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Bae.n:emie 

Pa3BlITHe ll.n;epHO-q>ll3llqecKHX MeTO,n:OB :meMeHTHOI'O amlJIH3a rnep,n:bIX TeJI 

npo.n:omKaeTCll B HanpaBJieHllll .ll:3JibHeilmero IIOBbIIIIeHlll! TOqHOCTll onpe.n:eJieHllll :mepnm 

B3aHMo,n:eikTBllll [ 1] lI HaKOIUieHlll! npeIJH3lIOHHbIX 3KCIIepHMeHTaJibHbIX ,n:aHHblX no 

q>ynKIJllllM B036yx.n:eHllll, TOpM03HblM cnoco6HOCTl!M lI CTpaITIIHHI)' [2]. OrMeqenHble 

maBHbie lICTOqHlIKll nporpecca ll,n:epHOI'O aH3JIH3a, a TaK:lKe coaepIIIeHCTBOBaHlle TeXHlIKll 

,n:eTeKTHpOBaHlll! 3apl!:lKeHHblX qaCTHIJ [3] IIpllMO BJillllIOT Ha IIOBbIIIIeHHe TOqHOCTll 

onpe,n:eJieHlll!. my6HHHbIX npoqiRJieil: Pa3JlllqHbIX 3JieMeHTOB, ,n:OXO,n:llIIJeil: yxe ceil:qac .n:o 

1-3%. 

O6bJqHo IIIllpOKO lICIIOJib3YeMal! MeTO,n:HKa pe3epqiop.n;OBCKOI'O o6paTHOI'O paccel!Hllll 

lIOHOB feJillll OKa3hIBaeTCll MaJIO 3q>q>eKTlIBHOil: ,n:Jill npOq>RllllpOBaHllll JiefKlIX 3JieMeHTOB II, 

B qaCTHOCTll, yrrrepo.n:a ll3-3a KBa,n:paTllqHoil: 3aBHClIMOCTll ceqenlll! paccel!Hllll OT aTOMHOI'O 

HOMepa paccenBaIOIIJeil: qaCTHIJbl. ,llm! 3TOH IJeJill y.n:o6Ho lICIIOJib30BaTb H3BeCTHbIH 

pe3011aHc a peaKIJHH 
12

C(p,p)
12

C npH 3Hepnm 1,726 M3B. lllllpHHa pe3011a11ca 

COCTaBJilleT 44 K3B, a ceqenHe B MaKCHMYMe B 55 pa3 npeBbIIIIaeT pe3epqiop,n:OBCKOe. 

3a nepHo,n: C 1985 ro.n:a IIO HaCTOl!IIJee BpeMll H3BeCTHbl Tpll 3KCIIepHMeHT3JibHbie 

pa60Tbl [4-6] IIO ll3MepeHlIIO .ll:llq>q>epeHIJllaJibHbIX ceqeHHH peaKIJUll 
12

C(p,p)
12

C B6JIH3U 

YIIOMllHYTOI'O pe3011a11ca. IlpuqeM TOJibKO B .n:ayx ll3 HlIX [4,5] aBTOpbl .lICIIOJib30B3Jill 

TOHKlle Mlllllelm, ~o lI II03BOJllleT cqHTaTb HX pe3yJibTaTbl rrpeIJH3lIOHHb!Mll. 

PacqeTbl ceqeHHH B paMKax H3BeCTHblX MO.n;eJieil: ll.n;pa TaK:lKe IIOKa He .n:aroT 

y.n;OBJieTBOplITeJibHblX pe3yJihTaTOB. TaK, B pa60Te [7] 6bIJI rrpone,n:eH pacqeT q>ynKIJllll 

B036)')1(.n:eHlll! peaK1irtH 
16

O(p,p)
16

O B paMKax MO,n:eJIU ll.n;epHbIX o6orroqeK. PacqeT IIOKa33JI ' 

~o Bapmpoaam1e rrry6HHbl ll,n:epHoro IIOTeHIJHaJia Ha 1 % IIplIBO.ll:UT K H3MeHeHHIO 

a6COJIIOTHOH BeJillqlIHbl ceqeHlll! peaKIJllll 
16

O(p,p)
16

O Ha 2 - 4 % .n:axe B 3TOM 

cpaBHlITeJlbHO 6rrarorrplll!THOM CJiyqae IIOJIHOCTbIO 3aIIOJIHeHHOil: ll.n;epnoil: o6orro~u. 

Il03TOMY ,n:Jill aHaJIUTllqecKHX IJeJieil: lICIIOJib3YIOT' KaK rrpaBRlIO, q>ynKIJllll B036yx.n:enllll, 

rrorryqeHHble 3KCIIepHMeHTaJibHblM IIYTeM. 

B pa60Te [4] UCCJie.n:onaHa 3KcrrepUMeHT3JibHO 3aBlICUMOCTb ceqeHHH paccel!Hllll 

rrpOTOHOB Ha yrrrepo.n:e B .ll:llaIIa30He 3Heprnil: 0,7 - 2,5 M3B ,n:Jill yrrra paccel!Hllll 170°. B 
( 

Kaqecrne MUIIIeHH aBTOp HCIIOJ!b30B3JI TOHKYIO CaMOIIOMep:lKHBaIOIIJYIOCll yrrrepo.n:Hyro 

IUieHKy. ToqHoe orrpe,n:eJieHHe 3HeprnH B3aUMo,n:eil:CTBllll o6ecrreqHBaJIOCb C IIOMOIIJbIO 

KaJIH6pOBKll IIO .ll:BYM Y3KUM pe30HaHCaM rrpH 3HepI1Il!X 991,9 H 1799,8 K3B H3 peaKIJHll 
27 

Al(p;y)2
8Si. CTan.n:aPTHal! . 3KcrrepHMeHTaJihHal! - OIIIH(n(a a6cOJIIOTHhIX 3HaqeHHil: 
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B pa60Te [5] TllIOKe llCII0Jib30Barracb T0HKruI CaM0II0Jlllep,tmBaIOmruicg MllllleHb ll3 

ecrecTBeHHoro yrnepo.11a. H3MepeHHH ceqeHnii peaKUHH 12C(p,p)12C 11poBe.11eHbI B 

::JHeprernqecK0M .I(llaIIa30He 1,0 - 3,5 M3B 110.II yrnaMH pacceHHHH 170°, 150° ll 110°. 

ABTOpbl He coo6maIOT 0 cnoco6e ll TQqHQCTll 011pe.11eneHHH 3Hepnm, HO oueHHBalOT 

CTaTHCTllqecKyio ourn6Ky B 1- 2 %, a B0CIIp0ll3B0.IlllM0CTb pe3yJibTaT0B B 3%. 

B pa6ore [6] .11mpcpepeHUHaJibHLie ceqeHHH ll3MepeHLI B HHrepecyiomeM Hae 

::JHeprernqecK0M .I(llaIIa30He .IIAA yrnoB pacceHHHH 120° - 170° Ha TOJICTOH yrnepO.IIHOH 

MllllleHH~ Ilorpe111HOCTb B 011pe.11eneHim a6cOJIIOTHbIX ceqeHllli 110 oueHKe aBT0pa 

COCTaBJIHeT 10 - 20 %. 

CpaBHeHHe pe3yJibTaT0B, II0JiyqeHHbIX aBT0paMll pa6or [4-6], Il0Ka3bIBaeT, ~o 

pa36poc B ceqeHHHX 3HaqHTeJibH0 npeBbIIIIaeT om,gBJieHHYIO llMll T0qHQCTb ll B HeKOT0pbIX 

CJiyqruix .I(0X0.IIHT .110 .I(eCHTK0B npoueHT0B. HcnOJib30BaHHe TaKllX Ce'leHllli B . 

aHaJIHTHqeCKllX UeJIHX M0:lKeT npHB0.I(HTb K ourn6KaM B onpe.11eneHllll K0HUeHTpaUH0HH0ro 

npocp= yrnepo.11a .110 250 HM. 

U:enblO HaCToHmeii pa60Tbl gBJigeTCH npeUH3H0HH0e ll3MepeHHe cpynKUllll 

B036Y:lK.I(eHHH peaKUllll 
12

C(p,p)
12

C B o6JiaCTH pe30HaHca npll 3Hepnm 1,726 M3B. 

3KcnepHMeHT Bbln0JIHeH B KaMepe o6paTHOro pacceHHHH Ha 3-M KaHaJie ycK0pllTeJIH 3r-5 

JIH<I> mum. 
3KcnepHMeHTaJibHOe HCCJie.I(0BaHHe .Illlq>q>epeHUllaJibHbIX ceqeHllli peaKUllll 

12C(p,p) 12C np0B0.I(HJI0Cb B .I(Ba 3Tana. Ha nepB0M 3Tane 6bIJia ll3MepeHa cpopMa cpynKUllll 

B036y)K.I(eHHH peaKUllH B6JIH3ll pe30HaHca. Ilpll 3T0M llCil0Jib30BaJiaCb T0HKruI 

CaM0il0Jlllep:lKHBaIOmruicg MllllleHb ll3 eCTeCTBeHH0ro yrnepo.11a C HailbIJieHHbIM Ha Hee 

T0HKllM CJI0eM ll3 Hl!Kem! H BOJibq>paMa (06pa3eu Ni-W/C). Ha BT0p0M 3Talle np0ll3Be.I(eHa 

npeUH3H0HHruI npHBH3Ka pe30HaHCa no 3Hepnm ll no a6cOJIIOTHOH BeJillqllHe ceqeHHH. B 

3T0M 3KCnepHMeHTe HCII0Jib30BaHbl T0JICTruI Mll11IeH1?, ll3 nttp0JIHTllqecKoro yrnepo.11a 

( o6pa3eU IIHpoyrnepo.11a) n CJIOH yrnepo.11a TOJimHHOH 1 MKM, HailbIJieHHblli Ha KpeMHlleBylO 

noM0:lKKY ( o6pa3ell C/Si). 

H3MepeHHe cpopMbl pe30HaHCa Ha TOHKOH MllllleHH 

OrHOCHTeJibHruI 3aBHCllM0CTb .Illlq>cpepeHl.{llaJibHbIX ceqeHHH B 3HepreTnqecK0M 

.I(llaIIaJOHe· 1,65 - 1,8 M3B ll3MepHJiaCb Ha nepB0M 3Tane Ha T0HKllX MllllleHHX 6e3 

npel{H3llOHHOH a6coJIIOTHOH KaJIH6pOBKH no 3Hepnm. H3MeHeHHe 3Hepnm B 3T0M 

cpaBHHTeJibH0 Y3K0M .I(llaIIa30He K0HTp0JIHp0BaJI0Cb nyreM ll3MepeHHH nom 90-rpa.I(yCHOro 

Manmra no H.I(epH0MY Mal1IHTH0MY pe30HaHcy. 

O6paTHO pacceHHHble npoT0Hbl perncrpttp0BaJIHCb KpeMHlleBbIM II0BepXH0CTH0-

6apbepHbIM .11ereKropoM ITO.II ytJI0M 170°. TeneCHblli yron .I(eTeKTopa C0CTaBJigJI 0.002 

CTepa.11naHa, pa3pe111eHHe .I(eTeKT0pa .IIAA npOT0H0B - 0K0JI0 13 K3B. BaKYYM B KaMepe 

pacceHHHH II0Jlllep:lKHBaJICH Ha yp0BHe 1 o-4 Ila. Mn111eHb 6bIJia 0KpY:lKeHa Me.I(Hb!M 3KpaH0M, 

0XJia)K.I(aeMbIM :lKll.IIKllM a30T0M, .I1AA YMeHbllleHHH "Harapa" IIpll MllTeJibH0M o6nyqeHllll 

IlyqK0M npoT0H0B. 3KcnepHMeHTaJibHble cneKrpbl 3aIIHCb!BaJIHCb II npe.I(BapHTeJibHO 

o6pa6aTb!BaJIHCb npll Il0M0ll.{ll CTaH.IlaPTH0H 3JieKTp0HllKH H nepC0HaJibH0fO K0MIIblOTepa. 

Mu111eHb Ni-W/C ycTaHaBJIHBarracb TaKHM o6pa3oM, ~06b1 CJioii HHKeJib-BOJibq>paM 

6bm o6pameH K nyqKy c lleJiblO K0Hrpom B03M0XHoro "Harapa" B npouecce Ha6opa 

cneKrp0B. B XO.Ile MHTeJibHbIX 3KcnepHMeHT0B 0Ka3aJI0Cb, ~o CK0p0CTb "Harapa" 

2 

npeHe6pexHMO Marra. BMeCTe c TeM npncyrCTBHe THXeJiblX 3JleMeHT0B B C0CTaBe MHIIIeHH 

.I(aBarro B03M0:lKH0CTb H0pMHp0BaTb .I(Hq>cpepeHUllaJibHble ceqeHHH .IIAA yrnepo.11a Ha 

3aBe.I(0M0 pe3epcpop.I(OBCKHe (ceqeHHH pacceHHHH Ha BOJibq>paMe) , a TaIOKe HCKJIIOqHTb 

.I(0II0JIHllTeJibHble 3KCnepHMeHTaJibHble norpellIH0CTH, CBH3aHHbie C onpe.11eneHHeM qHCJia 

11a.11a10mux qaCTHll H renecHoro yrna .11ereKropa. 

Pacnpe.11eneHHe acex 3JieMeHT0B B MllllleHH Ni-W/C, H3MepeHHoe MeT0.I(0M 

pe3epcpop.I(OBCKOro o6parnoro pacceHHHH H0H0B reJilffi C 3Heprneii 2 M3B, Il0Ka3aH0 B 

ra6nnue 1. • 
Ta6nnua 1. Pacnpe.11eneHtte 3JieMeHT0B no rny6nHe a o6paJue Ni-W/C 
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Pttc. 1. CneKrp H0H0B renHH c HaqarrbHOii 3Heprneii 2 M3B, pacceHHHbIX no.11 

yrnoM 170° Ha MHIIIeHH Ni-W/C 
CoOTBeTCTBYJOmllii cneKTp ll0H0B reJIWI, pacceHHHblX Ha yron 170° ' npnae.11eH Ha 

pttc. l. 3KcnepHMeHT Il0Ka3aJI, ~o TOJimHHa MeTaJIJlll3llp0BaHH0ro CJI0H C0CTaBJIHeT 0KQJl0 

800 aHrCTpeM Ha noaepxH0CTll yrnepO.IIHOH MllllleHH TOJimllH0H 0KOJI0 5000 aHrcrpeM. )Jo 
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BCeii TMlllHHe o6pa:n~a Ha6mo,naeTC.ll TaIOKe OT 10 .no 20% KllCJI0po.na. KaK Bl!,nHO, no.n 

B03,l(eiiCTBlleM nytIKa IIOHOB reJlll.ll ymepo.n Ha IlOBepXHOCTll Ml!IUeHll Harapan 6onee 

::icpcpeKTIIBHO. Ho B 3KCnepl!MeHTax C npOTOHaMll Ily<IOK HanpaBJI.llJIC.ll Ha CBe)Kl!H yqacroK 

TOH )Ke MllIUeHll. JlllHeHHble pa3Mepbl, npllBO)ll!Mhle 3,l(eCb, llBJI.lllOTC.ll oplleHTllpOBOqHI,IMll 

no .llBYM np~HHaM: Hell3BeCTHa IlJIOTHOCTb IlJleHKll II l!MeIOTC.ll IUepoXOBaTOCTll Ha ee 

IlOBepXHOCT.llX. Ilocrre.nHHe IlOTpe6oBaJill TaK)Ke BBe,neHll.ll npoq>IIJl.ll BO,nopo.na .nJI.ll Oill!CaHll.ll 

cneKTPa. 

Tl!nHqHblll cneKTp o6paTHO pacce.llHHhIX npoTOHOB C HaqaJII,HOH 3Heprneii 

1,695 M::iB, ll3MepeHHbIH no.n ymoM 170° Ha o6paJue Ni-W/C, npHBe,neH Ha pHc. 2. 

PaccellHHe npOTOHOB B TOHKIIX CJIO.llX Ni, W, C II O npe,nCTaBJI.lleTC.ll OT)leJibHb!Mll, xopoIUO 

pa3peIUaeMb!Mll Ill!KaMH npll npaKT~eCKll IlOJIHOM OTCyYCTBllll cpoHa. IloTepll 3HeprnH 

npOTOHOB B crroe Ni~W COCTaBJI.llJIH OKMO 3,6 K3B, a B crroe yYJiepo.na - OKOJIO 8,6 K3B, 

~o II Il03Bon.llJIO HaM cql!TaTb 3TH MllllleHll .nocraToqHo TOHKIIMII. TeM He MeHee 3Heprn.ll 

B3al!Mo,neiiCTBll.ll KoppeKTHpOBaJiaCb Ha noTepH 3Heprnll npOTOHOB II a-qacTHU B TOHKIIX 

crro.11x Ni-W H ymepo.na. 
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PIie. 2. Tl!nllqHblll cneKTp npoTOHOB, pacce.llHHbIX Ha yron 170° Ha Ml!llleHll Ni-W /C 

TIOCKMbKY B ecTeCTBeHHOM ymepo.ne npHCyYCTBYeT OKOJIO 1 % 6onee T.ll)KeJioro 

ll30TOna 
13

C, TO Ha pHc.2 ynpyro pacce.llHHble Ha HeM npoTOHbl Bl!,nHbl TaIOKe B BH,ne 

He6onblIJOfO Ill!Ka. KaK BeJillql!Ha ero, TaK II IlOJI0)KeHlle CBH,neTeJibCTBYIOT O TOM, ~o 

4 

.. 

ll30TOil 13C He BHOCIIT JaMeTHOro BKJia,na B oum6Ky ll3MepeHll.ll ceqeHIIH peaKUllll 

12C(p,p)l2c_ 

JJ:11cpcpepeHUllaJibHh!e ceqeHll.ll paccel!Hll.ll npoTOHOB Ha ymepo.ne Mll 

cKoppeKTHposaHHOH 3Heprn11 s1a11Mo.neiICTBH.ll Ee Bhl'IIICJI.llJIIICb 111 ceqeHIIH paccel!HH.ll 

npoTOHOB Ha BOJibq:>paMe Mll COOTBeTCTBYIOllleH 3Heprn11 B3allMO)J;eHCTBH.ll Ew: 

d<7 ( E ) = ...1_ ( Nt) w d<7 ( E ) 
u!2 C A.-.(Nt>c u!l w ' 

rµ;e J'\ 11 A.,- q11cJia 0TcqeTOB B cneKTpe pacceJIHHblX npOTOHOB Ha ymepoµ;e II BOJibq:>paMe 

COOTBeTCTBeHHO; 

( Nt) w II ( Nt) C - TOJllllllHbl CJIOeB BOJibq:>paMa II yrnepo.na COOTBeTCTBemm; 

d<7 
-(Ew) - pe3epcpop,nOBCKlle ceqeHH.ll Mll npoTOHOB, paccellHHblX Ha W Mll 
u!l 

CKoppeKTllpOBaHHOH 3Hepnm B3al!MO,neiicTBH.ll. 

TiocKOJlbKY cneKTp pacceJIHHblX llOHOB reJIH.ll Ha611pancJ1 Ha TOH )Ke eaMOH MllllleHII, 

TO MO)KHO 1anHCaTb 

d<7(E) = ...1_ A;:a; d<7(E ) 
u!2 C A., ~(j: u!l W ' 

rµ;e A;: ll ~ - IlJIOlllll,nll napUllaJibHblX cneKTpOB l!OHOB reJIH.ll, paccellHHblX Ha w II C 

COOTBeTCTBelllm; 

(j; ll <7':, - pe3epcpop.noBCKHe ceqeHH.ll paccellHH.ll HOHOB reJIH.ll Mll CKoppeKTHp0BaHHOII 

3Heprnu B3allMO)J;eHCTBH.ll Ha C H W C00TBeTCTBeHH0. 

bblJlll ll3MepeHbl cneKTpbl npoT0H0B, pacceJIHHblX Ha yroJI 170° B 3Hepre-ruqecK0M 

llHTepsane 1,65 - 1,8 M::iB C lIJaroM 5 K3B. CTaTliCTHqecKa.ll OlIJH6Ka B q11crre 0TcqeT0B Mll 

yrnepoµ;a II BOJibq:>paMa C0CTaBJIJIJia Mettee 1 % Mll BCex 3KcnepHMeHTaJibllblX ToqeK. 

YToqHeHl!e xapaKTepHCTHK pe30HaHca Ha TOJICTOH MllllleHII 

OnucaHHble BbIIUe llCCJie,noBaHH.ll cpopMbl pe1011a11ca 6bIJIH Bblil0JIHeHbl B YCJI0BllllX, 

Kor.na HaqaJibHa.ll 3Heprn.ll nyqKa npoT0HOB onpe,neJIJIJiaCb B pe3yJibTaTe ll3MepeHl!ll 

MarHHTH0ro Il0Jlll 90-rpa.nyc11oro MarnHTa ycKopl!TeJill '.3r-5 MeT0AOM llJlepHoro MarHIITH0ro 

pe30HaHca. Ilpll 3T0M OTHOCIITeJibHble ll3MeHeHUll 3Hepnm C lIJaroM 5 K3B 113MepllJIIICb C 

Bb[COKOH T0qH0CTbIO, B TO BpeMll KaK Toq110CTb a6coJIIOTHOro 311aqet11ill 3Heprnu He 

npen1>1lllana 3~4 K3B. Uen1,10 )Ke 3Kcnep11Me11Ta 11a TOJICToiI ymepo.nHoiI M11llleH11 llBJillJIOCl> 

yY0qHe1111e 3HepreTHqecKOH IIIKaJibl llCCJie,nona1111oro pe30HaHca II a6conlOTHblX 3HaqeHHH 

ceqe11uii. 

'.3Kcnep11MeHT BblilMH.llJICll Ha .nnyx CIIMMeTp11qHblX KaHanax ycK0pl!TeJIJI '.3r-5 

JIH<I> OIUIM. B11aqane nyqoK nporn110B 6h1Jl Bbrne.neH B Kattan N 1, r.ne 61,mo Bblil0JIHeHo 

npeU113ll0HH0e H3MepeHl!e 11aqan1>HOH 3Heprnll nyqKa npoTOHOB , a 3aTeM C Il0M0lllblO 

pa3.l(aToq11oro Marn11Ta nyqoK 61,m nepene.ne11 11a KaHan N3, r,lle 6bIJill 111Mepe11b1 cneKTpbI 

o6paTHO paccellHHblX npoT0H0B Ha HeCK0JlbKllX TOJICTblX MllllleHllX. 3aTeM nyqoK 6bIJI 
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BOJBpameH Ha Kamm NI, lfr06bl y6e.D.HTbC.II, 'ITO Ja BpeM.11 Ha6opa cneKTpOB 3HeprIDI ero He 

HJMemmaci.. 

IlpeUH3HOHHOe HJMepeHHe 3Hepnrn Il)"IKa npOTOHOB ocymeCTBJillJIOCb C IlOMOlllblO 

CHCTeMbl CKaHHpOBaHH.11, IlO.D.p06HO OilHCaHHOH B pa60Te [8]. IlpHHUHil pa60Tbl 3TOH 

CHCTeMbl COCTOHT B TOM , '!TO npH IlOCTO.IIHHOH 3Hepnrn ycKopHTeJUI BapbHpyeTC.11 

IlOTeHUHaJI MHilleHH B npe.D.errax 14 KB_. IlpH'leM HJMeHeHHe IlOTeHUHana npOHCXO.D.HT 

nHHeHHO C 'IHCROM na.D.aJOlUHX Ha MHllleHb 'laCTHU H TeKymee JHa'!eHH~ IlOTeHUHana 

HJMep.11eTC.II c BblCOKOH TO'IHOCTbJO. Kor.D.a KaKOH-nH6o HJ YJKHX peJOHaHCOB peaKUHH 
27 

Al(p,y)
28Si HaXO.D.HTC.11 BHYTPH cKaHHpyeMoro .D.HanaJOHa 3HeprnH, ero nonoJKeHHe H 

3KCnepHMeHTaJibHa.ll lllHpHHa npe.D.CTaBJI.IIJOTC.11 Ha cneKTpe B MaCllJTa6e CKaHHpyeMoro 

3HepreTH'leCKOro .D.HanaJOHa ( B 3KCnepHMeHTe 3HepreTH'leCKa.ll lllHpHHa KaHana COCTaBn.llna 

OKORO 14 3B H onpe.D.eJlllnaci. IlYTi:M Henocpe.D.CTBeHHOfO HJMepeHH.11 IlOTeHUHana MHllleHH C 

TO'IHOCTbJO I% ). TaKHM o6paJOM, JHa'!eHHe 3HeprnH nyqKa npOTOHOB CKna.D.blBaJIOCb HJ 

.D.BYX TO'IHO onpe.D.erreHHblX Be/lH'IHH: 3HeprnH peJOHaHca H COOTBeTCTBYJOlllero 3TOMY 

peJOHaHcy HJMeHeHH.11 nOTeHunana MHlllem1. 

JI.rui YTO'IHeHH.11 nonoJKeHH.11 peJOHaHca peaKUHH 
12

C(p,p)
12

C aHeprIDI nyqKa 

npOTOHOB IlO.D.6Hpanacb TaKHM o6paJOM, lfr061>1 Ha cneKTpe npOTOHOB, pacce.11HHblX Ha 

TORCTOH yrnepO.D.HOH MHllleHH, Ha6nJO.D.aJIHCb o6e ero rpaHHUbl. <l>aKTH'leCKOe JHa'!eHHe 

aHeprnH OKaJanoci. paBHbIM 1758±1 KaB. EnnJKattlllHH, peJoHaHc B peaKUHH 
27 

Al(p,y)
28Si, 

OTHOCHTe/lbHO KOToporo onpe.D.errl!JlaCb 3HeprID1 npOTOHOB, HaXO.D.HTC.11 npH 3HeprnH 

1749,0±0,5 K3B [9]. qT061>1 HCKnJO'IHTb BOJMOJKHble npoMaXH B H.D.e!ITHCpHKaUHH 3T0f0 

peJOHaHca, np0Bep.11noci. TaKJKe nonoJKeHHe cne.D.yJOmero peJOHaHca npH aHeprnH 

1799,9 K3B. 

B Ka'!eCTBe MHllleHH HCilORb30BaJIC.II TOHKHH cnofi anJOMHHH.11, Hani.meHHbIH Ha 

nonHpoBaHHYJO TaHTaJIOBYJO nnaCTHHy. faMMa-KBaHTbl .D.eTeKTHpOBaJIHCb 

qJOTOYMHOJKHTe/leM c KpHCTanROM Nal(TI) .D.HaMeTpOM 200 MM H TORlUHHOH 250 MM. 

nHq>q>epeHUHaJlbHblM .D.HCKpHMHHaTOpOM Bbi6HpanH o6naCTb 3Heprntt .D.eTeKTHpyeMblX y
KBaHTOB no MaKCHMYMY OTHOllleHH.11 cttman\q>oH. lhmynbCbl C .D.HCKpHMHHaTOpa qepe3 

nHHeHHble BOpOTa HanpaBn.llnHCb B cneKTpOMeTpH'leCKHH TpaKT. JlttHeHHble BOpOTa 

ynpaBJI.IIRHCb nOTeHUHaJIOM MHllleHH. CneKTp HMnynbCOB, qacTOTa KOTOpblX onpe.D.eJlllnacb 

BblXO.D.OM y- KBaHTOB, a aMnnHTy.D.a - TeKylUHM nOTeHUHaJIOM MHllleHH, pernCTpHpOBaJIC.11 C 

IlOMOIUbJO CTaH.D.aPTHOH 3neKTpOHHKH Ha 6aJe nepcOHaJlbHOfO KOMilbJOTepa. BbIXO.!l y

KBaHTOB aBTOMaTH'leCKH HOpMHpOBaJIC.11 Ha 'IHcno na.D.aJOlllHX Ha MHllleHb npOTOHOB, TaK 

KaK nOTeHUHaJI MHllleHH RHHeHHO HJMeH.IIRC.11 B peJyni.TaTe 3ap.1!.D.KH BblCOKOBORbTHOH 

eMKO~H TOKOM nyqKa npOTOHOB. BMeCTe C TeM B03HHKaJIO .D.OilORHHTe/lbHOe TPe6oBaHHe K 

paBHOMepHOCTH TOKa nyqKa, CB.113aHHOe C HaJIH'IHeM qJOHa y -KBaHTOB. 

Ha pHC. 3 npe.D.CTaBJieHbl JaBHCHMOCTH BblXO.D.a y-KBaHTOB H3 peaKUHH 
27 

Al(p,y)2
8Si B 

paiioHe peJoHaHca c aHeprnefi 1749,0 K3B, nonyqeHHbie .D.O H nocne HJMepeHH.11 cneKTpOB 

ynpyro pacce.llHHblX npOTOHOB Ha TORCTblX MHllleH.IIX. 3KcnepHMeHTaJlbHO HJMepeHHa.11 

lllHPHHa pe30HaHca , BKnJO'laJOllla.11 co6CTBeHHYJO lllHpHHY pe30HaHca, nOTepH 3HeprnH B AI

MHllleHH H aHepreTH'leCKHH pa36poc nyqKa npOTOHOB, coCTaBn.lleT 2420 aB. CMemeHHe 

MaKCHMYM0B 3HepreTH'leCKHX JaBHCHMOCTeH BblXO.D.a y-KBaHTOB COCTaBHJIO 20 KaHanOB HJIH 

280 aB, T.e. Be/lH'll1HY, C0HJMepHMYIO C 3HepreTH'leCKHM pa36pocoM nyqKa npOTOHOB. 
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Pttc. 3. 3HepreTH'leCKHe JaBHCHMOCTH BblXO.D.a y-KBaHTOB HJ peaKUHH 
27 

Al(p,y)2
8Si Ha 

TOHKOH aJIJOMHHHeBOH MHllleHH, H3MepeHHble .D.0 H nocne pernCTPauHH cneKTpOB ynpyro 

pacce.llHHblX npoTOHOB Ha TORCTblX MHllleH.IIX 

TaKHM o6pa30M, MOJKHO C'!HTaTb, 'ITO Ha'laJibHa.11 3HeprID1 rrpOTOHOB BO BpeM.11 

OIIHCbIBaeMOfO 3KCrrepHMeHTa OCTaBanacb rrpaKTH'leCKH HeHJMeHHOH H orrpe,lleneHHOH C 

TO'IHOCTbJO He XYJKe 1 KaB. Ilptt 3Heprntt 1758 K3B 6blntt Ha6paHbI TPH crreKTPa ynpyro 

pacce.llHHblX npOTOHOB Ha Tpex o6paJuax: MaCCHBHOll rrnaCTHHe IIHpOnHTH'leCKOro 

yrnepo,lla, Harr1,1neHHOH Ha KpeMHHeBYJO IIO,IUOJKKY, yrnepO.D.HOll nneHKH TORlll~IHOll 1 MKM tt 

JKerreJO-HTTpHeBOM rpaHaTe Y3Fe5O12- Ilocne.D.HHH crreKTp HCIIORb30BaJIC.II ,!ln.11 Kantt6pOBKH 

lllKaJibl KaHan-3HeprID1 CIIeKTPOM~H'leCKOfO TPaKTa. 

Ha pttc. 4 rrpe,llCTaBJieH 3KcrrepHMeHTanbHhlll crreKTP rrpOTOHOB, pacce.llHHbIX Ha 

TOJICTOll MHllleHH H3 IIHpoyrnepo,lla, H pacc'leTHble crreKTpbl. Ilocne,llHHe 6bIJIH rronyqeHbl C 

HCIIOJib30BaHHeM rrporpaMMbl DVBS [10], B KOTOpoii HMeeTC.11 B03MOJKHOCTb IIOO'lepe.D.HO 

BBO,llHTb Te HJIH HHble .D.Hq>q>epeHUHaJibHble ceqeHH.11 pacce.si:HH.11. KaK BH.D.HO, IIOlfrH BO BCeM 

aHepreTH'leCKOM ,llHarraJoHe Ha6JIJO.D.aeTc.si: cymeCTBeHHoe pacxox,neHHe crreKTPa, 

paC'IHTaHHOfO C HCIIORb30BaHHeM ceqeHHii pa60Tbl [4], OTHOCHTe/lbHO 3KcrrepHMeHTanbHOfO, 

3a HCKnJO'leHHeM BhlCOK03HepreTH'leCKOfO Kpa.11 pe30HaHCa. 

JI.rui Toro lfr06bI OIIHCaTb 3KCIIepHMeHTanbHhlll crreKTP, KaK IIOKaJaHO Ha pttc.4 

CIInOlllHOH JIHHHeH, B rrporpaMMy DVBS 6bIJIH BBe,lleHbl ,llHq>q>epeHUHaJlbHble ceqeHH.11 

peaKUHH 
12

C(p,p)
12

C, IIOJI)"leHHbie B 3KCIIepHMeHTe Ha TOHKOH MHllleHH. Pac'leTHblll crreKTp 

cpaBHHBaJIC.11 C 3KCIIepHMeHTanbHhlM BHJYaJibHO H no KpHTepHJO ·x.,2. BapbHpOBaJIHCb 

.D.Ba rrapaM~a: .D.Hq>q>epeHUHaJibHOe ceqeHHe B MaKCHMYMe H 3HepreTH'!eCKoe rronoJKeHHe 

MaKCHMYMa. 3HepreTii'leCKOe rronoJKeHHe pe30HaHCa pe~UHH 
12

C(p,p)
12

C HaH.D.eHO 
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paBHblM 1726±2 K3B. I11Hp1ma pe30Hattca Ha IIOJJ)'BhlCOTe COCTamma 44 K3B. Om1caHHall 

BhIIIIe rrpouecypa yro,rneHIDI 3Hepren-i'leCKOH IIIKaJJbl u a6cOJJJOTHOro ce'leHIDI BKJIIO'laeT 

OIIIU6Ky orrpe,lleJieHID! TOpM03HOH crroco6HOCTU rrpOTOHOB, KOTOpall B 3TOM 3HepreTU'leCKOM 

,llUaIIa30He cornaCHO [11] He rrpeBbJIIIaeT 2% • 'ITO B a6cOJJIOTHblX 3Ha'leHID!X B HaIIIeM 

CJJyqae COCTaBJUJeT 0,4 K3B. CJJe,llyeT IJO,ll'lepKHYfb, 'ITO rrpaBHJJO 6p3ITa, KOTOpoe UHOr,lla 

IIO,llBepraeTCll COMHeHUIO, B ,llaHHOM CJJyqae O,llH03JJeMeHTHbIX MUIIIeHeil: He ucnOJJb30BaJJOCb. 
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Puc. 4. CneKTp npOTOHOB, paccel!HHblX Ha ' yron 170° Ha TOJJCTOH MUIIIeHU U3 

nupoyrnepo,lla (TO'IKU). CIIJJOIIIHOH JJUHUeil: noKa3aHhl cneKTpbl, paCC'lUTaHHbJe C 

UCIIOJJb30BaHUeM .llllqJcpepeHUllaJJbHhlX ce'!eHUH, nonyqeHHbIX B HaCTOl!IUeil: pa60Te, a 

IIyttKTUpOM - H3 pa60Tbl [4] 

OKOH'laTeJibHbIH BapuaHT cpyttKUUU B036)')K,lleHID! ucnoJJb30BaJJCll ,llJJll onHCaHIDI 

crreKTpa npoTOHOB, U3MepeHHOM Ha 06pa3ue C/Si. fihmo rronyqeHo Y.llOBJJeTBopuTeJihHoe 

cornacue paC'leTHOro u 3KCnepHMeHTaJJbHOro crreKTpOB 6e3 KaKoil:-JJu6o KOppeKUUU 

cpyttKUUU B036y)K,lleHID!. 

8 

O6cylK,lleHue pe3yJJbTaTOB 

Ha pHC. 5 npe,llCTaBJJeHbl ,llUcpcpepeHUllaJJbHhle ce'!eHID! peaKUUU 
12

C(p,p)
12

C no,ll 

yrJJOM 170°, nonyqeHHhie pa3JIU'lHbIMU aBTOpat.m, B TOM 'lUCJJe u aBTopru.m HaCTOl!IUeil: 

pa60Tbl. 
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Puc. 5. ,UucpcpepeHUHaJJbHble ce'!eHID! peaKUHH 
12

C(p,p)
12

C BMH3U peJOHaHca npH 3Heprm1 

1726 K3B ,llJJll yrna paccel!Hllil 170°. JlHHIDIMH noKaJaHbl no.uroHO'lHble KpllBhle 

CpaBHUBall 3TH pe3yJJhTaTbl, CJJe,uyeT OTMeTHTh, 'ITO BeJIH'llJHa ce'!eHID! B MaKCIIMYMe 

peJOHaHca cornacyeTCll c ,llaHHbIMH pa6oT [4] II [5]. no cpopMe OHH TOJKe ,llOBOJJbHO 6ml3KII, 

npu'leM ce'!eHID!, nonyqeHHble B HaCTOllIUeil: pa6oTe, noJJHOCTblO COBna,llalOT C peJyJJhTaTat.111 

pa60Tbl [5] B pail:oHe BblCOK03HepreTH'leCKOro CKJJOHa peJOHaHCa, H l!MeHIIO J,lleCb 

Ha6JJIO,llaeTCll. MaKCUMaJJhHOe paCXO)K,lleHHe C peJyJJhTaTaMU pa60Tbl (4). O6HapylKCHO 

CMemeuue noJJOlKeHHll peJoHaHca Ha 4 K3B no cpaBHeHHIO C ,llaHHblMH pa60Tbl (5( II 

Ha 6 K3B B TY JKe CTOpoHy OTHOCUTeJihllO ,llaHHblX pa60Tbl [4]. CaMo no cc6e onpe.uene1111e 

noJJOJKeHID! MaKCHMYMa peJOHaHca C TO'lHOCTblO ±2 K3B npu ero umpuHe 44 K3B ll 

aCHMMeTpH'IHOil: cpopMe co.ueplKIIT 3JJeMeHT YCJJOBHOCTH. O.uHaKO YfO'lllCHl!e 

3HepreTH'leCKOil: UIKaJJbl B pail:oHe pe30HaHca, KaK 6bJJJO noKaJaHO BbIUie, HMeCT 

cymecTBeHHOe 3Ha'leHHe ,llJJll aHaJJHTH'lCCKHX npHJJOJKeHHii. 

TaKHM o6pa30M, MOlKHO Ha,llellTbCll, 'ITO YfO'!HeHHall cpyHKUllll BOJ6ylKJlCllllll 

peaKUHH 
12

C(p,p)
12

C B paiio11e pe30HaHca C 3Hepilleii 1,726 M38 nOJBOJJHT IIOBblCIITb 

9 



TO'IHOCTb aHarrHTH'leCKHX 3KCrrepttMeHTOB rrptt HCCJie)lOBaHHH rny6ttHHb!X rrpoq:nrneii 
yrnepoAa. 
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