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Beeoenue
Marepuainsl, puzndeckre CBONCTBA KOTOPHIX MOTYT OBITh U3MEHEHBI ITyTEM

IPWIOKEHUS MAarHUTHBIX IIOJIEH, IIPUHAMICKAT K OIPENEICHHOMY KJaccy
MHTEJUIEKTYaJIbHbIX MarepuanoB. CemMeicTBO "yMHBIX" MAarHUTHBIX MaTEpHalOB
BKJIFOUAET B €€0s MAarHUTHbIE >KUJIKOCTH, MAarHUTO-pEOJIOTUYECKUE KUIKOCTH,
MarHuTHblE TeIM W MarHUTHbIE 3jacToMepbl. HacTosmas pabora mocBsiieHa
UCCJIEIOBAHUIO MAarHUTHBIX U MEXAHMYECKUX CBOMCTB MAarHUTHBIX TMAPOreNei B
MarHUTHBIX HOJISIX.

['uaporenu - TUCHEpCHBIE CUCTEMBI, COCTOSIINE TTIAaBHBIM 00pa3oM U3 BOJbI
Y DJACTUYHOM ITOJMMEPHOM CETKHM, NPUAAIOIIEd MM MEXaHWYECKHE CBOWMCTBA
TBEPABIX Tel. B oTiaumume oT OOBIYHBIX THIPOresield MarHUTHbBIE T'HIPOTEId
0o0Jasal0T MarHUTHBIMH ~ CBOMCTBaMH, NPHUCYIIMMH aHCAMOJsIM — MEJIKHX
MarHUTHBIX YacTHll, W MPEACTaBIAIOT COOOH NOJUMEPHYIO MaTpHIly TIeis, B
KOTOPYIO BHEJIPEHbl MEJKHE€ MAarHUTHbIE YacTULbl. YHUKAJIBHOCTh 3THX
MaTepUajoB COCTOMT B TOM, YTO CBOWCTBA MOJMMEPHOW MATPHUIl MOTYT OBITH
3HAYUTEJIbHO U3MEHEHBI B 3aBUCUMOCTU OT OOJIBIIOrO YMCJAa BHEIIHUX YCJIOBHI,
TaKMX KAaK BHEIIHEE MAarHUTHOE II0JIe, CTENEHb BBICBIXaHUS, TEMIEpPATYpa,
KHCJIOTHOCTh CPEJIBI.

MarauTtHbele MaTepuallbl HallIM IIMPOKOE NIPUMEHEHHE B 00JaCTH HAYKU U
TE€XHOJIOTUH. KOMIIO3UTHBIE MaTepUalibl, COCTOSIIME U3 JOBOJBHO KECTKOU
IIOJINMEPHOM MATpUIIbI, 3aII0JJHEHHOM MAarHUTHBIMM 4acCTHL[AMH, KaK U3BECTHO, C
YCHEXOM HCIOJB3YIOTCI B KAueCTBE IIOCTOSIHHBIX MAarHUTOB, MAarHUTHBIX
CEpIEUHUKOB, U B KA4YECTBE COCIMHUTEIBHBIX M KpPEMNEKHBIX 3JIEMEHTOB BO
MHOTMX 00JacTsX. OTU TPagUIMOHHBIE MAarHUTHBIE 3JacTOMEpbl 00JanaroT
HU3KOU THOKOCTBIO M MPAKTUYECKH HE MU3MEHSIOT CBOMX Pa3MepoB, (POPMBI WU
YIPYTUX CBOWCTB B IIPUCYTCTBUU BHEIIHETO MATHUTHOTO TOJIA.

Jpyroii BO3MOXKHOCTBIO JJII Pa3BUTHS MAarHUTHBIX IOJHMMEPOB SBIISIETCS
IPUMEHEHUE YIPYTUX [OJIUMEPHBIX KOMIIO3UTOB, COAEPKAUIMX MAarHUTHbBIE
yactuubl. B mocnenHee Bpemss ObuM pa3paOOTaHbl MarHUTHBIE 3JIACTOMEPHI

(MarHUTOAIACTHKH), a TAK)KE MarHUTHEIE Tenu (pepporenn) [1-6].
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HGCMOTpﬂ Ha TO, 4YTO MArHuTHBIC THAPOICIN ABJIAOTCA HOBBIMH
MaTcpuajIaM, yK€ UMCIOTCA IPCAJIOKCHUS 110 UX UCIIOJIb30BAHUIO. Hpez[naraeTCH
HCIIOJBb30BaTh MX B Ka4Y€CTBC HOBBLIX KOMIIOSMIITMOHHBLIX MATCPHAJIOB, 3JICMCHTOB
JaTYNKOB BJIAXXHOCTHU U HOBBIX YCTPOﬁCTB B MCAHNIIHUHC.

HaCTOHH_Ia}I pa60Ta IIOCBAIIICHA HCCIICA0OBAaHHUIO MAardMTHBIX 141
MEXaHMYECKHUX CBOMCTB MarHUTHBIX FPII[pOFGJ'ICﬁ B MAaroMuTHBIX IIOJISIX. KpOMC TOI'O
B pa60Te HN3y4daJiIOChb BJIMAHHUC MacCOBOM KOHOCHTPpAINHW MArHWTHBIX 4YaCTHIl Ha

MarHUTHBIC 1 MEXaHUYECKHE CBOMCTBA 06p33u013 MAarouTHBIX FPI,Z[pOI‘GJICﬁ.



§1. JIutepaTypHbliii 0030p

1.1 Co30anue maznummnulx zuopozeneii
[ToAroTOBKAa MarHUTHBIX TEJIEH U AJTACTOMEPOB aHAJIOTUYHA TIPUTOTOBIICHUIO

JPYTUX TOJIMMEPHBIX CETEH, 3arpyKEHHBIX HanoiaHuteneM. Co3naHne MarHUTHBIX
TUAPOTeNed MPOUCXOANUT IMyTEM OCAXKICHUS MENKUX (HeppOMArHUTHBIX YACTHI[ B
noJIMMepHOM matepuaiie. OcaxkJIeHHe MOKET IMIPOUCXOJUTH 10, BO BPEMsI U MOCIIE
peakuuu cummBaHus. [lo aApyromy MeTony NMOATOTOBKA KOJUIOWJIHBIX MAarHUTHBIX
YaCTHULl IPOU3BOJUTCA OTAEJIBHO, @ CIIMBAHUE IMPOUCXOAMUT IIOCIE CMEIIMBAHUSA
MOJIMMEPHOTO PAacTBOPAa M MAarHUTHBIX YacTull. B J000M ciiydae MOXHO €O3/1aTh
JIBa Pa3IUYHbIX BUAa 00pa3IoB :

* H30TPOINHBIE KOMIO3UTBI C PAaBHOMEPHBIM  NPOCTPAHCTBEHHBIM
pacrpeeneHueM YacTHUL] HAITOJTHUTENS;

* aHM3OTPOMHBIE KOMIIO3UTHI, KOTOpbIE OOBIYHO XapaKTEPHU3YIOTCS
OJHOOCHBIM YIOPSAOYECHUEM YaCTHUI] HAITOTHUTEIIS.

B To BpeMsa kak [y M30TPOMHBIX OOPA3LOB MPU CO3JAAHUH HE HYKHO
OpUKIAAbIBaTh ~ MAarHUTHOE  [OJIe,  AHMU30TPOIHBIE  00Opas3lbl  CleIyeT
MOATOTABJINBAaTh B MarHUTHOM mosie. [lpy mNpUIOKEHMM MAarHUTHOrO MOJIA
MarHUTHbIE YacTHUIbI YK€ Ha cTaguu (opmupoBaHHs o0paslia BHICTPAUBAIOTCS B
LIETIOYKH, YTO BIOCJIEICTBUM BECBMA CYIIECTBEHHO OTPAXaeTCs HE TOJIBKO Ha
MAarHiTHOW aHW30TPONHMH, HO MU HAa MEXAHUYECKUX CBOWCTBAX, a TAaKXKE Ha

KMHETHKE HAOyXaHUs WM BeICBIXaHUs obOpasma [1,2,3].



1.2 Ceoiicmea maznummnbvix cuopozeei
B depporensix wu amactomMepax MarHWTHBIC YaCTHUIIBI MPHUKPEIUICHBI K

ruokoi mosmMepHou cerke. C MarHUTHOM TOYKM 3PEHMS, MAarHUTHBIM KOMIIO3UT
SBISIETCS  pa30aBICHHBIM aHCAMOJEM HEB3aUMOJIEHCTBYIONIUX  MAarHUTHBIX
MOMEHTOB. [Ipy MOBBIIEHHBIX TEMIIEPATypaxX MArHUTHBIA KOMIIO3HUT JOJIKEH
NOKa3aTh cynepnapamariutHoe noseneHue [1]. [lonmoxkeHue vacTun B rensix u
acToMepax — JKECTKO  3aKperuieHo, W, TakuM  00pa3oM,  MOMEHTHI
3a0JIOKMPOBAHHBIX YACTHUI] HE MOTYT BpallaThCs B HANPABJICHUU BHEILIHETO IMOJIS,
ecIM 3eeMaHOBCKasl SHEPIrUsi MEHbIIIE, YeM SHEPrUs aHU30TPOMHH.

B oTcyrcTBME BHEHNIHETO MAarHUTHOTO IIOJSL MOMEHTBI  CIIyYaWHO
OpUEHTHUPOBAHBI, U, TAKUM 00Pa30M, KOMIO3UT OOBIYHO HE MMEET OCTATOYHOMU
HAMarHM4eHHOCTU. Kak TOJIbKO NPUKIIAABIBACTCS BHEIIHEE I10JIC, MarHUTHBIE
MOMEHTBI UMEIOT TEHICHIIMIO BBICTPAUBATHCS BJIOJIb TOJIA M CO3/1aBaTh OOBEMHYIO

HaMarHu4eHHOCTh, M:

M

M-H
=== M_<cosf > (1), rtne 0 - yrom Mexay HampaBlICHUEM

MAarHuTHOIO IIOJII W MAarHUTHOM OCBIO 4YacTuubl, Mg - HaMarHU4eHHOCTb
HachlleHus, H sBisercs BHEMIHUM MojieM, a cpeaHuid <cosf> Oepetcs mo BceM
yactuuaM. B momsx OOBIYHOM HAnpsKEHHOCTH TEHJEHLMS  COrJIacOBAHUSA
MarHuTHBIX MOMEHTOB C IIPHI0KECHHBIM ITOJIEM YaCTUYHO IIPEOJ0JIEBACT TCIIOBOE
nprkeHue. [lpu yBennueHun HanpsHKEHHOCTH MATHUTHOTO IOJII BCE YACTULBI B
KOHEYHOM HMTOI'€ pa3BOpayMBarOT CBOM MOMEHTHI BJIOJIbL HANIPaBJIICHUS II0JIS, U, KaK
CIEACTBHE, JOCTUIAeTCAd HAMAarHWYEHHOCTh HachlleHWs. [(na  co3paHusA
rujporesnieid ¢ HauboJsiee TNPUTOAHBIMU Il MPAKTHUYECKUX TPUIIOKEHUN
MarHUTHbIMM CBOWCTBAMM HEOOXOJMMO B KAaueCTBE HAIOJHUTEIS HCIIOJIb30BATh
OJTHOJTOMEHHBIC YaCTHIIBI.

Ecnu none BbIKIIOYAETCs, MATHUTHBIE JUITOJIbHBIE MOMEHTBI BO3BPAILIAIOTCS
K CIy4alHOMy TOpAIKY, U, TakUM o00pa3oM, CHIXaeTcs O0ObeMHas
HaAaMarHW4YeHHOCTh oOpasua. B 3aBucuMocTu OT TeMmepaTypbl U pa3Mepa 4acTHUIl

CYHICCTBYIOT ABa M€XaHHU3Ma AJId pClaKCalliui HAMarHn4C€HHOCTH:



1) BpoyHOBCKOE BpallleHHE C BPEMEHEM pelaKCalllH, Tg, [JE BpallCHHE
MarHUTHbIX MOMEHTOB MPOUCXOJUT BMECTE C BPALLICHUEM OTJEIbHBIX YACTHILI;

2) penakcauusi Heens, mpu KOTOpoOil BpallleHM€ MarHUTHBIX MOMEHTOB
IPOUCXOAUT BHYTpU yacTull (Mexanu3m Heenst mMoxeT ObITH OmMHMCaH APYTUM
BPEMEHEM PEJIAKCAIUH, Ty).

B depporensax u snactomepax MarHUTHbIE YACTUIBI OOBIYHO yIEPKUBAIOTCS
rUOKOW TMOJMMEPHON CEeTKOM, mo3ToMy bpoyHOBCkoe BpaleHHE IO0KHO OBITH
orpaHnueHo U penakcarus Heens 6onee addexTupHa.

Ha ocHOBe BpeMeH penakcanMu MOXHO ONPEACIIUTh TEMIIEPATYpPy
onoxupoBku, Tg. Ilpu temmneparype T<Tg MarHuTHbIE MaTepuajbl MOKA3bIBAIOT
dbeppoMarHuTHeIE  XapakTEPUCTUKA €  THCTEPE3UCOM U OCTATOYHOM
HAMAarHW4EHHOCTBbIO. DEeppOMarHUTHBIE CBOMCTBA YXYALIAIOTCA C POCTOM
TEeMIIepaTyphl U MPOMAAI0T MpHU TemrepaType 0okupoBku. U xoTs Beiiie Ty Bee
(dbeppoMarHuTHeIE CBOMCTBA MCYUE3aI0T, B KaK/IOM YaCTUIIE MarHUTHbIE MOMEHTbI
octaloTcst peppoMarHUTHBIMU. CTOUT OTMETUTH, YTO TeMIeparypa OJIOKHPOBKU
IPONOPIMOHANIbHA O0BbEMY MAarHUTHBIX YaCTHUIl, 4YTO O3HA4aeT, 4YTO JaxKe
HE3HAYUTEIBHOE  YBEIMYEHHE pPa3MEpPOB  YaCTHULl MOXET IPUBECTH K
3HAYUTEIIBHOMY YyBEJIWYCHUIO 3HadueHus Tg. [lpu T>Ty MarHUTHBIE YaCTHUILIBI
MOKA3bIBAIOT CYNEpPNApaMAarHUTHOE TOBEAEHUE C TUTAHTCKUM MAarHUTHBIM
MOMEHTOM, KOTOpBIH mpuMepHO B 10° pa3 Goiblue, yeM MArHUTHBIH MOMEHT
OTJIeJIbHBIX aTOMOB [2].

MarautHoe MOBEJCHHE CyNepnapaMarHUTHBIX MAaTE€pPHAIOB MOXET OBITh
ommcaHo ¢yHknuei JlamkeBena. IIpemmomaras HaMarHUYEHHOCTh OTIEIBHBIX
YacTHI] B TeJle paBHOM HAMAarHMYE€HHOCTH HACBHIIIEHUS YUCTOTO (PeppOMarHUTHOTO
MaTepuana, MOKHO BBIPa3UTh HAMArHWYEHHOCTh M KOMIIO3UTa B NPUCYTCTBUHU
BHEILIHETO MOJISI CIEAYIOIINM 00pa3oMm:

M = O, M,L(§) = O, My(coth & —1/&) (2), rne D, oTBeyaeT 3a 0OBEMHYIO
JIOJII0 MarHUTHBIX 4YacTull B reje, a mapamerp & ¢ynkuuu JlamkeBena L(&)

OIIPCACIIAACTCA KaK



mH o
E = E (3), ra¢ m - MAarHMTHbBIM MOMCHT HAHOPa3MCPHBIX MArHUTHBIX
B

qacTHil, Kz 0003Ha4aeT MoCcTOssHHYIO bosbiiMana, a T 0603HavaeT TeMmepaTypy.

Cormacio  ¢opmyne 2, HaMarHMYEHHOCTb  KOMIIO3UTa  MPSIMO
MPONMOPUMOHAIbHA KOHLUEHTPAUMA MArHUTHBIX YaCTWIl U MX HAMArHUYEHHOCTH
HachklleHusi. CTOUT OTMETUTh, YTO MOoAX0 JIaH)KeBeHa MOKET ObITh UCIOJIb30BaH,
€CJIM YacCTHULbl JKECTKO 3aKpEIUIEHBI B TEJie WIM 3JaCTOMEPE U DHEPreTHYECKHUE
Oapbepbl MEXTY OCSIMU JIETKOTO HAMAarHUYMBAHMSI MEHBITIE TETUIOBON YHEPTUN WUITU
€CJIM HaIpaBJICHUE HAMArHMYEHHOCTH B TMpejenax (UKCUPOBAHHOW YaCTUIIBI
3aKpEIUIEHO, HO JIOIYCKAETCS BPAIEHUS YaCTHUL] B KOMITO3UTE.

Cratuueckne CBOWCTBA B JIOOOM Ciydae OJIHM WU T€ e, HO BpPEMEHa
penakcanuu pasnuuHbl. Ha OCHOBE ypaBHEHHsS 2 MOYKHO 3aKIIOUYHTh, YTO JIBE
DKCIIEPUMEHTAIIbHbBIC O0COOEHHOCTH JTOJKHBI XapaKTEepU30BaTh
cynepnapaMarHeTusM:

* HE CYWECTBYET THUCTEPE3UCAa 3aBUCHUMOCTM HAMATHUYEHHOCTH OT
MPWIOKEHHOTO MAarHUTHOTO 1011 (M siBisieTcst oqHo3HauHOU pyHKImen H);

* HAMarHW4YeHHOCTb SBJISIETCS YHUBEpcaibHOU GyHKkumen H/T.

Ha pucynke 1 mokazana TUIMYHAas KpUBasi HAMarHUYEHHOCTH Geppores.

1.01 FG4.82/50/14.24 T

-1.0- A
500 -250 O 250 500
uH [mT]

Puc. 1.Tunuunasn kpusas HamaecHuweHnocmu geppoeens [1].
Ha ocHoBe »TOW KpHBOM MOXHO 3aKJIIOYWTh, YTO B TMpejaesax

HKCIIEPUMEHTAILHON TOYHOCTH TETIM THCTEpEe3nca He HAOMIOAAOTCA. DTOT (pakT
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TOBOPUT O TOM, 4YTO, KakK TMpaBwio, B ¢depporeiasix HET OCTaTOYHOU
HAMarHMYEHHOCTH MPHU KOMHATHOW TeMIEpaType.

DTO BaXHBIM peE3ynbTaT, TaK KaK A3TO O3HA4YaeT, 4YTO B IEPEMEHHOM
MarHUTHOM TIOJIe MpeoOpa3oBaHNE MArHUTHOW JHEPTUU B TEIUIOBYIO JHEPTHUIO
JOCTaTOYHO Mano. M3 3TOro MOXKHO cienarbh BBIBOJA, YTO MPHUCIOCOOJIEHUS C
UCIIOJIb30BaHUEM  (¢epporesniei B MEPEMEHHOM MAarHUTHOM IIOJIE  MOTYT
XapaKTepU30BaThCsl MalbIMU TMOTEPSIMU JHEPTUM 32 UUKI. Takke MOXXHO
3aMeTUTh, 4yT0 (popma kpuBod M(H) MoxeT yqoBIETBOPUTEIHHO OIMUCHIBATHCS
nmoaxoaom JlanxkeBeHa, MOKa3aHHbIM CIUJIOIIHOM JIMHUEN HA PUCYHKE.

MHoO)kecTBO pabOT TMOCBSIIEHO MaTEMaTHUYECKOMY  MOJCIMPOBAHUIO
MarHUTHBIX Tujporesneil. B paHHux paboTax NPUMEHSIIUCH MOJXOJbI, KOTOPHIE
paccMaTpUBAIOT MAarHUTHOE TI0JIE OTACIBHO OT mojisi nedopmaruii [2], HO coBceM
HEJJaBHO B TMOJHOW Mepe ObUlM pa3paboTaHbl HEJIMHEHHBIE TEOPUH TOJIA,
paccMaTpHBaOIIMEe MarHUTHOE 1oJie U noJie nedopmaruii coBmectHO [11]. B aTux
TEOpUSIX paccMaTpUBAETCS BIIMSHUE MArHUTHOTO TOJSl HA  XapakTep
BO3HMKAIOIMX ynpyrux gedopmanuii. CBoOHCTBa MaTepuaia OMNKHCHIBAIOTCS
CBOOOJTHOM PHEpPreTHIecKoi QyHKIMen AedopMari 1 MAarHUTHOTO TOJIs. Takxke
B pabotax [11,12] 6putH pazpaboTaHbl TEOPUM TSI YUCICHHOTO PEIICHHS KPAeBbIX
3aJ1a4 CO CIIOKHOM TeoMeTpueu. BBISBIEHO, UTO YyIIPYroM TE€OPUU HENOCTATOUYHO
JUTSI OTIMCAHMSI TMHAMHYECKUX XapaKTEPUCTHK BSI3KOYIPYTroro Gpepporesis, Tak Kak
B OCHOBHOM H3-3a BSI3KOYNPYTOCTH MOJIMMEPHBIX MATPHULl OTBETHBIE PEAKLIUU
depporeneii YacTo 3aBUCAT OT CKOPOCTH, KaK IIOKa3aHO B Pas3IMYHBIX
skcriepuMenTax [3,13]. Odenp Mayio WCCIENOBaHUN OBUIO TPOBEIEHO IO
MOJICJIMPOBAHUIO BSI3KOYIPYTroro mnopeneHus Qgepporeneil. B HeKOTOphIX MoAesax
UCIIOJIB3YIOTCS. KOMOWHAIIUA JIMHEHWHBIX TIPY)KHH ©  aMOPTU3aTOPOB IS
COOTBETCTBUS JTUHAMUYECKUM XapaKTEPUCTHUKAM MEPEMEHHBIX MAarHUTHBIX MOJIEH
dbepporeneii [3,13]. be3 BceoObeMITIONMIEH TEOPHUH OIS 3TH MOJEIN MPUMEHHUMBI
TOJIBKO JIJISl OJTHOMEPHBIX MaJIbIX JIe(OpMaIInii.

B paGote [14] Ha OCHOBE HEJIWHEWMHOW TEOPUH TOJISI CO3/JaHa MOJIEIIb,

KOTOpasi MOJIHOCTBIO CBSA3BIBAET OOJIBIINE HEYNpyrue aegopmaivi U MarHUTHBIC

-9.



nosis B (hepporene. [IpoBeneno moaenupoBanue (epporenst B TpeX CTaHIAPTHBIX
TUTIaX MArHUTHBIX TIOJIEW: KBa3W-OTHOPOTHOM, HEOJHOPOTHOM M TEPEMEHHOM
HEOJHOPOJIHOM. B KBa3u-0JIHOPOJJHOM MarHUTHOM ToJie (hepporesb BhITATUBACTCS
BJIOJIb HAIpaBJieHUsl Mojisi. B HeomHopogHOM mose (epporeib BBHITATUBACTCS B
CTOPOHY O00JIACTH BBICILIETO T'paJM€HTa MAarHuTHOro mnosisi. B oOoux ciydasx
peakius BA3KOYNpyroro ¢gepporeiis 3aBUCUT OT CKOpPOCTH. Takke B 3TOM padoTe
U3ydeHa JUHAMHYECKas peakius pepporesis B IEpeMEHHOM HEOTHOPOTHOM ITOJIE.

B pa6orax [1, 2, 3] npoBOaUIUCh HCCIIENOBaHUS MEXAaHUYECKUX CBOMCTB
W30TPOITHBIX ¥ aHU3O0TPOITHBIX MAarHUTHBIX TEJIEH W AJIACTHKOB. BEHISBIICHO, YTO B
OTCYTCTBUM BHEIIHETO MAarHUTHOTO TOJS M30TPOITHBIE 00pasibl depporens He
MOKa3bIBAIOT AHU3OTPOIHBIX CBOMCTB, a o0O0pa3lbl, NPUTOTOBIEHHBIE MpHU
pPaBHOMEPHOM MAarHUTHOE TI0JI€ TIOKAa3bIBAIOT AHU3OTPOITHOE TIOBEICHHE.
AHU30TPOIIUS TPOSBISIETCS B 3aBUCSIIEM OT HAIlpaBlE€HUs MOAYJE ynpyroctu. B
paboTax TMOKa3aHO, YTO MPOCTPAHCTBEHHOE paCIpEACNIeHUE TBEPIbIX YACTHII
UMeEET PEeIIAroIIee BIUSHIE Ha 3aBUCUMOCTh HATIPSIKEHUS OT AedopmaIiuu.

B omnuume oT wu30oTpomHOro 00pasia, HampsiKeHHO-AedopMalmoHHas
3aBUCUMOCTH aHHU30TPOITHBIX 00PA3I[0B MOXKET MPOSBIISITh TUCTEPE3NC.

VYyuThiBas B3aUMHOE HAIPaBJICHUE MPUIOKEHHON CHUJIbI M MarHUTHOTO
0JISI, MOXHO TMOJYYHUTh JBE AKCIIEPUMEHTANIbHbIE CUTYallUU: PUJIOKEHHAS CUJIa U
MarHuTHOE TI0JI€ TEPHEHAVKYJSPHBI WM TapajUIeNbHBl APYyT ApYry. bbuto
YCTaHOBJICHO, YTO MOAYJb YNPYTOCTH MAarHUTOSJACTUKOB M MArHUTHBIX Telel
MOXXET YBEIIMYMBATHCSI BO BHEIIHEM MArHUTHOM Ioyie. ITOT 3 ¢deKT Ha3bIBaeTCA
7¢h(}HEKTOM MArHUTHOTO TOJAKPEIUICHUS, MPUYEM IMPU NPWIOKEHUH MArHUTHOTO
NoJIS MapajulesibHO C HalpaBJICHHEM BO3JEHCTBUS BHEIIHEW CHIIbl HabJomaeTcs
0osee cuIbHBIN 3(P(HEKT MArHUTHOTO OJKPEIUICHHUS, YeM MPHU MEePIEHANKYIIPHOM
HampaBjieHUUM. MOXXHO cjelaTh BBIBOJ, YTO B3aWMHbBIE MPOCTPAHCTBEHHbBIC
OpUEHTAIIMM BHEUTHUX CUJI, MATHUTHOTO MOJISl U YAaCTULl UTPAIOT PELIAIOIIYIO POJIb
B 3 dexre moakperuieHus. Takke yCTaHOBIEHO, YTO YeM OOJIbIIIEe KOHIICHTPAITUS

MAarovMTHBIX YaCTHIL B o6pa3uax, TEM CHUIJIBHEC IIPOABIIAIOTCA UX YIIPYTUC CBOMCTBA.
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B pabore [4] mpoBeneHO HCCIEAOBAHHWE YHPYTUX CBONCTB MarHUTHBIX
TUApOTeNeld B pa3IMYHBIX TMOCTOSIHHBIX MAarHuTHeIX mnojsx. [lokasaHo, uTO
3aBHCHMOCTb HANpPsDKEHUS CKaTHs OT AedopMaluyd UMeeT JIMHEHHBIN XapakTep B
arapo3HOM U MOJUAKPUIAMUAHOM MAarHUTHBIX THIPOTEIISX.

Hacrosimass  paboTa  mOCBSIIIEHA  WCCIEJOBAHUIO  MAarHUTHBIX |
MEXaHUYECKUX CBOWCTB MAarHMTHBIX Tuiporeneid. VM3ydanoce BIMsHUE BHELIHETO
MarHUTHOTO TOJISI HA MEXaHMYECKHE CBOMCTBa 00pa3loB M BIMSHHE MacCOBOMU

KOHOCHTPAIWHW MAarHUTHBIX 9YaCTHUI[ HaA KX MAIrHUTHBIC 1 MCXaHUYCCKUC CBOMCTBA.
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§2. OkcnepuMeHTANbHAS YACTh
2.1. Co30anue 00pazy06 MazHUMHO20 NOJTUAKPUTIAMUOHO20 2UOPO2eN s

B kadectBe 00pasma st uccienoBaHuid ObLT BRIOpaH THAPOTEIh HA OCHOBE
NOJIMaKpWJIaMUJa, TaKk Kak OH 00yajaeT oOpaTUMBIMU YNPYTMMHU CBOMCTBaMH,
HEOOXOJAMMBIMH [JISI HWCCJICIOBAHUS €r0 MEXaHWYECKHX CBOMCTB, TO €CTh B
OTCYTCTBHHME JAe(pOopMalliil BOCCTAHABIMBAECT CBOIO NEPBOHAYAIBHYIO (QOpMYy.
Takoke oH 001a/1aeT XOPOIlIeH MOBTOPSIEMOCTHIO 00OPa3LIOB.

[Ipomiecc co3maHuss MarHWTHBIX THAPOTENEd B JTaHHOW pabOTe COCTOSIT B
TOM, YTO B MaTpHILy MOJUAKPUIAMHUIHOTO THAPOTENS B IPOLIeCCe MOTUMEpPU3alun
BHEJPAICH MEJIKHE YACTHUIIBI JKese3a co cpeqHIMH pazmepamu 300A.

BaxxHBIM CBOWCTBOM MOJMAKPUIAMHUIHOTO THAPOTEIIS SBISIETCS TO, YTO OH
MOXXET 00paTUMO HM3MEHSATh CBOM OOBEM MpHU BBICHIXaHWH/HAOYXaHUU B BOJIE.

Xumuyeckasi hopMyIia HOJTUAKPUIAMUIA!

[CH,CH(CONH,)],
CH> H? |
T °
NH»

MarsuTHBIN TUAPOTENH MOTHAKpUIaMuaa ObUT MMOTYyYEH COMOJIMMEpPU3aIiei
akpuiamuaa ¢ N, N'-MeTusneH-OMC-aKpUIIaMUJIOM B BOJHOM pacTBOpE C
no0aBIeHMEM MarHuTHbIX 4vactull. B Boay Haceimamu 10%  MaccoBoit
KOHIICHTpAI[UU CMECH TTOPOITKOB akpuiamuaa ¢ N, N'-MeTuiieH-0nc-aKpruiaMuioMm
B cooTHOWEHNH 19:1. [loknannch MOJHOTO PACTBOPEHUS, MOCIE YErO 3aACHINAIN
10%, 20% MaccoBoii KoHIeHTparmu MarauTHeIX wactur; (Fe 300 A).
JucneprupoBany MOJYYEHHbIA pacTBOp C NOMOILIbK aucnepraropa HMmmysbe
V3I'-100. Tlocie yero B moy4yeHHBIH pacTBOp J00ABUIN WHUIIMATOP, B KAUECTBE
KOTOPOTO UCIIOJB30BaIN OKHCJIUTENIbHO-BOCCTAHOBUTEIBHYIO CUCTEMY
nepcynbdpar ammonus — N, N, N’, N’-rerpameTwidTwiieHanamMuH. MaccoBas
KOHIICHTpAIUsl HHUIMATOpa B pactBope He mpesbimana 0.5%. [locme noGaBnenus
WHUIIATOpAa B PacTBOp comojuMepusanus akpuinamuga ¢ N, N'-mMetuneH-Ouc-

AKpUJIaMUIOM IIPOUCXOJWJIa IIPUMCEPHO B TCUCHHC 3 CCKYHO, YTO HEC ITO3BOJIAIO
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BBINIACTh MAarHUTHBIM YacTHUIIAM B 0CaioK. Takum oOpa3oM, Moixydaauch oOpasiibl
C OJTHOPOJIHBIM pachpeieieHHeM MAarHuTHBIX dacTull. B pesynbrare ams
UcclieloBaHuii  ObUT0 co3maHo JBa oOpasma Ha 0asze  MOJMaKpHUIAMHIHOTO
TUIPOTEIISl C Pa3IMYHBIMU MacCOBBIMH KOHIIEHTpAIMsIMU MarHuTHBIX yactuil: 10%
u 20%. bbulo yCcTaHOBJIEHO, YTO MNpU JAJbHEHIIEM YBEIMYEHHU MacCOBOU
KOHIIGHTPALIMU MAarHUTHBIX YaCTHIl MPOIECC MOJMMEPHU3AIH HE MPOUCXOAUT [4].
OO0pas3tipl ObUIK BBIMOIHEHBI B opMe IIHMHApa ¢ pa3mepamu: =1 cM, h=2.5 cm.
[TepBoHauaNbHBIN COCTAB MOTYYEHHBIX 00Pa31I0B MATHUTHBIX TUAPOTEIICH:
O6pasen 1:cimTeiit monumakpunamus 10%, Fe 300 A 10%, 80% Boxa.
O6pasen 2:cimThlil monuakpunamus 10%, Fe 300 A 20%, 70% Boxa.
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2.2. MeTtoauku u3mMepeHuit

2.2.1 Mexanuueckue uzmepenus
MexaHnuecKkue CBOWCTBA HCCIEAOBAIUCh HAa YCTAHOBKE, CIELHUAIBHO
CO3JJaHHOM 11l U3MepeHus 1e(pOPMaLMOHHBIX CBOMCTB B TOCTOSIHHOM MarHUTHOM

noje. YKa3zaHHas YCTaHOBKaA ITO3BOJIAJIA U3MCPATH 3aBUCUMMOCTL HAIIPAKCHUSA OT

pacTshKeHus1/CxaTust oopasiia.

Bun yctaHoBKkHM MOKa3aH Ha puc. 2:

3

o

A 4

A 4

»
P

Puc. 2. Cxema 3KCnepumeHmanvbHoUu YCMAHOBKU Ol UBMEPEHUs
Mexanuyeckux ceoticms 2uopoeenei (1 - obpaszey macnummnozo euopoeens, 2 -
HegheppomazHumHbILL 2py3, 3 - NOCMOSHHbIE MACHUMbL, 4 - NOOCMABKa).

s u3MepeHus BeNWYuHBl JedopManuud 00pasloB ObLT HKCIIOJIB30BaH
KaTeTOMETP C MOTPEITHOCTHI0 M3MEPEHHs NIUHBI 1 MKM. Pa3Mepsl mOCTOSTHHBIX
MarHUTOB 3HAYMTEIBHO TMPEBBIMIATH pa3MEpbl HCCIEAYEMBIX O0O0pasloB, YTO
MO3BOJISUIO CUUTATh BHENTHEE MAarHUTHOE TOJIE OJHOPOAHBIM. J[aHHas ycTaHOBKa
MO3BOJISUIA M3MEHATHh BEJMYMHY BHEIIHETO TIOCTOSHHOTO MAarHUTHOTO TIOJIS
MIOCPEACTBOM  COMIDKEHUS/yaneHus TOCTOSHHBIX ~ MarHutoB. [locTtosiHHOE
MarHUTHOE TT0JIe H3MEPSIIOCh TaTYMKOM Xoiima. V3MepeHus mOpoBOAWINCH B

nuara3one nosei(1-50 mTi).
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2.2.2 Maznummnbwie uzmepenus
JIns  u3MepeHusT MArHUTHBIX CBOMCTB MArHUTHBIX THUAPOTEIIE B

NEPEMCHHOM BHCIIHEM MArbvMTHOM IIOJIE€ HCIIOJIB30BAJICA I“I/ICTOFpa(i) Brockhaus

Messtechnik (puc. 4).

Puc. 4. l'ucmoepadg.
W3mepeHuss TNpOBOAWJIMCH [0 Mepe BbBICBIXaHUs o00pasioB. Macca

TUAPOTENIel U3MEPSIIACh HA 3JIEKTPOHHBIX BecaX. JIMHEHHbIe pa3Mepbl U3MEPSUIHCH

INTAHICHIUPKYJICM.
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§3. IloryuyeHHbIE pe3yJabTaThl H UX 00CYXK/IEHHE

3.1. H3mepenusa mexanuueckux ceoiucmae
JIist co3gaHHBIX 0Opa3OB C MAacCOBBIMU KOHIICHTPAIIUSMH MarHUTHBIX

yactul, 10% u 20% ObuM MpOBEAEHBI CEPUU U3MEPEHUN UX MEXAHUYECKHX
CBOICTB. B pe3ynbTare ObUTM MOSyYeHBl 3aBUCMMOCTH HAMpPsDKEHUH 00pasloB OT
ux JgedopMani TMPU PACTSHKEHMM U CKaTUU. bbumm mocTpoeHsl rpaduku
3aBUCUMOCTH  HamNpsOKEHUs] OT PpacTsHKEHUs  00pas3loB € Pa3IMYHBIMU
KOHLEHTPAUUsIMA MarHUTHBIX YaCTHI] U B PAa3JIMYHBIX MATHUTHBIX MOJISIX.

Ha pucynkax 5, 6 mnoka3aHbl 3aBUCMMOCTU HaIpsDKEHHMsT OOpas3LoB OT
nedopMaliui MpU HANPSDKEHUSAX PACTSHKEHHST 11 O00pas3loB € Pa3IMYHBIMU
MacCOBbIMU KOHIIEHTpaUMUsAMU MarHuTHbIX vactul 10% u 20% B pa3anyHbIX

BHCIIHHUX MarHuTHBIX ITOJIAX.

4000

3500
3000
2500 ——15mT
@ 2000 ~m—30mT
C
o
1000
500
0 ¥
0 1 3 4

2
Ax,Mmm

Puc. 5. 3asucumocme nanpsaxcenus om pacmsosicenus obpazya ¢ mMaccogou

Konyeumpayueu macHumuwvlx yacmuy 10%.
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4500

4000

3500

3000
=—=15mT

2500 /
ﬂ, / —m—30mT
= 2000
Qs 45 mT
1500
1000 /’V

0f

1

0 0,5 1 1,5 2
AX,Mmm

Puc. 6. 3asucumocmo nanpsdxcenus om pacmsadicenusi oo6pasya ¢ Maccosotl
KoHyeumpayueu macHumuwvlx yacmuy 20%.

W3 rpadukoB 5, 6 BUAHO, YTO HANPSHKEHHE PACTET NPU YBEIMYECHUU
nedopMaluy, IpUYeM 3aBUCHUMOCTh B MpeeiaxX MOTPEIIHOCTH MOXXKHO CUUTATh
auHeHoH. KpoMe TOro, MOXHO OTMETHTbH, YTO NMpPHU IPUIIOKEHUHU JaKE MabIX
noJiel yrpyrocts o0pa3ioB BO3pacTaeT Ajsl BCEX M3YUEHHBIX 00pa3LoB.

Ha pucynkax 7, 8 mnokasaHbsl TpauKd HampsDKEHHOCTH 00pasloB OT
nedopMaluy Ipy HAIPSDKEHUSAX CHKATUs Ui 00paslioB ¢ Pa3IMYHbIMU MacCOBBIMU
KOHLEHTpauusiMiu MarHuTHbIX 4actul 10% u 20% B pa3iIMyHBIX BHEIIHHMX

MAardmMTHBIX ITIOJIAX.
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2000

1800 A ‘- ,
1600 /
1400
a :
1200 15mT
£y

v

1000 x « —8-30mT
(1]
C  s00
o

=de=45 mT

600
400

200 /‘
=

0 0,2 0,4 0,6 0,8
AX,Mmm

Puc. 7. 3asucumocmo HANPAJNCEHUA Oom colcamust 06pa3ua Cc Mmaccosou

Konyeumpayueu machumuwvlx yacmuy 10%.

2000

1800 ‘A ’. )

1600 /

1400

1200 —=15mT

o L o

et 45 mT

P, Na

600

400

200
Uy

0 0,2 0,4 0,6 0,8 1

AX,Mmm

Puc. 8. 3asucumocmv manpsocenus om cocamus obpasya ¢ Maccosou
KoHyeHmpayueu macHumuuolx yacmuy 20%.
YBenuueHune )KeCTKOCTH 00pa3IoB MPHU YBEIWYEHUHU BHEITHETO MAarHUTHOTO

noJis Takke HaOoaaercs npu cxkatuu. [Ipu cpaBHeHUH rpa@UKOB pacTSHKEHUS U
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CcKaThg y HEKOTOpbIX 00pa3ioB OOHApYy)XeH HE3HAYUTENbHBI TUCTepe3nc
HaIpSHKEHUM.

[Ipy npuJIO)KEHHH BHEIIHETO MArHUTHOTO MOJISI M3-3a JHUIMOJIb-AUIIOJIBHOIO
B3aUMOJICUCTBUS MEXKIY YaCTHIAMHU MPOHUCXOASAT MPOLIECCHl CMEIIECHHs YacTHI] B
O0osee  BBIFOJIHOE DHEPreTHUECKOE COCTOsHUE (MOJOOHO  BBICTPAMBAHUIO
MAarHWTHbBIX YacTUL B LENH [0 CUJIOBBIM JIMHUSM MAarHUTHOTO TOJS s
MarHUTHBIX JKUJKOCTeH). M3MeHeHHe B3aMMHOI0O pAaCMOJIOKEHUS MarHUTHBIX
YaCTHULl OTHOCUTEIIBHO JIPYT IpYyra B CBOKO OYEPElb BO3JCUCTBYET Ha MOJUMEPHYIO
MaTpuIly, KOTOpas yIep >KUBAET YaCTHUIIbl, TAKUM 00pa30M H3MEHSsI MEXaHUUECKHE
cBoiictBa oOpasma. Kpome Toro, BhICTpamBasCh B IIETIOYKHA BIOJIb TIOJIA,
MAarHWTHbBIE YAaCTUIBI MOTYT CaMU HampsMyKo CO3[aBaTb CTPYKTYpBHI,
YBEIIMYUBAIOIINE )KECTKOCTh MAarHUTHOT'O TUJIPOTEIIA.

bbl1 pou3BeieH aHaNM3 MOJIYYeHHBIX MPa@UKOB U PACCUMTAHbI BEIIUYUHBI
MOAYJEH pacTsHKeHUs/CKaTusi Il 00pas3lioB C Pa3jM4yHOM KOHIIEHTpauuen
MarHUTHBIX YaCTHI] M B PA3IMYHBIX MoJsiX. JIjis anmpokcuManmu rpadukoB ObLia
UCIIOJIb30BaHA JIMHEHAas QYyHKIUS.

OTH MOAynu TNpuBENeHbl B Tabmumax 1, 2 ¢ y4eTOM CTaTHCTHYECKHUX

MOTPEIIHOCTE:
15mMTn 30mMTn 45mTn
10% 28+-1 36+-3 42+-3
20% 35+-1 44+-2 56+-1

Tabmuma 1. 3naueHuss wmoxayns pactsbkeHus [klla] ans  pa3nuyuHbIX

00pasIoB.
15mTa 30mMTn 45mTn
10% 64+-4 69+-4 99+-5
20% 65+-1 86+-6 139+-12
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Tabauna 2. 3nauenus moxyis cxatus [klla] nms pazmuaHBIX 00pa3IoB.

U3 tabmun 1, 2 BUJHO, 4YTO YIOPYroCTh o0Opa3noB c Oonbliei
KOHILIEHTpalMei MAarHUTHBIX YacCTUIl BbIIE, YeM Yy o0Opa3loB C MeEHbIIEH
KOHLIEHTpAalMed MarHUTHBIX YacTUL. OTO CBS3aHO B OCHOBHOM C TE€M, 4YTO
00pas3iibl ¢ pa3TuYHBIMU MAaCCOBBIMU KOHIICHTPALMSIMU MAarHUTHBIX YaCTHUI] UMEIOT
pasiinyHble CTPYKTYpHbIE CBOMCTBA. YeM 0oJbllie MaCCOBOE COAECpKAHUE YACTHII,
TeM OONbIIMK BKJIaJA OHH BHOCAT B MEXaHHYECKHE CBOWCTBA OOpPA3IOB.
CymiecTByeT JBa OCHOBHBIX MEXaHU3Ma BIMAHHUS MAarHUTHBIX YacTUI[ Ha
MEXaHUYECKHE CBOMCTBAa 00pa3l0OB B MATHUTHOM I10JIE, KaK ObUIO YKa3aHO BHIIIIE.
[lepBbIM sIBiIsIETCS BO3AEHCTBUE YACTHL] HA MOJUMEPHBIE LEMU, KOTOPHIE YACTHULbI
JOTIOJTHUTENBHO ~ HArpyXaroT, CTpPEeMsCh  3aHiITh  HauboJee  BBITOAHOE
HHEPreTUYECKOe MOJIOXKEHUE (YacTHUIBl CTpeMATCS CHOPMHUPOBATH CTOJIOUYATHIC
CTPYKTYpBI, TOAOOHBIE TE€M, KOTOpbIe OHU (DOPMHUPYIOT B cCllydyae MPUIOKEHUS
MAarHUTHOTO TOJSi K MarHUTHOM KUIKOCTH). BTOpBIM BKJIaOM B MEXaHUYECKUE
CBOMCTBa 0O0pa3ua sBIAETCS YK€ MNPSAMOW BKJIAJ CaMUX CTPYKTYpP MarHUTHBIX

qacTul, KOTOPLIC, 3aHAB HanoOoce BBITOJHOC C BHCPFGTHHGCKOﬁ TOYKH 3PCHUA
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3.2 Maznummnbole usmepenus
JIist co3gaHHBIX 0Opa3IOB C MAacCOBBIMU KOHIICHTPAIIUSMH MarHUTHBIX

yactul] 10% u 20% Obuin npoBeIeHbl MarHUTHBIE U3MepeHus. B pe3ynbrare Obuin
MOJy4YeHbl TEeTau ructepes3uca. Ha puc. 3 mpuBedeHbl BUAbI KPUBBIX IETEINb
rucTepesuca Jijisi 00pa3oB MAarHUTHOTO TUIIPOTENS ¢ Pa3jIMYHON KOHIIEHTpaluen

MarauTHBIX Yactui: 10% u 20%.

——10%

(Tn)

1000 20%

H(KA/m)

Puc. 14. HavanbHble neTiu rucrepe3rca 00pa3iioB MarHUTHBIX THIPOTEsei
MOJMaKpUIaMHUJIa C MACCOBBIMH KOHIIEHTpAlUsAMM MarHuTHeIX vactuil 10% wu
20%.

N3 rpadukoB BUAHO, YTO METVIM TUCTEPE3NWCA I OOPas3IOB OTIMYAOTCS
NpU pa3HOM KOHIIEHTPAIIMM MArHUTHBIX YacTWll. Y MArHUTHOTO THUJIIPOTENS C
colepXkaHueM MarHuTHbiXx 4yactull 20% HaMarHWYEHHOCTh HACBHIIICHUS U
HaYaJIbHAs MAarHUTHAas BOCIIPUUMYHBOCTH 3aMETHO OOJIBIIIE B CBS3U C OOJIbIIEH
KOHLIEHTpalMel MarHUTHBIX YACTHUII, 3TO CBSI3aHO C TEM, YTO HAMarHMYEHHOCTb
00pas31oB, B 00111eM cilydae, MpsiIMO MPONOPLUHUOHATbHA KOHLIEHTPAIMU MarHUTHBIX

YacCTUll, TaK KaK II0 CYTH SABJISICTCSA CYMMOﬁ HaMarHU4eHHOCTEeH MAarHUTHBIX
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JacTHUl, a TaK K€ APYIrux KOMIIOHCHTOB MAarHUTHOT'O THAPOICIIs, BKJIa/l KOTOPBLIX B

CYMMApHyrl0 HaMarHM4C€HHOCTb HCBCJIMK, TaK KaK OHHW HC  SABJIAIOTCA

beppoMarHuTHLIMU.
8,05 =—=041rp
6,53rp
‘E" T T T ] =

= 1500 -1000 500 1000 1500 291p
- =498 rp
——te—,12 1P

H(kKA/m)

Puc. 16. [Illemau ecucmepesuca obpasya MaAcHUMHO20 —2UOPO2eis
NOUAKPUNAMUOA C MACCOB0U KOHYewmpayueu maznumuolx uyacmuy 20% ona
PA3TUYHBIX CIMeneHell 8blCbIXAHUSL.

N3 rpadukoB 15, 16 BuAHO, YTO TETIAW THUCTEpe3uca il OOpasloB IMpHU
pa3TUYHBIX CTETICHSX BBICHIXaHMS pa3imuyHbl. [Ipy BBICBIXaHWYM HAMAarHUYEHHOCTD
HACBIIICHUSI W MAarHUTHAas BOCIPUUMYHUBOCTH OO0pPA3IOB yBEIWYUBAIOTCS. JlIis
Oomee neTanbHOTO MCCIIEIOBAHNUS MarHUTHBIX CBOMCTB 00pa3ioB OBLI MPOU3BEICH
aHaJIM3 TeTeIh THCTEPE3HCa.

N3 rpadukoB 3aBUCUMOCTH HAMarHMYEHHOCTH OOpaslloB OT MAarHUTHOTO

110JIs OBLIN MMOJIYUYCHBI 3HAYCHNA HAMArHM4CHHOCTHU HACBINICHUWA.
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m(rp) m(rp)

Puc. 17. 3asucumocmv namachuueHnHocmu  HACbleHUs  0OPA3Y0O8 C
maccosvimu  KoHyeumpayuamu macHumuelx dacmuy 10% u 20% om maccwi
00pasyos.

Kpome Toro, mo mnojydeHHBIM IMETISAM THUCTEpe3uca ObUIM IMOCUUTAHBI
BOCIIPUUMYHMBOCTH  oOpasmoB. [letnn rucrepesnca  anmpoOKCHMHUPOBAINCH
MOJIMHOMAMHU BBICOKOM cTeneHUu. Mbl MOCUUTANIM, YTO JJIsi JAHHBIX THUJpOTeIel
HauOoJIee WHTEPECHBIMU SIBJSIOTCS HayajdbHbIE MAarHUTHBIC BOCIPHUUMYHUBOCTHU

00pa3oB (BOCIPUUMYUBOCTH B CJIA0BIX TOJISAX).

40 80
2 35

/ . . .
A——/ - 10 *~ /‘\/'J 0

m(rp) mirp)

Puc. 18. 3asucumocmv Hauanvhol Gocnpuumuusocmu — 00pa3yO8 ¢
maccogoli konyenmpayuet macrumuolx wacmuy 10% u 20% om maccwi 06pazyos.

N3 rpadukoB 17, 18 BuAHO, UYTO HaYalbHbIE BOCHPUUMYUBOCTU
3HAYUTEBHO BO3PACTalOT MO Mepe BhIChIXaHUS. Bo3pacTaHue HaMarHWYEHHOCTU
HACBIIIEHUS U HAYaJIbHOW BOCIIPHUMMYHUBOCTH MPOUCXOJUT B MIEPBYIO OUYEPEh U3-

3a U3MEHEHUsS 00beMa 06pa3u03, 4dTO HNPUBOJUT K YBCIMUYCHHIO YHUCJIa MAaIr'HUTHBIX
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JacTul Ha CAUHUIY O6’I)€Ma, N H3-3a YMCHBIICHUSA PACCTOAHHA MCKIAY
MAardivuTHbBIMHU 9aCTUIAMH IIPU UX TIICPCCTPOCHUM.

Taxke OBUIM NHOCYMTAHBI 3HAYCHUS KOC—)pHHTHBHOﬁ CUJIBI U OCTATOYHOM

HAMarHU4eHHOCTH 00pas3IoB.

30 25

H(kAM)
H{KkA/M)

10

m{rp) m(rp)

Puc. 19. 3asucumocmov kospyumusnoti cunvt H obpazya c maccosoi

KoHyenmpayueu macHumuolx yacmuy 10% u 20% om maccol 06pazyos.

0,007 0,014
A 0,006 0,012

/ \/ 0,005 / 0,01
/ 0,004 / 0,008

AN /\/
<V 0,002

0,001 0,002

I(Tn)
g
KT

10 6 4 2 10 8 6 4 2

=]

m(rp) m(rp)

Puc. 20. 3asucumocmv ocmamournoi HamachuyenHocmu I obpazya c
maccosou konyeumpayuetl maeHumuwix wacmuy 10% u 20% om maccol 006paszyos.

U3 rpaduka 20 BUIHO, YTO OCTATOYHASS HAMAarHUYEHHOCTH MPU BHICHIXaHUHU
BO3pacTaeT(ee pPOCT MOXXHO TaK >K€ CBsI3aTh C YyBEJIMYCHHEM KOHIICHTpaIluu

MAardmMTHBIX I-IElCTI/II_[) .
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OcHOBHBIE pe3y/IbTAThI:

IIpuroroB/ieHbI MATHUTHBIE THAPOTeJN HA OCHOBE MOJHMAKPUIAMUIA C
Pa3JIMYHON HAYAJIbHOM KOHUEHTPAUed MATHUTHBIX YACTHIL.
HccienoBanbl MarHMTHble XaPAKTEPUCTUKHA O0O0pPa3slioB MATHUTHBIX
rugporesieii Ha 0a3e MNOJHAKPWJIAMHAA € Pa3IHMYHOM HAYAJIbHOM
KOHLUEHTPAaUMell MArHUTHBIX YAaCTHI[ B 3aBHCMMOCTH OT CTENEeHH HX
BbICHIXaHHUAI.

Iloka3aHo, 4YTO CTeNeHb BBLICHIXaHUSI MATHUTHOIO THAPOreJis CUJIbHO
BJMSeT HAa €ro MAarHMTHble CBOWCTBA: TIPH  BBICHIXAHHH
HAMATHHYEHHOCTh HACBIIIEHHS, HAYAJbHAsl BOCIHPHUMYUBOCTH H
0CTATOYHASI HAMATHUYEHHOCTH BO3PacTaIoT.

HccaenoBanbl ynpyrue CBOMCTBA MOJYYEHHBIX THApOreied B
3aBHCHMMOCTH OT KOHUEHTPAUMUA MATHUTHBIX YACTHUI U NMPUIOKEHHOI O
MATHUTHOTO MOJIS.

IHosry4yeHbl 3aBUCUMOCTH HANPSKEeHUH o0pa3smoB oOT uUX AedopManuu

NP PACTSKEHUH, CKATHH.
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