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BBenenue

AxtyanabpHocTh pabotbl. Muoroksanrosas (MK) crnekrpockonusa SAMP [1]
siBJIsieTcst 9PPEKTUBHBIM METOJIOM JIJIsI U3YUEHUsT TPOCTPAHCTBEHHOIO Pacipe-
JleJIeHUsT sIIEPHBIX CUHOB B TBEP/BIX Tenax |1, 2, 3]. MK AMP orkpeiBaer
HOBbIE T1yTU JIJIsi PEIeHUs] Pa3JIMUHbIX 1PobJeM KBaHTOBOW uHbOopMaTuku [4].
B ugactroctu, B 3kcrnepumenTe MK AMP moxkHO Hab/01aTh BOSHUKHOBEHUE U
POCT KOPPEJUPOBAHHBIX KJIACTEPOB Ha 1OjroToBuTebHOM 1epuojie MK skcie-
pumenta AMP [5, 6, 7, 8] u ux jexorepeHnuo Ha meprojie cBOOOIHON IBOIOIHUI
9, 10, 11].

O1HOMEpHBIE CHCTEMBI SIJIEPHBIX CITMHOB SIBJISTIOTCST TPOCTEATITNMEI CHCTEMA-
MU JIIs m3ydeHns auanaMuku u pegakcarun MK korepenatrocreit AMP. Pazpu-
THe aHAJIUTUIECKUX U dncjaeHHbIx MeTogoB MK qunavukn n penakcanun 8 MK
skcrepuMenTax fAMP gBisgercs akTyaJbHBIM HaIIpaBJICHHEM B HCCJIEIOBAHUN
PUBUKO-XMMUUIECKUX CBOWCTB BEIIECTBA, KBAHTOBBIX KOPPEJIANUI U KBAHTOBOM
KOMMYHUKAITAH.

Crenerb pa3pabOTaAaHHOCTH TE€MBI MCCJIEAOBAHMUS. B 00JIbIIMHCTBE pa-
oot o MK AAMP wnccienyrorcst MajoCnHOBBIE TPEXMEPHBIE CUCTEMbI, UTO OI'Pa-
HAYWBAET UX BO3MOXKHOCTH JIJIsT MHTEPIPETAINU SKCIIEPUMEHTAJIbHBIX JTaHHbIX.
PaGora [1] Mmoxker paccmarpuBaThCst Kak HepBasi JOCTATOYHO OJIM3Kast K TeMe
uccaeoBanns. B 9Toil sKcrepuMeHTa IbHON paboTe OJHOMEPHbIE CHCTEMbl He
rceeoBach. OJJHOMEPHBIE CHCTeMbI ObLIN KUCCeI0Banbl no3Hee [12, 13]. B
OJTHOMEPHO# OJTHOPOJIHOM TeTI0YKe TOJyIeHO aHaJuTIHIecKoe perenne s MK
aunamuku AMP Ha nojgrorouresbHOM 1epuojie (B npub/iMKeHUn B3auMo,Ieii-

cTBUs OJIMKAMIINX cocejieil ¥ IIPU M3HAYAJBHO TEPMOIMHAMUICCKU PaBHOBEC-



HOM COCTOsiHMM). B cooTBeTCTBUM ¢ HUM B cUCTEME HPUCYTCTBYIOT T0OJIbKO MK
korepenTHoCTH TOpsijiKoB 0 u +2 [14, 15, 16, 17, 18]. Tozanee Gbuia paspabo-
TaHA AHAJOTHYHAS TE€OPUS W JJIsi CJIydast aJbTePHUPOBAHHON Menoukn (T.e. ¢
JIByMsI KOHCTAHTaAMI CBSI3U MEXKJy OJIMXKAUIINMKU COCEJISIMU, UePeIyIONNMUCS
BoJib 1enouku) [19, 20]. Ocramucs wewnccnenoanabiMu pestakcarus MK kore-
PEHTHOCTEH 1 €€ OPUEHTAIIMOHHAS 3aBUCUMOCTD. DTH BOIIPOCHI UCCIEAYIOTCS B
HacTosIeil padbore. BoJibllioe BHUMaHKE yJIe/s1eTcs TaK:Ke CPaBHEHHIO C dKCIIe-
PUMEHTAJIbHBIMU JIAHHBIMU.

Lenp n 3agaum paboTsl. [lennio paboTh gBIsIeTCs WCCae0BaHNe JInHA-
MUKI ¥ PeJaKCAIIMH MHOTOKBAHTOBBLIX KorepeHTtHocreit FAMP B ojgHOMEpHBIX
CIIUHOBBIX IEMOYKAX, WX 3aBUCHMOCTH OT OPHEHTAIMH 00pa3ija BO BHEITHEM
MATHUTHOM II0JIE U JIJTUTEJIbHOCTEH IIOr0OTOBUTEIHLHOTO IIEPHOJIA U IIePUOIa, CBO-

6o/1H0# HBOsIOIMK. B pabore pemanch cieyionme 3aaun:

e Pacuér unrencupnocrun muoroksanrosbix (MK) korepentHocTeit B 9KC-
nepuMenTe ZAMP B omHopomHoil ogHOMEpPHOIl IEeImovYKe B 22z-MOJEJH Ha
HEPUOEe CBODOHOM 9BOJIIOIUN B 3aBUCUMOCTU OT JIJIMTEIbHOCTEN 11010~

TOBUTEJILHOIO TEPUOJIa U TEPUOA CBOOOIHON IBOJIIOINAHN.

e DBpniuucienue Bropbix mMomenToB dopm Jsmauit MK korepenTnocteit u
PacCUET CTAIMOHAPHBIX 3HAYEHUIT WHTEHCUBHOCTEI (SHaquHI‘/’I pu 00JIb-
IO¥ JITTEJILHOCTH TIePUOJIa CBODOHOMN 9BOJIIONHUH t), KOTOPBIE SIBJISIOTCS
OCHOBOI1 J1JIs1 TIOCTPOEHUS 1101y (PEHOMEHOJIOINIECKON TeOPUH PeslaKCalliu
MK korepenTHOCTEll B TaKUX LEIOYKAX Ha IIePUojie CBODOIHOM 9BOJIIOIUN

MK skcnepumenTta AMP.

e Ucciieosanue 3apucumoctu junamMuku MK korepenThocTeii or opuenTta-

MU TTeITOYKH.

e llccienosanne qunamukn MK KorepenTHOCTEl Ha IOANOTOBUTEIHLHOM IIe-

puoOJie B HEOJHOPOJIHBIX MEIMOYKaX.



Haygnass HoBn3Ha. B pabore pazpaboraH OpuruHaJjbHbI METOJ UCC/Ie-
jpoannsg MK nuHaMukyM u pejakcalny, OCHOBaHHBIN Ha (DepMUOHHOM IOJ-
xojie Ha mojaroropuresibHoM mepuoge MK skcmepumenta AMP [16, 17] u zz-
npubsinkenusi [15] a nepuojie cobosHoit ssosonun MK skcnepumenta dAMP.
Pazpura nosydenoMmenosiornieckast Teopus pesnakcanun MK KorepenTHoCTEI B
OJIHOMEPHBIX CHCTEMAaX, UCIIOJIb3YIOIIas BIIEPBbIe PACCUUTAHBIE BTOPhIE MOMEH-
Tl gopMm Jinauit MK KorepeHTHOCTell B TaKuUX cucTeMax. Brepblie Iposejie-
HO uccJiejioBanue 3apucumoctu jJunaMmuku MK korepenTHocreit oT opueHTaium
JUIST CJIy9ast OJJHOMEPHBIX cucTeM. [IpuMeHén opurnHabHbI YUCIeHHBIIT MEeTOI
pacuéra BTOPBIX MOMeHTOB hopM Jaunnit MK KorepenTHocTeil, yInThIBAIOTI
rereposijiepabie B3aumoeiictsus. [losydeno Trounoe pemenne st MK jqunamu-
KI Ha MOJATOTOBUTEHLHOM IIEPHUOJIE B MEMOYKaX C TPOU3BOJHHBIMI KOHCTAHTAMMI
AJIB.

Teoperuveckasg m nmpakTudeckas 3HAYNMOCTh paboTbl. Pabora HO-
CUT TeopeTHYecKuii xapakrep. B Hell copepKuTcst 3aBepIiéHHOe UCC/IeI0BaHNIE
muHaMuKy 1 pesakcannu MK korepentnocreit ZAMP B 0lHOpOJIHBIX IemovyKax.
Buepsbie pazpaborana 1oJsydenoMenoiornieckas reopusi pesaxcaiun MK ko-
repeHTHoOCTEl Ha rnepuoje cBoboaHoit sBosioimn MK skcepumenta AMP. Tak-
»Ke BepBbIe uccienopana nuHamuka MK korepertrnocreit AMP B omnOMepHBIX
CUCTEMaX B 3aBUCHUMOCTH OT OPHEHTAIMK OTHOCUTEIbHO BHEITHEI0 MarHuTHOI'O
nosisd, 1 MK npunamuka JMP ma nmojaroroButenbHOM Mepuoje B HEOJHOPOIHBIX
1enovukax. Pazpaboranubie TeOpeTHICCKIE METO/IbI IIPEJICTABISIIOT UHTEPEC JJIst
uaTepuperamuu MK skcnepumentoB AMP u pa3BuTus HOBBIX IIOJIXOJOB B 3a-
Jlagax KBAHTOBON Teopur MH(MPOPMAIIUH.

MeTtoaosioruda U MeTObI JUCCEPTAIIMOHHOTO MCcJieJoBaHudA. B pa-
boTax, HA KOTOPYIO OMUpAaeTCs HacTosee uccaenopanue [16, 17], pesyabrars
no jpuHamuke MK korepenrnocreit AMP Ha nogrorosuTenbHOM nepuoe ObLIn
110JTyeHbl yTéM IpuMeHeHus npeobpasosanust opana-Buraepa. B riasax 2
u 3 uccienoBasiach quHamuka MK korepenrHocTeit Ha nmepuoje ¢cBoOOHOI IBO-

JIIOIIMN HECKOJILKMMUW METO/JJaMU: IIpUMEHAIaCh £2Z-MOJIEJIb, B KOTOpOﬁ OT6paCbI—



Baercs Guui-QJIoll 4acTh raMUJIbTOHUAHA (BO3MOXKHOCTD TAKOIO 1PUOJIMZKEH sl
JIOKa3aHa B jucceprannu npu Bbhraucjaennn MK korepeHTHOCTH HyJIEBOIO MO-
psIJIKa), B PE3yJbTaTe 9ero OCTABIIUECS WIEHBl KOMMYTHDYIOT JIDYT C JPYTOM,
YTO TMO3BOJIMJIO aHAJIUTUYECKU paccuuTarh uHTeHcuBHOCTH MK KorepenrtHo-
creil Ha Iepuojie CBOOOJIHON BOJIIOIUU; ¥ MOJY()EHOMEHOJIOINIeCKas Teopusl,
MCIIOJIb3YIONIAs OITBEPXKIEHHBII SKcIepruMeHTabHO rayccos criaj MK kore-
peHTHOCTEil Ha mepuojie ¢cBOOOIHOM 3BodToInd. [lapamerpsl aToro cnaja (Bbipa-
JKaeMmble, B 4aCTHOCTH, Yepe3 BTOpoil MOMeHT (hOPMbI JIMHUK) BbIYUCJICHbI aHA-
JINTUYECKU C MCIOJIb30BaHneM (hepMHUOHHOIrO mnpejcraBienus. B riiaBe 4 Obui
MCIIOJIb30BAaH YUCICHHBIN METOJ JIJId PacdéTa 3TUX BTOPHIX MOMEHTOB C YUE-
TOM TeTeposiiepHOro B3aumojeiicTeusi. B rimase b uccienosana jguanamuka MK
kKorepeaTHocTeit IMP B HEOTHOPOIHBIX MMENOYKAX METOMAMU, UCIOJIL3YIOMIMI
pesyibrarel [16, 17]. Teoperuveckue uccsiepoBanus rias 2-4 pazpabarbiBaauch
¢ yUETOM SKCTIIEPUMEHTATBHBIX JAHHBIX (B 0COOCHHOCTH MOJIY()DEHOMEHOIOTHHe-
CKasi TeOpHsi IJIaBbl 3).

HOJ’IO}KGHI/ISI, BbIHOCHMMbIE Ha 3alluTy.

1. Unrencusnoctn MK worepentrocreit AMP (nopsizikos 0 n 42) Ha me-
puoje sBoJiorun MK skcnepumenta AMP B KOHEUHBIX OTKPBITHIX CITH-
HOBBIX IIEI10YKaX B paMKaX Z2-MOJIeJIU U NPUOJIMXKEHUN B3auMO/IeHCTBUS

OMMKAUIIIX Coceleil.

2. Penakcamus MK korepearnocreit dAIMP na mepuojie ¢BoOOIHOI 9BOJIIO-
nuu. Teopernueckoe BbIpakeHue JJisi OCTATOYHON (CTAIMOHAPHO#) MH-
rercuBHOCTH MK KOrepeHTHOCTH HYJIEBOTO TOpsijiKa JIJIsT OECKOHEUHBIX

HEeIIO4YEeK N KOHCYHBIX IEIIOYEK HpOI/ISBOﬂbHOﬁ JJINHDBI.

3. Bropnie momenTnl dopm sunuit MK korepentnocreit IMP nyneBoro u
+ /- BTOPOro HOPsIKOB B OjiHOMepHO# cucreme. [losydenomenosoruye-
CKasg Teopus JUNOJbHON pesakcarmuu MK korepenTrHocreit HynaeBoro n

BTOPOT'O MOPAJIKOB B OTKPBITON JIMHEWMHONW CIIMHOBOM IEIOYKE.



4. OpueHranyonHasi 3aBUCUMOCTL uHTeHcupHOcTeit MK korepenTHocTeit

AMP.

5. Teopusi MK nunamuxkn ZMP B HEoJHOPOJHBIX CIIMHOBBLIX IEIMOYKAX C

IIPOU3BOJILHBIMU KOHCTAHTAMHU B3aUMOJIEHCTBYSI OJIMXKANIINX COCEIEN.

CrpykTypa 1 00bEM auccepraiuu. /luccepraliys COCTOUT U3 BBEJICHUSI,
ISITH TJIaB, BBIBOJOB M CIIMCKA MCIIOJB30BAHHOM JiuTeparypbl u3 71 O6ubsimo-
rpadgurdeckoro HanMmeroBanust. [lepBast rmaBa comep>kuT 0030p JIUTEPATYPHI TTO
9KCIEpUMEHTAIbHBIM 1 TeopeTndecKuM Mmetogam MK AMP. Bo BTopoii rmase
paccmarpuBaercs pesakcariust MK korepenTHocTeit Ha riepuojie cBoOOIHO 3BO-
JIIOIIMH B 22-MOJICJIM B OJHOMEPHBIX IIerovuKax. B TpeTbeil riase paccunThbIBaIOT-
cst Bropble MoMeHThI (popm Jinuuit MK korepenTHocteit ¢ yuérom daun-dJiorn
JacTU TaMUJIbTOHKaHA. B 4eTBépToil riiaBe paccMaTpuBaeTCs OPUEHTAITMOHHAS
3aBUCHMOCTDH JIMHAMUKKU U penakcannn MK korepeHTHOCTEH B OJJHOMEPHBIX TIe-
noukax. B maroit ryiaBe paccMmarpuBaeTca auHamuka MK korepenTnocreit na
I0JITOTOBATEILHOM TIEPHOJie B HEOTHOPOIHBIX Ienodkax. B 3akmouenuu cdop-
MYJINPOBAHBI OCHOBHBIE PE3YJIbTATHI, TIOJyIeHHBIE B JUCCEPTAINN.

Huccepranusa comepKut 83 cTpaHunbl, 16 puCyHKOB.

CreneHb JOCTOBEPHOCTU U ampodaiuda pe3yabTaroB. OCHOBHbBIE pe-
3yJIbTAThl, N3JIOXKEHHbBIE B JIUCCEPTAIUH, OIyOJMKOBAHbLI B 6 CTAThsIX B BBHICOKO-
PETHHIOBBIX XKypHaJsiax, pekomerjyeMbix BAK PO (paborsr [21, 22, 23, 24, 25,
26]). Crarbu |21, 22, 23, 24, 25| comepKar cpaBHEHUE MOJTYICHHBIX TEOPETHIC-
CKUX PE3yJIbTATOB € dKCIepuMeHTabHbiMuU, 11oJydeHubiMu B QUL TIXD u MX
PAH coasropom crareit C.I. Bacuibenim. [lokazano xoporiee coryiacue Teope-
TUIECKUX 1 SKCIIEPUMEHTAJIbHBIX JaHHBIX. MaTepuabl JUCCePTAIH JOKJIaIbI-
BaJnch Ha Mexxiynapoinoit Mmosiogexxnoit nayuanoit IIkose “Axkryasibabie mpo-
OJ1eMBbI MAPHUTHOTO pe3oHanca u ero npuMenenne’ (Kazanb-2016, Kazanb-2018,
Kazanb-2019) n Mexynaposnoit kondepenimu “MaremMarnaeckoe MoJenpo-

BaHUe U BhIaucanTe bHasd Gusnka’ (MMCP2017, Ty6na).



JImanbiit BKJIaa aBropa. [locranoska 3ajiad u popMysIMpoBKa, BbIBOIOB
BBIMTOJIHEHBI aBTOPOM COBMECTHO ¢ HAYUYHBIM PYKOBOJUTENEM. ABTOPOM JInU-
HO BBITIOJIHEHBI: pa3paboTKa MeToja BblumcjaeHus penakcanun MK xorepent-
nocreit IMP na nepuose sposonuun MK skcriepumenta AMP B ognomepHOI
IeIoUKe; pa3paboTKa aHAJIUTUICCKUX METOJIOB BBIUMC/IEHUS BTOPBIX MOMEHTOB
dopwm munnit MK korepenrnocreit AMP; 0b6o01ienne meroia Borauciaenust MK
korepeaTHocteil AAMP na cinyvait pasmuunbix korctanT /1B Mexmay cocemnn-
MU CIIMHAMU B II€II04YKe; pa3pabdoTKa 110J1ypPeHOMEeHOJIOIMYEeCKO Teoprun pesiak-
carmmu MK korepenrrnocreit AMP nHa nepnojie ¢cBoOOIHOM IBOIIONNH. YNCIEHHOE
nCCIeIoOBaHIe OPUEHTAITMOHHON 3aBucHMOCTH penakcanun MK KorepenTHocTei
AMP nyrém pacuéros Brophix MomeHTOB (hopm Junuit MK korepentHocTeit
AMP B ognopomHOit 1enouke m3 16 cIMHOB; MpOBeJEHNE CPaBHEHUS TEOPETH-
YECKUX Pe3yJIbTaTOB € dKCIepPUMEeHTaJIbHbIMK JaHHbIMU. Hanucanue crareit n
OIyOJIMKOBaHME PE3YJIbTaTOB B HAYUHBIX »KYPHAJIA, BBIIOJHSIOCH COBMECTHO C

COABTOPAMHU.



I'maBa 1

JKCIIEPUMEHTAJbHBIE U TEOPETUYECKUE
MeToabl MHOTOKBaHTOBOro AAMP (O630p

JTATEPATYPHI)

B nmapHO#l Ty1aBe ¢ TEOpPETUUYECKON TOYKU 3PEHUsl PACCMATPUBACTCA OIUH U3
TUIIOB 9KCIIEPUMEHTa, 110 MHOrOKBaHTOBOMY fAMP npumenuresibno K ojiHoMep-
HBIM CHCTEMaM, KpaTKO H3JIarafoTcs TeOpeTuIecKne NCCaeIoBaHusl, Ha KOTOPbIE
ONMPAETCs] HACTOSINAs JUCCEPTAIsI, U BBOJSITCS YCJIOBHBIE 0DO3HAUEHUS, HC-

MOJIb3yeMble B JlaJIbHEHUIIEeM B HACTOAIIEH JTUCCepPTaIun.

1.1 IIpunnunst mHorokBanToBoro AAMP u ero

BO3MO2KHOCTHA

HaszBanne “muoroksantosnliit AMP” noguépkuBaer, 4To B HEM MPOUCXOINAT TI0-
PJIONIEHUE HECKOJIbKUX KBAHTOB 3JIEKTPOMATHUTHOIO 110151 [27]. D10 cunranocs
BaXKHBIM TOT/a, Korja IMP-cekrpoMerpsl ¢ HepepbIBHBIM 00JIyUeHeM (aH-
1. continuous-wave) BCE €Ié MupPOKO MCIOIb30BAIUCE. DTO, OJIHAKO, HE O3HA-
JaeT, 4TO JIJIs OIMMCAHUsI METOJOB, YIIOMUHAEMbIX B HACTOAIIEH JUCCEPTAIUH,
Tpebyercst KBaHTOBaTh BHeriHee pajuodacrornoe (PY) nose, n B Hacrosieit
muccepraruu PY nosie cauraercs kinaccnaeckuM. (C narmedi Touku 3perns, MK

n oaHoKBaHTOBBIM AMP ornmuatorca apyr ot japyra Tem, uto B ciaydae MK
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AMP BO3MOXKHBI 1IEPEXOJIbI MEXK LY YPOBHSIMU CIIMHOBOM CHCTEMbI (§ = %) C U3-
MEHEHUEM TPOEKIUU YTJIOBOI'O CITMHOBOTO MOMEHTa Ha HallpaBJIeHWE BHEITHEro
MarHUTHOTO TI0JisT 6OJTBINE, TeM Ha eJMHUILY.) Y TOMUHAEMBbIe 371ech MeTo bl MK
AMP BocxojsiT K Kiaccudeckoii pabore [1].

Kiaccuueckue meronbl AAMP, npexie Bcero, cmaj; CBOODOJHON MHIYKIIHH
(CCN), onuchiBaroTcsi HEOOJBIIOH YACTHIO 3JIEMEHTOB MATPUILbI IJIOTHOCTH CH-
CTEeMbI U3-3a OIPAHUUEHHOIO UMCJIa, HEHYJIEBBIX MAaTPUIHBIX 3JEMEHTOB ITPOEK-
1MOHHBIX oneparopos [28]. B pesysbrare undopmanus, 3aKJI0UEHHAS B ClIK-
HOBOI cucTeme, U3 KCIepUMeHTaIbHBIX JanubiX AMP n3siekaercs ne morHo-
cThio. B TO ke Bpems cocrosinune cnnHoBo# cucteMbl B MK skcnepumenTte SAMP
MOXKET ONPEJIeJIATHC BeeMy (MJIM MOYTH BCEMU) SJIEMEHTAMU MaTPHUIbI [1J10T-
HOCTH B 3aBHCHUMOCTH OT HCIOJIB3YeMbIX MHOTOMMITYJIbCHBIX IOCJIEIOBATEIb-
HOCTell, KOTOphiMU 00Jiydaercst cucreMa. Takum obpazom, MK skcriepumeHTbI
AMP nosBosigroT mosyunuTh 00JibIle HHPOPMAIUU, YeM CTaHIaPTHLIE METOIbI
AMP.

BazxkuejimumM nonsiTueM MHOTOKBaHTOBOM criekrpockornu IMP [29, 30| sB-
JIsieTsI IIOHSITHEe MHOI'OKBAHTOBOW KorepenrTHocTu. Ilo onpejenenuio, B cucreme
MPUCYTCTBYET MHOT'OKBAHTOBAs KOT'EPEHTHOCTh N-0r'0 MOPsijiKa, eCJii B €€ MaT-
pHlle TJIOTHOCTU €CTh HEeHYJeBble 3JIEMEHTBI p;j JJId ¢, j TaKUX, YTO Pa3HOCTb
IPOEKIMIl yTIOBOTO CIIMHOBOIO MOMEHTa B COCTOsiHUSIX |1}, |7) pasua n. [29, 30].

Ilepponauasibno merosbl MK crnekrpockonun SAMP Oblin pasBuThl JIMIIL
JUIsl U3YyYEHUs JIMHAMUKU CUCTEM, KOTOPbIE COCTOSIIM U3 HECKOJbKUX $iJIEPHBIX
CIIMHOB B MOJICKYJIaX, PACTBOPEHHBIX B HEMATHICCKUX YKUJIKUX KpucTaiax [30].
B Takux MoJjiekyJiax 1IpU COXPaHEHUM TPAHCJSIMOHHBLIX crereHeil cBoOojibl B
3HAYUTEJbHON CTEIIeHN OTPAHMINBAJIUCH BHYTPUMOJIEKYJIAPHBIE PEOPUEHTAITH-
OHHBIE JIBMKEHUs. B pe3ysbrare OCHOBHBIME (He YCPETHEHHBIME MOJIEKYJISIPHBI-
MU JIBUKEHUSIMHI ) B3aUMOJIEHCTBUSIMI B CITMHOBOM CHCTEMe CTAHOBUJINCH BHYT-
PUMOJIEKYJISIPHBIE JUTONb-uTobHbIe B3aumoseiicteust (IJIB). [Ipumenenue
MK crniekTpockornu K OIUChIBAEMOI CUTyallluK 1MO3BOJISIIO 3HAYUTE/ILHO YIIPO-

ctuTh 00bruHbIe (OMHOKBaHTOBBIE) crekTpbl AMP. Tak, Hampumep, oObraHbBII
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cuektp AMP mosiekysi 6eH30/18, PACTBOPEHHBIX B HEMATUKE, COCTOUT U3 OOJIb-
IOr0 YKUC/Ia TEePEKPHIBAIONIMXC JIMHUI 1 CJIoKeH Jiist anau3a [29]. B ro ke
BpEMsI IECTUKBAHTOBBIN CIEKTD OEH30J1a COJIEPXKUT JIMIIhL OHY JIMHHIIO. V3Me-
peHune deThipéxkBaHTOBOrO criekTpa AMP rnpejcrapiser KoMinpoMuce Mex Ly
VIPOIIEHNEM CIIeKTpa U coxpaHeHueM IoJie3Hoit nudopmanuu. Nudopmarus,
nosyudentasi uz3 MK AMP crekTpos BbicOKOro 1mopsijka, objerdaer nHTepipe-
ranuio MK crekrpos 6osiee Hu3KOro mopsijika u o0braubix crekrpos SAMP [31].
Cpemu apyrux npumenennit MK SIMP K Majio9aCcTUIHBIM CIIMHOBBIM CUCTE-
MaM oTmernM pabory [32|, rjae moapodHO M3yueHa TOMOJOTHS CBsI3ei MEX Ty
CIIMHAMH, & TaK>Ke METOJ/bI MoJydeHus crnekTpoB fAIMP BbIcOKOTO pasperienns
IIPU 3HAYUTEJLHONW HEOHOPOIHOCTH BHEITHErO0 MAarHUTHOrO 1oJisi [33, 34].
[Ipumenenne MK cnekTpockonnu SIMP K MHOTOCIMHOBBIM cuUCTEMaM I103-
BOJINJIO, UCIIOJIb3YSl PsiJ MIPUEMOB U3 IKCIIEPUMEHTOB 110 OOPAIEHUI0 BPEeMEH!
135, 36], ucciemoBarh TMHAMUKY MHOTOCIHHOBBIX KOPPEJIANUil B TBEPIOM TeJIe.
OJ1HO M3 TAKMUX MCCIEOBAHNN TTPOBEJIEHO HA, CUCTEME SIJICPHBIX CITMHOB MPOTO-
nos B agamanTaie |1]. MK crnekrpockonus SAMP B TBEpBIX Tesmax okazasach
LIOJIE3HOM M 1IPU UCCJICJOBAHUN CTPYKTYPbl IIPUMECHBIX KJIACTEPOB B TBEPIbIX
resiax [1, 3. Tak, B [3] yaasnoch ucciiejioBarh pacipe/jieserne IpoTOHOB B aMopd-
HOM TpororupoBanHoM kpemunu (a-Si:H). Ilokazano, 1ro B ucciegoBaHHOM
COEJIMHEHUU MTPEODJIAIAl0OT KJIACTEPbl U3 YeThIPEX-CeME TTPOTOHOB [3].
[IpoBenénnnie ncenenoBanus nokasaau, uro MK crnekrpockomusa AMP aB-
Jisiercst 3PPEKTUBHBIM METOJIOM T10JICUETA, s1JIEPHBIX CIIMHOB B Pa3JIMYHbIX [1PH-
Mecsx, Kiaacrepax u T.71.[37]. B camom jese, Ha HEOOJBIIMX BpeMEHAX TOJIO-
rosutesibHoro 1epuojia MK skcuepumenta AMP obpasyrores Jiumbs MK ko-
repeaTHOoCcTH 1opsiikoB 0 u +2 |1|. MK korepentHocTr 60J1€€ BHICOKHX MOPS/I-
KOB 00pasytoTcs mo3nuee. Kcian, HanpuMmep, Tpu U3y YeHUU CTPYKTYPBI IPUMECH
BO3HUKAIOT KOT'€PEHTHOCTH IIECTOrO TMOPsijiKa, HO HE BbIIE, TO MOXKHO yTBep-
>KJIaTh, 9TO B MOJIEKYJIaX U3ydaeMOil MPUMECH UMeeTCs MEeCTh SIIePHBIX CITMHOB
(s = 1/2). DroT METOJ HNUPOKO UCIIOJIL3YETCsI IPK PEIIEHUH PA3JIMIHBIX 33/a4

dbusuky 1 xuMuu TBEpIOro Teda 37,
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MK crekrpockornust AMP 1o3BoJisier Tak>ke u3ydurb poOCT KOPPEJIUPOBAH-
HbBIX CIIUMHOBBIX KJIacTepoR [5, 6], 3aBUCUMOCTL CKOPOCTH JIEKOI€PEHIINE CUJILHO
KOPPEJIMPOBAHHBIX CIIMHOBBIX COCTOSIHUI M 3aBUCUMOCTH CKOPOCTH JIEKOI€pEeH-
UK OT YKUCJIa KOPPEJIUPOBaHHbIX ciiuHOB [5, 11].

B nepgoii pabore mo MK AAMP [1| npenckassiasics rayccos mpoduis MK
korepentnocreit AMP, 1.e. unrencusnocrs MK korepentTHocTu k-Toro rnopsjka
Jy. umeer sujt aexp(—bk?) ans Hexoropwix a, b. B pesymbrare us cpasHeHus
sKciiepuMeHTabHoro npoduiisi MK korepenTHocTeil ¢ coorBeTcTBYIONIEH rayc-
COBO#I (DYHKIIMEH MOYKHO HANTH YMCII0 KOPPEJUPOBaHHBIX crnHOB |38, 39]. Xorst
BBIBOJI O rayccoBoM npoduiae MK KorepeHTHOCTEl B HEKOTOPBIX CJIyUasix dKC-
IEPUMEHTAJILHO TOJITBEPXKIEH [8], BO MHOIMX TBEDJIOTEJIbHBIX CUCTEMAX ITOT
npodiib cKopee skcronenimanbubiii |7]. IIpobiaema dopmer mpoduas MK ko-
repertnocreit AMP ocraéres nepeménnoit jio cux nop. Ilporpecc B perenun
sroit pobsiemer jocturayT B |40] npu uccaemoanun MK munamuku dAMP B
Hecepraeckoii HaHOIOpe, 3all0JHEHHOM Ia30M CIMH-HECYIUX MOoJjieKkys (Ha-
npuMep, kcenonoM ). I[lokazano, aro B arom cirydae mpodunb MK korepenTro-
creit SIMP siBiisiercs skcnonenipaibabim [40).

MK AMP ngan BO3MOXHOCTH CBsI3aTh KBaHTOBOMEXaHUYECKYIO 3allyTaH-
HocTh ¢ MK korepentHoctssmMu. CHavaJja 3Ta CBA3b ObLIa YCTAHOBJIECHA JIJIsT
cimnoBbix nap [41, 42, 43]. Ha ocuose undopmanuu Quinepa [44, 45| 6blia
FCCIeI0BaHa MHOTOCTIMHOBAS 3ayTanHOCTh |46, 47| meromamun MK AMP. D10
UCCJIe/IOBAHKE UCIIOJIb3yeT (haKT, YTO HUXKHss I'panuiia nndopmainu Duiiepa
paBHa yJBoeHHOMY BTOpoMy MoMmenTy npoduis MK koreperrrocteit AMP [46].
[Tokazano Taxkxe [48], uro ¢ nomorpio undopmanuu Burnepa-Auace [49] mox-
HO MCCJIe/IOBaTh MHOIOCIIMHOBYIO 3aIlyTAHHOCTDL: €CJIU TEeMIEPaTypa CHCTEMbI
pasua 1, To uadopmarus Burnepa-fnace paBHa BTOpoMy MOMEHTY CIEKTPa

npu Temrepatype 27
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1.2 MuorokBauToBbiii (MK) skcmepumMenT
AMP

B MK skcnepumente IMP [1] Bo3sMokHO M3MepuTh Tak Ha3biBAEMbIE WHTEH-
cusHoct MK KorepeHTHOCTH, KOTOpBIe YaCTUIHO XapaKTEPU3YIOT COCTOTHHE
cucrembl . B pabore [1] onucan MK skcuepument no dAMP B TBEpbIX TesaX.

OTa paboTa IOCJYKIJIa OCHOBOH i MHOIUX Apyrux npumenenuit MK AMP.

Cxema MK skcnepumenta AMP

MK skcuepument AMP cocrout uz 4 1epuojios: 10Jr0TOBUTE/ILHOIO, CBODO/I-
HO¥i 9BOJTIONMN, CMeluBaHust 1 jierekTupoBanus |1|. Ha mogrorosurensHom me-
puojie (0603HAYUM ero JTTUTENbHOCTD Yepe3 T) CHCTeMa MOJBepraeTcs: 0bJIye-
HUIO TOC/IE0BATEIHHOCTHIO PE3OHAHCHBIX PAINOTACTOTHBIX WMITYJIHCOB. DBO-
JIOIHsT CHCTEMBI OMUCHIBAETCs OmepaTopoM spostionuu U(T), ompeessieMbim
nocsiesioBaresbiocrbio PH nmmnynbcos.Ha nieprosie ¢coboroit spodtornuu (060-
3HAYUM €r0 JIJTUTEJbHOCTD depe3 t) cucTeMa He 00Ty daeTcst U 9BOJIIOIHOHUDPYET
1101, jieficrBueM raMusibronnana Hy (B Hacrosiedl juccepraiy B HEM yIuThiBa-
FOTCS TOJIBKO CeKYJIsIpHAS IaCTh JUIONb-JIUI0NbHOTO B3aumoseicrsus (/1/1B)
Mex Ty crimiamu ). Ha meprojie cmernuBaiust cucreMa CHOBA TOJIBEPTaeTcst 00JIy-
YEHWIO MTOCJIEIOBATEILHOCTHIO PAIMOTACTOTHBIX UMITYJIHCOB. [IycTh €€ 3BoJiio-
IUsT Ha 9TOM MEPUOJIe OMKUCHIBAETC s oneparopoM spoJtoruu V (7). Ha mepuose
JIETEKTHUPOBAHUST TOJIAETCST UMITYJILC, TOBOPAYMBAIONINI HAMAIHUIEHHOCTD CH-
cTeMbl Ha /2 (7 /2-UMITyJIbC), 9TO MO3BOMISIET H3MEPUTH HAMATHUIEHHOCTD CH-
CTEMbI, KOTOPasi JIO MOJIa91 9TOIO UMITYJIbCs Obljla HAIIPABJICHA BJIOJIb BHEIITHETO
MArHATHOIO IOJIsA. SHAYEHHNE 9TOH HaMArHUIeHHOCTH OyJIeT MPOIOPIHOHAILHO

BeJIMYNHE

M, =TrLp(r,t,7") =
= Tr LV (1) exp(—i Hit)U (1) p(0)U ™ (1) exp(e H t) VT (1), (1.1)
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rie uepes p(7,t,7') obozHaueHa MaTpUIA ILUIOTHOCTH LOCJHE TPEX HEPUOJIOB

MK skcnepumenta, I, = Z[f, I7 - omepaTop MPOEKIUK YIJIOBOTO CITMHOBO-

ro MOMEHTa sijipa i Ha och z. VHTepec mpejcrasiser ciaydaii, korma V(1') =
exp(—ipl, )UT (1) exp(ipl,). Torpa (nosb3ysich Tem, 4To0 Jijist JHOObIX OlepaTo-
pos A, B Bepunl coornomenust Tr AB = Tr BA u tem, uro A KoMMyTHpyer ¢

exp A), nosiyuaem

M, = Tr I, exp(—ipl ) U" (1) exp(ipl,) exp(—iH1t)U (1) p(0)-
U™ (1) exp(iHyt) exp(—ipl,)U(7) exp(ipl,) =
= Tr LU (7) exp(il,) exp(—iHt)U(7)p(0)-
U™ (7) exp(iHt) exp(—ipl.)U(7) =
= Tr U(7) LU (1) exp(iel.)p(T, 1) exp(—ipl.) (1.2)

Bejiem obozHavuenus Jijist “‘qacreir’” p, Marpullbl IJIOTHOCTA P, “OTBEYAONUX
3a MK korepentHocTh mnopsijika n. Mbl nipejicraBiisieM MaTpPUILy TJIOTHOCTH B
BUJIC CYMMBI MATPHUIL p,, TaK, IYTO B WCIOJB3yEMOM HaMu Oaszuce (CM. HEKeE)
Ka Kbl MATPUYIHbIH 9JeMeHT “lIpUHaJIeKUT’ POBHO OJiHO# U3 p, (B ocrab-
HBIX P, HA €r0 MeCTe BCerjia CTOUT HYJb, HE3aBUCUMO OT 3HAYEHUN SJIEMEHTOB
p). PopMasIbHO OHU ONPEJIEIISIOTCs Clie/youM obpasoM. Obo3HaUMM Uepes
|k) = |kika ... ky) smement 6a3uca MpOCTPAHCTBA TUCTHIX COCTOSHUN, ¥ KOTO-
poro k; = 1, ecim -ThIil ClIMH OPMEHTUPOBAH IPOTUB BHEITHETO MArHUTHOI'O
noJist (Bo30yxkIGHHOE cocTosinme), k; = 0, ecium OH OPUEHTUPOBAH BJIOJIb T10-
751 (HeBO3OY XK IEHHOE cocTostHue). Jpyrux 6asucHbix coctosumii Her. Torma mo
ONpEJICJICHUI0 MaTpUIHbIil sjement (j|p,|k) paBen
. (Glolk), 32 Ji = 2 ki =,
(lonlk) = (1.3)
0, nnaue,

T.€. €CIM |J) copepKuT Ha 1 6oJibIe BO3OYXKIEHHBIX CIUHOB, YeM |k), TO coor-
BETCTBYIOIINI MATPUIHDLIN 3JIEMEHT TaKOM 2Ke, KaK U B IIOJIHOW MaTpUIle; nuave
OH paBeH HyJI0. 3aMETUM, 9TO P_, = P, BBUJLY IPMUTOBOCTH MaTPHIL ILIOTHO-

CTH.
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[Tosib3a o1 BBejIeHUs P, BUJIHA U3 CJEJYIONIEINO TOXKJIECTBA:

exp(—ipl,)p, exp(ipl,) = exp(—iny)py,, (1.4)

Hauasibnoe cocrosinue, p(0), upejnosaraercst TepMOJMHAMUIECKH PaBHOBEC-

HBIM, T.€.
exp(bl,)
0) = — 2/ 1.5
e b — be3pasmepHasi oOparHas Temiieparypa, KMEHHO,
hwo
b=— 1.6
kT Y ( )

rie T — remuneparypa, k — nocrosinnasi Bosibiimana, A — npuBejIéHHAsT TTOCTOSIH-
nas [lnanka, wy — (Kpyrosasi) JapMOPOBCKAas YaCTOTA.

B nacrostineil jucceprainmu uCoib3yercs T.H. 6blCOKOMEMNEPAMYPHOE NPU-
bausrcenue. pn b < 1 moxkno paznoxuth skernonenty B (1.5) B psag Teitiopa

JI0 TJIeHA TIEPBOTO TOPSIKA BKIIOTUTENHHO:
exp (bl,) ~ 1+ bL.. (1.7)

[Topcrasum (1.5) u 3arem (1.7) B (1.1) u packpoem ckobku. Jlerko Bujersb, 4o
ckasstpublii wien (1.7) maér nmymnesoit caen B (1.1). Tak kak mosydeHroe Bbi-
parkeHue JIUINb IPOINOPIMOHAILHO HAMATHUYEHHOCTH, TO COMHOXKUTEIL b TO-
YK€ MOYKHO BBIODOCUTD U MOJIB30BATLCSA BBIPAKEHUEM JJIs HAYAIbHOM MaTPUILbI

IIJIOTHOCTHU
p(0) =1,. (1.8)

Tak>Ke 3aMeTUM, UTO UMeeT MECTO IpOocTas pOopMyJa JiJisi KHTEHCUBHOCTE

MK korepenrrocreii G,,(T) Ha HOJAIOTOBUTEILHOM [EPHO/IE:

Gn(T) = Tr pu(7)pn(T)- (1.9)

DTO 03HAYAET, UYTO Ha MOJTOTOBUTEILHOM MEPUOJEe NHTEHCUBHOCTH PABHA CyM-
M€ KBaJpaTOB aOCOJIOTHBIX BEJMYUH JEMEHTOB MATPHI] pp,(T). D1a dhopmy-

J1a O0bACHAECT Ha3BAHUE UHMEHCUCHOCTIU MHO20KEAHMOGVLL %oeepenmuocme{l:
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X X X -X =X -X X X

Puc. 1.1: CxemaTuueckoe IpejicTaBjeHre 8-UMIIYJIbLCHOM II0C/Ie/10BaTe/IbHOCTH,
UCIIOJIb30BaHHOM B [1] 1 B 9KCIEpUMEHTAX, OCTABJIEHHBIX JIJIs IPOBEPKU Pe-
3yJlIbTATOB, W3JIO’KEHHBIX B HACTOSMICH JUCCEPTAIUHN. 4-UMITYIHCHI TPUKJIA IbI-
BalOTCs BJOJb OCU X BpAIalolieiicss CuCTeMbl KOOPJUHAT. T, 27 — WHTEePBaJIbI
BPEMEHHU MEXK]Iy COCETHUMU UMITYyIbCaMu

9TO CyMMa, KBaJIpaTOB MOJyJieil MaTpUUHbIX 3JIEMEHTOB, OTBEYAIOUIUX 34 7T-
KBAHTOBBIE TTEPEXO/IbI.
3ameruM, uto Tr p;p; = 0 mpu ¢+ j # 0, OTKy/1a IOJIydaeM, 9TO CyMMa BeexX

unreHcupHocreir MK korepenTHOCTE# Ha 1OAIOTOBUTEIHHOM EPUOJE PABHA,
D Gu(r) = Trpa(r)p-n(r) =Y Trpi(r)p;(7) = Tr(p()?)  (1.10)
n n 1,J

DTO BhIpaskeHue TaKyKe PaBHO CyMMe KBaJpPaTOB aOCOIOTHBIX BEJIUUMH MAaT-
PUIBI TIJIOTHOCTH p(T), KOTOpasi, BBUJLY YHUTAPHOCTH OIMEPATOPa IBOJIOIWH,

IIOCTOdAHHA.:

Ti(p(7)?) = Te(U(7)p(0)*U(7)") = Tr(p(0)*) (1.11)

B nanbmeiimeM Mbl HOpMUPYEM 3TY CYMMY TaK, 9TO OHa paBHa 1 Ha MOATOTO-
BUTEJILHOM 1lepHojie, He OroBapuBas 3TO ClelHaJlbHO.

B pab6ore [1| ucnosbzoBasachk nepuouaeckast UMILYJIbCHAST TTOCTEI0BATEb-
HOCTb, [IEPUOJL KOTOPOH COCTOUT U3 8 UMILYJIBCOB (CXeMaTHIeCKu n300pakéH Ha

puc. 1.1), natomias cpejHuii raMuIbTOHUAH
Hyo =Y Du(IjL +I1), (1.12)
k<l

re I,j[ — HOBBIIIAIOIIN{ 1 TOHIZKAIONINI OIepaTOpPLI I cruHa k, [+ = [*+ilY,
I - onepaTopbl IPOEKIUN YIJIOBOI'O MOMEHTA JjIsd CIIMHA ¢ HOMEPOM 1M Ha OCb

a(a=u2x,9,2).
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SKCHepI/IMeHTaJIbeIe MO/JeJIn KBAa3NOAJHOMEPHbBIX HEeIIOYeK

OjiHUMM M3 HEMHOI'MX MUHEPAJOB, B KOTOPOM HMEIOTCsl IEIMOYKH aTOMOB C
SUIEPHBIM  CIMHOM  1/2, KOTOpBIE MOXKHO CUUTATh JJOCTATOUYHO H30JUPOBaa-
HBIMU JIpYT OT Jpyra, sBistorcest ruapokcunanatut Cas(PO4)3sOH u dbropa-
narut Cas(POy4)sF. B kaudecTBe sKcriepuMeHTAILHON MOJIEIN KBa3HOHOMED-
HBIX TIeroveK Obl1 BbiOpan (rropamarut. GTopamaTuT UMeeT reKCaroHaJabHyIo
crpykrypy[50]. HAapa dbropa obpasyior JimHelHbE [ENOYKH, HAlPABJICHHbIE
BJIOJTb OCH C KPHUCTAJJIa, C PACCTOTHUEM MEXTy OMKANIIMMU COCeIsIMU B
342 1M u paccrosinuem Mex, 1y Oikaiimumu nenoukamu B 937 um [50]. Tlpu
OpUEHTAINH 1EeMOYeK BJIOJTb BHEITHETO MArHUTHOTO MOJISI TO O3HATAET, YTO KOH-
crautel JIJIB mex 1y 6nmxkaiimumu cocensmu 6ogiee dem B 40 pas3 (KoHCTaHTA
JJIB 3aBucuT OT yriia (o MexKJiy BEKTOPOM, COEJMHSIONINM B3auMOJICHCTRY-
IOITWe CIIUHBI, U BHEINTHUM MarHUTHBIM MOJIEM, a WMEHHO, TaM TPHUCYTCTBYET
MHOXKUTEJIb %;

X CIUHOB M3 COCEJHUX Ternovek) Gosbine koucTant /B Mexty mobbmvu

oH pasen -1 Jyisi cocejiaux cruHoB U 1/2 st Gurokaii-

CIMHAMHU M3 Pa3HBIX IEIOYeK, 9TO JAaéT OCHOBAHUS CUUTATH IEHOYKH IHOYTH
M30JIMPOBAHHBIMU M PACCMATPUBATh UX KaK KBa3UOJIHOMEDPHYIO CUCTEMY.

B rambeprure BesBO3OH rakeke umerorcst nenouku nporonos [51], koropbie
MOYKHO PaccMaTpWBaTh KakK ofgHoMepHbie. OHaKo 9T0 MPUbINKeHrne 3aMeTHO
Xy2Ke, YeM JIJIsI allaTUTOB: PACCTOSHUE MEXKIY IeMoYKaMK Beero B 2 pas3a 00J1b-
I1e pacCTOsTHUsT MeXK/Iy criuHamu BHYyTpHu mernoduku [51] (B 2.7 pasa just dro-
panaruta). Tak kak koncrauta JI/IB obparro mpomnoprunonaibia KyOy paccro-
SIHUAST MEXKJLy JIUIOJISIME, (DOPMAJIHLHO HPHUOJINXKEHNE M30JUPOBAHHBIX IIEII0YEK
oKasbIBaeTcsa Oojiee ueM BiBoe xyxKe. C Jpyroit cTropoHbI, 3Ur3arooOpa3sHOCTh
HEOYEK MO3BOJISIET MOJIYYIaTh HEMOUKY ¢ ABYMHU YePeyOMnMICT KOHCTaHTaM1
JIJIB 6mmkaiinx cocejieil ¥ BJAMATH Ha UX OTHOIIEHHE M3MEHEHHEM OPUEHTA-
IIIY KPUCTAJLIA OTHOCUTEIHLHO BHEITHETO CUILHOIO MArHUTHOTO TOJI, UTO OBLIO

npeJMeToM uccseoBanuii B [52, 53, 26].
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Puc. 1.2: Pacniosioxkenue aromoB ¢gpropa B Kpucrajuie (propanaTuTa

1.3 Teopus MK ZMP ognomepHBIX cucTeM

JInHaMuKa cuCcTeMbl Ha HOATOTOBUTEJIbHOM Iepuogae MK

skcrepumenrta AAMP

B npeanbnom ciaydae cucTeMa SAepHbIX CIUHOB, cBa3aHHbIX /1B, onncoiaeTcs
cpeJiHuM raMusibronnanom suja (1.12)[1].

B npubnmkenun B3anmojeiicTeust GimKaiiux coceseit cymma B (1.12)
orpaHuueHa cjaraeMbIMu ¢ [ = k 4+ 1, 1 €€ MOXKHO CBECTH K TaK Ha3bIBAEMOMY
duun-ion-raMuIbTOHUAHY Ty TEM CMEHBI CIIMHOBBIX KOOP/IMHAT, OIHUCHIBAEMOi

OIIEPaATOPOM:

Unip= [ 21 (1.13)

i=24,...
DTOT OMepaTop ¢ TOUHOCTHIO JI0 3HAKA (UTO HECYIIECTBEHHO MPU 3aMeHe KOOp-
JIMHAT B MATPHUIIAX MJIOTHOCTH ) COBITAJIAET C IOBOPOTOM HA T CHCTEM KOOD/MHAT

CITMHOB C YETHBIM HOMEPOM BOKPYI OCU .
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SaMerumM, 4T0 9TO IPeodPaz0BaHUEe OOPATHO CAMOMY cede, IIO9TOMY ero -

verenne K (1.12) jst coydas GumKaiimmx cocesieiil MOXKHO 3aIicaTh Kak

Hff = UflipHMQUflip = ZDk7k+1(]]:_ k;_—i—l + ]k;_]l;:—l) (114)
k

Ucnonbays npeobpasosanue Vopnana-Buruepa [54|, mepeitiém oT cucteMbr B3a-

MMOJIEHCTBYIOIIMX CIIMHOB K CUCTEME HeB3auMojleiicTByonux (hepmMuoHos [28].

BeckoHeuHnbie cucTeMbl

st 6eckoneunoit nernouku npeodpazopanue Vopaana-Buraepa nmeor Buji

W, = 2" FIE I It

; » " (1.15)
Ut =om T Ik T

st pepmuonubix oniepaTopos W, BepHbl aHTUKOMMY TaIlMOHHbBIE COOTHOIIEH U

28]

(U W) = Gy (Wi, Uo]y = [, 05 ], = 0. (1.16)
Y naobopor, oneparoppl [ MOKHO BBIDa3UTh 1epes onepaTopbl W, ciejyomum
obpazom [17]:
1 1
z -7+ __ 17 .
[j—§— i1 —5—\Ilj\11j. (1.17)

C nomornpio (1.17) Jerko moNyIuTh BHIPAKEHHS JIJIsT ];r 3 P

i ]
I = | [ -2v,v,)| v

m=1 J

U - (1.18)

o= [ -2v,v,)| ¥,

st yuporieHusi  BbIKJIQJOK, YacTO BCTPedaloluecs IPOU3BeJIeHUs
27 IS PR VICR NN OynyT obosznauarnes 1I; ;. II; ; Oyner Toxecrsen-
HbIM oneparopom. 3amerum, 4to I ;11 = 1I; .. B BaxkHbIX pesysibraTax OHU

OYJLyT BBIITMCAHBI MTOJHOCTHIO.
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Bbipasum raMujibTOHMAH Ha HOJAIOTOBUTEJLHOM 1iepuojie depes W .

I*I

=20 W = U (20,0 - 1) W = 0 (1.19)

[Tpumensist KOMILIEKCHOE COLIPsi?)KEHUE K JIEBOM U 1IPaBOM 4acTsiM 3TOr0 pa-
BEHCTBA, I10JIyYaeM

I 1

7 j+1 —W

vt (1.20)

Takum 0Opa3oM, MHOTOKBAHTOBBII IaMUJILTOHUAH BbIparkaeTcsi uepe3 hepMu-

OHHbIE OlIEPATOPbI ‘If;’ cJIeJly oM 00pa3oM:

D
Hyg=—% > (V¥ + U/, 07) (1.21)

2
J
Bgejiém enié oyt Habop pepMUOHHBIX OLIEPATOPOB, 1OJIy YaeMblil U3 11PE/Ibl-

Jymiero npeoopasobanueMm Oyphbe:
1 —ikj + 1 ikj
ap = ——= Y e "W agf = ——) Myt 1.22
T

Jljist HUX TaK>Ke BEPHBI AHTHKOMMYTAIMOHHBIE COOTHONICHHUSI:
laf, ap)y = O, [an, ap]y = [y, afl]+ = 0. (1.23)

D11 cOOTHOIIEHKsT MOTYT ObITH MostyueHbl 13 (1.16) 1 opToroHasbLHOCTH TPEos-
pazoBanus Pypbe.
MHOrokBaHTOBbIN raMUJIBLTOHUAH BbIPAXKAETCS Yepe3 OlepaTopbl aj CJIejLy-
IOIIM 00pa3oM:
Hyg = —g Z (ara—i + afa’y) et (1.24)
k
[lepenmuiiem cymMmmy Tak, 9TOOBI CyMMUpOBaH#e ObLI0 110 k£ > 0 1 BOCIIOTb3yeMCs

AHTHKOMMYTATIHOHHBIMA COOTHOTIeHusIME (1.23):

D . . _.
Hyg = ) Z [(aka—ke "t a_pare™) + (afati e + atafe Zk)] =
k>0

= Di Zsin k(aga_p —atpaf) (1.25)
k>0
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Teneps nposejém npeobpazosanusi Borositobosa [55, 56, 57

ay = ur\D + vig"
AT (1.26)
a_) = —U)\.@_)\ + U:.@j)\
rie

@)\(t) = 9)\ exp —is)\t (1.27)
IJie €) - COOCTBEHHbIE 3HAUCHUS MAMUJILTOHNAHA, & KOIMDMUITUEHTDI Uy, Uy

_ sign A
V2

Uy —

U\

Z. (1.28)

S

Ormernm, uto |uy|? + |vy|> = 1.
[Tocsie npumenenusi (1.13) jyist obparHOro mepexoja K MHOMOKBAHTOBOMY
raMuJbTOHUAHY MAaTpUIla MJIOTHOCTU Ha IMOJTOTOBUTEJILHOM MEPUOJIe COCTOUT

u3 3 wieHosn [18]
p(7) = po(T) + pa(7) + p-a(7) (1.29)
rie pi(7)(i = 0,2, —2), kak 0bbrano, onucbiaer MK korepearnocts nopsijika

i. Ecomm aucino ciiuno N > 1, 10 po(T), pa(T), p—o(T) umeror Buj |58, 59|

po(r) = %zk:cos[zpf sin(k)|(1 — 24t ay) (1.30)

p2(T) = —% ;Sin[QDT sin(k)]ara_g (1.31)

po(F) = %Xk:sm[zm sin(k)]a’a* (1.32)

rie k = QWT” (n = —%, —% +1,..., % — 1), D — KoHCTaHTa, INTIOJIb-TATIOJIHLHOTO

B3aUMOJICHCTBUST MEXKJLy OJIMXKANITUMU COCEJIsAMMU, az and aj — dpepMuOHHBIE
OIIepPaTOPhI, OIPe/jieJIeHHbIE BbIIIIE.
Dopmyibl (1.30-1.32) 1103BOSSIOT MOSYYUTH TPOCTHIE BbIPAXKEHUST JIJIsT HH-

tercuBHocTeilt MK kKorepenTnocreit mopska 0 m £2 Ha MOATOTOBATEILHOM IIe-
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,Z[JII/ITG.HBHOCTB I[MOJArOTOBUTEJILHOTO IIEPpUOda T, MKC

Puc. 1.3: 3aBucuMocTh MHTEHCMBHOCTH MHOTOKBAHTOBBIX KOT€PEHTHOCTEH BO
¢gropanmaruTe OT JIUTETLHOCTU MOJTOTOBUTEIBLHOTO Mepuojia. BepxHsasa Kpu-
Basi — Teopernyeckasi nureHcupHocTh MK korepenTHocTn mopsijika 0 B coot-
BercTBUU ¢ (1.33), KpyKKM — 9KCIepuMeHTaibHas wHTeHcusHocTh MK Kore-
peHTHOCTH TopsiKa (), HIKHsS KpuBas — TeopeTudeckas WHTeHCHBHOCTHL MK
KOPEePEeHTHOCTH MOPsiJIKOB +2 B coorBercrBun ¢ (1.34), KBaJpaTUK — SKCIEpH-
MenTagbHas naTencuBHocTh MK KorepenTnocTn nopsiyika 2. Jlanabie Moy IeHs
B pabore |60].

puone:
1 1
Go(T) :§ + §J0(4DT) (133)
1 1
G2(7) =1~ ZJ0(4D7'), (1.34)

e Jy — yHKIims Beccesist IepBOro pojia HyJIeBOTO TMOPSJIKa. DTH BhIPAYKEHUsT
XOPOTIIO OTMHMCHIBAIOT IKCIEPUMEHTAJLHBIE PE3YIbTATDI, OJTYIeHHbIe Ha, MeM0Y-

kax sijiep dropa Bo dropanarure (Cas(POy)sF) [60] (puc. 1.3)

,D;I/IHa.MI/IKa. CUCTEMBI B KOHEYHBIX IIEITIOYKaX

B orninune or OECKOHEUHBIX CUCTEM, JIJIsI KOHEUHBLIX CUCTEM IIPeodpasoBaHUe

Mopnana-Buruepa nmeer Bus

U= (=2 ' I T (1.35)
23



u BMecto Habopa (1.22) ucnosib3yercs caejyoniuii Habop (hEPMUOHHBIX OlEPa-
TOPOB, NoJjyvdaeMblit 13 W; ¢ MOMOIIBIO JJMCKPETHOTO CHHYCONJIAILHOTO 11Peod-

pazoBanus (a He mpeobpazoBanus Pypbe, Kak B cyydae GECKOHETHON TETIOTKN ):

F Zsm k)W (1.36)

rae k = 15, (n=1,2,..., N) (B orsmune or ciyuas 6eCKOHEUHOM NENOUKH).

MK KOIepeHTHOCTH JJId CJy4dasd KOHEYHO IIEIIOYKHN BbIpaKalOTCdA Yepes

OLEPATOPDI ];’, I; caenyomum obpasowm [18, 61]:

2 —2iDT1cosk £ I+l'-2 - . /
po(T) =——— > ¢ (—1) =22 sin(kl) sin(kl")-
v oy
= 13 ..... N-1
SES NN 0 n (3 BN AN Z )2 22 gin (k) sin(kl)-

1=2,4,...,
1’24 ..... N

S ES N Y ol 3 O [f,llff}, (1.37)

2 . "1 li
poA7) = 3 e72Preosk e N (—1)TE 2 2 sin (ki) sin (k)

1=1,3,....,N—1
'=24,..,N

LI LTI fﬁll;}, (1.38)

2 ] "+1 l
palr) = =g 2T 2 (D i) in )
U= 13 7“.]7\/—1

S ES N Y ol 3 O If,ll,}, (1.39)

JImHaMIKa cucTeMbl Ha Hmepuojie CBOOOTHOI IBOJIIOIAN

MK »skcnepumenta ZAMP

Ha sTom nepuojie cucrema He nojBepraercs objiydenuto. B BbicoKOTEMIIEpa-

TYpHOM HpI/I6.HI/DKeHI/H/I (T.e. KOT'Jla MaTpHlla IIJIOTHOCTU B HadaJIbHbIA MOMEHT
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BPEMEHU LIPUHUMAETCsE PABHOI [,), €c/in u3BECTHA MATPUIA [LJIOTHOCTH K MO-
MEHTY OKOHYaHWs TOJI'OTOBUTEIHLHOIO Tepuojia, To MK korepeHTHOCTH TIOpSi/I-
Ka M MpU JUTATEJHLHOCTH MOJATOTOBUTEJILHOTO MEPUOJIa T U MEPUOJIa CBODOTHOM
9BOJIIONNK T MOXKET ObITh BbIparkeHa o011eit (hopmyJioit

Tr [e " po(7)e ™ po(T)]

Eu(r,t) = Tr(1.)? ’

(1.40)

Ha nepuose ¢BoOOIHON 9BOTIONUN CUCTEMA OMUCHIBACTCS TaMUJILTOHIAHOM

Hg. = H..+ Hyy, (1.41)
rjae T.H. £2-9aCTb UMECT BU/J]
i<j

a T.H. duun-dion-gacts (anri. flip-flop) umeer Bun
1
_ - — 1+
Hpp = — Z §Di,j(]k k1 T I, Ik+1) (1-43)
i<j
B npubsukeHun B3auMOJICHCTBUsSI TOJBKO OJIMXKAMIIUX cocejieii, KOTopoe
WHOTJIa UCIOJIb3YeTCsl B HacTosmed auccepranuu , B dbopmynax (1.42),(1.43)

cliejlyeT noJloxKuTh j = ¢+ 1. Hyp juia caydas Oamekaitimmx cocejieil y»xe Obli

Boircan (1.14).
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I'1aBa 2

JlnnoabHas pesakcaiuga MK

KOI‘epeHTHOCTeﬁ B OJJHOMEPHDBIX CHUCTEMax

B 570ii rtaBe U3maraloTCsa pesynbraThl, onybauKoBanHbe B |21, 22].

2.1 MNccaepoBanue pejgakcamun MK
KorepeuTHoctein ZIMP nHa nepuone

sposoniun MK skcnepumenta ZAMP

Teoperuueckoe ucciaejopanne pesakcainuu MK korepenThHocreir Ha 1epuojie
CBODOJTHON SBOJIIOIUU UCIIOJIB3yeT TowdHoe pererue |16, 17| nunamuru ojHO-
MEPHO# CIIMHOBOI CHCTEMbl Ha HOJIOTOBUTEILHOM 1epuojie (B npubsinkeHnu
B3anMojieiicTBust Osmkaiimmx coceneii). Unrencusrocrn MK korepentHoCTH
n-oro nopsiyika F,(7,1) Ha meproje 9BOJIONUYA B MOMEHT BPEMEHU t OT €ro Ha-
qaja (MPU JIMTELHOCTH TIOJNOTOBUTEJILHONO MEeprojia T) BO BCEX CJIydasiX,

paccMaTpUBAEMbIX B HACTOSINEH TUCCEPTAINN, TEOPETHIECKH TAf0TCs OOImeit
dopmyJioit

Tr (e #Hp, (T)eHlp_, (T Tr [e=tp, (T)eHp, (T
o T 0] BT QA,

rjie H — raMuIbTOHMAH, OIUCHIBAIOIIUI CUCTEMY Ha, IEpUOJie CBOOOIHOM 9BOJIIO-

nuu. HopMupoBka, Kak u panbiiie, BhiOpaHa Tak, 9To0bl B HaUaJbHOM COCTOSTHUN
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(7 =t = 0) unrencusnocrs MK korepenrnocru nopsiika 0 (G) 6buia pasha 1
(OCTaJIbeIe B 3TOT MOMEHT OTcyTCTByIOT). ByayT nonpobHo paccMOTpeHbI CIIy-
vaun H = H._, (KaK C yU6TOM B3aUMOJEHCTBUI TOJIHLKO OJMMKAUIINX COCeJIel,

TaK 1 JIIOOBIX CIIMHOB B ueHOqu).

22Z-MOJIeJIb JJid UCCJIeAOBAaHUA JINIIOJIbHOI peJjlaKcanuu

MK korepenTtHocteii AMP

B zz-mojenmn ommn-duon-tacrsio rammnsronnana (Hyp, (1.41)) npenebperaet-
cst, ocrapysiercs jiuitb H,, (1.42). 910 npubiukenne MupoKo UCTIOIb3YeTCs B
cunoBoit usuke [15]. OHO 00s1ajaeT BHICOKOH TOYHOCTHIO B CJyUasix, KO/
dymn-duron mepexobl CUILHO MEHSIOT SHEPTUI0 CUCTEMBI.

[Tpu pacuérax popmbl jiunuii B ciekrpax AMP naxojur npumenenue craru-
CTUYeCcKask TEOPHsi, OCHOBaHHAs Ha zz-Mojenn 15|, nampumep, zz-moess ObLia
npumMenena B pabore [62] npu anasuse popmbt siunnu AMP B cucreme criunos,
cszannbix [1/1B, mpousBosibHON pasMepHOCTH (B YaCTHOCTH, JIJIS CIMHOB Ha
MOBEPXHOCTH 00pasna, T.e. B JByMepHOii cucreme). Teopust, passuras B [62],
Obl1a 9KCIEPUMEHTAIBHO NOJTBepKIeHa B |63, 64] u apyrux paborax.

Emé ommnoii npuunHOii, 000CHOBBLIBAIOINIEH HCIOJIL30BAHUE ZZ-MOJIENH, sB-
JIIETCST CJIe/IyIoliee: B NPUOJIMYKEHNK B3auMOJIeCTBUI OJivKaiimmux cocejieit n
ancsa ciuaoB N > 1 dumn-daon qacts H s ramuabronnana (1.41), B koropom
D;; =0 upu j —i > 1 KoMMyTUpyeT ¢ 4acThIO MaTPUIbl IJIOTHOCTH, OTBEYa-
formedi 3a MK korepentrocts nopsika 0. (Cm. Takxke Teker nocse (3.7).) D10
o3Hadaer, 4To Bropoit momenT dpopmbl simnun MK korepenrnoctu AMP nyJie-
BOI'O TIOPsiJIKa HE MeHsieTcst OT yuéra un-QJion JacT raMUuJbTOHUAHA U TTPU
t = 0 MK koreperTHocTh nopsijika (), paccauTaHHas B z22-MOJIEN, KaK (hYyHK-
Ui t COBITAJIaeT C TAKOBOM € yUeToM (PJinii-hJIoT YacT ¢ TOYHOCTHIO JIO YJIEHOB

4-ro mopsiJiKa 10 t (Bce MPOU3BOJIHBIE HEIETHOTO MOPSIIKA PABHBI HYJTIO).
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BouiBoa popmya aia cnaga MK KorepeHTHOCTH B

2z-MoJjiein (KOHEYHbIe ITeNOYKHN )

Pacuér nmposogurcsa mo dopmyre (2.1) ¢ H = H,.. lng Hero norpedyorcs
HEKOTOPbIE TOXKJIECTBA. 3aMEeTUM, 4To Bee ciaraembie B H,, (1.42) kommyTupy-

0T, TTIO9TOMY
exp(—iH..t) = | [ exp(—2iDi;tI; I}), (2.2)
IJle BCe COMHOXKUTEJIN TaKkKe KOMMYyTUPYIOT Mexy coboit u ¢ I7. Herpyuno

TPOBEPUTH (HEMOCPECTBEHHBIM YMHOKEHUEM MATPHIL), ITO

e—aIi I]- ]j—eali Ij — eaIZ- []—
e J’[;reai J :e*“iI;-r,

Jtst Jiroboro uuncia a. Ioub3yscs (2.2), npepliy M PABEHCTBOM U BbIIIEY 1O-

MAHYTBIMA TPUBUAJIBHBIMU KOMMYTAaIIMOHHBIMW COOTHOIIIEHUAMMA, UMEEM

2% S Dpmtl?

e_inzt]_einzt —e n#(m) I_

Hoot 4 it 0 2 Dl 2
U1z, UUdzzl nZ(n
e I7e =e "7m -

HaiiiéM mHTEHCUBHOCTD KOT€pPEeHTHOCTH HYyJIeBOro nopsjka. g sroro moso-

wum H = H,,, n = 0 B dopmyse (2.1) u BeIIUIIEM €6 TUCIUTEND, YIPOIIAs
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ero ¢ nomotpio opmyr (2.4):

— i 2 :
T [e (et on(r)] = (57 ) 3 e+ )
k.k
Tr |exp(—iH..t) Z (—1)l+2l sin kl sin kU'TIy LT I +

1LI=1,3

Z (—1)% sin kl sin k' I 1L o I
11/=2,4

cexp(iH..t) [ 3 (=1)"% sin Kl sin kTTL, (LT, 1+
1,'=1,3

<

4+

(—l)Tsmklsmkl’H”I H”,fr = (2.5)

4

- (N +1)2 Zexp (2i(er, + eg)T) Tr Z (=) 2 gin kel sin kl'-

k.k 1,I'=1,3,...

Mygexp | =20 Y Dytly | I ypexp | 20 Y Dyt | I+
mA () mA(W)

z (—1)(”[/)/2 sin kl sin kI'Tly j exp | 2i Z Dyt | 1

LI=24... m#£(1)
Mpexp 20 Y Durtly | L1 | Y (=)D sin Kl sin k¥
m#(l") 17/=1,3
HLZI;HH, Z Hl smkzlsmkl’ﬂlll HU,I+ =
LI=2
4

R > exp (2i(ey +ep)7) (Apz + Byg) (26)
kR

rie Ay p 10 ONPEJIEJIEHNIO COJEPKUT cilaraemble, rae | = I/, [ = ', a By x -

ciaraemble, rie | = 1" # [ = I'. Cyej Beex oCTaJbHBIX paBeH HYJIIO. DTO OUCBU/I-

29



HO CJIeJIyeT U3 CJICAYIOLIEr0 YTBEP2KICHUST: JiJisi JIFOObIX CIIMHOBBIX OLIEPATOPOB

Ay, By, ... Ky (tie unjekc obo3Hadaer HOMep CIiuHa,)
TrA1By.. Kn=TrATrB... Tr K., (2.7)

rie A, B, ... K 6e3 UHIEKCOB — OIIepaToOpbl, AEHCTBYIOIINE B IBYMEPHBIX BEK-
TOPHBIX TPOCTPAHCTBAX.

YIpocTuM OTIENbHO A f, HONB3yACh KOMMYTAIMOHHBIMU COOTHOIICHUSAMHU
nuist oneparopos [T, I~ 17 (I# obosnauaer oneparTop, JefcTBy O B 1By Mep-
HOM KOMILJIEKCHOM TIPOCTPAHCTBE (OMUCHIBAIOINIEM COCTOSHUE OJJHOTO CIIUHA), B
orsaure or 1,.), 94robbl CrPyNIMPOBATH BMECTE OIEPATOPbI, JACHCTBYIONIME Ha

OJMH M TOT »Ke CIIMH, a TakxkKe TeM dhakToM, 4To B cyMMax [ + [ Bciojy 4éTHo:

App=Tr Z (—1)(”1/) sin kI sin ki sin kl sin kI'T1y ;-
LI'=13,...

cexp | —2¢ Z Dyt [lJ“HU/ exp | 2¢ Z Dytl; ]l,_HLl/_lllJ,rHl,lIl_—l—
m#(1) m#(1)

+ > (=)™ sinklsinkl'sinkl sin kTl yexp | 20 Y DytI;, | 17
LU=24... m#(l)

Mhpexp |20 Y Dyt | I p I T Ib =
mA ()

= Tr Z sin ki sin kI’ sin kI sin kI’ exp | —2i Z Dyutl?
LI=13,.. m(l)

-exp | 21 Z Dyt 7 | I LTI L + Z sin kl sin kI’ sin kl sin kl-
m (1) LI/=24...

cexp | 20 Y DytI;, | exp | 20 Y DoutIy, | LTI LTI | . (2.8)
mA() mAY)
SaMeHstsi CyMMY KOMMYTHPYOIIAX ONEPATOPOB M0/l 3HAKOM SKCIOHEHTHI TPO-

M3BE/ICHAEM SKCIIOHEHT U TOJIb3YSCh JIMHEHHOCTHIO cieja u (2.7), BhIpaKenue
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BbILIE MOXKHO [IEPEIUcaTh cJielyonum obpasom: (Bbipaxenue m # (1,1) B dhop-

MyJie HUXKe O3HaJaeT, 4To 1mpoussejenue depércs mo m or 1 o N, kpome [ u

'),

Avr = Z sin kl sin kI’ sin kI sin kl'-
LI=13,...

[ Trlexp (=2iDytl?) exp (2iDptI?)]
mA(LY)

- Tr (exp(QiDll/t)I_]+) - Tr (exp(—QiDl/lt]Z)I_I+) +
+ Z sin kl sin k! sin kl sin kl'-

LI=2.4...

H Tr [exp (2i Dyt 17) exp (—2i Dyt I?)] ¢ Tr [exp(—2i Dy I7t) 171 ] -
mA L)

- Tr [exp(2i Dy I7t)] =
N2 Z sin kl sin kl’ sin kI sin kI’ H 08 [(Dyyy — Di)t] (2.9)

LI=13,... m£(L1)

nma l,l'=24,...

By 7 paccuntbipaercs ananorndano A,z (Boipaxenue [ # (1) B caenyromeit
dbopmyiie u HUXKe crelyeT MOHUMATL KaK UCKJIOYEHHe U3 CyMMbI, noAY4aemol

PACKPLIMUEM CKODOK, BCEX CJIaraeMbIX, B KOTOPbIX IPUCYTCTBYET MHJECKCHI [, [,
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u 1pu arom [ = 1[.)

Bk,% ="Tr — Z sin2 kl Hl,l exp —21 Z Dmltl}z Il+'
1=1,3... m#(l)

Mygexp (20 Y Dotly | I+
mA (1)

+ Y sinkillgexp |20 Y Dugtly | ITTygexp | =20 Y Dtly, | I
1=2,4... m (1) m (1)

- T )

_Z SlHQHI;[{'F Z Sln2m.[{[z+ =

I=1,3,... 1=24,...
1#(1) 1#(1) 1)
=2V2Y (1) sin? ki sin® K. (2.10)
14T
[Mosicrasum nosyuenuvie A, 7, By 1 8 dopmyiy (2.6). osyuum

y Z. 4.2N2 .
Tr [6 sztPO(T)e sztPO(T)] = m Z eXp(2Z(€k + 5%)7-)'
k.k

N
Z(—l)”l sin? kl sin? kl + 2 Z sin? kil sin? kl +
I#1 =1

+ Z sin kl sin kI’ sin kI sin kI’ H 08 [(Dyyy — Dyp)t] ¢ (2.11)
LI=13,.. m#£(Ll)
nmm l,l'=24,...
1Al

BameTum (MOB3YACH IETHOCTHIO N ), ITO

> (—1)"*"sin? ki sin® ki = (Z(—nlsm? kl) = 0. (2.12)

Il !

N _

Pacipenensaa 2> sin® klsin® k[ 1o AByM JApYrHM claraeMbiM B (BHUTYPHBIX
=1

ckoOKax B (2.11), 9Tobbl moJMyIuTh JIBOiHBIE cyMMbI 6e3 ycsosuit [ # I wnn
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[ # 1, a zarem noJb3ysch (2.12), umeem

4 . 2N—2

(N+1)2%;

To [e 8- (7)o (7)) = exp(2i(ei + &5)7)
Z sin kl sin kI’ sin kl sin kI’ H 08 [(Dypy — Dy )t] =

1LI'=13,... m#~ (L)
unn l,l'=2,4,...

:éVQTIV Z H cos [(Dy — Dy )1]

LU=13,... |m#@l)

nma l,l'=24,...

: [Z sin kI sin k!’ exp(2i5k7)] (2.13)

k

OTKy,[La, OKOH4Y4aTE€JIbHO IIOJIyY9acM

4
Fiirt) = ——— .
o) = Nv 1)
2
Z | I cos [( Dt — Dy )1] ( E sin kl sin kl'e%DTcosk>
1,I!=1,3,... m , k
wim 1,l/=2/4,... m#l,m#l

(2.14)

Brison Beipazkenus J1s1 nHTeHcuBHOCTH MK KorepenTnoctn nopsakoB +2 ana-

JIOTNYECH. OKOH‘I&TGHBHOG BbIPpa2K€HNE NMECT BU/J

4
FQ(T, t) = —m
2
Z H 08 [(Dmi + Dy )1] (Z sin k[ sin k:l'eQiD”OSk) (2.15)
1=1,3,... m k
V=24,. \m#E m#E/

NarencuBrocTh MK korepentHoctu SAMP 0-ro nopsaka B KOHIIE
pejakcaimoHHoro mnporecca (CranuoHapHoe 3HAUEHUE

KorepeHTHOCTH 0-r0 moOpsiIKa)

Suauenune uareHcuBHocTn MK KorepeHTHOCTH HYJI€BOrO MOPSIIKA ¢ yBeJInde-

HUEM JJIATEJILHOCTU Ieprojia cBOOOIHOI sBojonun t crpemurcs He K 0, a K
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HEKOTOPOMY CTallMOHAPHOMY 3HA4YeHUIO. Ero MOXKHO HaiiTh, 3aMeTUB, 4TO Olle-
patop I, KOMMyTHpYeT KakK C zz-TaMUJIbTOHHAHOM, Tak u ¢ Hy,: [I,, H,,] =
[I.,Hy,] =0 . dpyrumu ciaoBamu, MOJTHAST TPOEKITHS MATHUTHOTO MOMEHTA, Ha,
OCb Z COXPaHSETCs Ha NePUOE CBOOOIHON 3BOIIOIMK. IIpeinonoKkum, 9To J1py-
IUX WHTEIPAJIOB JIBIXKEHUsI, KpOMe [, HeT (3TO yTBEpKJIeHNE He JOKA3aHO, HO
OCHOBAHO Ha DOJILIIOM YUCJIE SKCHEPUMEHTOB B MAaKPOCKOIIMYECKUX CUCTEMaX

|14]) w nors1 Gosbinmx ¢ MATPUIA TJIOTHOCTH KMEET BHUJL

I
o +al: (2.16)

BamnuieM BBIIEYKA3aHHBIN 3aKOH coxpaHenus st t = 0 (7eBast 9acTh paBeH-

crBa) U Jyist bosibiioro t (mpasasi):

Tr [po(7)1.] = a Tr(1.)? (2.17)

Moscrasass (2.16) B (2.1), notydaem CTalMOHAPHYIO MHTEHCUBHOCTH Fitot:

F'(r) = a® (2.18)
13 ypasuennii (1.30),(2.17) nosydaem jiisi GECKOHEUHBIX TEMIOYEK
a = Jy(2DT) (2.19)

E(7) = a® = J3(2D7). (2.20)

AH&JIOFH‘-IHO, JUI KOHEYHBIX HEIIOYEK MMeeM, MCXO/s M3 BbIPpazKCHUA JJIA

MAaTPHIHI WIOTHOCTH B KOHEYHBIX Ternovkax (1.37)
1 —2iDT1 cosk
0= § e . (2.21)

E" (1) = a® = J3(2D7). (2.22)
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2.2 C(CpaBHeHne TeopeTmiecKnux pe3yJbTaToOB C
9KCHEPUMEHTAJbHBIMIA JAHHBIMU I10
3aTyXaHuio narencuBuoctein MK
KOTepEeHTHOCTEeN Ha Iepuoze 3BoJonun MK

skcrepumMenTa AMP

B pabore [22] 6bu10 iposejieno cpasuenue dopmyi (2.14) u (2.15) pus paznny-
HBIX JUIWH TeMOYKH N ¢ 9KCIIEPUMEHTOM Ha KBA3MOJHOMEPHBIX MEeNOYKax sjiep-
ubix cuunos YF B monoxpucraiie npupognoro dgropanarura (Cas(POy)3F).
[lenmoukyr OpUEHTHPOBAHBI BJIOJIb MOCTAHHOTO MarHUTHOTO ToJid. Paccrosaue
Mexk 1y Gumrkaiimumu sgapamu OF pasno 344 nwm [10] u, taxum obpasom, pac-
aérnas koncranta JIJIB D mex iy 6amxaiimamu cocegsavm 16.4-10% ¢ =1 B pac-
uérax nuxe ucrnoabzerca D = 16-10% ¢! kax B [21] (t1e 6611 TakKe npuBesH
puc.1.3). Dxcnepumentaibhbie ganabie MK AMP nonyqenst C.IBacuibesbim
Ha crekrpomerpe Bruker Avance III ¢ mHTEHCHBHOCTBHIO MOCTOSTHHOIO MATHUT-
noro noJist 9.4 T (coorsercrBytolas JapMopoBcKast yacrora s siiaep F pas-
ra 376.6 MI'). Ha puc. 2.1, 2.2 nano cpaBHeHHE TEOPETHIECKON WHTEHCHBHO-
cru MK korepenrnoctu 0-ro u 42-ro nopsijikos, pacCuuTanHbiX 110 (POpMYyJiam
(2.14),(2.15) cooTBETCTBEHHO, € YKCIIEPUMEHTOM Ha MEPHO/IE IBOJIONHAH JIJTA OT-
JIETbHBIX JITUTETLHOCTEH TTOATOTOBUTEIHLHOTO MEPUOJIa U TPEX PA3IUIHbIX JIJTNH
nenouek N = 12,24, 48. Bujno, uro jiuist korepeatnoctu (0-ro nmopsijika N = 48
JAET caMoe JIydIree coryiache ¢ SKCIIEPUMEHTOM, a JIJIsT KOTePEHTHOCTH 2-TO T10-
psJiKa C yBeJWYEHUEeM JIJIMHbI LEeNOYKU Teopus JIaeT BCE Jiydlllee corjiacue ¢
9KCIEPUMEHTOM B YACTH CKOPOCTH CIaJia CO BPEMEHEM (XOTs B 9KCIICPUMEHTE
criagl emé opicTpee), HO OOsIbIINE HaYaJbHbIe 3HaUeHus . [lociie/iHee, BO3MOXKHO,
00bACHSIETCS TaK Ke, KaK W JIJIs CTallioHapHoi KorepeHTHOCTH (-TO MOpsiKa
(em. crp.38).

Ha puc. 2.1, 2.2 npuBejieHbl JIaHHbBIE JIJIsI KOHKPETHBIX JIIUTETLHOCTEN T10/I-

IOTOBUTEJLHOI'O Iepuoja T (CM. HO,ZLHI/ICI/I) N OrpaHM4YeHHoro mHrepBaJia JJIN-
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T =126 Mkc

0.6 ._
a L TR
[ NN
S 0.5 N
o *. AN - N:12
= 04 CoN
8 M NN --N=24
S 03 TRl ——-N=48
e 02 I — N=12 (cramumonapnoe 3nauenue)
ISIE [ S — LT ——N=24 (cranuonapnoe snauenue)
0.1¢ - N=48 (cranuonapnoe snauecnue)

0 20 40 60 80 100

JmuresibHOCTh 11epruojia BOJIONNUN t, MKC

Puc. 2.1: CpaBuenue Teoperndeckoii narencupaoctn MK korepenrnocTn 1mo-
psiika 0 (BKJIFOUAST ACHMITOTHYECKOE 3HAYEHWE) MU JTMHAX Ternodkun N =
12,24, 48, ninTeIbHOCTH TOJITOTOBUTEIHLHOTO TIepuojia 7 = 126 MKc, ¢ 9KCIiepu-
meHToM. IIITpuxoBbie JIMHUU — TEOPETUYECKUE UHTEHCUBHOCTU B 3aBUCUMOCTH
OT JUTUTETLHOCTH TMOJITOTOBUTELHOTO TIEPUo/ia ¢, MTPUX-TTYHKTUPHBIE — Teope-
TUYECKUE CTAIlMOHAPHbIE 3HAYEHWS. 34 €INHUILY MPUHSITA WHTEHCHBHOCTH TPU
OTCYTCTBUU 110/IrOTOBUTELHOIO Hiepuojia. Ouybsnkosan B pabore [22].

TeJibHOCTEl Tlepuosia cBoOoiHOM 3BoJitorun t. 'paduku 3aucumoctn MK ko-

TepeHTHOCTHA OT 0DenX JIJINTEJbHOCTeH ¢ U T IpUBeIeHbl HIXKe.

3aBucumoctu nHTeHCcuBHOCTN MK KOorepeHTHOCTHM OT
JAJINUTEJbHOCTENl KaK MOATOTOBUTEBHOTO NMEPUO/IA, TAK U II€ePUoia

CBOOO/THOIT 3BOJIIOINN

Uz puc. 2.3, 2.4, 2.5, 2.6 BuJIHO, 4TO, BO-IIEPBbIX, TEOpETUYECKAs WHTEHCUB-
Hoctb MK korepenTHocreil crnajiaer MmejjieHHee, 9eM SKCIEpUMeHTa bHasI, a
BO-BTOPBIX, TEOPETHYUECKasi HTEHCUBHOCTH KaK (DYHKIINSA JTTUTETLHOCTH TTepPHU-
0J1a IBOJIONNK t OCIMJIINPYET, a SKCIEePUMEHTaIbHas — HET. DTO MOTHBUPYET
TI0JTXOJT, UCITOJIb3YEeMbIii B IJ1aBe 3 — MpUOJN3UThH nHTeHCuBHOCTL MK KorepeHT-
HOCTEH Ha TePHUOe IBOJIOIUKU TayCCOBON (DYHKIMEH III0C KOHCTAHTA. DTOT
I0JIX0JI TaK»Ke II03BOJIsieT He IpeHeOperarhb (pJni-Jion 4acTbio raMUJILTOHMU-
aHa. ['ereposijiepHble B3aUMOJIEHCTBUS SBJILAIOTCS €IIE OJIHONW NMpUUMHON boJiee

OBICTPOro CIIaJia SKCIepuMeHTaJbHOl nHTeHcuBHOCTH MK KorepeHTHOCTH 110
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T = 139.2 MKce

0.30
0.25
0.20
0.15
0.10
0.05

%% 20 4 e 8 100

JnTeIbHOCTD [epuoga 9BOJIONUN T, MKC

— N=12
- N=24
-~ N=48

NHTEeHCUBHOCTD

Puc. 2.2: CpaBuenue Teoperndeckoir nnrencupaoctu MK korepenrnocTn 1o-
pajka 2 npu jaauHax renodkn N = 12,24, 48, JimiTeJbHOCTH TOATOTOBUTEb-
Horo niepuosia 7 = 139.2 MKc, ¢ 9KCIepuMeHTOM. 3a €JIUHUILy TTPUHSITA, WHTEH-
cusrocth MK korepentnoctn nopsjaka 0 mpu OTCyTCTBUN TOJATOTOBUTETHHOTO
nepuosa. Omnybamkosan B pabdore [22].

CpaBHEHHIO ¢ TeopeTwdeckoil. VIx Biausnue paccMarpuBaercd B Iase 4.
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Puc. 2.3: DkcnepuMenTaabHO U3MepeHHass HHTeHcuBHOCTh MK KorepeHTHOCTH
nopsiyika ). 3a eIuHUIly NPUHSATA WHTEHCUBHOCTH MPU OTCYTCTBUH TIOIOTOBMU-
TEJILHOT'O 1IePUOJIA. T — JUIUTEJbHOCTD 110J['OTOBUTE/ILHOI'O IIEPU0/Ia, T — IepUojia
9BOJIIOIIUY B MUKPOCEKYHIaX. DKCIEepUMEHTAIbHbIE JTaHHbIE U3 PabOTH [22].

CramnonapHasga MK korepeHTHOCTH mopgaka 0

Ha pwuc. 2.7 npencraBienbl pe3yJbTaThl CPaBHEHUS TEOPETUIECKON 3aBUCUMO-
cru crarronaproit MK korepentrocTr, onvcsiBaemoii ypastenuem (2.20) ¢ 9Kc-
IePUMEHTAJIbHOM, ITOJyUeHHO Ha MOHOKpucTajie dpropanaruTa. 13 rpaduka
BU/IHO, 4TO craimoHapHass MK korepenTHocth (0-10 1HOpsijika, B 9KCIIEPUMEH-
T€ BBIIIEe, UeM TeOPeTHYecKas, U MOXKeT ObITh OIMCaHA KaK JIMHEefHas KOM-
OuHALMsL JIBYX BEJIMUMH: 11PEJCKAa3biBaeMOl Teopuei Besimuunbl (2.20) u jpy-
roii, He 3aBUCHIIEH OT JJIMTEJIHLHOCTH MOAIOTOBATENLHOTO 1epuoa 7. Koncran-

Ta JUITIOJIb-JUIIOJILHOI'O BSaHMOﬂeﬁCTBHH coceIHNX CIIMHOB IIPpHUHATA paBHOﬁ
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Puc. 2.4: Nnrencusaoctr MK korepenTnoctn nopsjka 0, paccamTanHas IO
dbopmyiie (2.14) ¢ N = 48. 3a eauuuIly NpUHATA WHTEHCHBHOCTH MTPH OTCYT-
CTBUU 110/I'OTOBUTEJILHOIO HIEPUOJIA. T — JIJIUTEJILHOCTD 110J[I'OTOBUTE/ILHOI'O T1€e-
puoJia, t — Iepro/Ia BOIOTUH B MUKPOCEKYHIaX. JKCIIepUMEHTaIbHbIE JTAHHBIE
u3 paborsl [22].

D = 16.36 x 10° ¢! (ucxosst U3 PEHTTEHOCTPYKTYPHBIX JIAHHBIX O PaCCTOs-
HUU MEXKJTy HUMHU BO (DTOPANATUTE ¥ U3BECTHOTO THPOMATHUTHOTO OTHOIIEHUST
st sipa dropa-19; epuHcTBEHHONO cTabuibHOro n3oTona dropa). Bozmok-
Has MPUYINHA PACXOXKJECHUI — CHCTeMATHYecKas OIMMOKa U3MEpeHusT HaMarHu-
JeHHOCTH B skciepumente. Marencusnoctu MK KorepenTHOCTEH 110J1y9aI0TCs
MyTEM MpUMEHeHus JUCKpeTHOro mpeobpasoBanus Oypbe K IKCIepruMeHTaJIbHO
U3MEPEHHbIM 3HAUYEHUSIM HaMal'HUYEHHOCTH; UX OJIMHAKOBOE CMellleHKe, B CBOIO

ouepejib, cmectuT MK korepenTHOCTH TIOpsijika (), HO HE JPYTHUX MOPSIJIKOB.
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Puc. 2.5: 9kcnepumenTaabHO u3Mmepennast naTeHcuBHOCTH MK KOreperTHOCTH
nopsijika 2. 3a €JIMHUILy MPUHATa WHTEHCHBHOCTHE MK KOrepeHTHOCTH MOopsiiKa
0 mpu OTCYTCTBUU TOJIOTOBUTEIHLHOTO MEPUOjia. T — JUTUTEIbHOCTD MOJINOTO-
BUTEJILHOTO 11€PU0JIa, T — Neprojia IBOJIONUN B MUKPOCEKYH/IaX. JKCIEPUMEH-
TaJbHbIC JaHHbIC U3 PAbOTH! [22].
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dbopumyne (2.15) ¢ N = 48. Ba euHuIly NpUHATA WHTEHCHBHOCTH TPH OTCYT-
HHHHHHH JITOTOBUTEJIBLHOIO NIEPUOJIa. T — JJUTEJILHOCTD MOJATOTOBUTEILHOTO IIe-
puo/ia, t — IIepro/ia BOIOIUE B MUKPOCEKYH/IaX. JKCIIEPUMEHTAIbHBIE JAHHBIE
13 paboTe! [22].
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Puc. 2.7: Cranuonapaasi ”HTEHCMBHOCTH MHOIOKBAHTOBOI KOMEPEHTHOCTH 110~
pska 0. [lo ropusonTasbHOl OCH — BpeMsi B MUKPOCEKYHAX, MO BEPTHKAIb-
Hoit — uarercusHocTh MK KorepenTrocTr nopsijika 0; 3a eMHMUILY MPUHSITA HH-
TEHCUBHOCTD [IPM OTCYTCTBUU HOJAIOTOBUTEIbHOIO Tepuoja. Kpusasi — reopust
(ypasuenue (2.20), TOUKHI - IKCIEPUMEHTAIbHBIE JTAHHBIE U3 pabOTHI [22].
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I'taBa 3

Bropbie momenTnsl popm smmanit MK
kKorepeHTtuocreit AMP 0-ro n 2-ro

MMOPSJIKOB

B 910it riaBe n3maraorcs pesyibTaThl, TOMyUIeHHbe B cTaThe [23)].

3.1 O6mme 3aMedaHud

Mzyuenne ¢popMbl ClIEKTPAJIbHBIX JIMHUM OJHOMEPHBIX TIEII0UeK CIIMHOB (B T.4.
BO (ropanarure) 6bI0 HadaTO B paborax |65, 66, 67, 68].

Kaxk 6b1J10 TT0Ka3aHO B TJIaBe 2, TPUOIUKEHUE B3aUMOJICHCTBUS TOJIHKO OJIN-
JKAMIIMX cocefieil Ha meprojie CBOOOIHON IBOJIIONUHI JAET 3aMETHO 3aHUKEHHY IO
OIIEHKY CKOPOCTU peJlaKcalliu, B TO BpeMs KaK Ha IMOJAIOTOBUTEJIHLHOM IEPUOJIE
MOJI€JIb, YUNTBIBAIONIAs B3AaUMO/ICHCTBHS TOJBKO OJIMKAMIINX COCe/Ieil, OINUChI-
BaeT HKCIIEPUMEHT BIIOJIHE YIOBJIECTBOPUTEIHHO. DTO MOXKHO OObSICHUTH CJIEJLY-
fomuM obpaszoMm. PacecMoTpuM paziioxKenne MaTpHIlbl IJIOTHOCTHA CUCTEMbI B PsIJT
Teitsiopa, caejyioiiee u3 ypasuenusi JInyBuiiis:

[H, [H, p]]
— +
2

Ha nojarorosuresbHOM Iepuoje jgodapjieHne K raMuabToHuaHy H 4ieHoB, OT-

p(t) = pl0) — i[H, plt (3.1

BE€YalOIllnXx 3a BSa,I/IMO;LefICTBI/IH ﬂaﬂéKI/IX CIIMHOB, HPUBOAUT K ITIOABJICHWIO B BbI-

paxkeHusx Juid mHTeHcuBHOCTeil MK KorepenTHocTell ciaraeMbIx, IPOIOPITHO-
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HaJIbHbIX ij (rae D;; — coorsercrByiolime JIIoJibHbIe koHcTaHTbl). Tak Kak
cUcTeMa, OJJHOMEpPHA, YUCJIO JAJEKUX COCeJIeil MaJio, U UX BKJIAJIOM MOYKHO Ipe-
HeOpeub. Ha nmepuoje sposroriuu kKoncrauTo! IJIB B dhopmysiax jijiss HHTEHCHB-
nocreit MK korepenTHOCTE! BXO/ISAT B COCTaBe MHOXKUTEJIEH BUJIA, B TOM YHUCJIE,
(Dir =+ Djvk)Z. [TosTomy, Hanpumep, yI€T B3aUMOACHCTBUA CIIMHOB Yepe3 OJUH
(paccrosinme B 2 paza Gosiblie u, coorBeTcTBeHHO, KOHCTanTa JIJIB cocrapisier
Tos1bK0 1/8 ot koucrauTsl [IJIB Gmkailimux coceneil) 1aéT MompaBKu OTHO-
CUTEJILHON BeJinuuHbl HOPsijiKa He 1/64, Kak Ha HOAIOTOBUTEJILHOM 1IEPUOJIE, A
1/8; oHm y»)e HE MOTYT CUUTATHCST MAJBIMU. BBIMEn3I0KeHHOe MOTHBUPYET
YTOUHEHUE MOJIEJIN JJIsl PAcUeTOB Ha IEPHUOJE SBOJIIOINN, HAPUMEp, MUCIOJIb-
30BaHMst MOJHOrO ramusibrornana Hy, (1.41) BMeCTO TOJNIBKO z2z-9acTh U y4uéra,
reTeposiepHbIX B3auMoeiicTBuii. OHAKO aHAJUTUICCKUN pacueT peaKcaIun
MK korepenTHocreit ¢ ucnosibzoBanueMm Hg, XoTsi Obl 1 TOJBKO Ha IIEPUOJE
SBOJIIOIAK COIPSI?KEH € OOJIBIIUMU TPYAHOCTSAME, OITOMY MbI OIPAHUIUMCS
pacuéToM TOJILKO T.H. BrOporo momenrta dpopmbl jimnun MK korepentTHocTH.
Bropoit momenT (popmbl jiuHun MK KorepeHTHOCTH HOpsiKa 1 JTaéTcs clie-

JAyTOLIUM Bbipaxkenuem |15]:

(n) 1 dQZ n(7 ) t)
2 Gn(T) dtQ t=0 ’ ( )

Mcxojis1 u3 00111ero Bhipaskenust Aj1st nnTeHcuBHocT MK KOrepeHTHOCTH MOpsI/I-

Ka 1 (Boipaxkenue (2.1) ¢ H = Hy,) MOXKHO HailTh €8 BrOPYIO POU3BOJIHYIO 110

t npu t = 0:
d*F,(1,1) Tr {[Haz, pu(7)|[Haz, p-n(7)]}
—ar |~ d NQN_Qd .. (3.3)
' o T {lon(r), HolHas poa (O}
MY = NV R () L (n=0,%2). (3.4)
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3.2 BroIuucjenune BTOpOro MoMeHTa POPMBbI
aunann MK korepentHoctn ZIMP HyneBoro

MOPSAIKA

B ciygae N > 1 n yuéra B3anMOAeicTBIS TOJIHKO OJIMKANRIINX cOceieil MOYKHO
MOKa3aTh, 9To duui-on acts raMuibTonuana Hfy KOMMYyTHPYET ¢ JaCTbIo
MaTpuisl miioTHocTu py (1.30), orBeuaroreii 3a KorepeHTHOCTH Topsijika 0. V-
110J163ys1 (OPMYJTBI JJist (DePMUOHHBIX OmepaTopoB (1.22) u aHTHKOMMYTAIHOH-
Hble cooTHOIeH st (1.23), MOXKHO MOy YUTh

Hyp = DZCOSkaZCLk (3.5)
k

IIpu BBIBOJIE (3.5) MBI yusIH, 9ITO

N N
N1 N

2 2mn
Zcosk = cos — = Re Z e n 5 =0 (3.6)

U3 soipaxkennii st pg (1.30) 1 KOMMYTAIMOHHBIX COOTHOIIEHWH CJEJyeT, YTo

[Hys, po(T)] =0 (3.7)

T.o. mast caygas n = 0 B (3.3) moxkHO 3amenuth Hy, Ha H,., 9T0 1acT BbIpa-
YKEHUE JIjisi BTOPOil Mpou3Bo/iHON Fy(T,t) B yKe MOCIUTAHHOM CJIyUae TaMUJIb-
rounana H,,. Takum obpa3oMm, JOCTATOUYHO JBaXKbI HIpoauddpepeHImpoBaTh
yKe umeroiieecsi Bbipaxkenue (2.14) no t u nosoxkurs t = 0. Tlocse npocrbix

1peoOpa3oBaHuii Oy daeM

- ¥ S Dy D20 (35)

=0 LI'=13,.. m=1
I/IJII/IZ,Z’:2,4, m#Ll

d2F0 (7_7 t)
dt?

Jns 6mkaimmx coceieit
)
4D% |1-1|>2
N
Z Dyr)®=142D% 1<|1-1]|<2 (3.9)
l,/ O7 l — l/

\
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[Toacrasisist (3.9) B (3.8), nosydum

d2FQ (7', t)
— | = —4D? > Jy(2Dr) | - J3(2D7) — J3(2Dr)
=0 p=0,+2,+4,...
(3.10)
Ucnonbsys coornomenue Jyisi pynkiuii Beccesst [69]
1 + J0(4D7')
> Jy(2D7) = 5 : (3.11)
p=0,+2,+4,...
1OJIy 4aeM
d?Fy(T,t 1+ Jo(4D
% _ 4D ( - 02( ") _ 2D - Jg(sz)) (3.12)
t=0

", COOTBETCTBEHHO,

(3.13)

2 2

1+ J0(4D7')
3.3 Bropoii momenT dpopmbl tuann MK
kKorepeuTHocTteil ZIMP BTOporo nopsaka

(2)

IIpu Bbluncsenuu BrOporo Momenta My~ KOTePEeHTHOCTH BTOPOLO IIODsAJKa
HY>KHO Y4eCThb KakK z2z-4acThb, Tak u Jun-dion vyacts JJIB. B coorBercrBun

¢ dbopmysoit (3.4) Jyist HAXOXKIEHUST BTOPOTO MOMEHTa HYKHO HAATH

Tr {[p2(7), Hoo - Hyf] [Hoo+Hyy, po(7)]} = Tr {[p2(7), Ho2][He, po(7)] }+
+ Tr {[pa(7), H.2)[Hy s, p—2(T)]} + Tr {[po(7), Hyf)[H-., p—o(T)] } +
+Tr {[pa(7), Hyfl[Hyp, p—2(7)]}. (3.14)

3aMeTuM, UTO JBa U3 UeTBHIPEX CJIaraeMbIX paBHBI HYJIIO:

Tr {[pa(7), He:\[Hyg, p2(7)]} = Tr {[pa(7), Hyyl[Hezr po(7)]} = 0. (3.15)
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D10 CBAZAHO € TE€M, YTO B KAXKJIOM WieHe po(T) OJUH HOBBILIAKIIMI OlepaTop
JeficTByeT Ha YETHBIN CIUH, a OJMH — Ha HeYéTHbIH (cM. Bhipaxkenne (1.38)). To
K€ OTHOCHTCS W K TMOHMXKAIONINM OTEPATOpaM B BBIDAYKEHUH it p_o(T) (CM.
soipakenne (1.39)). dus soipaxkennii [po(7), H,.| v [p_o(7), H..] cupaBeyiusbl
aHAJIOrUUHbIe yTBepKlenus (ymuoxenne Ha [717 ne nobap/iger MHOKHATENCH
IF). Tpocroe BbluMcenne nokasbisaer, 4To [pa(7), Hy] CONEPKUT TOBBITIAIO-
IIFI€ OIEPATOPBI HA CIMHAX OJIHOM Y6THOCTH. (AHAJOTUIHOE YTBEPXKICHIE UMe-
er mecro jyist [Hyp, p_o(7)]). CireoBaresibHo, B KaXK/J0M CJIArA€MOM  XOTst Obl
Ha OJIHOM CITMHE JIEHCTBYIOT orepaTopbl I 1, Bo3MOXKHO, [# (4TO HecylecTBeH-
HO JIJIST HAIErO paccykjenusi). M3 9Toro ciejyer, UTo cjiesl BCeX CIAraeMbIx
paBeH HyJlio, OTKyJla mnosydaeM (3.15).

TakumM 06pa3oM, BTOPOHl MOMEHT KOTEPEHTHOCTH BTOPOTO TOPSIIKA MOXKET
ObITH NpeJiCTaB/IeH B BUJE CyMMbl M. 2) —|—M2(2J2  BKJIQJIOB B HETO OT 22- 1 auri-

2,2z
. 2
duron gacreit JIJIB. Ananornuno korepenrnoctu nopsaka 0, M. (2)

9., MOXHO BbI-

YUCJIMTh, UCIIOJIb3Ysi TOYHOE pernenue it narencuBHoctu MK korepenrHocTn
BTOPOTO MOpsijika B zz-mojenu. Juddepenrupys (2.15) mo ¢ aBazk bl u mosa-
rasg t = 0, umeem

dQFQ’ZZ(T, t)

N
lI—l'|=1,3,5,... ni’;fﬁp

Anasiornano (3.9) (dbopmysia HUXKe JIAET TOJBLKO HYXKHBIE HAM CJIydan ):

N , 4D jI=T]>2
> (D + Dor)? = (3.17)
e, 2D?, |1-1|=1

[oacrasisist (3.17) B (3.16), nosydaem

dQFQ,ZZ (T, t)

yrs — —2D? > J3@2Dr) | - Ji(2D7) (3.18)

t=0 p==+1,43,...

Ucnonbsys coorromtenue [69]

1=J;(2D7)+2)  Jp(2D7) (3.19)
k=1
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B jonosrenue K (3.11), ynpocrum (3.18):

d2F27ZZ (7’, t)

T = —D? (1 — Jy(4D7) — 2J%(2Dr)) . (3.20)

t=0

Jl1st BbIYMC/IEHUST BKJIaJa BO BTOPOH MOMEHT OT (DJIOTI-(PJIOT YaCTh TaMUJIbTO-
HUaHa nepeiaém K hpepMHOHHOMY TpejcTaBiennio. Oaut-(hon raMuIbTOHIAH
H¢y B depmuonnom Bujie Obu1 Boimmcan pamee (3.5), KAk 1 KOMIOHEHTDI MaT-
PUIIBI IIIOTHOCTH, oTBevatonme 3a MK korepentHocTh 2-10 mopsijika po (1.31) u

MHUHYC BTOPOro nopsijika p_o (1.32). cnonbsyst 91u Gopmysibl, mojydaeM, 9o

Tr {[pa(7), Hyfl[Hyp, p-o(7)]} = 2V 'D* “sin®(2D7sink) cos® k. (3.21)

Bamensisi cymmupoBanue B (3.21) mHTErpUpoBaHHEM ¥ MCHOJb3Ys (GOpMYyIty
(3.4), HAXOMUM JIJIST BKJIAIA M2(2J2 f dunn-daon wactu JI/IB Bo Bropoit MoMeHT

dopwmbl Jinnun MK kKorepeHTHOCTH BTOPOIO 1OPS/IKa:

p* (1 17
MQ(Q}f = &2 %/COS(ZLDT sink) cos* kdk | . (3.22)
0

Bocrosib3oBaBImmcs u3BeCTHBIM cOOTHOIIICHHEM |69

/2

2
Ji(z) = ?Z/cos(z cost)sin® ¢ dt, (3.23)
0

npeobpazyem dopmyiny (3.22) K BuLy

4D? 1 Ji(4DT)
M2 = - - 3.24
2071 — Jy(4Dr) <2 4Dt ) (3:24)

. 2
Bropoit momenT MQ( ) KOT€PEHTHOCTU BTOPOI'O MOPsIAKa PaBeH

4D2 3 Jl (4D7’)
2 2,ZZ+ 2,ff 1 — J()(4DT) 2 JO( T) Jl( 7_) ADT
(3.25)
Ucnonbsys dopmyiy [69]
Jl(a:) _ Jo(x) + JQ([E) (326)
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MOXKO nepenucars (3.25) B 6osiee yi00HOM BuJE:

- — §§4D7) (3(1 — J(4Dr)) — 273(2Dr) — %JQ(LLDT)) . (327)

M

3.4 lIloxydenomenosorndeckKas TeOpud

penakcamuun MK KorepeHTHOcCTEI

DKCIepUMEHTAJIbHBIEC JIAHHbIC (MOJy9IeHHbIe Ha Kpucraje dbropanaTuta ) I1o-
KasbiBaior, 4ro pesakcais MK korepenTHocreit Ha nepuoje sposionuun MK
9KCIIEPUMEHTa, XOPOIIIO OIMUCHIBAETCS MayCCOBBIM 3aKOHOM:

—Cn(T)t2

Ey(1,t) =kn(T)e™ 2 4+ an(7), (3.28)

riae n - uarencuBHocTh MK KorepentHOCTH mOpsiika 1, ¢, (T), kn(T), an(T) —
bYHKIUK JUIUTEIbHOCTH OrOTOBUTEILHOTO Ttepuojia 7. OHu MOryT ObITh Haji-
JIEHbl U3 paHee paccuuTaHHbIX wHTeHCHBHOCTEH MK KorepenTHOoCTEl Ha MOJ-
rorosuresibHoM niepuojgie Gy, (7) (1.33),(1.34), Bropoii pou3BOJHON MHTEHCHB-
rnoctn MK korepenTHOCTH MO JUIUTETLHOCTH TEPHOIA CBODOJHON 3BOJIIOIHN

F,(7,t) u cranuonapnoii uarencusuocru MK korepenrroctu npu 60sibiiux t,

n

KOTOPYIO MbI 0003Ha4YMM depe3 A7,

rjie 1, KaK OOBITHO, MOPSJIOK KOT'ePEeHTHO-
cru. [locse ux mogcranoBky B (3.28) 9TO BhIpaXkeHHe MOYKET OBITH 3aTUCAHO B
BUJIE

Gn(‘r)lwén) 2

Eur ) = [Ga(r) — AP (n)] e o1 4 ). (3.29)

Hnst ciyuast MK korepenTHOCTH HEHYJIEBOIO 1OPsijiKa, BBUJY OOpallleHus B
wosib A%, dopmyna (3.29) npunumaer 6osiee npocryto dhopumy. s MK kore-

PEHTHOCTU BTOPOI'O MOPSAJIKA

(2),2
- Myt

Fy(1,t) = Go(1)e” 2 (7). (3.30)
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3.5 CpaBHeHune pe3yjabTaToOB 22-MOAECJN 1
1101y (p€HOMEHOJIOTUYEeCKOil TeOpUn C

IKCIIEPpIMECHTAJIbHBIMHI JaHHbIMNI

Ha puc. 3.1 nokaszana 3aBUCHMOCTL MHTEHCUBHOCTH KOTE€PEHTHOCTH HYJIEBOTO
HOPSIZIKA OT JTUTEJLHOCTH nepuoja ssosonnn MK skcnepuMenTa mnpu -
TEJIbHOCTU TOJI'OTOBUTEJILHOTO Tlepuojia 7 = 126 MKe, a TakyKe pe3yJibTaTbl
TEOPETHIECKUX PACICTOB B zz-Mojesu (ypasuenue (2.14) ¢ N = 100) u no mo-
ayderomenosornveckoit opmysie (3.29) (npenosararorieii rayccoB xapakTep
cuaga). s xoreperraocTr mopsizika (0 pacXOXKJICHUS DEIICHUs B Z2-MOJIENH
1 11oJrybeHoMeHosIornYeckoii hopmylioit (3.29) HesHaUMTENbHbBI, [IOTOMY YTO,
KaK yrKe YIOMUHAJIOChH, (hJini-(JIoN YaCTh TaMUILTOHMAHA He BHOCUT BKJIaJ B
perakcaio MK koreperrnocTu mopsiika 0 (X0Tst 9TO CTPOTO JOKA3AHO TOJHKO
nist catydast N — 00 M MaJIoif JITTUTEJHLHOCTH TIepHoJia CBOOOIHOM SBOJIIOIWH T).

Ha puc. 3.2 nokasana 3aBUCHMOCTL WHTEHCHBHOCTH KOMEPEHTHOCTH BTOPO-
ro MOPsAKa OT JJIMTEILHOCTH meproa 3omonun MK skenepumentTa npu -
TeJbHOCTH TOJINOTOBUTELHOTO TMepuoga 7 = 139,2 MKc, a TaKKe pe3yJbTaTbl
TEOPETHYECKUX PAcYéToB B zz-Mojesu (ypasuenue (2.15) ¢ N = 100) u no 1o-
aydenomenoorudeckoii hopmyse (3.29) (mpeamonaraiorieil rayccoB xapakTep

crajia).
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20 40 60 80

Puc. 3.1: Narencupnocts MK korepentaoctu nopsika (. CriomiHas Kpupas —
oty hperomenosiorndeckas popmyiia (3.29), myHKTHpHAS — PACIET B 22-MOJIENHI
(¢ B3ammMogeficTBUEM JIAJIEKUX CIIUHOB Ha 1epuoje sBostoiun) (2.14) ¢ uucsiom
cuunoB N = 100; Touku - 3KcIepuMeHTaJ bHbIe JaHHbe. Och abCIKICC PACIOIO-
JKeHa, Ha YPOBHE TEOPeTHYIEeCKOil craronapHoil narencusrocTr (2.20). Pucyrok
onybsinkoBaH B pabore [23].

Puc. 3.2: Marencupnocts MK Korepentaoctu nopsjika 2. CILIoIiHas KpuBas —
noJtypeHomenosorundeckas popmydia (3.29), myHKTUPHAs — PACUET B 2 2-MOJIEJH
(c B3amMosieficTBIEM JTATEKUX CTIUHOB Ha mepuoje sBostorun) (2.15) ¢ auciom
cmmaoB N = 100; ToUuKH - 9KCIepuMeHTaJIbHbIe JJaHHble. PUCYyHOK OIMyOInKOBaH
B pabore [23].
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I'1aBa 4

OpuenTtanmonHas 3apucuMoctb MK
JINHAMUKI W peJaKcalluy B OJTHOMEPHBIX

cucreMax

B s710it riaBe n3maraorcs pes3ynbTaThl, OMyOJUKOBAHHbIE B cTaThe |24].

4.1 O6mue 3aMedYaHUs

[Tpn n3Menennn opueHTAIMN JIMHEHHOM HEMOYKN OTHOCUTEITHhHO BHEITHETO Mar-
HUTHOTO TTOJIsI Bee KOHCTAHTDI /1B yMHOX)Aa0TCA Ha TOCTOAHAYTO BEJTUINNY, 3a-
BUCSIIILYIO OT CTaporo u HOBOro yryioB. Orcioya ciejyer, 4ro B IpeHedpeKeHnn
B3aMMOJICHCTBUAME MEK/Ty NEIMIOIKAMU ¥ FeTePOsIJIePHBIMU B3aUMOJIeHCTBUIMH,
zapucumocT narencuBHocreir MK korepenTHocTeit or BpemeHu 1pu pasHbixX
OPMEHTAINSTX KPUCTAJLIA K BHEIIEHMY MAarHUTHOMY TTOJIIO JTOJIKHBI OTJINIATHCST
TOJILKO MaciiTaboM Bpemenu. Obo3uadunuM uepes § yroy MexK a1y HalpaBJIeHUIMA
BHEITHET0 MArHUTHOTO TI0JIst ¥ Tienouek, u depes D(0) koncranty JIJIB mex 1y
CIIUHAMM, KOTOPBIE ABJISIOTCS OKafmmMu cocesisiMu. VI3BecTHO, 9TO

~ 3cosf—1

D(0) >

D(0). (4.1)
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Bseném oboznadenust st MACIITAOUPOBAHHON JUIMTEIbHOCTH OAIOTOBUTE b

HOT'O IIEepHuo/a 1 Mmepruojia 3BOJIIOINN

|1 — 3cos? 0|

11— 300329\t
5 :

2

Tt =

T =

(4.2)

B gactHOCTH, ecin yuuThIBaTh TOILKO I JIB BHYTpH cimHOBO# MeNOYKU, NHTEH-
cupHoctb MK korepenThnoctn Fj, 3aBUCUT TOJIBKO OT MAaCIITAOMPOBAHHBIX JIJIK-
TesbHocTel T, | HO He or 0: F,(7,t,0) = F,(7,t). Kak emé 6osee qacTHblit
ciaydail, ykaxkem mHreHcuBHoctu MK kKorepenTHOCTEH Ha I110JIOTOBUTE/ILHOM

IIEPUOJIE C B3AUMO/AEHCTBUEM TOJBKO OJIMKAUIINX COCEeJIe:

Go(T) :% + %Jg(ﬁlD?) (43)
() :i _ ijo(w?), (4.4)

4.2 PoJb rereposiiepHbIX B3aUMOJAECHCTBUIA B
anHaMuke n peaakcanuu MK

KorepeHtHocreit AAMP

B crpykType propucToro anaruTa OKOJIO KaXKJ0ro aroMa Gpropa MMeeTcs 1o 3
aroMma pocopa Ha paccrosgHum 367 M. DTU 3 aTOMa PACIOJIOKEHbI B BEPIIHU-
HAX PABHOCTOPOHHETO TPEYTOJILHUKA, IJIOCKOCTH KOTOPOTO MEePIeHIUKYJIIPHA,
IeroUKaM, a B ero Ienrpe naxourcs arom ¢gropa.[50] Tereposiepubivin B3a-
UMOJIEHCTBUSIMHI, KPOME TAKOBBIX MEXKJY sApaMu pTopa U COCETHUMU SIpaMU
dbocdopa, MoxkHO TpeHebpeub (B CTPYKTYPEe allaTUTOB €CTh TakKXKe KajbIluil 1
KHCJIOPOJI, CAMble PaCIPOCTPAaHEHHBIE U30TOILI KOTOPBHIX HEMArHUTHBI, a THPO-
MAIHUTHBIE OTHOIICHUS OCTAJBHBIX MaJibl). B jajbreiineM Oyjiem caurarh, 9ro
sjipa ¢ocdopa 3aHyMEpPOBaHbI HAapoi yuces j, k, rje j - HoMep OJIKaiiiero
sijipa dropa, a k = 1,2,3 - Homep sijpa docdopa B TpeyroJibHUKE.

Ha mogrorosuresbHOM Tepuojie, BCJIEJCTBHAE JIeHCTBIAST UMITYILCHOM TOCIe-

JIOBATEJILHOCTH, TeTeposiIepHOe B3aMMOJIeCTBIE yepeaHsieTcs g0 uyad. OjHa-
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KO Ha I[EPUOJIE HBOJIONKMK ITON0 He npoucxojaut. Ha mnepuoje ¢BobOHOE 9BO-
JIIOIAN MBI JI00aBJIsieM K TaMWJILTOHWAHY 9acTh Hperero, OTTMCHIBAIONIYIO 22-
B3aUMOJICHCTBUE (TaK KakK B CHJIHHOM BHEITHEeM Mojie (pyinm-hJiom JacTh yepe -
usiercst) N sijiep dropa ¢ 3N sizep docedopa (N Tpoek, GuvKaiimmx K 1mernod-
Ke):
N 3
Hhetero — Z Z Ji,j,kliz j;k (45)
ij=1 k=1

re S;." , — OllepaTop IIPOEeKIK Ha OCb Z MarHUTHOIO MOMeHTa fjipa docdopa
J, k (k-rerit coceny j-toro syipa dropa), J; j — xKoncranta JJIB mexy i-Thim
sjipoM dropa u j, k-TeiM sijipoM ¢ocdopa. s rerepostiepHoil 1 ToMOsiepHO
qacTell raMuJIbTOHUAHA, UMEET MECTO COOTHOIIEHNE, aHAJIOTMIHOE COOTHOIIEHUIO

MeXJTy zz- u duun-dJion ramuiabronnanamu (3.15):

Tr {[02(7-)7 Hdz] [Hheterm p—Q(T)]} =Tr {[ﬁ2(7')7 Hhetero] [Hd27 p—Q(T)]} = 0.

(4.6)
HeitcrBuresbho, eciu B BbipaxkeHun |[Hpetero, p—o(7)] 10jCTABUTL 3HAYEHMSI
Hpetero 1 p—o(T) m3 ypasuennii (4.5) u (1.39) coorBercTBEeHHO, W TNepenucarh
PE3yJIbTAT KAK CYMMY KOMMYTATOPOB (BBUJLY JMHEHHOCTH), MOJYUUM CYMMY
CJIAraeMbIX, KarKJI0€ U3 KOTOPBIX ABJACTCS MPOU3BEJICHUEM CKaJsdpa U olepa-
TOpPOB, B KOTOPOM POBHO OJIMH ONKCBIBAIONMI MOMEHT siyipa (docdopa onepa-
TOp (MJIK Ke CKAJISIPHbIA MHOXKUTENb PaBeH HyJ110). [lajee npejcraBum Kaxjioe
cJlaraMoe B BUJIE TEH30PHOIO IPOU3BEICHH OIIEPATOPOB, KAXKIbIA U3 KOTOPLIX
JleicTByeT Ha CBOU CIIMH; M BOCIIOJIB3YEMCsl CBOMCTBOM TEH30PHOI'O IIPOU3BE/IC-
aus Tr(A ® B) = Tr ATr B, B wactaoctu, Tr I* = 0 B npocTpancTBe, 0TBEYa-
oremy sapy docdopa (Kak moKaszaHo BbIIIe, B KAXK/OM CJIaraeéMOM e€CTh TAKOi
COMHOXKUTED). Takum 06pazoM, cJie]] OT BCeX CJaraeMblX PaBeH HYJI0, OTKY/a
ouesuiHO (4.6). U3 ypaBHeHus Bbilie cyejayer, 9To Bropoii MmomentT MK kore-
PEHTHOCTH 2-TO NOPsJIKa IPEJICTABJISCTC KaK CyMMa BKJIaJ0B B HEr0 reTepo-
SIZIEPHOIO U TOMOSIJICPHOIO B3aMMOJICHCTBHIL; 3TO yTBEPXKJICHNUE JJOKA3LIBACTCSI

AHAJOIMYHO TAKOBOMY JJisi 22- 1 (Quinii-hJion B3auMOoJeHCTBIH (CM.TEKCT 110/

(3.15)).
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BxkJiaj, rereposijiepHoro BzaumMojieiicrsust B0 Bropoit momentT MK korepent-
HOCTH 2-TO TOPSIJIKA, MOYKET COCTABJIATHL JI0 7% TPU OPUEHTAIINU IHETTOYKHU IO
0JTI0 (B 3aBUCHMOCTH OT T ), WJIH JlaxKe GOJIbIIe TIPU JIPYTUX OPUEHTATINAX (TaH-

Hble Jyist 16-CIIMHOBOI HEenouky, cM.HuXKe pasi.4.3).

“Maru4deckmuii’ yroj Kak o06J/1acThb, I'Jie CIIMHOBBIE IIEIIOYKN HEJb3d

CIUTaTb N30JIMPOBAHHBIMMA

Korja yros Mexkjty 1enodkamu u nosieM paseH (wiv OJIM30K) T.H. “Marnvecko-
99 _ 1 ° o

MY”, Omagic = arccos 7~ 54.74°, B3auMoJieiicTBrE BHYTPHU MEIMOYKH OTCYTCTBY-

er (MM, COOTBETCTBEHHO, €J1ab0 110 CPABHEHUIO C B3UMOJECTBUEM CO CIIMHAMU

M3 JIPYTUX IEMOYEK ), W, OUCBUTHO, PA3BUTAS 3/16Ch TEOPHUs HEIIPUMEHUMA.

4.3 YucaeHHBII MeTOJ JJisI OIIMCAHNI
peaakcanun MK korepentnocreii ZIMP

nJist 16-CIIMHOBOM CHUCTEMbI

B sTom naparpade ucioab3yercsi TOUHOe pelleHne Ha, 0JATI0TOBUTEIbHOM IIePH-
one (1.37-1.39), B kKoTOpOM JTMHA cIUHOBOI 1enouku N = 16, nmpejcraBieHnoe
B Bujle (POPMAJIbHBIX CyMM HPOM3BEJCHUI ClIMHOBLIX oneparopos I, 7, I7,
IpUUIEM B KaxKJIOM IIPOM3BEJICHUU Ha JII0OO# CIMH JieiicTByeT He Gojiee OJHO-
o olneparopa , ¢ 4YMCJOBbIMU KOdpduimenramu 1pu Hux. fCHO, 4TO TaKoe
NpeJICTaB/IeHne eJIMHCTBEHHO C TOYHOCTHIO JIO TIOPSIJIKA CaraeMbiX 1 MHOXKUTE-
Jieit. 3aTeM pacCUnTBIBACTCS KOMMYTATOD [H, po] TSI TIOJICTAHOBKY B ypABHEHHE
(3.3) (em. 1. 3), H = Hg., Hpetero- Kak ykazsano soiine, sropoit momenr MK
KOIE€PEHTHOCTH $IBJISIETCS CYMMOI BTOPBIX MOMEHTOB, PACCUIUTAHHBIX OTJIEJIbHO
st Hg, n Hpepero. BOJiee TOrO, TaK Kak Mbl yUUTBIBAEM B3aMMOJEHCTBYE sijiep

docdopa TobKO ¢ OamKaiuM gapom dgropa, T.e. Hjetero IMEET BUJ

N 3
Hhetero - Hhetero.i,ja Hhetero.i,j - JNNhetero.i,in Si,j7 (47)

i=1 j=1
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(r1€ JNNhetero,j — KOHCTAHTA JIALOJIb-JAUIIOJIBHOIO TETEPOsIEPHOIO B3ANMO/IEH-
CTBUsST MEXKJy sijipoM BTopa HOMep i U ofHuM u3 Tpéx (j = 1,2,3) cocepnux
¢ uuM siyep docdopa), 10 BrIAT Hperero BO BTOPOHi MOMEHT TaK¥Ke Dacria-
JIAeTCS B CYMMY BKJIQJIOB 110 KaxKJIOMy sJipy ¢ocdopa OTJIe/IbHO, UTO TaK»Ke
MCIIOJIB30BAJIOCH JIJIsl YCKOPEHUsT BblUncaeHnid. MOXKHO 3aMeTUTh, 9TO B (op-
mysie (3.3) nog 3uakom cisiesia (Tr) crout nmpousBesieHUEe CONPSIZKEHHBIX JIPYT
apyry onepatopos [Hg., pn(7)] u [Haz, p—n(7)]; ecniu mopcrasuts B (3.3) 3mHa-
aenue [Hy,, pn(7)], upejcrasiennoe B Bujie popMaibHoit cymmbl Ay + As + . ..
C IPUBEJACHHLIMA TTOJOOHBIMA CJIATAEMBIMU, TO CJIEJ, OTJUIHBIA OT HYJIA, NMe-
0T TOJIBKO caaraembie Buia A; AT, D10 03HAUAET, UTO ITOT CJIEJ MOKHO CPasy

BBIIUCIATH Kak » Tt A; AT B ¢Boio ouepesin, on cunrarcs ¢ nomorpio (2.7).
i

4.4 CpaBHeHHIE TEOPETUIECKINX Pe3yJbTaTOB C
IKCIIEPUMEHTAJbHBIMHA, MOJYyYE€eHHBIMA HA

dTopanaTure

DKCIIEePUMEHTAJIbHBIE PE3YJIbTaThl [MOKA3BLIBAIOT, YTO WHTEHCUBHOCTH KOIe-
PEHTHOCTEH Ha IIOJAIOTOBATEILHOM IIEPUOJIE XOPOLIO ONUCHIBACTCA TEOPUEi
(em.puc. 4.1), kpome yruos 6 = 56° (bmskoro marudeckomy 54.74°), npu KOTO-
POM KOI'€PEHTHOCTH 2-I'0 HOPsIJIKa OTCYTCTBYeT, U 62°, Ipr KOTOPOM COLJIache C
Teopueil TaKxKe IJI0XOe.

st yiobcTBa CpaBHEHMsT TEOPUU ¢ SKCIIEPUMEHTAJILHBIMU JAHHBIMU Ha, 11€-
projie ¢BOOOTHO IBOTIONNH PACIETHLIE BTOPBIE MOMEHTHI (Mz(z)) TePECINTAHBI

BO BPEMEHA, PEJIAKCAINH trolax 10 POPMYIIE

trelax — Y (48)
M

T.e. BpeMs, 3a KoTopoe naTeHcuBHOCTh MK KorepentnocTn 2-ro mopsjika B Ha-

meit nostyhenomenosiornueckoit mogiesn (3.28) crajaer B e pa3. JKCIEpPUMEH-
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TaJIbHBIE JIAHHBIE HOJOIHAHbBL O/ TY 2Ke MOjesib (3.28) MeToJloM HAUMEHbIIUX
KBa/J[PATOB.

Ha nepuose spostroriuu mpu 0 < 6 < 30° Teopust Tak»Ke XOPOIIIO OINKUCHIBAET
SKCIIEpUMEHTaJIbHBIE JlaHHble (eM.puc. 4.2), ojiHAKO Jist JIPYTUX YIJIOB COTJia-
CH€ C 3KCIIEPUMEHTOM 3aMeTHO XyxKe. [Ipmamna 5Toro, BO3MOXKHO, aHAJIOIMYHA
yKa3aHHOil B pazjesie 3.1 npuunne xXyJuero Corjaacus ¢ 3KCIePUMEHTOM Ha, 11e-
pHUOJe CBOOOJHON 3BOIONMK 110 CPABHEHHUIO C MOJIOTOBATEJIBLHBIM IEPUOIOM B
CJLy4ae OPUEHTAIMY 11CII0UEK BJI0JIb BHELIHEIO MarHUTHOIO 10JIst: Ipy6o roBops,
OTHOCHUTEJIbHAS BEJIMINHA MTONPABOK, BHOCUMBIX YUETOM B3aUMOJICHCTBHIIT fae-
KUX cHoB ¢ KoHcTanTol JIJIB Dy cmote, uMeeT mopsiok (Dyemote/ Dy )? (Tae
Dyn — koncranra JIJIB Gumxkaiimmx coce/ieil) Ha MojroTOBUTETHHOM MEPUOJIE
U (Dyemote/ DN N) HA TIepHOJIE 9BOJIIONUE; SICHO, YTO MPU yBEJIUICHUN yriia ¢

BTOPOE BbIparkeHue rnepecraét ObITh MaJibiM paHbIlle, YeM EPBOE.
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Puc. 4.1: Iunamuka MK korepenTHOCTEl HA MOATOTOBUTEIHHOM MEproje (CM.
pazgen 4.4) . Kpussie — dopmyiibl (4.3), (4.4), TouKy - 9KCIEpUMEHTATbHbIE
nanubie. U3 pabors [24] .
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Puc. 4.2: Bpemst penakcanuu (cum. pasgen 4.4) MK korepenrroctn

27° (0.688)
158° (0.782)
175° (0.987)
6° (0.984)
17° (0.867)

HOpsJIKa

2 JIIsi OpMEeHTallii KPHUCTaJlIa, IPU KOTOPBIX IEHOUYKH 0Opa3yloT ¢ BHEIIHUM

MarHUTHBIM 110JIeM yroJ1 He Oosiee 30°. Kpupbie — dnciieHHbIH pacyér
dumn-dJion yacTu ¢ B3auMOJECcTBUEM BCeX CIMHOB B 16-ClIMHOBOM

C y4ETOM
LelovKe,

VUUTBIBAsE reTeposiyiepHble B3auMoeiictus (cM. pasen 4.3). Touknu - skcre-

pUMEHTAJbHBIE JIAHHBIE 13 paboThl [24].
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I'maBa 5

]_[eHOUIKI/I C pa3/iIn9YdbIM KOHCTaHTaMMN

JIJ1B oamxalimmx cocejiei

B 570ii rytaBe U3IAralOTCA PE3yIbTaThl, OMYOJUKOBAHHBIE B CTaThsaX |25, 26].

B 1npupojie BcTpedaloTcest BelecTBa, CojeprKallie HeOHOPOJIHbIE OJIHOMED-
HbIE TEMOYKH siJIepHbIX crnHoB. Hampumep, B rambeprure BeoBO3OH umerorcest
3UI3ar000Pa3HbIE HEHOUKK I'MJIPOKCUIbHBIX 1IPOTOHOB |70], KOTOpbIE 1IPU 6OJIb-
IIUHCTBE OpHWEHTAIMII KPUCTAJLJIa OTHOCUTE]HLHO BHEITHEr0 MarHUTHOTO ITOJIs
OyIyT aJbTepHUPOBAHHBIMU, T.€. ¢ UepeayomuMmuca Koncranramu /1B coce-
rux nap crmros [52]. Tounoe pemenue s MK pqunamukn AMP anbrepanpo-
BAHHOI IIEIIOYKU ¥ COOTBETCTBYIOMIErO OJHO(DEPMUOHHOIO CIEKTPA, IIOJIyIEeHbI
B [19, 20].

B macrosmeii ritaBe paccmarpuBaerca MK munamuka AMP meomnopomnoit
OJIHOMEPHO 1eI0YKN B HPUOJIMXKEHUN B3aUMOJIEHCTBUI OJIMXKANIINX coceieit
|15], B xoTopoii koucranTsl [1/IB Beex map coceHUX CIIUHOB MOTYT OBITH pas-
snanpiMi. Kak 1 B 0AHOPOJHOM ciydae, npeobpasosanne Hopana-Burnepa
[54] ocraérest Baxkueitum cpejictBoM Jist uccaegosanust MK junamuku B 0/1-
HOMEPHOI TIerovuKe. B 9acTHOCTH, ¢ ero MOMONIbIO yaaéTes JToKa3aTh, uTo MK
cuektp AMP B paccmarpubaemom cityudae cocrout Tosibko u3 MK korepentHo-
creit SIMP nopsnkos 0 u +2, Kak u B oJHOPOIHOM ciaydae. OHAKO MOJIYIUTH

0JIHO(PEPMHUOHHBIN CIEKTP B sIBHOM BHJIE 3JI1€Ch HE YJIaeTCsl.
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5.1 ®depMmMOHHOE IIpeJICTaBJCHNE MAaTPUIIBI
IIJIOTHOCTU HEOJHOPOJHOI OJHOMEPHON

cucreMmbl B MK skcnepumente AMP

B pesysbrare ycpenenus J1JIB HeoHOPOIHOM HENOUKH siJIePHBIX crinHOB 1/2 B
CUJILHOM BHENTHEM MArHUTHOM TOJIe MHOTOUMITYJILCHOW MOCTeT0BATETHHOCTHIO
pesonancubix BY umiysibeos [1] ramusibronuan, omucsiatonmit MK jgunamuxy,

MOZKeT OBITH NpPEJICTABICH B BUJIE
1 N-1
=1

rjge N — uncso cuunos B nenouke, Dj 1 — xoncranra JIJIB cuunos ¢ u ¢ + 1,
+ o7 - - ' :

I™ w I] — noBwIMaOMuil 1 TOHWIKAIOMINIT OepaToph! CUHA . B najbHeiimem

MBI Oy7ieM cuuTaTh, 4To [N HeuéTHO. C IOMOIIBI0 YHETAPHOIO IIPeodpa30BaHusl,

1epeBOpavYrBaOIIEero BCe YETHbBIE CITUHBI

(N-1)/2
U= H exp (—irly,), (5.2)
n=1

rie IS, — MpoeKIust yIJIOBOTO MOMEHTa CIIHHA sA7pa 2n Ha ocb a (o = x,Y, 2),
ramusibronnan (5.1) MOKHO 1peobpaszoBarh Bo duinil-hiion ramusisronnan Hyy,

OIIpeJiesIIeMbIil CJIeIYIOITIM 00Pa30M:

N-1
1
Hyp =5 > Diga (LI + 1T T) (5.3)
1=1

[Ipeobpazosanne (5.2) He TpebyeTcst peaTu30BBIBATH IKCIEPUMEHTAIBHO; ITO
dpopMaIbHBIH TPUEM JIJISI TEOPETUIECKOIO CBEJIEHMST ITOH 3a1a49u K OoJjiee 1mpo-
CTOiA.

Hauasibroe ycsioue jiisi marpuiibl mwiornocru o(0) B 3agate o MK juna-
muke AMP onpejnenserca paBHOBecHO# z-ToJisipu3aliieil BJOJIb HaIlpaBJIeHUs

CUJIbHOI'O BHEIIHEI'0O Mal'HUTHOI'O 1I0JIf. HpI/I BbICOKHUX TeMIIEpaTypaxX MO2KHO
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CYMTATH, YTO HadasbHas Marpuia wiornocru ecrs I, = Y IF. Tlocse upo-
k

BeJleHuns peobpazoBanus (5.2) HAYATBHOE YCJIOBUE JJIsi MATPUIIBI MIOTHOCTH

IIPUHUMAECT BU/J]
N

— o + _1\Jj—17z
5(0) =ULU" =Y (-1y7'I%. (5.4)
j=1
Janee, Kak 1 B cydae OJHOPOJIHON MEMOYKH, MBI IIEPEXOIMM OT CUCTEMBbI B3a-
MMOJIEHCTBYIOIIUX CIIMHOB K CUCTEME HEB3aUMOACHCTBYIONMX (PEPMUOHOB, CO-

Bepruas npeobpasosanus Mopnana-Burnepa |54]. @epmuonHbIE OMEPATOPHI ¢;

LIPU ITOM BbIPAXKAIOTCs YePe3 CIIMHOBbBIE OIIEPATOPHI CJAEYIONM 00pa30M:
ci = (=2)" L. I I (5.5)

I3 (5.5) BBITEKAIOT CJEJYIOIINE COOTHOIIEHHS:

| 1
U:Q&Yﬁﬂénﬁﬂmﬁ:§—q@, (5.6)

a pepmuoHHOE IpejicTaBenue Jjisd dani-gJon-ramunbronnana H ry umeer Buj

N-1

1
Hff = § Z Di,i+1 (C;FCZ'_H + c;:qcl-). (57)
=1

Huaronamusanys ¢uun-cion ramuibronnana Hyp 1poBOJUTCsS yHUTAPHBIM

npeobpaszoBannem G = g, (i,k =1,2,... N)

N
Ci = Zgz‘kﬁk- (58)
k=1

@un-dJion raMuIbTOHUAH BhIPAXKAETCS Uepe3 OlepaTophl [ CJeIyomuM 00-

PasOM:
|

Hyp =5 Z kBB (5.9)
=1

a 0JIHOEPMUOHHBIH CHEKTD i = /2 OCTaéTcst B JIAHHOM CJIydae HEeBbIUUC-
JgennoiM. Ilose3no rak:xxe BbIpa2KeHue JIJigd OlepaTopOB
I7 = . i B ! 5.10
P =2 9B B — 5 (5.10)
ok
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Marpuua wiorHoctu 7 (7), onucsisaoiias MK junamuxy dAMP, yiosiersopsier

ypastenuio Jluysusis [15]:

7 E > wmﬁ(t)l | (5.11)

7

C yuérom (5.4), (5.10) momywaem u3 (5.11), aro

5(t) =Y exp (—%(Ak - )\k/)t> -

k!

i—1

N
- (Z(—n“g;kgikf) 50— 5 (512)

5.2 C(CsoiictBa ogHOMEPMUOHHOIO CIIEKTPA B
MK mmaamunke AMP

Tamusibronuan (5.7) yjuobHo nepernucarb B Marpudnoit opme [19]:

1
Hjy = 5C7DC, (5.13)
rae  Bektop-crpoka CT = {cf,cf,...ck}, a Bexrop-crombeny, C =

{c1,¢9,. .. CN}T, MHJIEKC | 0603HAYaeT ONEpAIINIo TPAHCIOHHPOBaHus. Marpura

D rpéxjinaronaJlibHas

(0 Di» 0 0 0 )
Dio 0 Dy3 0 0
Lol 0 D00 o |
. | 0
0 0 0 ... 0 Dyan
\0 0 0 ... Dyix 0 )

Di,i-i-l 7é 0 (514)

st masbHeiero cymecTBeHHO, ITO JAUAroHa b Marpuilel (5.14) cocrout u3
. o 1 .
nysieit. O603HaYMM COOCTBEHHDbII BEKTOP MaTpulibl 510, cCoOTBETCTBYIOIMI COO-

CTBEHHOMY YHCJIY [lf = %/\k, qaepes gr = { g1k, 92k, - - - » GNk - Lt manbHeinmx
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BBbIYUCICHU HOTPEOYIOTCs CJIEJ Y IOIIKME Y TBEPK ICHUsI, KOTOPbIE BEPHbI JIJIsi BCEX

BEIECTBEHHBIX MaTpuI| Buja (5.14):
1. CobcTBeHHBIE TUCITIA MATPUITHI %D HEBBIPOXK JICHDI.

2. Eciu pg — coOCTBEHHOE HYMCIIO %D, TO —[f — TOXKe COOCTBEHHOE YHUCJIO

1
ID.

3. Ecm g = {91k, 92k, 93k, - - - »gNE} —  COOCTBEHHBIl  BeK-
Top 3D, COOTBETCTByMOIMH COGCTBEHHOMY —3HAMCHUIO  fly,  TO
{916, — 921y G3ks - - -, (=) tgni} — Taxke coberenmblit BeKTOp %D,

COOTBETCTBYIONIHI COOCTBEHHOMY 3HAUYECHUIO — [i.

B janbueiiiem 6yjaeM cuuTaTh, 9TO €r BLIOpAHbBI HOPMUPOBAHHLIMU, U JIJIs1
N-1
seex k {gir, — 92k, 93k, - - - (= 1) "Nk} = N1k DTO Beerja BO3MOXKHO 1IPU

YKa3aHHbIX BbIIIE€ YCJIOBUAX.

5.3 Crpykrypa MK cnekrpa AMP

HEOJHOPOJHOI OJJHOMEPHON IENOYKN

Ussecrno 18, 16], uro MK cuekrp AMP ojiHOpO/1HO# 0/1HOMEDHO! 1E10YKY B
MPUOJIMYKEHUN B3aMMOJICHCTBUI OJIMKAMIINX coceJieil COCTOUT M3 TPEX JIMHUIA,
coorBercTBytomux MK korepenTtHOCTAM mopsakoB 0 u £2. MbI mokaxkem, 4To
takast crpykrypa MK crniekrpa AMP coxpansiercst u B npousBoJibHOI HEOTHO-
POJIHOM IEIOYUKe B IPUOIMKEHNH B3aUMOJEHCTBIN OJMKARIINX COCeIeil.
Takast crpykrypa MK criekrpa AMP onpejiensiercs nyms dpakropamu. Bo-
MEPBBIX, Hada bHasg MATPUIA TJIOTHOCTU CIIMTHOBOW CHCTEMBI BCETIa OMpE/Ieis-
ercs oneparopom [,. Bo-sropwix, MK junamuka AMP B paccmarpusaemom
CJIydae OIMHUCHIBAETCS CUCTEMOM HEB3aUMOJEUCTBYIOMMUX (hepMUOHOB, MOy Yae-
MbIX C HOMOIIBIO 1Ipeobpasosanus Mopuana-Burnepa [54] us cucrembl Bzanmo-

JICACTBYIONNAX SAJEPHBIX CITUHOB.
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Coryiacao dopmydie (5.10) oneparop I, Moxker ObITh HPEICTABIEH KAK JIU-
HeiiHass KOMOWHAINMS JBYX(EPMUOHHBIX YJIEHOB. DTO CBOWCTBO COXPaHSIETCsI
B IIPOIECCE SBOJIIOIMHU CUCTEMBI, IOCKOJILKY (PepMHUOHBI HE B3aUMOJICHCTBYIOT
mexty coboit. C momorrpio dopmyit (5.6), (5.8) MOXKHO yCTAHOBUTE, YTO KaXkK-
JbIA TaKOW YJICH COJIEPXKUT OJIMH MOBBIMIAIONINN U OJUH MOHUXKAIOIUKA ollepa-
top. [Ipu BbInOHEHNN 06paTHOTO NpeobpasoBanust (5.2) U3 TAKUX YJIEHOB BO3-
HUKAIOT YJIEHBI, COojiep:Kaliye JIHO0 OJMH MOBBIIIAIOINIUA U OJINH IIOHUXKAIOIIUI
oreparop, JubO J(Ba MOBBIMIAIOIINX, JUOO J(Ba, HOHMXKAIONUX oneparopa. Or-
cioqa caenyet, 9ro B MK nunamnke AMP HeoqHOpoaHBIX OHOMEPHBIX CUCTEM
BO3HHUKAIOT TOJHLKO MK KorepeaTnoctn nmopsijikos 0, 2 u —2. Bosee mopobubie

BBIKJIQJIKW, TIPUBOJIAIIME K 9TUM pe3yJbTaTaM, JaHbl B CJICJYIONIEM pa3Jjee.

5.4 Boroiiund nHTeHcuBHOCTell MK
KorepeuTHoctTeil ZIMP B HeomHopoaHbIX

OJHOMEPHBIX IEIIOYKaX

C yuérom dopmyat (5.6) u (5.8) nepenuiiem BbipazkKeHUe Jijisi MATPUILbI [LJ10T-

HOCTH 0 (1) coieiyomuM 00pa3oMm:

N
a(t) = Z exp(—i(p — puw)t) (Z(_l)ilg;kgik’> :

k. k! i=1
D (2" g I I I T T (5.15)
Ll

N .
Pacemorpnum cymmy B (5.15) > (—1)""1g% gis. Cormacno mnpeanonoxenuio ns

izl
pasf. 5.2, {giw, =92k, g3krs - - - (—1)" " gnw } = ny1-k. [loaTOMY
N N

S (=1 ghgiw =D grginei-- (5.16)

i=1 =1

N-1

Dra cyMMa OTJIIMYHA OT HyJIsl TOIJIa U TOJILKO Torda, korjga k = N + 1 — k.

CoryracHo TPEANONOKEHNIO U3 pa3fd. 9.2, Uy = —UN+1—k- LlodTOMy dopmyity
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(5.15) moxkHO nepenucarb B Buje (N — HeuéTHO):

a(t) = Z exp(—2iput) Z(_2)l+l/_297k91',1v+17k'
k

LU

1
iL T T T = 5 (57)
[IpoBomst mpeobpazoBanue, obparHoe (5.2), Moy UM
o(t) = U a(t)U = oo(t) + o2(t) + 0_5(t), (5.18)

rie

) = I_9 4
oo(t) = — E exp(—2ipt) E (—1)z (—Q)HZ 291kgl’,N+1—k'
k 1=13,...
I'=13,...

I LRI T T — Z (_1)7(_2)”1 _291291',N+1—k'
1=24,...
I'=24

goue

Z Tz z ) 2 z 1

) I+ 41 I_9 4
oo(t) = Y exp(=2iut) Y (~1) 7 (=2 Pghgr ok
k 1=1,3,...

L TP LTI T IE, (5.20)

. 1+ +1 I_9 4
0-2(t) = Zexp(—kat) Z (—1)77 (=2)" LG N1k
k 1=2.4,...
I'=13,...

LI LT T L (5.21)

B dopwmynax (5.19)-(5.21) o0,(t) (n = 0,£2) orsercrBenna 3a MK kore-
penTHocTh nopsijika n. MK crektp AMP cocrour uz tpéx sunuit stux MK

KOTepPeHTHOCTell B COOTBETCTBUU € Pe3yJabTaTaMu pas/l. d.3.
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Nurencusnocrs MK korepenrHocTu 1opsijikop £2 ompejensiercs 1o hop-

Myﬂe
. 1+
Jea(t) = Tr (oa(t)oa(t) = Y exp(—=2it(us + ) Y, (=1) 7
kK 1=1,3,...
I'=24,...
47 +1 r 47 9 . N
Z (_1) > (_2)l+l 2. (_2)l+l 2glkgl/7N+1—kgjk/gZ/’N+1,k/'
1=24,...
7=13,..

- Tr (m; 0 80 b (3 SN RV 0 £ E RN Y e (O 1;111,—> . (5.22)

Cren B (5.22) oTomden oT HyJsI, TOJBKO ecan | = I'ul' = 1. Vcnonbsys

9T0, MOXKHO repercarh (5.22) B Bujie

Jealt) = 2V Y exp(=2it(uitm))- | Y gvgiviie Y Giwgrain
ke k! I=13,... =24

(5.23)

[Tepexoyist kK HopmupoBanubiM MK korepentrocTsim [18], nosydaem

Tr 09 t O_9 t 1 .
Jio(t) = ( TE()]ZQ) 9) _ N ;; exp(—2at (e + i)

> ghgnirw D Giwgraeik | - (5.24)
1=13,... I'=2.4

Borancanm cymmbl, Bxogsime B (5.24), nonbsysick Tox gectBoM (5.16):

N
1
> gfkgz,zv+1_k/:§§ (1= (=) ghrginirw =
=1,3,... =1

1 1 XN
= 5 Z gzkkgl,N+1—k' — 5 Z gl*kglk/. (5.25)
=1 =1

[Tosib3ysich OPTOHOPMUPOBAHHOCTBIO CHCTEMBI BEKTOPOB G, oIy daeM u3 (5.25)

x 1 1
Z 9ik9I,N+1-k' = §5k,N+1—k’ — §5kk/, (5.26)

I=13,...

67



e Opp — cuMmBoJ Kponekepa. Anajiorndaio

) 1 1
Z 99 N+1—k = §5kk’ + §5k,N+1—k’- (5.27)
=24

[Tepemuoxkast (5.26) u (5.27), nosydaem

E glk;gl N+1—Fk E gl/k/ U!N+1—k =

[=1,3,..

7...

1

=1 Ok N1—k — Opir) - (5.28)

[Toacrasisist (5.28) B Boipazkenue st MK korepenrnocrn nopsijika +2 (5.24),

MOJIyHaeM:

J1o(t) = 1N ; exp(—2it (p + o))

1
- (Op, N1k — Okpr) = N zk: (1 — exp(—4ituy)) =

1

i
=N k (1 — cos(4tur)) + N zk: sin(4tpy) = IN Z sin’ (2uxt). (5.29)

Cymma Y sin(4tuy) B (5.29) paBHa HY/II0 B CHILYy yTBEpXKJjeHUs 2 pasj. 5.2.
K

Cymma naTencuBHOocTeil MK KOrepeHTHOCTE! COXpaHSETCs B TTPOTIECCE HBOJTIO-
nnu cucrembl [18]:

Jo(t) + Jo(t) + Ja(t) = 1. (5.30)

YuurbiBast, 4ro Ja(t) = J_z(t), 1OJIy4aeM U3 (5.30), qro
—1-— Z sin?(2put) = Z cos?(24uxt). (5.31)

B ojnoposHoM ciydae ogHOMEPMUOHHBINA CIIEKTD Olpejessiercs 110 (popmyJie
[18]:
M = Dcosk (Di,ijq ZD, 1= 1,...,N— 1) (532)

[Togcrasisist (5.32) B dopmydibl (5.29), (5.31), MOXKHO yOeJUTHCs, YTO OHU CO-

IJIACYIOTCs ¢ Pe3yJbTraTaMy MpeablIyux padbor. B 3ursaroodpasnoii memnouke
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Puc. 5.1: 9pomonmst narerncusrocteit MK korepenTrocTeii nmopsinka 0 u +2 B
MOHOKpUCTa/ie rambeprura, BoiaucieHuast no gopmysaam (5.29), (5.31). Yroa
M€Ky BHEIIHMM MArHUTHBIM I[IOJIEM M 3BEHOM Iemnodku f = 15° KoHcTaHTbI

JOIOB D1 =42,6-103¢™  u Doz =72,7-10%c™ 1.

poToHOB B rambeprure [52, 71|, npu yryie MexJly BHENTHUM MarHUTHBIM T10-
JeM 1 3BeHoM Tienoukn 6 = 15° koucranTsl IJIB Ommkaiiiux cocejieit paBHbBI
Do =142,6-10°c' u Doz = 72,7-10%c™!. Pegyabrars pacuéra MHTEHCHBHO-
creit MK korepentnocreit AMP mo dopmyram (5.29), (5.31) npejcraBieHsl Ha
puc. 5.1. Kak u B ogHOpOHO# 1enouke, mnpoiecce sposonnn MK korepentHo-
cTeil MOYXKHO IIPEJICTaBUTh Kak Ipolecc obmena Mmex iy MK korepeHTHOCTSIMUI
nopstjika 0 u mopsijikos £2.

Ha pwuc.5.2 npejgcraBiiensl pe3yabTaTbl YUCICHHOIO aHAJIN3a IBOJIIONNHN WH-
teacuBHOCTH MK KorepentHOCTEl mOpAakoB 0 m 42 B YeTHIPEXCIMHOBON CH-
creme ¢ koucranramu JIJIB Gumxkaiiinux coceeit Dy g = 27 - 6096 ¢, Dy g =
24444 ¢ D34 = 27-3339 ¢ 1. Dror npumep MOKHO 0GOGIATEL Ha MHOTOC-

IMMHOBBIC CUCTEMDbI, COACP2KAIINE JABaK/Abl aJIbTEPHUPOBAHHBIEC HEITOYKNA.
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Puc. 5.2: 9pomonmst narerncusrocteit MK korepenTrocTeii mopsinka 0 u +2 B
4eThIPEXCIMHOBOM cucreme ¢ koncrantamu JJIB Dyo = 27 - 6096 ¢!, Dyg =

2 - 4444 ¢, D34 = 27 - 3339 ¢!, Berunciaenns mpoBoAMIUCh 110 hOpMYIaM
(5.29), (5.31).
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SaKJIIYeHIe

B nmccepranum mpoBesieHO HCCIeIOBaHUe JUHAMUKHN 1 penakcannu MK kore-
pentraoctreit AMP B ojiHOMEpPHBIX OJIHOPOJIHBIX TEMIOYKAX Ha TIEPUO/Ie CBOOOIHOI
sposiortun MK sxcnepumenta AMP. Tlonydeno ananuTndeckoe pereHue Jijis
JIMHAMUKN CUCTEMBbI JIJIsI 1IeI0YeK IPOU3BOJILHOM JiinHbI. TakKe 1oKa3aHo, UTo
MK korepenTHOCTh 0-TO HOpsIIKa He CHajaeT JO HyJs Ha Iepuojie CBOOOIHOM
9BOJIIOLMK, U HallJleHO e€ cralmoHapHoe 3HadyeHue. Pazpura 11o/1ydenomMeHoso-
ruvdeckas Teopusd penakcanun MK korepenTHOCTE HYJI€BONO M BTOPOI'O OPS/I-
KOB, Ha OCHOBE aHAJMTUYCCKU PACCUUTAHHBIX BTOPBLIX MOMEHTOB (DOPM JIMHUI
stux MK korepentnocreit AMP, u cramuonaproro 3unauenusi MK korepenTHo-
ctu 0-ro mopsjka.

Tak>ke ncciae0BaHbl OPUEHTAIMOHHBIE 3aBUCUMOCTH JIMHAMUKN U PEIaKCa-
mun MK korepentrocreit AMP, kak qucienno, Tak u aHaIUTHIECKE (HO BO BTO-
pom ciydae 6e3 yuéra rereposijiepHoro Baumogieiicrsust). Eciu npenebpedn re-
TEePOsIJIEPHBIM B3aUMOJIECTBUEM, TO JTUHAMHUKA CHUCTEMbBI IPU Pa3JIUIHBIX OpPH-
CHTAIMSX OTJIMIACTCS TOJIBKO MACIITAOOM BpeMeHH (KpoMe yryia Mex/1y Herod-
KO ¥ 110JIieM, OJIM3KOTO K MarndeckKoMy, KOrJa MaJibl B3aUMOJEHCTBIUSI BHYTPH
rmernouek ). Kciu ke yauThIBATH reTeposiiepHble B3aNMOIeiiCTBIs (B KpUCTAJLTE
dbropanarnTa) Ha rneprojie cBOOOJHON IBOJIOINMI, TO HPEJBIIYIIee yTBEPXK JIe-
HUE BBIMOJHSIETCST TOJBKO JJIsT MaJIbIX yryioB (MeHbie mpubsusuresbHo 30°)
MEXK/TIy IeMOYKON U TTOJIEM.

IIpoBeseno cpaBHenme Pas3BUTBHIX AHAJUTUUYECKUX W UHUCJICHHBIX IIOJIXOJIOB
C 9KCIIEPUMEHTAJbHBIMK JaHHBIMK 110 JIMHAMUKe U pesiakcanun MK korepenT-

Hocreit AMP it MOHOKpuHCTasIa (PTOPUCTOrO alaTUTa U II0JYUEeHO XOpPOoIlee
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COIJIACHE TEOPETUYCCKUX PE3Y/IbTATOB C 9KCIEPUMEHTAJbHBIMU JIAHHBIMHU.

[IpoBeieHo TeopeTntdeckoe nccaeoBaHne JMHAMUKY Ha, TOJINOTOBUTEILHOM
nepuoyie MK skcnepumenta SAMP B HeOqHOPOIHBIX CIIMHOBLIX IEMIOYKAX C IIPO-
M3BOJILHBIMU KOHCTAHTAMU B3amMojieiicTBust OJiKaiimmux cocejeit. [lokazano,
YTO, KaK U B OJIHOPOJIHBIX IIEIIOYKaX, 37ech Bo3HmKaoT MK kKorepenTHOCTH
T0JibKO 10psiyikoB 0 u £2. Tlosydyeno aHajuTHIECKOE BbIPparKEHWE MHTEHCHUB-
noctu MK kKorepenTHocTeill cucreMbl Ha IOJINOTOBUTENHLHOM IIEPUOJE Uepes3 eé

0JIHOPEPMUOHHBIH CHIEKTP.
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