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B aacToSimeA: pa6oTe. npellCTaaneHbi peaynbTaTbi onbiTOB no nony'leHHIO 

HOHOB KpeMHHSI H3 nna3MeHHbiX HCTO'IHHKOB MH01'038pSIJlHbiX HOHOB C uenbiO 

ycxopeHHSI HX sa UHKnoTpoae Y -300 OH.HH. HaMH 6bJnH onpo6oaaRbi xax 

HCTO'IHHK JlnSI pa60Thl Ha 1'83006p83HhlX COellHHeHHSIX /1/, T8K H HCTO'IHHKH 

llnSI TBepllbiX aemeCTB /2,3/ 1 pa3pa60T8HHbie B na6opaTOpHH SlllepHbiX peaK-

ud OH.HH. 

1. Pa60'IHe aemecTBa JlnSI nony'leHHSI HOHOB KpeMHHSI 

B Ka'leCTBe pa60'IHX BetneCTB JlnSI 1'830p83pHilHOI'O HOHHOI'O HCTO'IHHKdl/ 

6binH HCITOnb30B8Hbl cnellyiOWHe COellHHeHHSI KpeMHHH: 

Si H MOHOCHnaH1 
4 

Si F 'leTbipex<jlTopHcTbiA: KpeMHHA:, 
4 

Si Cl 
4 

- 'leTbipexxnopHCThlA KpeMHHA. 

MoaocunaH H 'leThlpeJtCilTopHcThlA xpeMHHA: - raabi a aopMani:.HbiX yciiOBHSIX, 

'leTblpexxnopHCTbiA K~eMHHA: - HH3KOKHITHW8H >KHJlKOCT:b, Jl8BneHHe napoB KOTO

poA npu 20°C paaao "' 200 Topp. 

M oneKynhl nepe'IHCneHHhlX coeJlHHeRHA: COJlep>KaT no OJlHOMy aToMy KpeM

HHSI H8 4 8TOM8 llPYJ'HX aneMeHTOB. C TO'IKH 3peHHH OTHOCHTenbHOI'O COJlep-

>K8HHH KpeMHHSI B COeJlHHeHHH npHBneKaTenbHbl CynbcpHJlbl KpeMHHSI Sis 2 H 

S i S 1 KOTOpble 6hlnH HCITOnb30B8Hbl B Ka'leCTBe pa6o'lero BetneCTBa B 

HCTO'IHHKe C I'OpSI'IeA: pa3pSI~HOA KaMepoft /2/• 

B HCTO'IHHKe c KaTOilHbiM pacnbmesHeM pa6o'lero aemecTBa /3/ Hcnonb

aoaanHC:b nnacTHHbl aneMeHTapHoro KpeMHHH. OpHMeHeHHbie a pa6oTe aemecTBa 

Si Cl
4 

, Si H
4 

H sneMeHTapHbiA KpeMHHA: - aaBOJlCKoro npoHaBOJlCTBa. 
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1.JeTbrpex¢TopHCTbrii KpeMHR:H: rrony'lanH B na5opaTopHoii arrrrapaType rry-

TeM TepMH:'IeCKOrO pa3nO*eHH:H KpeMHe<jJTOpHCTOrO HaTpRH IIO peaKURR 

600°C 
SiF

4
+ 2NaF. 

ArrrrapaTypa COCTOHna H3 KBapueBOii 8MIIynbi C HaBeCKOH HCXOllHOrO Be

IUeCTBa ("' 20 r) 1 IIOMeiUeHHOH B aneKTpH:'IeCKOH Tpy5'18TOH IIe'IH: 1 CHCTeMb! 

BbrMopa*HBBHRH H3 .a.Byx oxna*.a.aeMbiX noByrueK, c6opHRKa rasoo5paaHoro 

rrpo.a.yKTa H <jJopBaKyyMHOro Hacoca, rro.a..a.ep*HBa~ruero B arrrrapaType .a.aBne

HRe w-1 + w-2 Topp. OT.a.enhHbie t;!8CTH ycTaHOBKH 6brnH coe.a.RHeHbl BaKyyM

Hb!MH pe3HH0Bb!MH liinaHraMH: C TpeXXOllOBb!MH Kp8H8MH:o 3neKTpoiie'lh IIHTB

naCb oT na5opaTopHoro TpaHc¢opMaTopa, KOHTponh sa rro.a.~eMoM H rro.a..a.ep

*aHHeM TeMrrepaTypbi ocyruecTBnsncSI c IIOMOIUh~ PtRh-Pt TepMorrapbi, B 

nepBo:H: noBymKe ( -80°C) npH pa6oTe oca*.a.anHch TBep.a.bre 'laCTHUbi 

H H F , ponh KOTOpbiX rrpH 

OOHOBHOM npouecce OIIHCbiBaeTCH ypaBHeHH:HMH rH.a.ponH38 

*eHHSI HecTa6HnhHO:H: H 2 Si F 6 

Si F 
4 

H paano-

3 Si F + 2 H 0 "' Si 0 + 2 H
2 

Si F
6 4 2 2 

H 2 Si F6 .. Si F 
4 

+ 2 H F . 

Bo BTopoii noBymKe ( -196°C) BbiMopa*HBancs cyxo:H: qeTbrpex<jJTopHCTblii 

KpeMHHll B BHlle 6enb!X KpHcTannOB, TipH YCTpaHeHHR oxna*.OeHHH BeiUeCTBO 

H3 TBep.a.oii <jJa3bi rrepexo.a.Hno Herrocpe.a.cTBeHHo B rasoo6pa3HbiH Si F 4 , Hc

rronbay~ruHiiCH aaTeM B .a.anhHe:H:rue:H: pa6oTe 6ea .a.ononHHTenhHbiX O'IHCTOK, 

BbiXOll Si F 4 B OIIHC8HHOM pe*HMe rrony'leHHH COCTaBnHn 95-98%, AHa-

nH3 npo.a.yKT8 H8 MaCC-CIIeKTpOMeTpe IIOK83an IIpHCyTCTBH:e B K8'1eCTBe IIpH

MeCeH HeaHa'IHTenhHbiX cne.a.oB KHcnopo.a.a. 

Si S 
" m 

) rronyqanH no MOllH¢H-

UHpOB8HHOH MeTOJJ.HKe /4/ IIpSIMb!M CHHTe30M H3 aneMeHTOB Bb!COKOH 'IHCTOTb! 

(l:Jl:J,!:JI:i%} B CIIeUHBnhHb!X llByxceKUHOHHb!X TOnCTOCTeHHbiX 8Mrrynax, H3rOTOB-

neHHblX H3 KBapueBb!X Tpy6oK JJ.HaMeTpOM 15 f- 20 MM C TOn!UHHOH CTeHKH 

2-3 MM, 

4 
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PeaKUHH Bennch c HaBecKaMH 1-3 r Ka*noro H3 aneMeHTOB B BaKyyMH

poBaHHhiX no ( 4 1- 5) , 10...,.5 TOpp CeKUHHX 3THX 8MIIyn IIpH TeMrrepaType OT 

600 no 1100°C, B 38BHCHMOCTH OT THIIa coenHHeHHH, l13 peaKUHOHHOH CMeCH 

naHHhiH cynh~Hn neperoHHncH nocne ycTpaHeHHH TOHKoll: KBapueBoil neperopon

KH BO BTOpyiD ceKUHID, H8XOnHmyiDCH npH KOMH8THOM TeMrrepaType, QqHCTKa 

neperoHKOH Benacb nn>~ Ka*noro coenHHeHHH npH cTporo co6niDnaeMoll: TeMne

paType. nocne neperoHKH ceKUHH c nponyKToM oTnaHBanacb, 

.[lHcynh~Hn KpeMHHH Si 5 2 IIOXO* H8 6ecuBeTHb!e menKOBHCTb!e HHTH, 

MOHocynh~Hn SiS npencTaBnHeT co6oll: BemecTBo *enTo-opaH*eBoro uBe

Si S 
n m Ta, nonHcynh~Hnhi OKpameHbl B p83Hb!e UBeTa, 

2, Pa6oTa HOHHhlX HCTOqHHKOB Ha CTeHne 

Pa6oqne raabi nonaBanHch B paap.HnHYID KaMepy HCToqHHKa 111 no Men

HhiM Tpy6K8M qepe3 06bi'IHhiM HI'Onb'I8Th!M BeHTHnb, Dn.II coeDHHeHHH 6bmH 

HCITOnb30B8Hbi KOpOTKHe rnnaHrH H3 BaKyyMHOH pe3HHhi, Bee TpH coenHHeHHH 

Si H 
4 

Si F 
4 

H Si Cl 
4 

) nerKo rronBepraiDTCH rHnponHay, a qeTbipex-

xnopHCTbiH KpeMHHH, KpoMe Toro, pearHpyeT CO CM83KOH B8KYYMHbiX Kp8HOB 

H pe3HHOH, OoaTOMY rrepen pa60TOH TW8TenbHO ynanHn8Cb CM83K8 H3 HI'Onb

'18TOI"O BeHTHnH. OnHaKo HeCMoTpH Ha aTo, rrpH pa6oTe c Si Cl 4 H Si H 4 

HI"Onb'I8Th!H BeHTHnb Bb!XODHn H3 CTpOH rrocne 15-20 qaCOB, 0TBepCTHe BeH

THnH aa6HBanocb, rrpHqeM Bo BpeMH pa6oThi c Si H 4 6hmH cny'laH, Korna 

Si0 2 aa6HBan OTBepCTHe DnH IIOD8'1H raaa H8 pa3pHDHOH KaMepe HCToqHHK8 

( i:tH8MeTp OTBepCTHH 2 MM) • Pe3HHOBb!e Tpy6KH, no KOTOpb!M IIpOXOnHnH ITa ph! 

Si Cl
4 

, TepHnH anacTH'IHOCTb. Pa6oTa c 'leTbipex<i>TopHCTbiM KpeMHHeM rrpo

xonHna 6ea ocno*HeHHA. 

0pH rronyqeHHH HOHOB KpeMHHH H3 cynh4JHDOB B THrenb HCTOqHHK8 C HCna

pe.H:HeM TBepnoro pa6oqero BemecTBa /2/ 6hma aarpy*eHa cMecb MOHO- H nH

cynh<i>Hna KpeMHHH C TOHKO H3Menb'leHHbiM aneMeHT8pHblM KpeMHHeM. Oocnel:tHHH 

rrpH aarpeaaHHH aaaHMoneficTByeT c 5i 5
2 

, o6paayH no peaKuHH 

Si + 5i 5 .... 2 Si 5 norronHHTenhHbie KonHqecTBa Moaocynh<i>Hna. 
2 

THrenb bbin H3I'OTOBneH H3 Hep)KaBeiDWeH CTBnH, TOnUIHHOfi CTeHKH 

0,2 MM, Docne pa60Tbl Ha cynh4JHD8X KpeMHH.II MeTann THrnH CT8HOBHnCH 

O'leHb xpyiiKHM, 
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nm1 nony'ieHHSl HOHOB KpeMHHSl B HCTO'IHHKe C K8TOilHbiM paCITbllleHHeM 

pa6o'lero semecTBa /3/ B xa'leCTBe pacnhlnsteMoro anexTpolla ucnon&aosa

nac& KpeMHHeBSSl fill8CTHH8, KOTOpag npHfi8HB8ll8Cb K MellHOMy OCHOB8HHIDo 

PaCfiblllsteM8Sl fill0lll81lb fill8CTHHbl p8BHSlll8Cb 6 X 25 MM0 TOlllliHH8 1 - 10 MMo 

B OTllH'IHe OT OfiHC8HHhlX paHee HCTO'IHHKOB /3/ 0 H8lll 6blll CH86)KeH Mexa

HH3MOM nnaBHoro nepeMemeHHst pacn&msteMoro anexTpOila s paapstll u o6paTao 

BO BpeMSI pa60Tbi. B Ka'leCTBe BCnOMoraTellbHOrO raaa HCfiOIIb30B8llCSI KCeHOB. 

PeayllbT8Tbl CTeHilOBbiX HCfibiT8HHit HCTO'IHHKOB npellCT8BIIeHbl B Ta6nuue. 

Ta!Slmla 

ToKH HOHOB KpeMHHll H3 p831IH'llH>IX pa60'lHX BemecTB 

Pa6oqee PelKHM 06mHA TOK ToK HOHOB KpeMHHll nonS! 

BemecTBO £83£llll8 HOHOB0 Ma n!! 38!;!liii,St:!1 MS ltpeMHHll 

ull Ill , a I+ 2+ 3+- 4+ 5+ 
B o6mew 

•B 
TOKe 

Si H • 750 8,3 100 I0,4 19,8 27,2 I6,6 I 
Si· Cl 4 500 7,6 I40 2 8,8 II,5 6,9 0,2 0,2 
Si F 

4 750 I2,8 I60 2,4 I4 00 I2 I,2 0,8 

SiS 
2 

+ 600 9,5 250 23,9 38,6 26,8 I6,4 2,6 0,5 
Si +SiS 

Si 620 II ISO 12,I 45,6 34,9 12,8 1,6 0,8 

HcTO'IHHKH pa6oTanH B HMnyn&CHOM pe)KHMe npu llllHTen&HOCTH HMDyn&

ca 1 MCeK H -qacToTe nosTopeHHSI 100 ru. B Ta6nuue yxaaaH&I KaK senH'IHHbi 

TOKOB KpeMHHSl no 38pS11lHOCTSIM 0 'T8K H BCero H3Blle'leHHOrO H3 HCTO'IHHK8 

HOHHOrO TOKa B HMnyn&Ce. J.10Hbl H3BIIeK8llHCb H3 9MHCCHOHHOI menH HCTO'I

HHK8 Hanpst)KeHHeM 20-25 KB. PaaMep menH y raaoBoro HCTO'IHHK8 H HCTO'I

HHK8 c xaTollHbiM pacn&meHHeM pa6o-qero semecTsa 6&m pasea 15 x 1 MM. 

nnst pa60Tbl co CMeCblO Si s 2 + Si + Si s 6&In B3SIT UHKllOTP_OHHhll HCTO'I

HHK, KOTOpblit HMen MOllH61leHOBYID pa3pstllHYID KaMepy C 9MHCCHOHHOI men&ID 

paaMepOM 14 X 2,5 MM. B H8'18lle pa60Tbl HCTO'IHHK8 C 9TOit CM9Cbl0 TeMne

paTypa THriiSI p8BHSIII8Cb 6QOUC, no Mepe p8CX01l8 semeCTBa Heo6XOilHMO 6~0 

ee noB&IlllaTb. 
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McTO'iHHK c xaTOllHbiM pacnbmeHHeM pa6o'l:ero semecTBa pa6oTan npH 

HanpsnKeHHH Ha anexTpone 1800 B, Tox Ha pacnbinseMbiii anexTpon paBeH 

2,4 a. Pac~on xpeMHHB B aTOM HCTO'IHHKe cocTaBHn 120 Mr/qac. Pacxon 

'ieTbipex«flTOpHCTOf'O KpeMHHSI B ra.SOBOM HCTO'IHHKe paBHSinCSI 0,6 CM3fMHH, 

3. Pa6oTa aa uuxnoTpoHe 

Ha UHKnoTpoae Y -300 ycxopsnHCb HOHbi Si , nony'l:eHHbie npH pa-
28 

OOTe ra30BOf'O HOHHOf'O HCTO'iHHKa C COellHHeHHHMH 
s+ 

Si Cl 
4 

Si H 
4 

Si F • 
4 

Kax H o>KH.Ilanocb, aau6onbiUHe TOKH HOHa Si Obl.IIH nony'iellbi npH Hcnonb-

aosaHHH 'l:eTbipex«PTopHcToro xpeMHHH. Bo BpeMH pa6oTbi Ha Si F 
4 

H3MepH-

s . s+ 
naCb 3aBHCHMOCTb TOKa ny'l:Ka HOHOB £ , BbJBe.lleHHOf'O H3 YCKOpHTenH, 

OT BaKyyMa B KaMepe UHKnOTpOHa, nasneHHe B KaMepe perynHpoBanOCb H3-

MeHeHHeM CKOpOCTH OTKa'iKH, flony'l:eHHaH 3aBHCHMOCTb Obina DO.IlOOHa TaKHM 
4+ 7+ 10+ 

>Ke aaBHCHMOCTSIM nns:~ HOHOB Ne Ar Zn , H3MepeHHhiM aa UHK-

JJOTpoHe Y -300 paaee /5/. 

J13MepeHhl TaKJKe 3aBHCHMOCTH TOKa HOHOB Si OT HanpSI>KeHHSI ~ pHc,la) 

H ToKa (puc, 16) pa.spsaa. Tox nyrH HnH HanpsJKeHHe nonaep>KHBanHcb noc

TOSIHHhlMH nyTeM perynHpOBKH DOllOf'peBa KaTona, 

CpenHHif TOK BbiBeneHHOf'O H3 UHKnOTpoHa Dy'l:Ka 5-aapSillHbiX HOHOB 

xpeMHHSI nocTHran 1,5 MKa. ITpHMepHbiii pe>KHM pa6oTbJ: HanpH>KeHHe paaps:~aa 

- U .ll = 650 .. 850 B, TOK pa3pH.Ila - [ .ll = 16 -< 9 a, CKBaJKHOCTb HMIIynbC

HOif pa60Tbl - 3 of 4, PaCXOll ra3a Ha UHKnOTpoHe B ODTHManbHOM pe>KHMe 

Obin paBeH 0,3 CM3/MHH, BaKyyM B KaMepe ycxopHTeng - 5, 10-6 TOpp, 

ABTOpbi C'iHT8lOT CBOHM llOnf'OM Bblp83HTb 6naronapHOCTb 8K8lleMHKY 

f,H, cJ>nepoBy 3a DOCTaHOBKY 38lla'iH H DOCTOSIHHOe BHHMaHHe K pa6oTe, MbJ 

o'l:eHb 6naronapahl B.IT. Bo'l:Hay, B.C. PoMaHoBy H C.A. CenbBHoBy 3a KOH

cynbTaUHH H noMOIIIb B npHroToBneHHH pa6o'l:HX semecTB, a TaK>Ke A.A. Eporr

KHHy 38 DOllf'OTOBKy HOHHhlX HCTO'iHHKOB K pa6oTe, 

1. A.C. naciOK, IO.n. TpeTbHKOB, C.K. rop6a'leB. A3, ~ 21 ( 1968), 

2. A.C. naciOK, E.Ll. Bopo6beB, P.H. HBaHHHKOB, B.H. KyaaeuoB, B.E. KyT
Hep, 10.n. TpeTbHKoB. A3, ~ 75 ( 1970). 
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3, IO.rr. TpeTbS!KOB, A.C. flaCIOK, n.rr. KynhKHHa, B.Jil. KyaHeuoB, A3, ~ 
423 ( 1970). 

IO.rr. TpeTbSIKOB, n.rr. KynhKHHa, B.Jil. KyaHeuoB, A.C. flac!QK, ITT3, 
Nn5, 40 { 1970), 

4. H.Gabriel, C.Alvarez-Tostodo~ J.Amer.Chem.Soc. 74,262 
(1952). W.C.Schumb, W.J.Bernard; J.Amer.Chem.Soc. 
77, 904 (1955). 

5. A.C. flac10K, IO.rr. TpeTbsrKoa, E.A. 3arep. TlpenpHHT OJiiHJil, 7-6163, 
Lly6Ha, 1971. 
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PyKonHcb nocTynHna B HanaTenbCKH~ oTaen 
24 MapTa 1972 rona. 
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PHC, 1, 3aBHCHMOCTb TOK8 llSITH38pHUHbiX HOHOB KpeMHHH: a) OT HanpH)f(e
HHSI Ha paapHn, 6) OT TOKa nyrH. 
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