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/1,2/ 
B npe.llbl.llYillHX coo6meHHSIX aToii cepuu 6b n onucaH MeTo.ll ax-

cnpeccHoro H HenpepbiBHoro XHMH"<Jecxoro aHanuaa np J.llYKTOB SUiepHbiX pe

axuuA, B KOTOpOM HCITOnb30BanOCb xnopHpOB8HHe 8TO!'.IOB OT.Il8'<JH B raao

BOA <jlaae C nocne,llyiOillHM pa3,1leneHH9M xnopHCTbiX CO:!,IlHH9HHH no IipHHilHIIY 

<jlpoHTanbHOA raaoaacop6nHOHHoii xpoMaTorpa<jluu. Bbma nony"<JeHbi naHHbie o 

noseneHuu· aneMeHTOB paanH"<JHbiX rpynn nepuonu"<Jecxoll: cucTeMbi s npouec-

ce aHanuaa. 3To nano B03M01KHOCTb paapa60TaTb HeTO,IlHKH XHMH'<J9CKOH 

H.ll9HTH<jJHK8IlHH H H3y"<JeHHSl XHMH'<JeCKHX CBOHCTB HOBhiX naneKHX TpaHcypa-

HOBblX aneMeHTOB, CHHT93HpyeMbiX B Sl.ll9pHbiX peaKUH ~X C MHOr03apSI.IlHbl-

MH HOH8MH, 

C 1968 rona nnSI OIIbiTOB ucnonbaosanacb ycTaaosxa, pa6oTaiOillaSI Ha 

BHyTpeHHeM ITY"!Ke YCKOpeHHbiX MHOroaapSUIHbiX HOHOB UHKnOTpOHa Y -300 

fla6opaTopuH SUiepHbiX peaxuuii Ol1Hl1. llponyKTbi SI.IleJHbiX npespameHHii 

B annapaType HeMe.llneHHO H Henpepb!BHO OT,IlenSinHCb OT BellleCTBa MHIIleHH 

H BBO.IlHnHCb B XHMH'<J9CKHH npouecc. DnSI 3TOro HCIIO~b30BanCSI a<jJ<jleKT OT

.Il8'<JH. nonbiTKH ocymecTsneHHSI rrouo6Horo pe1KHMa s onbiTax Ha ycxopuTe-

/3/ /4/ 
nsrx aenanucb TaK1Ke B pa6oTax PoyneHaa H Bonb<jlraHra H AMuena • 

3TH 8BT0pbl OITHCanH Cfi9UH<jJHqecKHe M9TO.IlHKH COOTBHTCTBeHHO an_q Bbl.ll9-

neHHSl H30TOITOB renHSI B. aneMeHTapHOM BH.Ile H 83C•Ta B BH.Ile OKHCnOBo 

0HH He 38.1l8BMHCb uenbiO paapa6oTa'rb yHHBepCanbHlle 3KCnpeCCHbie Me-

TO.Ilbl. 
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Cl)3ll8HHe ycTEOHJBKH unsr OllbiTOB Ha IIY'IKe UHK1IOTpoHa MHoroaapSlll-

/5/ 
Hb!X HOHOB IIOTpe5oaano peweHHSl HeKOTOpb!X 06IUHX 38ll8'1. B HaCTOSl-

IUeM coo6meHHH paccuaTpHBa10TCSl ocHOBHbie WHKUHH ycTaHOBKH, ee KOM-

IIOHOBKa H KOHCTpyKTIIBHbie OC06eHHOCTH 1 CBSl38HHbie C pa60TOR llpH IIOBbi-

WeHHbiX TeMIIepaTypa;; H C arpeCCHBHbiMH BeiUeCTB8MH Ha rry'IKe UHK110Tpo-

Ha, a T8K)Ke HeKOTOpbie 3KC11epHM9HT8nbHbie YC1IOBHSI1 KOTOpbie HMe1IH MeC

TO B Ollb!T8X 110 H3Y'I ~HHlO XHMH'IeCKHX CBOACTB 104 aneMeHTa - Kyp'laTo

/1,2/ 
BHSI 

DpouecCbi a a1111apaType 

Ha pHc.1 H3o6p~t)KeHa cxeMa a1111apaTypbi unsr xnopHpoaaHHSl H paaue

neHHR. DyHKTHpHbiMH nHHHSIMH BbilleneHbi o6nacTH H y'laCTKH raaoaoro TpaK

Ta, B KOTOpb!X OCyiUe ~TB11Sl1IHCb OllpeaeneHHbie cpH3HKO- XHMH"'eCKHe llpo

UeCCbl. Y'laCTKH, He EHOCSIIUHe BK118ll8 B 610ll)KeT apeMeHH aneMeHTapHOI'O 

SKChepHMeHTa C o6pa.30B8BWHMCSI 8TOMOM1 B CXeMY He BKlllO'IeHbl. C10ll8 

OTHOCSTCSI O'lHCTKa H HarpeB ra3a, H8ChliUeHHe OllHOI'O H3 IIOTOKOB ra3a 

xnopHll8MH -"HOCHTe1l'IMH' H T.ll. 

1. OrueneHHe paaHoaKTHBHbiX 11poayKTOB oT 

MHWeHH 

B 11epaoR o6nac·rH llpOHCXOllHT oTaeneHHe IIPOllYKTOB o6ny"'eHHSl OT 

BeiUeCTBa MHWeHH 38 C'leT 0Tll8'1H H TOpMO)KeHHe Slllep 0Tll8'1H B I'830BOM 

110-r-oKe. B peaynbTaTE' IIPOllYKTbi 11ocTy11a10T a raaoay10 cpaay llpH6nH3HTenh

-11 
HO B Te'leHHe 10 CeKyHllhl IIOC1Ie HX o6pa30B8HHSI1 'ITO HecpaBHHMO MeHb-

we BpeMeHH, He06XOll:fMOI'O Ha XHMH'leCKHA 8H81IH3. 

PaCCMOTpHM llpOUeCCbl, H8'1HH8Sl C MOMeHTa OCT8HOBKH ( TOpMO)KeHHSl) 

8TOMOB 0Tll8'1H B I'83'!• 
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BpeMSI rrpe6biBafiHSI aTOMOB B o6naCTH I-t 1 IlpH HCTHHHOM o6~eM-

HOM pacxoae raaa W 1 H IIpH YCJIOBHH, 'ITO aTOM He CTOJIKHeTCSI CO CTeH-

KOA:, 3aBHCHT JIHWb OT o6~eMa COOTBeTCTBYIOillero y'l'aCTKa. Ero He06XoaH-

Mbii!. MHHHMBJlbHbiil: p.l3Mep paBeH IlpHMepHO S f , rae S -I11Iolllaab MH-

weHH, a f -JIHHeAH biA rrpo6er Haep OTaB'I'H B raae IIpH aaHHOM LlaBJieHHH 

s f 
H TeMIIepaType. flog~'OMY t 1 > --- • - w /2/ 

B aKcrrepuMeHT~X co 104 aneMeHTOM 

.. 2 3 -2 
CM H t I 6bi;!O MeHbWe 10 C9Ko 

. 
:3TOT O~eM 6biJI paBeH 

Ecnu IIPH rrpOX•>JKaeHHH y'l'aCTKa r aTOM CTOJIKHeTCSI co CTeHKOA TpaK

Ta H ancop6upyeTCSI H8 HeA:, TO BpeMSI aecop6UHH MOJKeT 6biTb MHOrO 5o1Ib-

we ero rrepuoaa rro~rpacrraaa HJIH apeMeHH aKcrrepuMeaTa, TaK K8K npH TeM-

rrepaTypax, 3H8'1HTenbHO HHlK9 TO'I'KH KHIIeHHSI BellleCTB8 ero 8T0Mbl HJIH 

MOJieKyJihl Cop6upyiO~'CSI Ha TBepabiX TeJiaX Ilp8KTH'IeCKH He06paTHMOo 

llonsi: BTOMOB, itOTOpbie He rrpeTeprreB810T CTOJIKHOBeHHSI CO CTeHKOA 

( N t IN 
0 

)
1

, oueHHBE nacb no <iJopMyne 

rae WI -BepOS!THO~Tb IIOII8Ll8HHSI MOJieKyJibl HB CTeHKY TpaKT8 B enHHH-

Uy apeMeHH. Ee MO;KHO rrpeacTaBHTb KaK OTHOWeHHe au4J<jiy3HOHHOrO IIOTOKa 

Ha BHyTpeHHIOIO IIOB 3pXHOCTb 0Tpe3Ka TpaKTa Ll1IHHOA 1 paBHOA JIHHeAHoA 

CKOpOCTH raaa, K K•>JIH'IeCTBY BellleCTBa, IIepeHeCeHHOMY 'l'epea :3TOT 0Tpe-

30K a a eauHHUy ape MeHH ( cM. rrpunoJKeHue 1 ) • H a cymecTBYIOilleA: ycTaHoB

Ke aKcrrepuMeHTanbJIO onpe.aemmHcb aenH'IHHbl norepb ua-aa ancop6uHH Ha 

yqacTKe I anSI 24 t- a , 44 Sc , 149 Tb H 
24t:f • 0HH He npeBbiWanH 25% 

H a HHTepaane o6~E•MHoro pacxona raaa 10-20 niMHH.(anecb H HHJKe o~eM-. 
Hble paCXOabi npuBeleHbi K HOpMaJlbHbiM yCJIOBHS!M) cna60 3aBHC91IH OT 

CKOpOCTH raaa. 3KC nepHMeHTaJlbHbie H paC'IeTHbie BeJIH'I'HHbl IIOTepb npHBe

neHbl Ha puc.2. OrrpeaenHIOweil: cTanueil: B nepeHoce MoneKyn Ha cTeHKY SIBJISI-
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eTcH Jl&cl»cjly3HSI 'lepe3 norpaHH'IHbdi: naM&HapHbdi: enol!: ra••osoro noToKa, noaTo

MY DOTepH 3a C'leT 8JlCOp6IIHH TSI}Kellb!X 8TOMOB H MOne:cyn Jl0ll}I{Hbl 6b!Tb 

MeHbWe, 'IQM JlllSI nerKHX. 0TCIOJla, B 'laCTHOCTH, MO}Kl 0 yoTBep)KJlaTb, 'ITO 

~· 75% o6pa3osasw&XCSI aToMoB aneMeHTa 104 noKHJlanH y'laCTOK T 3a spe-

-2 
MSI 10 CeKyHJlblo 

II, XnopHposaHHe 

06naCTb D npeJlCT8BllSieT C06o:ii: peaKUHOHHyiO Kat-lepy, B KOTOpyJO He

npepb!BHO DO)laeTCSI XnOpHpyiOIIIHA areHT JlllSI xnopHpOBliHHSI 8TOMOB OTJla'IH, 

nocTynaiOWHX H3 o6nacTH I. 3KcnepHMeHTanbHO 6bmo .lali:JleHo JlllSI railJHHst, 

'ITO B KOHKpeTHbiX ycnOBHSIX ODbiTOB, npHM9HSIBWHXCSI I pH pa6oTe C ane

M9HTOM 104, JlllSI 3aBepweHHSI peaKUHH Tpe6yeTCSI He 6onee HeCKOllbKHX Jl9CSI'• 
/6/ 

'l'b!X .none:ii: ceKyHJlbi ; KonH'IeCTBeHHbie H3Me>peHHSI B oe nacTH 6onee KopoT-

KHX BpeMeH He MOrllH 6b!Tb BbinOllH9Hbl HS-Sa TeXHH'Ie:::KHX Tpy.llHOCTeli:. 

B TO }Ke BpeMSI paC'IeTbi, OCHOBSHHbie Ha KHHeTH'I9CKOlt TeOpHH, noKaSbJBa

IOT ( CMo npHllO}KeHHe II ) t 'ITO XllOpHpOBaHHe MO}KeT II .llTH ropaSJlO 6biCT-

pee, 'leM 3a JleCSITble JlOllH CeKyHJlbl, H MO}KHO C'IHT8Tb, 'ITO Sa BpeMSI 

npOXO}K.IleHHSI rasa 'lepes peaKIIHOHHyJO KaMepy (5 MCe!) OCHOBHSSI 'laCTb 

a TO MOB XllOpHpyeTCSI ( CM. pHC.3), 

m . X poMa TorpailJH'IeCKHe pas.neneHI! Sl 

06naCTb DI SIB.IIS19TCSI rasoxpoMaTorpailJH'IeCKO:ii: J:OllOHKO:ii:. nnHHa 

KO.IIOHKH paBHa 4 MeTpaM, .llHaMeTp - 3-4 MM. 06IIlaSI E!e DOBepXHOCTb -
. 2 3 

400-500 CM .• o6'beM - 30-50 CM • llpH o6'beMHOM pacxo)le rasa -18n/MHH 

0 
H TeMnepaTypaX 250-300 llHHe:ii:HaSI CKOpOCTb rasa B Tpy6Ke 6blna 35-55 

Mlcex, pe*HM Te~eHHSI rasa xapaxTepasosancSI 'IHcnoM Pe:ii:HOllb.llCa B HH-

Tepsane 3800-5700. 
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B o6nacTum npoucxo.aHT xpoMaTorpa~H'Iecxoe paa.aeneaue xnopu.aoa 

MHKpOKOMDOReRTOB 38 C'leT pa3nH'IHSI HX K09~HUHeRTOB pacnpe.aeneHHSI 

-m 
MeJK.ay raaoM H nosepxaocT&IO a.acop6eRTa. BpeM~ y.aeplKHBBRHSI (t R a ~11 ) 

MOnexyn B KOnOHI:e CBSI38HO CO 

-III 
npOXO.llHT 11epea KCnOHKy (t q ) 

nolKeRHe m ), rJJe Ko -o6mHA 

eft TennoTbi a.acopt)uHH Q a • 

BpeMeHeM, 38 KOTOpoe raa - HOCHTen& 
-III -m 

COOTHOWeHHeM t R • t.q K O (eM. npH-

K09~HUHeRT feHpH, SIBnSIIOmHACSI WRKUH-

TaxaSI aaBHCHMOCTb noaaonsreT onpe.aenHTb aenH'IHHY Q a uccne.aye-

MOrO COe,llHHeRHJI l!O. 9KCnepHMeRTan&RO nony'leRHbiM BenH'IHRaM t 1'1 

3TO .aaeT B03MOlKf OCT:Io HJleHTH!jJHK8UHH z ReH3BeCTHblX HyKnH.llOB nyTeM 

conocTaaneHHSI Ter:noT a.acop6UHH HnH npsrMo aenH'IHH t R O.llHOTHDRblX 

Coe,llHReHHft pa3nH1 iHhiX sneMeHTOB. C .apyroft CTOpOHhi 1 3H8HHe (H3 Re38BH-

CHMbiX ODbiTOB) Bl!nH'IHH Ha .aaHHOM a.acop6eaTe .ansr coe.aHReHHA 

paa.aensreMbiX npOJJYKTOB SlllepHhiX peaKUHA o6ner11aeT. Bbl6op ycnoauft .ansr 

HX paa.aeneRHSI. 

llpHBe.aeHHoe Bbrwe BbipalKeHHe onpe.aenSieT cpe.aaee aaa'leRHe apeMeRH 

y.aeplKHB8HHSI .ll8RHoro KOMDOHeRTa. B pean&HOft KOnOHKe BCne.aCTBHe ReH.aeaJib

ROCTH ycnOBHft (He :l.llROpO.llHOCTb DOBepXHOCTH 1 RenHReftHOCTb H30TepMbl a.acop6-

UHH, KORe'IR8SI CKOpOCTb yCT8ROBneHHSI paBHOBeCHOrO pacnpe.aeneHHSI) BCer-

.aa HMeeTCSI HeKOTopoe pacnpe.aeneaue MoneKyn no apeMeHaM y.aeplKHBBHHSI 

npHMep: paaMHBaHHe nonocbr B nposrBHTen&aoft xpoMaTorpa!jluH). KaK 

H3BeCTRO, O.llROpOHHOCTb DOBepXROCTH HeDO,llBHlKROft !jla3bi B raaOBOft XpOMa

TOrpa~HH .llOCTHraeTCSI nyTeM Hcnen&30B8HHSI lKH.llKHX COp6eHTOB1 aa!jJHKCHpo

BaHHbiX Ra HHepTf oft HaCa,llKe, HnH TBep,llblX cop6eRTOB· C MO.llH!jJHUHpOB8HHOft 

DOBepXROCTbiOo JlpH 6on&WHX o6-&eMRblX CKOpOCTSIX DOTOK8 H BbiCOKHX TeM

nepaTypax npoaeaeHHe .anHTenbRblX 9KCnepHMeHTOB C lKH.llKHMH COp6eRT8MH 

3aTpy.aHeH01 TaK {QK ReB03MOlKRO npe,llOTBpaTHTb HX DOCTeneHRblft yHOC H3 

KOnOHKH. 

171 
KaK 6hmo n :>Kaaaao paaee , MO.llH~HUHpoaaaHe noaepxaocTH ·a o6-

naCTH M MOlKR :> ocymeCTBHTb .llHHBMH'IeCKH C 'lOMOWbiO a.acop6UHH na-
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pOB 'l'aK Ha3biBaeMbiX 'HOCHTenef!:', Henpepb!BHO BBOJlHMbiX B ra30Bblf!: nOTOK. 

B Ka'leCTBe HOCHTenef!: npHMeHHnHCb xnopHCTbie C09JlHH•~HHSI 1 HM91011lHe 'l'en

nO'l'y HCnapeHHSI1 6nH3KYIO K TennoTe HCnapeHHSI BbiJlenSieMOI'O MHKpOKOMno

H9HTa. llpH STOM nosepXHOC'l'b o6naC'l'H ID OC'l'aeTCSI t.t OJlH!flHIIHpOBaHHOf!: H 

nOCTOSIHHOf!: no CBOHM COp6IIHOHHbiM CBOf!:CTBaM B Te,eH~e BCero SKCnepH-

MeHTa. 

llpH pa60'l'e C MHKpOKOnH'IeCTBaMH paJlHOSneMeHT03 BnHSIHHe aTOMOB 

aJJcop6aTa Jlpyr Ha Jlpyra He 6yJJe'l' aaMe'l'Ho cxaabiBaTbCH. Mo*HO O)KHJlaTL, 

'ITO B STHX cny'laSIX H30'l'epMa aJlCOp6IIHH 6nH3Ka K nH ief!:Hof!:. 

llpH HCCne)lOBaHHH KOpOTKO)f{HBYIIlHX HyKnHJlOB, rrony'laiOIIlHXCSI C ManbiM 

BbiXOJlOM, o6ny'leHHe MHWeHH, a, cneJlOBaTenbHO, rrpouet:Cbl XnOpHpOBaHHSI H 

pa3)leneHHSI JlOn)f{Hbl eibiTb HerrpepbiBHbiMH. lloSTOMY B Ol)naCTH ID OCyllleC'l'

BnSieTCSI sapHaH'l' !flpoH'l'anLHoro xpoMaTorpa!flH'IecKoro auanHaa. <l>poHTanL

HaSI XpOMaTOI'pa!flHSI 1103BOnHe'l' B 'IHCTOM BHJle BbiJlenHT!: nHWb OJlHH KOMI10-

HeHT1 !flpOH'l' KOTOpOI'O HMee'l' HaH60nL~yiO CKOpOCTb. ll03TOMY 11pH OTJlene

HHH 8TOMOB Kyp'laTOBHSI1 KOT0pb19 JleTeKTHpOBanHCb 110 OCKOnKaM CI10H'l'aH-

HOI'O JleneHHSI Slllep, OT OCTanbHbiX CI10HT8HHo-)lenSIIIlHXCH rrpOJlYKTOB Slllep-

Hb!X peaKIIHf!:, B o6naCTH ID 110JlJlep)f{HBanHCb ycnOBHH, 11pH KOTOpbiX: 

cpeJlHee BpeMSI rrepeHOC8 KypqaTOBHSI He JlOn)f{HO 3H8'1HTenbHO rrpe

BbiWaTb ero rrepHOJla rronypacrraJJa; 

cpeJlH99 Bp9MSI rrepeHOC8 llPYI'HX CI10HT8HHO-Jl9n5111lHXCSI H30TOnOB 

TSI)f{enbiX TpaHcypaHOBbiX s.neMeH'l'oB JlOn*HO 6biTb 6onbwe speMeHH 

SKCnepHMeH'1'8 HnH Jl0CT8TO'IHO BenHKO no cpaBHEHHIO C HX nepHOJlOM 

nonypacna)la. (J13MepeHHe BenH'IHH t R 11pOBO.CHnOCb pa3HbiMH Me

/1 6/ 
T0Jl8MH B 3aBHCHMOCTH OT CBOf!:C'l'B H30TOna H ero COeJll!HeHHf!: ' • t{To-

6bl o6ecne'IHTb 6biCTpbif!: nepeHOC 8TOMOB Kyp'laTOBHSI K Jl9TeK'l'Op8M1 npH

MeHSI9M8Sl KOnOHKif 6bina cpaBHHTenhHO KOpOTKOf!: H WHpCKOf!: C rrpaK'l'H'IeCKH 

Typ6yneHTHbiM raaoBbiM ITO'l'OKOM. B peaynbTaTe HMeeTc il HeKOTopaSI sepo

HTHOC'l'b 'npOCKOKa' niOeibiX MOneKyn 'lepe3 o6naC'l'b m , 3a C'l9'1' TOI'O, 'ITO 
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OHH ·He yene10T yllapHTioest o noeepXHOCTb xanBnnstpa. llnst Monexyn ThCl 
4 

0 ( IU ) npH 300 38 BpeMSI np<>XO)I(lleHBSI nOTOKa 'lepe3 o6naeTb ID t R • 0,12eeK 

-cu t01 -6 ) eenB'IHHa (N
1

/N
0

)u: •e Ill vno ouesxe paesa 5.10 (eM. npBl!O)I(eHHe1. 

CnelloBaTen~>Ho, ecna se y'IHTbiBaTb pallHOaKTHBHbii paenall, eepxHHI npe

llen K09cMIHUHeHT8 O'IBCTKH OT xnopHllOB 'f'SI)I(el!b!X 9l!eMeHTOB He 6ylleT 

npeBbiiiiBTb 2.10
5

, ll8)1(o eenB ax t1~1 O'leHb eenaxo no ep:eseHBIO e 

npollo~HTelibHOCTbiO Sl{enepaMeHTa. EeTeeTeeHso, lllist xopoTKO)I(HBYIIIHX 

H3DTOnOB (eM. npHl!O)I(f!HBe m ) 38 e'leT BX paenalla scMJeKTHBHbii K09cp

¢HUHeHT O'iHeTKH asa•u TenbHO npeBbiiiiaeT sTy eenB'IHHy. HanpHMep, lllist 

H30TOna 
2
UmfAm e T 1j 2 = 0,014 eex liHIIIb OllH8 eTOMBllliHOHH8SI 'iae'l'b 

llOil:lleT llO KOHU a o6na•:TH ID 1 He paenaBIIIHeb B He Yll8pHBIIIHeb 0 eTeH-

xy. 

Y'iaeTOK IV (¢an :.Tp), aanonseHHbii saeallKOI, npellH83Ha'leH lll!SI ynae-

l!HB8HHSI KpynHbiX arperaTHblX 'iae'l'Hil1 KOTOpbie no pa3HbiM npH'IHH8M MOryT 

6b!Tb B nOTOKe (eM, HH>t:e), H 1M8l!O BliHSieT H8 eyllb6y MOlleKyn, H8XOllSIIIIHXeSI 

B noTOKe • .llliHHa y'lae·~xa eoeTaBl!Sill8 B OnbiT8X 7 eM H f: paBHSil!Oeb 

-2 
2.10 eex. llnst ero xapaKTepHeTHKH npHBelleM pae'ieTHbie ll8HHbie llliSI 

-ru 1 rv 
Monexyn ThCl, : (N I ~r ) • e IV "' •0,7, T,e. 70% Monexyn eoo6me ae 

.. . t 0 IV 

eT8liKHB810TeSI e noBepXHOeTbiO. 

IV. D.eTeK'IHpoeaHHe H ynaenueaaae ne'f'Y'IHX npollyKTOB 

Y'laeTKH V , VI , VII stBl!SIIOTest lleTeKTHPYIOIIIHMH. HaMepeHHe Mal!biX 

KOliH'IeeTB P8llH08KTHBHbiX Slllep B ropst'ieM ra30BOM nOTOKe npellCT8Bl!SieT 

el!O)I(HyiO 38ll8'1Y 1 KOT<•PYIO npHXOllHTeSI peiiia'l'b B K8)1(ll0M OTllellbHOM eny

qae oeo6o. 

llnst perHeTpaUHII oexonxoe lleneHHSI 104 sneMeHTa sa y'laeTxe V 
/2/ 

npHMeHMHeb el!!OllSIHble lleTeKTOpbi , IlpH pa6oTe e llOllrO)I(HBYIIIBMH B3Q-

TOnaMH, HMeiOIIIHMH llpyrol BHll p8llH08KTHBHOrO paenall81 BenOllb30B8l!Oeb 

ynaen&easHe sa XHMH'IeeKHX ¢HllbTpax ( y'laeTOK VI ) HnH )l(e 38XB8T 
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H30TOD8 KOHJl9HCaTOM l!lOCHTenSI (y'laCTOK VU ) • HanpaMep, H30'l'ODhl, 

ra!jlHHSI H3BneKanacb R3 ra3oBoro nOTOKa Ha KPHCT.snnax KCl a NaCI , 

H30TODbl HH06HSI OnpeJlenSUIHCb P8llHOM9TpH'IeCKH B K·>HJl9HCaTe NbC1 5 

nocne HaKonneHRSI B Te'leHae HeKOToporo BpeMeHR. 

KorJla JleTeK'l'HpOB8HHe nepeaocaMoro ra30BhiM IO'l'OKOM R30Tona npo-
• 

HCXOJlHT HenOCp9JlC'l'B9HHO BO BpeMSI 0Dbl'l'81 JlOnSI 3ap :li'HCTpRpOB8HHbiX 8K

TOB p8CD8Jl8 STOI'O H30TOD8 npR npO'IHX p8BHbiX ycn03RSIX 38BRCHT 0'1' 06~eM

HOI cKopocTH ra3a (eM. npanoJKeHae IV ). B sKcne>RMeHTax co 104 sne

MeHTOM o6~eMHbii paCXOJl I'838 ( • 18 n/MHH) 6bin 6nH30K K ODTRM8nbHQ-

MY• 

Bee ODRC8HHhl9 Y'I8CTKH Tp8KTa DOJlJl9pJKHB8nHCl· npH DOCTOSIHHOI 'l'eM-

0 0 
nepaType (250 , 300 ) • 11cKniO'IeHHeM SIBnSieTCSI y'lacroK YU , KO'l'Ophll cny-

JKHn JlnSI KOHJl9HC8URH HOCHTenel R H8XOJlHnCSI npR KO~H8'l'HOI 'l'eMnepaType. 

113 R3nOJK9HHOI'O Bhlllle BRJlH01 'ITO napaMeTphl YC'l'8HOBKH H pelKRM pa-

60'l'bl B3SITbl T8KRMH 1 'IT06hl Bp9MSI nepeHOCa aTOMS K Jl9T9KTOpy Onpe)lenSI-

nOCb npaKTH'I9CKR BpeMeHeM YJl9PJKHBaHHSI: ri + tli +~~ + ·f • t III 
III ' IV R 

-III - . · 
6narOJl8pS1 TOMy, 'ITO t R "' t to >> t I + t II + t lV • 

AnnapaTypa 

Ha pHc.4 DOK838H o6UIHI nnaH - CXeMa SKCDepHM9HTanbHOI ycTaHOB-

/5/ 
JI:H. 0CHOBHOI 'laC'l'biO STOI'O KOMnneKCa smnSieTCSI 'IIJ:06HHK' , COnpSIJKeH-

Hbii c ycKopaTeneM Y-300. TiynbT JlHCT8HUHOHHoro yrpaBneHHSI npo6HHKOM 

pa3M9UianCSI 3a 6HOnOI'H'I9CKOI 3aUIHTOA Ha paCCTOSIHii H • 15 MeTpOB •. 

Ha nynbTe HMenHCb 6noKH sneKTponHTaHHSI, per:rnHpOBKR H KOH'l'ponH 

'l'9MDepaTypbi1 pa3BOJlKH ra3a H H3M9p9HHSI JlaBn9HHA B pa3HbiX TO'IKaX an-
• . ' 

napaTyphi, a TaKJKe 6noK KOHTponSI 3a KOHUeHTpauaeA xnopapy10wero area-

Ta. Pa60'IHI I'a3 (a30'l') B SKCnepHM9HTaX HCDOnb30BanCSI ·OJlHOKp8THO. 

113 6aTapeH 6annoaoB 25 'lepe3 TPY~KY c MeTanna'leCKHM KanbUHeM 24 npa 
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Pac.4. nna&-cxe >18 XHMH'Iecxoll annapaTyphl, pa60T8JOUlell Ha BHy'l'peHHeM ny'l
xe uaxn<Y.·poHa MHor03apH.IlHhlX HOHOB Y-800, 1 - M&Wellb a xonnex
'l'op; 2 - ICOMMYHHK81lHH; 3 - ll6TeK'I'Opbl H COCYII AnSI JCOIU IC81lHH 
xnop&AOB 4 - wnJOG; 5 - xaMepa uaxnoTpoHa; 6 - ~aHen; 1 - yn
no'I'H&'I'em.&hle cam.nxa; 8 - napa4>aH; 9 - llOIIBHlKHaH Ten€.lKKa; 
10 - H8R)l8BnHJOUlHe WTOXH; 11 - 'l6pBHit; 12 - snex'l'pOMOTOp; 
13-15 - 'IIOIIBOIIHIIIH6 ra30Bhle KOMMYHHit81lHH; 16-17 - O'I'BOIIHIIIH6 ra-
30Bhle KOM~HHK81l&H; 18 - 6&onor&'I6Cit8H 3811lHT8; 19 - ra30Bhlli 
a&anaaa'l'·>p; 20 - 4>Hm.Tp; 21 - BeHT&nHilHH; 22 - noaywxa, oxnalK
AaeMaH li.HilltHM aaoToM; 23 - cjl&n&Tp; 24 - cocy11 c Me'l'ann&'lecx&M 
Kam.uaeM; 25 - 6aTapeH 6annoRoB c raaoo6pa3HhlM aaOTOMj 26 - pac

npeAenaoreilbHbiii maT, 
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0 
TeMnepaType 200 H nosywKy 22, Oltna>KAa9MY10 >KHAKHI4 a30'l'OM0 raa no-

C'l'ynan sa pacnpeAenaTellbHbiA IIlH'l' 26 & oTTyAa san)lasnsrncH no sec

KOm.K&M KOMMYHHKall&HM B yCT&BOBKy. Csa6>KeHHe ce~~H ra30BbiX n&HRil 

18-15 Ha npo6HHKe H3 06Ulero HCTO'lHHKa &CKniO'lano B03MO>KHOC'l'b &3MeHe

HR51 sanpasneHHH TOKa raaa B n1060M &3 Tpy6onpoBOAOB npH sapywen& pe

>KHMa pa60Tblo 0co6eHHO HeAonyCTHMO npoH&KHOBeHK'e r aaa, COAep>KaUlero 

ltnOpHAbl, H3 K8Mepbl ltnOpHpOB8HH51 B npoCTpaHCTBO 38 Jv'HWeHbiO, TaK K&K np& 

paAHOn&3e xnopHAOB o6paayiO'l'C51 HeneTy'lHe npOAYKTbl, KO'l'Opble, oca>KAaHCb 

Sa MHWeSH, npenSI'l'CTBylO'l' BblneTy 51Aep OTAa'l& B raa. KpoMe Toro, 803-

MO>KHO paapywes&e MHW9HH noA AeilC'l'BHeM xnop&pyiOIIlliX areHTOBo 

06pa6oTaHHblil: raa BbiXOAHn H3 npo6HHKa 'l'OnJ:oKO no ABYM K&HanaM 16, 

17 • 0cSOBHa51 'l&C'l'b ero nocne npOXO>KAeHHSI nosyWKH tnOpHAHbiX HOCHTeneit 

8 Bb16paCbiBanaCb 'lepea ~HnJ:o'l'p 20 B BeSTHnHilHIO, a H~6om.wa51 AOnH 

(0,5 n/MHH) nocTynana B asanHaaTop 19 AnH onpeAeneHHH COAep>K&HHH xno

PHAOB - HOCHTeneil:. 

Ha p&c.5a noKaaaHbi paapeabi Toil: 'laCTH npo6HHK9., rAe paaMelllaiOTCSI 

paCCMOTpeHHbie Bb!We Y'IBC'l'KH I H n • KoMMYHHK8IlHI! npono>KeHbl B Tene 

MBCCHBBOA A9'1'8nH 1, Sa KO'l'Opoit Kpen51'1'C51 MHW9Hb 2, JWnneK'l'Op HOHHOrO 

'l'OK8 8, TennOC'beMiiHK 4, 'l'OHK8SI aniOMHHHeBa51 ~om.ra 5, orpaHH'lHBBIOIIlaSI 

no rny6Hse o6'beM AnSI TOpMo>KeHHSI aToMos O'l'Aa'IH (y'laCTOK 1). Bee. 9TH 

'laC'l'H 3aKpbi'l'bl repMeTH'IeCKHM KO>KyXOM 6. LlnSI npon:(CK8HH51 ily'!:Ka qac

'l'Hil a KO>Kyxe npocaepnesa peweTKa o6w&M paaMepoM 10 x 20 MM c AHaMeT-

2 
poM O'l'BepC'l'Hil B 1,5 MM; HX 0611laSI nnomaAb pasHa . ., 1,1 CM • t{ T06bl OT-

A9n&'l'b BHyTpeHHHil: 06'beM npo6SHKa 0'1' BaKJYMHOrO 06'beMa KaMepbi IlHKno

TpoBa, 9'1'0 "OKKO' B KO>KyXe 3aKpbiTO aniOMHHHeBOii ~0 lbroit 'l'OniilHHOit 9MK, 

KO'l'Opasr npHxne&sanacb H repMeTH3Hposa:tacb no o6oly c noMOIIlbiO nonH

Mepsoro KneSI. ~onneKTop HOHHoro Toxa npeACTasnsrn =o6oA TaHTanosyiO 

nnaCTHHKY B He601IbWOM BBKYYMHOM 06'beMe, KOTOpb!A AnSI O'l'Ka'IKH 'lepe3 

Tpy6Ky COeAHHSinC51 C o6'beMOM IlHKnOTpOSa. 4T06bi yMeHhWHTb BbiAenesll:e Ten-
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118 B H3011Hp0B8HHOA T8HT81IOBOA D118CTHHe K0111IeKTOpa, KOTOpoe MO)KeT JlOCTH

raTb 40 B8TT1 D8Jl8IOIUHA Ha K0111IeKTOp Dy'IOK OC11861ISUICSI B 10 pa3 TeD110C'heM

HbiM 9KpaHOM 4, HME!IOIUHM OTBepCTHSI JlHSMeTpOM 0,5 MM. 3Kp8H H8XOJlHTCSI B 

TeD110BOM KOHT8KTe C JleT8nbiO 1. !9xcnepHMeHT81lbHO' nposepSUIOCb, 'ITO K09¢l

cpHilHeHT ocna6neHH.5' ny'IK8 COOTBeTCTByeT COOTHOIUeHHIO pa3MepOB OTBepCTHA 

B peiUeTKe MHIUeHH H B 9Kp8He. Y C110BHSI 0DbiT8 npe.ll'hSIB1IS11lH
0 

BbiCOKHe Tpe6osa

HHSI K TepMH'IeCKO:Il: II p8JlH8IlHOHHO:Il: yCTO:Il:'IHBOCTH MHIUeHe:ll:, B Ka'ieCTBe KOTO

pbiX DpHMeHSI1IHCb C1IOH OKHC110B1 HaHeCeHHbiX H8 6-9 MK 81IIOMHHHeBbie 

/8 9/ 
cpOnbrH MeTOJl8MH 1 ODHCBHHbiMH B pa60T8X ' • T01IIUHH8 C1IOSI Be-

IUeCTB8 Ha MHIUeJISIX MeHSI118Cb B 38BHCHMOCTH OT Be1IH'IHHbl npo6era 

H3Y'I8eMbiX SIJlep OTJl8'1H H H8XOJlH118Cb B npeJle118X 0, 7-1,5 Mr/cM2 • MH-
O 

IUeHb 06JlYB8118Cb r,l30M, HMeiOIUHM TeMnepaTypy 280-300 • LlnSI HarpeBBHHSI 

2 0 
2 CM 9 MK 81IIOMHIIHeBO:Il: cponbrH OT 300 JlO TeMnepaTypbl D118B1leHHSI 81110-

0 12 
MHHHSI ( 660 ) Tpe6) ·eTC 51"' 0,4 Kan. B TO )Ke BpeMSI DpH np.OXO)KJleHHH 10 

HOHOB 
22 Ne B CeKyHJlY C SHeprHe:ll: 115 Mas 'lepe3 MHIUeHb B He:ll: BbiJle1ISI

eTCSI OK0110 OJlHO:Il: K8110pHH B ceKYHJlY• llo OileHKe, 38 C'leT ny'leHcnycxa

HHSI H TeD1I006MeHa C 0Kpy)K810IUHM ra30M B YC1IOBHSIX ODbiT8 MO)KeT 6biTb 

OTBeJleHO He 6011e11 30% BbiJle1IHBIUeAcSI 9HeprHH. t:fT06bi CHSITb TeD110 C no

MOIUbiO TeD110DpOBOJJHOCTH, MHIUeHb 38)KHM8118Cb Me)KJlY JlBYMSI npHIU11HifloaaH

HbiMH peiUeTK8MH ( J iH8MeTp OTBepCTH:Il: 1,5 MM) 1 H3rOTOB1IeHHbiMH H3 MeJlH 

H1IH cnnasos aniOMH iHSI. Bbi6Hpag MaTepHan KacceTbi, KpoMe TennonposoJl

HOCTH, npHXOJlH110Cb Y'iHTbiB8Tb ero XHMH'IeCKYIO CTO:Il:KOCTb B yC110BHSIX 

ODbiTa. llpH DOBbiiU€HHOA TeMnepaType B DpHCyTCTBHH C1IeJlOB KHC110p0Jl8 

( • 1 %) H 3H8'1HTe1II•HOA HOHH38UHH raaa DOJl Jlei!:CTBHeM 6oM68pJlHpyiOIUHX 

5 
'18CTHU (10 nap HCHOB H8 OJlHY ycKopeHHYIO '18CTHilY1 npoiUeJliUYIO 'lepe3 

830T, 0MioiB810IUHA II!HIUeHb) ny'IIUe ·JlpyrHX 3apeKOMeHJlOB811 ce6SI Jl10p81IIO

MHHHA, KOTOpbiA HM 3e~ cpaBHHTe1lbHO 601IbiUYIO TeD110DpOBOJlHOCTb H B OT-

1IH'IHe OT MeJlH 38M 3THO He OKHC11SieTCSI. t:{ T06bi o6ecne'IHTb Heo6XOJlHMYIO 

TeMD~;!paTypy BHyTpi!HHe:ll: '18CTH JleT81IH 1, B Hee 6bl11 BMOHTHpOB8H 91leK

TpoHarpeaaTe1Ib 12. 
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.Lln.H npe,llOXp8H9HHSI MHW9HH OT B03MOJKHhiX nepen8.1lO:I .llSBneHHSI 06'b-

9Mbl 14 H 13, p8cnonoJKeHHble 38 MHweH&IO H nepe.ll Hell: ( 10 XO.IlY ny'IK8), 

coo6W810TCSI MeJK.IlY co6oA. B o6'beM 13 no OT.Ilen&aoll: Tp~·6xe 21 no.llaB8n

CSI H93H8'1HTen&Hblll: 06'heM 830'1'8 • 0,2 n/MHH, T.e. •1% 0611ero p8CXO.Il8, 

'IT06bl npe.llOTBp8THTb npOHHKHOB9HHe r838 H3 06'beM8 1,4 II 06'beM 13, 

H8 pHc.56 H306p8JKeH8 '18CTb npo6HHKa, OTBe'I810W8.51 :''18CTK8M n H m. 
f830-8.1lCOp6UHOHHblll: Tp8KT BbiDOnHeH B BH.Ile BKn8.1lb1WeH 16 H3 pa3nH'IHbiX 

M8TepH8nOB (cTeKno, KB8pU, Te~OH H ap.), repM9TH'I9CKi BCT8BnSIBWHXCSI 

s MeTannH'IeCKYIO Tpy6xy 15. H8 pHCYHKe oaaospeMeHHO noxa3aHa MeTan

n&'l:ecxa.H Tpy6Ka 17, HCnOn&3yeM8SI anSI noa8'1H OCHOBHOr 0 noTOKa 'IHCTo

ro 830Ta B npoCTpaHCTBO 38 MHW9Hbl0 14, Oo KOHCTpyKTHBHbiM coo6paJKe

HHSIM oaa 6bma pa3MemeHa s 6onee w&poxoll: Tpy6xe 18, r peaHa3Ha'leHHoll: 

anSI Tp8HCnOpTHpOBKH n8p0B HOCHTenell: H3 COCyaa C KpHCTannaMH XnOpHaOB 

B pe8KUHOHHYIO KaMepy 19 (o6naCTb U ) , rae rrpOHCXOaHn<, xnopHpOB8HHe 

8TOMOB OTaa'I.H. 

113 scero r838, rrocTyn810IUero s peaKUHOHHYIO K8Mef'Y, 85% rronaaano 

s Hee no Tpy6xe 17 qepe3 o6'heM 14, a 15% - no Tpy6xe 18 H xaHan8M 20, 

MHHYSI o6'beM 14 • 

.LlH8MeTp peaKUHOHHOll: K8Mepb1 6hln paBeH 6 MM, ra30Bblll: IIOTOK B 

3 
aToM MecTe X8p8KTepH30B8nc.H 'l:HcnoM Peli:HOn&.llC8 3.10 • TeMnepaTyp8 

B KOMMYHHK8UHSIX noaaepJKHBan8Cb C IIOMOlUbiO 

ro HenocpeaCTBeHHO H8 Tpy6KH. 

H8rpesa~en.H, HaMoTaHHo-

H8 pHCyHKe OTMe'leHhl TO'I.KH, B KOTOpbiX rrpOBOaHriCs KOHTpOn& 38 

TeMnep8TypOll: B XO.Ile 9KCnepHMeHT8. H8H6on&wee OTKnOHeHHe TeMnep8TY

pb1 no Tp8KTY OT cpe,llHero 3H8'1.eHHSI COCTaBnMO _:t 15° • E nHSIHHe H3MeHe

HHSI HHTeHCHBHOCTH ny'I.K8 ycxopeHHbiX HOHOB H8 TeMnep8Typy ra38, nocTy

n810IUero B peaKUHOtf:HYIO KaMepy, KOMneHCHpOBanOCb H3MelleHHeM HanpSDKe

HHSI Ha anexTpOH8rpes8Tene 12. B pe3yn&TaTe TeMnepaTypa s peaKUHOHHoll: 

' 50 KaMepe no.llaepJKHBanaCb C TO'IHOCTbiO + • 
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PHc.5a. Paapea ocHOBHbiX 'laCTeA ycTaHOBKH: a) 1 - MaccHBBaSI MeTanllB
'lecKaSI aeTarb; 2 - MHmeHb; 3 - xonneKTop; 4 - Tennoc~eMBhll 
SKpaH; 5 - C rpaHH'IHBaiOWaSI 4Jonbl"a; 6 - KOlKyX; 7 - KaHan ,llnSI 
UHpKynSIUHH BOahl; 8 - ynnOTBeBHe; 9 - OTBepC'l'He anSI OTKa'IKH 
xonnexTopuoro o6beMa; 10 - Tpy6xa anSI no.lla'IH raaa B o6~eM 
13; 11 - KO:llcyx, orpaHH'IHBaiOWHA KonneKTOpBbiA o6~eM; 12 - uar
peBaTenb; 1~ - o6~eM nepea MHmeHbiO; 14 - o6~eM aa MHmeHbiOj 
15 - raao-a,~:cop6UHOHBbiA TpaxT; 16 - acTaaxa; 17 - noaaoaSI
maSI KOMMYHF.KaUHSI; 18 - KOMMYHHKaUHSI anSI noaaoaa raaa, HaChl ... 
meuuoro xnopHaaMH; 19 - peaxuHOHHaSI xaMepa; 20 - xauanbi anSI 
noaa'IH xnopF.aoa a xaMepy 19. 
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Pac.5CS. 21 - KaCSem., coell&BSDOIIUIA KonneK'I'op 3 c aaMep&TeneM 'I'OKa; 

22 - BH9p'I'B8SI B8CaliK8 0 23 - Cocyll C XBMB"'SCUM COpfeB'I'OM 
( HIICJ , KCI ) ; 24 - cocy11 11n" B&CI>llllSBBSI raaa xno >Bll&MH; 
25 - cnm11a; 26 - K&Mepa llnH ll9'1'9K'I'opos; 27 - cocy11 lliiH oroo
pa npoiSI>l 88 8B8nB30 28 - K&Mepa llnH B38BMOA9AC'I'BRH xnopBAOB 
co cnaproM; 29 - 'l'pyiSKa AnSI O'I'BOAa raaa, coAepJKalller o HCI ; 
30 - 'l'pYISKa AOH OOA&"'B Dapoa cnBp'l'a; 31 - Me'l'&niiB"'S:KBA 
yrom.BBK; 32 - ynnO'I'BSIIOIIlASI BPOJUUIAKa; 33 - aaJKBMB&II raAKa; 
34 - DOABOAliiiiB8 npOBOA8 AIIH DB'I'&BBH B&rpeB&'I'enH 12; 35 - Bo
AlJHOA 'I'SDIIOC'beMKI>lA !IKpaa; 36 - 'l'epMOn&pl>l AIISI H3M9!eBKH 'I'SM
nepa"l'ypl>l lle'l'&nB B p&3HI>IX 'I'O"'K8X KOMMYBBK811RA 0 37- H8rpesa
'1'9nB; 38 - raea11o .IIIIH 'l'epMonap~>~; 39 - cocy.11 11ns KOJ~eacaiiHH 
lUiopR.IIOB. 
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B Ka'leCTB9 BKIIa.QbiW9f!: B o6naCTH W 6binH HCnOlJ&30BaHbl Tpy6KH H3 

T9cjliiOHa BHyTp9HHHM .QHaM9TpOM 3 MM, H3 CT9Kna H H9p)KaB9101Il9f!: CTanH, 

.QHaM9TpOM 3,5-4 MH. 06'b9MHblf!: paCXO.Q raaa, paB!fblf!: 18 n/MHH, y.QoBn9T

BOpgn Tp960BaHH9M K CKOpOCTH nOTOKa B pa60'I9M npoCTpaHCTB9 B p9aK

UHOHHOf!: KaM9p9, BbiXO.QHOf!: TpyfiK9 H .QalJ&I!I9 no TpaKTY• • 

ITpH TIOCT09HHOM BXO.QHOM .QaBn9HHH CKOpOCTb I"a3a B Tpy6K9 .QaHHOI"O 

.QHaM9Tpa MO)KHO YB•!nH'IH'I!b nHW& 3a C'19T CHH)K9HH9 Bb!XO.QHOI"O .QasneHHRo 

11MeeTC9 MaKCHMYM CKOpOCTH I"a3a npH TaK H83b!Ba9MOM KpHTH'I9CKOM Bbl

/10/ 
XO.QHOM .QaBn9HHH I' ) , KOTOp09 .Qng Tpy6oK, npHM9H9BWHXC9 B OTibi-

Kp 

TaX ( CM, pHC.6), 6n!i3KO K 0,25 aT a. IT pH TaKOM 3Ha'I9HHH nHH9f!:Hag CKO-

poCTb raaa 6y.Q9T B .,}Q pa3 60lJ&W9 .QOCTHI"HyTbiX B HaWHX SKCn9pHM9HTaX, 

'ITO .QaCT B03MO)KHOC Tb HCCn9.QOBAb H30TOnbi C 91Il9 6on9e KOpOTKHM n9pHo

.QOM nonypacna.Qa, 'lf!M H3y'la9Mbif!: H30Ton 104 an9M9HTa (.Qo 10-
3 

C9K). 

Ha pHc.56 CX9MaTH'I9CKH H306pa)K9H pa3p93 OCTanbHOf!: 'laCTH 'npo6-

HHKa'. CIO.Qa BXO.QRT o6nacTb IV c XHMH'I9CKH HH9pTHof!: aaca.QKof!: t H .Q9-

T9KTHPYIOIIlH9 yanbi : o6nacTH TpaxTa V , VI , VII ) • 3.Q9Cb )1(9 noxaaa-

Hbi ycTpOHCTBa .QnR HaCbiiil9HH9 raaa napaMH xnopH.QOB H .Qml onp9.Q9n9HH9 

HX KOHU9HTpaUHH B ~OTOK9o 

<I>HnbTp, aanonH9HHbif!: HH9pTHof!: Haca.QKOA 22, !jlHn&Tp H3 NaCI 23, 

/6/ 
HCnonb3Y9Mbif!: .QnR >.9MOCOp6UHH XnOpH.QOB ra<lJHHR , H ·yCTpOf!:CTBO .Qng 

/2/ 
HaCbiiil9HH9 raaa xncpHLiaMH 24 6bmH onHcaHbi paH99 • TaM *·9 .QaHa 

noLip06Ha9 xapaKT9pliCTHKa CniOLIRHbiX Ll9T9KTOpOB 25. 3LI9Cb Cn9.QY9T Ll0-

6aBHT&, 'ITO, Kp0M9 B9nH'IHHbl 3a3opa M9)KL1Y CniO.QRHblMH nnaCTHHaMH, KO

Topag BnHR9T Ha I"90M9TpH'I9CKYIO aq,<lJ9KTHBHOCTb p9I"HCTpaUHH OCKOnKOB, 

cym9CTB9HHbiMH gsn:IIOTCR H LIPYI"H9 napaM9Tpbi xaM9pbi 26, Tax, LIOnR 

aTOMOB 104 Sn9M9H1 a, pacna.QaiO!IlHXCR B KaM9p9 .Q9T9KTOpOB, 3aBHCHT OT 

o6'h9Ma H T9Mn9paT)pbi• (eM. npHnmK9HH9 IV ). 06'h9M xaM9p B onbiTax 

3 
6bin 430 HnR 720 C!v , <I>H3HKO-XHMH'I9CKH9 ycnOBHR B KaM9p9 ITOLILI9p)KHBa-

nHCb T8KHMH, 'IT06bi 06!IlRf!: KOS4Jq,HUH9HT f9HpH Ling XnOpRLIOB, HM9101IlHX 
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TennOTy HCDapeHHSI, ·)nH~KYIO DO BenH'IBHe K TennOTe BCnapeHBSI xnopHll8 

-v 
HfCI 4 , Mano oTnH·Ianc.sr OT ellHHHUbl, T.e. t R -BpeM.sr ylleP*HBaHHSI 

9THX MOneKyn B COCylle npaKTH'IeCKB paBHO BpeMeHB npOXO)KlleHHSI 1'838 t: • 
3tjlcpeKTHBHOCTb perH<:Tp8UHH ( f/>) DOD8BWBX B CniOllY OCKOnKOB 6bin8 6n&3-

Ka K 0,9. Te'leHHe r i3a xapaKTepH30Banocb 'IBcnoM Peil:HonbllCa, paB-

HbiM .. 400 • B Ta6nuue 1 llaHa pac'leTHa.sr aaBHCHMOCTb llOIIB (Nv/Nntf») aa-

perHcTpHpoBaHHbiX a~'OMOB 104 sneMeHT8 OT 06'beMa K8Mepb1 V 'V • .Qng 

paC'IeTOB B3SITO: f/> = ),9. 

0,4 ceK {eM. npHno>t<eH&e 

..Jli ..JV V 0 
tR +tFI= 1 ceK. K 0 = 1, T = 573 K H T 1; 2 = 

3 
VV CM ·lOO 

.2,7 

IV ). 

Ta6nHua 1 

500 

13,6 

600 700 800 

14,4 14,9 15,2 15,9 

Cne}lOBaTenbHO B ODbiTaX perHCTpHpOBanoCb nHWb 13-15% CHHTe3B

pOB8HHblX aTOMOB 104 sneMeHTa, nonaBWHX B o6nacTb UI • B ll8HHbiX ycno-

BHSIX 9'1'8 BenH'IHHa finH3K8 K M8KCBM8nbHO B03M0)KH0il:o 

llo KOnH'IeCTBy H pacnpeJleneHHIO y - H a -8KTHBHbiX B30TODOB 

Cf , Sc , Na .I llp.) BllOnb HH)I{Heil: H BepxHeil: nnacTHH lle'I'eKTopa 

onpeJleneHO, 'ITO OKCnO 1% H30TODOB, ll810WHX HeneTy'IBe XnOpHJlbl 0 BCe )Ke 

DOD81l810T B K8Mepy JleTeKTOpOB Ha asp030nbHbiX '18CTHUaX. Pa3Mep '18CTHU 

HMeeT llH8MeTp OKOll 0 12 MKo 

06pa30B8HHe a 3p030neil: B I'830BOM DOTOKe MO)KeT 6biTb CBSI38HO C 

B38HMOQeil:CTBHeM napOB xnopHilOB C KHCnOpOllOM, DpHCyTCTBYIOIIlBM B 83Q-

/ll/ 0 
Te. B pa6oTe IIOK838HO, 'ITO npB 300 CKOpOCTb B38BMOJleil:CTBHSI na-

poB NbCJ 5 C KHCllOPOilOM npH o6pa30B8HHH HeneTy'IHX npollyKTOB JlQ-

BOnbHO BbiCOKa. 
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Kos~HUHeHT au~aHH qacTHU Taxux paaMepoa O'I9Hb Man 
-8 2 

( • 3.10 CM /cex)·, nOSTOMY B o6naCTH llJ OHH npaKTH"eCKH He aoCTHI'SIOT 

cTeHKH aa apeM.s~ npoxo*aeHH.si raaa oT peaxuuoHHoA xarv epbi ao aeTexTo

poa. 3THM MO)KHO 06'&CHHTb , 'ITO 9KCnepHMeHT8nbHO Hai aeHHbie K09~HUB

eHTbl O'IHCTKH OT xnopHaOB naHTSHHaOB H 8KTHHHaOB (pai3Hble 100) , 3H8'1H-
5 

TenbHO OTnH'I8IOTC51 OT paC'IeTil:biX BenH'IHH (2.10 ) , ynOH.s!HyTbiX BbiWe. 

Ha puc.56 noxaaaHa TSK)Ke 'IBCTb ycTpoAcTaa an.s~ ·iHanuaa raaa Ha 

coaep*aHue xnopuaoa. B xaMepy 28 nocTynana He6onbWli51 'IBCTb raaoaoro 

noToxa (0,5 niMHH), H no Tpy6xe 30 Tyaa noaaaanacb CTpy.s~ aaoTa 

(0,2 n/MHH), HaCbiiUeHHoro napaMH STunoaoro cnupTa. Xnopuabi-HOCHTenH 
/12/ 

paanaraiOTC.si cnupTaMH • PaaHoo6pa3Hbie npoAyKTbi ~a KaMepbi no 

Tpy6xe 29 oTaoaunucb B 6ap6oTep c aoaoA, H nornomaeua.s~ a HeM con.s~Ha.s~ 

xucnoTa OTTHTpOBbiBanacb meno'lbiO. PeaynbTSTbi aHanua :t cornacyiOTC.si c 

OnpeaeneHHeM KOHUBHTp8UHH apyi'HMH MeToaaMH. 

OnucaHHa.s~ aaecb annapaTypa npHMeH.smacb an.s~ Hell pepbiBHbiX sxcne

PHMeHTOB anuTenbHOCTbiO ao 70 'lacoa. llpu aTOM He Ha6niOaanocb npuaHa

xoa XHMH'IeCKOA KOpp03HH MHWeHH, KonH'IeCTBO HeneTy'IIIX npoayKTOB1 OT

nO)KeHHbiX H8 cniOa.IIHbiX aeTeKTOpax, 6binO cyiUeCTB9HHO HH)K9 onaCHOI'O 
2 

npeaena, COCTSBn.IIIOIUei'O 1 MI'/CM , YcT8HOBK8 M0)1{9T, 0'19BHaH01 npHMe-

H.IITbC.II He TOnbKO t:~n.ll paaaeneHH.II xnopuaoa, Ho H an.s~ coeauHeHHA apyroA 

XBMH'IecxoA npupoahi, ecnu TonbKO OHH aocTaTO'IHO 6bic~·po o6paayiOTC51 npu 

B38HMOaeACTBHH 8TOMOB OTaa'IH C noaxoa.IIIUHMH I'83~06pa3HbiMH areHTSMHo 

B aaxniO'IeHHe C'IHTaeM CBOHM npH.IITHbiM aonroM EbipaaHTb rny6oxy10 

6naroaapHOCTb 'lneHy-xoppecnoHaeHTy AH CCCP r.H.<t>n~poay aa noCTO.IIH

HbiA HHTepec H noaAeP*KY npH BbinOnHeHHH pa60Tbl1 KOH:TpyKTOpaM l1.B.Ko

necoay H f.M.ConOBb9BOA 38 nOMOIUb npH KOHCTpyHpOB8iHH YCTSHOBKH • . 

23 



BbiBOllbl 

1. 0nHcaHbl npHIIUHn pa60'I'bl H KOJICTP:fK'I'HBHb18 OC06eHHOCTH XHMH"'ec

KOA annapaTypbi, pa6<~asweA Ha BHyTpeHJieM OY"'K8 UHXnOTpOHa MHOr03a

PSW.Hb!X HOHOB. 

2. PaccMOTpeHb pe)KHMbl pa60Thl H cjluauxo-XHMH"'ecxue ycnosug_, HMes

wHe MeCTO B pa6oTaX no H3y"'eHH~ XHMH"'eCXHX CBOAC'I'B 194 aneMeHTa -

xyp"'a'I'OBHSI. 

llpHnO)KeHHe 

BepoSITHOC'I'b ( ~~ ) nonallaHHSI Monexynbi aa cTeHxy TpaxTa s ellHHHUY 

speMeHH MO)KHO npellC:'I'aBH'I'b KaK O'I'HOWeHHe JlHcjJcjlyaHOHHOro OO'I'OXa Ha BHy'I'

peHH~~ nosepXHOC'I'b KaHana llnHHOA, paBHOA nyTH, npOAlleHHOMY ra30M B 

ellHHHUY BpeMeJIH 1 K J:OnHveCTBY BelileC'I'Ba, nepeHeCeHHOMY "'epe3 S'I'O'I' O'I'

pe30K Tpy6KH aa ellHIIHuy BpeMeHHo ,UnSI KpyrnoA Tpy6KH: 

we 

D /10/ 
3lleCb k q -xoacjJcjJHUIIeHT Macconepella'IH ( k q• ---) 8 -Ton-

BRT 
wHHa ycnosHoro norp9HH"'Horo naMHHapHoro cnoSI, D- xoacjJcjJHuHeHT l1Hcjl-

4D ) cjlyaHH. 0TC~lla w • ·-- • t.{Hcno aTOMOB ( N t , ewe HH paay He xoc-
Bd 

HyBWHXCSI C'I'eHKH "'epe3 cexyHll, 6ylleT: 

.UnSI pallHOaKTHBHbiX t TO MOB a To Bbipa*eHHe, O"'eBHllHO, npHMeT BHll: 

40 
-( """Fd+A) t q 

Nt=N 0 e 
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CneayeT OTMeTHTb, ~To senH~HHa -
1
- = _!!..- cpeaHee speMSI, Heo6xo-

w 4D 

aHMOe Monexyne, ~To6bl aocTH~ nosepxHOCTH TpaxTa. 

nnSI OlleHKH 

/10,18/ 
pa>KeHHSI 

8 HCDOnb30BanHCb cneLiyiOmHe nonys MDHpH~eCKHe Bbl-

nnSI Typ6yneHTHOrO DOTOK8 B Tpy6Ke 5e3 H8C8L1KH: 

8- 43,5 d Re -o.e Sc -0,3 
H 

s Tpy6xe c HacaaxoA 

rae a - OTHOWeHHe DOBepXHOCTH HacaaKH K ee o&beMy 0 d S SKBHBa-

neHTHblA aHaMeTp HacaaxH, Sc -KpHTepHA illMHaTao 

a npH 

nnSI naMHH8pHOrO DOTOK8 B Tpy6Ke 6e3 H8C8L1KH: 

npH ycnOBHH 

Re Sc 
d 
fj 

ReSc 

>100 

d 

8 
< 10 d 

8=---. 
3. 66 

8 = 0,93 d Re - 1/3 Sc -th, 

nnSI cocyaoB C npSIMOyrOnbHbiM Ce~eHHeM 6e3 H8C8!.KH anSI rpy6oA 

OlleHKH MO>KHO HCDOnb30B8Tb ypaBHeHHe: 

8=Sd 
-o,&3 Sc 1, 2 

Re Sc 

8 SKCnepHMeHT8X OTHOW9HHe KOHil9HTp81lHH xnopupyomero areHT8 K 

15 
KOHil9HTp81lHH 8TOMOB OTaB'IH 6blnO paBHO •10 • npH Tal:HX ycnOBHSIX 6H-
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MonexyngpHOe B3aH~oaeftCTBHe noaq&HHeTCH ~OpMan&HO KHHeT&qeCKOMY aa

KOHy peaKilHH nepBOI'O nopgaKa, H CpeaHee apeMH B3aHMOaeftCTBHH. ( t.,) 
MO>KHO Bbipa3HTb qE !pea KOHCTaHTY peaKilHH nepBOI'O nopsaxa: t • _l_ • --~-, 

z kl k2'1z 

( k 2 - KOHCTaHTa f;HMonexyngpHoA peaxuuu, n ., '-xonaqecTao Monexyn 
3 

xnopupyiOmero areE Ta B CM ) , Llons He BCTYDHBIUHX B peaKUHIO HCXOaHbiX 

aTOMOB ann Monexyn aa apeMH t 6yaeT pasHa: 

. ·-E*/RT 
R

0 
= exp(-P~u e n.,t ), 

rae u -ceqeHue coyaapeHHs, 

OTHOCHTen&HaH CKOJtOCTb MOnexyn, E • -sHepras aKTHsauuH, 

u -cpeaHss 

R, -qacno 

paa&Kanoa, He BCTynHBIUHX B peaKilHIO, 

t -apeMH. 

R 0 -HaqanbHoe qacno paauxanoa, 

171 
Kax yxaablaanocb paHee , xnopupoaaHue aTOMOB OTaaqu napaMH 

NbCl 5 MO>KHO npeacTaBHTb xax MHorocTyneHqaTyiO peaKUHIO. Ka>Kaas 

cTyneHb 6yaeT HBHSITbCH peaxuuea cao6oaHoro paauxana ( T.e. aToMa unu 

HeHaCbiiUeHHoro xnopuaa) c Monexynoa Nb Cl 5 , a xoTopoA paapbiBaeTcs 

oaHa HHH HeCKOHbKC• CBH3eft Nb-C] , H OaHH HHH HeCKOHbKO BTOMOB xno

pa npucoeauHHIOTCH K paauxany. Peaxuuu Tax oro Tuna aon>KHbi HMeTb ue-
/14/ 

6on&myiO SHepi'HIO ~ KTHBallHH, KOTOpyiO MO>KHO rpy6o OUeHHTb B cny-

qae SK30TepMHqeCK•>ft peaKilHH no ypaBHeHHIO: 

E• 11,5 - 0,25 ( L\ H ) , 

a a cnyqae SHaoTe~MuqecxoA peaxuuu: 

E* 11,5 + 0,75(!\ H). 
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Ha oueaox ~ennosoro s~x~a qe~hlpex c~yneaeA peaxuH~ xnopHpOBaHHB 

a~oMa rafiiHBB, cnellye~, q~o HaHMeHbWBA sxa~epMHqecx~A sf1141ex~ HMee~ 

nocnellHBB cTyneHb: 

(HfC1
3

) + ( Nb CJ
5 

)-+(HfCl" )+(Nb Cl
4

) 

CnelloBaTen&ao, s~a cTyneHb peaKUHH xnopsposaHHB BBnieTcg speMgonpelle-

muomeAo .nng aee nonyqeHbi pacqeTHbie xpHBbie R 1/R 0 oT llnB H30Tona 

171 Hf o llpH pacqeTax 6bmo npHHBTO, qTo cTepsqecx&A fllax~op pasea ellH-

-lt3 [( MHtc13 1/s MNbC1 11! 21141 
HHUe, a u=l,39ol0 • ) +( ~ ] , rile M Hf Cl H 

3 
p NbCl S 

3 
M Nb c15 - MonexyngpHbie seca, a p HfCl ,.5 r/cM H 

3 

p HfC1
3 

3 
;1 Hf Cl -2,75r/CM o 

5 

KoaueaTpauHB napoB nBTHxnopHcToro HH06HB npHHBTa pEBHoA 0,2 MM pT.CT, 

( CM, pHC,3) o 

flpHnO>KeHHe fii 

B nepsoM npH6nH)I(eHHH MO>KHO cqHTaTb, q~o B Typl)yneHTHoA aoae raa 

llBH>KeTCB C fiOCTOBRHOA fiO BCeMy ceqeHHIO CKOpOCTbiO, f. B naMHHapHOM 

norpaHHqHoM cnoe cxopocTb ero pasHa ayn10, cnelloBaT•lnbHo, Monexyna 

nepeMemae~cg BllOnb TpaxTa, nHIIlb HaXOilBCb s Typ6ynearaoA aoae noToxa, 

CpellHee BpeMg, KOTopoe ORa npoBelleT B Tpy6xe llnHHOA L • MO>KHO aa-

BHC8Tb ! 

(1) 

llepsoe cnaraeMoe noxaahlsaeT, cxon&xo speMeHH Monex:rna llOn>KHa aaxo

llHTbCB B fiOilBH>KHOA ~yp6yneH~HOA 30He, qTo6bi npeOilO<IeTb paCCTOBHHe, 

pasaoe L • 3To speMB gsnge~cg cno>KHOA fllyaxuHeA or o6'beMHoro pac-
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f: 

FtL 
XOil8: t • - , rile F t -nonepe'IH09 Ce'le&He Typ6yneHTHOI 30Hhl, 38-

t w 
BHC.HIIlee OT W • 

BTopoe cn8r8eMoe eCTb cpell&ee epeMH HaXO*IleHHH Monexynhl B no

rpaHH'IHOM cnoe. O'leBHilHO, 'ITO 6ylleT BMeTb Mecro cooTuoweue t /t f 
Ft /Ft. Ft -nonepe'IHOe ce'leuue norp8HH"'HOro naMHHapuoro enos. TpeT&e cn8-

r8eMoe p8BHO apeNeHH, IIpOBOilHMOMY MOnexynol B 81lCOp6BpOB8HHOM COC

TOHHHH. 38 epeM!I Hpe6lti&AHK!I a naMHH8pHOM. norpaHH"'HOM cnoe ( 9CnB Ton

WHH8 ero npeeltiWanT C8060ilHbii npo6er Monexynhl) Monexyna M&oroxpaTHO 

YllapHeTCSI 0 CTeHK~' H nyCTb Ka*llhll pa3 3all9P*HBaeTCH H8 Bel 38 C"'eT 

allcop611HH. TioaTOMI" .t • = n r , rile n -cpell&ee "'BCno yllapoe o CTesxy, 

a r -BpeMH lleCOJ61lHH. 

~peHKenb IIOK338n, 'ITO 

HHI Monexynbi no aopManH x 

1 o~/R715/ 
r"" --· e , rile y -'l8CTOTa xone68-

y 
noeepXHOCTH. H3 KHHeTH"'ecxol TeopBH ra30B 

:; RT 1/2 
cne.AyeT, 'ITO ll • -;f ( 

2 
rt M ) t • TipHHBMaH, "'TO S -IIOB9pXHOC'I'b TpaK-

T8 llnHuol L V - o6'&eM n8MHHapuoro norpaHH'IHoro cnoH ( Ft L ), t -

BpeMSI npe6biB8HHH MOnexynhl B naMHHapBOM cnoe (t t> R -r830BaH no-

CTOSIHHaH, M -MollexyngpHbii sec, nony"'HM xons'leCTBO Yll8pOB Monexynhl 

o noeepxHoc'l'b xam:nngpa 38 epeMH t t · 

TiollCT8Bn.HH e•:e paccMoTpeHHbie eenH'IHHbi B ypaeHeuHe ( 1) H y'IBThl-

ea.H, 'ITO L ( F t + F t ) "' V 0 , T.e. ceo6ollHOMY o6'&eMy xonoHXH, nony'IHM: 

(2) 

H3eecTuo, 'ITO H3o1·epMa allcop611HH MO*eT 6hl'l'b 3anHC8Ha e BHile: N • = 
RT 1/2 1 oa/1'\'!'/115/ 

• N ( -) - e 31leCb N • -'lscno Monexyn, allcop6apoeauHhlX 0 2rrM y ' 
3 3 

ua 1 CM noeepxuoc:TH' H 1\ -"'acno Monexyn allcop68T8 B 1 CM ra3a, 

TOrll8 lln.H KpaTKOC'I H ciJopMyny (2) MO*HO 38DHC8Tb t R • tO K O t rile 
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cpe.llaee speMH npoxo>K.QeHBs xamrnngpa raaoM, ae cop6apy10"':' 

DlRMCH sa nosepxHOCTR, R K 
0 

- o6Dl&A xoscM~a llHeHT reap& 

-
_s_,_N. K0 • 1 + 
V0 Nq 

llpano>KeHae IV 

Ha .QeTeKTRPYIODleM y'laCTKe ( V , eM. pac.l ) 6y.lleT pacna.llaT&C11 oT 

06Ulero 'IHCna (N Ill ) 8TOMOB, IIOCTyiiHBWRX B XpOM8TOrpacfJH'IeCKYIO xonoa-

xy (y'laCTOX m ) • .QOn11 (N vI N III ) • COCT8Bn11IODl8H senR'IHHY: 

In IV -'V 
- A c t + t R l -A t R 

NV /Nm • e R (1-e ) , 

_Ill -1v V Ill + V IV 
r.Qe t R +tR -

-v -~ 
Wo 

xe, t R 
Wo 

- speM11 

- speMs y.llep>KRB8HR11 J.tonexynbi aa xonoa-

y.llep>KRB8HRH MoneKynbi Hil .lleTeK'I'HPYIODleM 

T0 P1 
v 1 .. \ 1 ---'-- K 1 T p 0 I 

' 0 

y'lacTxe~ V In , VIV ; V V - IIpHBe.lleHHble ol51.eMbi: 

T1 -a15coniOTHas TeMnepaTypa H P 1 -.llaaneaae sa 

y'lacTxe TpaxTa, W 0 -o151.eMHbiA pacxo.ll raaa npa sop ~o~an&HbiX ycnosasx 

( T 0 , P 0 ) • llpo.llHcfJcfJepeauaposas yxaaaaaoe Bbipa>Kell ae no W 
0 

a npa

pasass nepsyiO npOH3BO.IlHyiO aynro, nerxo nony'IR'I'b BbiJla>Keaae .Qng onTH-

Man&aoro o6~eMaoro pacxo.lla W max ) raaa: 

A v v 

w - ---------~------IIIGZ In ( 1 + vy 
VIII +VIV 

npa XOTOpOM .llonH .ll9TeXTHpyiODlHXCH aTOMOP 6y.lleT MaJ:CRMan&HOio 
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