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KaK y)l(e ObinO rroKa3aHo B pa5oTax , rrpH aTO'v!HOM aaxBaTe MJOo-

Ha OOpaayeTC.SI M930p8J.lHKan C IIOp.SillKOBbiM HOMepoM Ha 9J.lHHHUy M9HhlliHM
1 

qeM y 8TOM8 Cp9llbi. nerron.HpH38UH.SI MIOOHa Ha K -OOOnO'IKe TaKoro M930pa-

llHKana 38BHCHT OT XHMH'I9CKoro B3aHMOll9HCTBH.SI IlOCneaaero CO cpeaoH. 

0apaMarHH,TH3M OOp830B8Blli9rOC.SI M930p8llHKana IlpHBOJ.lHT K TO My, 'ITO II pH 

H3MepeHHH K08$llHUH9HTa 8CHMM9TpHH a B yrnOBOM pacrrpeaeneHHH :aneKTpO-

HOB MJO-pacrraaa Ha '18CTOTe IlpOU9CCHH CBOOOllHOro CIIHHa MIOOHa llOn)I(Ha 

HaOnJOll8ThC.SI HyneBa.SI OCT8TO'IH8.SI IIOn.HpH38UH.SI. 

0TnH'IHOe OT Hyn.H 3H8'19HHe K08~HUH9HTa 8CHMMeTpHH a , H3MepeH-

HOe T8KHM CIIOCOOOM llnH MHOrHX B9lli9CTB, CBHll9TenhCTByeT 0 TOM, 'ITO 

M930p8llHKan ycrreBaeT BCTYIIHTh B XHMH'I9CK09 C09J.lHH9HHe C llHaMarHHTHOH 

:aneKTpOHHOH OOOnO'IKOH 38 BpeMH, M9Hhlliee HnH CpaBHHMoe C BpeMeHeM 

o5opoTa cyMMapHoro MarHHTHoro MoMeHTa MeaopaaHKana B rrorrepe'IHOM 

MarHHTHOM IIone. 

113B9CTHO, 'ITO BenH'IHHa a lln.H BCeX HCCnellOB8HHb!X BellieCTB M9Hhllie, 
/3 4/ 

'leM lln.H rrpoBOllHHKoB ' • M O)I(HO rrpearronO)I(HTh, 'ITo :aTo o5cTo.SITenhcT-

BO CBH38HO C TeM, 'ITO M930p8llHKan HnH ero IIapaMarHHTHoe C09llHH9HHe 

J.l0)1(HB8JOT llO BpeMeHH HaOnJOll9HHH :aneKTpOHOB pacrraaa. 113Mep.SI.Si 8CHMMeT-
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pnro sneKTpoHoB pacnaaa no cqeTy sneKTpOHOB noa onpeaeneHHbiM yrnoM, 

T,e, ycTpaHHB Ka>KymyrocH aenonHpHaauHro, o6ycnosneHHyro npeueccueil: cyM-

MapHoro MarHHTHoro MoMeHTa B nonepeqaoM MarHHTHOM none, MO)KHO onpe

wnHTh BKnaa o6cy>KaaeMoro npouecca. DposoaH TaKHe H3MepeHHH s npo-

nonhHOM Mal"HHTHOM none pa3HOJ;! HanpH>KeHHOCTH, MO)KHO oaHOBpeMeHHO pe

ll!HTh sonpoc o soaMo>KHoJ;! ponH noKanhHbiX MarHHTHbiX noneJ;! B Hccnenye-

MOM semecTse. 
/2/ B npeanaraeTCH Moaenh, Ha OCHOBe KOTOpOJ;! BblqHcnHeTCH 3aBH-

CHMOCTh BenHqHHhl a OT BpeMeHH BCTynneHHH MeaopaaHKana B XHMHqecKyro 

/2/ /4/ 
peaKuHro. CpaBHeHHe pacqeToB c aKcnepHMeHTOM noKaaano, qTo 

aKcnepHMeHTanhHbie aaHHbie no TeMnepaTypHOJ;! 3aBHCHMOCTH aenonHpH3aUHH 

s soae xopolllo yKnallbiBaroTca Ha asa yqacTKa TeopeTHqecKoJ;! KpHsoJ;!: nH6o 

B6nH3H qaCTOTbl V CBepXTOHKOI"O B38HMOileJ;!CTBHSI Mal"HHTHOI"O MOMeHTa Mro

OH8 H sneKTpOHHOJ;! o6onoqKH MeaoaTOMa, nH60 B6nH3H qacTOThl npeUeCCHH 

{} cyMMapHOI"O Mal"HHTHOI"O MOMeHTa MeaoaTOMa, EcnH cnpaseanHBO BTO-

poe pell!eHHe, TO aon>KHa Ha6nroaaTbCSI 3aBHCHMOCTb BenHqHHbl a OT HanpH-

*eHHOCTH nonepeqHoro MarHHTHoro nonH • 
..... 

C uenhro BbiSICHeHHSI Bcex nepeq~~:cneHHbiX Bbillle BonpocoB HaMH 6binH 

BbmonHeHbi aKcnepHMeHTbi no onpeaeneHHro a anSI paanHqHbiX aHaqeHHJ;! npo-

nonhHoro HI! H nonepeqHoro Hl MarHHTHbiX noneJ;! B Boae H BoaHbiX pacT

Bopax nepeKHCH BOaopoJla, 8KcnepHMeHTbl npOBOaHnHCh Ha qHCTOM MhlOHHOM 

/5/ 
nyqKe , nonyqeHHOM C noMOIUbro Me30HHOI"O KaHana CHHXpOUHKnOTpoHa 

/6/ 
OH.RH. YcTaHOBKa H annapaTypa onHcaHbi B • CxeMaTHqecKH aKcnepnMeH-

TanhHaH ycTaHOBKa nOKaaaHa Ha pHc, 1, ConeHoHa (6) aaBan B03MO>KHOCTh 

nonyqaTh npoaonhHOe (no HanpasneHHro cnHHa MeaoHOB B nyqKe) none ao 

~ 1 = 2000 rc. CBHHUOBbJJ;! BKnallbilll ( 8) He noasonHn MrooHaM ocTaHaBnH-

B8ThCH H pacnaaaTbCSI B anroMHHHeBOM KapKaCe coneHoHaa H TeM CaMb!M 
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Pnc. 1. CxeMaTuqecKoe uao6pa>KeHHe ycTaHOBKH ( BHa c6oKy). 1 H ~ 

CUHHTHnnHTOpb! cqeTqHKOB MhlOHHOI"O TenecKona, 3 H 4 - CUHHTHnnH' 

cqeTqHKOB nnH perucTpaunn sneKTpoHoB pacnana, 5 - coneHoHa npoJ 
Horo nonH, 6 - KaTyll!KH fe~hMronhua anH nonyqeHHH nonepeqHoro r 

7 - MHllleHh, OKpy>KeHHaH CBHHUOBb!M BKnaabill!eM 8, c:f> 1 - 3aMeanH1 
MroOHOB, <1> 2 - $HnhTp aneKTpOHHOI"O TeneCKOna, 
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Pnc. I. CxeMaTn'lecKoe nao6pa)l(eHne ycTaHOBKH ( Blfll c6oKy). I H 2 -
CUHHTHnnHTOpbl C'leT'IHKOB MIOOHHOf'O TeneCKOil8

1 
3 If 4 - CUHHTHnnHTOpbi 

cqeTqlfKOB anH perncTpaunn aneKTpoHoB pacrraaa, 5 - coneHOHll rrpoaonb

Horo rronH, 8 - KaTyiiiKH fenhMronhua anH rronyqeHnH rrorrepe'IHoro rronH, 

7 - MHIIIeHh1 OKpy)l(eHH8H CBHHUOBbiM BKnBllbiiiieM 8
1 

4> I - 3BMellnHTenb 
MIOOHOB1 4>2 - ~HnhTp aneKTpOHHOf'O TeneCKOil8

0 
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MO>KHO 6biJ10 HCKniO'IHTb BTOpyiO KOMnOHeHTY BO BpeMeHHOM pacnpe/leneHHH 

aneKTpOHOB pacna}la1 6nH3KYIO no BenH'IHHe K KHCnopo/lHOii., 3KcnoHeHTy, 

CBSI3aHHYIO C OCTaHOBKaMH B CBHHUe, nerKO MO>KHO 6biJ10 HCKniO'IHTb1 C/lBH-

rag Ha'lano perHcTpaUHH aneKTpOHOB Ha HeCKOnbKO JleCSIThlX noneft MHKpo

CeKyHllbi, J1cnonb30BanaCb BO/lSIHaSI MHWeHb JlHaMeTpOM 80 MM H TOnWHHOft 

(no ny'IKY) 70 MM, 

3!jJI!leKTa <l!oKycHpOBKH aneKTPOHOB pacna}la CHnbHbiM noneM HI! B npe/le

nax TO'IHOCTH 9KCnepHMeHTa (.:!:,; 5%) . 06Hapy>KeHO He 6binO ( OnbiT CTaBHnCSI 

+ 
Ha ll -M,e30Hax C rpa<l!HTOBOH MHWeHbiO), 

Konbua fenbMronbua ( 6) noasoruln.!f nony'laTb nonepe'IHoe MarHHTHoe 

none llO H.l.= 200 rc, H3MepHeMoe c TO'IHOCTbiO llO /loneii. npoueHTa. Opo

JlOnbHoe none H3MepKnOCb C TO'IHOCTbiO .:!:,; 6%, EonbWaK OWH6Ka CBSI3aHa 

co aHa'IHTenbHOii. HeOJlHOpO/lHOCTbiO nonS! HII B coneHOHJle· no o6'beMy MHIDeHH, 

3KcnepHMeaTanbHO nonyqaeMbie speMeHHbie pacnpeJleneHHK aneKTPOHOB 

o6pa6aTbiBanHCb MeTO/lOM KBa/lpaTOB C nOMOlllbiO 3BM no ypaBHeHHIO. 

- t. 
N. (t.) = N IJ + acos(cut. + 8)1 exp 1--' I+ C; 

' ' o ' r 

a)lecb N. (t. ) -'IHcno oTc'leToB B i -ToM KaHane aHanHaaTopa, t . -BpeMH, 
' ' ' 

COOTBeTCTBYIOlllee cepellHHe i -ro KaHana, N0 -KonH'IeCTBO aneKTpOHOB pac-

na)la B Hyne BpeMeHH, T -BpeMSI >KH3HH Me30Ha B )laHHOM BellleCTBe, a -

Koa<il<l!HUHeHT aCHMMeTpHH aneKTpOHOB pacna}la1 cu -'laCTOTa npeueCCHH CB0-

60/lHOrO cnHHa MIOOHa, 8 -Ha'lanbHaSI 4laaa npeuecCHH 1 senH'IHHa KOTOpOii. 

onpe/lenSieTCSI reoMeTpHeft 9KCnepHMeHTa, C -noCTOSIHHbiH BO BpeMeHH ctJOH, 

B cny'lae H3MepeaHii. B nonepe'IHOM none KO~HuHeHT acHMMeTpHH 

onpe/lenHnCSI KaK napaMeTp a Hccne}lyeMoro ypaBHeHHSI, a npH HaMepeHHH 

,B npO/lOnbHOM none KO~HUHeHT aCHMMeTpHH a' nony'lanCSI cpaBHeHHeM C'le-

/

Ta N ' a ayne speMeHH a npoJlonbHOMNn~W~ co c'leToM N 0 a Hyne apeMeHH B 

, 0 
nonepe'IHOM none no <l!opMyne a = -~ . 
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T a 6 n H u a 1. 

3Ha'leHHSI KO~HUHeHTa aCHMMeTpHH a aneKTpOHOB 

/lOnbHOM ( HI! ) H nonepe'IHOM ( HJ. ) MarHHTHbiX nonHx, 

Be~qecTBO T,'1t H11 ,rc. ~rc. 

000 !265 - I 

H20 .. 1000 - I 

.. 800 - I 

cpe.JtBee :' 

H20 300 - 50 
- .. - 200 

77 200 -H20 - 50. • 
H20+~0a/1fJ'/./x 300 - 43 

- 190 f 

" 
~O+HiJ-;/7 ,fi'/./' 300 - 24 .. - !97 ... 

xlno :aecy. 
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T a 6 n H u a 1. 

3aaqeHHR KO~HUHeHTa aCHMMeTpHH a aneKTpOHOB pacnaaa B npo

aonbHOM ( HII) H nonepeqaoM ( HJ. ) MaraHTHhiX nonRx. 

T,<>tt H11 ,rc. 1!_.rc. I Bell(eCTBO 
a,Q. 

300 !265 - o,or'lit{),ooss 
H20 " 1000 0,024I1"o,0058 -

" 800 - o,6I4s:to,oo58 
cpe~ee:O,OIB0to,oo26 

H20 300 - 50 0,0202to,OOI8 1-

" - 200 0,020'Toto,0025 
77 200 - O,OIIO%o,OOI9 H20 - 50. O,OI05to,OOI3 " 

H20+H2o2/Iac/x 300 - 43 o,o29sto,oo22 - !90 0,0268io,OOI7 " 
~O+H~2f'7 ,fll,/ 300 - 24 0 .osoe:to. 0020 

" - 197. 0 ,029Q:!:o ,0020 ... 
xlno :aecy. 

7 



I 

... 

II 

I"" 

nonyqeHHbie T8KHM o6pa30M 3Ha'leHHSI a IIpHBeneHbl B Ta6nnue 1. Bnn

HO, 'ITO KOsQJ4JHUifeHT a IIpll KOMH8THOH TeMnepaType B HCCnenyeMOM illftliia-

30He Hll ae MeHSieTCSI H paBeH K03cjKjJHuHeHTy a , H3MepeHHor-.ty B nonepe'IHOM 

/3/ 
none • 3To 03Ha'laeT, 'ITo npH KOMHaTHOii TeMnepaType see conep*amne 

Me3oaToM 
11 

N napaMarHHTHLie coenHHeHHSI BcTynaiOT B nocneHyiOIUne xnll.m'lec

KHe pe8KUHif no Haqana Ha6niOneHHSI. 0oiibiTK8 "BbiMOp03HTb" XII!\11I'IeCKYIO 

8KTHBHOCTb panHK8JlOB, conep)l(8lllHX Me308TOM IIyTeM IIOHJI)I(eHIIH Tel\1IIepnTy

pbl no 77° K , IIOKa3ana, 'ITO Jl8)1(e IIpH 3TOH TeMnepaType Xlll\!ll'leCKl!e B3a

HMoneiicTBHSI T8KHX panHKanoB 38K8H'IHB810TCSI 38 BpeMSI, 3H8'111TeJlbHO l\!eHb

IUee HeCKOnbKHX enHHifU H8 10-7 CeK. 3TO cornacyeTCH C o6IUHMII npellCTLlB-

/7,8/ 
neHHSIMH o noseneHHH panHKanoB B KoHnencapoBaHHLIX cpenax • Cno-

5onHLie panHKanhi, conep*amHe Me3oaToMbi ( N H , NH JI T.n.), nc'le3aioT, 
11 11 2 

IIO-BHJllfMOMY1 B pe3ynbTaTe OTHOCHTenbHO l..ieJ:tneHHblX BTOpH'IHbiX peaKUHH 

-8 /8/ 
C IIpHMeCSIMH 38 BpeMSI IIOpSinKa 10 CeK 

He3aBHCHMOCTb a ' oT HII IIOK83biBaeT, 'ITO noKanbHbie MarHHTHbie no

nSI, KOTOpbie MornH 6bi 6b!Tb IIpH'IIfHOH YMCHbiUeHHSI a IIO cpaBHeHHIO C TeM, 

/4/ 
KOTopoe X8paKTepHO nnSI IIpOBOnHHKOB 1 B BOJl~ He cyiUeCTBJIOTo 

KaK Y*e oTMeqanocb Bbillle, H3MepeHHe senH'IHHbi a B 38BHCHMOCTH oT 

H8IIpSI>IWHHOCTH IIOIIepeqnoro M8rHHTHOrO IIOnSI H1 naeT onH03H8'1HbiH OTBeT 

118 BOIIpOC 0 TOM 1 K8KOBO BpeMSI BCTynneHHSI Me~oaTOMa B nepByiO XHMH-
J 

qecKyiO peaKUHIO. EcnH 3TO BpeMSI nopSinKa t ~ "IT , To non)I(HO Ha6niOnaTb-

CSI yMeHbllleHHe BenH'IIfHbl a IIpHMepHO B nBa pa3a IIpH H3MeHeHHH H_j. OT 

20 no 200 rc i ecnlf )l(e 38BHCHMOCTH OT BenH'IIfHbl IIOJlSI He 6yneT, TO 

BpeMSI BCTyiineHHSI Me308TOM8 B XHMH'IeCKYIO peaKUifiO rropSinKa t ~ _J_ ~ 
-I2 /2/ " /2/ 1/ 

IO CeK ( IIpH KOMH8THOH TeMIIepaType) o B IIOK838HO T8K)I(e, 'ITO 

npH onpeneneHHbiX ycnOBHSIX nonMH8 Ha6niOnaTbCSI 38BifCHMOCTb H8'18nbHOH 

$a3bl rrpeueCCJflf a OT Hj • OnHaKo B ycnoBHSIX H8CTOSIIUero 3KCrrepHMeHTa 

3anaqa OIIpeneneHHSI a C Heo6xonHMOH TO'IHOCTbiO He MOrna 6biTb pemeHa. 

8 

Pe3ynhT8Tbi H3MepeHHSI a B 38BHCHMOCTH oT H..! B yKaa 

3oHe rrpHBeneHbi B Ta6nHue I. 3na'leHHSI a HcnpaBneHbi c y'le 

'IHCna TO'IeK na onHH nepHon npeueccHH. 06pa6oTKa nony'leH. 

KHCH Bonopolla peaynbT8TOB M9TOnOM H8HM9HblliHX KBaJlpaTOE 

a= a
0
+ bJ!+ JlaeT cnenyJOmHe pe3ynhTaTLI: a 0 • 2,982 .:!:. 0,15 

- (I,28:!:.,I,45). I0-3 re-I. TaKHM o6pa3oM, B npeJlenax 1 

ae aa6nJOnaeTcSI 3aBHCHMOCTH a OT Hl • AnanorH'IHbiit peayn 

CSI H nnSI 'IHCTOH BOn hi ( CM. Ta6nHUY I) • 

0TCIOna MOMHO cnenaTb BbiBOJl1 'ITO BCTynneHHe M930~ 

'leCKHe peaKUHH B BOlle H BOJlHOM paCTBope nepeKHCH BOnOpC 

3a BpeMSI nopSIJlKa 10-12 CeK (npH KOMHaTHOH T9MIIepaType) 

TeMnepaTypHaSI 3aBHCHMOCTb OCTaTO'IHOH nonSipH3aUHH B BOll 

KOHKypeHuHeit 6biCTpbiX XHMH'IeCKHX peaKUHit Me30aTOMa C n 

lf3-3a CBepXTOHKOrO B3aHMOJ]eHCTBHSI MarHHTHOrO MOMeHTa 

HblM MOM9HTOM 3neKTpOHHOH o6onO'IKHe 

n H T e p a T y p a 

1. B.C.EsceeB. Ol1.Hl1, P14-4052, ny6na, l968 • r 
2. A.A.nMypaeB, B.C.EBcees. Ol1.Hl1, PI4-6023, ny6na, 19 

s.- A.A.i:J.MypaeB, B.C.EBceeB, r.r.MSICHlll9Ba, IO.B.06yxoB, 

Ol1.HH, PI-6020, ny6na, I97I. 

4. B.C.EsceeB, B.C.PoraHOB, B.A.'llepaoropoBa,- r.r.MSICHID 

XOB 1 .H<I>, _§_1 74I ( I968) • 

5. B.r.BapnaMoB, IO.M.fpalliHH, A.B.neMbSIHoB, E.A.nonrou 

B.C.PoraHOB, OH.HH, 1-4084, ny6Ha, I968. 

6. A.H.Ea6aeB, M • .H.Eanau, r.r.MSICHIUeBa, IO.B.06yxoB, B 
B.f .<I>HpCOB, )1<3T<I>, §Q, 877 ( 1966). 

7. H.B.BepemHHCKHii H A.K.OHKaeB 'BBeneaHe B pallHaUHOf 
AH CCCP, M., 1963; A.K.OHKaeB "'HMnynbCHbiA panHor 

BOllHbiX pacTsopoB", "HayKa"', M. ( 1965). 
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PeaynbTaTbi H3MepeHHH a B aaBHCHMOCTH oT H..! B yKaaaHHOM nHarra

aoae rrpHBeneHbi B Ta6nHue I. 3Ha'leHHH a HcrrpaBneHbi c y'leToM paaaoro 

'IRena To'leK Ha onHH rrepHon rrpeueccHH. 06pa6oTKa rrony'leHHhlX nnH rrepe-

KHCH Bonopona peaynbTaTOB MeTonOM HaHMeHblliHX KBanpaTOB ITO ypaBHeHHID 

a= a0 + bll_f naeT cnenyromHe peaynbTaTbi: a 0 = 2,982 .±. 0,15 H b = 

- ( 1,28 .±. 1,45) • 10-8 rc -I. TaKHM o6paaoM, B rrpenenax rrorpemHocTeif 

He aa6nronaeTCH aaBHCHMOCTH a OT H.,! • AHanorH'IHbiH peaynbTaT rrony'laeT

CH R nnH 'IHCTOH BOnbi ( CM. Ta6nHuy I) • 

0Tcrona MO>KHO cnenaTb BbiBOn, 'ITO BCTyrrneHHe MeaoaTOMa B XHMH-

'18CKHe peaKUHH B Bone H BOnHOM paCTBope rrepeKHCH Bonopona IlpOHCXOnHT 
. - /2/ 

aa BpeMH IIOpHnKa 10-12 CeK (rrpH KOMHaTHOH TeMrrepaType) 
0 

T.e. 'ITO 

TeMrrepaTypHaH 3aBHCHMOCTb OCTaTO'IHOH IIOnHpH3aUHH B Bone o6ycnoBneHa 

KOHKypeHUHeif 6biCTpb!X XHMH'IeCKHX peaKUHif MeaoaTOMa C nerronHpH3aUHeif 

H3-3a CBepXTOHKOI'O B3aHMoneifCTBHH Mai'HHTHOI'O MOMeHTa MIDOHa C Mai'HHT-

HbiM MOMeHTOM aneKTpOHHOH o6onO'IKHo 

n H T e p a T y p a 

1-•. B.C.EBceeB. OH.SH1, P14-4052, lly6aa, i968. 

2. A.A.ll>KypaeB, B.C.EBceeB. 011RH, P14-6023, lly6aa, 1971. 

s; A.A.Ll>KypaeB, B.C.EBceeB, f.f.MHcRmeBa, IO.B.06yxoB, B.C.PorairoB, 
omm, Pl-6020, lly6aa, 1971. 

4. B.C.EBceeB, B.C.PoraHoB, B.A.l.fepHoropoBa, r.r.MHcHmeea, IO.B.06y
XOB, .SJct>, ..§_, 741 (1968). 

5. B.r.BapnaMoB, IO.M.fpamHH, A.B.lleMbHHoe, B.A.llonromeHa, 
B.C.Poraaoe, 011.HI1, 1-4084, lly6aa, 1968. 

8. A.I1.Ba6aeB, M • .H.Banau, r.r.MHCHIUeBa, IO.B.06yxoB, B.C.PoraHoB, 
s.r .ct>Hpcoe, )!(3Tct>, ~ 877 < 1966). 

7.· H.B.BepemHHCKHif H A.K.flHKaee "BeeneHHe B panHaUHOHHyro XHMHro", 
AH CCCP, M., 1963; A.K.flHKaee '11MrrynbCHbiA panHonHa Bonbi H 
BonHbiX paCTBopoe", "HayKa .. , M. ( 1965). 
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8.P.J. Dyne a. Kennedy. Canad.Journ. of Chern., 

1518 (1958). 

~,N,ll, 

PyKorrncb rrocTyrrnna B n3naTenbCKllH oTaen 
31 neKa6pR 1971 r . 
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