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O ;z,;He • BpeKe1111 aan(BTH aa IO ;z,;nel 6y;z,;eT cood-
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C pa3BHTHeM smepHbIX HCCnenOBSHHil upen~smnHIOTCR BCe 6onee )KeCTKHe Tpe6oBaHHR 

K MeTonaM paUHOXHMH'leCKOI'O aHana3a. B na6opaTOpHH smepHblX peaKUHil OIU:111 HMeeTCR 

MOlllHhlil yCKOpHTenb TR)KeJibIX (MHOI'03apRUHb1X) HOHOB, KOTOpbie HCllOnb3YIOTCH nng c1:11Te-

3a smep HOBblX naneKHX TpaHcypaHOBblX aneMeHTOB, upOTOHHOSKTHBHblX l):30TOUOB, CUOHTSHHO 

nenRlllHXCR H30MepoB . gnep aKTHHHUHblX aneMeHTOB H T.n. 3TH HCKlllO'IHTenbHO HHTepeCHble 

rtponyKTbl o6pa3ytoTCH llHWb C O'leHb HH3KHMH BblXOUSMH (MaKCHMSllbHO 1 RllpO B CeKyiiny), 

K TOMy )Ke B CMeCH C MHOI'O 6onbWHMH KOllH'leCTBaMH ·uo60'IHhIX. uponyKTOB, H HMeIOT 

uepaon uonypacuana t ½ ) He 6onee 100 CeKyHn. <l>H3H'leCKHMH MeTOUSMH B HSCTORlllee 

BpeMR H3Y'l810TCR na)Ke H30TOllbI, 06pa3y10maecg C Bb!XOUOM l smpo B HeCKOnbKO 'laCOB H 

HMeromue t ½ uopsmKa 0,01 - 0,1 ceK. 

.(lng XHMH'leCKOil HUeHTHq>HKSUHH aTOMHOI'O HOMepa TaKHX HYKllHUOB HY)Kffbl ~ecc-

~ MeTOUhl c BblCOKHM XHMll'leCKKM Bb!X0!I0M npH o6ecueqeHIIH Heo6XOUIIMOil ~ 

O'IHCTKH. AHalIH3 non)KeH BblllOllHRTbCR B Bl!Ue HenpephIBHOI'O upouecca. MHOI'lle B03HHKaro-. 

lllHe aanaq11 upen~smnRIOT O'leHb Bbl_COKHe Tpe60B8HIIR no BCeM H83BSHHblM llOK838TenHM. 

l13BeCTHble MeTOllbl pan110XHM11'1eCKOI'O aHallH38 .He YUOBneTBOpHIOT 8TIIM Tpe6oBaHHRM. 

OHH RBllmTCH1 K8K Up8BHll01 uepHOUH'leCKIIMllo •EhICTpblMH• B HaCTORlllee BpeMH C'IHT810T

'CR MeTOUIIKH, U03BOllR1011lHe BbIUenHTb aneMeHT H3 OTHOCHTenbHO CllO)KHOil CMeCH 38 He

CKOllbKO MHHyT /1 /. Xopowag O'IHCTKa nocTaraeTCR B HHX qacTo ueHoil HH3KOI'O XHMH'le

CKOI'O BblXOUBo MeTOUHKII O'leHb CUeUHq>H'IHbl UllR K8)Kll0I'O aneMeHTSo Pa60Tbl 06bl'IHO 

BenyTCH C BOUHblMH paCTBopaMHo AHan113 llHTepaTypHbIX naHHblX UOK83bIBaeT 6onhWHe 

npHHllHUH8nhHble upeuuymeCTBa HCUOnh30B8HIIR ra3oo6pa3HbIX BeweCTB. npaMepOM MO)KeT 

cny)KHTb HenpepbIBHoe H.3Bne'leHHe ra3oo6pa3HbIX Kr , Xe , Br 
2 

H J 
2 

H3 ocKonKOB nene

HHR uponyBSHHeM paCTBOJ}a yp_aHa-MHWeHH I'830M /2,3/. 3TO naeT B03MO)Kff0CTb H3y'laTb 

CeKyHUHble H30T01lblo Ycuex 3UeCb o6ycnoBneH, KOHe'IHO, HCKlllO'll!TenbHhIMII XHMH'leCKHMH 

CBOilCTB8MII 8TIIX aneMeH:OB. ,no psmy npH'IIIH nng UPYI'HX aneMeHTOB MeTOllbI C HCUOnh-

30BSHHeM I'S3oo6pa3HOI'O COCTORHHR B paUHOXHMH'leCKOM aHanaae HCllOnh3,toTCR Mano. 

no Haweuy MHeH1110, OUHaKo, llllR 60llbWIIHCTBa aneMeHTOB MOI'YT 6bITb C031l8Hhl 8q>q>eKTHB-

3 



Hb!e MeTO)lbI BbI)lenelurn, ynoaneTaopsnonme MaKCHMallbHbIM Tpe6oaaHHlIM, eCnH llUll .HHX 

• OCBOHTb. TaKHe aemecTBa, KaK ranoreHH)lbI1 Kap60HHIIbHbie H MeTauuopraHH'leCKHe COe)lH-

HeHHll H np. TTplI Bb!COKHX TeMnepaTypax' MO:>KHO HMeTb rasoo6pa3Hble OKHCUbI H rauoreHII-

)lbl no'ITH acex sueMeHTOB. Pllll npoueccoa pasneueHHll sneMeHTOB B BH)le rasoo6pa3HhIX 

coenHHeHHfi llCil01Ib3YeTCll B XHMII'leCKOli II pa)lHOXHMH'leCKOfi TeXHouorHH ll 9TO yaeUH'IUBaeT 

Hane:>K/lbI Ha ycnex. 

Ilull Hsy'leHHll Mb! Bbt6pauu xuopHCTbie coenHHeHHR1 npencTaausnomHe co6oli o6nrnp,

Hyro rpynny cpaBHHTenbHO nerKo ueTy'IHX aemecTa. TTpenuaraeTCll cnenyromaR o6mall cxeMa 

npouecca aHaUH3a (Ha npuMepe HcnolihsoaaHHll xuopunoa). 

TTony'laeMhie aTOMbl - nponyKThI ll/lepHoli peaKUHH, nmj,q,yH/lHpyrom1Ie HUH BhmeTaromHe 

3a C'leT OT)la'IH H3 MHmeHH, BBO/llITCll B rasoBbifi IlOTOK TaKoro COCTaaa, KOTOpblli o6ecne

'IHBaeT HX 6bICTpoe xnopHpoaamie. nouyqaeMbie MOUeKYUbl TPaHcnopTIIpy!OTCll IlOTOKOM OT 

MHmeHH, npOBO)lHTCll Henpepb!BHOe pasneueHHe 9UeMeHTOB C IlOMOmbro pa3UH'IHbIX qlH3HKO

XHMH'leCKHX npoueccoa, HanpHMep, XHMH'leCKoro B3aHMoneliCTBHll C TBepnbIM aemeCTBOM 

HUH ancop6UHH, II Hy:>KHblli 9UeMeHT nonaeTCll K _neTeKTOPY H3Uy'leHHll. 

~ 
3TH npoueccht paHee He Hsyqauucb H naHHall pa6oTa HMeeT ueubro o6ocHOBaHHe. TaKo-. · 

ro poila, MeTO)lOB, KOTOpbie MOryT cuy:>KH Tb nm1 pa3H006pa3HbIX KOHKpeTHblX sana'I. 

II 

06pasoBaHHe II TpaHcnopT MOUeKyU xnopH)lOB npH B38HMO)lefiCTBHH 

aTOMOB QT)la'IH C xnopocone~:>KaIUHMH rasaMH /4,5,8/ 

OabITbl npOBO/liinHCb C npoilyKTaMH neueHHll ypaHa HefiTpoHaMB OT Po-Be HCTO'IHH

KOB /4,5/ H C nponyKTaMH Slll0PHbIX peaKUHli, BbI3bIBaeMbIX Tll:>K0Ub!MH HOHaMH /6/. B no-

cuenHeM cuyqae ucnollbsoaanacb cneuHalihHall annapaTypa - 'rasoablli npo6HHK'1 pa6oTaro-

maR Ha BHYTpeHHeM IlY'IKe UHKUOTpOHa na6opaTop1m Sl)lep!!bIX peaKUHfi. 

ATOMbl BBO)lHUHCb B raSOBblli llOTOK nyTeM OT)la'IHi TonmHHa MHWeHH 6hma MeHbwe 

HX npo6era. Pasnem,Hoe H3y'leHHe xnopHpOBaHHll H TPaHCllopTa npaKTH'leCKH HeocymecTBHMOo 

B OilbITaX MO:>KHO 6bmo Ha6uronaTb CyMMapHblli pesyubTaT 9THX nayx npouecCOB - sqicpeKTHB~ 

HOCTb nepe11oca (7] ) • 0Ha onpeneuSinaCb KaK )lOUll OT o6mero KOUH'10CTBa H30TOila BBe-

ne1111oro a raa, 0611apy:>KHaaeMall a rasoBOM noToKe Ha onpeneueHHOM sanaHHOM ynaueHHH 

OT MHWeHH. ,Qull 9TOro ace pa,nuoaKTHBHble nponyKTbl, yHOCHMbie rasoM, yuaauuaauucb 

Ha paCCTOSIIIHH, npH npoXO:>K)l0HHH KOTOporo MOUeKYUbI HCllb!TbIBaUH 10
4 

-10
6 

CTOUKHOBe

HHli co CTeHKBMH. nocue OKOH'laHHll OllbITa, nponou:>Karomerocll HeCKOnbKO 'laCOB, npOBO)lHU

Cll panuoxHMH'leCKHli aHauus Ha conep:>KaHHe naHHoro panHOH30Tona. 

4 

I 
\ 
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npennonaraUOCb, 'ITO uy'lme BCero )lOU:>KHbl TpaHCilOPTHPOB8TbCll MOUeKyUbl BbICWero 

XUOPH/la naHHoro 9UeMeHTa, o6pa30B8HHIO KOTOpbIX 6yneT cnoco6cTBOBaTb npHCYTCTBue CB0-

6onHoro xnopa. IluR npenOTapameHHll ancop6UHH npennouarauocb· HCilOIIb3oaaTb MaKpoKOUH

qeCTBa 'HocnTenen'. 

OcHoBHhIM KOMilOHeHTOM rasoaoro nOToKa 6hmH Cl 
2 

, N 
2 

, aosnyx, CO 
2 

HUH Ar 

npH na~UeHHH 1 -1,5 aT. B Ka'leCTBe HOCHTeuefi HCllb!TbIBaUHCb xnopH/lbl HeKOTOpb!X 9UeMeH-

TOB IV H V rpynn npH napuHaUbHOM naaueHHH 0,1-1 MM pT. cT. Onb!TbI npoaonHuHCh 

np11 TeMnepaType 200-300°. 

0CHOBHbie pesyubTaTbI no sqicpeKTHBHOCTH nepeHoca COCTOlIT a cnenyromeM. 

ATOMbl pa3nH'IHblX 9UeMeHTOB nocue B38HMO)leliCTBHll C napaMH HOCHTeUefi B pa3HOfi 

CTeneHH cnoco6Hbl K TpaHcnopTy ra30BblM llOTOKOM. 0Ka3alIOCb, 'ITO OCHOBHble 3aKoHo

MepHOCTH B sq,q,eKTHBHOCTH nepeHoca onpeneusnoTCll TOlibKo npuponoli xuopconep:>Kamerv 

HOCHTeUll H napaMeTpaMJI Ollb!Ta. 0HH He 3aBHClIT OT npucyTCTBHll cao6onHoro xuopa H He

'IYBCTBHTeUbHbl K npHpone uerKoro rasa, oc11oa11oro KOMnoHeHTa rasoaoro noToKa no o6~e

My. 3TH ra3bl CaMH no ce6e He cnoco6Hbl nepeHOCHTb H3y'laeMbie 9U0M0HTbI. 0,nHHBKOBble 

3aKOHOM0pHOCTH 11a6uronauHCb KaK npH TOpMO:>KeHHH aTOMOB OT)la'IH B npHCyTCTBHH xuopun

Horo HOCHT0Ull, TaK H B TOM cuyqae, 'Karna aTOMbl npHBO)lHUHCb B KOHTaKT C HOCHTeueM 

TOnbKO nocue npenaapHT0nbHOro 3aMe)lU0HHll B HH0PTHOM rase. KoHKpeTHbie naHHble 06 

sqiqieKTHBHOCTH nepe11oca npHBe,neHbl U09TOMY B Ta6UHUe TOlibKO B 3aBHCHMOCTII OT npupO)lbl 

HOCHT0Ull H MHKp09UeM0HTa. 

Ta6uHua 

1. 3aBHCHMOCTb 9qlql0KTHBHOCTII nepe11oca OT npHpO)lbl HOCHTeUll 

l130TOil HesqiqieKTHBHbie HOCHT0UH lJaCTII!IHblli 3qJqJ0KTHBHb!0 

nepeHOC HOCIIT0UH 

Zr 
97 

cl 2 , Ticl 4 , Sncl 
4 

, Seel 
4 

Mocl 5 Nbcl 5 , Tact 5 , Zrcl 
4 

MolOl,102 Cl 
2 

Ticl4 , Sncl 
4 Mocl5, Nb~ ,_Tacl5,zrcl

4 
· 

2. 3aBIICHMOCTb aqiqieKTHBHOCTH nepeHoCa OT npHpO/lbl MHKpOSUeMeHTa 

HocHTenb 

Zr cl 
4 

Nbcl
5 

3<j,q,eKTHBHO nepeHOCHMble HSOTOilbl 

Snlto, v48, Nb8 6,87,89 

z/7 , Hf 170,171 

• Mo 101, 1'0 2 

Sn 110, v's, Nb86,87,89 ,M0101,1o~Zr97 , 

Hf 170, t71 

5 

HenepeHOCHMbie nsoTonhI 

In 
109 

, Sc 
44 

, N/
4 

, Ln 

In
109

,Sc
44

,Na
24 

,Ln ,Cf
246 



CnenyeT eme OT1,1eTHTb, 'ITO B cnyqae nenon11oro nepe11oca IIOBhIWeHHe TeMnepaTyPhI H 

KOHUeHTpaUHH HOCHTenSI, KSK npaaHno, npHBOAHT K ·BoapaCTa!IHto 1J • B cny'lae Yo 101.102 

11a6n10nanacb cnolKHaSI 3SBHCHMOCTb 1/ OT TeMnepaTyphl (pHc. 1) • . KOTopaSI, B03MOlKHO, 

OTpS}KSeT npeapameHHH xnopHAOB Mon116ne11a. 

Ilony'leHHhle pe3y11bTSThl II03BOnHIOT cnenaTb cneny10m11e 3BKnto'leHHSI O KSPTHHe 

npoueccoa, onpenenH10m11x nepe11oc. 

ATOMhl OTAB'lH cnoco6m,i xnop11poaaTbCSI IIPH B38HMOAeliCTBHH C napaMH xnopHAHhIX 

HOCHTeneli. B peaynbTSTe o6paaytoTCH MoneKynhI Bh!CWl{X xnopHAOB COOTBeTCTBYtolllllX ane

MeHTOB. iloKa3aTenbCTBO Toro, 'ITO MHKpoaneMeHT IIBXOAHTCSI B ra30BOM IIOTOKe B BHAe 

MoneKyn Bhicwero xnopnna 11MeeT npHHUHDHBnbHoe 3Ha'leHHe B cny'lae, Korna }KenaTenbHO 

llnH Heo6XOllHMO pa6oTaTb C HeH30TOllllhIM HOCHTeneM aneMeHTa, KOTOpbili Tpe6yeTCH nepe-

11eCTH, a TSK}Ke nnSI paapa6oTKH acjxj,eKTHB!lhlX MeTOAOB paaneneH11SI. 0110 OCIIOBhlBSeTCSI 

Ha cnenytolllHX <!iaKTSX: a) IIOBe)le!IHe aneMe!ITOB, o6pa3ytolllHX neTy'lHe xnopuAhI, npu 

nepe11oce pe3KO OTnH'laeTCSI OT noae)le!IHSI aneMe!ITOB, nnSI KOTOphlX H3BeCT!lbI TOnbKO 

11eneTy'1He C08AH!lell11SI; 6) CKOpOCTb n11<!i<!iY3HOHIIOro oca)KJleHHSI 11eTpa11cnopTHpytoIUHXCSI 

H30TOllOB Ha CTe!IKSX annapaTypw cornacyeTCSI C oueHKSM_H 3TOli aenH'lllllbl AnSI MoneKyn 

) 
170,171 . . 

xnopHAOB (cM. rn. IV ; a) B KOHKpeTHOM cny'lae nepe11oca Hf 6bl110 DOKS3SHO, 

'ITO npH npoXo)K)leHHH raaoaoro DOTOKS 'lepea <!iHnbTp H3 Kcl 3TH H30TOllhl 38Jl8p}KHB810T-

CSI Ha Kcl , 'ITO COOTBeTCTByeT H3BeCT!lhlM CBOliCTBSM B3SHMOAeliCTBHSI Hfcl 4 C Kef 

PeaKUHSI xnopHpOB811HSI MO}KeT 6hlTb 'lllCTO TennOBbIM npoueccoM, K8K llOKS3plBSlOT 

OllblTbl C apenaapHTenbllblM TOPMO}KeHlleM STOMOB B 1rnepTHOM raae. BHAHMO, 0118 npoTeKaeT 

B HeCK011bKO CTSAHli THUS 

zr• + Nbcl5 ➔ Zr*Cf + Nbef 
4 

Zs*Cft Nbef 5 ➔ Zr*Cf 4 + Nbef 
4 

no oue11KaM,CKOpOCTb TBKIIX peaKUllli )lOCTSTO'lHO 6o11bWBH II He MO}KeT DOB11HSITb Ha DpO

uecc Depe11oca. BoaMOlKIIOCTb IIX npOTeKBIIIISI 11e orpa1111'le11a DO TepMO)lll!l8MIIKe. 8Kcnep11-

Me!ITS11bllbie )l811Hhle CBIIAeTenbCTBytoT 06 06IUHOCTII TaKoro B3811MO)lelicTBIISI, CnenoaaTenb-

110, Dpouecc xnop11poaa1111g 11e ODpenensieT B03MO}K!IOCTb Depe11oca. 

8cli<!ieKTHBHOCTb Depe11oca ODpeJlenSieTcsi, DO-BHAHMOMY, a Dpouecce TpaHcDopTa 11 

38B11CIIT OT ancop6u11011HhIX CBOHCTB Moneeyn xnopllAOB, Mbl aonaraeM, 'ITO p011b xnop11)l-

11oro IIOCHTeng COCTOIIT B DpenyDpe}K)le!IHII ancop6u1111 M01leKyn MIIKPOKOMllOHe11Ta. Hoc11Te11b 

IIOKphIBaeT SKTIIB!lhie ueHTphl a)lcop6UHH, MOAH<!iHUHpySI TBKHM o6pa30M DOBepxHOCTb, 011a 

CTBIIOBIITCSI npaKTH'leCKH OAIIOpO)lHOli H :ennOTa S)lCop6wiH, a, cnenoaaTenbHO, H ancop6-

Ull011110a y'nep}KHBBHHe MOneKyn HMeeT MHIIIIManbHOe 3!18'leHHe. Komt'leCTBeHHaSI CTOpona 

3THX npeAD01IO}Ke!111li paCCMaTpnaaeTCH B AHCCepTSUHH C HCDOnb30B8HlleM H30TepMhl 

6 

ti 

I 
J 

·1 

naHrMtopa. Ancop6UHOHHhle CBOliCTBS MOlKHO oueHHBSTb IIO neTy'leCTH, TSK KSK TennOTa 

qlH3H'leCKOli ancop6UHH Ha 11eaKTHBHOli noaepXIIOCTH 6nH3KS K TennOTe HcaapeHHSI ancop-

6aTa /7/ •. KaK BHAHO H3 Ta6nHUhl, ASH!lhlil MHKpoaneMe!IT Tpa11cnopTHpyeTCSI ra30M, 

ecnH neTy'leCTb xnopHJlS IIOCHTeng He npeBhlWSeT cymeCTBe!IHO neTy'leCTb xnopHJlS MHKPO

KOMIIO!leHTa; C npyroli CTOpOHhl, )l811Hhlli HOCHTenb SIB11SieTCSI acjxj,eKTHBllhlM nnSI aneMeHTOB, 

o6pa3YIOIUHX xnopHAhl 6onee neTy'lHe, '18M xnopHA-IIOCHTenb. 8TO nerKO npocneAHTb, TSK 

KSK aneMeHThl B CTpOK8X Ta6nHUhl pacnonaratoTCSI npaKTH'l8CKH.B DOpSillKe B03paCT8IIHSI 

TeMDepaTyphl KHD8IIHSI (aoaroHKH)
0

HX xnopH)lOB. 

m 
HenpepwaHoe paa)lene11He raaoo6pa3HhIX xnopnnoa /8/ 

BoaMO}KHOCTb HeDpepwa11oro paaneneHHSI xnopH)lOB a noToKe nayqanacb Ha DpHMepe 

coeAHHe11nli 11no6nSI, TaHTana, UHPKOHHSI H ra<!i11nSI. IlpellCTaanSinoCb HHTepec11wM H3Y'lHTb 
\ 

OTnene11ne xnopHAOB aneM8HTOB 1 y. rpyDDhl OT X110PHllOB aneMe!ITOB V rpynnbI, T8K 

KaK OIIH 6nH3KH DO CBOliCTBSM H SIBnHIOTCSI B3SHMHO a<!i<!ieKTHBllhlMH IIOCHTenSIMH ( CM. Dpe- J 

AblllYIUYto rnaay). 

MbI C'lHTanH, 'ITO DepcneKTHB!lbIM cnoco6oM paaneneHHSI MO}KeT 6h!Tb B3SHMO)l8li

CTBHe Dapoo6pa3HhIX ·xnopnnoa c xnopHllSMH meno'lHhlX MeTannoa np11 paan11'1Holi TeMDepa-

Type. 06paay10m11ecSI B 9TIIX CIICTeMSX )lBOlillhie COeJlHHeHIISI TIIDS K 2Zref6 H KNbef 
6 

pa311H'ISIOTCSI no TepMH'leCKOli DPO'IIIOCTH ropaano 60nbWe, 'leM C8MH xnopHAhl DO neTyqe

CTII. 0Tro!IK8 H3 pacnnaBOB 9THX C08AH!le11Hli Dpm.feHSieTCSI )l11SI pa3)lene1111SI aneMeHTOB B 

xnopHOM MeTOA8 nepepa60TKH PYll /9/. 

HaM Kaaanocb 6onee uenecoo6paaHhlM ncnonbaoaaTb nm1 paanene11HSI TBepnMe coellH-

11e1111si. ilnSI aToro 6hmo npennpnHSITO H3y'leHne aaa11MoJlelicTBHSI xnopHAHhIX napoa c KCl 

B o6naCTH cpaBHHTenb!IO 11113KHX TeMnepaTyp H COOTBeTCTBe11110 IIH3KIIX paBIIOBeC!lhlX naane

llHli pa31JO}Ke!IHSI. B pa)lllOXHMH'leCKOM a11an11ae ecTeCTBeH!lhIM Tpe6oaa11neM SIBnSieTCSI npHMe-

11e1111e Ml!IIIIM811bll0 11eo6XO)lHMhIX pa60'IIIIX T8MDepaTyp (ecn11 01111 Bh!We KOMIIBTHOli) II MH

IIHM81lbllh1X K011H'leCTB IIOCHTeneli. 

Ebm paapa6oTaH IIOBhlli MeTO)l H3y'le!IHSI C npHMe11e1111eM pan11oaKTHB!lhlX HIIAHKaTopoa. 

B noTOKe raaa coanaaanocb onpenene1111oe nocTOSIHHoe napn11anb11oe naane1111e Dapa xnop11- • 

na (p
0

} DyTeM xnop11p0Ba!IHSI IISBeCKH Me'le11oli OKHCU aneMeHTa C DOCTO~Holi CKOpOCTbto, 

raaoawli DOTOK nponycKancSI 'lepea Tpy6ey, aaDoneH11y10 Kcl 

Typa Danana. 

, BA011b KOTOpoli TeMDepa-

Kor)la o6paayeTcSI llBOli11oe coe)l1111e1111e, To 11a y'laCTKe Tpy6K11, rne TeMDepaTypa 

nanaeT 11a dT , non=o aanep=aaTbCSI Kon11qecTao xnopuna, nponopn11011a11bHOe k dT 

dT 

7 



( p - paBH0BeCHoe AaaneHae pa3nolKeH~H ABOliHoro coeAHHeHHH). B pe3yllbTaTe onb!Ta 

ol5HapylKHBanocb HE!KOTopoe pacnpeAene.BHe (30Ha) p8AB08KTHBHOCTH t{T) • 

KorAa 

fog p =B - A -, 
T 

TO A0nlKH0 l5b1Tb A 

e'{T) - ~ ~ _l_ 10- T 
dT T2 

npH'leM ST0 HMeeT MeCT0 T0nhK0 npH TeMnepaTypa.x 

WHX TeMnepaTypax t(T) ,. 0. 

T <T
0
= A· a npH 15~m,-

B-fog p 
0 

B cnyqae nHBeliHoro naAeHHH,TeMnepazypbl anoni, Tpyl5KH nerxo nony'IHTb aHanoraq

Hoe Bblpa)KeHHe AnH pacnpeneneHHH paAH0SKTHBH0CTH B :38BBCHM0CTH OT K00PAHHaTiiI BA0nb 

Tpyl5KH (x) • 3xcnepnMeaTan1>ao aalineaaoe pacnpeAeneBHe xopowo cornacyeTcB c pac'leT

HblM (pnc. 2). CneAOBaTenbHO, MeT0A Il03B0nHeT A0B0nbH0 T0'IH0 onpeAenHTb Aaaneane 

pa3nolKeHHH ABOHHblX coeAHHeHHA H aaanorH'IHble BenH'IHHbl. HaMH H3y'!eHbl CB0ik:TBa ABOH~ 

HhlX coeAHHeHHlt B ol5naCTH HH9KHX TeMnepaTyp, K0Topm He A0Czynua Ann. H3y'!eBHH ol5bl'IUO 

HCn0nb3yeMblM MeT0A0.M CTpyH • .nauable npHBeneuhI ua pHc. 3. no UHM paCC'IHT8Hbl 3Ha'le

HHH TepMoAnHaMn'!ecxnx aenH'IHH Ann peaxnun B3aHMOAellcTBHH. 

no Mepe nepeX0Aa KO ace 15onee HH3KHM Pc , US'IHBSH C 
-2 ~ 

p O nopHAKS 10 -_to MMpT.cT., 

B 38BHCHM0CTH OT 11pHp0Abl xnopHAa Ha15nroAanOCb H0B0e HBneUHe. BMeCTO 30B, noKa3au

UblX Ba pHc. 2, B03HHKanH 30Uhl KSK pa3 ol5paTuoro xapaxTepa, .T.e. K0nH'!eCTB0 3aAeplKSH

uoro xnopnAa nnaauo uapacTano no X0AY ra3a co cTopouo1 Bo1coxolt TeMnepaTypbl H 3STeM 

30Ha A0B0nbH0 pe3K0 06po1Banacb (pHCo 4). B oTnH'IHe OT 30Hbl AB0l!Boro coeAHHeHHH, KO

Topan CMemaeTCH K 15onee HH3KHM TeMnepaTypaM no Mepe n0HHlKeHHH p 
O 

, 30Ubl ol5paTHO

ro BHAS Ol5pll3YIOTCH B 0AH0M H TOM lKe TeMnepazypH0M HHTepaane He3aBHCHM0 OT A8nbHelt

wero noHnlKeHHH p 
O 

• 

Mbl HHTepnpeTHp0BSnH STOA HBneHHe npeAnonolKeHH0M O XeMocopl5nnoHUOM M0X8HH3Me 

ol5pa30BSHHH 30Hbl. npH ManbIX CTeneHHX 3anonaeHHH noBepXH0CTH 0 H30TepMa naHr-

M!Opa, BblBeAeHHaH H3 MOnexynnpuo KHUeTn'!eCKHX npencTaaneHHA, HMeeT BHA 

~ 
0 - pe RT 

rAe Q 
8 

-TennoTa SAcop15nnn /7 /. 

C03naBaH B noToKe nocT0HHHoe p=pc , Mhl A0nlKHht nony'IHTb pacnpeAeneHHe ,f,(T), 

C00TBeTCTByrowee B 0AH0li CBOelt BeTBH H30l5ape, OnHChIBaeM0lt npHBeA0HHblM ypaBHeHHeM. 

AHanH3 noKS3blBaeT, '!TO ,f,(T) A0JilKHO HMeTb xapaKTep q0pKSJibH0ro 0TpalKeUHH 30Hbl 

ABOHHoro C00AHHeHHH t{T) 

8 

~~-/ I 

' 

:i 

l 
j 

CneAOBaTenhHO, no <j,0pMe Il0ABHMarowelicsi BeTBH 30Hhl M0lKH0 onpeAenHTb . TennoTy 

8Acop15naa. 113 onhITHblX AaHHblX. Bbl''IHCneHbl aenH•IHHbl Q 
8 

Ansi Tacf 5 Ha Kcf u 

NbOcf 3 ua Kcf • Oan oxa3anac1, 15na3KHMH K TennoTaM o15pa3oBaHl!ll ABoliaoro coeAaHeHnH, 

COCT8BJIHH C00TBeTCTBeHU0 15-20 KKanb/Monb H 25-30 KKanlMOnb (no H3MepeHHHM npH 

·pa3nH'!HblX p 
O 

) o Taxolt pe3ynb'I'aT He npeACTSBnHeTCH HeOlKHA8HHblM. 

Kax o15pa30BaHHe ABOHBblX coeAHHeuali, TaK H XeMocop15nHH 15omH C ycneX0M HCnOnb-

30BSHbl AnH pa3AeneHHH xnopHA0B ~ noToKe. • 

Tana'IHble ycn0BIISI OilblTS 15hmH cnenyIOlllHMH: noTOK a30Ta C paCX0AOM :.!O un/MnH, 

C0AeplK8lllHll H83BSHHble BeDieCTBa C napn. ynpyr0CThlO napa nopHAKa 0,1 MM pT. CTo 

(B cny'!ae MaKp0Konn'leCTB ) nponycxancH 'lepe3 <j,nnoTp AHaMeTp0M 35 MM H BblCOT0lt 

55 MM, 3anonaeHBblH Kcf C pa3MepoM '18CTHU 2 MM. TeMnepaTypa q>HnbTpa Bhll5Hpanacb 

Ha 0CU0BaHHH ASHHb!Xr nony'leHHblX npH H3y'leUHH B38HMOAellCTBHH B Tpyl5xe. Eomo ocyme-

CTBneHo uenpepblBH0e _pa3AeneHHe .MaxpoxonH'!eCTB Zrcf 
4 

H NbCf 5 , Zrcf 4 H NbOCf 3 
n MHKpoxonH'!eCTB Hfcf 4 oT MaxpoxonH'leCTB Nbcf 5 • Kos,W,nnneHT pa3Aeneaun 

BO scex cny'laHX 6on1,we 100. (YyBCTBHTenhHOCTb aHSJIHTH'lecxoro MeT0Aa He n03Bonnna 

onpeAenuTb 15om,we 1% HCXOAUOH aKTHBH0CTH; B03MOlKB0, '!TO pa3neneHHe 3Ha'IHTenbH0 

nyqwe). Ha pS3AeneHHe ~aKTH'l8CKH 38Tpa'IHBSIOTCH AeCHTble A0nH ceKyHAblo Pa3AenMHCb 

TSKlKe ABS coeAHHeUHH IIHOl5HH Nbcf 5 H NbOCf 3 
PaCCMOTpeH BOnpoc 0 TeopeTH'leCKH 

AOCTlllKHMOll CTeneHH paaAeneHHH B Tpy15Ke C rpaAH8HT0M TeMnepaTypbl H 06 oneHKe s,W,eK

THBBOCTH- paanH'IHblX paaAenaTenbHblX CHCTeM. 

TO 

Ecna B ra30B0M nOTOKe HM8IOTCH ABS Belll8CTBS C napunanbHblM AaBn0HH8M } MMpT.CT., 

ol5paayroTcn ABe 30Hhl THna, noxaaaHaoro ·aa pac • .:, npa TeMnepaTypax T<T = ....!L 
01 B 

H T< T = 2-2 (HyMepaUHH TaKaH, '!TO T > T 
0.2 B 

2 
. OJ 02 

) • npeAnonOlKHM, '!TO HeT ApyrHX 1 

THn0B B38HMOAellCTBHHo OTaoweHHe pa3H0CTH TOI - T02 K WHpHHe 30Hbl nepBoro BellleCTBS 

ua nonOBHHe BblC0Tbl MSKCHMyMa (A T) • KOT0poe ol5oaHS'IIIM N • paBH0 / 

B 3oay 

Ha 2H 

N = To1-To2= ~(1- -~2~ ). 

AT fg 2 B 
2 

A 1 

B'.'oporo BemeCTBa nonaAaeT npaMepHo ..!.. A0nH . nepaoro aewecTBa H 
2N 

npeACTSBnHeT T0rAa KOS~<j,HUHeHT paaAeneHHH. 11cx·oAH HS T8KHX oneaoK, 

BenH'IH

M0lKH0 

np ABHHblM 0 CBOltCTBaX ABOllHblX C08AHH8HHll oneHHB8Tb npar0AHOCTb paana'!HhlX CHCTeM 

Ann .paaAeneaHH. Tax, aanpnMep, AnH aaanaaa CMeca Hfcf 4 H Tacf 
5 

HMeeM 

( p = p = 1 MM pTo CT.) 
· 01 02 

Hfef 
4 

- T111cf 5 

Na 2 Hfef 6 -NaTacf 6 
K 2Hfcf 6 -KTacf 6 
Cs 2Hfef 6 -CsTaCf 6 

9 

T
01

-273 

176 

399 

660 

840 

T -273 N 
02 

108 6 

168 10 

304 12 

468 12 



npeJ:lJIOlKeHHHblH MeTOJl B3aHMOJlel!CTBHll Ha rpaJlHeHTe MOlKeT JlaTb ueHHbte CBeJleHl!ll 

O paa}lenuTeJlbHblX CHCTeMaX, no3B0Jlstsi uayqaTb MeXaHH3M B3aHMO}lei!CTBHll H paBHOBeCue 

B CHCTeMaX TBepAast q,aaa-raa. C nOMOIUblO 3TOro MeTO}la Mb! BnepBbte noKaaanu, 'ITO 

B CHCTeMe NbOct
3 

-Kct 06paayeTC
0

ll JlBOHHOe coe}lHHeHHe /8/. ConocTaBJillll TeopeTH-

qecKoe pacnpe}leneHue C onbITHbtM, MOlKHO CyJlHTb O KHHeTHKe npoueccoB. MeTOJl MOlKeT 

npuMeHstTbClt JlJlll onpeJleneHHll XHMH'leCKoro COCTOllHHll MHKp03JleMeHTa B raae. 3To npo-
170,171 

HJIJIIOCTPIIPOBaHO Ha npuMepe H30TOnOB Hf 

w 
0 B03M~lKHOCTH XHMH'leCKOH HJleHTutuKaUHH aTOMOB 3Kara¢Hust. 

nEeneJlbHble noKaaaTenu MeTOJla l6L 

B Ka'leCTBe OJlHOH H3 KOHKpeTHblX 3a}la'l Mbl paCCMaTpHBanu B03MOlKHOCTb XHMH'le

CKOH uneHTu¢11KaU11u aTOMOB HOBblX sneMeHTOB H uayqeHust BX XHMH'leCKHX CBOHCTB. 

242 22 r. H. <l>nepOB C COTpyJlHHKaMII C11HTea11poBanu no peaKUHH Pu ·(Ne ,_4n) H uneHTH-

260 
¢uuupoBanu ¢u3H'leCKHMH MeTO}laMH H30TOn 104 C t ½ =0,3 CeK. l130T0Il OoHapylKu-

BaeTCH no cnoHTaHHOMY }leneHHIOo B onbtTax per11cTpupoBaJICll B cpe}lHeM OJlHH- aKT cnoH

TaHHoro Jl8Jl8Hllll 3a 5 'laCOB paoOTbl yCKOpHTeJist /10/ •. 

3aKOHOMepHOCTH· llJlepHblX CBOilCTB TaKOBbI, 'ITO H30TOn 104 aneMeHTa MOlKHO 'cny

TaTb' TOnbKO C HeH3BeCTHblMH noKa H30TOnaMH coceJlHHX sneMeHTOB, noaTOMY XHMH'leCKast 

HAeHTn¢uKaUHll aTOMOB 104 CBOAHTCll K OT}leneHHIO BX OT OJIHlKal!w11x 3JleMeHTOB C .Z < 104. 

no cymecTBYIOIUel! aKTHHHAHOH runoTe3e C116opra, H3BeCTHbte TstlKenble TpaHcypaHo

Bbte ·sneMeHTbl llBJlstlOTClt XHMU'leCKIIMII aHanoraMH nocne}lHHX qneHOB naHTaHIIJlHOro CeMeii

CTBa, 104 3neMeHT }lOJilKeH Ob!Tb 3Kara¢HlteM, 105 - 3KaTaHTaJIOM H T.Jl, /11 /. 3neMeHTbl 
~ 

IV nOOO'lHOH rpyimbt 06paay10T pa3JIH'lHbI6cpaBHHTenbHO neTy'l11e coe}lHHeHHst, B TOM 

qucne TeTPaxnopHJlbt, XnopHAht 3neMeHTOB Ill rpynnbt llBJllllOTCll THnH'lHbIMH HeneTy'lHMll 

COJlllMH, TaKast cymecTBeHHast pa3HHUa B CBOiiCTBaX coe}lHHeHuii COCe}lHHX aneMeHTOB PllJla 

o6ycnoBJleHa pa3JIH'lHblM reoMeTpH'leCKHM CTpoeHueM MOJieKyn /12/, B OTJIH'lHe OT nnoCKHX 

MoneKyn LaCf 
3 

, B TeTpaa}lp11qeCKHX MoneKynax Tict 
4 

, Zr Cf 
4 

u T,n, ueHTpanb-

Hbtli aTOM 3KpaHHpoBaH npaKTH'leCKH cnnowHoii 06onO'lKOii H3 aTOMOB xnopa. MoneKyJlbt, 

conpuKaCastCb, B38HMOJleiiCTBYIOT cna6o H o6paayroT peweTKy MOJieKynstpHOro THna, B .KOTO

poii OHH coxpaHlllOT CBOIO HHJlHBHJlY8JlbHOCTb. 

nony'leHHbll\ HaMH 3KCnepHMeHTaJibHblli MaTepuan CBHJ:leTeJibCTByeT O TOM, 'ITO ycTa

HOBKa Tuna ra30BOro npooHIIKa Morna Obi ObITb ucnOJlb30BaHa J:lJlll H}leHTH¢HK8UHH aTOMOB , 

8Kara¢H11st. 6btn0 noKa3aHo, 'ITO H30TOnbt raq>HJ!ll 6ea noTepb TpaHCpopTHPYIOTCll Ha 6onb-

woe pacCTOstHlle B np11cyTCTBIIH TaKHX HOCHTeneii, KaK Nbcts HJIII Zrcf, npu TeMnepa-

10 

'· ' /, 
'I 
1 

\
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TYPe 200-300°. B TO .lKe BpeMst H30TOnbl Na ,Sc, naHTaHIIJlHblX aneMeHTOB H Cf oca-

lKJlalOTCll Ha CTeHKaX raaoBoro TpaKTa. TaKIIM o6pa30M JlOKa3aHa B03MOlKHOCTb OT}lene

Hllll aKTHHHJlHbIX 3JieMeHTOB. B CBlt3H C npe}leJibHblMH Tpe6osaHHHMH, npem,stBnsteMbIMH np11 

pao()'fe co 104
260

, paccMoTpeH 6oneP no}lpOoHO BOnpoc vO 3KCnpeccHOCTH MeTOJla 11}leHTH

¢nKaunn HO CTeneHH O'lHCTKH OT HeTpaHcnppTupylOIUHXCll 3JleMeHTOBo 

3KcnpeccHOCTb MeTOAa 

Llnst nps,Moro onpeJleneHust BpeMeHu,_ aaTpa'luBaeMoro Ha XHMH'lecKyro HAeHTH¢HKa

uuro aTOMa B HenpepbIBHOM npouecce aHanuaa, HaMH ObIJI paapaooTaH MeTOJl, OCHOBaHHblH 

Ha nepuOAH'leCKol! pa6ore ycKopuTenst H annapaTypht. KaK noKa3aHo Ha puc~ ,5, nocne 

BbIXOJla H3 CHCT8Mbl JlJlll paa}leJieHust (TO'!Ka -IV ) raaoBbll! nOTOK Mor Ob!Tb HanpaBneH 

no O}lHOH H3 JlBYX uneHTH'lHbIX JIHHHH A a 6 c JIOBYIUKaMH JlJlll TpaHcnopTupyeMoro 

3JleMeHTa. C noMOIIlbIO 3Jl8KTpOMexaHH'leCKoro KOMMYTHpyromero ycTpOHCTBa, ynpaBnlllO

!Ilero yCKOplllOIUIIM HanpstlKeHueM UHKJIOTpoHa H JlBYMll sneKTpoMarHHTHblMH KnanaHaMH Ha 

raaoBol! nuimu, ocymeCTBJlstnCll cneAYIOIIlHH UHKJI paooTbl. (puc. 6), UuKJIOTpOH BKJIIO'lancst 

Ha BpeMst u· Ha TaKOe lKe BpeMst C 3a}leplKKOH tr raa HanpaBnstncst B noBymKy A,· 

3Ta 3aJleplKKa paBHa apeMeHu npoxolK}leHHll raaa OT MHIUeHH JlO TO'lKH pa3BeTBJl8HHll 

JIHHHil, 3aTeM nHHHll A aaKpbrnanacb H Ha Bp8Mll raa HanpaBnstncst B noBywKy E, 

llHKJI pa6oTbl MHOroKpaTHO IlOBTOpstncst, 'lTOObl. nony'lHTb JlOCTaTO'lHO OOnbWYIO aKTHBHOCTb, 

nonaAaHue paJluouaoTona B JIIIHHIO E noKa3bIBaeT, 'ITO OH JlBHlKeTcst MeJlneHHee raaoBoro 

IlOTOKa, npH'lllHOfi 3TOJ! 3aJleplKKH (t 
3

) llBJlsteTCll npeohIBaHHe aTOMOB H MOJleKyJI B 

aJlCOpoupoBaHHOM COCTOllHHH Ha IlOBepXHOCTH Tpy6oK H pa3JlenuTeJibHblX q>HnbTpoB. Ecnu 

np~J:lllOJIOlKHTb, 'ITO t 
3 

BCe BpeMst OJ:lHHaKOBO, TO 

NA t3m ___ t, 

NA+NE 

rJle N - qucno aTOMOB, o6HapylKeHHbtX B JlaHHol! noBywKe. 

B }lel!cTBuTenbHOCTH paCC'lHTaHHOe no 3TOii ¢opMYne t 
3 

npeJlCTaBm1eT co6ol! 

HeKOTOpoe cpeAHee 3Ha'leHue. TaKHM o6pa30M MOlKHO onpeJ:leJiltTb npurO}lHOCTb BbtopaH

HbIX ycnoBul! JlJlll HAeHTH¢uKanun KOPOTKOlKHBYIIlHX H30TOnOB, ucnonb3Yll JlJlll H3MepeHHll 

t 
3 

AOJirOlKIIBYIIlHe .H30TOnbl AaHHoro sneMeHTa, no oneHKaM MOlKHO onpeJleJIHTb BpeMeHa 

t
3
> 0,1 CeK. 

B KOHKpeTHOM cnyqae 
170, 171 

Hf ohtnO HaiiJleHo, 'ITO BpeMst nepeHoca 

(=tr+ t 3) 3TIIX H30TOilOB Ha ra30BOM npooHHKe COCTaBnsteT ~ 0,4 CeKyHJlbl, 

Ko3¢¢11uueHT O'lHCTKH 

B }laHHOM pa3}lene paccMaTpHBaeTClt O'lHCTKa 3JieMeHTOB IV rpynnht OT 3JieM<rn-

TOB Ill rpynnbt H Jlpyrux HeTpaHCnOpTHPYIOIIlHXCll 3JleMeHTOB, B Taonuue Ha CTp, 5 

11 



yKa38Hlle 06 OTCyTCTBllll nepeHoca 03H8'18eT, 'ITO B flOBYWKe 6hlnO o6Hapy)KeHO ~ 1 % 

KOUH'leCTBS H30Tona, aaeneHHOro B raa. KaK npaB11no, nepen noaywKoli ycTaHSBUIIBSflCH 

q>llllbTP, aanonHeHHblli q,ToponnacTOBoli CTPY)KKOli. Ha HeM o6bl'IHO o6Hapy=BanaCb TOflbKO 

He6om,waH AOflll SKTIIBHOCTII, aanep)K8HHOli B Tpy6Ke. 

Ba)KHhle llaHHbie 6bm11 nony'leHbI npH 11ay'leH1111 pacnpeneneHIIH HeTpaHcnopT11pyrow11xcn 

ll30TOII0B BAOllb 'leTblpexMeTpOBOli Tpy6KII ( MeJK.ily TO'IKaMII II ll IV Ha p11c. 5), no 

KOTopoli. npOXOllllll raaOBblli nOTOK. Ha PRC. 7 noKa3aH peayn&TaT Onb1Ta. no OCII OPlll!HaT 

OTllO)KeHbl aKTIIBHOCTII ll30TOna Ha eAIIHIIUY AITl!Hbl Tpy6K11 B aaal!CIIMOCTII OT KOOpllllHaTbl 

BllOllb Tpy6K11 (x) • Kooplll!HaTa OTC'll!TbIBanac& OT TO'IKII II • XapaKTepHoli 'lepToli 

pacnpe1leneH11H HBnHeTCH 3KCno11e11u11an&Hbili cnall Ha 6on&wOM OTpeaKe. Ou noKa3bIBaeT, 

'ITO BepoHTHOCTb nonallaHIIH ll30TOna Ha CTeHKY Tpy6KH He aaa11CIIT OT X • 11CKlli0'1eH11e 

COCTaBnneT Ha'lan&Hblli y'laCTOK llllIIHOli 0-10 CM, rile llOll)KeH CK83bIBaTbCH ueycTaHOBIIB

WIIICSI pe)Kl!M Te'leHHH raaa. 

Ilnn IIHTepnpeTaUHII llSHHbIX Mb! Bocnom,aoaan11c& ypaBHeH11stM11 Macconepe1la'l11. Ilmj,-. 

q,ya110HHhlli nOTOK Ha elll!HIIUY nnoWaAH noBepxHOCTII CTeHOK paaeH npo11aae1leHIIIO napuuallh-

uoro 1laaneH11H KOMHOHeHTa ( p) Ha K03,pcj)IIUl!eHT MaCCOOTll8'1II (Kr ) • 8 cnyqae Typ6y-

neHTHoro nOTOKS B rnaAKOli Tpy6e Kpyrnoro Ce'leHIIH 

K.r = 0,023 ._Q_ • Re°•8 3 Sc O,H 
RTd ' 

rne O - KOaq,q,11u11eHT n11cj,q,ya1111, ·d - AIISMeTp Tpy6hl, Re - Kp11Tep11li PefiHOllbACa, 

Sc - Kp11Tep11li lllMIIATll /13/ • 

BepOSITHOCTb OCa)KlleHIISI Ha en111111uy Alll!Hbl Tpy6KII paBHa OTHOW8Hlli0 n11cj,q,ya110HHoro 

. noTOK8 Ha CTeHey Ha 3TOM OTpeaKe K KOllll'leCTBy BewecTaa, nepeuoCIIMOro qepea Tpy6Ky. 

Ilp11 ycTaHOBHBWeMCH Te'leHIIII raaa OTHOW8Hlle 3TIIX Befll!'IIIH nefiCTBl!TenbHO He 38BHCIIT 

OT KOOPllllHaTbI. Torlla aepostTHOCTb MO)KHO aan11caTb KaK 0,693 ll H83B8Tb x½ 

llflllHOli nonyoCa)KlleHIISI. Pacwucj,poBb!BaH Kp11:rep11am,11yro 38Bll;ll~OCTb, MO)KHO nony'll!Tb 

q,opMYny: 
o, 17d1, 17 0,39 

u _._v x½ = 7,53 
0 o,s6 

rile U - n1111eli11aH CKOPOCTb raaa II V - K03q>cp11UlleHT Kl!HeMaTl!'leCKOH Bll3KOCTII raaa. 

KaK BllllHO, X ½ llOBOllbHO CllnbHO 38BHCIIT OT 0 

Pac'leT no aToMy ypaaHeHHro D oueuHaanoc& no cj,opMYne Il)Kunn11ne111la) np11ao-

llllT K CHellyiOWIIM 3Ha'leHIIHM X ½ B CM. 

12 

Naef Scd
3 Lnd

3 

pac'leT 18 24 23 

onbIT (cM. pac. 7) 15,4:!:.1,1 21,3:!:.0,9 26,2:!:.1,8 

Paan11'11Ie B onbITHblX 3Ha'leHl!llX X ½ •CTaTHCTl!'leCKll 3H8'111MO. CoOTuoweHHe H a6co-

HIOTHhle 3H8'1eHHSI paCC'll!TaHHbIX x½ HaXOllSITCSI B YAOBneTaop11TellbHOM cornac11u C 

3KCnepuMeHTOM. MeTOll OCS)KlleHHSI Ha Tpy6Ke MO)KeT ll8Tb Il03TOMY 1lOnOnH11TenbHbl0 caene

HHH O COCTOSIHHH MHKpOaneMeHTS B raaoBoli cj,aae. ~ha B03MO)KHOCTb pauee He 6bina 38Me

"leHa /14/. 

Ha AllHHe B 4 M0Tpa K03cpq>ll!lHeHT O"IIICTKII OT yKa3aHHblX 3fl0M0HTOB llOH)K0H 6bm 6bi 

llOCTl!raTb• 2020-106
.0nb!THoe 3Ha"l0H110 paBHO 100 II Hl!Wb pellKO HeCKOllbKO 6om,we. 

3To YKa3b!BaeT, nO-BIIAHMOMY, Ha nepeHOC SKTHBHOCTH B Blllle aapoaoneli (ecn11 C"IIIT8Tb, 

"ITO 81lCOp6llHH Ha CT0HK0 npaKTH"leCKH nonHOCTbiO Heo6paTHM8) II HS np11HUHn11am,uyro B03-

MOlKBOCTb cymeCTB0HHOro ynyqwe1111H O"IIICTKH. 

B AHCCepTSUIIH 06cy)l(Jla10TCSI HeKOTOpbl0 KOHll'leCTBeHHble oueHKII, OTHOCllllllleCSI K 

81lCOp6u110HHOH aanep)KKe. 3To SIBH0Hlle onpenenneT B CYillHOCTH 3KCnpeccHOCTb MeTOAIIKII 

11, C Apyroli CTOpOHhl, 11rpaeT nono)KHTenbHyiO pom, B npOU3CCe O"ll!CTKII OT HeTpaHCnopTll

PYIOillHXCH aneMeHTOB. 

8b!BOllbl 

1. OpeAH0)K0H8 o6mast cxeMa MeTOAOB uenpepbIBHOro 3KCnpeccuoro PSllllOXIIMll"leCKOro 

a11an11aa npOllYKTOB gnepHb!X p08KU11li, OCHOBaHHSSI Ha ucnon&30B8Hllll .raaoo6pa3Hb!X COellll

HeHHH. Ha np11Mepe IICil01Ib30B8HllSI xnopHAOB B Ka'leCTBe pa60'IIIX B0IllCCTB ll3Y"l0Hbl OCHOB

Hbie q>ll3llKO-XHMll"leCKlle npoueCCbI,. ne)l(Sllll!e B OCHOBe npennaraeMoro MeTona: xnop11poaa

H11e aTOMOB 0Tll8"1ll B raaoaoli cj,aae, TpaHcnopT MllKpoaneM0HTa raaOBbIM noTOKOM, Henpe

pb!BHOe paane11eHHe xnopHnoa. 

2. ATOMbl OTA~"lll1 B38IIMOllelicTByg C napaMH neTy"IIIX xnopll/lOB nepexOAHbIX 3H0M0H

TOB ("HOCl!Ten11•), XITOPHPYIOTCH nyTeM Tennoaoli peaKllHII. 06paayroTCSI MOneKynbI BbICillllX 

xnopllllOB COOTBeTCTBYIOillllX aneMeHTOB. Baa11M01leliCTBH8 HOCIIT . 06m11li xapaKTep. 8 aaBIICll

MOCTII OT npllpOllhl HOCl!Tenn II OT napaMeTpOB OllbITa MIIKpOKOMilOHeHT B pa3flll"IHOli CTene

HII cnoco6eu TpaucnopT11p0B8TbCH ra30Bb!M nOTOKOM. YcnoBll0M acj,q,eKTIIBIIOro TpaucnopTa 

SIBnHeTCSI nonaanea11e ·ancop6u1111. Ilp11 cpaBIIl!TenbIIO Hll3KIIX TeMnepaTypax 3TO AOCT11raeTCSI 

Bbi60p0M HOCl!Tenn, neliCTBll0 KOToporo COCTOIIT B ancop6UHOHHOM noKpbITIIII aKTIIBHblX 

UeHTpoa, T.e. B MOA11¢,IIK8UIIII noBepXHOCTII. Hoc11Ten11 He SIBflHIOTCSI cneuH¢,H"lllblMII. 
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3. 3q,<peKTHBHblM MeTO)lOM pa3)leneHHlI CMeCH ra3oo6pa3HblX xnopH)lOB npn He6om,moll 

HX KOHUeHTpaunn B ra30BOM noTOKe lIBnSieTClI B38HMO)lellcTBHe C xnopH)laMH menO'IllhlX 

MeTannoa npH pa3nn•rnoll TeMnepaType, npHBOJllIWee nnn K o6pa30BaHHIO TBepJlblX JlBOliHblX 

coennHeHHli nnn K xeMcop6unH neTy"lero xnopnna. TTpenno)KeH MeTOll n3y"leHnn pa3nennTenh

HhlX CHCTeM nono6Horo pona C HCilOnb30B8HHeM B3aHMO)leliCTBHlI noTOKa ra3a -c TBepJlhlM 

aemeCTBOM npn nocTeneHHO nanaromell TeMnepaTYpe no xony ra3a. MeTon nroaonSieT H3y

"laTb paBHOBecne, MeX8Hll3M ll KHHeTHKY npoueccoa B3aHMOJleliCTBHlI, MO)KeT cny)KHTb nng 

onpeneneHHlI XHMH"leCKoro COCTOlil!lllI MHKpoaneMeHTa B ra3e. TTpenno)KeH KpHTepnll )lnlI 

cpaBHHTenbHOli · ouellKH 3q>~eKTHBHOCTll pa3nH"lllblX nennTenbHhlX CHCTeM Ha OCHOBe JlBOli

HhlX COeAHHeH11ll. 

4, TTpenno)KeH MeTOJl nplIMoro H3MepeHHlI apeMeHH, 3aTpa"lHBaeMoro Ha XHMH"leCKylO 

HJleHTllq>JIK8UlllO aTOM0B B iienpephlBHOM npouecce aHanH3a. OnpeneneHHe npOBOJlHTClI C 

ncnom,3oBaHHeM nonrO)KHBYlllHX H30TOnOB nayqaeMoro sneMeHTa. l13y"leHa KHHeTHKa JlHljl

q>y3HOHHOro ocaJK)leHHlI HeTpaHcnopTHPYIOlllHXClI MoneKyngpHbIX npOAYKTOB 113 ra3oaoro 

IlOTOXa Ha c'l'eHKII Tpy6Kn. CKOPOCTb OCa)K)leHHlI H3MeplieTClI HaCTOnbKO TO"lHO, "ITO no 

Hell MOJKHO CYAHTb O COCTOlIHHH MHKpoaneMeHTa B ra3oaoll q>a3e. 

flpH onpeneneHHblX ycnOBHlIX OCyllleCTBneHO _KOnH"leCTBeHHOe Bbl)leneHHe H30TOnOB 

raq>HHlI H3 nponyKTOB lIAepHhlX peaKUHli c npHMepHO 100-KpaTHOli O"lHCTKOli OT.sneMeHTOB 

III rpynnhl. IlplIMblM H3MepeHHeM noKa3aHo, "ITO Ha npouecc BbIAeneHlrn, 0"lHCTKll H 

TpaHCn0pTa K AeTeKTopy H3ny"leHHlI 3aTpa"lHBaeTClI He 6onee 0,4 CeKyH)lbl, IloKa3aHa 

npHHUHnHanbHalI B03M0lKH0CTb cymeCTBeHH0ro ynyqmeHHlI CTeneHH 0"lHCTKH 6e3 3aMenne

HHlI MeTona aHann3a. Pa3pa60TaHHalI K0HKpeTHalI MeT0JlHKa YJlOBneTBOpSieT Tpe6oaaHHlIM, 

npeA~lIBnHeMhlM B 3a)la"le HJleHTHq>HKaUHH 0"leHb K0pOTK0)KHBYlllHX H30T0n0B 3Karaq>HHlI, 

06paay10mHXClI B KOnH"leCTBe C"lHTaHHblX aT0M0B, 

X X 
X 

OcHOBHOli MaTepnan JlHCCepTaUHII H3nolKeH B pa6oTaX /4,5,6,8/ H Jl0Knanax 

Ha coaemaHHH no HCCnenoaaHHSIM C MH0r03aplI)lHblMH H0HaMH (.ny6Ha, OKTSI6pb 1964) H 

Ha III 11exocnoaauKoll paAH0XHMJI"leCK0li KOHq>epeHUHH (nn6nnue, ceHTlI6pb 1964). 
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