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Bse)leHHe 

AHBnH3 aKcnepHMeHTBnbHblX .aaHHblX no paCC8HHHIO HeATpOHOB npoTOH8MH npH 

sHeprIHJX B H8CKOnhKO COTeH Mae npHBO.OHT K 3BKnI01.19HH10 0 TOM, t{TO y:m:e B HBCTog

ll.199 speMS_I H83pena Heo5xOJlHMOCTb, C O)lHOlt CTOpOHbt, B npOB9)l9Hl!H COOTB0TCTBYIO

LUHX 11ccne)lOB8HHlt B o5nacTH 5onee Bb!COKHX aHeprHlt, a C . Jlpyrolt. - B ysenH'l9HHH 

TOttHOCTH OilbITHblX ABHHblX BO BC0M ll.H8Il830H8 TSKHX aaeprnA. nony'ieHHe TBKHX .aaH

llblX OTKpb!B89T WHpOKHe B03MO)KHOCTH, HanpeMep, Jln>I nposepKH npeJlnO)K9HHoro '1/11 

H HM9IOLUero npHHUHnHanbH09 3H8'19HH9 )lnll COBP9M9HHOlt .noxan~HOlt T90pHH nom, Me

TO)la onpe)leneHII>! uepe11opMlfPOB8HHOlt KOHCT8HTbl 1T -Me3011-HyKnOHHoro B38HMO)lelt-

CTBHSI H3 )l8HHhlX no ynpyroMy paccellHHIO HyxnoHOB HyKnOH8Ml!, Jlnll. ycneWHOlt 

peanH38UHH M9TO)l8 t{y H905XO)lHMO )l9TanbH09 HCCn9)l0B8HH9 38B!!CHMOCTH JlHcpcpepeH-

( , .d ""fl0) , UH8nbHoro C9'19Hl!ll ynpyroro n-p -cTOnKH0B9Hl!ll d - OT yrna paccel!HHll B 

o6naCTH yrnoB, 6nH3Kl!X. K o0 
H I 80° ( c.u.H.). C aHanorII'illblM Tpe60B8Hl!9M Mb! BCTJ)9'189MCll 

H B cnyqae onpeJleneHHll no H3BecTHOMY yrnosoMy pacnpe)leneHHIO 
dr,00 (0) 

dO 
aHaqe-

HHSI Ma~CHM8nbHOro MOM9HT8 1 mu • nplI KOTOpOM )lnll )l8HHOlt aHeprl!H 9LU9 ocyLUe-

CTBml9TCSI 38M9THOe B381IMO)l9ltCTBH9 M9)K)ly HyKnOH6Ml!, KpoMe Toro, )lnll 5yJlywero 

coaMecTHoro aeanuaa (n-p) H (p•p) -s31lHMO)leltcTBHlt H900XO)lHMO l!M9Tb )l8HHbl9 

06 ynpyroM (n-p) -p·acceRHIIII np11 aHeprHH 635 Mas, np11 KOTOpoll y)Ke B H8CTOll-

tuee Bp0MSI HM010TCH .08HHbI0 B.n . .ll>Kenenoaa H .ap. 0 nonsrp~38ItHH, B03HHK8IOIU08 B 

(n•p) -paCC9llllHll/
2/, Cne)lyBT T8K)K9 38M9THTb1 'ITO B9CbM8 CYW9CTB9HHhIJI H9)lOCTa-

TOK 3KcnepIIM9HT8nbHblX )l8Hlih!X no ynpyroMy (n-p) -pacC9llHHIO npH BbICOKIIX aHep-

I"HHX aaKnK)qaeTCSI B TOM, 1ITO IIpHM9HH0Mh10 o6hrt{HO ny"lK~ H88TpOH0B He SIBnHIOTCH 

MOHOaHepreTH'i9CKHMII, HeltTpOHbl, o5pa3yIOWH9 ny'IKII, nony<i8IOTCll nH6o B pe3ynbT8T9 

'pa3sana• 6hlCTPbIX )l9llTpOHOB, nH50 nyTeM 'nepe3apl!JlKH' npOTOHOB 11a Hell-

Tpoaax SIJJ.8p. Cne.aoaaTenbHO, aKcnepHMSHTBnbHO H3M8p8HHOe C8'10HH8 pacceHHHSl HBns-

9TCll ycpe)lH9HHblM no )lOCTllTO'IHO WHpoxolt aHepreTH'I9CKOJI o5naCTH, nP" TllKOM yc

p9)lll9HHII MoryT crna)KHBllTbCll )l9TllnII 5onee cnO)KHOlt 3HepreTH'I9CKOil 3/lBHCHMOCTH 

ceqeHHH. noaTOMy B8CbM8 menaTenbHO ynyqweHHe CflU0CTBylOWHX llBHHbIX C TOl:IKH 

speHHR HCnonb3OB8HH8 B OilhlTBX nH6o 6onee ~OHO3HepreTuqecKoro nyqKa HeATpOHOB, 

nH6o l!Cnonb30BllHIIH 5onee Y3KOro Y'lllCTKll cnexTpa IIM9IOIUeroCll ny'IK/l He.J!TpOHOB. 

CosoxynHOCTb nepeq1<cneHHhlX o5cTol!TenbcTB nocny)KHna CTHMynoM )lnll npoBe)le

HHll B03MO>KIIO 5onee TO'Illb!X H3MepeHHll )lllcpcpepeHUHanbHb!X C9'I9HHli ynpyroro (n-p) -

paccel!Hllll npH H9HCCn9)lOBllHHOit paHee cpe)lHelt acj:,cj:,eKTHBHOll aHeprHH HeltTpOHOB 



i. 

630 Msn B HllT8PBane yrnoB 11,5°- 180° (c,U,H,l, a T8K>K8 ,lln<l H3y'leHJrn STOro npo

uecca npH a11eprHH 580 MsB B o6nacTll M8nbIX yrnoa, r,lle HY>Kllbl0 ,ll8l!Hbl8 OTCyTCTBO

Ban11, l13MBpBHllll Obinll BbmOnHBHbl 11a CllHXPOUl!KnOTPOHB na6opaTOpllll ll.ll0pHblX npci6-

110M 05'b0.0.HH0HHOI'0 HHCTHTyTa SlJl0pHblX HCCJ18JlOB8HHil. 

A11ccepTaU11ll cocTOHT 113 Tpex pa3,llenoa, TiepBhie ,llBa pa3rt ena nocaS11Ua10TCS1 

on11ca111110 sKcnep11MeHTOB no onpe,llene111110 .lll!qlcpepe11u11anbHhIX ceqem1l! ynpyroro 

pacceS!HllS! npll sHepr1111 Hel!TpOHOB 580 II 630 Msa. TpeTlll! pa3,llen noCBS!IU8BTCS! onpe-

.c.eneHHIO nepeHOpMHpoaaHHOil KOHCT8HTbl 1T -Meaoa-ayKJIOHHOI'O B38HM0ll.0ACTBHSI 

no yrnoaoMy pacnpe,llene111110 ,llllcpcpepe11u11anbHhIX ceqe1111l! ynpyroro (n-p) -pacce!!Hll!! 

np11 a11epr1m 11el!Tpo11oa 630 Msa, AaeTCll MeTO.ll onpe')iene1111ll KOHCT8l!Tbl 1 
Il03BO-

nSIIOIUllll 
6onee non110 II acpcpeKTl!BllO 11cnonb30B8Tb onhITllbl8 ,ll8llllb18, 'IBM MBTO,ll 

'iy, TioK838HO, 'ITO coapeMBllllblB onhITllbIB ,llBllllbl8 no (n-p) -pacce11111110 B npe,lle-

nax O!Ul!OOK aKcnep11MellTO~ 11e npoTHBOpe'lBT 3H8'l8llll!O 
12 =0,08, 

0CHOBHbl8 pe3ynbT8Tbl ,lll!CCBpT8Ullll ony6n11KOB8Hbl B pa6oTa/
3

-
61 

II ,llOnO>K8Hbl 

Ha JlBYX Me>K.llyuapo.llHh!X KOHcpepe_HUllllX no cp11311Ke BbICOKHX siiepr11l! ( K11ea, 1959 r. 

PoqecTep, 1960 r,), 

nocT8HOBK8 aKCII0pHM9HT8 H an nap a Ty pa 

II 

Tiy"toK aett:TpOHOB BbICOKOfi aaeprirn:, HCil01lb30B8HHbIA B OilblTBX, nonyttancs B P.e-

3ynbT8TB o6MBHHOrO pacce!!Hl!S! npoTOHOB, ycKopeHHblX ,llO s11epr1111 680 Maa, 11a 6epun

nueaoll MHIUBllll, yCT8llOBnBHHOll BHyTpll BBKyyMHOll K8MBpbl Clll!XpOUHKnOTpOH,,:, 3nepre-:: 

Tll''i0CKO0 pacnpe.nenem1e aettTpOHOB B nyqKe, H3M0p0HHO9 B cneuuaJibHbIX OilblT8X B.C.KM-

/7 / -ceneBbIM H .llP, . , npe,llcTaaneuo ua p11c, 1. B onh1Tax no 011pe.llene111110 .llll'P'Pepeu-

(n-p) -paccegimll np11 auepr1111 nel!Tponoa 630 Msa 11c-
uuanbHbIX ceqe1111ll ynpyroro 

Il0Jlb30B8JICH yqaCTOK cneKTpa, COOTB0TCTByrolllHtt ttett:TpOHBM C aHeprHett 
du,, (0) 

En '.l!! 600Maa, 

a .lln!I 113Mepen11H ~ 
npll a11epr11H 580 MsB B 0611aCTll M8nbIX yrnoB 

( 0 !, 350 C,U,H,) l!CnOnb30B8nCS! 
yttaCTOK cneKTpa, COOTBeTCTBYIDlllHA He~TpOH8M C sHep

rHett En ~ 450 Msa. Tip11 onpe,llene111111 cpe,llHel! 

TbIB8118Cb aaepreTH'l0C_K8Sl 38BHCHMOCTb nonaoro 

a· 1111Tepaane s11eprHH 450-700 Msa. 

scpcpeKTl!Bl!Oll sneprl!H 11el!TpOHOB yqu

ceqel!IIH ynpyroro (n-p) -pacce!!HHS! 

MH 

l13Mepe1111e ,llllcpcpepeuuuanbHhIX ceqe1111J! ynpyroro pacce!!HIIH HellTponoB 11p0To11a

np11 a11epr1111 11ettTpo110B 630 Msa a 1111Tepaane yrnoa 0 =tl,5°-180° (c,u,11,) npo-

BO.llHnOCb .llBYMH p83H.bIMH M8TO,ll8MH. 

t. ·a o5nacTH yrnoa, rAe paccE!SIHHblit He:A.Tpoa nepe.naeT aaaq0:Tenctty10 .o.omo 

caoen itaqanbHOii KHH8THqecKott aaep_rHH npoTOHY, ·.c.mP¢epeHuHanbHbie ceqeHHSI onpe.nens· 

nHCb MeTOllOM per11cTpau1111 npoToHOB OT.llB'lll. An" aToro 11a yrnax ct> =0-70° (11a60-P 

paTopaag CHCTeMa) H3Mepgnacb pa3HOCTb trncna 38pSI}K8HHhlX q8CTUU OT noMeIUae~blX 

nooqepe,llHO a Hetti-poHHhill ny'l<lK pacceuaaTenell 113 ·non11aTune11a (CH2 )n II rpacp11Ta (C), 
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An!! nony'lBllHS! non11oro 'll!CJia npoTOHOB 0T,ll8'lll no,ll 38,llSl!HbIM yrllOM B ,ll8llllbl0 °STIIX 

H3Mepe1111li BllOCHnl!Cb uonpaaK11, Y'lHTbIB8!0IUHB n0Tep10 npoTOHOB 0T,ll8'lH acne,llCTBH0 

SI,llep11oro nor11ome1111SI II MHoroKpaT11oro pacceaHHll B cp11nbTpax, 38.llBIOIUHX nopor ,Ile· 

T0KTopa, a .T8K)K0 nonpaBKII, Y'll1Tb!B8!0IUHe np11M_8Cb 38PS!>K8llllb!X M030HOII .11 aneKTp0-

1105, PacceHBaTenH H3 nOIIH3THne11a H yrnepo,lla npe,llCTBBnllnH CQ6oll UHIIHH,llpbl C pa·a-

11011 TOPM03Holl _cnoco611ocTb10 .lln!! npc,TOHOB. B 1111Tepaan';. yrnoa <I> P • 0- 20°; 20-70° -· 
-2 

TOnIUHH8 pacceHBaTenell 113 llORH3THne11a_cocTaanHna 2,7 H 0,9 rlcM· • COOTBBTCTB8llll0, 

AeTeKTop, 11cnonb30B8l!Hblll B Onb!Tax ,llnll. perHCTpauHH npOTOHOB OT,ll8'lll, COCTOS!n 

H3 CUHHTHnnstUHOHHblX cqeT'IHKOB. BKn1011:eHHblX· H8 cosna.neHHe, H no caoea KOHCTpyKUHH 

Memmc" a 3aa11c11MocT11 OT 11ccne.llyeMoll 06nacT11 yrnoa. Ar.SI yrnoa <I> > 10°, r.lle p-
qlOH cnyqal!Hb!X coana,lleHHil 118 npeBblIUBn 1-2%, _.lleT8KTOp0M cny>KHII TenecKOil !13 Tpex 

CUllllTllnn!!Ul!OllllblX C'l8T'll!KOB, ll306pa>Kel!Hblll na p11c. 2. 311epreT!l'l8CKHJ! nopor ,llBT8K

TOpa 38,llaBanca cpHnbTpOM 113 BonbqlpaMa Hnll MB.llll, nOMBIU0l!HhlM MB>K.llY .llBYMli no

Cll8,lllll!Mll C'leT'lHK8Mll·, TonIUHll8 qlHnbTpa Ha p83llb!X yrnax nO.llOHpanacb C T8KHM pac

'l8TOM, 'lTOObl ,ll8TBKTOp perHCTpHpOBan TOnbKO TB npOTOllbl OT,ll8'lH 1 KOTOpble COOTBBT

CTBOBBnH 11el1Tpo11aM c s11epruel! BhIIUe 600 Maa, Yrnoaoe pa3peme1111e ,lleTeKTopa paa-

11S1nocb 2°, 

0 0 · 
B HHTepaane yrnoa <I> P m0-.10 , oco6e11110 11a yrn~ 0 , Kor.Ila .llBTBKTOP pacno-

riaranc!! 11enocpe,llCTBBllllO B 11ellTpOHHOM ny'lKe, OCHOBllbIM HCTO'lllHKOM cpo11a SIBnHnHCb 

38pH}K0HHbl0 tt8CTHUbI, Bbl6HB80Mbl0 H3 CUHHTHnnHTOpa,_ a T8K>K0 Me.aneHHble DpOTOHbl, 

, BbinBT8!01Ull8 113 pacce11aaTenS1, KOTOpbIB neperpy>KanH nep8.lll!H8 C'lBT'lHKII H TBM C8Mb!M 

yaenH'lHBan11 q)Oll cnyqaJ!HblX coima.llel!Hll,' Anll yMBllblUBllHS! Bnlllll!Hll nepe'l11cnelll!b!X uc-. 

TO'll!HKOB qlOHa B 3TOM lll!Tepaane yrnoa·np!!MBHllnCS! ,ll8TBKTOp 113 'l8Tblpex ·CUHHT!lnna

UHOllllblX C'l8T'lHKOB (puc. 3). Tipu 3TOM nepBbIJ! C'i8T'lHK CTSBllnC!I BnnoTHy!O K pacceu

B8Ten10, a <pHnbTp, 38,ll8!0IUH'1 nopor ,llBT0KTOpa, pacnpe,llenSinca M8>K.llY BTOpbIM, Tpe'l'b· 

HM H 'leTBBPThlM C'l8T'lHKBMll, 3To YM8HbIUSno Tenecahlll yron, n.o.ll· KOTOphl_M nocne.ll11He 

C'lBT'lHKll 'Bll,llllT" CUHHTHnnllTOp nepaoro, 11 noHH>Kano 3arpy3KY Tpex nocne,lll!HX C'l8T

'l11KOB, CoOTBBTCTBBllllO, (pOH OT CUHHTHnllSITOpa nepaoro C'lBT'lHKa II cpOll cnyqaJ!HblX 

COBilB.ll8HHll 38MBTHO Cl!H>K~nl!Cb, Yrnoaoe . pa3pe1Uel!HB ,llBTBKTOpa. paB!IS!nOCb 0,5°; 

An!! Toro, 'lT_o6bl 11ccne.lloaau11e yrnoaoro pacnpe,llene1111SI npoTOHOB OT.ll8'lH B 06-

nacTH yrnoa, 6nll3KHX;'i•'ct>.p -0°, MO>Kl!O 6hlno npoaeCTH C xopomell TO'lllOCTb!O B cpaa

HHTBllbl!O KOpOTKl!J! .CPOK, itapS!.llY C onuca1111b!M Bb!IUB OObl'lllblM .llBTBKTOpOM npoTOHOB 

OTJl8ttH, HCnOnb3oaanCH T8K>K0 .aeTeKTOp C KonbU0BbIM paCC8HB8TeneM. MeTO.ll KOnbue

BOro pacce11aaTenSI l!M88T TO npeuMyIUBCTBO, 'ITO npll MMCM yrnoBOM paspeweHHH ,lle

TBKTop OXB8TblB8eT cpaBllllTBllbl!O 6<:>nbIUOJ! TeneCHblll' yron. 3TIIM MBTO,llOM, O.lll!BKO, 

Y.llanoCb HCCn8,ll0B8Tb TOnbKO orpa1111.qe1111y10 o6naCTb yrnoB. (2,5° < <I> < s0 
). 06hl'lllhlll 

- - p-
.llBT8KTop npoTOIIOB OT,ll8'lH Mor pa6oT8Tb BO BC0M 11ccne,llyeMOM Hl!Tepaane yrnoB, 

110 TaK K8K B 11ameM cny'lae Tpe6oaanocb Mance yrnoaoe pa3peme1111e (0,5°) 11 Bb!Co

KHll a11epreTH'lBCKHll nopor, TO np11 HMBIOIUBllCSI llllTBHCl!BllOCTH 11el!Tpo1111oro nyqKa npo

B9CTII SKCnepHMBHT 38 1topoTK08 BPBMS! 6hlnO 38T{)f,lllll!T8nbHO, TaKIIM o(lpa30M STlf 
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i1-

.oaa MeTo.na B38HMHO .noncnHS1IH .npyr ,opyra. CxeMa K01IbUeBoro .neTeKTopa npOTOHOB 

OT)la'IH npHBe)leHa Ha pHc. 4. HellTpOl!Hb!il. ny'IOK· cj:,opMHpoaancSI ilBYM" nocne.n.oaa·~ 

TenbHO pacnono}KeHHbIMH Ha o,nHoA OCH KOnnHM8TOp8MH. TTepaw:tt H3 HHX HMen .anHHy 

3,6 M H OTBepCTlle d 30 CM. npol!Jl" paCCTO"HHe 14 M OT KOHUa nepaoro KOill!1IM8TOpa1 

Heil.TpOHbl nona)lanll BO BTopoll KOl!l!HM8TOP,. KOTOpbIR npH/l8Ban nyqKy KOl!bUeay10 cj:,opMy. 

Yrnoaag pacxoA_HMOCTb KOnbueaoro nel!Tponnoro uy'!Ka paanl!nacb <f, =0,5°. MemAy 

KOnbue~bIM K0111IHM8TOpOM H pacceHB8TeneM IlOMemanacb CBHHU0B89 38lllliT8 UHniiHJlpH

qecKott qJopMbI, CaHeuoaag aamHTa 3Kpattnpoaana neTeKTop OT aapS1)KeHHb1x qacTu:u, 

nerHlllHX C KOHUS K01lbU8BOro K0111IHM8TOpa. PaccenaaTenb npe.llCT8B1IR1I co6ott aoceM

H8.0U8THrpaH1!,HK, ~o6paHHbIA H3 UH1IHH,npuqecKHX 6n:o~oa Il01IH3THneaa, pacnono)KeHHbIX 

no' OKpymHOCTll co cpe/lHHM_ paAHyCoM R =32 CM. npoTOHbl OT)la'lll, Bbll!eT8IOIU!le 113 

pacceHBaTen" noA yrnoM 
i1! = arctg( RIX)+¢, , 

pere:cTpHpOB81IHCb T0110CKOilOM H3 'l{8Tbipex CUHHTH111IRUHOHHhIX C1.J0TqHKOB, ycTaH~aneH-

HbIX Ha paccTO,.HHH X OT ueHTpa K01Ihueaoro pacceHaaTenH. nepeMeIUeHne TenecKo· 

na BJl01lb OCH Hett:TpOHHOro nyt.JKa Il03B01ISU10 Il3MepSTb HHT0HCHBHOCTH npoTOHOB OT,ll8'lJH1 

neTgl.llHX na pa3Hb]e yrnbl. 3cj:,cj:,eKT, csg3aHHblli C ynpyrl!MH (n•p) -coy)lapel!IrnMH, 

H.'.l.x.oni,:nc~ K8K pa3HOCTb B cqeT.e .c pacceHB8TBJIRMH H3 ·IlOJIH8THJleHa H rpaq)HTa. 3aep

reTH1.JeCKHit nopor perHcTpauHH npoTOHOB sa.aaoancsi TOJIWHHOii aonbq)paMoaoro H Me.a

Horo q)anbTpoa, ycTattaBJIHB88MblX H8 nyTH npOTOHOB OTJl8qH MeJKAY' cqeT'tJHK3MII 1,2,3 

H 4. ,D.aHHbie, nonyqeaHbie MeTo.nOM KOJlbll8BOI'O .neTeKTOpa H o6bI'-lHbIM neT8KTOpOM 

~pOTOHOB OTJl8'1H, cornacoaanHCb M8.)K!lY co6ott no o6WHM TQqKaM H3Mepemu1. 

TionpaaKa ~a nnepa6e nornowettHe H MttoroKpaTHoe pacceHHHe npoToHoa oT.naqa 

a cl:nlnbTpax onpenengnacb aa ahrneneHHOM Ha CHHxpouHKJIOTpoaa nyqK·e llpoTOHOD c 

:aa_ep~aell 660 M:aa • .Llnll aToro a npoTOHHbill nyqoK noMemancl! no1111aT11neH0Bblll pacceH-

aaTen.~ H c noMOlllbro ,oayx TenecKonoa, BKJII01.J0HHbIX 1i'a coana.neHHe (MeTOA conpsoKeH

HbIX TenecKonos ), perHcTpHpoaan11cb aKTbI ynpyrHx (p-pl-cTonKHOBemdl. Yron "onpe

nensnomero• TenecKona OTHOCHT01IbHO OCH nyqKa BbI6HpancR T8KHM, 'llT06hI aHeprHSI 

perl!CTpHpyeMblX npOTOHOB coana)lana co cpe)lHell 3Heprnell npOTOHOB OTJlB'IH OT ynpy

rHx (n•p) -.:.c;ronKHOB0HHli Ha TeX yrnax iJ)p , ill!" KOTOpblX H3Mepgn11Cb nonpaBKII Ha 

nornomemte. TipH s:i-oM HaMepeHHe nonpaaoK caoa.Hnocb K onpe.oeneaH10 OTHOlllem-r:a 

'!Hcna npOTOHOB OT ynpyr11x (p-p)-cTOl!KHOBeH11ll, 3aper11CTPHPOBaHHb!X )leTeKTOpOM 

npi, pa6oTe c cj:,HllbTpOM 11 603 4>Ml!bTpa. 

vlccne.noaa·aag npoueccoa Heynpyrttx CTOJIKHOBeHHfi aeHTpoaoa c npoTonaMH, conpo--· 

B0>K.01:UOWHXC9 p0>K.Cl8HH8M sapsnKeHHhIX 11 -Me30HOB npH 3HeprHH nop51.nKa 600 M3B, 

6bll!H npoae)leHb] B na6opaTopHH g)lepHbl~ npooneM B.M.CHilOPOBblM/B/ II n03/lHee, 
. /9/ 

6onee .neTanbHO - B~n. Ll)Kenenoab1M ~ np. • B yKB38HHbIX pa6oTax 6hinH ttaMepe-

Hbl 8'HepreTH'l8CKH0 cneKTpbl H BbIXO.Ubl 11+ - H TT- -MeaOHOB, Bhl1I0T3IOWHX H_3 MHllle-

HH ~~- }KH,llKHM aonopo,aoM no.a. pa3HblMH yrnaMH K aanpaaneHHIO na.naromHX Ha MHW0Hb 

He:ltTpOHOB. TiyqoK aeHTpOHOB, HCnonh30aaHHhlH B 3THX OilbITBX, TaK )K8 K8K H B H8W8M 

6 

cnyqae, nony'!ancg o6MeHHbIM pacce"HHeM ycKopeHHbIX AO anepr1111 680 M3s npoTOHOB 

ila 6epunnHeaoi\ MIIIU0HH. B ci,ny SToro pe3ynbTaTbl )'K83aHHblX HCCl!0/l0B8JlRli 6bll!ll 

nonO:>K.8Hbl B OCHOBY Oil{;,ITOB no onpe.oenenmo nonpaaOK. yqHTbIB8l01U~X BKna.n aapgmeHHhlX 

rr· -M030HOB. AHanu3 pe3ynbTaToB, nonyqeaHblX a pa6o~ax181 •191 , noKa3an, '!TO no

npaBKH H8 npHM0Cb 38psDK8HHbIX Me~OHOD, 6naro·.napg Hani1tu110 BbICOKoro 8HepreTH"tle

CKoro nopora AeTeKTopa B HHTepaane yrnoa iPP =0-25°, npaKTHqecK11 paaabl Hyn10. 

Ha yrnax iJ)p • 30-70°. onpe)leneH11e JlOl!H" M030HOB 0~ o6mero 'IHCna 3apgmeHHblX 

'!aCTHU, 3aperHCTpHp0B8llHblX JleTeKTOpOM, npoBO)llll!OCb nyTeM pa3)leneHHSI M830H0B 

11 npoTonoa OT/la'IH ni,60 no CKopoCTH c nOMOlllbIO qepeHKOBCKoro C'leT'IHKa (H;Tepsan 

yrnoa iPP =30 - 60°), n1160 no npo6eraM ( iPp180°). 

11, Ha yrnax O ~ 35° H3MepenHe AHcj:,cj:,epeHuHanbHbIX ceqeaull ynpyr.i,x (n-p) 
' . 

CTOJIKHOsean:A npoao.oHnocb nyTeM Henocpe.o.cTBeHaoro onpe.ae.neHH9 qHcna · He:A.TpoHoa, 

pacceSIHHbIX Ha Jl8HHbIA yron. B KSqeCT~~ pacceHB8TeJISI HCil01Ib30BancSI "llHilHH.npn:qecKH8 

CT8KJl9HHbIA' .llbl08p, HanonHeHHhIA >KH.llKHM ao.aopo.a.oM. 

HeilTpoiiablll )leTeKTop, 11cnonb3oBaHHbtll a onb!Tax ill!" perHcTpauui, pacceganbIX 

ueATPoHoa, COCTOHJt H3 IlSITH CUHHTHnnguHOHHbIX c11eTqHKOB H • KOHB.epTopa• - UHJIHH.r:::tpa 
. ~ .. · 

113 Il0l!ll3Tlll!8HB TOl!!LHHOJI 5,6 rlcM " )lHaMeTpOM 6 CM, pacnono>K8HlIOro M8}KJly 

nepBbIMH .nayMH C1.JeTqHK8MH (pnc. 5). PaccenHHbie H~ilTpOHbI, nona.a.aH ·a 'KoaaepTop~. 

HCilbITbIB81IH 06MeHHOe pacces:rn~e. npoTOHbI OT,naqn:, ab1neT810lllH8 H3 •x.oHnepTopa•, perH

CTpHposanHCb '!eTblpbM" (2,3,4,5) nocne)lHHMH C'!eT'll!KaMH. nepablil. C'l8T'IIIK cny>KHn 

ll1IH HCK1llO'tJ.0HHH 3apg}KeHHbIX ttacTHU, neTHll(HX OT MHlll8HH, H BKn10qancg Ha 8HTHCOB

na.neaHe c ocTa1lbHbIMH C"leTttHKBMH. 3uepreTHqecKHil nopor neT_8KTopa aa.oasanca Me.a· 

HblM cplll!bTpoM, )'CT8HOBileHHblM M8}KJly Tp8TbHM 11 '18TBepTblM C'10_T'IHKaMH, npH pac

'leTe TOl!IUHHbl cj:,HnbTpos ill!ll yrnoa iPn = 15; 5° !na6.cHcT.) AonycKanocb, '!TO cpe)l

Hl!g noTepl! 3HeprHH npi, 'nepe3ap"AKe" HeiiTpoHa a nerxoM a·emecTae COCTaangeT )5% 

OT HattanbHOA aHeprHH. Yrnoaoe paapewe~He He8Tponaoro JleTeKTopa cocTaangno 2~. 

nony'!eHHbie ilBYM" M8TO)l8MH yrnOBble pacnpe/lenea11g paccegHHblX HellT.POHOB OT 

ynpyri,x· (n•p) -cTOl!KHoBeHHll B o6nacTH yrnos 0 a 180° -35° " 35° - 11,5° (c.u.i,,) 
' 0 . ' 

cw11aanHcb Ha yrne 35 • A6conIOTHble 3Ha'!eHHll JlH<pcj:,epeHUH8l!bHbIX ceqe1111ll onpe)leng-

IIHCb HOPMHpOBKoA ~pnyqeaaoro yrnosoro pacnpe.neneHHH aa n~nHoe ceqeeae 

pacceHHHg HeliTpO~OB npoTOHaMH npH 9HeprHH HeATpOHOB 630 Maa~paBHOe 
-27 2' (25,8 :!:_ 4,5) • 10 CM • 

ynpyroro 

npH IlOMOIUH 0IlHC8HHOro BbIWe aeATpOHHOro .ll0T0KTOpa 6binH H3MepeHbl TSK>Ke 

OTHOCHTel!bHbte /lHcpcj:,epenui,anbHble ceqea11g ynpyroro (n-p) 
. ,r,· 

Hell scj:,cj:,eKTIIBHOil 3Hepr1111 HeliTpOHOB 580 j'v\3B B o6naCTH ManbIX 

-pacceHHH~ npH cpeJl~ 

yrnoa ( 0 .'.': 35°). B 

STOM cnyqae T01IlllHH8 ct>HJibTpoa, 38Jl.8IOWHX 9HepreTH't{0CKUA nopor HeATpOHHoro .o.eTE!KT 

TOpa Ha p83HblX yrnax, IlOll.6Hp8~8Cb C TSKHM paCtte'roMs tJ.T06bl .lleTeKTOp Mor perHCT

pHpOB8Tb Te npoTOHbl ·nepeaapn.nKH ... , KOTOpbie COOTBeTCTB0B8nH Hefl.TpoHaM C 9Hepr11ea. 

En .:". 450 Maa, A6con10THble 3Haqeni,g ceqeai,ll oblnH · HaliAeHbI no H3BeCTHOMy 113 pa6o-
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Th/lO/ yrnoaoMy pacnpeJ:Iene~RIO J:I11<pcpepeHu11anbHbIX ceqeHHl!: ynpyroro 

cellHKll npH ,rneprHH 580 Maa a o6nacTH yrnoa 35° - 180° (c.u,H, ), 

Pe3ynbTBThI H3MepeH11ll 

(n•p) -pac-· 

J,faMepeHHb!e J:IH<pcpepeHUHBllbHbl0 C0't0HHll ynpyroro paccellHllll Hei\TpOHOB npoTo

HBMR. np11 3HepruH Hel!:Tj)OHOB 580 Maa H 630 Maa ·np11aeJ:IeH1,1 Ha pHc, 6 11 7. YKa3aH

Jihle owal5KD srnnSIIOTCSI CTaH.aapTHbIMH CT8TRCTHtl8CKHMH OTKnOH8HHSIMH. norpellIH6CTb 

B aen11'tHH8 llOllHOro C0't0HHH ynpyroro (n•p) -pacce8HHH, H8 KOTopoe HOpMHpona-

nHCb J:IHcpcj:,epeHUHanbHhl0 ce'teHHSI, B yKa3aHHhl0 ourn6KH He BKnlO'teHa. Ha PlfC, 6 H 7 

"' J:Illff cpaBH0HHSI npHB0J:l0Hbl T8K)K0 J:Iltcpcj:,epeumrnnbHbI0 C0'l0HIISI ynpyrax (n-p) -cTonKHC)-

B0HHll npH 3HeprHH 90 H 400 Mas, 

AHan11a nony'teHHhIX peaynbTBTOB .H cpaaHeHHe ax c J:IBHHhIMH no ynpyroMy 

pacce!IHHIO npH 6onee H113KHX 3HeprHSIX ):laeT B03M0)KHQCTb OTM0THTb cneJ:I)'IOIUee: 

1) Yrnoaall 38BHCHMOCTb .llHcpcj:,epeHUHBnbHblX Ce'leHlIH ynpyroro ( n-p) -pacce11-

HHll npu· aHeprHllX 580 H 630 Maa 38M0THQ H0CllMM0TpH'lHB OTHOCHTenbHQ yrna O = 00° 

B o6nacTH yr1,1oa, 6nH3KHX 0 •90°. MHHf!MYM KpHBOll ne)Kl!T Ha yrne 100-110°. 3TO 

o6CTOSIT8nbCTBO YK83bIBS8T, no-aH.D.HMOMY1 HS TO, qTQ nxna,a. B ceqeHHe pacceSHHR OT 

l!HTepcj:,epeHUllll aonH, COOTBeTCTB)'!OlllllX pacceSIHIIIO B CQCTOSIHHllX (n-p) CHCT0Mbl C 

nonHhlMH H30TOnH'teCKl!Mll cn11HBMH T• O H T • I a o6nacTH yrnoa, 6n11aKax K O = 90° 

np11· 3Hepr11H oKono 600 M:;,a,. MHoro 6onbwe, qeM npa :;iHepru~ 90 Mas, npn KoTopoi\ 

KpHBBSI d 0n/Ol no'tTH CHMM0TpH'tHB oTHOC11TenbHO 0 · = 90°. 
dO . 

·2) C pOCTOM 3HeprHH H0ilTpOHOB OT 400 .no 630 Maa ~apBKTep ynpyroro (n-p) 

pacce~HUSI 38M8THO M0HSl8TCH. npa6nH3IIT8nbH00 IlOCTOSIHCTBO ceqeHIUI pacceSIHIUI Ha 

yrnax . 0 $ 35°, Ha6mo.naaweecg np11 aHepr11a 400 Maa, HapywaeTcll, K cnMMeTpHll a 

paccJllHIIII 'anepe.n• (yrn1,1 0 = 0°) H 'HaaaJ:I' (yrn1,1 0 = 180°), 11Me10wa>1 MecTo 

.anH ~rneprm1 90 Mas, B 38M8THOll CTeneHH BOCCT8HSBJ1HB88TCH. 0THOW8HH8 ceqeHnii 

P
acceSIHHll Ha vrm1 10 11 170° dun,(l70° ! I dun,O0°) paaHo I· 2 4 II O 8 .nm, aue~· 

' dO dO • ' ' " 
rRH 90, 400 ll 580- 630 Maa, COOTB0TCTB0HHQ, TaKllM o6pa30M, CQOTHQll1CHll0 Me>K.ny 

'o6bl'lUbIM ... II .. 06MeHHhIM .. pacceHHll8M np~ 9HeprHH OKono 600 M3B npH61IIDK88TCSI, 

no-BKJ:lllMOMy, K COOTH0ll10HHIO, cymeCTB)'IOIU0M)' np11 aHepr1111 90 M,rn, r.ne Kp11B8Sl 

do':JI.~()) llO'lTII CllMM0Tpll'tH8 OTHOCHT0HbHO yrna O ~90° (c.11,II, >," o6a Tllna pac

C0SIHIHI .0.8IOT B nonHoe ce_qeHne B38llMO.O.eliCTBHSI npHMepHO paBHbiii BKna.u. 3TH H3MeHe

HIISI B xapBKTepe ynpyroro pacceHHHII HeilTpOHOB npoTOHBMII B o6nacTH yrnoB 0~ 35° 

CBR38Hbl, Ilo~aHnHMOMY, C pOCTOM ·aepoSITHOCTH npoueccos o6p830B8HHSI " -Me30HOB 

B (n-p) -cTOnKHOB0HllllX C IT0Bblll10HH0M ·aHeprllH H)'KllOHOB QT 400 .no 630 Mas. 

3) nony'leHHble peaynbTBTbl HaxoJ:I<1TCS1 a xoporneM cornac11R c rm10Teaoil aapSIJ:Io· 

BOA KHB8pH8H'.fHOCTK HJl.8pHbIX CHn. CooTHOW8HH9 

8 

.I 

d Orie (90°) > 14 
d{l 

doPJ?...JJ)O°J. 
dQ 

KOTopoe 6hmo nonyqeHo a pa6oTe
1111 , KBK cneJJ,CTBHe r11n0Tea1,1 aap!l.llD!lOil HHaap11aH-r

HOCTH, Bb1IlOnHH8TCH C 6onblllilM 38Il8COM. 

Onpe.neneHRe IT0()E>HOpM11pOB8HHOl!: KOHCTBHTbl "______:Me3oH-~yK1IOHHO~~ 

saa11Mo.nellcTBHS1 no yrnoaoMy pacnpe.neneH1110 .n11cj:,cpepeHn11anh11blx 

ce'teHRll ynpyr11x (n-p) -cTonxHoBeHHtt 

Yrnoaoe pacnpe.nene1111e .n11cpcj:,epem1HanbHbIX ceqeHHil ynpyroro (n-p) -pacce11-

HHS! npK sHe·pr1111 Hel!:TpoHoa 630 Mas 61,mo Rcnonb3osaHO .nm1 onpe.neneHHSI nepenopMK-

pOBB.HHOA KOHCTB.HTbI " -M030_H-HyKnQHHOf'O B38HMO,lleACTBHR. 

KaK K3B0CTHo, 'iy11 
I 06paT11n BHHMBHH0 Ha_ TO, 'tTO B .nel!:CTBHT0nbHOl!: 'taCTH 

8Mllnl!T)'.llbl ynpyroro paCC0!1HIISI H0l1Tp0HOB IlpOTOHaMK 1 npe.ncTaBneHHOll B BK.Ile cpyHK-
• 2 

UHK Kaa.npaTa HMnynbca., nepeJlaaaeMoro rrpH cTonxHoaeHHH h , cymecTByIOT nonroca 

nepaoro nopl!J:IKB, pacnonO)K0HHbl0 B H0q>K311't0CKOll o6naCTK B TO'tKBX /'J.a =-il II 

tl
2 

=-4p 
2 +·,/ • r.ne p - HMnynbC K8>K,O.oro HyKnOHa B CHCTeMe HX Il8HTpa HHepuHH, 

µ - MB.Cea . 77 -Me30Ha. npa 9TOM nepeHOpMHp0B8HH8H KOHCT8HT8 1T -Me3oH-HYKIIO)'-

Haro B38HMO,lle:ltCTBKB -onpe.o.enBeTCB Bbl'J.8T8MH, aaA,aeHHbIMH OTHOCHTenbHO 9THX 

nomocoa. K CO>Kanea1110, B H8CTOSIIU88 apeMSI BQCCT8HOBHTb 8MilnH TYJlY (n•p) -pac-

C8SIHIIH 
0

113 9KcnepHM8HTanbHbIX .0.8HHblX He y.a.aeTCst. Bcne.a;cTBH8 9Toro t{y npe.anom.Hn 

BMeCTO 8.MilnHTYJ.lbl paccegm-1~ Hcnonb30B8Tb R3BeCTHYIO H3 OilbJTa 38BHCHMOCTb ceqeHKH 

ynpyroro (n•p) -paccel!HRSI do••(O) B 06nacT11 yrnos, 6nH3KHX K () = 0° Hn11 
o . dO a a a a a · 

180 • npe.nncinara11, 'tTO HanH'lHe nonIOCOB npK /'J. =-µ II /'J. =4p +µ 6y.neT 38M0THO 

anKSITb Ha xapaKTep aaBHCHMOCTH ,d7b0) a6nnaK rpaHHU q>H3H'teCKoil o6nacTK 

( .0 =0° K 180°). PeKOMeH.nyeMll.!I KM npoue.nypa onpe.neneHHll f CBO.llHTCSI, no cy-

lU0CTay. K aHanHTll't0CKOMy npo.non>KeHHIO cpyHKUHR d "J&(0) ( /'J.a + !'a) a 11n11 

dn-(0) (4pa+,,a.!J.a)a .a a· a a a 
~ • . r B HecpH3K'l0CKYIO o6naCTb .no TO'teK u = - !' HnH I'!. =•4 p +µ. 

C aKcnep11MeHTBnbHOil TO'tKll apeHIIH .llnll npoueJ:Iyp1,1 4y HaH6onee no.nxo.n11wel!: l!BnlleT

CH )'r'nosaSI aas11cil.;ocTh .nKcj:,cj:,epeHuean1,111,1x ce'teHllA ynpyroro (n•p) -pacceSIHllff 

d 0rio(0) a KHTepsane yrnoa, 6nll3KIIX K 
dfl . 

0 •180~ B c11ny Toro, 'tTO B yKB3BHHOM 

HHTepaane yrnoa M8TOLI.0M' perHCTp8UHH npoTOHOB OT.a.aqH ,3HaqeHHSl 
do~fJJ 

dO 
MO>K.-

HO orrpe.o.enHTb C ,l].OCT8TO'J.HO- x~pornett CT8THCTHqecKOA TOqHQCThlO. TTpaxTaqecKH Me

Ton 4y COCTOllT B cne.ny101UeM: impe.neneHHb10 QllblTHb!M nyTeM .nHcj:,cj:,epeHUHan bHble 

Ce'leHKSI ynpyroro (n•p) -pacceSIHHll ~ a HHTepaane yrnoa, 6n11ax11x K () a!80° , 

YMHO)K8IQTCB Ha aenaqHHy 

d!l 

xa =(l+cos0 +~ 
2 pa 

',9 

a 
) . 
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ii 
I 

3aTeM nonyqeHHble aHaqeHHR x2 d c;,p(0) 
dn 

M0TO,nOM H8HM0HbllIHX KB8Llp8TOB ai:rnpoK-' 

CHMMHpyIOTCSI CT0Il0HHblM pSI.LIOM BHLI.8: 

A+ Bx+·Cx2 + •••. +Dx" + •.•• {I) 

· HallneHHhlll 0Tc10na K03cjJcjJ11u11eHT A, cornacHo cymecTay,omei! MeSOHHoll Teop,rn, ee

nocpencTaeeeo Bhlpa>KaeTc11 qepes KOHCTaHTY I I 
l/: 

A=~ 
r'(m 2 + p2 ) 

r.ne m - Maces HyKnoHa. vtHTepaan yrnoa, npHrOAH,hIX ,nng onpe.oenemut , 3a.a.a-

0TCSI pa.nuycoM CXOLI.UMOCTH npHBe.neHHOro Bbilll0 PRll.8 H onpe.neJISl0TCSL Bblp8)K0HH0M 

2 ~ 
·1 < cos0 <-1+ --1!:_. 

- - p2 

C U0J1bl0 onp0,lleJieHIUI KOHCTSHTbl ,; -Me3oa-HyKJIOHHOro B38iIMO.ll0i1CTBHSl OIlHC8HHblM 

Bbllll8 nyTeM qepea aKcnep~M0HT8J1bllbI0 TOlJ:KH X 
2 ~ B HHTepaane yrnoa 

o o d!1 
160 i:; 0i:; 180 MeTO)lOM H8llMeHbillllX KB8)lp8TOB nm, p11na npo6Hb!X <PYHKUllll (oT 

nirnel!Hol! cjJyHKUllll )lO napa6onhr '!eTBepTOll CTeneHll BKnlO'lllTenbHO) 6blnl{ npoae)leH_;, 
2 

KpHBbI0 H 38T0M H8i1D.0Hbl auaqeHJHI f • B cu:ny Toro, llTO lJ:HCJlO 3KcnepHM0HTB11bHblX 

T01.J:0K 
x' d Unp (0) 
~ 1 npHro,nHbIX .O,JlSl onpe.nenemur KOHCTSHTbl f 

2 
1 B HSWOM cnyqae 

6brno Cp8BHIITenbHO HeBen11Ko(9) Mbl nm, onpenmeHJHI npo6Hol! cjJyHKUilll, HBIIHIOUlei!Cll '. 
Han~rt{illllM npu:6nH>K0HHeM K neAcTaHT01lbHOA 3SBHCHMOCTH, npHM9HHnH cpa3y .o.aa KpH-

' Tep,rn - Kpl!Tep11ll raycca II Kp11Tep111! <Pmnepa. 0Kasanocb, '!TO uo Kp11TepH10 raycca 

HaHnytJ:WHM H3 

A+Bx+Cx
2 

acex nepeqHcneHHbIX BbIUie npo6HbIX (pyHKUHit HB1lSl0TCSI KpHB8SI BHll,a: 

2. 
11 rrp11 3TOM I =0,041 ~0,014, a Kp11Tepllll <P11wepa yKas1,rnan na 

rrpo6ey10 cjJyHKUIIIO c n > 3 • An11 ycTpaeeH1111 npoT11aope'!11ll Me>Kny Kp11Tep1111M11 rayc

ca H <l>Hwepa tteo6xo.nHM0 3H8qHT01lbHO yaenIPIHTb 1u1cno 8KcrrepaMeHT81lbHbJX TO1.J.0K 

, de, (0) o 
X ;; . B6Il11311 0 -180 B IIHTepaane yrnoa, npllrO)lHOM Jlilll MeTO)la '-ly. 

0.a.HaKO 3H8'1·UIT01lbHOe yaenJl'l8HH0 qucna 8KCil0pHM0HT81lbHblX TO"10K B HHTepaane yrnoa 

160°::: 0. ~ 180° rrp11 IIMeIO!lleMCSI eellTpOHHOM ny'!Ke (cpaau11TenbHO ManaH IIHTeHCIIB

HOCTb, w11poK11ll.3HepreT11'1ecK111! crreKTp) npencTaBn11eT BeCbMa Tpyney,o sanaqy. YKa-

aanaoe o6CTOHT01lbCTBO 38CT.8BH1lO HBC .anst onpe.a.eneHHSI KOHCT8HTbl 'IT -MeaoH-nyK-

noHHOro aaaHM_o.o.e:A.cTBHH no yrnoaoMy pacnpeaenemuo 13-mflqJepenuHanhHhIX ceqeHI-iit 

ynpyr11x (n-p)-cTonKHOBeH!ll! np11MeHRTb HOBhlii MeTOJl, KOTOpbli! B OTilll'!lle OT MeTo-
. de, (0) o 

0 
o 

na '-ly paspewaeT 11cuonb3oaaTb sea'!eHRR dP. BO aceM IIHTepaane O '.:: . S 180 .• 

.llo H31lO)K0HHSI HOBoro 
2 3 

A+ Dx + Cx +Dx 

lHIUhl ( p11c,8 , KpHBall 

MOTOll,8 HHTepecno OTMSTHTb, ttTO npo6HaSI ~YHKUHH 
2 

,nng KOTOpoH f = o,os. I IlO'ITH CHMMeTpHqHa OTHOCHTenbHO rpa-

2). Ecrr11 npennono>K11Tb, '!To cTeneeHoii p>rn ( I ) non>KeH 6h!Tb 

CHMMeTpHqHbIM OTHOCHTBflbHO rpaHHUbl cjJH31P19:CKOii o6nacTU: rrpH ncex SHeprHnx, H nonb1-

T8TbCSI B3SITh, He npH6erag K ·npouenype BHanHTHqecKoro nponon)KeHl-lH, cooTaeTCTayro-

wee anatteHHe x 2 du;,. (0) Ha BeTBR KPHBOll, pacnono>KeHHOll B cp11311qecKOi! o6rraCTll dn 

10 

. ! 

I, 

. 2 2 

np11 cos 8 = 1 - v t TO 0K83bIB8BTCH, qTO auaqeHHe f • nonyqeHHOe npH 8TOM1 

KOrre5neTCll OT 0,08 )lO 0,09 B WIIPOKOM IIHTepaane 3Hepr1111 HellTpOHOB OT 90 )lO 

630 M3B. npennono>KeHae O CRMMeTpllH KPIIBOI! x2 °- 0 <0) OTHOCIITenhHO rpaHIIUhl
0 

dn 
tjJH3Ht{eCKoA o6naCTH Ha cero,o.HSIWHHA )leHb MO)K.HQ paccMaTpHB8Tb TOnbKO K8K OilTH

MHCTll'!eCKy!O r11n0Tesy, rrpoBepKa_KOTOpoll TaK:>Ke Tpe~yeT 3Ha'111TenbHoro yaerr11'1eHIIH 

'll!Cna 3KCnep11MeHTanbH,hlX TO'!eK B6nH311 0 G 180°. 

Ecn11 yqeCTb, '!TO B nellCTBIITenbHOll '18CTII aMnIIIITYJlhl (n-p) -pacce>rHHll 

cymecTBYIOT non,oca np11 
· 2 2 
/'i =-µ II !i'=4p2+/ , TO n11cjJcjJepeHuHanbHoe ceqee11e 

dunp (0) 

dP. 
B 8TOM HHTepaane H3M0HeHHSI MO)KeT 6hITb npe.o.CTSBneao B BH)le: 

dc,_d0) 
d!1 

=a b2 [ 1 + 4 ] + a a "mu 
(z

0
-·zf (z·+z)' ~+~+l: a.z" , o o Z ZO + z n = 0 

2 2 

(2) 

3necb z
0
=1+~; z =cos8 b=~; a, ,a2 ,a, ,an - aeonpe-

2p • 2p n 
nerreHHbie Koacpcp11u11eHThlo np11 3TOM pHJl :£ ",, Z JlOn>KeH CXO)lHTbCll 6hICTpO, T8K 

d (0) " 
KBK OCT6flbHble oco6eHHOCTH ~ HBXO,llSITCSI .QOCT8TO'IHO .o.aneKo OT HHTepecyro-

mere Hae HHTepaana .. ~o :S z '5.. zo • 

<PopMyrra (2) Mo>KeT 6bITb nerKo nony'leHa, ecn11 Bocrronb30B8TbCll pasno>KeH11eM 

du (0) 
~ pHJl nopaea B6Il11311 TO'leK z = .± z O • Cne.ayeT -38M0THTb T8K>Ke, ttTO 'nono6 .. 

Hag >Ke 38BHCHMOCTb 

COOTHOW0HHi1. 

dunp (0) 

dn 
MomeT. 6bITb nonyqeaa c IlOMOlllblO )lH:cnepCHOHHhlX 

j 

B npennonomeHHH, 'ITO a6nII3H TOlI0K z = ± z aMnnHTy.aa B38HMO,neACTBHSI HyKno-
0 /1/ 

Ha C HyKnOHOM xopOllIO OilHCbIBaeTCSI 'o.QHOM030HH08' .auarpaMMOA ¢eAHM8H8 1 K0-

3cjJcjJllUHeHT a 1 MO>KeT 6h!Tb Bhlpa:>KeH qepe3 KOHCT6HTY 1T -Me3oH-HyKnOHHOrO 

B38RMo.neHcTBHH 

' ' , I m 
EJb =-~~-~ 

4p4 (m2 +p2) 

Bhlpa>KeH11e (2) 61,rno 11crronb30B8HO JlIIR annpoKCIIM8UHH 3KCI1ep11MeHT8nbHhlX nae-

Hwx no yrnoaoMy pacnpenenee1110. nmt,cjJepeHuHanbHhlX ceqee11ll yrrpyrHx (n•p) -

CTOnKHOBee11ll rrp11 3Hepri111x eellTpOHOB 90, 380-400, 630 M3B. Ko3cpcjJ11u11eHThl an ou

pe,nenHnHch MeTo.o.oM HSHMeHbW~x KaanpaToa. CHCTeMa ypaaHeHHil nnsi onpe.o.eneHHSI 

Koact>4n1111-1eHTOB a pewanacb H8 sneKTpOHHOA C"l0TH08 MllWHHe M0TO,ll0M ·nocne.o.oaa-

-" ( ) de, (0) 
TenbHblX npH6n11>KeHHll. "!Meno K034'<PllUHeHTOB. an B Bblpa:>KeHHII 2 )lnll ~ 

Bbt6Hpanocb TBKHM o6pa30Ms qT06bI HSlinyqwHM o6pa3?M y.aoaneTBOpHTb KPHTepe:ro 

raycca. 

II 
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Hal!lleHHbl8 3H8'19HHB f no ll8HHbIM OllblTOB npn aHeprllSIX 90, 380-400 ll 

630 M_9B COCT8Bn!IIOT 0,06Q ±_0,006, 0,065 ±_0,007 ll 0,044 :!:.,°,012, COOTB0TCTB0HHO, H B 

npellenax oum6oK OllblTOB YllOBnBTBOpllTBnbHO cornacyJOTCll llpyr c llpyroM. K cox<a-

neHHlO, 3HS'tlHTenbHhl8 OWH6KR 8KcnepHM8HTa CHnbHO 38TPYAHSIIOT pelll8HH0 IlOCTan- 1 

neHHol! 38ll8'1H, Koacpcpll!lHBHTbl a OK83b1B8IOTCll CHnbHO KOppennpoB8HHblMll llpyr C 

llpyroM, 3To npnBOllHT K TOMY, 'ITO C yaenll'l9Hll8M 'lncna K09,P,Pllllll8HTOB p83KO B03-

pacTBIOT RX KOppenll!lHH ll OWH6Kll, H acnellCTBHB 9Toro npH cy1UeCTBYIOlll8ll TO'IHOCTH 

8KCnepllM8HT8 B8CbM8 TPYllHO yCT8HOBHTb HBHBblCWYIO CT8!18Hb z B Bblp8JK8HIIH (2). 

8 TO >KB apeMll 'IHCno qneHOB B ;E Bn z" 38M8THO BnHll8T Ha aenll'IIIHY nepaoro Koacp· n . . 
,Pllllll8HT8 BJ • nm1 npOBBpKH TOrO, H'CKOnbKO paC~MOTpE!!IHbl8 8KC!18p1IM8HT8nbHbl8 

lll1HHbl8 YllOBnBTBOplllOT 3H8'18HHIO f a0,08 (a H'1CTOllll.l88 Bp0Mll llpi!HllTO C'IIIT8Tb0 
2 

'ITO aenll'IH!l8 0,08 llBnSIBTCll H8H6onee aepOSIT!lblM 3!18'18HH8M f ), 6binO !1p0B8ll8HO 

oupelleneuae K09cp<pHllll8HTOB a, , a 3 , an npa ,PllKCHp0B8HHOM 9H8'10HHII a z co-
. . . 

OTBBTCTBYIOIUBM f •0,08. Pe3ynbT8Tbl Bbl'IHCneHHli llPHB9ll8Hbl Ha pac.7. 

nony11eHHhl8 pe3ynhT8TbI IlOKS3bIBSIOT, IITO coapeMeHHbI9 3KCnepHM9HTSnbHbl9 .ll8H

Hbl8 no paccel!HHIO Hel!TpOHOB npOTOIIBMH npH aueprm1x 90, 300-400 II 630 M3B B npe-

nenax owu6oK OilbITOB He npOTHBOpettaT 3H8118HHIO KOHCTBHTbl 1T -Meaoa-ayKnOHHOro . . 
B3 anMollel!cTBHll I = 0,08. CneLtyeT 3aMeTI!Tb, 'ITO no a6con10THOMY aHa'leH1110 KOH-

• 
CT8HT8 rr -Me30H-HyKno1111oro B3_811MOllelicTBHll f , onpeL1eneHH8ll no yrnoBblM pac-

npeLteneHl!SIM llHcpcf,epeH!lHMbHblX C8'1911Hll ynpyrax (n•p) -cTOnKH0B9HHll npa p83Hb!X 

aaeprH BX, CHCTeM8TH'18CKH M8HbWe nenH'IHHhI o,os. np1JtUIH8MH YK838HHOI"O CHCT0M8TH

'leCKoro OTnll'IHll /
2 

OT 061Ue!lpllHllTOro 3H8'1e!lllll 0,08 MOryT cny>KHTb K8K !10TO'lll0CTII 

8KC~epHM8HT8nbHOro xapaKTepa, TSK H HecoaepweHCTBO HBWHX TeopeTHqecKHX npe.o.

CTBBneHHA O HyKnoH-HyKnOHHOM B38HMOJJ,eAcTBHH. 

KaK H3B9CTHO, 9KC!10pHM9HT8nb!IO n'aMepe!IHble llllcpcpepell!lH8nbllble ceqe!IHSI ynpy

roro (n•p) -pacC9llHHll llBnlllOTCll cpellHHMH no llOCTaTO'IHO WHpOKOll auepreTn'leCKOll 

o6naCTH, npa TaKOM ycpellH9llllH MoryT crnallHTbCll lleTanH 6onee cnoJKHOll yrnosoli 

38BHCHMOCTH «. cnen.oaaTenbHO, H3M8HHTCSI 3H81{0HH0 KOHCTBHTbl t' 

Cnel1y10utasi, 6onee c·YmecTaeuaaSI, np1.Pu1aa Mom.eT saKnro"laTbCSI a necoa~pweHcTB~ 
• 

C8MOro M9TOll8 onpeLteneHHll f no OllbITHblM llBH!lblM (n-p) -paccellllllll. Henb3SI 

385bIB8Tb, 'ITO npH Hccne,a.oaaHHH auamITHqecKHX caoAcTB BMIInHTY.ObI HyKnoa-HyKnOHHo

ro pacceHHllll 'iy HCllOnb30Ban MBTOllbl Teop1rn B03MyllleHHll, npH T8KOM ue CTporOM 

ncc.rie.o.QB8HHH 8Jt8nHTIPl8CKU:X CBOfiCTB 8MnnaTyAbl MO>K8T OCTBTbCH HeyqTeHHOfi K8KSSI

nHl50 cy1UeCTBeH!l8ll oco6eHHOCTb, y'leT KOTOpoll Mor 6bi 38M9THO BnHllTb Ha yrnoay10 

38BHCHMOCTb llH<pcpepell!lH8nbHblX 'ceqeHHll ynpyrax (n-p) -cTOnKIIOB911Hli a6m!3H rpa-

!IH!l cpH3H'l0CKOli o6naCTII, Ecna npell!IOnO>KHTb, 'ITO y 8MllnHTYllb! (n-p) -paccesuas:r: 

KpOMe nonJOCOB lip!! cos 0 ~ + ( 1 + _L ) Cylll9CTBYIOT 911.le non10ca llpH 
• - 2p• 

cos0=+ ( l+ ..!:!_) , rlle M - Macca KBKoll-a116yllb aeaaaecTHOli qacTHUbI 
- 2p• 

( M > /L) 

TO BnHSIHH0 HOl}blX non10coa Ha yrnoayro 38BHCHM0CTb .aHct,(pepeHuHanbHhIX C0"18HHA 

12 

t 

s6nH3H rpa!IH!l cpH3H'leCKOll o6naCTH C poCTOM BHeprHH 6ylleT CK83blB8TbCll ace 15onee 

• l H 6onee cHnbHO. B STOM CMhICne MO>KHO OOHHTb noqeMy aen11'1HH8 

11aH no yrnoaoMy pacnpeLteneHHIO d~~O) 

, onpe.neneH-

, np11 aueprua 630 Maa a11a'IHTenb11ee OT"" 

naqaeTCH OT /
1 -o,os, qeM 3H8q0HH0 1' , onpeneneHHO0 T0M >K8 nyTeM, HO npu 

aaeprHHX 90 H 400 M:;,s. 

CpaBHIIT9nb!IO Hell8B110 6blna ony6nHKOB8!18 pa6oTa /IapceHa 
1121

, !IOCBllllleH!l8ll 

onpellene!IHIO ,r -MeaoH-HyKnO!IHOro B38HMOllellCTBHll MBTOllOM 'iy no yrnOBOMY pac

npellene!IHIO JlHcp<pepe!l!III8nbHblX ce'leHHll ynpyrax (n-p) -cTonK!IOBe!IHll npu 911eprHH 

uel!Tpouos 710 M:;,a, 

.B pa6oTe / 
121 

qepe3 
• do0 , (0) 

BKCllepHM8HT8nb!lble TO'IKII X -arr a H!ITepsane yrnos 

161° ~ 0 ~ 180° (qncno TO'l9K,K8K II~ H8W9M cnyqae,paBIIO 9) MeTOllOM !18HMeHb

WllX KB8llp8TOB 6binH npoaell9llbl KpKBbl8 llnll pS1ll8 npo6HblX cpyHK!lllli, H8'1HH8ll OT 

n1111el1!10fi 38BHCHMOCTH ll KO!l'IBll llOnWlOMOM llllTOfi CTell8llll, no KpHTBpHIO f"aycca H3 

nepe'lacneHHblX npo6HblX cpy!IKIIHll, K8K ll npll 3!18prHII 630 Msa, uaany'lWllM OKaaan-

CSI nonHHOM BTOporo nop.s.o.Ka. npe 3TOM ZJ.nH2 KOHCTBHThI JT -Meaoa-HyKnOHHoro 

B38RMpll9liCTBHll 6blnO nony'IB!IO 3!la'le!IH9 f a 0,032~0,012, 0llll8KO npoBell8HHbl8 

B pa6oTe1121 'llO!IOnu11TenbHble Bbl'IHCnellHll no MBTOllY <P11wepa !IOK838nll, 'ITO 11aH60-

nee aepOllTHbIM npa6nHJK8Hll9M K llBllCTBHTenbHOll 38BllCHMOCTH llBnHeTCH npo6uall 

cpy!IKIIHll C n > 2. nony'IHB CTOnb npOTIIBOpe'll!Bbl8 peaynbT8TbI, /IapceH npHwen K 

2 
do (0) 

ueaepHOMY aaKnroqeamo, qTO 3KCnepHM8HTilnbHbI0 ToqKH X d lJ npH sneprHH 

710 Mas uenb3ll annpoKCllMHPOB8Tb nonHHOMOM nopHllK8 ~ 5 H llO!lyCTHn, 'ITO llpll-

qJIHOA 9Toro SIBn80TCH cywecTBOB8HII9 B 8MilnHTy.ae ( n- p) -paccellHllll ell.le OllllOro 

nonroca npa H8H3B8CTHOM 3HBtiemrn: X , npHCjTCTBHe KOTOporo aaM8THO BnHSI8T HB 

yrnoay10 3aa11CHMOCTb llH<pcpepeuu1rnnbHhlX ceqeH11ll y_npyrax · (n•p) -cTonKnoseuull 

,a6m!311 0 a tso0 • KaK 6hmO yK838HO Bb(We, npl1'1HIIOll npOTHBOp~'IIUI MeX<llY KpllTe-

PHHMH raycca H ¢>Hwepa MO}K0T cny.>KHTb TOJlbKO He.nocTaTOtIHOCTb 9KCrrepHM8HT8nb

HOll llH,POpM8UHH, .!lnll paapeweHHH BTOro npoTIIBOpe'lllll cnellyeT 3H8'lHTenb!IO ysem1-

qHTb 111tcno aKcnepeMeHTanhHhIX ToqeK a HccneZJ.yeMo:it o6nacTH yrnoa. 

/1/ B pa6oTe . - 6hmO !IOK838HO, 'ITO qaCTb aM!lnllTY llbl ynpyroro (n. p) -paccell-

HHH, COOTB8TCTByroll.laSI- B38HMO.neii:CTBH10 HyKJIOHOB nyTeM o6M8H8 ,nsyMH BHpTyanbHbI-
2/ 

MH " -Me30HBMB, llM88T TO'IKY BBTBnB!IIIH npll cos 0 •=·-< l+ ~./Iapceu llOlly-

CTHJI, qTQ M0>KllY llBYMSl BHpTyllnbHbIMH 1T -Me30H8MH, KOTOpbIMII o6M0HHB810TCSI 

HyKJIOHbI, cywecTByeT CHJlbHOe P.830H8HCH08 B38HMO,aeitCTBH0. Tor.o.a SICHO, qTQ TOtlKy 

. . 2 • 
BeTBn8HHH aMnn11Ty llb! npll cos 0 = -0 + __ I'_) MO>KHO annpoKCHMllp0B8Tb nonJOCOM, 

p• 

M0CTopacnono>KeHH8 KOTOporo BC~ueno onpeZJ.0JlH0TC8 xapaKTepoM B38HM~neACTBHSI 

rr -Me30HOB. B H8CTOH1.U08 sp0MS1 0 xapaKTepe B38HMOZJ.0itCTBHH tr . -M830H8 C rr 

M030HOM IlOl{TH HHqero ae H3B8CT_HO• noaTOMY Jl.JlB HSXO.>K.Q8HHH M8CTOpacnono>K0HHH 

13 



" Ii 
I 

npe.llnonaraeMoro non10ca napceH a.ocnonb3oaanc11 aMnHpH'leCKIIM. MeTO.llOM, npH 

poM JlHtpcpepeHnHanbHble ce'!eH,H!I du· (O) yMHO>KS!OTCSI Ha COOTB8TCTBY!OlllHe 
d!l 

412 u• • • 
HH!I X H .(cos0 + 1 + -=L) =(x+ --=-i..:J!:.) npH pa3Hb!X 3H8'18HH!IX napaMeTpa 

2p2 2p2 
M

1 
( !1

1 
=/L; 1,5 µ ; 21' ; 2,3µ ; 2,5 /L 3,5µ ; 4µ ; 4,5µ. 5/L ) , 

XOTo-

3H8'!e-

a 3aTeM .ang xa>K.aoro H3 nepe'IHcneHHblX 3H8'18HH!! napaMeTpa M, 8KCnepHM8HTSnbHble 

&1' • 
TO'IKH ( X + I • /L j X 2 

2p2 
dunp (0) 

all 
M8TO.llOM H8l!M8Hbllll!X KBa.llpaTOB annpOKCHMl!-

poaanHCb nonllHOMSMll pa3Hb!X nop!l.llKOB. no peaynbTaTSM Bbl'll!CneH11ll napceH aaKn10-

• 'llln, '!TO 11a11ny'IWllM !IBn!leTC!I nonl!HOM BToporo nop!!JlKa npll M, = 2µ • 3HS'18Hl!e KOH-

CT8HTbl " -Me30H-HyKnOHHoro B38HMO.oefl.cTBHH C yqeTOM 
2 2 , . 

non10ca B aMnn11Ty.lle (n•p) -
2 

pacceHll!I npll cos 0 = - ( 1 + _,,,_) OKaaanOCb pSB!Jb!M 
P2 

I =0,085 ±.0,012. Cne.llyeT 

nOJl'l8pKHYTb, '!TO npoB8.ll8HHbie B pa6oT~
1121 

Bbl'll!CneHll!I Henb3!1 C'll!TaTb CTporHM 

JlOBO.llOM B nonb3y cyllleCTBOBaHH!I .llBYX 11 -Me30HHoro non10ca B aMnnHTy.lle (n-p) 

-pacC'!:IIHH!I. BcneJlCTBH..-"ManoCTll 'lllcna SKCnepl!MeHTan&HblX TO'leK H8B03MO>KHO onpe

Jlenll:b ~Op!IJlOK nomrnoMa,. 11a11nyqw11M o6paaoM annpoKCl!Mllpy10iuero sKcnep11MeHTan&-

2 

Hble- TO'IKH ( X + M1 - µ 2 )'x2du;,fi(0) 
2p• d • 

Jln!I .llaHHoro aHa'!eHH!I napaMeTpa Mi • B c11➔ 

ny CK838HHOro Henb3H T8K)K0 cqHT8Th, '({TO BhIIJ.HCneHHOe B pa6oTe
1121 

aHa'!eH11e 
2 . 

I ~0,085±.0,012 
' , 

HBnHeTCSI 8JlHHCTB8HHO B03MO:>KHbIM 3H8'18HH8M KOHCT8HTbI 11. -Meaou...-

HyKnOHHOro B38.l!MO.ll8liCTBllll, nonyqa101lleilc11 nyTeM o6pa60TKll SKCnep11MeHTMbHb[X JlaH-: 
, 2 

HhIX np11 sHepr11i< 710 Ma;., no MeTO.llY 'ly c y'leTOM non10ca np11 cos 8 =- (1 + .2l!..__i
2

, , • p 
, /12/ . 

TTpOB8Jl8llHb[8 B pa6oTe paC'l8Tbl C uenblO onpe.lleneHH!I KOHCTaHTbl 11 -Meaoa-

HYKJIOKHOro B3allMO.ll8llCTBH!I MO>KHO C'IHTSTb nnn10cTpau11ell TOnbKO Toro cpaKTa, '!TO 

JlS>Ke oco6eH11ocT11 aMnnHTY Jlbl HyKnoH-Hy!(nOHHoro B38HMO.llellcTBHII, JlaneKO HSXO.ll!l

lllH8Cll OT rpaHllllbl (pll3H'l9CKOll oonacTn, aaMSTHO MoryT Bnll!ITb HS aenll'lllHY KOHCTSH-
2 

Tb! I , · onpe.llen11eMoll MSTO.llOM 'iy no yrnoaoMy pacnpe.lleneH1110. 

.Ile 

C uenbro BbIHCHeHHH aonpoca o TDMp
2

xax 

(n-p) -pacce11H1111 np11 cos0=-0+...:!:.. ) 
p2 

~nHS18T n pucyTC?'BH0 non10C8 B llMllnHTy-

Ha senH'IHHY KOHCTBHTbl 1• • onpeJle-

n11eMoll M9TO.llOM 'iy, HaMl! TSK>Ke 6blna. np0B8Jl8HS o6pa60TKS 8KCnepHM8HTSnbHbIX )laH· 

Hb[X no yrnoaoMy pacnpe.lleneHHlO JlllcptpepeHIIHMbHb!X C8'18Hllll (n-p) -pacce!IHll!I npll 
, ' 2 2 

SHeprmr 630 Maa c y'leToM cyllleCTBOBSHH!I non10ca a aMnJIHTy.lle np11 cos0=-(l+·.....;..). 
p 

0.llHSKO, B OTnH'IHe OT pillSOTb/
121 

Jln!I onpeianeHll!I 1
2 

Mb! aocnonb30BSnHCb ,3H8'18HH!I• 

Ml! d";/fi9) a llHTepaane yrnoa 90° ~ 8 :5 180°, Hall.lleHHoe npll aToM 3HS'l9Hlle 

KOHCTaHTbl " -Me3oH-HyKnOHHOro B3aHMO.ll8liCTBH!I OKaaanocb paBHblM 1
2 

=0,104±.0,021\ 

K_eaTKHe BbIBOllbl 

1. 3KcllepHM8HT8nhHO c-npHM8H8HH8M T0XHHKH CUHHT~nnHUHOHHbIX H qepeHKOBCKHX 

C'leT'lllKOB onpep:eneHhI JlHqxpepeH1111anbHb1e ce'!eHH!I ynpyroro pacce1rn11sr Hel!TpoHoB npo• 

TOHSM!I np!I cpe.llHeli scpcpeKTHBHOll 8Hepr11u HeATpOHOB 580 H 630 Maa. 

14 

2. KaK. H3B0CTHO, t.{y npe.oJ"IO)KHJ"l caoi:t: MeTO.ll onpe.a.eneHHSl KOHCT8HTbI 
11 -Me-

3011-HyKnOHHOrO B38HMO,ll0i1:CTBHH, KBK O.ll.HH H3 B03M0)KHbIX cnoco6oB npoaepKH noKanb

HOi:t: TeOpHH nonst .ll.J"lSI CHJ"lbHblX B38HMO.ll.0:ltCTBHii ( 1 ). Bb1q0:cneHHS1, npoae.oeHHbl0 B naH

HOfi pa6oTe, KBK no M0TO.O.Y t.{y t TBK H npe.ono>KeHHblM H8MH cnoco6oM, yqHTbIB8IOIUHM 

}lanuqae o6oHX nonIOCOB B SMilJ"lHTyAe (n ... p) -paccesunUI1 IlOK838J"lH, qTQ coapeM0HHbI0 

OilbITHbl0 .oaHHbie no .z:11-1¢(pepeHUH8J"lbHbIM ceqeHHSIM ynpyroro (n-p) -paccesrHllSI B npe~ 

nenax OllIH60K 8KCilepHM8H'l'8 H·e npOTHBOp0'-18T 3H8"l{8HHIO KOHCT8HTbI 
11 

-Me3oH-HYKJ"lOJ-P'"" 
2 

HOI"O B38llMOA9liCTBlH! I =0,08. 0.lll!SKO cne.llyeT 3aM8Tl!Tb, '!TO >K8CTKH9 Tpe6oaaHHSI 

npe,u'bSJBJ"lH0Mhl8 M8TO.ll0M qy K TQqHoCTH 9KcnepHM8HTan·bHhlX .naHHhIX, B H0KOTOpbIX 

cnyqa11x (npll sHepr11l1X 630 u 710 Maal Jlena10T H8B03MO>KP.hlM np.11MeHeHl!O npll, o6pa-

6oTKe MSTO.ll.OB perpeccHOHHOro 8H8J"lH38 H TeM ·caMbIM 38Tpy,oHSIJOT H8XQ)K.,D.0HH9 HaH-

6onee aepOllTHOI"O 3H8'18HHll 1
2 

3. Ecm1 npe.llnono>KHTb, '!TO <pyUKUll!I 
x' da.~0) 

d" 
.ll0J"l)f{H8 6bITb CHMMST-

pHqHoil OTHOCHTeJ"lbHO rpaHHUbl q:>usHqecKoA o6nacTH IlpH acex atteprHSIX, TO OK83bIB88TCSJ, 
2 

qTo 3H8qemte f t onpe,neneHH09 npH 9TOM M0TO.UOM qy t KOne6neTCH OT 0,08 no 

0,091 a WllpOKOM llHTepaane aHeprHl! OT 90 JlO 710 Maa. 

4. ,!lnll onpeAe11em111 l no yrnoaoMy pacn!'.>e.llenem,10 
~(0) 

dP 
H8MH npe.n-

nomeH HHOH M0TO.ll, 6onee paUHOH8nbHbIA no cpaaneHHIO C M0TO,UOM qy t yqHTbIBBIOll\l:lfi 

Ham-1qHe o6oHx nonrocoa B .neliCTBHTenhHOtt qacTH aMnnHTYJJ.hI ynpyroro (n-p) -pacceg ... 

HHH cnpaaa H cneaa OT rpam-t:llbl (pn3Ht{9CKOA o6naCTH. YK838HHbIH MeTo.n, B OTm-t:qHe 

OT cnoco6a qy, paspeI1IaeT HCTTOflb30B8Tb 3H8t{0HBS1 

yrnoa 0° :S 0 ~ 180°. 

dunp (0) 
BO aceM HHTepaane --;rn 

5. l,-13 cpaBH0Hl-t:Sl K03Q)¢HUH8HTOB a, , a2 1 a, B Bb1pa>KeHint (2) C OCT8J"lbHblMH 

K09(ptj:nnrneHTBMH B 9TOM :m:e Bblp8)K9HI-t:H BHJJ,HO, qTQ qneHhI, HM0l0l!.lHe oco6eHHOCTH 

np11 Z=±zo, na10T B0CbM8 M8J"lbIH BKna.o B ceqeHHe pacceSIHHSI. B c1-1ny 9TOro 06CT_OSITen1>-

, . . d ~ 
CTBa AnSI ISonee CTporoA npoaepKH cnpaaeAnHBOCTl! Bblpa>K8Hllll (2) Jlnll Cld 0 -

}K8fl8 ·tenbHO 3H8"l{HT0flbHOe yaennqeHHe TQqHQCTH 9KCnepi-t:M9HT8J"lbHbIX .naHHhIX. 

6. Kpatttte Heo6xo,nnMO 6onee cTporoe n o6wupnoe H3yt.IeHHe aaanHTHl:19CKHX 

caoHCTB 8MIInHTYllbl •. HyKnoH-HyKnOHHOro B3alIMO.neiicTBIHI, TUK KB K ,na)Ke CHHryngp-

HOCTH 8MilnHTY.llhI,~ ,.naneKO ~acnonO)f{9HHbl0 OT rpaHHII tj:msuqecKoH o6naCTH, B npauuH-

ne MoryT 3H8"l{HT0J"lbHO anHBTb Ha aenHt.IttHY KOHCTBHTbl 

.llefiCTBHSI, onpe.nengeMyIO no yrnoaoMy pacrrpe.neneHHIO 
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da•P (0) 

df! 



'D
 .. 

J~ 
!'·

 "' ~· 
-9

n
w

l:
J

0 
o

· 
CD

 
,:.

.,e
o;

: 
:Z

 

t~
 ~ 

~ 
. 

l 
" 

"'&
,, 

!i 
!'

 .
.. 

):J
 

:
' 

-
:I

 
; 

0}
,, 

I 
'i 

-~
~ 

I 
to

 P
S 

-,
 ·

 
. 

., 
.. 

n 
.,_

 »
 

n 
" 

➔
 

..
 

I 
,r

 
..

 
'"

C
-c

, 
it

 
O

 
ll>

 

I ' 
;;; 

ID
 

O
 

D:
I 

,:
; 

., 
=

 " 
\ 

n 
= 

2: 
=

 
0 

..
 
"
"
 

..
 
➔
 

..
 

\ 
1:1

 
=

 =
 'C 

0
, 

::
I"

<
 

0 
b 

::a 
.a

➔
 

(D
 

lQ
 

O
 

0 
\ 

=
 =

 JIii 
=

 
111

11 
a

;
•
 

0 

!'-
~ 

~
: 

11:
 

I
➔
 

CD
 

l: 
IJ

 
~ 

g 
; 

.. ..
 

'➔
 

cl 
.. 

; 
z, 

=
 

" 
=

 
!4 

"O
: 

I 
,,

 
'O

 
..

 
....

 
0 

" 
I 

CD
 

:. 

~
 

(:
:-

, 

,;;
 

01
,8

 
I[

; O
' 

·::S
:::

:: 
b

l 
,..

, 
It

 
:!

;: :r
 

I-
;,,<

 
r, 

::
:i 

::i
: 

:s: 
=

 :,:
 

f'
 

2:
 

1.
) 

,., la
, 

""'
 

-I
 n

 
rn

 )a
l 

=
 

C
 

::::
 

~
 
=

 ,., 
r,,

 
., 

)>
 

:,
: 

3'
: 

i,
: 

-i
 

'" 
·..-

:: ... 

C
, 

~
 

~
 

"" 
~
 
~
 

.. 
e 

e 
~
 

... 
... 

ii
 

'D
 

1~ 
=

 
!'

 
~
 

? 1
'] 

!; 
;p 

.. 
,s

-'g
 g

al
 

!'
 

g
 

..
 

0 
,.

 

I 
:-

" 
0 

➔
 

IT
' 

(D
 

-
0 

w
 

➔
::=

i 
o

't
l 

;1
 :

 
v,

.o
b 

@
] 

=
 

CD
 

0 
i '

9
 =

 
,, ., 

Ii 

1~
 

CD
 

l!
"

V
\°

g 
.. .. 

~ 
.:-

a;
1 

.. CD
 

<ti
 

tr
,,)

"t
:tO

O
 

0 

i:
. 

'
➔
 

.. 
.. "

' 
,, 

I\
 

0 

" 
.. 

CD
 

n 
I 

I 
; 

,, 
a 

g 
n 

:c
 :

i::
 

I \
 

.. 0 

; 
i 

~.
g 

:,
 ,, 

~ 
~ 

,a 
~ 

.. 
I 

\ 
IJ

 

; 
: 

g 
g 

.. " 
SI

i 
~=

~~
 

CD
 

\ 
=

 
~ 

l:O
 

0 
=

 
ii 

~
 

I 
CD

 

J!
I 

: ~
 ~
 

\ 
.. 

j 
11:

 
..

..
 

.. 
CD

 
O

 
...

 
.. 

"'"
 

~
 

➔
 

0
.
 

,, 
; 

:: 
: 

0 =
 

\ 
0 

~ 
I 

:{
 

~
 

P' 
i!i 

\ 
"
;!

: 
CD

 
" 

0 
'O

 
\ 

. 
:,:

 
., 

" 
.. 

\ 
➔ 

" 
0 

..
 

\ 
:?

 

!J
y 

3 

Ka
nb

1.
Je

6a
u 

n~
LJ

OK
 

/11
-

Ko
no

 e
6a

u 
pa

cc
eu

 
m

en
o 

CU
UH

m
un

t7
RU

U0
HH

l:J
/8

 

]J
an

on
Hu

m
e/

lt:J
H{

]J
I 

/ 
I 

c7
5u

iiu
oli

CJ
R 

.1o
iiJ

um
a 

J7
am

y_
HH

tJJ
U 

ce
po

e4
H

U
K 

K
iJ

no
ue

fia
eo

 K
Dn

nU
M

at
nO

PO
 

P
11

c.
 

4
. 

K
o

n
b

u
e

0
o

l!
 

n
e

T
e

K
T

O
p

 
n

m
, 

p
e

rH
c
T

p
a

m
rn

 
np

oT
O

H
O

B
 

oT
JJ

.a
'<

H
. 

2
,2

,3
,4

-
K

a1
1a

nb
l 

yc
H

n
e

H
H

H
, 

C
.C

.-
c
x
e

M
a

 
co

0
n

a
n

e
1

1
H

il.
 

~
 

.&
 



[i 
11 ), 

l'.'.i I' 

I 

I 
I 
I 

:1,,1f l 

ii \111 ! •) 'i 1 

iJ I ' 

i:I 
Ii 
1!! 

Ii 
I 

't I: 
I: 
I.I 
! 

i: 
I 

\ 

/ 
~/" 

// 
,,. 

M p / -a-~•,, --- . ----- . -
PHc.5. HeATpOHHbIA neTeKTop. 

ff - HeATpOHHbIA nyY.1:oK, M-MoHHTop, P-.ab10ap C )KH.0.KHM BOilOPO.llOM, 

1, 2, 3, 4, 5 - CI(HHTunnHUHOHHble t;:eTqHKH, K- KOHBepTop, ¢ - (pallbTp, 
C - cxeMa coena.a.euua, AC - cxeMa aHTHCOBna.aeHuA. 
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Pac. 6. ,lluqJ(pepemiuan&Hbie ce11eHas ynpyroro ( n • p ) - pacceHHHSI a c.u.H. 
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En• 580 Msa <.aaHHSSI paooTa). 
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1-Err90 Maa, 2- En=380-400 Maa, 
• 

paCC'l!ITBHbl no cj,opMyne (2) np11 f=0,08 
,.,,: 
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xid6,.e(B) 
dQ 

40 ~ 10 -30 

30 

20 

JO 

0 5 IO·I0 0

2 . - (112 el 
X=f+2P2 +Cos~ 

Puc. 8. OnpeJ:Ienem,e nepeHopMiiposanHoll xoHcTaHTLI rr -MeaoH-
Hy.xnoHHOro B38HMOJ:IellCTBHll no M8TOJ:Iy l{y. nyHKTHpHOll 
nHHHell o6oaHaqeHa rp8HHU8 (pH3Hqecxoll o5nacTH. 

1 •i:2 ~•(0) cA+Bi:+Ci: 2 

dO 

2 •i: 2~) =A+ Bx+ Ci:
2+ Dx 3 

dO 
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