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B kxHure ommcaHbl HEKOTOpBIE OSKCHEPHUMEHTHI, NPOBEICHHBIE
aBTOPOM B CBSI3U C HEOOXOJAUMOCTBIO TMTOATBEPIKIIEHUS TEOPETHUIECKIX
BBIBOJIOB 3()MPOJMHAMHUKH.

Kuura paccunrtana Ha BceX, HHTEpECYIOLIUXCA MpodiieMaMu
TEOPETHUYECKOMN U IKCTIEPUMEHTAEHON (DU3HKH.
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IpeaucaoBue

B npennaraeMoil KHMre ONMCaHbl HEKOTOPBIE AKCIEPUMEHTHI,
BBITMIOJTHEHHBIE aBTOPOM U €ro mnoMolnHukamMu B Dunmane JleTHo-
WCCIIeZIOBATENIbCKOTO0 HMHCTUTYTa, a 3areM B HWM aBumanmoHHOTO
obopymoBanus (T. XXKykoBckmii MOCKOBCKOW 00JacTH) B TIEpHUOA C
1960 mo 1990 rr. Llenpto SKCIEPUMEHTOB ObLIa MPOBEpKa
TEOPETHYECKAX BBIBOJIOB, IIONyYEHHBIX aBTOPOM B CBS3M C
pa3paboTkol dPUpOAMHAMUKA — HOBOH 0O0JaCTH TEOPETHIECKOM
(hu3MKKM, OmMMparoNIeiics Ha NPEJCTAaBICHUS O CYIISCTBOBAHUU B
npuposae (u3NUecKor cpeabl — 3dupa, 3anoiHAMEro coboil Bce
MHUPOBOE MPOCTPAHCTBO M SIBIAIONIETOCS CTPOUTENBHBIM MaTeprUaIoM
JUISI BCEX BEIECTBEHHBIX O00pa30BaHMA, IBUXKEHUS KOTOPOTO
COCTaBJISIOT CYIIHOCTh BCEX (PU3NYECKHX MOJIeH B3aMMOICHCTBUH.

Henp myOmukamum — peKOMEHIANUS BCEM JKENAIONIM TTOBTOPUTH
OTMHCaHHBIE OJKCIEPUMEHTHl C TeM, 4YTOOBl yOemuTbcs, dYTO B
3JICKTPOJMHAMHUKE CYLISCTBYET €Ile MHOXECTBO HEpPEIICHHBIX
mpobiem.

Hecmotrps Ha TpOCTOTY ©  OTHOCHTEIBHYIO  JICHIEBH3HY
IMPOBEICHHBIX HCCHC}IOBaHI/Iﬁ, OHH UMCHOT HpHHHI/IHI/IElJIBHBIfI
XapakTep, MOCKOJIbKY WX pe3yJIbTaThl COOTBETCTBYIOT WCXOHBIM
MOJIOKEHUSIM 3(PUPOTMHAMUKHN, HO HAXOJATCS B IMPOTUBOPEYHH C
cyliecTBYyomeH (hU3MIecKol TeopreH.

[IpoBeneHHBIE SKCIIEPUMEHTHI HU B KOEH Mepe He HCUEpPIBIBAIOT
MepeyHs] SKCIIEPUMEHTOB, KOTOpPble HY)XHO IPOBECTH IS TIOJTHOTO
yYTBEpXKACHUS S(PUpPOIUHAMHUKN KaK HOBOW (H3MYEcCKoil Teopuw,
MO3TOMY 371€Ch OTKPBIBACTCS MPOCTOP KaK il TEOPETUYESCKHUX, TaK U
JUIS  DKCHEPUMEHTANILHBIX W3BICKAHUH B JTOH HOBOW W BechMa
MEPCIIEKTUBHON 00acTH, 3aTparWBarolleil HHTEPECHl BCEX OOacTei
€CTEeCTBO3HAHMUS.



BBenenue

O¢duponuHamuka — HoOBas o00JacTb TEOpeTUYEeCKOH (QHU3UKH,
npeAnoararnas cyluecTBOBaHue B pHpoJie 3hupa — MaTepuanbHOR
Cpeqbl, 3allONHSAIONIE BCe MHPOBOE MPOCTPAHCTBO. Dup sBIsETCS
CTPOUTENBHBIM MAaTEpPHaioM IS BCEX BHIOB BELIECTBEHHBIX
0o0pa3oBaHUi, €ro JABHKCHHUS TPOSBISIIOTCS B BUJE CHIOBBIX ITOJIEH
B3aUMOJICHCTBUI.

B paborte aBTopa [1] moka3zaHO, YTO BCEOOIMMH (DH3UICCKUMU
WHBapHaHTAMH HAIIEr0 pEaJbHOTO MHUpa SBIAIOTCS Marepus,
NPOCTPAHCTBO W BpeMs, CIIEA0BATENbHO, peajbHOE MPOCTPAHCTBO
eBKIIMIOBO, BpeMs OJHOHANPaBIEHO W pPaBHOMEpPHO, MaTepus,
MPOCTPAHCTBO, BPEMsI I UX COBOKYITHOCTH — JABM)KEHHE HECO31aBAEMBI
W HEYHUYTOXMMBI, 4YTO Ha BCEX YPOBHAX HepapXU4YecKou
OpraHM3aliy MaTepUH EHCTBYIOT OJIHU U Te ke (pr3ruecKkre 3aKOHbI.
B pabore mokazaHo TakXke, YTO CYLIECTBYIOIIME MaTeMaTHYECKHe
3aBUCHMMOCTH psjga (U3MYECKUX SIBJICHUH HOCAT YaCTHYHBIN
npuOMKEHHBIH  XapakTep. OTO, B YaCTHOCTH,  Kacaercs
3JEKTPOIMHAMHUKH, KOTOpass A0 CHX MOp OMHpaeTcsl Ha 3aKOHBI,
(u3nveckrue OCHOBBI KOTOPBIX HE TMOJHOCTHIO OTPAXKAIOT CYLIHOCTH
PeaNbHBIX 3JIEKTPOMArHUTHBIX TPOLIECCOB, a TaKKe M HEKOTOPHIX
Ipyrux obnacTell ecTeCTBO3HAHUS. JTO TocienHee 00CTOATENhCTBO U
SBHJIOCH OCHOBOW [JIi TIOCTAHOBKH HEKOTOPBIX JKCIIEPHMEHTOB,
ONMMCAaHHBIX HUXKe. [IpU 3TOM BBISCHWUJIOCh, 4YTO HEKOTOPBIC
YTBEPKACHUSI TEOPETUUYECKOW DIIEKTPOJUHAMHKH, HANPUMEpP, 3aKOH
MOJTHOTO TOKAa, BEPOATHO, B CHIIy WX OYEBHAHOCTH BOOOIIE HUKOTIA
HEe TMPOBEPSJINCH OJKCIIEPUMEHTOM, a HEKOTOpble TeopeTHYecKrue
MOJIOXKEH U], HanpuMmep, 3akoH Dapajest wim ypaBHeHuss Makcsema
JAJIA CTONIb BHYIIUTENbHBIE MPAaKTUYECKHE Ppe3yNbTaThl, YTO B MX
WUCTUHHOCTH MPaKTUYECKH HUKOTAA HE BO3HMKAIIO COMHEHHH.

DTo ke Kacaercs W JApYrux oOnacteldl (U3MKU. YTBepxkKIeHUE
OTCYTCTBHS B Tpupoie »ddupa, Oazumpyromieecs Ha TOCTyJaTax
CrnenwanbHOR TEOpHH OTHOCUTENBHOCTH DitHImTelHa (OO0Imas Teopus
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OTHOCHUTEIBHOCTH TOTO K€ aBTOpa yTBEPXKIAaeT oOpaTHOE),
HaxoJsleecss B TPOTUBOPEYMHM C OMNBITHBIMH JaHHBIMH 1905 T.
(Mopau u Mumnep), 1921-1925 rr. (Muiep), 1929 r. (MaiikenbscoH,
ITuc, Ilupcon), mpuBenaa K HEOOXOAMMOCTH U 37eCh pa300paThcs B
WUCTHUHHOM TIOJIO)KEHUU JIe.

[TpoBeneHHbIE aBTOPOM M €r0 MOMOLIHUKAMH 3KCIEPUMEHTH MO
CBOEH CYTH MPOCTBI ¥ MOTYT OBITh TIOBTOPEHBI BCEMH >KETAIOIINMHU,
JaXe ITKOJbHUKAMU CTapIIuX KIJIacCoB, TeM Oojiee, CTyAeHTaMH,
WH)XEHepaMM W HAy4YHBIMH pPaOOTHHKaMU. OTO LeJIecooOpasHo
cAenaTh KaKk MOXHO Ooliee IMUPOKUM KPYTOM JIHIl, MOCKOJBKY OT
00IIIeCTBEHHOTO MHEHHS HEMOCPEICTBEHHO 3aBUCHT Pa3BUTHE TaKOU
BaXHOW 00JIacTH, KaK TeopeTHueckas (u3MKa, SBISIOMIENHCS OCHOBOM
BCETO €CTECTBO3HAHUSL.



JkcnepumeHT 1. B3aumMouHayKuMsi NpOBOAHUKOB

IMocranoBka 3agaun

Kak wu3BecTHO, B TEOPETHUUECKON DJJIEKTPOTEXHUKE TOHATHE
B3aMMOMHIYKIIUHA TPOBOJHUKOB OTCYTCTBYET, XOTS UMEETCSl TIOHATHE
B3aMMOMHIYKLIUU KOHTYpOB. B cooTBercTBUM ¢ 3akoHOM Dapanes
DJIC Ha KOHType, NeXKalleM B IIOCKOCTH X-) ey, OHpEAeNsAeTcs
BbIpa’)KCHHUEM

0B,
ey=—S—; (1.1)
ot

rae S — mwiomanabk KOHTypa, B, — MaroHuTHas MHAYKws B, = uH,; u —
MarHuTHas MPOHUIAEMOCTh; H, — HampsKEeHHOCTh MAarHUTHOTO TOJIS

(puc.1.1)

Ve

Ay

a) 6)

Puc. 1.1. HaBenenne I/IC B xontype: a — no ®apaneto u Makcsemry; 6 — B
peanbHOCTH

4] BBIpAXXCHHUA CJICAYCT, YTO MArHuTHOC II0JIC€ HU3MCHACTCA II0
Halps>KEHHOCTHU, HE MCHIAA CBOCTO IIOJOXKCHHA B IIPOCTPAHCTBE, a



7

HaBogumass DJIC obOpasyercs mo mepuepHd IOJsI, TPHYEM Camo
MarHWTHOE TOJIe He NepeceKaeT MPOBOJHIUKOB KOHTYpa.

Eciu B onHON miockocTH jexkaT 1Ba KoHTypa (puc. 1.2), u B
NEPBOM KOHType TedeT MEPEMEHHbIH TOK, TO HAaNPSKEHHOCTh
MarHdTHOTO TIOJIS, TPOHWKAIOLIETO BO BTOPOW KOHTYp, Oyner
ONpeAETATHCS B COOTBETCTBUU ¢ 3aKOHOM TOJIHOTO TOKA

i= | Hdl, H=i2nr, (1.2)

rae i — BeIn4rMHa TOKa, 7 — paCcCTOAHNE OT HEHTPa NpOBOAA.

a) 0)

Puc. 1.2. IIpoHnkHOBeHHEe MArHMTHOrO TIOJIsl, CO3JaBAeMOro OJHHM
KOHTYPOM, BO BTOPOii KOHTYP.

B »stom cnyusae DJIC, HaBemeHHas BO BTOPOM  KOHTYpe,
OTpeAeTUTCS KaK

0B,
ey = —8S——; (1.3)
ot

wloi 4y dr dion ar Ui d+h d+2h
ey= — (] — = | )=——(nr| —Inr| )=
2not ¢ r deh oy 2n d dh




uloi (d+h) uloi
= In = fi(h/d) (1.4)
2not  d(d+2h) 2mot

IMpu h >> d nonyuunm:

wloi (d+h) uloi h
e = In = In (1.5)
27 ot d(d+2h) 2mor 2d

Oynkuus f(h/d) npuBenena na puc. 1.3.

B cootBercTBUM ¢ 3(UPOANHAMUYECKUMH MPEACTABICHUSIMHU
npolecc pa3BuUBaeTcs WHaye. MarHuTHas BOJHA, coO3JaBaeMasi
TOKOHECYIIUM TPOBOJHUKOM, CHadana MepecekaeT OmmKallnid K
HEMY MPOBOJHUK BTOPOTO KOHTYpPA, a 3aTeM YiKe B 0CIa0JIEHHOM BH/IE
nepecekaeT BTOPOW MPOBOJHUK TOTO K€ KOHTYpa, cO3/aBas B HEM
3C npOTHUBOIONIOKHOTO HAMPABICHHUS M YMEHBUICHHON BEJIWYHHBI.
To ke MPOMCXOAWUT U OT APYroro MpOBOJHUKA MEPBOr0 KOHTypa. B
atom cirydae DJ1C Ha BTOpOM KOHTYPE COCTaBUT BEITHUNHY

pll, di 2d d pill, oi

€= (1- + )= So(h/d), (1.6)
2ndot d+h d+2h  2mdot

3neck [,=1 M (B cucteme CH) — MacraOHbIH K03 pHLIEEHT.

DyHKINA f, TaKKe MpUBeaeHa Ha puc. 1.3.

Kak BugHo u3 rpadukoB, OGYHKUMH f; W f> CYyIIECTBEHHO
pacxomsdTcs: TmepBas YXOIUT B JIOTAPU(PMHUUECKYI0 OCCKOHEYHOCTb,
BTOpas HaceimaeTcs. [lpu A/d = 10 oTHomeHNe 3HaYEeHUH (HYHKIIHIA
oKasbIBaeTcs Oosee 4-x.

[IpoBeneHHbBIE SKCTIEPUMEHTHI TOATBEPAUIN 3aBUCHMOCTb f>.
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Puc. 1.3. PesyabTaThl mM3MepeHHs] HABeJeHHOH 31C B IUIOCKOM KOHTYype:
3aBUCUMOCTS f] (h/d) ~ M u 3aBucUMOCTb f; (h/d) ~ M,.

IlocranoBKa 3KCHIEpHUMEHTA

[Ipn mpoBepke TOMYyYEHHBIX 3aBUCHUMOCTEH IienecooOpa3Ho
WCIOJB30BaTh MEIHBIM MPOBOJ 0€3 M3OJLMHM AUaMETPOM MOopsAaKa
0,5 — 1 MM, nipu amMHE cTOpoHB! KOoHTYpa / oT 0,5 M u Gojee, MeHssA
paccrosHust d OoT 2-3 MM 10 JAECSATKOB CaHTUMETPOB. M3mepeHus
HY)KHO TIPOM3BOJNUTH B 3BYKOBOM Juama3oHe uacToT. Cxema
3KCIIEpUMEHTA MPOBOJUTCS B COOTBETCTBHH ¢ puc. 1.2.

BriBoabl
N3 u3M0XKEHHOTO BBITEKAET I€JeCO00pa3HOCTh BBEIACHUS B
3JIEKTPOTEXHUKY MOHATHSA KO3 GUIMeHTa  B3aMMOWHIYKIIUU

IIPOBOJHHUKOB, paBHOTO JJIA napauiCiibHO PacCIosIOKEHHBIX
IMPOBOJHHUKOB BECJIMYNHE

e iy
M=— = (1.7)
0i,/0t 2nd
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IkcnepumenT 2. [IpoBepka 3aK0Ha MOJIHOI0 TOKA

ITocTaHoBKka 3aaaun
Kak u3BecTHO, 3aKOH IIOJIHOTO TOKa

i= | Hdl, H=i2nr, 2.1

BBIpakaeT 3aBUCUMOCTh MEX/Y BEIMYMHON TOKa i, A, MPOTEKaroIeM
B TPOBOAHUKE, M HAMNpPHXKEHHOCTBIO MarHuTHoro mnoist H, A/w,
CO3/1aBa€éMOro MM Ha PacCTOSHUHM I, M, OT OcH mpoBoxHHKa. Kax
BUIHO, 3[1eCh HMEEeT MECTO THUIMEpOOSUYEeCKHi 3aKOH YOBIBaHUS
HaNpsKEHHOCTH MAarHUTHOTO TOJs C YBEIMYEHHEM pacCTOSHUS.
HanpskeHHOCTH OTHOTO M TOTrO XK€ MAarHUTHOTO MOJsl Ha Pa3HbIX
PacCTOSHUAX OT OCH IIPOBOJHHUKA OyAyT OTHOCHUTBCS KaK

H1 rp
- = (2.2)
H, r

B cB3M ¢ TeM, 4TO0 OKCHEpUMEHTalbHas  IPOBEpPKa
CIIPaBEIMBOCTU TOro 3aKOHa B JIUTEPAType OTCYTCTBYET, a TAKXKE B
CBSI3W C MPENTNOJIOKEHUEM O HETOYHOCTH (POPMYJBHOTO BBIPAXKEHUS
BCJIEZICTBUE COKMMAEMOCTH 3(upa M, CIeJOBaTEeNbHO, C)KUMAEMOCTH
MarHUTHOTO IOJIsI, YTO HE YYTEHO 3aKOHOM IOJHOTO TOKa, BO3HHMKJIA
HEOOXOJMMOCTb B [IOCTAHOBKE COOTBETCTBYIOIIEr0 IKCIIEPUMEHTA.

IHocTanoBKa 3KCHIEPUMEHTA

DKCIEPUMEHT CTAaBUTCA MO CXEMe JKCIEpHMEHTa 1, mapameTpbl
KOHTYPOB M YacTOT T€ K€, HO JKCIIEPUMEHT CTaBUTCS MPU Pa3HBIX
3HAYEHUSIX TOKOB W TPH PA3IUYHBIX PACCTOSHUSAX d MEXIy
OJIM3JIeKAIITIMH TIPOBOAHUKAMHU KOHTYPOB.

B cBs3u ¢ Tem, 4yTo HaBoguMasi Ha BTOpHUYHOM KoHType DJC
MPOMOPIIMOHATbHA U3MEHEHUIO MaTHUTHOTO TIOJIA, a TAKXKE B CBSA3H C
TeM, YTO B BEIpakeHUHU 2.2 oTHOIIeHue H,/ H; MOXeT OBITh 3aMEHEHO
Ha OTHOIIEHUE ¢/ e,, Toraa
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€ r
= (2.3)

€2 r

H/H,

0,5

0 2 4 6 8 wr,

Puc. 2.1. DxcnepuMeHTA/IbLHbIE HCCIEOBAHUS 3aKOHA MOJHOI0 TOKA:

a — MexaHW4ecKasl aHaJloTusl — U3MEHEHHE CKOPOCTH TMOTOKA CXKMUMAEMOH KUAKOCTH,
MPUBOJUMOI B JBIDKEHHE BEPTYIIKOW C JIOMACTAMU; O —HM3MEHEHUE HANpPsHKEHHOCTH
MarHMUTHOrO TOJISI B 3aBHUCHUMOCTH OT pacCTOSHUS OT OCH NpOBOJAHUKA; [ —
TEOpeTUYecKass KpHBas, BBIYUCIEHHAs W3 YCJIOBHS MOCTOSIHCTBA LMPKYJISLUU
MarHMTHOrO MoJisi; 2 — DKCHEpUMEHTANIbHBIE pe3ysbTaThl Npu Toke [ = 1 A; 3 —
JKCMEepUMEHTalbHbIE pe3yJibTaThl npu Toke [ = 10 A. M3MepeHus npoBOIUIIMCE NPU
ygacrortax 50, 400 u 1000 I'g

OTpancHHbIE  NPOBOJAHUKH  KOHTYpOB  OTOABMIalOTCs  Ha
paccTosiHMe, NMPH KOTOPOM MX BJIMSHUE HE OKa3bIBAaeT 3aMETHOIO
BIMSHUS Ha Pe3yJbTaThl MU3MepeHHs (noctaTodHo pacctosnus 0,5-1
M). 3atemM B mpepenax 2-20 MM MeHsieTcsi paccrosHue d Mexmy
Onu3nexalmyMMu  MPOBOJHUKAMU  KOHTYPOB. Y CTaHaBIMBAIOTCS
3Ha4YeHHs TOKOB B nepBuyHOM mpoBogHuke 0,1; 1,0 m 10 A Ha Bcex
yacToTaX, MCHOJb3yeMbIX MpH u3MepeHusax (ucnonsdyercs I'CC c
MOHW)KAIOIIMM TpaHc(HOpMaTOpPOM Ha BBIXOJE).

Oxugaemas 3aBUCUMOCTh TIpUBEACHA HA pHC. 2.1.
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BoiBoabI

OKCHEepUMEHTAbHOE MOATBEPKICHUE O0XXKHUIAEMbIX pPe3yJbTaTOB
Oymer o3HA4aTh, YTO B DJJIEKTPOJAMHAMHKE HEOOXOIUMO BBOJIHTH
IlOHOJIHI/ITCJIBHLIﬁ HapaMeTp — CTCIICHb C)XXaTusg MArHUTHOI'O II0JIA U
COOTBETCTBEHHO YTOYHSTH 3aBUCUMOCTH, B KOTOPBIX, TaK WU MHAUeE,
(urypupyer HampsHKeHHOCTh MAarHATHOTO TIONS WJIM MarHWTHas
WHIYKITAS.

Ikcnepument 3. [lepenaua yHeprum Mexxay oOMOTKaAaMH B
TpaHcopmarope

IlocranoBka 3a1a4n

MexaHu3M nepefadd 3HEPruM M3 IMEPBUYHOHM OOMOTKH BO
BTOPUYHYIO B TpaHCc(OpMAaTOpax C JKEIE3HbIM CEpIEeYHUKOM OIMCaH
HEJOCTaTOYHO OTYETIMBO. B HEM HeZOCTaTOYHO SCHBI MPUYMHBI, 1O
KOTOPbIM CHW)KEHHE CONPOTUBIIEHUS HAarpy3kd BO BTOPHUYHOHN
o0MOTKe TpaHchOpMaTopa BBI3BIBAET YBEIWYEHHE TOKA B €ro
nepBUYHOW 0OOMOTKe. OOBIYHBIM OOBSICHEHHEM SABISETCS TO, YTO
KOMIIEHCAllUsl MarHUTHOTO TOJIS, CO3/1aBaéMOro TOKOM MNEpBUYHOU
OOMOTKM, MAarHMTHBIM TIOJIEM, CO3/1aBa€MbIM TOKOM BTOPHYHOMN
0OMOTKH W MPOU3BOIUT Moji00HOoe AericTBue. OQHAKO TOra JOJDKHA
Obula Obl YMEHBIIATHCS HMHAYKTUBHOCTH MEPBUYHOM OOMOTKH U
YBEIMUMBATbCS PEAKTUBHAs  COCTaBISIOIIAs TOKA IEPBUYHON
00MOTKH, a HE aKTUBHAs, KaK 3TO IPOUCXOAUT HA CaMOM JeJIe.

ITockomnbKy mepenada 3HEPTUH MOXKET MPOUCXOAUTH TOJIBKO uepe3
MarHuTHOE MoJie, CO37AaBacMoe TOKOM, MPOTEKAIOIINMM B NEPBUYHOU
00OMOTKE, TO BO3HMKIO IIPEANOJIOKEHHE O TOM, YTO SIBJICHHUE
MIPOMCXOANT 3a CUET TOTO0, YTO IPATUEHT HAMPSHKEHHOCTH MarHUTHOTO
NOJIsl U3MEHSETCA C YBEJIMUEHUEM TOKa BO BTOPUYHOH 0OMOTKE, a 3TO
Y BEIET K yBEJIMUYCHUIO TOKA B IEPBUYHON OOMOTKE.
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IlocTaHoBKA 3KCHIEPUMEHTA
CxeMa sKcriepuMeHTa IpuBeieHa Ha puc. 3.1.

~grad H
MSM
1,

a) 6) )

S

Puc. 3.1. U3mMeHeHWe rpagueHTa HANPS’KEHHOCTH MATHHUTHOTO MOJISI B
TpaHcopMaTope ¢ H3MEHEHHEM HArpPy3KH HAa BTOPHYHOH 00MOTKe: a — cxema
pa3MenieHus 0OMOTOK B 9KCIIEPUMEHTE; O — DIIEKTPHYEcKas cXeMa IKCIIEPHMEHTa; 6
— H3MEHEeHWe DJJC Ha M3MEepHUTeNbHOW OOMOTKE MNpH H3MEHEHWM Harpy3kd Ha
BTOPUYHOH 0OMOTKE; 2 — SKBMBAJICHTHAsl MeXaHWYeCKas cXeMa Mepeadyu 3Hepruu B
ra3onpoBoze; / — MoJI0KEHUe YNpyroi CTEHKU MpU MajoM AaBJIeHUH; /] — MON0KeHUe
YTIPYroi CTEHKH MpH OOJBIIOM AABIEHHUH; O — 3IIOpa AABJIEHUIT B Ta30MPOBOIE; € —
3MIOpa CKOPOCTEH B Ta30MpOBOJE

Ha xenesHwlii cepaeyHMK TpaHcpopmaropa (KelIaTelbHO U3
TpancopmaropHoro xkemeza 111-40) HameBatoTcs 0OOMOTKH —
nepBudHas W BTopuwdHasd 1Mo 100 BUTKOB. OOMOTKH OIMHAKOBHI,
MHOTOCJIOWHBIE TpH IHUpHUHE Tmopsaka S5 wMMm. OOMOTKH
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YCTaHaBJIMBAIOTCS 10 KpasM CPEIHEro cepiacuHuka. Mexay HHMH
pacrniojaraeTcst TpeThbs OOMOTKa, COCTOsIIas W3 JIByX BHUTKOB
BKIIFOYEHHBIX BCTPEYHO JPYT JPYTYy M PACIOJIOKEHHBIX PAIOM. JTa
00MOTKa SIBIIIETCS M3MEPUTEIIBHOMA.

[lepBuunas 0oOMOTKAa  MOAKIIOUACTCS K  HU3KOBOJBTHOMY
UCTOYHHMKY  [EPEeMEHHOT0  HampspkeHus, Hampumep, JIATP.
BropuuHas 0OMOTKa Harpy»eHa Ha MepeMeHHBIH pe3rcTop, B € enb
BKIIIOYEH aMIIEPMETp Ul M3MepeHHs Toka. VM3MepurenbHas oOMOTKa
MOJIKJIIOYCHA K MUJUTUBOJILTMETPY.

[Tpu yMeHbIIEHUH COMPOTHBICHUS HATPY3KU BO BTOPUYHOW IEMH
1 COOTBETCTBYIOILETO YBEIMUYCHHS B 3TOH LIEMU TOKA HANPSIKEHUE Ha
U3MEPUTEIbHOH 00MOTKE PaCTeT MPOINOPLUOHATBHO 3HAYCHHIO TOKA,
YTO TIOATBEPXkJAET BBICKA3aHHOE MPEIINOJIOKEHHE O TOM, UTO
nepefaya dSHEPrUM W3 TMEPBUYHOM OOMOTKH BO BTOPHYHYIO
MPOUCXOAUT  4Yepe3  M3MEHEHHWe  TIpaJMeHTa  HANPsSHKEHHOCTHU
MarHUTHOTO TI0JIsA, CO3/IaBaE€MOT0 TOKOM, MPOTEKAIOIIUM B TIEPBUYHON
0OMOTKE.

BoiBoabI

[IpoBeneHHBIN 3KCHIEPUMEHT TO3BONSIET Iy4lle MOHATh (UIUKY
mporiecca Iepefadd SHEPTHH C IOMOIINBI0 CO3/1aBaeéMOTO TOKOM
MAardmuTHOTIO IT10JIA.

IOxcnepumenT 4. [IpoBepka 3aBucumMocTu ko3¢ PuiueHta
TpaHc(opMaLMU OT PACHOI0KeHUs1 00MOTOK

IMocTaHnoBKa 3a1a4u

B Hacrosmee BpeMs  moapasyMmeBaeTcs, UTO  IOPSIOK
pacnojoxeHus OOMOTOK Ha  TpaHcdopMmaTrope He  UIpaeT
CYLIECTBEHHOM PpOJIM, XOTSA MNPaKTHYECKH [OBCEMECTHO MEPBUYHASL
o0OMOTKa  pacroJjaraercs HepBOii, BTOPUYHBIE 00MOTKH
pacrnonaratorcss Haa Hedl. CunTaeTcs, YTO TaKoe PacCIIONIOKEHHE BCe
JKe JIydlle, MMOCKOJNbKY yYMEHBIIAeT MO PaccenBaHUs MarHUTHOTO



15

noias. OgHako IMpU OTHOCUTEJBHOW MAarHWTHON NPOHMIAEMOCTH
TpaHchopMaTropHoro eneza, paBHoii 400, mojs paccerBaHHsS He
JoJoKHBI ipeBbimaTh 0,5 — 1% oT Becell BeNMYMHBI MAarHUTHOTO TIOJI,
a mnpu OOJBIIMX  3HAYCHHUAX  OTHOCHUTEIIBHOW  MAarHMTHOMN
NPOHMULIAEMOCTH 3Ta JIOJIS JIOJDKHA cOKpamarbesi. Ecnu Ob1 9T0 OBLIO
Tak, TO B psjae ciyyaeB Obuto Obl TOpazno ynoOHee MOTaTb OOMOTKHU
Ha HE3aBHCHUMBIX KaTylIKaxX, a 3aTeM HaJeBaTb WX Ha OOmui
cepaeyHuk. OnHako Takas IIPaKTUKA HE MPUBWIACH B CBS3U C
yXyIIIEHUEeM TMapaMeTpoB TpaHchopmaropa, HpUYEeM HE TOJIBKO
KO3 UINEHTa 3aMl0IHEHUsS,, HO U HE COOTBETCTBUS KOA((OUIIMEHTOB
TpaHcOpMaLK pacuyeTHbIM 3HaueHUsM. [losToMy Bo3HHKIa 3amaua
MPOBEPKH  3aBUCHMOCTH  Ko3(dduumeHta TpaHchopMmanuu  OT
pacmooKeHust 0OMOTOK.

ITocTanoBKa 3KCHEPHMEHTA
Cxema dKcliepiMeHTa IpuBeJieHa Ha puc. 4.1.

kTp
2 o

W,

05 F
I,
/8 0770 20 30 40 50 60 707 »v
WI W21
a) 6)

Puc. 4.1. 3aBucuMOCTL OTHOCHTEIBHOr0 3HadeHHs KoddduuueHTa
TpaHchopManuu OT B3aHMOPACIOJIOMNKEHHSI 00MOTOK: @ — CXeMa PaCIONIOKEHHs
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00MOTOK Ha KOJIbIIEBOM CEPJCUHHKE MPU MPOBEICHUHN IKCIIEPUMEHTA; 6 — U3MEHEHUE
ko3 durreHTa TpaHcHopMaluu MpU U3MEHEHUH PACCTOSIHUS MEXKy 0OMOTKaMHU.

Ha dQepputroBoe KoNbLIO €  OTHOCHUTENIFHOW  MarHUTHOU
npornmaeMocteio 5000 HameBaroTcs aBe oOMOTkHM 1Mo 100 BHUTKOB
ToHkoro (nuamerpoMm 0,1-0,2 MM) mpoBoja, OJHA HEMOJABMIKHAA,
Ipyra — TOJIBWXHAs, CIIOCOOHA TIepeMEIIaThCsl MO CEepACYHHKY.
IlInpuna oomoTok mopsaka 8-10 mm. M3mepsercs paccTossHAE MEKITY
neHTpamMu oOMoTok u oTHomeHue DJIC Ha BBIXOJE BTOPUYHOM
OOMOTKM K HampsDKeHHIO Ha MepBUYHOK oOMoTke. B KadecTBe
reHepaTopa MEepPeMEHHOTO HANpSIKEHUS MOXKET OBITh WCIIOJIb30BaH
I'CC. M3mepenne mpon3BOANUTCS Ha Pa3HBIX 4acTOTaxX M MPH Pa3HBIX
HaNpsDKEHUSIX.

[IpoBeneHHble  SKCIIEPUMEHTHI  TOKAa3alld  CYIIECTBEHHYIO
3aBUCUMOCTH KO3 dHUIlMeHTa TpaHcHOpMaIii OT PaCCTOSHHUS MEXKITY
oOMoTKamu (pasHuna cocrtaBiser a0 11%), YTo coOTBETCTBYyeET
NpEeACTaBIECHUSIM O B3aMMOMHAYKLUWH MPOBOJHHUKOB, a HE KOHTYPOB
(cm. akc. 1).

BriBoabI

Hacrosmuii skcriepiMeHT TOATBEPXkKAaeT BBIBOABI SKCIIEPUMEHTA
1 o TOM, 4YTO IIe/IecOO0pa3HO OINEPUPOBATh NPEACTABICHUSIMH O
B3aMMOMHIYKIIMU TPOBOJHUKOB, a He KOHTYpoB. Ha mpakTuke mnpu
HEOOXOIMMOCTH pa3HEeCeHHs 00MOTOK, HaInpumep, B
BBICOKOBOJIBTHBIX ~ TpaHcopMaTopax, HEoOXOJUMO YBEIUYHBATH
YUCII0O BUTKOB BTOPUYHOW OOMOTKH IO CPAaBHEHHUIO C YHCIIOM BUTKOB,
paccuYuTaHHBIM OOBIYHBIM CIIOCOOOM.

IkcnepuMeHT 5. KomneHcanus 3J1eKTPUYECKOro noJisi B cpeae
IlocTanoBKka 3aga4un

B cootserctBuM ¢ 3akoHOM Dapanes 3/1C Ha KOHType, JexalieM
B IIJIOCKOCTH X-)’ €y, ONPEAETAETCS BhIPAKEHUEM
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0B,
ey=—S—; (1.1)
ot

rae S — miomanas KOHTypa, B, — MarHWTHas UHAYKuMA B, = uH,; u —
MarHuTHasi MPOHULAEMOCTb; H, — Hamnps>KeHHOCTh MArHUTHOTO IMOJIS
(puc.1.1).

W3 »3TOro 3akoHa BUAHO, 4YTO H3MEHEHHWE BO BPEMEHHU
HANpPsPKEHHOCTH MAarHUTHOTO TOJS BBI3BIBAET MO €ro mnepudepun
COOTBETCTBYIOIIYIO 31c. Ha 3TOH OCHOBE CIOXKHIOCH yCTOMYMBOE
yOexIeHue B TOM, YTO BCerja NPH HM3MEHEHHMU HalpsKeHHOCTH
MarHutHoro mois Bcerga moseisercs DJC. 3axon dapanes npu
9TOM HHMKAaK HE YUUTBIBAET BIMSIHUS MarHUTHBIX MOJIEH, HAXOIAIINXCS
BHE KOHTYDA.

Mexay TeM 5TO JaleKko He Bcerja Tak, MOCKOJbKY B CIIOLIHOW
cpeae o00s3aTenbHO OyAET MPOUCXOOUTH KOMIICHCALMsS BIMSHUS
MarHUTHBIX TOJIeH, HaxXOIIIUMXCS BHYTPM M BHE KOHTypa. OTO
HNPOUCXOAMUT BCIEACTBHE TOTO, YTO COCEAHUE OAHOHAIPABJICHHBIE
BUXpH d(upa, WMes B COMNpEIeNbHBIX 00NacTAX MOTOKH 3¢dupa,
HalpaBJIeHHbIE B MPOTUBOIIOJIOXKHbBIE CTOPOHBI, CO3IAIOT B3aUMHYIO
KOMITEHCAIINIO mmoJjieH (puc. 5.1).

a) 6)

Puc. 5.1. Komnencanuu moJieii: g— MarHuTHOro TMOJsl B pachpelesieHHOH
CHUCTEME TOKOB; 6— 3JIEKTPHYECKOr0 MOJIsi B Paclpe/Ie/IeHHON CHCTEME MarHUTHBIX
MOTOKOB
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ITpu paBHOMEpHOM pachpese]ICHUU MOJI B MPOCTPAHCTBE  TOJIS
OYyIyT MOJHOCTBIO CKOMIICHCUPOBAHBI, B PE3YJIbTaTe UYEro BO3SHUKHET,
Kazaloch Obl, MapajoKcaibHas CUTyalus: MEPEeMEHHOE MarHUTHOE
MoJjie CyIEecTBYeT, a JJIEKTPUUYECKOoe IMoJie TP 3TOM He BO3HUKAET.
CoOOTBETCTBEHHO M HA0OOPOT: MPH MEPEMEHHOM IJICKTPUISCKOM TOKE
B Ccpelic B Hell He BO3HMKaeT MarHutHoro mojs. [IpaBnma, ecnu u3
HEKOTOPOro 00beMa Cpeflbl U3bATh TOK MyTEM IMOMEIICHHUS B CPeay
W30JISITOpa, TO Ha TPaHHIAX dTOro o0beMa BO3HUKHET MArHUTHOE
nosie ( puc. 5.2).

Puc. 5.2. Bo3dHuKHOBeHHEe MATHMTHOIO NOJISI HA TPAHHLE CPeAbl M
BHYTPH cpelibl NPH MOMEIeHUH B Hee H30JIAIHOHHOr0 00bemMa

CrnenoBaTeNbHO, y4YeT BHEUIHMX OTHOCHUTENIBHO KOHTypa IoJiei
npruoOpeTaeT NPUHUUNHNATIBLHOE 3HAYCHHE.

IHocTaHoBKa 3KCHIEPUMEHTA

Ha nnnockoil mjacTMHE W3 HM3OJALIMOHHOTO — MaTepuania
pacronararoTcsl MpOBOJIOYHbIE KOHTYpPa, B KOTOPBIX MpPOITyCKaeTcs
MEepeMEHHBI TOK, CO3JAIOMIMA TIepeMeHHOEe MAarHUTHOE TIOJIe.
KoHTypa coemuHstoTcss MexXmy co0oil Tak, 4TOOBI 00pa30BHIBATH
KOHIICHTPUYECKUE PAIbl, MPUYEM YTOOBI KOHTypa ITHX PAIOB MpHU
MOJIKITIOYEHNN OKa3bIBAIINCH BKIIFOUEHHBIMHU TIOCIIEIOBATENHHO.
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Hang xkoHTypamm pacmonararoTcsi H3MepHUTeNbHBIE KOHTYpa
pasnuyHoro pasmepa. B oskcmepumente wusmepsercs OAC Ha
WU3MEPUTEIbHBIX KOHTYpaxX MpU MOAKIIOUEHUH Pa3IuYHBIX PSI0B
TOKOHECYIINX  KOHTYPOB,  HAXOASIIMXCA BHYTpH W  BHE
WU3MEPUTEIBHOTO KOHTYPA.

DKCIepUMEHT MOKa3aJl, YTO 10 Mepe MOJKIFYEHUS BHYTPECHHHUX
M0 OTHOIIEHWIO K M3MEPUTENFHOMY KOHTYPY TOKOHECYIIUX KOHTYPOB
OJIC Ha  W3MEpPUTETHPHOM  KOHTYpE  YBEIIMYUBACTCSA, TIPH
JOITOJIHUTCIBHOM  IMOAKJIIOYEHHUMN BHCHIHUX 110 OTHOHICHHUIO K
u3MepHuTenbHOl pamke KOHTYpoB DJIC Ha M3MEpHUTEIhHOM KOHTYpE
yMenbimaetcs (puc. 5.3). Tem camMbIM BBICKa3aHHBIC MPEIIONOKCHHS
MOITBEPIKIAOTCSL.

-

(0 0 0 0 0 O)
—

oo

LU%Y

a) 6)

Puc. 5.3. HUsmenenue DJC Ha uH3MepUTEJBHBIX KOHTYpax mo Mepe
yBeJIHYeHHs] YHCIa NOAKJIIOYAeMBbIX TOKOHECYIIMX KOHTYpPOB: d —
pacrosioXeHne HW3MEPUTETbHBIX KOHTYPOB Ha I[UIACTHHE C TOKOHECYIIHMHU
KaTylIKaMH, CO3JaloIMMU MarHuTHoe mose; 6 — DJIC Ha M3MepHUTEeNEHOM KOHTYype
MO Mepe MOJKITFOUYCHUS] TOKOHECY X KaTyIeK

BoiBoabl

Pesynbrarhl 3KCIIEpUMEHTa IIOKA3bIBAKOT, YTO YCTaHOBUBILIEECS
MHEHHE O TOM, YTO IPH BCSIKOM H3MEHEHHMM MAarHUTHOTO TOJS B
MIPOCTPAHCTBE BO3HUKAET NIEPEMEHHOE JEKTPUYECKOE MOJIE, HEBEPHO.
OTO ecTh BCEro JHIb YAaCTHBIA Ciydaid, CIpaBeAJUBBIA B paMKax
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JOTTYCTAMOTO TIPEHEOPEEHHSI BIMSHAEM BHEITHUX 110 OTHOIICHHIO K
WU3MepUTEIbHON pamKke Tojieii. B o0meM ciiydae Takue moJis JOJMKHBI
yuuTbiBaThca. OTClOJa TakXKe CIEAyeT, YTO U B MEPBOM U BTOPOM
ypaBHeHUsSX MakcBemia y4TeHBI JIHIIb MPOIECCH Ha MOBEPXHOCTH
BHCKTpOMaFHHTHOﬁ BOJIHBI 1 HE YUYTCHBI ITPOLECChI, IPOUCXOAAIINC B
ee rryouHe.

IkcnepumeHT 6. C:kUMaeMoCTh TOKA

ITocTanoBka 3agaun

Kaxk HU3BCCTHO, IIJIOTHOCTH TOKa V4 B cpene, I/IMCIOH.[eﬁ
IMPOBOJAUMOCTD 0, TUIJICKTPUYCCKYIO IIPOHUIIAEMOCTb € U MarHUTHYIO
MPOHULIAEMOCTD [/ ONPEAESAETCA INEKTPUUECKON HANPSKEHHOCTbIO E
KakK

y= (0 +¢ 0l0NE. (6.1)

ITockosbKy BMeKTpHYecKas HANPsDKEHHOCTh U MJIOTHOCTh TOKA B
KOHKPETHOM cpene CBSI3aHBI MIPOCTHIM ko3 purmenTom
NPOTMOPLUUOHAILHOCTH, a, KaK IMOKa3aHO B MpeIblAyIIeM pasjelne,
pacrpocTpaHeHue 3NEKTPUUECKOi HaMPSHKEHHOCTH MOJXKET
MPOUCXOJNTh B MPOJNOJIHHOM HANpaBlIeHWH, TO U PACIPOCTPaHEHUE
IIIOTHOCTH TOKa MOKET UMETh BOJTHOBOM XapakTep.

OnHako BOJIHOBOW XapakTep JIIoOOT0 BO3MYIICHUS MOXET
NPOWCXOJNTh TOT/A, KOTJa MaTepUANbHBIA HOCHUTENh 3TOTO
BO3MYIICHUS CIIOCOOCH CXKHMMAThcs, 00pa3ysi TeM CaMbIM T'PaJHeHT
TUIOTHOCTH, KOTOPBI B JaHHOM MeCT€ W SBJSCTCS NPUYUHOU
JanbHEeHIero NpoIBHKEHHS poliecca.

IlocTaHoBKa IKCNIEPHMEHTA

Jlns nmpoBepku (akTa CKATUSA IIEKTPUYECKOTO TOKA MOXKET OBITh
WCTIOJh30BaHa KOMMYTHpYyeMas 1ienb. [[0CKONbKy B pa3pbIBe IenH Ha
KOHTaKTaX o0pa3yeTcsi pa3HOCTh MOTEHIIMAIOB, TO MOCTE 3aMbIKaHUs
KOHTaKTa OKa3bIBA€TCS, YTO 3TA Pa3HOCTh MOTEHIMAIOB MOAKIIOYEHA
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K Y4acTKy LIENH C HyJEeBBIM COMPOTHBIEHHEM, YTO OJKHO BBI3BATh
BCIUIECK TOKa Ha 3TOM HYJIEBOM CONPOTHUBICHUH. DTOT BCIIECK 3aTEM
OyJeT pacXxoUThCS BJIOJIb LEITH.

CxeMa dKcIiepuMeHTa IIpuBeIeHa Ha puc. 6.1a.

a) 6 6)

Puc. 6.1. DxcnepuMeHT mo ompejejieHHI0 (aKTa CKHUMAEMOCTH TOKA: d —
cXeMa OTBOJIOB OT MPOBOJIHUKA; 6 — IMITYJIbChI, BOSHUKAIOIIUE HA OTBOJIAX

OnekTpuueckas Lelb NpeJcTaBiseT coOoi 1Ba OTpe3ka MpOoBOAA
MO0 HECKOJBbKO METPOB MAJIMHOW MOJKIIOUEHHBIX KaXKIbIH OIXHUM
KOHLIOM B DJIEKTpUYECKOM Oarapee, a BTOpPbIM KOHIIOM K
MEPUOANYECKH 3aMBIKAEMOMY M pa3MblKaeMoOMy KOHTakTy. OT
MIPOBO/IOB OTXOJAT OTBOJIBI, PUIASHHBIE K IPOBOLY OCHOBHOH LIeNH
Ha PacCTOSHUM OOHOTO MeTpa Apyr oT Apyra. [Ipm 3amblkaHumn
KOHTakTa B LENH BO3HMKAIOT HMITYJIbCBI, KOTOPBIE MOTYT
¢ukcupoBatecst ocumiorpadgoM. YcraHaBauBaeTcss GakT TOro, 4TO
Npy 3aMbIKaHUM KOHTaKTa Ha KaX[0i Mape OTBOJAOB BO3HUKAIOT
KOPOTKHE UMILYJIbCHI, IIPH 3TOM Ha OTBOJAX, YAAJIEHHBIX OT KOHTAKTA,
aMIUIATY/1a UMITYJIbCOB YMEHBIICHA, a ATUTEIbHOCTh YBEIHYeHa. JTO
M O3HayaeT paccachlBaHHE TOKA BJOJb MPOBOAHUKA, YTO MOXKET OBITH
0XapaKTEepU30BAHO KaK CBEPXIEPEXOAHOMN PEKUM KOMMYTaLlUH.

[IpenBaputenbHble SKCIIEPUMEHTHl MOJITBEPAUIN BBICKa3aHHbBIE
npeanonoxenus (puc. 6.1 0).
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BoiBoabI

DKCIepUMEHT MOATBEPKAaeT (DaKT CXKMUMAEMOCTH TOKA, a TaKkKe
HEOOXOMMMOCTh M B OTOM 9YacTH YTOYHEHWs ypaBHEHHIA
3JIEKTPOAUHAMUKU.

JkcnepumeHT 7. IIpoaosibHoe pacnipocTpaHeHue
31eKTPOMATHUTHOM BOJIHBI

IMocranoBka 3agaun
N3 3-ro ypaBHeHuss Makcgeinna

div D =p, (7.1)

rne D — oanektpuueckoe cMmemeHue paBHoe D = egFE, ¢ —
OTHOCHUTEJIbHAA NHUAJEKTPpUUYECKas IMPOHULIAEMOCTb; & = 8,85.107"
®/m; E — HalIpsHKeHHOCTD AJIEKTPUIECKOro nofsi, B/M, p — mioTHOCT
SJIEKTPUYECKOTO 3apsi/ia, BEITEKAET, UTO MPU OTCYTCTBUHU 3apsiaa

divD =0, (7.2)
T.C.

oD, oDy oD,
+ + =0. (7.3)
0x ay 0z

VYpaBHeHue 7.3. HOCHUT UYUCTO CTAaTHUYECKUH XapaKTep, HUKAKHX
BPEMEHHBIX TMPOLIECCOB B HEM HE MPENyCMOTPEHO. DTO COBEPLIECHHO
NPOTHBOPEUUT MPHUPOIE SJIEKTPUUYECKOTO MO, KOTOPOE B BaKyyMe
MOXET  pPacHpOCTPaHATbCA  TONBKO  CO  CKOPOCTBIO  CBETa,
onpeaensieMoi Kak

1
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c=———, (7.4)
‘/&)ﬂo

IIe & W [lg COOTBETCTBEHHO JHWDJIEKTPUYECKass W MAarHUTHas
MPOHUIIAEMOCTH BaKyyMa.
Takum 00pa3om, HATUIIO TPOTHUBOPEUNE TEOPUU C PEATLHOCTHIO.
OOpamaer Ha ce0d BHHMaHHE HEIOJNHOTAa BBIBOJA TPETHETO
ypaBHeHHUs MakcBemna (puc. 7.1).

I %L

49Dy, 0Dy,

Dy Dt o5 e v o

D +a£)v +0—D‘dl

Puc. 7.1. K BpIBOAY ypaBHEeHHi1 pacCIPOCTPAHEHHS YJIEKTPHYECKOM
HHAYKIHH

I[To ocsMm x, y U z B 00BeM dxdedz BXOHSIT COCTABIISIONINE
anekTpuueckoil unaykuuu Dy, Dy, D, Ha Bbixoge obbema umeeM
COOTBETCTBEHHO

oDy, oDy, oD,
Dy+——; Dy + D, +—; (7.5)
ox oy 0z
BBIUNTAs U3 KOTOPBIX BXOJHBIE COCTABISAIOLINE, TOTyYaeM yYpaBHEHHE
7.3, a 3aTeM U ypaBHeHue 7.2.
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B cBs3m ¢ TeM, YTO M3MEHEHHE DIIEKTPUYECKOTO CMEIIECHUS BO
BPEMEHHU MPU TAKOM BBIBOJIE HE YYTEHO, 3-€ ypaBHeHHe Makcsemna
HUKaK HeNb3s IPU3HATh MOIHBIM.

Ha camom pene Ha BbeIxoge oObeMa COCTaBJSIOIIME BEKTOPA
WHAYKUWU OyayT paBHBI

oD,, 0D, oD,, oD, oD, oD,
Dx+—+—; Dy+ + ;Dz+—+—; (76)
ox ot ay ot 0z ot

1 COOTBETCTBEHHO 3-¢ ypaBHeHHEe MaKcCBeia IpHoOpeTeT BU/I:

oD
divD+——=0. (7.7
c ot

TAe CKOPOCTb € PAaCHpoOCTpaHCHHsA BOJIHOBOI'O (prHTa CBs3aHa C
IMPOCKIUAMU 110 OCIAM KOOPAHWHAT BBIPAKCHHUEM:

= + + ) (7.8)

IlomydyeHHOe ypaBHEHHME €CThb BOJIHOBOE YpaBHEHHE IIEpBOM
CTETIEHH, KOTOpPOE TIOKAa3bIBAE€T, YTO DJJEKTpHUdecKas HHAyKmus D
pacrpocTpaHsieTcsl B HalpaBleHUU BekTopa D, T.e. B IPOJOJIBHOM, a
HE TIONEpEeYyHOM HampaBiieHUH. J[leneHne Bekropa D Ha BeKTOp
CKOPOCTH ¢ TOBOPUT O TOM, YTO 3TH BEKTOpa KOJUIMHEApHBI, T.€.
HapaJljieNbHbl APYT IPYry.

Pemennem ypaBuenus 7.7. Oyaet BomHOBas GpyHKIMS

D(r— ct) = 0. (7.9)

Orcroga  BBITEKaeT, YTO JAWIONb C  COCPENOTOYEHHBIMHU
nmapaMeTpaMu OyIeT W3JIydaTh dHEPTHI0 BO BCE CTOPOHHI (puc. 7.2),
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NpUYeM, €eCJIM pACCTOSHUE MEXIY IyJbCHPYIONMMHU 3apsaaMu
(anmekTpomamu) OyJeT paBHO TMOJOBHHE JITMHBI BOJIHBI, TO JHEPTHUS
BJIOJIb OCH JIMIIOJNII OYJEeT M3IydaThCsl CYIIECTBEHHO WHTEHCHBHEE,
yeM Torepek aumoiis (puc. 7.3).

Puc. 7.3. PacnpocTpaneHHe 3J1eKTPHYECKOTO MOJIS THII0JIEM C
cOCpe0TOYeHHBIMH MapaMeTPaMH B TOHKOM cJI0e IOJTyIPOBOJSIIEH cpeabl.
IIpononeHas coctapisomas 6oMblle MONEPEYHON COCTABIAOMIEH mos

ITocTanoBka IKCIIEPpUMEHTA
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Jnsa mpoBepkH BBIABHHYTOTO TIOJOXEHHS O CYIIECTBOBAHUU
MPOAOJBHBIX  BOJH  HEOOXOAMMO  W3TOTOBUTH  JHUMOIB  C
COCpEIOTOYEHHBIMH MapaMeTpamH, T.€. KOHCTPYKIIHIO, COCTOSIIYIO U3
IBYX OIEKTPOAOB, Ha KOTOpBIE TMOAAIOTCI B TNpoTHBO(haze
HamNpsOKEHUsI OT TeHepaTropa mepeMeHHoro Toka. HambGoriee mpocto
UCIOJBb30BaTh B KadyecTBE Cpefbl Iepefadd CUTHaja pPe3NHOBYIO
KHIIKY, HATIOJTHEHHYO TIOJICOJIEHHOM BooH (puc. 7.4).

Puc. 7.4. Cxema »JKcmepuMeHTa 1O  IpOBepKe  MPOAOJIbLHOIrO
pacnpocTpaHeHHUs H3JIy4YeHHsl JHI0JIS ¢ COCPEAOTOYCHHBIMH NTapaMeTPaMHu:
1 — pe3VHOBBIM LUIAHT, HAIMOJHEHHBIM TIOACOJNIEHHOW BOAOH; 2 — 3JIEKTPOIbI
u3nyvatouero aumnodisi; 3 — anekrpolsl npuemHoro aunodsi; I — reneparop; I1 —

npueMHUK; C fap — YCIOBHOE 0003HAYEHNE NMAaPA3UTHBIX EMKOCTEH

Kak  m3mywatommil, Tak W NPUHUMAOIIANA  JWTNOIN
W3rOTaBIMBAIOTCA OAMHAKOBO. C 4YacTM KOAaKCHAJIBbHOIO Kabess
CHUMAaeTCsl OIUIETKAa, M30JsiLus coxpansercs. K koHIy ocraBuencs
OIUIETKU MPUNAUBAETCA METAIIINYECKUN KPYIVIBIA IUCK, IJUAMETP
KOTOPOT'O JOJDKEH OBITh HECKOJIBKO MEHbLIE BHYTPEHHErO JuaMeTpa
nuadra. K KoHIly Wbl IpUanBaeTcsi HOA0OHBIN JKe AUCK.

B kadecTBe reHeparopa MOXKeT OBITh HCIOJB30BaH OOBIYHBIH
I'CC, B kauecTBe MpUEMHHKA — JUOAHBIN MOCT ¢ MUKPOAMIIEPMETPOM.

BayTpn mnaHra mpoTsruBaroTcs O€4eBKH, C MOMOIIBIO KOTOPBIX
MO>KHO CABUIaTh U Pa3JBUraTh JAUIIONH.
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W3Menenune curHaja ¢ paccTOSHHEM MEXIy AWIONSIMH IOKa3aHO
Ha puc. 7.5.

U>U,
1>,

v

0 D/5

U,

Puc. 7.5. 3aBHcHMOCTH CHrHaJIa NPHEMHHKA OT PACCTOSIHHSL MeEXKIY
JUNOJISIMH NPH IPOAOJILHOM U3/JIyYeHUH YHePrHH

C wuW3MeHEeHWeM pacCTOSHHS MeXAy IUIOJNSIMH  CHadvala
MPUHUMAEMBIA CUTHAII OYIET MOCTOSHEH IO BETWYNHE, 3aTeM HAdHET
3aTyxaTh. C yBETMYEHHEM YacCTOTHI CUTHAT MPH MAajOM PACCTOSHHH
JUTIOJNEH IpYT OT apyra OyleT pacTH, MOCKOJBKY JIMHA BOJHEI OyAeT
COKpalIaTtbcs W TOJOBWHA JUITMHBI BOJHBI OYyIET NPUONMKATHCA K
BEITMYMHE PACCTOSHHS MEXIY dJIeKTponamu numnoss. C yBeandeHueM
paccTosHUS CUTHAJ Ha BBICOKOW 4acToTe OyJaeT 3aTyxaTh ObICTpee,
YeM CHTHal Ha HHU3KOM dYacTtoTe. OJTO OOBSCHIETCS CTPYKTYpOr
BOJHBI, B KOTOPOW Kaxaas IOJNIyBOJIHA MMEET CaMOCTOSITCIBHYIO
SHEPreTHKY W, YeM OHa KOpodYe, TeM ObICTpee H3PACXOAYET CBOIO
SHEPTHUIO Ha HATPEB CPebl.

C yBenWYeHHWEM COJEHOCTH W COOTBETCTBEHHO IPOBOJIUMOCTH
CUTHAJI TIPH MAaJIOM PACCTOSHUU MEXIY TUTONSMH YBETUINUBACTCS, HO
paccTosiHue, Ha KOTOPOM CUTHAJl HAUHET YMEHBIIAThCS, COKpPAIaeTCs.

BoiBoabI

[ToaTBepkaeHNe  CYIIECTBOBAHUS  IMPOJOJBHOIO  HU3IyYEHUS
03HauaeT, 4To 3-e ypaBHeHUs MakcBeiia BechMa He TMOIHO, TaK JKe
KaKk W BCe ypaBHEHUS MakcBeia, HE IOJHOCTBIO OTpaKarollue
CYHIHOCTI) 3JI€KTpOMaFHI/ITHbIX HpOHeCCOB. q)aKTquCKH 3TUM CaMbIM
CTaBUTCA TpoOjeMa Hadama IMepecMOTpa BCEr0 MaTeMaTH4YeCKOTo
ammapara dJeKTpoMarHeTusma. [loATBepKIeHHe CyIIeCTBOBAHUS
MPOJIOJIBHOTO M3IYYEHUS MOXKET OKAa3aThCi TAKXKEe W TMPAKTHUYECKH
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IMOJIE3HBIM, HO [JId IIOJIYYCHHA IMPUKIAAHBIX PE3YJIbTATOB HYXXHO
MMPOOOJDKUTE OKCIICPUMCHTAJIbHLIC HCCICAOBaHWA B YKa3saHHOM
HalpaBJICHUHU.

IOkcnepumeHT 8. UcciegoBaHue ra3oBbIX TOPOMIOB C
noMoubio Amuka Byna

IlocTaHoBKa 3a7aun

[Ipu popMupoBaHNY Ta30BEIX BUXPEH MPUHIIUITHAIBHOE 3HAUCHUE
UMeeT  HayvaJdbHBIM  »dTan (dhopMupoBaHus, KOorja  BUXpHU
CaMONPOU3BOJBHO YMEHBIIAIOT CBOM auamerp. HMMeHHO B 3TOT
MOMEHT MPOUCXOJUT MepeKayka MOTEHIUATbHON 3HEPTUM JIaBJICHUS
Oprmanmero BI/IXpI) raza B KI/IHCTI/I‘ICCK}’}O 3Heprm0 BpaHleHI/ISI
BUXpPS B COOTBETCTBUM C 3aKOHOM ITOCTOSIHCTBA MOMEHTA KOJIMYECTBA
JIBYKCHUS

myr = const (8.1)

rzie m — macca 3jJeMeHTa 00beMa BUXpS, V — KacaTesibHas CKOPOCThb
BpalICHUs, ¥ — pajuyC BUXpS.
B aTom ciaydae cnipaBeyIMBO COOTHOIIEHNE

r
V=" 5 (8-2)

ri2

T.€. CKOPOCTh BpallleHHsl yBEINYMBAETCA TeM OoJibllle, 4YeM MEHbIlE
paanyc BUXps. DTO 3HA4YWT, YTO IPH COKpaleHUH paauyca B 10 pas
CKOpOCTb BpailleHus Bozpacrtaet B 10 pas, a sneprus B 100 pas.

ITockonbKy 3TO €CTh IPUPOAHBINA aHTUIHTPOIUIHBIN ITpoLiece, PU
KOTOpOM CaMOIPOU3BOJIBHO KOHIIEHTpHUpYeTCs SHEprus,
JKCIIEPUMEHTAIIBHOE TOATBEPKACHUE €r0 HMMEET IPUHIUIHAIBHBINA
XapakTep.
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IlocTaHoBKA 3KCHIEPUMEHTA

IIpoBepky  BBICKA3aHHOTO  IPENAINOJOKEHUS  MpOIIe  BCEro
OCYILECTBUTH C TMIOMOIIBIO TaK Ha3blBaeMoro sumka Byaa (o umenu
aMEpUKaHCKOTO (PU3HKa, MPEIOKUBIIETO 3TOT OIIBIT).

Ammk Byna npeacraBiser coOoll  QaHepHBIH SIIUK THOA
MOCBIJIOYHOro 0e3 KpBIIKK SuKa. B 1He mpocBepiauBaeTcs
OTBEpCTHE JuaMeTpoM S5-6 cM. BMmecTo KpbIlIkM HakJIeuBaeTCs
ynpyras MemOpaHa Turna 60apabaHHOH MIIEHKH UM PE3MHOBOTO JIUCTA.
Amuk craBuTca Ha OOK, BHYTph BOpachiBaeTcs ABIMOBYILIKA, YTOOBI
MOXHO OBLJIO BHUAETh BBUIETAOIIMI BUXpPb. SIIMK ycTaHaBIMBAETCs
OKOJIO CTEHKH, HA KOTOPOM HYXHO HAaHECTU I'OPU30HTAJIbHBIE JIMHUM,
Ha pacCTOSHMM HE MeEHee IoslymMeTpa oT Hee. Bech mnpouecc
(ukcupyercsi Ha BUIEOKaMepy .

_____________________________ vy
0-0-0-0-0-0-0)- U
1 2 I

Puc. 8.1. ®opMuUpPOBaHHE IA30BOr0 TOPOUAAIBLHOT0 BUXPSA C IOMOLIbLIO
smuka Byna: / — cragms oxatus topoupa; 2 — CTaaus PacLIMPEHHs] TOPOHAA
(muddysus); 3 — cranus pasBana TOpoUaa.

Peskuii ymap mo memOpaHe NpPHUBOIMT K BBIOPOCY KOJBLIEBOT'O
BUXPsl W3 OTBEPCTHs sAIIMKAa. Buxpp IBMXKETCS BIONb CTEHKH,
OJKUJAeTcsl, YTO JBUIKEHHNE COCTOUT U3 TPEX JTAIOB.

Ha mnepBom »Tame — cpa3y mocie BbuUIeTa BHUXpS — BHXPb
YMEHBIIAET CBOM Pa3Mepbl, ITOT MPOLIECC U ABISIETCSI OCHOBHBIM.

Ha BTOpOM 3Tame BUXph YBEIHMUMBAET CBOM pa3Mephl U 3aMeIsIeT
CKOpPOCTb.
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Ha TpetbeM »3Tame BUXpb OCTaHABIMBAETCAd M paszpyliaercs
(mmbdynnupyer).

HpOBCI[eHHBIC NpeaABApPUTECIIbHBIC OJOKCICPUMEHTBI MNOATBEPAUIN
HUCXOOHBIC MPEACTAaBICHUA.

BbiBOaBI

OKCHNEpUMEHT TMOIATBEPKIAeT CYLIECTBOBaHHE B  MPUPOIE
CaMOIPOU3BOJIBHOTO aHTUIHTPONUMHOTO TMpPOIECCa, YTO SBJISIETCS
MPUHLMUINATBHBIM HE TOJBKO /JI Ta30BOM JTMHAMUKH, HO U ISl BCETO
€CTEeCTBO3HAHMS.

IkcnepuMeHT 9. JlenToHHAS MeHA

ITocTanoBka 3aga4un

W3 sdpuponnHaMuveckux MNpencTaBIeHUH BBITEKAeT, YTO MpHU
00pa3oBaHMM KOBAJIEHTHBIX M METAIIMYECKUX CBS3€H pearupyroimune
MOJIEKYJIbl  BBIOpAachIBalOT A(UPHBIE TOPOMIAIbHBIE BHUXpU —
MUKpoJenToHsl (puc. 9.1). B Meramnax OHM M COCTaBJISIOT Tak
Ha3bIBaMbIil  BJIEKTPOHHBIA Ta3 —  3JEKTPOHBI, CBOOOIHO
nepeMelanIecs MeXIy aTOMaM1 MeTajlla 1 00eCIeunBaroIie KaK
BBICOKYI)  JJIEKTPONIPOBOJHOCTb METAUIOB, TaK U  BBICOKYIO
TEIUIONPOBOIHOCTb. B HEMeTaIMUECKNX COEAMHEHUAX TUIIA IIEI0Yb-
KHCJIOTa BOKPYT' PEaKUUH HAauWHAeT cOOMpaThCs JIENTOHHAs I€Ha, B
KOTOPOH BC€ MHKpPOJENTOHBI, BBIICIMBIINECS W3 COEAMHUBIINXCS
MOJIEKYJ, 00pa3yroT OOLIyI0 BHUXPEBYIO CTPYKTYpYy THIIA TMEHHOU
LIaNKKH BOKPYT pearnpyoluX BEMIECTB.

IlockosnbKy Ha MOBEPXHOCTH JIENTOHOB 3(UpPHBIE IOTOKH
JBUJKYTCSI IO KacaTelbHbIM HANpaBJIEHUSM, TO OHHU OKa3bIBAIOT
ONpeseNieHHOe  TpaJMeHTHOe BO3/AEHCTBHE Ha  OKpYyXKarollue
OpeaMeThl: Haxoasluecs BOJIM3M JIETKME NpeaAMeThl OyoyT HMH
nputsaruBatecs. Ho udepe3 HekoTopoe BpeMs, Korja yCTOHYMBOCTB
JIENITOHOB CHU3UTCS, M OHM HauHYT Pa3pyllIaThCs, a MOCKOJIbKY B HUX
3¢up ObUT YIUIOTHEH, KaK U B JIIOOBIX Ia30BbIX BUXPAX, TO JaBlICHHUE
s¢upa HayHET BO3pacTaTh, MU T€ K€ JIETKHE INPEAMETbl HAYHYT
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OTTAJIKUBATBHCA. DTH MPEITION0KEHHUS MOTYT ObITh SKCIIEPUMEHTAIBHO
MIPOBEPEHBI.

AN GOO) I

Puc. 9.1. Meranauuyeckasi CBsi3b B aToMax H 00pa3oBaHHe CBOOOJHBIX
3JIEKTPOHOB B MeTaJlIe

[MTpeanonokuTeabHO MOTOOHBINH MEXaHNU3M MOXKET CYIIECTBOBATh U
pu 00pa3oBaHUN OWOTOJIEH ¢ TOH pa3HUIIEH, YTO B JKHBOM BEIIECTBE
MPOUCXOAAT HE TOJBKO XHUMHYCECKHE TMPOLUECChI OGBGIII/IHCHI/IH
MOJIEKYJI, HO W pacmaja, Mpu Npolieccax pacrnajaa HeoCTalonmi d3hup
TIOTJIONIAETCSl M3 OKPYXKAIOIIEro MpocTpaHcTBa. Torma oOpasyroTcs
KaK WMCTOKM 3(QHupa, TaK M CTOKH, B pe3yjbrare oOpa3ylTcs He
JIETITOHBI, @ OHTAHUPYOIIUE 00PA30BaHUs, YTO U OBLJIO B CBOE BpeMs
00OHapyKEHO HCCIeTOBaTEAIMHU Kupnuan (KUpIHaHOBCKOE
H3ITy9CHHE).

ITocTanoBKa 3KCHIEPHUMEHTA

W3mepuTensHbIM NpUOOPOM B JAHHOM 3KCIIEPUMEHTE SIBIIOTCS
CrieyajbHO M3IrOTOBJICHHBIC KPYTHUJIbHBIE BEChl C JCPCBAHHBLIM
KOPOMBICIIOM U YPaBHOBEILIEHHBIM Ha OJHOM €ro KOHLE IapycoM —
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JIETKOW METAJNTMYECKOM TMIACTMHOMW IUIOIIaAb MOPSJIKa HECKOIbKHX
JCCATKOB KBaIlpaTHI)IX CaHTI/IMeTpOB. KOpOMI)IC.]IO INOABCIINBACTCS HA
METaNIMYECKONH HUTH, MO3BOJIAIOIICH MOBOPAUYMBATBHCS €MY BOKPYT
BEPTUKAJILHON OCH.

0
H
/\

@

0

Puc. 9.2. Cxema 1a60paTOPHOro KCIEPUMEHTA MO BHISIBJEHHI0 JIENTOHHOMH
NeHbl NPH O00pa30BaHHH KOBAJCHTHOHI XuMH4eckoil cBsi3M (a4) H rpaduk
OTKJIOHEHHsI Mapyca BecoB NPH MPOBeJAeHHH XHMHYeCKoii peaknuu (6):

1 — cTakaHYUK C XMMHYECKHUMHU pPeaKkTHBaMH; 2 — KPyTUJIbHBIE Bechbl; 3 — nasep;
4 — camonucen,.

B cepennHy KopoMbIciia TPUKIENBAETCs HEOOIBIIIOE TUIOIIAIBIO 1-
5 MM” 3epKaJiblie, OT KOTOPOTO OTPaXKaeTcsl Ja3epHblil nyd (1azepHas
yKa3zKa), OCBEINAIOUINI HEMOABIKHYIO IIKally, YCTAaHOBJIEHHYIO Ha
creHe. [lapyc uepe3 BEICOKOOMHOE COMPOTUBJICHHUE MOPSAIKA TECATKOB
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METOM COCJIMHSETCS C HUTh MOJBECa, HUTh 3a3eMiisieTcs. TeM caMbIM
UCKJIFOYAETCS  BJIMAHUE  DJICKTPOCTATUYECKMX  HABOAOK. Bces
KOHCTPYKIIUSI BECOB IMoOMemaercs B (yTisap, BHIMOJHEHHBIH U3
TH000TO0 3NEKTPOU3OIIAIIHOHHOTO MaTepraia, HalpuMep, KapToHa WITN
(hanepsl (puc. 9.2).

HampotuB mapyca Ha pacCTOSSHUM HECKOJIBKUX CAHTUMETPOB
MOMEINAETCs CTAKAHYMK M3 M3OJSIIUOHHOTO MaTepHalia, B KOTOPOM U
MPOUMCXOJNT PeaKys: CHadana Tyaa OpocaroTcs HECKOJIbKO TabIeToK
HIeJI0YH, 3aTeM TyJa ke KamaeTcs kuciora. Cpasy ke mocjie Havama
peakiny Bechl MPUXOMAT B JBIDKEHHE: CHAYaja mapyc MPUTATHBACTCS
K CTaKaH4YMKY, 3aTeM 4epe3 HECKOJBKO MHUHYT OTXOJWT OT HETo JI0
ynopa, yepe3 1 — 2 yaca nmapyc Bo3Bpaliaercsi B ICXOHOE COCTOSTHHE.

BToppiM BapuaHTOM DKCIEpUMEHTa SBIISETCS TPOBEICHUE B
CTOPOHE OT BECOB TOM K€ PeaKIUu B CTAKAHYHMKE, YCTAHOBICHHOM Ha
JICPEBSHHOM WJIM TICHOIJIACTOBOM KyOWKE C pa3MepoM CTOPOHBI
nopsiaka 5 — 10 cm. [Tociie okOHYaHUS peakiMK K BecaM TOJHOCUTCS
TOJIbKO KyOWK. Peakiius BecoB Ta ke, UTO U B MPEIbIAYIIEM cliydae.

BoiBoabI

Pesynbpratel  SKCIEpHMEHTa TOATBEPXKOAIOT  MPEATIOIIOKEHUS
3(QUpONMHAMHUKHA O TPOMCXOXKIESHUH CBOOOIHBIX JJIEKTPOHOB B
MeTalljiax, a TAKKe 0 BO3MOXKHOM (DU3MUYECKOM MEXaHU3Me OUOTOJICH,
KOTOpbIE MPOUCXOAST Olarojaps HENPEPbBIBHBIM  XHUMUYECKUM
MpoIeccaM, MPOTEKAOIIAM B )KUBBIX OpraHU3MaXx.

JxcnepumenT 10. I3MeHeHHe eMKOCTH KOHAeHcaTopa BOJIN3H
XHMHUYECKOl peakuuu

ITocranoBka 3ana4n

B cBsi3u ¢ TeM, YyTO BCAKUM Ia30BbIii BUXph, B TOM YHUCIE U
3¢UpHBIA BUXPb — JIENTOH, 00JalaeT MOBBIIIEHHOH IUIOTHOCTBIO, a
IUIOTHOCTh 3Qupa B dPUpOAMAMHUKE €CTh JUAIEKTpUUYECKas
MIPOHUIIAEMOCTb, TO €CTECTBEHHO OKUAATh, YTO JIENTOHBI, IPOHUKHYB
B KOHJEHCATOp MEXAY METaUIMYEeCKUMH IUIACTHHAMH, TOBBICAT €ro
€MKOCTb, YTO MOJKET OBITh IIPOBEPEHO IKCIIEPUMEHTAIBHO
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ITocTanoBKka 3KcepUMEHTA

Yka3aHHbIH 3KciepuMeHT Obl1 BbinonHeH B 2001 1. cryneHTom 1-
ro Kypca xummdeckoro (akynperera MI'Y 1HO.Jlob6apeBbim.

KonzmeHncaTopsl pa3HBIX THIOB MOJAKIIOYAINUCH K H3MEPUTEINIO
€MKOCTH ¥ BOJIU3M KOHJEHCATOpa MPOBOANIACH XUMUYECKas peaKLus
11€J104b-KUCIIOTa. B pe3ynbpTare eMKOCTh KOHAEHCATOPA 32 HECKOJIBKO
CeKyHJ yBeJnuuBanach Ha 1%, a 3aTeM MEIJIEHHO B TE4YEHUE
JIECSITKOB MUHYT YMEHbIIIANIACh /10 IEPBOHAYAIbHOM BETUYHHBL.

OKCIIEpUMEHT NOATBEPANIT HCXOAHbIE MPEAOJIOKEHHUS.

BoiBoabl

OKCNepuMEeHT MOATBEPANI CYIIECTBOBaHHE JENTOHHON NIEHHI U TO,
4yTO 3(UpHBIE BUXpHU 001aJat0T NOBBIIIECHHOW MIIOTHOCTBIO, KOTOpas,
Kak M ObUIO TIOKa3aHO B 3(QHUPOJWHAMHKE, COOTBETCTBYET
JUBJIEKTPUUECKON MPOHNIIAEMOCTH.

JOxkcnepumenT 11. JlasepHblii u3mepuTesb 3QUPHOrO
BeTpa

IlocranoBka 3axaun

Kak wm3BecTHO, coBpeMeHHas TeopeTHyeckas (u3MKa OTBepraer
3¢hup Ha TOM OCHOBaHMH, YTOo skoObl B 1881 wu 1887 rr
MaiikenbcOHOM TIpU U3MEpeHWH HS(OUPHOTO BETpa IONyYeH
«OTpHUIATENBHBINA Pe3yIbTaT), T.€. dPUPHBIA BeTep HE OBLT HaHmeH.
Ha camowm nene a¢upHsbiii Betep ObU1 0OHapyskeH yxe B 1887 r., XoTs
Y He TOM BEJTMYMHBI U HE TOTO HampaBieHus. Panom uccrnegosareneit
3¢upHEIH BeTep OB 0OHApyX)eH, 3To0 Maiikenscon u Mopau — 1887
r., Mopmu u Mwmmutep — 1905 r., Mwmiep — 1921-1925 r,
MaiikenscoH, [Tuc u [Mupcon — 1929 r. BeisicHunock, 4to 3QUpHBIIA
BeTep 00yBaeT 3eMilt0 He B OpOMTAILHOM HAIpaBIIEHUH, a MOYTH B
TIepIeHANKYIIPHOM (CO CTOPOHBI 3Be3bl ( cosBe3nus Jlpakona, 26°
or Ilomoca mupa). Bce aBTOopbl, He NOdy4HBIIME pe3yjbTaTa —



35

Kennenn m WmmuarBopt, Ilukkap m CTasiabp) MOMyCTHIA B CBOMX
OTIBITAX Cepbe3HBIC METOMYECKHUE U HMHCTPYMEHTAIbHBIE OIIHOKH.

NMeHHO He mMoigydYeHUue OXUIAAEMBIX IO TOTJALIHEH Teopuu
pe3ynbTaTOB M TOCITYXXHIO OCHOBOW JJsi MOJHOTO OTPHIIAHUSA
CYIIIECTBOBaHUS B Tpupoze 3Gupa, 4TO B KOHIIE KOHIIOB MPHUBEIO
€CTeCTBO3HAHUE B TYyNHK. [103TOMY BO300HOBJICHHE 3KCIIEPUMEHTOB
1o 3(UpPHOMY BETpY UMeeT NPUHIIUIHAIFHOE 3HAUCHHE.

[HocTtaHoBKAa 3KCNEPUMEHTA

I'maBHOWM TpYIHOCTBIO B IPOBEAECHUM OSKCIEPUMEHTOB IIO
MCCIIeIOBAaHUIO d(UPHOTO BETpa SBISETCS CIOXKHOCTh W3TOTOBJICHUS
M3MEPUTETIbHOTO YCTpOiicTBa — uUHTepdepomeTpa MaiikenbcoHa,
npubopa 2-ro nopsjka, B KOTOPOM OTKJIOHEHHE UHTep(epeHIIMOHHON
KapTUHBI COOTBETCTBYET BBIPAXKEHHUIO

& =2D v¥/c? (11.1)

3nece D — myiMHA ONTHYECKOTO MyTH, V — OTHOCHUTEIbHAs
CKOpOCTh 3(UPHOTO BETPA, C — CKOPOCTh CBETA.

[Ipu navHE ONTHYECKOTO MyTH B 1 M M OTHOCUTENIBHOM CKOPOCTH
a¢upHoro Berpa B 30 kM/c (Kak OXHJIAIOCh TOTJAa) 3Ta BEIUYHHA
coctaut & =2-10"° M, mpu ckopoctn B 3 km/c Beero aumb & = 21077
M, TO €CTh MaJyi0 JONI0 IJIUHBI BOJHBI CBeTa. OJTO Tpedyer
YBEJIMYCHHS JUTUHBI ONTHYECKOTO MYyTH, T.€. YBEIUYCHUS pa3MepoB
npubopa 0 HECKONbKHX METPOB TNPH MHOTOKPATHOM OTPaXKCHUHU
CBETa OT 3epKall, a TAKXKE BHICOKOW CTAOMIEHOCTH BCel KOHCTPYKIIHH.
Taxoii mpubop co3naTe TPYIHO.

OpnHako B HAacToslIee BpeMsl HaiiJieH WHOW Crocod W3MepeHUs
s¢upHoro Berpa. Crioco6 OCHOBaH Ha TOM, YTO JIa3ePHBIA JIyd MOJ
Harpy3koit 3¢UpHOTO BeTpa UW3rMOaeTcs TMOJAOOHO TOMY, Kak
n3rudaercs oObIYHash Oajika MOj HAarpy3KOH OOBIYHOTO BO3YLIHOTO
BeTpa B aToM ciiyyae oTKIIOHEHHE Ja3epHOTro Jiyda MmoJi Bo3AeicTBHEM
3¢upHOTO BeTpa OYyIET MPONMOPIHOHATBHO OTHOCHTEIHLHOW CKOPOCTH
3()UPHOTO BETPa B MIEPBOM CTENICHH U ONPEACIIATHCS BhIPaXKCHUEM
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§=kD v/c (11.2)

rae k — xos¢p¢uumeHT ynpyroctd nasepHoro jyua. Ilpum anune
ONTUYECKOTO IyTH B HECKOJIBKO METPOB U CKOPOCTH 3(UPHOTO BeTpa
B 3 KM/C OTKJIOHEHHE JIa3epHOTO Ilyya COCTABUT JAECSATHIE 0NN
MUJIJTIMETPA, YTO BIOJHE TOCTYITHO U3MEPEHUSM.

Cxema npubopa nokaszana Ha puc. 11.1.

Bcs  onmrmueckas dacTh mpuOopa  KpPEmUTCS Ha  KECTKOH
miatpopme. Ha KoHmax miaTQopMbl YKpEIsIOTCS 3epKaia C
MOBEPXHOCTHBIM OTpaX€HHWEM Uil 3-4-X KpaTHOTO OTpaKEHUs
Ja3epHOro Jyyya. B KoHIe NyTu na3epHBId JIyd HampasisieTcs B
JNIETEKTOP-TIPUEMHUK,  TPEICTABIAIONUNA  CcO0OM  3auepHEHHYIO
M3HYTpH TPYOKY, B KOHIIE KOTOPOW YCTaHOBIIEHO MaTOBOE CTEKIO, a
32 HUM — 4 (QOTOCONPOTHUBIECHUS, pa3leNeHHbIE HENpO3pavyHOn
neperopoakoi. Hukakux KOJIMMAaTopoB IS Jla3epa NMPUMEHSTh HE
HYXHO, TaK KaK CIocO0 OCHOBaH Ha M3MEPEHHH CBETOBOTO MOTOKA,
CHMMAEeMOTI'0 CO BCeH MIOIIaan MaTOBOIO CTEKJIA.

ObmpHBIN BETEP 5
Sobhbiiiiisy 4T
1 -

2

Puc. 11.1. Cxema u3MepeHHsi CKOPOCTH I(PHPHOro BeTpa ¢ MNOMOIIBLIO
JlazepHoro Jiy4a: 1 — reiueBO-HEOMOBbIM Jasep; 2 — peTekrop; 3 —
(doroconpoTuBiIeHUs; 4 — MaTOBOE CTEKJIO; 5 — Hempo3payHas Meperopoika; 6 —
YCUJIUTENIb CHUTHANa BEPTHKAJIbHOTO OTKJIOHEHUS JNy4a; 7 — YCWJIUTENIb CUTHaja
TOPU30HTAIILHOTO OTKIIOHEHHS JTyYa.
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OnpIT  MOKa3bIBaeT, YTO NpPHUMEHEHHe YyCUJIUTelIel  He
00513aTeNbHO, IMOCKONBKY UYYBCTBUTEIBHOCTH MOCTa, B KOTOPBIA
BKJIFOYECHB  ()OTOCONPOTHBJICHUS, Oojee dYeM JOCTATOYHO, W
MOSIBIIIETCS.  BO3MOXKHOCTh €€  peryimpoBatb. B kadecTBe
U3MEpUTEeNbHOTO  mpubopa B~ MOCT  BKIIOYaeTcs  JMOO
MHUKpPOaMIIEpMETP, TUO0 caMOMMCeELl, YTO, KOHEUHO, Jyylue A coopa
cTaTucTUKU. [luTaHme MocTa mpole BCEro OCYLIECTBIATh OT
o0bruHOM GaTapen Tumna «KpoHa» WM OT ceTH uyepe3 cTaHIAapTHBIN
npeobpa3oBaTens Ha S uian 9 B.

B wu3noxeHHoM Buae mnpubOp MNpUrOAeH A H3MEPEHHUs
3¢upHOrO BETpa C HCIIOJNB30BaHHUEM BpalleHus 3emian. B astom
clly4yae ONpeAensieTcss CyTO4yHas Bapualus, KOTOPYH HyXHO
NpUBA3BIBATE K 3BE3JHOMY (CHIEpUYECKOMY) BpeMmeHd. OpHako B
Oosee oOuieM ciayyae MpecTaBIseT HHTepeC BpalleHne MIaT(OpPMBI.

4 3
1 T ettt |
2 4
2~ ! ¢ 3
——-———————— |-|:|_/||/
1
5
6
7
I l‘ 1
[ // g
8
Puc. 11.2. IloBopoTHas Jia3epHas CKaMbs: | — )KeCTKas CKaMbsl; 2 — reJMeBo-

HEOHOBBIN Jla3zep; 3 — JETEKTOp OTKJIOHEHMs Ja3epHoro iy4a; 4 — 3epkama ¢
MOBEPXHOCTHBIM OTPAXKEHHEM; 5 — KOJbLEBOH TOKOCHEMHHUK IJIsI MOJBOJA MUTAHUS U
CHATHS CHUTHala C JeTeKkTopa; 6 — IEeTKH; 7 — MOTOp C peayKTopom; 8 —
UUTHHIPUYECKUH MOJIIUITHAK CKOJBKEHHUS ¢ MAapoBOi OMOPOii; 9 — ocHOBaHMe.
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[lpu mnpoBeseHUM OSKCIEPUMEHTa CJIEIYeT 3aMEeTHTh, 4YTO Ha
OCHOBHYIO  COCTaBJSIIOLIYI0 3(QHUPHOTO BeTpa HAaKIAAbIBAIOTCS
COJTHEUHbIC BapHalluy, T. €. AOMOJHUTEIbHbIC BO3MYIICHHS d(DUPHBIX
MOTOKOB, TeHepupyembie ComHIleM (CM. T 16). AMIUIMTYIBI 3THX
BO3MYIIEHUI MOTYT MPEBBIIATh OCHOBHBIC OTKJIOHEHHS U TIO
JUTUTEIBHOCTH COCTABJISITh OT JIOJIEH MUHYT JI0 HECKOJIBKHMX YacOB.

BoiBoabI

Usmepenne sdupHOro BeTpa SBISETCA MPUHIUIMUAAIBHBIM IS
COBPEMEHHOT'O COCTOSIHMSI ~€CTECTBO3HAHMS M JOJDKHBI  OBITh
npono/pkeHsl. PazpaboranHble B Hacrodllee BpeMs CrIocoObl 1-ro
MopsAfKa  MO3BOJSAIOT  co37aTh  MpocTble W 3(QQEeKTUBHBIC
U3MepUTeNbHbIE NPUOOPHI, HM3TOTOBJIIEHHE KOTOPBIX MPAKTUUYECKU
JOCTYITHO BCEM.

Ixkcnepument 12. UccaenoBanusi 3pupHoro Berpa ¢
noMoubI0 nHTEpPepomMeTpPOB(CIPABKA)

Hwmxe mpuBenena kpaTkas MUCTOPHS OCHOBHBIX JKCIIEPUMEHTOB
1o 3(UPHOMY BETpY, NPOBEACHHBIX ¢ KOHIA 19-r0 1 10 cepeaunsl 20-
IO CTOJIETHH.

B 1877 1. B 8 ToMe bpuranckoit sumukimonenun (c. 199-200)
Jx.K.MakcBennn UCXoAs W3 THIOTE3bl aOCOJTIOTHO HETOJBHXKHOTO B
MHUPOBOM MpocTpancTBe 3¢upa (teopus Ppenens-Jlopenua), ykazan
Ha TIPUHIMIHAATIBHYI0 BO3MOXKHOCTh H3MepeHHs S(UPHOTO BeTpa
(«ether drifty) Ha moBepxHOCTH 3eMii: 3eMJI1 B CBOEM IBIKEHUU TI0
opOHTE JODKHA HCHBITHIBATH HAa CBOEGH MOBEPXHOCTH BCTPEYHOE
IBUKEeHHE 3Qupa co CKOpocThio 30 KM/C, 4TO MOXKHO, B MPHUHIIHIIE
U3MEpHUTh, XOTA U ¢ TpyaoM. A.Maiikenbcon B 1880 r. paspabotar
CXeMy Takoro mpubopa — KpecTooOpa3HOro HUHTEpQepoMeTpa,
KOTOpas Jerjia B OCHOBY BCEX IMOCIENYIOIUX U3MEpPEeHUud 3(pupHoOro
BETpa, BHIITOJTHEHHBIX M CAMHM H €T0 TTociienoBaTesiMu (puc. 12.1).

CooTBeTcTBYyIOIINE WU3MEepeHus ObLIH MIPOBEICHBI
A.Maiikensconom B 1881 r. u 3arem Bmecte ¢ D.Mopau B 1887 r.
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[TonyyeHHble KMH pe3ynbTaTbl HE COOTBETCTBOBAIM HCXOJHOM
rUrnoTese, mokazanus npubopa gand B 10 pa3 MEHBIIYIO BEIUYUHY.
OTo OBIIO BMNOCIEACTBUM HCTOJKOBAHO KaK «HYJIEBOH pe3ysbTaTy,
YTO HE COOTBETCTBYET ACUCTBUTEIBHOCTH.

[ponomkennsie B 1905 r. 3.Mopyin cOBMeCTHO ¢ Tpodeccopom
KboiicoBckoii monsl npuknagHoi Hayku . K.Munnepom akcniepumen-
Tel Ha EBKINIOBBIX BbIcOTax (250 M Haj ypoBHEM MOps) Iaid
YCTOWUYMBHIN pe3ynbTaT B 3-3,5 KM/c, a 3aTeM BBINTOTHCHHBIE Mume-
pom B 1921-25 rr. Ha rope MayHT BuicoH obumpHbeie paboThl MOKa-
3ali, 4TO 3/IeCh CKOPOCTH dPHpHOTO BeTpa coctaBiseT 8-10 km/c.

Takum o6pa3zom, 3HaUEHHE CKOPOCTH A(UPHOTO BETpa pacTeT C
YBEIMYEHHEM BBICOTHI, YTO TIOJHOCTHIO COOTBETCTBYET TEOPUHU
MOTPAHUYHOTO CJIOS JJIsl Ta30B. BBIACHWIOCH Takxke, 4TO 3PUPHBINA
BETEp UMEET He OPOUTAITBHOE, a TATAKTUYECKOE HAIPaBJICHHUE.

0s pf e
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Puc. 12.1. Cxema u3MepeHHsI CKOPOCTH I(PMPHOro BeTpa ¢ MNOMOIIBLIO
KpecToBOoro uHrepgepomerpa Maiikenbcona: | — UCTOYHHMK cBera; 2 —
MHKpPOCKOI, B KOTOpoM (hopMmHpyeTcs uHTepdepeHIMOHHAs KapTHHA; 3 — 3epKana C
MOBEPXHOCTHBIM OTpa)KeHHEM; 4 — MOJTyIpo3pavyHoe 3epKao.

A .MaiikenbcoHoM Jdu4HO coBMecTHO ¢ @.ITucom u @.Ilupconom

ObUl TOBTOpEH CBOH 3KCIepuUMEHT Ha rope MayHT Buncon u
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moATBepXkAeHO Hammuue 3¢upHOoro Berpa (JOSA Ne 3, 1929).
ITpoBeaeHHBIE HECKOJIBKMMHU APYTUMH uccienosarensmu (Kennenu u
WnmuarBopr, a Takxke [lukkap u Crasnb) cojepxanum TpyOble
WHCTPYMEHTAJIbHBIC OMMOKN (MHTephEepOMETphl OBUTH TTOMEIICHBI B
MeTaJl/IMYECKUEe DKPaHbl), HE IMO3BOJIMBIINE UM MOJYYUTh BOOOIIE
Kakold Obl TO HU OBUIO pe3yJbTaT. IJKCIECPUMEHT, MMOCTAaBICHHBIN
U.Tayncom u [x.CenmapxoismMoM B 1958 r. mo wuccrienoBaHuUIo
JIOTIJIEPOBCKOTO CIIBUTA YaCTOT Y MazepoB Tak)Ke He Jlai pe3ylbTaTa,
MOCKOJIBKY OBIJI TMOCTABJIIEH METOIUYECKH Oe3rpaMOTHO — HCKAJCA
JIOTIJIEPOBCKUH CABUT YACTOT MPH B3aUMHO HETOJBM)XHBIX HCTOUYHUKE
Y TIPUEMHHUKE M3ITy9eHUs.

PaGoThl MO  HWCCIENOBAaHUIO  3aBUCUMOCTH  MPOXOXKICHUS
paavoBONH §-MH MHJUIMMETPOBOTO JMana3oHa ObUIA BBITIOJHEHBI B
nepuox ¢ 1996 mo 1998 rr. B XappkoBckoM HUU pagmodmsuku n
snekTpoHuku rpynmoi K0.M.I'anaeBa. ['pymnmoii B.A.AmokoBckoro B
HUWU aBuanmonHoro o6opyaosanus B T. JKykoBckoM ObLIT pa3zpaboTaH
METOJ] U3MEPEHHs CKOPOCTH 3(UPHBIX MOTOKOB C IMOMOIIBIO Jla3epa,
Jyd KOTOPOTO HCKPHBIIAETCS IOJ ACHCTBHEM JGUPHOW BETPOBOI
HArpy3Kd, M TaKXkKe ObUIM TMOJyYeHBl MOJOXKHUTEIbHBIC PE3YJbTAThI,
XOTsI CTATUCTHUKA 37IeCh OblJIa HEOOBINOM.

B nacrosimee Bpemst rpynmoii FO.M.I"anaeBa pa3zpaboran nmpudop
JUIS. U3MEPEHHST CKOPOCTH 3(UPHOTO BETpa Ha MOBEPXHOCTU 3EMJIH.
[Tpubop ocHOBaH Ha HMHEPIMOHHOCTU MEPEXOJHOTO TMpolecca o
YCTaHOBJIEHHIO 3(UPHOTO IMOTOKAa B TpyOe, KOTOpas B Tpollecce
n3MepeHusa nopopaunBaetcss Ha 1800. BpeMs nepexoaHoro mnpoiecca
ompeAenseTcs  BI3KOCTbIO  3dupa.  DKCHOEPUMEHT  SIBJISAETCS
SKCIIEPUMEHTOM TIEpBOTO TMOpsAIKa, MpHOOp o00lamgaeT BBICOKOU
YYBCTBHTEIHHOCTBIO.

IO.M.I'anaeBbIM BHISIBIICH Psii HOBBIX OCOOEHHOCTEH S(UpPHOTO
BEeTpa, OOHAPYXKEHO TPU COCTABISAIOIIMX TIOTOKA, 00IaNaroNIruX
pa3IMYHOM BSIBKOCTHIO U, BEPOSATHO, PAa3JIUYHON TMJIOTHOCTBIO.
[MpeanonoXKUTenbpHO, MepBas COCTABISIONIAS HMMEET TallaKTHYecKOoe
MPOUCXOXKJIEHHE, 3TO OCHOBHOUM MOTOK 3(upa, HANPAaBISIOMIMNUCA OT
nepudepnn TalakTUKU K ee sSapy. Bropas cocraBnstomas poxmaaercs
Comariem, paboTaIMKUM KaK TEIIOBOH HACOC B COOTBETCTBUH C PHC.
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17.5. B pa3Hoe Bpems roja OHa HMMEET pPa3HOE HaIpaBlIEHHE, YTO
XOpOUIO BHUJHO W3 NPUBEACHHOW HAa PHUCYHKE CXEMBl. Tperbs
COCTaBJIfIOINAasg — HEeCTallMOHapHAas  COCTaBJAIOIIas  IOTOKOB,
BEIOpackiBaeMbix ConHIleM. B cBoe Bpemst 3Ta cocTaBisiomas Oblia
3auKcUpoBaHa MuUIepoM, KOTOPBI OTHeC €€ K ourOkam
HaOMI0ICHHUSI.

BoiBoabI

[IpoBeneHHbIE pa3IUYHBIMM aBTOPaMU HU3MEPEHUs S(UPHOTO
BETpa TMIOKa3alll €ro HaJlnyue u COOTBETCTBUE TEOpUH
MTOTPAaHUIHOTO cos rasa. Ot SKCTIEPUMEHTHl MMEIOT
NPUHIMIHAIBHOE 3HAYCHHE JUISI Pa3BUTHUS ECTECTBO3HAHUS i1
JIOJKHBI OBITH MPOJOKEHBI U CYLUIECTBEHHO PAaCIIUPEHBI.



