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OEU!AH ¥_4PAKTEPMCTYL~A PAEOTH 

AKTY8ll'.bHOCT'.b noo6JI6Mbl. IlOCTOfiHHO!oi TeH.II:6H!J.UBH pa3J.HlTHfi 

~M3MKll aneMeHTBpHBX tl8CTl1ll, HBilHeTCfi npoH!IJKHOBeH!IJe B o6n~CT!, 

BCe MeH'.billV.X H ueH'.billHX p8CCTOHH!IJH.•Ilp!IJ STOM pOll'.b peJIHTHBHCTCKMX 

a~~eKTOB npv. 0Il¥.C8HMllJ npouecCOB CTOJL~HOBeHMH t!BCTllll, ll H'AeP, 

ABL'l.llteHHH KBBJJKOB BHYTP!'l a.11POHOB nee 6onee Boapacraer. YqeT 

88KOHO:S cneu~rnm,HOM Teopirn OTHOCllTeJ!!iHOCT!IJ B nepBy!O oqepe'A'.b 

TpeoyeT mupoKoro npMlleHeHllH annapaTa pellHTMB!IJCTCKOM KMHeM8TH

KM, B t!8CTHOCTH, TeopH~ npe,liCTaBneHl'!M rpynn~ JiopeH~a. 

Ha!ilOOJ!ee HHTepeC!!Oi'i 00ll8CT:&!O npimo:a:eHHfi TeopeTl'!KO

rpynnoB~X MeTO,liOB HB~.J!eTCH 38'A8t!B ABYX Tell B KB8HTOBOH TeOpMH 

IlOJ!R, B KOTopoU, B t!BCTHOCTM, B IlOCJ!6AHee BpeMH nonyqHn illllpO

Koe npllMeHeH.11e rapMoH.11t1ecK.11i1 auan.11a ·ua rpynne JlopeHu.a. OTM.eTl'!M, 

t!TO K npo6Jielie .ziBYX tl8CTHIJ, cy~eCTByeT pH.Ii; TIOAXOAOB. I!lllpOKO ll3-

BeCTeH tl6TblpeXMepHblM KOBapll8HTHHi1 ~OpManH3M, OCHOB8HHHH Ha 

ypaBHeHH0 EeTe-ConnHTepa/1/. 0AH8KO A8HHHH IlOAXO,li He CBOOOAeH 

OT pH,lia H8AOCTBTKOB, cpeAH KOTOpblX HBH6onee cy~eCTBeHHHY HBnH

eTCfi 88BllCHMOCT'.b BOJIHOBOll ~YHKIJ,HM CliCTeUH 'ABYX t!BCTHIJ, OT OTHO

CllTell'.bHOrO BpeMeHH tl8CTllll,, t!TO 38TPY'AHHeT ee BepOHTHOCTHYID 

Tp8KTOBKy. KpoMe Toro, t1eT1,1pexMepHblil ~OpMBilll3M He OOJia.n;aeT RB

HOM npeeMCTBeHHOCT'.bID no OTHOUeHllID K HepeJIHTHBHCTCKOMy annapaTy 

KB8HTOBOM MexaHHKll, ll Tpe6yeT MeTOAOB, OTlllltlHHX OT pa3pa6oTaH

H~X B KBBHTOBOH MexaHllKe. OT yKa3BHHbJX Tpy.n;HOCTeit H368BJieH 

KBB8l'!llOT6Hll,llBll'.bHblH IlO,li;XO'A B KBBHTOBOM TeOpllH nonH, npe.n;no;KeHHHit 

A.A.JloryuoB~M 0 A.H.1'aBxenH'A3e/2/. ,UaJI'.bHeiiruee p83BllTlle 3TOro 

MeTO'A8 IlOKB3BJIO, t!TO B p8MK8X KB83llilOTeHIJ,ll8n'.bHOro Il0'AXO'A8 MoryT 

6~T!, ycneumo peii!eHhl K8K 88.l(8tlll pa;Cefil!ll/3/' T8K 0 88,li8t!H 0 

CBH3BHHblX COCTOHl!llHX/4/. 
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B H8CTOH~ee Bp8MH cy~8CTBY8T HeCKOHhKO B8pH8HTOB KB83HilO

TeHu~anhHOro IlO'AXO'Aa/5/. B 'ARCC8pT8URR 38 OCHOBY npHHHT ~Baan

IlOT8HUHanhHliH IlO'AXO'A, paaBRTliH B.I'.Ka'AUfil8BCKRM/G( Ha OCHOB8 ra

MRHhTOHOBOH wopuynHpOBKll KB8HTOBOH.Teopnn nona/7/ R o6o6~eHHliH 

Ha cnyqaH qa~TRU co CilRHOM B/8/. 

KBaSRilOTenuuanhHliH IlO'AXO'A no @opue 6HR30K K annapaTy He

penHTRBHCTCKOH KBaHTOBOH MexaHRKR, aero yp8BH6HHH HBHHIDTCH 

TpexMepHliMR aHanoraMR KBaHTOBOMexaHnqeCKRX ypaBHeHHH ]RnnMaHa

IIIBHnrepa R illpe'ARHrepa, aanncaHHliMH B RMilYHhCHOM IlP8'ACTaBH8HRR. 

Eonee Toro, He TOHhKo wopMy ypaBHeHRH, Hon qneHu BaaHMO'AelicT

BHR, 'AOHXHUM oOpasou npe'ACTaBneHHlie B TepMHHax aneueHTOB npo

CTpaHCTBa ]o6aqeBCKoro, MOXHO TpaKTOBaTh KaK Henocpe'ACTB8HHOe 

reoMeTpnqecKoe o6o6~eHne R3B8CTHUX IlOT8HUHaHOB KBaHTOBOH Mexa

HRKR/9/. 

HOBliM IlHO'AOTBOpHliM marow HBRnOCp IlPRMeHeHHe B KBa3HilOT8H

·unanhHOM n~'AXO'Ae paanoxennll Ha rpynne ]opeHuafIO/. B/IO/ 6uno 

BBe'AeHo HOBOe IlOHHTRe penHTRBRCTCKOro KOHWRrypauROHHOro npe'A

CT8BH8HRH, KOTopoe HBnH8TCH TeopeTHKo-rpynnOBliM penHTHBHCTCKRM 
' o6o6~enueM KOOP'AHHaTHOro llP8'ACTaBneHRH B KBaHTOBOll MexannKe. 

IlepeXO'A B penHTHBHCTCKoe KOH~Hrypauuonnoe npe'ACT8BH8HRe IlD3BO

HRH 'AHH PH'Aa IlOT8HUHanoB H8HTH ananHTHqecKne pemeHH~ KBaanno

TenunanhHOro ypaBH8HHH R IlOCTpORTh TeopHD pacceHHRH 6eccnnno

BliX qacTnu/II/. 

B CBH3H C Teu, qTo B 6onbmHHCTBe cnyqaeB 'ABYXqaCTRqnue 

CRCTelW COCT8BH8Hli R3 ~epMHOHOB (n03RTp~HRH, 'A8HTPOH, M830Hli) 

aKTyanbHOR HBHH8TCH 3a'Aaqa npHM8H8HHH paanoxennll Ha rpynne ]o

peHua B KBaannoTenuuanhHliX ~paBHeHRHX 'AHH CHCT8Mli 'ABYX CllHHO

BliX qacTnu. 
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B HBCTOR~ee Bpeun R'A8R O KBBPKOBOH llPRPO'A8 8'APOHOB CTB

na o6~enpRHRTOH. QqeBH'AHO, qTo nocne~oBaTenhHOe OilHCaHHe 'ABR-

xeRRR KB8pKOB BHYTPR 8'APOROB B03MOXHO HHfilh B pauKaX cy~e-

CTBeHHO penRTHBHCTCKoro annapaTa. IlpRM8H8HH8 pasnoxennU Ha 

rpynne ]opeHua 'AHR OilHCaHRR paannqHUX xapaKTepHCTHK COCT8BHliX 

qaCTHU, B qaCTHOCTH, ~OpM~8KTOpoB, npe'ACT8Bnff8T co6oll B8ChM8 

nepcneKTHBHoe nanpaBnemrn B Teopnu aneueHTBPHHX qacTnu. 

B CBR3H C HHTeHCHBHliM 3KCnepnueHT8HhHliU nayqeHneu Cil8KTp8 

uacc aneM8HT8pHliX qaCTRU H B oco6eHHOCTH Cil8KTpa qapMOHRH H 

HllCHHOn-ueaOHOB 8KTyanhHliM RBHR8TCR BOilpOC O pacqeTe Cll8KTpa 

uacc H TpBeKTOpHU Pe'A~8 .ueaOHOB B pBMKBX peHRTHBHCTCKOH KBBp

KOBOlii MO'A8mt. 

Uen0 padoTu. IlpeueHeane pasnoxeHHH na rpynne ]opeHUB 'AHH 

IlOCTpoeHHH KB83HllOT8HUH8HhHOrO ~OpM8HH3M8 B penHTHBHCTCKOM 

KOH~HrypBUHOHHOM npe'ACTaBneHHH B cnyqae CHCTeuu 'ABYX BaaHMO

'A8HCTBYD~HX ~epuROHOB. IlpHM8H8HH8 rapUOHHqecKoro 8H8HH3a HB 

rpynne RopeHua 'AnH onncaneR aneKTpouarHHTnux wopuwaKTOpOB 

COCTBBHliX qacTHU. na_nhHelr1maH paapa60TK8 M8TO'A8 KB831rnnaccHqe

CKoro npH6nHieHHR 'AHH KB83HilOT8HUH8HhHOrO ypaBH8HRR, aanncan

Horo B penHTHBHCTCKOM KonwurypauHOHHOM npe'ACT8BH8HHH, R v.ccne

'AOB8HH8 na ero OCHOBe cneKTPB uacc H TpBeKTOpHll Pe'AE8 B8KTOp

HliX ueaoHOB B paMKax penRTHBHCTCKOH KB8pKOBOH MO~enH. 

HayqHaH HOBH3H8 H npaKTHqecK8R U8HHOCT0. B 'AHCC8pT8UHH 

BnepBlie C IlOMO~hD paanoxenHH no OCIIOBHOH cepHH YHHTBPHUX He

npHBO'AHMliX npe'ACTaBneHHll rpynnH ]openua H8H'A8HH B HBHOM BH'A8 

o6paau noTeH~HanoB 0'AH06030HHOro o6M8H8 B peHHTHBHCTCKOM KOH

warypaUHOHHOM npeACTBBneHHH 6ea HCilOHh30B8HHH paanoxeHHH no 

CTeneHRM Z>--'/e~ • Ilonyqenu H HCCH8'AOB8HU penRTHBHCTCKHe 
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aHanorH cnHH-Op6HT8llbHblX H T8H30pHblX CHn. H8HA8HO KB83HnOTeH

UH8llbHOe ypaBH8HH8 B pemITHBHCTCKO!.l KOHq>Hrypau1rnHHOll. npeACT8B

neHHH B npHCj'TCTBHH cnHH-o_p6HT8llbHOH H T8H30pHoli tl8CT8H KB83H

noTeHuHana. rronytieHa CHCT8ll.8 napUff8llbHblX ypaBH8HHH AllH COCTOH

HHti ABYXq>ep!.lHOHHOH CHCT8Mbl C nonm,111 cnHHOll. $ = () H ,.s'.: :t, 
B03HHK8IDll\8H npH ytieTe 8THX ABYX CHn. 

BnepBb18 B MOA8llH B8KTOPHOH AOIWH8HTHOCTH C MOAHqJHK8UH8H 

Ha M8llb!X pacCTOHHHHX, Cll8'AYDll\6H H3 r!pMOHHtl8CKOro paanOE8HHH 

q>OpMq>8KTOpOB RYKllOH8 Ha rpynne ]opeHua, BhlnOnHeH A8T8llbHblH 

aaanHa CYll\8CTBYIDll\HX 8KCnepHM8HT8llbHblX ABHHblX no aneKTPOM8rHHT

HblM q>OpMq>8KTopall. npOTOHa. 

CqiopuynupoBaHa AHH8ll.Htl8CK8H MOA8llb qJ8KTOpH3YIDll\HXCH KBap

KOB AllH onHC8HHH 8CHMnTOTHtl8CKOro nOB8A8HHH q>Op!.tq>8KTOPOB coc

T8BHblX CHCTeM. IlpOH3B8A8HO Cp8BH8HH8 npeACK838HHH_ll.OA8llH C 

8KCnepHM8HT8llbHblll.H ABHHblMH AllH aneKTpowarHHTHblX q>OpMq>BKTOPOB 

1T -M830H8 H npoTOH8. 

B paMKax M8TOA8 KB83HKll8CCHtl8CKOro npH6nHJK8HHH, paaBHTOro 

AHH peweHHH KB83HnOT8HUH8HbHOro ypaBH8HHH B penHTHBHCTCKOM KOH-• 

q>HrypaUHOHHOM npeACT8BneHHH,BnepBb18 nonytieHO ll.OAHqJHUHPOB8HH08 

ycnOBH8 KB8HTOB8HHH AHH nOT8HUH8llOB aanHpan~ero THna. C ero 

nOMO~bID B penHTHBHCTCKOH KBBPKOBOH MOAenH p8CCt!HT8Hbl cneKTP M8CC 

H Tp88KTOpHH P8Allt8 B8KTOpHb!X M830HOB. 

CneAYDmHe peaynoTaTbl Bhl@HranTcH AnH aasuTs: 

I. Ilpeo6paaOB8HHe q>6HHM8HOBCKHX M8TpHt!HblX aneueHTOB 8Mll

nHTY'Ahl pacceHHHH, OTB8tl8D~HX OAH06080HHOMY 0611.eHy, nyTeM paa

noxeHHH no YHHTBPHblM npeACT8Bll6HHHM rpynnhl ]opeHua B penHTHBH

CTCKOe KOH\t)HrypBUHOHHOe npeACT8Bn8H1t1e. Ilonyt1eH1t1e TBKHM 06paao11. 

penHTlt1Blt1CTCKHX BHanoroB CllHH-op6HT8llbHblX H T8H30pHb!X can. 
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2. IlpHM6H8HH6 paanoEeHHH aa rpynne nopeHU8 B KB83HilOT6H

UH8llbHOM IlOAXOA6 B KB8HTOBOH TeOpHH nonH AllH OilHC8HHH CHCT6Mbl 

ABYX.ti8CTHU CO CilHH8MH !/2, Bb!BOA CHCT6Mbl KB83HilOT6HUll8llbHblX 

napuHanbHblX ypaBH6HHli npH H8llHt!HH penHTHBHCTCKHX CilHH-OpdHT8nb-

HblX H T6H30pHb!X CHll. 

3. WccneAOB8HH6 MOA6llH B6KTOpHOH AOMHH8HTHOCTH C MOAlt1WH-

K8UH6H H8 M8llb!X paCCTOHHHHX, BblT6K8IDll\6ll H3 rapMOHHtl6CKOrO paa

noEeHHH ¢oPMW8KTopoB Ha rpynne ]opeHua. OnttcattHe B paMKax aToil 

MOA6llll MHpOBblX 8KCilepHM6HT8noHNX A8HHblX no ynpyroMy ep-pac-
. 

ceamuo • 

4. iI>opMynHpOBK8 AHH8Mlt1tl6CKOn Mo.n;enH q)8KTOplt13YIDll\HXCH KB8p-

KOB AllH OilHC8Hlt1H aneKTPOM8rHHTHblX qiopMq>8KTOpOB COCT8BHblX tiac

THU, AHanHa B p8MK8X 8TOH MO,ZJ;6lllt1 aneKTpOM8rHHTHblX q>OPMW8KTOpOB 

7T -M630H8 H npoTOHa. 

5. ~anoHeliwee p83Blt1TH6 npH6nHJK6HHOrO M6TOA8 penHTHBHCTCKO-

ro aaanora M6TOA8 KB88HKnacc1t1t1ecKoro np1t16n1t1JKeH1t1H .n:nH peweHHH 

KB831t1IlOT6HUH8HbHOrO ypaBH6Hlt1H, npeo6paaOB8HHOrO nyTeM paanoJKe

HHH no yHHT8PHNM npeACT8BneHHHM rpynnhl nopeHUB B penHTHBHCTCK06 

KOHq>HrypaUHOHHOe npeACT8Bll6HHe. iI>opMynHpOBK8 penHTHBlt1CTCKOrO 

MOAlt1qllt1UHPOB8HHOro ycnOBHH KB8HTOB8HHH AllH KB831t1nOT6HUH8llOB aa

nHp8IDll\6rO THna H pactieT HS ero OCHOB6 cneKTP8 M8CC lt1 Tp88KTOp1t1il 

P6Allt8 B6KTOPHblX M830HOB B paMK8X penHTlt1Blt1CTCKOH KB8pKOBOil MOA8-

nH. Ilp8ACK838HH6 CYll\8CTBOB8HHH HOBblX B036YEA6HHblX COCTOHHlt1H no 

p8Alt18llbHOMY H op61t1T8llbHOMY KB8HTOBblM t!HCnaM AllH f , c.O, 'I, -y' 
H r - C8M6tiCTB B8KTOpHb!X ti8CTHU, 

Anp:.>68Ult1H pa60Tbl. 0CHOBHbl8 peaynoT8Tbl AHCC8pT8Ult1H H60AHO

Kp8THO A0Kll8AblB8nHCb ll OOCYEA8llHCb H8 ceMHHapax ]T!l> lt1 ]HIT 0/Afill 

H rouenoCKOrO rocyA8PCTB8HHOro YHHB8pCHT6T8, 
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Ily6nHKaUHH. rro peaynLTaTaM ,lI;HCCepTaUHH ony6nHKOBaHO CeML 

CTaTeii. 

06~eM pa60Tbl. ~RCCepTal.U{H COCTOHT ll3 BBe,n;eHHH, Tpex rnaB 

OCHOBHOro co,n;epxaHHR, aaKJilOqeHHH ll ,n;Byx npHnoxeHHii, co,n;epXHT 

98 CTpaHHU MamHHOilHCHoro TeKCTa, 7 pHCYHKOB, 6 Ta6nHu H 6H6-

nHorpawHqeCKHii CilHCOK llHTepaTypbl H3 151 H83B8HHR. 

COAEP!Aill1.E PAEOT~ 

Bo BB6A8HHH Kp8TKO paCCMOTpeHbl OCHOBHNe MeTO,n;N, HCilOnLsye

Mble ,n;nR OilllC8HHR CHCT6MN ,n;Byx qaCTHU B penRTHBHCTCKOH KB8HTOBOH 

TeopHll. HsnaralOTCR OCHOBHbl6 peaynLT8Tbl B KBa3HilOTeHUH8nLHOM 

no,n;xo,n;e B KB8HTOBOH TeOpHH nona, nonyqeHHbl6 nyTeM npllM6H6HHR 

paanogeHHH Ha rpynne JlopeHua. CwopuynupoBaHbl aa,n;aqu, pemaeLlble 

B ,n;HccepTaUHH, H KpaTKO H3nogeno co,n;epxaHHe patiOTbl. 

B nepBott rnaBe Ha ocHoBe npuMeHeHHR paanomeHHtt Ha rpynne 

JlopeHua B KBa3HilOT6HUHanLHOM no,n;xo,n;e pa3BHT TpexMepHblH penRTH

BHCTCKHH WOPMBnH3M OilHCaHHR CllCT6Mbl 'ABYX B3aHMO,n;eiiCTBYlO~HX wep

MHOHOB. 

§ l H § 2 HOCHT BBO'AHblH xapaKTep. B § l o6cyJlt.Z{alOTCR oc

HOBHble CBOiiCTBa ypaBHeHHii KBa3HilOTeHUHaJILHOro no,n;xo,n;a, ctopMy

nHpoBahHOro Ha OCHOBe raMHnLTOHOBa ~pMaJIH3Ma KBaHTOBOii TeOpHH 

nona/6- 81. PaCCMOTpeHbl IlOTeHUHanbl 0'AH06030HHOro 06MeHa, npeo6-

p830BaHHble B/9/ C IlOMO~LlO HCilO~LSOBaHHR H3blK8 reoMeTpHH Jlo6a- . 

qeBCKoro K BH'AY, RBllfllO~eMyCH Henocpe,n;CTB6HHblM penRTHBHCTCKHM . 

o6o6~6HHeM noTeHuuanoB KBaHTOBOii MexaHHKH B HMilYJILCHOM npocTpaH

CTBe. IloAqepKHBaeTCH, qTQ C reoMeTpuqecKoii TQqKH apeHHR KBaau

IlOTeHuHanLHble ypaBHeHllR npe'ACTaBJIRlOT co6oii penHTHBllCTCKOe 0606-
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~eHue HepenRTl'lBl'lCTCKl'lX ypaBiieHHli lilpe.l(HHrepa ll lllrnnuaHa-1.:JBHHre pa. 

llpuqeM STD KacaeTCH He TOJILKO i))opllibl ypaBH6Hl'liti, HO I'! qneHOB 

B3aH!J0A6V.CTlll1R. 

B § 2 uanaraeTCR M6TO'A BB6'A6HllR penRTHBHCTCKOrO KOH\[ll'lry-

pauuoHHOro npeACTaBn8HHR C IlOMO~LlO paano~eHHR no OCHOBHOH ce

PllH YHHTapHblX H6IlpllB01\ll!.ll,11C npe,n;cTaBnerlHH rpynnN Jlopettua ll pe

aynLTaTbl, nonyqeHHbl6 C ero IlOMO~LlO B KB83HilOT6llUl'l81!I,HOM IlO'AXO

Ae B cnyqae 6eccm!HOBblX qaCTHU/IO ,II/. PemITU!lHCTCKI1W 8l!8JIOr 

OTHOCnTenLHOli Koop,11uuaTbl z = 'l.·lT BBO,!IHTCH cornacttofID/ c no-

MO~LlO WYHKUHH . _ :t.-i U1 

j(P,· ;1, ?) = ( P, :-il ) , P,: /tf+ pl, (l) 

KOTOpble C TQqKH apeHHH TeopHH rpynn peaJIH3YIDT OCHOBHYID cepuro 

yHHT8pHblX ttenpllBO,!IHMLIX npe,n;CT8BJieHHii rpynm,1 j1opettuaf
12

/. flpH

Be,11em,1 OCHOBHble CBOHCTB8 cpyHKUHii J (i!;· ~ ?') , KOHeqHo-paa-

" HOCTHble onepaTOpbI CB060'AHOro raMHllbTOHH8H8 /I, ll BeKTOpa 
A 0 

HMnynLC8 · l' . rro,n;qepKHB86TCR TeopeTnKo-rpynnoBaR CBR3b He-

penHTH.BHCTCKOii K00p,n;HH8Tbl H BBe,l(eHHOrO i 1D/penHTHBHCTCKOrO 

imanora OTHOCUTenLHOii K00p,!IHH8Tbl. 

B § 3 BbJqHCJ16Hbl oopaabl IlOT6HUHaJIOB O,lI;H06030HHOrO OOMeHa 

B penHTHBHCTCKOM KOHi))HrypauuoHHOM npe,n;CT8BJ16HHH. Haii,n;eHbl peJIH

THBHCTCKHe attanorl'l CilHH-OPOHT8JlbHblX H T6H30pHblX cun. 

J..i. .2 
/4)- ,:J Po _:L _ _£ f:1- e M ,a~ )1,~ ➔)y ✓-) 

l{L. ,r -J.,, M -e-1-i./M ,Jt/M t · / ,s-L J Hl<1~ ' (2) 

r,n;e 

t ={tx Pj exp(-j,r;}?) (3) 
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COBll8;z\86T C onepaTopou op6HT8JILHOro KOK6HT8 H6p6ruiTH1lHCTCKOtt 
,c 

T80pHllo t 
1 ell. r l .!.L{i- Ltl ti PM11 + 

Yr~= 3 (?-1-l/11)f1rJJ11) LJ + e JM9 l:1-.1'/'t11a. 

.!... 3-rJ)"J./11"'{.t-11/r11V-3 /(;ehMt1) 7 ¼ 1?), 
+- 2'l :f-j' '-/t;;,.t. J HK I' 

j'.2_JM I. 
q = ct'Z'eeo;S' ......_____, __ • 

JMl. 

(4) 

B H6p6JIHTllBHCTCKOK npe;ziene (2) ll (4) nepexO;z\HT B COOTB6TCTBYll

llU!6 npeuqaue IlOT6Hl..lH8nH KB8HTOBOtt K6X8HHKH. B peJIHTH:BllCTCKllX 

IlOT6HUH8JI8X (2) ll (4) OTCyTCTBY6T xapa«Tepaaa ;z\nH HX H6p6JIHTH

BHCTCKHX 8H8JIOrOB CHHrynapHOCTL ~ - 3_ 9TOT W8KT HBJIH6TCH 
\ 

CJI6;z\CTBH8K KOHeqao-p88HOCTHOtt IlPHPO'AH penHTHBHCTCKHX onepaTo-
A ~ 

poB CBo6o;ziaoro raMHJILTOHHaaa H
0 

H nxnynLca p , co;ziepza-

lllHX onep8TOPN CABHra no KHHKOtt OCH B KOllIIJI6KCHOtt llJIOCKOCTH 

C marox, p8BHHK KOMilTOHOBCKOtt ;z\JIHH6 BOJIHN I/M • B OTJIHqne OT 

onepannn AHwwepeaunpoBaHna, ;ziettcTBHe paaaocraoro onepaTopa aa 

CHHrynapHylO WYHKUHlO B ;z\8HHOM cnyqae H8 YB6JIH1UIB88T IlOPHAOK 

CHHrynapHOCTH. B08HHK86T nHWL HOB8H oco6eHHOCTL B KOKilJI6KCHOtt 

TOqKe, OTCTOHII(8tt OT ;ziettCTBHT6JILHOR OCH H8 KOMilTOHOBCKYlO ;z\nHHY 

BOJIHN. 3TH ABB paanzqaux IlOJIDC8 "BHJJ.HN11 C TOqKH apeHHH H6P6JIH

THBHCTCKOro OilHC8HHH K8K 6;z\HH8H CHHrynapHOCTL 6onee BHCOKOro 

nopH,1tK8. B ;z\8HHOK CMNCJI6 H6p6JIHTHBHCTCKHtt WOpY8nH8K KOEHO H8-

8B8TL BlipOJlt.ll6HHNM. IlOCJI8;z\OB8T6JILHO8 p6JIHTHBHCTCKO6 OilHC8HH6 

O6JI8A86T 6onee BliCOKOtt "paapemanll(ett cnoco6HOCTLD11 H CHHK88T 

8TO BlipOJlt.ll6HH8. 

8 

B § 4 H8iU\6HN lIOK8lILHN6 TpexMepHH6 KB8311IlOT8HUH8lILHN8 

ypaBH8HHH B pelIHTHBHCTCKOM KOHqll1rypau»oHHOM npe.l(CT8Bll8HUH B 

npacyTCTBHH cnm1-op6UT8nI,HNX H T8H80pHNX CH1l. 

B § 5 nonyqeHa CHCT6M8 napu11a11LHNX ypaBH8HHii, onHCNB8!01l(8H 

pelIHTHBl1CTCKY10 CUCTeMy JJ.BYX cj_JepMUOHOB C Il01!HHM CilUHOM f..:::o U 

S= .:f, .l:l38UMOA8iiCTBY101lll1X nocpe;llCTBOM CilHH-OPOHT8lILHOrO 11 TeH

aopHOro IlOT8HUH8lIOB, IlOK838HO, qTQ B p83BHTOM napUH8lILHOM WOP

M8lIH8Me yrnoB8H 38BHCHMOCTL BOJIHOBOTI WYHKUHH IlOlIHOCTLlO 8H81IO

r11qH8 ttepenHTHBHCTCKOMY cnyqa10. 1'!3M8H6HHIO llOJ),BepraeTCH JIHIIIL 

ee pS;llHSJILHSH 3SBHCHMQCTL, 
-, 

BTopsH rJISBS IlOCBHII(6HS HCCll8,l(OBSHH10 MOJ).eneii aneKTPOMSrHHT-

HHX WOpMcl,JSKTOpOB SJ).pOHOB, OCHOBSHHHX HS npHMeHeHHH rspMOHHqe

CKOrO sHsn;ias HS rpynne nopeHus. 

B § I HS OCHOBe npeJJ.JIOl!t8HHOro i 13/ M8TOJ1,S 8!1S1!H3S CTpyK-

TypN qsCTHU B penHTHBHCTCKOM KOHcj_JHrypSUHOHHOM npeJ1,CT8BJI8HHH 

HCC1!8.l(OBSHS MOJ1,8lIL B8KTOpHOH J).OMHHSHTHOCTH. IlOKS3SHO, qTO H3-

B8CTHH8 nerKue BeKTOpHHe M830HN f ,.f ~ j' '', <..O., r/J onpe;a.ena-

IOT BKlISJ). B WOpMcj_JSKTOp HYKlIOHS HS pSCCTOHHHHX, npeBHlli8IOII(HX ero 

KOMilTOHOBCKYIO ,l\JiHHY BOJIHN 1/M . LIOJ1,8JIL B8KTOpHOii AOMHHSHTHOCTH 

MO]l;HtpHUHPY8TCH HS MSlINX pSCCTOHHHHX yqeTOM B!.ilSJ).S ueHTpSJILHOiA 

qscTH HYK/IOHS c psJJ.»ycoM I/ M B B»Ae i))SKTOps J / sh J 
(rJJ.e ,Y -6h!CTPOTS), KOTOPllH cne:n;yeT H3 pS3JIOl!t8HHH ipopMQJSKTOpS 

no yHHTSpHhlM npeJJ.CTSBneHHHM rpynnN nopeH~a. B peaynDTSTe tpop

uyns J),llfl 3JI8KTPOMSrHHTH!lX i))OpMlj)SKTOpOB HYK1IOHS B npu6JIHW.8HHH 

oeCKOHeqHO YSKHX peaOHSHCOB HM86T BH]l; 

c/.;I- a' , Qv 

(-t/ - slJjj 'v-- i-i:/)1;-
(5) 

KoTopun onpe.11enaeT AHilOJILHHll 38KOH y6HBSHHH HyKnOHHoro wopMlj)SK-
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Topa AllH OonbmIDC nepeA8HHUX Hwnym,coB 

c(/1/>> ;Vv ~ & /1/zf//49 
t.t . (6) 

CyW1HpOB8HHe B (5) BeAeTCH no B6KTOPllllll M630H8M. MHOlltHT6llb 

c1/41J B (5) HBnH6TCH penHTHBHCTCKl414 reoweTpaqecKHM ~8KTO

pow. OH oOpameeTCH B 6'AHHHUY B HepenHTHBHCTCKOM_npe'Aene. 0TMe-

THM, qTo BB6'A6HHUH ~8KTOP J1/sJc1 H6 COA6PXHT HOBUX 

BapbHpyeMUX napaMeTpOB H ~HKCHPOB8H paanoE6HHeM Ha M8CCOBOM 

ranepOonOH'A6 HYKllOH8. 

B § 2 npHB6A6HU peaynbTaTU 8H8lll!88 axcnepHMeHTanbHUX A8Hlib1X 

no aneKTPOMBrHHTHUM ~opM~aKTOp8M npOTOH8 B MOA6HH B6KTOpHott 

'AOMHH8HTHOCTH, MOAH~UHPOBaHHOH Ha M8111:iX p8CCTOHHHHX. IlOMHMO 

~opwy;iw (5) acnonb30B8nHCb ~OPMY111:i, B KOTOPUX yqHTUBaeTCH B03-

MOEHOCTb cymecTBOB8HHH KepHa y HyKnoua. B 8TOM cnyqae napaMeT

pnaauHH ~OPM~8KTOP8 Wl66T BH'A 

c,,/4):= f [:1 -£ (/y- + E 1-://~ J 
SiJd y V" ..,-

YqHTUBanacb T8KlE6 KOHequaH UIHpHH8 ~ -weaoaa •. 

B AHCC6pT8UHH Oun npOB6A6H 8H8nH8 npaKTHqecKH BC6X HM6l0-

~HXCH MHPOBblX A8HHblX (299 ToqeK) no ynpyrouy ep-p8CC6HHHD. 

OKaaanocb, qTo yqeT BKll8A8 U6HTpanbHon qaCTH npoTOH8 nyTeM 

BKnDqeHHH ·»HOXHTenH cJ/&1/ 38M6THO ynyqmaeT xaqeCTBO onH

C8HHH. IlpH 8TOM AOCT8Toqao BKnDqeHHH B p8CCMOTP6HHe TOllbKO OT

KpUTblX nerKHX B6KTOpHb1X M630HOB Oea npHBneqeHHH rHnOT6THqecKHX 

qaCTHU. YCT8HOBneao, qTO HM6DlllH6CH 8KCnep14M6HT8llbHU6 A8HHU6 

He CBH'A6T6HbCTBYDT B nonbay H8nHqHH K6pHa y HYKHOH8. 
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~cnonb30B8H8Cb T8KE6 cneAyiomaH napaMeTpH38UHH ~OPMW8KTOP8 

r:/4'- L ( q~ + .r-Q'~) 51 - s1J 1- ~ ,! :t - ~ ~ · 

MHHHMYM ~YHKUHOHana y:J. ''AOCTHr~eTCH npH napaMeTpax 

-.t./J. ; 
Q.t = I,62±o,04 (I'3B/c) 

-.t/2. . q = 0,63±o,OI (I'3B/c). 
3 

IlepBOe HS 3HaqeHHH OnaaKo K 1,1acce f (I,6) M630H8, B·Topoe - K 

Macce j(0,73) ueaoHa •. 

B § 3 Kp8TKO onHC8HU OCHOBHUe nono~eHHH LIOAenH W8KTOPH3YIO

maxca KB8PKOB/I4/_ B 8TOH MO'A6llll npouecc BUCOK08HepreTHqecKoro 

ynpyroro pacceaHHH 8'APOHOB Ha OonbmHe yrnu paccuaTpHB86TCH 

cneAyDmHM o6paaoM. CTanKHBaD~H6CH a~pOHbl C03'A8DT HeKOTOpoe 

cauocornacoBaHHOe none Va~• Ha KOTopoM KBapKH, BXOAHmae 

B COCT8B aApOHOB, p8CC6HB8DTCH KB83HHeaaBHCHMblM o_6paaoM. IlpH 

8TOM npHHHM86TCH, qTO awnnHTYA8 pacceHHHH ABYX 8'APOHOB H8 yron 

8 (B CHCTeMe U6HTP8 Mace) p8BH8 npoH3B6A6HHD awnnHTYA pac

C6HHHH OT'A6llbHUX BaneHTHUX KB8PKOB J, (&) Ha llOT6HUHane 

Va~: 

M"l-+al = 17 J, (&) i/ /t,1 ($) . 
/q Q 1, 

(7) 

B § 4 cwopMynHpOBaHa 'AHHaMHqecKaH MO'A6llb ~8KTOpH3YDmHXCH KB8p-

KOB H paCCMOTpeHO ee npHM6H6HH6 'AllH OllHC8HHH aneKTpouarHHTHblX 

WOPMW8KTOPOB aApOHOB. licnonbaoBauo npeAnono~euae o TOM, qTo 

npH BblCOK03HepreTHqeCKOM paCC6HHHH H8 6onbmHe yrnu xapaKT6PHUH 

paawep o6naCTH B38HMO'A6HCTBHH KB8PKOB onpe'AenHeTCH HX KOMllTO

HOBCKOH AllllHOil Bonuu. ~nH peanaaauaa aToro npeAnonoxeHHH oKa-
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aancH YA06llliM annapaT paanoJKemm no yHurapmw npe]:lcTaBrreH~,fiM 

rpynnu Jlopenua. 

YcT8HOBneH HBHUH BH'A aneM6HT8pHOU aunnHTY'AU 

. J'i- = 
cJp (~)"' s1J, 

/Hi th&-J~ -f ,1~ /-1~(/,-'rM,_~1 
r r , 

i/-t., /"-'1 - f ~9 
r]:le it, - nepeAaqa HMnyn1,ca KBapKa ( ii~ i- / (llHcno 

COCT8B1lHIOlllltX)2), d1" - 6UCTpOT8, OTB6'181ll.ll8H -e.j . 
Ila OCHOBe H,nel! By H HHra O TOM, 'ITO aneKTpouarHHTH8H 

CTPYKTypa '18CTHI.\ H8XO):IHTCH B COOTB6TCTBHH C pacnpe):leneHH6M 

11 CHill>HO B38HMOAeitCTBYIOl!l6l1 M8T6pHH11
1 nonyll:eHa \I)opMyna ):\IlH 

aneKTpouarHHTHOrO \I)opM\IJ8KTOpa 8):lpOH8 npH 6on1>mHX nepe):18HHUX 

11unyn1>cax 

r;(-t-1-n~, 
A 1/ 0 ~A~ 

n, ·'h 

(8) 

r):le B npOH3B6):16Hl!e BXOAHT aMnnHTYAU BCeX B8Il6HTHUX KB8pKOB, 

COCT8BilHlllllHX 8APOH h • 
Bupaa6HH6 (8) J.10~6T 6UTl> nepenHC8HO B BH):\6 npHBUqHOH 

CT6Il6HHOi1 38BHCHMOCTH 

rAe 

(/J {-I)"-' r /t/ ;-N~pr,r,/4) 
L~<M.2. j, 

IV.,pp, /&)= /7 - /'I eh & (/4//4.iN,..t) 
tn(/tl/n:l1v 

/) - 'IHCno BaneHTHUX KBBPKOB. 

, 

IlpOH3B6):\6HO cpaBH6HH6 npeACK838HHH MOA6nH C 3KCilepHMeH-

T8Ill>HUJ.lll A8HHUMH AilH \I)opM\IJ8KTOp8 npoTOH8 H Tr -M630H8. Kalle-

12 

CTBO OilHC8HHH COOTB6TCTBY6T CJie):lylll.llHM p~ Ha O'AHY CT6Il6Hl> 

CB060):IU: ;ltJIH npOTOH8 .f11. = 13,3/(14-2)' ):\JIH Jr -ue-

30H8 .x~/. = 20,6/(16-2). Baeo OTJ.16THTI,, ll:TO T8K06 omt

C8M6 ):\OCTHrHyTo C 6):IHHUM 3HS'l:6HH6M MSCCU KB8pKS Mi=D,16 raB 

KSK 'AllH npOTOHS 1 TSK H ):\JIH 'Ji -M630H8. 

0TM6THM, 'ITO B PSMKSX ):\SHHOi1 MO;it6JIH uoryT 6UTI, OilHC8HU 

He TOJII,KO 3JI6KTPOMSrHHTHU6 \I)opM\I)8KTOpU 8;itpOHOB, HOH BUCOK0-

8HepreTH'l6CKHe s;itpOH-SAPOHHOe ynpyroe pSCC6HHH6 HS 60JI1>mwe yr

JI},I H npoueccu rny6oKoHeynpyroro pscceHHHH nenTOHOB HS a;itpo

Hax/15/. 

TpeTI,H rnaBa IlOCBHl.ll6H8 ):18JII,H6ttmeuy p83BHTHll npe):IJI0~6HHO

ro B/16/ M6T0):\8 KB83HltJISCCHqecKoro npH6JIHE8HHH.AJIH KOHequo

pS3HOCTHOro KBS3HllOT6Hl.\H8JII,HOro ypaBH6HHH Hero HCllOilI>30BSHHIO 

B penHTHBHCTCKOtt KBBPKOBOl J.I0):16JIH ):\Jlfi OTUCK8HHH Cll6KTP8 J.18CC 

H TP86KTOpHH Pe):\Ee B6KTOPHUX M630H0B. 

B § I H3IlOX8H KBS3HKJISCCHqeCKHl J.18TO;lt pemeHHH KOH6qHo

p83HOCTHOrO KBS3HllOT6Hl.\H8JlI,HOro ypaBH8HHH B p8JIHTHBHCTCKOJ.I 

KOH~rypaIUtOHHOJ.I npe;itCT8BJI6HHH. IlonyqeHU BOJIHOBU6 \IJYHKI.\HH B 

KBS3HHJlSCCH'l8CKOM npH6JlHZ6HHH H HCCJl8):IOBSHO HX xapaKT8pHoe 

llOB8;it6HH6 B cnyqae ll0T6Hl.\H8JIOB 38IlHP8DIJl6ro THns. YCTSHOBJI6HO 

yCJIOBHe npHM6HHJ.IOCTH KB83HKJI8CCHqecKoro npH6JlHX6HHH, KOTOpoe. 

B HepenHTHBHCTCKOM npe;itene nepexo;itHT B o6uquoe ycnOBH8, B03HH

KSDl.ll86 npH KBS3HKJI8CCHqeCKOM pemeHH! yp8BH6HHH illp6AHHrepa, S 

B Y.JII>TpapenHTHBHCTCK.Oll npe;itene Hll68T BH;lt 

r;ite 

//;/; ·&/f!n j_tO!/ << :1 , 

:/~)== i/Ptf)= i-lme slx!?) 
.X'(J == /lz~h -w- v6) 

t:lme::l. 
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/= time - KOUilTOHOBCK8H ;l{mma BOllHH, 7N"'"" - nonttaH auep

rHH Cl!CTeMH, -v/4) - KB83l!IlOT8Hl.l,H8n, 38;!{8HHHH B penHT~l!CT

CKOU KOH~rypaUHOHHOM npe;!ICT8BneHHH. 

B § 2 B p8MK8X penHTHBHCTCKOrc KB83HKll8CCHll8CKOrO np1-16nH-

JK6HHH nonyll6HO yCJIOBHe KBaHTOBaHnlI, HM810lll88 Bl!;!{ 

{:, 
-/4 I,? '<) _4<{e+dij~y• i'n e,{x(;J-1- Sb¼~ - tJ/. . =)7r IJ+.L . 

ij(d-j.N tV- .,,., q; ,Ii)" f, ~~ (IO) 

d 

: [c1~ 
q 

KnaCCl!ll8CK11e TO'lKH IlOBOPOT8 (I H t' onpe;!le nHIOTCH K8K KO PHH 

ypaBHeHHH 

]lllH IlOT8HUH8ll8 

.//4 9,l. 
sh~(?_l,,,, 5 J'-1-T. 

1/ l',g_ 

-v(c) == G"' 2 ,s ., S > 0 

HHH npHHHM8eT Bl!;!{ 

(II) 

ycnOBH6 KB8HTOB8-

J .t(l.1 .1/J.-,.1./,f -.th-41 Rt ;e; (sb;,) r~+ :-) J!~ {ei.x,)=rJT0+f)12) 

r;l{e P,./ ~1/J - ipyHKUHH Jlel!tBH'APB, a ,/,=/118-'6 :Y::!:! . 
r (C II Jme.t 

B 3TO!,! lite naparpa~e B p8MK8X KB83HKll8CCl!ll8CKOrO npn6nHJK8-

HHH H8H;l{8HO 3H8t!8HHe MO;l{ynH BOllHOBOH WYHKl\HH B H81l8ne KOOp;!IH-

HBT, aeo6XO;l{HM08 ;l{llH BHt!HCll8HHH nenTOHIWX mHpHH pacna;l{OB 1,1.eao

HOB B KBBPKOBOfi MO;l{8lll1. Ilonyt!eHHBH ipopMyna nueeT BH'A 

)/~ m~e I t[P); = L;-;ro1--Ji3 
.J{n ll u/w,, 

s..6J,, r:/l'J 
(13) 

B § 3 nonylleHO MO;l{HipHUHPOB8HH08 ycnoBHe KB8HTOB8HHH ;l{llfl 

IlOT8HUH8llOB 38IlHp8!0Jll8rO Tl1Il8, YA06Hoe npH nccne;l{OBBHHH op6H

T8llDHHX B036YJK'A8HHHX COCTOHHHH H TpaeKTOpHfi Fe;l{JKe M830HOB. 9TO 

14 

ycnOBH8 m.1.eeT BH'A 

8 

Ji~ Jfr)=/r{n+ f + /), 
0 

(14) 

r;l{e B ;!{8HHOM cnyqae f1 HBnH~TCH KnacCHt!eCKOH TOllKOfi IlOBOpo-

TB B IlOT8Hl.l,H8ll8 6ea Yll6T8 ueHTpo6eEHOro qnetta, T.e. COBil8;!{88T 

C KnaccnqecKofi TOqKofi IlOBOPOTB B cnyqae ;l{BH~8HHH C HyneBHM 

op6HT8llDIWM MOMeHTOM. 

B § 4 B penHTHBHCTCKOfi KB8PKOBOfi.MO;l{enH c IlOT8HUH8llOM 

38lll1p8HHH H8 OCHOB8 MO;l{HipHUHPOB8HHOro ycnOBHH KB8HTOB8HHH H8il

;!{8HH cneKTp M8CC H Tp88KTOplilli Pe;l{JK8 BeKTOPIWX M830HOB. 

PaCCMOTpeH nnHeilHO paCTYlllHil C pacCTOflHH8M KB83HllOT8Hl\H8ll 

ytfj;@'~ x) • .llnH 3Toro cnyqaH MO;l{Hll)HUHPOB8HH06 ycnOBH8 

KB8HTOB8Hl1fl (14) npHHHM88T BH;l{ 

f,,eiJ,,-s!/,, = Jm:fl. ,,t;r{n+ i + :). (15) 

Ha OCHOBe (15) nonyqeH_Cll8KTP p8;!1H8nDHHX H op6HT8llLHHX B036yJK

;!{8HHil f _, ll?, ¥'.., ff' H o' - CeMeilCTB B6KTOPHHX 1,1830HOB. 

IlpOH3B8;!{8HO Cp8BH8HH8 C 3KCil8p.lUleHT8llDHHMH ;!{8HHHMH. IlpHB8;!{8HH 

Tp88KTOPH_H Pe;l{llte 'AJ!H _f H 'f" M830HOB. OTMeqaeTCH, llTO B 

cnyqae J -Me30HOB B HCCfi8;l{Y8MOM HHTepBane M8CC Tp88KTOPHH C 

xopomeil TOllHOCTLIO HBllHIOTCH nHHefiHHMH. 

PaCCllOTpeHa T8Kll8 M0;!{8llL C KB83HilOT8HUl!8HOM Y6)=r;-'t-Yo · 

x) 9TOT KB83HilOT8Hl\H8n flBllH8TCH Henocpe;!ICTB8HHHM penHTHBHCTCKHM 

0606JlleHH8M mHpOKO l!Cfl0llD3Y8MOrO B HepenHTHBHCTCKHX KB8pKOBHX 

MO'A8llflX nHH8HHO pacTyJllero C paCCTOHHHeM noTeHunana, 06ecne

qnB8!011l8ro H8BHn8T8HHe KB8PKOB. 
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B 3aKJIIDqeHllll IlOAB6A6H HTOr nonyqeliHhlX B ,llHCCepTaUHH pe-

3YJIDTaTOB, 

B IlPHJIO~eHHH A npHB6,ll6H Bb!BO,ll Bh!palKeHHfl AJifl peJiflTHBllCT

CKOro T6H3OpHoro IlOTeHuHana. 

B IlPHJIO~BHHH E paCCMOTpeH Bh!BO,ll KBa3HilOT6HUHaJIDHOrO ypaB

H6HHH Ilpll HaJIHQHH penHTllBHCTCKHX'CilHH-op6HTaJIDHhlX CHJI, 

OCHOBHhlE PE3Y)lhTATbl, IIOJIYl:IEHHblE B ,i!HCCEPTAmrn 

I. C IlOMOUIDID npHM6H8HHH rapr.tOHHQ6CKoro a11annaa_ Ha rpynne 

Jlopettua Hatt,ll8Hhl o6pa3h! IlOTeHUHaJIOB O,llllO6O3OHHOro O6MeHa B pe

JIHTHBHCTCKOM KOHilJHrypauHOIIHOM npe,llCTaBJI6HllH, B KOTOpb!X coxpa

H6Ha BCH HllilJOpMaUHH O B3allMO,ll6ilCTBHH, 3aJIOlK6H!laH B ilJefiHMaHoB

CKHX MaTpllQHb!X aneMeHTaX aMilJIHTY,llhl pacceHHllfl, IlonyqeHbl penflTH

BHCTCKHe a11anorH CilHH-op6HTaJIDHhlX H T6H3OpHb!X CHJI. 

2. Ha OCHOBe KBa3HilO~e11uHaJIDHOrO ypaBHBHHH ,llJIH CHCT6Mbl 

,llBYX wep.MHOHOB pa3BHT napunaJIDHb!H ilJOpMaJIH3M, I!onyqeHa CHCTeMa 

napuHaJIDllhlX ypaBHBHHil ,llJIH COCTOHHHfi c IIOJIHhlM CllllHOLI .S = O ll 

s..- :i. npH HaJillQllH cmrn-op6HTaJIDHOro H T6H3OpHoro KBa3llilOTeH-, 

UllaJIOB, 

3. IloKa3aHO, QTO MO,ll6JID B6KTOpHOfi ,llOMHHaHTHOCTH C BhlT6KaID

Ul8H na paanolKeHHH ~OPMW8KTopa HYKJIOHa no yHHTapHb!M npe,llCTaBne

HHHM rpynnu JlopeHua MO,llHWllK8Ull6H Ha Manux paCCTOHHHHX, llO3BOJIH

eT OllllC8TD 8KCll6pHM8HTaJIDHbl8 ,ll8HHbl6 llO 8JI6KTPOLl8rHHTHb!M WOPM

ilJ8KTOpaM npOTOHa npH HCllOJID3OBaHHH JilllllD OTKPhlTh!X nerKHX B.6KTOp-' 

HUX M63OHOB ll 6ea llpllBJI6Q6HHH rHnOT6THQ6CKHX Q8CTHU, 

4. Ilp6AJIOlK6H8 ,llllHaMllQ6CKaH L\O,ll6JID waKTOPll8YDUIHXCH KB8pKOB 

AJIH OilHCaHllH 8CID,1.IlTOTllQ6CKOro IlOB6A6Hllfl ilJOPMWaKTOPOB COCTaBHb!X 

qaCTHU •. IlpO,ll6MOHCTpllpOB8HO xopomee OilllC8Hll6 B p8MK8X 8TOH MO

A6JIH 8JI6KTpOM8rHHTHb!X WOPM~8KTOPOB Tr -M63OH8 H npOTOHa. 
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5. B AHCcepTaUHH nonyqHJI ,ll8JIDHefimee p88BHTH6 penHTllBHCT

CKHtt 148TO,ll KB88llKJiaCCHQ6Cl(OrO npH<5JIHlK6HllH AJIH KOH6QHO-p88HOCT

HOro KB88HllOT6HUH8JIDHOro ypaBH6HHH B peJIHTHBHCTCKOLI KOHWHrypa

UHOHHOLI npe,llCT8BJI6Hllll. ITonyqeHO penHTHBHCTCKOe LIOAHWHUHPOB8H

HO6 YCJIOBH8 KBBHTOBBHHH ,llJIH llOT8HUH8JIOB 38llllp8DUl8ro Tllna. C 

ero llOMOUIDD B p8MK8X KB8pKOBOi MO,ll8JIH Buqucneau cneKTP Mace ll 

Tp86KTOpHH P6,lllK6 B6KTOPHhlX M63OHOB, Ilp8,llCK888HO CYUl6CTBOB8HH6 

HOBNX BO3<5ylK,ll6HHb!X COCTOHHHfi no p8,llH8JIDHOMY ll op6HT8JIDHOMY 

KB8HTOBb!M 'IIHCJI8M ,llJIH y., ~ f, JP H 'if} - ceuettCTB B6KTOP

Hb!X QBCTHU, 
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