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1, flpBM9H9BH9 aneKTpOMBrBBTShiX cenapaTOpOB B30TODOB liDS! BCCD9110BBHBSI npOilyJt

TOB Hll9pShiX pe&KilRit B 3HB'IBT9DbHOII Mepe o6ner'IB9T Bll9BTBijlBKBilBIO BHBDB3BpyeMhlX Slll9P 

B cymeCTB9HHO paCWBpH9T B03MO~BOCTB B3MepeHBSI xapaKTepBCTBK HX H3DY'I9HBit, 0JlHBKO 

Hcnonb30BBBSI9 cenapBTOpOB H30TODOB JlDSI B3Y'I9HHSI KOpOTKO.BBYillBX Slll9p nOKB 'ITO orpa

HB'I9HO B3-3B CpBBHBTeDbHO OODbWOrO Bp9M9HH 1 H900XOilBMOrO liDS! npOB91lbBHB BC9X STBnOB 

SD9KTpOMBrHRTBOro pB31l9D9HBB, 3TO OC009HHO OTHOCBTCB K BHBnB311pyeMh!M npOilYKTBM B 

TB9pllOII ljla3e
1 

KOTOphl9 B9Db3SI BBOilBTb senocpellCTB9BHO B BOBHhlil BCTO'IBHK '19p93 Kansn

nsp, B OTDH'IB9 OT rB3006pB3HhJX, 8 CBB3B C STHM HB H9KOTOphlX SD9KTpOMBrHBTHhiX cenapa-

Topax 6hms npBHBThl Mephl no coKpaweHRJO speMeHs cenapanss. B 'IBCTHOCTH, neKOTo-

phle cenapaTophl B30Tonos 6hJnH o6opyllOBBHhl cneusaDbBhJMH yCTpollcTBBMB llDB DhiCTporo 

BB9119HHB BBBnB3Hpy8MOro !19ill9CTBB B BOHHbiii BCTO'IHHK "19p93 WDJ03 093 HBpymeHHSI BB-

/1-3/ 
KYYMB B o6~eMe cenapaTopa • B peaynbTaTe aToro nonsoe speMH aneKTpoMarasTsoro 

paaJleneass OhiiiO coxpameso nns aeKOTOph!X ner~:oneTy'IHX aneMeHTOB ( pTyTh, sscMyT, 

nonOHHII, BCTBTHH, panoH) 110 H9CKODbKHX MHHyT, H STO n03BODHDO HBODIOilBTb o6pa30BBHH9 

KOpOTKO~BBYillBX H30TOnOB STBX SD9M9HTOB B pa3DH'IHbiX Bll9pHhiX peaK!lHiiX/
4

•
51

, 

CywecTBYJOT s npyrse, 6onee pans~:anbHhie, MeTOilhi coKpaweass speMeHs cenapanss. 

CyiiiHOCTb STHX MBTOIIOB COCTOHT B TOM, 'ITO npOilYKThl snepHhiX p98KilHll, 06pa3yJOWH9CH B 

MHW9HB B peaynbTaTe o6ny'IBHHH 3BpB~eHHhiMH '18CTH!l8MH BDH H911TpOH8MH 0 TyT ~e Bhlll9-

DHIOTCB B3 B9W9CTB8 MHWBHB B no KOpOTKHM KOMMyBHK81lHHM HDH HenoCp91lCTB9BHO nepella

IOTCB B HOSHhllt HCTO'IHHK aneKTpOMarHHTHOrO cenapaTopa, 

TlepBbJe onbiThl no OhiCTpoMy Macc-cneKTpoMeTps'lecKoMy sccne!'loBaBHJO KopoTKO~H

/6/ 
symsx snep TBKHM cnoco6oM OhlllH npennpHHIITbi B 1951 rony • 

B aTsx onhiTax sccnenosanscb KopoTKo~ssymae aaoTonhi KpsnToHa c nepaonoM nony

pacnana 10 ceJ[yHn s 6onee, o6paayromsecH nps neneass ypana neltTpoHaMs. 

B uacToHmee speMH aan snesMH s npoeKTaMH nono6HbiX cenaparopos, nony'IHBWHX 

H83BBHH9 cenapaTOJlOB 'Ha DHHHH' ('on line'), pa60TBIOT BO MHOrHX Slll9pHO-IjlH3H'<9CKHX 

naf5opaTOpH11Xo 0CHOBHbl9 pe3yDbTliTbl paOOT B STOM HanpasneHHII o6cy~BDI!Cb HB KOHijlepeH

UIIH no aneKTJlOM8rHHTHh!M cenapaTOJlBM 1130TOnOB H HX npHM9H9HIIJ00 UpOXOilHBIIl91t B naBHH 

s 1965 r.
17

-
121 
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CxeMs OAHOro aa B03MOJKHhiX aspRI!HTOB tlbiCTpoAellcTBYJOlllero aneKTpoMarHRTHoro 

/I3/ 
cenapaTopa, coanaaaeuoro B n.HP OJHUf nnn uneHTH<jlHKanHH H uccnenoaaaHH KopoTKO)I{H-

sym:ax npOnYKTOB HnepBbiX peaKnHII1 CBOnHTCSI K cnenyl0lll9My, 

ITponYKTbi nnepHbiX peaKnHII non neliCTBHeM HMnyn&ea, coo6measoro 6oM6apnHPYJOlllell 

'II!CTH!l911, BbitlHBI!IOTCSI H3 TOBKOll MHlllOHR R BHenpHIOTCSI B H8rp&Tbl9 CT9BKH raaopaapl'!nHO!l 

xaMepbl HOBBOrO RCTO'IBHK8,'86RTbi9' I! TOMb! nH<jl<jlyHliRpyiOT K nOB9pXHOCTH 1 HCnapl'!IOTCH H, no

nanaH B ra30Bbiil paapl'!n 1 HOBB3YIOTCSI, 06pa3y10lllH9CSI HOHb! H3Bn9KI!IOTCH H3 HOHHOrO HCTO'I-

HHKI!, yCitOpl'IIOTCSI R pa3A9Ill'IIOTCSI llO MI!CCI!M B 9Jl9KTpOMI!rHRTHOM cenapaTope H30TOilOB, 

npH'I&M nnl'l o6ecne'leHHH tlbiCTpoll perucTpanuu pacnana KopoTKOlKHBymux Hnep c6op paaneneH

HhiX nponyKTOB OCym9CTBill'I9TCll aenocpenCTBSHHO HI! C'I9T'IHKH, HanpHMOp, HI! nonynpOBOnHR

KOB'bl9 neTOKTOpbl aapRlKOHHbiX 'II!CTH!lo 

OcaoBHoll BOnpoc, onpenenl'!JOlllHII aoaMoJKHOCTH Hcnonb3oBaHHH aToro MeTona nnn 6biCT

poll HneHTH<jlHKllllHH KOpOTKOlKHBYlllHX Hnep1 - STO BOilpOC 0 Bp9M9HH1 KOTOpoe He06XOnHM0 1 

'IT06b! B6HTbi9 B CT9HKB p83pRilHOil K8M9pbl I!TOMbl )lH(j\<jlyHilHpOBallH Ha llOBepXHOCTb H HCila

pHnHCb, KoHxpeTHbiX aaHHbiX no cxopocTB aacjMpyaHH aTOMOB B ycnoBHHX, KOTOpbie 6ynyT 

HM9Tb MOCTO npH pa60Te 9Il9KTpOMI!I"HHTHOrO cenap&TOpa HI! Bb!B9)l9HHOM lly'IK€ TSilK9JlbiX 

HOHOB, B JlHTepaType HOT, flOSTOMy HllMB tlbinH npeanpHHHTbl HOKOTOpbie 9KCnepHM€HTbl B aTOM 

aarrpasneHHH. 

2, 8 pa6oTe HCcnenOBlllli!Cb o6paTHI!H SMBCCRH npOilYKTOB HnepHbiX peaKnHi!1 BH9JlP9H

HbiX B Illli!CTHHKH H3 pa3nH'IHb!X MI!T9pHI!IlOB1 HarpeTbiX llO BbiCOKOI! TOMIIepaTyphi. Jilay'II!IlOCb 

flOB€1l9HHe I!TOMOB llHCnp03Hll H ra<jlHHSI 1 o6paayJOlllHXCSI B pOI!KilHSIX no)l )l0i!CTBH9M ycxopea

HbiX HOHOB yrnepona, Bb160p HMOHHO 8THX &n9M9HTOB onpellOilSIJlCH T9M 1 'ITO )lHCilp03Hl! SIB

IlSIOTCSI OnftBM H3 &n9MOHTOB cepHH I18HT8HHilOB R )li!HHbl9 1 nony'I9HHbi9 no CKOpOCTH llH<jl<jly-

3RR STOrO 9I19M8HT8 1 no-BHnRMOMy1 C nOCTI!TO'LHbiM OCHOB811H9M MOlKHO pacnpOCTpaHRTb HI! 

see aneMeHTbi aToll cepau, a TaKJKe u Ha Rx aHanora- Tpaacypa.HOBbie aneMeHTbi cepRR ax

TRHRiloB, HCCI19AOBI!HH9 CBOIICTB KOTOp'biX HBI1li9TCSI OllHOI! H3 38)ll!'l n.HP OJii.HJil, fa<jlHHil 6bln 

RHTepecea xax OllRB aa TPYnHoneTy'IHX sneMeBTO!I IV- oil rpynnbi nepHonuqecxoll cHcTeMbi 

MeHneneesa, aaanoroM xoTOporo aonJKeH 6biTb I04-biii aneMeHT. 

MeTOnuxa uccnenoaaaal! aaKniO'Ianac& B cneayJOllleM. MRmeH&, cocToHmllSI ua TOHxolt 

2 
nO)lllOJKKR (I5-MRKpOHB8ll I!Il!OMHBH9B8R <jlon&ra) C HllHOCOHHbiM HI! aee CI109M ( • IMrpfCM ) 

OKHCH H901lHMa RllH OKHCH nRCDp03HR1 o6ny'lanacb CO CTOpOHbl nO)lllOlKKH ny'IKOM HOHOB C l2 , 

YCKopel!HbiX Ha 150-caBTHM&TpOBOM llHKI10TpoHe n.HP OJii.HJil ( CM. puc. I). ITponyKTbl Hll9pl!b!X 

peaxuull ( Hllpa Dy BnH HI non aeltcTBII&M KMnyn&ca, nepenasaeMoro THJKenoll t5oM6ap-

nRpyJOmelt '18CTR!l8lt1 Jlbi6RBanHCb 113 MJilllQBH H1 npoXOnH '18pe3 OTB9pCTH9 BO Bp8lll810lll8MCll 

nRCKe, BHenpSinHCh B HarpesaeMyiO SI19KTpH'I9CKHM TOKOM M8TI!IlllR'I9CKy10 HnH rpa<jlHTOBYIO 

rrnacTHHy Ha rny6uay no aecKonhKRX MHKpoa. B6HTbie B nnacTHHxy aTOMhi nu,P<jlyanxpoBanH 

B o6paTBOM Hanp8Bn9HRR K llO&epXHOCTR1 RCil8pSII1HCb C 888 R OC9A8nR HI! nosepXHOCTh 

4 
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BPI!lllAIOlll&rocSI nHcxa. no pacnpeneneHHIO OC9BlllRX Ha nRCKe Pl!llHOI!KTHBHbiX I!TOMOB onpene

nHnOCb Bp&MSI o6paTHOI! SMHCCRR BtlRTbiX B HarpeTyiO nnaCTRHKy DpOJlyKTOB l'lnepHblX p&I!KIIRlt. 

TeMnepaTypa nnacTHHbi so Bp&MSI a~tcnepHM&BTa KOHTponuposanac& no MOlllHOCTR aarpeaa 

Difi!CTHHblo fpa)lyRpOBO'IHI!l'l KpHBI!l'l 38BHCHMOCTH T8MD9paTypbl IIIli!CTHHbi OT MOlllHOCTH .Barpe

BI! 6bin8 rronyqeaa B npeaaapRTen&BbiX onbiTax c noMOlllhiO onTH'Iecxoro rrRpoMeTpa, B Teqe-

-6 -4 
HR& SKCII&pRMOHTI! B yCTI!HOBK9 UOilll9plKHBI!I1CSI BaKYYM 6,I0 - IO MM H 8, 

uo 
3, B onhiTI!X c a&cnpoaHeM &crronb3oaancn ero paAROI!KTRBBhiil aaoTOn Dy ( T ~ • 

. /I4/ . 
7 MRH), KOTOpbilt B I8% cny'la9B pacnaaaeTCSI C RCnyCK8HR8M Cl -'II!CTRIIbi , 3TOT sao-

TOri IIOI1Y'I8I1CSI IIyTeM o6ny'I9HHSI 9CT8CTB8RHOil CM&CH R30TOnOB HOOilHMI! ROBI!MR yrnepona C 

H~ 1~ 
asepruelt .- 76 Mas. Haa6onee seponTHI!H peaKilHst ero o6paaoBaHR.II - N d ( C , 4n) . 

HexoTopbie pesyn&TI!Tbi oiibiTOB c aucnpoaueM npencTaBnel!bi Ra pucyaKax. Ha puc, 2 

nOK838R01 KI!K B 38BHCHMOCTH OT T&MIIepaTypbi U&Bl'leTC.II SMRCCHSI I!TOMOB llRCIIpo3RSI, BtlRTbiX 

B Hl!rpeTyiO IInaCTRRy H3 TI!RTana C H93RI!'IHT9I1bHOi! IIpHMOCbiO HROtlH.II ( < 1 %), non SMRC-

CHell 3)l9Cb DOHHMI!OTCH OTHOW&HRO 'IHCI18 I!TOMOB llHCIIp03RSI 0 OCTI!BRBlllHX RarpeTyiO nnaCTR-

By K KOR!ly o6ny'I9HRSI1 06bi'LHO npOnO/IlKI!BWerOCSI • I6 MHH, K 'IRCny I!TOMOB ARCnp03RSI1 

B6RThiX B nnacTHHy BO BpeMSI o6/Iy'leHRSI, 3Ta BOJlH'IHHI! onpeaenHI18Cb no HRT8RCR8HOCTR 

C'IOTI! a -'II!CTH!l llBCnp03HH-I50, BH91lp9BROro B llHCK CO CTOpOI!bi MRWOHH, H llHCnpo3Bl'l-

I60, oc:asmerOCl'l B IIni!CTHHO, JiiRTOHCHBHOCTb H3M9pSinaCb CllRHTHIInHDROHRbiM C'IOT'IRKOM 

ZnS ) IIOCII& OKOH'II!HHSI Otl/Iy'IOHHSI H npHBO)lRJli!Cb K OllHOMy MOMOHTY Bp9M9HH, 

Jila pUC, 2 BHilHO, 'ITO SMRCCHSI I!TOMOB llHCnp03Rl'l CHilbHO B03pi!CTaeT B RRTepsane TeM-

nepaTyp I500-1700°C, nocTaraB 90% npR TeMnepaType •1000° C. Ha pRe, 3 naJOTC.II pe-

3yllbTI!Tbi R3M9p8RR.II pacrrpeaeneHHSI SMRTHpOBI!HR~X H3 IIIli!CTHHKH H OCOBlllHX HI! llHCKQ 

aTOMOB aucnpoaan no speMeHH, B aTHX uaMepeRHHX Kpyrnbil! llRCK nocne bltoH'II!HRH o6ny11e-

HRSI paape38I1CSI HI! I2 paBHbiX COKTOpOB,H a -aKTHBROCTb Kl!*)lOro C8KTOpa CO CTOpoRbi~06-

pameasoi! K nnaCTHHe 1uaMepnnach C'IOT'IHKOM. 

Ha pHC. 3 IIO OCR a6CUHCC OTI10JK9H IIOpQnKOBbll! HOMOp COKTopa (OTC'I9T B8n9TCSI, HI!

'IHIII!SI OT OK HI! B HanpaBI19HHH, npOTHBOnOIIOlKHOM HanpaBnOHHIO Bpl!lll9)1HSI), IIO OCR OpllHRI!T

a - aKTHBKOCTb oceswero Ha cexTope aacrrpoaan-I50, SMHTHpOBI!HHoro H3 rrnacTRBbi, Ha 

pHCYIIKO npellCTI!BI19Hbl pe3yllbTI!Thl O!Ib!TOB ll/ISI Tp9X paanHqHhiX 3H8'19HHJ! nepROilOB o6palll8-

RRH AHCKa ( T • 0,85 ce~q 3 cex H I5 ceK) npH TeMnepaType TI!HTanosoi! rrnacTHHbi 

1750°C. YKaaaHHhie oum6KH - cTaTRCTR'IecxHe omR6KR c'leTa. 

Jila pBCYHKI! BHilHO, 'ITO SMHCCH!I nHcnp03HH 38MOTHO MOHSIOTCSI HI! npOTSilK9HRH nepROill! 

o6pameaHH llHCKa, BoapacTaHHe SMHCCHH B xoaue nepaoaa (cexTop II), Ha6nJOaaeMoe cac

TeMaTH'IeCKR npR MI!/IbiX CKOpOCTSIX BP8lll9HRH 0 o6ycnoBn9HO aa6pOCOM SMHTHpOBI!RHb!X H3 

nnaCTHHbi B H8'18JlbRbii! MOMORT I! TO MOB llRCIIp03HR > CBH38HHbiM C WHpOKHM yrnOBbiM pacnpe

nOII9RR9M (no Rl!lllRM ni!HHbiM npHtl/IH3HT9nbHO R30TpOilHbiM), 

3TH SKCn9pRM9RT8I1bHbi9 lli!HHbi9 BO BpeMOHHOJ! WKane npHB91l9Hhl HI! pHCo 4. no OCR 
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opllRHHT 0Tfl0*9HH llOflR aTOMOB llRCnp03HR, SMRTRpOBHHHhlX 3a Bp9M9HROll HRTepBan 0,] C9K 1 

no OCR at'iCJtHCC - BpeMR 9MRCCHH. npa o6pa60TIC9 3JCCnepRM9RTHllhHblX llaHHhlX npHHRManoch1 

'ITO e onbiTax c T • 15 cex penaEnB'IHOCTh oTcyTCTByeT. B ocTan&RbiX nsyx cnyqaax peua

xnli'IHOCTb y'IHTbiBHnac&. ToT cjlaxT, 'ITo pesyn&TaTM OUbiTH c T • 0,85 ceK nnaeao ae co

npRraiOTCR c naHRbiMH OUhiTOB c T • 3 cex a T • 15 celt, no-BRAHMOMy1 o6ycnosnea TeM, 

'ITO T&MnepaTypa B nepBOM cnyqae t'iMnB H&CII:OflhKO Bbllll9 ( B Up&AenaX norp&IIIHOCTH H3Me-

O 
peaall ,\t ~ :!: 50 C), qeM B AByx nocneA8HX. Bo3MOlKHo, 'ITO aTH cjlniOKTyauaa CBR3aHbi c 

aeKOHTpOnHpyeMb!M B3aHMO!I9l'tCTBHeM aarpeTOil TaRTanoBoft nnaCTHHhl C aTOM8MH OCTaToq

HOPO rasa (eepOHTHO, C KHCnOpOAOM) B 06~eM9 ycTaROBKHo nyHKTHpOM Ha pHCYHKe Aa9TCR 

ycp91lH9HHaH KpHBaH 1 IIITpHx-nyHKTHpOM npeACTaBn&Ha H8TerpanhH8R KpHB8H 1 UOCTp09HH8R no 

ycpenHeHROll. nocnertHHH KpHBHH UOKH3b!BH9T1 KHKH5I !lOllS! 8TOMOB AHCUp03H5I 9MHTHpyeT B3 unac

THHbl K AaHHOMY MOM98Ty Bp9M9HH. Kalt BH!IHO H3 pHCyHE81 50% BR9!1p9H8h!X 8TOMOB 9MIITHpy

IOT H3 aarpeToll nnacTHHhi sa 0, I ceK. 

11ccnellOB8ll8Ch 9MHCCHR B6RTbiX 8TOMOB H H3 ApyrHX M8TepR8nOB: MOnH6AeH8 1 rpacpRTa-

3apOBHHHOll cjlan&Tpoean&aoll 6yMara a npOMhiiiineaaoro qacToro rpacjlaTa. Ebino aall.t~eao, 'ITo 

9MHCCHH UponyKTOB .RnepHb!X peaKuHll a3 HarpeToll Mona6A980Boft Ull8CTR8bl npa T&X lK& T&M

nepaTypax ( 1700-J900°C) 8H8llOrH'IH8 9MHCcaa a3 T8RTana. fpacpHT1 KaK UpoMbllllfleRRblll, T8K 

H nonyqeHHhiA npa npoKanaeaaaa 6e3 AocTyna B03Ayxa cjlan&Tposan&aoll 6yMara, o6na.t~an 3Ha

'IHTen&Ho 6onee Ha3KaMH 9MHCCHOHHhiMH CBOHCTB8Ma. 8To no-BHAaMoMy1 CBRS8HO C BS8HMOAeli

CTBHeM B89!1p9HHh!X 8TOMOB C rpacpHTOM B H8rpeToll Ufl8CTaHe a o6p830B8HaeM TpyAHoneTy-

qax Kap6aAOB pellKHX 39M9flh. 

CneAyeT oTMeTHTh, 'ITO KorAa pat'ioTa roToeanac& K ne'IBTH, aaM cTana a3eecTHhi pe

syn&TaTbi -Qflb!TOB no 9MacCaH peAKaX seMen&, o6pa3y&Mb!X B T8HTanoBOll nnacTaHKe Ton-
/11/ 

maaOl"t 0,2 MM noA aellcTeaeM npo_ToaoB c aaeprael! 600 Mae • B aTHX onbiTax aa6niOaa-

nac& 6onee MeaneHHBH aMaccHR npa TeMnepaTypax, cpasaaMbiX c 881118Ma a Bbiiiie. B 

HBIIIeM cnyqae,no-BHAaMoMy 1 6onee 6b!CTpOll aMaC~HH CUoco6CTBOBBnH: Manag rny6aH8 B6HB8-

-4 /11/ 
HHII ( • 10 CM 1 B OTnaqae OT 8KTaBHUHH H8 BCIO TOlliiiHHy Ull8CTHHKH B cnyqae ) H oT-

cyTCTBHe p83pb!B8 BO BpeMeHH M9)1(!1y MOM9HTOM BH9Ap9HHSI H H8'18llOM HarpeBa B6HTb!X 8TO-

MOB. 

4. B onbiTax c racjlaaeM H3Mepeaaa npoeoaanac& aa ero H3oTonax 
ITO ITt 

HI H HI , no-

ny'I89Mh!X npa o6ny'I988H eCT9CTB9HHOI! CM&Ca a30TOnOB nacnpo3HSI HOH8MH yrnepoll8 no pe-
12 

aKuaa ( C , b) • 

Dna peracTpauaa a3oTonoe racp8aH, pacnaaaiOmaxca c acnycKBHHeM fj -'18CTHU a 

Y -nyqel!, HCnonb3oB8nCH TOpUOBhlll C'I&T'IaK fel!repa. TaK KBK UOA A9l!CTBH9M ny'!Ka ao-

ROB yrnepona H9UOCpenCTBe8HO B nn8CTHH9 H nacKe o6p8SOBhlB8nacb {J -8KTaBHbl9 UpollyK-

Tbt peaKuHft, TO KonaqecTB&HHhte H3Mepeaaa aMaccaa racp8aa 8& Morna ObiT& nposeneaM. 
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Mbi orp88a'lanaCb TOllhKO OTBoCaTenh8hlMa _a3M&pe&aHMB p8Cilp81l91l8BIIH OCa)I(!I8BBhlX 

HB .(laCE 8TOMOB r8cp88!1 9 aMaTapoBHBBbiX a3 nnacTa8blo 8 STaX 0Ub!T8X acnonD30B81lOCh Tpa 

CllOlK988biX BM9CT9 M9!1Bb!X aaCK8 C OOIIIRM OICBOM, B U&pBOM a3 ICOTOphlX ( TOnlllRBoft 2 MM) 

TOpMo3anacJo H08bl yrnepO!I81 BTOpoft ( TOilllla&oft 20 MH!Cpo8) aCUOnh30B81lCH llnll OUp&Aene&RSI 

ypOB8H B8B9J:19880ft ael!TpOBaMa {J - a y - 8KTaBHOCTa1 TpeTall ( TOiliiiHROl! T81ClKe 2Q 

Ma!Cpo8) - AnH oca~<t:tenaH aMaTaposaHHhiX a3 nnacTa8hi &TO MoB. Mae8TacjlaKauaa HI ITO 

HI ITI npoa3BoAanac& no ax nepaoAaM nonypacnaAa, a3BeCT8hiM a3 Ta6nHU. 

a 

Ha pnc. 5 npaseAe8o pacnpeAeneaae aKTRB&ocTa OA80ro a3 naoTonoe racjlaaH, oces111ero 

HB BpamaiOIIIHiiCH .[IaCKo 8To ll8HHhl9 O!IHOrO a3 Ollb!TOB, B KOTOpOM HCnOilh30Banac& UnBCTaHbl 

a3 TaHTana c npaMec&IO aao6as, 8arpeTMe AO TeMnepaTypbi 1180°C. Kax BRA8o R3 pacyna, 

nepao.(l nonycnaAB aRTeacaBHOCTH aMaCCRR COCTaBnHeT • 6 C&K, 0!1881CO 06 RCTB8BOft CKOpoc

TB SMBCCaH cyAHTh TPYA801 T.K. B aTOM onMT9 OTCyTCTBYIOT JI.88Hble 06 80COil!OTHOM BbiXOJ:Ie. 

5. nonyqeRHbl& 3KCnepRM9RT81lhHhl9 pe3yn&T8Thl ABIOT H9Uocp9ACTB98Rbtll OTB&T 88 noc

T8Bl!98Rb!A Bbtllle BOUpoc o BpeM&8a aMRCCRR R&KOTOphlX npollyKTOB !IA9pRbiX peaKuaA, B6RThlX 

B 88rpeTyiO UJI8CTH8Y 9 H n03BOJI!IIOT 38KiliO'IRTh 1 'ITO MOlK80 paCC'IaTbiB8Th 88 K08CTpyRpOBHBR9 

HOB80ro aCTO'IHaKa llllll aneJCTpOM8r8aTHOrO cenapaTopa R30TOUOB THUS • on line ' C T8KHM 

M&TO!IOM Ob!CTpOll AOCT8BKR npOll)"!:TOB HAepRblX p98KUHII RenocpellCTBeH80 B p83pB!IHyiO K8-

Mepy aCTO'IRaKa. OnacaoCTh 38Ub!ll98HB MRIIIe8R B T8KOM B8paa8Te,no-BHARMOMy9 Be B91lHIC81 

ToKo aKCUepaMeHTbl B ycnoBHBX H8111aX OUbiTOB 89 npHBOllana 38 R9CKOilhKO '18COB pa60Thl 

K K8KOMy-nHOO 38MeTROMy C8HlK9f'HIO Bh!XO!I8 npoAyKTOB HAep8biX p98KUHII 1 OOyCnOBil9880MY 

38UbtneaaeM Mallleau. BMecTe c T&M aTH pesyn&TaTbi BBJIHIOTCH Aonon8aTen&HoA a8cjlopMaua

eA 0 Aacpcpy3HH 8TOMOB B TB6p!lb!X Tenax B yCJIOBHIIX can&Rb!X p8!1R8UaORHbiX UOBp6lK,Il68RA. 

06cylK.Ilaeaae nony'I&8RMX pe3yn&TBTOB B aToM aanpasne8aa AaeTcB 8aJKe. r 

8aepraa, KOTOpyiO nonyqaeT BApO- KOR9'1Hblll npOAYKT p68KURR-B pe3ynhT8T6 CllHHRHB 

OOM68pAHPYIOIIIell '18CTHUbl C BApOM MHIII&HH, B npeAnOnOlK98HH yrnosol! H30TponaH acnycKae

MblX H3 COCT8BHoro Bllp8 Rel!Tp080B onpeA&n!leTCSI cpopMynoft; 

rAe E - aaepraa, 

A 1 A~ 
E2-EI(A + Aa) 

I 

A -MaCCOB09 'IHCil0 1 HHA61CC 

(I) 

OTHOCHTCII K OOM08pAapyiOIII9l! 

'18CTHU91 aRll9KC 2 - It KORe'I80MY npOAYKTy HA6pHoll pe8KUHH 1 BHll9KC 3 - K HAPY MHIIIeHa. 

8aepraB H080B C 
12 

B RalllaX onbiT8X nocne npOXOlK,Il6RHH UOllllOlKKa MaUJeHH COCTaBnBil8 

16 Mas, a saepraH OTAa'la npoAyETOB aaepHhiX peaKual! paBRHnac& 5,8 H 5,1 Mas cooTBeT

CTBeaao !IIlii HAep !IHCnp03HB a racpRHSio 

npooer TH*ellb!X 8TOMOB C T8KHMa H8'18llhRbiMR aHepraBMH onpe!l&llii&TCSI J:IBYMII cpaK

TOp8Ma: TOpMOlK&RaeM B pe3ynhT8T9 UOT9pb aaeprRH 88 B036ylK,Il9RHe H RORH38UHIO 8TOMOB 

7 



cpGLlbl H TOpMOlK8BHGM B peayn&TaTe ynpyrDX CTOnKHOBG.IIllil LlBYX B36HMO.ti8ICTB:YJ101ll: 8TOW8JS. 

!1apiiHMbHblil BK/1611 JCBJKL(OrO H3 3THX LlByX 38M8Jln>IIOlliHX JlBBlK8ltR8 '14CTifllbl <jlaiTOpOB ltO'I'll 

H IIOLlLlBGTCSI paC~Ty, OL(HBKO 6onee HBL(G>KHhiG Ll811Hbl8 B aTOM OT.ROW8B.H MOryT 6HTI> .Jiai

L(GHbl aa aaanorH'IBbiX aicnepRMeHTan&HbiX naHBbiX. CacTeMaTaxa npo6eroa aTOMOB npa Ta-
8 1151 

KHX H8'18/lbHblX CKOpOCTRX ( V • 10 CMIC8K ) L(88TCSI B pa6oT8 , B3 KOTOpOil cneny&T, 

'ITO rny6HH8 BHGL(p8HHSI STOMOB L(RC11p03RSI R ra~BRH C 3HGprHeil 5-6 ~aB L(0/IJKH4 COCTAB

-4 
nsrTb npx6nxaHTen&ao 10 eM. H.RTepnpeTallRR nony'leHHb!X peayn&TBTOB B paMiall: TeOp•• 

11H~Y3HR CBOLIRTCH I[ Ollp81181l8HH~ llOTOI[S JlH~yHL(Rpy&Mb!X BTOMOB '18p83 rpaHBnbl DnaCTH-

Hbi: 

rne 

ac 
J•-Dax, 

D - KO~RilRGHT LlR~~y3RH1 8 C • C (X ,I) 

(2) 

- KOH118.RTpanHR L(H~~YHJlRpyeMb!X BTO-

MOB B ll/18CTHHG1 onpenensreMSSI ypBBHGIIH8M H8KOI!Il8HHSI llH~~YHLlRpyeMoro B8lli8CTB8, KOTOP08 

B CBMOM o6rueM cnyqae CBOilRTCll K 

3A8Cb 

a. 
at 

a2. 
D---.\c+v. 

ax 2 
(3) 

A -KOHCTBHTB pBL(HOSKTRBHOro p8CII8Ll8, 8 V-llllOTHOCTb IICTO'IHRKOB o6p830B8HRR 

PBLlHOBKTHBHblX 8TOMOB. 

B HallleM cnyqae apeMll na~~yaHH sa rpaHany rrnacTHHbi cymeCTB8HHO Men&me apeMeHR 

R
2 

I -4 
JKH3HH HccnenyeMbiX llnep ( 'nacp • ·o- << T rne R • 10 CM - rny6aHa 

BHenpeHHll rrponyKTOB peaxnaa), noaToMy BTOphiM qnoHoM B ypaaneaaa (3) MOJKHO npeHe6pe'lb. 

IT pH pemeaaH ypaB!IGHHH ( 3) aeo6xonaMo y'IHTbiBaT& nBa rrepHona: rrepHoA Haxorrneaasr pallRo

aKTHBI!hiX 8TOMOB B IIOBGpXHOCTHOM CllOG llll8CTHHhl ( V .j. 0) , KOrlla OKHO B LlHCKG pacnona

raeTCSI H811pOTHB llll8CTHHbl1 H nepHOA 3MHCCRH BH8Llp8HHbiX P811H08KTHBHbiX BTOMOB ( V • 0 )1 

Korns HarpeTaSI 11/IBCTHHKB pa~nonaraeTCSI .RarrpOTHB Cll/IOlliHOil 'IBCTR AHCKBo !1ony'leHHbl8 B 

HBIIIHX OllbiT8X p8CIIpG/10HGHHSI 3MHTHpOB8HHbiX BTOMOB BO BpGMGHH 0Tp8JK8IOT BTOpofl ll8pH-

O!lo HaqanbHhie ycnoBHSI pe:ueHHR ypaBHGHHH (3): 

rne 

c(x,O)•c0 

c(x,Ol•O 

B o6naCTH 

L - TonmHHa TaHT8/IOBOil rrnacTHHhio KpaeBbiG ycnoBnH: 

c ( 0,1) • c ( L , 1) • 0 . 

< X < R 

R < x < L 

ITocTostHcTBO Haqan&noil KOII!l8B'I'panHH B o6nacTR 0 < x < R srBnseTcsr nocTaToqao xopo

WHM llpH6nHJK8HHGM 1 llOCKOilbKY B OllbiT8X HCil01lb30B8118Cb GCTGCTBGHHBSI CM8Cb MHOrHX R30-

TOilOB H80AHM8, 'ITO o6yCilOBllllO llpB6nH3HT81lbHO p8BBY~ B8pOBTBOCTb o6p830B811HR RCCil8JlyeMWX 

npoAYITOB no aceil (-1 wrp/cw
2

) Tonm•ae MBmeJIB (peayn&TST cynepnoaBIIRB 2-3-<l>yaxnuil BOI!I-

8 

6yJKA8HHll), a C/IGLlOB8TellbR0 1 p8BHOB8p0l!TH08 pacnpeneneHRe B rrpenenax AO MBKCHMBilbHOro 

npo6era nponyKTOB pGBKIIHH B T8HT8110BOil ll118CTHHG. 

Kpaeabre ycnoaas, c ( 0 , I ) • c ( L , I) • 0 , BHBnorH'IHbiG cny'IBIO JlBijl~y3HH B cpene C< 

CBH3biB810lliHMH rp8HHI18MH1 o6ycnOBil8Hbl TGM1 'ITO BaKyyM - npocTpBHCTBO 68CitOH8'1HO 60ilb• 

moil &MKOCTH. 

He ocTBHBBnaaasc& aa TO'IHOM R noBon&no TpynoeMKOM peuteauu ypaBHGHHll (3) c npH

aeneRHhlMR HB'IBilbHb!MB H Kp88Bb!MH ycnOBHHMH, OrpBHH'IHB88MCH HRlllb KB'IGCTBGHHblMH BhiBO 

ABM111 BbiT8K810lliHMH H3 aTOrO pemeHHst, 8 HMGSHO: a) OTHOIUGHHe IIOTOKOB LlH~~YHLlHpy~rnero 
L ~ 

B8lli8CTB8 H3 CllOH BHGilpGHHll B BBKYYM II B rny6HHY llllBCTHHbl npu6nH3RT811bHO pBBHO (lf) 

ToGo B SBIUGM Cnyqae np8KTH'I9CKH BCe llpOJlyKTbl peBKilHH A!IIjl~yHL(HpyroT B BBKYYM 

L 2 4 
I ( 1l l • 10 / ~ 6) cxopocTb aMHCCHH B BaKyyM H3MeasreTCll no aaxoay: 

,.2 

I -aro' 
• - e 

R 
(4) 

AnnpoKCRMaiiHR a~~:crrepHMGHTBn&HhiX naHHbiX axcrroaell!lHBnbHhiM aaxoaoM naeT 

-ll -10 2 0 
D = 10 - 10 eM leeK nnsr nacrrpo3Hll B TBHTane npH I • 1750 C. 3Ta BenH'IHHa 

cymeCTBGHHO He OT11H'I88TCll OT 3HB'IGHHA KO~~HIIHGHTOB LlH¢~y3HH LlllSI pa311H'!Hb!X BGlliGCTB 

B MeTannax npB I ., 1700°C, XOTSI B ycnOBHliX HBlliHX OllhiTOB I!M811H MGCTO p8/lH811HOHHbl8 

llOBpGJKAGHHll B nnaCTHHK8 1 o6ycnoBnGHHbiG TSIJKGilbiMH 6oM6apnapyroWHMH 'IBCTIIIIBMH H nponyK 

TBMH llllGp.RbiX p88KI1Hil1 paapylllaiOlliHMH KpHCT81111H'I&CKyiO CTpyxrypy pelliGTKH TBHTana H CliO• 

C06CTBy~lliRMB TGM CBMbiM yCKOpeHH~ LlR~Y3HH. 

B 38Kil~'I&HH8 BbiPBJK88M 6naronapHOCTb npo~eocopy r.H. <l>nepoay aa nocTBHOBKY 38-

AB'IH H llOAJlGplKXy. 
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PHc, 3, PacnpeaeneHHe OC9BillHX Ha AHCK9 STOMOB nHcnp03HH (0 - nepHOA o6pameHHH AHCK81 
T • 0,85 ceK, o - T • 3 ceK, ~ - T • 15 ceK). 
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