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HccnenoBaHne npn anaKnX aaeprnSIX smepHbiX_peaKunii ll:OHOB 

Tpll:TlHl ( Tpll:TOHOB) ll: rennSI-3 C ll:30TOnaMil: nei'Kil:X aneMeHTOB npeA

CTaBnSieT 6onb!IIOii nHTepec. Llo cnx nop HeSICHO, no'leMy B peaKUil:SIX 

Ha OAHIIX HApaX 'leTKO npOS!BUS!IDTCS! stjltjleKTb!1 CBSI3aHHble C COCTaB_: 

Hb!M S!ApOM (nll:Kil Ha Kpll:Bb!X Bb!XOAa ll: pe3KOe ll:3MeHeHUe tjlopMbl 

yrnoBbiX pacnpenenennii BbJneTaJOlllll:X qacTnu c saeprneii), a B peaK-

Ull:SIX Ha APYI'Il:X smpax, OTUil:'I8KUUil:XCS! QT. nepBb!X Jia_ OAil:H nnn AB8 

JiyKnOH8
1 

T8KHX stjltjleKTOB He o6Hapy*eHOo npn SHepi'Il:HX Tpll:TOHOB 

6onbllle 5 ~aB aa.nerKnX HApax, KaK npaBnno, Ha'lnHaJOT npeo6nanaTb 

npSIMbie npoueccbio 

B peaynbTaTe n3y'leHI!SI peaKunii rnaBHhiM o6paaoM c neiilpoHa-

Mii n noHaMn 3 He npenno*eH KpnTepun
11 1

, naro~uii HeKOTOPh~e 
yKa3aHI!SI na o*nAaeMbie MeXaHn3Mhi pemmnii, oco6enno npn Manhix 

aneprnRx 6oM6apnnpyromnx 'laCTnu. Cornacno aTOMY KpnTepniO pe

aonaHCHbie· stjltjleKTb!1 CBS!38HHbJe C o6p830B8Hil:eM COCT8BHOI"O smpa, 

MO*HO Ollill:AaTb .TOUbKO AUS! COCTaBHb!X CI!CTeM C OTHOCil:TeUbHO 

nnaKon·sHeprueii CBSI3n, o6paaonaHHhlX npn 6oM6apnupoBKe nerKI!X 

smep neiiTponaMn, TpnToHaMn n no HaMil 3 He • nponenaHHhiil aBTopoM 

ananua peaynbTaTOB nccnenonannii peaKuuii_ Tpi!TOHOB c nerKil:MII SIA

paMn (AD 5i~ep anJOMIIH~S! BKU!O'II!TenbHO), orry6nll:KOB8HHb!X K Ha'lany 

1970 rona, rroiaahJBaeT, 'ITO ecnn rrpenno*eHHhiii KpnTepuii 11 nepen, 

TO. OH BCe-TaKil: He CTpOI" ll: .AOIIyCKaeT 3H8'1l!TenbHbJe IICKUJO'IeHI!SI; 

3TO oco6eHHO XOpO!IIO BIIAHO Ha llpll:Mepe B3all:MOAeHCTBIIS! Tpll:TOHOB 

c tjlTopoM-19 n nonopoAOM-1 (rrpoTueM). 06'bSICHil:Tb rrpocTo O!III!6Ka

Mn nann'lue peaonaHcnoii crpyKTYPhi1 nony'leHIIOii npn uccnenonanun 

peaKUil:ll Ha 3Til:X _smpaX pa3nU'IHb!MII MeTOA8MH BO MHOI'IIX paooTaX, 

HeB03MOlKHOo 
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.Qng l'oro, 'lrOObl pasooparbCH B MeXSHIISMe BSSIIMOAeilcrBIIB 

rp11roHOB C nerKIIMII HApS Mil np11 9Heprii5!X HII)Ke 5 Maa, HeOOXOAIIMbl' 

eme MHOrlle _ aKcnepnMeHr.hi c aosMO)KHO 5onbWilM 'iiiCIIOM HAep. 

11ccneAOBSHIIID asaiiMOAeiicrBIIH · rpnroHoa AO 1,8 Maa c HeKoropbiMII 

ns HIIX ll,nOCB5!WeHa pe¢epllpyeMa51 AIICCepraUIIH, 0CHOBHOH Mareplla~ 
/2-8/ 

Allcceprau1111 onyoniiKOBaH B paoorax • 

.QnccepTSUilH COCrOIIr liS BBeAeH11510 CeMII rnaB II SaKIIIO'ieHIIHo 

B nepBbiX qerhipex rnaaax paccMorpeHbi MeroAR'ieCKIIe aonpOChi, 

CBHSSHHbie C npOBeAeHIIeM· IICCIIeAOBSHIIil, CneAyiOnllle riiSBbl nOCBH

meHbl aKcnepiiMeHran-bHOMY 11sy'IeHIIIO peaKUIIil D + T , 
14 

N + T 

11 
160 + T • Ocoooe BHIIMSHIIe yAeneHo peaKUIIII 

16 
0 + T - 11 aHa-

IIIISY aHeprerll'ieCKIIX ypoaHefi cocraaHoro HApa 
19 F , oopasyiO-

merocH B arofl peaKUIIII, PaccMorpiiM KparKO COAep)KSHIIe pe¢ep11-

p!eMhiX rnaa, 

rnaaa 1. Tp11r11fi a naooparop1111 ggepHoil ¢11s11K11 

npll npoaeAeHIIII IICCIIeAOBSHIIH B3811MOAeilcrBIIII I!Aep rp11r1111 

C nerKIIMII 9IIeMeHraMII, BbiiiOIIHHeMb!X B nH<I> 0115111, norpeoneHIIe 

rpl!riiH cocraBIIHer HeCKOIIbKO cor K!Opll B rOA, B orAeiibHOM KOp

nyce naooparop1111 paCIIOIIO)KeHht ABe ycraHOBKII, IIpiiCIIOCOOIIeHHbie 

AIIH yCKOpeHIIH rpllrOHOB: KSCKSAHbiH·reHeparop Ha 300 K9B II . 

aneKrpocrarllqeCKIIll reHeparop Ha 1,8 Maa, 

Tp11r11ft nocrynaer a BIIAe rp11r11Aa ypaHa a oannoHax, Koro -

pbie saKIIIO'leHbi B rpaHcnoprHhte KOHrefiHephi, sanonHeHHbte apro

HOM, BannOHbl C rpllriiAOM ypaHa nOACOeAIIHIIIOrCII K ycraHOBKe no 

np11roroaneH1110 cMeceft rpnrnH c renueM-4, Paoo'ille 5annoHhi, liS 

KOrOpb!X noAaerCSI 'ara CMeCb rasoB B IIOI!Hble llCrO'lHIIKII ycKOpllre

neft, HSIIOIIHSIIOrCH rp11r11eM (AO 80 K!Opll B Ka)KAOM oaniiOHe), np11 

cpeAHeM paCXOAe (0,6:!:_0,2) K!Opll/'iaC OAHOfl sanpaBK,II OKaSb!BaerCSI 

AOCrarO'lHO npi!MepHO HS 130 'lSCOB paoOrbi yCKOpllrenH, 

.Qng per11crpau1111 yre'leK rp11r1151 B arMoc¢epy npiiMeHHIOrCSI 

cer'larbie IIOHnsaUIIOHHhie KaMepbi ll ycunurenu or craHAaprHoro 

MIIKpopeHTreHoMerpa r11na 'KaKryc ... 

OnpeAeiieHne KOHUeHrpaUHH rpllrll51 B raSOBb!X CMeCS!X Ocyme

CrBIIS!ercSI npll nOMOWII pSAHOMerpll'ieCKIIX MerOAOB 0 OCHOBSHHb!X 

Ha llCIIOIIbSOBSHilll paAHOaKriiBHOCrll rpllriiS!o 
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B AllCCepraUilll noApOOHO onllChiBaercg ycraHOBKa AIIH npll

roroaneHHH CMecefi rpllrll51 C renneM-4, llCnOIIbsyeMbiX B llOHHhiX 

ucro'iHilKax ycKop11reneil, ll ycraHOBKa AilS! HanonHeHIISI rasoBhlX Mll

weaeft rpnrlleM, 3KcnnyaraUil51 arnx ycraHOBOK B re'leHHe MHOrllX 

ner noKas~na llX Bb!COKYIO HaAe)KHOCTb ll YAOOCrao. npuBeAeHbl raK)Ke 

HeKoropbte caeAelli!SI o paoore Ha ycKopur_engx c raepAbiMil rpurne

BbiMil · MllWeHHMil 11 oo ax xpaHeHilll, ci sarp513HeHilll MarepuanoB rpu

rueM ll llX O'illCrKe, 0 BeHrllii5!Uilll noMeweHilU ll Bhlopoce rparll51 B 

arMoc¢epy. 

rnaaa II • •YcKopurenl! 

B arofi rnaae npuaeAeHbl OCHOBHbie napaMerpb! aneKTpOCTaTil

'ieCKoro ycKopurenSI (3CY) Ha 1,8 Maa ll KSCKaAHOro ycKOpllTeiiH 

Ha 300 K9B, npuMeHS!eMbiX AilS! ycKopeHRSI noHOB TpllTilSI, YTaep)KAa

eTCSI, 'iTO KaiiiiOpOBKY 3CY no , 9Heprnn YAOOHO npOBOAilTb no peso-

• 12 c ( ) 14 Halley 1117 K9B us peaKUilll t, P 0 C • Oocy)KAaeTCH Ha-

Ae)KHOCTb ll TO'li!OCTb TSKOH KSilllOpOBKilo 

Ocoooe BHRMaHne yAeneao cocTaay uoHHhiX ny'iKO~ 3CY.- Tpu-

TllH, l!anpaBIIS!eMbiH B llOHHb!H llCTO'iHilK, liMen CIIeAyiOWHH COCTaB: 
• \ f 

TpllTilH - (99:!:_0,5)%, AellTepllS! .- (0,5:!:_0,3)%, npOTilSI - (0,5:!:_0,3)%, 

ny'iOK C MaCCOil Tpll CO~eplKilT, KpOMe llOHOB TpllTIISI (T) + , . 

llOHhi (aile)+ u-M:>neKynRpllbte uoabi '(DH)+ 11 (111111)+ • Ha116onee 

noApooii!'IH IIH¢opMaUil51 o ccicraae ny'lKa c Maccoft Tpll nony'leHa 

npll I!CCIIeAOBaHHII ynpyroro pacce51Hll51 TpllTOHOB Ha paSIIIl'illbiX ane-
,f' /6/ 

MeHTax • Ha pnc. 1 noKasaa cneKTp qacrnu, pacceSIHHhiX· aa Krrc-

nopoAe, KCai!OHe ll a prone, l:.JeTKO BIIAHbl ilii!KH- OT nporOHOB, AaHTpo- -
. + 

noa u noaoa rennSI-3 ( 7J ) , npucyTcTayiOmnx B ny'lKe. 05pa5oTKa 

HaCK?IIbKIIX AeCHrKOB aHaiiOrll'lHhlX CIIaKTpOB nOKasana, 'iTO npllMeCb 

noHoB (II D)+ acerAa . ohma B ?PeAenax OT 0,1 AO 0,3%, npuMecb 

llOHOB (HHH)+ OObi'iHO ~OCTaBIIHIIa OKOIIO 0,5%,, a np_llMeCb llOHOB 

( a He}+ , KaK npaanno, obiiia He oonbme 0,8%, HailAeHo, 'iTO npnMecb 

noHOB ( HHH}+ pesKo aospacTaeT, KorAa B oannoHe, ns KoToporo 

B noHHhiii ncro'iHIIK nocTynaeT ras, ocraeTCSI Marro rasa, 
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YcT~aonnena na~ocTb_o~ncTKH TpnTnH oT rennH~, aenpephlBHO 

o6pa3yromerocH npn ecTecTneaaoM pacna~e TpnTnH. B KOHTponhH9M 

. sKcnepnMenTe, Kor~a TpnTnii nMen OKono 60% renHH~, npnMeCh 

noH!iB ( 
3 He)+ B ny~Ke MeHHnacb OT 8 ~o 22% B aanncnMOCTH 

OT pelKHMB llOHHOro HCTO~HHKa. npH nro6b!X pelKHMBX llCTO~HHKB npn

MeCb ( 3 He)+ . cocTaBnlleT ae 6onbnie 0,3% ~ Te~eane ~nyx MeCHUeB. 

nocne O~llCTKH TpllTHH OT renHH~.· 

noKa3aHo pac~eTHbiM nyTeM, ~To aeiiTpann3aunH noJton TpnTnll 

aa nyTn oT MarHnTaoro aaann3aTopa ~o MHmean n aamnx sKcnepn-

MeHTaX Hll~ToiKHo Mana. npl:IMBH nponepKa nenn~Hitbi ael!:ipann3aunn, 

nponeneaiia.11 npn nccnenonaann peaKunn D ( t, a ) n

pe3ynhTBTbi pac~eTa. 

rnana III • · CnoiicTna_cnronbi 

, nonTnepnnna 

L1n.11 · oKomeK ra30BbiX Mnmeae·ii oKa3anoch yno6HbiM ;cnOnh30-

naTh ·TOHKIIe nneHKII II3 cnroUbl Tnna MycKOBHT. KpoMe ;roro, ycTaHoB

neao, ~TO .TBKIIe nneHKII MoryT cnylKII.Tb XOpOlliiiMII KHCnopOUHb!MII 

MIIllieH.IIMII .. nosToMy B03HIIKna He06XOUllMOCTb Bb!HCHIITb HeKOTOpb!e 

CBOi!:CTBa cnroUbi 0 3H8HIIe KOTOpb!X Tpe6yeTC.II npii IICCnenonaHIIHX .I!Uep

HbiX peaKunii. 

Onpeneneane TOpM03HbiX cnoco6aocTeii cnroUbi nmr npoToaon 

_BbiHOnHeHO Ha 3CY II KBCKBUHOM reaepaTope Ha UpOTOHHbiX II TpiiTIIe

BbiX ny~Kax. B nepeKpbiBaromeiicH o6naCTII saepriiii nony~eHHbie pe-

3ynhTaTbi ·xopomo · cornacyroTCH c aaHHbiMII, npiineaeHHbiMII B o63o- · 

/9/ 
pe 

, nyTeM nHTerpnponaanH Kpnnoii TopM03HbiX cnoco6aocTeii no

ny~eaa 3anncnMoCTb·'npo6er-saeprnH' anH rrpoToaon n cnroae. 

3anncnMoCTh 'npo6er - sHeprnH' an.11 a -~acTIIU n cnroae 

onpeaenHnacb c noMOIUbro nperrapaTa nnyToHIIH-239; TOHKOii Tnep

aoii aai!:Tepnenoii Mnmean, 6oM6apanpyeMoii TPHTOHBMH: a TaK,Ke 
3 + . . 

rro noTepHM saeprnn noHaMn ( He) n cnroae. nyTeM nn<jxpepeHunpo-

BaHHH Kpnnoii 'npo6er - saeprnH' nony~eao 3Ha~eane TOpM03Hoii 

cnoco6HOCTH cnroAbi a 3aBHCHMOCTII oT saeprnn a - ~aCTIIU B 

IIHTepnane sHeprnii ·0,5 - 5,5 Msn." 
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MaoroKpaTaoe pac~eHHHe noaon no~opo~a n cnro~e H3MepH

noch aa KacKa~HoM rea~paTope n o6nacTn saeprnfi 100-300 Ksn,, 

n 6bmo c~enaao cpanaeane c pac~eTaMH no TeopnH Monhepa n 

co~eTaHHH co cTaTHCTH~ecKoii Mo~enbro ToMaca-¢epMn ~nH onncaHHH 

pacnpe~eneHHH:sneKTpOHOB B aTOMe. nony~eHHOe,3Ha~eHHe OTHO

meHHH nonymnpnH yrnoBbiX pacnpe~eneanii pacceHHHbiX noaon, n3-

MepeHHbiX ll Bbi~ncneHHbiX, paBHOe 1,17:!:_0,07, Ha:!f:O~HTCH0 Bll~HM0 0 B 

pa3yMHbiX npe~enax, ecnn y~ecTh, ~To Bbi~ncneHnH no Mo~enH ToMaca-
. /10/ 

¢epMn ~ann xopomee cornacne c sKcnepnMeHTOM ~nH anroMnHnH n 
/11/. 

pacxoJK~eane Ha 20~0% c sKcnepHMeHTOM ~nH yrnepona • Cnrona 

JKe no cpenaeMy aToMHoMy HoMepy 3aan~aeT npoMeJKyTo~aoe nono

JKeHne MeJKny anroMHHneM n yrneponoM • 

rnana IV • MeTOUllKa OCHOBHblX SKcnepiiMeHTOB 

npii IICCneaoBaHIIII ~aiiMOAeiiCTBIIH Tpl!TOHOB C KHCnOpOUOM 

npiiMeHHniiCb pa.:3nii~Hbie MIIllieHH 0 COAeplKaiUIIe . KIICnopon. MIIllieHII II3 

OKIICII 6epiinniiH OK83aniiCb Hey)lOBneTBOpiiTenhHblMII UOTOMYo ~TO 

oTaenHTh npoueccbi, naymiie aa· Kncnopoae, OT peaKuiiii aa 6ep1InnnH 

( HMeroiUIIX 6onhlliOe ce~eHIIe), ~~eHb TpyAHOo MIImeHII H3 OKIICH HH

KenH T~KJKe oKa3annch aenpiirOAHbiMH an.11 \ H3Mepennii, TaK KaK · coaep

JKaane Kncnopoaa n anx II3MeH.IInocb noa ·aeiicTnneM ny~Ka. Bnonae 

YAOBneTBOpHnii BCeM Heo6xOAllMbiM ycnOBllHM TBepUbie MIIllieHII II3" 

anyaaa n cnroabi, a TaKJKe raaoBbie Mnmeaii, aarronHeHHbie CO
2 

II 0 •. 
2 

OcaoBHbie II3MepeHIIH .BbmonHeHbi n unniiHAPH~ecKoii naKyyMHoii 

KaMepe AHaMeTpOM 400 MM. nonynpOBOAHHKOBbili )leTeKTOp 0 pacnono

JKeHHbli!: B KaMepe na npamaromeMCH 6apa6a11e, no3nonHn ·n3MepHTh . . 
yrnOBbie pacrrpeaeneHH.II 38p.IIJKeHHb!X ~aCTIIU 0 BbineTBIOIUHX H3 MIIllie-

HIIo n ananasoae· yrnon 0-155°~ BTopoii (HenoaBHlKHbili) nonynponoa

HIIKODbili neTeKTOp pacnonarancsi: non yrnoM 90° K aanp~nneanro 

6oM5apanpyromero rry~Ka. TaK KaK B 6onblliiiHCTBe nsMepeanii, Bbl., 

rronHeHHbiX c STIIMH aeTeKTopaMII, Tpe6cinanocb onpenenHTh a6co

nroTaoe ~ncno periiCTpHpyeMblX ~aCTIIU, UfllrXOUHIUUXCH Ha IIIIKII B 

crreKTpax, TO oco6~e BHnMaane 6bmo o6pameao aa H!I3KOSHepreTn~e

CKHe 'XBOCTbl', UOXOilHIUlle c· ManbiM y6biB8HHeM .AO HynH SHeprnn. 
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PerncTpaunH_qacTnu ocymecTsnnnacb crreKTpoMeTpnqecKHMH_TpaxTa-_ 

MH, BKmoqa'rownMn B ce6H neTeKTop&r, ycnnnTenn, rrepecq()TH&re cxe

Mhi n MHoroxaHan&Hhre aMrrnnTynH&re aHannaaTop&r, 

rnaBa v • And?dJepeHunanhHbie ceqeHHH peaxunli 

D (t, a )n n 14 N (t , a) 13 C , 

llnH npOBepKH MeTO,QHKH ll3M.epeHnli Ha raaoBbiX MHWeHHX, 

rrp~M~HHeMoli npn nccnenosaHn~ nn~~epeHunan&HhlX ceqeHnli peaxunli 

16 0 + T ·n 14N + T , yno6Ho ncnon&aoBaT& peaxunro · D (t, a) n 

)KenaHne · rronyqnTb ceqeHnH peaxunn ti (t , a ) n · rrpn aHeprnnx, 

6onbWHX 250 KaB, C TOqHOCTbiO, C KOTOpOH H3B8CTHhi ceqeHHH npH 

aHeprnH~ no 250 xas, B&rasano Heo6xonnMocT& nposeneHnH aTnx 

axcrrepnMeHTOB, 

B axcrrepnMeHTIJ,X ncnon&aosannc& raaoB&re MHWeHn, HarronHeH-

Hbie neliTepneM, llnH perncTpaunn a .-qacTnu, B&meTaromnx na 
' 0 ' ' . 

MnweHn non yrnoM 90 n,c,, rrpnMeHnncn neTeKTop, naroToBneHH&rli 

H3 KpeM.HHH p - THna, KOMneHCHpOB8HHOro nHTHeM, 

ITo.Qpo6Hali Ta6nnua nonyqeHH&rx HaMn nn~~epeHunan&H&rx ceqeHnli 
0 • 

peaxunn D (t , a ) n non yrnoM. 90 n~c. n cpasiiellne nx <C nnTepa-
. /3/ ' 

TypH~IMH naHHhlMH npnse.QeH&r B pa6oTe • ITpn aHeprnnx TpHTOHOB 

oT 115 no 300 KaB nonyqei!H&re HaMn ceqeHHH cosnanaroT B nperienax 

axcm:ipnMeHTan&HhiX • own6ox c peayn&TaTaMn ony6nnKoBaHHhiX pa-

6oT, fipH aHeprHHX OT 3QQ no 1450 K8B ceqeHHH OTnHqaroTCH 

(no 10%), a npn aHeprnnx oT 1450 no 1650 KaB ceqeHmi CHOBa 

xopowo cosnanaroT, Pacxo~neHne ceqeHnli B o6nacTn aHeprnli 

OT _ 300 no 1450 xaa . o6ycnosneHo, BeponTHo, .TeM, qTo B 

STOH o6naCTH aaeprnli 6on&WHHCTBO aBTOpOB ncnonb30Baim ~eTOnHKy 

perHCTp8UHH HeliTpOHOB,_ KOTOpaH HaM npencTaBnHeTCH MeHee 

Han~~oli, 3To nonTsep~aeTcn TeM, qTo nnn ·o6nacTeli aHep

rnn, __ npn nccnenosaHnn xoTop&rx npyrne aBTop&r IIcnon&aosann 

MeTonnxy perncTpaunn a - qacTnu, peayn&TaT&I xopowo corna-

CyiOTCH,_ 

8 

I , 

I 
J 
·r 
I 

I 

I 

. 16 ' ' 
ITpn nccnenosaHnn peaxunn 0 +T . qacT& naMepeHnli B&r-

ironHeHa Ha raaosoli Mnwean, HanonHeHHoli soanyxoM, Ha cnexT.pax 

B&meTaromnx na MnweHn qacTnu oxaaanoc& He cno~Ho B&rnennTh 

14 13 1 13* -nnxn oT a -qacTnu na peaxunli _ N ( t, ~- ) C n 4 N (t, a
1 

) C , 

Ta6nnua im~~epeHunan&H&rx ceqeHnli aTnx peaxunli non yrnoM. 90°n,c.

npnseneHa B nnccepTaunn .• Ha pnc. 2 noxaaaHo cpaBHenne· 

nonyqeHHhiX HaMH ceqeHnli peaxunn 14' N (t, a -) 13 C c ony6nnxo-
. I 12/ - 0 · 112/ 
BaHHhiMH B pa6oTe • Ecnn yqecT&, qTo B pa6oTe xpnB&re 

ceqeHHli npHBeneHbi B aaBHCHMOCTH OT 8HeprnH TpHTOHOB, 6oM6ap

nnpyromnx MHWeH&, a He OT aHeprHH BaanMoneliCTBYIOWHX TpHTOHOB, 

TO cnsnr KpllBhlX npnMepHO Ha 100 Ka~ BIIOnHe nOHHTeH, 
. t4 . 13 . 

CeqeH_nn peaxunn N ( t , a
0 

) C npnMemmnc& nmr onpene-

neHHH npnMecn aaoTa B xncnopone npn·aarronHeHnn nocnenHHM ra-

30B.biX MHWeHelf, 

rnaBa .VI • H~cnenosaHne npepHb!X peaxunli TpHTHH c 

xncnopopoM 
·, ,,· 

Ha npnseneHHoro B nnccepTaunn xpaTxoro o6aopa.ony6nnxo

B8HH&rx pa6oT snnHo, qTo no cnx hop HeT HanemH&rx naM:epennli 

nn~~epenunan&HhiX ceqeanli peaxunli 16 0 (t ,t) 160 ; 160 ( t , a) 1,5 N · n 
16

0(t,p) 
18

0 , a TaK~e nocTaToqnoro xonnqecTBa yrnoB&IX 

pacnpenenennli aTnx peaxunli npn aaeprnnx HOHOB TpHTHH HH~e 

2 Mas, Uenb onncaHHhiX B aToli rnase axcnepnMeHTOB - socnonHHTb 

aToT npo6en, 

HaMepeHnH nn~epenunan&n&rx 'ceqennli non yrnoM 90° n,c, 

nposonnnnc& c ncnonbaosauneM TOHKHX raaoBbiX n Tsepn&rx M:nweueli, 
. . 16 

Ann perncTpaunn a -qacTnu n npoTOHOB na peaxunn 0 + T 

coxpaHeHhl see ycnosnn pernc:paunn 

D(t,a) n. 

a -qaCTHU H3 peaKUHH 

't6 15 
ITonyqeHH&re nn~~epeaunan&H&re ceqeHHH peaxunli 0 ( t ,a) N 

16 18 0 ' 
n 0( t, p) 0 non yrn~M 90 n.c. npnaeneH&r Ha pnc, 3, Cno~HaH 

~OpMa KpHBb!X nn~epeHunanbHbiX ceqeHHll noaBonneT npennono

~Tb cyweCTBOB8HHe MHornx ypOBHeli B COCT8BHOM nnpe 19F 

9 



-~-

OcHOBHbie nsMepemm yrno,BbiX pacrrpenenennl!: _ sapS!)KeHHbiX 
-16 T 

qaCTHU HS peaKUiill 0 + · BbtnOnHeHbl Ha MUWeHU liS CniOJ:IbL 
2 < < 

Tonwnn~ 0,24 Mr/cM • B nccnenoaannoM nnarrasone aneprnl!: u 

yrnoB (O,B-1;7 Maa, l0-155°) na6nronanncb nae -rpyiiiibi rrpoToHoB, 

COOTBeTC.BYIOWlle OCHOBHOMY H IIepBOMY Bos6y)KJ:IeHHOMy COCTOS!Hii!O 

smpa • 
18 0 ,, a TaK)Ke onna rpyrrrra a -qacTnu, cooTB~TcTayrowall 

OCHOBHOMY COCTOS!Hii!O S!Apa 16 N • 

KpaTKoe onncanne nony'leHHhiX' yrnoBhiX pacnpen enennl!: cneny-

eT Hll)K9, 

16 0 (t , a0 ) 
15N , YrnoBbie pacnpe.nenennll a -qacTnn ne cuM-

- 0 < < < < 

MeTpli'IHbl OTHOC11T9nbHO yrna 90 C,U,M, U CHIIbHO saBHCSIT OT SHeprlili 

6oM6apnnpyrownx TpliTOHOB, Bo aceM .n11anasone aneprnll BbiXO.r:t B 

rrepe.nnroro nonyc<jlepy 6onbwe, qeM B sannroro, 

160 (t , p )" 18 0 • - YrnoBbte pacnpe.neneHHSI npoTOHOB pesKo aaancl!T 

oT aneprnn TpHTOHOB, ITpeo6nananne 'ilHxona anepen' qepe.nyeTCSI 

c npeo6nananneM 'Bbtxona !Iasan'. 
t8* -

1 6 0 (t, p
1 

) 0 • B nnarrasene aneprnl!: TpnToHoB oT 0,99 no 

1,53 M sa Bhtxoa· npoTOHOB B rrepennroro u samiroro rronycc!Jepbi rrpnMep

no OAJ;!HaKoB, ITp11 M9HbWHX u 6onbmux aneprnllx npeo6nanaeT 'Bbi-

xon nasa.n"'. 

ITonHhte ceqennll peaKunl!:, nonyqennbte npn 11HTerpnpoaannn 

nsMepeHHhiX ,yrnoBbiX pacnpenenennll, rrpnaeneHbi na p11c. 4, 0TcyT

CTBne H8 KpliBbiX nonHbiX C9'l9HiiU H9KOT.Opb!X MaKCHMyMOB1 06Ha

py)KeH~blX B .nn#epenunanbHhiX ceqennllx, aepoliTHo, oo'hliCHSieTcl! 

6onee KpyiiHhiM waroM no aneprnn npn nsMepennu yrnoBhiX pac..; 

npeneneanl!:, KonTponbHbie 11SMepennll yrnoBhiX pacnpenenennl!:, 

BbtnOnHeHHbi9 H8 TOHKiiX anyH.r:tOBbiX MUWeHSIX1 _ noKasann, 'ITO 

Tonmnna cnroASIHhiX Mnweaell ne nrpana cywecTaennoll ponu~ 

Mccne.noaanne ynpyroro paccel!Hiill TpliTOHOB na Kr.cnopo.ne 

ohmo c.nenano aa Mnweallx ns anyn.na 11 rasOBhiX Mnweal!x, rasoBbte 
' < < 

Mnwean, KaK npaanno, aanonnHnncb, KpoMe Kncnopo]:\a, KceaonoM 

unu apronoM. MeHbW!ill pasopoc SKCIIepnMeHTaiiblibiX pesynbT8TOB 

. npn ncnonbsoaaann- Mnwenell- co cMeCS!Mll o6ycnoanea nsMepeaneM 

10 

1 

I .. 
'( 

'I 

I 
) 
~ 

j 

paccel!Hiill na Kncnopone OTHOCHTenbHO rasa - MOHHTopa, pacceH~ 

HUe Ha, KOTOpOM IIpRHUMaeTCSI paBHbiM pesepcjiopAOBCKOMy, -

KaK snnao ns pnc.- 5,- <jlopMa KpliBhiX paccel!HHSI TpnTonoa aa 

KHCnopone Mano MeHSieTCSI B saBUCHMOCTH OT yrna, Ha BC9X KpRBbiX 

B .r:tHarrasoHe aneprnli: 0,90-1,66 Maa q(!TKO BHAHO IIO O.r:tHOMy MaK

CHMyMy H IIO .r:tBa MliHHMyMa, Ha KpHBOH paccel!Hiill1 na'MepeHHOH 

IIO.r:t yrnoM 150° B 60IIbW9M .r:tllaiiasOHe aneprnli:, BH}:IeH ente O.r:tliH 

MaKCHMYM npn aneprnn 1, 70 Maa. Ha acex· KpHBhiX neT ;:;pyrnx 

MaKCHMYMOB H MHHHMyMOB1 npeBbiW8IOWHX OTHOCiiT9IIbHYIO 0Wll6Ky 

'HsMepennl!, paBHYIO 2%, 

rnaBa VII- • < tiaanus 3KCnepUM9HTanbHbiX pesynbT8TOB 
< < 16 

no nccnenoaaanro peaKuim 0 + T 

B nn¢¢epeaunanbHhiX u nonnhtX ceqennllx acex nccnenoaaanhiX 
16 

Kaaanoa peaKunn 0 + T • .r:tnll nsyqeanoro naMn .nnanaaoaa aaep-
, ''• 

rnl!: TpliTOliOB 0,6-1,75 Maa 11MeiOTCSI q(!TKne pesoaaacht, oTKyna 
•':~. !'/," ~.'I ' 

cne.nyeT1 'ITO MexaHHSM peaKUllli qepes COCTaBHOe S!J:IpO nrpaeT Ba)K

HYIO pOnb B nccne.r:tOB8HHOM_ BSaliMO):I9HCTBH!i, 

llanee MO)KliO OTM9T11Tb ClinbliOe pasnli'llie B 3HepreTU'l9CKOH 

saancnMOCT11 nonlibiX ceqeanl! .r:tnll Kaaanoa a+ 
15 

N 11 p + 
18 

0 

B nsyqennoll naMn o6nacTn aaeprnl!: : .r:tnll KaHana p + 18 0 nnaanall 

no.nno)KKa ceqennll oTaocnTenbHO Mana, n ee_aennqnaa ae Bospac

TaeT c yaennqenneM aneprnn, nonolK~J!Iill aau6onee cnnbHhiX peso

nancoB ooonx Kananoa ne Koppennpoaanbl, Bee_ ·a TO yKasb!BaeT aa 

TO, 'ITO pacrrpe.nenenne napunanbHbiX wnpna Me)KJ:IY oTKpbiTbiMH 

KaaanaMU CllnbliO M9HSieTCSI IIpli nepexo.r:te OT pesoaaaca K'pesonali~ 

cy. 
16 

BKna.n B peaKU11IO 0 + T TaKnx npl!MhiX npoueccoa, KaK 

cpbiB, nonxaaT; Tl!lKenbtll cpbiB n KnacTepnhill o6Men, ae MolKeT 

obiTb saaqnTenblibiM, TaK KaK ¢opMa nsMepeHHbiX yrnoBbiX pacnpe

.neneanl!: '!aCTO pesKO M9Hli9TCSI B H900IIbWOM HliT9fJBane liSM:lli9Hiill . 
aaeprnn ooMoap.nnpyrownx TpnToaoa • 

11 
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KpoMe Toro, TSK KaK SIJlpO 
16 0 ·. srsnsreTcsr_' ,; 'a -~aCTH"'!HbiM" 

SIJlpOM 0 MOlKHO OlKHnaTh, "'ITO KII8CTep-o6MeHHblli MeXaHHaM no~lK9H 

c'o~TaSmiTb a H8"'1HT9IIbHYIO "'18CTb · npSIMblX npoueccos. saanMoneliCTSHSI, 

H.o na Toro <i>aKTa, "'ITO ana"'!enne nonnoro ce"'!ennSI peaKunn (t, a ) · 

na Sinpe 
16 0 ne oTnn"'!aeTcsr oT cpennero ana"'!ennSI ce"'!ennli na 

14 .15 19 
cocennnx ." ne a -"'!aCTH"'!HbiX "Sin pax N · , N - n F , cne-

nyeT, "'ITO KnacTep - o6MeHHbili MexannaM nonlKeH nrpaTb !Ieana"'ln-
. 16 

TenhHYIO ponh s peaKunn 0 + T • 

Ha nanolKeHHbiX Sbtme • paccy)Knennli MOlKHO cnenaTh SbiBon, "'ITO 

OCHOSHhiM npoueCCOM saanMoneliCTBHSl srnep TpHTHSl :c Kl!CnoponoM 

(no aneprnli 1,8 Mas) srsnHeTCSI MexannaM. peaKunn "'!epea cocTasnoe 

smpo, npSIMbte npoueccbr nrparoT sTopocTenennyro ponh n nx sKnan 

npn nMeromnxcSI aKcnepnMenTanbHbiX peaynbTaTax n MeTonax ouenoK 

nesoaMOlKHO onpenennTb TO"'!HO, B cnolKnsmelicSI cnTyaunn npencTas

nSieTcsr uenecoo6paanbiM paccMaTpnsaTb nony"'!eHHbte HaMil aKcnepnMen-
16 

TanbHbte peaynbTaTbi no· n.ccnenosannro peaKunn 0 +. T TonhKO c 

· TO"'IKH apennSI cocTaBnoro srnpa KaK onnoro na npene~hHhlX Mexa

nnaMos Sinepnofi peaKunn, 
.. ) 

Ha KpHBbiX nnt!>tf>epenunanhHbiX n nonHblX ce"'!ennli peaKunli 
16 •. 15 16 18 
. 0 (t , a 0 ) N n 0 (t., p0 ) · 0 , naMepennbiX B nacToSimeli pa- . 

6oTe, o6napylKeno 8 peaonancos npn aneprnsrx TpnToHoB OT 0,6 

no 1, 75 Mas, "'ITO COOTB9TCTsyeT soa6ylKJleHHIO Slll.p8 
1uF 

OT 

12,2 no 13,16 Mas. nonolKeHnSI n nonnbre mnpHHbi yposnefi Hnpa, · 
19 . . 

F nalineHbi na paccMoTpennSI aasncnMocTn Koat!>tf>nunenTa ,.a 0 , 

no!IY"'~ennoro npn paanoJKennn yrnosbiX pacnpenenennli peaKunli 

( t , a 0 ) 11 (t , p 
0 

) no nonnnoMaM nelKa.nnpa·, oT aneprnn 6oM-

6apnnpyromnx TpllTOHOB, nonrOHK8 K09tPtPIIUH9HTOB a 0 nnH peaK-

unn (t, ao ) c noMOllihiO cyMMbi oTnenhHbiX peaonancos npnBenena 

· na pnc,: 6. ¢opMa scex peaonancoB 6panacb 6peliT-snrnepoBcKoli , 

HO TaK K8K peaOH~li!Cbl ne,lK8T Hl!lKe KYIIOHOBCKOrO 6apbepa ll.IISI 

6oM6apnnpyromnx TpllTOHOS, TO Y"'II!Tb!B8III!Cb CIIIIbHbl9 llCK8lK9HIISl 0 

o6ycnosneHHbre 6btcTpbrM naMenenneM tf>aKTopos nponnuaeMoCTII c 

aneprneli, napaMeTpb! Bb!Jl9II8HHblX peaOH8HCOB IIpi!B81l.9Hhl B Ta6n, 1, 

_/ . 
12 

! 
f• 
I 

i 
\ 

~ 
-~-

'j 

\ 
I 
l 
' 
} 
,, 

I} 
\ 
\ 

~ ! 

, .. 

onn non6npannch TaK, "'!To6i,r nanny"'lmnM o6paaoM ynosneTBopnTh 

ana"'!eHHSIM a o , nony"'!eHHbiM na aKcnepnMenTa, YnoBneTsopn-

TenhHOCTh TaKoli nonroHKH 'snnna na pnc, 6, . rne cnnomnaSI KpnsaSI 

eCTb cyMMa BKnanoB OT scex Bb!JleneHHb!X peaonaHCOS, npn"'leM 
. I . I 

I ao(E )- 2JI+l 
pea. - ---_ 

rBX. (Epea) rSbiX. (Epea,) 

r~> 
I 

.. 

rne E - aneprnH peaonanca, 
pea 

jl cnnn -ro KOMnayHJl

r1.- n~n-COCTOSIHHS!o r I ll r I . 
SX SbiX 

- napunanhHbte mnpnnbr, 

nasr mnpnna, napaMeTpbr peaonancos peaKunn (t • p 0 ) , Sbrnenen-

Hbte TeM JKe cnoco6oM, "'ITO n s peaKn_xm (t ,a 0 ) , TaKlKe · npnse-

neHbi B Ta6n. 1. B nocnenneli ~ononKe Ta6nnubr naHbi aneprnn s~a
.6ylKJl9HHSI S!Jlp8 tPTOpa-19, COOTSeTCTSYIOllill8 SbtneneHHbiM peaollaHCaM, 

Ta6nnua 1 
16 

napaMeTpbl peaonancos peaKUllll. 0 + T 

ft r· Q~ (Ep~:;) a~ (Er-l) Ypo:aH!tl pc.:;., L' 
lla:a Ma:a (t

1
0.o) ( "C, Po) "i'F ' . Ma:a 

1,00,±0,05 0,12,±0,03 0,005,t0,002 0,0008,t0,0003 12,54,±0,05 

1,16+0,02 0,10,±0,02 O,OI8,t0,002 0 t 004,±0 t 0008 12,67.±0,02 . 
\·-- -' . . 1,27,±0,02 0 1II.±0,02 O,OIO,t0,003 U,006,t0,003 12,67,±0,02 

1,34,±0,02 0,13,±0,02 0,014,±0,003 0,010,t0,003 I2,82,t0,02 

1,45,±0~02. 0,10,t0,02 0,010,tO,ci05 - 12,91,±0,02 

1,52,±0,03 . O,I0,±0,02. O,OI0,±0,006 0' 010,±0 t 002 .I2,97,t0,03 

1,62,±0,03 0,10.±0,02 O,OlO,tO,OIO 0,002,±0,0015 13 t 06,±0 t 03 
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CpaBnenne nono>Kemm ypoBneli:, nali:nennhiX B nacTomneli: pa6o

Te - BKnro~aSI nonyqe~Hbie ua. ocHOB~Hnn nn#epeuunanbHhiX ce~e-
16 . 15* . ' 

'HHli: ·peaKUHH 0 (t • a 1 +2 ) · N - C ypOBHSIMH, Hali:neHHb!MH npn 

n~·cnenosaunn peaKunn 18 0 + p B uenasuo ony6nnKosauuoli: paoo-
/18/ . . . . 

Te . , npnBeneuo B Taon, 2. Bnnuo, 'ITO cornacne· Me>KAY JialiHhiMH 

o6enx paooT oqeuh xopowee, 

B pe4>epnpyeMoli: nnccepTaunn cnenalia nonbrTKa onpenennTh no 

peaynbTaTaM naMepeHHhiX HaMn yrnoBbiX pacnpeneneunli: cnnHhi nali:nen

HhiX yposneli:, Llnst aToro ua SBM obmo cnenano uecKon~;>Ko necstTKOB 

npo6 nonronKn nony'IeHHhiX aasncnMocTeli: Koa$1jJnuneuToB npn no.nnuo

Max ne>Kalinpa (a f ) OT 3Heprnn C UOMOWb!O pa3lrH'IHblX HaoopoB CUH

HO~ n 'IeTuocTeli: Bb!lle.neHHhiX peaouaucos, YJioBneTBopnTenhHoro ua6o

pa cnnuos n qeTnocTeli:, KoTopbre obi socnponasonnnn noseneune scex 

KoaljJijJnuneJITOB a e • Hali:TH ue ynanocb, OnTHManbHb!li: Haoop napaMeT

pOB s Jinanaaoae aueprnli:.oT 0,9 no 1,5 Mas npnBeneu B Taon, 2, Eea

ycnosuo, uane>KHOCTb TaKoro ua6opa Mana, C nocToBepuocTbiO MO>KHO 

nnmh yTBep>KnaTb, 'ITO B aToM Jinanaaoue aueprnli: cnnhnhre peaouaucbr 

nMeroT cnnHhi ue 6onee 5/2, 

PaccMoTpeua npnpona 
- - /14/ uauneHHhrx yposnen, B paooTe 

·yTBep>KnaeTcst, 'ITO npaKTH'IeCKH y scex SIJiep npn 6onbmnx auep-

rmrx soa5y>Kneunsi ( 10-30. MaB) non>KHhi cymecTBoBaTb uenbre cncTeMbi 

UOBepimoCTHb!X KnacTepHblX ypoBHeli:, CBH3aHHblX C noporoM llBYX

qacTH'IHOrO paasana stnpa, 8Tn yposnn non>KHbi nerKo nuenTnljJnunpo

BaTbCSI, TaK KaK npnBenennaSI wnpnua nnH pacnana B noporoBbrli: Ka

nan y · nnx non>KHa obl'rh sennKa ( nopSinKa. snrnepo.BcKoro npenen;), 

OueuKa npnsenennhrx a -wnpnu n p -wnpnu· ypoBneli: SIApa no 
/13-15/ . 

pesynhTaTaM, nonyqenHhiM naMn n B pa5oTax · , ·llOK83biBaeT, 

'ITO uali:nennhle naMn yposun ne KnacTepuoro xapaKTepa, 

B JinccepTaunn paccMaTpnBaeTcSI TaK>Ke sonpoc o TOM, ne 

MoryT nll SIBnSITbCSI HeKOTOpb!e ll3. 3THX COCTOSIHHli: ananorOBblMH 

ypOBHSIMH, Llnst pac'IeTa B3SITbl ypOBHH .Sillpa 
19

0 , UpHBeAeH-
/16/ .. 

Hbre B pa5oTe , n Bennqrma (7,441 J)'\as) cMemennSI yposueli: 

14 

Ta5nnua 2 

Yposnn stnpa ljJTopa-19 

HacTOHil(aH EaooTa AHH /!3/ 
!daB :T MaB 

AaaHoroBHe lEOBHH 

MaB :rr. 
!2,41.±0,03 12,44 12,44 

12,52 

12,54.±0,05 ~ 5/2 12,5,7 !2,59 5/2+ 

12,63.±0,03 ~ 5/2 12,63 

12,67.±0,02 1/2 12,69 

12,72.±0,02 5/2 

12,76.±0,02 ~ 3/2 12,75 

12, 79.±0,03 7/2 12,79 

12,82.±0,02 ~ 3/2 12,82 

12,88.±0,02 

12,91.±0,02 !2,92 12,90 (3/2)+ 

12,97.±0,03 

!3,06.±0,02 !3,06 

l3,IIf:±0;03 !3,17 13,15 

"I. 
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19 19 
B 'F no OTHOWeHHIO K ypoBHSIM 0 1 Bbl'iHCneHH8SI B pa6o-

/13/ . ' 
Te • PeaynbTaTbi pac'!i!Ta npnaenenbr .B Ta6n. 2. Bnnno, 'iTO Bbi-

'iHCneHHbre aHanorOBbie ypoBHH COBII8A810T C ypOBHSIMH1 o6napy)KeH

HbiMH B SlApe 
19 F o IToaToMy He HCKnro'ieHo, 'iTO 'i8CTb paccMaT-

• 19 
pnBaeMbiX ypoaneli s!Apa F - ananoroBbre ypoBHH. Kone'ino, · 

OKOH'iaTenbHblH BbiBOA MO)KHO 6yneT cnenaTb TOnbKO TOI'Aa, KOI'A8 

6ynyT H3BeCTHbl XapaKTepHCTHKH Cp8BHHBaeMbiX ypoBHeli, 

0CHOBHbie peaynbT8Tbl 

1. 06o6weH OIIbiT pa60Tbl no ycKopeHHIO HOHOB TpHTHH H HC

nonb30B8HHIO ero B MnwenSix, nonpo6no paccMoTpen aonpoc o coc-

TaBe TpHTOHHOI'O fiY'iK8 aneKTpOCT8TH'ieCKOI'O ycKopHTenSio 

2. ITOK838H0 1 'iTO cnrona T.Hna MYCKOBHT .S!BnSieTCSI XOpOWHM 

M8TepnanOM AnSI OKOH I'830Bbl;K MHWeHeiJ; H CaMa MO)KeT 6biTb HC

nonb30B8Ha K8K KHCnOpOAH8SI MHWeHbo liaMepeHbl TOpM03Hbie cno-

co6HOCTH CniOAbl AnSI npoTOHOB .H a ~'iaCTHU. Hccnenoaano MHO-

roKpaTnoe pacceSIHne nonoB Bonopona B cnrone. 

3,_ PaCCMOTpeHbl HeKOTOpbie CBOHCTB8 Hcnonb30B8HHbiX nony

npOBOtlHHKOBblX. neTeKTopoB, lleTanbHO nccnenoaan aorrpoc o aenn

'iHHe p83M83biB8HHSI nHKOB H8 cneKTpaX perHCTpHpyeMbiX 'i8CTHU o 

4. HaMepeHbi nn#epenunanbHbre ce'ieH~SI peaKunn D.( t , a ) n . 

0 ' 
non yrnoM 90 n.c. ITonTaep)KneHbi naMepenHbre panee npyrnMH aaTo-

paMH ce'iennn peaKunn ~ nnanaaonax aneprnli oT 115 no 300 KaB 

n oT 1450 no 1650 KaB, Halineno oTnH'iHe (no 10%) B ce'ieHHSIX 

oT panee nony'ieHHbrxriaHHbiX B o6nacTn aneprnli oT 300 no 1450 KaB, 

5, HaMepenbr nnljlljlep~nunanbHbre ce'!·eann peaKunn 
14 

N (t, a) 
13

C 

non yrnoM 90° n.c. 

6, JleTanbHO H3Y'i8Hbl paanH'iHbie K8H8Ilbl peaKUHH TpHTHSI C 

KHcnoponoM no aneprnli TpnTonoa 1,8 Mas, ITony'ieHbi ljlyHKUHH 

Boa6y)Knennn, yrnOBbre pacnpenenennn H nonHbre ce'iennn, B o6nacTH 

aneprnli Boa6y)KJleHnn nnpa ljJTopa-19 oT 12,2 no 13,2 Maa nalinen 

pnn panee nenaaecTHbiX ypoaneij:. PaccMoTpen BOilpOC 

o npnpone aTnx ypoaneli. llnn neKoTopbiX na nnx rpy6o oueneHbi 

B03M0)KHbl8 CIIHHblo 

16 
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nnep TpHTHSI C KHCnOpOAOM npH aneprHH AO 1,8 MaB SIBIISI8TCSI Me
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·pyKOUllCb UOCTynnna B ll3AaTenbCKHH OTAen 
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Pnc. 1. CneKTp 'laCTnu, pacceRHHb!X Ha raaoBoit MHWeHn. E T = 
1572 KSB, · ® =144°,' MnrneHb-

16 0+ Xe ,' Ha ocRx: · N - qncno 
- OTC'IiiTOB Ha KaHan, Em- sHeprnR. 'laCTHU B_ KnnosneKTpoH-BOnbTax, 

n- HOMepa·KaHanoB aHannaaTopa. 

19 



as 
d& 
dQ 

Q6 

0.4 

U2 

o.o' moo 1200 . t~oo t6oo Er • ..A.. 1 

14 13 
Pnc •. 2 .. nn<P<PepeaunanhHb!e C8'18HHSI peaxunn N ( l. ao ) c no.n 
yrnoM 90° n,c, · Ha ocSix: E T - aaeprnSI TpRTOHOB B xnnoanexT-
poa-sonhTax, ~~ - ceqeanSI B Mnnan6apaax aa CTepa.nna~ 

0 - .Q8HHb!8 H8CTOSimell: pa60Tb!0 • - .Q8HHbl8 pa60Tbl 12/, 

20 

g 
~ 
" 

~r---~------+-~--~----~--------~~ 

- o"{f,Gt.)N 
· -·-o1t,4.W',. 
_,,..;... D"(t,A)D11 

- ~ o"(t,p,Jo"" 

sr------------+--------~--~--------~~ 

1 1 I 11. }( I i I 

f. , 

S$0 !50 

' /"/ 
•"'V .. /""· .. / / . .. / .. ~ __ ., 

/ 

/'··../'·-·· 
··v·· 

·uso f1SO 
E.,. 

Pnc, 3, nn<P<PepeaunanhHb~e C8'18HHSI peaxuun 160 + T no.n yrnoM 
0 . . - . 
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Pnc. 6. ITo.r:troaKa Koa<jl<jlnuneaTa a 0 , nonyqeaaoro npn pa3nolKe-
HIIII yrnoBbiX -pacnpe.r:teneanli' peaKUIIII 16 O(t, a 0 ), n N no nonnao
MaM nelKSH.Qpa, C nOMOmbiO CyMMbl OT.r:tenbHbiX pe30H8HCOB. 

24 

>· 

·~·; '' 

-,. 

~ ' ; 

,,·-

· ... 

• .. , 

., 

-', 

·.J' 

" 

.,,· 

,; ,, 

, ' 

" 

,. 

·' 

'•) 

·f. 

' ~.} ' 

"j, 

:/ 
/ 

.......:-~~ 

-. 

", 

·,, 


