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Baeneaae 

0CHOBHblM MeTOilOM H3y'!eHHl! TOHKOi! CTpyKTypb! anbljla-crreKTpOB l!Bnl!eTCl! 

MeTO/l OTKnOHeHHl! anb!fla-'!aCTHU B MarHHTHOM none, Jly'!lllHMH M8rHHTHblMH ClleKT

porpaljlaMH l!Bnmo'f'Cll ClleKTporpaljlbi, B KOTOpb!X HCilOnb3yeTCl! llpHHUHil JlBOilHOi! 
-/1-3/ 

ljloKycapoBKH aa yron rr v 2 • TaKHe rrpa6opbi rroaaona10T rrpa xopomei! paape-

ma!Omei! CllOC06HOCTH rrony'I8Tb OTHOCHTenbHO 60nblllYIO CBeTOCHny, 

llaaaal! pa6oTa rrocaRmeaa orracaHHIO 6onbmoro MaraaTaoro anbljla-crreKTporpa

ljla, nocTpoeaaoro B Jla6opaTopHH .smepHbiX rrpo6neM 06'beaaaeaaoro HBCTHTyTa 

RnepHbiX accneaoaaaal!. 

npa coopy~eaaa anbljla-crreKTporpaljla aa ocaoay 6hlna rrpHBl!Ta KOHCTpyKUHH 

6onbmoro MaraaTaoro anbljla-crreKTporpaljla, rrocTpoeaaoro B 1958 r. B HacTHTyTe 
/3/ 

aToMaoi! aaepraa B MocKBe • Y'!HTbiBal! orrbiT aKcrrnyaTauaa aTOro rrpa6opa, Mhl 

aaecna a aero aeKOTOpbie KOHCTPYKTHBHbie HaMeaeaaR. Eonee TO'IHO 6bina paccqa

Taaa Torrorpalj!HR MaraaTaoro rronR cneKTporpaljla, npa noaroaKe Tonorpaljlaa 6hln 

HCilOnb30B8H 6onee COBpetvteHHblil MeTOJl H3MepeHHH MSrBHTHbiX rronei! - llpOTOHHbiJI: 

peaoaaac, 

1, Orracaaae anbpa-cneKTporpapa 

MaraaTorrpoaoa aneKTpoMaraaTa crreKTporpaljla Tarra • llaoilaoll: rpa6' co6paa 

H3 Tpex '18CTei!: UHnHHJlpH'!eCKOrO cepJle'!BHK8 H JlBYX 'lllnllll' (pHC, 1,2), ilHaMeTp 

MarHHTa 3600 MM, o6mai! aec oKono 80 T,.mapaaa non10coa 700 MM, aaaop Me~ay 

rron10caMH 350 MM. Ha non10eax yKperrneHbi npoljlanapoaaaabie aaKnaJlKH, Bbmonaeaabie 
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aaanorH"!HO IIOn!OCHblM HaKnanKaM 1IpH6opa, 

waH 06MOTKa sneKTpOMSrHHTa B3rOTOBneaa 

/3/ 
orracaaaoro B pa6oTe • Bos6ymnaro-

2 
H3 MeAHOfi Tpy6KH Ce"!eHHe M 235 MM , 

06MOTK8 HMeeT 192 BUTKa H OxnamnaeTCH nHCTHnnHpoBaHHOfi BOnOfi, nuTaHHe o6-

MOTKH 1IpOH3BOAHTCH CTa6HnH3BpOBaHHblM IIOCTOHHHblM TOKOM OT MOTOp-reaepaTopa. 

CTa6HnbHOCTb T OKa ~ 0,015% o6ecrre"!HBaeTCH CTaHnapTHbiM cTa6unusaTopoM ET -4. 

TOK B o6MOTKe MOmeT MeHHTbCH B rrpenenax OT 140 nO 450 a, "'TO COOTBeTCTByeT 

HaiipHmeHHOCTH MarHHTHOrO liOnS! OT 1,2 nO 3,5 KS, npu panuyce paBHOBeCHOfi op-

6HTbt r o 154 eM TaKoe none o6ecne"!HBaeT perucTpauuro aab~a-qacTHU c saep-

rHHMH oT 2 no 14 Msa. 

CxeMa BaKyyMHOfi KSMepbl H BaKyyMHOfi CHCTeMbl rrpencTaBneaa Ha pHC, 3, 

KaMepa H3 HepmaBeromefi CTanB ( J) 06'beMOM 800 n COCTOHT H3 ABYX nonOBHH1 

-5 
coenuaeHHbiX nocep enuae. Cosnaaue BaKyyMa ( "' 2. 10 MM H g ) ocymec TBnHeTCH 

~opBaKyyMHbiM aacoc oM BH-1 ( 11) u nH~y3HOHHbiM arperaToM (9) Tuna BA-5-4, 

PanHOaKTHBHbll\ HCTO"'HHK ( 12) H KaCCeTa C ~OTonnaCTHHKaMH (3) BBOnHTCH B Ka

Mepy 6e3 HapymeHH5! BaKyyMa C IIOMOllib!O BaKyyMHblX Illn1030B ( 6), BaKyyMHblfi 

mnJ03 nnH ~OTOIInaCTHHOK paCC"'HTa H Ha IIOCTaHOBKY B HeM nByX KaCCeT T a KHM o6-

pa30M, "'T06b! B O BpeMH SKCIIOHHpOBaHHH BTOpofi KaCC9Tbl nepBaH, SKCIIOHHpOBaHHaH, 

Morna 6biTb 6biCTpo saMeaeaa TpeTbell. TaKofi mnl03 rrosBonHeT uccnenoBaTb anb

~a-pacrran H30TOIIOB, nepHOn nonypacrrana KOTOpb!X IIOPHAKa 10 MHa, · KacceTa H3-

rOTOBneaa T aK, "'TO IIOCTaHOBKa ee B llinl03 H 06p8TH09 H3Bn9"19HH9 IIpOH3BOnHTCH 

npH nH9BHOM CBeTe, 

nng perHCTpaUHH an~a-"!SCTHU IIp HM9HHIOTCH ~O~OrrnaCTHHKH C SMynhCHefi 

THII8 A-2 TOnlliHHOfi 50 MK, nng OnHOfi SKCII03HUHH B KaCC9Ty yCT8H8BnHB89TCH 

2 
"!9Tb!pe ¢loTOIIn8CTHHKH p83MepoM 9 X 12 CM ( 06lli8H nnHH8 - 48 CM), 

ny"'OK anh~8-"18CTHU orpaHH"'HBaeTCH nHa~parMOfi (13), yCT8HOBIIeHHOfi B 

TOM M9CTe, rne coenHHHIOTCH o6e IIOIIOBHHbl K8M9pb!, Bb! COTY H lliHpHHy OKH8 nua 

~parMbl Momao H3MeHHTh caapymu, 6es aapymeauH BaKyyMa. 

l.JT06b! BO Bp9MH 3KCII03HUHH H-M9Tb B03MOmHOCTb B3MepHTb M8rHHTH09 none 

B 3830pe ·MarHHTa, B BSKyyMHYIO KSMepy H8 p93HHOBOM ynnOTH9HHH BCT8BnB9TCSI 

naTyHHblfi CT8K8H ( 8), B KOTOpblfi IIOMemaeTCSI nST"'HK MarHHTHOrO liOnS! ( 7), 
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2. YcTpo~cTBO anR H3MepeaHR MarHHTHoro nonR 

Oaao~ H3 ueaTpanbHbiX npo6neM npH cosaamn1 MarHHTHor o cneKTporpa¢a RB

nReTCR npo6neMa ¢opMHpoaaHHR aeo6xoaHMoro MarHHTHoro nonR. B aaaaoM c nyHae 

none aon*HO o6naaaTb oceao ~ CHMMeTpHe~ H y6brBaTb c yaenHHeHHeM paccTORRHR 

OT OCH CHMMeTpHH IIO onpeaeneHHOMy 38KOHy . CneUHBnbHO 6brn paspa60T8H H nocTpo

eH "KOOpAHH8TOMep' - ycTpO ~CTBO, C nOMOUlb~ KOTOpOrO A8T'IHK MarHHTHOrO nonR 

Mor 6biTb noMemea B n~6y~ TOHKY sasopa MarHHTa. CxeMa ycTpoilcTBa noKa3aaa 

sa psc. 4. Ha MarHHTe pacnonaraeTCR AHCK (8) c npHKpenne6HO~ aa ero 6oKoaoA 

noBepXHOCTH 3y6H8TO~ peHKO~ H C OC9BOH BTynKO~ B ueHTpe (7). Ha OCeB~ BTynKy 

R8A9 B89TCR aecymaR KOHCTpyKUH!I ( 4), Ha. KOTOpoi\ KpenRTCR M9X8HH3Mbl nepeMe

Ul9HHH A8T'IHK8 MarHHTHOrO nonH no Bb!COTe, p8AHYCY H 83HMyTy. JlBH*eBHe no 83H

MyTy OCyUleCTBIIH9TC!I MOTOpOM ( 5) , Bp8Ul810UlHM WeCTepHIO ( 9) • JlHCK ( 8) 6bin 

y CT8HOBneH TaK, 'ITO ero OCb COBnaaana C OCb~ MarBHT8 C TO'IHOCTbiO 0,5 MM. 

JlaTHHK MarHHTHoro non!! nepeMemancR: no paaHycy cTynea~MH no 5 MM c To'I

aoCTbiO 0,1 MM, no BbiCOTe CTyneB!IMH no 2 MM C TO'IHOCTbiO 0,1 MM H no 83HMy-

Ty c Ty neanMH no 3 rpaayca c TO'IROCTbiO 0,1 rpaayca. Bee ne peMemeaHH ocymecTB

nRIIHCb c noMOUlbJO sneKTpoMoTopoa. Ynpaaneaue MOTOpaMH npouaaoaHnocb c nynb-

Ta. 

Heo6xoaHMyiO TOHHOCTb (0,01%) H3MepeHHH aanpR*eaaocTH MarRHTHoro nom1 

B AHana30Re 1200-3500 9 MO*RO o6ecne'!HTb 0 HCnOnb3Y!I HAepHbiH M8rRHTOMeTp. 

OaaaKo 6onhwHe paaMephl MaraHTa anb¢la-cneKTporpa¢a u aeoasopoaaocTb .non!! ae 

nosaonunu npHMeBHTb a KaHecTae H3MepuTen!l npoMbrwneaabri\ o6pasen HMH-2. 

ITosTOMY npH HCIIOnh30B8BHH npHBUHna nocTpo eHHR MarRHTOMeTpoa no aaTOARHBOMY MeToay 
/ 4/ 

6bm Hs roToanes npu6op, noao6abril onHcaaaoMy a , cocTOHUlH~ H3 aayx 6noKoB. B 

oaaoM, ae6onbwoM no pasMepaM 6noKe-aaTHHKe, noMemaeMoM a MarauTaoe none, 

pasMemeH 8BTOAHHHbiH aeTeKTOp, nepBbl~ K8CK8A HH3 KO'I8CTOTHOrO ycHnHTenH pe30-

H8HCHOrO CHraana nornomenHH H aeKOTOpbre npyrHe sneMeHTbr cxeMbi npH6opa. 

OcTanbnMr HBCTb MarHHToMeTpa - 6noK-HHilHK8UHH , coaep*alltHI< ycHnHTenb, sneK

Tpoarw- ny'ICBYJO Tpy 6Ky H HCTO'IHHK nHT8HHH,-pacnOIIO*eHa H8 paCCTOHHHH 20 M 

oT aaT'IHKa H coeaHae aa c nocnenHHM MIIOf'O*HllblibiM Ka6E.neM. B Ka'IeCTBe pa-

6o'!ero aemecTBB HCll0llb3yeTCH 0,1-0,2 N pacTBOp Fe (N0 8 1 8 B aofle (.HMF HH 

IIpOTOHBX) • 9HyTp9HHHli IIHBMCTp 8MIIYIIbl paBeH"' 2 MM. 

lJacTO'l"'l 8BTOAHH8 rpy6o H3M9HHeTC!I Manora6apHTHblM B03llYWHbiM KOHAeH-
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C8TOpOM cneuuanhHOl! KOHCTpyKUHH, a TO'IHO - BapHKanoM, nepeCTpol!Ka '18CT0Tbl, 

uaMeaeaue aMnnHTYUbl MonynapyiOmero nonSI, ycTaHOBKa Tpe6yeMoro ypoBHSI reHe

pauuu ocymecTBnSIIOTCSI opraHaMH ynpaaneHHSI, pacnonoJKeHHbiMH B 6noKe HH.QHKBilHH, 

'-IBCTOTB 8BTO.QHH8 H3MepHeTCSI 3neKTpOHHO-cqeTHbiM 'IBCTOTOMepOM, COeUHHeHHbiM 

C UBT'IHKOM Ka6eneM H pacnonoJKeHHbiM, KBK H 6noK HH.QHKBUHH, HB p8CCTOHHHH 

20 M oT HaMepHeMoro nonH, 

l1cnonhayeMblll H3MepuTenbHbll! KOMnneKc noaaonSieT H3MepSITh aanpSIJKeHHOCTb 

MarHHTHoro nonSI c TO 'IHOCTblo ae xyJKe O,OI % npH HeonaoponHoCTH nonH 0,5 %/eM. 

Becb nponecc uaMepeaHSI ocymecTBnSieTCSI UHCTBHilHOHHo. 

3, <l>opMHpOBBHHe MBrHHTHOrO nonS! 

MaraHTHoe none, aeo6xonuMoe nnH naol!aol! ¢oKycupoBKH pacxonHmerocs 

ny'IKB 38pHJKeHHbiX 'IBCTHU HB yron "ff, UOnlKHO o6nBUBTb OCeBol! CHMMeTpHel! 

H nnoCKOCTbiO CH MMeTpHH, 3aBHCHMOCTb BenH'IHHbl MBrHHTHOrO nOnS! OT panHyCa 

Bblp8JK8eTCH ¢opMynol!: 

Hz ( r' • 1 lzcO~ HO (I + ht TJ + h 2 TJ2 + h 8TJa + .... ), 
(I) 

r - r 
rne TJ r , r 0 -panayc paBHOBecaol! op6HTbl, 

0 
h I -noCTOHHHble K03¢¢HUHeHTbl, 

B cneKTpoMeTpax c JKeneaoM B 6onbWIIHCTBe cnyqaea npHMeHSIIOTCH KaMepbl, 

n03BOnHIOIUHe HCnonb30B8Tb HeBbiCOKHe, HO IUHpOKHe ny'IKH, llnSI TBKHX cneKTpOMeT-

pOB He06XOUHMO none, KOTOpoe UBBBnO 6bl ¢oKyCHpOBKy, He 38BHC SIIUYIO OT rop!130H

T8nhHbiX yrnoa BbineTa 'IBCTHU, Ebmo noKaaaao, 'ITO TllKOe none B paanoJKeHHH (I) 
/5/ /6/ 

nonJKHO HMeTb h 1 = - I/2 u h 2 = 1/8 . noanaee 6bln npoaenea pac'leT 

cnenyiOIUIIX Ko3<j>¢HnlleHTOB h I • BepCTepoM 6blnH Bbi'IHCneHbl Ko3<j>cpHuHeHTbl h 3 H 
171 ~ /8/ /9/ 

h 4 , CaynHTOM-h a , l1ponoBbiM..h 8 u h 7 • Hano aaMeTHTh , 'ITO Tpy-

noeMKOCTb pBC'IeTa Ko3<j>¢HnHeHTOB hf CHnbHO B03p8CT8eT C yBenH'IeHI!eM 

nopHUKB 

TeXHHKH 

npu6nHJKeHHSJ. TonhKO Hcnonb3oBaHHe 

n03BOnHnO npoBeCTH pac'!eT h! H h9 

aneKTpOHHO-Bbi'IHCnHTenbHOl! 
/10/ 

• TaKI!M o6paaoM, B aacToSI-

mee apeMSJ B paano>KeHIIH (I) 113BeCTHO neBSJTh Koa¢¢uuHeHTOB h1 

h =-1/ h =1/8 h=l/16, h=-31/206 h=59 /512 t / :Z t 2 t 8 4 6 

h6=-45 /5!2, h 7 =111 / 20.fl , h
8
=- 0,048 h 9 = 0, 069 • 
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I 10/ 
~a pa6oTbi crreAyeT, qTo ecrrH sKcrrepHMeHTBrrbHO YABCTCR rrorryqHTb Mar-

HHTHoe norre 1COOTBeTCTByiOillee p83ITOlKeHHIO (I) C yqeTOM h 
8 

H h
9

, TO Tp8eKTOpHH, 

ArtS! KOTOpblX ropH30HT8ItbHble yrrtbl a = + 17°, 8 BepTHK8ITbHbl e f3 = 0, 6yAyT 

. ! - -5 
A8B8Tb rr pH yr rre rrv 2 Hao6paJKeHHe Toqeqaoro HCToqHHKa paaMepoM < 10 r 

- ::1 0 
( paapernaromag cnoco6aocTb no llp < 10 %) • 

nepBbiM rnaroM nonyqeHHSI HYlKHOro nang 6b!ITO noMemeHHe B 3 830p M8I'HHT8 

cneuHarrbHbiX npo¢HrrHpOB8HHbiX HBKITBAOK (pH c. I, n. 5), ¢opMa KOTOpbiX 6bma pac

/3/ 
cqHTaaa aaarrHTHqecKH aaTopaMH pa6oTbi • Ha pHc, 5 crreAyeT, qTo O!IHH aaKrran-

KH o6ecneqHaaiOT none, 6rrHaKoe K pacqeTHoMy a o6rracTH r ~ 140-159 eM (npH 

r 
0 

= 154 CM ), JlrrR yaerrHqeHHSI STOll o6rt8CTH liB BHyTpeHHHe H BHelllHHe Kp8SI 

HBKrranoK npHBHHqHBarrHCb JKerre3 Hbie lllHMMbi ( pnc. 6). Han6orree Bbironaag ¢opMa 

lliHMM H8XOAHIT8Cb 3KCITepHMeHT8ItbHO, nyTeM ITOCrte!IOB8TerrbHOI'O HX <jlpeaepOB8HHSI 

H nocrreAyromHx H3MepeHH -MaraHTHoro norrR, PeayrrbTBTbi pa6oT no IliHMMHpoaaHHIO 

nonR npHaene abi aa p11c. 7-10. Ha pHc.7 AeMOHCTpHpyeTCR aeOAHOPOAHOCTb 

MBI'HHTHOI'O nang BAOITb OKpylKHOCTel! C p8A!IYC8MH 130, 140, 154 H 160 CM npH 

p83Hb!X 3H8qeHHSIX H8npRJKeHHOCTH MBI'HHTHOI'O nOrtH, no OCH Op.l:lHH8T OTITOlKeHO 

OTKITOHeHHe BerrHqHHbl HanpSIJKeHHOCTH M8I'HHTHOI'O f!OITSI AITSI .l:l8HHOI'O t/> OT ae

rrHqHHbl H8flpS!lKeHHOCTH, H3MepeHHOll npH cp = 144°, no OCH a6C!IHCC OTITOJKeHbl 

a aaqeaHSI yrna noaopoTa KOOp!IHHBTOMepa ¢ . HaMepeHHSI npOH3BOAHITHCb a aaaope 

MarHHTa 6ea BaK yyMao l! KaMepbi, ToqKH cooTaeTCTByJOT cnyqaro, Korna aanpSIJKeH

HOCTb M8I'HHTHOI'O fiOITSI H8 OKpyli<HOCTH p8AHyca 154 CM p8BH8 1618 3 , n pH T8KOM 

none MOJKHO aaarrH3HpoaaTb arrb¢a-qacTHUbi, '3HeprHSI KOTOpbiX ~ 2,99 Msa. Kpec

THKH COOTBeTCTBYIOT cnyqaJO, KOI'!I8 Jl r =l~4 = 2388 3 ( 1': ~ 6,5 M 3B), KB8Ap8TII-
O a 

KH - H, =IU = 3210 s ( Fa~ 11 , 8 Msa). CTperrKH noK83biBBIOT MBKCHMarrbHbil! 
0 

!IH8fi830H yrrrOB ¢, KOTOpbll! MOJKeT 6b!Tb HCnOrtb30B8H npH r 0 = 154 CM , JlrrH 

H r =I~· = 2388 3 HeoaaopO!IHOCTb B 3TOM llHanaaoae ¢ H8XO.I:lHTCH B rrpenenax 
0 

0,06%, ArrSill, =n•= 1618 s - a npeAerrax 0, 12% , AnSI ll, =l~ 4 = 3211 <> - a rrpene-
o 0 

nax 0,08%. 

Ha pHc. 8 noKaaaao OTKrroaeaHe sKcnepHMeaTarrbHbiX aaaqeHIIll ( -Vf-U-lsKcn. 

H ( rl r = 1~4 
OT TeopeTHqeCKHX ( ..,...---:-lTeOpnpH pa3rrHqHblX 3HaqeHHSIX </> npH fl r = l&4 = 2'388 3, 

'o=IU ( H( r) _ _!!_hl_ 1-L'.H(r ) , 0 

no OCH OpAHH8T OTITOJKeHO ( A ro = IH )Teop ( }1,
0 

= te/'lKCIT - f1 'd" ~~·no OCH a6CUHCC OT-

ITOJKeHbl aaaqeHHSI paAHyca. ~aMepeHHSI npoBOAHITHCb 6ea aaKyyMaol! KaMepbi, Ha 

pHCyHK8 BH/lHO , qTQ B o6rt8 CTH r = 124 -165 CM H8 p83ITH'IHblX yrrraX ¢ f!Orre 

cnaAaeT OllHHBKoao c ToqaoCTbiO a 0 ,03%. BaKyyMaaSI KaMepa 6bma cnenaaa H3 

aepJKaaerollJe li cTarrH. 
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3KcnepHM9HT811bHO GblllO yCT8HOB119HO BllHSIHHe M8T9pH8118 K8M9pbl HB pacnpe

neneHR9 MSrHHTHOrO nonSI. llng 3TOfi U911H H3MepeHHH Tonorpa~RH nonH B M98H8HHOfi 

nnOCKOCTH npOH3B08HilRCb qepe3 60KOBbl9 ll!OKH K8Mepbl 0 pacnonol!<eHH bl9 npR 

rP c 6 6° R rP - 216°. 8 nanbaefiweM WHMMHpOB8HH9 npOH3BOnHI10Cb C TSKHM 

p8C'I9TOM, 'IT06b! nocne yCT8HOBI19HHH KaMepbl B 3a3ope M8rHHT8 TOnorpatpHH nonH 

KBK MOli<HO 6mni<e npH5llltlKanacb K TeopeTn'!ecKofi. Ha pHc .9 a nH cpaaHeHHH npH-

L\R(r) o 
aeaeHbi aBe KpHBbie ---l!', nony'leHHbie npe ¢ = 84 nng cny'laH c KaMepoA ( KpH-

H,f)c1ft.f • 
BaH C TO'IKaMH) H 6e3 KaMepbl ( KpHBaH C KpeCTHK aMH ) • Q()e KpHBbie lJOily'leHbl 

npH H,o = 1 ~ 4 ~ 2388 s. KpHBBH , nony'leHHaSI c KaMepoA, 3HB'lHTenbHO 6nHll<e K Teope

TH'IecKoA. MaKCHManbaoe oTKnoaeHHe ~ 0,035% . 

llns! cny'laH, Korns B 3830pe M8rHHT8 He 6bll10 B8KYYMHOfi K8M9pb! 0 npH 

¢ = 129° H 219° HccneaoBanocb H3MeHeaHe Tonorpa~HH MarHHTHoro nvnH B aa

BHCHMOCTH OT B€nH'IHHbl HanpHl!<e HHOCTH M8rHHTHOrO nOnSI ( pHC. 10) • 0pH H3MeHe-

HHH HanpHl!<e HHOCTH H8 p8BHOBeCHOfi op6HTe OT 1619 no 3210 3 M8KCHM8nbHOe 

H3 MeHeHHe Tonorpa¢HH He 6onbme 0,04% . 

OonOll<eHHe Mea HaHHOfi llOBepXHOCTH oueHH38nOCb lJO nonOli<9HHIO MHHHM8nb
r 

HOrO 3H8'!eHHSI H8ilpHl!<eHHOCTH M arHHTHOrO nonS! npH nepeaBHl!<eHHH n B T'IHKa Mar-

HH.THoro nonH no BblCOTe ( ¢ ~ fonst H • = fonst ).nonol!<eHRSI MHHHMyMoB pacnona-

raiOTCSI OT cpenHell n n OCKOCTH aaaopa = 0 HB paCCTOSIHHSIX, MeHbWHX 2 CM, H 

He 3aBHCSIT 3aMeTHbiM o6pa30M OT Benii'IHHbl H H OT npHCYTCTBHSI KaMepblo 

Ylc c nenonaHHst a a BHCHMOCTH H (rl noKa3anH, 'ITO MaKCHManbHbiH 8Hana30H 

panHyCOB, KOTOp bl H MOl!<eT 6b!Tb HClJOnb30BaH, r ~ 124-166 CM. 8 T8KOM cnyqae 

paCXOllSI U!HllCSI lJY'IOK '!aCTHU 6yaeT BbirnSI89Tb TaK, KaK OH rrpeacTaaneH Ha pHc.11. 

Yla pncyHKa nerKo onpenenHTb nHanaa oH HcnonbayeMbi X yrnon ¢ anSI • = 130, 

140, 154 H 160 eM. Ha p Hc. 7 3TH JJHanaa oHbi orpaHH'IeHbl cTpenKaMH. B npene-

n a x 3 THX llH a rra30BOB rrpOBOilHnBCb MaKCHMSnbHO B03MO)!(HaSI noarOHK8 nOnS! K pac-

'!eTHOMY• 

a oro 

Mepbi 

4. YlccneaoaaaHe WoKycHpyromHx caoAcTn cneKTporpawa 

J.1ccnenoBaHHe CBOHCTB cneKTporpa~a npOH3BOJlHI10Cb C nOMOlliblO pallHOaKTHB-
244 

HCTO'IHHKa C'm, l1pHrOTOBneHHOrO Hal1b!I19HH9M B BaKyyMe H HMeBUJero pa3-

2 
0,5 X J0MM • 
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B nepBbiX onbrTax KacceTa c ¢oTollnacTHUKHMH ycTauaanuaanacb 11011 yrnoM 

46° K parruycy r 0 ~ 154 CM, B HCTO'IHHK-HH OKpy>KHOCTb 9TOrO Jl(e panuyca, ilBH-

>KeuueM HCTO'IHHKa 110 paauycy H anonb paauoaecu oA TpaeKTopHH o11pene11H110Cb To 

ero IIOIIO>Ke_HHe, llpH KOTOpOM nonymHpHHH Bllb!J'H-IIHliliH, p8CIIOIIO>KeHHOA B 06118CTH 

nepece'!eHHH ¢oTOIIIIHCTHHKH c OKpy>KuocTbiO panuyca r 0 • 154 eM, 6hma MHHHMHIIb-

uoA ( ~ 5 KSB). 3To llOIIO>KeHHe B ilBIIbHeAmeM HBJIHIIOCb H8'18110M OTC'!eTa ( "0"), 

noc11e 9TOrO C IIOMOWbiO IIOilBHlKHbiX ilHB!j>parM HCCIIeuOB8118Cb 38BHCHMOCTb paapema

IOWeA CIIOC06HOCTH OT H8'1811bHblX yriiOB BbllleTa 811b!j>a-'!8CTHII. 0TCyTCTBHe UOCTB

TO'IHO cHIIbHoro HCTO'IHHKB ue no3BOnHIIO 11poaecTH aeTHIIbHoe uccllenosauue. EbiiiH 

TOIIbKO 011peue11eHbl YCIIOBHH, llpH KOTOpblX p83pemeHHe H CBeTOCHII8 SIBIIHIIHCb ilOC

T8TO'!HbiMH lliiH pa6oT 110 06Hapy>KeHHIO H H3y'!eHHIO TOHKOA CTpyKTypbl 811b¢a-cneKT

poB peaKoaeMellbHhrX alleMeHTOB. MHHHMBIIbHBH no11ymupuua IIHRHH, nonyqeuuaH a 

9THX OnbiTHX, COCT8BIISIII8" 3,5 K9B npH TeneCHOM yr11e "' 4,10-4 OT 4" (ropH-

30HT811bHbie yrllbl Q I = + 2°30 H a 2 = - 8°, BepTHKHIIbHble fi = + 0°50), 

npu TBKOM TelleCHOM yr11e H3y'IHII8Cb !j>opMH !j>OKHIIbHOA nosepXHOCTH, npoH3BOilH-

IIOCb qeTbipe 9KCn03HIIH'I npH p83HbiX 3HB'!eHHSIX H811pH>KeliHOCTII MHrHHTHOro nOll!!. 

TaKHM cnoco6oM onpeaeiiHIIHCb !j>opMa Bllb¢a-nnauu B 3HBIICIIMOCTH oT ee nollo>Ke

B!!Sl HH !j>oTOniiHCTIIHKe, ilBH>KeHHeM HCTO'IHIIKH OTHOCHTellbHO nOIIO>KeHHSI "0" AilS! 

K8lKAOro 3H8'!eRHSI 11011!1 onpen e iiSIIIOCb TO IIOIIO>KeHHe, npH KOTOpOM no11ymHpHH8 

l!HRHH 6bma MHHHMBIIbHoA. TaKIIM o6paaoM 6hmo llolly'!eno '!eTbrpe TO'IKH ua ¢o

KHIIhHoA noBepXHOCTH ( pi!C, 12), EbliiO pemeHO CTHBI!Tb KHCCeTy no OTHOllleHHIO K 

!j>OKHIIbHOil noBepXHOCTH TBK, 'IT06b! nollyllll!pi!Hbl 811bQJ8-IIHHIIA HB BCeX 11118CTIIHK8X 

6br.~H n p n6nH31!Te.'IbHO OAHHHKOBbiMH, B peayrrbTBTe norryqeaa cpeAHHH norrymupuua 

5 K a B. npH aTOM IIHTeHCHBHOCTb IIHHIIA H8 BCeX 11118CTIIHK8X OllHHBKOBB C TO'!-

HOCTbiO 10%. 

5. fpaayupoBKa cneKTporpapa 11 oueHKa poua 

fpaaynpoBKa nponaaoanrracb 110 arrbQJa-rrHHHH E a = 5805,2~1,2 KaB ( Hp 

2H /11/ 
347072 + 36 9·CM) C'm , fpaAyllpOBO'IH8H IIHHHH (p!!C, 13) CTp01!118Cb cne-

IIYIOWIIM o6p830M: 110 OCH a6CUHCC OTKII81lbiB8110Cb paCCTOHHHe ( ) OT Kp8H 

nrraCTHHKH llO MeCTB nepeceqeHHSI ">KeCTKOro• CllBilB IIIIHHH C OCbiO, no OCH 0p1111-

HHT - aQJQJeKTIIBHbiH panuyc p aqxp. , IIOIIY'!el!Hbllf H3 OTHOllleHI!SI Hp penepuoA 

nmr:m K H3M e peHHOMy B AHIIHOII a KcnoaHUHH 3HB '!eHHIO MBrHHTHoro norru. Berrii'IHHH 
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MaruuTuoro nona H3MepHnacb s TOM MecTe, rne pacnono>Keua aMnyna naT'iHKa 

MarHHTOMeTpa, 3To MeCTO TO'iHO He onpenenHITOCb, 3aSHCHMOCTb p a!jlcp OT f 

MO>KHO C'iHTaTb ITHHel!uol!. 

TaK KaK lliTH rpallyHpOSKH Mbl nOrrb30SarrHCb TOITbKO ITHHHel! 5805,2 KaS 24foc'm, 

TO 6hiiTO O'ieHb sa>KHO OUeHHTb 1 C KaKOI! TO'iHOCTbiO MO>KHO 6yneT onpenerrHTb aHep

rHIO anbcjla-'IaCTHU s o6nacTH 3-4 Mas. 

Ha puc. 7 sunuo, 'iTO MaKCHMarrbuoe oTrrH'!He ueonuoponuocTH MarHHTHoro 

nona no aauMyTy npu H • =tu = I6I8 a ( E .. 3 Mas) oT HeonaoponaocTH npu 
o a 

R • ~tu = 2388 a (Fa .. 6,5 Mas) ue npeSbiWaeT 0,07%. OueHKH noxaabisaroT, 'iTO 
0 

s nepsoM cnyqae nellcTsue nona ·6yneT TaKOSbiM, KaK ecnu 6bi ere senH'IHHa 6bina 

Ha O,OI-0,02% 6onbme pacqeTuoro aHa'IeH!'H• nonyqeHuoro ua rpanyuposxu. 3To 

03Ha'!aeT, 'ITO ecrrH S Ka'!eCTSe penepa B3HTb arrbcjla-nHHHIO 244 C'm, TO S o6naCTH 

F:a.. 3 Mas MOJKHO O>KHilBTb yMeHbmeuua 3Ha'IeHHH aHeprHH anb!jla-qacTHil ua ~I Kas 

no cpasHeauro c pac'ieTHbiM, HeTO'iHOCTb onpeneneuuu aHepruu s o6naCTH 

Fa .. 4 Mas aon>KHa 6biTb eme MeHbrne, '!eM B o6nacTH 3 Mas. 

npu H3y'ieHHH TOHKOI! CTpyKTypb! anbljla-cneKTpOB Heo6XOAHM0 1 'iT06bi cjloH 

6bm MHHHMarrbHbill, B aaweM cnyqae aenuquaa ljloHa B onpeneneauoM yqacTKe cneKTpa uaxo

nlinac6 KaK oTaoweuue cpeaaero 'iHcna anbcjla-Tpexoa s n on oce wup Hnoil I MM K 
149 

'IHCrry anbcjla-TpeKOB B TaKOI! JKe nonoc.e Ha ITHKe ITHHHH a 
0
Tb ( E a =3967 KaB) 

(puc. I4 H 15), Ha paCCTOHHHH B 150 KaB OT 

-6 
a 0 s cTopoHy Me!IbWHX aHeprui! 

cjloa COCTaBnHeT 3,I0 OT KOITH'ieCTBa TpeKOB Ha MaKCHMyMe rrHHHH, Ha 6orrbWHx 

paCCTOHHHBX 3Ha'ieHHe !jloaa OCTaeTCH ITpHMepHO ITOCTOHHHbiM, 3xcnepHMeHTbl no 

AarrbHei!weMy CHH>KeHHIO ljloHa He npOH3BOAHITHCb, 

OnHoil ua Ba>Knei!wHx xapaKTepHCTHK anhljla-cnexTporpaljloa HBrrHeTcH cseTHMOCTb-

npouaseaeHHe TenecHoro yrna Ha nnomaAb HCTO'IHHKa, Eonbmau cseTHMOCTb crrexT

porpacjlos BB>KBB npH HCITOITb30B8HHH HCTO'iHH~OS Mancil ynerrbHOII BKTHSHOCTH, HcTO'i

HHKH, rronyqaeMbie rrpH o6nyqeaHH MHwenel! Ha cHnxpollHKrroTpoue JJHn OHHH, o6nana

IOT O'ieHb 6orrbWO.il yaerrbHOil aKTHBHO.CTbiO, 8 CSH3H C 3THM llO CHX rrop HBM He 

Tpe6osanocb roTOBHTb HCTO'IHHKH 6onbwoil nnumanH H Mbi He uccnenosanu axcrre

pHMeaTarrbHO aorrpocbi 
1 
csaaaaHbie co caeTHMoCTbiO Hawero cneKTporpaljla. Ha oc

HoBaHHH pacqeToB cneayeT o>KHilBTh1 'ITO nocTpoeHHbiii HaMH c nexTporpaljJ o6naaaeT 
/3/ 

TBKOt! >Ke CBeTHMOCTbi01 KaK cneKTporpaljJ, OITHCaHHbiil S pa6oTe , KO.TO.pb!il S aToM 

OTHOWeHHH HBrrHeTCH ny'IWHM S MHpe npH6opoM, 
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3 a K n ro q e a H e 

B Ta6n. 1 ocaoBHbie napaMeTpbi nocTpoeaaoro npu6opa cpaaauaaroTcSI c napa

MeTpaMH npyrux H3BeCTHhiX anbcpa-cneKTporpacpoa, 

H3 cpaaaeaHSI aunao, 'ITO nocTpoeaabii! cneKTporpacjJ no caouM Ka'!eCTBaM 

SIBnSieTcSI onaaM H3 nyqmax npu6opoa TaKoro THna. 3KcnepaMeHTbi no nonyqeuuro 

MBKCHManbHol! pa3pewaromel! cnoco6aocTH Mhl noKa ae npoaonanu, TaK KaK npu 

HCCnenOB8HHSIX anbcpa-cneKTpOB B penK039MGfibHOI! o6n8CTH, KOTOpb!9 BblfiOfiHS!fiHCb 

sa aTOM cnpexTporpacpe, nonywapuaa nuauu Meubme 6 Kaa ae Tpe6y~TCSI, OnaaKo 

Mbi c'IHTaeu, 'ITO TonorpacjJHSI MaraHTHoro non11, ocymecTaneaaaSI a aaweM npu-
/10/ 

6ope no pacqeTaM pa6oTbi , nomKaa no3BOnHTb aaM a 6ynyweM nony<~HTb 3aa:. 

'IHTenbHO 6onee BhiCOKue noKa3aTenu no pa3pewarome fl cnoco6aocTu, 

nocTpoeaabii! anbcpa-cneKTporpacjJ ucnonb3oaanoSI npu uccnenoaaHHH anbcjla

pacnana penKo3eMenb.HbiX aneMeaToB. Pe3ynbTBTbi aTHX uccnenoaaaal! ony6nHKoaa

Hbl a
112

• 131, 0CHOBHblM aOCTHlK9RH9M 3THX pa60T S!BllSI9TCSI o6aapyJK9HH9 TOHKUI! 
149 u1 ua 

cTpyKTypbi anbcjla-cneKTpoa Tb, Tb H f)y. PewaromHM o6cTOSITenbcTaoM a STHX 

uccnenoaaauax 6bina HH3KaH aenH'IHHa cpoaa cneKTporpacpa, 

B 3BKnroqeaue Mbl nonb3y9MCSI cnyqaeM Bblpa3HTb rny6oKyro npH3HaTenbHOCTb 

B.n. llJKenenoay 3a nocTOSIHHbii! HHTepec H nonp.epJKKy, oKa3aHHhiB npu co3naauu 

afibcpa-cneKTporpacjla. Mbl rny6oKO 6naronapHbl E.H. 3aMonon'IHKOBy, r.H. CenHB8HO

ay, B.A. Eoraqy 38 BHHMaHae H noMOillb a aawel! pa6oTe, npocp. C,A.EapaaoBy , 

A.r. 3eneaKoay, B,M, KynaKoBy 38 nepenaqy 6oraToro onbiTa no co3naauro H axc

nnyaTanuu 6onbmoro npenH3HOHHoro anbcpa-cneKTporpacjla, P.E. Haaaoay, B.r. He

noaecoay, n,A, CapKHCSIHY 38 MHOrO'IHCfiBHHbl9 KOHCynbTBUHH H non93Hbl9 COBSTbi, 

E.B. <l>eoKTHcToay 3a pacqeT nononaHTenbHbiX TpaeKTopul! nBHJKeHHSI anbcpa-qacTHn 

B MarHHTHOM none, 

BbipaJKaeM caoro oco6yro 6naronapHOCTb H npH3H8TenbHOCTb K.A. Eall'!epy 

3a co3naaue ocTpoyMaoro npucnoco6neHHSI nnSI H3roToaneauSI MarHHTRbiX mHMM u 

onepaTHBH09 pyKOBOilCTBO npH BblfiOnBBBHH STOll TpynoeMKOI! pa60Tbl 1 8 T8KlK9 

6naronapHM KOHcTpyKTopoB H.H.<I>ponoaa, H.C.ToncToro, B,H,Canopoay 3a pa3pa6oT-

KY KoopnuaaToMepa u cucTeMbi nonaHJKHbiX .ouacpparM, B.H.<I>anunnoaa, E.r.lllaenoaa, 

B. Kanaqeaa, B.K.<I>unaMoaoaa, C.H.MenbaHKoaa, B.M.lllupoKoaa, B.n.Manhiraaa, 

B.B.ropmKOBa, c.n.Benpoaa, A. MaKapoBa, IO.H. TonKaq(!Ba, B.H.Co6oneBa, 

A.M.03epoaa, B.C.fop6aq(laa, B • .n.nnyJKHHKoaa 3a Bbmonaeaue acex MexaaH'IecKax 

pa6oT, A.KoKapeaa a n.B.Bacanbeaa 38 noMomb B co3naauu MaraaToMeTpa, 
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B.B. AxMaaosa, H.n. lfacTSIKOBa, E.B. LlerTHpea8, B.<ll. Manaaa 38 H8naJlKY 

sneKTpH"!eCKOll CHCTeMbi, E.B. ne6e)leBy 38 o6p860TKy QJOTonnacTHBOK. 

Ta6nHil8 

Tan cneKTporpa$8, MecTo PaJluyc nonynmpH- TenecHbill 0THOCHTenb-
ero C03)l8HHSI, CCbinK8 paBHOB~CHOll Ba nHHHH yron Hblll 

op6HTb! r o CM t.Hf' / Hp {1 OT 4!r QJOH 

3;10-4 -4 

lry2 154 
4,6.10 

3.10-8 Lly6a8
1 

CCCP 6.10-4 8.10-4 

1.10-4 

MocKBa CCCP fr'l/213
•
141 165 3.10-4 6.10-4 4.10-7/14/ 

) 

6.10-4 8.10-4 

MocKBa 
1 
CCCP lr'l/2 60 7.10-4 2.10- 4 

Ill 

neal!!!!' pan, CCCP 
lry2 /2/ 

33,6 8.10-4 3.10-3 

EepKnH, Clll A 
6.10-4 7.10-4 

180° ,nsollH8SI 
36 

QJOKyc./16/ 
--

Ope~, <f>paHilHSI 
180 , C QJOKyc. 60 2,6.10 

-4 21.10-4 10-4 

nHH38MH/16/ 

EepKnu, CJ!IA 
CeKTOp 60 / 17/ 7.10-4 1.10-4 
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.I> 

Pac, 1. MarHHT anb<!>a-crreKTporpa<!>a: 1 • ceplle'IHHK, 2 -HH>KBsrsr 'rnnsrrra •, 
S - aepXHSISI 'rnnsrrra•, 4 -o6MOTKH aoa6y>KJleHHsr MarBHTa, 5 -rromocaasr 

HBKIIBJlKB, 

• 

--., -



Puc. 2. MaruuT an&¢a-cneKTporpa~ ( ann caepxy). Ha 6oKoaoA noaepxuocTn 
uaueceua rnKana B rpanycax. 
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Puc. 3. CxeMa saxyyM ·wn cucTeMbl cnexTporpa<!>al I -xaMepa 2 -moKH , 3 -<!>oTo
xacceTa, 4 -MaHoMeTpHqecxue naMnbJ, 5 -wH5epbi, 6 -WnJ03bi, 7 -.llBTlfHK 
M8rHHTHoro non<!, 8 -cTaKaH, e -aaxyyMHblA arpera'l' BA-5-4,10 -6an
nacTHb!R <l>opsaxyyMRblA 6ax, II -<l>opsaxyyMHb!R aacoc BH-1, 12 -HCTO'iHHK, 
13 -flOilBHlKHBSJ llHB<i>parMa. 
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PHc, 4, CxeMa KoopAHHaToMepa! 1 -aaTqwK MaraHTHoro nomt, 2- sneKTpoMoTop 

nepeMemeaHSI naTqHKa no panHycy, 3 - sneKTpoMoTop nepeMemeaHSI naTqH
Ka no Bb!COT9 ~ 4 -aecymaSI KOHCTpyK!lHSI, 5 -MOTOp t:IBH>KeHHSI no 83HMyTy, 
6 -onopHbie ponHKH, 7-oceBaSI BTynKa, 8 -.nHcK-oc aoaa , 9 -wecTepaSI. 



120 fifo 

H 

Hr;,•fS4-

f,f0 

teo r{cttJ 

~ 

PHc. 5. 3aencnMoCTb R"" f ( r ) npu nanH'tHH TonhKO nonJOCHbtX uaKna,aoK ( 6ea 
WH MM) • no OCH a6CUHCC OTnO>K e Hbl 3H8tfeHHSI p a nuyca, no OCH opD.HHBT - I_I _( _r) _ _ .• 

H r = 16 .f 
0 
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t\) 

0 

r= 130 CM 

-O,Jffi: f ._. ....._,_......- "$Q:·~Si71~l" 
Qf$ 

0 

-aos~ ~~~~-~~----~j· 

0,05 

f A~ r =154CM - ~ 

0 

-a. 

r ==160CH 

PHc , 7. HeoaHopoaHoCTb MarHHT Horo n o nu B 3830pe MarHHTa aaonb oKpymaocTefi 

C p8AHYC8MH 130, 140, 154 H 160 CM, (6e3 K8Mepbl ), no OCH OpAHH8T 

OTnO)KeHbl 3H8'i eHHH H (rj>) -H </>=tHo % no OC H a6CUHCC - yron 
H </>= IH • 

nosopoTa KoopaHHaTOMepa </> • T o 'iK H cooTBeTCTBY IOT cnyqaJCi Koraa 

Hanp umeHHOCTb M8f'HHTHOI"O nonH H8 OKpymHOCTH paaHyca 154 CM , 

H = 16 18 3 , KpecTHKH - fl = 2388 3, KBaapaTHKH - H =3211 3 , 

CTpenKH noK83biBaiOT M8KCHManbHbrfi aHana3oH yrnoa ¢ , KOTOpbrl! MomeT 
6biTb Hcnonb3 oaaa . 

-., 



0;10 

0,10 

130 

~0,10 

-0,10 

· - 'f~= 3D 
X- 'f~ 5"1 
a- 'f= 8lt 

·- lf=- 1. 110 
X - 'f= 1.38o 
0 - 'f= '15 6° 

D 

Puc. 8. 3aBHCHMOCTb H = r ( 0 H8 paanH'IHbiX cP npH H r = I e« = 2388s . flo OCH 

86CUIICC OT nOlKeHbl 3H8'IeHHH panuyca, no OCH Opll fl HB T 3HB 'Ie HH H 

[ ( H ( r ) ) . ( R (r) ) ] l'! 
H,o = 184 Teoff tl,o = 184 S K Cn n a HHble non yqeHbl npH H3 M epeH H HX 6 e a 

K YYMHofi K a Mepbi B aaaope MBI"HHTa. 

2 1 



0,08 
f-::84° 

0 

-006 • 

Puc . 9. 3aBHCIIMOCTb H = ( ( r ) npH ¢ = 84° H H, = t.IT 2388 3 . no OCH a6cuHCC 
0 

OTnO)!{eHbl 3H8'1eHHSl panHyca , flO OCI! OpUHH8T - 3H8'1eHHH 

((~) -( H( r) ) lr. . 
H, = ~&• T eop H • = 13• 3Kcn • KpHBBH c Kpec T HKBMH cooT Be T cTsyeT 

cny&a10 , KOrna B 3a"3ope M8rHH T8 HeT BBKYYMHOil K8Mepb! 1 KpHB8H C T O'!

KBMH - Korna KaMepa ycTaaosn ena B 383ope . 

22 



11 H(r) 
0 

0.10 H,..,,sttio 

)( . 

0,10 

. - H
154 

== 3 210 3p'm 
lC - H,s~, =- 2391 3pcm 
0 - H1H = 1619 3pC.m 

• 

QD~2~0~~.~1~3D~~~14~0~~~~~~~~~1+1D~~~ 

_j X 1 
PHc. 10. BnH51HHe aenH'IHHbi aanpmKeHHOCTH non51 Ha 3BBHCHMOCTb H = f ( r) • 

KaMepbi B 3a3ope a e T. 06o3Ha'!eHH51 Te )!{e, 'ITO H aa pHc. 8, 9. 
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{20 .170 'l{tlf} 

Puc. 12. <l>opMa !j>oKanhaon noBepxaocTH. 

25 



-e-
-.

 
0

"
0

 

..
. 

"' 
0 

, 
~
 

'<
 

" 
., 

"'
 

"0
 

0 
0 

..
. 

"' 
"'

 
0 

"' 
"' 

" 
"' 

"' 
"' 

. 
"' 

~ 
" 

0
-
o

 

0 
"'

 
0 

~ 
"' 

;a 
0 "0

 
::J

 
;:

 
0 

"'
 

0 
"
' 

0 
... 

"' 
I 

Q>
 

ig
 

~ 
~ 

...
 

0 

"
' 

0 
"' 

... 
"' 

" 
[ 

0 "'"'
 

"0
 

"
' 

g 
s 

.,
 

"0
 

'<
 

"'
 

[' 
g d "' "' "' "' 0 ... 

c 

" 
~
 

'g
 

c 
"' 

.....
. ..,. ~ 

91
: 

~
 

... 
~
 

... 
~
 

~
 

~
 

-1
:-

~ 
? 

0'1
 

O
o 

1\
J 

-t
-

.... 



6 
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C(, TG 

EO<= 3967 keV 

11.,9 f TG f'o' 
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PHc. 14. Anb!jla-cneKTp 
149 

'1D. 
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PoccrrtOFIHl./eom o'- - ./l l./Huu 

P uc . l S. 0THomeaue 1.£Hcna an&tfla - Tpexoe a nonocxe tf>oTonnacTHnxo wu pHuon a 
J MM Ha llBHHOM y •taCTKe

14
fnexTpa x "'Hcn y anb<Pa -Tpexoa a Taxoa- >K e 

nonoc xe ua nuxe nHHHH Tb t a • 3967 xsa. 0 6naCTb c nexTpa 
3670- 3970 KSB , 


