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OaHRM · H3 MeT0.ll0B. H3Y"l8HHll CTpyKTypbl ll.llpa, ero CB0liCTB B Boa6ym·aen

H0M C0CT0HHHR l!BnlleTCll ecnonb30BaHH8 peaKUHl!, B K0T0pb!X· y"laCTBYIOT t -
KBaHTbI. K TaKHM peaKUHllM 0TH0Cl!TCll, B "!aCTH0CTH, qlOTOll.ll8PH.bl8 peaKUHR, 

paccellnHe ,Y -KBaHT0B. Ha ll.llpax. 

Ecnn sneprell J' -KBanTa npeBb1waeT sneprHIO nopora qioTonpouecca, To 

CTaHOBHTCll B03MO)Kffb!M BblneT H3 l!Jlpa nel!Tpona Hl!H npoTona. 8 TOM cnyqae, 

Koraa sueprHll J' -KBaHTa M8HbW8 sneprHH nopora, l!JlpO, nornoTHB 8TOT 

J' -KBan:r, M0)K8T BepuyTbCll BHOBb B OCHOBHOe COCTOllHHe nHWb nyTeM nc

nycKaHHll 0.llHOrO HnH H8CKOnbKHX 

npe.llCTaBnHeT_ HHTepec paccMOTpenne npouecca ynpyroro paccel!HHll / -

KBanToB Mano Ii sneprHH / E'er < 26-30 M aa/ na ll.llpax. H an6onee nonnb1e pe

aynbTaTbI H3Mepettell ceqennll ynpyroro paccellHHll na wnpoKoM Knacce ll.llep 

61,mn nonyqeubl Xel!Bapa H ¢>ynnepoM [1] • 

Hayqenee nony"leHHbIX B pa6oTe [tj .llaHHblX npHBO.llHT K cneayIOIUHM 

BblBO.llaM, KacaIOIUHMCH llOB8Jl8HHll C8"18HHll ynpyroro paccellliHH B aaBHCHMOCTH 

OT Maccoaoro "!Hcna A H aHeprHH . J' -KBaHTa0 

1. Ce"!eHHe KaK qiyHKllHll OT 8HeprHH J' -KBaHTa UMeeT .llBa MaKCHMyMa. 

n epBb!l! MaKCHMYM pacnonomeH B 'o6naCTU HenocpeacTaenno nepea noporoM, 

BTopol! MaKCHMYM - B oonacTH "rnraHTcKoro peaonanca•. 

2. BTopol! MaKCUMyM no BenH"IHHe nnaBHO pacTeT C yaenH"l8HH8M Maccoaoro 

'!Rena_ A; eri:> nonomenne E..,..x TaKme nnaano H3M8HlleTcll B 38BHCHMOCTH OT 

A H M0)K8T 6b!Tb onuc·auo 8MllHpH"18CKOll cj:iopMynol!: 

TaK09 llOB8JJ8HH9 BTOporo M8KCHMyMa __ yK83b(Ba_eT Ha To, '{TO OH 06.S13aH CBOHM 

npoHCXO:>K.ll8HH8M o6IUHM CBOl!CTBaM ll.ll8PHOII MaTepne; .ll8T811bH08 CTpoeaHe 

ll.llpa 89 npol!BnlleTCll • 

• 3, HanpoTHB, nepBbllt MaKCHMYM HCllb(TblBaeT pe3KHe cKa"IKH no CBoel! 

BenH"IHH9 npe nepexoae OT ll.llpa K 11.llPY, '!TO yKa3b!BaeT Ha 0"18BR.llHYIO ero aaae

CHMOCTb OT KOHKp9THOro CTpoeHUH ll.llpa. 
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OnHCSHHe noBe,!leHHH ceqeHHH ynpyror~ pacceHHHH r -KBSHTOB B o6naCTH 

•ruraHTCKOro pe30H8Hca• MOlKHO nonyqHTb C noMOUlblO MeTO.!lOB TeopHH .!lHCnep-

cH.OHHblX cooTHOllleHHII; TaKoll no.!lXO.!l 61,1n npoBe.!leH B pa6oTe [ l J H npHBen 

K Y.!lOBneTBOpHTenbHO~Y cornaCHIO C 8KCnepHMeHTanbHblMH ,!l8HHblMH. npH 8TOM 

npe.!lnonaranocb, qTo nponecc nornomeHHH 

nonHOCTblO peaKQHHMH (r,n} 1 (~1p). 
r-KB8HT8 ODHCl>IB88TCH npSKTHqecKH 

npennaraeMaH a peqiepHpyeMoll pa6oTe KapTHHa pacceslHHH cf -KBSHTOB 

Ha H.!lpax OTHOCHTCH K H8HMeHee HCcne.!lOBSHHOft o6naCTH nepaoro MSKCHMyMa. 

Bonpoc O cpopMHpOBSHHH &Toro MSKCHMYMa o6cy~.!lancH paHee BeTe [2J. 
O.0:HaK01 coo6pameHHH SeTe1 0CHOBaHHbl8 Ha H,!l88 KOHKypeHQHH (J'1 r) - H ((1 H)

- peaxnull, HBnHIOTCH cnHWKOM rpy6b1MH H xaqecTB8HHblMH. OHH He TOnbKO He 

,!la!OT KOHKpeTHoro npe,!lCTaBn8HHH O M8X8HH3Me pacceHHHH, HO H HSXO.!lHTCH 

B npOTHBOpeqHH C eKcnepHMeHTanbHblMH .!laHHblMH "'.' MSKCHMYM He o6H38T8nbHO 

COBD8,!la8T C nopOrOM ( (, "'-) "'.' p88KQHH 1 OH. MOlK8T 6b1Tb pacnOnOlK8H HHlKe 

nopora Ha 3HaquTenbHOM paccTOHHHII - 2 - 2,5 Mes fH.!lpa M , C.... I. 

B paccMaTpuaaeMoll o6riacTH saeprHH J' - KBSHTOB 3aMeTa1>1II BKna.!l M<>ryT 

.!laTb TpH nponecca: ,!len6plOKOBCK08, TOMCOHOBCKOe H pe30H8HCHOe pacceHHHe, 

conpoBOlK,!l88M08 B036YlK.!l8HHeM 11.!lepHblX ypOBHell. 

TOMCOHOBCKOe pacce11HHe Mano no aenHqHHe /6onee qeM Ha nopll,!lOK 

aenHqllllbl M8HbUle H3MepeHHOro 3HaqeHHII I H, KpOMe Toro, npaKTHqecKH H8 38BHCHT 

oT &HepruH, 

PacceHHB8 ,llen6pl0Ka ,!lBeT cymecTBeHHblll BKna.!l B pacCeHHHe TOnbKO B 

y3KOM HHTepaane yrnoa BOKpyr aanpaBneHBII anepe,!l, Ono CBl!3aHO C paccellHH8M 

¥ -KBaHTOB ·B KynoHOBCKOM none 11.!lpa [s,4] • B ero noBe,!l8HHH He o6HapylKH• 

aaeTcll Tex 3aKOHOM8pHOCTell, KOTOpb18 Ha6nIO.!lalOTCII HS 8KCnepBM8HT8 [ 1 J . 
OcTaeTCSI B03MOlKHOCTb 061,IICHBTb Ha5nIO.!laeMyJO BenRqffHY H xapaKTep H3Me-

HeHBII ceqeJIBII pacceHHBH, paccMaTpBBaSI pe3QH8HCHblll M8X8HB3M pacce11-

Has le] • 

B .!lSHHOII pa6oTe 61,1no C.!lenaao npe.!lnono»<eHae, qro, a- OCHOBH0M, pacces

HHe CBll38HO C 0.!lHOHyKnOHHblMB pa,!1BBQHOHHblMB nepeXO,!laMB, coaepwaeMblldB 

H}'Kn0HaMB H,!lpa. B C0OTBeTCTBHB C STBM, B KaqeCTBe MO,!lena acnonb30Banacb 
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MO.!lenb l!,!l8pBblX o6onoqeK (6] • B KOTOpoll npa6nHlK.eHHO yqaTblBaeTCH HSnHqae 

pa3Mb1TOCTB rpaHBQ H.!lpa, a TaKlK8 .KynoHOBCKOe B38RMO,!lellCTBBe MelK.!lY npoTo

H8MH. 

CBCT8Mbl npOTOHHblX H HellTpOHHblX ypOBHell, a TaKlKe COOTB8TCTBYIOUlHe 

BOnHOBbl8 cpyHKQBB, 6blnB HSll,!l8Hbl nyTeM Toqaoro pellleHHH npu6nBlK8HHoro 

ypaaHeHBH Wpe,!lHHrepa. 

CeqeHH8 pe30HaHCHOrO pacCeHHBH d -KBSHTOB B .!lBnonbHOM npu6nHlKe-

HBB B Kor,!la d -KBSH_Tbl nonHpH30B8Hbl B.!lOnb ~ ,-OCH H,!lpa, MOlK8T 6b1Tb 

npe,!lCT8Bn8HO qiopMynoll: 

. ./,Z.l :z e'fw~11 · 
(Yfr,r) = -:I c'f,4(Z z: fn.n! /.2 

Er-(e,.,-e,.)-+ tr/,- ; 

r.!le W - qacToTa pacceuaaeMoro r-KBSHTa, M - Macca HyKnOHa, r - non

HSH wupuHa B036y»<.!l8HHoro ypoBHH, a f ""' HBnHeTCH cunoll ocnunnsiopa .!lnH 

nepeXO.!l8 B3 COCTOHHHH 

Mynoll: 

n. B COCTOHHH8 n.' 

.f.,n.• == 2 Mi •2. ( £ .. , - e .. )·I 2,..,, 12.. 

B onpe,!lenHeTcH cpop-

nonHaH WBpHHa B036ylK.!leHHOro ypOBHH B paMKax npe.!lnaraeMOII T80pHB 

onpe,!len1:1eTCH cyMM0II Tpex napnBanbHblX WBpHH: 

r C rr 'T fr' + rsc. I 

r.!le r'¥ - p8.!lBaQHOHH8H WHpHHa no OTHOWeHBIO K npHMOMy nep8XO.!lY HyKn0Ha 

B 0CHOBH08 COCTOHHHe, r;· - WHpBHa, cooT11eTCTBYIOlll8H nocnEUloBaTenbH0My 

:nepexo.!ly qepe3 npoMelKyTOqHble COCT0HHBH, r,, - WBpHHa, o6ycnoaneHH8H 

.B03MOlKHOCTblO CTOnKHOBeHHH B036ylK.!leHHOro eyKnOHB C HYKnOHSMH, 'HaXO,!lHlllB

MBCII B OCHOBHOM COCTOHBBHo nocne.!lBIOIO MOlKBO 011eHBTb HS OCBOB8 MO.!l8nH 

4>epMB - r83a: 

f;,. ~ 1/jf'cr-Ji {(£,-EF)/E,- J~ 
r.!le 1.1', - CKOpOCTb B036)'lK.!l8BHOro HyKnOHa, E:, - ero eHeprBH, e,, - rpaHaq

Hall 'sHeprHII 4>epMB / a: 82 Meal, .f' - nnoTHOCTb HyKnOHOB, cnoco6HblX 

acpq>eKTBBHO pacceuaaTb l1BHH1>1II Bo36Y»<.!l8HHblll HyxnoH, 0- - ceqeHBe TaKoro 

11acce11au11. 
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nnH Bbl'IHCneHH!I C8'18HH!I 0- B jPOpMyne nn11 G, 6blnR HCDOllb30BaHbl 

naHHble, 3aHMCTBOBaHHbl8 H3 nonyipeHOM8HOnorH'l8CKOil TeOpHH CHrHenH R Map

UlaKa ( 7] • C noMOUlblO KOTopoil aBTOpaM ynanOCb YllOBll8TBOpHT8llbHO 06b"CHHTb 

8KcnepRM8HTbl no pacce!IHRIO HyKnoHa Ha HyKnOHe. ¢a3bl pacce!IHHSI, BXOll!IUlR8 

B BblpalKeHHe llll!I C8'18Hll:!1 B 8HepreTR'l8CKOM HHTepsane 6-9' Mas Bbl!IRCll!lnHCb 

nyTeM 8KCTpanon11uRR peaynbTSTOB ynOM!IHyToil TeopHH. 

nony•1eHbl cneny10mae peaynbTaT&1: 

1. TToic'aalrno, 'ITO nonyqaeTC!I y llOBneTBOpHTenbHO e cornaCH8 TeopeTB:8CKHX 

pacqeTOB H 8KcnepBMeHTanbH.bfX naHHbIX, ecnR npRH!ITb npennOlK8HHYIO Bblllle 

KapTHHY - T.e. nepBblil M'aKCBMYM B C8'18HlfH pac~e!IHB!I o6ycnosneH OllHOHyKnoH

HblMlf nepexonaMH. 

3TOT MaKCHMYM COCTOHT B3 PHlla peaoHaHCOB IHanpRMep, B cnyqae Hnpa 

208 · pe, - H3 ll8B!ITH peaoHaHCOBI pa3nH'IHOil, BenH'IRHbl .H lllHpHHbl, COOTBeT-

CTBYIOlllHX panHaUHOHHblM nepexonaM pa3nR'IHOil MynbTHDOnbHOCTH. 

2: TT pH 8TOM OKa3bIBaeTcH, 'ITO HaH6onee cymecTBeHHblMH nepexonaMH 

!IBn!IIOTC!I npOTOHHble H H8ilTpOHHbl8 nepeXOllbl llHDMbHO-aneKTpH'18CKOro THna. 

KaK npaBHno, HM88TC!I OllHH-nBa nepexona, KOTOpble ll8IOT OCHOBHOI! 

BKnan B ceqeHHe pacceHHH!I H onpenenHIOT TeM caMblM ero noseneHue. 

TaKHM o6pa30M. aaBHCRMOCTb C8'18HRll_ paccellHRll J' -KBaH:roB OT KOH

KpeTHoro CTpoeHRg llllpa HSXOllHT ce6e 06bl!CH8HR8 B paMKax TeOpRR o6onO'l8K 

nOB8ll8HRe C8'18HRll onpenenHeTC!I pacnpeneneHH8M OllHOHYKllOHHblX YPOBHeil 

H nopllllKOM RX aanonaeHRll. 

3. TToKa3aHO TaKlKe, 'ITO OCHOBHblMH npoueccaMR, OT KOTOpblX 3aBHCHT 

BpeM!I lKH31fH HyKnOHa B B036Y.'m.ll8HHOM COCTQ!IHHH HBnlllOTCH, ero npllMOil nepe-

XOll. B OCHOBHOe COCTOSIHH8 C HcnycKaHR8M 0 -KBaHT8 H ero CTOnKHOB8HH8 

C HYKnOHaMH, HaXOllllUlRMHCll B OCHOBHOM COCTOSIHHH. nepBblil npouecc HBnlleT

C!I npeo6n B.llaIOutHM nnH 6onblll8il qacTlf paCCMOTpeHHbIX cny'laeB I srnpa ,.Sh I 
JI pg I 8,i. I. 

3nec1;, nony'leHo xopoU1ee cornacue c sKcnepHMeRTOM. BTopoil npouecc 

cTaHoBHTCH cymecTBeRRbIM B cny'lae Hnep .A1 1 ~ • TTpu .sToM BenR'IHHa ceqe,

HHR, paCC'IRTaRRaH T8opeTH'l8CKH, paBHa no nopllllKY BenH'IHHbl H3M8p8HHOMY 

3H8'18HHIO, 'ITO o6ycnosneHO rpy6oCTblO 0118HKH /';c, • 
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CnenyeT OTM8THTb, 'ITO B STBX cny'lallX npH CTOnKHOB8HHH HyKnOHOB BalK

HbIM RBnll8TC!I P-paCC8llHHe. Te nepeXOllbl, npH KOTOpblX B036YlKll8HHblil HyKnOH 

MOlKeT HcnbITaTb ~ - pacceRHHe ~a HyKnoHe, H8XOllllUl8MC!I B OCHOBl!OM COCTOH-

HHH, npHBOll!IT K cnHlllKOM Manoi! BenH'IHHe C8'18HH!I pacceHHH!I J' -XBSHTOB1 

TaK KaK fsc. B 8TOM cnyqae 0'18Hb·_ BenHKa /necHTKH KsB/. TaKH8 nepeXOllbl 

He BHOCHT aaMeTHoro BKnana B CYMMapHblil acpcpeKT. 

4. KpoMe Toro • npennaraeMaH TeopH!I n03Bom,eT o6'bHCHHTb TO o6CTOH

T8nbcTBO, 'ITO nonOlK8HH8 nepBoro MaKCHMYMa B C8'18HHH pacceRHH!I H8 o6Haa

T8nbHO llOnlKHO nonHOCTblO onpenenRTbCH SH8pr11:ei1 nopora / Yt 11, /-peaKUHH 

/cnyqail 11nep Ill , Ci I. nonolKeHHe MaKCHMYMa onpenem1eTc11 cpaKTH'leCKH 

aHeprHeil, npH KOTopoil ocymecTBn11eTc11 Hau6onee BalKHblil panuauHOHHbiil nepe

xon, T.e. KOHKpeTHblM pacnpeneneHHeM ypoBueil. 

CnenyeT OTM8THTb, 'ITO BBHlly Re3aB~plll8HHOCTH TeopHH panHaUHOHHblX 

nepexonoB B Hnpax, cornacue TeopeTu'-iecKHX pacqeToB H :tKcnepuMeHTa/lbHblX 

naHl!blX, OTM8'18HHOe Bblllle, HBn!leTC!I npHMe'laTenbHbIM cpaKTOM. 

5. PaccMoTpeH Bonpoc o BnHRHHH ManbIX necpopMauHII 11nep Ha npouecc 

pacce111m11. TToitaaaHo, 'ITo HanH'IHe necpopMHpoJaHHoCTH npusonuT K ysenu'leHHIO 

'IHCna pe3oHaHCOB, 'ITO CB!l3aHO co CH!ITH8M BblpOlKll8HH!I ypOBH8il no MarHHTHO-

MY KBSHTOBOMY 'IRCny /'It. H CllBRrOM ypoBHell, 38BHC!IUlRM OT /ff. H Benu-

'IHHbl necpopMauRH. Pac'leT noKa3bIBaeT / c11yqall Hnpa J- ,: I, 'ITO pacmenne

HHe p830HaHca B ll8C!ITKH H COTHH pas npeBbllll88T ero lllHpBHY, 

TaKHM o6pasoM, aKcnepHM eHTanbHall npoBepKa aToro acpcpeKTa npencTaB

nHeT HHTepec. 

6. HaKOH8U, ucnonb3Y!I nony'leHHbl8 pe:synbTSTbl, H8TPYllHO npencKaaaTb 

B03~0lKHOCTb KynOHOBCKOro B036Y>Kll8HHSI anep, conpOBO>Kll tl8MOro HcnycKaHH8M 

SHeprH'IHbIX O -KBaHTOB / ~ 6-7 M'sB / [s] • 

Bhln npouaBeneH pac'leT ceqeHHR Tmtoro acpcpeKTa nnH cny'laR 6oM6apnu

pOBKH Hllpa / pg / Tll>K8nblMH HOHaMH / h'e , Fe I. TTpH STOM paccMaTpH-
' ' 

BanHCb Te pa.11HaUHOHHbl8 nepeXOllbl, KOTOpble OK83MHCb cymecTB8HHbIMH nnH 

o6'1>HcHeHHH npouecca pacce11BHH Q -KB8HTOB 0 
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BenH'IHHS Bbl'IHCneHHbIX ce'leHHll .llOCTSTO'IHO aennKa /)leC!tTbie n COTbie .llom, M6H/ 

.llnst Toro, 'IT06b! '06Hapy:>KHTb 8TOT npouecc C noMOIUblO aKcnepnMeHTS/lbHb!X 

M0TO,UOB. 

PeaynbTSTbI, Co.llep:>Kamnecst a .llHccepTan1m, ony611nK0BaHb1 a pa6oTax [5] 
n [BJ H 6blnn o6cy:>K.lleHbI Ha ceMHHapax a <t>nanqecKOM nHcT11TyTe AH CCCP 

HM.n,H, ne6e)leBa H .. B O61,e)lHHeHHOM HHCTHTyTe st)lepHbIX HCC11e.llOBSHHll, 

ABTOp C'IHTaeT CBOH npnstTHbIM .ll011rOM Bblp83HTb npH3HaTe11bHOCTb Hay'IHOMY 

pyKOBO.llHTemo, )lOKTopy cpH3HKo-MaTeM8TH'leCKHX HayK E.T.rellnnKMaHy 38 COBeTbI 

H IlOCTO!tHHbll! HHTepec K pa6oTe, 

PyKOllHCb noCTynnna B H3)laTe11bCKHl! OT.llen 

8 cpeapanst 1960 ro.lla, 
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