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1. BseneHne 

OaHa H3 Hanoonee cepbe3HhiX TpyaHocTeil, B03HHKLIOillHX rrpn pac'I~Te 

BHyTpHHLl9pHblX K8CK8AOB0 38KniO'I89TCSI B HeOOXOAHMOCTI BBOAHTh B Bbi'IHC

nHTenhHYIO MBWHHY IIOApOoHyiO HH$OpMaUHIO 0 HeyrrpyrHX B38HMOA9HCTBHSIX 

'IBCTHU IIpH pa3nH'IHbiX 8HeprHHX: BepOS!THOCTH OTAenhHJ.IX KaHanoB peaK-

UHH, 3apHAOBbie, yrnOBbl9 H HMIIynhCHbl9 pacrrpeaeneHHSI pOJKLlaiOruHXCSI qac

THU pa3nH'IHbiX COpTOBo 3TO IIp9A'bHBnHeT BbiCOKHe Tpeoo BaHHSI K OO'heMy 

IIaMS! TH M8illHHbl 0 a BO MHOrHX cnyqaHX - OC009HHO B Oe naCTH 8HeprHH 1 

KOraa cyrueCTB9HHO MHO/K9CTBeHHOe pOJKAeHHe qacTHU1 -Ol a3bJBaeTCSI B006rue 

H9B03MO/KHbiM BBHAY OTCyTCTBHH H900XOAHMbiX 8KCIIepHME HTanhHbiX AaHHbiXo 

B HacToHmee speMH HaMeTHnHCh nsa pa3nH'IHhiX rro)lxona, rro3BonHIO-

mnx, no KpafiHeil Mepe qacTH'IHO, o6oHTH yKa3aHHoe 3aT~ynHeHne. 

B rrepBOM H3 HHX AnSI OIIHCaHHSI Heyrrpyroro B38HM0~9HCTBHSI 'I8CTHU 

HCIIOnh3YIOTCSI KaKHe-nHOO TeopeTH'I9CKHe MOAenH ( CM. 1 t arrpHMep, paoo-

/}-4/ 
Tbi ) • OnHaKo, rrocKonhKY Mbi cefiqac He pacrronaraeH TeopHefi cnnh-

HhiX B3aHMOAeHCTBHH1 BCe 8TH MOAenH rrpencrraBnHIOT COO•>ll rpy6b!9 H B9Ch

Ma orpaHH'I9HHbl9 IIpHOnHJKeHHH H, KpOMe TOrO, '!aCTO CB5 38Hbl C rpOM03A

KHMH 'IHCneHHbiMH paC'I~TaMH ( HaiipHMep, KOrAa IIpHMeHH!OTCSI IIepn$epnqec

K8H H MynhTHrrepn$epnqecKaH Monenn). 

BTopoft IIOAXOA OCHOBaH Ha HCIIOnh30BaHHH cpeAHHX : lKCIIepHM9HTanh

HbiX pacrrpeaeneHHH ( yrnOBbiX1 HMIIynhCHhiX H T.A.), H3 KC TOphi X C IIO

MOillhiO M9TOAa MOHTe-KapnO nenaiOTCSI BbiOOpKH 1 II03BOnHIOill Ie CTaTHCTH'IeCKH 

BOCCTaHOBHTh pe3ynbTaT OTAenhHOrO aKTa Heyrrpyroro B3aHM•>AeHCTBHH. KaK 
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noKaaanH neTan&HbW pac'I~Thi, TaKoA nonxon oKaabieaeTcH sec&Ma acpJieK

THBHhiM H MOlKeT 5J.ITb C ycneXOM peanH30B8H H8 Bbi'IItCnHTen&HblX MaWH-

5 5 (4-8 Tb'CH'I CnoB) 
/5-8/. 

H8X C OTHOCHTen&HC He OnbWHM 0 ~eMOM naMHTH 

Pac'I~Tbi BHYTPHHnepHbiX KacKanoe aHa'IHTen&Ho ynpomaiOTCH, ecnH 

B K8'1eCTBe HCXOllHC•ft HHcPOpMaUHH llnH BOCCTaHOBneHHH KapTHHbl MeMeHTap-

Horo aKTa Hcnon&aosaTb He caMH sKcnepHMeHTan&Hbie pacnpeneneHHH, a 

HX nonHHOMHan&HbiE annpoKCHMBUHH. HaxolKneHHe TaKHX annpoKCHMauHA 

CBH3aHO C BeCbMa rpynoeMKHM 'IHCneHHbiM aHanH30M 5onbWOrO KOnH'IeCT-

Ba SKCnepHMeHTanb,lbiX llaHHbiX, OllHaKO nocne Toro, KaK OH BbinOnHeH 0 

nony'leHHbie annpoKCHMaUHH MOlKHO HCDOnb30BaTb llnH paC'I~Ta KaCKallOB 

B paanH'IHblX Hllpa:x H npH paanH'IHbiX SHeprHHXi npH STOM 3Ha'IHTenbHO 

coKpamaeTcH speMSl 0 aeo6xollHMoe nnsr onpeneneHHH saepruA H yrnoB Bhme-

Ta 'laCTHU BO BHyT pHHllepHbiX CTOnKHOBeHHHX. 

B cnenyiOmeM naparpacfle nnH npaKTH'IeCKH HaH5onee BBlKHbiX cny'laes 

N - N H 1t- N B38HMOlleACTBHA 5yllyT npHBeneHbl Ta5nHUbl KOacpJIHuHeHTOB 

annpoKCHMHpyiOlliH:X nonHHOMOB H l18HO nonpo5aoe cpaBHeHHe C OfibiTOM paa

nH'IHblX pacnpeneneHHft0 paCC'IHTaHHbiX H8 OCHOBe STHX KOscPcPHUHeHTOBo 

CymecTBeHHhi M aenocTaTKOM ecex BhmonaeHHhiX no cHx nop pacq~-

TOB 0 OCHOB8HHblX fa MOHTe-KapnoBCKOM po3birpbiWe SKCnepHMeHTanbHbiX 

pacnpeneneHHA, HBnHeTCH TO, 'ITO npH STOM He ynasanOCb ll05HTbCH TO'IHO-

ro BbinOnHeHHSI aa COHOB COXp8HeHHSI SHeprHH-HMnyn&ca. 

MolKHO o5eCIIe'IHTb BhmonaeHHe aaKoHa coxpaHeHHSI sseprHH B cucTe

Me ueHTp8 Mace E HyTpHSIIlepHoro HyKnOHa H B3aHMOileACTBYIOllieA C HHM 'laC-

THUhi, rne aauaiOT ::a aKcnepuMeHTan&Hbie pacnpeuenesua, xapaKTepuayiO

mue aeynpyroe BaaHMoneAcTBHe. OnaaKo, scnencTBHe aeaaBHCHMoro po3hir-

pbiWa ·yrnoB0 pl3neT3J CyMM8 HMnynbCOB BTOpH'IHblX 'laCTHU OKa3biBaeT

CSI, B005me rOBOp ~. OTnH'IHOft OT Hyna. 3TO npHBOllHT K TOMY, 'ITO npH 

nepexoue B na50p3TOpHyiO CHCTeMy KOOpllHHaT B KalKilOM OTllenbHOM aKTe 

Heynpyroro B38H~OileftCTBHSI HapyWaiOTCSI KaK 3aKOH coxpaHeHHSI HMnyn&ca, 
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TSK H 38KOH COXp8HBHH~ 3HeprHHi MO~HO HS)JB~TbC~ JlHWb HD CTBTHCTHqec-

KOB BhliTOJIHBHHB 38KOHOB - B CpBJJHBM, )JJI~ 60JibWOrO qHCJ18 OT)JBJlbHhlX B38-

Hapyweawe 38KOHOB coxpaHBHH~ ~Bn~eTc~ cnea:TBHBM nepeonpeaene-

HH~ CHCTBMbi, p03birpbiiiiBM 60JibWBrO qHCJ18 cnyqait lbiX BBJIHqHH, qe!Vf 3TO 

pa3pBIIIBHO 38KOH8MH COXpBHBHH~. 

/9/ 
8 HBJJBBHBit pa60TB ITOK838HO, qTo XOT~ CpE )JHee OTKJIOHBHHB OT 38-

KOHOB coxpaHeHH~ B na6opaTOpHOH CHCTBMe KOOpJJHffilT JJBHCTBHTBJlbHO 6JIH3-

KO K Hymo, llHCnepCH~ 3TOrO cpenaero OK83b!B8BTC~ HBO~H)J8HHO 60JibiiiOHo 

3TO rOBOpHT 0 TOM, qTo llOCT8ToqHO H8ilB~HbiMH B "8KHX pacq{!TaX ~BJI~IOT-

C~ JlHWb cpenHHB xapaKTBpHCTHKH ~nepHbiX B38HMOilB':iCTBHH: CpBllH~~ MilO-

~eCTBBHHOCTb BbinBT810IIIHX H3 ~npa K8CK8llHbiX H JIH!,HBBbiX qaCTHU 0 HX cpen-

HHB 3HeprHH 0 yrJibl pa3JIBT8 H T.n., pacnpenenBHH~ )l:e 3THX xapaKTBpHCTHK, 

oco6eHHO H8 Kpa~X, MOryT 6b!Tb CYIIIBCTBBJIHO HCK8)!< BHHbiMHo 

HH~e Mbl paCCMOTpHM 0 KSKHM o6p830M MO~HO )6ecneqHTb Toqaoe Bbl-

ITOJIHBHHB 38KOHOB COXp8HBHH~ 3HeprHH-HMIIYJibC8 Ilpl MOllBJIHpOBDHHH 3JIB

MeHT8pHOrO aKTa no MBTony MoaTe-Kapno. Mbi YBHJJHM, qTo B xopoweM co-

rnaCHH C OITbiTOM OK83biB810TC~ He TOJlbKO cpenHHB ~ HaqeHH~, HO H pacnpe

)JBJIBHH~ pacqeTHbiX BBJIHqHHx/ 

I. AnnpoKCHM8UH~ 3KcnepHMBHTanbHbiX yrnoBbiX « HMnynbCHblX 

pacnpeneneH«it 

BpeM~ Bbi6opKH 3Kcnep«MeHTaJibHblX naHHbiX M< ~Ho cymecTBeHHO 

yMBHblliHTb, BCJIH BMBCTO UH!jl!jlepeHUH8JlbHbiX yrJIOBbD H HMIIyJibCHbiX pac-

npeneneHHH B CHCTBMB UBHTpa Mace W (} ( C08 (}) H W ( p ) HCITOJlb30B8Tb CO-

OTBBTCTByJOIIIHB HHTBrpaJibHbiB pacnpenenBHH~ 

x/ 
HeKoTopbie npensapHTBJibHbie pe3ynbT8Tbi 6bi.m H3no~eHbi a pa6o-

/ 10/ 
Te 
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X 

w 8( X ) - / w 8 ( 2 z -1) d z I ! w 8( 2 z - 1) d z ' (1) 

y 

p 
( y) - f 

I) 

w ( z p 
p max 

)dzi[W(zp 
p 0 

) d z 
max 

( 2) w 

H y'leCTb1 'ITO o6paTl ble BellH'IHHbl 

H 

S!Bn5110TCSI MOHOTOHHO B03p8CT8101IlHMH cj>yHKUHSIMH cnyqaftaoro 'IHClla e, pas-
. )x/ 

HoMepao pacrrpeaeneaioro aa HHTepsane (0,1 • 3TH cj>yHKUHH yao6ao Bhl-

paaHTb qepea ITOllHHOUbl OT e : 
~ 

cos 8 - 2 ~ 
N n N 

II a~ +0-I 
n..O D n..O 

N+l 
a)e l-1, 

D 

:lz N n N N+l 

p .. p~ I I 1 ~ 
) X n..O D 

+0-Ib>e 1. 
n..O n 

( 3) 

(4) 

x/ 
EcnH apryMear aH«<>cc>epeauHanbHoro pacnpeaene.••HH W ( y) aaaaa aa 

HHTepsane ( a • b). TO apryMeHT X - c;- a) I (b-a) 6yaeT aaaaH y>Ke Ha HH
·repsane (0, I) • .llnH yrnosoro pacnpeaeneHHSI x • ( 1 +cos6)12. anH pacnpe-
aeneHHSI no HMnynbcaJ-1 x .. pIp • 

max 
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rae M8KCHManbHoe 3HaqeHHe HMrrynbca B aKcrrepHMeHTlnbHOM pacrrpeaene-

HHH p max H K09$1JHUHeHTbl a 
n 

H bn 38BHCHT OT TliT8 paCCM8TpHBaeMOH 

peaKUHH H OT 9HeprHH CT8nKHB8JOIUHXCH qaCTHUo 3Hepro~TuqeCKYJO 38Bll-

CHMOCTb 9THX BenHqHH MO~HO T8K~e ITpeACTaBHTb B Bv,lle ITOnHHOMOB: 

M M ) ( 5) 
I 

k 
I 

k I,, k 
a a T b b T p T n k..O nk n k..O nk max k.., k 

4~ 
\ \' ., ,, 

noapo6Hbie pacqeTbl ITOK838nll 0 qTo B rrpeaenax T01CHOCTH COBpeMeHHbiX 

9KCITepHMeHTOB OITTHM8nbHOH 0 ITO-BHAHMOMy 0 HBnHeTCH l IIIIpOKCHM8UHH IIOnH-

HOM8Mll qeTBepTOl!: CTeiieHH ( T.e. N 3, M = 3); TaK .re rronHHOMbi rrpoCTbi 

AnH pacqeTOB H B TO ~e BpeMH XOpOillO arrrrpoKCHMHpyK T H3BeCTHbie cefiqac 

9KCITepHMeHTanbHbie A8HHbieo 

B Ta6nn:uax I 

AnH HeyrrpyrHX N- N 

H II IIpHBeaeHbl 3HaqeHHH K09<j:J<j:JHL HeHTOB a n k H b nk 

H TT- N B38HMOAefiCTBHH. 0TaenbHO YK838Hbl K09<j:J<jlu-

UlleHThl AnH KaHanOB C TpeMH qacTHU8Mll B KOHeqHOM CJCTOHHHH. 3TO caena-

HO B uenHX IIOBbiilleHHH TOqHOCTH - OC06eHHO B o6naCT ~ T ~ 1 faB, -

T8K K8K pacrrpeaeneHHH BTOpHqHbiX qaCTHU B 9THX K8H818X 3HaquTenbHO OT

nHq8JOTCH OT pacrrpeaeneHHH qaCTHU B MHOroqaCTHqHbiX K8Hanax (oTnHqHTenb

HOl!: qepTOl!: TpexqaCTHqHb!X K8H8nOB HBnHeTCH T8K~e H T0 0 qTo IIpH MOH-

Te-KapnOBCKHX p03bJrpb!Ill8X B 9TOM cnyqae He Hy~HO aenaTb AOIIOnHHTenb

HOl!: 6paKOBKH ITO BenHqHHe IIOIIepeqHoro HMITynbca; CMo §4). 

npH T > 4 f9B OTHOCHTenbHbil!: BKn8Jl TpexqacTHqHbiX pe8KUHl!: Man ll 

HX MO~HO He yqHTb!B8Tbo 3HaqeHHH K09<jJ<jJHUHeHTOB B T8DnHU8X I ll II HB-

nHJOTCH ycpeaHeHHbiMH ITO H30TOITHqecKHM CIIHH8M HaqanbHOrO H KOHeqHOrO 

COCTOHHHl!: 0 qTo BrronHe OIIp8BJl8HO BBHAY HX cna6ofi H3 :>TOrrHqeCKOH 38BHCH

/25 26/ 
MOCTH ( CMo 

0 
) o 
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Ha pHc. 1-8 yrn,>Bbie H 9HepreTH'IeCKHe pacnpeaeneHHH, nocTpoeHHbie 

C nOMOIUbiO yKa3aHHbl:ll B Ta6nHuax 3Ha'leHHft Ko9¢$HUHeHTOB a nk 

cpaBHHBaiOTCSI c cooTEeTCTBYIOIUHMH 9KCnepHMeHTanbHhiMH aaHHhiMH. KaK BHa

Ho, 9KCnepHMeHT H pa ::'I~THbie KpHBbie CornacyiOTCSI BIIOnHe yaoBneTBOpHTenb-

HOo 

DonHHOMHanbHYIO anrrpOKCHM8UHIO (3) MO*HO HCnOnb30B8Tb He TOnbKO 

anSI aeynpyrHx KaHanos, Ho H anSI yrnosoro pacnpeaeneHHSI ynpyro pacce

SIHHhiX '18CTHU (9HeprHH '18CTHU npH 9TOM 0£1H03H8'1HO onpeaenHeTCSI yrnOM 

pacceHHHSI). OaaaKo ~nH orrHcaHHSI 9Hepre'rH'IeCKOH 3aBHCHMOCTH Ko9<jl<jJHuH-

Tpe6yiOTCH nonHHOMhi c O'leHb 6onbiiiHM 'IHcnoM qneaos. Pacq~-

Tbl nOK838nH 0 'ITO B ~TOM cnyqae yao6Ho BCIO o6naCTb 9HeprHft pa36HTb H8 

H9CKOnbKO HHTepsanoB, B Ka*aOM H3 KOTOpbiX MO*HO orpaHH'IHTbCSI He6onb-

CooTBeTcTBYIOIUl e K09<jl<jJHUH9HTbl a nk npHB9£19Hbl B Ta6nHU9 III; B Ta6-

nHue IV yKa3aHbi 3Ha IeHHSI K09<jl<jJHuHeH'roB c k • 

113 pHCo 9 BHaHC't 'ITO paCC'IHT8HHbl9 C IIOMOIUbiO 9THX K09<!><1>HUH9HTOB 

yrnoBbie pacnpeaenea rSI xopolllo cornacyiOTCSI c 9KcnepHMeHTanbHhiMH. 

3. BocqaHOB,!;9HHe aeTanbaoa KapTHHbi aeynpyroro B3aHMoaea-

CTBHSI no ::peaHHM yrnOBbiM H HMnynbCHblM pacnpeaeneHHSIM 

PO*UaiOIUHXCSI '18CTHU 

PaccMoTpHM cH,l'lana KaHan peaKUHH c 'rpeMH 'laCTHUaMH B KoHe'IHOM 

COCTOSIHHH 0 KOT0pb19 1M9IOT MaCChi m I H HMnynbCbi ji 
1 

-I p 
1 

, co a 8
1 

, cp 
1 

I. 

C Y'I~TOM 3aKOHOB C!•XpaHeHHSI KOH9'1H09 COCTOSI HHe B 9TOM cny'lae xapaK

T9pH3yeTCSI nHTbiO H€ 3aBHCHMblMH BenH'IHHaMH 0 KOTOpble MO*HO Bbi6paTb 

cneayiOIUHM o6pa3oM. 

MeToaoM MoHTn-Kapno no 9KCnepHMeHTanbHbiM 9HepreTH'IeCKHM crreKT

paM ( HnH cneKTpy 0 e ::nH '18CTHUbl oaHH8KOBbl9) HaftaeM HMIIynbCbl p l H p ~ • 
, 

J1MnynbC Tp9Tb9i!: 'IB•:THUbl onpeaenSieTCSI 38KOHOM COXpaHeHHSI 9HeprHH: 
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rne E - IIO.IIHaSI 3HeprHSI B CHCTeMe ueHTpa Mace. 

,, 
" ( 6) 

EcnH aenH'IHHa p 
8 

npH 3TOM oKa)KeTCSI MHHMoi H.IIH He ynoaneTaopS!

eT 'aepaBeHCTBaM TpeyrO.IlbHHKa'; 

3Ha'leHHSI pI , p ~ H p 
8 

C.lleJlyeT Bbi'IHC.IIHTb 3aHOBOo 

lJT06hi onpelle.IIHTb IIO.IIO)KeHHe BeKTOpOB p
1 

B npocTpaHCTBe, 3aMeT'Il:M 0 

'ITO OCb Z Hamel!: CHCTeMbl ueHTpa Mace 
1
coOTBeTCT 3YIOmel!: C.lly'laiO, KOrJla 

B na6opaTOpHOi!: CHCTeMe KOOpJlHHaT JlBH)KyTCSI o6e CTa.IIKHBaiOwBeCSI 'laCTH

Uhi, HanpaB.IleHa BllO.Ilb V -BeKTOpa CKOpOCTB 3TOi!: C HCTeMbl KOOpllHHaT 

OTHOCHTe.llbHO na6opaTOpHOi!: CHCTeMbl ( BCe Be.IIH'IHHbl B Hamel!: CHCTeMe UeHT-

pa Mace Mhi 6yneM nanee OTMe'laTb 3Be3JlO'IKol!:: Z * p * 
I 

H T.n.). On-

HaKO 3KCIIepHMeHTa.llbHble yrnOBble pacnpeneneHHSI II pH HSITO OTHOCHTb K CHC

TeMe UeHTpa Mace, COOTBeTCTBYIOillel!: C.lly'laiO, KOrJla B na6opaTopHol!: CHC

TeMe OJlHa H3 CTa.IIKHBaiOiliHXCSI 'laCTHU ( 'laCTHUa - Ml!meHb) IIOKOHTCSI o 

Qcb Z TaKOl!: CHCTeMbl KOOpJlHHaT ( 'cHCTeMbl Z ") H8IIpaBneHa BAO.Ilb HM-

nynbca HaneTaiOmel!: 'laCTHUhi B Hamel!: cHcTeMe ueHTpa Mace Po* (eM. 

pHC. 10). 

Pa3hirpaB ITO 3KCnepHMeHTa.llbHbiM yr.IIOBbiM pac IpeAe.lleHHSIM B CHCTe-

Me Z Be.IIH'IHHbl cos (J 8 H ¢8 • Hai!:AeM BeKTOp p 8 i Be.IIH'IHHY 3Toro 

BeKTOpa B CHCTeMe ueHTpa MaCC -. p 
8 

nony'IHM c noHOillbiO rrpeo6pa3oBa-

HHSI (IV ) H3 IIpH.IIO)KeHHSI 0 rAe cneAyeT IIO.IIO)KHTb A "' p * B V • 0 • 

Bbi6paB Aanee BeKTop p* 
8 

3a HOByiO OCb Z ' H Y'IHTbiBaSI, 'ITO A.IISI 

= 1,2 H3 ycno 3HSI p; + p; + p; • o 
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nony'IHM 

( 7) 

c~ s 6 ; • - ( p : + p : - p : }_/ 2 p a p 1 

B Ka'leCTBe no ~neaHeA, nHToA, HeaaBHCHMOA nepeMeHHoA Bbt6epeM yron 

'I'. xapaKTepH3YIOIIU A nono)KeHHe nnocKOCTH peaKUHH. EyaeM C'IHTaTb aToT 

yron H30TponHhiM0 T.e. nonO)KHM 'I' • 2 rr! , rae e - cnyqaAHOe 'IHCnO H3 

HHTepsana ( 0, 1). KaK BHllHO H3 pHCo 10, 

qT06bi Bbi'IHCn ~Tb B CHCTeMe ueHTpa Mace BeKTOpbl H p* 2 He-

06XOllHMO CHOBa BOC nonb30BaTbCSI npeo6pa30BaHHeM (IV), nonO)KHB B HeM 

(eM. pHc. 10). 

TaKHM o6paao~r, Mbl nonHOCTbiO onpeaenHM see TpH BeKTopa 

yaosneTBOpHIOWHe aaKoHaM coxpaHeHHH 9HeprHH-HMnynbca. 

-. p • 
I 

DepeXOll K na(opaTOpHOA CHCTeMe KOOpllHH8T ocymecTBnHeTCSI npeo6-

pa30BaHHeM 

-. 
PI na6 • P 1 + 

V( p• V) 
I 

v 2 
----1)+V V 
y1- y2 1- v 2 

( 8) 

Pac'I~T HeTpYilHO o6o6mHTb Ha cnyqal pO)KlleHHB 6onbwero qHcna qac-

THU ( D > 1), DpH 9T•>M 'IHCnO BTOpH'IHbiX "'!aCTHU D aBTOMaTH'IeCKH ~HKCH-

pyeTCSI 'IHCnOM MOHTe-KapnOBCKHX Bbi6opOK H3 HMnynbCHbiX cneKTpOB0 COB
n-1 

MeCTHMbiX c aaKOH<•M coxpaHeHHH aHeprHH ( I v p 2 + m2 < E - m ) , 
1•1 I I - D 

a HMnynbC nocnellHI!A 'laCTHUbl onpeaenHeTCH paBeHCTBOM 

10 



p -n 
I[ E 

n-1 

I 
I• 1 

m ~ I~ 
n 

l9) 

POJib1 KOTOpyiO B paCCMOTpeHHOM Bbillle TpeX'IBCTfi'IHOM CJiy"!ae Hrpan 

n -
BeKTOp p 8 , Terrepb 6yaeT HrpaTb cyMMa BeKTopoB I p yrnoBhie 

I• 8 I 

KOOpAHH8Tbl KOTOpb!X ( CO!! (J 1 H cp 1 ) pa3bii'pbiBaiOTCSJ He3aBHCHMo. O'ie-

BHAHbiM o6pa30M H3MeHSJeTCSI H "HepaBeHCTBO TpeyroJI~HHKa". 

Bee pacrrpeaeneHHSJ, rrpHBeaeHHhie Ha pHc. 1-8, rony'leHbi c y'I~TOM 

38KOHOB COXpaHeHHSI 9HeprHH-HMITYJibCa. 

4. Y'i~T KoppenSJUHil: yrnoBbiX H HMrrynbCHhiX pacrrpeaeneHHil: 

l-'13no)!(eHHhiil: B rrpeAbiAYIIleM pa3aene MeTOA Moae ru;:poBaHHSJ Heyrrpyroro 

B38HMOAeil:CTBHSI XOpOlllO BOCITpOH3BOAHT CpeAHHe yrnoB: ,Je H HMilyJibCHbie 

pacrrpeAeJieHHSI pO)!(AB!OlllHXCSI 'l8CTHU 1 OAHBKO KOppeJISJUl H yrJIOBbiX H HMITyJibC-

Hb!X xapaKTepHCTHK OK83b!B810TCSI ITpH 9TOM yTepHHHbiM fo 

LfaCTH'lHO 9TH KOppeJISIUHH MO)!(HO y'leCTb 1 eCJIH l!..!•ITOJIHHTeJibHO ITOTpe-

60B8Tb xopolllero cornacHSJ c OITbiTOM pac'!eTHbiX pacrrr:eaeneHnil: no rrorrepe'I

HOMY HMITYJibCY p!. , DpaKTH'leCKH 9TO CBOAHTCSI K AOliOJIHHTeJibHOH 6pa

KOBKe pa3birpbiBaeMbiX xapaKTepHCTHK aneMeHTapHoro t KTa no pacrrpeaene

HHIO rronepe"!Horo HMnynbca d u I d p.L. , KoTopoe so scoil: o6nacTH aHeprHil: 

Bb!llle ITOpora Heynpyroil: peaKUHH 1 H838BHCHMb OT THITB CT8JIKHB810IIlHXCSI '18C

THU1 MO)!(eT 6b!Tb annpoKCHMHpOBBHO 9KCITOHeHUH8JibHOH cpyHKUHeil: 

"" a ( 10) du 
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rne Po = 0,36 11 1),25 f8B/C COOTBeTCTB8HHO illl51 HyKnOHOB 11 rr -M830-

HOB, a -ITOCTOHHHBI HOpM11pOBKI1, 

8neneHHe 6p81 OBKH C06biTHl\ ITO P ,1.. Bl111HeT, KOHeqHo, Ha Il11ll yrno-

BhTX fl<lCHDC!l>.JH?HHii pO>KDClKJ!IlHXCH 'WCTHU, Olll!flKO He l!rlpylliaeT HX COr'll!lCJIIT 

c 8licnepHrvleHTOM ( eM. pnc. 1 H 3); pacrrpenenem1H no p .L oKa3biBaiOTCH 

3H8'!HT9llbHO 6nH>Ke K 8KCnep11MeHT8llbH~M, OC068HHO llllH HYKllOHOB (eM. 

pH c. 

B cnyqae rpe:qacTHqH~x peaKuHi1 KoppenHUHH Me>~<ny yrnoB~MH 11 11M-

nynhCJ!.bll\HI l"'PC'Mel HhJ.Ml! HrXlHHKCIIOT y>Ke GnaronapH Y'Iery 38KuHoB coxpa-

Hc'H;Hl ·,•ff('[H'!'LI·-1! 111 :;b<~:'J !l HCT HE:06XO/U1MOCTI1 R HOITOl!HI1TCllbHOH C)paKO!lKC 

co6biTHii rro PL · vk p11c. 13 BHIXPo, qTo B 8TOM cnyqae c onbiToM xopomo 

COI'lli1CYIOTC5! l18)K9 CITeKTpb! non 38ll8HHb!M yrnoM. 

5, Q_J,_1[f!)/l(0C' ·HeHHCCTH 'IDCTI1U, QO)KL\8101U11XCH B neynpyrHX 

~ - Nu rr-N CTOllKHOBeHHHX 

OpH orrpenenei!HH xapaKTepHCTHK Heyrrpyroro B3BHMoneti:cTBHH c yqeToM 

38KOHOB coxpaHeHHI '!HCl10 p0>Kll8101UHXCH 'IBCTHU 8BTOM8THqeCKH qli1KC11py-

eTCH 38L(8HHeM HX !MITy.TlbCHOr'O CIT8KTp8 11 B8l1H'!HHbl 8HeprHH CT8l1KI1B810-

IUHXCH qaCTHU. 

3ap'i!llOUbie p2 crrpeneneHI1H po>KIXBIOIU11XCH qaCTI1U rrp11 8HeprHHX T <I f8B, 

"' 
KOT'llB OCHOBHOfi BK.Tl ~ll llBIOT TpexqaCTHqHhie pe8KUHH, H8XOIXHTC51 06biqHQ ITO 

H3B8CTHbiM ceqeHI11 M OTLlenbHb!X K8H8l10B, a ITpH 60llbll!HX 8Hepr11HX - B 

rrpennono>KeHHH, 'IT) p83l111qH~e H30TOIIH'!eCKHe COCTOHHHH HyKnOHOB H 

rr -Me30HOB p8BfOB8pOHTHbl (rrpH ycnOBHH COXpaHeHHH 8lleKTprrqecKOr'O 

3ap>rna). 

xi 
l1MrrynbCHbi ~ pacrrpeneneHHH qacTHU 11 pacrrpenenenne MHo>KecTBeH-

HOCTH ITpH 8TOM !3C0611[e He ll3M9/IHK>TCH, T.K, B cnyqaHX, KOT'Illl 3HacreHI18 

p .1 H8 COI'lWCO!li ITOCb C p8Cilf'E'l19i1eHI1eM ( 10), 38HOBO p83LJI'pb1B3lli1Cb 

nHmh yrnoBwe rrep?MBHH~e. 
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B 3Kcnep11MeHTe, KaK npaenno, Hao6opoT, H3MBJl>IIuTC51 31lp51UOBhie pac-

rrpeneneHIHI 1 a ITOnliOB '111Cll0 p0)((U8JOIUHXC51 'IaCTilU rron;''I8BTC51 rryTeM nepBC'I~-

T8 0 OCHOBHJIHOrO 118 OllpBUBl!BIIHbiX npeUITOlJO)((BHif51X 0 B<'pOHTHOCTH pil3lllf'IIIh1X 

/25/ 
lf30TOITif'I2CKilX COCTOSlliHH ( 110Upo6Hee CM. 1 HanpHMep 1 o6aop ) • 

Ha pnc. 14,15 n B Ta6:muax V VI 3KCDBpH~BHTHllbHWB 3HpHUOBWB 

pacrrpeneneHH51 If COOTBBTCTBYJOilllfB 3H84BHif51 cpenHeii MHO)((BCTBBHHOCTH 

-+ 
n- H n CpaBHili38JOTC51 C BBlllf'IHH8MH 1ITOny'IBIIHbiMil rrpn MOIITB-KapnOBCKOM 

MOilBllllpOB811Hll 3l!BMBIITapHOI'O llKTa. 

l-13 DpHBeUBHHbiX UBHHhiX BHUH0 1 'ITO "MOHTB-K8f liOBCKHe" 31Ja4CHHH 

38MBTHO npeBbilii810T 3KCITBpHMBHT8JlbHbiB 1 OC06BHHO B cny'Iae 11- N B381l-

MOUBil:CTBliH. 

p 8CXO)((t1BHilB MO)((JIO 6b!ll0 6bi ycTp8HilTb1 ecnll :wrryCTHTb1 'ITO OTHO-

llJBHifB cpeJlHBI'O 'IHCna Hei!Tp8llbHbiX If 38p51)((BHHbiX M1!30HOB1 p0)l<U8JOI1llfXC51 

B HeynpyrOM B381lMOUBHCTBifll 1 

> y, 

Pac'I§Thl 38p51UOBhlX pacrrpeneneHHH1 BhliTOnl!eHHl~ 118 OCHOBe yHHTap-

HO-CilMMeTpll'IHOH CTBTilCTH'IeCKOH Teopllll MJIO)((eCTBBf HOrO o6pa30B8HH51 

/38/ 
'IBCTHU 1 T8K)((B YK83biB8JOT Ha rpy6oCTb rrpenrrono >KeHH51 0 paBHOBepo-

S!THOCTH p83llll'IHbiX H30TOITH'IBCKHX COCT051Hllfi p0)((Jl810 UHXC51 48CTHU 1 'ITO 

oco6eHHO cyiUeCTBBHHO Ul!Sl 11- N B381fMOUeiicTBHH1 rJle C 6onbll10H Bepo-

51THOCTbJO o6pa3yJOTCSl pe30H0Hbl1 pacrran KOTOpbiX rrpo 1CXOUHT 

lUBCTBBHHbiM pO)((Uel!HeM 11 O -Me30HOB. 

c rrpeHMY-

3H84BHHSl n , Bbi'IHCl!eHHbJe C ITOMO!Ub!O YHHTapHo-CilMMBTpli'IHOH 

CTBTHCTH'IBCKOil: TBOp!i!i 1 XOpOillO lJ0)((8TCS! 118 KpHByJO t ( T ) , rrony'IBHHYJO 

Dpll MOHTB-KapnOBCKOM MOUBlllipOBUHllli 3liBMBJIT8pHOr< 1 8KTa ( C M. pH C. 14) • 

TaK KBK Ha 3TOM rrpeUITOl!O)((BHiili OCHOI38HO 6om; moe 'IIi CliO 38KliJO

'IeHHfi1 rrony'IBHHblX B o6naCTH BbiCOKHX 3HBprnil:, OCOE BHHO B (!JH3HKB KOC-

13 



MH'IeCKHX nyqefi, To aanbHefirnee HayqenHe sToro BecbMa neRcHoro Bonpoca 

npeacTaBnReT 6onbrncfi HHTepec. 

f1pHn0)1{8HHe 

f1yCTb B H8KOTOpOH CHCTeMe KOOpaHHaT aaaaHbl BeKTOpbl A H B 

PaCCMOTpHM, KaKOH J.Ha 6yaeT HM8Tb B 3TOH CHCTeMe B8KTOp C , aaaan-

Hb!H B CHCT8Me Kopa !HaT, rae OCb Z nanpaBneHa Baonb B8KTOpa A 

a aaHMyTanbHhlH yrot npoH3Bonen. (ilanee Bee BenH'IHHhl B sTofi cHcTeMe 

KOopaHHaT Mbl 6yaeM OTMe'laTb lliTpHXOM) • 

EcnH cpHKCHpOB<~Tb aaHMYTAnhHbiH yron, Bbi6paB aa nnocKOCTb X, Z 

nnocKoCTb BeKTopoB A H B , TO Mbl MO)I{eM HaiTHCaTb: 

A • A e B = a ;, + f3 ;, 
X Z 

(I) z 

rae K03cpcpi!UHeHTbl OI:peaenRIOTCR lf3 ycnOBHR OpTOHOpMHpOB8HHOCTif KOOpAH

H8THbiX OpTOB e; 

a = y B~ - {32 
, {3 = ( A B ) I A , y • a A • (II ) 

BbJp831fB Tener b C ITOMOllib!O COOTHOlli8HHl!: (I ) 

BeKTOpbi A If B 

-, 
B -{3 A- I A) -, r A' B'l ex a- ey . e • a A 

nony'IHM HCKOMOe Bl ,Jpa)KeHHe amr BeKTopa C 

c -C' e + C' e + C' e 
X X y y ll • 

B (A B] B . C' a- .. c , + .( c , - c, 
X y a A ll X a 
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I 

A 
T (III) 

(IV ) 

A 
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Ta6nHua I 

Ko3<j><j>HUH •HTbl a • k an11 HeynpyPHx N - N H , - N 

B<BHMOileACTBHA (CHCTeMa UeHTpa MBCC)X/ 

~ 0 

! 
N + 

I I 2 3 
I 

N ..... 2N + rr ; HYKJIOH!i 

0 8559I (-I ) 54284 (-I) -5IIII (-I) 74514 (-2) 
I 50390 (+1 ) -92324 (+I) 46003 (+I) -62529 (+0) 
2 -I37~ (+~ ) 36397(+2) -20534 (+2) 29I59 (+I) 
3 I466I ( +~ ) -42962 ( +2) 27731 (+2) -4IIOI (+I) 

N + I N -+ 2N +tr; IIHOH!i 

0 71622 (-l ) 92581 (-I) -5I53I (-I) 5~58 (-2) 
I 30960 (+l ) -32I&5 (+I) 898&5 (+0) -I7288 (-2) 
2 -III25 (+~ ) 2(la73 (+2) -75084 (+I) 70224 (+0) 
3. I8130 (+~ ) -33245 (+2) 13188 (+2) -14854 (+I) 

N + N . 2N + n71 ; D > I ; JIYKJIOH!i 

0 ~00 (-l ) IOBaa (-I) -2I798 (-2) 65764 (-4) 
I 15854 (+0 ) -33688 (+0) 52I66 (-I) -14711 (-2) 
2 37716 (+J• ) II727 (+I) -25816 (+0) 7~09 (-2) 
3.- -40562 (+~ ) -67476 (+0) 32048 (+0) -10500 (-I) 

. 
N + N -+ 2N + n71 J D > I ; fiHOHhl 

- . 
0 1!138 (+ll ) -I7709 (-I) 20977 (-2) -54799 (-4) 
I 60396 (+ll ) 23015 (+0) -25458 (-I) 59III (-3) 
2 30174 (+:: ) -I8187 (+I) 2I626 (+0) -55552 (-2) 
3 -44190 {+:: ) 345I8 (+I) -40692 (+0) I0647 (-I) 

-
, + N -+ N + 211 f H'.fKJIOHH -

0 I7288 (+') ) -14504 (-0) 45390 (-I) -4796I ( -2) 
I 71080 (+I ) -13032 (+2) 835I5 (+I) -!4095 (+I) 
2. -I7961 (+:~ ) 41781 (+2) -30260 (+2) 53505 (+I) 
3 I6403 (+:~ ) -40799 ( +2) 328~ (+2) -60946 (+I) 

·- - -~ 
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0 
I 
2 
3 

0 
I 
2 
3 

0 
I 
2 
3 

tr + N .. N + 2tr J ITHOHH 

37596 (-I) 23~7 (+0) . -I54IO ( +0) 
I433I (+I) I~53 (+I) -I520I (+I) 

-3I350 (+I) I7648 (+I) -I5692 (+I) 
64ffi4 (+I) -I6735 (+2) I7I85 (+2) 

tr + N .. rr + N + nrr 1 n > 1 1 HYKJIOHH 

I2489 (+0) -5I577 (-I) 74864 (-2) 
I3573 (+I) -35778 (+0) 32888 (-I) 
~338 (+0) -II690 (+I) 23744 (+0) 

-I4595 (+I) I0078 (+I) . -398(2 (+0) 

Jr+N ... rr+N +nJr;n>l; DHOHH -
I8470 (+0} -73932 (-I). I8907 (-I) 
I9269 (+I) 27213 (+0) -56473 (-I) 

~. -32979 (+I) I0600 (+I) -1648'7 ( +0) 
36843 (+I) -23354 (+I) 38426 (+0) ,, .. 

- -·-

25037 (-I) 
30588 (+0) 
32520 (+D) 

-352'77 (+I) 

-29800 (-3) 
-75II7 (-3) 
-II402 (-I) 
I9505 (-I) 

-92984 (-3) 
25506 (-2) 
73052 (-2) 

-I7220 (-I) 

x/ B cKo6Kax yKaaaH nopSIIlOK HOpManHaoaaHHoro 'lliCila; HanpHMep, 85591 (-1)= 
= 0,85591•10-1, - 13782 (+2) = - 0,13782•102 II T,Jl, 

Benii'IIIH8 sHeprllll B <J>opMynax (5) 1101llKH8 Bb1p8lK8TbCa B rsa'ax. 
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Ta611Ruall 

Kos4Mjmu R8HThl b• k !lnll HeynpyrRX N - N xf lr - N 
838RM )!18ACTBRA ( CRCT8M8 ll8HTp8 M8CC) 

;~ I ) I I I 2 I 3 

N + N .. 2N + r f BYK.IlOHH 

0 50078 {+0) 9341:2 (+0) -96685 (-I) -2504! (-I) 
I 3I442 (+I) -I0590 {+2) 47335 (+I) -62478 (+0) 
2. -78!72 {+I) 29227 {+2) -I4298 (+2) 2001:2 (+I) 
3 8!667 (+I) -34550 (+2) I7685 (+2) -25895 (+I) 

N + N .. 2N +n' j DHOHH 

0 !!965 (+I) 28703 (+0) -24492 {+0) 37297 (-I) 
I -1:2889 (+0) -49065 (+I) 2919I (+I) -42200 (+0) 
2 I0426 (+I) 16264 {+2) -95776 (+I) 13883 (+I) 
3 -I9090 (+I) -I9904 (+2) !!938 (+2) -I7476 (+I) 

-
N • N .. 2N + D" ; D > I ~ HYKJIOHH 

0 I3508 (+I) -200ffi ( +0) I2583 (-I) -23628 (-3) 
I -43I39 (+I) 1364I (+I) -83492 (-I) 135I4 (-2) 
2 I229I (+2) -34030 (+I) IffiOO (+0) -24324 (-2) 
3 -I5288 (+2) 38559 (+I) -20043 (+0) 2I906 (-2) 

N +N .. 2N+n", ·n > 1 ; DMIOHH 

0 I24I9 (+I) -24404 (+0) I5693 (-I) -293ai ( -3) 
I -43633 (+I) I3158 (+I) -1:2579 (-I) I4060 (-2) 
2 I3743 (+2) -3569I (+I) 2I427 (+0) -33835 (-2) ~ 

3 -I8592 (+2) 43867 (+I) -25846 (+0) 38664 (-2) 

N + N ... 2N + nrr , n > I ; H:yKJIOHbl 
·'--·--

0 63054 (+0) 2I001 (+I) -I2886 (+I) 209I5 (+0) 
I -37333 (+I) I5I63 (+I) -24570 (+I) 52279 (+0) 
2 I3464 (+2) -I6300 (+2) I5I29 (+2) -2ffi87 (+I) 

3 -18594 (+2) 27944 (+2) -23295 (+2) 42688 (+1) 
----

~ ·--- ------------~----
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rr + N ... N + 2rr; 

0 93363 (+0) I78II (+I) 
I -I8I8I (+I) -t2927 (+I) 
2 55I57 (+I) 20607 (+2) 
3 -852I6 (+I) -20t27 (+2) 

n-+N ... n-+N+nrr;o>l; 

0 I9439 (+I) -34640 ( +0) 
I -46268 (+I) II093 (+I) 
2 9'7ff19 (+I) -I93I3 (+I) 
3 -96074 (+I) I7064 (+I) 

17+N ... rr+N+n17 n > 1 ; 

0 I8693 (+I) -49965 (+0) 
I -55678 (+I) I7ff14 (+I) 
2 !4795 (+2) -4I330 (+I) 
3 -I6903 (+2) 38393 (+I) 

xl CM. npi!Me'!aHI!e K Ta6n11ue I. 

21 

IIHOHH. 

-I5264 (+l 
68433 (+J 

-I6067 (+: 
I6845 (+; 

HYKJIOHH 

27054 (-: 
-II638 (+1 
26969 (+1 

-3I853 (+1 

HYKJIOHH 

46I94 (-
-I8536 (+ 

453I5 (+ 
-46273 (+ 

.) 27128 (+0) 
:) -II944 (+I) 
:) 27495 (+I) 
:) -29045 (+I) 

:) -66092 (-3) 
)) 50728 (-2) 
)) -!4995 (-I) 
)) I9605 (-I) 

[) -I334I ( -2) 
)) 57710 (-2) 
)) -I4554 (-I) 
)) I5554 (-I) 
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Ta6naua Ill 

Kosc!MP ~uaeHT&J • a k .ansr ynpyroro N - N H rr - N B38RMO-
.aeAcTBRSI ( Cf cTeMa ueHTpa Mace, T -KHHeTH'Iecxasr saeprasr pacceasa

JOmeAc'J '18CTHUbl B na6opaTopaoA cacTeMe xoop.aaHaT) x/ 

0 I I J 2 1 3 
1 :,46 < T < 2,8 raa.xxl p+p .. p+p 

27404 (~I) -75I37 (+I) 75479 (+I) -I5369 (+I) 
-96998 (~I) 44096 (+2) ~39274 (+2) a>9II (+I) 

I0400 (-t2) -74379 (+2) 64535 (+2) -13060 (+2) 
23~ (~I) 46038 (+2) ~4I609 (+2) 7!800 (+I) 

p+p .. p+p ; 2,8 < t <. IO ras. +J XXX) 

-30853 (-t2) I9465 (+2) -3453I (+I) 18941 (+0) 
!0624 ( .. 3) -64!02 (+2) !234! (+2) -67800 (+0) 

... !2939 (-t3) 96358 (+2) -I8592 (+2) I0665 (+I) 
54339 (-t2) -56~7 (+2) 12024 (+2) -729IO (+0) 

p+n .. p+n; ! <. 0,97 ras. ++J 

I0258 (+0) -4.9607 ( +0) I5437 (+I) -I202I (+I) 
-10542 (+I) IIOOO (+2) -33769 (+2) 25336 (+2) 
1!389 (+2) -90857 (+2) 25192 (+3) -I$58 (+3) 

-16638 (+2) 16476 (+3) -4507! (+3) 33254 (+3) 

,-+p .. ,-+pf ~ < 00 Mn. 

-3~88 (+:>) I0381 (+3) -I7882 (+4) 7!475 (+4) 
375f!7 (+[) -272~ (+3) 43052 (+4) -33395 (+4) 

-65144 (+[) 47759 (+3) -793I4 (+4) -4!392 (+4) 
67740 (+£) -5I222 (+3) 9347! (+4) -44364 (+4) 

,-+ P .. ,-~P ; ~<T4300MaB. 

2499! (+)) -26994 (+I) 16268 (+2) -29654 (+2) 
3?.028 (+~) -46045 (+3) 21384 (+4) -3I~ (+4) 
-II~ (+3) !8959 (+4) -9I262 (+4) I3944 (+5) 
!5099 (+3) -25190 (+4) !243! (+5) -!9342 (+5) 
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--
,-+, .. 11-+p' 0,3 c::..!" 1,0 rsB. 

0 39005 {+I) -200I9 (+2) 33004 (+2) -16367 (+2) 
I -91126 (+2) 49I70 (+3) -76684 (+3) 37394 (+3) 
2 32373 {+3) -I7155 {+4) 27003 (+4) -132<2 {+4) 
3 -40048 (+3) 2II43 {+4) -33525 (+4) I6423 {+4) 

,-+, .. 11-+p' 1,0L !<- 2,4 raB. +J 

0 I94<2 {+2) -44180 (+2) 3I567 {+2) -6$48 (+I) 
I ~446 {+3) 47194 (+3) -30I76 {+3) 60476 (+2) 
2 74733 {+3) -I4856 {+4) 90763 {+3) ·-I7520 {+3) 
3 -93570 {+3) I0055 (+4) -I0773 (+4) 2038I (+3) 

0 ,+ + .!- .. ,+ + p ' !_< 00 laB. 

0 I5789 (+0) -70218 (+I) I3496 {+3) .. ~II6 {+3) 
I 2967! (+I) -20534 (+3) 48722 (+4) ·-325$ (+5) 
2 -5525I (+I) 5695I ( +3) -I4674 (+5) I0098 (+6) 
3 68925 (+I) -89858 (+3) 23924 (+5) .. I6553 (+6) 

- -
, ++ p .. ,+ + p ' OO.c:...~.c. 3(1() M3B. 

0 3153I (+0) -65373 (+I) 46$4 (+2) ··96I92 (+2) 
I -7498I (+I) I9307 (+3) -I3030 (+4) 26373 (+4) 
2 43295 (+2) -I0181 (+4) 6729I (+4) -.!2857 (+5) 
3 -76360. ( +2) I7426 (+4) -II075 (+5) 20294 (+5) 

,+ + p .. ,+ + p ; 0,3 < ! L.. I,O r3B. 
0 -I7953 (+2) 9I968 (+2) -13270 (+3) 58598 (+2) 
I 10972 (+3) -5I963 (+3) 74112 (+3) -3!874 (+3) 
2 -23954 (+3) II266 (+4) -I6000 (+4) 57751 (+3) 
3 22~6 (+3>) -I0740 (+4) 15249 (+4) -540II (+3) 

,+ + p .. ,+ + p ' I,O.!!~ Z,4 raa. +J 

0 42169 (+0) -35I98 (+I) 36373 (+I) -7004I (+0) 
I I4705 (+3) -26019 (+3) 15592 (+3) -30563 (+2) 
2 -65335 (+3) I2250 (+4) -!520I (+3) I4795 (+3) 
3 9I507 (+3) -I748I (+4) I0'796 (+4) -:H250 (+3) 
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0 
I 
2 
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0 
I 
2 
3 

T ~ 00 M3B. 

I498B 
28753 

-53078 
62233 

53689 
-I32l6 

BIOII 
-I42ff: 

(+0) 
(+I) 
(+I) 
(+I) 

(+0) 
(+2) 
(+2) 
(+3) 

-59558 (+I) 
-16203 (+3) 

43079 (+3) 
-62548 (+3) 

,-+ ~ 17 O+ D P I 

-I0550 (+2) 
29629 (+3) 

-16957 (+4) 
28935 (+4) 

xl CM. rrpH> le'!aHHe K TaonHue I • 

I2875 (+3) 
3I4aa (+4) 

-79189 (+4) 
I0983 (+5) 

6962I (+2) 
-19245 (+4) 
10620 (+5) 

-I7468 (+5) 

-85I6I (+3) 
-I8780 (+5) 

44607 (+5) 
-58790 (+5) 

II3B. +++) 

-I3865 (+3) 
39281 (+4) 

-20293 (+5) 
32058 (+5) 

Koac!><t>Hu>eHTbi nn11 ynpyrHx npoueccoa n+ n rr:!:+ n , ,o + n (p) 

H pacce!IHH!I c n •pe3ap!!nKoii ,o + n .. "- + p nony'IHM H3 coo6paJKeHHll 3a-

p!!noaol! CHMMeT JHH, 

xx/ OpH MeH ,wHx sHeprH!IX yrnoaoe pacnpeueneHne Mo>KHO C'IIITBTb rrpH-

6nH3HTenhHO H3C TpOfiHbiM, 0TKnOHeHH!I OT 1130TpOfiHH B OonaCTII yrnoB (} • 0 
H (} • rt , ooyCnOB/ eHHbie KynOHOBCKHM ac!><t>eKTBMH, Cnaoo CK83biB8IOTC!I Ha pe-
3ynbT8TBX KBCKE AHhiX pac'!l;TOB, 

CneuyeT H>IeTh B BHAy, 'ITO B cnyqae CHMMeTpH'IHOii CHCTeMbl p + p 
rrpHBe.UeHHbl8 3H· l't{8HHH KO~HUH8HTOB an k OTHOCHTCH IIHlllb K HHT8pB8liY 

0:;: coo 0 'S_ I. II <jlopMyne (I) B 3TOM cnyqae cneuyeT ncnonh30B.1Th <flyHK-

UHIO W (} ( z) , 8 1e W (} (2 z- I) H BMeCTO <jlopMynbi ( 3) COOTBeTCTBeHHO Bbl-
paJKeHHe 

xxx/ Kos.P.PlluHeH Tbi a n k B :noli 9HepreTH'!ecKoll o6nacTH OTHOC!ITC!I K 3Ha-

'!eHH!IM 0,5 5, co• 0 5. I • TaKHM o6pa3oM, BMecTo <jlopMynhi ( 3) cnenyeT 
BOCITOllb30B8TbC rJ Bblp8}K8HH8M 

+I 
OpH 6crrhWHx 9HeprH!Ix cneuyeT nonolKHTh 

w <cos o > • a ; f3 I 1 I 

rue t -Ksanpt T nepeuaaaeMoro '!eTbipexMepHoro HMrryrrhca, a -HopMnpo-
B0'4HhiH MHO>KHT ?llbj IIOCTOSlHHb18 {:3 lliiH N - N H 11' - N pacceRHHSI p8BHbl 

COOTBeTCTBeHHC 8,7 H 7,5 (rsa/c)-2, 

++ 
1 

Opn 6c nhWHX 3Heprn!lx yrnoBbie pacrrpeneneHH!I MO:>KHO BbiopaTh 
T8KHMH >Ke, K8: H JlliH p- p paCC8SIHIHI. 

+++/ I 
B o6m CTH 6orrhwnx 3Heprnli yrnosoe pacrrpeueneHne cosrrau.~eT 

c yrnoBbiM pac IIpeneneHneM yrrpyroro ,-- p ·pacce!IHH!I, 
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Ta6nHua IV 
Ko~HUHeHTbl C k paanoJKeHHH MSKCHManbHoro HMnynbca 

'ISCTHU nnH HeynpyrHX tr - N H N - N B38HMOAei!CTB iii ( CHCTeMa 
• ueHTpa Macc)x/ 

" + N .. N + 2~r 

fiHOHY HYKJIOHY 

c, !3032 (+0) 92852 (-I) 

(_2. 40709 (+0) 53883 (+0) 

c?> -287~ (-I) -54493 (-I) 

N + N .. 2N + rr 

DV.OHH HYKJIOHY 

( ' 1 I5376 (+0) 14509 (+0) 

(2. 27436 (+0) 46520 (+D) 

(3 -14604 (-I) -33005 (-I) 

x/ 
CM, npHMe'!aHHe K Ta6nHue 1 • 

25 

, + N 

DHOHU 

10024 ( 

33022 ( 

-9449I ( 

N + N 

.. rr + N + ntr; n > I 

lfYKJlOHhl 

t-0) I4909 (+0) 

t-0) 38502 ( +0) 

-2) -I2775 (-I) 

.. 2 N + Dl7 ; D > 1 

DHOHbl ., HYKJIOHDI 

838IO (. 

86137 (· 
32946 (· 

,o) 62959 ( +0) 

-2) I7ffi6 ( +0) 

·2) -26216 ( -2) 
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d6 
dn 

50 

so 

0 

!if 
dfl. 

-1.0 

! 
/00 

50 

0 

·Q6 

N 
1.0 rJJ 

·0.2 0.2 

N 
3.88 r:t6 

-tO ·0.6 ·0.2 

1 

··~ 
I 

1T 

1.0 rJJ 

j_ 

0.6 OJsB ·Q6 ·Q2 0.2 0.6 Cos.B 

7r ! 
:3.86 r~& 

-0.6 -0.2 0.2 O.B CDIB 

iC, 1, Yrno 3bie pacrrpeaeneHHSI qacTHU B TpexqacTH'IHhiX peaKUHSix 

rr + p -+ N + 2ft' 
/11-13/ 

3KCII< •pHMeHTBI!bHbJe TO'IKH B3S!Tbl H3 pa6oT , 

28 



__ .. ~, 
,-',I 
\ -· _.,...-

~ 
df! 

/50 

100 

100 

d6 
dk 
100 

51] 

p 
3.86 r"S 

p 

16.0 r38 

j 

l 

.-

11 
3.86 r"& 

t 

16.0 r;,6 

Puc. 2. YrnoBbie pacnpeneneHHSI 'IBCTHU B peaKUHSIX 

rt + p -o N + nrt , ( n > 2 ) • 

6 
/13-17,:~7/ 

3xcnepHM9HT8nbHbie TO'IKH B3SITbl H3 pa OT • nyHKTHpOM 

ncKa3BHbi pacnpeneneHHSI, Bbi'IHCneHHbie 6e3 nononEHTenbHOli 6pa

KOBKH C06biTHli no p j. ( CM, § 4) • 
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50 
N 

a41) r3~ 

0 
-LD -1!6 -D.2 Q2 0.6 CosB -as -0.2 122 a6 CosO 

tM 
dfl 

N 7r 

a56 r38 

II 
0.56 rJ 

100 

t 
50 

0 
-(0 -16 -42 0.2 as t:tnB -D.6 -0,2 Q.2 D.6 DJ,B 

riJ 
d.fl. + /( + 1T' 

100 2.0 r38 . f 2.0 rJ 

50 

0 
-Lo . OJ -a2 a1 D.6 t:osB -46 -a1 o.2 as eo.o 

PH c. 3. YrnoBbie pc cnpeneneHHSI qacTHU B TpexqacTHqHbiX peaKUHSIX 

I 18-20/ 
N + N -+ 2fi + TT • 3KcnepHMeHTanbHbie TQqKH B3S!Tbl H3 pa60T • 
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50 

0 
-1,0 -IJD ·0.2 D.2 

if 
(/fl. 

p 
100 

!J.O r~ 

so 

ll6 On9 ·116 

7T,p 
27.0 rJ 

---'--

·a2 0.2 0.6 r:.so 

,. 
~0 ra8 

-a2 Q2 Q6 mB 

PHc. 4. YrnoBbie pacnpeneneHHSJ qacTHu B peaKUHSJx11~ 2i ~27 2 ~ + 11
" • • 

3KcnepHMeHTaubHbie TO'IKH B3SJTbl H3 pa6oT ' ' • I [yHKTHpoM 
noKa3aHbi pacnpeneneHHSJ, Bbi'IHCneHHble 6ea nononHH1 enbHOli 

6paKOBKH C06biTHli UO P .J. ( CM. §4) • 
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Jti.
dp 

100 

50 

a 

10£ 

'--· --~---~-,-----,-----~~--- ~-

N F 
Q604 r3& 0.604 r31 f 

at 

/'( 

3.86 r~s 
! 
f 

1.2 p 

i 

1f 

3.86 r;~~ 

PMc. 5. l1MrrynbC'!bJe crreKTpbl •wc-rnu, [lOlKilil!OllHIXCH B Tpex'IaCTM'fHhiX 

peaKUMH.~/ ~~=i~¥--+ N + 2TT . 3KcnepnMeHH>JibHbJe TO'IKM B3H'l'bi 

M3 pa6o" • CTpenKaMn oTMe'IeHhr 3Ha'Ieffl' nMrrynbcoB, 
ncrronb3•JB8HHhie B pa6oTe MeTporronMca M ap. 
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l! l 

50 

j \ Jl~'u.l_L____j_ u _ _L_:~.~. 
0,8 ~6 2,1; P 0.8 (6 2.~ p r•8/c 

Puc. 6. Y1 Mrry nbCHbJe crreKTpbi 'IaCTI1U B peD.KllHHX i ~3 ~ lS/ ... N + n rr , n > 2 • 
3KCIT8pHMBHTBnbHhl8 TOqKn B3HTN 113 pa6oT 
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rj§ 
dp 

100 

50 

0 

Q~r---~--.---~--,-,---~---
0~ 

,I 

~ dp 

100 

N 

0.08 0,16 

N 

2.0 r~s 

a24 p 

.,. 
0.4f)r.6 

0.0& 

7i 

_t 
Q/6 

-, 

2.0 r~ 

f 
p ''~ 

P11c. 7. HMnynb::Hbie cneKTphi qncTHU, po>KJlR!orunxcH B TpexlWCTIP-IHt-.IX 

pe11KUH5 x 1r8 2"2c)'/ .. 2 N + 1T • 3KC1!8pHM8HT8Jlbl!b!8 TOqKH I\3HThl 

H3 pa6( T • CTpenKnMH OTM£HWHI>I 3HBliGHJHI HMnynbcoB, 

Hcnonh3JBBHHbie B pa6oTe MeTpononncn. H Jlp.ll/. 
34 
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Puc. 8. J.1MnynbCHbie cneKTpbl 'IBCTHU c B peaKUHS!~2 r 2S !4t. 2 N + "" • ll > 1 • 

3Kcnepi!MeHTBnbHble TO'IKH B3S!Tbl Ha pa6oT ' ' , 
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PHc, 9. YrnoBbie pt crrpeaeneHH51 yrrpyro pacce51HHbiX qacTHU. 3KcrrepHMeH
TanbHbie TO"IKH B351Tbl lf3 pa6oT/28-31/, 
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Y' 

PHc. 10. KHHeMaTHKa Tpex'l:aCTH'IHOit peaKuHH. BeKTOpb pt' , P"; H ;:' , 

o6pasylOIUHe 38MKHYTbiit TpeyronbHHK 1 pacrron,>)KeHbl B OLlHOit 

ITnOCKOCTH, IIOnO)KeHHe KOTOpOit OIIpeLiemleTCSI yrnOM lJI • llnHHbl 
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