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HaKorrneHHaH K HaCTOR!UeMy BpeMeHI! SKCrrepHMSHTanbHBR IIH

-~OpMallHR O Heyrrpyr11x B3al!MOA0MCTBIIHX qacTl!ll C BTOMHhlMII nnpa

MH rroaBonneT rronyq11Tb nocTaToqHo cornacoaaHeyJO .KapTl!Hy TaK11X 

B3811MOA0MCTBIIM rrp11 Bb!COH;IIX SHepr11nx, KOTopan, ITO-BIIAIIMOMY, 

coxpaHl!TCR arrnoTb no SHepr11fi rropsmKa HSCKOnbKIIX COTSH rsa, 

BalKH8H ponb B TeopeT11qeCKOM 11ccnenoaaHIIII M·exaHll3Ma STl!X · 

peaKlll!M rrp11HannelKHT KBCKBAHOM Monen11, cornacHo KOTOpofi rrpo

necc CTOnKHOBeHIIR 6h!CTpoil qaCTl!llbl C RAPOM paccMaT]:i11BaeTCR 

Ka.K cepl!R ee OAIIHQqHbIX CTOnKHOBSHl!ll C BHyTp11smepHblMII HyKnOHa

/1-7 I 
MIi II rrocnenyJOIUIIM 11crrapeH11eM a a cnyqae THlKenb1x smep, -

11 neneHl!SM smpa-OCTaTKa, OnHaKo AOCTaToqHo rronpo6Hoe II pa3HO-

' 
CTOpOHHee cpaBHSHl!_e K8CKaAHOM TeopHH C OilbITOM cnenaHO nl!Illb 

nnn OTHOCHTenbHO Hll3KIIX SHepr11fi, KOrna MOlKHO rrpeHe6peqb rrpo-
/1-3/ , 

neccaMH M030HOo6pa30B8HIIR • ITp11 6onbWIIX SHepr11nx C SK-

crrep11MeHTOM, B OCHOBHOM, cpaBHl!BanHCb TOtibKO cpenH11e xapaK

Tepl!CTIIKII aaa11MoneilCTBIIR, 11 n11wb a oTnenbHbIX cnyqanx paccMoT

pem,1 yrnOBb!e II IIMITynbCHbie pacrrpeneneHHR, 

TaKofi rronxon rroaaonneT rronyq11Tb-rrpaa11nbHoe o6mee rrpen

CTaBneH11e O xapaKTepe nponecca B3811MOA0HCTBIIR qaCTl!llbl C RA

poM, OAHBKO HSKOTOpble B8lKHhl0 neTann npn STOM MOryT 6b1Tb. 

rrponymeHbl, TeM 6onee, qTQ pacqeTbl paannqHblX aBTOpOB OTHOCRT

CH K paannqHhlM o6naCTRM sHepr11n, a 11cnonbaoBaHne nnn orr11ca-

3 
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HHl! · N - N n TT - N BaanMonelicTBHli BHYTPH Hnpa ·aKcnepnMeH

TanbHbIX naHHbIX, ycpenHeHHblX no wnpOKHM H MeHl!IOIIlHMCl! OT 

pa60Tbl K pa6oTe SHepreTn'!eCKHM HHTepBanaM MOlKeT 3aMaCKH

poBaTb aHoMannn B noBeneHHH paC'l9THblX BeilH'IHH. KpoMe TOl'O, 

npH'IHHOli HeTO'IHOCTH pac'leTOB cnylKHT npeHe6pelKeHne aaKoHaMH 
14-71 

coxpaHeHHl! aHeprnn n nMnynbca (B pa6oTax 8TH aaKOHhl 

yqTeHbI nnwb B cpenHeM, '!TO onpaBnaHo nnl! pacqeTa cpenHnx 

xapaKTepncTHK, onHaKO MOlKeT cymecTBeHHO CKa3aTbCl! Ha nn¢¢e

peHunanbHblX pacnpeneneHnl!x), ncnonbaoBaH11e rpy6ori Monen11 

HAPil 6ea yqeTa n11¢¢yaHOCT11 ero rpaHHUhI, npeHe6pelKeH11e noTeH

u11anoM, neliCTBYIOIIlHM Ha ;,teaOHbl BHYTPII l!npa. 

3a HCKillO'leHneM o6naCTH O'!eHb BbiCOKHX KOCMH'leCKHX SHep-

rHH, 

T < 

rne SKCnepnMeHTbl BeCbMa Tpyn!ihl, n o6naCTH" SHeprnli 

200 MaB, rne BhI'111cneH11l! ynpomaroTCl! 6naronapg TOMY, 

He HYlKHO y'll!TbIBaTb Me30H006pa30BaHne, TO'IHOCTb Kac'KanHblX 

paC'leTOB OKa3bJBaeTCl! Hl!JKe SKCnepnMeHTanbHOli. 

'!TO 

n11ccepTaUHl! noCBl!WeHa. nay'!eHHIO MeXaHl!3Ma BHyTpnHAepHblX 

KaCKanoB B paMKaX MO~enn, cymeCTBeHHO 6onee TO'IHOli no cpaB

HeHHIO C paHee 11cnonb30BaHHOli, IlpennaraeMal! Monenb Y'IHTbIBaeT 

nn¢¢yaHOCTb HAepHoli rpaHHUbl, npoueCCbl Me30H006pa3oBaHHl!, 

HenpepbIBffYIO 3aBl!CHMOCTb aneMeHTapHblX B3aHMoneliCTBHli OT 

aHeprnn n TO'IHOe Bb1nonHeHne aaKoHoB coxpaHeHHl! aHeprnn n 

11Mnynbca, 

CxeMa BbI'111cneHnli ocHOBaHa Ha a¢¢eKTHBHOM cnoco6e Monenn

poBaHHl! Heynpyrnx N - N n TT-N B3a11MonelicTBHli BHYTPH llAPa 

C nOMOIIlblO annpOKCnMaunn SKCnepnMeHTailbHblX riaHHblX cneunanb

HblMH non11HOM11anbHblMH BblpaJKeHHl!MH C 3aBHc"l!!IlHMH· OT aHeprnn 

Koa¢¢11uneHTaM11, CTaTl!CTH'leCK.Hli p03bll'pblW no KOTOpblM BbIITOn

Hl!eTCl! TaK11M o6paaoM, 'IT06b1 B KaJKAOM oTnenbHOM aKTe N - N 

·l!IlH TT - N 

HeHHl!. 

B3al!MoneliCTBHl! 6binll BblITOilHeHbl 3aKOHbl coxpa-

Ha OCHOBe STOli cxeMbl paCC'IHTaHbl BHY'l:PHl!nepHble KaCKanbI, 

IIHIIUHHpyeMbl~ TT -Me30HaMH H npOTOHaMH C 3Heprneli OT HeCKOnb-

·KHX necl!TKOB MaB no .20-30 faB, 
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B CBl!311 C KOHCTpynpoBaHHeM CHilbHOTO'!HhlX reHepaTopoB 

HeliTpOHOB, a TaKlKe B CBl!3H C pannaUHOHHOli aamnToli KOCMH'!ec-
. xi 

KHX Kopa6neli , B HaCTOl!IIlee BpeMl! aKTyanbHoli cTana aanaqa 

Hay'IHTbCl! paCC'IHTbIBaTb Heynpyrne B3aHMoneliCTBlll! l!nep C l!n

paMn npl! SHeprlll!X, 6onblllHX HeCKOnbKHX COTeH Maa Ha HyKnOH. 

Hay'leHne BaanMoneliCTBHli l!nep ecTeCTBeHHO Ha'!aTb C Han-

6onee npocToro cny'lal! neliTpoH+l!npo, TeM 6onee, '!TO nnl! aToro 

cny'lal! celi'!ac nMeeTcl! Han6onbmee '!Hcno aKcnepnMeHTanbHbIX 

naHHbIX. 

nnccepTSUHl! COCTOHT H3 '!eTbipex rnaa. B Ha'!ane nepBoli 

~ npnaonnTCl! MeTon pac'!eTa Heynpyrnx B38HMonelicTBHli 

'18CTHU C BHyTpnl!nepHblMH HyKnOHaMn C y'leTOM TO'IHOl'O Bbmon-
1101 . 

HeHnl! aaKoHoa coxpaHeHHl! aaeprnn nMnynbca • IloKaaaao, Ka-

KHM o6paaoM . c nOMOIIlb!O MeTona MoHTe-Kapno nnl! KaJKnoli H3 

BTOpH'IHblX '!SCTHU, polKnaro!IlHXCl! B HeynpyroM CTOilKHOBeann, MOJK

HO onpenennTb yrnhI paaneTa n aHeprnro, ·ynoaneTBOpl!IOl!lHe aaKo

HaM coxpaHeHnl! n a To JKe apeMl! o6paayromne pacnpeneneHHl! 

aanaHHOl'O BHna. Ilpn STOM aBTOMaTH'!ec~n.onpenenl!eTCl! TaKJKe 

MHOJKeCTBeHHOCTb polKnaro!IlHXCl! '!SCTHU. 06cy)!{AaeTCl! Koppenl!Ulll! 

yrnoBbIX n nMnynbCHhIX pacnpeneneHnli. nnl! o6nacTn aHeprnli 

T ;; 30 raa nony'!eHbl nonHHOMnanbHble annpoKCHMaUHI! B3l!TbIX 

ll3 OITbITa HHTerpanhHblX yrnOBblX ll HMnynhCHblX pacnpeneneHnli 

BTOpH'IHhIX '!aCTHU nnl! ynpyrnx n Heynpyrnx N - N n TT -N CTOnK

HoBeHnli, HcnonhaoaaHne aTnx annpoKCHMaunli aHa'!11TenbHO o6ner

qaeT paC'l9Tbl BHyTpnl!nepHblX" K8CKanoa. 

B nocnenaeM paanene nepaoli rnaBbI nano onncaHne cxeMbI 

pac'!eTa KSCKanHblX B38HMonelicTBHli '!8C_THU C l!npaMH B o6naCTH 

aHeprnli OT HecKonhKHX necstTKOB MaB no 30 faB. Y'!Teaa nn¢¢ya

HOCTb llnepaoli rpaHHUbl n noTeH!lHana .l!npa; npn Bbl'IHCneHHl!X TO'!HO 

xi 18 91 
CM., HanpnMep, pa60Tb1 ' , rne MoJKHo aaliTn nanbHeliwyro 

6n6nnorpa~nro. XoTl! no oTaoweHnro K npoToHat.f"gnepHal! KoMnoHeltTa 
KOCMH'!eCKHX nyqeli COCTaBnl!eT Beere IlHWb HeCKOnbKO npoueHTOB, 
pannauHOHHblli. a¢¢eKT npn nnHTeilbHbIX noneTaX OITpeaenl!eTCl! B OC
HOBHOM (-80%) n~eHHO STOil: KOMITOHeHToli. 
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/ 11/ 
BbIIIOnHHIOTCH 38KOHbl coxpaaemrn :mepr1m-nM11ynbca • ITpnHHTa 

BO BHllMaHne BO3MOlKHOCTb 11ornomeang MenneHHOl'O Me3OH8 rpy11-

11oll c11apeHHblX HyKnOHOB. 

Bo BTopoll rnaBe nanara10TCH peaynhTBTbl 11onpo6HblX pac'ie-

TOB Hey11pyrnx llllOH-HnepHblX B38IIMOnellcTBllll, TeopeTll'IeCifOMy 

pacCMOTpeHlllO KOTOpblX no cnx IIOp 6bmO IIOCBHmeHO nlllllb He~ 

/5 7 12/ . 
CKOnbKO pa6oT ' ' • 

llng cpaBHeHng BbI6paHbl qJOTOSMynbCHOHHbJe naHHbJe, TaK KaK 

OHll HBnHIOTCH B H8CTOHmee BpeMH aan6onee 11onpo6HhlMll ll IIO-

3BOnHIOT 11pocnennTb IIOBeneane xapaKTepllCTIIK llllOH-HnepHOl'O 

B3anMonellcTBHH BllnOTh no sHeprnll T = 20 fsB. 

ITonpo6aoe n paaHOCTopOHHee cpaBHeHne peaynhTaTOB 6onee 

TO'IHblX pac'!eToB
1131 

c naaeCTHblMH cell'IBC SKCllepnMeHTBnhHblMll 

. naHHblMll 11anTB8plKI18IOT . BblBOn O TOM, .'!TO BO Beel! o6nacTH 

SHeprnll OT HeCKOnhKllX necHTKOB M9B no T ~ 5f9B aeynpyrne 

B381lMOnei'ICTBHH TT -M83OHOB C HnpaMH 11poncxonHT B COOTBSTCTBllH 

c 06me11pnHHTOH Monenb!O BHyTpngnepHblX KBCKanoB, COllpOBOlKna10mnx-

CH nc11apeHneM Boa6ylKneHHoro Hnpa-ocTaTKa. PacxolKne-

HHH C 9KCll8pHM8HTOM CTaHOBHTCH cymecTBeHHblMll nnwb 11pn 

6tnbWllX 9Heprngx. 3TH pacxolKneanH OTHOCHTCH K TeM xapaKTe

PllCTllKBM llllOH-Hilepaoro B38HMonei'ICTBHH, KOTOpb1e CBH38Hbl C 

POlKIISHneM Hil3KO9HepreTH'!eCKOH KOMIIOH8HTbl polKna10mnxcg '18CTllti. 

/14/ 
ITonpo6HblH aaanH3 9KC118pl!MeHTanhHblX naHHblX IIOK83bJBaeT 1 

'!TO 9HepreTll'!eCK88 38BHCl!MOCTb TBKHX xapaKTepl!CTllK, ecnn 

cynHTb 110 aan6onee TO'IHblM ll3MepeanHM, ll3M8HHeTCH B o6iiacTn 

T ;: 5 f9B; HaMeaeHne HocnT xapaitTep • aacb1meanH', n nng ero 

o6~HCH8HHH Tpe6yeTCH cymecTB8HH8H MOnHqJllK8Ul!H 06me11pl!HHTOll 

oMonenn BHyTpngnepHblX KacKanoB ( CM., aa11pnMep, pnc. 1). Teope

Tn'!eCKne 3H8'18HHH Benn'!HH, CBH38HHblX C polKneaneM 6b!CTpblX pe

nHTIIBllCTCKHX '18CTnu, cornacy!OTCH C OllblTOM BO Bcei'I o6nacTn 

9Heprni'I ( cM., aa11p11Mep 1 n s Ha pnc. 1). B TO )K8 Bp8MH 3Ha'le-

IIllH 0 
g 

ll " h 
OK83blB8IOTCH 11pn 9TOM 38MeTHO '5onhwe 

9KC118pHM8HTanbHblX II llpononlKalOT B03p8CT8Tb C yBenH'l8HHeM 

:meprnn, Torna KBK 9KC11epHM8HTanbH8H MHOlK8CT·BeHHOCTb cepblX 
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Puc. 1. 3aBl!CllMOCTb cpenaelt MHOlKSCTBeHaocTn s - g n h -cne

noB B qJOT09MynhClll! OT KllHeTnqecKoll 9Heprnn 11epBll'1-

HOl'O TT - -M83OHa. KBanpaTaMH, TpeyronbHllK8MII ll KpylK

KaMn HaHeCSHbl 9KCllepnMeHT8nbHhle 3H8'18HIIH IT s I U g 

Il rrh • . CBeTnhJe 3H8'1KH OTHOCHTCH K naHHbIM, 11ony'ISHHblM 

MeTonoM rrpocMoTpa 9Mynbcnn Bnonb cnena, aawTpnxo

BaHHb1e 3H8'1Kll - naHHble, 11ony'!eHHbl8 rrpn llpOCMOTpe 110 

11nomann. CrrnomHi,1e KPHBb1e · - peaynhTaTbl pac'leTa nnH 

cpenHero Hilpa qJOT09MynbcHn Ga 70 • KpnBaH A nng 

ii (T) - cpenHee 'lncno h -cnenoB nnH aBean c n >l. 
n;HKTllpOM IIOK838HO ll3MeHeHne Benn'IHH iih (T) ll i1 (1), 
COOTB8TCTBY10mee Han6onee IIOCTOB8pHhlM 9KC118pl!M8H1'anb
Hb!M Il8HHblM0 
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cnenoB ii (T) nocTHraeT npH T > 5 r:;m Hacbnuemrn, a :aKcne-
q ~ 

p.l!MeHT8nbHOe 3Ha'IeH!le Il h na*e o6HBPY*.l!BaeT Teanemuno 

K yMeHbWeHHJO. 

3Ha'IeH.l!e 'Kpl!Tll'IeCKoil' 3HepI'IIII T ~ 5 r:aB OTHOCIITCH 

K cpenHeMy llllPY qJOTOSMynbCllll 11, no-Bl!lll!MOMY, MO)!(eT 113MeHHTbCH 

OT HllPS K HllPY I OllH8KO B paccMoTpeHHOil HSMII o6wenpl!HllTOil 

cxeMe BHyTpl!HllepHblX K8CK8llOB HeT MexaHll3Ma, KOTOpb!l! npl!BOlllln 

6b! K HSCbIWeHll!O 11n11 K yMeHbWeH!l!O MHO)!(eCTBeHHOCTII cepb!X 11 

qepHb!X cnenoB B o6naCTII Bb!COKIIX 3Hepr11l!. 

np11Me'ISTenbHO To, 'ITO COBepweHHO aHanoI'll'IHall KSpTl!Ha 

Ha6monaeTCH II B cnyqae npoTOH-:llllepHblX B3al!MOllellcTBllll, pac

CMOTpeHHOM'· 'HSMII B TpeTbeil rnaBe. 

. . /15/ 
np11 paeqeTe npOTOH-llllepHblX B3al!MOllel!CTBl!l! 6binll 

11enonb30B8Hbl B TO'IHOCTII Te )Ke npennono)!(eHl!ll II 3HS'IeHl!ll napa~ 

MeTpoB, 'ITO II 1nrn n110H-llllepHbIX B3811MOllellcTBl!llo BMecTe C TeM, 

B llSHHOM cny'Iae B38IIMOlleilcTBIIH. npOTOHOB 11ayqeHbl 6onee o6cTo

llTenbHO, TeopeTl!'IeCKl!e Benl!'ll!Hbl epaBHl!Banl!Cb KaK C qJOT03Mynb

Cl!OHHb!MII llSHHbIMII, TSK II C ll8HHbIMII no KOHKpeTHb!M llllpaM, 

oeo6eHHO np11 3HepI'llllX npoTOHOB, MeHbWIIX 11n11 nOpllllKS HeCKOnbKIIX 

eoTeH M:aa. 

noKaaaao, '!To KSCKanao_-11enap11TenbHSll Monenb xopowo nepe;.. 

naeT Bee OCHOBHbie KS'leCTBeHdbie II KOnl!'IeeTBeHHbie qepTbl 

HeynpyI'IIX npOTOH-HllepHblX B38IIMOlleikTBllii. PaeXO)!(JleHl!ll C onbI

TOM npOHBnHIOTCH n11Wb llnH xapaKTep11eTl!K1 eBll3SHHblX C po)!(Jle

HlleM MenneHHb!X KSCKSllHbIX II 11cnap11TenbHbIX qaeTIIU B o6naCTII 

T > 5 r:aa ( CM0 p11c. 2) • 

lleTanbHblii aHanll3 peaynbT8TOB paeq{!ToB paamI'IHb!X xapaK

Tepl!CTIIK n110H- II npOTOH-HllepHbIX B3811MOlleiicTBl!ii, CBll38HHbIX 

C KOMnOHeHTOii MenneHHblX 'ISCT!!U, noKa3bIBSeT, 'iTO Ha6n!OASeMblii 

Ha onbITe 3qiqieKT 'HSCb!WeHl!ll' 'Illena TSKIIX 'ISCTllll a o6naCTll 

T ~ 5 r:aB CBH38H C ll3MeHeHl!eM MexaH!l3Ma llllePHblX B3811MO

lleiicTBllii. OTMeTHM, 'ITO B 3TOii o6naCTII aaepr11ii B noaeneH!III 

xapaKTepIICTIIK, CBH38HHb!X C po)!(JleHneM nIIBHeBblX 'I8CTHU, II B no-
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Benemm cpe!IHHX BenH'IHH, xapaxTepH3YIOlllHX sneMeHTBpHbie N - N 

,, H 11 - N B38HMO!leitcTBHH, HHKBKHX oco6eHHOCTeit He rrpo.11Bn.11eTc.11. 

Ha6nJOnaeMhie HS OilbITe SHepreTH'leCKHe 38BHCHMOCTH MOlKHO 

o6'hHCHHTb H3MeHeHHeM .rrnoTHOCTH .11nepHbIX HyKm>HOB no Mepe 

paaBHTH.11 BHyTpHHL1epHoro KBCKBLIB. Eonbwoe 'IHCno nHBH8BblX 'laC

THII, 06paay10mnxc.11 ylKe B rrepBoM HeyrrpyroM N - N unn 11 - N 

CTOllKHOBeHHH BHYTPH S1L1pa, Bb16HBaeT cne!IYIOlllHe HyKnOHhl Ha rryTH 

pa3BHTHSI xacxana, a TBK KBK 38 BP8MSI IIpOXO)KLleHHSI K8CK8LIHOit 

naBHHbl S1L1epH8.II rrnOTHOCTb He ycrreBaeT CKOllbKO-HH6ynb 3H8'1H

TenbHO rrepepacrrpenenHTbC.11, TO .HYKllOHbl OTLIB'IH, KOTOpbie B OCHOB

HOM H COCTBBllSIIOT g -'18CTH!lhl1 BCTpe'lalOT ylKe MeHbWee 'IHCno 

BHyTpHHL18pHbIX HYKnOHOB; COOTBeTCTBeHHO MeHbweit OK83b!BaeTC.II 

SHeprHSI Boa6y)KLleHHSI u, cnenoBaTenbHO, 'IHCno HCrrapuTenbHhIX 

'IBCTH!lo 

Y,qeT 'H8CblllleHm1' KaCKBLIHblX HyKnOHOB H saeprHH B03~ 

6ylK!l8HHSI HLIPB OCTBTKB Il03BOllSleT KaqeCTBeHHO IIOHSITb H8KOTO

pb!8 BBlKHble lp8KTbl1 K8C8l0lllH8CSI SIBneHHit qiparMeHTBIIHH H neneHH.11. 

ITpe)KLle BCero - STD 38BHCHMOCTb Bhixona qiparMeHTOB OT 

sHeprHH_. EcnH LIOIIyCTHTb, KBK. STD 'IBCTO nenaeTC.11 B COBpeMeHHblX 

MonenHX, '!TO T.lllK8llbl8 (jiparMeHTbl B OCHOBHOM rrpeL1CT8BnSIIOT 

co6oit HyKnOHHb18 acco11HaI1HH, Bb16HTbl8 H3 .11npa KBCKBLIHbIMH HyK

noHaMH HnH o6pa30B8BWHec.11 B peaynbTBTe ucrrapeHH.11 Boa6y)KLleH

Horo Hnpa-ocTaTKa, TO poCT Ce'leHHit HX o6pa30B8HHSI nonlKeH 

peaxo aaMeL1nHTbc.11 IIpH .T: 5 rsB, '!TO cornacyeTcH c sxcrrepH-
. ' /16/ . 

MeHTOM ( CM., aarrpHMep, ) • 

HaCbllll8HH8 saeprHH B036ylK!leHHH. llOCTHraeMoe IIpH SHepru

HX IIOpSIAKB HeCKOllbKHX rsB ( HBIIOMHHM1 '!TO 3HaqeHH8 Ta 5 fsB, 

OTHOCH,TC.11 nHlllb K cpenHeMy .IILIPY lpOTOSMynbCHH) IlpHBOLIHT K TOM~ 

'!TO BoapacTaaue 6apbepa nen.eau.11, o.6ycnoBneHHoe 6onee rny6o

KHM pacmerrneaHeM IIPH Bb!COKHX SHeprn.11x, He MOlKeT 6b!Tb 

CKOMIIeHCHpOBBHO pocTOM SHeprHH rrepBH'IHOI!: 'IBCTH!lhl. 11MeHHO 

Taxoit Slp(PeKT Obin o6HapylKeH aenaBHO LlllSI H!lep rrnyTOHHSI H ypaaa 

/17/ 
BBTopa~H pa60Tbl • 

10 

l.JeTBepTBSI rnaBa LIHCCepTBUHH IIOCBS1lll8Ha nayqeHHIO Mexa
/18-21/ 

HH3M8 B38HMO)lell:cTBHSI ObICTpb!X nell:TpOHOB C SlllpBMII 

.UeitTpOH paccMaTpHBBllCSI KaK cna6o CBSl38HH8SI CHCTeMa 1 

'raHTenb' H3 rrpoToHa H HeliTpOHa, paccTOSIHH8 MelKAY KOTOpbl

D : MII lpHKCHpOBBHO H paBHO cpenHeMy nuaMeTpy' neitTpoHa 

-13 4,3 10 CM. HarrpaBneHHe OCH. Taxoli raHTenH H30TpOIIHO 

pacrrpeneneHO B rrpocTpaHCTBe, a IIOCKOllbKY op6uTanbHblH MOM8HT 

neliTpoaa paBeH HynJO, TO ee opueHTBUHSI He H3MeHSleTCSI rrpu )lBH

lKeHIIH. 3axperrneHHhre HyKnOHbl UMelOT OTHOCHTenbHb!H HMIIynbC 

p 
I 

llilSI oueHKH pacrrpeneneHHSI KOToporo HCIIOnb30BanaCb 

«pyHKUirn: 

IV(p)d
3

p 
1i 

--;-c1 
d3p 

(p2 +112;02 )2' 

rrpencTaBllSIIOlllB.11 KBanpaT qiypbe-KOMIIOHeHTbl rrpu6nulKeHHOit BOnHo

BOit qiyHKUHH neliTpoaa. 

Y'!TeHhl CTpHIIIIHHrOBbie rrpo11eCChI, xynoHOBCKOe H )lH!p!ppBK-

IIHOHHOe pacmerrneHHSI neliTpoHa Ha nepuqiepHH Hnpa. 

Pac'leThl, BbIIIOnHeHHbi8 B rrpu6nnlKeHHH peaxoli rpaHUUbl 

SIAPB ( § 1 >, rroxaaanu, 'ITO, B oTnll'IHe OT IIHOH- H HyKnoH-Sl)lep

HblX B38HMO)leitCTBHI!:, B STOM cny'lae BeCbMa cymecTBeHHOli OK83bl

BaeTCSl, llHlplpY3HOCTb .11nepaoit rrnoTHOCTUo EcnH STY )lH«plpy3HOCTb 

He y'IHTblBBTb, TO C OilbITOM cornacyJOTCSI IlHWb cpenane xapaK

TepHCTHKH; BCe BenH'IHHhI, OTHOCSllllUeCSI K o6nacTH M8IlblX yr-

noB, OK83b!BBIOTCSI cymecTBeHHO 38HHlKeHHb!Mll. 

Bo BTOpOli '!8CTH qeTBepTOH rnaBbl npuBe)leHbl peaynbTBTbl 

pacqeTOB H HX cpaBHeHHe .c Oilb!TOM, BbIIIOllH8HHb!X B yTO'{HeHHOli 

MonenH - Slllpa C y'll'!TOM !JpOueccoB Me30H006pa30BBHHSI. 

Y'leT rrpouecCOB Me30H006pa30BBHIISI 11 6onee TO'IHbIH MeTOll 

pacqeTa xacxanHhIX rrpoueccoB rroaBon.1110T rrony'IHTb ynoBneTBO

puTenbHOe cornac11e co BceMH HaBeCTHhIMII celiqac sxcrrepnMeH-
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TanbHblMII naHHbIMII 110 BblCOKOSHepreTJI'i0CKHM tteynpyrnM neiiTpoH

Slll0JJHblM B3BIIMOlleiicTBIISIM { CM,, HanpnMep, pnc, 3,4). 

TaKne B381IMOll0iiCTBIISI nponcxonsiT nyTeM HBn0}!(0HIISI Kac

Kanoa, IIHIIU!IllpyeMbIX HyKnOHBMII sinpa neiiTeplrn, nonpaBKII Ha 

nmjipaKUIIOHH00 II KynoHOBCKOe pacmennemrn OK63b!BaIOTCSI H0B6}!(-

HhIMU. 

CnenyeT O)Kllll6Tb, 'ITO, 11ono6Ho TOMY, KBK STO IIM00T MeCTO 

B cnyqae 11HOH- H HyKnoH-sinepHblX CTOnKHOB0Hllii, M0X6HH3M He

yrrpyrnx a3a11MoneiicTa11ii neiiTpoHoB c sinpaMn non)KeH rrpeTeprre-

BBTb H3MeHeHHSI 11p11 sHeprHsix T < 2 T < 10 rsa, 
HyKn ~ 

0CHOBHbl0 pe3ynbT6Tbl nnccepTBUl!II orry6nHKOBaHbl B pa6o
/ 10 11 13-15 18-21/ 

TBX 
1 1 1 II llOKllBllbIBBnHCb 'HB BceCOI03HOii KOmjiepeH-

/ 18/ 
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