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MarsiTHe moJsie. Bekrop MarHiTHol iHayKIIil
3akon Ammepa

KOHTYp 3i CTPYMOM B MATHITHOMY I10JIi
MArHiTHUM MOMEHT

IIpvMHUIUNO POOOTH eJIEKTPOABUTIYHIB

Cuia Jlopenua. IlpuckoproBaui 3apsiaKeHUX
JacTHHOK. Mar”HiTHi nacTKu



1. MarniTHe moJie. BekTop MarHiTHOI

IHAYKIil
MarHitTu Oynad BI1JOMI1 JIOACTBY JABHO, IIIE MHOHA/I
2000 pokiB g0 Hamoi epu. CrapodaBHI KUTaMIII
BUKOPMCTOBYBAJIM MAarHITH SK Kommac. InuOoke
(p13MYHE MOCHIIKCHHS MAarHiTIB Ta iX BJIIACTUBOCTEHU
B1A0YJ10Cs Jiuie B X1 X cTomTTl.




Jlocmia nokasye, 1o MarHiTd MarOTh IBa HEOOAUIbHI
nomrocu N | S, oqHOMMEHHI OJIIOCH BIAIITOBXYIOTHCS,
a PI3HOMMEHHI1 MPUTATYKOTHCH.

B3aemMo/1g MarsiTiB B1AOYBa€ThbCS 4YE€PE3 MarHITHE

I1O0JIC.




Y 1820 pom marcekuit p13uk X. Epcren mokaszas, 110
MarHITHE TI0JIC¢ BUHMKA€ TAKOK HABKOJIO MPOBIIHWKA, ITO
SIKOMY TIPOTIKA€ EIEKTPUYHUA CTpyM. MarHitHa CTpuika,
po3TanioBaHa mopsia 3 MPOBIIHUKOM, MTPH MPOITYCKaHHI 110
HHOMY E€JIEKTPUYHOIO CTPyMYy IOBEPTAETHCSA 1 Hamara-
€ThCS BCTAHOBUTHUCS NICPIICHAUKYIISIPHO IO IPOB1THHUKA.

31 3MIHOK HAampsMKy CTPyMy Yy TMpPOBIAHHMKY Ha
MMPOTHUJICIKHUN 3MIHIOETHCS 1 HAPSIM 11 CHITM Ha CTPLUIKY.
3  BIAJAJICHHSIM BlI[ HpOBII[HI/IKa OpIEHTYIOYA 11
3MEHINYETbCSA. | =3 »

XaHu XpucrTiaH

EpcTten




Y npoMy K poml A. AMIIEp BCTAaHOBHB, IO JIBa
napajeiabHl IIPOBIAHMKH, II0 SKHUX TEYYTh CTPYMHU
OJIHOTO HaIPSIMKY, OPUTATYKOTBCS OJWH JO OJHOIO,

PI3HOIO HANPSIMKY — BIAIITOBXYKOTHCH.
Aunjape Mapi




BigeopoJuk:
«B3aemoaiss cTpyMiB»



Cmig BIAMITUTH, 110, HA BIAMIHY B1J €JICKTPUYHOIO
oJs, SKE JlI€ SK Ha HEPYXOMl, TaK 1 Ha pyxoMmi
CICKTPUYHO 3apsKCH1 YaCTUHKH 1 T1JIa PO3TAlIOBaHI
B HbOMY, MArHITHE IIOJIC J1€ JHIIEC HAa PyXOoMl
CICKTPUYHO 3apsIKCH1 YACTUHKH 1 T1JIA.




Maznimne none — 1€ CKIQI0BA EIEKTPO-
MAar"iTHOTO IOJIS, [0 € OCOOIMBOIO (DOPMOIO Marepli
yepe3 SAKy BIIOYBAa€TbCS MarHiTHa  B3aeEMOIIS,
BUHHKA€ HABKOJO MAar”iTiB abo TUI, IO MaroTh
MAarHiTH1  BJIQCTUBOCTI, PpPYXOMHX  3apsKCHHUX
YaCTHHOK, IMPOBIJHUKIB 31 CTPYMOM, a TaKOX
CIIPUYHMHSETHCS 3MIHHIM Y 4acl €JICKTPUYHUM IIOJIEM.
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CUJIOBOKO XapaKTEPUCTUKOK) MArHITHOTO MOJS €
BEKTOP iHAYKIii MArHiTHOTO MOJIS B .

O3Ha4yeHHS BEKTOpa I1HAYKIII MarHiTHOIO MOJs
MOKE€ OyTH JaHE TphOMa PIBHONPABHUMU CIIOCOOAMU:
1) 3a mgiero MarHiTHOTO IIOJIS HA €JIEMEHT CTPYMY,

2) 3a I1€I0 MArHITHOTO TOJISI Ha PYyXOMY 3apsKCHY
YaCTUHKY;

3) 3a 00epTaIbHOIO MII€I0 MATHITHOTO IOJS Ha PaMKY
31 CTPYMOM.




OTxe, IHAYKIIA MATHITHOIO moJsgs B — I€ BEK-
TOpHAa (PI13WYHA BEJIMYMHA, 1[0 €  CHJIOBOIO
XapaKTEPUCTUKOIO MAarH1THOTO TOJISI, YHCEJILHO p1BHa
CHJI1 3 SKOK MAarHiTHE IIOJI€ Jil€ Ha IIPOBIJHHUK
OJJMHUYHOI JIOBKMHH, 110 SIKOMY T€Y€ CTPYM CHJIOKO B
1 A, xoaud BIH PO3TAIIOBAHMN MNEPHECHIMKYISPHO 10
JT1HIA 1HIYKI(1T MAarHITHOTO IOJIS:




AOO IHAYKIIiSI MATHITHOIO IOJIS B — 1€ BEKTOpHA
(p13MYHA BEJIIMYMHA, IO € CHJIIOBOK XapAKTEPHUCTHUKOIO
MArHiTHOIO MOJs, YHCEIBHO pIBHA CHIl 3 SKOIO
MArHITHE MOJI€ J1€ HA OAWHWYHUMN MO3UTUBHUM 3apsl,
[0 PYXA€TbCAd 3 OAWHUYHOK IIBUIKICTIO IICPICH-
OUKYJISIPHO OO0 JIHIM 1HAYKIII MardHiTHOTO ITOJIS:

qu-Sina




—

A0O0 X IHAYKIisT Mar”HitTHoro moass B — 1e
BEKTOpHA (PI3MYHA BEJIMYMHA, IO € CHJIOBOIO
XapaKTEPUCTUKOI) MArHITHOTO MOJs, YHACEIHLHO PIBHA
MaKCHUMaJIbHOMY OOEpTajJbHOMY MOMEHTY, 11O Al€ Ha
paMKy OJMHHYHOI IUIOI[lI IO SKIM TE€Ye CTPyM
OAUHWYHOI CUJIU.
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OIuHUILCIO 1HAYKI(II Mar-
HITHOTO oy € 1 7 (Tecna):
1T =1HI(1A41m).




Jnst rpadigyHOro 300paKeHHS MAarHITHOTO  IOJIS
KOPHUCTYIOTbCS JIHISIMU MAarHITHOI IHAYKIILI,

JliHiaMu  MarHiTHol IHAYKOili  (CHJIOBHMH
JiHIAMM MArHIiTHOIO II0JI1) HAa3WBAalOTh KpHBI,
OOTHYHI OO SKUX Y KOXHIM TOYIl 30I1raloThCs 3

HapsIMOM BEKTOPaA Yy IIMX TOYKAX.

YucnoBe 3HaUCHHS BEKTOpa B BH3HA4Ya€ IIUIBHICTH JIIHIN
MaTrHITHO1 IHIIYKI_III Ha OIWHWUIIO HJIOHII CwioB1 JHIT
IOCTINHOTO MAarHiTy OepyTh MOYaTOK Ha MIBHIYHOMY IOJIFOCI 1
3aKIHYYIOThCS Ha MBACHHOMY Tomtocl. CwuioBl  miHI
IPOBIAHHUKA 31 CTPYMOM MaKOTh BUIVISIJ KOHIICHTPUYHUX KI1JI.
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Hampsim mHIA MarHiTHOI  1HAYKIID  (BEKTOpa
IHAYKIIIT MarHiTHOIrO  IIOJIS E) BU3HAYAIOTh 3a
NPAaBUJIOM “IPAaBOro” rBUHTA (CBEPAJIHUKA). SKIIO
NOCTyHaJlbHUM PyX TBHUHTA 3 MPABOK HAPI3KOIO
301ra€ThbCs  3a HAIPSIMOM CTPyMy, TO HaIpsIM
00EpTaJbHOIO PYyXy PYYKH TBHUHTA BKaXKE HAIpIM
J1HIM MarHiTHOI 1HAYKIIII.
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ol HAIPSAMOK
| DOCTyIIaJIbHOI'O
™ pyXy T'BUHTA




Haituacrimie pO3MIAAIOTE OJTHOP1IH1 MOJIS.

OO0HOpPIOHUM MAZHIMHUM ROJIEM HA3WBAIOTh TaKe
ojie, IHAYKIS SIKOTO IIOCTIMHA 3a 3HAYCHHSIM 1
HAIIPSIMOM y KOXKHIH TOYII IPOCTOPY (B = const). Criiosi
J1HII TaKOro MO MAalTh BHUIJIS IapaliCIbHUX
IPSIMUAX 3 OAHAKOBOO IIJIBHICTIO.

Po3aur  marmetusMy, IO BHBYA€ CTalllOHAPHI
(He3MIHH1I 3 4YacoM) MarHITHI MO, Ha3WBalOTh
MAZHIMOCMAMUKOIO.




2. 3akoH AMIiepa

OCHOBHI NMPUHIKIK MOOYTOBH TEOPIi CTaI[lOHAP-
HUX MAarHiTHUX TIOJIB IIOXIOHI IO TIPUHIIMIIB
noOyIOBHM €JIEKTPOCTATUKU. 3a aHAJIOT1E€H 3 MPOOHUM
3apsgoM O B €IEKTPOCTATHIN, I Yac BUBUCHHS
MAarHeTU3My BBOAATHh a0CTPAKTHE MOHATTSI — IMPOOHUM
CJIEMEHT CTPYMY.




Enemenmom  cmpymy  Ha3uMBaKOTh  BEKTOPHY
BenmuuHy |dl, 1m0 4mcenpHO OpIBHIOE HOOYTKOBI
Ciii CTpyMy | B IIpOBIIHHMKY Ha BEKTOP €JIEMEHTY
npoBigauka dl, HampaBmeHuii y3IOBX HaAIpsAMY
CTPYMY. EneMenT CTPyMy HE JIMIIE CaM CTBOPIOE Y
MPOCTOP1 HABKOJIO CeOC MarHITHE IMOJIe, a W BIAYYBa€
CUJIOBY JI110 3 OOKY 30BHIIIHIX MarHiTHHUX MOJIIB.




OCHOBHHUM €KCIIEpHUMEHTAJIbHAM 3aKOHOM MarHe-
TU3MY € 3aKOH AmImepa:. cuia dF,, 3 KOO 30BHIIIHE
MAarHIiTHE MOJIE A1€ Ha PO3MIIMICHUN Y HbOMY €JIEMCHT
OPOBIAHMKA 31 CTPYMOM, JIOPIBHIOE BEKTOPHOMY
NOOYTKY e€JEMEHTY CTPpyMy Idl Ha BEKTOp I1HIYKIII
MAarHiTHOTO HOJs B:

dF, = 1dl"- B]

Aunape Mapi
AmMiIiep



HanpsMm cuiim BU3HA4arOTh 3a IIPABUIIOM BEKTOPHOIO
N00yTKy. AJie JUIsi 3py4HOCTI 4acTO BHKOPHCTOBYIOTbH
MPaBUJIO JIIBOI PYKH: SKINO JIIBY PYKY PO3MICTHTH
TakK, 00 JIIHII 1HAYKIlI MarHiTHOrO MHOJsS BXOIWIA B
JIOJIOHIO, & YOTHUPH BUNPSAMIICHHAX Majblll 301raamcs 3
TEXHIYHAM HaIpsAMOM CTpyMy B HpOBlI[HI/IKy, TO
BIAXHJICHAM I HOPSIMHUM KyTOM BEIHKHKU IIajJelb
BKAXKE€ HAIIPSIM CUJIIM AMIIEpA.




Cuia, 3 SKOIO MAar”iTHE IIOJIE IIITUME Ha BeCh
IPOBIAHUK, PO3MIIICHAN Y HbOMY, Oyqe BM3HAYaTHCH
IHTETPyYBaHHSIM BHpa3y 3HAYCHHS CUJIM AMIIEpa IIO
BC1M JIOBXKMHI IPOBIJHUKA:




3. KOHTYp 31 CTPYMOM B MArHiTHOMY IOJIi.
MarHirTHMiM MOMEHT

Konmypom 31 cmpymom Ha3UBaOTh 3aMKHEHUU
IPOBIIHUK II0 IKOMY T€YE CICKTPUUYHUM CTPYM.
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Po3missHEMO TPAMOKYTHUM KOHTYD

3 HOCTIMHUM CTpyMOM |=const, po3mi-

[ICHUM B OJHOPIAHOMY MAarHITHOMY
O

1) mapanenbHO JIHISM 1HIYKIIII.
MarsiTHe 10Ji¢ J11€ Ha KOKHY CTOPOHY
paMKH, HampsMd  CAJI  AMIEpa
IOKa3aHO HA PUCYHKY.

Ockuibkn  ctopoHn 2 1 4
pO3TaIllOBaHl IapajenbHo MO _JIHIN
IHYKI1] MardiTHOTO MOJISI, TO F2 =01
E =0,acwmuF, i F yrBopromors mapy
CWJI, 5Kl CTBOPIOIOTH O0EpTaNbHUH
MOMEHT HABKOJIO BEPTHKAIBHOI OCI,
I[[0 TIPOXOIUTh Y€Pe3 CHTP PAMKH:

F =F, =11,Bsin90°
ne |, =1, — HOOBXHMHA OIYHHMX CTOPIH
PaMKH.
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OOepTaabHUI MOMEHT CHJI, 11O A1FOTh HA KOHTYP 31

CTPYMOM: : B
AN
M =2F1'§sin¢= IBLL, sin ¢ I!ﬁ
M = IBS sin =
g Fl/| L1
R —

neS = ||, — mmoma pamxu,

(@ — KyT MK HaIIPSIMKOM CHJIH

1 €JIEMEHTOM CTPYMY.




OCKIIbKM  MACHIMHUM ~MOMEHMOM KOHMYP)Y  3i
CMmpyMOM HA3UBAIOTh BEKTOPHY (DI3UYHY BEIUYHHY,
YUCEJIbHO PIBHY JOOYTKY CHJIM CTPYMYy B KOHTYpP1 Ha
IJIOIy paMKXA 1 Ha OJWHUYHHK BEKTOpP HOpMAIIl
IPOBEIECHNN 10 IUIOIIMHN PaMKH (HampsiM BEKTOpy N
BU3HAYAIOTh 34 IIPABUJIOM IMPaBOr0 I'BUHTA BIJHOCHO
HapsMy CTPYMY Y KOHTYP1):

b = ISfi pp

Tom1 B 3araibHOMY BUITISAL

o0epTadbHUI MOMEHT CHJI, 110

IIFOTh HA KOHTYP 31 CTPYMOM:
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v =5, B]




OOepTallbHUM MOMEHT  CHIJI
MAaKCHMaJIbHUN, SKIO B, L B (muio-
[IMHA paMKHU pO3TalllOBaHA
B3JI0BXK JIIHIM 1HAYKI[IT MAarH1THOI'O
IOJisl) 1 HOPIBHIOE HYIIO, KOJIHU
b, 7T B BMIIIICHUI Y MarHiTHE I10JIC
KOHTYp 31 CTPYMOM M1 1€
00€pTaIbHOr0 MOMEHTY Oyje Ha-
Mararucs IIPUUHATA TaKe I10JIO0-

JKeHHsI, 11100 BeKTopH P, i B cranug .
. 1

ImapaJiCJIbHUMHA 1 OJHAKOBO

HaIIpPaBJICHUMHU. [aKe I0JI0KEHHS
B1/III0B1JIa€ CTIMKIM PIBHOBA3I.
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2) SIKmo muomuyHa KOHTYPY
31 CTPYMOM:. IEPHECHIUKYISIPHA
JTIHISIM _ 1HAYKINl ~ MarHiTHOI'O
mons, 1o p, 7T B. Cuna Amriepa,
KA y IIbOMY pa3l JIl€ Ha KOXKHY
CTOPOHY KOHTYpPY 31 CTPYMOM,
JCKUTh y IUIOIIMHI KOHTYPY 1,
3aJI€XKHO B1J B3a€MHOIO HaIpas-
nenas Bra | | Oyne cripssMmoBaHa
Ha30BH1 a00 BCEpPEAUHY KOHTY-
py. ToOTO KOHTYp 31 CTPyMOM
M1 J1€F0 [UX CUI ad0 PO3TATY-
BAaTUMEThCS, a00 CTHUCKYBaTH-
METbCI, ajle  oOepTaabHUI
MOMEHT JIOP1BHIOBATUME HYIIIO.




3) IInockmii KOHTYp 31 CTPYMOM
Yy HEOOHOPIJIHOMY  MArHITHOMY
II0JIl, OKpIM OO€pTajabHOI Oli Ta
aedopMalli  3a3Hae  ImEe W
OOJATKOBUX 1M, IO 3YMOBIIIOIOTH
IEePEMIIICHHS KOHTYpyY B OIK
30UJIBIICHHS 200  3MCHIICHHS
MAarHiTHOI 1HAYKII 3aJIC’KHO BIJ
HanopsMy ctpymy | . Y Bumagky
300paK€HOMY Ha pPHC., KOHTYp Oy-
I BTATYBAaTUMETbCS B 00JAaCTh
30UIbIICHHS 1HAYKIL B marxir-
HOIO IIOJIST (IIEPEMIITYBATUMETHCS
JT1BOPYY).
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Pe3yinpTyroua cuna 3 SKORO
MarHiTHE @oje  BTArye  alo

. _ B
BUILITOBXY€E KOHTYD 31 CTPYMOM: |/ :
) ~ ——
F=grad |p, -B)=—grad W, - -
e Wn=—(I5m°B) — moreHuianpHa ——4H |
EHEpris KOHTYypy 31 CTpyMOM Y I -

MAIrdiTHOMY IIOJII.



KoHTypH 31 CTpyMOM BHKOPMCTOBYIOTh y IIpHIagax
1 BHMIPIOBAHHS 1HAYKIIII B MargiTHoro Imois 3a
BIJOMHM 3HAQUCHHSIM OOCpPTAILHOIO MOMEHTY CHII
KOPHUCTYIOUHCH (POPMYJIIOKO




4. IlpuHUHUII POOOTH €JIEKTPOABUIYHIB

Ha He3akpiIUICHMM HOPOBIIHUK B
JOBKHUHOIO | TI0 KOMY T€Ye CTPyM « o o o o o«
cunoro | (mampukmax, omma i3, |. [l FE. . .
CTOpiH KOHTYpY MOXKe KOB3aTé 1m0 -1,  |ri, ., .
JBOM  CyCIOHIM,  JUB.  DHC.) :
OJHOpiIHE B MarHirHe moge * ° ~di>| o
IHIYKIIEIO 1€ 13 CHJIO AMIepa:

F.=1|l-B

_ MarsitHe noJje, IepeMIIyOYd IIPOBIAHUK M1 J1€I0 CHIN
F, Ha BigcTanb dX, BUKOHA€E €JIEMESHTApHY POOOTY

dA = Fdxcos(lf,Ade = 1IB dx = IB dS = Id®

o /
—\

il

ne d® — 3MiHa MarHiTHOTO IIOTOKY, IO IIEPETHHAE KOHTYP.




Maznimnum nomoxkom ado
HOMOKOM  8eKmopa  IHOYKUIL
MAZHIMHO20 NOJsl  HA3UBAKOTH
CKaJIIpHY (DI3UYHY BEIHMYMHY,
YHUCEIbHO PIBHY CKaJIIPHOMY L5

’ /
/

HOOYTKY BEKTOpPa 1HAYKIII1 / / / /7
MArHiTHOIO TIIOJII HA  IUIOILY
KOHTYPY, SIKy MPOHHU3YIOTH JIIHII

1HAYKIII:

dD:(I§§): BScos «

1€ O — KyT_MI)K BEKTOpPOM HOpMaJli 0 MOBEPXHI N i
BeKTOpoM B
OnuHULICI0O BUMIPIOBaHHS MAarHiTHoOro nons € 1B6

(6ebep): 1B6 =1Tn-1v’



Y pasl J0BUIBHOIO MNEPEMILICHHS NPOBIJHUKA 3l

CTPYMOM Yy MarHiTHOMy MoJii MOBHa poOoTa
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Po0OoTa npu nepemimieHHl IpOBIAHUKA a00 KOHTYPY
31 CTPYMOM Yy MAarHiTHOMY MOJII 3aBXAU MOXKE OyTH

o04HCiICHA SIK
A=IAND

SKIO MarHITHUN TOTIK, IO MPOHWU3YE 3aMKHYTHH

MmpoBigHUK 3i cTpymom, 3poctae, AP >0, 4>0,
TOOTO poOOTAa BHUKOHYETHCS 3a PaAXyHOK JpKepesia
CTPYMY KOHTYDY — HpUHUUR Ol e1eKmpOoOBUIYHIE.
Ixkmo AP <0, A<0, pye o3navae, mo podora
BUKOHYETBCA 3a PaxyHOK 30BHILIHIX CHJI 1 JXKEPEJO
MOXK€ HAKONHW4YYyBaTH CHEPrito — HnpuHuun Oii
2EHEPaAmopie cCmpymy.



EJexkTpoaBUIYHM — [OPUCTPOI, IO
IEPETBOPIOIOTh  CJIEKTPUYHY CHEPrilo Yy
MEXaHIYHY.

CxinamaroTbcss 3  00EpTOBOI  YaCTHUHU
(poTopa) Ta HEPYXOMOI1 (cTaropa).

[IpruunHOKO OOEpTAaHHS pPOTOpa €IEKTPOo- (3§
JBUTYHA € OOCPTATBHUH MOMCHT, IO BHHH- ., .
Ka€ NP B3a€EMOJ1l MarHITHOIO MOJs CTaTopa
3 0OMOTKOIO POTOPA, I10 SIKIM T€YE CTPYM.

PO3pI3HAIOTh €JEKTPOJBUTYHH IOCTIMHOTO Ta 3MIHHOIO
CTPYMY.

EJeKTpoABHTYHH MOCTIi{HOTO CTPyMy
3aCTOCOBYIOTh B €JCKTPOTATOBMX 1 MIII1i-
MaJbHUX MPUCTPOSX, B EJICKTPONPHUBOAL 3
IMHPOKKAM [T1alla30HOM PETYIIIOBAHHS INBHUI-
KOCTI  (€JIEKTPO3BApIOBAIIBHI  YCTAaHOBKH,
€JICKTPOIPHUBO/I OAIITOBUX KPaHIB TOIIO).




EjIeKTpOABUTYHH 3MIHHOTO CTPyMY TOIUISIOTh HA CHHXPOHHI Ta aCHHXPOHHI.
CHHXPOHHI €JIEKTPOIABUIYHH 3aCTOCOBYIOThH Y HEPETYIHOBAHOMY EJIEKTPOIPHUBOJI
MPOMHUCIIOBUX YCTaHOBOK (HACOCIB, KOMIIPECOPIB, TOBITPOAYBOK, MJIHMHIB pPI3HOTO
PU3HAYEHHS, IIPOKATHUX CTaHiB, M3€Ib-TEHEPATOPHUX YCTaHOBOK Ta iH.). Ha
aCHHXPOHHI JABHUryHH npunagae Ommspko 90-95% Big 3arambHOI  KUIBKOCTI
€JICKTPOJIBUTYHIB 4epe3 1X MPOCTOTY, BUCOKY HAMIMHICTh B EKCIUTyararli, Mail
rabapuTHi pO3MIpH 1 HHU3BKY BapTICTh. 3a (QYHKIIOHAJIbHUM [PU3HAYCHHIM
aCMHXPOHHHMX  €JIEKTPOJABUTYHIB  PO3PI3HAIOTH  3arajJbHOIPOMHKCIIOBI,  KPaHOBI,
BHOyx00€31eyHl, J(QTOBI, €KCKaBaTOpHi. BOHM € 4YacTWHOIO ENCKTPONpPUBOLY
MOOyTOBUX IMPHUIIAIIB, €JIEKTPOIHCTPYMEHTY, METAIOPI3albHUX BEPCTATIB, KOBAIBCHKO-
MPeCOBAHMX ~MAIlMH, HACOCIB, BCHTUIATOPIB, KOMIIPECOPIB, TPAHCHOPTHHX Ta
M1 AIAMAaTbHO-TPAHCIIOPTHUX 3aC06iB (KOHBEEPIB,  ©CKAIATOPIB,  OyIBENBHUX
pO3BaHTaXXyBaJIbHUX 1 HABAHTA)KyBaJIbHUX MAIIWH, KPAHIB, MIAHOMHHKIB 1 JIOJIBOK,
IAaXTHUX Ta JI(PTOBUX MIAIAMAIBLHAX YCTAHOBOK TOH_[O)

[10TyXHICTH €NEKTPOABHUIYHIB CKJIa/a€ BIA ACCATUX YaCTOK 10 ACCATKIB MEraBar.
Ha pucyHKy HaBe/IeH] €ICKTPOJABUTYHH PI3HOT MOTYKHOCTI Y TIOPIBHSIHHI 3 OaTapenKoro
«Kponay». EneKTpoABUTyHH MarOTh BEIMKI [EPEBArd y IMOPIBHAHHI 3 IHIIMMHU BHIAaMH
JIBUTYHIB (TIAPOBUMH, BHYTPIIIHHOIO 3rOPaHHs): BOHU €KOJOTTYHO YUCTI — MPU POOOTI
HE BUJUIAIOTH HIKIJJIMBUX ra3iB, UMy a00 Mmapy; €KOHOMIYHI — HE MOTPEOYIOTh 3amacy
TAJIMBA 1 BOJH, JIETKO BCTAHOBIIIOIOTECS Y Oy/ib-SKOMY JTOCTYITHOMY MICIIl (Ha CTIHI, T/
M1JIJIOTOK0 €JIEKTPOTPAHCIIOPTY, Y KOPITYCl €IEKTPOIHCTPYMEHTIB TOILIO).




EjlekTpU4HI reHepaTopm — NPHUCTPOI, NPHU3HAYCHI UL
NIEPETBOPEHHSI  €HEpPrii  MEXaHIYHOI0 pPyXy B EHEPriio
CJICKTPUIHOTO CTPYMY.

JlxepenoMm MeXaHIdHOT CHEPT1l EIEKTPOreHepaTopa MOKYTh
OyTh mapoBa TypOiHA, TIOTIK BOJHW, BITE€p, JBUIYH
BHYTPIIIHBOIO 3rOpaHHs ad0 HABITh CUJIA JIFOAWHM.

EnexTporeneparopu NOoAUISIIOTh HA T€HEPATOPU HOCTIMHOIO
1 3BMIHHOTO CTPyMY.

I'enepaTopu MOCTIHHOIO CTPYMY BHUKOPHUCTOBYIOTHCS Y
PI3HOMAHITHUX 3apSIIHUX MMPUCTPOSX, B aBTOMOOISX.




BbeH3uHOBI Ta au3ejIbHI reHepaTopu 3MIHHOIO CTPyMYy
3aCTOCOBYIOTh UL ENCKTPH(IKANIl OyAlBeib, 3a0C3MCUCHHS
CJICKTPOYKUBIICHHSAM OyIIBCIbHUX ManIaHYUKIB (TIPH  Oy/Ih-
SIKMX JIOPOXKHIX p0o0OTax, 3BapIOBaJIbHUX POOOTaX, aIMasHOMY
pi3aHH1, OypiHHI CBEPJIOBHH, OCBITIIIOBAHHI Ta OOIrpIBaHHI
MPUMIIICHb, PEMOHTI TPHMIIIEHb) Yy palHoHax, 1€ HeMae
MariCTpajbHOTO E€HEProNOCTaYaHHs, OKPEMUX BHUPOOHHYHX
CHUCTEM, Yy MPOMHCIOBOCTI, y CLIbCBKOMY TOCIOIApCTBI, Ha
MOBITPSIHUX 1 BOJHUX CyJHAX BOEHHOI'O Ta IUBLIBHOIO (hJIOTY;
Ha 00’ekTax, Jie 00OB’SI3KOBHM € HASIBHICTh 0O€3MEpeO1MHOr0
CICKTPOXKMUBICHHS (Ha aepoJpomax, MEAWYHUX 3aKIagax,
(h1HAHCOBUX yCTAHOBAX TOLIO).

Birpo- Ta rigporeHepaTopu BUKOPUCTOBYIOTBCSA SIK
aJBTEpHATHUBHI JKEpeJia EHEPr1l Ha TPChKIA MICIIEBOCTI.



S. Cuaa Jlopenua. IlpuckoproBaui 3apsu-
'KeHHUX YaCTHHOK. MAarHiTHI MIaCTKH

EneMeHT crpymy — Ii¢ OpOBIAHUK JOBXKHHOKO I
BCEPEINHI SKOTO 32 Jac dt yepes momnepeyHuii mepepis
nepeHocuthbes AN enekTpoHiB. 3a 3aKkoHOM AMIIepa Ha
JAHUN €JIEMEHT CTpyMy 3 OOKYy MAarHiTHOTO MOJIs
IHAYKI1€0 B nie cuna:

=
y CKaJISpHOMY BUIJISIIL:

dF, :(;—?dI-B-sina:dN'e'd:ﬁB'SIna:dN-e-u-B-sina
A€ LV — IIBUJAKICTH HANpPaBJICHOTO PYXy EJICKTPOHIB

y300BK OPOBIIHHUKA.

i - B




[IomauBImK HIBy 1 OpaBy YacTHHH OCTAaHHBOTO
PIBHSHHS Ha KUIBKICTH HOCIiB cTpyMmy AN, oTprMmaemo
YUCJIOBE 3HAYCHHS CHJIM, 3 SKOK MAarHITHE IIOJIC
IHAYKIIE B /1€ Ha OKpeMUM €JIEKTPOH:

dF,
~ dN

F =e-v-B-SInx

Cuiy, 3 SIKOO MarHiTHE II0Ji€ 1HAYKI€w B mie Ha
OKpEeMy YacTHHKY 3apsgoM ¢, mo pyxaerncs 3i
MBHUAKICTIO U HA3UBAIOTh CHJIOK0 JlopeHIa:

F :q[DEJ



HaIrpAMOK cuiad JlopeHiia, BU3Haya-
€ThCSl TIPABWIOM MPaBWJIO JIIBOI 7
PYKH: SKIIO JIBY PYKY PO3MICTHTH
TaK, 100 JIHI1 1HAYKIIT MarHITHOTO
[1OJIs1 BXOIWJIM B JIOJIOHIO, & YOTHUPH
BUIIPSIMIICHUX Tajblll 301rajucs 3

HApPSAMOM PYyXy HO3WTHUBHO 3apsiji- [
’KEHO1 YaCTUHKH, TO BIIXWJICHUHN 1T |
OpsIMAM KYTOM BEJIHKWAM MaNeIpb |
BKaXXe HapsAM cuiu JlopeHna. |

JI1s1 BU3HAYEHHS HANpsMy A1l CHJIM

JlopeHIla Ha HEraTUBHO 3aAPSKCHY -

YAaCTUHKY, HAlpsSM CHJIM, OTpH- |2
MaHUKA 3a IPaBHIOM JIBOI PYKHU
3MIHIOIOTh Ha HOPOTHICKHUM a0o0 |
BUKOPHUCTOBYIOTH IIPaBy PYKY.



http://www.google.com.ua/imgres?imgurl=http://lms.mati.ru/file.php/89/6-electromagnetizm/4-2/clip_image042.gif&imgrefurl=http://lms.mati.ru/mod/resource/view.php?id%3D451&h=187&w=460&tbnid=JmRK_y35GSJZQM:&zoom=1&docid=ytVa4DmumyozsM&ei=53NWVODtL9bhatjdgOAN&tbm=isch&ved=0CDYQMygHMAc
http://www.google.com.ua/imgres?imgurl=http://lms.mati.ru/file.php/89/6-electromagnetizm/4-2/clip_image042.gif&imgrefurl=http://lms.mati.ru/mod/resource/view.php?id%3D451&h=187&w=460&tbnid=JmRK_y35GSJZQM:&zoom=1&docid=ytVa4DmumyozsM&ei=53NWVODtL9bhatjdgOAN&tbm=isch&ved=0CDYQMygHMAc
http://www.google.com.ua/imgres?imgurl=http://lms.mati.ru/file.php/89/6-electromagnetizm/4-2/clip_image042.gif&imgrefurl=http://lms.mati.ru/mod/resource/view.php?id%3D451&h=187&w=460&tbnid=JmRK_y35GSJZQM:&zoom=1&docid=ytVa4DmumyozsM&ei=53NWVODtL9bhatjdgOAN&tbm=isch&ved=0CDYQMygHMAc
http://www.google.com.ua/imgres?imgurl=http://lms.mati.ru/file.php/89/6-electromagnetizm/4-2/clip_image042.gif&imgrefurl=http://lms.mati.ru/mod/resource/view.php?id%3D451&h=187&w=460&tbnid=JmRK_y35GSJZQM:&zoom=1&docid=ytVa4DmumyozsM&ei=53NWVODtL9bhatjdgOAN&tbm=isch&ved=0CDYQMygHMAc
http://www.google.com.ua/imgres?imgurl=http://lms.mati.ru/file.php/89/6-electromagnetizm/4-2/clip_image042.gif&imgrefurl=http://lms.mati.ru/mod/resource/view.php?id%3D451&h=187&w=460&tbnid=JmRK_y35GSJZQM:&zoom=1&docid=ytVa4DmumyozsM&ei=53NWVODtL9bhatjdgOAN&tbm=isch&ved=0CDYQMygHMAc

Ockuibkyd cujaa JlopeHla 3aBXAyd HallpaBjIcHA
NEePICHANKYSIPHO 10 HaMNpPsMKy IIBUIKOCTI PYyXY
3apsIKEHO1 YaCTUHKHM, TO MAarHiTHE MOJIC HE BUKOHYE
poOOTY MO Ti IMEPEMIIICHHIO, a JIUIIE 3MIHIOE HaIpsSM
IMBUJIKOCT] YACTUHKHM.

AOCOIIOTHE 3HAYEHHS IIBHUAKOCT1 3apsaKeHOI
YaCTUHKW 1, BIAINOBIJAHO, KIHETHYHA €HEPrid IIpH
[IbOMY Ha 3MIHIOETHCS.




Ko Ha pyxXoMy 3apsyDKeHy 4YacTUHKY OKpiM
Mar”iTHOro mnouis 3 iHaykuiero B nie i enexTpuune

nmose 3 HanpyxeHicrio £, To pesynabTyroua cuia,
NpUKJIageHa A0 YaCTUHKH, JOPIBHIOE BEKTOPHIM CyMI
CWJI — CUJIH, 11O JI1€ 3 OOKY €JIEKTPUYHOIO I0JIsl, 1 CHIIU

JlopeHua:
F=qE+ q[B .B|

Lleit Bupa3 HA3uUBaOTh hopmyoro Jlopenua.



IToBealHKa 3apsaKeHOl YaCTUHKH B OAHOPIJIHOMY
MOCTIMHOMY MAarHiTHOMY IOJI1 3aJ1€KUTh Bl Opl€HTAL]

[IBUJIKOCTI 11 pyXy BIJIHOCHO JITHIM BEKTOPA THIYKIIII:

1. sTxmo © 1T B | 10 wacTunka Gyne TpooBikyBaTH

PYXaTUCh NMPSMOJIHIMHO W PIBHOMIPHO, OCKUIBKH HIIIO

He Oyze BIUIMBATH Ha 1T pyX (1_*; »=0),



2. ko VLB, To cuna JlopeHua HamnpaBi€Ha
NEePHNCHANKYIAPHO 1O TPaEKTOpll PyXy YaCTHHKH
(. L v)iBukonyBarume posb JOLEHTPOBOI CHUIIU.

ToOTo yacTuHKa Oyae pyxaTHCs IO KOJIY PaalyCOM:

muo
;= ——
qB ,
a mepioJ1 11 00epTaHHS
27mm
T ="
qb

HE 3aJI€KUTh B1JI IIBUAKOCT] PyXYy YaCTHUHKH.






3. ko 3apsakeHa 4YacTHMHKA BIITA€ Y MAarHITHE
MnoJi€ MiJg KyTOM & [0 CHJIOBHUX JIIHIA, TO BEKTOp 11

IIBUAKOCTI U MOKHA pPO3KJIACTH Ha JIBl CKJIaJ0BI:

napaieibHy 10 Bektopa B (Y1) i nepneHauKyispHy 10
HBOTO (V1 ).




YacTuHKa

O/ITHOYACHO

oyne

311UCHKOBATHU

MOCTYMAJBbHUN PyX B3JIOBXK JIHINA 1HAYKII MarHiTHOTO

noJst 31

CTAJIOD IIBUIKICTIO

Y

WIBUAKICTIO VL ONUCYHOUM FBUHTOBY TPAEKTOPIIO:

L =V-COs p =v-sina

b

Pagiyc BUTKIB TBUHTOBOI JTiHIT

mu
r=—=

muy-Sin &

qgbB

gB

a KPOK 'BMHTOBOI JIIHIT pyXYy 3apsAKE€HO1 YaCTUHKHU

h=vT=vU-cosa

2am B 2AmMU - cos A

1 pyx mo Kkoay 3l

gB qB

4

4




4. CKknagHIIIOK € TPAEKTOPIS pPyxXy 3apsIKeHOl
YAaCTMHKM Y HEOJHOPIAHOMY MArHITHOMY IoJil. (K10,
HanpUKIad, 3apsjKeHa 4YacTUHKA PYXa€eThCs B3I0BXK

HAMPSIMKY 3pOCTaHHS 1HAYKIII MarHiTHOTO MOJg, TO 3

OCTaHHIX (opMyJa BHAHO, mo 7 1 h OyIyTh
OPOHOPIIMHO  3MEHIIYBaTHUCh, TOOTO  YaCTHHKA
pyXaTUMETbCS IO CIipall, o cKpyuyeTrhes. Ha nupbomy
SBUIII noOy10BaHU I MPUHLMIT MAarHiTHOTO

(OKYyCYBaHHS MYYKIB 3apsIKECHUX YaCTHHOK.





http://www.myshared.ru/slide/754041/
http://www.google.com.ua/imgres?imgurl=http://xn----8sbiecm6bhdx8i.xn--p1ai/sites/default/files/polyrnoe_siynie_2.jpg&imgrefurl=http://xn----8sbiecm6bhdx8i.xn--p1ai/%25D0%25BF%25D0%25BE%25D0%25BB%25D1%258F%25D1%2580%25D0%25BD%25D0%25BE%25D0%25B5%2520%25D1%2581%25D0%25B8%25D1%258F%25D0%25BD%25D0%25B8%25D0%25B5.html&h=392&w=1600&tbnid=cER1_pdwkREC2M:&zoom=1&docid=qSngV7OnY-qYMM&ei=8HdWVIDMOtPvaLWLgcgL&tbm=isch&ved=0CBkQMygRMBE4rAI
http://www.google.com.ua/imgres?imgurl=http://nordgloss.ru/inform/29_3.jpg&imgrefurl=http://nordgloss.ru/inform/inform.php&h=429&w=644&tbnid=-6s3lriX546SJM:&zoom=1&docid=zQOdOrPJ3Cw-3M&ei=8HdWVIDMOtPvaLWLgcgL&tbm=isch&ved=0CCoQMygiMCI4rAI
http://www.google.com.ua/imgres?imgurl=http://www.russianseattle.today/wp-content/uploads/2014/08/1378890512_polyarnoe_siyanie.jpg&imgrefurl=http://www.russianseattle.today/%25D0%25B2%25D0%25BE%25D0%25BA%25D1%2580%25D1%2583%25D0%25B3-%25D1%2581%25D0%25B2%25D0%25B5%25D1%2582%25D0%25B0/%25D0%25BF%25D0%25BE%25D0%25BB%25D1%258F%25D1%2580%25D0%25BD%25D0%25BE%25D0%25B5-%25D1%2581%25D0%25B8%25D1%258F%25D0%25BD%25D0%25B8%25D0%25B5/&h=640&w=800&tbnid=45qdwxCkCq9lUM:&zoom=1&docid=NsXRThnvtEVLIM&ei=23dWVLCsOMHkaISlgIAJ&tbm=isch&ved=0CC8QMygAMAA
http://www.google.com.ua/imgres?imgurl=http://www.russianseattle.today/wp-content/uploads/2014/08/1378890512_polyarnoe_siyanie.jpg&imgrefurl=http://www.russianseattle.today/%25D0%25B2%25D0%25BE%25D0%25BA%25D1%2580%25D1%2583%25D0%25B3-%25D1%2581%25D0%25B2%25D0%25B5%25D1%2582%25D0%25B0/%25D0%25BF%25D0%25BE%25D0%25BB%25D1%258F%25D1%2580%25D0%25BD%25D0%25BE%25D0%25B5-%25D1%2581%25D0%25B8%25D1%258F%25D0%25BD%25D0%25B8%25D0%25B5/&h=640&w=800&tbnid=45qdwxCkCq9lUM:&zoom=1&docid=NsXRThnvtEVLIM&ei=23dWVLCsOMHkaISlgIAJ&tbm=isch&ved=0CC8QMygAMAA
http://www.google.com.ua/imgres?imgurl=http://www.russianseattle.today/wp-content/uploads/2014/08/1378890512_polyarnoe_siyanie.jpg&imgrefurl=http://www.russianseattle.today/%25D0%25B2%25D0%25BE%25D0%25BA%25D1%2580%25D1%2583%25D0%25B3-%25D1%2581%25D0%25B2%25D0%25B5%25D1%2582%25D0%25B0/%25D0%25BF%25D0%25BE%25D0%25BB%25D1%258F%25D1%2580%25D0%25BD%25D0%25BE%25D0%25B5-%25D1%2581%25D0%25B8%25D1%258F%25D0%25BD%25D0%25B8%25D0%25B5/&h=640&w=800&tbnid=45qdwxCkCq9lUM:&zoom=1&docid=NsXRThnvtEVLIM&ei=23dWVLCsOMHkaISlgIAJ&tbm=isch&ved=0CC8QMygAMAA
http://www.russianseattle.today/%D0%B2%D0%BE%D0%BA%D1%80%D1%83%D0%B3-%D1%81%D0%B2%D0%B5%D1%82%D0%B0/%D0%BF%D0%BE%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5-%D1%81%D0%B8%D1%8F%D0%BD%D0%B8%D0%B5/
http://markclub.narod.ru/poem/polars.html

OOmacth (DI3MKM 1 TEXHIKH, B SIKIM BHBYAKOTHCS
NATAaHHS (POpPMYyBaHHS, CbOKycyBaHH;I 1 BIAXHUJICHHS
y4YKIB 3aps/KCHUX YAaCTMHOK, OTPHMaHHSA 3 1X
JIOTTIOMOTOI0  300pakKe€Hb MM JIEI0 CICKTPHYHHX 1
MAarHITHHUX IIOJIIB Y BaKyyMl, HA3UBAIOTh €1€eKMPOHHOIO

ONnmuKoro.



http://www.femto.com.ua/articles/part_2/4700.html
http://www.technoclub.info/05-27-358.html
http://www.newscientist.com/article/dn11085-new-particle-accelerator-could-rule-out-string-theory.html
http://www.google.com.ua/imgres?imgurl=http://myrt.ru/news/uploads/posts/2009-06/1244019719_kollayder.jpg&imgrefurl=http://myrt.ru/interestingly/1458-uskoriteli-zaryazhennyx-chastic.html&h=302&w=468&tbnid=lilQ1VSEM2egHM:&zoom=1&docid=2Z-fQMgQ7XRiuM&ei=zmpWVLG9GcjjO8CLgbgH&tbm=isch&ved=0CCIQMygIMAg

JI0 €IEeKTPOHHO-ONTUYHHUX €JIIEMEHTIB 1 MpPUJIajIiB

BITHOCHATD.

* MAcHIMHI 1 eleKMPOHHI NiH3U, K1 MPU3HAYCH] OIS
CTBOPCHHS MAarHITHHX Ta CEJICKTPUYHHUX MOJIB 3
[ICBHOK) CHMETPIEIO 1 KEpPyBaHHS 4Yepe3 HUX
OTOKaMH 3aps/UKEHMX YacTHHOK. MarHiTHl Ta
€JICKTPOHHI JIIH3U 3aCTOCOBYIOTBCS JUTS OICPIKAHH
300pakeHb 3a JIOTIOMOTOI0 CIEKTPOHHUX Ta 10HHUX
Iy4KIB, (OPMYyBaHHs, (DOKYCYBAaHHS 1 BIIXUIICHHS
SKUX B1JI0yBa€ThCS 3a JOIIOMOIOI0 E€JIEKTPOHHHUX 1
MAarHITHUX ITOJIIB.

3aCTOCOBYIKOTBCSI B €IICK-
TPOHHO-IIPOMEHEBUX TpyOKax,
CICKTPOHHUX  MIKPOCKOMAaX,
CICKTPOHHUX IIPUCKOPIOBAYaX,
aHaJIOroBOMY TesicOaueHHl Ta
paa10JI0KaIlli;




* CIeKMPOHHUL  MIKPpOCKON,  TPU3HAYCHUN I
CIIOCTEpEKEHHsT Ta (poTtorpadyBaHHs 30LTBIICHUX
n0 10° pasiB 300pakeHb O0’€KTiB, B SKUX 3aMiCTh
CBITJIOBUX IIPOMEHIB BHKOPHCTOBYIOTH €JIEKTPOHHI
MyYKH, TPUCKOPCHHI B YMOBaX IIIHOOKOTO BaKyyMy
no eneprii 30 — 100 keB. Jlac MOXJIHBICTB
OTPUMYBAaTH 300paKEHHS OKPEMHMX MOIEKYT 1
BXKMX  aroMIB,  JOCTIDKYBaTH  MIKPOPETbED
[OBEPXOHb, PO3HOALT XIMIYHOTO CKJIaAy PEYOBUHU
Ha IOBEPXHI 00’€KTa, BI[II/ICHIOBaTI/I CTPYKTYPHUU
aHa13;



http://www.google.com.ua/imgres?imgurl=http://dic.academic.ru/pictures/enc_colier/6605_003.jpg&imgrefurl=http://dic.academic.ru/dic.nsf/enc_colier/6641/%25D0%25AD%25D0%259B%25D0%2595%25D0%259A%25D0%25A2%25D0%25A0%25D0%259E%25D0%259D%25D0%259D%25D0%25AB%25D0%2599&h=420&w=385&tbnid=nk-8ZaIPuag4jM:&zoom=1&docid=c-bd016iIS7QuM&ei=YGpWVI_EGs73PKy9gNAD&tbm=isch&ved=0CDEQMygCMAI
http://www.google.com.ua/imgres?imgurl=http://www.krugosvet.ru/images/1001359_6605_003.gif&imgrefurl=http://www.krugosvet.ru/enc/nauka_i_tehnika/tehnologiya_i_promyshlennost/ELEKTRONNI_MIKROSKOP.html?page%3D0,2&h=420&w=385&tbnid=5qVJyinLO668CM:&zoom=1&docid=cwWbkO0AVC5QuM&ei=YGpWVI_EGs73PKy9gNAD&tbm=isch&ved=0CEEQMygSMBI
http://www.google.com.ua/imgres?imgurl=http://www.misis.ru/portals/0/Images/press/2011/JEM1400.jpg&imgrefurl=http://www.misis.ru/tabid/1829/Default.aspx&h=576&w=505&tbnid=1vs-KTGrhXhdAM:&zoom=1&docid=sqd9EstHr_CqAM&ei=YGpWVI_EGs73PKy9gNAD&tbm=isch&ved=0CFEQMygaMBo

* Mac-cnekmpomempu — TpPUIau, NPU3HAYCHI UL
PO3A1JICHHS 10HI30BAaHMX MOJEKYJI 1 aTOMIB 3a 1iX
macaMi. BUKOPUCTOBYIOTBCS B siICpHIil €HEpreTulll,
reojorii, reoxiMii i  €JIEMEHTapHOro 1
CTPYKTYPHOT'O MOJICKYJISIPHOI'O aHal13y TOLIO;
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http://www.textronica.com/gcline/gcline.htm
http://www.textronica.com/lcline/ltq_ft_intro.html
http://www.google.com.ua/imgres?imgurl=http://www.textronica.com/images/xls_ultra_trace1310_3%252Bs.jpg&imgrefurl=http://www.textronica.com/gcline/gcline.htm&h=797&w=1063&tbnid=B27BAtSbKQU68M:&zoom=1&docid=ckNIQAiIXNZvXM&ei=MGxWVKm2FsPsO8OEgNAB&tbm=isch&ved=0CCoQMygQMBA
http://foodinnovation.ru/articles/3073.html

NPUCKOPIOBAYT 3APAONCEHUX YACMUHOK — YCTAHOBKY,
PU3HAYEH] IS OJEPIKAHHS 3apSAHDKEHMX YaCTHHOK
(CICKTPOHIB, IPOTOHIB, aTOMHUX SIIEP, 10HIB TOLIO)
BEJIMKAX €HEPrid 3a JOIOMOIOI0 IPUCKOPEHB iX
CICKTPUYHUMHU 1 MArHITHUMHM IIOJISIMH. 3a THUIIOM
3apsIKCHUX YaCTUHOK, K1 1 IJIATAOTh
MPUCKOPEHHIO, PO3PI3HAIOTH MPOTOHHI, €IEKTPOHHI
Ta 10HH1 MIPUCKOPIOBAYL.
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http://www.google.com.ua/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/thumb/3/3f/Fermilab.jpg/250px-Fermilab.jpg&imgrefurl=http://ru.wikipedia.org/wiki/%25D0%25A3%25D1%2581%25D0%25BA%25D0%25BE%25D1%2580%25D0%25B8%25D1%2582%25D0%25B5%25D0%25BB%25D1%258C_%25D0%25B7%25D0%25B0%25D1%2580%25D1%258F%25D0%25B6%25D0%25B5%25D0%25BD%25D0%25BD%25D1%258B%25D1%2585_%25D1%2587%25D0%25B0%25D1%2581%25D1%2582%25D0%25B8%25D1%2586&h=163&w=250&tbnid=WBc8OjWlwK6QJM:&zoom=1&docid=T0WNqiQcziQp1M&ei=zmpWVLG9GcjjO8CLgbgH&tbm=isch&ved=0CBwQMygCMAI
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3a ()OPMOIO TPAEKTOPIH, Y3MOBXK SKHX PO3TaHAIOTH
YAaCTHUHKH, PO3PI3HSIIOTh J1HIMHI 1 TUKIIYHI TPHUCKO-
pPIOBaYl (cnﬂxpocpaBOTpOH CUHXPOTPOH, (Pa30TpPOH,
LUKJIOTPOH, MIKPOTPOH, OeTaTpoH). BHKOPHCTOBY-
IOTBCS Y HAYKOBUX JOCHIIKCHHSX 3 aTOMHOI Ta
SAACpHOI (PI3MKK €JIEMEHTApPHUX YaCTHMHOK, Yy XIMI],
O10¢13uu1, reoi3uml,a TakoX y psl HpI/IKJIaI[HI/IX
raiayseu (1edeKToCKoIli, HpOMeHeBm Tepann
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Jlekiiag Ne 13
MarsmiTocTaruka

MarsiTHe moJsie. Bekrop MarHiTHol iHayKIIil
3akon Ammepa

KOHTYp 3i CTPYMOM B MATHITHOMY I10JIi
MArHiTHUM MOMEHT

IIpvMHUIUNO POOOTH eJIEKTPOABUTIYHIB

Cuia Jlopenua. IlpuckoproBaui 3apsiaKeHUX
JacTHHOK. Mar”HiTHi nacTKu



