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I. B s e n e H H e 

Cpenu paanu'IHbiX Sl.llepHbiX peaKUall, B03HHKaiOmax npa saaaMonellcTBHH Ta•<enbiX 

HOHOB C S!Jlp8MH, 60JlhiiiOll HHTepeC npenCTSBfi>!IOT peaKUHH nepena'IH 0 B KOTOpbiX OT <!Apa 

K Sl.llPY nepeuaeTCH onnH ana aecKOJlhKO HyKnoaos. Depenaqa ayKnoaos nponcxonBT npB 

K8C8T9nbHOM CTOnKHOBeHRR R8nBT810W.ero 9!lp8 C MpOM-MBlll9HbJ0 1 ll03 TOMY peBKUHH TBKQ-

ro Tana o6nau aiOT xapaKTepHbiM yrnosbiM a 3HepreTH'IeCKHM p acnpenene aneM: n enme 

nponyKTbi peaKUHH nepenaqa BbiJieTaioT non yrnoM, O'!eHb 6nn3KHM K yrny peaep<jlopnos­

CKoro paCCe5lJIRH llfill K8C8T9fibHOll Tp89K1'0pHH, H COXp8Hli!OT 6 0Jlbiii)'IO 'ISCTb nepBOH8'18fib-

HOA 3HeprHH H8119T8lOlllHX BOHOB. 3TH OC068HHOCTB fl03BOn SUOT HBJl.B>KHO BbiJienHTb HX CpB.IlB 

nponyKTOB peoKual! npyroro Tnna. Koae'!HbiMH nponyKTaMa pe aKu.aa nepena'm MoryT 6biTb 

KBK CT86HilbHbl8~ TBK H p8 JlH08KTHBHbl8 WlpB, fl03TOMY ..QnH H.ll 8HTB lfJHK8UHH peaKUBH HCnOnb-

3yJOT p83JlHt:fHbi8 M8TO.Ubl . 

B 6onbWHHCTBe ony6nnKosaHHbiX pa6oT nnll aayqeHHII peaKUHH n epena 'IH l!cnonh3c>-

sane!! MeTon perac Tpauna ,A a y -aanyqean n panaoOKTHBHhiX nponyKTOB peaKUIIH. On-

HBKO B psme Cny'-laes npHMBHBHHe 3TOrO MeTOJl.8 H8T811KHB8 8 T CSI H a TPYAH OCTH H3 -38 ct>oH8 1 

c o3.nasaeMoro paaHoaKTHBHblMB nponyKTBMH peaKu HH, o6na.aaJOlllHMB 6onbWRM cettenKeM. 

Dpa perncTpanl!n c Ta61!Jlh>Ibi X nponyKTOB ax aneRTHtPHKBIIH>~~ ocuosaaa ua onnospeMeHHOM 

aaMepeHHR y.ne nhHOJ1 ROHH3BUBH u 3HeprHH 'tJBCTHUhJ. K co*allenu iO , npH 3 T OM Re s cerna 

ynaeTc>t paanennTh oTnenbHbie naOTOIIbi nmiHoro 3JieMeHT a , oco6ena o npu nepena'!e ael!­

TPOHos, KOrna npOJl)'KT p98KUUH IlpHXOAHTCS! BblneJlllTb liS <jJOHe MOUU!Or O IIHKS ynpyro 

paccenBHLIX 't18C TRU. 

B aawax pa6oTax
1 

I •
2 1 

6blll npennoJKeH MeT on BbJnenenu " KaHaiiA peaKUHII n epenaqn 
I 7 

nyTeM H3Me peHIHI 3 ana3.llblBBIOI UBX He fiTpOH OB , ucrrycKaeMbiX H.llpaMH N . KaK 6b1110 noKa-

6 
/ 3,4,5 / 14 

3 8HO B pa OTBX 1 BO BC e X CJlyqagx npH o6nyqeHnH p83111Jli H LIX MHWeueii HOHSMH N 

u N , 
18 

0 
20 

Ne a 
22 

Ne o6paayJOTCsr !Ulpa 
17 

N • 3 T o naeT B03 MOlKHOCTb Hccne-

.noaaTb TBKHM MeTO.OOM M H OrHe TniTbi peaxuHH rrep eaa ttH. OcHoauoe npeHMymecTno 3 TO H 

3 



MeTOilllltH o6ycnOB1!eRO YHHK81IbHbiM X8p8KTepOM 38II831lbiB8101Uell aeliTpOHHOil AKTHBHOCTR 

cpellH nerKBX !Ulep, II03B01lliiO!Ili>ll H81l9)1{H0 R308BIITbC<! OT <jloaa, C031l8B8eMoro pBilHOBK­

/3 6/ 
THBI!hiM pacrranoM nponyKTOB npyrax peaKUKil. B pa6oTax ' Obina orracaHa 9KCnepHMeH-

TanbH8R BIIII8p8Typa, aCII011b30B8HHBli llllli H3MepeHI!<! <jlynKUHH B030y>Kll9HIHI !Ipll nposene-

HHH aKcnepHMeHTOB aayTpu Ul!KllOTpoHa, 

Ha cTOHJita5! CTBTb<! COil9P*HT onncaHae annapaTypbi, npellH83H8'!eauoil llll5! pa6oTbi 

R8 BbiB9.0.eHH0~1 Uyt~Ke. YCT8HOBK8t B COCT8B KOTOpOA BX0Jl.5JT pe8KUHOHH85J KBMepa, Jl8TBK-

TOp uenTpOIIOB II 9lleKTpOHH85! All!IApaTypa, II03BOll5!eT H3MepRTb llH<jl~,JepeHUHAllbHbie Ce'!e­

HH5! . pe8KUHH n epellB'IH, 8 T8K>K9 ll8eT B03MO)I{H0CTb IIOllY'IATb HH<jlOpMAURIO 06 9HepreTH­

'JeCKOM C!leKTpe npOilYKTOB peAKUHR, 0o1UHH BRil yCTAHOBKB IIOK838H HB paC, l, 3<jl<jleKTHB­

HOCTb perHCTpauaa He l iTpOROB COCTABIISieT OObi'IHO HeCKOllbKO npoueHTOB, II09TOMY neo6xo­

llHM8 6bma TaKas KOHCTPYKilHSI peaKuuoaaoll KSMepbi, KOTopaH o6ecneqaaana 6bi M8KCHMAllb­

Hbiii C60p npOilYKTOB peBKUHH, Bbllle•reBWHX !lOll llBHHbiM yrnOM, 

2. PeaKunouaag KaMepa 

PeaKuuouuast KaMepa IIPGilCTaanHeT co6oll !l!OpaneBbilt UHIIHHilP llHHMeTpoM 200 M!"' 

a llllHHOil 590 MM, ny'IOK HOHOB npoXOilHT BU01Ib OCH KaMepbl H IIOIIB!laeT B UHllHHUp <Papa­

nell, KonnHMIIpoaaaae ny'IKa ocymecTB115!eTCSI c IIOMO!Ilb!O nayx rpa<jlHTOBbiX naa<jlparM, onua 

H3 KOTOpbiX C OTBepCTBHeM 0 z 15 MM pacnono>Kena ua axone KaMepbr, npyra11 c o-raep-

CTH9M 0 - 10 MM Ha llep>KaTene MHWeHH, 8bi6op rpa<!JaTa B Ka'!eCTBe M8'lljpH8118 llaa<jlparM 

o6ycnOB1IeH MallLIM ceqenaeM o6pa30B8HaH 
17

N H8 yrnepone, MameHb B BHile TOHKOH 

M9T81111H'!eCKOll <jl01Ibl'H KperrunaCb Me>KilY BTOpol! rpa<jlHTOBOH llH8<jlpal'MOA H MeUHOH !llliiT­

KOll nep>KaTellli, nep lK8Te1Ib IIMG/1 B UGHTpe OTBepCTHe naaMeTpOM 15 MM, 8HGIHRH9 CTGH­

KH llepJKaTell!l MHWGHII HMC/IH KOHyC006pa3HYIO <jlopMY llllll o6eC!l9'1GIIHR CB060JlHOrO BbineTa 

npO!lyKTOB peaKUHII, neplK8TGllb MHWe HH MO>KHO 6b!ll0 nepeMG!Il8Tb BllOilb OCH pe8KUHOHHOil 

K8M9pbl npH nOMOIUH llllRHHOrO BKHT8, paCnOilOX<9HHOrO napallll91lbHO OCH KBMepbl. BRHT 

!IpHBOilHllCSl BO npameune 'Iepe3 nepellll'lY OT llHCTaHUHOHHO ynpaBlllieMOI'O MOTOpa. npH 

OllHOM o6opOTe llBHraTenn M HWGHb nepeMemanacb na OllHH MHnlluMeTp, Yacno o6opOTOB 

llBHI'8Tellli perHCTpHpOB8110Cb C'JGT'IHKOM, no 'lllCllY 060p0TOB MOJKHO 6bi110 yCT8HOBaTb 

MHWGHb B onpeneneHHYJO II03HUHIO, KOTOp8SI o6ecne'laB8ll8 pei'HCTpBUHIO npOilYKTOB pe8KUHH 

!lOll 381l8HHbiM yrnoM e 

nponyKTbl pe8KUHH - SlllP8 I'N 8blll9T81lB HBpy>Ky qepe3 JlBB K01lbU9BbiX OKOlllK8 

mapaaoll 15 MM, pacnono>KeHHbie B nepen11ei! II 3anueil 'laCTH peaKUHOHHOll KaMepbi, 0Kow­

JtH 38KllGHB8nHCb MaJlnapOBOll <IJ01Ibrol! TOlllUIIHOll )5 MK, o6ecne'!aB8BWGI1 ueo6XOilHMblll 

4 

B8KyyM B pe8KUHOHHOH KBM< 

H900llbWYIO ll01110 CBOel! 9 He 

8TMOC<jlepnbiM ll8B119HH9M, II 

nHMeTpOBbiMH rronepeqHbiMH 

np03pB'IHOCTb OK01UK8 Jlll5! C 

II03B0115!ll0 npOBOilHTb H3Me~ 

npOW91lWHe '1epe3 OKO 

KOTOpbiA nepeHOcan ax 38 

J13MepeHa5! !lOll yrnAMH, 

<jlnaaua, KOTOpbiii yCT8HBBllRB· 

napoaoll <jlonhroi! KOnhueaoe c 

BbiUOnHeHHOB B BH,lle peweTI 

liB 46%, npOilYKTbl peaKUHH 

"nH4>Ta" nepeHOCHnHCb K Ll9' 

a cepenaue <jlnanua. J1c;-3a 

nnst HHTepaana yrnoa OT 4 . 

38T9M npHBSI3biB8nHCb K a6c 

PeaKUHOHHast KaMepa r 

MeTpa, KOTOpbii! o6ecrreqaaa 

KaMepbi. 

3HeprH!I IIY'lK8 HOHOB 

'18CTH peaKUHOHHOll K8Mepbl. 

3ono-roll pacceHBaTellb (Ton: 

nonanan.< a lleTeKTop, 11 Mny 

Hblli 8M!lllHTYilHbill 811811H38 ... • 

nyTeM Cp8BHeHHSl aM!lllaTyll 

U91lb10 ycTp8HeHHSI BllBSIHHSI 

TO'IIIbiX 8M!lllHTYll• 

neTGKTOp HeliTpOHOB II 

pac. 1) 113 24-nponopunouar 

no H30Tony 
10 

B ( C'!eT'IHI 

narBlli!Cb llBYMSI KOIIbU9BbiMJ 

nsr ncnonh30aancH napa<jlaH, 



•l! ael!TpOHHOfi 8KTHBHOCTR 

a, coa.a.asaeMoro pa.a.uoaK-

6blfl8 OllHC8H8 3KCnepHM8H-

B036ylKJl9HH!I npu npoaeue-

·JlH83HA'IeHHOH Jll!ll pa60Tbl 

peBKUHOHHan K8Mepa, .a.eTeK-

'b nlltjl<\Jepeaunanbllbie ce'le­

na t\>opMAURJO o6 aaepreTH­

KA38H aa puc. I, 31\><jleKTHB­

npoueaToa, noaTOMY ueo6xo­

o6ecnettHaana 6bi MBKCHManb-

ITHIIJlp JlKAMeTpOM 2()() M!" 

a nonauaeT a uunaaup <l>apa-

rpa<jluToahiX JlH8<jlparM, ou11a 

e KAMephi, upyraH c OTaep­

aqecTae Ma~paana uua<jlparM 

e . MaweHh a aaue TOHKOli 

1ua¢parMoll u Meuaon nmrT­

TpoM 15 MM. Baewane cTeH­

::neqeHHn cao6oanoro BhtneTa 

.8Tb Bll.Oflb OCH pe8KUHOHHOH 

enbHO ocH KAMepbi , B11HT 

paanl!eMOrO MOT0p8, npH 

1nuMeTp. 'iucno o6opOToa 

MOlKKO 6binO yCT8HOBHTb 

•cTp8UIIlO npouyKTOB pe8KOHII 

pe3 .naa KOnbUeBhlX OKOWK8 

pe8KUHOHHOl! K8M9pbl, 0KOW­

Ie'IHB8&Wei1 He06XOJlBMblil 

BAKYYM a peaKUUOHHOii KAMepe • .Hupa 
17 

N cao6ouao npoxouanu •<epe3 <jlonbry, TepS!S! nawb 

H960nbWYJO JlOnlO CBOel! 3 HeprHH, C UenhlO CHUJKeHH Sl MeXAHH'leCKOl! Harpy3KH, Bbi3B8HH0tl 

8TMOC<jlepHbiM Jl8Bnli!HU9M 1 nou MAill!apOBYJO <jlonbry nOJlKnAJlblB8118Cb CT811bH8S! CeTK8 C 2-MHn­

nHMeTpOBblMU nonepe'IHbiMII nepenOHKAMU U 5 -MH11nHM9Tp08blM npOCBeTOM Me>Kuy HUMH, 

npoapa'IHOCTb OKOWK8 Jlnl! C06Up8HUll l!Jlep 
17

N COCT8Bn!l118 60%, nepeuaee OKOWKO 

noaaonHno npoaouUTb U3MepeauH a UHTepaano y rnoa 14-80°, 3Auaee- 100-166°. 

npoweuwue 'lepe3 OKOWKH l!Jlp8 I? N co6upanHCb aa pe3HHOByJO neaTy TpaacnopTepa, 

KOTOpblll nepeHOCHn UX 38 0,5 C9K K Jl9T9KTOpy H9HTpOHOB ( CM, pHC, 1), 

J13MepeHHH llO.O. yrnBMH 1 M8Hbllill\.HI tteM 14°, BbiOOJlHS'WHCb C HCllOIIb30B8HH8M ClleUH8JlbHOro 

¢Jl8HU8 1 KOTOpbill yCT8fi8811HB8nCH H8 TOpHe peaKUHOHHOil KAMepbl, <l>n8UeU UMel! 38KneeHH09 M8If­

n8pOBOl\ t\>OnhrOH KOnbll9809 OKOWKO CO Cp9JlHUM JlU8M9TpOM 62 MM U WHpUHOil 13 MM, 

BblllOJlHeHHOe B BH.O.e pemeTKH C KpyrJlbiMH OTBepCTHHMH. npOHHU88MOCTb OKOlllK8 COCTBBnSJ-

118 46%, npouyKTbl peAKUUH COOH panuCb H8 nnOCKUll nonaaTuneHOBblli C60pHUK U C nOMOlllblO 

*nu<jJTa* nepeaocunuch K ueTeKTopy (eM, puc. 2). KonneKTop TOKa uoaoa 6hm parnono>KeH 

B C9p9JlUH9 <jln8HU8, ~3-38 TpyJlHOCTeii C U3MepeHU9M a6C011lOTHOrO 3H8'1 eHUll TOK8 UOHOB 

Jln<l UI!Tepaana yrnoa OT 4 JlO 24 O npOBOJlHI!HCb nHlllb OTHOCHTenbHble U3MepeHKll, KOTOpble 

38T9M npUBll3biB8nUCb K a6conJOTHblM B JlU8n830H9 yrnoa 14-24°, 

PeaKuuoaaaH KaMepa npacoeuHHRnacb K noaonpoaouy qepea canb<jloa 6onbworo una­

MeTpa, KOTOpbli\ o6ecne'IKB8n BblCOKHil BAKYYM II n03aonHn npOBOJlHTb HylKHYlO lOCTHpOaKy 

K8Mepb1• 

3HeprHH ny'IK8 HOHOB H3M9pl!n8Cb Kp9MHHe8blM Jl9TeKTOpOM, nOM9lll9HHbiM 8 nepenaefi 

'IACTH pe8KUUOHHOll KAMepbi, Bo apeMH H3MepeH.I!ll aa nyTH ny'IKA ycTaHaE>naaancSI TOHKHil 
2 0 

3onoToll pacceuaaTenh (Tonmaaoll 0,2 "!rlcM ). Ynpyro pacceHHHbie nou yrnoM 35 KOHbi 

nonauAiid a ueTeKTop. ~MnynhCbi c ueTeKTOpa nocne ycuneauH nepeuaaanucb aa 512-Kaaanb­

Hhlll AMnnuTynHhili 8Hanuaa op. A6comoTaoe 3H8'1eaue a aepr11u ny'IK8 aoaoa nonyqanocb 

nyTeM Cp88H9HHll 8MnnuTyJl UMnynhCOB OT p8CC9liHHblX KOHOB U a -'18CTUU U3 Cm 244 
• C 

uenbJO yCTp8H9HHll BI!HliHHll H911HHeliHOCTH ycanHT91151 8MnnHTyObl K811H6p08811H Cb reHep8TOpOM 

TO'IHblX 8MnnaTyJl, 

DeTeKTop aeATpoaoa 

DeTeKTOP ael!Tpoaoa npeucTaanHeT co6oll aKcaal!bHO CUMMeTpH'IHyJO c ucTeMy ( CM. 

puc. 1) H3 24-nponopuuoHanhHbiX C'I9T'IHKoa, aanonaeHHhiX BF 
3 

, c o6orameaueM 87% 

no H30TOny 
10

B (c'leT'IHKH Tana NWI-52 nonbCKoro npoa3aoucTa8), C'!eT'IHKU pacno-

naranv.cb uayMH KOnhueabiMH cnoHMH no 1 2 wTyK a KAlKJlOM cnoe. B KA'IeCTae 3aMeunuTe­

nH acnonb30aancH napa<jlaK. UeaTpanbHhiA uunaaupu'leCKHA KaHan ueTeKTopa cny>Kan unH 

5 



17 
ssoa8 c6opaaxos c lUIP8MH N • L1n11 38Il!HTbi aeTeKTOp8 OT <jloa8 38n831lbiBBIOll!HX ael!-

Tpoaos, C031\8B8eMb1X 111\pBMH 
17

N ·, OCT8HOBHB!IlBMHCII B pe8KUHOHHOi! K8Mepe, C'leTHbtl! 

• 06beM 61lOK8 aeTeKTOp8 6bi11 38lllHll!eH CllOeM KBI\MHII H 118p8<jlHH8 TOillllHHOll 100 MM. C 

Uenb~ CHHmeHHR ~OH8 OT BHeWHHX HCTO'IHHKOB H9ATpOHOB HCllOnh30BB.n8Cb ll.Ofi01IHRTenbH8S1 

3 81UHT8 aeTeKTOp8 nap8<jlHHOBbiMH 61lOK8MB. 

nocKOnbKY BCe C'I8Tt{HKH HM81IH np8KTlPi8CKH O.llH H8KOBhl8 cqeTHble X8p8KTepHCTRKH 1 

HX K8TOJlbi 6binH C08JlHH8Hbl BM8CTe B H8 HBX llO.Il8B8110Cb BbiCOKOe uanpH>KeHHe. BenHtiHHa 

K8npSOKeHB!I ( + 2100 B) 6bl118 llO)l06p8K8 T8K 0 'IT06bt BCKil!O'IHTb B03MOlKHOCTb pera-

cTpaoaa y -xsaHTOB. Ha pac. 3 UOK838Hbl cq:eTnbie X8p81[TepHCTHKH A81'8KTOp8 

npH perHCTp8UHH Hel!TpOHOB H y -xsaHTOB. EcTeCTBeHHbill <jloH aeTexTopa coc TaBilllll 

8-10 HMnyllhCOB B MHHyTy. Bo speMH H3MepeHuil <jloa B03paCT81l 38 c<teT Hel!Tpoaoa OT 

p8cnaa8 !IJlep 
11 N B C8MOl! pe8KUBOHHOH K8Mepe H COCT8Billlil 5 % 3<jl<PeKT 8 npH M8KCH-

MailbHOM Bbtxoae. A6cpniOTH811 3<jl<jlexTIIBHOCTb aeTexTopa an11 pePRCTpBIIKK 38ll831lbiB8IOll!UX 

Hei!TpOHOB 
17 N 6bi118 onpeaeneH8 C llOMOlllb!O K81lll 6pOB8HHOrO HCTO'IHHK8 <jloTOHel!TpOHOB 

( 24 Na + 9 Be ) , 3HepreTR'IeCKHil cneKTp KOTOpbiX H8H6onee 611!!30K K C ll<:! KTpy 38ll831\biB8!0-

ll!HX aeliTpoaos 11aep 17 N 
111

• OnpeaeneHH8H T8KHM o6p830M 3<jl<jlexTHBHOCTb aeTexTop8 

cocTaBnllll8 7 ,3% . L1n11 HeiiTpOHOB OT (Po+ Be) 11 ( Ra+ Be) IICTO'IHHKOB 3<jl<jleKTRBHOCTb aeTex­

Topa coc T8B11Hilll 4,1 % . Kax 6htn o noxa38fiO s p860Tax
18

•
91

, aeTeKTOpbi Heli TpOHOB T l!na 

HCl!Oilb30B8HHOI'O B H8lllell 8llll8p8Type 061181\&IOT 1\0BOilbHO BllilOll 38BI!Cl!MOCTb!O 3<jl<jleKTHB­

HOCTII OT 3Hepl'HK HeliTpOHOB B BHTepB&Il e 0,1-2 M3B. 

norpe !lliiOCTb B onpeaeneHI!H 3<jl<jle KTHBHOCTH aeTeKTOp8 TIO HB!IlHM OUeHKBM COCT8Bil5leT 

10%. Ha pu c . 36 npeacTasneH8 3BBHCHMOCTb 3<jl<PexTHBHOCTH OT MeCTa p8 c nono*eHHH HCToq­

HIIKB saonb ocu aeTexTopa. Buaao, 'ITO 3<jl<jlexTHDHOCTb Mea SieTCH cpaBHHTenhHO MeaneHHO 

npH cMemeHHH OT ueaTp8. B H&!lleM cnyqae n e HT8-c6opaax 8KTIIBHOCTH Haep 
17 

N np11 

OCT8HOBKe 38HHM81l8 y'IBCTOK HB 7 CM BHH3 H BBepx OT UeHTpa aeTeKTOpa, 3TO aaeT yMeHb­

!lleHHe 3<jl<jle xTRBHOCTH H8 0,3% . TaxHM o6p830M, anH pacqe TOB npaHHManacb a6coniOTHllll 

3<jl<PeKTHBHOCTb aeTeKTOpa 7,0% . 

17 
4. H3Mepe HHH 3HepreTR'Iecxux cnexTpos >~aep N 

C uenhiO nonyqeaa>I HH<jlopMBUHH o6 3 HepreTI!'IecxoM pacnpe aeneHHB >~aep 17 
N ucnonb-

3osanc>I MeTOil, OCHOBBHHb!H H8 B 3MepeHHH npo6erOD npoayKTOB peaKUHH B TOpM0311ll!eM 

semecTse. B HHTepnane y PilOB 4-24° 1!3MepeHHH nposoaunHCb c ucno~30B8HHeM Topueaoro 

OKOWKB. V13MepSI11CR BbiXOll 
17 N e 38BHC HMOCTH OT TOniUHHhi nornoTHTenst. B KaqecTse 

OOr'1lOTHT81lSI HCn01lb30B81lHCb TOHKHe M8H118p0Bbl8 HJlH 811JOMHHH8Bbl8 ct>oJibr'H T011IUHHOH 

1,2 MrlcM
2 

H 1,7 Ml'ICM
2 

C OOTOeTCTOeHHOo ¢>OilbrB BCT8B115!1li!Cb Meli<I\Y OKO!llKOM H ll01ll!-

3TB11€H0Bb!M C60pHHKOM 11H<j)T8. 06bi'IHO 1\llst 1\BHHOH TOniUHHbl llOI'IlOTHTenst aen8110Cb 

6 

3-4 UHK118 H3MepeHHII 3<jl<PeK 

Haep 
17 

N 1101 a p8C:C'f 

l13M8p8HBSI .8HepreTH1.fE 

cneUHBnbHOfi npHCTBBKH K p 

KoacTpyKUHIO ee MOlKHO sun 

HblM 06beMOM 1 HB KOTOpOM 

uaTeKaTenb noaaaancst Top~1 

nyTeM H3 M8H8JUI5t Jl8B.18HHH 

1111. B K8 'IeCTBe TOpM03Simei 

aeTeKTOpy B 3 TOM Cnyq8e C 

pacnpeaeneHHSI (eM. puc. 1: 

5. 3nexTpOHH8 

n opnnox 

Enox-cxeMa pel'HCTPH~ 

KBlOlll.Hfi B 1ll060M H 3 CtteTqH 

Hb!H B KOpnyce HefiTpOHIIOrO 

ycunHTen" c nopoPOBbiM aac 

20, yCKilRTeJISI - 1500. nocT 

6opoM H napannenbHO Morn; 

nonypacnaaa. BpeMeHHOH aa 

Tyll.HOr'O 8H 81lH38TOp8 H Cllei 

Hblfi KOH'!'p011b 38 pa60TO~i a 

ro H8 BbiXOJl8 yCH1lHTe1151 ,. 

3 neKTpHqecKaR cxeMa 

!1CKJI!O'I811 BKJI10'l8HH8 H Bl: 

Hbie OU8p8HHH 6blnH 8BTOM8' 

>KeHH O OT BblHpHMHT81lH 27 

KOf'll,B 118HT8 C 8KTHBHOCThK> 

3a p83MbiK88T U8Hb H BblK1 

B MOMeHT ocTaHOBKH neHTbl 

noc n e BbiKlllOY.eHHSI CtteTa I 

T yM6nep OM 9 pll3Mb!K8€TC>I 

nepeMe!lleRHe MHllleHH 

MH 11 H 12 B 38BIICIIMOCTH 

KBIOT U8llb .UBHrBT811511 KOr.Uo 



:jlOHB 3B!lB3L!biBBIOWHX HeA­

OHHOA KBMepe, C'!eTHbtA 

9 TOllWHHOA 100 MM. C 

~3oaanacb aononHHTenbHBH 

::qeTHbi9 X8p8KTepHCTRKH, 

:oKoe HanpH)I{eHHe. Benii'!I!.Ha 

'IHTb B03MQ)I{H0CTb perH-

apaxTepBCTHKH L!e1'eKTOpa 

neTeKTOpa COCTBBnHn 

n 3B C'!eT HeATpOHOB OT 

l 5% a<l><!>eKTB npH MBKCH-

r'I1CTp8UHH 38TI83.[lbiB8101UliX 

J IICTO'IHI!.KB ¢QToneATpOHOB 

!30K K cneKTpy 38TI83JlblB8JO-

3cjJcjJeKTIIBHOCTb aeTeKTOpa 

'IHIIKOB acjJcjJeKTIIBHOCTb aeTeK-

~TeKTOpbi Hef.i:TpOHOB TH JJB 

I 3BBHCIIMOCTbJO :>cjJcjJeKTRB-

HBWHM OUeHKBM COCTB BnsteT 

MeCTB paCJJOnO>K9HHH HCT01.J.-

I Cp8BHHT 9JlbHO M9.UJ19HHO 

BHOCTII IIAep 11 N npH 

aeTeKTopa. 8To aaeT yMeHh-

1pHHHM8Jl8Cb a6COJllOTH8SI 

17 
N 

3.UeneHHH stnep 11 N HCITOJlb-

pe8KUHII B TOpM03!1WeM 

HCnobbaoaaHHeM Topueaoro 

nornoTHTenSJ. B Ka1.JeCTBe 

3ble cjJOJJbi'H TO!lWIIHOl\ 

Me>KAY OKOWKOM H ITOJlH-

JrnOTHTenH JJ.enanocb 

3-4 URKna 1!3MepeHHH a<jl<jleK Ta 11 cpoHa. 113 KPHBbtX npo6er-:>Hepr11H onpeaenHnacb aHeprnH 

<IAep 
17 N 11 O! H pacc<rHThiBancH :>HepreTH'IeCKHA c neKTp. 

I13MepeHHH 8HepreTH'!eCKOI'O cneKTpa llllll yrnOB OT 30- 6U
0 

npOBOAHlli!Cb C !lOMOWb!O 

CTI€UH8RbHOfi rrpHCT8BKH K pe8KUHOHHOfi KBMepe B BH!le UllllHHL!pll'leCKOI'O ra30BOI'O o6~eMa. 

KoncTpyKUI!to ee MO*HO BHAeTb Ha pHc. 4. ra30Bbtil o6beM npHcTaBKH coeLIIIHHnCH c 6ycjJep-

HbiM 06b9MOM, H8 KOT OpOM 6btnH yCT8HOBn9Hbl !{BB H8T9K8T9RSI H MBHOMeTp. l...l epe3 O,llHH 

HBTeKaTenb noaaaancn TOpM03HllUt:H ra3, a n,pyrofi coe.nHHHnCH c aaKyyMHbiM HacocoM. 

nyTeM H3 MeHetiUSl Jl,8BneHHH B ra30BOM 06beMe npHCTBBKH H:3M9HSIJi8Cb TOnWRHB nornOTHTe-

n11. B Ka '!eCTBe TOpM03S!Wero ra3a IICnonb30BaJJCII aproH • .Hapa nepeHOCHnHCb K 

.O:eTeKTOpy B 3TOM cnyqae C TIOMOlUblO neHTbl TBK Me, KBK H npH H3MepeHHH yrnoaoro 

pacnpeaeJJeHH!I (eM. p11c. 1 ). 

5, 3neKTpOHHB!I II aneKTpOMeXaHH'!eCKBII annapaTypa. 

nopiiAOK llpOBeAeHH!I 3KCnepHMeHTB 

BnoK-cxeMa perl!.cTpHpyJOmeli annapaTypbl npeacTaanena na pHc. 5. l1Mnynbc, B03HII-

KBlOI.UHi% B n1060M H3 C1.J.9T'tJHKOB, ITOCTynan HB Tp8H3H CTOpHbtt\ npe.a.ycHnHTenb, CMOHTHpOBBH­

Hb!H. B KOpnyce H9ATpOHHOrO .0.9T9KTOpa , 38T9M riO K86eniO nepe.a.aaanCH HB BXO.O. nHH9AHOf'O 

yc<WHTenH c noporoabiM AHCKPIIMHHaTopoM. Koa<!>¢uulleHT ycHneHIIII npeayc HJJIITenH paaeH 

20, yCII!lHTe iiH - 1500. nocne AIICKpHMHHOUHH HMilYIIhCbl pCI'HCTpHpOBB!liiCb nepeC'!eTHbiM llpl!-

6opOM H napanneJlhHO MOrnH ITOCTYIT8Tb H8 apeMeHHOti 8H8JlH38TOp .a.nH H3MepeHHSI rrepHO.ll8 

nonypacnaAa. BpeMennoil ananH3aTop npeAcTaBnlln co6oi1 KOM6HHBUHJO 1 00-KaHanbHOro aMnnii ­

Tyanoro aHall!I 3aTopa 11 cnenuanbHOii npHCTaBKII Allll 38MeHbi apeMeHB Ha aMiliiHTYAY· BH3yanb­

Hbtil KOHTpO!lb 38 pa60TOii annapaTypbt npOBOL!IIIlCII C llOMOWb!O OCUH!lllOI'pa.pa, !lO)lKilJO'IeHHO-

ro Ha Bh!XO.Ue ycHnHTenSI . 

3neKTpHtieCKast cxeMa 3JleKTpoMexaHu'-lecKoH: qacTH anrrapaTypb! rroKaaaHa Ha puc. Ba, 6. 

VICKiliO'!Bll BKJI10\19HH9 H BbiKJlJOqeHHe HanpSJ>K9HHH BbiCOKOA: 1.J.8CTOTbi HB .O.Y8HT8X BCe OCTBJlb-

Hhie onepannu 6htnH aaTOMBTH3Hpoaa~hi. DpH aKnto1.J.eHHH BbJCOKoH ttaCTOTbi KJllOlJOM 1 Hanp5I­

>KeHHe OT BblOPSJMHTenH 27 no.a.aeTcSI Ha JlBHraTenb 17, nepeMelUBlOIUHj:l neHTy. B MOMeHT, 

KOP.ll8 Jl9HT8 C BKTHBHOCTblO !7 N HBXOAHTCSI TO'IHO B CepeAI!.He aeTeKTOpa , pene BpeMeHII 

3a pa3MblKBeT Ue!lb H BblK!li0'!8eT LIBHI'BTe!lb ( BpeMH TpllHCilOpTIIpOBKI! BKTl!BHOCTII ~ 0,5 ceK) • 

8 MOM9HT OCTBHOBKH JleHTbl-C60pHHK8 BKJllOlJBeTCH HB 30 CeK per.H.CTp8UHH H'MnynbCOB. 

nocne Bb!KilJO'IeHHH C'!eTa HB'IHHaeTCII UHK!l o6ny'leHIIH (30 ceK). B cnyqae 1!3MepeHIIll <t>ona 

TyM61lepOM 9 pB3MbiK8eTCH U enb ABIII'BTellR 17 H !leHTB OCTBeTCII HefiOL!BJI)I{HOUo 

nepeMeWeHHe MHWeHH OCyllleCTBJlSinOCb .UBHPBTeneM 15, KOTOpblA BKJll0'-189TCH KHOITKB-

Mil 11 11 12 B 3l1BIIC RMOCTII OT HY*HOro nanpaaneHIIll. KonueBhte Bh!KiliO'!aTenH 16a,t' pa3MLI -

KBIOT uerrh !lBHraTensr, Kor.ua MHweHb JJ.OXO.UHT .o.o Kpaft.Hero nepe.o.Hero HnH 3D..D.Hero nono)KeHHSI. 
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nnH H3MepeRHll B HHTepeane yrnOB 4-24° HCITOllb30B8li8Cb CXeMa, npeaCT8BlleHH8H 

HB pac. 66. nocneaoeaTenbHOCTb ecex onepauall aHanoraqHa onacaHHoll Bbiwe. 

06~qHO anH Ka*aOrO 3HaqeHHH yrna 0 aenanOCb HeCKOnbKO UHKliOB H3MepeHHA 

3~~eKTB H ~OHBI UOCKOllbKY KOlle6aHHH HHTeHCHBHOCTH nyqKa (B TeqeHHe 30 CeK o6nyqeHHH) 

MOrnH CK838TbCH HB peaynbT8T8X H3MepeHHA 1 OC06oe BHHM8HHe 06pamanOCb HB llOCTOHHCTBO 

HHTeHCHBHOCTH nyqKa BO BpeMH o6nyqeHHH, 

6. PacqeT a6con~THbiX 3HaqeHall aatjxjlepeHuaanbHbiX ceqeHall, 

yrnoeoe pa3peweuae 

B npHHRTOM HBMH sapHBKTe reoMeTpuu peaKUHOHHOH KaMepbl anSI p83HbiX yrnoa Bhlne-

T8 npoayKTOB peaKUHH 0 p8CCTOHHH9 M9*Ll.Y MHW9HhiD H OKOWKOM H3M9HH9TCH B Ll.OBOnb-

HO WHpOKHX npeaenaX, no3TOMy C H3MeHeHHeM yrna 0 H3MeHaeTCH H yrnOBOll HHTepean 

/\() 1 B npeaenax KOTOporo npoayKTbi peBKlUIH nona,uaJOT H8 c6opHHK; H3M9HH9TCR T8K>Ke 

C yrnoM 0 yrnoeoe pa3peweHHe H 3~~eKTHBHBH TonmaHa Mallnapoeon ~onbrH oKoweK. 

nnH UHliHHapaqecKOrO OKOWKB, Bblpe38HHOrO B 60KOBOll qaCTH peaKUKOHHOll K8Mep~ , ~0 

MeHHeTCH Cor naCHO COOTHOWeHH~ ( I) 

rae R- paaHyC OKOWK8 0 

/\() = sin 2 0 

(R/d 1 +i sin 20) 

d I - ero WHpHH8, 

(I) 

nnH OKOWK8 B TOpUeBOll UOBepXHOCTH KaMepbl H3MeHeHae 1:.0 onpeaenaeTCH COOTHOwe-

HHeM (2) d2 
/\ 0 - r sin 2 0. 

(2) 

rae r - cpeaHHll paanyc OKOWKa, d2 - ero wapaHa. 

B HaweM cnyqae R = 197 MM, d I= 15 MM, r •31 MM d 
2 
•13 MM, nonyqeHHble 

UpH 3TOM H3 ~pMynbl (I) 3H8q9HHH pBBHHWTCH L\0 = 0,50° anH o a 14°, 1:.0~8,5° , anH 

0 •80°. Vl3 ~opMynbi (2) /\0 =I ,5°, an" 0 =4° H !\0 •7,5°, anH 0 = 20°. <!>opMynhi 

( 1) , (2) B npH6liH*eHHH aa~T yrnonoe pa3perneHHe annapaTypbi, 

A6con~THbie 3HaqeHKH an~~epeHunanbHbiX ceqeHHll paccquTbiBanucb no ~opMyne: 

At 
du A e (N -N 1 ) 

_d_O_ ( O ) - -<-=P-cj ..:...n -:-/\-::0~ (::I) 

rae A - UOCTOHHH8H pacnaaa anH 
17

N t - BpeMH OT OKOHqaHHH 06nyqeHHH ao Haqa-

na ctteTa, N - qHcno oTc'!eTOB atjxjleKTa 38 30 ceK , N 1 - qHcno OTCqeToB ~oHa 3a 30 ceK, 

8 

., 
J 

f 
l 

< - 86COli~TH8H 3~~eKTHBH 

2 
!Ulep B MHWeHH H8 I CM 0 

B ~opMyne (3) He yqa 

YqeT TaKoro enBHHHH paceM 

peaKUHH /B/ 181Ta( 14N, 17 N) 

C UOMOllib~ OITHC8HHOll 

nepeaaqa aeyx H Tpex HeHTJ 

B KaqecTee npaMepa H 

peaKUHH 
117 Au ( 15 N, 

17 
N) 

19 

B aaxn~qenHe cqHTae~ 

f .H. <l>nepoey 38 UOCTOHHHbl 

VI.B. Konecony, A.B. no>Kap 

I. f.H. <Pnepoe, B.B. BonKc 

2 . G.N.F1erov ,I.. Pomorski, j. Tys 

Proceed. ed. by j.B. Birks, Lone 

3. B.B. BonKOB, n. noMopcK 

4. B. B. BoliKOB, n. noMopC! 

5. V. V. Volkov, L. Pomorski,]. T: 

Padua, 1962 edited by E.Clemer 

B. B.B. BonKOB, n. noMopc 

7. G.j. Pe<low, W.j. Ramler, A. F 

8. j.B. Marion, R.j.A. Levesque, 

~· mo. '!17. 

9. Eizo Tecanishi, Taichi Michikaw: 

Applied Physics }_, 1964, 36. 

10. L .C.Northcliffe, Ann • Rev. Nt 

II. A.C. Co6HqeeCKK , 51. T1 



:xeMa, npeacTaaneHHBR 

i1C8HHOH Bbillle. 

nhKO UHKnOB H3MepeHHR 

Te'leHae 30 ceK o6Tiy'leHaR) 

o6p8Ul8T10Cb HB UOCTORHCTBO 

lhi .o.nsr pa3HbiX yrnoa abine-

tlllKOM H3MeHSieTCSI B llOBOnb-

pHHK; H3MeHSieTCSI TBK>Ke 

Tlapoaol! ~OTibl'H OKorneK, 

~KUHOHHOl! KaMephl , 60 

{I) 

onpeuenReTCSI COOTHOWe-

{2) 

d 
2 

• 13 MM. floTiy'leHHbie 

0 a 14°, t.O ~8,5°, AnSI 

, LITIS! 0 =20°. <l>opMyllbl 

·'· 
·IBBTIHCb no ~OpMyne: 

(:!) 

iqaHHSI o6nyqeHHSI ao Haqa-

• OTC'IeTOB ~OH8 38 30 CeK, 

1 

" 

J 

' 

l - a6COTIIDTH8R 3~~eKTHBHOCTb AeTeKTOpa, p - rrp03p8'IHOCTb ABHHOI'O OKOlliKB, n -'IHCTIO 
2 

<Uiep B MHllieHH H8 I CM t 'IHCTIO HOHOB, IT4A4IDlllHX HB MHtneHb 38 OAH}' CeXyHAy, 

B ~opMyTie (3) He yqaTbiBaeTCR BTIHSIHHe KOHe'IHbiX pa3Mepoa MHrneuu a OKOrnKa. 

Y'leT TaKoro BTIHHHHR paccMaTpHBBTICR 6oTiee rroapo6Ho B pa6oTe 
1 
II 1• CaeTiaHHbie An<< 

peaKuaa 
181181

Ta( "N, 17 N) 178 Ta oueHKH aaroT rronpaBKY MeHbrne 2,5%, 

C UOMOWbiD OUHC8HHOl! annapaTypb! 6h!TIH 1!3MepeHb! yrTIOBbl e pacrrpeaeTieHHSI peaKUHI! 

rrepeAB'IH ABYX H TpeX HeHTpOHOB H8 p<Uie 3TieMeHTOB, 

B KaqecTae rrpuMepa Ha pac. 7a, 6 rroKa3aH Bb!XOA H yrTioaoe pacrrpeaeTieHHe ATIH 

peaKuaa 
197 Au ( 15 N, 17 N) 195 Au. 

B 3aKmoqeHne C'IHTaeM caoaM npHHTHbiM UOTirOM Bbipa3HTb rTiy6oKyro 6TiaroaapHOCTb 

f.H. <I>Tiepoay 3a ITOCTOSIHHbil! HHTepec K pa60Te H UeHHble 3aMe'I8HHSI, Mb! 6TiarouapHbl 

v!.B. KoTieCOBy' A.B. flolKapCKOMY 38 pa6oTy no KOHCTpyupoaaHHID peaKUHOHI!Oll KaMe pbl, 

fl H T e p a T y p a 

I. r.H . <l>nepoB, B.B. BonKOB, n. floMopCKH, 5'1. Tb!C. )!(3T<I>, 1L 1365 ( 1961). 

2, G.N .F1erov, L. Pomorski, ]. Tys, V .V .Volkov, Symposium on Nuclear Instruments, Harwell, 

Proceed.ed. by J.B . Birks, London Heywood, 1962, p. 242. 

3. B.B. BonKOB , n. floMOpCKH, H. TbiC, r. H. <I>Tiepoa. )!(3T<I>, ~ 865 ( 1962). 

4. B. B. BonKOB, n. flOMOpCKH, H. T b!C, r.H. <I>TiepoB. )!(3T<I>, 42, 635 ( 196:.!). 

5, V • V. Volkov, L • Pomorski, J. Tys, G .N. Flerov, Proc. Con f. on Direct Interactions and Nuclear Mechanisms, 

Padua, 1962 edited by E .Clement and C. Villi Gordon and Breach Sci. Pub!. Inc .New York, London, 1962, p. 994 • 

6. B.B. BonKOB, n. floMOpCKH, H. Tb!C, H. BHI!b'IHHCKI!, )!(3T<I>, 1§., 897 (1963). 

7. G.J. Perlow, W.J. Ramler, A. F. Stehney andj.L. Yntema, Phys. Rev. 122, 1961,899. 

8. J. B. Marion, R. J . A. Levesque, C. A. Ludemann, R. W. Detenbeck, Nud. lnstr. and Methods, 

~· 1960' 297 • 

9, Eizo Teranishi, Taichi Michikawa, Misao Kageyama and Asamo Yursjapanese Journal of 

Applied Physics l• 1964, 36. 

10, L .C.Northcliffe, Ann • Rev. Nud. Science 13, 1963,67. 

II. A.C. Co6u'leBCKH, H. TbiC, flpenpHHT OHHH, 2899 , Jly6Ha 1966 I'. 

PyKOUHCb nocTynana B H3AaTenbCKHll OTuen 
6 OKTH6pSI 1966 I'. 
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0 6 11tHii BRil H3M9pi!TenbHOll yCT8HOBKII, 

1 - KOpnyC pe8KUIIOHHOH K8Mepb1 0 2 - ll9p)K8Tenb KOnni!MBTOpa ny'!K8 IIOHOB, 

3 - ll9p)KaTenb MHlll9HH, 4 - UHnHH.tlp <l>apa)leR, 5 - MBJ!napOBbie OKOlllKH, 

t) •· .llBHraTe llb nepeMeWe RHH MHWeHH, 7 - CHCTeMa nepeMeiUeHHH MHWeHH 1 

8- T p 8HCnOpTep npO.tlYKTOB peaKUHR, 9 - .tlBH~8TenbTp8HCnOpTepa, lQ- 6eCKO­

He'!H8SI nenTa, II - 6noK a e TeKTopa neiiTponoa, 12- npeaycnnnTenb, 

13 - C'I9T'IIIKII HellTpOHOB, 14 - napa<jlnH, 15 - enol! KB.tlMHSI, 
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PHc, 2. BapHaHT ycTaHOBK 

I - K o nneKTOp TOI 

C 60pHHK, 4 - llBI! r 



0 

=--~ 

; 
_)~~ \ 

.~ 

-® 
t< 

......... ; iJ}' 
- ~~ ® 

j: 1: 
_II ,, 
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nliHMBTOpB ny1.J:K8 HOHOB, 

M8:till8pOBbie OKOWKH, 

epeMeWeHHR MHllieHH, 

TpaacnopTepa, 10 - 5ecKo­
- npeuycanHTenh, 

K8.0,MHR. 

fDOmm 

• 

Pac. 2. BapaaHT ycTaHOBKH un>1 H3MepeHHll B HHTepaane yrnoa 4- :.i4°. 
1 - KOnneKTOp TOKB HOHOB , 2 - MBiinBpOBOe OKOlllKO, 3 - ITOJ1H 21THlleHOBbi~i 
c5opHHK, 4 - llBHraTenb nepeMellleHH>I c5opmtKa , 5 - Ha npaan>IJO!lla>l c5opHHKa. 
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J:L 
min. 

uo~ 

24Na + gBe 

5.10 I 

0 fOV 20V 30V u.a... 

PHc . 3 a . C q e T Hbi e xapaKTepH C THK H um1 p erH c TpaunH Hei! T pOHOB H y - K B 8 HTOB . 

1.0 

L+i1T1TT44= 
0.5 

-B -6 -t., -2 0 ~z +4 .. 6 .. g em. 

P n c . ::! a . l1a M e HeH H e a <jl¢e KTH B HOCTH u e T e KTopa HeliTpoHOB npH C MellleHHH HCTO'iHHKa 

H8ATpOHOB OT U8HTp8 Bll01Ib OCH, 

12 
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,if· ' 
:\' 

\\ 
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~ ~­
F~ ~- -·. ~ 

I 

. L' ,·--··' a:r =·....W.O:::::.-.....: 

P HC . 4. IlpH CT81lK 8 ll1I 

1 - Kopnyc r . 

3 - f'830Bblfi 

o6b eM, 6 - HE 



.30V U.CL. 

~TpOHOB H y -KBBHTOB. 

ern. 

npH CMemeHHH HCT O'lHHK8 

fOOmm 

Pac. 4. npaCT81lK8 JlnH H3Mepeaal\ 3HepreTH'leCKHX cneK TPOil 5!Jlep 
17 N • 

1 - Kopnyc raaosol! KBMephl, ~ - BHyTpeHHHH amoMaaaesa!l tl>onhra, 

3 - ra30BhiA o6'beM, 4 - saemH!IH MailnaposaH q,onhra, 5 -· 6ytl>epHb!l! 

06'beM, 6 - H8TeKaTena, 7 - MBHOMeTp . 
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CD 

... 

0 

0 0 G) ® 

(j) 0 

Puc . 5 . 6noK- CXeMa 3neKTPOHHOH annapaTypbi , 
I - neTeKTOp HeHTpOHOB, 2 - npenycnnHTenb , 3 - ycnnuTenb, 4 - noporoBbiH 

llHCKpHMHH8TOp, 5 - n epeC '!eTUbiH npH6op , 6 - BbinpSIMHTenb Bb!COKOPO HanpS!­

>KeHHSI, 7 - ocunnnorpacjJ, 8 - KOIIaepTep BpeMeHH a aMnnHTyny , 9-100 KaHanb­

HbiR BMITnHTY.!lHhlii 8HanH38TOp. 

"0 

"' ;> 
CD 
!" 

tv i\J tv l:l::.:: - n= ~..c:z::- W 
QlC.O-ti) CDCil ,.c: "'C ::.: CD!!: :::l 

I I ~ ~CDco~E~CD I ~ 
CD ~ ~ ~ 0 CD ~ tl) ~ 
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Puc . 6a. 3 neKTpOHHBR cxeMa ynpasneHHR H3MepuTenbHOH annapaTyphr .unR yrnos 14-80°. 

I - BhiKJIIO'IaTenb, BL{ Ha nynbTe ynpasneHHR UHKnoTpoHa, 2, 7 11 26 - CRrHanb­

Hbre naMnO'IKH, 3 H 5 - pene apeMeHH,4,6 H 8- KOH TBKTHhre pene, 9 - nepeKmo­
'!aTe nb .llJlSI H3MepeHHSI a<jl<IJeK T8 H <jlOH8 0 10 - C'leT'IHK, onpe.uenRIOIUHJI U0311UHIO 

MHllleHH, II H 12 - KHOnKH .un>~ nepeMemeHHSI MllllleHH, li:l - nepecqeTHhill 
npH60p, 13a - KHOUK8 nycKa C'!eTa C Bhl.llep>KKOII BpeMeHH, 14 - KOHT8KTbl 
CtieT'tiRKB o6opOTOB Jl.B HraT ensr n epeM8W8HHSI MHW8HH, 15 - llBHraTenb MHW8HH, 

IBa H IBs - KOHueshre BhiKJIIO'IaTenu nepeMemeHH SI MHweHH a peaKUHOHHOll 

KaMepe , 17 - .llBRraTenb nepeMeweHHR neHThr, 18 - asapRliHhrll BhiKJIIO'IaTenh 
.UBHraTenH, 19 - KOHT8KTH08 pene 1 20 - BblUpstMHTSnb BbiCOKOrO HanpR>K8HHSI, 

21 - KOHT 8KTH Oe pene BbiCOKOrO HanpSI>KeHHSI 0 22 - 6noK .lleTeKTOpa HeliTpOHOB, 
23 - yCHJlHTenb HMnynbCOB 0 24 - noporOBblll .llHCKpHMHH8TOp 8MUJlHTY.llbi 0 

25 - p83'beMbl 0 27 - BbinpRMHTeJlb H8 24 B, 
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Puc . 6 6 . 3neKTpoa aag cxeMa ynpaeneHHll H3MepaTeiib HOil annap aTypbi Jlii ll y r noe 4-24° . 

2 H 3 - KOHUe Bble BblKIIIO'ISTeiiB JlBHI'BTeiiH C60pHIIKB, 4 - JlBHI'BTe n b C60pKHKB , 

5 - C60p KHK IIpOJlYK TOB p eaKUBH, 6, 7 H 8 - KOHTpOIIbHbie IISMIIO'IKH, 9 - nepe­

KIIIO'ISTeii ll JliiH H3Mepe HH H aljlljleKTa H ljloHa , 10 - KOHTSKTHoe pene , II - nepe­
KIIIO'<a Tenu : I , 12, 13 , 2 1, 26 T O "'e , '<TO H Ha puc . 6a, 14 - Bbll1pHMHTenb 
HB 2 4 e . 

lM1 
N~nt. 

7.5 

5.0 

2.5 

0 

I 
I 
I : 

--~j ---~ I 
I 

I I 1/ ~ I r I ' I 
I ' 

1 

. I 

I I ! 

- : I i I I I -t
i ! i 

: . 

I 
! 

10' in-. o· BLob. 

P n c . 7 a . PeaynbTBT hi ll3 Me p eHs il a¢<jJeKTa 11 ljloHa Jlii SI p eaKIIHR 
197 

Au ( 1 5 N, 17 N) 195 Au • 
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Puc . 7til. Y r n oaoe p a c npeJleneaae 11N B peaKUHB 197 Au ( ISN , 11 N) 195 Au . 
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