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Heab pabdorThi: HcclieqoBaHUE TEMIEPaTYpHON 3aBUCUMOCTH HHIYK-
UM MAarHUTHOTO TOJIsI B (heppoMarHeTuke u onpenesenne Touku Kropu.

I[Ipubopbl M NPUHANIEKHOCTH: dKCIIEpUMEHTaNbHBI MakeT DIJI-4,
COCTOAIIMU U3 UCCienyeMoro (heppoMarHuTHOTO oOpaslia, HarpeBaTes, uc-
TOYHUKA MEPEMEHHOT0 TOKa, MHOTO(QYHKIIMOHAIBHOTO IU(POBOTO H3MEpH-

TeJIBLHOTO Mpudopa.
JIeMEeHThI TEOPUH

Bcesikoe BemiecTBo ABISETCS MarHETUKOM, TO €CTh CIIOCOOHO TOJ JIeH-
CTBHEM MAarHMTHOTO TOJSI MPUOOpETaTh MArHUTHBIM MOMEHT (HaMarHW4H-
BaTbCs). DPGEeKT HaMarHUYMBaHUS AMIIED OOBSCHUI TEM, YTO B MOJICKYJIaX
BEIIECTBA ITUPKYJIUPYIOT KPYroBbI€ TOKH, O0JIaal0lle MarHUTHBIM MOMEH-
TOM U CO3JAIOIIUE B OKPYXKAIOIIEM IIPOCTPAHCTBE MArHUTHOE I10JIE.

B orcyrcTBHE BHEHMIHETO MAarHUTHOTO ITOJISL MOJIEKYJISIPHBIE TOKU OpH-
E€HTUPOBAHBI XAOTUYHO (M3-32 TEIUIOBOTO JIBMXKEHUSI MOJIEKYI), TIO3TOMY 00Y-
CJIOBJICHHBI MMM PE3YJBTUPYIOIIUNA MArHUTHBIM MOMEHT paBeH Hymto. [lox
JIEUCTBUEM TIOJNISI MAarHUTHBIE MOMEHTBHI MOJICKYJI MPUOOPETAIOT MpEUMYyIIie-
CTBEHHYIO OPUEHTALUIO B OJHOM HAIIPaBJICHUU, BCIEACTBUE YETO CYMMAPHBIN
MAarHUTHbI MOMEHT BEIIECTBA CTAHOBUTCS OTJIMYHBIM OT HYJSI — BEILIECTBO
HaMarHU4MBaeTCsl.

HamarHndeHHOCTh BelIECTBA MPUHATO XapaKTEPU30BaTb BEKTOPOM

HaMarHm4€HHOCTH — MAarHuTHBIM MOMCHTOM C€IHMHUIIbI o0beMa:

Iy b, @
rae P,;— MarHUTHBIA MOMEHT OTJENbHON MOJIEKYIIbI.
BennunHa BexTOpa HaMarHMYMBaHUSA 3aBUCUT OT HAaNPsHKEHHOCTH
H HaMarHIYMBAKOMIETO MOJIS:
J=yH, (2)

A€ ) — MarHuTHasA BOCIIPUUMYHUBOCTD BCIICCTBA.



Takum O6p330M, M1 OIIMCAHWA MAIrHUTHOI'O ITIOJISI MAarHCTHKa I10JIb3Yy-

IOTCA TPEMA BCKTOPHBIMH BCIIMYMHAMU: BCKTOPOM HAMAIrHUYCHHOCTHU J , BCK-

—

TOPOM HamNpsKEHHOCTH 1moisi H ¥ BekTopoM MarHUTHOW MHAYKUMU B. OHu

B3aUMOCBA3aHbl CIICAYIOIIUM o6pasoM:

—

B:MO(I:I+5), (3)

rae p, =4mn 107" TH/M — MATHHUTHAS TOCTOSHHAS.

MarnuTHasi BOCIIpUUMYUBOCTD ¥ ObIBa€T KaK IMOJIOKHUTEIBHOU, TaK U
oTpulIaTeIbHOU. B 3aBUCHMOCTH OT 3HaKa M BEJIMYMHBI MATHUTHOW BOCHPH-
UMYUBOCTH BCE MarHETUKH MOAPA3ACIAIOTCS Ha TPU TPYIIIIHI:

1) AuaMarHeTHKH, y KOTOpPBIX ¥ <0 ¥ Maja 1mo abCoIIOTHOM BEIUYHHE:
| % [~10® cM3/r (ynenbHas BOCIPUMMYHBOCTS);

2) mapaMarHeTHKH, y KoTopeIx ¥ >0 u Toxke mana: x~10°-103 cm®/r
(ynenpHasi BOCTIpUUMYHUBOCTD);

3) deppomarHeTHkH, y KOTOPHIX ¥ >0 W JOCTHraeT OdeHb OOJBIINX
3HaueHuii: x~102-10°.

KpOMe TOro, B OTIIMYHC OT OHa- U IIapaMardCTUKOB, OJII KOTOPBIX ) HC

—

3aBUCUT OT H, MarHuTHas BOCHPUUMYHBOCTH (PEPPOMATHETHKOB SIBIISIETCS
byHKIIMEH HATPSHKEHHOCTH MAarHUTHOTO TTOJISL.

st xaxknoro (eppoMarHeTika UMEETCsl OIpesIesIeHHas] TeMIeparypa,
MIPU KOTOPOM 00JIACTH CTIOHTAHHOTO HaMarHUYMBAHUS — IOMEHBI PacTaIaroT-
CS M BEIIECTBO yTPAayMBaeT (eppOMArHUTHBIC CBOWCTBA (CTAHOBUTCS OOBIY-
HBIM [TapaMarHeTUKOM). DTa TEMIIepaTypa Ha3bIBaeTCs moukou Kopu.

Touka Kropu — 310 Temneparypa Tk, Bblllle KOTOPOH HAMarHU4YE€HHOCTh
KaXXJI0TO JJoMeHa (peppomMarHeTuka paBHa HymO. [IpuunHa 3TOTO0 — TEMI0BOE
JIBMDKEHUE MOJICKYJI, OKa3bIBAIOIIEE JE30PUEHTUPYIOIIEe BIUSHIE HA UX COO-
CTBEHHBIE MAarHUTHbIE MOMEHTHI. [l0 Mepe ymeHbIeHus: TeMneparypsl dep-

POMAri€Tuka OT TOYKH KIOpI/I €0 HAMArHM4CHHOCTb BO3PACTACT, TAK KakK



MarHUTHbIE MOMEHTBI €r0 MOJIEKYJl B IpeliesiaX Ka)KJoro AOMEHA CTPEeMSTCS
BBICTPOUTHCS MapaieabHo Ipyr apyry. [Ipy 1ocTatoyHo HU3KUX TeMIepary-
pax MarHUTHbIE MOMEHTHI BCEX JOMEHOB YCTaHABIMBAIOTCS BOJIb BHEIIIHETO
MarHuTHoro mnojsi. HactymaeT MarHuTHOE HacChIlllEHUE, MPU KOTOPOM Hamar-

HUYEHHOCTHh (eppoMarHeTnka MmMakcumaibHa (J =J ), a ciemoBarensHO, U
MarHuTHas MHAYKLUS Takxke MakcumanbHa: Bg = p,J. . Crporo rosops, noi-

HOE HACHIIIIEHHE BO3MOXKHO JIMIIB Mpu abcomoTHor Temneparype 1=0 K.
Metoa 3KcriepuMeHTa

B nanHoli pabote u3yudaercs KeNe3HbI CEepJeUHHUK TpaHchopmaropa
TOPOUJIAJIBHOM (hOPMBI, KOTOPBIH MPU MPOTEKAaHWU TOKa B MEPBUYHOMN (Hamar-
HUYHMBAIOIICH) 0OMOTKe HaMarHuuuBaeTcs. dopMa cepieyHHMKAa TaKoBa, YTO
JINHUM MAarHUTHOW WHIYKIHWHW TMPOXOIST LEJIMKOM B HEeM. B Takom ciydae
HaANPsHKEHHOCTh MAarHUTHOTO MOJIS B JEppOMArHeTHKE paBHA HAIIPSKEHHOCTU
MOJIsi HAMarHMYMBAIOIIUX TOKOB U MOXKET OBITH OIpeiesieHa mo popmyse

H=In,
rae | — cuma Toka, N1 — YUCJIO BUTKOB, MPUXOJAIIEECS HA CAUHUILY JJTMHBI
EePBUYHOU OOMOTKH.

[Ipu mporekaHuu B MEPBUYHON OOMOTKE NMEPEMEHHOTO TOKa C ITUKIIU-

YECKOM 4aCTOTON ®
| =1, Sinmt 4)
CEpJICUHUK MEPEMArHUYMBACTCS C TOM K€ 4acTOTOMU. [Ipr 3TOM MakcUMaJIbHOE

SHAaYCHHUC HAIIPSAKCHHOCTH II0JIA Hmax 3dBUCUT OT aMIUIMTYOAHOI'O 3HAYCHUA

CHJIBI TOKA.

Hmax = Imaxnl'

I[J'IH OoNIpCACIICHUSA COOTBCTCTBYIOIICIO MAKCUMAJIbBHOT'O 3HAYCHHA Mar-

HUTHOM HHIAYKIOUH Bmax BOCIIOJIB3YCMCs SABJICHUCM BHGKTpOMaFHHTHOﬁ HH-

TYKITUU BO BTOPUYHOU (M3MEPUTETHLHOM) 0OMOTKE TpaHchopmMaropa.



JlorycTuM, TOK B EPBHYHON 0OMOTKe M3MeHsieTcst 110 3akoHy (4). Torna
MarHUTHBIA 1MOTOK @, MPOHM3BIBAIOLIMI MONEPEYHOE CEUCHHE CEepCUHHKA,
JIOJDKEH MEHSTBCS 110 TOMY JKE 3aKOHY:

=0 sinot. )
CoracHO 3aKOHY 31€KTPOMArHUTHON MHIYKIMH, IPU M3MECHEHHHU Mar-
HUTHOTO TIOTOKA B MOIEPEYHOM CCUCHUH CepJCYHHKA BO BTOPUYHON OOMOTKE

TpaHchopMaropa BOSHUKHET 3.7.C. UHIYKIIUHU:

dd

2E’ (6)

g=—

rje No — 9uciI0 BUTKOB BO BTOPUYHOM OOMOTKE.

C yuetoMm dopmyisl (5) Beipaxenwue (6) mpuMeT BHT
g=—N2%(d>maxsincot)=—oaN2d>max cosot . (7)

AMHJII/ITy,ZIy MAaramuTHOI'O ITIOTOKa CDm BbIpa3uM 4CPC3 MAIHUTHYIO HH-

ax

nyknuio B, W miomanb S monepeyHoro ceueHus cepieuHuKa:
®. .. =B._S.
Torna Beipaxkerue (7) OymeT BBITVISICTh TaK:
e=—oN,B,, Scosot. (8)
B ¢opmyrie (8) aMmmuTynHOE 3HaYCHUE 3.]1.C. HHAYKIIUH PABHO:
Emax = ON,B, .S
Orcrona

e e
max max (9)

B = = ,
™ oN,S  2nvN,S

rae v=m/ 21 — yacToTa epeMeHHOro TOKa.
BonsT™MeTp, MOAKIIOYEHHBIN K BTOPUYHON OOMOTKE TpaHcdopMmaTopa,

MOKAXET HE aMIUIUTyTHoe, a J(P¢EeKTUBHOE 3HAUYCHUE HANPSHKECHUS

U,=¢_/ J2 . Torna dopmyna (9) mpumer BUA



_ U2

= _ 10
" 2nvN,S (10)

Takum o6pazom, usmepsisi Hampspkenne U; BO BTOpUYHOM OOMOTKE

TpaHc(hOpMaTOpa, MOKHO HAUTU MAarHUTHYIO MHOYKIUIO B, B cepieyHuke.

Onucanme IKCNEPUMEHTAIBHONM YCTAHOBKU

Jlns onpenenenus Touku Kropu B JaHHON paboTe mpUMEHsSIeTCs ycTa-
HOBKa, YNpOIIEHHAs MpHHIMIUAIbHAs OJOK-CXeMa KOTOpPOW IMpHUBEIEHA Ha

puc. 1.

deppOMarHuTHBIN
oOpasell

Tepmomerp

bi1ox mutaHus
V, | marpesares

Harpesarens

Puc. 1. biok-cxema skCriepUMEHTAIBHOW YCTaHOBKH

KOHCTpYKTHBHO yCTaHOBKA COCTOUT M3 AJIEKTPOIEUH, KOTOpas Harpena-
€T uccaenayeMblii oopaselr] — (peppoOMarHUTHBINA CepAEUYHUK TpaHchopmaropa.
Temneparypa uzMepsieTcs ¢ MOMOUIbI0 U(POBOTO TEPMOMETPA, AATYUK KO-
TOpPOTO Pa3MEILEH B MOJIOCTH 3JIeKTponednd. TOUHOCTh U3MEpEeHUsl TeMIEepary-
psI cocrasinser =1 °C.

K nepBuuyHO#l 00MOTKe TpaHchopmaropa MOAKIIOYEH UCTOYHUK Iepe-
meHHoro Toka G. Hanpsbkenune U Ha nepBuuHoi 0OMoTke N1 M HampskeHue
U, na Bropuunoit oomotke Nz m3mepstorcs BonsT™Merpamu Vi U Va cooTBeT-
CTBEHHO. 3HaueHus Temneparypsl t, Hanpsbkenuit U u U, otoOpakarorcst Ha

KK-gucrnnee MHOTO(GYHKIIMOHATBHOTO U3MEPUTEIHHOTO YCTPOUCTRA.



HarpeBom oOpasna ympasisitor ¢ nomoibio kHomok «MOILIHOCTD
HAT'PEBATEJIS». Haxarue u yaep>kaHue OJHOM M3 KHOMOK MPUBOAMUT K
IUTABHOMY M3MEHEHUIO (YBEJIIMYEHUIO WM YMEHBIICHUIO) MOIITHOCTH Harpesa.
Bennunna momrHocTr Pht Takke oToOpaxkaeTcs Ha JUCILICE U3MEPUTEIBHOTO
YCTPOMCTBA B MPOLIEHTaX OT MAKCUMaJIbHO BO3MOXXHOIO 3HAYCHUS.

B ycraHOoBKe mpeayCMOTpEHa CUCTEMA MPUHYAUTEIBHOIO OXJIAXKICHUS
Ie4M, YIpaBICHUE KOTOpoil ocymecTBisercss kHonkamMu «OXJIAXKIEHUE

BKJI/BBIKJI» nmpu MX HaXaTWHU M VIEDKAHUU B TedeHUE | CEeKyHIbl. B Mo-

MEHT TEPEKIIIOUCHHS Ha JUCILIee M3MEPUTEIIBHOTO YCTPOMCTBA IMOSBIISICTCS
uHpopMaIus 0 TEKyIeM COCTOSSHUM cucTeMbl oxnaxkaeHus: «FAN ONy umu
«FAN OFF». B ciiyuae neperpeBanus neuu coitie 100 °C narpes npexparia-

€TCA U aBTOMAaTHUYCCKHU BKIOYACTCA OXJIAXKIACHUC.
IHopsiioK BHINOJIHEHUS PA0OTHI

1. Tlepen nayanom paOOTHI O3HAKOMUTCS C MPUHIIMITHAIHLHON CXEMOM
mabopaTopHOl  yCTAaHOBKM, pa3o0parbcsi B  HA3HAUCHUM KHOMOK U
MEPEKIIFOYATEIICH.

2. TloaroroBuTh TAOIUILY IJIS 3AIUCH PE3YJIBTATOB U3MEPEHUM.

t, °C Uz, B T, K Bs, Tn

30

34
38

3. Bkumounth ycraHoBky mnepexmouareneM «CETb», mpu stom
JOJDKHBI  3arOpEThCAd  CBETOBOM MHAMKATop W mnoxacBerka KK-mucruies
M3MEPUTENILHOTO yCTpoiicTBa. JlaTh ycTaHOBKE MPOTpEThCs B TEUEHHE 3—5
MHHYT.

4. YcTaHOBUTH MOINHOCTh HarpeBa 1meun paBHod 50 % ot



MakcuMaibHOM. Ilpuctymure Kk wu3MepeHMI0 3aBucuMmoctd U, = f(t),

3anuchiBasg depe3 4 °C 3HaueHUs] TeMmieparypbl W HampsbkeHus. M3mepenue
pexkoMmenayeTcsi HaunHath npu Temmeparype 30 °C, korma dheppoMarHUTHBIN
oOpa3selr J0CTaTOYHO PABHOMEPHO MPOTPEETCS.

5. Ilpu noctwxkenun Ttemneparypsl 90 °C  MOIIHOCTH Harpena
pexomenayetcst moBbicUTh 10 70-90 % u u3MepeHus NPOU3BOIUTH C IIAroM
o Temreparype 2 °C.

6. HarpeB mnpousBomuth 10 Temmeparypbl 7(4—76 °C, mocie dYero
BKJIFOUYUTh OXJIAXKJICHHE M OXJaXJaTh mneub B TedeHue 15-30 muuyT 10
JOCTHIKCHUS TPAKTUICCKH KOMHATHOU Temreparypsl (25 °C).

Buumanue! He BBIKIIIOYATh OXJAXACHHUC, ITOKA IICYb HC OCTHIHCT.

7. BoikiounTh ycTaHoBKy nepekitouatesnem «CEThy.
O0paboTKa pe3yabTATOB

1. Tlo manHbIM TabnuIbl ¢ omoIibio Gopmysisl (10) paccuuraiite mis
KQXJIOW TeMIeparypbl 3HA4€HUS] MArHUTHOW MHAYKIIMM  HACBIIICHUS

B, =B, ¥ 3aHecute ux B Tabmuuy. [laHHble UI1 PAacdE€TOB: KOJIMYECTBO

BUTKOB BTOopuuHOU 00MOTKH N»=500; wactora mepemenHnoro toka v=>50 I'm;
—4.104 2
TUIOIIAb TIOTIEPEYHOTO ceueHus cepaeunnka S=4-10" m-.
2. BolpazuB Temmeparypy B  KeJIbBHHAX, IOCTpONTE rpaduk

saucumoct By = f(T).

3. Ilo rpaduky omnpenenure B4
temriepatypy Kwopu Tx manHoro ¢ep-
pOMarHeTvKa Kak TOYKY IMepeceueHus
KpuBoi ¢ oceto T. Ecnu mocnenHss
OKCIIEPUMEHTANIbHAS TOYKA OTCTOUT
JaJeKo OT OCHU Temmeparyp, To Ix

HAUAUTE IYTEM JIMHEWHOM 3KCTpParo-

0V

Puc. 2. JIuneriHast 3KCTpanossius
saucumoctu By = f (T)




JISILUM OTIBITHOM 3aBUCUMOCTH 10 3HadueHus Bs=0 (puc. 2). [lns atoro  mpo-
JOJDKUTE SKCIIEPUMEHTAIBHYIO KPUBYIO U3 KOHEYHON TOYKH JIO0 OCH | JABYMS
JUHUSAMU. KacaTelbHOW K KPUBOW M HOpMaJbio K OcH. VI3MepuB MIUPUHY WH-
tepBasia AT u Temreparypy Ti, OLIEHUTE B TIEPBOM MPHUOIMKCHUN 3HAUYCHUE
touku Kropu o popmyre

AT
T =T, +—.
K 1 2

BOIIpOCBI U 3a1aHUA JIE CAMOKOHTPOJISA

1. Yro Ttakoe ™marHeTuk? ONUIIMTE MEXaHU3M HaMarHUYUBaHUS
BEILIECTBA.

2. Kaxk kmaccuuuupyroTcss MarHeTUKu?

3. Uro takoe Touka Kropu? [Touemy mpu omnpeneneHHON TeMIeparype
(eppOMarHeTUKH U3MEHSIOT CBOM MarHUTHBIE CBOWCTBA?

4. HauepTute U 0OBSICHUTE CXEMY YCTAaHOBKH.

5. Ilowemy 53.4.Cc. MHAYKIIMKM BO BTOPUYHOU OOMOTKE TpaHchopmaropa
PE3KO YMEHBIIIAETCS MPU JOCTUKEHUU PEPPOMATHUTHBIM CEPACUHUKOM TOUKHU
Kropn?

6. OOBsicHUTE METOAMKY omnpenenennus Touku Kiopu geppomarneTnka,

MPUMEHSAEMYIO B IaHHOU padoTe.
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