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[ louemy BpaLLOETCH
BEOTYLLIKOC

A.EAPAxE, A.EOCTA
N.OTA

ET, ANOOTITANT,

E
UDAA

C/IM MN3O0THYTH ITPOBOJIOYRY,

Kak IIOKa3aHO Ha pHUcyHKe 1, mose-
CUTh Ha WIJIy W TOJKJIOYHTb K GOPHY
(nomocy) anekTpoopHON MalUHbI, a
MallHYy ITIpUBECTHU BO BpalleHue, TO U
BepTyIlIKa HaunHaeT Bpamarbcs. [Ipu-
4yeM BpallleHue MPOUCXOJAUT NPU TOJ-
KJTIOYEHUN BEPTYIIKU KaK K «MHHYCY»,
TaK U K «ILJTIOCY» MalllNHbI.

Kparkoe ynomunanue o6 aTOM OIbITe
M ONUCaHNe ero MeXaHWu3Ma MbI HaILIN
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Puc. 1

guiib B kuure /[x.Yokepa «®dusnyec-
kuii peitiepepk» (M.: Mup, 1979): «Jra
BepTyliKa ObLla IPEJAMETOM CIIOPOB Ha
MPOTSIKEHUN JIBYX CTOJIETHiA... B yue6-
HOU (pu3MUECKO JaGopaTOPpUN HHOTIA
JIEMOHCTPUPYIOT BEPTYIIKY, KOTOpas
IIPUBO/IUTCS B IBUKEHUE TIOJKJIIOUECHUEM
ee K BBICOKOBOJIBTHOMY MCTOYHUKY IIO-
CTOSIHHOTO HANpsiKeHus... Beprymika
KPYTHTCS TIOTOMY, YTO BO3/1yX BOJIM3U ee
OCTpUS HIOHU3UPYeTCs. B CHIbHOM aJIeK-
TPUYECKOM TI0Ji€ 06PA3OBABIIHECS HOHbI
M OCTPHE OKA3bIBAIOTCS 3apSKEHHBIMU
OJITHAKOBO U OTTAJIKHBAIOTCSI».

Mpb! pemman uccaeoBaTb 3TOT IIPO-
1ecc M Tonpo6oBaTh €ro OODBSICHUTD.
Bepryiky czesrany 13 MeHOI TPOBOJIO-
KU JaMeTpoM 1 MM € JIAKOBOI 301111~
eit. [lnsa ycunenusi addekra aneKkTpo-
(OpHYIO MANTMHY 3aMEHNJTHA BBICOKOBOJIb-
THBIM TIpeoGpasoBaresieM <«Paspsa-1»,
TaK YTO HA BEPTYIIKY Tellepb M0AaBaI0Ch
Hanpsukenne 5000 B. Bor uro y Hac
TIOJIY YHJIOCD.

ITpexxzie Bcero, OMBITHI MOKA3AJIH, YTO
CKOPOCTDb BpAIlleHHs BEPTYIIKU 3aBUCUT
OT B3aMHOT'O PACIIOJIOXKEHUS BePTYIIKH
U IIPOBOZA, KOTOPBIM OHA IOJCOEAUHS-
Jach K mpeo6pasoBaremo. [Ipu HekoTo-
POM WX B3aUMHOM PAacCIIOJIOXKEHUH Bep-
TYIIKa COBCEM He Bpallalach.

ITocTaBUB BepTyILIKY Ha CePeAUHY JHA
Be/ipa, TOABOJSIINII ITPOBOJ PACIIOJIO-
SKUJTH BILJIOTHYIO K €rO JIHY U CTEHKE U C
HOMOIIBIO TaIbBAHOMETPA U3MEPSLIH TOK,
TekyIuii yepe3 BepTylky. Okas3anocs,
YTO BeJIMYMHA TOKA NPU TOAKIIOUEHUN
BEPTYIIKK ¥ K «MUHYCY», U K <ILTIOCY»
npeo6pasoBare’isi He mpesbiiaga 1 MKA
U BO3HHUKAJ HeKuil 3anupaioumuii ad-
dexr.

[Tapuk, npeBapUTENTbHO 3aPSIKEHHBII
OTPHUIATEIbHO OT 300HUTOBOH IAJOUKH,
HOTEPTOI O IEePCTh, ITOAKIIOUATN K SJIeK-
TPOMETPY U OIYCKAJIH B 30HY BEPTYLIKH.
B cayyae TOAKIIOUEHUS BEPTYIIKH K
<«MHHYCY» ObLI OOHapy>KeH OTPHIATE/Ib-
HBII 3aps/, a B IPyrOM CJIydae — I10JIO-
SKUTEJTHbHDII.

BepryIka HaunHAIA BPAIATHCS, €CIIN
ee CTaBUJIM Ha JHO OaHKH U3-IIOA Ceslefi-
K1, — 3anupaomuil addext ocaabeBa.

ITogcoeanHMIN BeAPO W BEPTYIIKY K
pasHbIM 6opHaM npeo6pasoBatesisi. He-
3aBHCHMO OT 3HAKOB Ha BeJpe U Ha
BepTYIIKe, YaCTOTA BPAI[eHUS BePTYLIKH
Boapocia a0 35—40 06,/ ¢ (usmepsin
crpoGockorniom). TIpu aToM pesko Bo3poc
U TOK — OH oKaszazucs Oosee 20 MKA, a
[PU N3MEHEHUH 3HAKA HA BEPTYIIKE FAJIb-
BaHOMETp (UKCUPOBAT M3MEHEHWe Ha-
[IPABJIEHUST TOKA.

ITH OIIBITHI, KA3aJI0Ch, U IOATBEPKIAa-
JI1 UOHHBIH MeXaHU3M BpallleHUs Bep-
TYUIKH, W TIPOTHBOPEYNIIH €MY.

3areM MbI PENIMJIN ITPOBECTH OIBITHI
MO/l KOJIOKOJIOM BAaKyYMHOU TapesKi.
IIpy TOHMKEHUN [ABJEHUS B BO3IyXe
JIOJUKEH TIOSIBUTBCST TJICIONTHN paspsif,
1o (popMe KOTOPOTO MOXKHO OIIPEJEUTD
XapaKTep ABIKEHNUST 3JIEKTPOHOB U HOHOB.
Or sanuparomero addexra MbI 136aBU-
JIUCDH, TPHJIENTUB IJIACTHJINHOM K BHYT-
pPeHHell CTOPOHE KOJIOKOJIA TIO €T0 OK-
PYKHOCTHU TIOMUHUEBYTO (DOJIBTY, KOTO-

PYIO IIPOBOJIOYKOHN COEJUHUIN C OJHUM
U3 3JIEKTPOJIOB TapPEeJIKH, a UTJy C Bep-
TYIIKOW YKPEn Ha 6PyCKaxX B CepeIn-
HE TapeJiKu.

C 1moMoIbI0 BaKyyMHOTO Hacoca Ha-
YaJIl OTKAYMBaTh BO3/yX U3-TI0J] KOJIO-
KoJla, W TIpu jAaBjernn okoJsio 0,3 atMm
TOSIBUJICA TJIetonid pa3psaa. Hamm oxxu-
JlaHus TIOJTHOCTHIO OTpaBaainch. Ha-
6mogaeMasi (opmMa KaHasIa TJEIOIIETO
paspsijia TO3BOJIHIA YOeUTHCS B TOM,
YTO NP «MUHYCE» HA BEPTYIIKE C TOP-
OB KOHIIOB BEPTYIIKU CPbIBAETCS I0-
TOK 3JIEKTPOHOB, JBWKYIIUXCS IO Ta-
paGosie K poJsbre, a TpU U3MEHEHUH
MOJISPHOCTH  3JIEKTPOHHbBIE IyYKH BbI-
poiBatorcst U3 OJBIM M TaKXKe MO ITa-
paGoJjie JIeTIT K TOpIlaM KOHIIOB Bep-
tymka. OCOGEHHO OTYETJIUBO 3TO Ha-
6JTI0/1aJI0Ch B MOMEHT BKJIIOUEHUS TIpe-
o6GpasoBareJis.

Bce aTnm asKCcHepUMEHTBI CHUMAJNCDH
BH/IEOKAMEPOH, UTO MO3BOJISIIO MTPOBO-
JIUTHb TIPOCMOTP B pexkuMe may3bl. Ho,
K COKaJIEHUIO, BCell KpacoThl HAOI0/1a-
eMbIX 9 deKTOB BHIEOCHEMKA HE JaeT.

OnHAKO HA 3TOM MBI HE OCTAaHOBUJINCD.

IIpukpenus maacTuguHOM K HOJIbre
[0 OKPY>KHOCTH TBO3/JIMKHU, OCTPUSIMU K
IEHTPY BEPTYIIKA Ha €e BBICOTE, MBI
CO3/Ia I PE3K0 HEOAHOPOJHOE ToJe M
MOBTOPUJIN BeCh HKCIIEPUMEHT. B aTOM
cJIydae BBITIeoNcaHHble 3(DdEKTHI BbIT-
ssiienu enie y6enuTesbHee U KpacuBee.
[l GostbIell HATJISITHOCTH MBI «3aCTO-
MOPHUJIM» BEPTYIIKY IJACTUINHOBBIM
CTOJIONKOM W TIOJIYYUJIH BO3MOXKHOCTD
6€e3 IoMeX PasrJsiIbIBaTh GOpMy KaHaIa
TJIEIOIIETO Pa3psjia.

3aTeM Mbl TOBECHJIM HA WIJY Mpsi-
MyIO TIPOBOJIOUKY W ONSTH MOBTOPUJIN
Bechb aKcrepuMenT. [IpoBosiouka He Bpa-
I[aJ1aCh, XOTSI MBI U IIBITAJINCH BBIBECTH
ee M3 COCTOSIHUsI TIOKOsI, Pe3KO MOBOpa-
yuBasg TapesKy. Bo3HWKJA MBICIbB, YTO
BpallleHre MPOUCXOUT 32 CUET 3JIEKT-
POHHBIX Iy4yKoB. O/HAKO, KOrJa IIOJ
KOJIOKOJIOM TapeJsiKu ObLIO CO3[JaHO Pa3-
pekeHme Ha Tpejiesie BO3MOXKHOCTEH Ha-
coca U ObLIM TIOBTOPEHBI OIBITHI, OKa-
3aJ710Ch, YTO BEPTYIIKAa He Bpaifaercs!
HeG6oubiiioe cBeueHnme OCTAaTKOB Tasa
SIBHO TOBOPWJIO O TOM, UYTO 3JIEKTPOH-
Hble MyYKU KakK O, Tak u uayT. Core-
JIOBATEJIbHO, BPAIlEHUE BEPTYIIKU IIPO-
UCXO/IUT HE 32 CYET HJIEKTPOHHBIX ITyY-
KOB?

MBI OCTOPOKHO HAYaJIN BITyCKATD MO/
KOJIOKOJI BO3/1yX — IIPH /IaBJIEHIH OKOJIO
0,1—0,12 arm BpaleHue BepTYIIKU BO-
300HOBHJIOCh. 3HAUYUT, €€ 3aCTaBJISIIOT
BpAIATHCST NOHBI?

W eme oaus onvit. IIpoBosouky B6I-
31 KOHIIOB 3arHyJI KOJIbI[AMU B IIPOTHU-
BOMOJIOXKHBIX HAIIPABJEHUSX, TIPHYEM
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TakK, ‘lTOébI KOHIIbI YTINPAJIUCh B IIPOBO-
qouxy (puc.2). Ilpu mogade Ha Takyio
BEPTYIIKY KaK «ILIIOCa», TaK M <«MHHY-
cay BpallleHue TPOMCXO/INJIO TIPOTHB Ya-
coBoli crpesku. Ho ecamm KOHITBI KoJielt
He yIHPAIOTCs B IPOBOJIOYKY, BEPTYIIIKA
1pu J1I060M 3HAKe BpAIAeTcs MO 4aco-
BOU CTpeJiKe.

3areM Mbl NIPOBEJN Cepuio HabJIo/Ie-
HUHI 3a TIOBeJIeHNEM BEPTYIIKU B Bejpe,
3AII0JTHEHHOM BOJIOI WJIM KOMITPECCOp-
HBIM MACJIOM, TIPU YCJIOBUU YTO BEPTYIII-
Ka M BeIPO MOJKJIYAJUCH K Pa3HbIM
6opHaM mpeobpas3oBaTeis.

OxkasaJioch, 4TO B BOJIE BEPTYIIKA He
Bpaiasack. Bo3MOXKHO, 3TO CBSI3AHO C
TEM, YTO OTHOCHUTEJIbHAS [IMAJIEKTPHYEC-
Kas MPOHUIIAeMOCTb BOJAbI paBHa 81 u
narnpsixenne, pasHoe 5000 B B Bo3ayxe,
npespariaercs B Boje B 60 B. [lsig mpo-
BEPKU MbI [IOCTaBUJ/IN BEPTYLIKY B IIyCTOE
BeJpo W TOoAaIN Hampspkerune 44 B —
BEPTYIIKA HEe BPAIAIACh.

Puc. 2

MATEMATUUYECKUN KPVYJXOK

OrHocuTeIbHAS AUATIEKTPUYECKAs I1PO-
HUIIAeMOCTb MacJja Bcero 2,5. B macue
BepTyIIKa Bpallajach, MpaBjia BecbMa
MeJJIEHHO, TaK KaK BEJIMKO MeXaHudec-
KO€e COTIPOTHBJIEHNE ABIKEHUIO. BOm3u
KOHIIOB BEPTYIIIKM BO3HUKAJIO CBEUYEHHE,
06PAa30BBIBAJICS KAHAJ TTY3bIPbKOB (Mac-
JIO KUTIEJ0) U HAGMOAANOCh IBUKEHIE
MacJia OT TOPIOB KOHIIOB BEPTYIIKN.

W Tyt noasunack unes. Iloxoxe, uro
MeXaHU3M BPAIeHUsI BEPTYILIKYU TOT XKe,
YTO U y HIPSIMOTOYHOTO BO3/YIIHOTO pe-
aKTUBHOTO BHrartesiss. B HeM HaGeraro-
KT HOTOK BO3/lyXa HarpeBaeTcs B Kame-
pe cropaHus, ¢ OOJBIIOH CKOPOCTBIO
BBIOPACBIBAETCSI U3 COILIA U CO3JAET pe-
AKTHUBHYIO CUJIy. ¥ BEPTYIIKU POJIb «Ka-
Mepbl CrOPaHUs» UTpaeT 2JeKTPUYECKIi
TOK, KOTOPBII «pa3orpeBaeT» HeHTpaJib-
Hble MOJIEKYJIb, B pe3yJIbTaTe 4ero UX
UMITYJIbCbl BO3JI€ TOPIIOB KOHIIOB Bep-
TYIIKKA BO3PacTaloT — M BEpPTYIIKA Bpa-
maetcsi. IIpuTok HOBBIX MOJIEKYJI obec-
[eYNBaeT OKPY’KAIoIIas cpe/ia.

(TToxosxuil MeXaHU3M BpAIeHUs] — U
KPBLIbYATKU PaJoMeTpa, HO TaM Harpe-
BaHHE BO3/yXa IIPOUCXOJUT 3a CUET U3-
JIy4eHHsI, a Pa3HOCTb CKOPOCTeil BIKe-
HUS MOJIEKYJI BO3HUKAET 3a CYET pasJiu-
YISl TeMIepaTyp 3a4epHeHHOI 1 6J1ecTsI-
el CTOPOH KPBLITbYATKH. )

Uro6bl yO6equTbcsl B IIPaBUJILHOCTU
HAIIEro NPEANIONOKEHNs, HaJ0 GbLIO
HarpeTb BO3/yX BO3Jie TOPIOB KOHIIOB
BePTYIIKY, He HOJAKJIIoYas ee K IIpeol-
pasoBaresio, M IMOCMOTPETb, OYAET JIH
BepTyIIKa Bpamarbes. lopsime cBeun
He nomorsu. Torma Mexzay aleKTpoja-
MH, PAaCIIOJIOKEHHBIMU B BePTUKAJIbHOI
IIJIOCKOCTH M TIOJIKJIIOYEHHBIMU K IIpe-
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06pa3oBaTeio, CO3/1aJi UCKPOBOU pas-
P/l U B €ro 30HY IIOMECTUJIM KOHeIl
BepTylIKK. Bparienne Havanoch, HO ...
[IPOMCXO/INJIO OHO HCKJIIOUUTEJbHO 34
CUET 3JIEKTPOCTATHYECKOTO B3anMOJIeii-
CTBHUSI, IOPOKIEHHOTO 3JIEKTPOCTATHYCC-
KOW MHIyKIHeH.

IIpu 3TOM BBISICHHIIOCH, YTO €CJIN TOP-
I[bl BEpPTYHIKKM 06paboTarhb HAIUJIbHU-
KOM, 4TOObI OHM HE MMEJH 3a0CTPEHUI,
BepPTYIIKAa BCe PABHO BPAIIACTCH.

ITpo6GoBasu nogaBath epeMeHHoe Ha-
Ipsi’KeHNe ¢ BBIXOJHOU OGMOTKH TpaHC-
¢opmaropa nnpeobpazoBareisi — BEPTYIII-
Ka Bpallfajach. A KaK KpacHBO BbITJIA/Ie
3TOT OIIBIT IPY BO3HUKHOBEHUH TJIeIolIe-
ro paspsnaal

Wrak, nopa genatb BBIBODI.

Bo-nepBbIx, /171 BpalieHus: BEPTYUIKI
He SIBJISIETCS] HeOOXOAMMBIM HU 320CTpe-
HUE ee KOHIIOB, HU HOJKJIOYEHHE K HC-
TOYHMKY MTOCTOSTHHOTO HAIPSIXKEHUS.

Bo-BToppIX, BecbMa BepOSITHO, 4TO
BpallleHHe BepTYHIKH TPOUCXO/UT 32 CUET
HECKOMIIEHCUPOBAHHOTO UMITYJIbCa Ta30-
BbIX MOJIEKYJI, B3aUMOJEHCTBYIOIUX C
BEepPTYNIKOH. BoJbInoit uMITyJibc MMeoT
MOJIEKYJIbI T'a3a, HarPEBAIOIIETr0Cs B 30He
KaHaJIa 9JIEKTPUYECKOTO paspsiia, BOJIH-
31 TOPIIOB KOHIIOB BEPTYIIKH.

B-Tperbux, anexTpuieckuii TOK B 3TUX
OIBITAX OKA3bIBAETCS HEOOXOIUMBIM 1
HaunboJsIee yA0OHBIM CPEACTBOM HAarpeBa-
HUSL CPE/IbL.

O/lHaKO OCTaJIOCh COMHEHHUE: MOKET
ObITh, TIPU BPAIIEHUH BEPTYIIKA HMeeT
MECTO ¥ HOHHBbIH MEXaHWM3M, M TeIlIO-
Boii? Ho B Kakoit mpomopiun?..



