeit 3THX MeTOllOB • 

3xcnepnMeHThi npoaonnnncb na nnxnoTpone Y-l50 na6opaTopnn SillepHbiX peaK

, unit 06'he!lHHSHHOro HHCTHTyTa llllepHbiX HCCnenoBaHl!it, B onbiT8X B OCHOBHOM fihinH, 

· · ~~ 1a aa . 
ncnonb30BaHhl ycxopei!Hbie noHbi C , 0, Cl 

Pa6oTa COCTOHT H3 BBeneHHH H Tpex rnaB, 

nepBaSI rnaBa noCBllmeHa paCCMOTpeHHIO.tPH3H'leCKHX OCHOB llllepHO-tPH3l!'leCKHX 

MeTonoB aneMeHTH~ro ana11n3a H OQ3opy pa6oT no aTolt TeMaTnxe. PaccMaTpnsaroTCli 

MeTO!lbl; B KOTOpb!X npl!MeHliiOTCSI KaK H~lJy'leHHSI p8!1H08KTHBH~X H30TOUOB 0 TaK H 

1131JY'leHHli, nony'laeMble. B pa31111'1HbiX ycTaHOBKax. B o6aope OTMe'laiOTCSI npenMyme

CTBa H He!lOCTaTKH 3THX MeTO!lOB H ctjlepa .HX npnMeHeHHllo npHBO!lSITCSI KOHKpeTHble 

Clly'laH. npHMeHeHHll TOrO IIIIH HHOrO MeTona H Cp8BHHTellbHali xapaKTepHCTI!Ka MeTO

!lOB n11st KaJKnoro oTnenbnoro cny'last. 

Eo11bmoe BHHMaHne yneneno aKTHBaunoHHbiM MeTonaM ana11naa semecTB na onpe

nenenne pa3nH'lHhiX alleMeHToB. PaccMaTpnsaroTCH MeTO!lhi, ncnonb3yromne xaK nelt

TpOHhi n y -xBaHTht, TaK n pa3nH'lHbJe· 3apstJKeHHbie 'laCTHnhl. noxa3ano npenMymecT-:

so npHMeHeHHli 3apliJKeHHblX 'laCTHU nepen Hel\TpOHaMH H, Y .. -KBaHTaMH llllll pemeHHll 

HeKOTOpbiX 3ana'l, 

Bo ·aTopol\ r11ase OIIHCbtBaeTCli pa3pa6oTaHHbtlt HaMu axcnpeccHbtlt MeTon alle-

MeHTHoro anann3a semecTB no ynpyro~y _pacceHHHIO ycxopeHHbl~ THJKenbiX noHOB H 

H311araroTcst pe3yllbTBTbi name It pac'leTHOlt. pa6oTbi o B03MOJKHOCTHX aToro MeTona, 
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a TaKJKe axcnepnMeHTallbHbie naHHbie, nony'l.eHHbte 11pn npose.nennn ana11n3a pa3nH'l

HhiX o6pa3UOB c noMOllibiO HOHOB ·yrllepo.na-12, KHCIIopona-16, xnopa-35. 

M3 KHHeMaTHKH ynpyroro pacceSIHHH H3Becino, 'ITO anepruH pacceH~Hoft 'lac

THUbi c Maccol! (m) liBIIlleTCH tjlynxunel! Mac,cbt Hnpa paccensaTenH (M) n yrna 

pacceli.HHst ( 8 0 ) • nonbayllcb . tjlopMynoll, onncbiBaromel! aTy 38BHCHMO~Tb, nerxo nony

'lHTb aenn'lnHy oTHOCHTenbHoro Macco.soro paap·ewennll MeTana ~M / M • 

~M 

M 
-~ ~ 

m 
rne y = -M-' 

8E 

Ea 

=~ 

(1 +y)3 

y(l- r.> 

oE . 
Eo 

fi ( y) 

1 

(1.-Cos8
0

) ~(yfu3W.+yfu3) 

f ( 8 
2 0 

f (W) , 
a 

8E - lliHpi!Ha Mon'omUIHII Ha nonOBHHe BbiCOTbl
0 

(I) 

W -oTHOlllenne nnomanen 6omie nHTencnsnol! nnnnn. x nnoma.nn. Menee nn

Tencnaaoll. 3Ta senn'lHHa axanaaneHTHa oTHomennlo xonuenTpaunl! ·.nayx 6nnaxnx 

no Macce aneMeHToB, KOTOpbte neo6xo.nnMo pa3lJH'!aTb; 

3aBHCIIMOCTb tPYHKUHH £
1 

(y) ' OT y llaHa H~. pnc, I, ¢yHKUHH HMeeT. MHHHMYM 

npn·y = 0,268. 0Tcro.na snnno, '!To i3 .nosonbHO mnpoxol! o6na'cTII 0,6 >. y > 0,1 

3H8'!eHHe tPYHKUIIII f I (y) He CHUbHO OTUH'JaeTCSI OT MHHHM8UbHOro, noa:?MY 

nnll KalKllOH 'JaCTHUI,I I!MeeTCH HHTepBan .Mace anannanpyeMb!X aneMeHTOB
0 

!IUS! KO

TOpb!X MOJKHo nony'!HTb xopol!lee Maccosoe pa3pel!lenue. 

, npn 11paBHUbliOM Bbi6ope MaCChi paccenaaeMOft 'Ja~THUbl H lllJH onpe.neneHHOrO 

ana'!eHHH f ( W ) senH'IHHa npeJlenbHOro Maccosoro ~paapemennH MeTolla 6y.neT 
8 

. BE 
onpe.nenstTbCSI TOlJbKO lliHpHHOl! M,OHOlJHHHH B cneKTpe paCCeSIHHblX 'JaCTJIU --- , 

. E 
KOTOpaH 3aBHCJIT OT aHepreTJI'JeCKOr'O paapemeHHSI lleTeKTOpa, MOHOXpoMaTJI'IRocTH 

nyqxa, TonmHHbJ Ml!menn n senn'!Hllbi Tenecnoro yr'na. 
. . BE . 
npennonaraH ~ = 0,5%, npn cnenyromnx ana•wnnHx ocTanbHhiX napaMeT-

pos B tjlopMyne ( I) 

y =0,268, w =io,· 90 =180°,. 
~M 

nony'IHM, _'ITO .npenenbnoe paapemenne no· Macce -M-- =2%. 

y 
onT 

' . 
3TO 03HaqaeT, 'ITO H36~p8TelJbHOC:b .MeTOlla llpH.llaHHbiX ycnOBHliX HaCTOlJbKO 

Bb!COKa, 'ITO ll03BOlJlleT npOBO!lHTb H30TOnHblft 8H81JII3o 
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TRJKellblX HOIIOB B TBep.llblX MaTepnanax fl03BOIIH~T llpHMeliHTh 

aaanHaa cocTaBOB flOBepXIIOCTIIbiX CIIOeB II!HpHIIOH OT !IeCKOilh- / 

aecKOiibKHX MHKpOIIo 'ITO naeT B03MOJKIIOCTb HCCile.llOBaTb Oll!Iy 

,_ a6cop6URIO :;meMeliTOB Ha flOBepXHOCTH reonorn'leCKHX 

n, KpoMe TOrO npnMe!Ie!IIIe THJK9~b!X HOIIOB MOJK9T 3li8'111Tenb

·naMepeHH51 TonmHIIbi noaepxaocTn nneaoK. Boa

KOHUeHTpaunn aneMe!ITOB no rny6nae o6paaua, 

-aneMeHTHOr'O aHanH3a pa31IH'IIIbiX o6pa3UOB, 

6biTb npnMe!Ie!Ibl pa31IH'IHbie Sl,llepHhJe 'B3aHMO.IleilCTBHH 

c HnpaMH aneMeHTOB aaannanpyeMoro o6paaua. OnaaKo· 

nocaHmea!IhiX MeTonaM aneMeliT!Ioro aaamma 

caoeil aa.naqeil lfccnenoaanJie npnMeaeanH ycKopeliiihiX 

aneMeliTHoro 

MeTO.IlOB/}, 2•31 
o 

aaannaa c ux yqacTHeM n 

HS UHKIIOTpOHe Y-150 na6opaTopHI! SI,IlepHhlX peaK::

SI,IlepHhlX HCcnenoBallHil, B OIThiTaX B OCHOBIIOM 6blllH. 

HOIIbl 12 C , IO 0, aa Cl' 

na aaenennn.n Tpex. rnaa, 

BHmeaa paCCMOTp911HIO ljlH3H'IeCKHX OCIIOB H.llep!IO-IjJH3H'I9CKHX 

o6aopy pa6oT no aToil TeMaTHKe. PaccMaTpnaaroTCSI 

-PHMeliHIOTCH KaK H~nyqeHHH p8.1lHOaKTHBilhlX H30TOITOB, TaK H 

paanH'IHhlX ycTaliOBKax. B o6aope OTMe'l:aiOTCH npenMyme

n cljlepa .HX ITpHMe!Ie!IHH, npHBO.IlltTCH KOHKpeTHhie 

MeTO.Ila H cpaBHHTellbliSH xapaKTepHCTHKS MeTO-

yneneao aKTHBaunoliHhlM MeTonaM aaannaa aemecTB aa onpe-' 

~eMeHTOB, PaCCMaTpiiBaiOTCSl MeTO.Ilhlo IICflOilh3YIOIIllle KaK aeit

pa31IH'I!Ible 3apHJKeHHhie qaCTHUhi, noKa3aliO npeHMymecT

'l:aCTHU ·nepen_ !IeilTpO!IaMH H y .-KBaHTaMII .llllH peme!IHH 

paapa6oTaliHhlil HaMil. 3KCnpeCCIIhlil MeTO.Il. ane

no ynpyroMy _pa.cceHHHIO ycKopeliiihl~ THJKe.llbiX HOIIOB ll 

aamen pacqeTaon. pa6oTbi 0 aoaMOJKIIOCTHX aToro MeTona, 
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a TaKJKe aKcnepnMeaTanbHhie llSHHbie, nonyqeHHhie npn npoaeneann aaanna? paannq

HhiX o6paauoa c noMOIIlbiO nonoa ·yrnepona-12, Kllcnopona-16, xnopa-35, 

Ha KHIIeMaTIIKH ynpyroro pacceHHIIH naaecino, 'ITO aaeprnn paccem~noil qac-

THUhl c Maccoil (m) HBIIHeTCH ljlyHKUHeil MaCCbl Hllpa pacceHBaTenn (M) n yrna· 

pacceHHHH ( 00 ) • nonb3YHCb ljlopMynoil, OITHCh!BSIOIIleil_ 3TY 38BHCHMOCTb
0 

nerKO nony

'IHTb aennqnny OTIIOCHTenhnoro Maccoaoro paapemeann MeTOllJ'I ~M / M • 

rlle 

M1 

M 

m 

~ ~ 

y =-M • 

liE 

Eo 

.o+r> 8 

y(l- r.> 

liE 
=~ fi ( y ) 

Eo 

I 

(I- Cos 0 ) ~(y'fo3W · + y'foa) 
. ~ c 

f ( 0 
2 0 

f (W) , 
8 

liE .,- lliHpHHa MOHOIIHHHH Ha nOIIOBH!Ie BhiCOThlo 

(I) 

W -oT!Iollleane nnomanefi 6onee naTeacnaaon. mmnn K nnomann. Meaee HH

Teacnalion. 8Ta BellH'IHHa 3KBHBaneHTHil OTIIOllleHHio KOIIUeHTp8UHH llBYX 6nH3KI!X 

no M8CCe 3119M9HTOB0 KOTOpbie Heo6XO.IlHMO pa311H'I8Tb; 

3aBHCHMOCTb ljly!IKUHH £
1 

(y) OT y .118118 H~. pnc, J', ¢>yHKUHH HMeeT MHIIHMyM· 

npH • y = 0,268, 0TCIO.Ila BH.IlliO, 'ITO B .llOBOilbliO liiHpOKOil 06na'CTH 0,6 >' 'y > 0, f 

31Ia'l:e!Ilf9 ljlyliKUHH f (y) 
. I He CllllbHO OTIIH'l:aeTCH OT MHIIHMallbliOro, fl08TOMY 

.llJISI KalK.IlOH 'l:aCTHUb.l HMeeTCH lfHTepBan .MaCe a!Ialllf31!pyeMbiX aneMe!ITOB, llllH KO

TOph!X MOJKIIO nony'IHTb xopolllee Maccoaoe paapellleaue. 

npli npaB!fllbliOM Bhi6ope MaCChi paccenBaeMOH 'la5=THUhl H lliiH onpeneneliHOrO 

aaaqea!fn f ( W ) aenlf'llf!Ia npenenhaoro Maccoaoro ~paapellleHI!H MeTolla 6yJteT 
8 

. 8 E 
onpenemiTbCH TOilbKO llllipliliOil MOIIOIII!III!ll.B CfleKTpe paCCeHIIIIhiX 'l:aCTUU ---, 

E 
KOTopan 3aBHCHT OT 3!IepreTU'IeCKOrO paapellle!IHH neTeKTOpa, MOIIOXpOMaTII'IRocTH 

ny'l:Ka, TOillllHIIhi MUllleliH u aenlf'IHIIhi Tenecaoro yrna, 
. liE . 

npennonaraH ~ = 0,5%, npn cneny10mux aaaqeaHnx ocTanhlihiX napaMeT-

poa B ljlopMyne (1) 

y w =io·, 00 =180°, 
~M 

nony'IHM, ·'ITO npenenhHOe paapellleane no .Macce -M-- =2%, 

y onT = O, 268, 

8To 03!IaqaeT, 'ITO 1!361!p8TellbliOCTb.M9TO.Ila npH JtaliiiblX YCIIOBIIHX !IaCTOilbKO 

BhiCOKa, 'ITO fl03BOIIH9T llpOBO.IllfTb lf30TOIIHhlil a!Iall!f3, 

5 



PaccMoTpeH TaK)KB ~Bonpoc~o 'IYBCTBHT~n&HOCTH MeTona no ynpyroMy pacce-
~ ~ . 

Hl!HJO. C Hcnon&ao~anneM cjJopMyn&I ~ Peaeplj>opna nnn ce'leHHH ynpyroro pacceHHHH 

HBi!JlBHO Bb!pa)KBHHB llllSI 'IYBCTBHTBllbi!OCTH: 
a/a 2 _dE/ d x 

< 1.98 + o.o1s M - · > ~2.---
p = c 

rne p 

( d N / d l )min ~ ( ~· 
-~ ··tm 

=C 

~ m 
30.1 0-yP LiM y I - .:: 

- (yfn3W +vfn3 )~ (~) ·, -)~.( 1 +yl
4

( BEnd 
2 

ll+Y --a----) 
Y Eo 

(2) 

·'HdN/dt )mln£.0 
<P 

I Zm 

-npenenbHO o6napy)KHBaeMaH KOHUBHTpaUHSI aneMCHTa B BBlliBCTBe B Be-

COBb!X npoueHTax, 'IYBCTBHTBllbHOCTb MO)KHO xapaKTCpll30BaTb BCllH'IHHOfi 1/P j 

c 

(d~/dt\nin 

Zm H ZM 

llOCTOSIHHaH, 3aBHCHlli8SI OT Bb!60pa CHCTBMbl Blll!HHUi . 
MHHHManbHO JlOllYCTl!MaH CKOpOCTb C'I~Ta; 

aapHJl Hnep 6oM6apnnpyromeli qacTHUbi n onpenenneMoro aneMeHTa; 

noToK 6oM6apnnpyromnx 'IBCTnu; 

~. 

aaeprnH 6oM6apnnpyromnx qacTnu na ennnnuy Macchi · ~~~!:) ,-_. nyxn .. ·: (0 

dE/ d x- ynen&Hbie noTepn aaeprnu 'laCTHUbi· c Maccoi! m B semecTse; .--::-<~, 
·BE 2 flE 2 BE. 2 ' 

(..::.::.M.-} =( ___ n) + ( __ d_-)- cyMMa aaepreTn'!ecxnx paapeweanli: ny'IKa n neTeK-

Eo Et, -Eo 
Top a. 

B nepayro rpynny COMHOJKHTeneli B lj>opMyne ( 2) BbiHBCBHbl BBllll'IHHb! 0 3aBu-

CHIUHB . TOllbKO OT KOHKpBTHbiX 
I 

axcnepnMeHTanbHbiX ycnosnft onbiTa ( I • 

dN/dt , Eo )• 
J 

oan onpenem110T a6conroTHbili yponeHb qyscTBHTen&aocTn. K nono6-
8End . 

Hb!M napaMeTpaM OTHOCHTCSI. H • 0JlH8K0 0 OH 6onee CllO)KHb!M o6pa30M 
Eo 

BXOJlHT B lj>opMyny ll CBSI38H C npyrl!Mll napaMeTpaMl!, 

Ha pnc. 2 naaa cepnH ·aanncnMocTeil qyacTBIITenbaocTn oT M • Bnnao, 'ITO npn 

aa<\lnxcnponaHHOM aaaqean~ BE.;d ~yncTnnTen&aocT& aaannaa yxynrnaeTCH c . E I 
0 c .. 

yny'llliBHHBM l!36npaTenbHOCTH JlllSI BCBX aneMBHTOB, yaenH'IBHHBM MaCChi 6oM6ap-

JlHpy10lliB!l qacTUUbi npn nocToHHCTBe scex ocTan&HbiX napaMeTpoB Ml!HHMYM lj>yaxunn 

cl> CMBJUaBTCSI B CTOpOHY 6onblliUX Mace; ywnpHe"TCSI o6naCTb Mace, ll yMBHbWaCTCSI 

• cl>mln (pnc. 3). 

A6conroTHaH senn'lnHa 'IYBCTBHTen&aocTn onpenenHeTCH K"oaK·p-~THbiMH · ycnosn

HMH. Ollb!Ta, HanpnMep, HCUOllb3YSI ny'IOK UOHOB 
· dN 

HHTBHCIIBHOCTbiO 1 MKa, nonaraH (---) :0,1 
T dl min 

6 

. ·ao Ne 

1 
c aaeprueA 1Man/ayKnoH 

·BEnd 
--- =l%1 B03...; 

Eo ceK 
w ·,;;10, 

\ 

MO)KHO llOllY'IHTb 'IYBCTBIITBllbHOCTb 8H8lll'!3a !Ia aneMel!Tb 
-3 ~ . L\~ 

10: % C TO'IHOC~TbiO ±_10-15%,. llpH H36HpaTCllbHOCTH 
~ ~ M 

B aaxnro'lenne pacq~Tnofi qacTn OTMeqaeTcH, 'ITO oc 

KOTOpb!X 3aBHCSIT B03M0)KHOCTH ll8Hl!OI'O MBTOJla 8HBllH31 
BE 

non&ayeMoro ycxopnTenH n sennqnna nd • Llanee 
~ E 

. 0 . 
onncanne_ MeTonnxn nposenennH aaannaa n o6cy)KllaroTcn.~ 

no aHannay paanH'IHb!X o6pa3UOB, npnBOJlHTCH CflBH;Tpbl ~ 
12 10 aa · 

C • ~ ~ 0 H Cl Ha llBYXKOMllOHBHTHb!X H MHOI'OKOMllO 

5). XapaKTepncTnxn npnMeaneMbiX ny'IKOB noaos TaKOBbi: 

E MaB BE% 

12 ~C .. 35 .. 3,5 

180 .. 15 2,0 88
ci .. 27 2,5 

B· Ka'leCTBe neTeKTopa pacc;:_eHHHhiX noH:os ncnon&ao 

noBepXHOCTHo-6apbepHblft KpBMHllBBb!ft C'I~T'IHK C aHepr 
' . .. . . 2 

30 .KaB n pa6oqeJ1 nnoman&ro .. 1,0 eM • 

nonyqeJIHb!e peaynbTaTbl c Y'I~TOM ycnosnli: Ollb!Ta 

paC'I~Hb!MH )laHHb!MH, 

B TpBTbeft rnaBe H3ll0lKBH pa3pa60T8HHbiJ1 HaMH HOB: 

aaannaa nemecTB, aaxnroqaromnli:cH B c6ope nponyxToB Hll_BJ 

paunn aaseneanon ·non nellcTBHeM ycxopeHHhiX THli<enbiX 

HOCTH, 

OpoaaannanponaHbi ocaoBHhie aaxoHoMepno_cTn pannc 

H Jl8Hbl o6naCTH Mace anBMBIITOB0 KOTOpb!B B03MO)KH0 onp1 

~ OnncaHbl TBKJKB pa3nH'IHbiC MBTOJlbl c6opa BTOMOB OT)laq: 

UBllbiO OllTl!MBnbHOI'O Bbi6opa TOI'O .Hnll l!HOI'O MBTOJl8 B ::3 

aanaqn, 

3aTeM npnoonnTcH onucanne MBTOllHKH npoaeneHnR 

no nanenennoA THJKenb!MH nonaMn an&lj>a-pannoaxTnnnocTn, 

CBHH11B_B pa3nH'IHb!X MBTepnanax noKa3aHbl B03MOJKHOCTH 

.. 
7. 



.aonpoc. o qyacTBHTenhHOCTH MeToJla no ynpyroMy pacce

neM ~opMY/Ihl Peaep~opna Jl/IH ceqeann ynpyroro pacceHHHH 

~c 

2/8 2 dE I d X 

{ 1.98 + 0.015 M . ) ----z:--. m 
30.1 0-yl2 &M 2 I '= 

{.j!J.3W+v'fn3 l::l {~) ·d+yl~.( 1 +;)~BEnd )
2 

y Eo 

(2) 

·'{{dN/dt lmlnE.o cp 
.I z· 

m 

o5HapylKI!B8eMaH KOHUeHTp8UHH 3/IeMeHTB B BemeCTBe B Be

yacTBHTe/IbHOCTb MOJKHO xapaKTepH30B8Tb Be/IH'lHHOfi 1/P 

, 38BIICHlli8Sl OT Bbt5opa CIICTeMbl e)lUHHU; 

JlOnyCTHM8H CKOpOCTb C'l~Ta; 

6oM6apnnpy10men qacTHUhi u onpenenneMoro aneMeHTa; 

pllHPYIOlliHX 'lBCTH_u; 

Ha ElllHHHUY MaCChi . ~~2~: ) , ... 
HYK/I .. 't . _..,,, 

aneprnu •taCTI!Ubi c Maccoli m B semecTae; 

cyMMa anepreTH'leCKHX paapewennli rry'lKa u neTeK-

COMHOJKHTenefi B ~OpMy/Ie ( 2) Bb!HeceHbl Be/IH'lHHbl, 38BH-

I 
3KCnepnMeHT8/IbHbiX ycnOBIIll onbiTB ( I • 

a5coniOTHbifi ypoBeHb 'lYBCTBHTenhHOCTH, K nono5-
BEnd · . • 

__.:.;. • .OJlH8KO, OH 5onee C/IOlKHbiM o5p830M 

C npyrHMH. rrapaMeTp8MII, 

aasncnMo'cTefi 'lYBCTBl!Te/IbHOCTll OT M , Bnnao, 'ITO npn 

BE.;d ~yBCTBl!Te/IhHOCTb aHB/11138 yxynrnaeTCH C 
Eo· 

ll/I!I acex aneMeHTOB, C ynennqeaneM Maccbi 5oM5ap-

OCT8/IhHblX napaMeTpOB Ml!HliMYM ~yHKUHH 

Mace,· YliiHp!IeTCH o5naCTb MaCC1 H yMeHbrnaeTCH 

'~YBCTBI!Tenhnoc'rn onpenenneTcn KoaKpeTHbiMH ycnoan~ 

HCnO/Ib3y!I ny'lOK HOHOB 

· dN <--) :0,1 
dt min 

6 

. '20 • •.' 
Ne c aneprneli 1Mas/HyKnOH 

1 • w • . - BEnd · . . _ 
--- , =10, =1%1 D03-
CeK E0 

::.I 

'., 

~ I 
' ,, 
'I 

. ! 

MOJKHO nony'lHTb 'lYBCTBI!Te/IbHOCTb BH8/Ill38 Ha aneMeHTbl C Maccofi 
-3 . . . AM 

10 · % C TO'lHOCTbiO + 10-15%~ npn H35HpaTe/IbHOCTH ---· =5%, . - • . M 

B 38K/IIO'leHHe paC'l~THOtl. 'l8CTH OTMeqaeTCH, 'ITO OCHOBHblMII rrapaMeTpaMn, 

KOTOpb!X 38BHCSIT B03MOlKHOCTH JlaHHoro MeTOJla 

BEnd 
nO/Ib3yeMoro YCKOpiiTe/IH H Be/IH'lllH8 

Eo 

_anannaa1 HB/IHIOTC!I TOK nyqKa n;

nanee B aTofi JKe rnane naeTcn 

onncanne MeTOJlHKH nposenennn anannaa II o5cylKJlaiOTCH peaynhTBTbi aKcnepnMeHToB 

TIO 8H8/IH3y p83/IH'lHblX o5pa3UOB, npHBOJlHTCH CIIe~Tpbi ynpyro pacceHHHbiX HOHOB 

12 
C , 

11
0 H as Cl Ha JlBYXKOMnOHeHTlibiX ll MHOrOKOMnoHeHTHblX CHCTeMax· (p!!c,4, 

5), XapaKTepHCTHKli npi!MeHlleMblX ny'lKOB IIOHOB T8KOBbl: 

E 
MaB BE% . ToK .B MKa 

12 .C .. 35 .. 3,5 0,1 yCKOpeHHe Ha OCHODHOU 

18 0 rapMOHHKe BlJ 
.. 15 2,0 0,05 3-n· rapMOHI!Ka .BlJ 38

ci -27 .2,5 0,05 3-n rapMoHHKa BlJ· 

B· Ka'leCTBe )leTeKTOpa pacc;:_eHliHbiX lfOHOB I!CnO/Ib30BB/ICH nonynpOI30JlliiiKOI3bill: 

no13epxaocTHo-6apbepHbifi KpeMtli'lel3btll: C'l~T'lHK c aaepreTH'leCKHM paapewenHeM 

2 
30 KaB H pa5oqefi nnomallb!O .. 1,0 eM • 

nony'leHHbte pe3y/IhT8Tbi C Y'l~TOM YC/IOI3llll OnbiTa 

paC'l~HbiMH Jl8HHbiMH, 

xopowo cornacy10TCH 

B TpeTbefi rnaBe H3/IOJKeH paapa50T8HHbill H8Mll HOI3bill: MeTOJl 8KTHB8UHOHHOrO 

8H8/IH3a 13emeCTI3, 38K/IIO'l810lllllllC!I 13 coope npoJlyKTOI3 HJl_epHbiX peaKUHfi H . perncT

paUHll Hal3e)leH!!Oll:. non nefiCTI3HeM yCKOpeHI!biX TH>i<ellbiX HOIIOB anbljla-paJlH08KTll13-

HOCTH, 

npoali8/Ili3HpOBal!bi OCI!OI3l!ble 38KOHOMep!!OCTH. paJlHOaKTHI3HOro 8/Ib~a-pacnana 

ll Jl8l!bl o5naCTH Mace aneMel!TOI30 KOTOpbte B03MOJKHO onpe)le/I!ITb Jl8l!llb!M MeTOJlOM, 

~ 0nHC8llbi T8KJKe p83/IH'lllble MeTOllbi Coopa 8TOMOB OTJlB'lll ll HX X~p8KTepHCTHKH t: 

Ue/IbiO onTHM8/Ibl!Oro BbiOOpa Toro li/IH Hl!OrO MeTOJl8 13_ 38BHCHMOCTH OT pernaeMOll: 

38ll8'llio 

3aTeM npHBOllHTCH 0IIl!C81!He MeTOllliKH npoBelleHHH 8KTHB8UHOHHOrO 8li8/IH38 

no aasenenaoll: _ THJKenbiMH noaaMH anbljla-pa.anoaKTHBHocTH, Ha npnMepe onpeneneann 

CBHHU8 B pa3/IH'll!b!X M8TepHanax noKa3aHbl B03MOJKHOCTH aToro MeTO,IIa, . 

,· 
7. 



Onucana. MeTOAHKa .npHrOTOBneHHll TOHKHX MUUieHei! ( TOnU1HHOi! 1..:2 Mr/cM
2

) 

U3 MUHepanoB, PYll H ropHbiX nopo.Q, 06cy1K.QeH SOnpoc 0 Bbi6ope TOnU1HHbl MHUieHH 

c yq~TOM npo5era li.Qpa oT.Qaqu u ljJyHKUHH aoa6y1K.QeHHSI peaKUHH otspaaoaannR nn-

Tepecyromero nac cocTaanoro SI.Qpa, npnBO.QIITCll no.Qpo6noe onucanue MeTOJ:liiKH 

· o6nyqennR, c6opa npo.QyKTOS li.QepHbiX peaKunii u KOIICTpyKUHH Ka~epbi, ·rae npona

BOAIITCSI o6nyqenne MHUieHHo 

06nyqenue Mnweneii npouaso.Qnnocb BbiSeneHHbiM nyqKoM 4-<~ap!!J:lHbiX noaos yrne

pona-12, ycKopeHHbiX J:lO aneprult 80 M aa na ycKopnTene TR>KenbiX no no a Y -150 

nHP OHHH. 

Co.QeplKanue csunua B MHUieH!IX onpe.Qemmocb MeTonoM cpasaennll .nnTencnaaoc

cTelt anbljla-nunuii panona-212, o6paayromerocll npn o6nyqenuu anannaupyeMoro o6-

paaua n aTaiiona, 

llmt nonyqennll cneKTpos naaenennolt anbljJa-pannoaKTHSI!ocTH npnMeH!Incll no

nynpoBOJ:lHHKOBbilt anbljJa;eneKTpOMeTp C paapernenneM "' 30 KaB .Qnll anbljJa-n!IHIIll 
1 

The 06mun ljlon cneKTpoMeTpa naxo.Qnncll na yposne 0,3 HMn/qac. <l>on B. aaep-

reTnqecKoM ~ paltone anbljla-numm panona-212 ( E = 6,26 Mas) npaKTnqecKH oTcyT

CTBOBan, feoMeTpHqeCK8ll aljlljJCKTHBHOCTb cq~Ta cneKTpOMeTpa p8BHSin8Cb· .. 30%, 

Ha pnc, 6 npuse.Qen Kanu6poaoqHbiil rpaljJnK aasncHMOCTH anbljla-cq~Ta oT npo

ueHTHoro conep>KaHHSI caunua B npo6ax nonnMeTannnqecKHx pyn. ·KaK BHJ:lHO na 

pncynKa, cKopocTh cqeTa anbljJa-qacTHU nuneilno BoapacTaeT c npouenTHbiM. coJ:~ep

JKanneM caunua. 

non .QelicTsneM uonoB yrnepona-12 c aneprneil .. 80 Mas anbljJa-pannoaKTHBHbie 

npoJiyKTbl naJOT He TOnbKO CSHHeU, HO H npyrHe aneMeHTbl C Z > 72, a T8KJKe HeKOTO

pbie pe.QKoaeMenbHbie aneMeHTbi ( aanpnMep, npaaeonnM u aeonnM). KaJKnoMy us aTnx. 

aneMeHTOB npH anannae 6yneT COOTBeTCTSOB8Tb ·s,anbljJe-cneKTpe CBOll xapaKTep

H8ll anbljJa-nHHHllo no HHTeHCIIBHOCTH T8KHX X8p8KTepHbiX anbljJa-nHHHfi MOlKHO nenaTb 

KonuqecTBeHHbie oueHKH o co.Qep>Kanuu scex aTHX aneMei!Tos B o6paaue npn OJ:lHOM .. 
ananuae, 

4yBCTBHTenhHOCTb MeTana ·c npnMeneaneM nonoB yrnepona-12 nns onpe.QeneHnll 
.. -4 . 

C.SHI!U8 B py.Qa.x, MHHepanaX H ropl!biX UOpO.Q8X paBHl!naCb 10 % npH OTHOCHTenbHOli 

OUIH6Ke 5-JO%, 

B KaqecTse npnMepa npnMeHeHnll aKTHBaunoHHoro aaannaa no aaaeneaaofi anb¢a

pa.QuoaKTHBHocT1! ·6bmH npoBe.QeHbi onbiTbt" no onpe.Qenenui6 caimua B aTiJOMHHHeBbiX 
. . 

WOIIbrax, XliMpeaKTHB8X H Ul!KnOTpOHHbiX. MHUiei!SIX1 npi!MeHlleMbiX nnll CHJI~Teaa Tpal!-
• 141 . 
cypaHOBbiX aneMei!TOB 

8 

' 

( 
'-i 

r 
II 

I. 

I 
J 
~:· ,. 

!,~. 

I 
( 
~ 
I 

l 
·" \ 

. 

·Ta6nnua 1, Co.QepJKaHI!e CSHI!Ua B a. 

N.! 
o6paaita 

Tonmnna 
B MK 

2 

3 

4 

7 

6 

6 

7 

Ta6nnua 2, Co.QepJKanue cannua B xm 

·.a npouecce npnroT• 

MIIUieHei 

N~N~ PeaKTHB 06'heM n 
nn B Mllllnl!. 

1 H
2 

0 (611Jli!CTI!nnRT) 100 

2 HCI . ( oco6oil qncToTbi) 100 

3 HNO 8 Coco6oil qncTOTbl) 100 

"' 
naK 

X 
100 

xl · 
3%-paCTBOp, I!HTpOKneTqaTKII B 8MI!naU~TI 

C npHMenenneM aKTHBaunonnoro anannaa CBHl 

· pa6oTal! HOHOOOMei!Hbllt MeTOll oqncTKJI. naHT8J 

H H3rOTOBneHbl MHUieHII ll3 8MepHUHS11 COl 

8MepHUHllo 

Ha OCHOSaHHH npoBe.Qei!JibiX Ollb!TOB MO~ 

TOll C UOMOU1biO TSI>Ke,nbiX llOHOB MO>KeT C ycnE 

CBlli!US ll COCe.QI!HX aneMeHTOB He TOnbKO B III 

nopo.Q, no 11 B · paannqnbiX o6paauax ( ljJonbrH, 

9 



Onncaaa. MeTonn:Ka npnroToanennll TOHKnx Mmneaeli ( Tonmnaoll 1-2 MrlcM
2

) 

Mnaepanoa, pyn n ropHbiX nopon. 05cylKJleH aonpoc. o Bbi5ope TonmnHbi Mnmean 

npoflera llnpa OTna'IH H ljlyHKUHH B~35yJKnean5I p~aKUHH o5pa30B8Hllll HH

HaC COCTBBHOI'O anpa. npnBOnHTCll'nOnpo5Hoe onncaane MeTonnKII 

c5opa nponyKTOB llnepHbiX peaKUIIll II KOI!CTpyKUHH K8!-iepb1 1 rne npona-

npOH3BonnnOCb BbiBeneHHbiM ny'IKOM 4-aapllllllbiX HOHOB yrne

-12, ycKopeHHbiX no saeprnll: 80 Msa Ha ycKopnTene TRJKenbiX.IIOHOB Y-150 

nHP OHHH. 

ConepJKaane canaua a MnllleHl!X onpenemmoch MeTonoM cpaanennll naTeHcnanoc

cTell: anbljla-nnanll panoaa-212, o5paayrolllerocll rrpn o5ny'leHnn aaannanpyeMoro o5-

paaua n sTahoaa. 

llmt nony'leHIIll crreKTpoB aaaeneaaol! anbljla-pannoaKTHBIIOCTII npnMeHl!ncll no

nynpoaonanKoBbill anhljla-cneKTpoMeTp c paapelllenneM .. 30 K.sa nnll anbljla-nnmm 
I 

ThC • 05mlfn ¢on cneKTpoMeTpa naxonnncll na ypoBIIe 0,3 nMn/qac. <!>on B. snep-

•reTH'IeCKOM .~ pall:oae anb¢a-niiHIIH panoaa-212 ( E = 6,26 Msa) npaKTII'IecKn oTcyT

CTBoBan. feoMeTpn'leCK8ll s¢1jleKTHBHOCTb C'I~Ta cneKTpOMeTpa paBHliiT8Cb· .. 30%, 

Ha pile,. 6" npnaenen Kann5poBO'IHbill: rpaljniK aaBIICHMocTn anblj>a-c'I~Ta oT npo

ueHTnoro conepJKanna cannua B npo5ax nonnMeTannn'lecKnx pyn. KaK Bnnno ns 

pncyaKa, cKopoCTb C'I~Ta anb¢a-'laCTHU nnaenao aoapacTaeT c npouenTH@M" conep

JKanneM' canniia. 

non nellcTaneM IIOHoB yrnepona-12 c snepriiell .. 80 Msa anblj>a-paniioaKTIIBHbie 

naiDT He TOnbKO CBHHeU 1 HO II npyrne sneMeHTbl C Z > 721 a T8KJKe HeKOTO

pe!lK03eMenbHbie sneMeHTbi ( aanpnMep, npaaeonnM II neoniiM). KaJKnoMy Il3 sTnx 

COOTBeTCTBOB8Tb .B .anbljle-cneKTpe CBOll xapaKTep

anbljla-nnHllll, no nHTencnBHOCTH TaKnx xapaKTepiibiX anh¢a-nnHIIll: Moilmo nenaTb 

Konn'leCTBeHHbie ouenKn · o conepJKaHnn acex sTnx sneMeHTOB B o5paaue npii onnoM 

aaannae, 

4yacTBnTenhHOCTb MeTona c npiiMeHeHIIeM IIOHOB yrnepona-12 nnH onpeneneHIIll 
. - ' . ' -4 . 

c.anaua B pyna.x, MIIHepanax n ropHbiX noponax paBHl!nacb 10 % npn oTHOCIITenbHoll: 

Olliii5Ke 5-10%, 

B Ka'!eCTBe rrpnMepa npnMeHeHnll aKTnaaunonlioro ananiiaa no aaaenennoli anb!jJa-
. . 

pannoaKTIIBHOCT'II -5binli rrpoBeneHbl onbiTbi no onpeneneHI!ID CBHHUB B ariiDMHHI!eBbiX . 
X, XIIMpeaKTHBBX H UHKnOTpOHHbiX. MHIIleHliX1 npnMeHlleMbiX Anll CII!ITeaa TpaH-

, /4/ . 
cypaHOBbiX. sneMeHTOB 

8 

' '• 

l 
! 
I 
f 
II 

~~~ 

~:.1 
-~,· ,, 

l' 
~. 
\ 
\ 
tl 
'i 

·Ta5nnua l, ConepJKanne. canaua B anroMIIHneBbiX ¢onbrax 

N9 
o5paaua 

2 

3 

4 

Tonmnna 
B MK 

7 

6 

6 

7 

ConepJKaHIIe CBIIHUa 
B MKrfcM2• 

0,02 

0,03 

0,03. 

0,04 

Ta5nnua 2, ConepJKanne cannua B xnMpeaKTnBax, ncnon'hayeMbiX .. 
B npouecce npnroToaneHnH unKnoTpoHHhlX 

N~N~ 

nn 
PeaKTHB 

H2 0 (5nnncTnnnHT) 

2 HCI .(oco5oli 'lHCTOTbi) 

3 HN0
8 

toco5oli 'IHCTOTbi) 

4 naKX 

MHIIleHeli 

05'hE!M ripo5bi 
B MnnnnnnTpax 

100 

100 

100 

100 

ConepJKaHIIe 
CBHHU8 B MKI' 

. 0,07 

. 0,12 

0,02 

1,20 

x/ . 
3%-pacTaop HIITpoKneT'IBTKn B aMnnau~TaTe, aueTone, cnnpTe, 

C npnMenenneM aKTHBaunonnoro anannaa cannua c noMomHro nonoa yrnepona-12.oT

• pa5oTaH nonoo5MeHHbill: MeTon o~ncTKn naHTa!Ja n aMepnu1m oT npnMecell: cannua 

ll H31'0TOBneHbl MHIIleHn H3 aMepllUH51 1 coneplKa!Une 0,01 M.KI' CBllHUa Ha 1 Ml' 

aMepnunH. 

Ha OCHOB8HHH npoaeneJIHbiX Ollb!TOB MOlKHO CK838Tb1 'ITO 8KTHB8lliiOHHblli Me-

TOll C rrOMO!UbiO Tl!lKe,nbiX HOHOB MOlKeT C ycrreXOM OpiiMeHl!TbCSI. nnll onpeneneHHSI 

csnnua n cocennnx sneMeHTOB ne TOnbKO B npo5ax na Mnnepanos, pyn II 'ropHbiX 

nopon, no II B · paa~n'IHbiX. o6paauax (ljlonbrn, xnMpe~KTIIBbi1 pac.TBOpbi II. T.n.). 

9 



BbiBOAbi 

Ha ocnoBan:m npoBeneHHhiX nccnenoBannl!: Mo:mno ·cnenaTh cnenyromne BbiBOAhi: 

1, Paspa5oTaH 3Kcnpeccabtl!: MeTon sneMeHTnoro anannsa, o·cnoBaHHbtl!: na H3-

Mepennn anepreTn'lecKoro cneKTpa ynpyro pacceHHHhiX TH:menhiX nonoB na 5onhlllne 

yrnhi oT anannanpyeMoro o5pasua. 

a) 3KcnepnMeHTanhHO nonyqena ~yBCTBnTenhHOCTh MeTona npn BpeMenn ana-

nnaa 5-10 MHHYT n ToKe nanaromero ny"!Ka nonoB 0,02 MKa nnH sneMeHTOB cepe-

nnHbl H KOHUa nepnonn'leCKOH CllCT9Mbl1 paBHaH 
-2 ' 

10 %, 0THOCHTen~HaH OWH5Ka 

anannaa 10-15%, C yBennqenneM conep:maHnH anannanpyeMbiX. sneMeHTOB TO'lHOCTh 

anannaa ana'lnTenbHo BoapacTaeT, 

5) nponaBeueH TeopeTH'leCKHH paC'lo§T H35npaTenbHOCTil ll 'lYBCTBHTenbHOCTH 

MeTona B aaBncnMocTn oT o5nacTH Mace anannanpyeMbiX sneMeHTOB n ycnoBHH 
. ~ 

onbiTS, LfaHbl peKOMeHnaunn nng· nOCTil)!{eHHH Hanny'llllefi 'lYBCTBHTenbHOCTH ( 10 -
~ ' . . 

10 %) anannaa npn xopowelf na5npaTenbHOCTH nnH paaHbiX paccenBaeMbiX qacTnu, 

Ha OCHOBe anannaa UBYXKOMnoHeHTHblX o5pa3UOB noKaaana· cnpaBennHBOCTb npo

naBeneHHbiX pSC'leTOB, 

B) Ha npnMepe anannaa npo5 nonnMeTannnqecKnx pyn noKaaana B03MO)!{HOCTb 

npoBeneHim .nonnoro anannaa MHoroKoMnoneHTHbiX cncTeM, 

r) noKaaaHbi npenMymecTBa npnMenennH TH)!{enbiX nonoB nnH anannaa no ynpy

roMy paccennnro, 

n) Paapa5oTaHHbili MeTon anannaa no ynpyroMy paccennnro TH)!{enbiX nonoB MO;;,. 

JKeT 5biTb npnMenen nnn onpenenennH 3neMeHTOB na nonepxnocTn paann'lHhiX o5paa

uoB ( na-aa Manoro. npo6era TH)!{9nbiX no HoB B TBepnbiX MaTepnanax). ~ npu nocne

noBaTenbHOM ynanennn nccnenoBannoro cnoH c noBepxnocTn o5paaua MeTon noaBo-

nHeT nay'laTh pacnpenenenne ancop6npoBaHHhlX na o5paaue MHHepan, reonorn-

·qecKnli o5'beKT n T,n.) sneMeHTOB no rny5nne o5paaua, ananne KOToporo o'leHb Ba)!{

no B reono·rnqecKnx nccnenoBaHnHx, 

2. Paapa5oTaH HOBbifi MeTon aKTHBaunonnoro anannaa ropHbiX nopon, pyn H 

MHHepanoB C nOMO!llbiO YCKOpeHHblX TH)!{9nbiX llOHOB, npn KOTOpOM nneHTHcpnKaUHH 

n KonnqecTBennoe onpenenenne anannanpyeMoro.sneMeHTa nponaBonnTCH no naBe

nennofi non neficTBneM TH:menbiX .nonoB anbcpa-pannoaKTnBnocTn. 

· · a) B OTnll'llle OT ll3BeCTHhlX MeTonoB aKTilBaUilOHHOro anannaa npennaraeMbil!: 

M9TOn no3BOnH9T npOH3BOnHTb C5op nponyKTOB HnepHbiX peaKUilll, "'TO ,IIMe9T onpene-

neHHbte npenMymecTBa, 

10 

6) Paapa6oTaaa' MeTonnKa npnroToBnennn 

npO'lHhlX MHIIIeHelf H3 ·ropHbiX nopon, pyn H MllH9p 

o6paaua. 

B) Ha npnMepe onpenenennn conep:mannn 

SKTHBaUHelf llOHSMII yrnepona-12 IIOKa3aHbl B03MO 

MeTona npn TOKe .ny"!Ka • 1-2 MKa 11 BpeMeHn a 
. -4 . 
n10 %1 6ea XHMII'leCKOrO paapyweHHH o5pa3Ul 

( IIOBbiiii9HIIeM .. KOScpcpHUIIeJITa C5opa nponyKTOB pea 

lllHX 'laCTHU. "II T,n,) H. npnMeHeHIIeM KOpOTKO:lKIIB~ 

TenbHOCTb MElTona MO)!{eT 6biTb nOBb!W9Ha Ha on 

• r) noKa3aH0 1 "'TO M9TOA_ npiiMeHIIM nmi-aHall 

nnH KOTophlx nenpnMeHIIMbi 11n11 aaTpynneHbi nefiTJ 

TIIBSUIIOHHblli 11 npyr11e MeTOnbi 8H8nll381 11 11MeeT . 
nnromyro npoBoniiTh anan11a onnonpeMenno na Bee 

THBHOCTb non nelfCTBII9M TH)!{9nbiX IIOHOB, 

OcnoBnoe conep)!{aHIIe n11ccepTau1111 noKnanbt 

1) BcecoroaHoM ceMnnape 'CocTORHIIe 11 ne1 

31l'leCKIIX MeTOltOB no11CKOB II pa3B9ltKII none3Hbi: 

' BocToKa"' 11-15 noH5pH 1966 r~, HoBOC115HpcK; 

2) nepBOl!: pecny5nHKaHCKOJi Hay'1HO-T90J 

.y'lo§HbiX, acnnpaHTOB · n npenonaBaTenelf AH Tar 

23-·26 OKTH5pH 1967 r,, .Llywan6e H ony5nHKO 

1, c.A.KapaMHH, H.lliyKypoB. l.penpHIIT OHHlo 

1. C.A.KapaMnn, H.illyKypoB, AToMnan aneprt 

2. c.A.KapaMHII, H.illyitypoB. npenpHIIT OHHJ. 

3, C.A.KapaMHII, H.lliyKypoB, npenpHHT OHHJ 

4. K,A.faBpnnoB, IO.C.KopoTKHn, H,illyKypoB, 

(1967). 

PyKonnch ·nocTyn 

30 ·neK 
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BbiBOilhl 

biX nccnellOBaHHJl: MO:H<:HO ·cllenaTb CITellYIOWHe BhiBOilhi: 

fi MeTOJl sneMeHTHOro SHannaa, OCHOBaHHblil: Ha H3-

ynpyro pacceliHHhiX Tn:menhiX nonoB na 6onhwne 

qyBCTBHTenbHOCTb MeTOila npn BpeMeHH ana-

0,02 MKa lliTli sneMeHTOB.cepe-
-2 . 

"'.10 %. 0THOCUTenbHali OWH6Ka 

M COilep:maHHli anannanpyeMbiX. SITeMeHTOB TOqHOCTb 

pacqeT U36HpaTenbHOCTH I! qyBCTBHTenbHOCTH 

o6nacTn Mace anannanpyeMhiX sneMeHTOB n ycnoBnlt 

( -3 
llrrli'IlOCTH:meHHli .nannyqruelt qyBCTBHTenbHOCTH 10 -

owen na6npaTenhnocTn llmi paaHhiX paccenaaeMbiX qacTnu.~· 

cnpaBellnHBOCTb npo-

nonnMeTannnqecKnx pyll noKaaana BoaMo:mnocTb 

npnMenennn Tn:menhiX nonoa llnll anannaa no ynpy-

IIOIIOB Mo:. 

onpellenennn sneMeHTOB na noBepxnocTn paannqHhlX o6paa

Tn>KenhiX no noB B TBepllbiX MaTepnanax). ~ Tipu nocne

c noBepxnocTn o6paaua MeTOil noaao-

III!e aacop6npoBaHHhlX na o6paaue Mnnepan, reonorn-

rny6nne o6paaua, ananne KoToporo oqeab BalK-

. ,; 

MeToll aKTnBaunonnoro anannaa ropHhlX nopoll, PYil n 

YCKopeHHblX Tli:menbiX HOHOB, npn KOTOpOM HlleHTHijJHK8UHli. 

:enenne anannanpyeMoro sneMeHTa nponaBollnTCli no HaBe

TSI>K;nhiX HOHOB anbljla-pallHOaKTHBHOCTH. 

H3BeCTHhlX MeTOilOB aKTHBaUHOHHOrO anannaa 

"nnu~L C6op npoJlyKTOB RllepHhlX peaKUHfi, qTO 

10 

npellnaraeMhlfi 

~MeeT onpelle-

. . .· 2 
·6) Paapa6oTaHa MeTollnKa npnroToBnennn TOHKHX (Tonmnnoll: 1-3 MrlcM ) 

npoqHbiX Mnwenei! na ropHhiX nopoll, PYil n Mnnepanos 6ea xnMnqecKoro · paapywennn 

o6paaua. 

B) Ha npnMepe onpelleneHnli c::ollep:manns;: cBnnua B paannqHbiX MaTepnanax 

aKTHBauneli HOH8Mll yrnepolla-12 noKa38Hhl B03MO:H<:HOCTH MeTOil8. t{yBCTBHTenbHOCTb 

MeTolla npn ToKe nyqKa .. 1-2 MKa n BpeMeHn anannaa Menbwe 1,5 qaca ouenena 
-4 .. 

.. 10 %, 6ea xnMnqecKoro paapywennn o6paaua. C onTnMnaauneli ycnosnll: · onbiTa 

(noBhiWenneM. KoslfliflnuneHTa c6opa npoayKTOB peaKunn, yBennqenneM noToKa nallaro

mnx qaCTHU. }i Toll•) II npnMeHeHUeM KOpOTKOlKHBYWHX anbifla-aKTIIBHOCTeli qyBCTBH

TenbHOCTb MeTona Mo>KeT 6biTb noBbiWena na onnn-nsa nopSinKa. 

r) noKaaano, qTo MeTOil npnMeHnM nmi.anannaa na collap:manne Tex sneMenTo~. 

nnn KOTOpbiX HellpiiMeHHMbl IInH 38TpynneHbl HeJl:TpOHllhlfi 8KTHB8UHOHHbiii1 raMMa-aK

THB8UIIOHHblfi II npyrne MeTonhl anannaa, n nMeeT xopowy10 na6npaTenbHOCTb, noaso-
• . 

mnowyro nposonnTh ananna OllHOBpeMenno na Bee sneMeHThl, llaromne anblfla-pannoaK-

THBHOCTb non lleliCTBHeM Tli)I(eribiX HOHOBo 

Ocnosnoe conep)l(aHne llHCCepTaunn llOKnanhlBanocb n o6cy>Knanocb na: 

1) Bcecol03IIOM ceMnnape "CocTonnne n nepcneKTIIBhl paaBnTnli llllepno-reolfln

anqecKnx MeTonoB ITOIICKOB II pa3BenKn none3HhiX ·ncKonaeMbiX Cn6npii II nanbHero 

BocToKa" 11-15 non6pn 1966 r~, HoBOCII6IIpcK; 

2) Tiepsoll: pecny6nnKaHcKolt nayqno-TeopeTnqecKoil: Konlflepenunn MononbiX 

yqeHbix, acnnpaHToB· n npenonaBaTenell: AH Tan)l(nKncTaHa. n BY3oB pecny6nnKn. 

23-·26 OKTliOpli 1967 r., nywan6e II ony6nHKOBaHO B cnenyiOWIIX pa6oTax: 

1. c.A.KapaMliH, .R.lllyKypoB. l.penpHHT OH.RH, P-2096 Lly6na ( 1965). 

1. C.A.KapaMSIH, .R.lllyKypoB. AToMHaSI sneprnSI, T.20, B.l ( 1966). 

2. c.A.KapaMsrH, .R.lllyKypoB. TipenpHHT OH.RH 13-3495, ;!y6Ha ( 1967) 

3. C.A.KapaMnn, .R.lllyKypoB. TipenpHJiT 011fll1 13~3486, · Lly6na ( 1967): 

4. K.A.raspnnoB, lO.C.KopoTKHH, .R.lllyKypoB. TipenpnnT OH.RH, 13-3380, Lly6na 

( 1967). 

PyKonncb rrocTynnna B nanaTenhcKnlt o!nen 

30 ·neKa6pH 1967 rona. 

11 
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