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OBLAA XAPAKTEPUCTUKA PABOTDI

AKTYaJbHOCTh MCCJIEI0BAHUSI 00YCIIOBJIEHa OTCYTCTBHEM B JIMTEpaType
TEOPETUUYECKUX MOJICNICH, KOTOphIe OBLIN ObI CIIOCOOHBI, XOTsI OBbI C MMPUHIIUITHATb-
HBIX TIO3UITUH, OOBSICHUTH CHUJIbHBIC BS3KOymHpyrue 3(h(eKxTsl, oOHApYKECHHBIE B
AKCTIIEPUMEHTAX C MAarHUTHBIMU KUJKOCTSIMHU Pa3IMYHON TIPUPO/IBI.

Jluccepranus MOCBSIIEHA TEOPETUUECKOMY HCCIIECIOBAHUIO PEOJIOTMYECKUX
CBOWCTB HAHOJMCIIEPCHBIX MATHUTHBIX >KHAKOCTEW. MAarHuTHBIX XUJKOCTEU B
MPUPOJIC HE CYIIECTBYET, BCE €CTECTBEHHBIC JKUJKHE M Ta3000pa3HbIe Cpeibl
OYCHb CJ1a00 B3aUMOJICUCTBYIOT C MarHUTHBIM MoJieM. TeM He MeHee, U3BECTHBI
MHOTOYHMCJICHHBIE TPUMEPbl HMCKYCCTBEHHO CHHTE3UPOBAHHBIX >KUJIKUX W JHC-
MEPCHBIX Cpell, B3aUMOJICUCTBYIOIIMX C MarHUTHBIM TOJIEM M3-3a CBOEU CIIOCOO0-
HOCTH K HAMarHUYHMBaHHIO.

MaruutHble KUJIKOCTH ((eppOKUIKOCTH) MPEACTABISAIOT CO00M KOJUIIOMI-
HbI€ B3BECH OJHOJIOMEHHBIX (PEPPOMATHUTHBIX YACTUIl B HEMArHUTHOM KUIKOU
cpene. JmameTp 4acTUIl B TUIUYHBIX (PEPPOKUIKOCTIX BapbUPYETCS B Mpejeiax
7-20 uM. YToOBI M30€KaTh HEOOPATUMON KOATYJISIIUUA YaCTHI], OHU TTOKPBIBAIOTCS
CIEIUAIBHBIMU CTAOMJIM3UPYIOIUMU cllosiMUu. B 3aBucumocTtu oT THna deppo-
JKUJIKOCTHU, OTU CJIOM MOTYT COCTOSITh M3 MOJIEKYJ MOBEPXHOCTHO aKTHUBHBIX BeE-
IIECTB, UJIK UMETh HOHHYIO CTPYKTYPY.

B mocneanue, npuMepHoO, IeCITh JIET CTAllMOHAPHBbIE MArHUTOBS3KHE (-
(bexkTel B (HEeppPOKHIKOCTSIX, COOTBETCTBYIOIIHME TOCTOSHHOM CKOPOCTH TECUCHHS
Cpebl U TOCTOSIHHOMY MAarHUTHOMY IOJIIO, UCCIIEIOBAIUCH KaK SKCIIEPUMEHTAIIb-
HO, TaK U TeopeTHdecku. X pusndueckas nmpupojia, XoTs Obl Ha MPUHITUITHATEHOM
YpOBHE, BBISICHEHA M U3y4Y€HA. Y CTAHOBJICHO, YTO MPUINHOM 3TUX d(H(PEKTOB SBIISI-
eTcsl 00beUHEeHUE YacTUI] (DePPOXKUAKOCTH B JIMHEHHO-IIEMTOYCUHBIC WJIM O0BEM-
HO-KareJibHbI€ T€TEPOr€HHBIE arperarbl, BHITAHYTHIE BJOJb MPUIIOKEHHOTO Mar-
HUTHOTO MOJIs1 (CM., Hanpumep, 0030psl B [1,2]).

Bsizkoympyrue shdexts u cBoiicTBa (GEppOKUAKOCTEH, MPOSBISIOMIHECS
MPU HECTALIMOHAPHBIX TEYEHUSAX ITUX CUCTEM, BBI3BIBAIOT OOJBIION HHTEPEC, KAK C

06[HCH&y‘IHOﬁ, TaK U C Hp&KTPI‘IﬁCKOfI TOYCK 3PCHUA. ITo CpPaBHCHHUIO CO CTAlUO-
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HapHBIMH 3 (deKTamMu, BSI3KOYIPYTHE SBICHUS HKCIIEPUMEHTAILHO M3Y4YEHBI Cla-
0ee, TeOPETUUECKOro OOBSICHEHUSI OHU JI0 CHX TTOP HE MOJIYUHIIH.

Heab padoThl

[TocTpoeHne Teopuu BSI3KOYNPYTUX CBOWCTB HAHOAMCHEPCHBIX (HEppOKUI-

KOCTel U OOBSCHEHHE SKCIEPUMEHTAIbHO OOHAPY>KEHHBIX CHIIBHBIX BS3KOYIPY-

rux 3¢dexToB B 3TuX cucremax. [Ipexxae Bcero — OONBUIMX BPEMEH pEoJIoTHYe-

CKOU peJlaKCcalliy, Ha HECKOJIBKO JIECSITUYHBIX IOPSAKOB IPEBBIIAIOIINX BPEMEHA,

MpecKa3blBa€Mble KIACCUYECKUMH TEOPUSIMU JIUHAMUYECKUX CBOMCTB (eppo-

KHUJIKOCTEM.

JTanbl padoThI

e Pa3paboTka MporpaMMbl YMCIEHHBIX BBIUMCICHUN (YHKUUU PACIPEIECICHHS
LIETIOYEK MO0 pa3MepaM MO MOJENIM KMHETHKHA POCTa LETMOYEYHBIX arperaTtoB B
MAarHUTHBIX JKUAKOCTSX, pacueTa HEJIMHEUHBIX PEOJOTUYECKUX CBOMCTB ITHUX
CUCTEM.

e TeopeTHyeckoe HMCCICIOBAHHUE pEaKcallii BA3KOCTH MAarHUTHOW KHUJIKOCTH
nocjie CKayKoOOpa3HOro M3MEHEHUsI CKOPOCTU CABUTa. Y CTAHOBIIEHUE 3aBH-
CUMOCTH BPEMEHU PEOJOTHUECKON penakcaluu GeppoKUIKOCTH OT BETUNUHHbI
Y XapaKTepa U3MEHEHHsI CKOPOCTH CABUTOBOTO TEYEHUS.

e liccinenoBanue peoJOTHMYECKUX CBOMCTB MOJUAMCIEPCHON (HEepPpPOKUIKOCTH B
paMKax mpocTeiiiei OMauCIepCHON MOIETH.

e Pacder peoJOrMYECKHX CBOMCTB MArHUTHBIX XUIAKOCTEW C KOMIIO3UTHBIMH
YaCTULIAMH.

Hay4ynast HoBU3HAa

e [IpennoxxkeHa MoJeIb KUHETUKH POCTA LIETIOYEUHBIX arperaToB, a TAKXKeE BIIMS-
HUSI ATOTO Mpolecca Ha peosoruueckue cBoiicta deppoxuakocteit. Ha ocHo-
BaHUM ATOW MOJIEJIM PAacCUUTAaHA JUHAMUKA (DYHKIIMHU pacIpeAesieHUs 10 YnC-
Jy 4acTHI] B IIEMIOYKE MOCJI€ U3MEHEHHUsI BHEIIHET0 MarHUTHOTO MOJs U (UJIN)

CKOPOCTHU CIABUTOBOTO T€UEHUS (PEPPOKUIKOCTH.
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e TeopeTHyeckH paccunTaHa penakcanus BI3KOCTH MATHUTHOW JKUIKOCTH I1OCIIE
CKaYKOOOpa3HOro M3MEHEHHsI CKOpOCTH casura y . [lokazano, 4ro Bpems pe-
JaKCalM CJIOKHBIM 00pa3oM 3aBUCUT OT BEJIMYMHBI M XapaKTepa W3MEHEHUs
CKOPOCTH CIBUTaA.

e B pamkax npocreimeil OuaNCIEpCHON MOJAEIN OLUEHEHbl MarHUTOPEOJIOrnye-
CKHE CBOMCTBA IMOJIMIUCIEPCHON (EPPOKUIKOCTH C LEMOYEUHBIMHU arperara-
MHU.

o Jlna GpeppOoXKUAKOCTH C KIACTEPHBIMU YACTULIAMHU TOJyYEHBI KOJMYECTBEHHbIE
OLICHKM MarHUTOBA3KOro 3¢ (eKTa U JaHO KaYECTBEHHOE OOBSICHEHUE 3KCIIe-
PUMEHTAJIBHO OOHAPYKEHHBIX BA3ZKOYIPYIHX 3(PPEKTOB.

IIpakTnyeckass 3HAYMMOCTh
o [lpemioxxeHHass MOJIEb SBOJIOLUM LIETIOYEYHBIX arperaToB MOXET OBbITh HC-

II0JIb30BaHAa B KAYECTBE OCHOBBI JUIA JAJIBHEUIIETO U3Y4YEHUS PEOJOTHUECKUX
CBOMCTB (hepPOKUIKOCTEN U IPYTUX MATHUTHBIX CYCIICH3UH.

e Drta MOJENb IO3BOJISIET ITPOTHO3UPOBATh PEOJOTUYECKOE MOBEJAECHUE MHOTHUX
TUTIOB (PEPPOKUAKOCTEH B YCIOBHUSX COBPEMEHHBIX TEXHOJIOTHI. B cBOIO Oue-
peap 3TO MO3BOJISIET BbIpaOaThIBaTh PEKOMEHJALMU M0 LEJECHANPaBICHHOMY
CUHTE3Y (EPPOKUIKOCTEN AJI1 KOHKPETHBIX TEXHOJIOTUN U ONTHUMAILHOMY MX
IIPAKTUYECKOMY IIPUMEHEHHUIO.

ABTOp 3a1IMIIIAET
e  @DU3NYECKYIO MOJEIIb BA3KOYIPYTOCTH MarHUTHBIX KUIKOCTEN.

e BbIBOA cUCTEMBI KHHETHYECKUX ypaBHEHUH CMOIIYXOBCKOTO JUISl LIETTOYEYHBIX
arperaros.

JInyHblil BKJIaA aBTOpa. UNHCIEHHOE DPEIIEHUWE CHUCTEMbBI KMHETUYECKHUX
ypaBHEHUH g PYHKLIMU paclpeiesieHusl 0 YUCIy YacTHUIl B LIETIOYEYHBIX arpe-
ratoB; pemeHue ypaBHeHUs: Pokkepa-Ilnanka nns GyHKUMM pacrpenesieHus 1o
OpUEHTALUSIM LIETIOUEK; BhIYMCIIeHUE 3P(GEKTUBHOM BA3KOCTH, BPEMEH pellakcalluu

U JPYTUX PEOJIOTHUECKUX XapPAKTEPUCTUK MAarHUTHOW XKUJKOCTH.
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JLOCTOBEPHOCTH PE3YJIbTATOB HUCCIEAOBAHUS ONPENEISIETCSI COOTBETCTBUEM
MOJIYYCHHBIX B JUCCEPTALMH TEOPETUUYECKUX PE3YJIbTATOB SKCIIEPUMEHTAbHBIM
JTAHHBIM, TIEPEX0JTy, B MPEACIbHBIX CIy4asiX, MOJYyYEHHBIX PEe3yJIbTaTOB B PE3ylib-
TaThl, U3BECTHBIE U3 JIUTEPATYPHI.

AnpobGanus. Matepuansl [uccepTalii NPeCTaBISIIUCH U TOKIIAbIBAIUCH
Ha CJIEIYIONUX KOHPEPCHITUSIX.

o 14-ag Mexnaynaponnas «llnecckas HaydHas KOH(EpPEHIUs MO HAHOAMCIEpC-
HBIM MarHUTHBIM KuAKOCTIMY — (UT'DY, Ilnec, 2010).

e Bcepoccuiickasg KOHPEpEHIMs MOJIOABIX YueHbIX «HepaBHOBECHbBIE MPOLECCHI
B ciutomHbIX cpenax» — (II'Y, Tlepmsb, 2010).

o XVII «3umHsas mkona mo mexanuke cruiomubix cpen» — (MMCC YpO PAH,
[lepms, 2011).

e XXI Poccuiickass MononexxHas HayuHas KoH(pepeHuusa «lIpobiemsl TeopeTu-
YyecKou 1 akcriepuMeHTanbHou xumum» — (YpI'Y, ExarepunOypr, 2011).

e XI Hayuno-npaktudeckass koHdepenuus «Jlau waykm — 2011. Anepno-
MPOMBITIUICHHBIN KoMIUieke Ypanay — (OTU HUAY MUOU, Ozepck, 2011).

e 7th «Annual European Rheology Conference» — (Cy3nains, 2011).

o «Moscow International Symposium of Magnetism» — (MI'Y, Mockga, 2011).

Iyoankamuu. [lo matepuanam nuccepranuu onyOankoBaHo 11 medaTHbIX
paboT, B TOM uucie 4 cTaTbu B PELEH3UPYEMbIX XypHamax u3 crnucka BAK:
«KypHan TeopeTuuecKo M IKCIEPUMEHTATbHON (Pu3nku», «KommouaHbii Kyp-
Ham, «Physical Reviewy, «Journal of Magnetism and Magnetic Materialsy.

Crpykrypa u 00beM padorThl. [JuccepTannsi COCTOUT U3 BBEICHUS, YEThI-
pex raB, 3akitoueHus, oubnuorpaduu u3z 105 nHaumenoBanuit u comepxxkut 102
CTpaHULbl, 38 PUCYHKOB.

ABTOp BbIpaxkaeT 0JIaroJapHoOCTb: HAy4YHOMY PYKOBOJUTENIO mpodecco-
py, A.0.-m.H. 3ybapeBy A.1O. u Bcemy KoiieKTUBY Kadeapsl MaTeMaTnieckon (Gu-

3UKH Y palTbCKOTO (heIepabHOTO YHUBEPCHTETA.
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COOEPXXAHWE OUCCEPTALIUU

Bo BBeneHnu K quccepTaliu yKa3aHa Ielb paboThl, 000CHOBaHA aKTyallb-
HOCTb IMOCTaBJICHHOU 3amaun. [IpuBoauTcs 0030p MUTEpATyphl IO (PU3HKE U METO-
JlaM TIPaKTHYECKOTo MpUMeHEeHUs Qeppoxkuarocteid. OTMeyaeTcst OTCyTCTBHE TEO-
pum, KoTopasi ObuTa OB B COCTOSIHUW OIUCATh SKCIIEPUMEHTAILHO OOHApYKEHHBIC
BA3KOYIIpYyTrHue 3P PeKThl B HeppOoKUIKOCTIX.

IlepBasi riaBa MoCBSIICHA CTATUCTUYECKON TEOPUU (PEPPOKUAKOCTHU C IIe-
MOYEYHBIMU arperaramMu. PeppoKUAKOCTh pacCMaTpUBAETCs KaK CYCIIEH3HS OJ-
HOJIOMEHHBIX (PEeppPOMarHUTHBIX c]ep; MOCTOSHHBIA MarHUTHBII MOMEHT cepsl
BMOPOXKEH B €€ TE€JI0, IO3TOMY M3MEHEHUE OPUEHTAI[M MOMEHTA COIIPOBOXKAAETCS
BpaleHneM uacTullpl. [Ipeamornaraercs, 4To B pe3yibTaTe IUIMOJNb-TUNOILHOTO
B3aMMOJICHCTBHSI, YACTHIIBI OOBEINHSAIOTCS B JTMHEHHO-TIETIOYEUHBIE KIIaCTEPHI.

B paspgene 1.1 uznararorcs OCHOBHBIE AOINYILEHUS M MPHUOIMKEHUS, UC-
MOJIb3YEMBIE TPU MOCTPOCHUU TEOPETUUYECKOU MOAeNH (HeppOoKUIKOCTH, a UMEH-
HO: 1. PaccmarpuBaercst MoHOoaucepcHas Mozenb. Pa3dpoc no pasmepam yacrtuil,
XapaKTEPHBIN SIS MHOTUX PEAbHBIX (EePPOKHUAKOCTEH, /1711 MAKCUMAIBLHOTO YII-
poieHusl aHanu3a uUrHopupyercs. 2. IlpeneOGperaeTcsi CyleCTBOBaHHEM APYTUX
rerepoda3HbIX CTPYKTYp, KpOME IIEMOYHbIX arperatoB. 3. UrHopupyercs Quyk-
TyallMOHHasi THOKOCTHIO IEMOYEK; OHM PAacCCMaTPHUBAIOTCS Kak MPSIMbIE CTEpIKHE-
oOpasnbie arperatsl. 3. [Ipeamomnaraercs, 4to (HeppoKUIKOCTh HACTOIBKO pas3pe-
KEeHa, YTO MOXKHO IpeHeOpeyb B3aUMOACHCTBUEM MEXAY LIEIOYKAMU, B TOM YUCIIE
B3aMMOJICHCTBHEM OJMHOYHBIX YACTHII C IETIOYKAMU U IPYT C IPYTOM.

B nmccepramuu nmpuBoasATCS 000CHOBAHUS CHIEIIAHHBIX IMPUOMKEHUH, 00-
CYXJAr0TCsl 00JIaCTH UX TPUMEHUMOCTH.

Panee BBITIOJIHEHHBIE MCCIIEIOBAHNS TTOKA3bIBAIOT, YTO CACIAHHBIC CHIIBLHBIC
OpUOIMKEHUST TIO3BOJISIIOT TMOJIYUYUTh OIEHKM CTallMOHAPHBIX PEOJOTHYECKHUX
CBOWCTB (hepPOKHIKOCTEH, HEIIJIOXO COOTBETCTBYIOIIUE dKcIiepuMenTam [1,2].

B pa3nesie 1.2 npuBOAUTCS BBIBOJ CTAIIMOHAPHON (DYHKLIMU pacipeesieHus

gn IO 9YMCJIy 4YaCTHUI] B ILICTIOYKC. 9ToT BBIBOJ OCHOBAH Ha MMHHMMMH3AIIUHN CBO6OI[-
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HOU 3Heprun (HeppoKUAKOCTH, NPeICTaBIEHHON B BUe QpyHKIMoHana oT g, . [Ipu

9TOM YUYHUTBIBACTCA, YTO OaJlaHc CHMJI MAarHUTHOT'O IIPUTAKCHUA MCKIAY daCTUIaMU
U TUAPOAUHAMUYCCKUMU CHUJIAMH, PA3pYIIAOIMUMU ICII0OYKY, OIIPCACIIICT MAKCH-

MaJIbHO BO3MOXHOE 4YMCJIO N, 4acTull B Lienouke. B pabore ncnomnb3yercs: oleHKa
n., npeasoxkenHas B [1]. HeoOxoaumMo OTMETHTH, YTO NPUHIMI MUHUMYMa CBO-

OOHON PHEPIrHH, CTPOrO TOBOPS, MPUMEHUM TOJBKO ISl PABHOBECHBIX CHCTEM.
OnHako, KaK MOKa3bIBalOT OLEHKH, 4yucio [lekiie, MOCTpOEeHHOE HA LENOoYKax, KaK
IPaBUJIO, CYIIECTBEHHO MeHblIe eanHuLbl. CleoBaTeNnbHO, Iporecc GopMupoBa-
HUSA-pa3pyLIEHUs LENOYEK B CIBHUIOBBIX TEUEHHUSX MPOUCXOAUT MOJOOHO TOMY,
KaK 3TO UMEET MECTO B PABHOBECHBIX (PEPPOKHUIKOCTSIX. DTO MO3BOJSET UCIOIb-

30BaTh IIPUHOUII MUHUMYMa CBO60,Z[HOﬁ OHCPIUHU OJIA HpH6HI/I}KeHHOﬁ OLCHKH gn .

B pasaene 1.3 ¢ uenpio uccie0BaHUS SBOJIOIMK aHCAMOJIS IIEMOYeK aHa-
JUTUYCCKU PEIIAeTCs ypaBHECHHUE MAarHUTOAUG(y3uu dacThIl BONMHM3U IIETOYKH H
OTIpEJIEIISIETCS MOTOK CBOOOHBIX YACTHI[ HA IIEMOYKY, 00ECIeYNBAIOIIUN POCT 1ie-
nouek. [Ipenmonaraercs, 4To CBOOOAHBIC YACTUIIEI MOTYT IPUCOSTUHATHCS TOJIBKO
K KOHIICBBIM YaCTHIIAM IICTIOYKH (T.€. MPHCOSTUHEHHE K OOKOBOH MOBEPXHOCTH
IEMOYKU HE YUYUTHIBACTCS); PACCMATPUBAETCS MCIAPEHUE TOJIBKO KOHIIEBBIX Yac-
THII, T.€. pa3pyIICHUE 3a CUET TEIUIOBOTO ABMKeHU JacTull. [IpuBoguTcs 060cHO-
BaHUE CJICJTaHHBIX TPUOTMKEHU.

B pasnene 1.4 npu ucnonb3oBaHUU Pe3yibTaToB pazzaena 1.3 uccruemayercs

KMHETUKA U3MEHEHUs (YHKLIUU paclpencyieHuss ¢, IOCiIe U3MEHEHHsI BHEIIHETO
MarHUTHOTO TIOJISl U/WJIM CKOPOCTH CIIBUTA ¥ TedeHus: (peppoKukocTH. B pamkax

UCIIOJIb3YEMbIX MPUOIMKEHU MEXaHU3Ma POCTa M pa3pylleHUs LEnoYeK Jaercs
BBIBOJI CHCTEMBI KHHETHYECKUX ypaBHEHUH CMOJIYyXOBCKOI0, OMUCHIBAIOIIUX 3BO-
LU0 GyHKIUU

Gl
ot

:_Agl(gn_gn—l)+ Bl BB_nng-l_ BBnl gn ! 1<n<nc' (l)

n+l n

3necb A — ko3¢ (duIMEeHT 3axBaTa LIENOYKON cBOOOJHON YacTulsl, B, — Ko-

b GUIHEHTHI, OTIPEEISIIONTNE THTEHCUBHOCTD I€COPOIMH YaCTHUI U3 TIETTOYEK.
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VYpaBHeHue /Ui J, UMEET CIeayroIyto Gopmy:

B
20, (2)

ag ) n.-1 B2 Ne
—L=-2Ag, —Anggn+ZElgz+BlZ 3
n=2 il n=3 n

ot

I[JDI quciia OCeIo4Y€K ¢ MaKCHMMAJIbHO BO3MOKHBIM YHMCJIOM YaCTHIL nc KHMHC-

THYCCKOC YPAaBHCHHUEC UMCCT BU/I.

9.,
ot

B,
= Agnc—lgl -B B—01 g - (3)

Ne

KOI)(b(bI/II_[HeHTBI Anu Bn B AUCCCPTAlUHU OIIPCACIICHBI HA OCHOBAHHNH aHAJIN-

3a MarHUTOAU(PPY3MOHHOTO JIBHKEHUSI OJIMHOYHBIX YaCTUL BOJIM3H LIETIOUKH.
Cucrema ypaBuenuit (1-3), siBisieTcs 3aMKHYTON, 1 aBTOMaTHYECKH YIOBJIE-

TBOPSIET CIEIYIOUIEMY YCIOBHIO:

ingn =C,
n=1

rae C — nocrostHHast BenuuuHa. U3 Pusudecknx coobpaxeHuii sscHo, uto C paBHa
YHUCJIOBON KOHIIEHTPAIIUHN YaCTUIl B PEPPOKUIKOCTH.

B sTom paznene auccepraiiui MpUBOASTCA TaKKe HAaYallbHBIE YCIOBUS, HeE-
00XOMMBIC JIJIsl PEeLICHHs CHCTeMbl ypaBHeHHH (1-3). AHAIUTUYECKU PEIIUTh ITY
CHCTEMY HE yJaeTcsi, MOATOMY OHa pellagach YMCICHHO MPH HCIOIh30BaHUM IMa-
keta nporpamm Mathcad.

Bropas riaBa nocssiieHa ruipoMexaHuke GeppoKUIKOCTEN C IETOYKaAMH.

B pa3nese 2.1 uznaraercsi ruipoauHaMU4ecKasi Teopusi pa30aBJICHHBIX CyC-
MEH3UN TMPUMEHUTENBHO K (PEPPOXKHUAKOCTIM C I[ENOYeYHBIMH arperatamu. lle-
MOYKa, COCTOAIIas U3 N YacTul auameTpa d, MOAEIUPYETCs KaK BBITSIHYTBIA 3J1-
JIMTICOM/ BPAIICHHS ¢ MaJIOW M OOJIBIIION OCSAMHU, PABHBIMU THAMETPY YacTUIlbl d |

nd coorBercTBeHHO. [IpUHIMITHATIEHO BaXKHO, YTO OOBEM TAKOTO JUTUIICOM]IA Pa-
BEH CyMMapHOMy o0beMy /nd>/6 Bcex wacTHIl B Ienouke.

B paspene 2.2 npu MCHOJB30BAHMM HW3BECTHBIX PE3YJbTATOB CTATUCTHYE-
CKOM THJIPOMEXAaHUKH CYCIIEH3MI HecPepHuecKUX YacTHIl, a TaKXKe pe3yJbTaTOB

paboT 1Mo MarHuTOBSI3KOMY 3((EKTY, BHIBOIUTCS BbIpaxkeHue s 3P HEeKTUBHOM
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BSI3KOCTU CUCTeMBI. [Ipu uncieHHOM ompeneneHur (yHKIIUUA PACTIPEICTCHUS 10
YUCITy YacTHIl B LIEMOYKe §, W3 ypaBHeHUH (1-3) M MCHONB30BaHUH HOITYyYEHHBIX
BBIpXEHUH 1151 3 (HEKTUBHON BSI3KOCTH 77, CTPOUTCS 3aBUCUMOCTh A (eKTHBHOM
BSI3KOCTH (DEPPOKHUAKOCTH OT BPEMEHH.

Pucynox 1 mmumroCTpUpyeT TEOPETHYECKYH0 3aBHCHUMOCTH BSI3KOCTH 7} OT
BPEMEHU MPHU CTYMEHYATHIX M3MEHEHHUSAX MPHUIOKEHHOTO MarHUTHOTO moJjist. Pac-
YeThl MPOBEJCHBI JJI1 CIa0OKOHIIEHTPUPOBAHHON (GeppoXuaKocTH kiacca 1 TR.
[Tory4eHHBIE HA 3TOM PUCYHKE KPUBBIE COOTBETCTBYIOT SKCTIOHCHIIMAIBHON 3aBH-

CUMOCTH 0€3pa3MepHON BSI3KOCTH OT BPEMEHH.

1 1 1 1
0 5 10 15

t, cex

Puc. 1. 3aBucumocTsb Ge3pasmepHoil G HEKTHBHOI BI3KOCTH MArHUTHON XHUIKOCTH 77/1], OT BpeMeHH t B
pe3yibTaTe KUHETHKU POCTA U MCIapenus nenouek. [lapamerpsbl cucteMbl: quamerp yactuisl d = 16 HM; 00beM-
Has KoHLeHTpanus dactul @ = 0,015; Bsa3kocTs Hecymiei sxuakoctu 77, = 0,13 Ila-cex; Ge3pa3mepHas 3Heprus
MarHMTOJMIIONBHOTO B3aumoaeicTBust & = 5,5. Liudpsl y kpuBbIX: 1 — B HaYanbHBII MOMEHT BpeMeHH Oe3pazmep-

. _ 3. o
HOE MarHuTHoe noyie k MeHsercs oT 0 1o 3, 6e3pasMepHas CKOPOCTh CABHUTa )// D, =7-10"; 2 — B HayaJIbHBIHA MO-
MEHT Kk MeHseTcs oT 3 10 1 npu Tom e otHowenun /D, . 3necs D, — koadduument Bpamarensuoi auddysun

YJaCTHUIIBI.

PucyHOK 2 MUIIOCTPUPYET SBOJIIOLMIO BSI3KOCTH IOCIIE CKAuKOOOpPA3HOIO

YBCIIMYCHUA CKOPOCTU CABUIA OT ]}1 — HA4YaJIbHOI'O 3HA4YCHUA CKOPOCTHU CABHUTA OO

7, — KOHCYHOI'O 3HAYCHHA CKOPOCTH CABUIA.
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0 5 10 15
t, cex

Puc. 2. 3aucumocTb Ge3pasmMepHOi 3G(hEKTHBHO BA3KOCTH 77/1, MarHHTHOW JKHUIKOCTH OT BpPeMEHH t
Hocjie CKaukoo0pa3HOro U3MEHEHHUs CKOPOCTH clBura ¥ . [lapamerpsl GepposKHIKOCTH Te *ke, 4To Ha puc. 1. bes-
pasMepHOe MarHuTHOe noje k = 3. bespasmepnas ckopocts casura y/D, Memsercst cnemyrommm oGpazom: 1 —

7,1D=0,7-10%2— 3, /D=2,210"3— y,/D, = 310" Bo Bcex Tpex ciayuasx 7,/D, =7-107

IIpu puKCHPOBAaHHOM KOHEYHOM 3HAYEHMM CKOPOCTH cIBUTa ¥, (pa3inya-

I0TCSl HA4aJIbHbIE 3HAYEHUsI CKOPOCTH CIIBUTa) MOBEACHUE BA3KOCTH HEOHO3HAYHO
(pucynok 2). Ilpu HeOONMBIIIOM YBETMUYEHUN CKOPOCTH cABHTa (KpuBas 3) BA3KOCTh
(beppOKUIKOCTH YBEIMYUBACTCS CO BPEMEHEM. JTO CBSI3aHO C TEM, YTO B 3TOM
cllydae camble JJIMHHBIE LEMOYKH Pa3pylIaloTcs, U 00pa3yercs OOJbIIOE YHCIIO
KOPOTKHUX LIEMIOYEK, KOTOPBIE CO BPEMEHEM PAcTyT. POCT XapaKTepHOM JUIMHBI Lie-
MOYEK BeJET K pocTy Bs3KocTH. [lociie O0MbIIOro yBeIMYEHUsI CKOPOCTH CIBUTa
(kpuBas 1) BSI3KOCTh, HAOOOPOT, YMEHBIIIAETCS CO BPEMEHEM. ITO MPOUCXOJUT U3-

34 TOro, 4TO IOCJIC CUJIBHOTO YMCHBIIICHUA MaKCHUMaJbHOM JJINHBI OCIIOYKH nc u

MOSIBJICHUS OOJIBIIIOTO YKCJIa «O00JOMKOBY JUIMHHBIX IICITOYEK, DBOJIIOLUS LIETTOYEK
BEJIET K YMEHBIIIEHUIO MX XapaKTepHOU JUIMHBL. [Ipu yMepeHHOM ckauke (KpuBas
2) NpOUCXOAAT KOHKYPUPYIOIIUE SIBJICHUS.

B paspgesie 2.3 uccneayercsi 3aBUCUMOCTb CTAIl[lMOHAPHOM BSI3KOCTH OT Mar-
HUTHOTO TIOJISE U CKOPOCTH CJIBUTOBOTO TECUCHUS (PEPPOKHUIKOCTH.

B mmccepramuu moka3aHo, YTO TEOPETUUYECKH pacCUMTAHHBIEC 3HAYCHUS d(]-

(EeKTUBHOM BSI3KOCTU psAjia KOMMEpUYECKUX (DEPPOKUIKOCTEH B MAarHUTHOM IIOJI€
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M0 TOPSJKY BEIWYHHBI COBMAJAIOT C AKCIEPUMEHTAIbHBIMUA, OCOOCHHO MPH Ma-
JBIX CKOPOCTSIX caBura. OTMETHM, YTO MaKCUMAJbHBIN POCT BA3KOCTH (EepPOKUI-
KOCTEH IOJ IEHCTBHEM IIOJISA, IPEICKa3bIBAEMbIN KIIACCHYECKMMHU MOJEISIMU He-
B3aMMOJICHCTBYIOIUX YaCTHUIl, MEHbIIIE M3MEPEHHOTO MAarHUTOBSI3KOTO 3(deKTa
Ha HECKOJIbKO MOPSIKOB BEJINYUHBI.

K coxanenuto, npoBectu 0ojiee TOUHOE COMOCTABIEHUE TEOPUH U IKCIEpPU-
MEHTOB HE MPEJICTABISIETCS BO3MOXHBIM, TaK KaK (eppOKUAKOCTH, UCTIOTIb3yEeMbIe
B DKCIIEPUMEHTAX, ObLIN NOJUAUCIIEPCHBI, pa3BUBaEMas )K€ MOJEIb IIPEI0IAraceT,
YTO BCE€ YACTHUIbI OJMHAKOBBL. KpoMe Toro, skcnepuMeHTbl ObUIA BBIMOJIHEHBI IPU
CUJIBHBIX BHEIIHUX IOJAX, IIPU KOTOPBIX DHEPrUs B3aUMOACHCTBHS YaCTHULl C I10-
JIEM CYLIECTBEHHO OOJIbIIE SHEPTHH UX B3aUMOACUCTBUS ApYT ¢ Apyrom. Mcnoib-
3yeMas 31eChb IPOCTasi MOJEIb PA3BUTA JUIsl IPOTUBOIIOJIOKHOTO CIIydas.

B pa3znesie 2.4 uccienyercs 3aBUCUMOCTb BPEMEHM BSI3KOYIIPYIOMl penakca-
1y GEeppOKUAKOCTH OT MArHUTHOIO MOJISI, @ TAKXKE OT BEJIMYMHBI U XapakTepa
CKaYKOOOPa3HOr0 UBMEHEHUSI CKOPOCTH CIABUTOBOI'O T€UEHUSI (PEPPOKHUAKOCTH.

Ha pucynke 3 mpuBeaeHbl pe3ysibTaThl TEOPETUUECKUX PAacue€TOB BPEMEHU
penaKcanum 7, a TaKkKe pe3yibpTaThl m3MepeHuil [3] atoro Bpemenu. CiemnyeT oT-
METHUTh, YTO, B OTJIMYHE OT TEOPETUUECKUX PACueTOB CO CKAuKOOOpPa3HBIM H3Me-

HEHHEM CKOPOCTH CJIBUTa ¥, B IKCIIEPUMEHTAX Bs3KOyNpyrue 3h(exTsl uccieno-

BAJIMCh C OCLIUIMPYIOLIEH 3aBUCUMOCTBIO CKOPOCTH caBMra oT BpeMeHH. [lapa-
METpbI TEUEHUS, COOTBETCTBYIOLIUE KPUBOW 2, TAKOBbI, YTO OHH OOECIIEUYUBAIOT
MOHOTOHHOE YMEHbILIEHHE BA3KOCTH IOCIIE CKaYKOOOPAa3HOI0 YBEIUYEHHS CKOPO-
CTH CIIBUTA.

B nanHom paszzgene Takke Oblila MCCeI0BaHA 3aBUCUMOCTh BPEMEHH pellak-
cCaliii 7 OT BEJMYMHBI U3MEHEHHS] CKOPOCTH CABHTOBOTO TeUEHUS (HeppOKHIKO-
cti. PacueTsl moka3bIBalOT, YTO MPHU CTYNEHUYATOM M3MEHEHHWU CKOPOCTH CHBHTa
BpeMsl peslakcallii CYIIECTBEHHO 3aBUCUT OT €€ KOHEYHOro 3HaueHus. Bpems Bsi3-
KOYNpyrou penakcauuu (peppokuaKoCTH TeM OoJiblie, 4eM OoJbllle KOHEYHOE
3HA4YEHUE ITON CKOPOCTU. DTO CBA3AHO C TEM, YTO IOCJIE U3MEHEHUS] CKOPOCTH Te-

YCHUA, AJId CUCTEM C JJIIMHHBIMHA IICTIOYKaMH (MaJ'IBIC CKOpPOCTH CI[BI/IFa) Mnepexoa K
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HOBOMY CTAIllMOHAPHOMY COCTOSIHHIO TpeOyeT O0JIbllie BpEMEHH, YeM ISl CHCTEM C

KOPOTKUMHU Iieroukamu (00JIbIasi CKOpOCTh CABUTA).

T, CEK

40,
1
301
204
2
10f o 3
[ ]
[}
0 5 10 15
H , xA/m

Puc. 3. 3aBHCHMOCTh BpEeMEHH pElaKCcallii 7 OT MPUIOKEHHOro MarHuTHOro moiisi H . [Tapamerpsr dep-
POXKHUIKOCTH Te ke, 9yTo Ha puc. . Ludpsl y kpuBbIX: 1| — TeopeTHUECKUE pe3yNbTaThl, Oe3pa3MepHas CKOPOCTh
CcIBHUTa ;// D, wmensercs ot 7-10 8 no 7-10 4, 2 — TeopeTHYECKHE PEe3yIbTATHI, 7/ D, mensercs ot 7-10 4 mo 7-107; 3

— OIBITHBIE TaHHbIE [3].

[Ipu yMeHbIIIEHHUH CKOPOCTH CIBHUra BpeMsl pellaKcallii BCerjia OOJbIIle,
YeM MU €€ YBETUYEHUHU. DTOT PE3YNbTAT JIETKO MOHATh, TAK KAK MOCJIE YMEHbIIIE-
HUSI CKOPOCTH CIIBUT'A LEMOYKH PACTYT U B CTALIMOHAPHOM COCTOSIHUM MMEIOT J10C-
TaTO4YHO OoJibiiue pazMepsl. [Ipyu yBeTUYeHUH CKOPOCTH CIBUTA BHA4aje MPOMC-
XOJIUT pa3pblB U3JMIIHE JJIMHHBIX LENOYEK, U, 3aTeM, B 3aBUCUMOCTH OT CUTya-
IIUU, HEKOTOPBIA POCT «OOJOMKOBY» WJIM JaJIbHEHIIIEe YMEHbBIIICHUE XapaKTEPHOU
JUTUHBI 1IEMOYEK 3a CYET UCIMapeHusl ux Hux dactuil. Oba »Tu mpoiecca TpedyroT
MEHBIIIE BPEMEHHU, YEM HYKHO I POCTA LIENOYEK MOCIE YMEHBIIEHUS] CKOPOCTH
CIBUTA.

Yem cnabee MarHUTHOE M0JI€, TEM MEHBILIE BpeMsl pejlakcalliy, TaKk Kak npu
cJ1abOM MarHUTHOM TOJIE pa3Mep LIEMOYeK OTHOCUTEIHHO HeOombiioi. C pocToM
MAarHUTHOTO TOJISI JUIMHA LENOYEK YBEIUYUBACTCS, BOJIOLMS aHCAMOJIS JITMHHBIX
uenei TpeOyeT O0JbIIero BpeMEHHU, YeM KOPOTKHUX.

B mpenpiaymux riiaBax JuccepTaldM paccMaTpHBajach MOHOAMCIEPCHAs

MOJCJIb MAaroHuTHOIroO KoJuiounaa. O,Z[HaKO BCC pCaJIbHBIC q)eppo}KI/IIIKOCTI/I B TOM WU
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WHOW CTETICHH IOJIMTUCTICPCHBI, YACTO C IIMUPOKUM PACIIPEICICHUEM TI0 pa3Mepam
yactull. K cokajaeHHIO, TCOPETHUECKHI aHAJIU3 PEOJIOTMUECKUX CBOMCTB ITOJIH-
JUCIIEPCHOM CUCTEMbI MArHUTHBIX YACTHI[ M3-3a HEMPCOJOJUMBIX MaTeMaTHye-
CKUX TPYJIHOCTEH HE MPEACTABIIACTCS BO3MOKHBIM.

B Tperbeii riiaBe ¢ 1eIbI0 U3YUYCHHS IPUHINIHAIBHBIX (PaKTOPOB BIUSHUS
TOJIUAMCIICPCHOCTH Ha PEOJIOTHICCKUE CBOMCTBA (DepPPOKUIKOCTEH, paccMaTpHBa-
eTCsl TpoCTelIas OuaucnepcHas Moaelb heppoxuakocTd. [Ipennonaraercs, 4To
JacTULBI 00cuX (pakiuil CYIIECTBEHHO pa3iHYaloTCsa IO pa3MmepaM. ToJbKo
KPYITHBIC YaCTHUIbI OOBCIUHEHBI B IICTIOYKH, KOTOPBIC HAXOAATCS B ra3e OJUHOY-
HBIX, HO B3aUMOCHCTBYIOIIUX C IIEMTOYKaMU OTHOCHTEILHO MEJIKHUX YaCTHII.

B pasnese 3.1-3.3 npuBeneH BbIBO 000OIIEHHBIX, HAa CIydaidl Oumucriepc-

HOW MOJENIN, KHHETUYECKUX YPaBHEHUH A (QyHKINN pacnpenesieHus ¢, 1o 4uc-

JIy 4acTHI] B LIETIOYKE.
B pa3nene 3.4 cpaBHUBaIOTCS pe3ybTaThl OUAUCIIEPCHON U MOHOHUCIIEPC-
HOM mMoaenu. UccnemyeTcs 3aBUCUMOCTh IMHAMUKH BSI3KOCTH OT OTHOCHUTEIHLHOTO

pasmepa menkux yactun Y =d /d, roe d, — quamerp manbix gactui; d — qua-

METpP KPYITHBIX YACTHII, CHOCOOHBIX 00Pa30BHIBATH IIEMTOYKH.
[IpucyTcTBUE MasbIX YaCcTUIl MOXKET MO-Pa3HOMY BIIHSTH Ha BA3KOCTH (ep-

poxuakoctu. IIpu y = 0,1 nomMmuHHpYyET CTEpUYECKOE B3aMMOJIECWCTBHAE HAJ Mar-

HHUTHBIM, IIO3TOMY HNPUCYTCTBHUC MaAJIbIX YaCTHUII CHOCO6CTByCT pPOCTy LCIOYCK, 4,

CJIeIOBaTENbHO, W YBeIWYeHUI0 Bsi3kocTH. [lpu y = 0,5, HaobopoT, TOMUHUPYET

MaramMTHOC BSaI/IMOI[ef/'ICTBI/Ie Haa CTCPHUYCCKUM, IMO9TOMY JJIMHA HCIOYCK U BA3-
KOCTb CUCTECMbl YMCHLIIIACTCA. OTta 3aKOHOMCPHOCTD CITpaBCJIMBA IIPpHU pa3JIMdIHOM
BHCIIHCM MAarduTHOM II0JIC U IIPpH paSHI/IqHOﬁ CKOPOCTH CABHIA.

HpI/ICYTCTBI/Ie MaJIbIX 9aCTHUI[ MOKCT TAKIKC ITO-PAa3HOMY BJIMATL U HA BPEMS

penakcaruu. [Ipu y = 0,1 BpeMs penakcaliuy CTaHOBUTCS OOJIBIIIE 110 CPAaBHEHUIO
C MpUOJUKEHUEM, B KOTOPOM MEJIKHE YacTUIlsl urHopupytorcs. [Ipu y = 0,5, Ha-

000poT, BpeMsl penakcalud yMmeHblaercs. YeM MeHbllle pa3Mep MajibIX YacTHII,

TeM OOJIbIIIe JJIMHA IIETIOYEK, a 3HAYUT, U BpeMs peliakcaruu OyaeT Oosblie, T.K.
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ABOJIIOLIMA aHCaMOJIs IIMHHBIX [[eNoYeK TpeOyeT OOJbIIero BpeMeH!, 4eM KOpOT-
KHX.

B uyerBepTOil IiIaBe paccMaTpUBAIOTCS PEOJIOTHYECKUE CBOWCTBa (heppo-
KHUIKOCTEH C KJIACTEPHBIMU YaCTUIIAMH, KOTOPBIE COCTOAT M3 OJHOJIOMEHHBIX
(beppOMarHuTHHIX HAHOYACTHUII, TOMEIICHHBIX B OJUMEPHYIO MATPHUILY.

B crangapTtHBIX (DEppPOKUIKOCTAX CHUIBHBIE MarHUTOPEOJIOTHYECKHE 3(-
(dbekThl HabII0MAOTCS TOJIBKO MPU MAJIBIX CKOPOCTSX caBura. B marmutopeosoru-
YECKUX CYCIECH3USX MUKPOHHBIX HAMarHUYMBAIOIIUXCS YACTHIl CHIJIbHBIE PEOJIO-
rudyeckue 3(pPexThl HAOIIOAAIOTCS B IIMPOKOM JUAINa30HE CKOPOCTEH CIBUTa, HO
ATU CYCIIEH3UU HEYCTONYMBBI [0 OTHOIICHHUIO K CeUMEHTauu yactuil. [loaTomy
BO3HHMKAET HMJIeS CHHTE3a MarHUTHBIX JKHJKOCTEH, KOTOphIe codeTanu Obl B cebe
CEMMEHTAITMOHHYIO YCTOMYMBOCTDh (PEPPOKUIKOCTEH C CHIBHBIMA MarHUTOPEO-
JOTUYECKUMH cBOMCTBaMH. CHCTEMBI ¢ KJIIACTEPHBIMU YaCTHIIAMH YIAOBIIETBOPSIOT
OTUM YCIIOBHUSM.

Kaxx b1l kitactep COCTOUT U3 IJIOTHOW CUCTEMbI HAHOYACTHII OKCHIA JKeTle-
3a, pacrpe/ieliecHHON B 00osouke mojaumepa. Hanouactuibl GopMUpPYIOT MarHuT-
HOE SIIPO KJIacTepa, KOTOPOEe OKPYKEHO 000JIOYKO YUCTOTO TTOJIUMEpA.

B pazgene 4.1 npuBoauTCs METOAWMKA W PE3YJIbTAThl AKCIEPUMEHTOB
(Odenbach S. u np.), npoBeAcHHBIX HAT (EPPOKUIKOCTIMH C KIACTCPHBIMH Yac-
TUTIAMHA

B paznene 4.2 npennokeHa MOJEIb CUCTEMbI HJACHTHYHBIX CPEpPUUICCKUX
KJIACTEPOB I (hePPOKHUIAKOCTEH ¢ KTacTepHbIMHU YacTuIaMu. [lomydeHsr kommae-
CTBEHHBIE OIIEHKH JJII MAarHUTOBS3KOTO 3(h(}EeKTa M KaueCTBEHHOE OOBICHECHHE
BS3KOYIPYTHX CBOWCTB 3TUX CHCTEM.

CTOUT OTMETHUTH, YTO B TIPEABIAYIINX TJIaBaX MPEI0IarajJoch, YTO MarHuT-
HBbIE MOMEHTHI YaCTHII, COCTABIISIONINX IIETIOYKH, TIOCTOSTHHBI. KitacTepHbie YacTu-
IbI, COCTOSIINE U3 OOJIBIIIOTO YHCIa OAHOJIOMEHHBIX (heppOvYacTHI], B OTCYTCTBHH
BHEIITHETO0 MAarHUTHOTO TOJISI pa3MarHW4YeHbl, B MPUCYTCTBUU K€ TIOJIST TIPOSIBIISIFOT

CBOMCTBA HaMaronniuBarOmunuxcsa mnapaMariuTHbIX YaCTHIIL. B sTom coctout IIpHUH-
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UIHAIBHOE Pa3IUnYie MEXAYy COOCTBEHHO (DeppOKHUIKOCTHIO U CYCIIEH3HEH Kia-
CTEPHBIX YaCTHII.

AHanu3 TNoKa3bIBaeT, YTO B CIIydae IEMOYKH, COCTOSIIEH U3 HaMarHU4u-
BAIOIIMXCA YacTHUL], ONpaBAaHO MPUOJIMKEHHE, B KOTOPOM MOMEHTBI YacTHI] Lie-
MOYKHU HaIpaBjIeHbl BAOJb MOJISI. ITO MpUOIMKEHUE OBLJIO UCIIOIB30BAHO B HAIIIEH
MOJIEIIN.

OKCIEepUMEHTAIIBHBIE U TEOPETUUECKUE PE3YNIBTATHI CTALIMOHAPHOTO MarHu-
TOBSIZKOTO d(deKTa Mpu pa3aIudHbIX CKOPOCTAX CIABUTA MOKa3aHbl HA PUCYHKE 4.
[lo mopsaKy BEIUYMHBI TEOPETHUYECKUE PE3YybTaThl COBIAJAIOT C pe3yJbTaTaMu

I/I3M€p€HI/If/'I. OI[HaKO CTOUT OTMCTUTDB, YTO B SKCIICPUMCHTAX BA3KOCTH 7] YBCIINYU-

BaeTcsl ObICTpee ¢ MarHUTHBIM IosieM H , 4yem B mpencTaBiIeHHON MOAenu. DTO
pas3nuyre MEXJy TEOpUEH M HKCIEPUMEHTOM MOKET OBITh OOBSICHEHO TEM, YTO
UCIIOJIb3yeMasi MOJIEIIb, Pald MAKCUMAJIBHOIO YIPOILIEHHs BBIYUCIEHUN, HELO0O0IIE-
HUBAET 3aBUCUMOCTh HAMAarHM4EHHOCTH KJIacTepa OT MarHuTHoro nosst H . Ouge-
BUJIHO, MarHUTHOE B3aMMOJECHWCTBUE MEXKIY KJIacTepaMy B PEAIBHOW LEMOYKE
JOJKHO IIPUBECTH K HEKOTOPOMY YBEIMYEHUIO MArHUTHOTO MOMEHTA KJlacTepa.

w10

o
1000 E T T T T T

(2)'02 CKOpPOCTb CABUTIA, CeI(-1
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0.1 1 1 1 1
10 15 20 25 30
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Puc. 4. ComnocraBieHue TCOpCTH‘leCKOﬁ n 3KCHepI/IMCHTaHLHOﬁ 3aBUCHUMOCTH 6e3pa3MepH0171 OTHOCHUTCIIb-
HOH BSI3KOCTH MarHUTHOMH JKUJAKOCTU OT MAarHUTHOI'O IIOJIA IIPpU pa3n1/1qH0ﬁ CKOpOCTH CJBUTraA. CIulonIHbIe IMHUU —

TEOPETHUYECKUE PE3YNbTAThl, TOUKH — OTBITHBIE JaHHBIC. [ MapouHamudecknil tuamerp knacrepa Dy, = 90 um; 6e3-

pasMepHas dSHEPruda JUITOJIb-AUIIOJIBHOTO BSaHMOHGﬁCTBHC MCKAY KllaCcTepaMu A= 2,3
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DKCIEPUMEHTHI MMOKA3bIBAIOT, YTO BPEMS BA3KOYNPYIOW pelakcaluuu B Cyc-
NEH3UAX KJIACTEPHBIX YACTUI] MOXKET JOCTUTAaTh HECKOJIBKUX MUHYT, YTO CYIIECT-
BEHHO 0OJIbLIE BPEMEHU pelaKkcaluu GeppoKUIKOCTEN.

B 3aki1r04eHNH IPUBEJICHBI OCHOBHBIE PE3YJIBTATHI, TOJYYEHHBIE B JUCCEP-
TalMOHHOH pabore.

B npuioxkeHnH npuUBEICHBI MaTEMATHUYECKHE BBIPAXKEHUS JUIsI paBHOBEC-
HbIX MOMEHTOB BEKTOpa OpPUEHTAIMU N -YaCTUYHOW LENOYKH; 3HAUYCHUS KUHETH-
yeckux Kod(pduureHToB ansi 3(p(HEKTUBHON BSI3KOCTH; YMCIEHHO PAcCUUTaHHBIE
napameTpbl, BXOJSIIME B BBIpaXXEHUE I Oe3pa3MepHOM CBOOOJHON »HEpruu
beppoKUIKOCTH.

OCHOBHBbIE PE3YJIbTATbI U BbIBOAbI

1. B pabore npennaraerca MoJAelIb KHHETHUKU POCTa LIETIOYEUHBIX arperaTros, a
TaK)K€ BJIMSHUSA HTOrO IpOIEcca Ha PEOJIOTUYECKUE CBOMCTBA (PEPPOKUIKOCTEH.
HecMoTpst Ha ymporieHus, Jexaliue B OCHOBE NMPEMIOKEHHON MOJENH, OHA TO-
3BOJISIET MOJYYUTh OLEHKH JUISI BEIMYUHBI BA3KOCTH U BPEMEHU BA3KOYNPYIOW pe-
Jakcauu (peppoXKHUAKOCTH, MO KpalHeH Mepe, MO MOPSAKY BEIMYMHBI, COBIIa-
JAIOLME CO 3HAYECHUSMM 3TUX BEJIMYMH, U3MEPEHHBIMU B 3KcniepuMmeHTax. Ha oc-
HOBAHUU BBIITOJIHEHHBIX PACUYETOB MOXKHO CJI€JIATh BBIBOJ O TOM, YTO TEMII 3BOJIO-
MM MHUKPOCKOIMYECKHUX LIEMOYEHHBIX CTPYKTYP WIPAET OMNPEAENSIONE BAKHYIO
poJib B (POPMUPOBAHUHN MAKPOCKOTTMYECKUX BSA3KOYIIPYTUX CBOMCTB 3THX CUCTEM.

2.  HccnenoBaHa 3aBHCHUMOCTb BSI3KOCTH MAarHMTHOM JKHJIKOCTH OT CKOpPOCTHU
CABUTA U MPUIIO)KEHHOIO MArHUTHOTO MoJis. TeopeTuueckue pe3ysbTaTbl KauecT-
BEHHO WM M0 MOPSAKY BEJIWYMHBI COOTBETCTBYIOT HM3BECTHBIM 3KCIIEPUMEHTAM.
MHorue 3KCHepuMEHThl ¢ MarHUTHBIMHM CYCHEH3USIMH HHTEPIPETUPYIOTCS TNPHU

IMOMOIIHU IIPOCTOr0 3aKOHA:

77/770 :1+§0M7A

rae n — 3¢pdexTuBHasA BA3KOCTb MAarHUTHOM >KMJKOCTH; 7], — BSI3KOCTb He-

cymeit cpeasr; M oc 7}/ H? — Ge3pasmepHoe uyncio MacoHa, paBHOE OTHOIIEHHUIO
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TUAPOIMHAMUYECKON CUJIBbI, pa3pyLIaloIiel CBS3U MEXKIy YaCcTUI[AMH, K CHJIe Mar-
HUTHOTO MPUTSDKEHUSI MEXY HUIMHU, A — HEKOTOPBIN 1MOKa3aTeb CTEICHH.

B pamkax npeaiokeHHON MOJIeNd, B OTJIMUKE OT TPAIULIMOHHBIX MOJeel 1
B COTJIACHU C DKCIIEPUMEHTAMH, TIOKa3aTeNnb A HE SBISETCS MOCTOSHHON BEINYH-
HOM, a pacTeT ¢ yBEJIIMYEHUEM CKOPOCTU CIBHUTa U C MPUIOKEHHBIM MarHUTHBIM
noneM. @U3NYEeCKON NPUYUHONW 3aBUCUMOCTH ITOKas3aTens A OT CKOPOCTH CIBHra
Y MarHUTHOTO TOJIA SIBJISIETCS OPOYHOBCKOE IBMKEHHE YACTHIl U pa3pyIlIeHUE ar-
peraToB 3a CUeT MCHAapeHUs] U3 HUX YaCTUIl, UTHOPUPYEMOE B TPAIUIIMOHHBIX MO-
JIEJISIX MAarHUTOBSI3KMX CBOMCTB MarHUTHBIX CYCTICH3UH.
3. HccnenoBana penakcanusi BSI3KOCTH MAarHUTHOW HUJIKOCTU TOCJE CKadKo-
00pa3HOr0 HM3MEHEHHs CKOpocTH caBura. lloka3zaHo, 4TO BpeMsl pelakcaluu
CIIO)KHBIM 00pa3oM 3aBHCHUT OT BEJIMYMHBI M XapakTepa H3MEHEHHUs CKOpPOCTU
C/IBUTA.
4. B pamkax mpocreiiiieid OMIUCTIEPCHON MOAEIH HMCCIENI0BaJIUCh MAarHUTO-
peoJiornyeckue CBOMcTBa moiuauciepcHoi (eppoxunkoctu. Ilpennonaranocs,
YTO CHJIbHBIE peosiornueckue d3pQPexTol, HaOIMogaeMbie B SKCIIEPUMEHTAX, TTOPOXK-
JAIOTCS 1IETIOYeYHBIMU arperaraMu, 0Opa3oBaHHBIMHU HanOoJee KPyIMHBIMU YacTH-
namu. BinsHue ManbIX 4acTHIl Ha PEOJIOTMUECKHUE CBOMCTBA (PEPPOKUAKOCTU CY-
IIECTBEHHO 3aBHCHT OT WX OTHOCHUTEIBHOTO pa3mepa. Eciam pasmep sTux dacTuil
CYIIECTBEHHO MEHBIIIE pa3Mepa KPYMHBIX YaCTHUIl, U3 KOTOPBIX COCTOST IETOYKH,
TO Mar"mutopeosiornueckuii 3¢ dexr, Omarogapsi MaiabIM YacTUIAM, CTAHOBUTCS
Oonpmre. Ecnm pasMepsl MaibIX YacTHIl COTMOCTAaBUMBI C pa3MepaMu KPYITHBIX,
IPUCYTCTBHE MaJbIX YaCTHI] YMEHbBIIAET PEOJOTUUECKIE XapaKTEPUCTUKU (Qeppo-
AKHUJKOCTH.
5. DeppOoKUAKOCTh C KIACTEPHBIMU YACTHIIAMH MPOSBIISET CHIIBHBIC BSI3KOYTI-
pyrue CBOWMCTBA, MHAYLMPOBAHHBIE MATHUTHBIM 10JIeM. Peosoruueckue sBiieHus B
ATHX CHCTEMax €CTh pe3yibTaT (OPMUPOBAHUS U PA3PYIICHUS IETIOYCUHBIX arpe-
ratoB. Bpems BSI3KOymnpyroi pejakcanuy B 3THX CHUCTEMax MOXET JOCTHraTh He-

CKOJIbKUX MHUHYT, 9YTO JOJIKHO OBITH IIPHUHATO BO BHUMAHHUC JIA PCOJIOTHUUCCKUX
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U3MEPCHUI U BO3MOXXHOM MPAKTUYECKOM HCIOJIb30BaHUU (PEPPOKHUIAKOCTEH C
CHJIBHO B3aWMOJICHCTBYIOIIMMH YaCTHIIAMH.
CMUCOK NYBJIMKALMIA NO TEME OAUCCEPTALIUN

1. 3yb6apeB A. FO., Uupukos JI. H. K meopuu macnumosszxkoeo s¢hghex-
ma 6 gepposicuokocmsx I KOTD. — 2010. — T. 137, Ne 6, — C. 1139-1151.

2. 3yb6apeB A. 10., Uckakosa JI. 0., YupukoB . H. K nenuneiinou peo-
nocuu masnumuulx sHcuoxocmet // Komnounnueri sxypaan.— 2011. — T. 73, Ne 3, — C.
1-14.

3. Chirikov D. N, Fedotov S. P., Iskakova L. Yu., Zubarev A. Yu. Vis-
coelastic properties of ferrofluids // Phys. Rev. E — 2010. — Vol. 82, Ne 5. — P.
051405.

4, Borin D., Zubarev A., Chirikov D., Miiller R., Odenbach S. Ferrofluid
with clustered iron nanoparticles: Slow relaxation of rheological properties under
joint action of shear flow and magnetic field // J. Magn. Magn. Mater. — 2011. —
Vol. 323, Ne 10. — P. 1273-1277.

5. 3ybapes A. 0., Uupukos JI. H. Baszxoynpyaue ceoticmsa ¢ghepposicuo-
kocmeti Il 14-ast Mexnynaponnas [lnecckas HaydHass KOH(PEPEHIHSI 10 HAHOHC-
MePCHBIM MarHUTHBIM XujkocTsaM. — [lnec, 2010. — C. 89-94.

6. 3ybape A. 1O., Yupukos [. H. Peonocuuecxkue ceovicmsea ¢heppo-
arcuokocmeti // Marepuansl kondepentun HITCC-2010. — ITepms, 2010. — C. 83—
86.

1. 3y0apeB A. 0., HUupukos /. H. Baskoynpyaue ceoticmea macnumnvix
arcuoxocmeti // Tes. nokir. XVI1-oit 3uMHEH MIKOJIBI 110 MEXaHUKH CIUIOIIHBIX CPE.
— Ilepmsb, 2011. — C. 130.

8. 3y0apeB A. FO., Uupukos /. H. Baskoynpyaue ceoticmea macnummvix
koanoudos // Tes. moki. XXI Poccuiickoit MonoaexHOM HaydyHOU KOH(]epeHmH,

nocsiteHHou 150-netuto co ausa poxaenus akagemuka H.JI. 3enunckoro. — Eka-

tepunOypr, 2011. — C. 450-451.



20

Q. 3y6apeB A. 0., Yupukos JI. H. Bazxoynpyeue ceoticmea geppooicuo-
kocmei // Te3. nokn. X| Hayuno-npaktudeckoir Kondepennuu JIlam Hayku. —
Ozepck, 2011. — C. 167-168.

10. Chirikov D. N., Zubarev A. Yu. Viscoelastic properties of ferrofluids
// Book of Abstracts 7th Annual European Rheology Conference. — Suzdal, 2011. —
P. 46.

11. Zubarev A. Yu., Chirikov D. N. Viscoelastic properties of ferrofluids
// Book of Abstracts Moscow International Symposium on Magnetism. — Moscow,
2011. - P. 228.

LMTUPOBAHHAA JINTEPATYPA

1. Magnetoviscous Effects in Ferrofluids, Lectures Notes in Physics.
Edited by S. Odenbach. — Berlin-Springer, 2002.

2. Colloidal Magnetic Fluids, Lectures Notes in Physics. Edited by S.
Odenbach. — Berlin-Springer, 2009.

3. Fleischer J. Rheologische Eigenschaften magnetischer Flussigkeiten

unter-schiedlicher chemischer Zusammensetzung. Berlin-Verlag, 2004.

IToamucano B meyars  20.01.2012 dopmat 60x84 1/16
bymara nucuas IJIOCKas 1eYaTh Ve ney. . 1,39
VYen. u3a. . 1,39 Tupax 100 2x3. 3aka3 123

Pa3mHOXeHMe ¢ TOTOBOTO OpUTHHAIa-MaKeTa B TUTIOTpadun

OTU MUDU O3épck, YensiOunckas 0611, np. [lobensr, 48



