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BaeneHHe 

nocneLJ.HHe rOLJ.hl X8p8KTepH3yiOTC51 B XHMHH IllHpOKHM IIpHMeHeHiteM MeTOLJ.OB HOH006MeH

HOll XpOM8TOrpad.JHH Ll.J151 p83LJ.eJleHH51 CJlO)KHbiX CMeCeit SJleMeHTOB. 3TH MeTOLl.hl 06J18LJ.810T ue-

Jlb!M pSILJ.OM cywecTBeHHblX IIpeu;MyWeCTB IIO cpaaHeHHIO C KJ18CCH"'eCKHMH MeTOLJ.8MH 8HSJ1HTH

"'eCKOit XHMHII: .B03MO)KH0CTb 3<fJ<fJeKTHBHOrO p83LJ.eJleHIISI SJleMeHTOB, Kp8l!:He 6J1H3KHX no CBOHM 

XIIMH"'8CKHM CBOitCTB8M ( H8IIpHMep, pe.nK03eMeilbHbiX HJlH TpSHCypSHOBbiX sneM8HTOB) 1 6biCTpOTS 

11 "'HCTOTa pa3neneHHSI CJlO)KHhiX CMecel!:, yno6cTao pa6oThi c ynbTpaMSilhiMH KOilH"'eCTBSMH ane

MeHTQB B M81IhiX o6oe11.rax H T.LJ.. 

Onaol!: H3 Hau6onee Tpy noeMKHX onepauul!: np.n: pa6oTe Ha HOHoo6MeHHOit KonoHKe (a a cny

"'Be p8LJ.H08KTIIBHb!X npen~8TOB - H p8LJ.H8UHOHHOOII8CHOit) 51B1l51eTCSI OT6op <fJp8KUHH SJ1108T8 H 

aH81IH3 HX aa conep)KaHue Toro unu HHoro sneMeHTa. OnHChiBaeMhiit 3LJ.ecb npH6op H npenaa3-

HaqaeTcSI Ll.JlSI 8BTOM8TH38Uiflf 8THX TpynoeMKHX onep8UHit B "18CTHOM C1IY"!Se XpOMSTOrpa<fJH"!e

CKOrO p83LJ.eneHHSI p8LJ.H08KTHBHb!X peLJ.K03eM8JlbHhiX SlleMeHTOB 6e3 HOCHTeneit • .0LJ.H8KO nyTeM 

BeCbM8 HeCJlO)I{HbiX MOLJ.H<fJHKSUHH OH MO)KeT 6hiTb I1pHCIIOC06neH K peWeHHIO uenoro' pHLJ.8 .apy-

1.1. npHHUHII LJ.el!:CTBH51 

5noK-cxeMa xpoMaToMaTa rrpencTaaneHa Ha pHc. 1. KarrnH H3 KonOHKH Ll.ilSI xpoMaTorpa

<Pu"!ecKoro pa3LJ.eneHUSI co6npS!OTC51 H8 8JliOMHHHeByiO JleHTY TOJlillHHOit 30-40 MK II illllpiiHOll 

40 MM, fleHT8 C K8TYWKH I10CJleLJ.OB8TeilbHO I1pOXOLJ.HT qepe3· illT8MII 1 .aeTeKTOp K8IIJ1H 1 rie'lb il: 

CBHHUOBYIO 38WHTY 1 B KOTOpyiO riOMeWeH CUHHTHJlilHUHOHHb!il. C'leT'IHK, fleHT8 rrepeMewaeTCH CHH

XpOHHbiM LJ.BHrSTeneM rrocpeLJ.CTBCiM M8X8HH"'eCKoro ripHBOLJ.8 C <fJpHKUHOHHb!M CU8IIJ18HH8M H 3y6-

'18TOH rrepena'Il'I, 3anycK llBii)K8HH51 J18HTbl rrpOHCXOllHT OT HMriYJlbC81 Bbi3BSHHOrO ri8ll8IOWeA 

K8I1J18H B <fJoTO"'yBCTBUTeJlbHOM LJ.8T8KTOpe, JlBH)K8HHe npeKp8ill88TCH MMKpOBb!Kll!O'ISTeneM, CBH-

3 8HHhiM C TSI"HYWHM i18HTY p01IHKOM, Pacc.T051HHe M8)KllY K8I1J1HMH HS neHTe COCTSBilSieT l 16 MM. 

BpeM51 OT MOMeHT8 II8LJ.8HIIH K8II1IH H8 1I8HTY llO Bh!XOLJ.8 ee lf3 XpOMSTOM8T8 p8BH0 TpeM nepuo

LJ.8M K8I18HHSI, 3anac JleHTbl H8 K8TylllK8 COCT8BJ1HeT 140 M 1 'ITO COOTB8TC"t:ByeT {300 K8IIJ151M, 

illT8MI1 II8"18T88T H8 1l8HT8 IIOpHLJ.KOBb!8 HOMepa, 'ITO .aaeT B03M0)KHOCTb HlleHTH<fJHUHpOB8Tb 

K8II1IH IIO XpOM8TOrp8MMe, II Bblll8BJ1HB88T B lleHTe nyHKH llilH ilY"'Illell <fJHKC8UHH K8II1IH, JleTeK

TOp K8II1IH BbiH8CeH 38 38IJilllnTHhifi nneKCHrnaCOBbil!: sl(paH, TaKSSI KOHCTPYICUH51 H301IHpyeT xpOMa

Torpa<fJH"'eCKYIO K01IOHKY C HaHeCeHHOH H8 Hee P8llH08KTHBHOCTb!O OT H3MepHT81IbHOA '18CTH n'pH-

' 6opa H npencTaanSieT nonay10 cao6ony B Bhi6ope <PopMbi H pa3Mepa K01IOHKH, Kanns .aeTeKTH

pyeTCH <fJoTOCOI1pOTHB1IeHHeM 1 OCB8W8HHbiM HeOHOBOA JlSMIIO'IKOit, ne"'b npellH83HS"!aeTC51 

ll1IH BbiCYillHBSHHH KSI181Ib II B Clly'lae OTCyTCTBHH He06X:OllHMOCTH B STOM M0)1{8T 6biTb nerKO 

CHHTa. Yi3M8p11Te1IeM p8LJ.H0Et;(THBHOCTH SIB1IH8TC51 CUIIHTII1I1IHUIIOHHh!it C"!eT"'IIK1 ITOMei.UeflHhiA B 

CBIIHUOBOit- 38WHT8, ·co CTOpOHhl XpOM8TOrpa<fJH'I8CK·O·H K01IOHK.H, 51B1IH!Oill8ACSI rnaBHb!M HCT,O"'HH

KbM H3ilY"'eHHH1 IIOCTSB1I8HS ll068BO'IHSH CBIIHUOBSH CTeHK8, llieneaoA p83LJ.Bif)KHOit K01IJ1HMSTOp 

naeT B03MO)KHOCTb cornacoaaTb "'yacTBHTenbHOcTb npH6opa c aKTimaocTbiO Kanenb, XpoMaTo-
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rp8MM8 38DHebiB88TeH H.!l Jl*e~:~}tTOM/!~'leeKOI"O eaMODHI.llyWero fiOT8HUHOM8Tp8 3Qn...()9 B 
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noraptupMH'leeKOM MaewTa6e,c~tSllaronapg npHMeHeHHIO norapH¢MH'lee"Koro HHTerpaTopa; 

VlaTerpaTop HMeeT nsa nHanaaoHa 10-10
4 

HMn/eeK H 10
2 - 10

5 
HMn/eeK. _Ka2KnaH naTasr 

K8DJ1SI 0TM9'{8eTeH H8 J19HT9 eaMORHe•ta MeTKOft, 'ITO 3H8'lHTeJlbHO ynpowaeT HneHTH¢HK8UHIO 

,ltpoMaTorpaMMbi, 

..nna nepenBH2KeHHH neHTbl npHMeHeH eHHXpOHHhtft nBHI"8T9Jlb C.Ll-09 e eHeTeMO}l weeTepaeft, 

n"EuoweA soaMo.>KHoeTb s HY2KHhtx npenenax MeHHTb eKopoeTb nsa.>KeHH~ neHT&I. Ha KHHeMaTK'Ie

eKoA cxeMe_ (pRe. 2) yKaaaa nRanaaoa H3MeaeHHH eKopoeTell • .LlsHrilTenb spawaeTea aenpepblaao. 

YnpaaneaRe nsR.>K8HReM neaTh! oeyweeTsneao e noMOWbiO euenneHHH sKruo'laeMoro -pene. TaKaSI 

KOHeTpyKURH naeT B03MO.>KHOeTb cywecTBeHHO yMeHbWHTb HHepUHIO eHCT9Mbl. npuso.a e_JienneHHSI 

ocyweeTaneH e· noMOWbiO. nsyx p&t'laros 'J'SKRM o6~aaoM, q:ro OHO ~utniO'I8eTCSI, K.orna pene aa

xonRTCSI non TOKOM, BKJ110'19HH8 CUenJleHRSI npouexonRT non H82KRMOM npylKKHbl, 

2. __ s:;xeMa XQOM8TOM8T8 

2,1, ,QeTeKTOp JSSnnR ( pHC, 3) 

Kanna nanaeT Ha aniOMRHHesyiO neHTY qepea aaWHTHyiO sopoaKy H npepb1B89T eseTOBQll 

ny'lOK oT aeoaosoll naMno'lKH MH-5, nanaiOwaR aa ¢oToeoapoTusiteaue ci>C~Kl. naneaRe Kannu 

Bhi3&IB8eT s uenR ¢oToeoJipOTRBJleHHSI RMnynbC ·ToKa, BopoHKa s&monaaeT ponb aawKThi nereK

Topa K8RJ1H OT 381"pH3H9HHH panR08KTHBHOCTbiO, B CJly'lae Heo6xonRMOCTR ee MO.>KHO nerKO 

CHSITb H npOMbiTb, 

.... 
.,... 

2.2. Yc'lnuTenb (pRe. 3) 

Ha axon ycHnRTenR nonaeTeSI oTpauaTenbH&IIl RMnyni:!C. qaeTOTHaH xapaKTErpReTRKa ycanR

Tena nono6paaa TSK, 'IT06bi He YCHJ1HB8Tb JlO.>KHbiX 6&teTpbiX HMnynbeos, B?3HHK8IOWRX npH nepe

KJ110'l9HHSIX pene exeMhl H MenneHHbiX H3M8H9HHil H8DpSI.>K9HHH, Bbi3B8HHbiX R3M9H9HH8M BH8UIHero 

ocaeweaHJI neTeKTopa •. Ha s&txone yeHnHTena nnH. yMeabWeHRH s&txonaoro eonpoTRaneHRH no

CTasneH KaTOnHhiA fiOBT0pHT9Jlb, 

2.3. AsTOMaT (pRe. 4) 

YeRneHHhiA OTpRuaTenbH&IIl RMnynbC, B&taSaHH&IIl naneaHeM xannH, aanyexaeT TpHrrep, co6-

paHH&dl HA naM:ne 6 H 3 n. B eOCTOSIHHH no KOSI neeaa nonoBHHa n8'Mnbl OTitpbiTa, TaK KSK 'lepea 

KOHT8KT pene Pl - 1 Ha ceTKY nonaeTCH. nono2KHTenbeoe aanpRmeaHe, Korna TpHrrep cpa6aTbi

eaeT, KOHT8KT Pl-1 n_epeKniO'laeT nesy10 eeTKY aa UIHHY aeMnH, a aa npaay10 eeTKy 'lepea KoH-

1'aKT Pl-2 non.aeTeH nonomHTenbeoe aanpR:li<eaHe e aapH2KeHaoro KoaneacaTopa eMKOCTbiO 2 M¢, 

TpHrrep B03Bp8THTCH B Hexonaoe eoCTOHHH8 TOJlbKO Torna, KOrna KOHneHC8TOp B 2 M¢ paap~ 

ziHTesi 'lepes conpoTRsneaHe 260 KoM, T,e. npHMepao <~epea 0,5 eeK. 

Pene 1 sKniO'laeT 'lepea KOHTaKT Pl-3 pane .2. KoaTaKT P2-2 paaMbiKaeTeR H BKniO<~aeT 

cuenne.HHe, neaTa H8"18J18 naR:lK9HH9, Uenb nHT8HHSI pene 2 38Mb1K89TCH Tenepb "'epe3 KOHT8KT 

P2-J H MHKpOBhiKJliO"'8T9Jlb. (pue,3),. TaK K8K WeCTepHSI e Kyna'lKOM, H8:lKHM8IOWHM ero, nosepHy 

naeb (pRe, 2), Pene 2 npononmaeT pa6oTSTb na2Ke noene Toro, KaK "'epea 0,5 eeK TpHrrep 
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sepHe,TCH B HCXOLlHOe COCTOHHHe. Yepea KOHT8KT P2-3 aapsnKaeTCH KOHLleHC8TOp 30 Mr:}:J, UOLlLlep

)l{HB810lllHH Ha CeTKe .THp8TpOHa Tr-J 0,1/0,3 OTpHU8TenbHOe H8DpH)l{eHHe, 8 qepe3 KOHT8KT 

P2-4 aaps~aeTCH KOuneHCaTop 30 Mr:}:l B SHone THpaTpoHa. ToK a o6MOTKe pene 2 npeKpamaeT

cs, Korna KY118'10K Hll)l{MeT H8 MHKp0BbiK1110'18Tenb~ Torna 38MbiK8eTCH naCCHBHblll KOHT8KT 
I 

P2-2 H cuenneHHe oTK1110'18eTcs. KoHTSKTbi P2-3 u P2-4 paaMbiKSJOTCH u a ceTO'IHoA uenH THpa-

l'poHa paaps)i{aeTcs KoaneHCSTOp· 30 Mcp~ CnycTR HeKoTopb!A upoMe)i{yToK ape-MeHH ,onpenenge

Mblll nepeMeHHhiM. conpoTHBn~HHeM 120. KoM, THpaTpoH aa)l{HraeTCH H KOHLleHcaTop aHonHo~ uenn 

TitpaTRoHa paapH)l{aeTCH qepea o6MoTKy pene 3. ·KoHT&KT P3-1 BKniO'ISeT o6MOTKH sneKTpoMar

HHTa wTaMna H B neHTe BbiLlSBnHBaeTCH oqepenHoe 'IHCno u nyHKa. He6onblll8H aanep)KJ<:a, ocy

mecTBnHeMaH npnMeHeHHeM uenH THp8TpOH8 1 Hy)KH8 LlliSI TOro,_ 'IT06bl BbiLl8BllHB8HHe 'IHCll8 H 

nyHKH gpoHcxonnno TonbKO nocne nonHoro ·npeKpameHHH LlBH)KeHHSI neHTbi. KoHTSKT P3-2 aany

CKaeT pene TC. Pene TC 38MhiK8eT CBoll KOHTSKT qepea KS)I(Llble nHTb BKllJO'IeHnA, 'ITO coOTBeT

CTByeT Ka)KnoA nsToA nyHKeaa neHT,e xpoMaToMaTa. Yepea KOHTaKTbi TC-1 " P2-5 KOpoTKo 

38MbiKaeTcs BXO.ll caMonnmymero noTeHuHoMeTpa. TaKHM cnoco6oM Ha xpoMaTorpaMMy HallocsrTcsr 

MeTKH DpH H3MepeHHH K8)J(LlOA UHTOA K8fillH. 

BMecTo cnrHana OT KarinH cxeMy MO,?KHO aanycTHTb T8K)Ke H8)1(8THeM KIJODKH "nycK". TyM-

6nepoM "BKllJO'IeHne ·cuenneHnH' MO)KHO 'npunaTb neHTe HenpepblBHoe LlBH)KeHne. 3TH nepeKnJO'Ie

HHH HY)J(Hbl ZlllSI 38pSillKH xpOM8TOM8T8 HOBblM aanaCOM anJOMHHHeeoA neHTbl. TyM6nep "aKnJOqe

HHe llBHTS'Tensr" naeT B03MO)KHOCTb OTKlliO'IHTb Lllt.HT8Tenb BO apeMSI nporpesa CXeMhl_ HllH B ne-' 

pepb!Be onbiTa. 

2.4. Kaaan aanncn 'IRena RMnynbCoB 

....... 
Ha pnc. 5 H3o6pa)KeHa cxeMa CUHHTHllllSIUHOHHOA ronOBKH. CnrHan OT ~3Y qepea K8TOLl-

- Hblil noBTopnTenb nepenaeTCH Ka6eneM Ha axon norapncpMn'leCKoro HHTerpaTopa ( pnc. 6). 

3'.aeCb OTpHU8TellbHbiA HMnynbC cpopMHpyeTCH KOpOTK038MKHYTblM K86eneM 3-a.aep)KKH (OKOllO 

1,5 MCeK), nepBbiA K8CK8ll BbiDOllHSieT ponb cp830HHBe pTOp8 H OLlHOBpeMeHHO yCHllHB8e'I' CHTH811 

B llB8 pa:r~a. nonO)KHTenbHblft CQJOpMHpOB8HHblll HMDyllbC yCHllHB8eTCH B 100 paa yCHllHTeneM C 

' 
o6p8THOA CBH3bl0 'H 38HYCK89T TpHrrep illMifllTa, BbiDOllHHIOlllHA pOllb .QHCKpHMHH8TOpll. J.1MnynbC 1 

Bblp860T8HHhiA TpHrrepoM illMHLlT8 1 38DyCK8eT "llBOAKy" 1 KOT0p8S1 CT8HLl8pTH3HpyeT HMHYllbCbl 

HO SMDllHTy.lle H YLlllHHHeT HX, npuqeM LlllHTellbHOCTb COOTBeTCTByeT; HHTepeany BpeMeHu Me)K.lly 

.OBYMH DOClle.llyiOlllHMH HMDYllbC8MH. YeM MeHbWe cpenHHH CKOpOCTb C'leTa, TeM 6onbWe LlllH

TellbHOCTb Bblp868TbiB8eMblX HMDYllbCOB, 3TH HMDyllbCbl qepea K8TO.QHblll DOBTOpHTellb 38pSl)K810T 
· Ill 

CHCTeMy .ilHOLlHbiX U8COCOB 1 B~OllHHIOlllyiO ponb C06CTBeHHO JJOr8pHq)M!''IeCKOrO HHTerpaTopa 

CyMMHpOB8HHbiA TOK .QHO.QHbiX. H80COCB yCHllHB8eTCSI yCHliHTeneM C rny6o'Koll o6p8THOA CBSl3b!O, 

Ha BbiXone ycHnHTens nonKnJOqeHbl caMODHlllYlllHA noTeHunoMeTp 3i 111-09 c 'IYBC'TBHTellbHOCTbiO 

10 MB H MHKp08MnepMeTp. 

2.5. CxeMa DHT8HHH XQOM8TOM8T8 H COeAHHeHHSI 6nOKOB 

Ha pnc~ 7 npnBe.lleHa cxeMa BhmpRMHTenH, a ua puc. 8 - cTa6nnuaaTopa 8HOllHOro Hanps

)KeHHR. Psn TyM6nepos noasonseT ynpasnRTb BKllJO'IeHHeM nHTSHHH co cTOAKH. HeoHOBbie naMno'I

KH cny)K8T Ll:JlSI KOHTpOllSI HO.QS'IH H8HpH)KeHHH, 

Ha pnc. 9 yK838Hhi coe.llHHeHHH Me)Kny 6noKaMH. 
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3aJ<niO'IeHue 

XpoM8TOM8T cyrueCTBeHHO o6nerqaeT pa6c>Ty XHMHKO,B-~KCrrepHMeHTSTOpoB H CHH:lKSeT 

p8LJH8UHOHHYIO . OIISCHOCT b. 

npH pa3neneHHH penKo3eMenbHbiX' aneMeHTOB (amoeHT-ll8KT8T 4MMOHH51, PH--4,5) ycrre:Wsq 
. . ' . . • I· . -

HCIIOllb30B8ll8Cb 8nJOMHHHeB8SI neHTB. npHMepbi XpOMSTorpaMM IIpHBeneHbl H8 pHC. 10 • 

B cnyqae Heo6xonBMOCTH pa60Tbi c Mit:HepanbHO~KHCnbiMH HllH. rueno'l:HbiMH amoesT&MR 

MO:lKHO HCIIQllhaOBSTb neHTY H3 LlpyrHX MaTepHBnOB. 

_8 34KliiO'IeHHe 8BTOpW Bb!pS:lKaiOT 6naronapHOCTb H.A. IOTnaHLlOBY 3a DOCTOSIHHblll RHTepec 

x pa6oTe H rrone3Hbie coseTbi rrpH C03LlBHHH xpoMaTOMaTa,_ a ,.,llaKJKe A. H. AxaToay H A.K.Ka'lan-
, . 

KHHY 34 BbiiiOllHeHHe plii:Ll4 MOHTa:lKHbiX H MeXBHH'IeCKHX pa60T. 

n ~ T 8 p a T Y p a 

·1. A.H.Cook and R.G.Hitchins, J.Scieotlfic InstrUments 36, N~ 8, 337 (1959 ). 

Jil!ll!~~ 

.. 

PyxorrHcb rrocTynuna a H3Ll&TenbCKHll oTnen 

26 . HIOHSI 1962 . rona. 
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