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O6mrui: xapaKTepHCTHKa pa60Thl 

AKTYaJihHOCfh TeMbl. llccrre,noBamre B3aIIMO,nencTBIIH ,nByx ¢epMIIO

H0B 3aHIIMaeT 0.llH0 II3 ueHTpaJihHhIX MeCT B ¢lI3IIKe 3JieMeHTapHhIX qaCTIIU 

II aT0MH0ro .s!.llpa. llByxcpepMIIOHHhie CIICTeMhl .s!BJI.s!IOTC.s! TeM IIHCTpyMeH

T0M, C II0M0IUhIO K0T0poro cpopMnpoBaJIIICh II YT0"IH.s!JIUCh Hamn npe,n

CTaBJieHII.s! 0 <pyH,naMeHTaJihHhIX CIIJiax, ,neHCTBJIOIUIIX B rrpupo,ne. B <pII-

3IIKe 3JieMeHTapHhIX qacTIIU mnp0K0e IIpIIMeHeHne II0JIJ"IHJI rrpe,nJI0)KeH

HhlH A.A. JloryHOBhIM n A.H. TaBxeJIII,ll3e MeT0.ll 0.llH0BpeMeHH0ro orrn

caHII.s! CB.s!3aHHhIX CIICTeM peJI.s!TIIBIICTCKIIX qacTHU. C era II0M0IUhIO 110-

JIJ"IeHhl crreKTphI ypOBHe:rr 3Heprnu, C BhICOKOH T0"IH0CThlO HaH.lleH Mar

HIITHhlII M0MeHT BO.llOPO.llOIIO.ll06Horo aToMa. B paMKax cocTaBHOH KBap

KOBOH M0.lleJIII a.llp0H0B HaH.lleHhI aCIIMIIT0TII"IeCKIIe Bhrpa)KeHII.s! .llJI.s! 3JieK

Tp0MarHIITHhIX ¢opM<paKTOpOB a.llp0H0B n CTpJKTJPHhle ¢YHKUIIH rrry6o

K0Heyrrpyroro pacce.s!HII.s!, IICCJie.ll0BaH0 II0Be.[{eHIIe Ce"IeHHH IIHKJII03IIBHhIX 

npouecC0B MH0)KeCTBeHH0r0 p0)K.lleHII.s! rrpII BhlC0KHX 3Hepr1rnx lI 60JihillIIX 

rrepe.lla"Iax IIMIIJJihC0B. Harrnqne "IeTKoro ¢n3uqecKoro cMhrcrra II Bepo

.s!THOCTHOH IIHTeprrpeTaUIIII 1103B0JIIIJI0 0.llH0BpeMeHHOMY 110.llX0.llY 3aH.s!Th 

Ba)KH0e MecTo B 3a.lla"Iax a.llpOHHOH n KBapKonon ¢u3IIKII. Crre.llyeT OT

MeTHTh npeeMCTBeHH0CTh peJI.s!TIIBIICTCKoro 0.llH0BpeMeHH0ro 110.llXO.lla C 

TpexMepHhlM arrrrapaT0M II0TeHUIIaJihH0ro orrncaHmr, KOTOphIH rrpnMeH.s!

eTC.s! B Heperr.s!TIIBIICTCKOH KBaHTOBOH MexaHnKe. Ilo3TOMY ypaBHeHn.s!, B03-

HIIKmne B pe3JJihTaTe npnMeHeHII.s! 0.llH0BpeMeHH0ro IIO.llXO.lla, IIOJIJ"IIIJIH 

Ha3BaHIIe KBa3IIII0TeHUHaJihHhIX. 

BhIJIH .ll0CTIII'HJThl onpe,nerreHHhre ycrrexn B II0CTp0eHIIH T0"IHhIX peme

HlIH ypaBHeHIIH C II0TeHunarraMII, 0TBe"IaIOIUIIMII pa3JIII"IHhIM THIIaM B3au

MO.lleHCTBIIH. O.llHaKO B 60JihillIIHCTBe crryqaeB II0IIhITKII HaHTlI TO"IH0e 

pemeHue ypaBHeHII.s! c 6orree-MeHee peaJIIICTII"IHhlM II0TeHunaJI0M HaTaJIKU

BaIOTC.s! Ha Herrpe0.ll0JI~Mhie II0Ka TPY.llH0CTII. vJ3BeCTHhle MeT0.llhI rrpn6JIII-r , . .,,. 
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)KeHHOro IICCJie,UOBamrn TaKIIX ypaBHeHIIM (KBa3IIKJiaCCIIKa, TeopmI B03MY

meHIIM ITO KOHCTaHTe CBH3II II .upyrIIe) He ,UaIOT ITOJIHoro npe.ucTaBJieHIIH 

0 ITOBe,UeHIIII BOJIHOBhIX <PYHKUIIM II cneKTpa Mace B HaII6onee IIHTepeCHOM 

o6JiaCTII KOHCTaHT CBH3II ,UJIH 'IaCTIIU, COCTaBJieHHhIX II3 JierKIIX KBapKOB 

(.UJIH KOTOphIX cymeCTBeHHYIO pOJih vrrpaIOT peJIHTIIBIICTCKIIe 3q)q)eKThl). 

llIIIpoKoe ITpIIMeHeHIIe KBa3IIITOTeHuIIaJihHOro no.uxo.ua Tpe6yeT pa3pa60T

KII 'IIICJieHHhIX MeTO,UOB perneHIIH KBa3IIITOTeHUIIaJihHhIX ypaBHeHIIM. 

Cne.ucTBIIeM ITepexo.ua K O.UHOBpeMeHHoMy ¢opMaJIII3MY HBJIHeTcH ITo

HBJieHvre 3aBIICIIMOCTII onepaTopa B3aIIMO,UeMCTBIIH OT ITOJIHOM 3HeprIIII CBH-

3aHHOM .UByxqacTII'IHOii CIICTeMhI. KBa3IIITOTeHuIIaJihHOe ypaBHeHIIe B IIM

ITYJihCHOM ITpOCTpaHCTBe ITpIIHIIMaeT BII,U IIHTerpaJihHOro ypaBHeHIIH C H,U

poM, BKJIIO'IaIOmIIM HeJIIIHeiiHyIO 3aBIICIIMOCTh OT co6CTBeHHOrO 'IIICJia. 

HeyKJIOHHOe pacrnIIpeHIIe o6JiaCTII ITPIIJIO)KeHIIH IIHTerpaJihHhlX ypaB

HeHIIM CTIIMYJIIIpOBaJIO IIHTeHCIIBHYIO pa3pa60TKY MX TeOpIIII II oco6eHHO 

ITpII6JIII)KeHHhIX MeTO,UOB perneHIIH. IlpoeKUIIOHHhie MeTO,Uhl perneHIIH IIH

TerpaJihHhIX ypaBHeHIIM OCHOBaHhl Ha npe,UCTaBJieHIIII ITpII6JIII)KeHHOro pe

rneHIIH <PYHKUIIeii OITpe.ueJieHHOro BII.Ua, 3aBIICHmeii OT CB060.UHhIX (HeOITpe

,UeJieHHhIX .uo OKOH'IaHIIH ITpouecca perneHIIH) napaMeTpOB. IhepauIIoHHhie 

MeTO,UhI, 3aKJIIO'IaIOmIIeCH B IlOCTpOeHIIII ITOCJie,UOBaTeJihHhIX npII6JIII)KeHIIM 

IICKOMOM BeJIH'IIIHhI, IT03BOJIHIOT ITOJIY'IIITh HaII6onee ITpOCThie Bhl'IIICJIII

TeJihHhie aJirOpIITMhl perneHIIH IIHTerpaJihHhIX ypaBHeHIIM. 

PerneHIIe HeJIIIHeiiHhIX IIHTerpaJihHhIX ypaBHeHIIii HBJIHeTCH CJIO)KHOii 

3a,Ua'Ieii Bhl'IIICJIIITeJihHOM MaTeMaTIIKII, 'ITO o6ycJIOBJieHO TPY.UHOCTHMII 

KaK ITpIIHUIIITIIaJihHOro, TaK II Bhl'IIICJIIITeJihHOro xapaKTepa. B CBH3II C 

3TIIM pa3pa6aThIBaIOTCH MeTO,UhI, cneuIIaJihHO ITpe.uHa3Ha'IeHHhie ,UJIH pe

rneHIIH HeJIIIHeMHhIX ypaBHeHIIM. O6hI'IHO npouecc perneHIIH HeJIIIHeMHhIX 

IIHTerpaJihHhIX ypaBHeHIIM, HeCMOTpH Ha ,UIICKpeTII3aUIIIO 3a,Ua'III KaKHM

JIII60 ITpoeKUIIOHHhIM MeTO,UOM, He OCB060)K,UaeT OT Heo6XO,UIIMOCTII ITpIIMe-
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HHTh IITepaUIIOHHhie ITpoue.uyphl ITPII perneHIIII aITnpOKCIIMIIpy10mIIx HeJIII

HeiiHhIX KOHe'IHhIX ypaBHeHIIM. B 3TOM CJiyqae CXO,UIIMOCTh 06hI'IHO 3aBII

CIIT OT Ha'IaJihHOro ITpn6JIII)KeHIIH, BhI6op KOTOporo npuo6peTaeT cyme

CTBeHHOe 3Ha'IeHIIe. 

B ,UIICcepTaUIIII KBa3IIITOTeHUIIaJihHOe ypaBHeHIIe, OITIIChIBa10mee cu

CTeMy .UBYX 'IaCTIIU, CBO,UHTCH K anre6pauqecKOM cneKTpaJihHOM 3a,Ua'Ie. 

TaKIIM o6pa30M, ITOUCK 3HepreTH'IeCKIIX ypOBHeii II BOJIHOBbIX <PYHKUIIM 

CBH3aHHhIX COCTOHHIIM 03Ha'IaeT BhI'IIICJieHue co6CTBeHHhIX 3Ha'IeHHM II 

co6cTBeHHhIX <PYHKUIIii 3Toii 3a,Ua'III. 

Uerrb pa6oThl. 

UeJihIO HacToHmeii pa6oThI HBJIHeTcH pa3pa6oTKa MeTo.ua qucneHHoro 

perneHIIH peJIHTIIBIICTCKIIX KBa3IIITOTeHUIIaJihHhIX IIHTerpaJihHhIX ypaBHe

HUM, H,Upa KOTOphIX co.uep)KaT 3aBIICIIMOCTh .OT 3HeprIIII CBH3II (paCCMO

TpeHIIe TaKIIX ypaBHeHIIM ITpIIBO,UIIT K npo6JieMe perneHIIH CITeKTpaJihHhIX 

3a,Uaq C HeJIHHeiiHOM 3aBIICIIMOCThIO OT co6CTBeHHOrO 'IIICJia), CTporoe 060-

CHOBaHue 3TOro MeTO,Ua, IlOCTpOeHIIe Ha ero OCHOBe Bhl'IIICJIIITeJihHOro aJI

ropIITMa, a TaK)Ke IICCJie,UOBaHIIe CXO,UHMOCTII IlOCTpOeHHOro aJirOpIITMa C 

IlOMOmhIO 'IIICJieHHhIX 3KCnepuMeHTOB II perneHIIe ypaBHeHIIM C KBa3IIITO

TeHUIIaJiaMII, 3aBIICHmIIMII OT IlOJIHOM 3HeprIIII .UBYX'IaCTH'IHOM CIICTeMhl. 

Hay-<JHrur HOBII3Ha. 

Ilpe,UJIO)KeH II pa3BHT 3¢¢eKTIIBHhiii MeTo.u perneHIIH HeJIIIHeiiHhIX cneK

TpaJihHhIX 3a,Ua'I, B03HIIKa10mux ITPII OilIICaHIIII .UBYX'IaCTU'IHOM CHCTeMhl 

IIHTerpaJihHhIMII ypaBHeHIIHMII C H,UpaMn, 3aBIICHmIIMII OT 3HeprIIII CBH3U 

Me)K.uy qacTIIUaMU. MeTO,U OTH0CIITCH K KJiaccy IITepaUII0HHhIX II 0CHOBaH 

Ha Il0CJie,UOBaTeJihH0M perneHIIII pH.ua JIIIHeMHhIX CITeKTpaJihHhIX 3a,Uaq ,UJIH 

0ThICKaHIIH perneHIIH IICXO.UHOii HeJinHeiiHoii cneKTpaJihHoii 3a.Ua'In. ITo

cTpoeH IITepaunoHHhIM aJirOpIITM, ITO K0TOp0MY BhI'IUCJIHIOTCH co6CTBeH

Hhie 3Ha'Iemrn II co6CTBeHHhie <PYHKUIIII. HccJie,UOBaHa 3aBIICUMOCTh CKopo-
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CTlI CXO.L(lIMOCTlI lITepan:lIOHHOro rrpon:ecca OT Ha'!aJihHOro rrplI6JJlI)KeHlIH. 

IIpaKTJ:lqecKcUI u;eHHOCTh. 

Co3naHa KOMIIbIOTepHM rrporpaMMa, KOTOpM paCC'IlITbIBaeT C06CTBeH

Hbie 3Ha'IeHlIH lI co6CTBeHHbie cpyHKU:lilI Hemrne:fi:HOH crreKTpaJibHOII 3ana'IlI 

mm pa3HbIX BlI.[(0B KBa3lIIIOTeHn:liaJIOB. C IIOMOIUbIO 3TOH rrporpaMMbI 6hIJI 

IIOJiy'IeH crreKTp 3HeprlIH CBH3lI lI BOJIHOBbie <pyHKU:lilI CBH3aHHbIX COCTOH

Hlili nsyx cpepMlIOHOB paBHOli MaCCbI. On:eHeHbI BeJilI'IlIHbI rrorpeIIIHOCTei'I 

IIOJiy'!eHHbIX perneHlIH, o6yCJIOBJieHHbie lITepaU:IIOHHbIM MeTO.L(OM II arrrrpoK

ClIMan:11e:fi: lICXO.L(HOro ypaBHeHHH CHCTeMOH ,L(lICKpeTHbIX ypaBHeHlIH. Pac

C'IHTaHbI 'IaCTOTbI rrepexonos Me)Kny ypOBHHMH (n = 1 - 4, n - rJiaBHOe 

KBaHTOBOe 'IHCJIO) 3HeprHlI II03HTpOHHH. ObIJilI BbI'IlICJieHbI, B qacTHO

CTlI, pa3HOCTb 3HeprlIH OCHOBHbIX COCTOHHHH OpTO- lI rrapaII03HTpOHHH H 

pa3HOCTb 3Hepr11:fi: OCHOBHoro lI rrepBoro B036y)KneHHOrO COCTOHHlIH OpTO

II03lITpOHlIH, a TaK)Ke IIIHplIHa pacrrana OCHOBHOrO COCTOHHIIH rraparr03lI

Tp0HlIH Ha ,[(Ba <pOTOHa. Xopornee cornac11e IIOJiy'!eHHbIX BeJIH'IlIH C 3KCIIe

plIMeHTaJibHbIMH naHHbIMH IIOKa3bIBaeT BbICOKYIO 3<p<peKTHBHOCTb rrpen

JIO)KeHHOrO MeTona. DbIJIO paCC'IHTaHO pacmerrJieHHe OCHOBHOro lI pHna 

rrocneny10m:rrx B036y)KneHHbIX COCTOHHlIH .L(HMIOOHlIH lI IIIIIplIHa pacrrana 

OCHOBHOro COCTOHHlIH rrapanHMIOOHlIH Ha .[(Ba <pOTOHa. IloJiy'IeHHbie Be

JilI'IHHbI COOTBeTCTBYIOT pe3yJihTaTaM TeopeTH'IeCKlIX pac'IeTOB npyr:rrx 

aBTOpOB. TaK)Ke 6hIJilI paCC'IIITaHbI IIIliplIHbI pacrrana B036y)KneHHbIX co

CTOHHlIH rrapaII031!Tp0HlIH lI rrapanlIMIOOHlIH. 

Pa3pa6oTaHHbIH HTepan:HOHHbI:fi: MeTon perneHlIH HeJIHHe:fi:HhIX crreKT

paJibHbIX 3anaq rrpencTaBJIHeT rrpaKTlI'IeCKYIO n:eHHOCTb 6naronapH CBoe:fi: 

YHlIBepcaJibHOCTH. Ero MO)KHO IIplIMeHlITb .L(JIH perneHlIH lIHTerpaJibHbIX 

ypaBHeHlIH, OIIlICbIBaIOIUHX CBH3aHHYIO CHCTeMy llBYX qacTHU:, BO-rrepBbIX, 

pa3HOH MaCCbI, a BO-BTOpbIX, B cnyqae, Korna Macca qacTHU:bI, rrepeHOCH

me:fi: B3aHMOne:fi:CTBlie, He paBHa HYJIIO. 
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CTpOrH:fi: rronxon K C03,L(aHlIIO IITepan:noHHOrO MeTona perneHlIH HeJIH

HeITHbIX crreKTpaJibHbIX 3anaq naeT Ka'!eCTBeHHYIO OCHOBY .L(JIH ero pa3BII

THH lI IIplIMeHeHlIH B 6onee CJIO)KHbIX 3anaqax. IlpencTaBJIHeTCH rrepcrreK

THBHbIM pacrrpocTpaHeHIIe pa3pa6oTaHHOH MeTO.L(HKlI (rrpu COOTBeTCTBY-

10me:fi: ee MOlllI<pIIKan:lIH) Ha perneHHe ClICTeM HHTerpaJibHbIX ypaBHeHlIH, 

Hnpo KOTOpbIX 3aBHClIT OT co6CTBeHHOro 'IlICJia. Ilono6Hbie ClICTeMbI ypaB

HeHIIli B03HIIKaIOT, HarrpuMep, rrplI paCCMOTpeHlilI CBH3aHHbIX COCTOHHlili 

llBYX'IaCTII'IHOH CHCTeMbI c op6IITaJibHbIM KBaHTOBbIM 'IIICJIOM l ~ 1. 

Ilony'IeHHbie pe3yJibTaTbI MOryT 6hITb rrpHMeHeHbI .L(JIH perneHlIH HeJIH

HeHHbIX crreKTpaJibHbIX 3anaq H C npyrHM <pH3II'IeCKIIM conep)KaHlieM. 

Arrpo6au;m1 pa6oThl. 

OcHOBHbie pe3yJibTaTbI nuccepTan:1111 )J;OKJia,L(bIBaJIIICb Ha ceMlIHapax 

BhI'IHCJIHTeJihHO:fi: u rrpuKnanHo:fi: MaTeTaTlIKH OB<P JUIT 0115111, a TaK)Ke 

Ha cnenyIOIUlIX KOH<pepeHU:lIHX. 

1. Me)KnyHaponHoe CoBemaHHe no rrporpaMMHpoBaHlIIO lI MaTeMaTlI

qecKHM MeTonaM perneHlIH <plI3lI'IeCKIIX 3anaq_ 

OH5IH, .lly6Ha, 14-19 mom1 1993 r. 

2. XXXIII Hay'IHM KOH<pepeHU:lIH <paKyJihTeTa <plI3lIKO-MaTeMaTH'!ec

KIIX u ecTeCTBeHHhix HayK PYLIH. 

PY.llH, MocKBa, 20-24 MaJ.I 1997 r. 

3. XXXIV Hay'IHM KOH<pepeHU:lIH cpaKyJihTeTa <plI3HKO-MaTeMaTH'Iec

KHX 11 ecTeCTBeHHbIX HayK PYlIH. 

PY.llH, MocKBa, 19-22 MaJ.I 1998 r. 

4. Modern Trends in Computational Physics. 

OH5IH, .lly6aa, 15-20 mom1 1998 r. 

5. KoH<pepeHU:HH "MaTeMaTlI'IeCKM <plI3HKa, MaTeMaTlI'!eCKOe MO,L(eJilI

pOBaHHe lI rrplI6JilI)KeHHbie MeTO.L(bI" . 

HAT3, O6mrnCK, 15-19 MaJ.I 2000 r. 
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Ily6JI11Kau1111. Ilo MaTepn:arraM ,n;n:ccepTaun:n: orry6rrn:KoBaHo 8 pa6oT. 

CTpyKTypa II oo'beM ,n;11ccepTau;m1. Iln:ccepTaumr 06'1,eM0M 120 

CTpaHHU C0CT0IIT II3 BBe,n;eHH.sI, Tpex rrraB, BKJ'IIO'IaIOIUHX 11 rraparpaq>OB, 

3aKJ'IIO'IeHII.sI, rrpIIJ'I0)I{eHH.sI, CIIHCKa J'IHTepaTyphI II3 117· HaIIMeHOBaHHH. 

OHa co,n;ep)KIIT 11 pn:cyHK0B n: 22 Ta6rrIIUhI. 

Co,n;ep:>I<aHHe paoOTbl 

Bo BBe,n;eHHH II0Ka3aHa aKTyarrhH0CTh TeMhI II Cq>OpMyrrn:poBaHa uerrh 

pa6oThI. IlaHo KpaTK0e BBe,n;eHHe B Kpyr q>H3Ht:IeCKHX rrpo6rreM, 3aTpoHy

ThIX B ,n;n:ccepTaUHH, H 0IIHCaHHe 0CH0BHhIX MeT0,U0B perrreHH.sI HHTerparrb

HhIX ypaBHeHn:iI. KpaTKO H3J'I0,KeHo co,n;ep,KaHn:e ,n;n:ccepTaun:n:. 

B rrepBOH rrraBe ,n;n:ccepTaUHH o6cy,K,n;aIOTC.sI q>H3Ht:IeCKM H MaTeMaTH

qecKa.sr II0CTaH0BKa 3a,n;at:IH 0IIHCaHH.sI ,n;ByxqacTH'IHOH CIICTeMhI, n:ccrre,n;y

IOTC.sI q>yHKUHOHaJ'IbHhie CBOHCTBa orrepaTopoB, BX0,U.sIIUHX B HHTerparrhHhie 

ypaBHeHII.sr, n: aCIIMIIT0THKa co6CTBeHHhIX q>yHKUHH. 

B § 1.1,n;aeTC.sI KpaTK0e 0IIHCaHHe q>H3H'IeCKOR cyIUH0CTII paccMaTpHBa

eMOH 3a,n;at:IH. BBO,UHTC.sI perr.srTHBIICTCK0e ypaBHeHHe ,n;rr.sr BOJ'IHOBOH q>yHK

UHH CIICTeMhI .UBYX CKarr.srpHbIX qaCTHU paBHOH MaCChI B crryqae o6MeHa 

CKarr.srpHhIM q>OTOHOM ( op6HTaJ'IbHOe KBaHT~BOe 'IIICJ'I0 paBH0 HYITIO): 

2J1+x21j;(x)+~ j ~~ x 
n 0 l+x l+y 

x ln (Ix - YI+ y1-+x2 + yT+y2" - ,\) dy = ,\1/J(x) , (1) 
X + y + Jl + x 2 + ~ - ,\ 

r,n;e x = p/m, y = k/m, ,\ = M/m, p II k-Mo,n;yrrn: HMrryrr1,coB t:IaCTHU 

B Hat:IaJ'IhH0M H K0He'IH0M C0CT0.sIHII.sIX .UBYX'IaCTII'IHOR CHCTeMbI (ypaBHe

HHe (1) 3arrn:caHo B cn:cTeMe ueHTpa n:Hepun:n: lf1I = lf2I = p), M-rrorrHa.sr 

Macca CIICTeMhI, m-Macca COCTaBJ'I.sIIOIUen: qacTHUhI. 1/J(x)-BOJ'IHOBM q>yHK

UH.sI cn:cTeMhr, o: = 1/137.0359895-rrocTO.srHHa.sr T0HKOn: cTpyKTyp1,r. Hepe

rr.srTHBHCTCKHH aHarror ypaBHeHH51 (1) 3aIIHChIBaeTC51 crre,n;yIOIUHM o6pa30M: 
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\,J 

k 

y 

a /
00 

( Ix - YI + 2 - ,\) 
(x

2 
+ 2)1/J(x) + - ln 

2 
,\ 1/J(y)dy = ,\1/J(x) . 

. no x+y+ -
(2) 

YpaBHeHII51, 0IIIIChIBaroruIIe B3aIIMo,n;en:CTBIIe ,n;Byx ¢epMIIOHOB, KaK II rrpe

)K,Ue B cnyqae HyJieBoro op6IITaJibHOro KBaHT0B0ro 'IIICJia, HMeIOT BII,n;: 

2J1 + x21j;(x) + ~ j(l - 2v'.l+x2~)7f;(y) x 
7r () v'f+x2y'1+y'2" 

x ln ( x + y + v'f+x2 + y'l+y'2" - ,\) dy = ,\1/J(x) 
Ix - YI + Jl + x 2 + JI+yl - ,\ 

ecJIII o6ruIIn: crrIIH paBeH ttyn:, H ·'·( ) 

a j xylf/ Y x 

(3) 

2J1 + x
2
1/J(x) +; 4Jl + x 2 ~ 

{ I 
x + y + /I+?+ JI+yZ - ,1 [ + n, + n, + n,} = 

x R, In Ix - YI+ ✓1 + x' + v'f+ir ,\ (4) 
= ,\1/J(x) ' 

ecJIII o6run:n: CIIHH paBeH e,UIIHIIUe. B rrocne,n;HeM Bbipa)KeHHII BBe,n;eHbI CJie

,n;yroruIIe o6o3Hat:IeHn:51: 

R1 = 4 
12 

- : (
2vl-+x2 + ~ + 1( 

1 
. + 2)) + 

l' - l' xy v'f+x2 + 1 
+1(21 + 1/(xy)) , 

R2=21',2 - 1 (2v'f+x2 + JI+yZ + 1'( 1. + 2)) X 

l' - l' xy ✓f+x2 + l 

x ln 11 + 0+x2y'l+y'2" + xyl ' 
1 + Jl + x 2y'l+y'2" - xy 

R 41'
2 

- 1 (2Jl + x
2 

+ ~ '( 1 2)) 
3 = -- ------- + l' --===-- + X 

1' - l' xy Jl + x2 + l 
Jl + x2 + y'l+y'2" - ,\ 

x------------x 
(2Jl + x2~ + 2 - x2 - y2)1/2 

[ 
(2Jl + x2~ + 2 - x2 - y2)1/2 

x arctg-----------
x +y 

(2✓f+x°2y'l+y'2" + 2 _ x2 _ y2)1;2] 
-arctg I I , x-y 
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Ix - Yl3 - (x + y)3 ✓1 + x2 + ~ - ,\ R - :____:___.: _ _;__ __ X ....:..___~=='=~--=--- + 
4 - 3x2y2 ✓1 + x2 + 1 

+ (x + Y - Ix - YI)( ✓f+"x"2 + ~ - >.) [-4/(xy)-
2xy 

( 
x2+y2) 2✓1+x2+ ✓f+""y7 

-8 1 + -- + 4------+ 
2xy xy 

+4 ----+2 X ( 1 ) 
~+1 

X ( + ( ✓f+"x"2 + ✓f+""y7) 2 )] + 4/(xy) + 81 -
1 2xy 

-4 2~ + ✓f+""y7 - 4 ( l + 2) (, + ,') 
xy • ✓1 + x2 + 1 

x2 + y2 _ ( ✓f+"x"2 + ✓f+""y7 _ ,\)2 
,= 2xy 

✓1 + x2✓f+""y7 + 1 
')' = 

xy 

B § 1.2 3a,n:aqa orrpe.n:erremur 3HeprenrqecKIIX ypoBHeiI M BOJIHOBbIX ¢yH

KUMH CB5!3aHHbIX COCT05IHMH Ll:BYX'IaCTM'IHOH CMCTeMbI ¢opMyrrMpyeTC5! KaK 

MaTeMaTM'IeCKM rrpo6rreMa IIOMCKa co6CTBeHHbIX 'IMCeJI M co6CTBeHHbIX 

¢YHKUMH orrepaTopHoro ypaBHeHMH: 

{ 
A(>.)7/; - >.~ = O , 

(7/J,7/J)-1- 0. 
(5) 

B § 1.3 L(OKa3bIBaeTC5I TeopeMa O BIIOJIHe HerrpepbIBHbIX orrepaTopax. 

TioKa3bIBaeTC5!, 'ITO orrepaTOp paccMaTpMBaeMoro HaMM ypaBHeHM5! 5IBJI5!

eTC5I BIIOJIHe HerrpepbIBHbIM M caMOCOIIp5I)KeHHbIM. 

B § 1.4 orrpe.n:errHeTrn acMMIITOTMKa co6cTBeHHoiI ¢YHKUMM 7/J(x) MH

TerparrbHbIX ypaBHeHMH IIpM X -+ 00, 'ITO IIO3BOJI5IeT B ,n:aJibHeiimeM BbI-

6pa Tb HaM6orree IIOL(XOL(5IIDMe arrrrpOKCMMaUMOHHbie cxeMbI npM rrepexo.n:e 

OT HerrpepbIBHbIX BeJIM'IMH B ypaBHeHM5IX K L(MCKpeTHbIM. 
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BTOpM rrraBa co.n:ep)KMT OIIMCaHMe MTepan:MOHHOro MeTo.n:a, pa3pa6o

TaHHOrO HaMM L(JI5! pemeHM5! HeJIMHeHHOH crreKTpaJibHOH 3a,n:at:IM, M BbI'IM

CJIMTeJibHOro arrropMTMa, IIOCTpOeHHOro Ha OCHOBe 3TOrO MeTo.n:a; a TaK)Ke 

MCCJie,n:oBaHMe BOIIpOCOB, CB5!3aHHbIX C rrporpaMMHOH peaJIM3an:MeiI 3TOro 

MeTo,n:a. TipMBO.U5ITC5! pe3yJibTaTbI TeCTMpOBaHM5! rrporpaMMbI Ha Mo.n:errb

HOH 3a,n:aqe, MMeIOmeiI TO'IHOe aHaJIMTM'IeCKOe pemeHMe. B 'IMCJieHHbIX 3KC

rrepMMeHTax M3yt:IaeTC5! CKOpOCTb CXOL(MMOCTM MTepan:MOHHOro arrropHTMa 

B 3aBMCMMOCTM OT Bbr6opa Hat:IaJibHOrO rrpM6JIM)KeHM5! M rrorpemHOCTb IIO

rryqaeMbIX pemeHMH. 

B § 2 .1 ocymecTBJIHe~cH rrepexo.n: OT ypaBHeHMH c HerrpepbIBHOiI rrepe

MeHHOH K ypaBHeHM5IM B KOHet:IHOMepHbIX IIpOCTpaHCTBax C L(MCKpeTHOH 

rrepeMeHHOiI. MeTo,n:oM By6HoBa-rarrepK:IHa Ha oTpe3Ke ,n:McKpeTM3aUMM 

R CTpOMTC5I arrrrpOKCMMaUMOHHM cxeMc3: MCXOL(HOro ypaBHeHM5!. 

B § 2.2 paccMaTpMBaeTC5! MTepan:MOHHbIH MeTOL( M BBOL(HTC5I peKyp-

rh A('(l-1))·'·(1) - ,(l).t,(l) - 1 2 * peHTHM 't'OpMyJia l\n• 'f'n - "n 'f'n , n - , , ... , n , ... , 

no KOTOpoiI CTpO5ITC5I rrocrre.n:oBaTeJihHOCTM co6CTBeHHbIX 3Hat:IeHMH M co6-

CTBeHHbIX ¢YHKUMH. (3.n:ech BepxHMH MH,n:eKc (l) - HOMep MTepan:MM, a 

HM)KHMH MHL(eKC n- HOMep co6CTBeHHOro 'IMCJia M co6CTBeHHOH ¢YHK

UMM). To eCTb Ha Ka)KL(OM MTepan:MOHHOM mare B 5I.D:PO MHTerpaJihHOro 

orrepaTopa IIOL(CTaBJI5IeTC5I co6CTBeHHOe 'IMCJIO c q)MKCMpOBaHHbIM HOMepOM 

n *' BbI6paHHOe M3 COBOKYIIHOCTM co6CTBeHHbIX 'IMCeJI {An}' BbI'IMCJieHHbIX 

Ha rrpe,n:hr,n:ymeM mare rrpon:ecca MTepan:MiI. HeM3BeCTHbre ¢YHKUMM { 7/Jn} 

Bbl'IMCJI5IIOTC5! KaK 06bI'IHbIC co6CTBeHHbie ¢YHKUMM JIMHeHHOH crreKTpaJib

HOH 3a,n:at:IM C IIOMOffibIO QR-arrropMTMa. TipM3HaKOM 6JIM30CTM rrorryqae

MbIX rrpM6JIM)KeHMH K MCKOMOH BeJIM'IMHe co6CTBeHHOro 3Ha'IeHM5! 5IBJI5IeTC5I 

L(OCTM)KeHMe MaJIOH BeJIM'IMHbI pa3HOCTM Me)K,n:y Ll:BYM5! rrpM6JIM)KeHHbIMM 

. co6CTBeHHbIMM 3Ha'IeHM5IMM, BbI'IMCJieHHbIMII Ha ,n:Byx crre.n:YIOIDIIX .n:pyr 3a 

.n:pyroM MTepan:MOHHbIX marax. CTpOMTC5! BbI'IHCJIHTeJibHbIH arrropHTM, 
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peanII3YIOIUIIH .n;aHHbIH MeTo.n;. 

§ 2.3 co.n:ep)KIIT onIIcaHIIe BHyTpeHHeii CTPYKTypu nporpaMMbr, peanII-

3yIOrueii IITepau;IIOHHbIH anropHTM. IlpHBe,n;eHbI •rncneHHbie 3HaqeHIISI na

paMeTpOB, HCnOnb3OBaBITIIIXCSI Henocpe.n;CTBeHHO B HaITIIIX pacqeTaX. 

B § 2.4 npIIBO,lJ;Sl:TCSI pe3ynbTaTbI qIIcneHHbIX 3KCnepHMeHTOB, npoBe

.n;eHHbIX no pa3HbIM cxeMaM. J,fayqaeTCSI noBe,n;eHHe paCCTOSIHIISI 

p = j)q - A2I + sup l1/-J1,j -1/)2,jl, 
1$.j$.N 

(r.n:e A1 II A2 - co6cTBeHHhre qIIcna, a 1/-Jl II 1/)2 - co6cTBeHHhre cpyHKIJ;IIH IIH

TepecyIOrueii Hae 3a,n;aqII, N - KOnIIqecTBO y3noB ceTKII .D:HCKpeTH3aIJ;IIII, 

j - HOMep KOMnOHeHTbI 1/)) Ha nocne.n;oBaTenbHbIX nrarax HTepau;IIOHHOro 

npou;ecca B 3aBIICIIMOCTII OT Bbr6opa HaqanbHOrO npu6nII)KeHH5I. 

B § 2.5 npIIBO,lJ;5ITCSI pe3ynbTaTbI qIIcneHHbIX pacqeTOB .n:nsr HepenHTII

BHCTCKOro ypaBHeHII5I Illpe.n;IIHrepa C KynoHOBCKHM noTeHIJ;IIanoM, IIMeIO

ruero TOqHoe penreHIIe. 8To ypaBHeHIIe penraeTcsr Ha .n;Byx ceTKax c nraroM . , 

h _II h/2. IIonyqeHHhre B pe3yn1,TaTe 3KCTpanonsru;IIII no PIIqap.n;coHy .n;aH-

Hhre cpaBHIIBaIOTCSI C aHanHTIIqecKIIM penreHIIeM, II ou;eHIIBaeTC5I IIX TOq

HOCTb. TaK)Ke ou;eHHBaeTC5I norpenrHOCTb co6cTBeHHbIX qIIcen II co6CTBeH

HbIX cpyHKIJ;IIH HenIIHeiiHoii cneKTpanbHOH 3a,n;aqII. IloKa3hrnaeTCH, qTo no

rpenrHOCTb, BHOCIIMM IITepau;nOHHbIM MeTO,lJ;OM, Ha O.D:HH - .n;Ba nopsr.n;Ka 

MeHbnre, qeM norpenrHOCTb annpOKCIIMaIJ;IIII 3a,n;aqII MeTO,lJ;OM By6HOBa -

ranepKnHa. Cne.n;oBaTenbHO, TOqHOCTb BI,IqIIcneHII5I co6CTBeHHbIX qIIcen II 

co6CTBeHHbIX cpyHKil;IIH cneKTpanbHOH 3a.n;aqII C onepaTopoM, 3aBHC5IIUIIM 

OT co6CTBeHHOrO qIIcna, He ycTynaeT TOqHOCTII, c KOTOpOH penraeTCSI nII

HeHHM cneKTpanbHM 3a,n;aqa. 

B TpeTbeM rnaBe npIIBO,lJ;5ITC5I pe3ynbTaTbI qIIcneHHOrO penreHII5I KBa3II

noTeHu;IIanbHbIX ypaBHeHIIH C HenIIHeHHOH 3aBIICIIMOCTbIO OT cneKTpanb

HOro napaMeTpa, a TaK)Ke IIX <pII3IIqecKM IIHTepnpeTaIJ;IISI. 

B § 3.1 npe.n;cTaBneHbI 3HepreTIIqecKIIe cneKTpbI II BOnHOBbie cpyHKIJ;IIII 
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pen5ITHBHCTCKOro CKansrpHoro nIIHeHHOro H HenHHeHHOro ypaBHeHIISI, Hepe

nsrTIIBHCTCKoro ypaBHeHIISI, a TaK)Ke .D:BYX CnIIHOpHbIX ypaBHeHIIH, c o6runM 

cnIIHOM, paBHbIM HynIO, II o6IUIIM cnnHOM, paBHbIM e.n;nHIIIJ;e. IIorpenr

HOCTb penreHnsr 3a.n;a'rn (5) B cnyqae ypaBHeHIISi Illpe.n;nHrepa c KynoHOB

CKHM noTeHu;anoM HMeeT nopsr.n;OK 10-12. A nopsr.n;oK nonpaBOK, BHOCIIMbIX 

B cneKTp ypaBHeHHH (1), (2), (3) II (4) 3cp<peKTOM HennHeHHOH 3aBHCHMO

CTII OT cneKTpanbHOro napaMeTpa, pen5ITHBHCTCKHMII 3cp<peKTaMn II 3<p

cpeKTaMn, CBSI3aHHbIMH co cnnHOM qaCTIIIJ;, paBeH 10-6 - 10-8. Ilo3TOMY 

MO)KHO CKa3aTb, qTo TOqHOCTb, IICnonb3OBaHHasr B nporpaMMe, ,n;OCTaTOqHa 

.n;nH Toro, qT061,r yBepeHHO 3aperncTpnpoBaTb c.n;Bnr ypoBHeii 3HeprnII. 

B § 3.2 Bbrqncnsi:IOTCSI qacTOTbI nepexo.n;oB Me)K,n;y ypoBHSIMH nO3IITpO

HHSI n .D:HMIOOHH5I, a TaK)Ke paccqIITbIBaIOTC5I IIX nrnpIIHbI pacna.n:a. IIony

qeHHbie pe3ynbTaTbI cpaBHHBaIOTCSI C 3KCnepm,reHTanbHbIMH ,n;aHHbll\fH II 

YacTOTbI nepexo.n;oB Me)K,n;y ypoBH5IMH nO3IITpOHIISI. 

3HaqeHne, 

8KcnepnMeHT, paccqnTarrrroe YncneHHbIH 

Mfu; no Teopnn BO3- pacqeT, Mfu; 

MyrueHniI, Mfu; 

2150 - 11
50 1233787210(37) 

3150 - 21
50 177121905( 49) 

41So - 31So 62209436( 62) 

2351 - 1351 1233607216.4(3.2) 1233607222.18(58) 1233609106 ( 3 7) 

31
50 - 21

50 177107563( 49) 

41
50 - 31

50 62200405( 62) 

1351 - 11So 203389.10(0.74) 203392.01 ( 46) 203861(25) 

2351 - 21
50 25424. 67 ( 6) 25737(49) 

33
51 - 31

50 11404(49) 

4351 - 4150 2372(74) 
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pe3yJibTaTaMu, IIOJiy'IeHHbIMII .upyrIIMII aBTOpaMII C IIOMOW:bIO Teopnu B03-

Myrn:eHIIli. C IIOMOW:bIO IITepau;IIOHHOro MeTo.ua 6bIJIII IIOJiy'leHbI CJie.UyIO

rn:ue 3Hat:IeHIIH nrnpIIH pacrra.ua rraparro3uTpOHIIH Ha .una <pOTOHa f(e+e- -+ 

2')') : .UJIH ypaBHeHIIH (1) - 7.9782(72) · 109c-1, J.J;JIH ypaBHemrn (2) -

7.9638(72) · 109c-1
, J.J;JIH ypaBHeHIIH (3) - 7.9843(72) · 109c- 1, a 3KCrrepu

MeHTaJibHO II3MepeHHM rrrnpuHa pacrra.ua panHa 7. 9909 ( 17) • 109 c- 1. 

YaCTOTbI rrepexo.uoB Me)KJJ;y ypOBHHMII .UIIMIOOHIIH 

3Hat:IeHue,rronyt:IeHHoe 

C IIOMOW:bIO Teopuu YucneHHbIH pact:IeT, 

B03Myrn:eHIIH, Mru Mfu 

2150 - 1150 255108046(7.7) · 103 

3150 - 2150 36623189(10.2). 103 

4150 - 3150 12862937(18) · 103 

2351 - 1351 255071216(7. 7) . 103 

335 1 - 2351 36620226(10.2) - 103 

4351 - 3351 12861070(18) · 103 

1351 - 1150 42333.5(2.7). 103 42151.8(5.1). 103 

2351 - 2150 5290.41(0.34). 103 5321. 7(10.2) . 103 

3351 - 3150 2358.1(10.2) -103 

4351 - 4150 490.5(18) · 103 

l]JIH rrapaJJ;IIMIOOHIIH c IIOMOW:bIO IITepail;lIOHHOro MeTo.ua 6bIJilI paCC'IlI

TaHbI cne.uy10rn:ue 3Hat:IeHIIH mupuH pacrra.ua r(µ+ µ- -+ 2')') : .UJIH ypaBHe

HIIH (1) - 1649.6(1.5) · 109c-1
, J.J;JIH ypaBHeHIIH (2) - 1646.6(1.5). 109c-1, 

.UJIH ypaBHemrn (3) - 1650.9(1.5) • 109c- 1 . 

B 3aKJIIO'IeHIIlI rrepe'IlICJieHbI OCHOBHbie opuruHaJibHbre pe3yJibTaTbI, co

.uep)Karn:uec11 B .uIIccepTaUIIII. 

B rrpIIJIO)KeHIIII II3y'IaIOTCH BOIIpOCbI, CB113aHHbie C o60CHOBaHIIeM rrpu

MeHIIMOCTII IITepau;uOHHoro MeTo.ua K pemeHIIIO paccMaTpIIBaeMOH 3aJJ;a'III. 
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OrrepaTop HeJIIIHeHHOli 3a,Ua'III paccMaTpIIBaeTCH KaK B03Myrn:eHHbili orre-

paTOp HeKOTOpOH JIIIHeHHOli 3aJJ;a'III. Ilpu IIOMOW:II II3BeCTHOrO pe3yJibTaTa 

Teopuu B03Myrn:eHIIli O cyrn:ecTBOBaHIIII II eJJ;IIHCTBeHHOCTII pemeHIIH HeJIII

HeHHOli crreKTpaJibHOH 3a,Ua'III rrpII ycJIOBIIII orpaHII'IeHHOCTII B03Myrn:eHIIH 

II cyrn:eCTBOBaHIIII pemeHIIH JIIIHeHHOli crreKTpaJibHOH 3aJJ;a'III, IIOJiyt:IeHHOli 

II3 IICXO.UHOH HeJIIIHenHon 3a.uat:III rryTeM rrpIIpaBHIIBaHIIH HYJIIO ee B03MY

rn:eHIIH, IIOKa3aHo, 'ITO pemeHIIe paccMaTpIIBaeMbIX B JJ;IIccepTail;IIII ypaB

HeHIIli cyrn:eCTByeT II eJJ;IIHCTBeHHO. Ha OCHOBe rrpIIHil;IIrra C)KIIMaIOW:lIX 

OT06pa)KeHIIli ,UOKa3aHO, 'ITO IIpII BbIIIOJIHeHIIII ycJIOBIIH orpaHII'IeHHOCTII 

rrpOII3BOJJ;HOli orrepaTopa HeJIIIHeHHOli crreKTpaJibHOli 3a,Ua'III no crreKTpaJib

HOMY rrapaMeTpy IITepaUIIOHHbili rrpou;ecc CXO.UIITCH K IICKOMOMY pemeHIIIO. 

IloKa3aHo, 'ITO orrepaTOpbI paccMaTpIIBaeMbIX ypaBHeHIIli y.UOBJieTBOpHIOT 

3TOMY YCJIOBIIIO. 

Ha 3a.ru;u:Ty BhIHOC.SITC.SI crre,nyrow:u:e pe3yJihTaThl: 

1. Mccne.uonaHbI fPY'H,'Ktu,uo'H,a/lb'H,ble caoucmaa U'H,me2pa.llb'H,blX onepamo

poa '1{;6a3Unome'H,'14Ua/lb'H,blX ypa6'H,e'H,UU, coaepJICaW,UX Jiapo, onucbl-

6a10w,ee 63aUMoaeucmaue: HerrpepbIBHOCTb II CaMOCOIIpH)KeHHOCTb, 

aCIIMIITOTIIKa co6CTBeHHbIX <pyHKil;IIli rrpII 60JibmIIX 3Hat:IeHIIHX ap

ryMeHTa. 

2. Pa3pa6oTaH umepa14UO'H,'H,blU Memoa pewe'H,UJI cnenmpa.llb'H,OU 3aaa-q,u, 

U'H,me2pa.llb'H,blU onepamop 63aUMoaeucmBUJI nomopou coaepJ1Cum 3a-

6UCUMOCmb om co6cm6e'H,'H,020 '4.UC/la. MeTOJ.J; OCHOBaH Ha IIJJ;ee IIOCJie

JJ;OBaTeJibHOro pemeHIIH JIIIHeHHbIX crreKTpaJibHbIX 3aJJ;a'I, TO eCTb Ha 

Ka)KJJ;OM IITepau;IIOHHOM mare B orrepaTop IIO.UCTaBJIHeTCH co6CTBeH

HOe 'IIICJIO, IIOJiy'IeHHOe Ha rrpeJJ;bI.Uyrn:eM IITepau;IIOHHOM mare. 

3. Ha OCHOBe pa3pa6oTaHHOrO MeTOJJ;a C03,UaHbI npo2paMMbl a/1,JI pewe

'H,UJI He/lUHeUHOU cnenmpa.llb'H,OU 3aaa-q,u C pa3HbIMII HJJ;paMII B3aIIMO

.uenCTBIIH, rrpeJJ;CTaBJIHIOW:IIMII IIHTepec J.J;JIH <pII3II'IeCKHX 3a.ua~r. II po-
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rpaMMhI rrpoTeCTIIpOBaHhI Ha MO,n:eJihHOH 3a,n:a'le. IlpoBe,n:eHhI BhI'III

CJIIITeJihHhie 3KCrrepIIMeHThI C u:eJihIO II3y'leHIIH CKOpOCTII CXO.D:IIMOCTII 

arrropIITMa II MarnIIHHoro BpeMeHII, Tpe6yeMoro .D:JIH ero pearrII3aIIIIII. 

4. IlpII IIOMOIIIII CO3,n:aHHOrO KOMIIJieKca rrporpaMM rrorry'leHhI 311,ep2e

mu"iecx;ue cnex;mpbZ u 60Jl'H,06bZe ifiy11,x;v,uu C6.H3a11,11,oii, cucme.MbZ OByx 

'IJ.acmuv, 6 cx;aJ1..Hp11,o.M u cnu11,opuo.M cJ1.y"ia.Hx, OJl.H peJ1..HmuBucmcx;o20 

u uepeJ1..HmuBucmcx;o20 ypa61te11,uii,. 

5. Ilorry'leHhI 3Ha'leHIIH BeJIII'IIIH pa3uocmu 311,ep2ui1 ocu0Buo20 cocmo

.HUU.H opmo- u napa- no3umpouU.H u pa3uocmu 311,ep2uu oc1to6uo20 

u nep6020 6o36yJ1Coeuuo20 cocmo.Huuu opmono3umpouu.H, a TaK)Ke 

3Ha'leHIIe wupU1lbl pacnaoa OCHOBHOro COCTOHHIIH rrapaIIO3IITpOHIIH 

Ha ,n:Ba qJOTOHa, KOTOphre xoporno corrracyIOTCH C 3KCIIepIIMeHTaJihHhI

MII ,n:aHHhIMII. PacC'IIITaHhI 'laCTOThI rrepexo,n:OB B Mru: Me)K,n:y 3Hep

reTII'leCKIIMII ypOBHHMII ( n = l - 4) IIO3IITpOHIIH. BeJIII'IIIHa IIIIIpIIHhI 

pacrra.n:a 6hma BhI'IIICJieHa ,n:JIH HepeJIHTIIBIICTCKOro, peJIHTIIBIICTCKO

ro CKaJIHpHoro II cmrnopHoro ypaBHeHIIH, 'ITO IIO3BOJIIIJIO ou:eHIITh 

BKJia,n: COOTBeTCTBYIOIIIIIX peJIHTIIBIICTCKIIX II CIIIIHOBhIX 3qJqJeKTOB B 

OKOH'laTeJihHOe 3Ha'leHIIe IIIIIpIIHhI pacrra,n:a. 

6. PacC'IIITaHO pacw,enJleuue OC1l061l020 u p.Hoa nocJ1.eoy10w,ux 6036y

J/COe1l1lbZX cocmo.Huuu ou.M10ouu.H 6 MI'v, u wupu11,a pacnaoa cuu-

2J1.emuo20 cocmo.Hnu.H ou.M10ouu.H. CpaBHeHIIe 3TIIX BeJIII'IIIH c pe-

3YJihTaTaMII, IIOJiy'leHHhIMII .n:pyrIIMII MeTO.D:aMII, IIOKa3hIBaeT xopo

rnee COOTBeTCTBIIe IIX ,n:pyr .n:pyry. llfapIIHa pacrra.n:a OCHOBHOro co

CTOHHIIH rrapa,n:IIMIOOHIIH TaK)Ke 6hma BhI'IIICJieHa .D:JIH HepeJIHTIIBIICT

CKOro, peJIHTIIBIICTCKoro CKaJIHpHoro II CIIIIHOpHoro ypaBHeHIIH. 

7. llrrH BhICOKOB036y)K,n:eHHhIX COCTOHHIIH IIO3IITpOHIIH II .D:IIMIOOHIIH IITe

paU:IIOHHhIM MeTO.D:OM BhIIIOJIHeHhI pac'leThl wupun pacnaoa :Jmux co

cma6'H,blX cucme.M, 'ITO rrpe,n:cTaBJIHeT IIHTepec .D:JIH 3KcrrepIIMeHTaJih-
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HOH rrpoBepKII B crryqae rrpoBe.n:eHIIH COOTBeTCTBYIOIIIIIX OIIhITOB. 

8. IlyTeM 'IIICJieHHhIX pac'leTOB rrpOII3Be,n:eHa ov,e11,x;a 6eJlU'IJ.U1l no2pew-

11,ocmeii, 'lilCTOT rrepexo,n:oB Me)K.ny ypOBHHMII 3HeprIIII II IIIIIpIIHaMII 

pacrra,n:a IIO3IITpOHIIH II .D:IIMIOOHIIH, paCC'IIITaHHhIMII C IIOMOIIIhIO IITe

pau:IIOHHoro MeTo.n:a. 
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