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06lllAff XAPAKTEPHCTHKA PA60TM. 

AXTyanbHOCTb npo6neuw. non.RpK3RUHOHHWe 3KcnepHMeHTU Il03BOJI.R

DT nony'laTb BaXHUe cae.11eHH.R O ~YHJiaMeHTaDbHOR pOJIH cnHHa B npHpo.11e 

CHDbHWX B3aJlHOJieRcTBHIL B TaKHX '.;)l(CilepHMeHTaX tJaCTO HcnOJib3YIOTC.R 

non.RpH30BaHHMe MHweHH, a TOM 'IHcne H, Tax Ha3usaeMNe, 3aMopoxeHNe 

non.RpH30BaHHWe MHWeHH. B nocne.11HHX HepaBHOBeCHaH .RJiepHa.R IlOJI.RpH3a

UH.R coxpaH.ReTc.R JlOCTBTO'IHO .11onro 6e3 H3MeHeHHR (JieC.RTKH qacoB) B 

cna6oM MarHHTHOM none: 0,15T <Ho< o.~T. HeCMOTp.R Ha TO, 'ITO npo

TOHHa.R 38MOpoxeHHa.R )fHWeHb HCilOJ11,30BaJiaCb B npalCTHKe qlK3HtJecxoro 

3JCCnepHMeHTa C 1976r. ( OlilU!, CERH), HI! nyTH C03.namrn .11eRTp011HOJ\ 

3&MopoxeHHOR non.RpH30Ba_HHOR 1.rnweHH ( Jl3fiM) BCTpeTHJIHCb onpe.11eneHHUe 

TPYJIHOCTH. napawarHHTHUR lCO!,!IlJleKC Cr(V), CHl!Te3HpyeuuR Ha OCHOBe 

3T&H.llHOJla ( CH20H)2 H nponaH.llHOJia-1, 2 C3H6(0H)2, Y.!lRBaJIOCb BBeCTH B 

Te :e Be~eCTBa, HOC IlOJIHWM H30TOilHUM 3awemeHHeM H - D, TOJihKO ny

TeM paCTBopeHH.R B HHX CTa6HJlbHYX KOHilJieKCHWX coenHHeHHR. O}lHaJCo npH 

paCTBOpeHHH npOHCJ:OJl.RT peaJ:UHH C o6pa30BaHHelf .npyrHx.. OT JIHtJHLIX OT 

Cr(V), IOMnJ1exco1. 3TH nocJ!eJlHHe COICpasaDT speMSI HJiepHOR CilHH-pewe

TO'IHOA: penaxcauHH, tJTO ol'iyCJIOBJIHBaeT HertpHrOJIHOCTb semeCTBa .llJll:f 3a

uopoxeHHOA: MHWeHH. CHHTe3 KOMnnexca Cr(V) B fiOJIHOCTbIO .11eA:TepHpOBaH

Hl,IX JlHOJiaX y.11aJIOCb ocymecTBHTb 6yHHTOBOfi 9.H. B 1984r. 

}la,,bHeRWa.R pa6oTa no IlOHCKY pal'iO'IHX BemecTB .IIJIS! 6y nymen Jl3TIM 

COCTO.RJ!a B npoBeJieHHH HCCJie}loBaHHfi npHpOJIN }lHHaMHqecKOA: ilOJIS!pH3aUHH 

.RJiep cnnHJ .!leRTepH.R H peJiaKcaUHH B yKa3aHHUX BemecTBaX C ueJ!bD BU

.RCHeHHS! OilTHMBJibHOA: KOHUeHTpBUHH napauarHHTHYX ueHTpOB, Tpe6yeMYX 

y.11eJibHOA: MOl!lHOCTH cBq-HaKaqKH H TeMnepaTypy BemecTBa MH~eHH. BMeCTe 

C TeM pa3pa6aTNBaJiaCb H COBeprneHCTBOBaJiaCb MeTO)J;HKa onpe.11enemrn 

IlOJIS!pH3BUHOHHYX napaMeTpOB MHllleHH. nocTHXeHHe MaKCHMBJ!bHOA: nonSipH-

3aUHH B03MO~HO TOJibKO npH 3qJqleKTHBHOM KOHTpone OilTHMBJlbHYX ycJIOllHH 

HaKatJKH, TBKHX KaK TeMnepaTypa paCTBOpa B KaMepe CMeWHBaHH.R Hypo

BeHb IlO.!lBO}lHMOll: cBq-MOl!lHOCTH. PellleHHK> Kpyra 3a.11aq, CB.R3Bl1HNX C 

nepetIHCJleHHNMH npo6neMaMH, IlOCB.Rl!leHa JIHCCepTBUH.R. 

Uenb pa6oTN, TBKHM o6pa30M, COCTOSIJia B cne.11y10meM: 

a) npoaeneHHe HCCJieJIOBBHHll: C ueJibK> OTl'iopa BemecTB, nepcneKTHBHLIX 

JlJIS! HX }lBJlbHeA:rnero HCilOJib30BaHH.R B xaqecTBe MBTepHaJia JIJIS! n3ITM. 

6) BUS!CHeHHe OilTHMBJlbHLIX ycnoBHA: nonytJeHH.R BNCOKOR si.11epHOA: 

IlOJI.RpH3BUHH. 

B) Pa3pa6oTKB MeTO}lOB onpe.11eneHHH IlOJIS!pH3aUHOHHU~ napaMeTpOB 
MHWeHH . 
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HayqHaH HOBH3Ha. npoBeneHHUH KOMnneKc HccnenoBaHHR IT03BORHn 

ocymecTBHTb BU6op pa6oqHx BemecTB nnH n3nM, 0Tpa6oTaTb OITTHMaRbHll8 

peXHM (TeMnepaTypa, qaCTOTll H ypoBeHb caq-MOmHOCTH) nonyqeHHH 

BUCOKOR HnepHOR nonHpH3aUHH B 3THX BemecTBax, o60CHOBaTb H BHenpHTb 

B npaKTHKY 3KCnepHMeHTa opH,HHaRbHllR cnoco6 H3MepeHHH HnepH08 

nonHpH3aUHH. 

npaKTHqecKaH ueHHOCTb: 

a) 0Tpa6oTaHa MeTonHKa KOMnneKCHllX HccnenoBaHHH BemecTB, IT03BOnH

nmaH npOH3BOnHTb OT6op HaH6onee nepcneKTHBHUX H3 HHX llRH nanbHe8we

ro HCITORb30BaHHH B KaqeCTBe MaTepHana llRH nonHpH30BaHHOH MHWeHH. 

B) Pa3pa6oTaH naKeT nporpaMM nnH pacqeTa nonHpH3aUHOHHUX napaMeT

poB MHWeHeR C nonHpH30BaHHUMH HnpaMH co CITHHOM I~ 1. 

Ha 3amHTV BUHOCHTCH cnenynmHe nono~eHHH: 

.1.npennoxeHHe H peanH3aUHH cnoco6a H3MepeHHH TeMnepaTypu 

BemecTBa MHWeHH B pa3nHqHUX pe~HMaX pe¢pHxepaTopa pacTBopeHHH 

TepMOMeTpoM HMP. 

2. Ha OCHOBe c¢opMynHpOBaHHO,O H npennoxeHHO,O KOMnneKcHoro 

nonxona peweHa npo6neMa H3MepeHHH nonHpH3aUHOHHux napaMeTpOB 

MHWeHH. 

3. PeweHa 3anaqa BOCCTaHOBReHHH cneKTpOB nornomeHHH HMP no 

CHrHanaM, ¢opMHpyeMUM Q-MeTpOM. 

4.npennoxeH anropHTM H oTnaxeHa nporpaMMa o6pa6oTKH cneKTpa 

nornomeHHH HMP, no3BORHDmaH BllqHcnHTb nonHpH3aUHOHHUe napaMeTpll 

MHWeHH. 

5.MccnenoBaHa npHpona penaKcauHOHHUX npoueccoB H nnH 

ne8TepHH B ITORHOCTbD neRTepHpoBaHHllX 3TaHnHone H nponaHnHone-1,2 

C CHHTe3HpOBaHHllM KOMnneKCOM Cr(v). 

6. Ha ycTaHOBKe Il3M "TIP03A" ocymecTBneH 

onepaTHBHoro H3MepeHHH ITORHpH3aUHH Hnep MHWeHH. 

opH,HHaRbHUR 

'· 

MeTon 

Anpo6aUHH nHccepTaUHH. Pe3ynbTaTU pa6oT, H3ROllreHHUe B llHC

cepTaUHH, noKnanuBaRHCb Ha HayqHUX ceMHHapax Jia6opaTopHH HnepHUX 

npo6neM OMHM H MHCTHTyTa ¢H3HKH BUCOKHX 3HeprHH, Ha VII Me~nyHapon

HOM CHMn03HyMe no nonHpH3aUHOHHllM HBneHHHM B ¢H3HKe BUCOKHX 3HeprHR 

(IlpOTBHH0,1986) Ha Me~yHaponHoM pa6oqeM COBemaHHH no TBepnoTeRbHUM 

MHWeHHM (BOHH, 1990). Pe3yRbTaTU pa6oT ony6nHKOBaHU TaKxe B Coo6me

HHHX H npenpHHTax OMHM/l- 4
,

7 /Ha pyccKOM H aHrnHRCKOM H3UKaX H B 

peueH3HpyeMux xypHanax/ 6
'

7
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PacnonoxeHHe Marepuana. nHccepTIUIHH H3noxena ~a 120 cTpaHHuax 

H COCTOHT H3 BBeneHHR, ITRTH rnaB H 3axnnqeHHHj conepimT 16 pHCYHKOB 

H 3 Ta6nHUll, CnHCOK nHTepaTypw COCTaBneH H3 65 nyHKTOB. 

conEPXAHKE PASOT~. 
a nepaoa rnaae xpaTJw H3noxeHH ocHoBHHe a1,rnomi TeopHH cmrno

BWX CHcTeM H penaKCRUHOHHWX npouepcol npH HH3KHX TeMnepaTypax. 

ECRH B3aHMOne8CTBHe MellrllY CITHHIU(H .nocTaToqHO Ml!l.RO, no cpan

HeHHD co B3aHMO.!le8CTDHeM CITHHOB C BHemHHM Ma,HHTHHM noneM Ho, TO B 

cnHHOB08 CHCTewe ycTaHaB11HBaeTCR COCTOHHHe BHyTpeHHero paBHOBeCHH 

3a BpeMH t, ynosneTBopHIOIUee: T2 < t < T1, rne T2 - BpeMH nonepeq-

HOR penaxcaUHH H Tl - BpeMH cnHH-peweToqHoR penaKCaUHH. 9TO COCTOH

HHe xapaxTepH3yeTCH CITHHOBOR TeMnepaTypo8 Ta, a 3aceneHHOCTH ypoa

He8 warHHTHOR 3HeprHH COOTBeTCTBYDT 6onbUMaHOBCKOMY pacnpeneneHHD: 

n(m)=exp(-Em/kTs), rne k-nocTOHHHRR 60RbUMaHa, m=<Iz> - Ma,HHTHOe 

KBaHTOBOe qHcno, I (HRH S)- cmrn 1:1.npa (HRH 3cMJeKTHBHYfi CITHH .311eK-

TpOHa). 
B CHCTeMe HnepHMX cnHHOD {ICC) c I= 1 KOMilOHeHTH eexTopa Pl H 

TeH30pa Py nonRpH3aUHH: 

Pl= n(l)-n(-1) • P, Pl= P2 = 0 ( 1) 

-2Pu = -2Pzz = P:J3 n A = 1-3n(O) 

CBH3aHW C nonHpH3aUHeA PH DHCTpOeHHOCTbD A - napaMeTp&MH, llOJIHO

CTbD on11cwaanmHMH COCTORHHe nonHpH30DaHHO,O aHC&MfiRR. 

npette6peraH BKJianow 8 Em xsa.npynoJlbHOrO B3AHMO~eACTDHH R~pa 0 

rpa~HeHTOM 3ReKTpHqecxoro noJIR woneKyJIH, qTo DilOJIHe ~onycTHMO llJIH 

l!HOROB, nonyqHM BWpEeHHR ~JIR PH A/
5

~ 

P = 4-r/(3 + 1:2); A= 'tP = 4,:
2
/(3 + ,:

2
) (2) 

B o603HaqeHHHX: ,: • th(µH,,/kT■). 1,1 - r.iartUITHLIR MOMeHT Hnpa. 4>op

MYJIW (2) Hcnonb3YDTCR AJIR pac'leTa IlOJIRpH3&UHOHHHX napaMeTpOB MHWeHH 

no 3KcnepHxeHTanl,HblM ~aHHHX, 'ITO no cy111.ecTBY SIDJIReTCSI H3KepeHHeM 

cnHHOBOA TeMnepaTypM B RCC. 
~opManH3M onucaHHR CHCTeM, COCTOSlfflHX H3 CITHHOB HecnapeHHWX 

3ne1CTpOHOB B TBep.now Te.lie ( 3CC) , 110 ll:H0,014 cxoneH C giop111aJ1H3MOJII 

onHcaHHR RCC: npHHHMaeTCSI rHITOTe3a CITHHOB08 TeMnepaTypw, 3aceneH

HOCTH ypOBHell. Ma,HHTHOR 3Heprmt B COCTOSIHHH paBltoBeCHl1 COTBeTCTBYDT 

6onbUMaHOBCKOMY pacnpeneneHHD. onaaxo, B OTRH'IHe OT 11.nepHNX, ~ 3JleK

TpOHJ!UMH cnHHaMH xownnexca Cr(v) CBSl3aH warHHTHHR MOMeHT noqTH Ha 

3 



TPH nopHnKa 6onbwH8 H paenpaenpeneneHHe Hx ~o o6oeMy BemeeTBa HOeHT 

enyqa8HU8 xapaKTep. CneneTBHeM nHnOHb-nHnOHbHoro B3aHMone8eTBHH 

enHHOB HBHHeTeH TaK Ha3UBaeMoe onHoponHoe ywHpeHHe HHHHH 3HeKTpOH

Horo napaMarHHTHOro pe30HaHea (3TTP). OnHaKo B onuTe npHxonHTeH 

HMeTb neno ewe H e HeonHoponHuM ywHpeHHe~ eneKTpa, npHqHH08 qeMy 

enylKHT, B qaeTHOeTH, enyqa8HHH xapaKTep OpHeHTaUHH MoneKyn KOMnneKea 

npH aHH30TponHH 3HeKTPOHHOro g-¢aKTopa. B 3TOM enyqae OKa3UBaeTeH 

Bee lKe B03MOlKHUM BunenHTb 06oenHHeHHYD eHeTeMy: 
-* ..... 

-, Hss = Hss + HH.y. (3) 

trne Hss - raMHHbTOHHaH nHnOHb-nHnOHbHOro B3aHMone8eTBHH, a non 

HH.y. IlOHHMaeTeH BKnan BO B3aHMone8eTBHe, npHBOnHWHH K HeOnHoponHo

MY ywHpeHHD), KOTopaH e xapaKTepHUM BpeMeHeM T2e "' t,;1 « Tie (t.e -

WHpHHa eneKTpa 3TTP, T~ - BpeMH 3HeKTpOHHOH enHH-peweToqHOH penaK

eauHH) npHxonHT B eoeTOHHHe BHyTpeHHero paBHOBeeHH. noenenHee. 

xapaKTepH3yeTeH TeMnepaTypo8 Tss, B o6meM enyqae OTHHqHo8 OT TeMne

p~Typu Ts. Pa3yMeeTeH, eymeeTBOBaHHe He3eeMaHOBeKo8 noneHeTeMu 

<H:s> B 3CC - nonymeHHe, 3KenepHMeHTaHhHYD npoBepKy KOTOporo MOlKHO 

oeymeeTBHTb B onuTax no nnH. 

PemiKeauHOHHUe nepeBOpOTH 3HeKTpOHHoro . enHHa eo3nal()T B MeeTe 

paenonolKeHHH 'Hnpa enyqa8Hoe none, eneKTp KoToporo nepeKpUBaeT 

o6naeTb napMopoBeKHX qaeTOT. Hnep. npoueeeu HnepHOH penaKeaUHH HHHD

eTpHpyeT ynpomeHHaH exeMa PHe. 1. BenHqHHa ('t'lssf1 xapaKTepH3yeT 

eKopoeTb o6MeHa 3HeprHe8 MelKny HCC H He3eeMaHOBeKHM pe3epByapoM 
-* ' <Hss>, KOTOpHH, B eBOI() oqepenb, npHxonHT B paBHOBeeHe e peweTKOH e 

noeTOHHHOH Bp8M8HH 't'ssl. B onHOM npenenbHOM enyqae: 't'iss « 't'ssl, 

nnH BpeMeHH HnepHOH enHH-peweToqHQH penaKeauHH HMeeM: 

't'lssl."' (K+l)'t'ssL (4) 

rne K - OTHOWeHHe nonHUX 3HeprH8 HCC H H8388MaHOBeKo8 eHeTeMU. 

WMeHHO 3TOT enyqa8, KaK 6yneT noKa3aHO, H peanH3yeTeH B onuTax e 

nHonaMH. ,C yqeTOM npyrHX KaHaHOB, 
'tsst 

"t 
1:1ss 

L 
PHe.1 

ss 
,:SSL 

nnH eyMMapHOH eKopoeTH HnepHo8 enHH

peweToqHo8 penaKeauHH (PHe.1) nony

qaeM: 

Ti~ ; -ri!sL + ( 't'' )-1 
( 5) 

BenHqHHa Tin HBHHeTeH He TOHbKO BalK

HOH 3KennyoTaUHOHH08 xapaKT8pHeTHK08 

3aMOPOlK8HH08 nonHpH30BaHHOH MHW8HH. COOTHOW8HHe M8lEJIY Tie H Tin, HX 

3HaqeHHH npenonpenenHDT KaK MaKeHMaHbHYD BenHqHHY TaK H BpeMH, He

o6xonHMOe nnH nonyqeHHH BUeOK08 HnepHo8 nonHpH3aUHH. 

4' 

! 

~ 

.... 

nnH npoHexonHT B pe3yHbTaTe B03neReTBHH Ha 3CC cBq-MODlHOeTH Ha 

qaeTOTax, 6nH3KHX K ueHTpanbH08 qaeTOTe eneKTpa 3TTP. 3~eKT H3Me

H8HHH TeMnepaTypu He3eeMaHOBeK08 eHeTeMU, a e He8 H TeMnepaTypu B 

HCC, Ha3BaH nHHaMHqeeKHM oxnaxneHHeM. npH HanHqHHH HeeKOHbKHX HCC 

Bee OHH npH06peTaDT o6myD enHHOBYD TeMnepaTypy. 

Heo6xonHMO OTMeTHTb, qTQ eTpOrH8 pe3yHbTaT TeOpHH B03MOXeH 

TOHbKO B paMKaX BUeOKOTeMnepaTypHoro npH6HHlK8HHH, Karna B pa3no-

lK8HHH MaTpHUU nnoTHOeTH MOlKHO orpaHHqHTbeH HHWb qneHaMH, HHHe8HUMH 

no TeMnepaTypaM. npH 3TOM. ueneeoo6pa3HO BBOnHTb nOHHTHH "TennoeM

KOeTe8" enHHOBUX eHeTeM, a npoueeeu 3Heproo6MeHa M8lC.!lY HHMH onH

euBaDTeH HHH8HHUMH nH¢¢epeHUHaHbHUMH ypaBHeHHHMH. KaK 6yneT noKa-

3aHO, Ha OCHOBe BUCOKOTeMnepaTypHoro npH6HHlK8HHH ynaeTCH nonyqHTb 

KOnHqeCTBeHHOe onHCaHHe pe3yHbTaTOB 3KCnepHMeHTa. 

Bo BTOOOH rnaBe H3HaraeTCH npHHUHn pa6oTU pe¢pHxepaTopa pac

TBOpeHHH B CBH3H C npo6neMOH KOHTpOHH pelKHMa HaKaqKH. 

P83KOe pa3nHqHe ¢H3HqeCKHX CBOHCTB nByx KBaHTOBUX %HnKOCTe8 -
3

He (¢epMH-lKHnKOCTb) H 
4
He (6038-lKHnKOCTb) npHBeno r.noHnoHa K Hnee 

MeTO)la nonyqeHHH HH3KHX TeMnepa~Y{l nyTeM pacTBOpeHHH 3He B 4He. 

nepBuli pe¢pHlKepaTop pacTBopeHHH 6un 3anymeH B na6opaTopHH sinepHux 

npo6neM OHHH B 1965 rony E.C.HeraHOBUM c COTpynHHKaMH111
. 

B pa3nene 2.4 {BTOpOH rnaBu) onHCUBaeTCH npennolKeHHUH aBTOpOM 

cnoco6 H3MepeHHH TeMnepaTypu BemecTBa MHW8HH B pa3nHqHHX pelKHMaX 

pe¢pHlKepaTopa paCTBOpeHHH. Bo BpeMH nepBUX 3anycKOB npOTOHHOH nonH

PH30BaHHOH MHW8HH nnHHOH 200 MM BCTpeTHHHeb onpeneneHHUe TpynHoCTH 

e OTpa6oTKOH pelKHMa c 6onbWHM ypoBHeM csq-MODlHOCTH, npH HaKaqKe 

HnepHOH nonHpH3aUHH. Ha6nDnanHCb cpUBU pelKHMa, eonpoBOlE,.!laBWHeCH 

aHoMaHbHO 6UCTpOH HnepHOA: cnHH-pellleToqHQH penaKcauHeA: B BemecTBe 

MHW8HH, qTQ CBHneTeHbCTBOBano O pe3KOM yBenHqeHHH ero TeMnepaTypu. 

nocKOHbKY TepMoMeTpu BaHHU paCTBOpeHHH OTMeqaJIH pocT TeMnepaTypu 

pacTBOpa 3HaqHT8HbHO n03lKe MOMeHTa neperpeBa MHWeHH, TO Ha BpeMH 

0Tpa60TKH BUWeyKa3aHHOro pelKHMa Heo6xonHMO 6uno ocymecTBHHTb Henpe

pUBH08.Ha6nI()neHHe 3a TeMnepaTypoA: caMoro BemecTBa MHllleHH. npHHUHnH

anbHO 3TO B03MOlKHO no CHrHany HMP, HO Ha nyTH K npaKTHqecK08 peanH-

3aUHH cnoco6a Heo6xonHMO 6uno npeononeTb nBe TpynHoCTH: nepBaH CBH-

3aHa C HH3KOA: qyBCTBHT8HbHOCTbI() yeTpo8eTBa mm H3MepeHHH HnepHOA: 

nonHpH3aUHH (Q-MeTpa) npH perHeTpaUHH eHrHaHOB TennoBoro paBHO

BeeHH, H BTOpaH - 3TO 60HbWOe BpeMH Tin B pa6oqeM BemeeTBe MHWeHH'. 
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YBeJIHqeHHeM KOHUeHTpaUHH napaMarHHTHl,IX ueHTpOB oKa3UBaeTC.H B03MOlt

H_liM JlOCTHqb Tin "" "t'r = RlcCo (Ric - rpaHHqHOe TeilJIOBOe COilp01:.,!iBJieHHe 

KanHUli, Co - TenJioeMKOCTb rpaHy Jll,I Be111ecTBa). YBeJIHqeHHe OTHOWeHH.H 

ypoBH.H noJie3Horo CHrHaJia HMP TeilJIOBoro paBHOBeCH.H K ypoBHJO wyMOB 

JlOCTHraeTC.H MeTOJlOM HaKOilJieHH.H (noJipo6Hee 06 3TOM - B rJiaBe 3). 

TaKHM o6pa30M, TepMOMeTp HMP 6un _cJieJiaH Ha OCHOBe BliCOKOKOHUeHTpH

poBaHHOrO Be111eCTBa MHWeHH, npHrOTOBJieHHoro, KaK o6uqHo, B BHJie rpa

HYJI H noMeD1eHHoro BMeCTe c o6neMHUM HarpeBaTeJieM B BaHHy paCTBOpe

HH.H. Bu6Hpa.H BpeMR HaKonJieHH.H Toro xe nopRJIKa, qTQ H Tin MOltHO 6uno 

o6ecneqHTb ToqHoc'.b H3MepeHHR TeMnepaTypu He xyxe 57.. B pe3yJI&TaTe 

npoBeJieHHliX HCCJieJIOBaHHR 6UJIH nonyqeHu: KaJIH6pOBKa yroJibHOro TepMO

MeTpa BaHHli paCTBOpeHH.H B CHJibHOM MarHHTHOM none H npHBR3Ka 3Haqe

HHR MHKpOBOJIHOBOR MODlHOCTH Ha BliXOJie reHepaTopa K ¢aKTHqecKOR 

MODlHPCTH, pacceHBaeM08 B BemecTBe MHWeHH/
6

/ 

TpeTb.H rJiaBa IlOCB.HllleHa pemeHHJO npo6JieMl,I H3MepeHH.H BUCOKOR 

.HJiepHOR IlOJI.HpH3aUHH. 

CTeneHb IlOJIRpH3aUHH MHWeHeR C opHeHTHpOBaHHliMH RJipaMH MOlteT 

6UTb H3MepeHa n_o xapaKTepHUM napaMeTpaM cneKTpa nornomeHHR HMP, B 

qacTHOCTH, OTHOWeHHeM HHTerpaJibHl,IX HHTeHCHBHOCTeR yqacTKOB 
/3 5/ · · /2/ 

cneKTpa • . CHrHaJIU HMP BLIJieJIRJOTCR C IlOHODlblO Q-MeTpa - ycTpoR-

CTBa, qyBCTBHTeJibHOro K H3M.eHeHHIO MOJIYJIH HMile)laHca HaCTpoeHIIOro KO

Jie6aTeJibHOro KOHTypa, B KaTywKe HHllYKTHBHOCTH KOTOporo HaXOJIHTCR 

Be111ecTBO MHWeHH. B o6JiaCTH qacToT, rJie ycJIOBHR HMP Bl,IIlOJIHeHl,I, JIJIR 

HHJIYKTHBH08 qacTH KOMilJieKCHoro conpOTHBJieHH.H KOHTypa cnpaBeJIJIHBO: 

iwL = iwLo[l + 4m1x(w)J (6) 

x(w) = x'.(w)' - ix" (w) (7) 

rJie: x' H x" - JIHCIIepcH.H H nornomeHHe, 'Lo - HHJIYKTHBHOCTb "nyc

T08" KaTyWKH, 7) - ¢aKTOp 3anoJIHeHHR KaTyWKH £el!leCTBO~ MHWeHH, w -

UHKJIHqecKa.H qa_CTOTa. KOMilOHeHTl,I KOMilJieKCH08 .HJiepH08 Bo"cnpHHMqHBOCTH 

(7) CBR3aHl,I MeXJIY co6o8 (JIHCnepcHOHHl,IMH) COOTHOWeHHRMH KpaMepca -

KpOHHra. nnH H3MepeHHR non.HpH3aUHH MHWeHH, KaK CKa3aHO BUWe, HHTe

pe·c npeJICTaBJI.HeT cneKTp nori10111eHHR x" (w). MOlKHo· noKa3aTb, qTo OTHO

CHTeJibHOe H3MeHeHHe MOJIYJIH HMile)laHca IlpHeMHOrO KOHTypa C JI06pOTHO

CTblO Q: 

m = 4rr7lx"Q + o(x'. x") (8) 

rJie BTopoe cnaraeMoe - qneHLI 6onee BLICOKoro nopHJIKa ManocTH, BKJiall 

KOTOpux MOlKeT COCTaBJIRTb llO 107. H 6onee / 3
/. IlOJICTaBJI.HR B ( 13) 

.HJiepHyJO BOCIIpHHMqHBOCTb JieRTepHpoBaHH08 MHWeHH H THnHqHue napaMeTpli 

6 

... 

... 

.. 

KOHTypa, nonyqaeM oueHKH: m "' 10-
4 

H ypoBeHb IlOJie3HOro CHrHaJia Ha 

BXO)le ycHJIHTeJI.H aq OKOJIO 4MKB. TaKHM o6pa30M )IJIR H3MepeHHR IlOJI.HpH-

3aUHH MHWeHH Heo6XO)IHMO pewHTb )IBe 3aJiaqH: BUJieJIHTb noJie3H1,18 CHrHaJI 

H3 WYMOB H IlOMeX, H Bl,lqecTb BKJia)l CHCTeMaTHqecKHX OWH60K, o6ycJIOB

JieHHl,IX O(x' ,x") B ( 8). B pa60Te/
2

/ H3JIOl!CeH KOMilJieKCHl,IR IlO)IXOJI B 

peweHHH npo6JieMl,I H3MepeHH.H HJiepH~R IIOJI.HpH3aUHH MHWeHH: 

1.CneKTp HMP m(w) Bl,l)leJI.HeTC.H H3 WYMOB annapaTyp1,1 C IlOMOlllblO 

3BM Ha JIHHHH c Q-MeTpOM nyTeM HaKOilJieHH.H. 

2.no cneKTPY HMP, nonyqeHHOMY B BH)le qHcJIOBoro MaCCHBa, Bl,1-

qHCJI.HeTC.H cneKTp nor JIOllleHH.H x" ( W) H, 3aTeM, BeJIHqHHa non.HpH3aUHH. 

BuqHCJieHH.H x"(w) npoH3B0)1.HTC.H no aHaJIHTHqeCKHM Bupal!CeHH.HM )IJI.H 

HMne)laHCOB npHeMHl,IX KOHTY poB, 3anHcaHHliM B KOMnaKTH08 ¢0pMe/
3

' 
4

~ 

nn.H yBeJIHqeHH.H qyBCTBH~eJibHOCTH Q-MeTpa npH H3MepeHH.HX noJI.HpH3aUHH 

)le8TepHeBo8 MHWeHH IlpHMeH.HeTC.H napaJIJieJIH!,18 npHeMHl,18 KOHTYP, noJIH!,18 

HMne)laHc KOToporo 3anHCUBaeTC.H B BH)le/3
/: 

Z(w) = p ~-±-~ __ L_ (9) 
A + A B + l; 

B ¢opMyJie (14) HCnOJib30BaH1,1 CJie)lyJOlllH~ o603HaqeHH.H: 

A= (iwL + R)/p 

r)le L - ~HJIYKTHBHOCTb (12), R - aKTHBHOe conpoTHBJieHHe KaTyWKH, p -

BOJIHOBOe conpOTHBJieHHe Ka6eJI.H, 

l; = (iwC + G)p 

r)le C - eMKOCTb KOH)leHcaTopa, G - aKTHBHa.H qacTb npoBOJIHMOCTH KOH

JieHcaTopa, 

B = th27l H A= (1 + l;B)/(B + (;), 

r )le 7=a+ i(3 - ·no-cTO.HHHa.H pacnpocTpaHeHH.H Ka6eJI.H ( ex- 3a TyXaHHe, (3 -

K03!fxpHUHeHT ¢a31,1), 1 - )IJIHHa Ka6eJI.H. 3aMeTHM qTo C .HJiepH08 BOcnpH

HMqHBOCTblO .JIHHeHHO CBH3aHO npHpameHHe AA= A-Ao (HHJieKCOM o o603Ha

qaJOTC.H napaMeTpli "nycToro" KOHTypa, T. e. B OTCYTCTBHe HMP). Blipa:s:e

HHe )IJI.H OTHOCHTeJIHoro H3MeHeHH.H MOJIYJIH HMneJiaHca KOHTypa: 

m(w) = [Z(w)-Zo(w)]/Zo(w) (10) 

HCnOJib3y_eM B KaqeCTBe ypaBHeHH.H )IJI.H HaXOlIC)leHH.H 

Re(l'IA) = (47IWL7)/p)·x"(w) "'X"(w) ( 11 ) 

npH npoBe)leHHH 3THX BLIKJiaJIOK CJieJiyeT npHH.HTb BO BHHMaHHe, qTQ 

npH BKJIJOqeHH08 o6paTH08 CB.H3H, ocymecTBJI.HJOllleH HacTpORKy npHeMHOro 

KOHTypa B pe30HaHC 110 H3MeHeHHJO ¢a3LI, He06XOJIHMO pa3JIHqaTb Co(w), 

BXOJI.HlllHe B Ao(w) H Zo(w), H C(w), BXOJI.HlllHe B A(w) H Z(w) .. 11TaK 

H3 (10), (11). C yqeTOM (6)- (9), nonyqaeM ¢opMyJiy BH)la: 

X"(w) = 11/[m(w),x'(w)] 
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Hcnon&3yeMyD B nporpaMMe noccTaHonneHHH/4 /cneKTpa nornomeHHH HMP. 

Ha PHc. 2 npeJicTanneHa 6noK - cxeMa 

nuqHcnHTen&Horo npouecca, opraHH30BaH~oro 

no MeTOJIY nocneJIOBaTenbHUX npH6nHlKeHH8: crreKTPU 

JIHcnepcHH X:.(F) H nornomeHHH X::(F) n-08 

HTepaUHH 

X::-1(F), 

CTpOHTCH Ha OCHOBe 3HaqeHH8 X:.-1(F), 

An-1(F) H ~n-1(F). 

npeJIUJiy!lle8 (n-1) -08 HTepaUHH 

nonyqeHHUX B 

(F - qacTOTa )_. 

nnn BUqHcneHHH X Hcnon&3yeTCH COOTHOWeHHe 

KpaMepca-KpoHHra (onepaTop Kr Ha cxeMe). npaKTH

qecKH ycTaHonneHo, qTo JIOCTaToqHo scero Tpex -

qeTUpex HTepauH8, qTo6u Ha8JieHHUe x'H x" YJIOB

neTBOpHnH KpHTepHD MHHHMyMa x2
• 

cneKTP HMP Jie8TpOHOB (nMP) HeOJIHOpOJIHO 

ywHpeH acneJICTBHe B3aHMOJie8CTBHH KBaJipynon&Horo 

MOMeHTa HJipa C rpaJIHeHTOM 3JieKTpHqecKoro rronH 

MoneKynu. B Jie8TepHponaHHUX JIHonax TaKo8 cneKTP 

MOlKHO OilHCaTb JlBYMH 3epKanbHO-CHMMeTpHqHUMH 

tpyHKUHHMH/s/ q,(x) H q,(-x) (PHc.3): 

~(x) = q,(-x) + Rq,(x) (12) 

rJie R - napaMeTp acHMMeTpHH ipopMU cneKTpa, CBH3aH 

PHC.2. CT H3 (2): 
T = (R-1)/(R+l) (13) 

0603HaqHB .qepe3 F(x) H f(x) HOpMHpoBaHHUe Ha eJIHHHUY <PYHKUHH' ~(x) H 

q,(x), nepenHweM (17) B HOBUX o603HaqeHHHx: 

F(x) = (R+l)- 1 [£(-k) + Rf(x)] (14) 

3anHcaB CHMMeTpHqHyD H aHTHCHMMeTpHqHyD qaCTH F(x), saMeTHM: 

F(x) = t•(x) + da(x) (15) 

HnH F(x) npeJICTaBHMa B BHJie nHHe8H08 KOM6HHaUHH CHMMeTpHqHo8 H 

aHTHCHMMeTpHqHOH qacTe8 HeKOTOpOH "6a30BOH" <PYHKUHH f(x), xapaKTep

HOH JinH JiaHHoro nemecTBa H He 3aBHCHmea OT CTeneHH rronHpH3aUHH MH

weHH. 0TCDJia, B qacTHOCTH, cneJiyeT He3aBHCHMOCTb CYMMU: F(l)+F(-1) 

OT BeJJHqHHU nonHpH3aUHH. 0603HaqHB qepe3 Br H BF COOTBeTCTBeHHO 

OTHOWeHHH pa3HOCTeH K cyMMaM 3HaqeHH8 lflYHKUHH F Hf B TOqKaX x=±1, 

Haxomrn: 

BF = TBr (16) 

AHanorHqHoe COOTHOWeHHe HMeeT MeCTO JIJIH nepBUX MOMeHTOB Mr H Mr -

HOpMHpOBaHHOro Ha eJIHHHUY cneKTpa nornomeHHH H 6a30B08 lflYHKUHH: 

8 

I 

·] ·' 

/ 

Mr = TMr (17) 

YHHBepcanbH08 KOHCTaHT08, xapaKTepHOH TOJibKO JIJIH )laHHoro nemeCTBa 

MHWeHH, 6yJieT,oqeBHJIHO: 

D = BF/Mr = Br/Mr (18) 

HTaK JlJIH BUqHcneHHH nonnpH3aUHOHHUX napaMeTpOB MHweHH Heo6xo

JIHMO HaitTH 6a30B YD IPYHKUHD f ( X). lIOCTpoeHHe f (x) ocyril.eCTBnHeTCH 

JinH HeKOToporo D B3HTOro H3 COBOKynHOCTH qHcnonux 3HaqeHH8, xapaK

TepHUX JIJIH JiaHHoro nemecTBa. nnH Kaxnoro D no (18) nuqHCJIHeTcH _Mr, 

qTQ JiaeT B03MOlKHOCTb nocTpOHTb CHCTeMy KOOPJIHHaT. B 3T08 CHCTeMe 

CTpOHTCH CHMMeTpHqHaH qacTb F(x), connaJianmaH c t·(x)·n CHny (15). 

nnH HaXOlKJieHHH f(x) no f"(x) JIJIH -1<x<1 Hcnon&syeTCH TeopeTHqecKaH 

!pOpMyna. BenHqHHa T BUqHCJIHeTCH no (16) H (17), a no)lrOHKa BCeX 

napaMeTpOB (B TOM qHcJie H D) ocymecTBnHeTCH no MeTOJIY HaH

MeHbWHX KBaJipaTOB c 3KcnepHMeHTaJibHUM cneKTPOM F(x) H MOJieJibH08 

lflYHKUHeit (15). PHC.2 JieMOHCTpHpyeT pe3yJI&TaT annpOKCHMaUHH cneKTpa 

nMP (ToqKH) pacqeTHOH KpHB08 (cnnowHaH nHHHH), nonyqeHHOH, B CBOD 

oqepeJib, cyMMHpOBaHHeM HCKOMUX . cpyHKUH8 1 H 2. napaMeTp D MOllteT 

PHC.3. 

H3MeHHTbCH B JIOBOJibHO WHpOKHX npeJieJiax 

OT cneKTpa K cneKTPY, HO nenHqHHa Br 

npH 3TOM He BUXOJIHT 3a rrpeJienu _2 7.. 

3HaqeHHH: 

Br= 0,57 ± 0,01 - JIJIH 3TaHJIHOJia, 

Br= 0,631 ± 0,007 - JIJIH nponaHJIHona, 

C yqeTOM nonpaBOK Ha CHCTeMaTHqecKyD 

norpewHOCTb Q-MeTpa, 0 KOTopoa CKa3aHO 

BUWe, HCilOJib3YDTCH B onepaTHBHOM MeTO)le H3MepeHHH nonHpH3aUHH MHWe-

HH B npouecce HaKaqKH. 

OnHCaHHUH MeTOJI H3MepeHHH noJIHPH3aUHOHHUX napaMeTpOB .ne8TpOH

HOit nonHpH30BaHHOH MHIJJeHH npocT. HaJieJKeH H 06ecneq1rnaeT pasyMHYD 

ToqHOCTb. B KOHHUe rnanu o6CylKJleHU B03MOlKHOCTH HCnOJib30BaHHH MeTOJia 

JlJIH MHWeHH8 c JipyrHMH nemecTBaMH. 

qeTnepTaH rnaea nocnnmeHa 3KcnepHMeHTaJI&HUM HCCJieJioBaHHHM nrrH 

JieHTepHH B JlHOJiax/6
: OnHCUBaeMue 3KcnepHMeHTU rrpoBOJIHnHCb Ha KOMn

JieKCHUX COeJIHHeHHHX Cr(V) B noJIHOCTbD Jie8TepHpOBaHHUX 3TaHJIHOJie 

(CDzOD)z H nponaHJIHOJie-1, 2 C306(0D)z. 

YCTp08CTBO KaMepu pacTBopeHHH, pa3pa6oTaHHOe 50pHCOBUM H.C., 

rroKasano ~a PHC. 4 / 6
/ Pa6oqH8 KOHTe8Hep C BemecTBOM MHWeHH 

3aMeHeH· crreuHaJibH08 aMrryno8 4 H3 Te!pJIOHa. KaTywKa HHJIYKTHBHOCTH 7 
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aunoJJHeHa B BHne nHTH BHTKOa nocepe6peH08 npOBOJJOKH, HaMOTaH08 Ha 

KapKac, cnyxaWH8 onHOBpeMeHHO KOHTe8HepoM, aHyTpeHHH8 o6oeM KOTopo-
~ 

SeN 

ro 9 3anoJJHHJJCH HccnenyeMUM o6pa3UOM. 

KoaKcHaJJhHU8 Ka6eJJh 1, npoBeneHHu8. no 

ueHTpaJJbHOMY KaHaJJy KpHOCTaTa, COCTOHJJ 

H3 cnJJOlliH08 Tpy6KH H3 HepxaBeowen 

CTaJJH nHaMeTpOM 5 MM, TOJJWHH08 cTeHKH 

0,15 MM H 6pOH30B08 XHJJU nHaMeTpOM 

0,3 MM, 3a¢HKCHpOBaHH08 Ha OCH Tpy6KH 

pacnopKaMH H3 Te¢JioHa. 3He qepe3 oT-

OTBepCTHH a CTeHKaX aMnynu H KOHTe8 -

PHC.4 Hepa nocTynaJI B o6oeM 9 CHH3Y, qTO 

o6ecneqHsano HaHnyqmHe ycnoaHH oxnaqeHHH 161HccnenyeMoro sewecT

sa. JeMnepaTypa 06pa3ua onpeneJIHJiach no conpoTHBJieHHD pe3HcTopos 

Speer-100 H Speer-200, xanH6posaHHUX B oTneJihHOM onuTe no cHrHany 

RMP, KaK yxe 6uno CKa3aHO aume. npoBOJIOqHUM HarpeaaTeJieM, pa3MeweH-

HOM s o6oeMe 10 MOXHO 6uno nonseCTH K xaMepe paCTBopeHHH ¢HKCHpo

saHHYD TenJIOBYD MOWHOCTb, qTo HCnOJib30BaJJOCh nnH oueHKH CB4-MOW

HOCTH, pacceHBaeM08 B o6pa3ue npH HaKaqxe noJIHpH3aUHH. napa3HTHU8 

npHTOK Tenna B KaMepy paCTBOpeHHH, nonaonHMU8 a OCHOBHOM no xoaKCH

aJJbHOMY Ka6eJID, COCTaaJIHJJ OKOJIO 2·10~BT, qTO noaUCHJJO MHHHMaJihHYD 

TeMnepaTypy 06pa3ua no 54mK. 

JlnH perHCTpaUIIH cneKTpoa .RMP npHMeHHJICH Q-MeTp, napaneJibHU8 

LC-KOHTYP KOTOporo 06pa3oaaH KaTylliK08 HHnyKTHBHOCTH 7 H eMKOCThD 

xa6eJJH 1 BMecTe c aonOJIHHTeJihio8 eMKOCThD, nonKJJDqeHH08 Ha Bxoae 

npH6opa. noJIHU8 cneKTP .RMP CHHMaJICH a aHne OTKJIHKa Q-MeTpa Ha H3Me

HeHHe qacTOTU TIHTaowero reHepaTopa a nHana3oHe oT 13,420 Mru no 

13,820 Mru, no 3aKOHY, 6JJH3KOMY K JJHHe8HOMy. AnnapaTypa auneJieHHH 
~ 

cneKTpa .RMP pa3pa6oTaHa MaTa¢oHoauM B.H .. nocne aHanoro - UH¢po-

aoro npeo6pa3oBaTeJIH KA209 H 6yipepimro HaxonHTeJJH KJI006 cneKTp. 

npeo6pa3oaaHHUR B qHCJIOB08 waccHa, nepenaaaJICH a naMHTb MHKpo-3BM 

KM001 (ace Ha3aaHHUe UH!pposue 6JIOKH cTaHnapTa KAMAK pa3pa60TaHU B 

JIHn OHHH). nporpaMM08 npenaapHTeJibH08 o6pa60TKH HH¢opMaUHH npeny

CMaTpHBaJIOCb cneayowee: HaKonneHHe H ycpe.1tHeHHe cneKTpos c uenhD 

BuneneHHH H3 WYMOB H noMex, HHTerpHpoaaHHe, ynpoweHHU8 pacqeT nOJIH

pH3aUHH, BUBon cneKTpa Ha rpa¢HqecKH8 nucnne8 H 3anHCb Ha MarHHTHYD 

JJeHTy KacceTHoro HaKOnHTeJJH PK-1. OKoHqaieJibHaH o6pa60TKa cnexTpoa 

.RMP nposonHJiaCb Ha 38M E3CM-6 no nporpaMMaM, nocnenHHH BepCHH KOTO
pux onHcaHa suwe. 

IO 

CxeMa CB4~TpaKTa171ycTaHOBKH npHae

neHa Ha PHC.5. HCToqHffKOM MHKpOBOJI

HOB08 MOWHOCTH 5MM nHana30Ha CJIYXHJJ 

nepecTpaHaaeMU8 reuepaTOp AH¢paKUHOH

Horo H3JiyqeHHH r.nH-7. CB4-MOWHOCTh, 

nocTynaomaH B KpHocTaT, perynHposa

nacb aTTeHDaTopoM 2 H H3MepHJiaCh 

PHC.5 6oJJJIOMeTpOM 5; KOHTpOJib qaCTOTU 

ocywecTBJJHJJCH BOJIHOMepoM 3. 0CHOBH08 pe3oHaTOp 11 (PHC.4) o6pa3oaaH 

CTeHKaMH XBOCTOB08 qacTH 3KpaHa, HMeomro TeMnepaTypy OKOJJO lK . .RJIH 

3anHCH cneKTpOB 3JieKTpOHHoro napaMarHHTHoro pe30HaHca (3nP) HCilOJih-

30BaJICH CHrHaJJ OTpaxeHH08 MOWHOCTH, CHHMaeMu8 C neTeKTOpa 6. 5JIOK

cxeMa annapaTypu auneneHHH cnexTpa 3nP TaKxe noxa3aHa Ha PHc.5. re

HepaTop MoaynHpyeT qacTOTY CB4-KOJJe6aHH8 H3MeHeHHeM HanpHXeHHH Ha 

1sorc 
t,..-t 

PHc.6. 

OTpaxaTeJie r.nH no CHHYCOHnaJibHOMY 3aKOHY C qacTO

T08 1oxru. CHrHa~ c neTeKTopa 6 nonaeTcH Ha y3KO -

noJIOCHU8 YCHJIHTeJib. (Y). Buxon ycHJIHTeJIH nonxnoqeH 

KO axony I CHHXPOHHOrO neTeKTopa (C.n). Ha axon II 

KOToporo nocTynaeT onopHoe HanpHxeHHe oT reHepaTo

Topa. cneKTp 3IlP perHCTpHpoaaJICH B aHne H3MeHeHHH 

CHrHaJia OTpaxeHH08 MOWHOCTH, au3uaaeMoro H3MeHeHH

eM HHnYKUHH BHelliHero MarHHTHOro noJIH, no JIHHe8HOMY 

3aKOHy. B o6nac·TH. rne aunoJJHeHu. YCJIOBHH pe3oHaH

ca. ECJIH rny6HHa qacTOTH08 MonyJIHUHH He npeBumaeT 

1/3 lliHpHHU cneKTpa nornoweHHH, TO CHHXpOHHUM 

neTeKTHpOBaHHeM auneJIHeTCH CHrHaJJ nepao8 npOH3-

sonHo8 3Toro cnexTpa. Ha PHC.6 noKa3aHu npHMepu 

3anHCH cneKTpOB 3IlP KOMTIJJeKca Cr(v) Ha JJeHTe 

caMOnHcua. 
Pe3yJJbTaTU H3MepeHH8 npeneJJhHO nocTHXHMUX 3HaqeHH8 TIOJIOXH

TeJihH08 .H OTPHUaTeJJbH08 IlOJIHpH3aUHH H speMeHH cnHH-pellieTOqHo8 pe

JJaKCaUHH nnH Tpex 3HaqHTeJJhHO OTJJHqaDWHXCH npyr OT npyra o6pa3UOa 

npHBeneHU B Ta6Jrnue ( CTpaHHlla 12) . 
o6pa3eU ~2 npHroTaBJJHaancH H3 BewecTBa, nonyqeHHoro pa36asne

HHeM HcxonHoro coenHHeHHH, H3 KoToporo npHroTosneH 06pa3eu ~1. qH

CTUM 3TaHnHOJIOM (CD20D)2 a OTHOWeHHH 1: 6. 8 pe3yJJbTaTe, KaK H CJie

noBaJJO oxHnaTb, pe3KO B03pOCJIO BpeMH cnHH-pemeToqHo8 peJJaKCaUHH: 

II 



npH 54mK OHO COCTaBJil!JIO, Bepol!THO, nopl!.lIKa HeCKOJibKHX COTeH 'laCOB. 

JJ BemecTBO 
o6p. 

Co.llep- KOHUeHTpaUHll MaKCHMaJibHal! 
nOJillpH3aUHll 

BIT) T(MK) ~n('lac) 

PeJiaKCaUHll 

~::~:- /~~~~M3 

1.3TaH,llHOJI 

( CD20D)2 

2.3TaHJIHOJI 

pHll B 
7. no 
Becy 

17., 6 

17,6 

3.IlponaH.lIHOJI-1,2 19,0 

C3D6 (OD)2 

( 5±1 ) x1 0
19 

1x10
19 

( 6±1) x10
19 

0,32 54 

54 

2,08 800 

0,32 80 

Po 

10 -(0,42±0,02) 

15 +(0,42±0,02) 

4 0, 10 

1 +(0,38±0,02) 

-(0,41±0,02) 

BMeCTe C Tex 3Ha'IHTeJibHO CHH3HJIOCb 3Ha'leHHe npe.lleJibHO .lIOCTHltHMOH 

noJillpH3aUHH Po. rpa~HK 3aBHCHMOCTH Po OT 'laCTOTH caq-noJil! npHBe.lleH 

Ha PHr..7 (06pa3eu .1'1 - xpyltKH, 06pa3eu »3 - TpeyroJibHHKH). Pa3HOCTb 

ll4r 1\ t 
c:f'o.J~ It 

~2 + 

0.1 

-0.11 

-~ 

-0.3 

-o..4 

I 
t, 

It 
+ 

!t1 ., 
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Melt.lIY 'laCTOTaMH, COOTBeTCTBYIOlllHMH MaKCH

MaJibHHM 3Ha'leHHllM noJillpH3aUHH pa3HHX 3Ha-

KOB COCTaBJilleT 230.Mru 

He cnexTpa norJiomeHHll 

KpHBOH .lIJill 3TaH.lIHOJia, 

H paBHa noJiylllHpH-

3IlP (PHc.6). Ha 

CHllTOH 

·MeJIKHM rnaroM, BHYTPH o6JiaCTH 

c 6oJiee 

MeJKJIY 

rJiaBHHMH 3KCTpeMyMaMH, MOJKHO o6HapyJKHTb 

CJia6o BHpaJKeHHYIO CTpyKTypy. 3TO o6CTOll

TeJibCTBO nocJiyJKHJIO npH'IHHOH .lIJlll npoBe.lle-

PHC.7. HHll H3MepeHHH c o6pa3UOM C pe3KO H3MeHeH-

HOH KOHUeHTpauHeH (o6pa3eU ~2). IlpH 3TOM noJiylllHpHHa JIHHHH He H3Me

HHJiaCb, T.e. B nOJIHOCTblO .lleHTepHpoBaHHHX .lIHOJiax C CHHT83HpOBaHHHM 

KOMnJieKCOM cr(V) HeO,llHOPO.lIHOe yrnHpeHHe cneKTpa norJIOIUeHHll 9IlP o6y

CJIOBJieHO aHH30TponHe8 3JieKTpOHHoro g-~aKTOpa. IlOJIOJKeHHe MaKCHMyMOB 

Ha PHC.7, a TaKJKe TO o6cTOl!TeJibCTBO, '!TO BeJIH'IHHa H 3HaK noJillpH3a

UHH ll.llep 
13

c H 
1
H, no Kpa8HeH Mepe Ka'leCTBeHHO, COOTBeTCTBYIOT 06-

meH cnHHOBOH TeMnepaType, - Bee 3TH ~aKTH n03BOJil!IOT npeJinOJiaraTb, 

'!TO B HallleM CJiy'lae .lIHHaMH'leCKOe OXJiaJK,lleHHe l!BJil!eTCll OCHOBHHM 

MexaHH3MOM nnH. 9TO npe.llnOJIOJKeHHe no.lITBepJK.llaeTCll pe3yJibTaTaMH 

H3y'leHHll npoueccoB ycTaHOBJieHHll cnHHOBOH TeMnepaTypu. Ha PHC.8 

noKa3aHH TPH KpHBHe nepeXO.lIHHX npouecCOB ycTaHOBJieHHll o6me8 cnHHO

cnHHOBOH TeMnepaTypu .lIJlll .lIBYX HCC - npOTOHHOH H ,lleHTpOHHOH, HaXO.llll-

12 

IUHXCll B HH.lIYUHpOBaHHOM KOHTaKTe:
4

/ no H3M8HeHHIO cnHHOBOH TeMnepaTy

0 5 ll 15 21l 25llMWt 

PHc.8. 
-* \ 

pH (nOJillpH3aUHH) B ,lleHTPOHHOH CHCTeMe. 

no ycTaHOBJieHHll KOHTaKTa Me~y HHMH (JIO 

MOMeHTa t = 0, BKJIIO'leHHll caq-nOJill) 

npoTOHHal! CHCTeMa 6uJia 

pa,llHOHMnyJibCOM. o6mall 

"nO.lIOrpeTa~ 

3aKOHOM8pHOCTb 

JIJill • TaKHX nepexoJIHHX npoueccoB 

6HCTpoe, BpeMl! ts 5MHHYT, BHpaBHHBaHHe 

cnHHOBHX TeMnepaTyp o60HX HCC, HaXO.llll -

IUHXCll B KOHTaKTe C He3eeMaHOBCKOH 

CHCTeMoH <Hss>. ~erneHHe COOTBeTCTBYIO!UHX ypaBHeHHH IlpOBOTopoBa 

npH ynpoma10mHx npe.llnOJIOJKeHHl!X. BMecTe C noJiy'leHHOH HH~OpMauHeH 

no3BOJil!IOT C,lleJiaTb oueHKH nOCTOllHHHX BpeMeHH, xapaKTepH3YIOIUHX 

CBll3H MeJK.lIY pa3JIH'IHHMH cnHHOBHMH CHCTeMaMH ( PHC. 1): "t'ssl "' 48c H 

"t'lss "' o. 2c. Henocpe.lICTBeHHHe H3MepeHHll nocTOllHHOH BpeMeHH pocTa 

noJillPH3aUHH npH HaKa'IKe .llaIOT: "t'p = 25MHHyT. 9Ta BeJIH'IHHa CBl!3a

Ha C BpeMeHaMH 3JieKTpOHHOH H ll.llepHOH cnHH-pemeTO'IHOH peJiaKCaUHH. 

IlpH 3TOM noJiy'laeM: "t'le "' "t'sl. "' 30c, • '!TO MOr JIO 6.u yKa3HBaTb Ha cy

mecTBOBaHHe ~OHOHHOro "Y3KOro ropJia". 0,llHaKo oueHKH, c,neJiaHHHe B 

.lle6aeBCKOM npH6JIHJKeHHH, .llaIOT .lIJlll COOTBeTCTBYIO!UHX B8JIH'IHH 3Ha'leHHll, 

OTJIH'lalOll!HeCl! OT noJiy'leHHHX H3 3KcnepHMeHTa no'ITH Ha .lIBa nopll.lIKa. 

IlpH'IHHY (pacxOJK,llHHll MOJKHO. noHl!Tb, npHHl!B BO BHHMaHHe pe3yJibTaTH H3-

MepeHHH TenJIOBHX CBOHCTB CTeKoJI: B o6JiaCTH HH3KHX TeMnepaTyp TenJIO

eMKOCTb TaKHX Bell!eCTB, KaK ,llHOJIH JIHHe8HO 3aBHCHT OT TeMnepaTypu, 

OCTaBal!Cb Ha nopl!,llOK BHille Toro 3Ha'!eHHll, KOTopoe MOJKHO noJiy'IHTb B 

npeJinOJIOJKeHHH ,lle6aeBCKOro ~OHOHHoro cneKTpa. nnH BpeMeHH ll.llepHOH 

cnHH-pemeTO'IHOH peJiaKCaUHH HaXO.lIHM: "t'lssL"'2, 4 · 10
3
c, Henocpe.lICTBeH

HHe H3MepeHHll npH TOH lICe TeMnepaType .llalOT: Tin = 3·10
3
c, TOr.lla no 

(5) -r'"' 1,2·10
4
c. nocJie.llllll BeJIH'IHHa no3BOJil!eT C.lleJiaTb oueHKY KOH

ueHTpauHH nocTopoHHe8 (OTJIH'IHOH OT KOMnJieKca Cr(V)) napaMarHHTHOH 

npHMecH: C's 10-
6

, T. e. no Kpa8He8 Mepe Ha TPH nopll.lIKa MeHbme KOH

ueHTpaUHH napaMarHHTHHX ueHTpOB OCHOBHOro KOMnJieKca. 

UenO'IKa HepaBeHCTB .lIJlll xapaKTepHHX BpeMeH nepeXO,llHHX npoueccoB 

ycTaHOBJieHHll TeMnepaTypu B cnHHOBHX CHCTeHax: 

"t'lss « "t'ssl « "t'ssl. < "t'sl. « "t'p < Tin S "t'lssl. ( 19} 

cocTaBJieHHal! Ha OCHOBe noJiy'leHHHX 3KCnepHMeHTaJibHHX .llaHHHX, Haxo

JIHTCll B xopomeM cornacHH C TeOpHeH, H3JIOJKeHHOH B nepBOH rJiaBe. 

B o6nacTH TeMnepaTyp T < 0,1K oueHKa Tin no (4) H (5) e.lIBa JIH 
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B03NOXHa, T,K, K onpe,lleneHO TOnbKO B npH6nHKeHHH BWCOJCHX Texnepa

Typ. H3y'leHHe 3XCnepm,eHTanbHWX ,llaHHMX, nonyqeHHWX JlJUI JlHOnOB C 
-'· 

npHpOJlHLIM H30TOnHllN COCTaBOM, cpaBHeHHe HX C JlaHHLIHH, nony'leHHLIMH 

Jlnll ,lle8T0pHpOBaHHllX JlHOnOB npH T > O,lK, n03BOnlleT C,llenaTb aazHll8 

JlRR npaKTH'leCKHX uene8 BllBOJl: B OJlHHaJCOBLIX ycROBHRX (KOHUeHTpaUHR 

napawarHHTHLIX ueHTpOB, TewnepaTypa, xarHHTHoe none) Bpew11 Tin B 

J1e8TepHpoBaHHllX JlHOnax npHMepHO Ha nopRJlOK MeH&We, 'leN B JlHOR&X c 

npHpO.llHLIM H30TOnHLIN COCTaBOIL TaKHM ·o6pa30H npH T '" 30mK, H H "' 

0, 4T 0:1'.HJlaewoe Tin > 1 OO'laCOB; 3TO aaeT OCHOBaHHR IC BlolBOJlY O npH

rOJlHOCTH Be!lleCTB, H3 ICOTOPLIX npnroTaBRHBaRHCb o6pa3UW » 1 H » 3, 

yica3aHHHe B Ta6mme, 1 xaqecTBe waTepHaita JlRII J1e8TpOHHoA 3axopozeH
Holt nom1pH30BaHH08 MHWeHH/

6
•
7

•
8
/, 

Ill 
I 
I _______ _._J 

--, ,--
Ken 

.~ 

B OAT08 cnaBe Jl&HO xpaTXOe onHCaHHe 

ycTaHOBKH 3axopozeHHOA non11pH30B&HHOA 

NHWeHH •npo3a", HCnORb3yexoA B H3MepeHHIIX 

Ha ycxopHTene Y-70 B H~B3 (npoTBHH0)/
7

,
9

( 

6nox-cxewa ycTaHOBXH noica3aHa Ha PKc.9. 

BemecTeo WHWeHH, oxnaQaexoe pe~pHzepa-

TOpOM paCTBopeHHII, pa3xemeHo B none 

CTan&Horo ::inexTpowarHHTa C nO,llBHKHLIHK 

nonDcawH. B pe:arHMe HaK~'llCH non11pH3&UHH 

o6e nonoBHHH warHHT& CJllHHYTW T&JC, 'lTO 

warHHTOnpOBOJl 3&NKHYT H HHJlYKllHII nonR B 

yweH&WeHOW 3&3ope JlOCTHraraeT 3H&'leHHII 

2,08T. 06nyqeHHe CB4-womHOCTbD ae•ecTBa 

PHC.9. NHWeHH conpOBOXJlaeTCII BWJleReHHeN Tenna B 

Hew JlO 100 NBT, '{TO JlRll noa.llepzaHHII TewnepaTypw He ewwe 0,5~ Tpe6y

eT CKOpOCTH UHPKYRllUHH 3He npHwepHO 3·10-
2

1to.11f,/C. nocne Toro xax, 

npe.lleRbHaR nonllpH3aUHll JlOCTHrHyTa, CB4-o6ny'leHHe npe~pamaeTCII H pe

q>pm!CepaTop nepeBOJlHTCll B 3awopo:m:eHHW8 pell!HW. 0.llHOBpeweHHO· C 3THM 

pa3JlBHraDTCll nonDca MarHHTa JlRll o6ecne'leHHII B03NOXHOCTH perHCTpaUHH 

'laCTHU, paccelllll,IX Ha NHW0HH; npH 3TOI\I H_HJlYKllHll xarHHTHOro non11 B 

o6nacTH MHW0HH COCTaBRHeT 0,45T, CHH:areHHe ypoBHII Tennoeo8 MOlllHOCTH 

no3B0RlleT oxnaJlHTb eewecTBO MHW0HH .110 TeMnepaTypw 0,02K. KpHOCT8T 

BM0CTe C HaCOCH08 rpynno8 H nynbTOM BaKyyMHUX HCnUTaHHA pacnonoxeHU 

B ny'lKOBOM xattane. OpraHU ynpaeneHHH H KOHTpORll KpHoreHHOA 'l8CTbD 

ycTattoBKH, annapaTypa H3MepeHHH nonHpH3aUHH H caq-annapaTypa swtte

ceHu 3a npeaenu 3KCnepHM0HTaRbH08 30HU Ha paCCTOllHHe JlO 30N. Bee 

14 

3ReKTpH'leCKHe KOMMYHHKaUHH BUnORHeHU xa6eRIIMH H npoBOJlaMH B Me.It-. 

HUX 3Kpaaax H ynoxeHU B CTaRbHUe Tpy6u, 'lTO no3BORHRO B 3Ha'lHTeRb

HOll: CTeneHH H36aBHTbCll OT noMex, HaBO.llOK H napa3HTHUX CBR3elt. B 

BepxHell: 'laCTH IPYHKUHOHaRbHOlt cxeMU noKa3aHa cxeMa CB4-annapaTypu. 

llRH H3MepeHHll nonHpH3aUHH Jlell:TpOHOB MHWeHH HCnORb3yeTCH Q-MeTp 

C napaneRbHUM KOHTYPOM, o6pa3oBaHHUM cyMMapHOll: eMKOCTbD npoxo.11Hme

ro B KpHOCTaTe xa6en11 BMecTe c nOJlKRD'l0HH08 K TennoMy KOHUY xa6enH 

no.11cTpOe'lH08 eMKOCThD H "WTaTHOll:" KaTyWKH HHJlYKTHBHOCTH (T.e. HC

IlORb3yeMoll: .llRH HMP npoTOHOB). Pac'leTH (HCnORb30BaRHCb HeKOTopue 

6ROKH onHCaHHUX BHWe nporpaMM) noKa3aRH 'lTO, HeCMOTpH Ha ManyD HH

.llYKTHBHOCTb L = 0,24MfH, Ha 'laCTOTe llMP 13,6Mru MOXeT 6UTb o6ecne

'leHa .nocraTO'lHaH qyecTBHTeRbHOCTb, noCKORbKY Bll6paHHH8 MeTO.ll H3Me~ 

peHHH nonHpH3aUHH no cnHHOBoll: TeMnepaType npe.11nonaraeT perHcTpaUHD 

CHrHaROB 60RbW08 aMnRHTYJlH. 06 H3MepeHHH nORHpH3aUHOHHUX napaMeTpOB 

MHWeHH CKa3aHO BUwe. no6aBHM TORbKO, 'lTO nORHall HH!pOpMaUHII O COCTO

HHHH MHWeHH B Te'leHHe 3KCn03HUHll: CBOJlHTCll B Ta6RHUY. CO,llep:aramyD 

CRe.llyDruHe nyHKTU: MOMeHTU BpeMeHH Haqana ·H KOHUa 3KCn03HUHH, npH

BH3aHHUe K HHM 3Ha'leHHH nORllpH3aUHH MHWeHH, noRy'leHHHe onepaTHBHUM 

MeTOJlOM, 3Ha'leHHll noRHpH3aUHH, BUCTpoeHHOCTH H KOMnOH0HT nORHpH3a

UHOHH08 MaTpHUU nROTHOCTH, nony'leHHUe B pac'leTax Ha 60RbW08 3BM no 

onHCaHHUM BUWe nporpaMMaM. llaHHUe, nonyqaeMUe onepaTHBHUM MeTOJlOM H 

JleTaRbHUMH pac'leTaMH B npe,llenax OWH60K coena,llaDT. 

Ha ,lleltTpOHHOlt 3aMopoxeHH08 MHWeHH npoBe,lleHU H3MepeHHll 06111en 

npOJlORXHTeRbHOCTbD ceuwe 1300 qacoB. 
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