
r·/ 

I 

'1\' 

1f 

I 

r ~ 

I 
I 

1.1 

l 
Jl 

EPt:HAllCKHA <l>H3HllECl\llA llllCTllT')'T 

fla npasax pyKonucu 

3.llYAPj( CABHATbEBMlf BE.AHKOB 

CllEH'.TPA.flhllbll~ XAPAl\TEPHCTIH01 PEllTl'EllOBCl\01'0 

llEPEX01v1oro 11a.r1ytmllHH H llEPl'10JUfllECKHX " 

llEPl~l'Y.llHPllhlX CPEJ~AX 

(ua pycCKOM H3b1Ke) 

(Ol.<14.01 - %<:!1l'pllMl'llTa.1Jhlm11 1!1H:IHKa) 

ABTOPECDEPAT 

AHCcepTllqHH, npeACT8BJIP.HffOA HR COHCK8HHe-yqeuoA 

ereneHH IC8BAffA111T8 it»uaHKO-M8Tt'M8TH'lt'('KllX 11ayK 

EPE!BAH- t975 



----, 

PaCioTa BHilOXHeHa B EpeBaHCKOM <PaaHqecxou HHCTHTyTe. 

HayqHHI pyxoBO.llHTen:r.: xaH:ztH,7.taT <PaSHKO-MareuaTH'llecxm: uayx 

M.II. ~OPl4KfIH 

O<Pxnaan:r.Hire onnoHeHTH: 

'AOKTOP ip1aaKo-uaireuaT1qecKm: Hayx ;nAaoH M.H. 
KaH,lll'l,7.taT WHSBKO-uaTeuaTH'lleCKBX Ha.YK orAHECfIH A.r. 

Be.l!Y~ee npe'AfipHHTHe: 

MOCKOBCKHI HHEeHepHo-<J1H3H'lleCKHI HHCTHTYT 

ABTOpe<J'1epaT paaocnaH n n 1975 r. 

SantHTa :ztHCCepTa.IU!H COCTOHTCH n n I975 r. 

B qacoB Ha aaceAaHHH YqeHoro co:eeTa Epe:eaHcxoro 

<PHaaqecKoro HHCTHTyTa (a.KTOBHI aan loua yqeHax). 

c :ztHCCepiranmel MOEHO 03HaKOllll!:&CH B15HCiJlll0!8Ke Epl»H 

Y'lleHHI cexperap~ COBeTa Epl»H 
JHaxCiaa.sH B.A. 

Ilepexo;llHoe Hal!YqeHHe B03HHKaeT npa nponeTe paBHOMepuo ;ztBH­

zy~e~cH aa~HEeHHOI qacTH~H qepea rpa.Hftny paa'Aena ;ztByx cpe'A 

c paami:qHwi aaaqeuaeu ,lll'lanexTpHqecxol nocTOHHHOI 8 • BnepBHe 

3TO HBneime CiHnO TeopeTHqecKH llPS'ACKaaaHO B.~.fi!HaCiyprou H 

H.M.~pawcou B 1946 r.[I) • BalltHoH ocoCieHHOCT:r.m aToro Hanyqe­

HHH B OTnHqHe OT qepeHKOBCKOro HBnHeTCH TO, qTO ero HHT6HCHB­

HOCT:r. pacTeT c aHeprKel qacTHnH H 3TOT pocT He orpaHHqea B 

ynDTpapeJIHTHBHCTCKol oClnacTH. 

nonroe BpeMH 3TO HB1IeHHe He HB.XO,lUl11IO 3KCil6PHMeHTan:r.HOrO 

npHMeHeHHH xa-aa uanocTH aiJlcPexra, r.K. OJKH'Aaeuoe qHcno KBaH­

TOB Ha O;llHOI rpaHHne paa'AeJia COCTaB1IHeT ,., I/I37. 

B I959 r. r.M.I'ap!r!CiHHOM TeOpeTxqecKH 6H1IO noKaaaao, 'llTO 

OCHOBHaH 'A01IH nepeXO'AHOro HSnyqeHHH HCIIYCKaeTCH BJiepe'A IIO'A 

Manwm yrnaMJI OTHOCHTe1IDH0 HanpaBneHHH 'ABHSEIHHH qacrHnH H Cio­

nee Toro c pOCTOM aHeprKH nocneJU{el HHTeHCHBHOCT:r. Hany'lleHHH 

XHHeiHO pacTeT [2] • 8TO oCi~HCHHeTCH Teu, 'llTO 'AJUl YXDTpapenH­

THBHCTCKHX qacrHn cneKTP nepexoJU{oro HBlIY'lleHHH, HcnycKaeuoro 

Bnepe'A, CMe~aeTCH B ·oCinaCTD pearr~HOBCKHX qacTOT [2 ,3] .Ta­

KHM oCipaaou llOHBHnac:r. peanDHaH BOSMOEHOCTD ycHneHHH nepeXO'A­

HOro HanyqeHHH aa cqeT yBeJIHqeHJllH 'llHCJia nepeXOAOB, T.K. peHT­

reHOBCKHe KBaHTH oCinaAaET CHX:&HO~ npOHHKaIO~el cnocoCiHOCTDE H 

npoxOAHT Ciommoe KOnHqecTBO neperopo'AOK Ciea c~ecTBeHHHX no­

Tep:r.. 

B oCi~eu BH.:ite aa,7.taqa 06 oCipaaoBaHHH nepexoA&oro HanyqeHHH 

:e cronRe nnacTllJH CiHJia pemeHa B paCioirax [4, 5] .M.~.Tep-·ulHKae­
nHH ,ff A.l{.I'aaaSHH [6, 7] IIOny'llHnH ipop14Yny A1lH nepexOAHOl'O Hany· 

'· .. ' 

qeHHH B CXOHCTOi cpe,!te B IIpHCinH:&eHHH £-I B npOBJJIH aHaima 
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STOI wopuynH. A.U.AuaTyHH H H.A.KopxuaSHB [S)paCCMOTpenH 

cpe~ c nepHo;ztHqecxH HsueuammelcH nnoTHOCT»m B cnyqae uanoro 

HSMeHeHHH nnorHOCTH. B pa6oTe [9] 6Hno noxasaao, q~o peayn»Ta­

TH pa60T [ 6,?] uoryT 6HT» no.nyqeHH, HCXO;zu! HS ~opuyn pa60TH[5] 

B npH6nHllteHHH £-I. 
M~eH axcnepHueHTa no .'AeTeKTHpo:ea.HHm peHTreHOBCKoro nepexo'A­

aoro usnyqeHHa (PITH) 6Hna npe'AnOllteHa B I96I r. A.M.Ami:xaHHHOM 

~.P.ApyTIDHHHou,K.A.HcnHpHHOM,M.].Tep-MHxaenHHOM [Io], H 6Hna 

peanHSOBaHa ~.P.ApyTIDHHHOM H 'AP· B pa6oTe [II]. 
Mccne'AOBaHHH HeKOTOpblX CBO~CTB PIIlil B nepHO,lU'lqecKHX CTOnRax 

nnacTHH 6HnH BHllOHHeHH B pa6oTax [I2,I7] c HCll0Jll>SOBSHH6M 

C~HHTHnnHIU!OHHOro cnexTpOMeTpa Ha KpHCTanne Jfct.J ( re ), ue­

TO'AOM CTPHMepHOI KauepH [I3,I4] H c nouom»m no.uynpOB0;1tlil'IKOBOro 

'AeTeKTOpa [I5,I6] • 

MHTepecawt peayn»TaT 6Hn nOJiyqea B pa6oTe [I3] , r'Ae Bnep­

BHe B KaqecTBe pa'AffaTopa PIIH 6b!JI Hcnon»aoBaH neHonnacT. liHTea­

CHBBOe nepexO'AHOe HanyqeHHe HS nopHCTblX MaTepHanoB npe'ACTaBnH­

eT He TOn»KO TeopeTHqecKHI HHTepec, T.K. 06HapylleHHe STOro.aw­

weKTU IlOSBOnHeT COS'A8.BaT» PS'AHaTOpH PIIH npB.KTHqecKB HeorpaHH­

qeHHJilX rrno~a'Ael B c 6on»mHu Komi:qecTBOM nepexO'AOB. 

Peayn»TaTH nepeqHcneHHblX pa6oT noxaaami: pean»Hym Boauox -

HOCT» Hcnon»soBaHHH PITH B ~eTexropax y:nr.rpapenHTBBHCTCRHX 

qacTH~. IlOSTOMY B nocne]U{ee BpeuH 60lll>mHHCTBO axcnepHMeHTan»­

HhlX rpynn aaHanoc» paspa60TROI H HCCne'AOBaHHeM 'A6T6KTOPOB qac­

TH~ Ha OCHOBe PITH. BonpocH ze HayqeHHH ~HSHqecKHX CBOICTB nepe• 

XO'AHOro HanyqeHHH H0CKOn»KO OTOillnH Ha BTOpol nnaH. 

c 'Apyrol CTOPOHH, axcnepHueHTan»HHe peayn»TaTH CTHMYJIHPOBa­

nH pasmiTHe TeopeTHqecKHX pa6oT [IB,I9] no o6paaoBaHHm PITM B 
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aenepHO.n;HqecKHX cpe'Aax. 8To noTpe6oBano B CBOID oqepe,iu. 6onee 

'AeTan»HhlX axcnepHMeHTan»HblX Hccne'AOBaHHij cnexTpaJibHHX xapaKTe­

PHCTHK HsnyqeHHH B IlOpHCThlX MaTepHanax. K TOMY JB:e HMeIDll\HeCH 

SKCIIepl'.IMeHTaJI»Hble pe ayn»TaTbl no 1rnnyqeHHID B nepHO'AffqecKYiX pa­

,zu.IaTopax TaIUlte HeJI»3H ClJ.HTaT» BCe06'.beMJl!OmHMH. 0TCIO'A8. Bb!TeKaeT 

He06XO;llHMOCT» ,llSJI»HeMIJIHX cneKTpOMeTpHqecKHX HCCJle'AOBaHH!i Pml. 

Ilpe'ACTaBJ!eHHaH ;!U1ccepTa~:VIH IIOCBHll\eHa HayqeHHID OCH_OBHblX 

WHaHqecxEx CBOHCTB PITH B nepHo'AffqecxHx cpe;l\8.X H nopHCTblX Ma­

Te pHanax B HHTepBaJie qacTOT wOTOHOB 5+125 KSB. 

,llHccepTanl'.IH COCTOHT 1'.13 qeTblpex rJiaB, BBe'AeHHH H aaKJiroqeHl'.IH, 

B BBe,lleHHl'.I 'ASH KpaTKHH o6sop axcnepHMeHTanbHhlX pa60T no 

Hccne'AOBaHHID CBO~CTB PITH H B03MOJB:HOCTe~ ero npHMeHeima 'AJill 

H'A6HTHWHKa~HH qacTH~ HS KOTOporo cne'AYeT, qTO aTa 06JiaCT» 

axcnepHMeHTSJibHOia WHSHKH B HacToamee BpeMa 6ypHo paaBHBaeTca. 

PesynuaTbl paCioT n01taS1>1BaIDT, '\!TO HMeIDTCH peaJI»Hhte Ha'Aellt].lbl Ha 

Hcnon»soBaHl'.le PITH 'AJIH 'AeTeKTHpOBaHHH qacTH~ cBepxBHCOKHX aHep­

rHJa, ItOr'A8. Tpa;llH~OHHl>le MeTO].lbl CTaHOBltTClt HeIIpHMeIDtMhlMH Ha-sa 

npHH~nHan»HhIX l'.lnH TexaHqecKHX TPY'AHOCTeli. 

B nepBOH .rJiaBe ;!U10CepTanHH HSnoaeHbl TeopeTHqecKHe OCHOBH 

peHTreHOBCKOro nepexO,llHOrO HSJiyqeHHH B nepl'.IO'AffqecKl'.IX H Hepe­

rynapHhlX cpe'Aax H ,llaHbl wopuyJI1>1 'AJIH cneKTpa:nr.HHX pacnpe.z1eneHH~ 

qlicna woTOHOB, o6paaoBaHHblX B STHX cpe'Aax c y'\!eTOM norJiomeHl'.IH 

HSJiyqeHHH B Bell\GCTBe pa,llHaTOpa. IlpHBe'AGH aHaJIHS STl'.IX WOPMYJI• 

Bo BTOpoia rJiaBe 'A8.HO OilHCaH!-ie sxcnep¥IM6HTan»HOH ycTaHOBKH, 

HCITOJ!bSOBaHHOH npH l'.ICCHe'AOBaHHH cneKTpan~HhlX pacrrpe,lleJieHH~ 

PIT!.i. 

06pasoBaHHOe SW:hCTPOHaMl'.I nepeXO'AHOe HSJiyqeHHe perHCTpHpO­

Banoc» ~eTexTopou, pacnonoJB:eHHhtM sa pa,zu.iaTopoM PITH. ~To6H Ha-
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6ellta.Tb nona'AaHHH aneKTpOHOB B ,IteT6KTOp, nocne;iume OTKXOHHJ!HCb 

He6onbl!WM MarHHTOM, ycTaHOBX0HHW4 MeE,&y paJ(HaTOpOM H ;lleT6KTO­

pOM. ~nH YM6Hbill0fillH IlOTepb KBB.HTN Bee» nyT» OT pa]{HaTopa 'AO 

'A6T0KTOpa npOXO;n;H:llH B renueBhlX Memxax. 

~eTeKTopoM PITH cnylKHn Jlll6o CIU!HTHnnHIUIOHHNM cneKTpoMeTp Ha 

KpHcTa3!Jre Jfa. J ( Tl ) , mt6o MHoroceKIU!OHHWi nponopIU10Han;r,· 

HN~ cqeTlll!K [20] , HanoJIHeHHN~ cuec;r,10 90% A + IO% CH4 npH 

aTMOc~pHOM .ZW.BneHHH. ITponopIU!oHanbHWI cqeTqHK ucnon;r,soBanca 

'AXH uccne'AOBaHHH cneKTpOB PITH B HHTep»ane aHepruM WOTOHOB 

(5 + 25) KSB, a cqeT1ll!K Jfo.J ( Tf- ) 'AXH SHeprulit (I5+I30)KSB,. 

KanH6pOBKa nHHettHOCTH HSMepHTen»HOI'O TPa.KTa npOBO;n;Hnac;r, BO 

BCeM HHTepBane HCCX6'AY0MhlX qacTOT c IlOMOI!{blO Ha6opa CTaH;l{apT­

HblX raMMa-HCTOqHHKOB. 

8HepreTuqecxoe paspemeHHe (nonHaH wupuHa Ha nonyBNCOTe) 

'AJlfi CIUIHTHXXHUHOHHOI'O cqeTqMKa COCTSBJIBna ± I6% Ha JIHHHH 

60 KSB, a 'AJIB nponopuuoHaJil>Horo cqeTqHKa ± IO% Ha nHHHH 

I3,8 KSB. 

IlpH pa6oTe c nponopuHOHaXbHbU4 cqeTqHKOU Hapa;zcr c HSMepe­

HHeM cneKTPOB HMenaCb ~aKllte BOSMOlltHOCT;D BeCTH KOHTPOXb sa 

qucnoM WOTOHOB, o6pasoBaHHNX OWIOM H TO~ me qacTHUeM H sape­

rucTpHpoBaHHLlX B o6~eue cqeT1ll!Ka, T.e. onpe'AeXHT;D KpaTHOCTD 

WOTOHOB •. 

TpeT»H rnaBa IlOCBHI!{eHa Il0'AP06HOMY onucaHHIO M0TO;n;HKH HSMe­

peHH~ cneKTPOB PITH H o6pa6oTKe sxcnepuueHTanbHblX 'AaHHhlX. 

IlpOXO'Afi paAHaTop, sapHllt0HHaH qacTHUa HapH;!ly c nepeXO'AHW4 

'AaeT TaKEe H TopuosHoe usnyqeHHe. B cneKTpan»HNe pacnpe'Aene­

HHH ;lla.IOT BKXa'A H BTOpmqHNe npoueccN - TOpMOSHOe usnyqeaue 

S' -sneKTpoaoB, o6pasoBaHHl:lX B pa;n;uaTope, usnyqeame t "'"- e-
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!lap H T.n. 8TH SWW0KT:bl MOI'YT llpOHCXO'Al'fTb TaKllte H no IlYTH 

TpaHcnopTHPOBKH aneKTpOHHOI'O nyqxa BilXOT» 'AO OTKXOHHIOI!{0I'O Mar­

HHTa (OKHa BaKyyMIIpOBO,ZW., renueBl:lX MemKOB, BOS'AYWH:ble npoMeEyT­

KH). 

KpOMe Toro, aneKTpOH·MomeT o6paso:BaT;D B OKHax YCTaiiOBKH 

~OHOBOe nepeXO'AHOe HsnyqeaHe, KOTOpoe MOEeT 'AaT» SaMeTHliM 

BKHa'A npH HCCXe'AOBaHHH pa;zutaTOPOB c Man&M qucnoM nepeXO'AOB. 

ITOSTOMY Kallt~itt pas Hapa.ny c HSMepeHHeM cneKTpa HS pa;n;uaTO­

pa PIIVI CHHMancH TaKEe H woHOBlitt cneKTp HS cnnomHoro 6noKa To­

ro Ee BemecTBa SKBHBaneHTHO!ti TOlII!UiHli. PaSHOCT;D 3THX 'AByx pac­

npe'AeneHH!ti OTOX'AeCTBXHnac;r, c nepeXO'AHhlM HsnyqeHMeM. 

Bonbmoe BHHMaHHe B aToitt rnaBe o6pa~eHo aa o6pa60TKY aKcne­

PHMeHTan;r,HbJX Cil0KTpanbHblX pacnpe'AeneHH!ti. nano B TOM, qTO IlpH 

'AeTeKTHpOBamrn liSXyl!eHHH HS-SI!- PH'Aa npHqHH IIpOHCXO;n;HT HCKal!Ce­

HHe wopMli pean;r,aoro cneKTpa. ~Mea axcnepuMeHTanbHoe pacnpe'Ae­

neHHe, MOEHO nepeittTH K HCTHHHOJIY cneKTPY nyTeM BBe'AeHHH PH'Aa 

nonpaBOK. IlepetU!CnHM BaEHeittlJlHe HS HHX. 

Bo-nepBblX, aTo nonpaBKa Ha KpaTHhle woTOH&. Qqe:BH'AHO, qTo 

B cnyqae O;zufOBpeMeHHO~ perHCTpa~HH HeCKOX;DKHX KBaHTOB aMilnHTy­

'Aa Hunyn;r,ca B 'AeTeKTOpe 6y'AeT pa:BHa CYMMe aMnnHTY'A OT Ka&'AOI'O 

HS IiHX. 8TO np.ldBOMT K 11nepeKaqKe 11 Ml'lrKHX KBaHTOB B 6onee 

mecTKYIO qacTb cneKTpa. 8Ta nonpaBKa pacTeT 'C yBe:l!HqefilleM cpe'A­

Hero qzcna KBaHTOB, saperHcTpHpOBaHHhIX B KaE'AOM sanycKe, H 

HaH6onee Cyll{0CTBeHHa Ha KOHUax cneKTpa. B HamHX HSMepeHHHX OHa 

'AOCTHrana B OT'Ae~bHhlX cnyqaa:x: BenuqHfiN 6onee IOO%. IToaToMy, 

npH cpaBHeHHH TeOpHH H SKcnepMMeHTa OHa 'AOXlltHa 6:b!T» o6asaTenb 

HO yqTeHa. 

BO-BTOpl:lX, STO npnpa:BKa Ha KOHeqHoe paspemeHHe 'A0TeKTOpa. 
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nJIH rJia;zutHX Cil6KTpOB OHa CKa3blBa6TCH TOJIDKO Ha KOHUax JIJCCJI6-

.l(y6 MblX JIJHTepBaJIOB Jll COCTaBJIHeT OKOJIO IO%. 

M, HaKOHeu, STO norrpaBKa Ha s\W)eKTHBHOCTb 'A6T6KTOpa H rro­

rJiomeHHe H3JiyqeHJ/lfi no nyTJ/1 K 'A6T6KTOpy.Oaa CJ/lJibHO 3alll'JCHT OT 

qacTOTbl perHCTpmpyeMhlX K:B8HTOB H HaJl160Jiee cymeCTB6HHa 7J,JIB 

MHrKO~ qacTH cneKTpa. 

Ilepe~'AeM TenepD K pacCMOTp6HHID 3KcrrepHM6HT8JIDHblX peayJIDTa­

TOB, H3JIOmeHHhlX B qeTBepTO~ rJiaBe. 

HaMm 6b!JIH HCcJie'AOBaHbl crreKTpaJIDHble xapaKTepmcTHKH PITM B 

rreHOITJiaCTOBblX pa'AHaTopax paa.lll'.rnHOii TOJimHHbl H IlJIOTHOCTJ/1 B illHP"·­

KOM 'AlianaaoHe qaCTOT 5+I25 KSB H rrpJ/1 paSHblX SHeprHHX SJIGKTp<r­

HOB [21-23, 28] • 

ITocKOJibKY TeopHH PIT~ 'AJIH nepJ11o~qecKHX cpe'A xopomo paapa-

6oTaHa, Ohlmt JIJCCJl6'AOBaHbl Cl16ICTP:bl H3 peryJIHPHhlX CTOnOK, 'AJIH 

Toro, qTOObl npoBepHTD H6KOTOpble IlpG'ACKaaaHHH TeOpHJll,a TaK~e 

qT06hl JIJMGTD BOSMOmHOCTD cpaBHHTD xapaKTepJ11CTJIJKH H3JiyqeHHH HS 

CJIOHCTblX H rropHCTblX pa'Al!laTOpOB. B KaqeCTBe peryJIHpHhlX cpe'A 

6blJIH HCnOJID30B8Hbl CTOilKH J/13 opraHHqecKHX nJieHOK, aJIIDMJllHHGBbl~ 

H 6epHJIJIJlleBblX (poJIDr [ 2I,24] • 

nJIH JllCCJie'AOBaHHH 38BHCHMOCTH. cpe'Affero qHCJia WOTOHOB Pffi1 

OT SHeprHH H3Jiyqaromett qacTHUbl, a TaK~e xapaxTepa H3M6H6HJllfi 

CBOttCTB Pffil llPH J/13M6H6HJllH qHCJia IlJI8CTHH rn B CTOnKe 6blJlJl1 

BblITOJIH6Hbl JllSMepeHHH c pa~aTopaMJll, COCTOHllU~MJll H3 opra11mqecKH>.'. 

ITJieHOK. IlJI6HKa HMeJia IlJIOTHOCTD I,I8 r/cM3 H CJIG'AYIDml!li XHMJ!lqec­

KHii COCTaB: yrJiepO'A - 42,0%, cepa - 6,5%, BO'AOPO'A - 7,7%, 

XJIOp - 43,8% (no Becy). TOJIIIUIHa IlJI6HOR COCTaBJIHJia 20 MK, pac­

CTOHHHe M6m.l(y HJIJMJll 500 MK. 

SaBHCHMocu ii (Ee) Ha BhlXO'Ae pa'AHaTopa Pllld 6.blJia HCCJieAo-
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B8Ha 'AJIH CTOilKE c m = 64 npH aaeprH!IX 3Jl6KTPOHOB f, = I,O; 

2,0; 3,0 Jll 3,75 rsB. Bb!Jlo 00Hapy3eHo, qTO cpeAHee qJllCJIO HSJiy­

qeHHLIX KBaHTOB B HHTepBaJie qacTOT ~(AJ = (25 + 100) KSB CHaqa­

Jia yBeJimqJ11BaeTCH c pocTOM Ee , a aaTeM pocT aaMeAJIHeTCH H npH 

Ee~ 2,0 raB HM66TCH nJiaTO. TaKoe H8Clilm6HEe HHT6HCHBHOCTH XC>· 

pomo OO~HCHHeTCH HHTepwepeHUHei JllSJiyqeHJllfi OT 'AByx rpaHH~ Ka~­

AOii IlJI8CTHH:bl, T.K. npH Ee> 2,0 rim 30H8 (popMHPOB8HJllli HSJiyqe­

HHH B BemeCTBe IlJI8CTHH CTaHOBHTCH cpaBHJIJMO~ c TOJlml!IHOtt IlJiac­

TJllH B CTOllKe npaKTHqecKH AJIH Bcex HCCJie;v;yeMh!X qacTOT. TaKOe 

3e orpaHJ11qeHHe pocTa HHTettcHBHOCTH oblJlo aKcnepHMeHTaJibHO noJiy­

qeHo B paooTe [ 25] • TB.KHM o6paaoM ;D;JIH yBem1qe11J11H qyBcTBH -

T6JlDHOro ~anaaoHa ;D;6TGKTOpa no SHep!'HH H600XO~Mo,qTo6H 

TOJil!lMHa llJiaCTJIJH Ob!Jla OOJlbme COOTBeTCTByrome« 30Hli @OPWIPOBaHEH 

;v;na Boero ~anaso11a aHeprH~ ;v;eTeKT~pyeu.blX qacTHU. 

E.blJIH'TaK~e Hccne'AOBaHli cneKTPli Pffil, oopaaoBaHH.ble aneKTpo­

HaMH c Ee = 3,0 raB B CTOilKax c paaJll'IqHHM qHCJIOM IlJl8CTHH m. ' 

KOTOpoe H3M6HHJI0Cb OT 32 'AO 595. nJili CTOilKH C l"l'l= 32 Jl13MepeHHa 

6WIH BW!OJIH6Hli B HHTepBane qacTOT 5 + I25 KSB, a 'AJIH 0CT8XbH.blX 

CTOilOK B HHTepBaJie 25 + 125 KSB. 

BliJIO Ha~;v;eHO, qTo cneKTP.bl HsnyqeHHli HM6IDT rJia'AKHi BH'A H 

OliCTPO Cila'AaIDT c pOCTOM qacTOTbl HSJiyqeHHblX KBaHTOB. IlpH yBe-

nmqeHHH HHT6HCHBHOCTD H3JiyqeHHH T8Kllre pacTeT, npHqey STOT 

pOCT OOYCXOBXeH B OCHOBHOM 36CTKHWI KBaHTaMH, TaK KaK OHE 

npOXO'AfiT BCID TOJimy pa'AHaTopa oea CYJ!l6CTB6HHOro norJiomeHJllfi. 

0Ka3:b!BaeTcli, qTO H3JiyqeHHe HS CTOilKH c JIIDOliM qJIJCJIOM lYl MO~HO 

npeACTaBHTD KaK cyMMY HanyqeHHi Jll3 KOPOTKHX CTOllOK c qucnou 

llJiaCTHH "1 0 C yqeTOK TOJibKO llOrJiomeHHH HSnyqeHJ/lli JllS ~83'AO~ 

npe'A.bl'AYme« BO BCex llOCJI6'AYIDmHx. ITepecqeT cneKTpa Ha CTOilKH c 
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M0 = 32 ;llm'l CTOllOK C m = 64, 125, 288, 595 ;ziaeT OlleHJ; XOpo­

mee corn:acHe c aKcnep.J11MeHTOM, T.e. yBeJIH11eH.111e 11.J11cna nnaCTHH B 

. cTonite ae BJIHHeT Ha npo~ecc o6paso:eaHHH PITH. 
' 

.llnH CTOilOK c m = 32 .Ill 125 6bl.11 BbllI0.11H6H TaKllte TeOpeTHll6CKH£1 

pac11eT cneKTpOB Hsny11eH.J11H no ~opMyne ;zina PITH c y11eToM norn:ome·· 

HHH .Jll3JiytreHHH B :eemecT:ee pa.mi;aTopa [26] .SKcnepHMeHTaJIJ>Hae H 

TeopeT.Jllll6CKHe pacnpe;zien:eHHH HaxO;llHTCH B xopomeM KOJIHll6CTB6H­

HOM corn:acHH. 

,llanee HaMH 6b!JIH Hccn:e;zio:eaHa Cll6KTPli PilH ;llnH aneKTpOHOB c 

SHepr.111ett Ee= 3,0 ra:e, 06paao:eaaHoro :a CTOnKe HS 230 aJIIOM.JllH.Jll­

e:a!iX ~OnI>r, TOn:mHHOtt 8 MIC Kallt;llaH, npH HSMeHeHHH pacCTOHHl!IH 

M6llt:zlY H.JllMl'I b OT 50 ;D;O I000 MK. 

UeJIJ>ro aTllIX .lllSMepeHHtt 6Hno onpe;zieneHHe paccTOHHHH Mellt;iur 

~on:I>rauH, xor;n;a Han:y11eaHe ;a;ocTHraeT Hac1:m1eHKH. CneKTPli .J11sny-

11eHHH HMeIDT 6acTpo cna:ziaroll!H~ xapaxTep H c yMeHI>meHHeM b ;zio 

IOO MK MHrKaH qacT» cneKTpa no;n;a:en:HeTCH cHnI>Hee,qeu xcecTKB.fi. 

3aB.JllCHMOCTI> cpe;llliero ll.JllC.11a Han:yqeHH!iX KBaHTOB OT paCCTOH!il'IH 

Mellt;iur woJIJ)rao B ;zi:eyx 11aOTOTHhlX lUlanasoHax (5 + 25) Ka:e H 

(25 + IOO) KSB .JllM66T HaClill(aJOlllHtiCH BH;ll. IlpH STOU BliXO;ll Ha nn:a­

TO ;llnH llteCTKO~ qaCT.Jll Cll6KTpa npOHCXO;llHT npH M6HI>lliHX sasopax 

( /1·-200 MM), qey ;l!Jm MHrKHX KBaHTOB ( b -700 MK). STH pac­

CTOHHHH CO:BIIa;a;aroT c paclleTHliM.Jll SHalleHHHMl'I :eenHllHHli SOH ipopMH-

po:eaHlilfi .111sn:y11eHHH B :eaity.YJ.(e ~i&« =. ~ (~J 2 
B yKaaaH-

HblX ;ziHanasoHax 11acTOT WOTOHOB. TaKHM o6paaou MaKCHMan:I>Hliti :ea­

xo;zi WOTOHOB o6paayeTcH npH paccTOHHliIHX Mellt;iur nn:acTHHaMH 

b ::; ~.,_, . 8TO TaKllt6 BalltHliii pesyn:I>TaT. 

Cpa:eaeaxe c TeOpHe~ PITH [ 26] noxasHBaeT, llTO ;zin:H :ecex 

liIM66TCH xopomee corn:acHe c SKCll6PliIM6HTOM BO BCeM HCC.116;11y6MOM 

IQ 

;ziHanasoae 11acToT. 

ITpe;zicTaBn:HeT HHTepec pa;ziHaTOP H3 6epH.11.11HH. 8TOT MaTepHa.11 

HM66T uan:oe z H COOTB6TCTB6HHO MaJllilit K05W~H~6HT norn:omeHHH 

~OTOHOB :e peHTreao:acKoM lUlanasoae 11acTOT. B~n nony11ea cneKTP 

Hsn:yqeHHa aneKTpono:e c Ee= 3,0 ra:a :e cTonKe, cocToHmea HS IOU 

nnacTHH 6epM.11JllilH TOnlllHHO~ IOO MK c paccTOHHHeu Mellt;a;y HHW4 

500 MK. llonaoe llHcno KBaHTOB, npHXO;llfillU'IXCfi Ha O;a;HH aneKTpOH, 

B MHTep:aane qaCTOT (25 + IOO) KSB COCTa:anHeT n: = 0,62, T.e. 

] I,34 pasa 6on»me, ll6M llHC.110 KBaHTOB, o6paao:eaHHOe B CTOnKe 

HS 230 anroW'!HH6BblX @onI>r. YBe.11.Jllll6HHe ll.JllC.11a KBaHTOB B 6epH.11-

JIHe:aol CTOnKe o6ycnOB.116HO B OCHOBHOM JB:eCTKOa llSCT»ID cneKTpa. 

Qqe:eH;ziHo, qTo ;a;n:H cos;zia.HHH ;zieTeKTopo:e Pil!d c Hcnon:I>sOBaHHeM 

B KaqecTBe pa~aTOpOB nopHCTblX cpe;zi He06XO;a;HMO HM6Tb BOSMOllt­

HOCTD TeOpeTHqecKHX paclleTOB napaMeTpOB STHX pa;a;HaTopo:a, TaK 

KaK He :acer;zia HM66TCH BOSMO~HOCTI> npOHSBOlijlTI> Ka.11H6pOBKY ;zie­

T6KTOpOB rrpH HSB6CTHblX aHeprHHX. IloaTOMY ;lleTan»HOe SKCnepHM6H· 

Tan»Hoe HCcne~o:aaHHe xapaKT6PHCTHK HSnyqeHHfi c U6.11bID .JllX cpa:e­

H6HHH c T60pHea, paapa60TaHHOI ;ll.11H HeperyJmpHHX cpe;zi [I9], 

HM66T 60Jl.Dlll06 SHallem1e •. 

c SToa ~enI>m 6li.11H Mccne;zio:aaHli cneKTPli Pllld B saBHCHMOCTH OT 

TOJIJJtHHli ll6HOll.11aCTOBOrO palijlaTOpa e C nnOTHOCTI>ID 0,04 r/cu3, 

o6paso:eaHHoro an:eKTpoaaMl'! c Ee= 3,0 ra:e [2I] • JdsMepeHHH no­

Kasan:H, llTO cneKTpli HS.11Yll6HHH 6acTp0 cna;ziamT c pOCTOM qacTOTli 

~OTOHo:a, a HHTeHCliIBHOCTI> PIM pacTeT noliTH JIHHelao c y:aeJIH11e­

HHeM l 'AO IQ CM B HHTepBane llaCTOT ~OTOHOB (5 + 25) KSB, a 

;lln:H 6on:ee llteCTKOI o6nacTH (25 + IOO) KaB :ennoTI> ;zio TOH!lllHl>l 

25 CM. TaKoe no:ee;zieime .JllHTeHC~BHOCTH xopomo cornacyeTcH c aa­

mHMH ;llaHHliMH, BbllIOnHeHHlilC'. paHee Ha CTPHMepanti KaMepe. [ 27J. 
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YlKeCTTJ:eHHe cneKTPOll c pocTOM t 0611a:cHHeTcl':l noI'JIOll\eHHeM 

1113nytJ:eH111l':l ll caMOM pa,11111aTope, ll pe3yJU:.TaTe TJ:ero cneKTPB.JI»Hble 

pacnpe.zi;eJieHlllH Ha Bblii:o.zi;e pa;lll18TOpa o6ora~aIDTCH ~0CTKlllMH KBaH­

TaMH, TaK KaK OHH o6na.zi;aroT 6on»me~ npoH111Karome~ cnoco6aocT»m. 

AaHaJIOI'lllTJ:HblM o6pa30M, KaK STO 6b!JIO c.zi;enaao .l(Jll':l CTOllOK K3 

oprnneHKH, 6b!JIH noctJ:KTaHbl cneKTpan»Hble pacnpe.zi;eneHllll':l .D;JIH TOJI­

mHH neaonJiaCTOllOI'O pa;lll1aTOpa I,5,IO H 25 CM, KCllOJI»3Yl':l ll Ka­

TJ:0CTB0 HatJ:aJI»HOI'O cneKTpa 1113JiytJ:eHHe 1113 neHOllJiaCTa TOJlmKHO~ 

2 CM. w B STOM cJiytJ:ae pactJ:eTHble 3HatJ:0Hllll':l xopomo COBllaAaIDT c 

8KCneplllM0HTaJILHblMH TOqKaMR. 

SaBHCHMOCTL cneKTpan»HhlX pa~npe.zi;eJieHM~ PITH OT aaeprHH 

aJieKTPOHa 6blJia HCCJI0AOBaHa Ha ll0HOllJiaCTOBOM paAlllaTOpe TOJimlllHOM 

2 CM c llJIOTHOCT»ID 0,04 r/c1.13• li3M0p01Ull':l noKaaanH, TJ:TO HHTeH­

ClllllHOCT» manytJ:eHHl':l pacTeT c yBeJIHTJ:0HH0M aaepr111H anexTpoHa, 

BhlXO;I{l':l aaTeM Ha HJiaTO. 

]lJil':l 60Jiee lit0CTKHX KBaHTOll orpaHl/ITJ:0Hlll8 pocTa HHT0HClllllHOCTH 

HaCTynaeT ll03lKe, TJ:eM ~Jll':l MHI'KHX. 9TO MOSHO 06'.Dl':!CHlllT»,npHBJie­

Kal':l K paccMOTpeHHID noHHTHe aoHbl wopMmpollaHHl':l H3JiytJ:eHlllH B Ba­

RyyMe. OTJ:eB111~Ho, TITO c pocTOM aHepr111111 111sxytJ:aromeM TJ:aCTlll~bl E 
YCJIOBllle, KOI'.D;a cpe.zi;Hlll~ paauep nop B neHOllJiaCT0 b CTaHOBlllT-

Cli ,..., itQlr:.·, BNIIOJIHHeTCl':l ll03]{Hee ~JIH 6oJiee Bb!COKlllX TJ:aCTOT. 

]laxee HaM111 6b!JIO noKasaHo, TJ:TO BhlXO.D; PTIH H3 neaonnacTOBoro 

pa~aTopa onpe.zi;eJreHHOM TOJimlllHbl 'AJIJ'I 8Jl0KTpOHOB c Ee= 3,0 raB 

aaueTHO pacTeT c yBeJIHTJ:eHHeM llJIOTHOCTlll neaorrnacTa OT O, 025 .zi;o 

0,09 r/cu3• XoTH np111 60JILmHx nnoTHOCTliX ycxoB111e b >ilto.rc. 

aaBe.D;OMO He .Bl>lllOJIHl':leTCl':l llOTJ:Tlll .l4Jll':l.BC8X lllCCJie.zi;yeMblX TJ:aCTOT ' 

orpaa111qea111e pocTa HHTeHCHBHOCTH PITH 1113'-sa HaJIHTJ:Hli lllHTepcpepeH­

~HH, ll0p0l':!THO qacTlllTJ:HO KOMil8HClllpyeTCl':l yBeJIHTJ:0H1110M TJ:HCJia nepe-

12 

ropO;itOK Ha 0;lll1IDI~y .l(JilllHbl.' 

. Eb!xa c.zi;enaHa nonblTKa cpaBHeH111H Teop111111 .zi;JIH Henepmo~qecKHX 

cpe'A [I9] c axcnep111MeHTaJI»HblMH ;ztaHHblMH. IlpH STOii BOSHHKamT on· 

pe.zi;eneHHlie TPY'AHOCTH, CBHSaHHble c axcnep1111.1eHTaJll>HblM onpe;itene­

HHe11 Cpe;itHeit TOJlllU'IHbl nepeI'OPO'AOK M8lit.l(y nopa!UI Q: 1 a TaKlll:e C 

pacnpe.zi;eneHHeM STHX TOJimKH. KaK IlOKa3HBaDT paCTJ:0Tli, STH napa­

MeTpbl CHX»HO llJlllll':!IDT Ha ~OPMY TeopeTHTJ:8CKlllX cneKTpaJI»Hl:IX pac­

npe'AeneH111M oco6eHHO B MHI'KOla qacTH. YTJ:HTb!Bal':l CKa3aHHOe,MOlKHO 

OTM8TlllT», qTO npOB8'A8HHOe cpaBHeHHe T80pHH H SKCll8PlllM8HTa no­

Ia3aJIO B ueno11 Y'AOBJieTBOPlllTeJI»Hoe cornacme, XOTH BO Bcex cxy­

qa!DC 'AXfl lll':!I'KOi 06JiaCTH cneKTPOB HM00TCl':l HeKOTOpoe pacxox;ite-

HHe. 

IlonyqeHHHe aRcnepHMeHTan»Hble 'AaHHHe OMJIH paccMoTpeaH c TOTJ:­

KH apeHHH 'A0T8KTHPOBaHHH qacTH~. ~Jll':l CUHHTlllJIJ!l':!UHOHHOI'O CTJ:eT­

qHKa, HClIOJI»30BaHHOI'O B HamHx 1113MepeHllll':!X, c nenonJiaCTOBliM pa-

.l(lllaTopo11 TOJlllU'IHOla 25 CM Ill IlJIOTHOCT»ID 0,04 r/c113 6blJia nony-

TJ:eHa acpcpeRTHllHOCT» perHCTpa~H no nepeXO]{HOMY 1113JIYTJ:0HlllID aJieK­

TPOHOB c E~ = 3,0 rall paBHal':l 47%. Ilponopu111oaaJI»HJ:li.i CTJ:eTqHR 

c TeM lite pa'AHaTopo11 npH HanoJIHeHHH c11ec»ro 90% A + IO% CH4 np111 

aTMocwepHOM ,llaBJieHHH .zi;aJI B8Jlllltm:Hy aqxpeKTlllBHOCTlll paBHyD 56%. 
IlpOCTOla pactJ:eT noKaabl:eaeT, qTo acpgieKTlllBHOCTb nponop~HOHaJI»HOI'C­

CTJ:eTqHxa llOZHO IlO]{Hl':!Tb .zi;o 85%' ecJIH np11111eHlllTb CM0C» 90%Xe + 
IO% CH4 (28] • 

IlpoBe'AeHHlie 111ccJie'AOBaHHl':l noKaSb!BaIDT, TITO PITH HBJil':leTCl':l nep­

crreKTlllllHHM M8TO'AOll HH.l(eHTHWHKa~HH TJ:aCTH~ B OoJiaCTlll CB8pXBliCO­

KHX saeprHil:. 8xcnepMMeHTaJILHble pacnpe.zi;exeH111l':l PTIH, noJiytJ:eHHble 

Ha nep111o~qecKHX H HeperyJIBpHl:IX pa.D;HaTopax, aaxo.l(l':!TCH B corxa­

CHH c xeopmet! nepexo.zi;Horo HSJiyqeH111H c ytJ:eTOM norxoll(eHHl':l ae-
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nocpeACTBeHHO B non!IX BaJIYqeaHH. IlpH STOM OCHOBHae BHBOAH 

TeopHH PITM, SKcnepmMeHTanDHO noATBep~AeHHHe paHee ;l.t.JlH perynHp­

HHX cpeA (BJIKRHHe aoH ~OPMKPOBaHHH Hanyqe.EDIH, xapaKTep saBRI­

CHMOCTH HHTeHCHBHOCTH HaJIYqeaHH OT nopeHn~KTOpa qacTHnH H 

T.n.),cnpaBe'AJJHBH B 'AJIH nopHcTwc: MaTepmanoB. 
OcHOBHOe co;ztepl!W.HHe ;mfccepTanmu ony6nHKOBaHo B pa6oTax 

[20-24,28] • 
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