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OEmAR XAPAKTEPHCTHKA PAEOT~ 

AKTyanhHOCTh TCMhl: 

HJy'leHue B3aUMO,n:encTBHH ITH-MeJOHOB C H,n:paMH HBnHeTCH ueu

TpanhHOll Ja,n:a'lell TOH o6naCTH H,n:epHOll cj)HJHKH, KOTopaH B nocne,n:HHe 

ro.n:hl nonyquna uaJBattue cj)HJHKH rrpoMe~yTO'IHhlX 3Heprun. 3Hauue .n:uua

MHKH BJaHMO.ll:CllCTBHH ITHOHOB c H,n:paMH ueo6xo.n:HMo .n:nH nony'leHHll 

HHcjlopMal..lHH O CTpyKType H.n:ep HJ IIHOH-ll,n:epHhlX peaKUHH, a TaK~e .n:mr 

ananu3 a MnoroqucneHHhlX rrpouec COB, corrposo~.n:aIOumxcH po~euHeM u 

nornomeuueM rrHOHOB. 

Ka•reCTBeHHO HOBhlll :nan B 3KCnepuMeH':-anhHOM ll TeopeTU'leCKOM 

Hccne.n:osa,mH B3aHMO,n:encTBHll rr-MeJOHOB C H,n:paMH Ha•iancH B KOHUe 

ceMH,n:ecHThlX ro.n:oB B CBll3H C nycKOM MeJOHHhlX cjla6puK ( CllflhHOTO'IHhle 

npOTOHHhle ycKOpHTenH). HanH'IHe HHTeHCllBHhlX nHOHHhlX rry'IKOB nOJBO

m1eT CllCTeMaTH'leCKll HJy'laTh IllIOH-H,n:epHhle rrpoueccbl C ManhlMH none

pe•!Hb!MU ce•1eHHHMll TaKue KaK_ pacceHHlle ITHOHOB HH3KOii: 3Hepruu Ha 

ll,n:pax, peaKUHH OJJ:HOKpaTHOll 11 .ll:BOllHOH nepe3apl!JJ:KH, B3aHMo.n:e11CTBHe 

ITHOHOB C ManonyKnOHHhlMH CHCTeMaMH H .n:p. K HaCTOllllleMy speMeHH 

naKorrnen 6onhwo11 3KcnepHMeHTanhHhlii: MaTepuan, Tpe6y10111nil: .n:eTanhHOro 

TeopeTH'lecKoro ananHJa. 

npun1..111rruanhHOe OTflH'IHe ITHOHOB OT .n:pyrux 'laCTHI..I, TaKHX KaK 

IIYKflOHhl If 3neKTpOHhl, o6hl'IHO ucnonhJyeMhlx .n:mr HJY'leHHll CTpyKTYPhl 

s.n:ep, COCTOHT B BOJMo=ocTH nornomenmr nHOHOB B H,n:epHOM BemecTBe. 

3TO .n:enaeT HenpnMeHHMhlMH 'IHCTO noTeH1..111anhHhle no.n:xo,n:bl K onncaHHIO 

rr-H.n:epnoro B3aHMO,n:eii:CTBHH, rrepeBOJJ:HT Ja,n:aqy B o6naCTh KBaHTOBOll 

TeOpHH nonH. Cne.n:yeT TaK~e HMeTh BBH.ll:Y, 'ITO noKa OTCYTCTByeT no

cne.n:oBaTenhHaH TeOpirn nHOH-HYKflOHHOro B3aHMo,n:eii:CTBHH. U03TOMY B 

llaCTOlllllee BpeMH Teopnll BJaHMo,n:encTBiiH IlllOHOB c H,n:paMll no neo6-

XOJJ:HMOCTll HOCHT rronycjleHOMeHonor11qecKHH xapaKTep. B nnaHe rrpaK

TH'leCKHX rrpnno~eHlllf, npo6neMa CBOJJ:HTCll K ITOCTpOeHHIO TeopeTll'ICCKUX 

cxeM C MHHI!ManhHhlM 'IHCflOM rrapaMeTpOB, HMelOIIIHX llCHhllf cjJHJH'leCKHll 

CMhlCn n onpe.n:enseMhlX, 

npoueccoB. 

ITO BOJMo=ocTn, HJ .n:pyrux HeJaBllCllMhlX 

Teopen1qecK11e MeTOJJ:hl ormcaHHll ITHOH-ll,n:epHoro B3allMO,n:encTBHll 

MO~HO ycnoBHO pa36Jg&.::::,J,;l! wa:;::~-~-£!i. K rrepBOMY OTHOCllTCll 

IICCJIC.D.OBaHHll, B ~.<)CHO.Be•:.,;.: K.·oJ-ri'pu:~•:21•~1 ITOTeHUHaJibHall TeOpHll L .
1
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MHOrOKpaTHOro paccelIHllll qacTUUH Ha COCTaBHOll CllCTeMe. EcTeCTBeHHOll 

CTapTOBOll TOqKOll ,L{Jlll TaKllX CXeM lIBJJlleTCll Ja.rcaqa 06 onncaHnll 

BJallMO,L{ellCTBllll IlllOHOB C MaJJOHYKJJOHH~ll CllCTeMaMll C nocne.rcylOlllttM 

o6o6meHneM (j>opMannJMa Ha cnyqaii 6onee THlKenux H.LCep, a TaKlKe Ha 

cnyqaii c HecoxpaHem1eM qncna qacTnu Mll yqeTa KaHana nornomeHnll 

IlllOHa. Ko BTOpOMY KJJaccy MOlKHO OTHeCTll TeopeTll'IeCKlle cxe~. 
OCHOBaHHHe Ha npllMeHeHllll' MeTO,L{OB KBaHTOBOll Teopnn IlOJJll B Ja.rcaqe 

MHornx Ten. nnll Hero ecTeCTBeHH~ npe.rcenoM lIBJJHeTCH TeopnH 

pacnpocTpaHeHllll IlllOHa n 6eCKOHeqHOll ll,LlepHOll MaTepnn. 

C TeopeTnqecKOll TOqKn 3peHllll TeopeTllKO-IlOJJeBOll Il0,L{X0,L{ 

npe.rccTaBJJHeTcH 6onee nocne.rconaTeJJhH~. nocKOJJhKy·3.rcecb pacnpocTpa

HlIIOlllllllCll B ll,LlepHOll cpe.rce IlllOH ll BllpTyanhHHe IlllOHH B ll,Llpe 

paccMaTpnnaoTcll Ha e.rcnHOll ocHone. O.rcHaKo, B paMKax TaKoro no.rcxo.rca 

~ cpa3y CTaJJKUBaeMCll 
B3allMO,L{ellCTBllll, KOTopue 

co BCeMn TPY.LlHOCTlIMll Teopnn CllJJbHOro 
OCJJOlKHHOTCH MHOroqacTnqH~ xapaKTepoM 

rr-H.rcepHoro nJallMo.rceiicTBllH. B npaKTnqecKnx pacqeTax· ofiuqHo orpa

HnqnnaDTCll yqeTOM Jllllllh Hll3lllllX .rcnarpaMM, OCTaBJJlIH, TaKnM o6pa30M, 

cepheJHHll nonpoc O CXO,L{llMOCTll COOTBeTCTBYIOlllllX Pll.LCOB. OTpalKeHlleM 

3TOrO lIBJJlleTCll TO, qTo KOHKpeTHHe npnnolKeHllll TaKllX cxeM HOClIT noKa 

KaqeCTBeHHUll xapaKTep. B qaCTHOCTll, ,L{O cnx nop B TeopeTnKo-noneBOM 

no.rcxo.rce He y.rcaeTCll cornaconaHHO 
H.LCepHoro onTnqecKoro noTeHunana, 

npeueJUOHHMX IlllOH-aTOMHHX .rcaHHHX. 

nocnponJnecTn rrapaMeTpu nnoH-
nonyqeHHMe nJ MHOroqncneHHHX 

npn onncaHnn rr-H.rcepHoro BJanMo.rceiicTBllll B paMKax Teopnn 

MHOroKpaTHoro pacceHHllll BOJHnKaeT cnoll<Hall npo6neMa o6o6mennll 

TaKoro no.rcxo.rca ,L{Jlll yqeTa KaHana nornomeHllll IlllOHa. C 3TOll l.{eJJhD 

pa3BllBaeTCH MeTO,L{ CBlIJaHHHX KaHaJJOB. Han6onee IlOJJHHll aHaJJll3 3,L{eCh 

npone.rceH Jllllllb ,L{Jlll cnyqall rrNN-CllCTeM. Hannqne ToqHHX ypanHeHllll 

<l>anneena ,L{Jlll CllCTeMU ll3 Tpex ,qacTnl.{ Il03B0JJHeT KOppeKTHO paccqnTaTb 

noTeHunanhHYD qaCTh Ja.rcaqn, a o6o6meHHHe Ha cnyqaii c HecoxpaHeHneM 

qucna qacTnu. oHn .rcaoT peanhHOe npe.rccTanneHne o nnnHHnn KaHana 

nornomemrn Ha .rcpyrne KaHanu peaKunn. nnH H.rcep c A > 3 .LCJJH 

cyMMnpoBaHllll pH.rca MHOroKpaTHOro paccelIHllll npllMeHlIDTCll paJHHe 

napnaHTU OnTuqecKOll MO,L{eJJU. 
OnTnqecKUll IlOTeHl.{llaJJ lIBJJlleTCll CJJOlKH~ MHOroqaCTnqH~ onepa

TOpOM u npn ero nocTpoeHnn npnxo.rcnTCll ncrrOJJhJOBaTh uenuii PH.LC 

npn6JJnlKemrii. YcTaHOBHTh KaKUM HeynpyrnM KaHaJJaM COOTBeTCTByeT 
MH.IIMaH qaCTh nonyqeHHoro TaK noTeHl.{nana OKaJHBaeTCll B03MOlKHHM Jllllllb 
B qaCTHHX cnyqallx. Il03TOMY yqeT KaHana nornomeHnll, KOTOpuii o6uqHO 
npOBO,L{HTCH (j>eHOMeHOJJ_oruqecKn nyTeM nne.rceHnll ,L{OilOJJHHTeJJbHOro qJJeHa 
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n noTeHunan, CTaHOBHTCH HeO,LCHOJHaqH~: napaMeTpH 
nornomeHne 3anncHT OT npnHHTOtt npn6JIIDKeHHOtt cxeMU. 

BOJHnKaeT rrpo6neMa cornaconaHnH Teopnn c o6mllMn 

nonpanKn Ha 

TaKllM o6pa30M 

Tpe6onaUlllIMll, 
nuTeKalOlllnMl! nJ o6mero npnnunna yHnTapHocTn. Jinmh n JTOM cnyqae 

MOlKHO nonyquTh npannJJhHOe npe.rccTanneHne o ponn Kanana rrornomeHnll B 
,L{UHaMnKe IlllOH-ll,Llepnoro B3attMO,L{e!ICTBUll. 

B 3T0ll CBll3U lIBJJlleTCll aKTyaJJbHh™ pa3BttTne TaKUX IlO,L{XO,L{OB K 

onncaHno rr-ll,LlepHoro B3attMO,L{ellCTBllll, B KOTOpux ycno_nue YHUTapHOCTU 

BHCTynaeT B KaqecTBe OCHOBHOrO npnHunna n corJJaCOBaHHOCTb Teopnn C 

ycnonneM yunTapHOCTn ue HapymaeTCll npn rrpn6nllll<eHHux MeTo.rcax 
pemennll OCHOBHHX ypanHeHUII. 

B HaCTOHlllell pa6oTe ,L{JJH IlOCTpoeHnll yHnTapHOll Teopnn rr-ll,Llepuoro 

paccelIHllll llCilOJJhJyeTCll HeTpa.rcnunoHHall q>OpMynnponKa KBaHTOBOll 

Teopnn paccelIHllll - MeTO,L{ 3BOJJDl.{llll no KOHCTaHTe CBll3ll (COKpameuHO 

3KC-MeTO,Ll). 3KC-MeTO,L{ 6un Cq>OpMynnponau n.A. KnplKHnl.{eM KaK 

MeTO,L{ KBaHTOBOH Teopim IlOJJll, npe.rccTaBJJlIOlllllll 0.LlHY ll3 peaJJn3al.{ttll 

aKCllOMaTnqecKOll nporpaMMU. Ero OCHOBy COCTaBJJlleT 3aMKHyTall CllCTeMa 

ypanHeHnii, .rcalOlllall nonnoe onucaHne qacnru n noneii c nJMeueuneM 
KOHCTaHTH CBll3ll B raMUJJhTOHllaHe B3allMO,L{e!ICTBUll, 

UeJJb pa60TH COCTOllT B IlOCTpOeHnll HOBOro IlO,L{XO,L{a - yHnTapHOll 
Teopnn 

THBHOrO 
IlHOH-ll,Llepuoro paccelIHllll B paMKax 3KC-MeTO,L{a, aJJbTepHa

CTau.rcapTHOMY MeTO.LlY OnTnqecKoro IlOTeHl.{llana, B pa3pa60TKe 
nptt6nllll<euuux MeTo.rcon perneHnll OCHOBHMX ypanueHnii no.rcxo.rca, ii 

npnnolKeHnH Teoptttt K onncaHHD HnJKOJuepreTnqecKoro rr-H.rcepHoro 

paccelIHllll ( r.rce H3BeCTHhle Il0,L{X0,L{M llCilHTHBaDT 3HaqnTeJJbHHe Tpy.rc

HOCTll), H n ttJyqeHnn ponn KaHana nornomeunH n .rcnHaMnKe rr-H.rcepHoro 

B3aUMO,L{ellCTBllll. O.rcna H3 3a,L{aq, pemae~x B .rcuccepTal.{UU, COCTOUT 

TaKlKe B o6o6memm 3KC-MeTo.rca ua cnyqaii nucoKux Jueprnii. 

HayqHall HOBU3Ha U npaKTnqecKaH ueHHOCTb 

B pa6oTe npe,LCJJOlKeH H pa3pa6oTaU YHHTapHHII MeTO,L{ OilHCaHUll 

IlHOH-ll,LlepHoro paccei!HHll, OCHOBaHHHII Ha JaKOHe 3B0JJDl.{UU CUCTeMU C 

H3MeHeHUeM KOHCTaHTM C BH 3 lf B r aMUJJhTOHHaHe B3 allMO,L{ellCTBUll. 

Pa3BlfTHll IlO,L{XO,L{ HOCHT o6muii xapaKTep lf npe.rccTaBJJlleT co6oii HOByo 

q>OpMynuponKy KBaHTOBOH Teopnu paccelIHlfll qacTUl.{H ua COCTaBHOH 
CHCTeMe. 

BaTCOHa, 
B OTJJuque OT lf3BeCTHOM Teopttu MHOroKpaTHoro 

3,L{eCb yunTapHOCTh T-MaTpllUH coxpaHlleTCll 
nocne.rconaTeJJhHOM npu6nlllt<eHttn. 

pacceHHHll 

B KalK,L{OM 

Bnepnue c(j>opMynuponaH MeTO.Ll onTnqecKoro noTeHuuana n paMKax 

paccMaTpunaeMoro no.rcxo.rca· .LCJJH onttcamrn ynpyroro pacceHHHll qacTnuu 

Ha COCTaBHOM CUCTeMe. npone.rceHO o6o6meHne q>OpMaJJU3Ma Ha cnyqaii C 
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HecoxpaHeHHeM 4HCna 4aCTHU - MeTOA CBH3aHHblX KaHanoB. 

B paMKax YHHTapHoro nOAXOAa Bnepsue y.nanOCh KOflH4eCTBeHHO 

ormcaTh pacceirnue nHOHOB HH3KOH 3Hepruu Ha nerKHx HApax npaK

TH4eCKH 6e3 CB060AHUX napaMeTpOB. 3TO no3B0flHfl0, B qacTHOCTH, 

onpeAeflHTh C,D:BHr ll umpHHY 2p-ypoBHH B nHOHHOM aTOMe renHH H3 

,n:aHHUX no Hll3K03HepreTH4eCKOMY pacceHHHD. 

B paMKax yHuTapHoro no.n:xoAa y,n:anoch KOflll4eCTBeHHO oueHHTh 

ponh KaHana nornomeHHH B AHHaMuKe rr-H.n:epHoro B3allMO,D:eHCTBllH B 

o6naCTH HH3KHX 3HeprHH. Bnepsue ycTaHOBneHO, 4TO npu 3HeprllHX 

~so M3B ,n:uqxpepeHUHaflhHUe ceqeHHH B03HHKaDT KaK pe3ynhTaT CHflhHOH 

HHTep$epeHUHH qHCTO noTeHunanhHOrO pacceHHHH H KaHana nornomeHHH. 

IlOKa3aHO, 

pacceHHllH ,n:JIH 

4TO npu 

yqeTa 

onucaHun Hll3K03HepreTuqecKoro rr-HAepHoro 

CTPYKTypHUX H,n:epHUX 3qxpeKTOB MO.HO 

llCilOJih30BaTh .D:B¥XypOBHeByD MO,D:eJih ,D:JIH HApa C 3Heprllli B03fiy•,n:eHllH, 

ne•ameH B o6naCTll ruraHTCKHX pe30HaHCOB (15-30 M3B). B paMKax 

TaKOli, Mo,n:eJIH HCCJieAOBaHa B03MO.HOCTh npOHBJieHHH Kacnosoro 3qxpeKTa 

B peaKUHHX nornomeHHH nHOHOB HH3KHX 3Heprnli Ha H,n:pax. 

IlOKa3aHO, 4TO B paMKax 3BOJIDUHOHHOrO no KOHCTaHTe CBH3H 

MeTo,n:a MO~O 3qxpeKTHBHO CTpOHTh TeOpllD BUCOK03HepreTll4eCKOro 

pacceHHllH qaCTHU

)1,JIH 3 amnTu BU,D:BHraDTCH 

nonyqeHHue B ,n:uccepTauuu 

cne.n:yomue OCHOBHUe ~JlhTaTu, 

1. Pa3Bll:T HOBUH no,n:XOA K onucaHHD nnoH-H.D:epHoro B3aHMO-

AeHCTBHH - yHHTapHaH TeOpHH pacceHHHH nllOHOB Ha H.n:pax. B ero 

OCHOBe ne•HT HeTpa.n:HUHOHHaH $OPMYJIHpOBKa KBaHTOBOH Teopttll 

pacceHHllH - MeTO.ll: 
0

3B0flDUllH no KOHCTaHTe CBH3ll. IlpOBe,n:eHO o6o6meHtte 

3B0JIDUllOHHOro MeTOAa C O.D:HOH KOHCTaHTOH CBH3ll Ha cnyqaii .nayx (ll 

6onee) KOHCTaHT CBH3ll. B paMKax TaKoro $opManu3Ma nocTpOeH 

YHllTapHUH pH.n MHOroKpaTHOfO pacceHHllH IlllOHOB Ha H.npax .D:JIH pacqeTa 

Henocpe,n:CTBeHHO IlllOH-H.D:epHUX $a30BUX C.D:BllfOB. nonyqeHO nupa•eHlle 

.D:JIH $a3 pacceHHllH nttOHa Ha H,n:pe, KOr.na B3allMO,D:eHCTBlle onpe.nenHeTCH 

cyMMoH .nnyx noTeHunanoa. 

2. C$opMynuposaH MeTO.D: onTtt4ecKoro noTeHunana B paMKax yHn

TapHoro no.nxo.na .D:JIH onucaHttH ynpy roro pacceHHMH nuoHOB Ha H.npax. 

nonyqeHa 3aMKHyTaH CllCTeMa ypaBHeHllH .D:JIH onpe.neneHMH onTHqecKOfO 

onepaTopa B3allMO,n:eHCTBHH, paCCMOTpeHU npu6n=eHHUe MeTO.D:U ee 

perneHttH. 

3. .11.JIH yqeTa KaHana nornomeHllH npone.n:eHo o6o6meHtte noTeH-

UHaJihHOli cxeMU Ha cnyqaii C HecoxpaHHDmllMCH 4ll:Cfl0M qacTHU. 

C$opMynupoBaH MeTOA CBH3aHHblX KaHaJIOB B paMKaX yHnTapHOfO nOAXOAa, 
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no3B0JIHDmllH paCC4HTaTb nonpaBKy Ha nornomeHHe B IlHOH-H.D:epHUX $a3aX 

pacceHHHH. nonyqeHo npn6nu•eHHoe aupa•eHne .nnH nonpaBKH Ha nor

nomeHne B npeAnono•eHllll AOMllHHpoaaHHH AByxHyKnOHHOro MexaHH3Ma 

nornomeHHH nnoHa. 

4. npoBeAeHO 4HCJieHHoe HCCJie,n:oBaHHe CXOAHMOCTH pHAa MHOfO

KpaTHOfO pacceHHHH .D:JIH nnoH-HAepHblX $a3 pacceHHHH. IlOKa3aHo, 4TO B 

o6naCTH 3HeprHH nnoHa HH•e 70-80 M3B Aflli H,n:ep s- H p-o6on04KH 

AOCTaT04HO Y4HTUBaTb Jllllllh nepaue ABa 4JieHa pHAa. IlOKa3aHo, 4TO B 

paMKax noTeHUHaJibHOli MOAenH HeJih3H onucaTb AaHHUe no ynpyroMy 

pacceHHHD nHOHOB Ha HApax B 3TOH o6naCTH .3HeprHH. 

5. npoaeAeH COBMeCTHUH aHaJIH3 nHOH-aTOMHUX AaHHUX H AaHHUX no 

ynpyroMy pacceHHHD nHOHOB Ha HApax 
4H~, 12

C H 
160 B o6naCTH HH3KHX 

3HeprHH. IloKa3aHo, 4TO BCD. COBOKynHOCTh 3KCnepHMeHTaJihHUX AaHHUX 

MO.HO onttcaTh c e.D:HHUM Ha6opoM napaMeTpOB nonpaBKll Ha nornomeHHe. 

YCTaHOBJieHO, 4TO KaHaJI nornomeHHH HrpaeT pernaomyo pOJih B .D:HHaMHKe 

nHOH-HAepHOfO pacceHHHH npu HH3KHX 3HeprHHX. B qacTHOCTH, npH 

3HeprHHX -so M3B AHqxpepeHuuanhHble ce4eHHH B03HHKaDT B pe3yJihTaTe 

CHJihHOH HHTep$epeHUHH 4HCTO noTeHuHanhHOfO pacceHHHH H KaHana 

nor nomeHHH. 

nOCTOHHHU B 

IlOKa3aHo, 

mnepaane 

'!TO napaMeTpu nornomeHHH 

3Hepruu nHOHa O - 50 M3B, 4TO 

npaKTH4eCKH 

nOATBep•AaeT 

.D:OMHHllpOBaHHe ABYXHYKJIOHHOfO MexaHH3Ma nornomeHHH npH HH3KHX 

3HeprHHX. OnpeAeneHU CABHr H umpHHa 2p-ypoBHH B nHOHHOM aTOMe 

reJIHH ll:3 AaHHUX no pacceHHHD rrpu HH3KHX 3HeprHHX. 

6. IloKa3aHO, 4TO AJIH onucaHHH nHOH-HAepHoro pacceHHHH B 

o6naCTH HH3KHX 3Hepruw .LJ:JIH Y'leTa HAepHUX CTPYKTYPHUX :.iqxpeKTOB 

MO•Ho 3ql<peKTHBIIO HCnOJih30BaTh AByxypoBHeayD MOAeJib HApa C 3Heprttew 

BOJfi.y•Aelllrn, ne•amew B o6naCTH ruraHTCKHX pe30HaHCOB. B paMKax 

TaKOH MOAeJIH nccneAOBaHa B03MO.HOCTh Ha6nD.neHHH KacnOBblX 3qxpeKTOB 

B nllOH-H.nepHUX peaKUHHX npu HHJKHX 3HeprHHX. IlOKaJaHo, 4TO nopo

fOBUe aHOMaJIHH 11au6onee CHJlhHO Aon•Hu npOHBJIHThCH B KaHaJie 

nornomeHHH nuoHa. 

7. npoaeAeHO ·o6o6meHHe 3B0JIDUHOHHOfO no KJ)HCTaHTe CBH3H 

MeTOAa Ha cnyqaii BUCOKHX 3HeprHH. npoaHaJIH3HpOBaHa CBH3h MeTOAa 

3BOJIDUHH no KOHCTaHTe CBH3H C .npyruM HJBeCTHUM KBaHTOBOMeXaHH

qecKHM MeTOAOM - MeTOAOM $a30BUX $yHKUHH. 

Anpo6aUHH pa60TU 

OCHOBHUe MaTepuanu 

ceMHHapax na6opaTopttH 

AHCCepTaUHH HeOAHOKpaTHO AOKnaAUBaJIHCh Ha 

TeopeTH'leCKOH $H3HKH omrn, a TaK•e Ha 

HAepHUX HCCJieAOBaHHH AH CCCP, <l>H3H4eCKoro ceMnHapax 

lll!CTHTyTa 

HHCTHTyTa 

AH CCCP, Hayquo-uccneAOBaTenhcKoro 
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¢tt3HKH MrY. HHCTttTyTa HnepHOtt ¢n3HKH AH Ka3.CCP, HHCTttTyTa HnepHOtt 

¢tt3llKll 4CAH (r.P~e~. 4exocnosaKHH), UCHTpanbHOfO llHCTHTyTa ¢tt3ll

'ICCKHX llCCnenoBaHlltt ( r. EynanewT, BeHrpttH). 0Hll TaK~e 6irntt npen,

CTaanem,1 tt noKnanhrnannch Ha 2, 3, 4 tt 5-M BcecOI03HOM ceM1rnape no 

n nporpaMMe )KCnepttMCHTanhHblX llCCnenoaaHtttt Ha MC30HHOtt ¢a6pttKe H.SIH 

AH CCCP", BceCOI03HOM coaewaHllll "KaapK-anpoHHblC ll Mano'! aCTll'IHblC 

CllCTCMbl" ( r. AJIMa-ATa, 1984), 20-tt 3HMHett WKOne JIH.ll<I> AH CCCP no 

¢tt3llKC Hnpa ll 3JICMCHTapHb1X tJaCTHU (1985), Ha CCCCllHX O.ll<I> AH CCCP 

no anepHOtt ¢tt3HKC (r.MOCKBa, 1983 ll 1989), Ha Me~nyHaponHblX 

CHMn03ttyMaX "IlllOHbl ll nerKHC Hnpa" ( f. Jltt6nttue- l 98 l, f. ECXHHC-1985 ll 

1988, 4eXOCJIOBaKttH), 10-tt BceMttpHOtt KOH¢epeHUHll "npo6neMa Manoro 

'lttcna Ten s ¢n3nKe" ( r. Kapncpy3, 1983, <l>PrJ, Me~nyHaponHott 

KOH¢epeHUllH "4aCTHUbl n Hnpa" ( r. KHOTO, 1987, .llnOHHH), Ha 17-tt 

ceccntt CCKUllll Y'ICHOfO COBCTa OH.RH no TeopeTll'ICCKOtt ¢tt3llKC ( 1983). 

4aCTb OCHOBHblX pa6oT nttccepTaUllH BOWJia a UllKn pa6oT "HOBblC MCTOnbl 

B Teopttll nllOH-anepHOfO B3allMonettCTBHH", ynoCTOCHHblX 2-tt npeMHH 

OH.RH 3a 1985 r. 

ny6nttKaUllll 

no pe3ynhTaTaM nttccepTauntt ony6nttKosaHo 28 pa6oT. 

06beM pa60Tbl 

,ll,ttccepTaUllH COCTOHT ll3 BBeneHHH, neBHTll rnaa, 3aKnl()'ICHHH H 

nHTll npttno~eHlltt. OHa conep~llT 275 CTpaHHU MaWllH011llCHOf0 TCKCTa, 

sKnl()tJaH 13 Ta6nnu. 22 pttcyHKa n 6n6nnorpa¢nqecKtttt c11ttCOK 

nnTepaTyphl tt3 225 HaJaaHntt. 

C0.11.EP~AHHE PAEOT~ 

Bo BseneHttll naeTCH 

pa6oTbl, o60CHOBb1BaeTCH 

¢opMynttpyeTca uenh pa6oThl 

o6waH xapaKTepncTttKa nttccepTaUttOHHott 

aKTyanbHOCTb llCCJienyeMblX 11po6neM, 

n onpenenHeTcH MeTon ttccnenoaaHttH. 

npnaonnTca KpaTKoe 011ncaHne nnccepTaunn no rnasaM n ttJJiaral()TCH 

OCHOBHblC pe3ynhTaTbl, BblHOCHMblC Ha JaWttTy. 

B 11epsott rnase "TeopeTtt'leCKne MeTonhl 011ncaHttH pacceHHHH 

ITHOHOB Ha Hnpax" paccMaTpnsaeTCH cospeMeHHOC COCTOHHHC 011Tll'ICCKOtt 

Monentt, HBnHJ()WCttCH onHHM H3 OCHOBHblX MCTOnoa 011ttcaHttH 

nHOH-HnepHoro B3allMOnettCTBllH B o6naCTll 3Heprtttt 11ll0Ha no 300 M3B. 

rnasHoe BHttMaHne Jnech ynenHeTCH 11po6neMe cornacoaaHHOCTH Teopntt c 

o6wnM ycnosneM yHnTapHOCTH, B03HHKalOlllCI! nptt 11paKTll'ICCKllX peantt-
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3aUHHX TeopeTll'ICCKHX 

,ll,eTaJihHO o6cy~naeTCH 

-3Heprnn (Hn~e so M3B) 

CXCM 110CTpOCHllH 011Tll'ICCKOro 110TCHUttana. 

JanatJa 06 011llCaHHH pacceHHHH 11ll0HOB Hll3KOll 

Ha Hnpax, rne CTaHnapTHaH 011Tll'ICCKaH MOneJib 

ncnblTblBaeT 6onhwne TpynHOCTn nJ-Ja Heo6xonHMOCTtt ytJeTa uenoro pHna 

3¢¢eKTOB BblCWHX nopHnKOB, BKnl()tJaH KaHan 11ornomeHlllI IlllOHa, 110 

OTHOWCHHJ() K nocTaTO'IHO xopowo H3Y'ICHHOMY 011TH'ICCKOMY 110TCHUllaJiy 

nepsoro 11opHnKa. 

B §§ 1. 1 ll 1.2 paCCMaTpnaaeTCH ¢opMaJIH3M 011Tll'ICCKOll MOnenn, 

OCHOBaHHblll Ha Teopnn MHOfOKpaTHOfO pacceHHllH BaTCOHa. H3JiaraeTCH 

npouenypa nOCTpoeHHH OnTH'ICCKOfO 110TCHUHaJia nepaoro ll BTOporo 

nopHnKOB. OTMetJaCTCH. '!TO MHKpOCKOnH'ICCKlle paC'ICTbl C 110TCHUHanaMH 

BToporo nopanKa nMel()TCH nnwb nna nerqaftwnx Hnep TaKnx KaK 3 ' 4He 

H3-3a TpynoeMKOCTH TaKHX pactJeTOB. B 11. 1.2.S 11pnsonnTCH Bhlpa~eHne 

nnH OnTH'ICCKOfO nOTCHUHana BToporo nopHnKa nnH rrd-aToMa, 

11onytJeHHOfO HaMn B [IS]. 

B § 1. 3 paccMaTpnaal()TCR 011Tll'ICCKHC 110TCHUHanhl KllCCJIHH-

repoBCKOfO Tnna, wnpoKO llC110nb3YCMble nnH 011ncaHHR 11llOHHblX aTOMOB ll 

HH3K03HepreTH'ICCKOf0 nnoH-HnepHoro pacceHHHH. 06cy~naeTCH 11po6neMa 

HeonH03HatJHOCTH napaMeTpOB )TUX noTeHunanoB, JaanCHMOCTb 11apa

MCTpOB rrornoweHHH OT )Heprnn. B n. 1.3.4 OTMC'lal()TCH HenocTaTKH 

cymeCTBYJ()WCtt rrpouenypbl pactJeTa onHOHyKnOHHblX 11apaMeTpOB 011TH

'ICCKOro noTeHunana, 11pennaraeTCH HOBhlll c11oco6 nx pactJeTa [ 17]. B 

pe3ynhTaTe nonytJeH yny'IWCHHbltt 011Tll'ICCKllll nOTCHUllaJI nnH 011HCaHHH 

nnoH-HnepHoro pacceHHHH a mITepaane JHeprnft o-so MJB. 

B § 1. 4 naeTCH KpaTKllll o63op TeopeTHK0-110JICBOf0 nonxona K 

onncaHHJ() nnoH-HnepHoro aJanMonettCTBHH. 

Bo BTOpott rnase "3BOnl()UHOHHbltt no KOHCTaHTe CBR3ll MCTon" 

ll3naral()TCH OCHOBHblC JneMCHTbl KBaHTOBOtt Teopnn pacceHHHH, B OCHOBe 

KOTOpoii: ne~nT JaKOH )BOnl()UHll CllCTCMbl C ll3MCHCHHCM KOHCTaHTbl CBH3ll 

B raMHJibTOHllaHe B3anMoneftCTBllH. B § 2. 1 ¢opMynnpyl()TCH OCHOBHblC 

ypaaHeHnH. B § 2.2 paccMaTpnaaeTcH Janaqa pacceaHnH nayx tJaCTHU s 

paMKax TaKoro ¢opMann3Ma. B § 2.3 naeTcH KpaTKnft o63op 11pnno~eHnft 

3B0nl()UHOHHOro MCTona B 3anaqax HnepHOll ¢n3llKll. 

T_peTbH rnasa "YHHTapHaH TeopnH 110TCHUHaJibHOf0 paCCCHHllH 

nHOHOB Ha Hnpax" nOCBHWCHa nocTpOeHHJ() HOBOro 11onxona K 011HCaHHJ() 

11llOH-HnepHoro pacceHHllH, B OCHOBe KOTOporo JIC~llT MCTOn 3B0JIJ()Ullll 110 

KOHCTaHTe CBH3ll. B )TOll rnase 11pennonaraeTCH, '!TO B3aHMonellCTBllC 

nttOHa c anpoM HBnHCTCH 110TCHUttanhHblM (11po6neMe ytJeTa KaHana norno

WCHHH 110CBHWCHa rnasa SJ. H3JiaraeMhlll Jnech ¢opMantt3M HOCllT o6mttft 

xapaKTep ll npttMCHllM nnH 011HCaHHH pacCCHHllH 11pott3BOnbHOll 'laCTllUbl na 

COCTaBHOll CllCTCMe. 
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rnaBHblM rrpenMymecTBOM paccMaTpttBaeMoro rro.nxo.na rro cpaBHeHllIO 

co CTaH.napTHblM MeTOJJ:OM OIITll'IeCKOro IIOTeHI:.{llaJia llBJilleTCll TO, '!TO 

corJiaCOBaHHOCTb TeOpllll C ycJIOBlleM YHllTapHOCTll coxpaHl!eTCll npn 

llTepal.{llOHH~X MeTo.nax pemeHllll OCHOBH~X ypaBHeHllH. 

B § 3. 1 npOBOJJ:llTCll 0606111eHlle 3B0JIIOl.{ll0HHOrO no KOHCTaHTe CBll3ll 

MeTo.na Ha cny'latt .D:Byx KOHCTaHT CBll3ll, B~B0.D:llTCll OCHOBH~e ypaBHeHllll 

no.nxo.na. 

3BOJIIOl.{llOHHOe ypaBHeHtte .D:Jlll onpe.neJJeHllll T-MaTplll-l~ pac c ellHllll 

nllOHa Ha ll.D:pe llMeeT Bll.ll 

~ T(E,A) = V(A) - 2ITi T(E,A) cS(E - h) V(A) (1) 
dA 

C rpaHll'IHblM ycJJOBlleM T(E,A=O)=O. nnHaMll'!eCKall nepeMeHHall A, ll3Me-

Hlll0lllal1Cll B rrpe.nenax OT O .no peaJihHOfO 3Ha'leHllll l, nrpaeT pOJJb 

KO_HCTaHT~ CBll3ll ITN-B3allMO.nettCTBllll 

H =KIT+ HA+ A VITA, 

B raMllJibTOHllaHe 
A i 

VA=E VN. 
IT i=l IT 

(2) 

3.necb HA .
l 

nllOHa' V rrN 

raMllJibTOHllaH ll.D:pa, KIT - orrepaTop KllHeTll'leCKOH 3Heprttll 

napH~H nttOH-HYKJJOHH~H IIOTeHl.{llaJJ. PemeHlle 'lllCTO 

llJJ:epHOH 3a.na'lll C KaHaJ!hHblM raMllJlbTOHllaHOM

h = KIT + HA 
npe.nnonaraeTcH ll3BecTHblM. 

OnepaTop V(A) npe.ncTaBJilleT co6oii 

( 3) 

MaTpll'IH~e 3JieMeHT~ OT 

llCXOJJ:HOfO noTeHl.{llaJia B3allMOJJ:eHCTBllll no TO'!HblM BOJIHOBblM <jJyHKl.{llllM 

IIOJIHOfO raMllJ!bTOHllaHa: + 

V(A) = n<+) (A) VITAQ(+) (A), ( 4) 

r .ne n<+> - onepaTop Mennepa .D:JJll nonHoro raMllJihTOHllaHa ( 2). nnll 

3pMllTOBa noTeHl.{HaJia VITA onepaTOp V(A) llBJilleTCll TaK~e 3pMllTOBblM 

onepaTopoM. 

3BOJIIOl.{llOHHOe ypaBHeHlle JJ:Jlll V(A) llMeeT Bll.ll 

~A V(A) = E [ PuV(A) G(-) (Eu) V(A) + 3.C. 
u 

(5) 

(+) -1 c rpaHll'IHblM ycJJOBlleM V(;\.=O)=V A" 3.nech G - (E) = ( E - h ± icS) 
A IT 

- <jJyHKl.{llll rpnHa, a p u - onepaTop npoeKTllpOBaHllll Ha COCTOl!Hllll 

KaHaJihHOro raMHJibTOHllaHa (3). 

YpaBHeHllll ( 1) ll ( 5) npe.ncTaBJ!lllOT co6oii 3aMKHYTYIO CllCTeMy 

ypaBHeHllH, .nalOIIlyIO nOJIHOe OIIllCaHlle .llllHaMllKll B3allMo.nettCTBllll 'laCTlll.{~ 

C COCTaBHOH CllCTeMOH. 

B § 3.2 JJ:Jlll onncaHllll ynpyroro IIllOH-ll.D:epHOfO paccel!Hllll <jJopMy-
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JJttpyeTCll MeTO.ll OIITll'!eCKOro IIOTeHl.{llaJJa B paccMaTpnnaeMOM no.nxo.ne. 

B~BOJJ:llTCll ypaBHeHlle JJ:Jlll onpe.neneHllll T-MaTplll-l~ ynpyroro paccel!Hllll: 

~ T (E,A) = U (E,A) - 2ITi T (E,A) P cS (E - h) U (E,A), 
dA o o o o o 

(6) 

r.ne onepaTop U
0

(E,A), HrpalOlllllH pOJib onTll'leCKOfO noTeHl.{llaJia' 

onpe.nenHeTCll CllCTeMOH ypaBHeHllH: 

A 

· U
0

(E,A) = V(A) - 2ITi K(E,A) Q cS(E - h) V(A), (7) 

~ K(E,A) = u (E,A) + 2ITi u (E,A JP cS(E - h) K(E,A), (8) 
d;\. o o o 

C rpaHll'IHblM ycJJOBHeM .D:Jlll BCnOMOraTeJibHOfO onepaTopa K(E,A): 

3.necb P = I O><O I 
Q A 

K(E,;\.=O)=O. onepaTop npoeKTllpOBalfllll Ha 

OCHOBHOe COCTOllHHe ll.D:pa, a Q = 1 - p - Ha B036y~.neHH~e. 
0 

nnoH-H.nepH~e <jla3~ paccel!Hllll 

onepaTop U
0

(E,A) cne.nylOlllttM o6pa30M 

B~pa~aIOTCll qepe3 

cSITA (k) -rr EITA(k) JdA <k',OI U
0

(E,A) lk,O>, 

0 

OIITH'!eCKllH 

(9) 

r.ne E A(k) = k2/[2IT
2 

dE (k)/dk IT 0 
- nJJOTHOCTb ypoBHett COCTOl!HllH 

paccel!Hllll, Eo (k) - 3°Heprttll CTOJIKHOBeHllll, k ll k' - llMIIYJibC~ IIHOHa 

.no ll IIOCJie paccellHllll. 
B § 3. 2 paccMaTpl-!BaIOTCll HTepal.{llOHH~e cxe~ pemeHllll ypanHeHntt 

(7)-( 8) JJ:Jlll onTH1IeCK0f0 onepaTopa Uo(E,A) . 

B § 3. 3 B~B0.D:HTCll Pll.ll MHOrOKpaTHOro paccellHHll .llJ!ll onepaTopa 

B3aHMO.nei"!CTBllll V(A) B Tepr.mHax napH~X U-MaTpHI.{, OIIHC~BalOlllllX B 

paMKaX 3B0JIIOl.{HOHHOro MeTo.na IIHOH-HYKJIOHHOe paccel!HHe. Pa3JJO~eHHe 

CTpOHTCll B JJ:Ba 3Tana. CHa'laJJa BBO.D:HTCll BCIIOMOraTeJJbHall vi-MaTpHl.{a, 

OIIHC~BalOlllall B3aHMOJJ:eHCTBlle IIHOHa co CBl!3aHHblM B l!JJ:pe HYKJJOHOM. B 

TepMHHax 3TOH BeJJH'IHH~ pH.n JJ:JIH V (A) llMeeT Bll.ll, 

HJBeCTHOMY pll.D:Y MHOrOKpaTHOro paccel!Hllll BaTCOHa, 

V(A) = E vi(A) + 
i 

A 

auanorH'IH~tt 

(10) 

E 
iatj J i A (-) j ) dA V ( A ) A G ( E) V ( A ) + 3 • c • + • • • • 

I I I 

0 

A 

3.nech A - orrepaTop npoeKTllpOBaHllll Ha aHTllCHMMeTpn11H~e COCTOl!Hllll 

H.npa. Ha BTopoM 3Tane vi-MaTpHl.{a B~pa~aeTCll '1epe3 cno6o.nHyIO nap-
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HYO U~MaTpnuy rrN-pacceHHHH. cyweCTBeHHO, 'ITO 3pMHTOBOCTb onepaTopa 

V{A.). a cne.noaaTeJibHO, H YHHTapHOCTb T-MaTpHUbl pacceHHl!H coxpa

HHeTCH a Ka•.noM nocne.noaaTeJihHOM npn6JI~eHHH. 

B § 3.4 YHHTapHblH pH.II. MHOrOKpaTHOro pacceHHHH CTpOHTCH 

Henocpe,nCTBeHHO .11.JIH rr-H.nepHblX ¢a3 pacceHHHH. B § 3.5 paccMa

TPHBaeTCH nHOH-HYKJIOHHOe pacceHHHe B paMKax 3B0JIOUHOHHOf0 MeTo.na. 

B § 3.6 pa3BHBaeTCH ¢opMaJIH3M .11.JIH onncaHHH pacceHHHH nHOHa Ha 

H.npe, Kor.na ero BJanMo.neiicTane onpe.nenHeTCH cyMMoii .nayx noTeH

unanoa. nonyqeHo o6mee a1,1pa•eHne .nnH nnoH-H,nepHhlX ¢a3 pacceHHHH a 

3TOM cnyqae. HaKoHeu, a § 3. 7 HJJiaraeTCH npoue.nypa yqeTa Kyno

HOBCKoro BJanMo,neiicTBHH B paMKax paccMaTpnaaeMoro rro.nxo.na. 

B qeTBepTOH rnaae "noTeHUHaJihHOe pacceHHHe nHOHOB Ha H,npax 

npn HH3KHX 3HeprHHX" llCCJie.nyeTCH Bonpoc O B03MO~OCTH onHCaHHH 

nHOH-H.nepttoro pacceHHHH B paMKax ITOTeHl.(HaJibHOH Teopnn. OCHOBHOe 

BHHMaHne 3,neCh y.neneuo npo6neMe CX0.11.HMOCTH yHnTapHoro pH.na MHOrO

KpaTHOro pacceHHHH .11.JIH rr-H.nepHblX ¢a3 pacceHHl!H, rronyqeHHOfO B 

rrpe.11.1,1.nyweii. rnaae (§ 3.4). 

B § 4. 1 rr-H,nepHhle ¢a30Bhle c.nanrn paccqnThlBaOTCH B rrpn6-

nH•eHnn rrepBoro rropHnKa no rrapHoii u-MaTpnue rrN-pacceHHHH, a B 

§§ 4.2 H 4.3 - norrpaBKH BTOporo nopH.nKa. noKa3aHO, qTO B KOHeqHOM 

cqeTe ¢a3bl pacceHHHH nHOHa Ha H.npe MO~O Bblpa3HTb qepe3 

nHOH-HYKJIOHHble ¢a3bl pacceHHHH, H.nepHble ¢opM¢aKTOpb1 H Koppe

JIHUHOHHble ¢YHKUHH. 

Hccne.noBana pOJih 3¢¢eKTOB BToporo nopH.nKa, o6ycJIOBJieHHblX 

npHHUHITOM naynn H CBH3aHHOCTb0 HyKJICJ.HOB B H.npe. noKaJaHO, qTQ 

3TH 3¢¢eKTbl rrpaKTnqecKH He BJIHHOT Ha BemecTBeHHble qaCTH rr-H.nepHblX 

¢a3 pacceHHHH ( B § 4. 2 naeTCH a11aJIHTHqecKaH oue_HKa). 0)1HaKO, MX 

yqeT KpaiiHe aa•eH .11.JIH MHHMblX 'IaCTeii ¢a3, T. e. .11.JIH rrapaMeTpOB 

HeynpyrocTH. 

B § 4. 4 HCCJie.nyeTCH lfHCJieHHO CXO)lHMOCTb p'H)la MHOroKpaTHOro 

pacceHHHH Ha npnMepe pacceHHHH ITHOHOB Ha .neiiTpOHe, 4 He, 12c H 
160. 

YCTaHOBJieHO, qTQ npn 3HeprHHX ITHOHa HH•e 70-80 M3B .11.0CTaToqHo 

YlfHTblBaTh JIHWh nepa1,1e )lBa lfJieHa paccMaTpHBaeMoro pHna. 

npnB0.11.HTCH pe3yJihTaTbl pacqeTOB nn¢¢epeHunanhHhlX ceqeHuii 

ynpyroro rr-H.nepHoro pacceHHHH, 3HepreTHlfeCKOH 3aBHCHMOCTH ¢a3 

pacceHHHH H rrapaMeTpOB HeynpyroCTH B o6naCTH CX0.11.HMOCTH Teopnn. 

CpaBHeHHe C 3KCnepnMeHTaJibHblMH ,naHHblMH .II.Jill ceqeHHH H .naHHblMH 

¢a30BblX aHaJIH30B noKa3hlBaeT, '!TO B paMKaX TIOTeHUHaJihHOH MO.neJIH 

HH3K03HepreTuqecKoe rr-H.nepHoe pacceHHHe onncaTh HeJih3H. 

XapaKTepHoii KaqecTBeHHOH JaKOHOMepHOCThO IlOTenunaJibHOfO noae-
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.11.CHHH napaMeTpoB HeynpyrocTn (71 = exp(-2Im.5)) llBJilleTCH MX 
yaeJIHqeHne c pOCTOM op6HTaJibHOro MOMeHTa: 11s < 11p < 1)D< ••• , qTo 

ecTeCTBeHHO o6bHCHHeTCll yBeJinqeHHeM pOJIH ueHTpo6e~oro 6apbepa. 

no3TOMY OTKJIOHe1rne OT 3TOH JaKOHOMepHOCTH, HMeI01Ueecll KaK npaBHJIO 

B )laHHblX ¢a30BbIX aHamnoB, llBJIHeTCll yKaJattneM Ha CHJibHOe BJIHHHHe 
KaHana nornomeHHH nnoHa. 

B ITHTOH r JiaBe "MeT0.11. CBH3aHHblX KaHaJIOB: yqeT KaHana rrorno-
WCHHH" pa3BHT ¢opMaJIH3M .II.Jill yqeTa KaHaJia rrornoweHHll ITHOHa B paMKax 
paccMaTpnBaeMoro rro.nxo.na. 

npn o6o6meHnn no6oii noTeHunaJihHOii Teopnn MHoroKpaTttoro pacce

HHHll Ha cnyqai\ C HecoxpaHHIOIUHMCH qncJIOM qacTHU B03HHKaeT uenhlii pH)l 

npo6neM TaKHX KaK npo6JieMa ".11.BOHHOro cqeTa", Heo6xo.nHMOCTb 

rrpoBe,neHHll rrepettopMHpOBOK H T.Il. cymecTBeHHO ycJIO~lleTCll ¢opMaJIH3M 

H3-3a yBeJinqeHHH qncna OCHOBHbIX ypaBHeHHH, qTo, B coqeTaHHH C 

MHOfOTeJibHblM xapaKTepoM Ja,naqn, rrpttB0.11.HT K 60JihWHM TPYilHOCTHM 
TexHnqecKoro rropll,nKa npn nx peweHHH. 

B § 5. 1 H3JiaraIDTCH OCHOBHhle n.nen MeTo.na CBll3aHHbIX KaHaJIOB B 

Teopnn ITHOH-ll,nepHoro pacceHHHll. ~Jill rrNN-CHCTeM MeT0.11. CBll3aHHbIX 

KaHanoa cTponTCH nyTeM o6o6wemrn ypaBHem1ii <1>a.nneeBa Ha cnyqai\ c 
HecoxpaHHIOIUHMCH qucJIOM qacTHU, a .11.JIH orrncaHHll B3aHMO,neiiCTBHH 
nHOHOB C npOH3B0JlbHbIMH H)lpaMH - OnTnqecKoii MO,neJIH, OCHOBaHHOH Ha 

Teopnn MHOrOKpaTHOro pacceHHHH BaTCOHa. 

CJie.nyI01Une rraparpa¢u 3TOH rJiaBbl IlOCBHWeHhl ¢opMynnpOBKe MeTo,na 

CBll3aHHbIX KaHaJIOB B, paMKax YHHTapuoii Teopnn rr-ll,nepHoro paccellHHll. 

B § 5. 2 onpe.neJIHeTCH HCX0.11.HhlH raMHJihTOHJiaH II BbIB0.11.HTCll JaMKHyTaH 

Cl!CTeMa 3B0JIIDUIIOHHbIX ypaBHeHHH .II.Jill onpeneneHHll s- II T-MaTpnu 

paccellHllll. BhlB0.11. ypaBHCHHH rrpOB0.11.HTCH B HH-¢opMaJIH3Me, Il03BOJilllOIUeM 

o6oiini: TPY.11.HOCTb c IlOCTpOeHHeM aCHMilTOTnqecKnx COCTOHHHH B 
TepMnHax "He¢nJnqecKnx" qacTnu. 

B § 5.3 pa3BHBaeTCll o6o6meHHall OITTnqecKaH MOJJ.eJib .II.Jill orrncaHnH 

ynpyroro nnoH-ll,nepHoro paccellHnH c yqeTOM KaHana rrornomeHnH. 

noJiy<IeHa ITOJIIJall CHCTeMa ypaBHeHnii .11.JIH onpe.neneHHll T-MaTpHUbl 

yrrpyroro paccellHHH. o6wee Bhlpa•eHne )lJIH rr-ll,nepm,1x ¢a3 pacceHHHll 
HMeeT cne.nylOIUHH BU.II. 

,5 (k) = 8pot(k) + 8abs(k) 
rrA rrA rrA ( 11) 

nepBhlii qJieH - .s;~t onpe.nenlleTCH ¢opMynoii (9) n rrpe.ncTaBJIHeT co6oii 

¢a30Bhlii c,nBnr Ja cqeT noTeHunaJihHoro pacceHHHll. npn ero MnKpo

CKorrnqecKoM pacqeTe .II.Jill H36e•aHHll .11.BOHHOfO cqeTa rrpOB0.11.HTCH 
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Bbl'IllTaHne rronDCHOll qacTn (HyKnOHHblll nonoc) B TIHOH-HYKROHHOll 

p
11 

-BonHe. nonpaBKa Ha nornomeHnll JJ.aeTCll Bblpa~eHneM 

1 
abs _ _ J ( +) ( +) 

oTTA (k) - TT cTTA(k) d~ <Wk,ol R 0 (E,~) I Wk' 10>, (12) 

r)].e w~:b l1 w~;~o OTIHCblB:DT HCKa~eHne TIHOHHOll BOnHbl TIOTeHunanbHblM 

B3allMOJJ.ettcTBneM, a onepaTop R
0

(E,~) BKRD4aeT B ce6ll Bee npoueccbl c 

npoMe~yT04HblMl1 6eCTillOHHblMl1 COCTOllHHllMll. ,11,Rll 3TOf0 onepaTopa 

TIORyqeHa CllCTeMa T04HblX ypaBHeHHll. ,11,nHaMnqecKall nepeMe1rnall ~ 

nrpaeT pORb KOHCTaHTbl CBll3l1 KaHaROB. 

B § 5. 4 pa3BllBaeTCll llTepaunoHHall npoue.D.ypa peweHHll ypaBHeHHll 

)].RH onepaTopa Ro(E,~) B TepMnHaX OJ].HOHYKROHHblX BepwHHHblX onepa

TOpOB po~JJ.eHnll n norRomeHHll nttoHa. noRyqeHo nocReJJ.oBaTenbHOe 

pa3RO~eHHe nonpaBKH o:~s TIO CTeneHllM napHblX u-MaTpHU li BeprnHHHblX 

onepaTopoB. ,11,aeTCll J].HarpaMMHOe npeJJ.CTaBReHne B03HHKaDWHX Pll.D.OB. 

B § 5.5 BMBOJJ.HTCll npH6R=eHHOe Bblpa~eHHe J].Rll oabs 

npeJJ.TIORO~eHHli J].OMliHHpOBaHHll JJ.BYXHYKROHHOfO MeXaHH3Ma norRomeHHll 

0abs (k) 
TTA 

A(A-1) k l + E p2 (q) [ B (k) + C (k) (K•~')], 
1 + 2E/A o o 

B 

( 13) 

"2 
r.D.e E=wTT(k)/2M, wTT - JHeprnll nnoHa, M - Macca HYKRoHa, p (q) -

<llypbe-o6pa3 KBaJ].paTa ll.D.epHOll TIROTHOCTH, q = k - k' - nepeJ].aHHblll 

HMTIYRbC, K n K' llMTIYRbCbl TIHOHa B c.u.M. (rr,2N)-CllCTeMU, a B n 0 

co napaMeTpu IlOfROUleHHll, MHKpOCKOill14eCKall cxeMa pacqeTa KOTOpblX 

npeJJ.CTaBReHa B npeJJ.blJJ.ymeM naparpa$e. 

B 06RacTn JHeprntt JJ.O ~ 50 M3B napaMeTpbl B n c npaKTnqecKn 
0 0 

IlOCTOHHHbl n MoryT 6b1Tb onpe.D.eReHbl li3 IlHOH-aTOMHblX J].aHHblX c TIOMOUlbD 

CHCTeMU ypaBHeHHll 

aexp 
0 

aexp 
1 

apot 
0 

apot 
1 

"2 -a p
0

(0) B
0 

,=A(A-1) (l+E)/(l+E/2A), ( 14) 

=. [B o + c f3 p2
(oJ/3J, 

0 0 0 

• 2l+1 "2 
r.D.e ae = limoe(k)/k npn k ... o, Pe - napl.{naRbHaH BORHa oT 

"2 p (q) , a an (3 napaMeTpu yrRoBoro npeo6pa3oBaHnH ll3 (TT2N)-c.l.{.M. 

B C. l.{. M. "TIUOH-HJJ.pO". ,11,RHHbl n o6beMU pacceHHllll apot paCC'IHTI,IBaDTCSI 
0 I 1 

B paMKax noTeHI.{naRbHOM cxeMU, a aexp onpe.D.eRHDTCSI n3 JKcneo, 1 

pllMeHTaRbHblX J].aHHblX )].RSI CJ].BHfOB l1 rnnpnH ypoBHell B TIHOHHblX aTOMax. 

rnaBa 6 TIOCBSIUleHa onncaHHD ynpyroro paccellHHSI TIHOHOB Hl13KOll 

JHeprnn Ha SIJJ.pax s- n p-060RoqeK B paMKax yttnTapeoro no.D.XOJJ.a. B 

§ 6. 1 J].aeTCSI o630p 3KcnepnMeHTHRbHOll cnTyal.{HH. OTMeqaeTCSI, 4TO B 

12 

HaCTOSIUlee BpeMSI HMeeTCll npaKTl1'1eCK11 TIORHblll Ha6op 3KCnepnMeHTanbHblX 

JJ.aHHblX, npeJJ.CTaBRSIKllll11H xopornyo B03MO~HOCTb )].RSI npoBepKn Teopnn B 

o6RaCTl1 Hl13Kl1X 3Heprnll. 

B § 6.2 Ha OCHOBe CHCTeMU ypaBHeHHll ( 14) onpe.D.enSIDTCSI 

napaMeTpbl nonpaBKH Ha norRomettne B n c . c 3TOM l.{eRbD paccqn-
o O t 

TblBHDTCSI TIOTettunaRbHble J].Rl1Hbl 11 06beMbl pacceSIHHSI aP0
• HCCReJJ.yeTCSI 

0 I 1 
CXOJ].HMOCTb PSIJJ.a MHOfOKpaTHOro pacceSIHHll )].RSI 3Tl1X BeRH4l1H, onpe-

J].eRSIDTCSI Be:Rl1'1HHbl aexp 113 TIHOH-aTOMHblX JJ.HHHblX. OTMe'IaeTCll, 4TO 
0, 1 

HMeDruallCSI HeonpeJJ.eReHHOCTb B TIHOl;I-HYKROHHblX J].aHHblX BHOCHT cymec-

TBeHHble ornn6Kn B 3Ha4eHHll BemeCTBeHHblX qacTett napaMeTpOB 

nor Romeenll. 

B § 6. 3 npeJJ.CTaBReHM pe3yRbTaTbl pacqeTOB J].H~epeHI.{HHRbHblX ll 

TIORHblX ce4eHl1ll paccel1Hl1ll TIHOHOB Ha ll.D.pax 4 He, 
12C l1 

160 B ·o6RBCTH 

Hl13Kl1X 3HeprHll. IlOKa3aHO, 4TO B paMKax ynnrapHoro TIOJJ.XOJJ.a y.D.aeTCll 

KORl14eCTBeHIIO OTIHCHTb 3KcnepnMeHTBRbHble JJ.aHHMe J].nSI 3Tl1X SIJJ.ep B 

o6nacrn 3Heprni1 JJ.O 50 M3B c e.D.HHMM tta6opoM napaMerpoB norRomeHnll 

Bo l1 co. onpeJJ.eReHHblX H3 rr-aTOMHblX JJ.HHHblX. IlOCTOllHCTBO napaMeTpOB 

TIOfROUleHnll B 3TOll 06RaCTl1 3Heprl1H TIOJ].TBep~JJ.aeT J].OMHHHpOBaHne 

JJ.BYXHYKROHHOro MeXaHH3Ma norROUleHnll. 

EJ].HHCTBeHHMM CB060JJ.HMM napaMeTpOM Teopttn llBRlleTCll BeRH4HHa A, 

100r------~ 

a. 
u 
,10 
'° ,: 

C: u 
0 
u 

10 

10 

(cn-•,"cJ 

50Mi9 

.. 
~~ 

~

30~;,,.-· 
..._v 

\ :;p. 
\ 

ILM,B 

~'I -, 

20 40 60 100 140 
8 4.M. , rpa,11. 

Puc. I. Ynpyroe TT-
12

c 

paccellHHe. 

HMeKl!llall $nJn<1eCKl1ll CMUCR cpe.D.Hell 

3Heprnn B036y~JJ.eHHll SIJJ.pa. 3TOT napa

Merp B03HHK CrRaBa 4) B peJynbTaTe 

HCTIORb30BHHHll nptt6R=eHHSI TIORHOTbl nptt 

pac,1eTe nonpaBOK BToporo nopHJJ.Ka JJ.Rll 

o;~t- npeJJ.nORaraRocb, 4TO Bee B036y~

JJ.eHttble COCTOllHllll llJJ.pa SIBRllDTCll BblpO~

J].eHHblMH, T.e. JJ.Rll yqeTa CTPYKTYPHblX 

3~eKTOB HCTIORb30BaRaCb JJ.ByxypoBHeBaSI 

MOJJ.eRb ll.D.pa. KaK TIOKa3aHO B § 4.2, OT 

napaMeTpa A cymecTBeHHO 3aBHCllT RHUlb 

napaMeTpM HeynpyrOCTH. 

Pnc. 1 JJ.eMOHCTpnpyeT onncaHne 3KC

nepttMeHTaRbHblX JJ.HHHMX )].RSI JJ.H~epeH-

l.{HaRbHblX ceqeHHll B paMKax 

no.D.XOJJ.a Ha npnMepe TT- 12c 
PB3Hl1Ua Me~JJ.Y CTIROUlHOll H 

yHnTapHoro 

paccellHHll. 

nyHKTHpHOll 

RHHHllMH TIOKH3MBaeT 4YBCTBHTeRbHOCTb 

pe3yRbTHTOB K BeRH'IHHe A CTIROUlHall -

A= 25 M3B, a nyHKTHpHall A= 5 M3B. 
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BHAHO, 4TO nyqrnee onttcaHtte AOCTttraeTCH nptt t"' 20 MJB. AHanortt4HOe 

3Ha4eHtte ARH t nonyqaeTca tt tt3 attanttJa nonHblX ce4eHtttt pacceaHttH. 

B )TOH CBH3H npeACTaBnHeTCH ecTeCTBeHHb!M npeAnono•ttTb, 4TO Ba~yo 

ponh B $opMttpoBaHtttt napaMeTpoB 11eynpyrocTtt ttrpaoT npoueccbl c 
rttraHTCKoro B036y•AeHtteM rttraHTCKHX pe3oHaHCOB, 

AttnORbHOrO pe3oHaHca. 

B 4aCTHOCTH, 

qyBCTBHTenhHOCTb K napaMeTpy t yMeHbrnaeTCH nptt yMeHbllieHHH 

JHeprtttt ntto11a, 4TO oTpa•aeT AOMttHttpoBaHtte Kattana nornomeHttH B 

$opMttpoBaHHH napaMeTpOB HeynpyrocTH nptt 311eprttHX Htt•e ~ 30 MJB. 

nptt 3HeprttHX ~ 50 M3B Att~epeHuttanhHOe ce4eHtte B03HttKaeT KaK 

pe3yRbTaT HHTep$epeHUHH Me•AY KaHanoM nornoweHHH H 4HCTO 
Bntta11tte Ka11ana nor noweHtte Ha Att~epe11-noTe11uuanhHb!M paccea11tteM. 

uuanh11oe ce4eHtte rr-aAep11oro paccea11tta nptt 

pttc.2, rAe cnnOllillble KpttBble npeACTaBRHOT TIORHblll 
. abs 

50 M3B noKaJaHo Ha 

pac4eT, a rnTpttXOBble 

- n0Te11uuanb11oe pacceatttte lbrrA = O). 

e-0.1 -..... 
"' :,: 

~ 
10 
"O 

10 t \ ' ' ' 

1/, 
·\•/ 

,,. 

'2c 

.. K ,\ 
' ., 

1ot \ \ V 
/----,, 16o ---

.•. 

20 40 60 100 140 
~.H. ,rpa.11. 

Pttc.2. Ynpyroe pacceaHtte 
+ rr - Me30HOB nptt 

50 M3B. 

npoBeAeHO COBMeCTHOe onttca11tte 

AaHHblX pacceaHHH (Att~epeHuttaRbHblX ce

<(eHttll H TIORHblX ce•IeHttll peaKUHH) ARH rr + 

H rr Me30HOB .B o6naCTH HH3KHX 

3Heprnu. 0TMe4aeTca, 'ITO onuca11ne 

AaHHblX ARH rr+ Me30HOB Ha 
12c H 

16
0, 

KaK npaBnno nyqrne, 4eM ARH rr-, 4TO 

MO.HO 6blnO 6bl HHTepnpeTttpoBaTb KaK 

npoaBnetttte 3~eKTa HapyrneHna 3apaAO-

BOll CttMMeTptttt. 0AHaKO, B HaCTOHmee 

BpeMH ttMeHHO ARH rr -Me30HOB l!MeOTCH 

npoTttBope4HH Me•AY AaHHb!MH pa3HblX 

3KCnepttMeHTanbHblX rpynn. no3TOMY ARH 

onpeAeneHHOro BblBOAa cneAyeT npe•Ae 

Bcero pernttTb 3TY 3KCnepttMeHTanhHYO 

npo6neMy. 
Ha pnc.3 noKaJaH peJynhTaT 

pac4eTa JHepreTtt4eCKOtt JaBHCllMOCTH 

non11oro ( CT tot) H non11oro ynpyroro 

lcre1l ce4eHHtt pacceaHHH, a TaK•e non

ttoro ce4eHHH nornoweHHH (crabs) AnH 

HAep 12C H 160. nocKOflbKY AaHHble ARH 

TIORHl,IX ceqeHHll ttMeOTCH Rllllib nptt 3HeprHHX 66nhlliHX 50 M3B, rAe 

npeA

npeA-
cornacue Teoptttt H 3KCnepttMeHTa yAOBneTBOpHTeRbHOe, TO 

cTaBneHHble pe3yRbTaTbl ARH 311eprtttt Htt•e 50 MJB HOCHT 

14 

CKaJaTenbHblll xapaKTep. B 4aCTHOCTH, KaK BHAHO H3 pttc. 3, 

1/v-JaKOH onpeAenHeT noBeAeHtte nonHblX Ce4eHttll 

o6naCTH 3Heprttll: HU.e 5 MJB. 

crtot H (jabs 

tt3BeCTblll 

B Y3K0ll 

B § 6.4 B paMKax YHHTapHoro 

noAXOAa pernaeTca 3aAa4a 06 onpe-

AeneHHH CABllra tt rnttpHHbl 2p-ypoBHH 

B nttOHHOM aTOMe renua 3a C4eT CHRb

Horo B3aHMOAellCTBHH. B nerqanrnttx 

TIHOHHblX aTOMax (A< 10) npaMb!M o6-

pa30M B HaCTOHWee BpeMH MO~O 

H3Mepl!Tb )TH Bentt4HHbl Rllllib ARH 

ls-ypOBHH. noJTOMY npeACTaBnHeT 

3Ha4ttTenbHblll HHTepec onpeAeRHTb 

CABHrH tt rnttpttHbl 6onee BbICOKHX 

ypoBHell H3 AaHHblX no pacceHHHO 

nttOHOB HH3K0ll )Heprtttt. 

'° :,: 

\!) 

soo ,2c 
400 

200 

100 

20 40 

T,. .M~e, 
60 

~na CABHra (cl H rnttpttHbl Ir) 

2p-ypOBHH Brr 4 He-aToMe nony4eHbl 

cneAyOWtte 3Ha4eHHH: C = 4.0xl0-33B 

PHC. 3. nonHble Ce4eHHH pac-

ceHHHH IlHOHOB Ha 
12C H 160. 

-3 . 2p 
H r2p= I. 6xl0 3B. Bentt4ttHa OTHOllieHttH r2p/ rlS "' 

-5 3.6x10 xoporno 

cornacyeTCH C ttMeOWttMHCH TeopeTtt4eCKHMH oueHKaMH. 

B rnaBe 7 "YHttTapHblll TIOAXOA tt CTaHAapTHaH onTtt4eCKaH 

MOAenh" o6cy•AaeTCH CBH3b paccMaTpttBaeMoro nOAXOAa C MeTOAOM 

onTtt4eCKOro noTeHuttana, OCHOBaHHblM Ha Teoptttt MHoroKpaTHoro 

pacceHHHH BaTCOHa. ttMeHHO )TO cpaBHeHtte npttBeno Hae K HAee 

ynyqrneHHOro onTtt4ecKoro noTeHuuana Ana HH3KOJHepreTtt4ecKoro 

nttoH-HAepHoro pacceaHttH ICM. n. 1.3.4 rnaBbl ll. 

Hatt6onee npOCTO CBH3b YHHTapHoro nOAXOAa co CTaHAaTHOll 

onTtt4eCKOll MOAeRbO MO~O npocneAHTb, paccMaTpttBaH 6opHOBCKOe 

pa3no•eHtte AnH nttOH-HAepHbIX $a3 pacceHHHH. B § 7. 1 noKaJaHO, 4TO B 

paMKax yHttTapHoro nOAXOAa JTO paJno•eHtte nonyqaeTCH B pe3ynhTaTe 

HTepaUHOHHOro perneHHH OCHOBHblX ypaBHeHHll B TepMttHax BCnOMora

TenhHOll ~(E,A)-MaTpttUbl pacceHHHH, onttCblBaornen B3aHMOAellCTBtte IlHOHa 

co CBH3aHHblM HYKROHOM HApa. nony4eHO rrptt6nu.eHHOe Bblpa•eHtte )Toro 

onepaTopa 4epe3 CB060AHYO t-MaTpttuy rrN-pacceHHHH, B KOTOpon BRHH

Htte HAepHOll cpeAbl Y4HTblBaeTCH nyTeM onpeAeneHHOro Bb16opa JHeprtttt 

CTORKHOBeHHH nttOH-HyKnOHHOll TIOACHCTeMbl. B § 7.2 AaeTCH BblBOA 

OnTtt4ecKoro noTeHuttana nepBoro H BTOporo rropHAKOB B TepMHHaX )TOll 

MOAH$ttuttpoBaHHOll t-MaTpHUbl B paMKaX CTaHAapTHOro nOAXOAa. 

B § 7.3 pa3BttTa npoueAypa nptt6nu.e1111oto yqeTa 3~eKTa ttCKa•e-
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HllH nllOHHOll BOnHU 3a C4eT noTeHQllanhHOro B3allMOnettCTBllH B nonpanKe 

Ha rmrnomeHne ( 12). )lna anep s- n p-o6ono4eK nuqncneHu B HBHO"! 

Bllne K03cpqlllUlleHTU, onp~nenHIOllllle Bentt4llHY 3TOro 3cpqleKTa nnH 

napaMeTpoB nornomeHttH B ll c. B § 7.4 pa3BllT ¢opMantt3M nna 
0 0 

onncaHttH Heynpyroro nwoH-anepHoro pacceHHllH B paMKax 

paccMaTpttBaeMoro nonxona, peannJylOllltttt nneIO MeTona ncKa~eHHUX nonH. 

B rnaBe 8 "O B03MO~OCTll Ha6nIOneHllH Kacnonux HBneHllll B 

nllOH-HnepHUX peaKQllHX npll Hll3KllX 3HeprttHX" o6cy~naIOTCH Ha6nIO

naeMble Ha 3KCnepnMeHTe oco6eHHOCTll B 3HepreTll4eCKOll 3aBllCllMOCTll 

ceqeHllll nornomeHllll ll po~neHllH nllOHOB Hll3KllX 3Heprllll Ha anpax. 

npennaraeTCH o6bHCHeHlle 3TllX oco6eHHOCTell KaK npoHBneHlle noporOBMX 

aHoManllll B nllOH-HnepHOM B3allMOnettCTBllll, CBH3aHHUX C pe3oHaHCHUM 

MexaHll3MOM B036y~neHllH Hnpa. 

B § 8. 1 paccMaTpttBaeTcH npocTaH TpexKaHanhHaH Monenh nnH 

onwcaHllH rr-HnepHoro B3allMOnettCTBllll B o6naCTll 3Heprlltt Hll~e 50 M3B, 

npttBOnllTCH o6mwtt ¢opManll3M nnH onwcaHllll BilllHHllll Heynpyroro KaHana 

Ha ynpy rllll ll Ha Ka Han nor nomeHllH, onpenenHIOTC H KBaHTOBMe 4llCna 

nllOH-HnepHOll CllCTeMbl nna OCHOBHOro, C T04Kll 3peHllH KacnoBoro 

3qxpeKTa, KaHana. 

B § 8.2 npoBonwTCH oueHKa 3qxpeKTa n paMKax yHttTapHoro nonxona 

nna cnyqaa B3allMOnettCTBllH nllOHOB C 

noporOBMll 3qxpeKT non~eH npOHBill!ThCH 

yrneponoM. noKaJaHo, 4TO 

B KaHane nornomeHllH 6onee 

CllnhHO, no cpaBHeHlllO C ynpyrttM KaHanoM. CllnhHaH CBH3h Heynpyroro 

KaHana C KaHanoM nor nomeHllll o6bHCHHeTCH 1/v-JaKOHOM nnH ce4eHllll 

nornomeHllH IlllOHa B6nll3ll nopora. C yqeTOM Toro, 4TO l/v-3aKOH 

pacnpocTpaH&eTcH Ha o6nacTh He 6onee 5 M3B ( CM. pnc. 3), 

Ha6nIOnaeMhle aHoManwn B 3HepreTtt4eCKOM ce4eHnn nor nomeHnH non~Hu 

6UTh nocTaT04HO Y3KllMll. O~nnaeMaH oue11Ka 3qxpeKTa COCTaBnHeT OKOno 

4% OT nonHoro ce4eHllH nornomeHllH. 

B rnaBe 9 "TeopttH BbICOK03HepreTll4eCKOro noTeHQllaJihHOrO pac

Ce&Hllll B 3B0Ill0Ull0HHOM no KOHCTaHTe CBH3ll MeTone" o6cy~naeTCH 

npo6neMa o6o6meHttH 3KC-MeTona Ha cnyqatt. BUCOKllX 3Heprntt., KOrna 

JJ.flllHa BOilHM· paccenBaMOll. 4aCTllUM 3Ha4llTenhHO MeHhllle xapaKTepHoro 

MaCI11Ta6a o6JiaCTll B3allMonett.CTBllH. B § 9. 1 o6cy~naeTCH CBH3h 

3KC-MeTona C ll3BeCTHUM KBaHTOBOMeXaHtt4eCKllM MeTonoM ¢a30BMX 

¢YHKQllll. B § 9.2, B OTilll4lle OT CTaHnapTHOll. ¢op11,1ynnpOBKll, rne 

OCHOBHUe ypaBHeHllH ¢opMynwpyIOTCH nnH ¢a3 pacce&HllH, BMBOnllTCH 

T04HOe ypaBHeHne nna nonHOH aMnflllT y nu pa C C e H Hll ll B paMKax 

3B0IllOUllOHHOro MeTona. B § 9.3 paccMaTpttBaeTCH cnoco6 peil!eHttH 
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nonyqe1rno ro ttHTe rpo-nwqxpepeHuwaJibHO ro 

Ha3UBaeMOll. noJIHOll. ¢a30B0ll. ¢YHKUllll. 

11CnOJih30BaJICH Hai;m paHee [26-28] 

ypaBHellllll B MeTone ¢a30BUX ¢YHKU11ll. nnH 

npn6nw~eHntt. nna aMnnnTynu pacce&HllH. 

ypaBHeHllll B TepMttHax TaK 

3TOT MeTon pellleHllH ycneIIIHO 

np11 peil!eHllll aHaJIOrll4HUX 

noncKa BUCOK03HepreTll4eCKllX 

B § 9. 4 B Ka4eCTBe npllMepa 

nonyqeHo ll3BeCTHOe 3HKOHanhHoe npn6nn~eHwe nna aMnnnTynu pacce&HllH 

B npenene KOpOTKllX BOnH. 

B 3aKnKJqeHllll ¢opMynwpyIOTCH OCHOBHUe pe3yJihTaTU nnccepTaQllll, 

o6cy~naIOTCH B03MO~HOCTl1 nanhHettlllero pa3BllTllH ll npnno~eHlltt 
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