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H3yuenue Hanokpucmaniuiecko2o COCMOSHUS, CYUeCMEEHHO MEHAIOWe20 DONbUUHCIEO QUIULECKUX
Xapakxmepucmux 6eujecma, A8isemcs 6ecbMa akmyanvisviM. bonvwoi npaxmuyeckuii unmepec npeocmas-
JsIIom pabomul, ROCEAUJeHHbLE UCCLeO08AHUSIM MACHUMHBIX XAPAKMEPUCTUK HAHOKPUCMATLIO8 (heppomaec-
HUMHBIX 8ewyecms. Yoice Obin0 NOKA3AHO, YMO pasmep HAHOKPUCMALIL08 JiceNe3d CYUeCmEeHHO nusem Ha
BeUUUHY UX HamazHudyeHHocmu. Tem He menee a0eK8amMHOU MOOenU CMPYKMYpbl HAHOKPUCTHAIAUYECKUX
006pazo6anuil, COCMOAWUX U3 PASTUUHO20 KOIUYECMEA amoMO8 Jicene3d, N03680aI0Well ONUCAMb BbIAGTIEeH-
Hble IKCHEPUMEHNANLHO USMEHEHUS MASHUMHBIX XAPAKMEPUCIUK, 00 CUX NOp He NPeOCMAasieHo.

B pabome ananuszupyromes paznuunvie no Konguaypayuu u Koau4ecmey ciazaiowux ux amomos HaHoK-
pucmannudeckue kiacmepwvl dicenesa. Ilocmpoenvl npocmpancmeennvie MoOeny KiAcmepos ¢ noMOubio
NPOCPaAMMbI MPEXMEPHO20 MOOCTUPOBAHUS U ONpedenelbl KOOPOUHAmbl OMOEIbHbIX AMOMO8 8 Kiacmepe.
3a ocHnoey nmpednacaemvix cmpyKmyp HAHOKPUCMALLO8 NPUHAMbI Mempa’s0puiecky nA0MHOYNAKO8AHHbIE
KaacmepHule cOOpKu amomos dicenesa. /s npednazaemvix Kiacmepos Obliu HOCMpoeHsl CneKmpul niom-
HOCMU DNIeKMPOHHBIX COCMOSAHUI. /[ 9M020 UCNOI6308AU THEOPUIO QYHKYUOHANA DNIEKMPOHHOU HIAOMHO-
cmu, pacuém nposoouncs No Memooy pacCesHHbIX 60NH 8 COOMEEMCMBUL C 30HHOU meopueli KpUCMAaiios.

Iloxazano, umo nosenenue HAMASHUYEHHOCMU 8 MEeMPA’IOPUUECKUX NIOMHOYNAKOBAHHBIX KIACMEPHBIX
00pa306aHUAX CEA3AHO C 8030YIHCOCHHLIMU IIEKMPOHHLIMU COCHOSHUAMY AMOMO8, HAXOOAUUXCS HA NO-
eepxHocmu Hanoxnacmepa. Bo36yscoénnvie amombl 061a0arom noebiueHHOU 1eKMPOHHOU NIOMHOCMbIO,
M. e. 2NeKMpOHbL CNOCOOHbI nepexooums 8 COCMOSHUA ¢ Oonbuell dHepauell, NPUObIUNCAACL K IHepeuu
Depmu. [Ipu smom evinonnsemes ycaosue Cmonepa, Heobxooumoe 05k 603HUKHOBEHUS HAMAZHUYEHHOCHU.
Kongueypayuu snexmponog co cnunom 8gepx u 6Hu3 OMAUYAIOMCS, U3-3Q 420 NOABIAIOMC HECKOMNEHCU-
posanuvie Masnumusie MmomeHmol. Iloomeepoicoeno, ymo npeonodicenHvie Mooenu HAHOKIACMEPOs Jicenesd
Y0061emE80pUMenbHO COOMEEMCMEYIOM U38ECMHbIM IKCNEPUMEHMANbHBIM OAHHBIM.

Knioueswvie cnosa: HaHokjlacmep oaicenesa, mempaa()pultecmt NI0OMHOYNAKOBAHHbIE CMPYKMYpbl, mae-

HUMHbLE CBOLICMEA.
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The study of the nanocrystalline state, which significantly changes most of the physical characteristics
of substances, is very relevant. Of great practical interest are the works devoted to the study of the
magnetic characteristics of nanocrystals of ferromagnetic substances. It has already been shown that the
size of iron nanocrystals significantly affects the magnitude of their magnetization. Nevertheless, an
adequate model of the structure of nanocrystalline formations consisting of a different number of iron
atoms, which allows us to describe the experimentally detected changes in the magnetic characteristics,
has not yet been presented.

In this paper, we analyze nanocrystalline iron clusters that are different in configuration and number of
their constituent atoms. Spatial models of clusters are constructed using a three-dimensional modeling
program, and the coordinates of individual atoms in the cluster are determined. The proposed structures of
nanocrystals are based on tetrahedrally densely packed cluster assemblies of iron atoms. The electron state
density spectra were constructed for the proposed clusters. For this purpose, the theory of the electron
density functional was used, the calculation was carried out by the method of scattered waves in
accordance with the band theory of crystals.

It is shown that the appearance of magnetization in tetrahedral densely packed cluster formations is
associated with the excited electronic states of the atoms located on the surface of the nanocluster. Excited
atoms have an increased electron density, that is, electrons are able to transition to states with higher
energy, approaching the Fermi energy. In this case, the Stoner condition necessary for the occurrence of
magnetization is fulfilled. The configurations of electrons with spin up and down differ, which is why
uncompensated magnetic moments appear. It is confirmed that the proposed models of iron nanoclusters
satisfactorily correspond to the known experimental data.

Keywords: iron nanocluster, tetrahedrally tightly packed structures, magnetic properties.

BBenenne

N3BecTHO, 4TO HAHOKPHCTAIUINYECKOE COCTOSTHUE MEHSET He TOIBKO CTPYKTYpPY, HO U MHOTHE (u-
3UYECKUE XapaKTEePCTHKH BemiecTs [1]. B paboTe [2] mpuBeAcHBI UCCIIETIOBAHNS MAarHUTHBIX CBOHCTB
KJIACTEpPHBIX YaCTHUIaX JKejle3a W3 pa3Horo KoimdectBa aroMmoB. [lokazaHo, 4To (eppOMarHUTHEIE
CBOICTBa KJIACTEpOB jKeJie3a 3aBUCAT OT 4Hcia aTOMOB B HuUX. [l KiacTepoB pasMepoM MeHee
50 aTOMOB MarHUTHbIE MOMEHTHI AocTHTraloT 3,1 MarneToHa bopa. Ilpu yBennueHnu yncia aToMOB JI0
500-700 B xiractepe MarHUTHBIE MOMEHTHI TTPUOMKAIOTCSA K HAMArHHIEHHOCTH 0OBEMHBIX 00Pa3IloB,
cocrasJsronieit 2,2 marHerona bopa (puc. 1).

ABTODHI [3] 0OHAPYKWIM HATHMYME HAMATHUYCHHOCTH B KJIACTEPHBIX 00pa30BaHUSIX JaXKe MPH OT-
CYTCTBMHU B HHX aTOMOB (peppOMarHMTHBIX BellecTB. [leTnm rucrepesuca, moATBEpKIarOIMe Hamar-
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HUYEHHOCTD, TToITy4deHs! i1 kinactepoB CeO,, GaN, Al,O; u np. deppomarneTnsm Takke HaOIrOMaET-
ca B ToHKuX miénkax HfO,, TiO,, ZnO [4; 5].
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Puc. 1. 3aBUCUMOCTD CpeZIHEr0 MArHUTHOTO MOMEHTA Ha aTOM
JUISL KJIACTEPOB XKeJie3a OT Yucia aToMoB B HEM nipu 120 K [2]

Fig. 1. Dependence of the average magnetic moment per atom
for iron clusters on the number of atoms in it at 120 K [2]

KnacrepHsie Mozenu siBISIOTCS HanOosee OOBEKTHBHBIM TPENICTABICHUEM CTPYKTYPhI METAIJIOB
IIPH MaJIOM YHciie aToMOB [6]. Kpome TOro, CTpyKTYpBI, COOTBETCTBYIOIIHE KIACTEPHBIM, BO3HIUKAIOT
TaKKe B 00bEME METaIIOB, Ha IpaHUIaX pa3zelia, IOBEPXHOCTAX paszpymieHus u T. 1. [Ipu Mogenmpo-
BaHUM HaHOKJIACTEPHBIX 00Pa30BaHUI MBI UCIIOJIB3YEeM HA0OPHI INIOTHBIX YIAKOBOK TETPadApOB, HaH-
6oJiee aeKBaTHO COOTBETCTBYIOIINX HAHOKPHUCTANTUIECKOMY COCTOSTHUIO [7].

ean padoTsl
OOBSACHUTH MPUPOJY YBEIHUYCHHUSI HAMAarHWYCHHOCTH KeJie3a B HAHOKJIACTEPHBIX 00pa30BaHUSX,
COJIEpIKaIlIKX pa3IMYHOE KOJIMYECTBO aTOMOB.

3agaun padoTsI

1. IlocTpoeHne TpPEXMEPHBIX KIACTEPHBIX MOZENEH TEeTpa’ApHUYECKUN IIOTHOYNAKOBAaHHBIX Ha-
HOKJIACTEPOB KeJie3a C Pa3IMYHbIM KOJIMYECTBOM aTOMOB.

2. ITocTpoeHue CIeKTPOB IJIOTHOCTEM 3JIEKTPOHHBIX COCTOSTHUNA UCCIIelyEeMbIX HAHOKIIACTEPOB.

Metoabl

s onpenencHusi KOOPJIUHAT aTOMOB OBUIM MOCTPOCHBI MPOCTPAHCTBEHHBIC MOJEIH KIIACTEPOB
C TIOMOIIBIO MTPOTPaMMBI TPEXMEpPHOTro MojienupoBanus. IIporpamma nmeeT He0OX0MMbIe HHCTPYMEH-
TBI JUI OTpEJIeNIeHUs] KOOPAWHAT aTOMOB HCCIIETyeMbIX KJIacTepoB. B OCHOBe KiacTepHBIX Mozesneit
JieXaTu TeOpPeTUIECKHE 3HAUECHHUs apaMeTPOB KPUCTAIMYECKUX PEIETOK Kenesa: arpx = 3,656 A,
aomx = 2,866 A [8].

[MocTpoeHHst CIIEKTPOB IIOTHOCTH 3JIEKTPOHHBIX COCTOSHUH MPOBOAWIINCH B paMKaxX TEOPHH (QyHK-
IIMOHAJIA AJIEKTPOHHON TIOTHOCTH (density functional theory, DFT) [9] ¢ ncnonbs3oBanmem 6aswmca 1mio-
CKMX BOJH W YJBTPaMSTKHX TICEBIONOTEHINANIOB. Pacyér mpoBOmMIICS 1O METOAY paccesHHBIX BOJH
(PB) B cOOTBETCTBHM C 30HHOH TeOpHEH KpUCTALIOB — aHaory merona Koppunru — Kona — Pokcrepa,
MIPUCTIOCOOJICHHOTO JUIS KIAacTepHBIX Mozeneil. Meton PB ocHoBan Ha (opmanuzMe MHOTOKPATHOTO
paccesHUSI DIIEKTPOHHOW BOJHBI HAa CHCTeMe MOoTeHIHaioB. OH IMO3BOJSIET TMPOBOIUTH PAaCUETHI
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JUTSL KJIACTEPOB M3 HECKOJBKHX aTOMOB M KPYITHBIX CHCTEM MO KOOPIHHATAM aTOMHBIX sijep. Bzaumo-
JICHCTBUE AJICKTPOHOB OITUCHIBACTCS YCPCAHEHHBIMU 3HAYCHUSMU TICPHOJUYCCKUX TOJCH, OMUCHIBAac-
MbIx MT-niorentuanom [10]. disa pacuéra mpuMeHsn mmaket nporpamm QuantumEspresso [11].

Pe3yabTaTthl

Ha nepBoM sTane Obula MOCTpOEHA MOJIEIb OKTa3APHUYECKOr0 KIacTepa I JKelie3a rpaHeleHTPUpO-
BaHHOW MOAM(DHUKALNK KPUCTAUIMYECKON PEeIIETKH, BKIIOYAIOIIETo B cebs ImecTh aToMOB (puUc. 2, a).
Hanee ObL1 moydeH rpaduk MIOTHOCTH BEPOSTHOCTH AJIEKTPOHHBIX COCTOSIHUM sl YKa3aHHOTO Kila-
crepa (puc. 2, 6).
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Puc. 2. Oxrarapuuecknii knactep I'L{K-xene3a n3 mectn aToMoB:
a — o0IWii BUI; 6 — 3aBUCHMOCTD IIFIOTHOCTH BEPOSATHOCTH PACTIPEAETICHUS JIICKTPOHHBIX COCTOSHUI
OT SHEPTUH JIIEKTPOHOB CO CIIMHOM BBEPX U BHU3

Fig. 2. Octahedral cluster of fcc iron of six atoms:
a — general view; b — dependence of the probability density of the distribution of electronic states
on the energy of electrons with spin up and down

ITo nanHBIM criekTpa (puc. 2, 6) MOXKHO CAEIAaTh BHIBOJ O HECKOMIICHCHPOBAaHHOCTHU 3JIEKTPOHHBIX
MOMEHTOB C Pa3sHOMMEHHBIMHU CIIMHAMHU. PaccunTtanneiii cpenuuii 3 (HeKTUBHBIN MarHUTHBI MOMEHT
Ha aToM cocTaBui 1,67 pp/aToM. DTOT pe3yabTaT MPOTUBOPEUUT JaHHBIM, IOJyUYSHHBIM I HAMarHu-
YEeHHOCTH ayCTEHUTHBIX craieil, nmeromux ['IK-peméTky, koTopbie He MPOSBISIOT (PeppOMarHUTHBIE
CBOMCTBA 1T MaCCUBHBIX 00pa3IoB [§].

OxTasapuieckuil KjaacTep U3 LIECTH aTOMOB MOXeET OBITh MpeoOpa3oBaH B KiacTepHOE 0Opa3oBa-
HUE, COCTOsIIEe U3 IUIOTHOYMAaKOBAHHBIX TeTpadapoB. CormacHo [12], okTa’ap MOKHO MpPEBPaTHThH
B TPU CBS3aHHBIX TeTpadJpa MEepeKII0YeHHEM OIHON XUMHUYECKOH CBS3M MEXIy ABYMS aTOMaMH
U3 mecTH (puc. 3).

Terpasapuueckre cOOpKM MOTYT OBITH OPraHM30BaHbI O-pa3HoMy. Hanbosee n3BeCTHBIM mpUMe-
pom sBiserca crpykTypa @panka — Kacmepa ®@K-12 [13], coorBercTByromas ukocaapy. Takyro
cOOpPKY MOKHO CKOHCTPYHUPOBATh U3 IBAIIIATH IUIOTHOYIIAKOBAHHBIX TETPasApoB (puc. 4, a).

Pacu€T mioTHOCTH 3IIEKTPOHHBIX COCTOSHUN MKOCadIpHIecKoro Kiacrepa (puc. 4, 6) mokaszai, 9To
CpeIHHUI MarHUTHBIM MOMEHT paBeH 0,21 pz/aToM.

H3BecTHO, uTO cTpykTypa OK-12 Hapsany ¢ ®K-14 nossasercs B cranu [Nagdunsaa 1100131 npu
IUIACTHYECKO# AedopmManuy Ha MOBEPXHOCTH Aedopmanuu wiu paspymenus. Crans [andunbsaa tak-
e SBISIETCS ayCTCHUTHOW, OJHAKO IPOSABISAET HEHYJIEBYI0 HAMArHMYEHHOCTh MPH MEXaHUYECKOM
Bo3nelicTuu [ 14].
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Puc. 3. IIpeo6pa3oBaHue HaHOKJIACTEPOB!
@ — MOJIeNb OTKAa3APUYECKOro KilacTepa; 6 — MOJENb KiacTepa U3 TpEX TeTpasapos [12]

Fig. 3. Transformation of nanoclusters:

a — model of a hexagonal cluster; » — model of a cluster of three tetrahedra [12]
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Puc. 4. Ukocasapudeckuii kinactep xenesa u3 13 aTomoB:
a — o0IMii BUJ; 6 — 3aBUCHMOCTb IIJIOTHOCTH BEPOSTHOCTH PACIPEICIICHUS JIEKTPOHHBIX COCTOSHUI
OT SHCPIUU 3JICKTPOHOB CO CIIMHOM BBEPX U BHU3; BEPTUKAJIbHAS JINHUA COOTBETCTBYCT SOHEPTUU q)CpMI/I

Fig. 4. Icosahedral iron cluster of 13 atoms:
a — general view; b — dependence of the probability density of the distribution of electronic states
on the energy of electrons with spin up and down; the vertical line corresponds to the Fermi energy

CymecTByeT pa3indHble BO3MOXKHOCTH YITaKOBKH TETpa’ApoB B HaHOKJIacTepe. Tak, BOZHUKHOBe-
HHE KJIacTepa B BHIIE TaTpadIpuaeckor crmpanu mist coenuaeHnid NigTis, Al,C; u npyrux ObL10 mMoKa-
3aHo B [12; 15; 16]. OGpa3oBaHue TakOW CTPYKTYpPHI CBSI3aHO C BO3MOXHOCTBIO IEPEX0/ia OKTa3pH-
YeCcKOT0 KilacTepa B TpYINy U3 TpEX TeTpadapuueckux (cM. puc. 3). Ha puc. 5, @ n3o0paxkeH HaHOK-
PUCTAIUNTMYECKUAN KJIACTEP XKeje3a, MPeCTaBISIONUNA cO00M CIIUpabh U3 CEMH TeTPa’aApoB. s Takoi
TETPadAPUIECKO COOpPKHU CHIEIaHO IMOCTPOCHNE CIIHH-TIOISPU30BAHHON TUIOTHOCTH AJIEKTPOHHBIX CO-
CTOSTHUH (pHC. 5, 6), CpEIHHIA MATHUTHBI MOMEHT Ha aToM cocTaBui 0,26 [1z/aToMm.

[Ipu mocTpoeHnn JambHEUIIMX KOOPAMHAIMOHHBIX cep (puc. 6) ¢ MOMOIIBIO TETPAdAPHUSCKUX
KJIACTEPOB YHCJIO aTOMOB Ha TOBEPXHOCTH YBEIWYHBAETCA C IeOMEeTpHUdecKol mporpeccueit. Llen-
TPaAJIBHBIN aTOM B IIEHTpPE SABISAETCS OOIMMM I BcexX criupaneid. [lepBEIit psi TeTpadIpoB pacosara-
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eTcsl IoBepX M uMeeT 12 000OMIEHHBIX MEXIy cOOOW aTOMOB Ha TMOBEPXHOCTU. BTopoil psam nmeer
2() aTOMOB Ha MOBEPXHOCTH, TpeTuil — 32 aToMa, 4eTBEPTHIN — 52 aToMa u T. 1. (puc. 6). OxHako, co-
riacHo npaBuity /lenone [6], HEBO3MOXKHO pean30BaTh B TPEXMEPHOM MPOCTPAHCTBE INIOTHO YIIaKo-
BaHHYIO CTPYKTYpPY MKOCadApa, COepIKamiero 6oee 2-X KOOPAWHAIIMOHHBIX chep.
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Puc. 5. CimpaneHsbIii KacTep jkeJe3a, COCTABICHHBIA U3 CEMU TETPadIpPOB:
a — o0IIWii BUI; 6 — 3aBUCHMOCTH IFIOTHOCTH BEPOSTHOCTH PACTIPEAETICHUS JIICKTPOHHBIX COCTOSHUI
OT SHEPTUH HIICKTPOHOB CO CIIMHOM BBEPX U BHU3

Fig. 5. Spiral iron cluster, composed of seven tetrahedra:
a — general view; b — dependence of the probability density of the distribution of electronic states
on the energy of electrons with spin up and down

1 KOOPAMHHUMOHHER chepa 2 KOOPAWHAUWOHHARA chepa 3 HOOpAMHAUNHOHHAA cdepa 4 KoOPAHHALMOHHAA chepa

Puc. 6. DBoIOIHsT KOOPIUHAIIMOHHBIX Chep U3 TETPadAPUIECKUX KJIACTEPOB: OT MEPBOM 10 YETBEPTOM

Fig. 6. Evolution of coordination spheres from tetrahedral clusters: from the first to the fourth

CremyromyM 3TaroM MOJEIMPOBAHHUS OblIa KOMOWHAIMS CIIHPAIEBUIHOTO W HUKOCAIPHYECKOTO
KJacrepa. IIpy miI0THOM yNakoOBBIBAHUM JBAaJLATH TETPAdpUUECKUX cIUpanei (puc. 7) B MepBoil Ko-
OpJMHALIMOHHON cdepe hopMUpyeTcst HKocadap, coaepkamuii 13 aromos. Bo BTOpO# KoopauHaIu-
oHHOH cepe — 20 aToMOB. 3/1€Ch COTIACOBAaHHO COCIMHSAIOTCS MEPBBIE 3 TeTpasapa OT Kaxaou u3 20
crimpaieii. Jlanee kakgas cipalib pacTeT CaMOCTOSTENBHO B HANPABICHWU OT IEHTpa MEePIEeHINKY-
JSIPHO TPaHsIM HKCa3Jpa NepBOH KOOPAMHAIIMOHHON cdepbl. Y Kaxnol cnupanu umeercs 10 aTomos,
6 13 KOTOPBIX, YIIaKOBaHHBIE B 3-X TETPadApax, HAXOAATCS B 2-X KOOPAMHAMOHHBIX cepax. Ocrab-
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Hble 4 aToMa Ka)XJI0¥ CITUPai YIaKOBBIBAIOTCS B «XBOCTBD» M3 4-X TeTpadpoB. OO0IIee KOINIeCTBO
aTOMOB B Takux no3unmsx cocrasisger 4 x 20 = 80. Takum 00pa3oM, OITHOE YHCIO aTOMOB B KjacTe-
pe, ynakoBaHHoM u3 20 TeTpasapuieckux cnupainei, pasHo 33 + 80 = 113 aTomos (puc. 6).

a 1]

Puc. 7. KoMOuHanus MKOCa3APUUECKOTO U CIIMPATIEBUAHOIO KIaCTEPOB JKeesa:
a — HeTIoJIHasl MoJieb u3 OymMary; 6 — TpexMepHasi KOMIIBIOTEPHasi MOJeTb

Fig. 7. Combination of icosahedral and spiral iron clusters:
a — incomplete paper model; b — three-dimensional computer model

Ha puc. 7 npuBenena cTpykTypa, moctpoeHHas u3 20 TEeTpadapHuecKuX NEeCATUATOMHBIX CITHpa-
niell, IMEIOIINX OJUH OOIIMii aToM B eHTpe. Bo BTOpoit kKoopanHAIMOHHOM cdepe popmupyercs Tak
XKe UKocadp, conepxkammii 20 aToMoB. 31ech noaydaerca 33 atoma B CyMME B NIEPBOH M BTOPOM KO-
OopAMHANMOHHON cdepe. IMEHHO Takasi CTPYKTypa COOTBETCTBYET AKCIIEPUMEHTAIBHO MOTYYCHHOMY
pe3yNbTaTy ¢ MaKCUMaJIbHOW HaMarHU4eHHOCThIO, TPUBEICHHOMY Ha puc. 1.

3akinoyeHne

[NosiBneHre HAMarHMYEHHOCTH B KIIACTEPHBIX OOpPA30BaHUSX CBA3aHO C BO30OYKIEHHBIMH 3JIEK-
TPOHHBIMU COCTOSIHUSIMH T€X aTOMOB, KOTOPBIE HAXOAATCS HA MOBEPXHOCTU HAHOYACTHIIBI MM HAHO-
IJIEHKH. B Takux crcTtemMax BO3HUKAIOT HANPSHKEHHBIC HEPABHOBECHBIE AJIEKTPOHHBIE COCTOSHUA. [l
KJIACTEPHBIX MOJEJNeH MaJbIX pa3MepoB OOJbIIas YacTh aTOMOB HaXOIUTCS HA MOBEPXHOCTH U UMEET
OTKpBITBIE CBs3U. B030yka€HHBIE aTOMBI 001aJaf0T MOBBILIEHHON 3JEKTPOHHOHM IUIOTHOCTHIO, T. €.
3JIEKTPOHBI CIIOCOOHBI MIEPEXOANTH B COCTOSIHUS C OOJbIIEH SHEprue, NpuormKkasich K sHeprun dep-
Mmu. [Ipu 3TOM BeIONHSIETCS yenoBue CTOHEpa, HEOOXOUMOE [Tl BOZHUKHOBEHHS HAMarHUYEHHOCTH
[17]. Kondurypaunu 351€KTpOHOB CO CIIMHOM BBEPX U BHU3 OTJIMYAIOTCS, M3-32 YETO MOSBIISAIOTCS He-
CKOMIICHCHPOBaHHbIE MarHUTHBIE MOMEHTHI. TakuM 00pa3oM, MpeasioKeHHbIe MOJACTH HaHOKIAcTe-
POB JKene3a BIIOJIHE YJIOBIETBOPUTENEHO COOTBETCTBYIOT IKCIIEPUMEHTAIBHBIM JaHHBIM padoThI [1].
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