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Beeoenue

CocTosiHME 3HEPreTUKH B COBPEMEHHOM MHPE BBI3bIBACT
TpeBory. 3a XX CTOJETHE SHEProOBOOPYKEHHOCTh Tpyla —
[I0Ka3areib NOTPEOIsSIeMO MEXaHMYECKOH U AJIEKTPUYECKOU
SHEpPruH, 3aMEHSIoNEe pydyHoOW Tpyd, yxe B 1976 rony
npeBbicil ypoBeHb 1913 rona B 34 pasa, ceifuac 3TOT ypOBEHb
COCTaBJISIET HECKOJIBKO COTEH €IMHHII. DHEProBOOPY>KEHHOCTb
CTpaH BecbMa HepaBHOMepHa. Hampumep, YHCIEHHOCTb
HaceneHuss CHIA cocrtaBiasier Bcero 5% OT 4YHMCIEHHOCTH
Hacenenus 1aHetsl, HO CIHA motpebmsror 50% Bcei
JI0OBIBaeMOM Ha TUIAHETE DHEPTuH, T.e. Kaxkabld xurens CIHIA
notpebnsier dSHepruum B cpeaneM B 20  pa3  Oosnbiie
CPEIHECTaTUCTUYECKOTO JKUTENs IulaHeTsl. HyXHO mpu sTom
YUUTBHIBaTh, YTO HACEJIEHHME 3EMHOI0 IIapa MpOAOKAeT
yBenmuuuBathes, u B 2000 roxy cocraBuio yxe Oomnee yem 6,5
MUWIMApAoB  yenoBek. Ha  mpous3BoacTBO — IpeIMETOB
noTpeOdJIeHus AJ11 HUX HY>KHO SHEPIUU Bce OOJIbIle U OOJbILIE.

Kak u3BecTHO, OCHOBHAs 3HEprusi, MoJyyaemasl 4eIOBEKOM
JUISl IPOU3BO/ICTBA, TPAHCIIOPTA U OTOIUIEHHUS, — 3TO SHEPIUsl OT
COKMTaHUS MCKOTIAeMbIX SHEPTOHOCUTENEH — YIuisd, He()TH U Ta3a.
Takue cTapple SHEPrOHOCHTENH KaK TOP( MU TOPIOYHE CIIAHIIBI
y)K€ JIaBHO HE 3aHMMAIOT JOMUHUPYIOUIETO TMOJIOKEHUS B
SHEPreTHKE, /1a U KAMEHHBIN yrojib IPaKTUUECKU YK€ UCUEpIIaH.
W wedTh, U raz, ckopo OyIyT M3pACXOIOBAHBI, MPUOINKEHHE
KOHIIA OKUJACTCS YXKe B Onrpkaiime necatuietus. X octaTku
NBITAIOTCS  TIPUCBOUTH ce0e pa3BUTHhIE KalUTATHUCTUYECKUE
CTpaHbl, KOTOpbIE JaBHO HM3PAacXO0/I0BaJM CBOU HallMOHAJIbHBIE
peECYPCHl M MONAIM B DHEPrETHUUYECKYI0 3aBUCUMOCTb OT CTpaH
“rperbero mupa’: yxe B 1939-1945 rr. 9/10 3amacoB HedTH
HaXxOQWJIOCh B CTpaHax ‘“‘TpeTbero Mupa’, a CErOoJIHs
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NPAKTUYECKH BCS SHEPreTHKAa DPa3BUTHIX KaMTAIUCTHYECKUX
CTpaH 00ECTICYMBAETCS UMIIOPTHBIMH HEPTHIO U Ta30M.

[Ipu »TOM, Kak BBISICHWJIOCH HENAaBHO, C)KUTAHUE
HCKOIIaeMBbIX 3HEPrOHOCHUTENIEH 3a CYET KUCIOpo/a aTMOC(epsl
MOXET TPHUBECTH K KaTacTpOPUUECKUM U HEOOpaTHUMbIM
HOCHEICTBUAM  HU3-32  HEAONYCTUMO  OOJIBIIOTO  pacxoja
KHCJIOPO/a U BEIOpOca B aTMoc(epy YyriaeKucIoro rasa, a Takxke
[IapOB CEPHOI M CEepHUCTON KUCIOT U MHOTUX ApYyrux. Beiopoc
YIJIEKUCIOro Tra3a CHOCOOEH co37aTb TakK  Ha3blBAEMBbII
“mapHUKOBBIA 3P (HEKT’ W TPHUBECTH IUIAHETY K IEepPErpeBy.
Bpenusie e ra3sl MOTYT OTPaBUTh HE TOJBKO atMochepy, HO U
IIOYBY, U BOAY.

[TombITKy pemuTh HSHEPTETHUECKYI0 NpodJIeMy 3a CcueT
IPUMEHEHHUs] AaTOMHBIX 9JIEKTPOCTAHLMN HeNb3sl NPU3HATh
MOJIHOCTBIO yAauHOU. Bo-mepBhiX, aOCOIIOTHO O€30macHbIX
npoektoB ADC He CylecTByeT, CTPOUTEILCTBO HEKOTOPBIX U3
HUX, Hampumep, 4-ro sHepro6soka YepnoObuibckoii ADC u
psana Apyrux ObUIO NPOM3BEACHO 0€3 ydeTa TIeoJOTHYeCcKOM
00CTaHOBKM, a 3TO YpPEBATO OuYepeIHbIMH KaTacTpodamu. Bo-
BTOPBIX, KaK BBIICHWJIOCH, 3aI1achl YpaHOBOH py/bl, IPUTOAHOM
JUIsl 00pabOTKHM U MCIIOJIb30BaHMSI B aTOMHBIX PEAKTOpax, TOXKE
MOryT OBITH HMcuepliaHbl B Onmkaiiiem OyayluieMm, IpaBla, B
HECKOJIBKO 0oJiee OTAaIEHHOM, 4YeM He(Th U Ta3. A B-TPETbUX,
3eCb HalUIO IpobiieMa 3aXOpPOHEHMs KpailHe BpeIHBIX
PalMOaKTUBHBIX OTXOJIOB, C YE€M YK€ CTOJKHYJIHCH BCE CTPAHBI,
skcrutyatupytomue ADC. Ilostomy npobiema octaercs.

Okojoruyeckasi MpoOjeMa JHEPreTUKH MOXET ObITh
YaCTUYHO peIIeHAa IyTeM HCIHOJIb30BAHUS BO300HOBIISEMBIX
HUCTOYHUKOB — JIECOB, OJHAKO HX 3allachl HEBEIUKH, a HUX
YHUYTOXKEHHE ©0€3 TMOJIHOrO BOCHPOM3BOJICTBA, 4YTO TOXKeE
XapakTepHO ISl HACTOSIIEr0 BPEMEHHW, TaKXkKe BeleT K
rUOENIbHBIM YKOJIOTHUECKUM TOCIIEACTBUSAM.
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B asrycre 2007 r. BHOBb BCHOMHHUJIM O «TEPMOSIAEC» -
crocobe TMOJy4eHHs] SHEPTrUU C TOMOIIBI0 TEPMOSIEPHOTrO
cuHTe3a. MOXHO COTJIACUTBCS C TEM, YTO PELICHHE MPOOIEMBI
TEPMOSJICPHOTO CHHTE3a MO3BOJUT PEIIUTh U IHEPTeTUUYECKYIO
npobiemy.  OmHAaKO  TPYAHOCTH  CO  CTaOWIHM3aIUeH
BBICOKOTEMIIEPATYpHOIl IUIa3Mbl He OBUTM MPEOIOJCHBl 3a
npomeamue S50 €T, W Ha3HAYEHHBIM HOBBIM CpPOK —
nononHuTenbHble 50 et 6e3 0003HAaYeHUs HOBBIX HJIEH IO
CTa0MJIM3alUH TUIa3Mbl HE J]a€T HUKAKOH YBEPEHHOCTH, YTO Ha
ATOM IyTH SHEpreTHyYeckKas npodsiaema OyneT pelieHa.

BbIxooM H3 co3aaBIIerocs TSKEIOro MOJI0XKEHUS SBIISETCS
NPUMEHEHHEe  TaKUX  HCTOYHUKOB  DSHEPruu,  KOTOpHIE
IPUHLMIINAIBHO HEUCUYEPIIAEMBbl, U TAKUM CIOCOOOM, KOTOPBIH
o0ecnedynT CTaOWIIM3ALUI0 OKpPYXKAIOIIEeH Cpelbl MPaKTHUYEeCKH
Ha  J1I000M OTPE30K BpPEMEHU. IDTO 3HAUUT, YTO HYKHO
UCIONIb30BaTh  yCTPOWCTBA, CHOCOOHBIE MPeoOpa3OBHIBATH
SHEPrHul0, COJEpKaIlylocs B  OKpYyXKarolledl cpenae, B BUJA
SHEPruM, TMPUTOAHBIA i HUCHOJIB30BAaHUS UYEIOBEKOM B
npakThdeckux nensx. I[lpu stom pomkeH ObITh oOecreyeH
Kpyroo0opoT SHEpruu: TOCIe HCIOIb30BAHUS BCS DHEPIHUs
JOJDKHA BO3BpAIATHCSI B TMPUPOAY M MMEHHO B TOM BHUJE, B
KOTOpPOM OHa ObliIa U3bsATa U3 HEe.

OpHako Ha MYTH peaTU3allld dTOU, OE3yCIOBHO, BHITOIHOMN
UIEH CTOST 3acJIOHBl B BHJE YCTAaHOBIEHHBIX HAyKOU
[IOJIO)KEHUH, B COOTBETCTBUM C  KOTOPBIMH  3TOTO
NPUHIMIIUATIBHO CcAeNnaTh Henb3ss. OIHUMH U3 HUX SBISIOTCS
MOJIO)KEHUsT TepMoauHamuku, ee Ilepsoe m Bropoe Havana.
[TombITKH CO3/1aTh o/100HbIE yCTpOWCTBa BCerza
MPUPABHUBAIIUCH K TOMBITKAM CO3JIaHUs BedHBIX JBUTATENCH
(perpetuum mobile — Beunoe nBHXXEHHE), KOTOPHIX OBLIO
CHPOEKTUPOBAHO BEJIIMKOE MHOYKECTBO, HO BCE OHHM HE paboTalu.
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B 1775 rogy ®panuy3ckas akaaeMuss HayK IpeKpaThiia
paccMOTpPEHHE MPOEKTOB BEUHBIX JBUTATENIEH, a B cepearHe 19-
IO BEKa YCTaHOBJIEHHWEM 3aKOHA COXPaHEHHs PHEPruu Oblia
JIOKa3aHa MX NpUHUUNHAIbHAA HeocylecTBUMOCTh [1]. C Tex
IIOp IIPOEKTHI MOJOOHOTO POJIa OTBEPIaIOTCSI BCEMH CEPHE3HBIMU
yueHbIMU 0e3 paccMoTpeHus. U Bce Obl1o ObI 371€Ch B MOPSJIKE,
ecny Obl 5TU y4YeHbIC HE IyTaJl MOHSATHS M HE MOJBOIMINA OB
oA TOHATHE “‘BEUYHBIX JIBUTATEJICM’ CHCTEMBI, K JTHUM
JIBUTaTEJISIM HE UMEIOILUM HUKAKOTO OTHOLIEHMS.

B HacTosmee Bpems  paszaMuUHBIMU - HM300peTaTessiMU
IIPEJIOKEHO M YaCTHUYHO DPEAJU30BAHO HEMAJIO IIPOEKTOB, B
KOTOPbIX JHEPrUM IOJYy4e€HO OoJiblle, YEeM  BIIOXKEHO.
[ToaTBepaMB 3TO SKCHEPUMEHTANBHO, H300peTaTeI HAYNHAIOT
yIBEpXKJaTb O  HECIPABEUIMBOCTH  H3BECTHBIX  3aKOHOB
TepMOJMHAMHUKHA,  HMMeHyeMblx B  Hayke  “Hauvamamm
TEPMOJIMHAMUKH’, B COOTBETCTBUH C KOTOPBIMH 3TOI'0 HE MOKET
ObITh. He MOTyT OTBETUTH Ha ATOT BOIPOC U TAK HA3bIBAEMbIE
“cepbe3Hble YYEHbIE’, KOTOpPbIE B LIENSAX COXPAHEHHS CBOErO
IIPECTHKA BCIUYECKH YKIIOHSIOTCSI OT paCCMOTPEHUS IPOOJIEMBI.

[TosToMy Hacrtana mopa, MO BO3MOKHOCTH, pa3o0parbesi ¢
STUM 3allyTaHHBIM BOIIPOCOM M IIOCTapaTbcs BCE IMOCTaBUTh Ha
cBou Mecra. Torzma, Moxer ObITh, M mpoOieMa NOJy4YEeHUs
SHEPrUH U3 OKPY’KaIoLEel cpe/bl OyJeT pelieHa.

Crenyer HaIOMHUTb, YTO MpobJsieMa MOJYyYSHUs SHEPTUU U3
OKpY’KaIOILIEr0 IPOCTPAaHCTBA B CBOE BpeMs Oblaa pelleHa
cepbckuM yuensiM Hukormoit Tecna.

Benukwuii cepOCKuMil 3yeKTpoTeXHUK-u300peraTens Hukomna
Tecna poauncst B 1856 rony u paboran 1o 1882 r. uHkeHepom
tenerpaduoro obmectsa B bymanemre, ¢ 1882 mo 1884 rr. B
koMmnanuu OaucoHa B [lapuxe, a 3atem smurpuposan B CIIA
u ¢ 1884 r. paboran Ha 3aBojax DnucoHa u Bectunraysa.
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3a cBow xku3Hb Tecna M300penT MHOMKECTBO Pa3TUYHBIX
IIEKTPOTEXHUYECKUX YCTPOMCTB - MHOro(a3Hble
ANIEKTPUYECKUE MAIlMHBL, B TOM 4YHCIE ACHUHXPOHHBIE
JIEKTPOABUraTeNN, CUCTEMbI Iepeladd SHEPrHH MOCPEACTBOM
MHoroasHoro mnepemeHHoro Toka, B CHIA 3amyctun psa
IPOMBIIIICHHBIX 3JIEKTPOYCTAaHOBOK, B TOM uuciie Huarapckyro
I'9C (1895), xpynneiinyto o tem BpemeHaM. C 1889 r. Tecna
IOPUCTYIIMJI K HCCIIEAOBAaHUSM TOKOB BBICOKOM YacTOThl U
BBICOKMX HampspkeHuil. OH wu300pen mepBbie  0OpasLbl
JIEKTPOMEXAaHUYECKUX T'€HEPATOPOB BBICOKOM YacTOThl MU
BBICOKOYACTOTHBIN TpaHcpoOpMaTop, TOJYYUBIIMNA Ha3BaHUE
«rpancpopmarop Tecnb». Ilon ero pykoBoJICTBOM COOpYXeHa
paaunoctanuus Ha 200 kBt B mwtate Konopano. B atu ke rozst
Tecna CKOHCTpYyHpOBall Psii PajiuOyIPaBISIEMbIX CaMOXOIHBIX
MEXaHU3MOB («reneaBToMaToBy), nocie 1900 roma momyuun
MHOYKECTBO MATEHTOB Ha M300pETEHUs B Pa3IUYHBIX 00JacCTAX
TEXHUKd — OJJIEKTPUYECKUH CYETUUK, YacCTOTOMEp, Pl
YCOBEPILICHCTBOBAHUN B pajnoariaparype, napoBbiX TypOUH U
T.I.

Vxe BO BpeMs KM3HM Teciabl O HEM XOAWIM JIETeH[BI.
Muorue ero w3o00pereHus paboTalii HE 1O TpaBHIIaAM,
CO3JJaHHBIM K TOMY BpEMEHM B TEOPETUUYECKHX OCHOBaX
JJIEKTPOTEXHUKH,  KOTOpbIE  JEUCTBYIOT  ITOHBIHE. B
COOTBETCTBUM C 3TUMH OCHOBAMHU TECIIOBCKHE YCTaHOBKU
BOOOIIE HE JTOJDKHBI paboTaTh, HO OHU PadOTaNM, JIMIIHUK pa3
NOATBEPXK/as, UYTO HHUKaKas TEOpUs HE OTPakaeT BCEro
MHOT000pa3usi NPUPOIHBIX SIBICHUM.

PacckaszpiBanu, yro Tecna n3o0pen aBTOMOOWIb, KOTOPBIH
€311, HUYEM HE 3allpaBlisisiCh, deprias IHEPrui0 HEU3BECTHO
oTkyna. MmeHHo emy mnpunuceiBain (enomeH TyHrycckoro
METeOpUTa, KOTOPBIA SIKOOBI  SABIISJICS  CJIEACTBUEM  €ro
HEYJayHOr'0 OIbITa MO OECHpOBOJHOW TIeperadye SHEPrUu
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(ocTaTKOB MeTeopUTa Tak W He HauwiM). M eme paccka3biBaiy,
yT0 MopraH, aMepuKaHCKUH He(TSHOW KOpOJib, OBLT KpaiiHe
00ECIIOKOCH €ero ycIleXaMu, BO3MOKHO TIOTOMY, 4TO MOJy4YeHHE
SHEpruM u3 Huvero (U3 sdupa) CTaBUIO IMOJ COMHEHHE €ro
HeTSIHBIE JIOXOJBL. I'oBopsr, Moprax HPUHSI
COOTBETCTBYIOIIME MEPHI, MOTOMY 4TO JiabopaTopusi Tecsl,
KOTOpylo  cybcuaupoBan  Mopran, BApyr  Iepecraia
CyIIIECTBOBaTh, U JO CBOEWU CMepTH, mocienoBaBiieid B 1943 r.
Tecna yxe HU4ero KpymHoro He c/efail.

Haubonbiyro 3araaxky npeactaisiii cOOON ero 3HaMeHHUTHII
Tpanchopmarop, ¢ IOMOIIBI0 KoToporo Teciaa Ha 9acTtorax B
COTHU KHJIOTEpI] Mmojiyyan HampspkeHus 10 15 mwmmunonos (!)
BOJIT. Teopuu 3TOro Tpancopmaropa He CYIIECTBYET JO CUX
nop. [la u cam TpaHchopmaTop BBITTISAUT KaK-TO HEOOBIUHO:
TpaHnchopMaTop HE HMEET JKEJIE3HOrO CEepJCYHUKA, €ro
nepBuYHas oOMOTKa M3 OY€Hb TOJCTOrO MPOBOAA HAXOIUTCS
CHapy’k{, a BTOpUYHAasi BHYTPH, B IEPBUYHYIO LIETIb BKIHOYAETCS
BBICOKOYACTOTHBIA Pa3psIHUK, KOTOPBIA HAJ0 HACTpauBaTh B
pPE30HaHC ¢ KOHTYpOM, 00pa30BaHHBIM MEPBUYHON OOMOTKOU U
KOHJZIeHcaTopoM. B a3tom Tpanchopmarope KodhduUueHT
TparcopMaIii He COOTIOIAaeTCs, T. K. Ha BBIXOJIC HANPSOKEHUE
MOJIy4aeTCsl 3HAYUTENBHO OOJIbIlle, YeM J3TO CJenyeT u3
OOBIUHBIX PACYETOB. A, BOPOYEM, KTO €0 3HAET, BEJb HUKTO TaK
M HE TMpoBepsUl BCeX IMapaMeTpoB U HE IPOU3BOIUI
HEO0OXOIUMBIX PacyeTOB, IOCKOJIbKY HUKAKON METOI0IOTHH JIsI
ATOr0 TaKk HUKTO U He co3fan. M mo sToil ke mnpuynHe
HampaBlieHue, paspabaTtbiBaeMoe Tecnoif, He MOIY4MIIO
pa3BuTH, TeM OoJiee, YTO TOrJla YK€ Hayanach 3pa BaKyyMHOI
TEXHHUKH, B KOTOPOH Bce ObLIO SICHO.

OnHako cerojgHs BO3HUKIM COOOpakeHus, 4To K paboram
TUMa Tex, Kotopele mpoBoaun H.Tecna, Hamo Obl BEpHYTHCS.
OTO CBS3aHO C TOSBICHHEM HOBOW 00JACTH TEOPETHYECKOM
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buzukn  —  DPUPOAMHAMUKH,  KOTOpas  BOCCTaHOBHWIJIA
npeAcTaBieHuss 00 adupe —  razomoAo0HON  cperne,
3aMONHSIONIE BCE MHPOBOE IPOCTPAHCTBO. DUp OKazajics
ra3oM, Ha KOTOPBII PacIpOCTPaHSIIOTCS BCE 3aKOHBI OOBIYHOM
ra3oBod MEXaHUKH, U TMOSBUWJIAch I€pBas BO3MOYKHOCTb
paccMOTpeTh ¢ ATHX MO3UIMI padboTy Tpancopmaropa Tecisbl,
KOTOpBI ~ KakUM-TO  00pa3oM  depmaeT  SHEprur  u3
OKPY’KarOILEro IIPOCTPAHCTBA. [TocTaBneHHbIe
MpEeABAPUTEIIbHBIE  OMBITBI  TOBOPSAT O  MNPUHIMIHAIBHOU
BO3MOXXHOCTH 3TOro. JT0 TeM OoJiee BEpOSITHO, UYTO CETOAHS
CYUIECTBYIOT TaK Ha3blBa€Mbl€ TEIUIOBBIE HACOCHL, a IIPOLIE
rOBOPsI, OOBIYHBIE XOJIOAWIBHUKH, KOTOPHIE YEpPIAIOT SHEPTHUI0
U3 OKpPY)KAIOIEro IPOCTPAHCTBA M BO3BpALIAlOT €€ TyAa XKe,
MpeBapuTeNIbHO 00OorpeB momemieHue. Mx kg Bcerga u
MPUHIUIIHATBEHO Oonble eauHuibl. Tpanchopmartop Tecibr
SBIIIETCSI, BEPOSITHO, IMOJOOHBIM >K€ TEIJIOBBIM HAaCcOCOM, HO
YEepIAIOLUMM CBOI HJHEPrHI0 HE U3 PEKH, KaK 3TO JENaroT
OOBIUHBIE TEIUIOBBIE HACOCHI, a M3 OKpyxkaromero >¢upa. U
CXEMbl TIOJY4alTCs JOCTATOYHO MNpOoCThiIMU. TpynHocTH
BBI3bIBACT MOJ0OP PEKHMMOB BCEX COCTABISAIOUINX IEMH, a IS
ATOTO HY)XHA TEOpHs, Hy)KHa JIaOOpaTopusi, OCHALICHHAS XOTs
Obl HEKOTOpbIMH mpuOopamu. M, TIaBHOE, HYXKHBI JIIOJH,
KOTOpbIE HMEITU OBl JKEJlaHWE U TEPIICHUE BBITIOTHUTH
nonobunyto padory. Iloka 3a mapom. Ho ecnu uto-to HauHer
10JIy4aThCs, TO. ..

Bor mosTomMy aBTOp 3TOil OpoLIIOPBI, KOTOPBIA CO3/aal
3¢UpOAMHAMHKY, HO HE HMEeT JadopaTopuu, ¥ PeIInI
MOJIETUTHCSI CBOUMHU COOOPAKEHHUSIMH C TFIOOUTENSIMHU MOT00HBIX
HAy4YHBIX IPUKIIIOUYEHUN. A BIpyr?
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naBa 1. TennoBble HAacoOCbI

1.1. «Beunwiit osuzamensvy, Hauana
mepmoounamuxu u Tennosasn cmepmv Becenennoii

B cooTBeTcTBUM C KJIACCMYECKUM OIPECIIEHUEM, BEUHBIH
JIBUTATEIb - 3TO MAIlIMHA, KOTOpasi, OyAy4d OAMH pa3 3aImylieHa
B XOJ, coBepliana Obl IOJE3HYH0 paboTy HEOrPaHWYEHHO
JI0JITO€ BpeMsl, He 3aUMCTBYs 3Hepruto u3BHe. [locnennss ¢pasa
“He 3aMMCTBYsl SHEpPIMI0 U3BHE  O3HAa4yaeT, 4YTO OJHEprus,
cojiepkaliasics B OKpY’Karolled cpesie, HE UCHONb3yeTcs s
IONOJHEHNUSI 3HEPIMM  JBIXKYLIUMXCS YacTell MeXaHu3Ma
JIBUTATEIS.

Ha puc. 1 noka3ansl npuMepsl MONBITOK CO3/IaHUSI BEYHBIX
naBurareniedl. B aTux npumepax npenmnosaraercs, YTo HEKOTOpoe
TSKEJIOe TEJI0, COBEpIas 3aMKHYTBIM IyTh, BO3BpALLAETCS B
HCXO/IHOE TOJIOXKEHHE, MOIYTHO COBEPIIMB IOJIE3HYIO PadoTy.
OnHako TSHKENOe TEeNO B MEXaHM3ME HE TOJIBKO COBEpLIAET
NOJIE3HYI0  paboTy, HO M pacTpayuMBaeT DSHEPruI0 Ha
IpeojioJieHue TpeHus MexaHus3ma. [loatomy, u3pacxonoBaB
SHEPIHUIO MEPBOro TOJYKA Ha COBEpLICHHE MOJE3HOU paboThl U
Ha TEIUIOBBIE IMOTEpPH, BCS CHCTEMa Tel HEU30eXKHO
OCTaHaBIIUBACTCA.
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Puc. 1. BapuanTbl KOHCTPYKIIMH BEYHOI'0 ABUTATE/Is:
@) C TIepeKaThIBAIOLICHCS 3aMKHYTOH 1ETIBIO; 0) C epeKaThIBAIOIIUMHUCS IIapaMH.

B 0Oosiee CIOKHBIX KOHCTPYKIHSIX MEXaHHYECKas SHEPTHUS
npeBpaliaerca B APYrod BUI — TEIUIOBYIO, DJIEKTPUUYECKYIO U
T.I., HO CYTh OCTaeTCs TOW Xe€: B COBEPUICHHUM IOJE3HOU
paboThl UCIIONB3YETCSl HHEPTUSI IEPBUYHOTO TOJMYKA M IO Mepe
€€ HU3pACcXOJOBaHHUS CHUCTeMa oOcTaHaBiuBaeTcs. Hukakumm
MpEeBpalICHUSIMI  HEJIb3S YBEIUYHUTH 0OOIIee  KOJIMYECTBO
SHEPrUM B CHCTEME, U ITO 00menpu3HanHo. [103ToMy HHUKaKuX
BEYHBIX JIBUraTelsieil ObITh HE MOXKET.

HeBO3MOXXHOCTh ~ CO3[IaHUSI BEYHOTO JIBHTATeNs ObLIa
MOATBEpKJIeHA B cepenuHe 19-ro cronetus GpopMyIupoBKaMu
[TepBoro u Broporo nauan tepmoauHaMuxu [2].

[lepBoe Hayamo TEPMOAWHAMUKH YTBEP)KIACT, UYTO €CIHU
CUCTEMa  COBEpIIAeT  TEPMOAMHAMUYECKUM  IUKI, T.C.
BO3BpAIIAE€TCs B MCXOJHOE COCTOSHUE, TO IMOJIHOE KOJIHMYECTBO
TeIJia, COOOIIEHHOE CHCTEME Ha MPOTSHKEHUU IMKIIA, PaBHO
COBEpIIaeMoii ero padore.

[lepBoe Hauamo TepMOAMHAMHUKHU MPEACTABISIET COOOW IO
CYUIECTBY BBIPQKCHHE 3aKOHA COXPAHEHHS OJHEPruM JUIs
CHUCTEM, B KOTOPBIX CYIICCTBEHHYIO POJIb WUIPAIOT TEIUIOBHIE
MPOLECChl. DHepreTuyeckas HSKBUBAJCHTHOCTh TEIUIOTHI H
paboThI, T.€. BOBMOXXHOCTh U3MEPEHHS WX KOJUYECTB B OJTHUX U
TeX K€ eIMHUIAX U TeM CaMbIM BO3MOXKHOCTh MX CpPaBHEHHS,
Obuta nokasana HemenkuM ¢usnkom KO.P.Maiiepom B 1842 r. u
ocobenno anrnuuanuHoMm JIx.Jxoynmem B 1843 r. IlepBoe
HayaJio TepMOJAMHAMHUKH ObUIO copMynupoBaHo Maiiepom, a
3aTeM B 3HAYUTEIHHO Oojee sAcHO Gopme HeMelKUM (HU3HKOM
I'T'enbmroneuem B 1847 r. IlpuBenennas Boiie GopMyJInpoBKa
paBHO3HAUYHA YTBEPXKACHUID O HEBO3MOXKHOCTH CO3JaHUs
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BEUHOTO JIBUrareisi 1-ro poja, MOCKOJbKY YacTb JHEPruu
CHUCTEMOM Hen30eXHO Oy/AeT MoTepsiHa B BUJIE TEIUIA.

3anpemias BeuHbl aBuratenb l-ro pojna, IlepBoe Hauano
TEPMOJUHAMHUKN HE HCKIIOYAeT BO3MOXKHOCTHU CO3/IaHUS TaKOU
MAaIlIMHBI HEMPEPBIBHOTO JICHCTBUA, KOTOpast Obliia ObI criocoOHa
mpeBpauiaTb B IOJE3HYIO  pabOTy MPaKTUYECKH  BCIO
MOJABOJMMYI K HEH TEIUIOTY, TaK Ha3bIBAEMbI, BEYHBIN
JBUTATENb 2-TO poja.

OpnHako BeCh OMBIT MO KOHCTPYUPOBAHUIO TETUIOBBIX MAIlIMH,
MMeEBIINICS B Hayasne 19-ro Beka, ykasplBajl Ha TO, YTO KIIJ
(ko3 dunmieHT  MONE3HOro  NEHCTBHUS), T.e. OTHOLICHHE
MOJIyYeHHOM paboThl K 3aTpau€HHOMY TEILTy BCEr/Jia MEHBIIe
€AMHUIBI, T.K. YacThb TEIUIOTHI HEU30€kKHO pacceuBaeTcs B
okpyxatomyto cpeny. C. Kapno nepseiM B 1824 rogy mokasai,
YTO 3TO OOCTOSTENBCTBO HMMEET MPUHIUIUAIBHBIN XapakTep,
MOCKONIbKY JII00asi TerioBash MalluHa JOJDKHA COJAepKaTh
MMOMUMO HMCTOYHHKA TEIUIOTHI (HarpeBaresisi) U pabodero Tena,
HampuMep, Mapa, COBEpPIIAIONIET0 TEPMOJUHAMUYECKHMI LHUKIL,
TaKKe M XOJIOAWIHHUK, UMEIOIIUNA TEeMIIepaTypy, 00s3aTeIbHO
0oJjiee HU3KYIO, YEM TeMIlepaTypa HarpeBarters.

O6obOmenne  BeBoga  KapHo  Ha  MPOM3BOJIBHBIC
TEPMOJUHAMHYECKHE TPOIECChl, MPOTEKAIOIUEe B TMPUPOJIE,
nano BTtopeiM Hadamom TepMOJAMHAMHKHA, KOTOPOMY HEMEIKUN
¢usuk P.Knmaysuyc B 1850 romy manm crienyromyro
(OpMyYITHPOBKY: TEIJIOTa HE MOKET CaMOIIPOU3BOJIEHO TIepeiTH
OT CHCTEMBI C MEHbIIEH TeMIepaTypoul K cHUcTeMe C OOoIbIIei
temnepatypoi. HezaBucumo ot Knay3nyca 1 B HECKOJIBKO HHOM
dbopme >TOT mpuHUUN Bbickazan Y.TomcoH (mopa KenbBuH):
HEBO3MOXKHO  TOCTPOUTH  TEPUOJUYECKH  JCHCTBYIOUIYIO
MallMHy, BCS JEATEIBHOCTh KOTOPOH cBOAMIach OBl K
MOJHATUIO  HEKOTOPOro  rpy3a, T.e. K  COBEPIIEHHUIO
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MEXaHUYeCKOM padoTbl M COOTBETCTBYIOUIEMY OXJIAXJICHHIO
TEIJIOBOT'O pe3epByapa.

HecMoTpst Ha Ka4eCTBEHHBIN XapakTep 3TOTO YTBEPKICHHS,
OHO TMPHUBOJUT K JalieK0 HUAYHUM  KOJHMYECTBEHHBIM
CIIEJICTBUSIM, HAIpUMEP, MO3BOJISIET ONPEIEIUTh MAaKCHUMAJIbHO
BO3MOXXHBIM  KIJ  TemioBoil  MamuHbel. Ho  ocoOenHo
BIIEYATJISAIOLIMM BBIBOJOM K3 BTOporo Hagana TepMOAMHAMUKH
OKazajach Tak Ha3biBaeMas TersoBas cmepTh Beenennoit [3].

IIpeacraBnenne o  TemmoBon  cmeptu  BceenenHon
chopmynupoBast B 1865 r. P.Knay3myc, mnpoaHaiu3upoBaB
CIIEACTBUS, K  KOTOpPbIM  mpuBoauT Bropoe  Hauano
TEPMOJUHAMUKHU. [Tockonbky TEeIuioTa HE MOKET
CaMOIIPOU3BOJIBHO IMEPEXOJUTh OT MEHEE HArpeToro Teja K
Oojee HarpeTroMy, a JIFOOble MpeoOpa3oBaHUS SHEPTUHU
COIIPOBOXAAIOTCSI TEIJIOBBIMU IOTEPSMHU, TO OJHAX]bl BCE
TeMIepaTrypbl BOo BceneHHOI BBIPOBHSAIOTCS, M BCE IMPOILIECCHI
npekparsartca.  Hacramer  TemoBas  cmepts.  Hammno
TePMOJUHAMHUYECKHI MapaJoKc, MOCKOIbKY Bcenennas nomkHa
cyiectBoBarh BeyHo. [lotomy uto, ecnu Oyner Kownerr, To 6s110
u Hawamo. A Torga kak e OHa MOSBHUJIACh Ha CBET, HE B
pesynpraTte ke bosbmioro B3peiBa WM bo)KeCTBEHHOTO
TBOpEHUs?

Coobmenue Knaysuyca o Hemsz0exnoctu TernoBod cMepTu
BcenenHoli BbI3BAJIO HEBEPOSTHBIA MEPEMOiOX Kak Cpeau
(U3HUKOB, TaK W Cpeau OOBIYHBIX JIFOJCH. BBUTH TpeaIpUHSATHI
MHOTOYHCJICHHBIE MOMBITKH OMPOBEPTHYTH BbIBOABI Kitay3uyca.
Jl.bonpuMaH, HampuMmep, BBIIBUHYJ THIOTE3Yy (IIyKTyalwii, B
COOTBETCTBUM € KOTOpOM BceneHHas, X0Td U HaXOJUTCS BCEra
B HEKOTOPOM TEPMOJMHAMHYECKOM pPaBHOBECHH, HO IO BOJIE
cllyyasi HENpepbIBHO (IYKTyHpYyeT, MOITOMY IpOLECCH BCe
Bpems npoaospkatorcs. CtopoHHUKH Teopuu OTHOCHUTENBHOCTH
OWHIITEWHA BBIABUHYJIM APYTYIO BEPCHIO, B COOTBETCTBHM C



18

KoTopoii BbiBoAy Knaysuyca mnporuBopeunt dakr (?!)
pacmipenusi  BceneHHoM,  poauMBIIEHCS B pe3yJbTaTe
«bonpmoro B3pbiBay CHUHTYISPHOH TOYKH, B KOTOPOW ObLia
cocpenoToyeHa Bcs Macca Oynymeid Bceemennoit. Macca
Bcenennoli nocne B3peiBa crana pasineTaTbCsi BO BCE CTOPOHBI
CO CBEPXCBETOBOM CKOPOCTBIO, ITOCKOJBKY 4Y€pe3 HECKOJIbKO
MUJUIMCEKYH/I OHA CTaja UMETh pa3MepPbl B HECKOJIBKO CBETOBBIX
aetr (?!), YTO MOJHOCTHIO TPOTUBOPEUUT CAMOU TEOPUEH
OTHOCUTENIFHOCTH, 3alpelaromeil J1o0oe JIBHXKEHHE CO
CBEPXCBETOBBIMH CKOpocTsAMU. Ho cerogHsi cuuraercsi, 4ro
pazberanue BeeneHHOM siKk0OBI MOATBEPKIACTCS HAOIIOAaEMbIM
“KpacHbIM  cMelIeHHEM”  CHEKTPOB  JTAJICKUX  TaJIaKTHK.
Bcenennast pacummpsercs U MO3TOMY BCE BpeMsi HAXOJIUTCS B
HECTaMOHAapHOM  cocTossHMHM. CienoBarenbHo, TeruioBoi
cmeptu He Oyzper. BosmoxxHocTh o00BsicHeHus “KpacHoro
CMellleHus1”  APYTMMH  crmocobamH,  KOTOPhIX  MHOTO,
pelATUBHCTaMU HE paccMaTpuBaerca. A TO, UTO cama HJIes
«bompimoro B3psiBa» NmpoTHBOpEYUT OCHOBaM camoul Teopuu
OTHOCHUTEJIbHOCTH, PEISATUBUCTAMH UTHOPUPYETCSI.

[Ipusnate Takue “0OBsACHEHUS”  YIOBIETBOPUTEIbHBIMU
TpyaHo. B mepBom ciywae nmpeamonaraercsi, 4TO BCe
MOJIBEPKEHO clydailHOCTH 0e30 BCAKUX mpuuuH. CrneAcTBus U3
Takoro “oObsICHEHHS” HOCAT BeCbMa  HEOIPEJEICHHbIN
XapakTep, IMOTOMY UTO HEMOHATHO, KakK »3TH CllydailHble
GuykTyanumn peanusyrorcs Bo BeeneHHOM s monepKaHus ee
B pabOTOCIIOCOOHOM COCTOSIHMM, 3TOTO bonbiMaH Hurae He
yKa3ail.

Bo BTOpOM ke ciydae BBI3BIBAET COMHEHMs cama Teopus
OTHOCHUTENIHOCTH, SIKOOBI “O0BsICHsIONIAs” MapajoKCc, MOTOMY
4TO B CcaMOW 3TOH “Teopuu” CTOJIBKO IIOCTYJIAaTOB H
HECOOOpa3HOCTEH, 4YTO HE BUAETH JTOIO MOTLYT TOJBKO
npenojasBaTenu d3Toil aucuummumHbel. Ha camom ke nene,
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“KpacHoe cMemieHne” HMEET JIECATKHM CaMbIX  Pa3HBIX
OOBSICHEHHH, HE UMEIONIMX HHUKAaKOTO OTHOIIEHHS K
pacmpenuio BeenenHoii, HanpuMmep, nmoTepro (POTOHAMU CBOECH
SHEPTUU 3a BPEMs MX IyTEIIECTBUS IO mpocTtopaM BceneHHOH,
U3-3a 4ero camu ()OTOHBI PACIIUPSIOTCS U YBEIHYUBAIOT UIUHY
BOJIHBL. DTO MPENOJIOKEHUE HAXOAUTCS B MOJHOM COIJIaCUU C
TEOpUEel Ta30BbIX BUXPEH, YTO BBI3bIBACT MPEIAIOJIOKEHUS O
CTPYKType camux (POTOHOB KakK cUCTeMe I(UPHBIX BUXPEHL.

IToaToMy NpUXOOUTCS KOHCTATHPOBATh, YTO ‘‘CepbE3HBIE”
y4E€HbIE [OKa HE MPUAYMAIA  YJOBJIETBOPUTEIBHOIO
paspelieHuss TepMOAMHAMHUUYecKoro mnapanokca. [lpaBma, oHu
BCE dHalle TOBOPAT O HEOOXOIMMOCTH COEIUHEHHUS HAyKU H
peluruM, Ha KOTOPYHO MOXKHO ObUIO OBl cIMCaTh BCe
HEOOBSICHEHHBIE 70 CUX TOp 3PdEeKThl, U Jaxe YCTPauBaroT
COBMECTHBIE C IEPKOBBIO KOH(EepeHIHH (B 3TOM MPEYCIIEIH,
Hanpumep, «cepbe3nbie yueHsiey MBTY uMm. baymana)...

CerogHss MHOTMM CTaJI0 TOHATHO, YTO IPEACTaBICHUS O
cyuHocTd  kod(dduimenta  Mone3Horo - JACUCTBUA |
COOTBETCTBEHHO  IPEJCTaBICHHUS O BEYHOM JBHUIrareie
HYXJIalOTCSl B KOPPEKTUPOBKE.

Ha camom pene kodpdUUIMEHTOM TMOJE3HOTO JEHCTBUS
T000T0 YCTPOICTBA CleyeT CUMTaTh OTHOIICHHE MOIYYeHHON
BEJIMYMHBI MOJE3HOU € MOYKU 3PeHUs NOCMAaeneHHOU ueau
SHEPIUU K BEIUYMHE, 3aTPAYCHHOU 0151 amou yeau >ueprun. U
BEJIMYMHA 3TOT0 KM OyJeT 3aBUCETh KaK OT IOCTaBJICHHOM
[eJIH, TaK U OT CII0Cc00a JOCTUKEHHS 3TOH LIeTH.

Ecnu nenpio sBiseTCsl NOJy4yeHUE MEXaHUUYECKOH padoThl ¢
IIOMOUIBIO TEIJIOBOM YCTaHOBKH, TO, KaK 3TO CIpaBEAJIMBO
OTIpeIeNIEHO TEPMOAMHAMMKOM, KIJI BCErJa M MPUHIUIHAIBHO
Oyner MeHblle eAuHUIBL. OIHAKO €ClNM LENblo  SBJISEeTCS
MOJIyYE€HUE TEIJIOBOW HHEPrUH C MOMOIIBI0 MPUHYAUTEIBHOTO
IIepeHoca Temja OT XOJOJHOrO Tejda K HarperoMy, TO KIIA
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BCerJa M MPHHUMOHAIBHO Oyzaer Oonblue enuHUIBL. Bce
XOJIOMWIIBHUKH MMEIOT KIJI OOJIbIIEe eIUHMIBI, TOCKOJIbKY OHH
HE TOJBKO BBIACIISAIOT B BUJAE TEIJIa YHEPTUIO, B3ATYI0 UMHU U3
CEeTH, HO U J00ABIAIOT K HEMY TEIUIO, B3ATOE M3 XOJOAMIBHOU
KaMepbl. A TIOCKOJIbKY SHEPTuH TeIUIa Ha BBIXOJE OKa3bIBACTCS
Oonpiie, 4eM Ha BXOJE, TO BO3HHKAaeT cCOONa3H 3aMKHYTb
cucremy. IIpaBaa, 3TOro HUKOMYy ellle He yJaI0oCh CAenaTh, HO,
MOXET OBITh, 3TO BPEMEHHO?

3amauell  HAcTOANIEH  KHWTH  SIBIISICTCS  M3MEHEHHE
NpPEACTaBICHUN O MPUHIMIUAIBHON HEBO3MOXKHOCTH CO3JIaHMS
BEUHBIX JBHUraTeNieil, T.e. YCTPOHCTB, BbIpPaOATHIBAIOIINX
HOJIE3HYIO SHEPTHIO 32 CUeT oOpalleHHs K BHEIIHeH cpene. Bee
TaKMe YCTPOMCTBA MJOJDKHBI paboTarh IO MPUHLUUIY Tak
Ha3bIBAEMBIX TEIUIOBBIX HACOCOB, M TAaKHX YCTPOMCTB YyKe
CO3/1aHO MHOKecTBO. HO BO MHOTHX CiTydasx caMu aBTOpBI HE
NPE/ICTABISAIOT, U3 KaKOrO JK€ pe3epByapa DHEPTUU OHH ee
yeprnaroT. [103TOMy B KHHUTe MpennpuHsATa MOMBITKA 00bICHUTD
3TO OOCTOSITEIBCTBO C TMO3MLMI HApOXKAAIOIIEHCS HOBOH
obmacti Gu3UKU — 3PUPOAMHAMUKH, KOTOPOH MPUHAICHKHUT
6ombI0e Oynyiee.

2. Bceoowue gpuzuueckue uneapuanmot
U UX pob 8 eCMecmeo3HaHUU

PesynbraTrom 1106010 (PU3MYECKOTO IKCIIEPUMEHTA SIBISIOTCS
3aBUCUMOCTH OJIHUX (DU3UYECKUX BEIMYHH OT JApyrux. Llenbro
OKCIICPUMCHTA, KaK IPaBHJIO, W ABJIACTCA IIOJIYYCHHEC OTHUX
(GYHKIIMOHATBHBIX 3aBUCUMOCTEH (PU3NYECKUX BEIUYUH APYT OT
napyra. IIpy 3TOM OJHM M3 HUX NPUHHUMAKOTCS 3a apryMEHTHI,
T.€. 32 HE3aBHCHMBbIC BETMYHHbBI, HHBAPUAHTHBIE OTHOCUTEIBHO
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BCEX OCTAJIbHBIX, & IPYrUe 3a NepEeMEHHbIE, T.€. 32 GYHKLIUHU OT
9TUX  WHBapUAHTHBIX  BEJIMYUH, KOTOpBIE  BBICTYMHAIOT
apryMeHTaMH, W 4acTo JTO Jienaercs ©0e3 JOJDKHOTO
000CHOBaHUSI.

Kpome Toro, B n1000M JKCHEPUMEHTE MPHCYTCTBYIOT
HEKOTOpbIE€ HEYYTCHHbIE B SBHOM BHJI€ BEJIMYUHBI, KOTOpbIE
nojpasymeBaroTcs  JH00 HEM3MEHHBIMH, 1100 HE
OKa3bIBAIOUIMMHU BJIMSHUSA Ha XOJ HCCIEIOBAaHUM, 4TO TOXe
JTAJIEKO HE BCETAa OUYEBUIHO.

B kauectBe nmpumepa, K UeMy MOXET IPUBECTH
npeHeOpekeHne O00OCHOBAHMEM WHBAPHUAHTHOCTH — BEIIMYUH
MOXHO mpuBecTd CrHenuagbHyl0 TEOPUIO OTHOCUTEIBHOCTH
Diinireiina [4, 5].

Kak  wum3BectHo, co3gaBas  CrnemualbHYHO  TEOPHIO
OTHOCHUTEIIFHOCTH, DWHIITEHH B €€ OCHOBAaHME TOJOXKHI IISATh
IIOCTYJIaTOB (a He JBa, KaK HalUCaHO B yuyeOHHMKax). IlepBbiM
MOCTYJIATOM SIBUJIOCH OTCYTCTBHE B MpHUpoe 3(pupa, 4To HUKAK
HE MOJTBEPXKIEHO 3KCIEPUMEHTAIBHO (BCE YTBEPXKIEHHUS O
“HyneBoM” pe3ysibTaTe 3KCIEpUMEHTOB MaliKkeabCoHa €cThb
J0Xb [6]), U ecnu Obl He 3T0, TO Teopusi OTHOCUTEIBLHOCTH
BooOmie He Moryia Obl mosBUTbcd Ha cBer. Ho ee
MaTeMaTHYeCKUM OOOCHOBAaHMEM SIBHJIUCh IOCTYJaTbl O
MOCTOSTHCTBE CKOPOCTH CBETa M TMOCTOSIHCTBE YETHIPEXMEPHOTO
MHTEpBaJla, B KOTOPOM BpEeMsl CBSI3aHO C MPOCTPAHCTBOM yepe3
Ty K€ CKOpOCThb cBeTa. Hukakoro oOOCHOBaHHUS 3TOrO0 HU Yy
OHHIITEHA, HU Yy KOro-HUOYIb JPYroro HeT. TO MOCTYJATHI,
T.e. TIOJIO)KEHUS, NPUHUMAaeMble 3a OCHOBY TeOopuH 0e3
JI0Ka3aTenbCTB [7].

Takum o6pas3om, 3a uHBapuaHThl B CrenuaibHONH TEOpHH
OTHOCUTEJIBHOCTU HPUHATHI 3TU JB€ (U3NYECKUX BEIUUYHMHBI.
CrnenctBueM W3  HUX  SIBWIHCh  TaK  Ha3bIBaeMbIe
“npeoOpa3zoBanus Jlopenua”, nmomydensusle Jlopenuem B 1904
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rogy, T.e. 3a Trox a0 co3gaHus OuHITeiiHOM Teopuu
OTHOCUTENIPHOCTH M UCXOZSIIed W3 Haauuusg B TPUPOIE
abcooTHO HemoABMXKHOTO 3dupa [8]. A yke cieacTBueMm
npeoOpazoBannii  Jloperna B ChenuaiabHOW — TEOpUU
OTHOCHUTEJIBHOCTH SIBUWINCH 3aBUCUMOCTh MAacChl, Pa3MEpOB Tel
U BpEMEHHU OT CKOpPOCTU JBMKeHUs Tena. Eciau Obl B KauecTBe
WHBApPUAHTOB ObUTM ObI IPUHATHI APYTrUe BEIUYHHBI, HAIIPUMED,
Macca, MPOCTPaHCTBO U BpPEeMsi, TO U BBIBOJIbI ObLIIM OBl COBCEM
JPYTUMH, U CKOPOCTh CBETa BOBCE HE 00s3aTe€lIbHO Oblia OBI
MOCTOSIHHOM, @ O YETHIPEXMEPHOM HMHTEpBalle HUKTO OBl U HE
BcoMuHas. [l03TOMYy OTBETCTBEHHOCTH HCCIENOBATEs 32
dbopMynupoBaHUE HCXOJHBIX MHBAapUaHTOB BechbMa Benuka. U
TeM Oojee OHa BeIMKAa TPH ONPEACICHHHM BCEOOIUX
¢bu3NyYeCKUX  HMHBApUAHTOB, pPACIPOCTPAHSIEMBIX Ha  BCE
€CTEeCTBO3HAHME. B 3TOM miiaHe CKOpOCTb CBETa, T.€. YacTHOE
CBOMCTBO (CKOPOCTh) YacTHOTO SIBJICHHUS (CBETa) HHUKAaK HE
MOXXET TPHU3HABAThCSA BCEOOIIEH. DTO K€ OTHOCHUTCS U K
YEeTHIPEXMEPHOMY MHTEpPBalLy, B KOTOPOM CKOpPOCTh CBETa
CBSI3bIBACT MPOCTPAHCTBEHHBIE U BPEMEHHBIE KOOPIUHATEHI.

Ha camom nene, 3a eceobuyue buznueckue WHBAPHAHTHI
MOTYT OBITh HPUHATHI TOJBKO TaKHE (PU3MUECKUE BEINYHMHBI, a
TOYHee — (PU3UYECKHe KATerOpuH, KOTOPhIE MPUCYTCTBYIOT BO
BCEX  MAaTepHAIbHBIX  OOBEKTaX,  B3AMMOJACHCTBHSX |
bu3nuecKux SBICHUAX. TakUMU KaTEropHsMH  SBIISIOTCS
mamepusa (Bce OOBEKTHI MHUPO3JAHUS W BCE SIBICHUS
MaTepuaibHbl), Hpocmpancmeo  (Bceé  TPOUCXOOUT B
IIPOCTPAHCTBE) U 6pemsa (BCE TPOLECCHl IPOTEKAIOT BO
BpeMeHH). U, crnepoBaTenbHO, TOJIBKO 3TH KaTErOPUU U MOTYT
BBICTYIIaTh B KaueCTBE BCEOOIMX (PU3MUYECKHX HHBAPHAHTOB,
OHM BCErJa apryMEHTAJbHbl MU HHUKOTJAa HE MOTYT SIBISTHCS
GyHKIIMSAMU Kakoro-i1u0o yacTHoro sisieHus [9, c. 33].
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A CyIlIecTBOBaHHE MaTepuU B IMPOCTPAHCTBE M BO BPEMEHHU
€CTb O6udiceHue, TIpUYEM JBIKEHHE Mexanuueckoe, 100
[IEpEMELIEHUE MaTEpUAIBHBIX TEI B IIPOCTPAHCTBE M BO
BPEMEHH €CTh MEXaHMKa.

OTO 3HAYMT, BO-TIEPBBIX, YTO JIIOOBIE TEOPHH, B KOTOPBIX
yKa3aHHblE KaTeropuM HE CUMTAIOTCS HMHBAPHAHTHBIMU,
NPUHIUIHAIBHO HE COOTBETCTBYIOT (PU3HUECKON peabHOCTH U,
CJIeZIOBAaTENIbHO, HE BEPHbI, K HUM OTHOCSITCSI HE TOJIBKO cama
Teopus OTHOCUTEIIbHOCTH A.DitHmiTeiina, HO u
MHOI'OYMCIICHHbIE €€ MOJEpHHU3aluu (Hampumep, TEOpHH
Jlorynosa, [lIumnosa, B KOTOPBIX IIPOCTPAHCTBO
«uckpuBisercs», Teopusi KosblpeBa, B KOTOpoH Bpems
JTUCKPETHO, W HEKOTOpble JIpyrue), aro0ble  Teopuu,
UCKJIIOYAIOUIME KaKylo-HUOYAb M3 NEPEeYHCICHHBIX KaTeropuii
WJIA TIPUNTUCHIBAIOIINX UM HOBBIE CBOICTBA (HAIIpUMeEp, TEOPHS
bapTtunu, B KOTOpOHl BpeMsi TpEXMEpHO), a BO-BTOPBIX, YTO B
OCHOBE BceX (PU3MUYECKUX IIPOLIECCOB, BKJIIOYAs  Tak
Ha3blBaeMble (yHIaMEHTAJIbHbIE B3aUMOJICHCTBUS — CHIIBHBIE U
cnabble siIepHbIe, JJIEKTPOMAarHUTHBIE W TPaBUTALUOHHBIC
JIOJDKHBI HAXOJUThCS MEXaHUYECKHE MPOLECChI, KOTOPhIE MOTYT
NpOTEeKaTh Ha TIYOMHHBIX YPOBHSAX OpraHU3aluu Martepuu. U
€ciii 3Toro ouimanpHas HayKa J0 CUX IOp HE MOHsIIA, TO 3TO
ee HeJIOCTAaTKH, @ BOBCE HE PUHIIUIT YCTPOHCTBA MTPUPO/IBL.

SIBnsAsCh MHBApHMAHTaMH, MaTepHsi, IPOCTPAHCTBO U BpeMs
HUKAaKMM o00pa3oM He MOryT ObITb HHM CO3JaHbl, HHU
YHUYTOXKEHBI, @, CIIEIOBAaTECIIbHO, U O6UiceHue HUKAKUM
obpazom ne modcem 0bimb HU CO30AHO, HU YHUUHONHCEHO, OHO
Modcem 0blmb MOJILKO NPeodpa3z06ano u3 00HOU Gopmvl 6
opyzylw, u3 (PopMBl TOTEHIHAIbHOW, Oecroyie3HOM st
NPUKIIAQJHOTO TPUMEHEHUs, HalmpuMep, JaBIeHUsS aTMOCQepsl
WIK J00BITOr0 Toprodyero B (OpMy THOJE3HYIH0 — TeIIo,
AJIEKTPUYECTBO,  CBET, MEXaHWYECKyl0  paboTy  ImyTeMm
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COOTBETCTBYyIOLIEro TmpeoOpasoBanus. Ilpu sToM odwee
KOJIU4eCcmeo 0GUNCEHUS MAmepuu, 6Ka0Yas 6Ce603IMOMCHbIE
nomepu, He UCHOIb3YEMble 6 NPAKMUUECKUX UENAX, 6ce20a
Heusmenno. B 3mom cmwvicne koIgppuyuenm noneznozo
delicmeusa 11006020 npouecca pasen eounuye. Ho Ha camom
nene K03 PUIIMEeHT MOoJIe3HOro ASWCTBUS OTPakaeT BCETO JIUIIb
Ty OTHOCHUTEJbHYIO JOJI0 DHEPrHH, KOTOpas HUCIOJIb3YETCS B
MOCTABJICHHOW NPUKIATHOW WENH, U OH OMNpeNessercs Kak
OMHOWIeHUE NONE3HOU 0711 NOCHMAGIEHHOU Uelu IHEePIuu K
moii, Komopasa oOwvlia O0na Imozo 3ampavena. W eciun
3aTpavyeHO PHEPruM OOJbIlIE, YEM IOJIyYEHO, TO KIIJ| MEHBIIIE
€IMHULIBI, a €CIU MOJIyueHO OoJbllle, YeM 3aTpadyeHo, TO KIIJ
Oonbiie equHMLBI. A oOmui OajmaHCc SHEPrHH BCerja OIWH U
TOT €, OTHOIICHHUE MOJYYCHHOW SHEPTUU C YUYE€TOM MOTEph K
3aTpavyeHHO BCcerja paBHO €IMHUILIE.

B »ToM maHe cmopuTh cO cHpaBeAIMBOCThIO Hauan
TEPMOJMHAMUKH, KaK 3TO JENAl0T HEKOTOphIe H300perareiny,
HET HUKaKOM HeoOX0IMMOCTH, TOTOMY YTO 3TH Havana BepHBI.
HemnpaBunbHbl BBIBOJIBI, KOTOPBIE IENAIOT M3 HUX HEKOTOPHIC
“cepbe3Hble YUEHbBIE”, MOCKOJIBKY B Ka)XKIOM CIIy4ae HY>KHO
paccMaTpuBaTh MpoOIEMy BO BCEl €€ MOJTHOTE, a HE TOJIBKO TO,
YTO JISKUT Ha MOBEpXHOCTU. WM Torga BBIBOJABI MOTYT OBIThH
WHBIMH.

OpHako BCAKHII KOHKPETHBIM MPOILECC HMMEET Hadajio u
MMEET KOHELl. DHIeJIbC 10 ’TOMY OBOAY IUIIET:

«...I BOT MBI CHOBa BEPHYIHUCHh K B3IJIALY BEITUKUX
OCHOBaTeJIel rpedeckoit puiocoduu 0 TOM, 4TO BCSA MPUPOJIA,
HayuHas OT MENbYAWIIMX YacTUI[ €€ JO0 BeIUYalllux Tell,
HayuMHas OT TECYMHOK W KOHYAs COJIHIIAMH, HAaXOJUTCS B
BEYHOM BO3HMKHOBEHHHM W HCYE3HOBEHHHM, B HENPEPHIBHOM
TEUEHWU, B HEYCTAaHHOM JBWXKEHWH U u3MeHeHum». [D.
OHerensc. Jnanextuka npupoasl. M.: UITJI. 1969, c.15.]
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Ho 3T0 BOBCe HE 3HAYUT, YTO JBM)KEHUE KaK TAKOBOE MOXKET
BO3HUKAaTh WIM YHUYTOXXaThCs. JIBM)KEHHE BEYHO, U3MEHSETCS
TOJIBKO €ro (opma, KOTOpas M B CaMOM JieJIé B KaxIOM
KOHKPETHOM Cllydae HUMEeT KOHKPETHOE BBIpQXKEHUE W
COOTBETCTBEHHO KOHKPETHOE HayaJlo M KOHKPETHBIN KOHELl.
OOBIUHO 3TO CBsI3aHO C IHepexoAoM (opM ABMKEHHS U3
BHYTPCHHUX BO BHEIIHHWE, HANpuUMep, U3 TEIUIOBBIX, T.C.
XA0THUYECKOTO JBMIKEHHMSI MOJIEKYJl Tel (MUKPOYpOBEHbB) B
JBUKEHUE O3TUX XK€ WIM JPYTUX Tel (MakpOypOBEHb), WIIH,
HAo0OpOT, W3 JBMKEHHsS Tesl (MAaKpOypOBEHb) B TEIJIOBbIE
¢dopmbl (MuKpoypoBeHb). Ho MOryT OBITE U IpyTHE.

1.3. @u3uueckue pesonoyuu, Ihup u ezo ponv 6
npupooe

O ToMm, 4TO cOOOH MpenCTaBIAIOT (PU3HUECKHUE PEBOIIOLNH, B
COBPEMEHHOM HAayKe CYIIECTBYET HECKOJbKO IIPEBPATHOE
npenacraBienue. Yaie Bcero puanyeckue U Ipyrue mogo0HbIe
PEBOJIIOLIMUA  CBA3BIBAIOT C HMMEHAMHU  BEJIMKHUX  JIIOJCH,
CYUIECTBEHHO M3MEHHBIIMX IPEICTaBICHUS 4YeloBeuecTBa 00
OKpY>Karollel ero npupoe.

Hukonaii KonepHuk, NOJIBCKUN YY€HBIH, B CBOE BpeMs
W3MEHWJI TIPEJACTABJICHUS 00 YCTpONCTBE MHUpa, 3aMEHUB
TEOLEHTPUYECKYIO CHUCTEMY TelIMOIEHTPUYECKOM, MPOU3BEAS
TEM CaMbIM IE€pPEBOPOT B yMax JIIOACH, U 3TO, MO MHEHUIO
MHOTHUX, €CTh PEBOJIOIUS B MUPO3TaHUH.

Huxonaii iBanoBuu JloGaueBckuil Mpou3BeEN PEBOJIONNIO B
r€OMETPHUH, CO3aB TaK Ha3bIBAEMYIO HEEBKIIMJIOBY I'€OMETPHIO,
COIVIACHO KOTOpPOM depe3 OJHYy TOUYKY, JIeXallyld B OJIHOM
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IJIOCKOCTH € IPSIMOU JIMHUEH, MOXKHO IIPOBECTH HE MEHEE JIBYX
NapasulebHbIX € JIMHUN, HE COBMAIAIOIINX APYT C APYTOM.

Anpbept OuHmTEeWH co3man  CHenuaibHYH) — TEOPHIO
OTHOCHUTEIILHOCTU, OMPUUAIOWLYI0 Haluuue Ighupa B IpupoJe,
u  OOmyr TEOpPHIO OTHOCHTEILHOCTH, YHIGEPHCOAIOULYIO
Hanuyue Ihupa B TOW Ke NMPUPOJE, U TEM CaMbIM NPOU3BEIN
PEBOJIIOLIMIO B YMax JItOJeH, BBeAs npeacTasieHus o bomibiiom
B3pbiBe uiau Hauane BceneHHOMN, MCKPUBIEHUU MPOCTPAHCTBA,
3aMEJUICHUH BPEMEHM U JIPYIMX IPEICTaBIECHUSAX, KOTOpBIE
MPUHIMIIHAIBHO MPOBEPUTH HEINb3sl. DTO U €CTh PEBOIIOLUS B
€CTECTBO3HAHUU.

Tak monaraer odpunuanbHas Hayka. OZHAKO 3TO HE COBCEM
TakK, MOCKOJIbKY BCE 3TO HOCHT CyObEKTHUBHBIN XapakTep.

Ha camom gene ¢usnueckumMu peBOJIOLUSIMU SBISIOTCS
IIEpPEX0/Ibl B €CTECTBO3HAHUU K Bce OoJiee rIyOMHHBIM YPOBHSAM
opranuzanuu Marepuu. Kaxaplii Takold mnepexon HE TOJIBKO
YOOPSAOYMBACT HAKOIUICHHBbIE 3HAHWUS, HO U OTKPBIBAET
MPUHIIMIIUAIBFHO HOBBIC HANpaBlIEHUS HCCIEAOBaHUN M, caMoe
IJIABHOE, HOBBIE TEXHOJIOIMUYECKUE BO3ZMOKHOCTH.

Bcero Takux peosroruii 6b110 11716 [ 10, €. 10; 11, . 44].

Ilepeoni pesontoyueii 11e1€CO00pPa3HO CUUTATH IMEPEXOJ OT
MPHUPOABI B IIEJIOM K CyOCTaHIMSAM, 4TO HauboJiee MOTHO OBLIO
chopmynupoBaHo ApucrorenieM B 4-M Beke 110 Hamel 3psl. [Tox
CyOCTaHIMSIMHM TOApa3yMeBalIUCh “3emisi” (TBepAn), “Boaa”
(kuakocTh), “Bo3nyx” (ra3) u  “oroHp” (3Heprus), T.e.
arperaTtHble COCTOSIHHS BEIIeCTBAa. DTO MO3BOJWIO PACUICHHUTD
NPUPOJy Ha HEKOTOPBIE TPOILECCH M JJAJI0 OCHOBY (rIocopu,
KaK HOBOMY METOJy MBILIUICHHUS.

Bmopoii  pesonioyuenr crienyer CcyuTaTh BBEJCHUE B
paccMOTpeHHe BeILIEeCTB. 37ieCh OCOOCHHO IMpeycres HEeMEIKHM
Bpau [lapanensc (®ununn ¢ou ['orenreiim), nonaraBuiuii, 4To
OpUYMHON  Oosle3Hel SBJIseTCSs HENpaBUIbHOE COYETaHHUE
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BemiecTB B opraHusMax. OH  (akTHUECKH  MOPOIUII
(bapMaKkoJIOTuIo, YTO MO3BOJMIIO M3JIEYUTh XOTS U HE BCEX, HO
MHOTHUX. DTO IIPOU301LIO0 B 16-M Beke.

Tpemveit peeontoyueii Obl1 Tepexo] K KopmycKyrnam (1o
JlomoHOCOBY), 3n1emenTaM (1o JlaBya3be), MUHMMaJIbHAsL YacTh
KOTOpPBIX OblJa TO3KE Ha3BaHAa MOJIEKYJIOM (MaJeHbKOM
Maccoit). PakTUYecKu 3TO pou3ouuio B 18-M Beke, U 3T0 Aaio
MOIIIHBIM TOJTYOK XUMUU U XUMUYECKUM TEXHOJIOTHUSIM.

Yemeepmoii pesoitoyueii 661 Tiepexoa K aromy (JlanbToH,
1824), wm »TO [mamo pa3BUTHE DJIGKTPUUECTBY. 37ECh
CIpPaBEUIMBO yNOMAHYTh uMeHa J[[»Bu, Bonbpra, Amnepa,
@apazess ¥ MHOTUX JPYTUX MOABI)KHUKOB DJIEKTPUYECTBA U
XUMHH, U3 KOTOPOU U BBIIJIO AJIEKTPUUYECTBO.

Ilamoui peeontoyueii ObLT TIEPEXOJ K ‘““dJIEMEHTapPHBIM
JacThiaM’ BEmecTBa, 3T0 yxe 20-i Bek. OpopmiieHo 3TO ObLIO
Mozenpo atoma Pesepdopaa (1911), oTKpbITHEM MPOTOHA,
JJIEKTPOHA W HEUTPOHA, HCKYCCTBEHHOM pPAaJMOAKTHUBHOCTBIO
(Kropu, 1934), a mo3:xe — MaCCOBBIM OTKPBITHEM 3JIEMEHTAPHBIX
YacTHULl, YUCJIO KOTOPBIX JJABUHHO HAPACTAJIO [0 MEPE BBEACHUS
HOBBIX CUHXPO(a30TPOHOB, IPOOSIIIUX aTOMBI Ha
BCEBO3MOXKHbIE OCKOJKU. OJIHaKO 3TO NPHUBEIO K aTOMHBIM
TEXHOJIOTHSIM.

Kaxnpiii Takoil mepexom sBISIICS (PAKTHYECKH BBOJOM B
paccMOTpeHHe HOBOTO, Bce Ooiiee rITyOMHHOTO CTPOUTEILHOTO
MaTepuaia, MpEeAbIAYIIMA YpOBEHb OpraHMU3allMi MaTepHUH
OKa3bIBAJICA BCEro JIUIIb KOMOMHATOPUKOW 3TOTO MaTepuana:
BEUIECTBO — KOMOMHATOPUKOM MOJIEKYJ, MOJIEKYJIbl —
KOMOWHATOPUKOM  aTOMOB, aTOMbl — KOMOHMHATOPUKOM
AJIEMEHTapHbIX  YacTULl.  OTO  TO3BOJIJIO  Pa3peUIUTh
HAaKONMBLIMECS NAapajoOKChl M MPOTHUBOPEYMs, IPUBECTU B
MOPSAIOK HAKOIUIEHHBIH MaTepuan U OTKPHITh HOBBIE IIYTH
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UCCIICIOBAHMSI. DTO U €CTh UCTUHHBIC (PU3UYECKHIE PEBOJIIOINH
B €CTECTBO3HAHMH.

Pazymeercs, cMeHa TeOIEHTPUYECKUX TMPEACTaBICHUI Ha
reJIMOIIeHTPUYECKHe, mpousBeneHHble KomepHukoM, TaKxke
MOXHO pacCMaTpUBaTh KaK PEBOJIOLMIO, HO 3Ta PEBOJIIOIUS
HOCHUT BCE€ € YaCTHBIA XapakTep, OHA KacaeTcsi aCTPOHOMUU U
MPAKTUYECKH MaJlo  Kacaercs OOIIero IMOCTYMaTelbHOTO
pa3BUTHS €CTECTBO3HAHMS, HEOOXOIUMOTO JIJIsl OOIECTBEHHOTO
MPOU3BOJICTBA. A peBOIIOLNHU, Tpou3BeaeHHbIe JIobaueBckuM B
reoMeTpun M ODWHIITEHHOM B €CTECTBO3HAHMHM BOOOIIE
SIBJISIOTCS HE PEBOJIIOLUSMHU, @ KOHTPPEBOIIOIHUSAMHU, TTOCKOJIbKY
OHM HE MNpuUONMKAIOT HAcC K T[O3HAHUIO  PeabHOU
JIEUCTBUTCIHLHOCTH, a OTIAJISIOT OT HEe.

Ilepexonpl xe K HOBOMY, Oojee TIJyOOKOMY  YpOBHIO
OpraHu3alil  MaTepud  €CTh  peallbHble  PEBOJIIOINUH,
CHOCOOCTBYIOIINE PAa3BUTHIO €CTECTBO3HAHMS, OHU MPHUBOJIAT K
HOBBIM TEXHOJIOTHSAM U KacaroTCs BCETO MPOU3BOICTBA.

Ceromusi Mbl TMEpPEKHUBAEM OJTall HCUEPIAHUS AOCTHXKEHUN
IATOM  €CTECTBEHHOHAYYHOW PpEBOJIIOLMM. 3a  IOCIEIHHE
JNECATHIICTUST YHCIO HAyYHBIX OTKPBITUH  COKpATHIIOCH,
TeopeTuueckas  Qu3nka  (pakTUUEeCKH ~ IpeBpaTuiach B
MaTeMaTHYecKylo (hpU3MKy, HOBBIX WJEH MOYTH HET, a TE, YTO
MOSIBIISIFOTCS, HE HAXOAAT MOHUMAHUS Y «CEPbE3HBIX yUEHBIX),
KOTOpBhIE BCE €IIe MBITAIOTCS U3 «XOPOIIO YCTAHOBJICHHBIX
3aKOHOB» IOJYYUTh YTO-TO HOBOE Ha IYTAX MaTEMaTUYECKOU
KOMOWHATOPHKHU.

Ha camom nerne, B HacToslee BpeMsl CIOXKUIOCH THIIOBOE
MOJIOKEHUE: 3JIEMEHTapHble YacTHIbl OKa3aJlhChb BOBCE HE
dJeMEHTapHbl, MX uHciao kojedmercs ot 200 mo 2000 B
3aBHCHUMOCTH OT TOTO, 4YTO CUWTaTh, BCE OHHU CIIOCOOHBI
TpaHCcOpMHUpPOBaThCA APYyr B JApyra, W Jaxe (QU3NYECKuil
BakyyM (HE TycTas MycTOTa) CHOCOOEH W3 TMOJIeH pOoXKIaTh
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TaKH€ YaCTHIbI. A 3TO 3HAYMUT, YTO BCE ITH YACTHUIIBI COCTOST U3
OTHOTO W TOTO JKE€ CTPOMTEIBHOIO0 MaTepHayia, KOTOPBIi
COJICP’KUTCS BO BCEM MHPOBOM IPOCTPAHCTBE, T.€. M3 3(upa,
KOTOPBI COBpPEMEHHAas «HayKa» OTBepria eme B Hadaie 20-To
CTOJICTHS.

B Hacrosimiee Bpemsi yCTaHOBJICHO, 4TO 3PUP MPEACTABISICT
000l TOHKHH ra3, 00JIagaronIuii BCEMH CBOMCTBAMHU OOBLIYHOIO
peanbHOrO, T.€. BSI3KOTO M C)KMMAaeMoro rasza. Ero mioTHOCTh B
OKOJI03eMHOM TIpOCTpaHCTBe paBHa 8,85.10712 kr/m3, mecmoTps
Ha CTOJb MaJlylO IIOTHOCTb, JABJICHHUE B HEM PAaBHO 10% Ia, a
sHeprocozepxkanne cocrasnser 1037 Jx/ M3, u B 5ToM Gonpias
MEePCIEKTHUBA JIJIs1 OyyIIeH SHEPTCTHKHU.

Crnenyer  HamoOMHHTb, 4YTO  TOTpeOJIeHHME  SHEPrHU
YeJIOBEUECTBOM HAa  BCE  HYXIBl —  INPOMBINIJICHHBIC,
TPAHCIIOPTHBIE, OBITOBBIC, UCCIICIOBATEIILCKUE, BOCHHBIC H T.II.
COCTaBJIAET IO Pa3HbIM OIEHKaM OT 102 0 10% Jlxoyneil B
roJ, ¥ eciu OBl YJaJlOCh OCBOWUTH JHEPTHUI0 XOTS OBI OJHOTO
KyooMeTpa sdupa, TO 3TON SHEPTUU YETIOBEUECTBY XBATHIIO ObI
HAa MHOTHE MWUIMApAbl JieT. Ho STUM NOYTH HHUKTO HE
3aHUMAETCS, MOTOMY YTO COBPEMEHHBIMH «YYEHBIMHU» 3TO
HaIPaBJICHUE CUNTACTCS HE HAYUHBIM. ..

1.4. Umo makoe “mennosvie nacocwt’?

XOJIOZII/IJII)HLIC MalllMHbI nJIn IMpoCTO  XOJIOAWJIBHUKH,
n300peTeHHble eme B Hauvane 19 Beka aHriaMuyaHuHOM JIXK.
Jlecnu, a 3areM ycoBepiieHCTBOBaHHbIE (ppaHiyzom ®.Kappe u
HemueM @.BunaxayzeHom OpocwiM TeHb Ha BCEOOIIYIO
CIIpaBCAJINBOCTD Hauan TEPMOAWMHAMHUKN HE B CMBICIIC HX
HECIIPAaBEUIMBOCTH, a B CMBICIE BBITEKAIOLIETO W3 HUX
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YTBCPIKACHUA O HpI/IHHHHI/IaHBHOﬁ HCBO3MOXHOCTH CO3JaHUA
BEYHOTO JIBUTATEIIS.

Kaxk HU3BCCTHO, B KaXXa0M XOJIOOUJIBHUKE HUMECTCA
XOJOAWIbHAS WM JIa)Ke MOpPO3MIIbHAs Kamepa, M3 KOTOpOid
OPUHYIUTENPHO  OTOMpaeTcs TeIlo U IepelaeTcss B
OKpYXKAaIoOIIyl0  Cpely,  HUMEIoNIyro  Oojiee  BBICOKYIO
temneparypy. llomyuaercs, uto temno orbupaercss or Oosee
XOJOAHOTO Tela | Iepenaercs OoJjiee ropsdeMy Telny ¢
[IOMOIIBI0 LMPKYJIUPYIOLIETO MEXAYy HHUMH XJaJarceHra —
KHJIKOCTH, CIIOCOOHON TpeBpamarhcss B TMap M TEM CaMbIM
oTOMpaTh TEIIO, a 3aTeM B APYrOM MECTE CHOBA MPEBPALIATHCS
B XKHJIKOCTh, U TEM CaMbIM OTJIaBaTh TEIUIO. [IpaBaa, TOHATH 3Ty
KUAKOCTb HYKHO HNPHUHYAUTCIIBHO C IMOMOIIBIO CIICHHUAIIBHOTO
UPKYJISIIUOHHOTO Hacoca, " MIOATOMY CIIOBO
“camMoIIpoH3BOJIEHO”, uUMeromieecs B (GopmynupoBke Broporo
Hauama, okaspiBaeTcss HM T0pu  uYeM. Bce-Taku, He
CaMOTIPOM3BOJIFHO, a MPHUHYIUTEIHHO, 3TO HECKOJIBKO MEHSET
JIEIIO.

CrpykTypHas cxema XOJOJWIbHHMKA NpUBEJEHA Ha puc. 2
[12].

1 2
| |

T |

= =
< & :

Puc. 2. CTpykTypHas cxemMa X0J0AHIbHUKA

1 - Mopo3wibHas kamepa; 2 — Kanopudep, BBIIESISIONNN TEIUIOBYIO SHEPTHIO B
OKPYXKAIOLIYI0 Cpefy; 3 — XJaJareHT, LUPKYJIHPYIOIIHH MEXIy MOPO3UIBHOI
KaMepoii u kanopupepom; 4 — Hacoc, 00eCIIeUNBAIOIINN IUPKYJIISLIMIO XJIa1areHTa.
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Kak ye yka3pIBalOCh BBIIIE, TBUKCHIE MAaTEPUH HE MOXKET
OBITh HHMKAaKMM OO0pa3oM HH CO3[IaHO, HM YHHUYTOXXECHO. B
NPUBECHHOM IPHMEpE XOJOIMIBHUK MOTPEOSseT U3 CETH B
KOJIMYECTBE, HEOOXOAMMOM [UIsl TPUBEICHUS B JBUIKCHHE
Hacoca, INEepPEeKAaYMBAIONIETO XJIAJAAareHT, a Ha Kajopudepe
BBIJIETISIET 3Ty SHEPTHUIO IUTIOC Ty, KOTOPYIO OH MPUHYIUTEIHHO
3a0MpaeT OT XOJOAUIBHON KaMephl U MPOIYKTOB, HAXOSIIUXCS
B Hei. OOmmuii OGaylaHC SHEPruM COOJIOJIEH, HO KIIJ 37eCh C
TOYKHA 3pPEHHS BBIICICHUS TeIla BCErAa OOJblle eIUHUIIBL.
Ecnu >xe uenpio sBisercs He 00OrpeB KOMHAThI C MOMOILBIO
XOJOAUIIPHUKA, 8 TOHIKEHHE TEMIIEPAaTyphl XPaHIIIUXCS B HEM
MPOJYKTOB, TO KIIJ] OKa3bIBA€TCA OTPULIATEIbHBIM, TOTOMY UTO
TeMIeparypa B XOJOAMJIBHOM Kamepe OIMyCKaeTCs, W TEIIO
oTOupaercs. OTo emie pa3 JEMOHCTPUPYET HEOOXOIUMOCTb
YTOYHEHUS] CAMOTO TIOHATHS KIJA — KOX(QPUIHEHTA nO1e3H020
(1 TOCTaBJICHHOM 1ICJIN) ACHCTBUA.

Takum oOpazom, Ha Kanopudepe, SBISIOMKUMCS BBIXOJIOM
XOJIOMUJIbHON MAIIUHBI, BBIJACIACTCS SHEPruu OOJblle, YeM
3aTpadeHo sl oOecrieueHus MUPKYISAIUH XjianareHTa. M ato
3HAYUT, 4YTO KOX(P(UIUEHT TMOJNEe3HOr0 JEHCTBHS IIOOO0TOo
XOJOAWJIBPHUKA OOJbIIe €IUHHUIBI. B HEKOTOPHIX Cilydasx OH
cocraBisieT 3-4 U gaxke 5. A 9TO OYEeHb BBITOJHO, TIOTOMY UTO,
€CIT TIOMECTUTh MOPO3WIBHYIO KaMepy B PEKy, 03epo MU
OKeaH, a Kanopudep pasMecTuTh B JIOME, TO MOXKHO OpaTb U3
BOJIbI HEPTuH B 3-4 pasza OoiibllIe, YeM €ClM HETOCPEACTBEHHO
oborpeBaTh KOMHATy HPOCTOM Me4Ykod. IDTO JaBHO YxKe
NPUMEHEHO BO BCEM MHpE U MOIYYHJIO Ha3BaHHUE ‘‘TETUIOBBIX
HacocoB”. M maxe paszpaboTaHa Teopus, B COOTBETCTBUU C
KOTOPOH TEIJIOBbIE HACOCHI pabOTal0T, HUCKOJIBKO HE HapyIIas
MPUHIIMIIOB TEPMOJIUHAMUKH.
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Ho TyT mosiBisieTcst co61a3H 3aMKHYTh CUCTEMY M 3aCTaBUTh
XOJIOAWJIBHYIO ~MamuHy paboTaTh BEYHO ©0€30 BCSIKOTO
MCKYCCTBEHHOT'O MTO/IBOJIA K HEW SHEPTHUH.

A moueMy Obl 1 HeT? Beab MOXXHO k€ M30BITOK DHEPTHUH,
BBIJICJIIEMBI Ha Kasopudepe, UMEIOIIEeM TeMmIeparypy Oosee
BBICOKYIO, YE€M MOpO3WIbHAas Kamepa, HCIO0JIb30BaTh s
3amycka Hacoca (puc.3).

Torga mocie mepBOro TOMYKA BCS CHUCTEMa MPUIET B
JIBIKEHUE W OyIeT HE TOJNBKO KayaTh XJIaJIOHOCHUTENb II0
Tpy0am, HO ¥ MOCTaBIATH aPOBYIO SHEPTUIO B MOMEIIECHUS IS
ororutenust! Kyna kak xopomro! Ho ans 3TOro Hy>XHO, YTOOBI
M30BITOK YHEPTUH ObLI OOJBIIMM U YTOOBI IPOU3BENIEHUE STOTO
n30bITKA Ha K11 Hacoca ObLT OonbIie euHuIbl. Kopoue roBops,
HY>KHO, 4TOOBI PHEPIHH BBIACISIIOCH OOJbIE, YeM MOTpeOsseT
HACOC. A BOT 3TOTO IOKa M HE TIOJTY4aeTCsl.

1 2

;5 N iéi
T

Puc. 3. MoaepHu3upoBaHHAas cXeMa XOJIOAWJIBHHKA C 3aMbIKaHHEM
CHCTEeMbI, MPeBPALIAIOIIAN X0J0JWILHHK B BEeYHBII IBUraTeIb:
1 - MopozubHas Kamepa; 2 — Kanopudep, BEICSISIONIIA TSIUIOBYIO YHEPTHIO
B OKPYXAWIIYyK Cpely, 3 — XJIaJarcHT, NUPKYIUPYIOUMA MEKIy
MOpO3WIBHON Kamepoi u Kajmopudepom; 4 — Hacoc, 00eCHEUHBAIOIIMN
HUPKYJSLIUI0 XJIaJarenra; 5 — yCcTporcTBO 0OpaTHOW CBSI3H, MEPEBOISIICE
SHEPruio Kajgopudepa B IHSPTHUIO /ISl HACOCA XJIaJareHTa.

N xors BO BceMm MHUPE TIMOCTPOCHBI MHOT'OYUCIICHHBIC
TCIIJIOBBIC HACOCHI CaMbIX pa3HOO6pa3HBIX KOHCTPYKHHﬁ, 4qTo
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OUYEHb BBIFOJHO JII DHEPreTUKOB, 3aMKHYThb CHUCTEMY Tak,
9TOOBI MOTJIa paboTaTh BEYHO, TTOKA HE y1aJIOCh HUKOMY.

OpHako 110 HACTOSIIETO BPEMEHU BCE €LIE HE HAIIOCh
TEOpPETHKa,  KOTOpBhIH  JoKa3asl  Obl  MNPUHIMIIHAIBHYIO
HEBO3MO>KHOCTb 3aMbIKaHHsI XOJIOAUIILHONW CUCTEMBI U IIEPEBOAA
ee, Tak cKa3aTb, Ha CaMOOOCIY)KMBAHUE C LIEJIbIO BBIOJHEHUS
3aJauu TepeKauku Temia U3 Oojiee XOJOAHOH peku B Oojee
TEIUIOE IOMEUIeHHEe. A IO03TOMY IMONBITKH CO31aTh TaKylo
3aMKHYTYIO CHUCTEMY HPOJOJDKAIOTCA, W, MOXET ObITb, OHH
YBEHYAIOTCSI yCIIEXOM. DTOr0 BIIOJHE MOYKHO OXHJaTh, IOTOMY
4TO ycrnexa JoOMBaeTcs HE TOT, KTO 3HAET, YTO ITOrO CHEJaTh
HEJIb3sl, a TOT, KTO 3TOr0 HE 3HAET, U 03TOoMYy aenaeT. Mictopus
M300peTeHuil 3TO MOATBEPIK1alIa MHOTO pas3.

3necb  ciaenyer  oOpaTWTh ~ BHUMAaHHE  HAa  OJIHO
IMPUHLMIIHAIBHOE 00CTOSITEIBCTBO.

B Hacrosiee BpeMsi M300peT€HO MHOKECTBO YCTPOMCTB, B
KOTOpBIX KIJI, T.€. OTHOILIEHWE BbIACIECHHOW DSHEPIUU K
3aTpayeHHOi  Oojblle  exuWHUIBI. ~ MHOrme M3  HHUX
3alaTeHTOBaHbl, MHOTME PEAIM30BaHbl B BHUJE JCHCTBYIOLIUX
obpa3uoB. W mpakTUyecku BCe aBTOPBI 3TUX YCTPOICTB He
MOTYT OOBSACHUTH, OTKyJa OHM OEpyT JONOJIHUTEIbHYIO
sHepruto, He nmonumas ¢pu3nueckoil CyIHOCTH UCIOJb3YEMbIX
UMHU TIPOLIECCOB, OHM NBITAIOTCA IOJBEPTHYTh COMHEHHUIO
cyliecTBymomue (u3ndeckue 3akoHbl, Te ke Hauana
TEpPMOJMHAMHUKH, & 3TO HEBEpPHO. TakoW IyThb TYIMKOBBIM,
[IOTOMY 4YTO, BO-TIEPBBIX, 3TU 3aKOHBI BEPHBI, a BO-BTOPBIX,
aBTOpBI, HE Pa300paBLIMCh B MCIHOJB3YEMBIX HMHU Ipolieccax,
JUIIAOT ce0s  BO3MOXKHOCTH  YCOBEPIIEHCTBOBATH  CBOM
YCTPOMCTBA.

Ha camom e pene, B CBOMX IIOINBITKAX OOBICHEHUS
MOJIyUeHHBIX ~UMH  3(pdexTax OoHM TPOCTO HE  BCe
00CTOSTENBCTBA YUUTHIBAIOT. U yaliie BCero, OHM HE YUUTHIBAIOT
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HaJIm4YKe 3Upa, OKPYKAIOIIEro UX YCTaHOBKH, U3 KOTOPOTO 3TH
YCTPOMCTBA M 4YEpHalOT JOMOJHUTENbHYIO SHepruto. MmMeHHO
oOpa3zoBaHue >(QHUPHBIX BUXPEH B OKPYKAIOLIEM YCTPOHCTBO
MIPOCTPAHCTBE, a 3aTEM IOIJIOIIEHUE UX MO3BOJISIET OOBSICHUTD
Bce A EKTHI, CBA3aHHBIE C YBEIMYCHHEM SHEPIHH Ha BBIXOJE
3TUX YCTPOMCTB IO CPAaBHEHMIO C SHEPTHEH, NMOJYYEHHOU UMHU
Ha BXO/E.
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naBa 2. QHepreTuka BUXpewn

2.1. Hekxkomopwvle ceéedeHus o0 KpUBOJIUHEUHOM
osudICceHuU

MetonoB mnpeoOpa3zoBaHMs DJHEPrUM U3 OAHUX (OpM B
JIpyrue CyIIeCTBYeT MHOXECTBO. OTO U mpeoOpa3oBaHUE
TEIUIOBOM  DHEPrMM B  MEXAaHHYECKOE  JIBJKCHHE B
TEIJIO3HEPTreTUYECKUX YCTAHOBKAX, HalpUMeEp, B MapoBO3ax U
apoxojax, HpeoOpa3oBaHUE TEYEHMM BOABI M BO3QyXa B
ANIEKTPUYECKYI0O DSHEPIHI0 B THUIPOTYpOMHAX U BETPOBBIX
reHeparopax, ¥ MpeoOpa3oBaHME COJIHEYHOM DSHEPruM B
AIIEKTPUYECKYIO B CEJICHOBBIX 3JIEMEHTax U MHorue apyrue. Ho
CYIIECTBYET €IIe OJMH YHCTO MEXaHWYECKHH Ccrocod
peoOpa3oBaHUs SHEPTUU MOCTYNATEIHHOTO JBUKECHHS T B UX
K€ BpaIllaTEeJIbHOE IBUKEHHUE, KOTOPBIN, C OJHON CTOPOHBI, BCEM
M3BECTEH, C JApPYrod, KOTOpOMY JO CHUX IOp HE OKa3aHO
JIOJKHOTO BHUMaHMs. 1 TOro 4rtoObl MOHATH, MOYEMY OH
3acIyKUBAaeT 0COOOr0 BHHUMAaHUS, CJIEIyeT HAllOMHUTh, YTO B
MEXaHUKE CYLIECTBYET TPU 3aKOHA COXPAHEHUS JBUKCHUS.

[lepBbIil 3aKOH COXpaHEHUs — OTO 3AKOH COXpPAHEHUs
Konuuecmea 0sudxcenus. Ero ¢opmMyinbpHOE BRIpaXKeHHE

K = mv = const
rae M —3To Macca Teja, a V —CKOPOCTb €ro JIBHKCHHUS.
Panbmie 3TOT 3aK0H Ha3bIBAJICA 3aKOHOM COXpaHCHUA JKUBOH
CHUJIBI, a IIO3KEC (1)I/ISI/IKI/I Ha3BaJIM €ro 3aKOHOM COXpPaHCHHA

HUMITYJIbCA, ITOCKOJIBKY CYIIECTBYET COOTHOMICHUC

K=mv =FT =P (umnynsc cuisl),
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rae F — cuia Bo3nelicTBUS Ha Maccy WJIM Macchl Ha JIpyroe
Temo, a T — BpeMs Bo3aedcTBHs. TyT €CTh COMHEHHE B
CIPaBEUIMBOCTH TaKOr0 IEPEUMEHOBAHMsS, IIOCKOJIbKY B
JETSIIEM TeJle Macca U CKOPOCTb €CTh, @ HU CHUJIbI, HU BPEMEHHU
€€ B3aUMOJCHCTBUS C JPYyrUM TEJIOM HET, W KOrJa OHHU
HOSIBATCSI, HHUKOMY He H3BecTHO. IloaTomy BeIpaxkeHue
“UMIyJIBC CHIIBI” COOTBETCTBYET IPEICTABICHUSIM O TOM, YTO
caM (akT cymecrBoBaHUS 3TOM  Maccel, JIeTAIIed B
IIPOCTPAHCTBE, UMEET MECTO OBITh JIMIIB [TOCTOJIBKY, [IOCKOIbKY
OHa MOXET C KEM-TO IPOB3aMMOJCHCTBOBATH. A €CIM TAKOTO
Ha0JII01aeMOr0 B3aMMOJICHCTBHSI HET, TO CYHIECTBYeT Macca B
pPEAIBHOCTH WJIM HE CYIUECTBYET — HEBa)XKHO, IIOCKOJBKY
HaOmromate ee Henb3s. A 3TO Beder K - 00-0-OJNbLINM
bumocoPpcKkuM CIeaCTBUSAM.

Ho 3akoH coxpaHeHHS KOJWYECTBAa JBMUKEHHS U B CaMOM
Jieie NPOSIBIIETCA NIPU B3aUMOJECHCTBUM TeEJI, HO TOJIBKO IPU UX
yhapyrom coynapeHuu. Tena OOMEHMBAIOTCS KOJIMYECTBAMHU
JIBUKCHMS, T.€. UMILYJIbCAMU M PA3JICTAIOTCSA, YHOCS KaXKIbIi C
co00i1 CBOIO JIOJII0 KOJIMYECTBA JIBUKEHUS, CyMMa KOTOPOTO 10
U T0CIE COYAApEHUs OCTaeTcs HEU3MEHHOW. B 3toM u
3aKIJII0YaeTCsl 3aKOH COXPAaHEHUS! KOJMYECTBA JABM)KECHHUS, OH XKe
3aKOH COXpaHEHMsI UMITYJIbCA.

Bropoit 3akoH coxpaHeHUSs — 3TO 3aKoH COXpaHenus
onepauu. Ero ¢popmynbHOe BbIpaxkeHHE

mv?
W =——=rconst
2

1 OTIINYACTCA OH, I''TaBHBIM O6p330M, OT MPCABIAYIICTO TEM, YTO
CKOpPOCTH JABUKCHHA TCJIa B HEM BO3BOJUTCA B KBaapar. OTO0T
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3aKOH COOJNIOZAeTcss MpU BCEX BHJIAX B3aMMOJCHCTBHI, Kak
YIOPYTUX, TaK U HE YIPYTUX.

B cepenune 19-ro croneTus Mexay €CTECTBOMCIBITATENSIMU
1IeJI MHOTOJIETHUIM 0KECTOYEHHBIN CIIOp, KaKOro TUIa ‘“’KUBOU
CWJIOW” HYXHO HM3MEPSTh JIBUKEHHWE — MPOU3BEICHUEM MAaCChI
Ha CKOPOCTb, WJIM DHEpPrHeH, T.e. MPOU3BEICHHEM IOJIOBUHBI
Macchl Ha KBaJpaT CKOPOCTH, MIOCKOJIbKY OBUIM U TaKUE, U TaKUE
cnydyau. Ilon ‘“kuBOMl CuiIoOW” pa3Hble YYEHbIE MOHUMAIU
pa3Hble Mepbl ABMKEHUA. DU3MKKM TOrJa HE CMOIVIM PELINTh
3TOT CHOp, U B Jieno BMemancs ¢uiaocod Dpuapux DHreNsC,
KOTOPBI B CBOEH M3BeCcTHON padote “/lnanekTuka npupoas’ B
pasznene “Mepa nBwkeHHUs - paboTa” TMoOKaszall, YTo 00€ Mepbl
JIBUYKEHUS CIIPABEJIMBBL, HO TOJIBKO OJHA U3 HUX — KOJIMYECTBO
JBUKEHHS CIIpaBeAJIMBa JJIi HEYHUUYTOXKAEMOIO IBMIKEHHS, a
BTOpasl — SHEPrusl — JAJI1 YHUUYTOXKAEMOIO, T.€. IEPEXOIALIETO B
temo [13].

OHrense Tak u numer: “OgHuM  CJIOBOM MV — 3TO
MEXaHMYECKOe JBUKECHHE, H3MEpSIeMOe MEXaHHYEeCKHM Ke
IBIDKEHHEM, MV?2 — D3TO0 TO K€ CcaMO€ MEXaHUYECKOE
JBHKEHHE, HO U3MEPSIEMOE €ro CIIOCOOHOCTHIO MPEBpAIIaThCs B
OTIpEICIEHHOE KOJMYECTBO APYroi ¢Gopmbel ABMKEHUS. 1 MbI
BUJICNIH, YTO 00€ 3TU MEpbl, TEM HE MEHee, He MPOTUBOpeYar
JpYT Ipyry, TaK KaKk OHM pa3iau4Horo xapaxkrepa” [13, ¢.77].

C Tex mop Tak UMM U MOIB3YIOTCS, YacTO, IpaB/a, 3a0biBas,
YTO DBHEpPrus — 3TO Mepa 3amaca JBHKEHHUS, CIIOCOOHOTrO
oOpalaThbCs B TEILIO.

OHrenbc NUIIET: «...4epe3 MV H3MepseTcs «IABUKEHUE,
IIepe1aBaeMoe " BUJIOU3MEHIEMOE MEXAHUYECKUMU
MPUCTIOCOOTIEHUSMM», TAKUM 00pa3zoM, 3Ta Mepa NpHUMEHHMa K
pplYary M BCeM NPOM3BOJHBIM U3 HeEro ¢Gopmam, Kojecam,
BUHTaM U T.J. KOpOY€ TOBOps, KO BCEM MEXaHHYECKUM
IpUCIIOCOOIeHUAM, NepeaaromuM ABmkenne. Ho oxHo mpocto
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1 BOBCE HE HOBOE PacCyXJIECHHE IOKa3bIBAET, YTO 3/1€Ch B TOU
e Mepe, B KaKOoi MMeeT CHITy MV, mMeeT cuay u mv2. BoseMem
KaKoe-HHOYZb MEXaHH4eCKOoe NpUCHocoOieHne, B KOTOPOM
IJICYH PBIYArOB OTHOCSTCS APYT K Apyry Kak 4:1, B KOTOpOM,
CJIEIOBATENbHO, I'Py3 B | KI' ypaBHOBEMIMBAET Ipy3 B 4 KI.
[Tpuno>XxuB COBEPIIEHHO HUYTOXKHYIO J100aBOYHYIO CHIIY K
OJIHOMY ILIe4y, Mbl MO>KeM NOJHATh 1 kr Ha 20 M; Ta ke camas
no0aBovHas CuWiIa, NPUIIOKEHHAs 3aTeM K JIpYyroMy IUiedy,
MOAHUMET 4 KT Ha 5 M., ¥ IPUTOM TPy3, MOTyUYaIOIIHI TIepeBec,
OMYCTUTCA B TO JKE€ CAMOE BpEMs, KakKoe Jpyromy TIpy3y
notpedyercss Uis €ro MoAHATHS. Macchl M CKOPOCTH 3]1€Ch
o0paTHO MPOMOPIMOHANBHBI APYT Apyry: mv, 1x20 = m'v', 4x5.
Eciu ke MBI IIpenocTaBUM KaXkIOMy U3 I'Py30B — IIOCJIE TOTO
Kak OHM ObUIM TOJHATHI — CBOOOJHO yHacTh Ha
IIepBOHAYaJIbHBIN ypOBEHb, TO Ipy3 B | Kr, Mol paccTosIHUE
B 20 M, mpuoOpeTeT ckopocTh B 20M/C (MbI IPHHUMAEM 37ECh
YCKOpEHHE CHJIBI TSKECTH PaBHBIM B KPyriIbiX muppax 10 m/c?
BMecTo 9,81 m/c?);

Hpyroit »xe rpy3 B 4 KrI, HpOWAs pacCTOSHHE B S5 M,
npuobpereT ckopocTh B 10 m/c.

mv2 = 1x20x20 = 40 = m'v' 2= 4x10x10 = 400.

HaoGopoTr, BpemeHa majeHus 34eCh pa3iuyHbl: 4 Kr
npoxogaT cBou 5 M B 1 cekyHay, a 1 xr csou 20 m. B 2
cekyHabl. Camo coOoif pa3zymeercsi, Mbl 37ech NpeHeOperiu
BJIMSTHUEM TPEHUS U CONPOTUBICHUEM BO3TyXa.

Ho mocne Toro kak kaxmoe u3 o0OMX Tell ymajao co CBOeH
BBICOTBI, €r0 JBWKEHHE Mpekpamaerca. Takum obOpazom, mv
OKa3bIBA€TCAd 34E€Ch MEPOH IPOCTO IIEPEHECEHHOro, T.€.
TIPOJIOIKAIONIETOCA JBIKEHHA, a MV? OKaspIBaeTcs Mepoil
MCYE3HYBILEr0 MEXAHUYECKOTO IBUJKEHUS» [TaM Xe, c. 73].
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Ho ectb u TpeTuil 3aKkOH COXpaHEHHS — D3TO 3aKoH
COXpaHeHUss MOMEHmMA KOIUYeCmea O8UdNCEeHUsl, BBIPAXKAIOLIUICS
KaK

L = mvR = const,

U CIpaBeUIMB OH JUIS CIIy4aeB, KOTJa Macca JBHXKETCS IO
TPAEKTOPUH C MIEPEMEHHBIM paanycoMm R.

Ho TyTr, ogHako, BO3HUKAIOT HEKOTOPHIE TPYAHOCTH.
[lpencraBum cebe, YTO TEIO JBWXKETCS 10 KPHBOH C
M3MCHSIOMIUMCS PaJInyCOM, HANpHUMeEp, Iap, IBIKYIIUHCS IO
XKenoOy ¢ mepeMeHHON KpUBH3HOM (puc. 4).

0]

Puc. 4. /IpmkeHnue mapa no KpPUBOJHMHEHOMY :kea00y ¢ IepeMeHHOM
KPHUBH3HOMH

Ecnu paanyc TpaeKTopun yMEHBIIAETCS, TO COTJIACHO 3aKOHY
COXPAaHEHUS MOMEHTA JIBI)KEHUSI CKOPOCTh JOJDKHA BO3pACTaTh
00paTHO MPONOPLHUOHATIHHO OTHOIICHUIO PAIHYCOB:

R1

V2 = V1
R
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Ho Ttorma napymarorcs 3aKOHBI COXpPaHEHUs KOJIMYECTBA
JBIJKEHHS W COXpPAaHEHUs DHEPrUH, IOTOMY 4YTO HE BUIHO,
4TOOBI PHEPTHUs MOABOANIACH K JABIKYIIEMYCS MO TPACKTOPHH
TEly.

Ecniu ke ckopocTh coxpaHsiercs, TO o00a 3aKoHa
BBIIIOJIHAKOTCA, HO TOrJa HaApylaeTcs 3aKOH COXpaHEHUs
MOMEHTAa KOJIM4YeCcTBa ABMKEHUs. Kak ObITh?

OpHako 0OKa3ajloCh, YTO JBMKEHHE 10 KPUBOM TpPaeKTOpUU
MOET OBITh OCYIIECTBICHO JIBYyMs CHOCOOAMH — C IOJIBOJIOM
SHEpPruu U 6e3 MOJBOJIAa SHEPTUH, U ITO COBCEM pa3HbIE Clydyau

(puc. 5).

il
_ V2= Vi
a ) V,=V,
L<r, mvr = const
f\
w = const W2=( T ) Wi
2
lMozpaHuY4HbIl
cnoli —
n>P
Obnacmb MoOpMOXeHUsI
8)

Puc. 5. /IBM:KeHMe Tes1a 10 KPUBOJIUHEIHON TPaeKTOPHUU:
@) BOKPYT IWIMHJPA; 6) BOKPYT HETIOJBIDKHOTO IIEHTPA;
6) pa3pe3 HWKHEH 9acTH cMepua.
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Eciu Teno nBwKeTCS BOKPYT LMIUHAPA, YACPKUBAEMOE
HUTBHIO, HAMATBIBAIONIEHCS HA MWJIMHJP, TO IEHTP OKPY>KHOCTH
nepeMeIaeTcs o MUIHHIPY, U Paguyc yMeHbIaeTcs (puc. Sa).
B »Ttom cnydae HUTH Bce BpeMsl HaTAHyTa, W TEJO
MOBOPAYMBACTCS  BOKPYr  LIEHTpa,  HAXOMSIIErocs  Ha
MOBEPXHOCTH LMJIWHApPA. 3AeCh Yroll MEXKIy TpaeKTopuen
JIBHDKEHHS Tejaa U HUTBIO cocTaBisgeT 90°, U 3/1eck HET HUKAKOM
MIPOCKIINN CUJIbI HATSHKEHUS HUTH HA TPACKTOPHIO, U3-3a 3TOTO
HET YCKOpPEHHsI TeJa, XOTS paJAnyC TPACKTOPUH MEHseTCs!
TodHO Tak ke OH OyJAET MEHSTHhCA M NPH KAUYCHUH IIapa Io
KeNoO0y C TMEepeMEHHBIM pPaguycoM, U TPH ITOM CKOPOCTh
nepeMenieHus mapa OyJeT MEHSThCS 1O HaIlpaBJCHHUIO0, HO HE
no BenwuuHe. VOO [MOMONMHWTENbHAsT SHEPrusi K HEMY HE
MOIBOJUTCS.

Ecim ke Temo JBUKETCS BOKPYr IOCTOSHHOTO IIEHTpa
BpallleHUs, TO JBIKEHUE OyJIeT MPOUCXOIUTh IO KPUBOH C
MOCTOSTHHBIM PAJUyCOM, TOTJA TPACKTOPHUS JBIKCHHUS Teja
MpEJCTaBIsieT CcO0OM OKPYXKHOCTh, IOTOMY 4YTO TOJBKO
OKPY)XHOCTh €CTh KpHUBasi C IOCTOSHHBIM PauyCcoM, JIPYTHX
Het. [lpm sToM yrom Mexay TpaekTopued Tela M HUTHIO
cocrapisier 90°, cuia, yAepXKUBaWOIIas HUTh, HUKAKON
MIPOCKIIMK HA TPACKTOPHIO HE AaeT. M eciu mpu 3TOM HUKAKHX
MOTEePh SHEPTHH HE CYIIECTBYET, a TEJO y)KE JBHXKETCS, TO OHO
MOJKET BpallaTbCcsi BOKPYT LIEHTPA CKOJIb YTOJIHO JOJT0, U €ro
CKOPOCTB TIPH 3TOM OyZET MOCTOSIHHOM (pHC. 56).

A BOT eciM Hpu JBWKEHUH MacChl BOKPYT HEMOJBH)KHOTO
[EHTpa 3a HUTh MOTSIHYTh, TO TOIJIA pPagUyC HAYHET
YMEHBINATHCS, U YTOJI MEXKAY TPACKTOPHEH U HUTHIO CTAHET He
90°, a menpmie. Torma cwia, ¢ KOTOpOW TSHYT HUTh, JACT
MPOEKIIMIO Ha TPAEKTOPHUIO, U MAacCa HAYHET YCKOPSThCs. Takum
o0pa3oM, YCKOpEHHWE MacChl MPOUCXOJUT 3a CUET DHEPIuH,
KOTOPYIO BKIIAJbIBAET TAHYIIN 32 HUTh B MEPEMEIICHNE MACCHI
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K meHTpy. [Ipumepom 3TOMY sIBIIsIeTCS IBH)KEHUE KOHBKOOEKIIA,
KOTOPBIH BpalaeTcsi Ha Jbay, PEABAPUTEIHLHO BHIOPOCUB PYKH
B CTOPOHBI, a 3aTeM MOATATUBAIONINI UX K cebe.

Pacder mokasbIBaeT, 4To MpU TaKOM CIOCOOE YMCHBIICHHS
paauyca HE TOJNBKO B TOYHOCTH BBIMOJHSCTCS 3aKOH
COXpaHCHHSI MOMEHTA KOJIMYECTBA JBW)KCHUS, HO U 3aKOHBI
COXPAaHCHHUS KOJIMYECTBA JBMKCHUS W DHEPTUH, IOCKOJIBKY
9HEprus M00aBJISCTCS BHEIIHUM HCTOYHHUKOM, TEM, KOTOPBIH
TSIHET 32 HUTh.

Takum 00pa3oM, OKa3bIBaeTCsI BO3MOXKHBIM IPEOOpPa30OBaTh
SHEPrUI0 HATSOKEHUS HUTU B DHEPTUIO BPAIICHUS Tella BOKPYT
neHrpa. CeromHs BBICHHJIOCh, 4YTO HWMEHHO TOJOOHBIH
MEXaHH3M JICKUT B OCHOBE YHEPIETHKHU Ta30BBIX BHXPEH (pHC.
56), 1 B 3TOM JIJIs1 SHEPTETUKH OOJIbIIIas MEPCIICKTHRA.

2.2. Awuxk Byoa. Omkyoa cmepuu u WUKI10HbL
oepym snepcuio?

st mpoBepku (pakTa CKUMAEMOCTH Ta30BBIX BUXpEH ObLT
M3TOTOBJIEH TAaK Ha3bIBaeMbIi sA1IMK Byna.

SAmwuk Byna mpexacraBnser co0oil OOBIYHBIN SIIIUK THIIA
TOTO, B KOTOPBIH YIAaKOBBIBAIOT MOCBUIKHA, HO BMECTO KPBIIIKU
HAa HEro YCTaHABJIMBAIOT YIOPYTyl0O MeMOpaHy, a B JHE
MIPOCBEPJIMBAIOT OTBEpPCTHE AuameTpoM 5-6 cMm. Buytps
3aKJIa/IBIBAIOT <«JIBIMOBYIIIKY», T.€. YTO-TO TaKOE€, YTO CIIOCOOHO
CO3/1aBaTh JbIM, HapUMeEp, FOPSIIYIO pacuecky (puc. 2).

Pe3kuii ymap mno wmemOpaHe TNpPUBOAUT K BHIOpoOCY
KOJIBLIEBOTO BHUXPSI M3 OTBEpCTHsS sIMKa. s BBIACHEHHS
0COOCHHOCTEN (opMUPOBaHUSA BUXPS LienecooOpa3HO IyCKaTh
BUXPb BJIOJIb CTEHKH, Ha KOTOPOW HayepyeHbl MOJOCHL. Buxpb



43

JBHXKETCA BAOJb CTCHKHU, U BUJHO, YTO €TI0 ABHXKCHHUC COCTOUT
U3 TPEeX ITAIoB.

s N
©-0-0-0-0-0-) L)
1 2 3

Puc. 2. ®opmupoBaHue ra3oBoro TOPOMIAJILHOIO BHXPSl € IOMOIUBIO
smuka Bypa: 1 — cramus coxatus Topouna; 2 — CTaaus PacIIMPEHHs TOPOMAA
(muddysus); 3 — cramust pazBana TOpouaa.

1 aTam — mocye BbUIETa U3 OTBEPCTHS TOPOUIAIBHBIA BUXPh
YMEHBIIIAET CBOM pPa3Mephl, 3TOT MpPOIEcCC OCHOBHOW. B
MIPOIIECCE CIKATHUS BUXPS €T0 SJHEPTeTHUKA ITOBBIIIASTCS.

2 STam — BUXPh YBEIMYHMBAET CBOW pa3Mepbl M 3aMeUIsICT
CKOPOCTb. 371eCh SHEPTHSI, HAKOIUICHHAS TOPOUIAJILHBIM BHXPEM
TPaTUTCSL.

3 odTam — BHUXPh OCTAHABJIMBACTCA W  Pa3pymIaeTCs
(muddynaupyer). 3nech ocrnabaeHHBIA MOTPAHUYHBIN CIOH YK
HE B COCTOSHHU IPOTHBOCTOSITH IICHTPOOCKHBIM CHJIAM M
npoucxoauT quddy3us BUXPSL.

TakuM 00pa3oM, O3TOT JKCHEPUMEHT, KOTOPBIA MOMKET
MPOBECTH OO0 MIKOJIBHUK, MOATBEPKAAET, YTO HA HAYATbHOM
dTame ra3oBbIE BUXPH CXKUMAIOTCS OKpYXaromien armocdepoit
M, CIeIOBaTeNbHO, HAKAIUIMBAIOT  DJHEPTUIO:  JIaBIICHUE



44

aTMocdepsl mpeodpa3yercss B KUHETHUECKYIO SHEPTHIO BHXPSL.
[IpenmonoxeHne NoATBEPAUIIOCE.

Kak wu3BecTHO, Ha 3eMHOM IIape BpeMsl OT BPEMEHH
MOSIBJISIFOTCS. CMEpYM U TallpyHbI, MpeAcTaBisionue coOoii
BO3/YIIIHBIC BUXPH, pa3pylIarolife BCE HA CBOEM ITyTH — Jieca,
ropoja M cena, ocymas 06010Ta U MoJHUMas B HEOO KOPOB H
nsrymek. YacTo BO3HHMKAIOT IMKJIOHBI — 30HBI IOHUKEHHOTO
JABJICHUSI, TOXKE MPEACTaBISAIONe cO00Il BO3IYIIHBIE BUXPHU.
[{ukIoHBI TEpEeMENIaoTCs MO MOBEPXHOCTH 3€MIIH, HECs C
coOoli yparanel, moxau u Merenu. OOpamraer Ha cebs
BHUMaHUE TOT ()aKT, YTO M LUKIIOHBI, © OCOOEHHO, CMEPYHU H
TaiipyHbl 001a/1a10T OONBIION CUIION U, CIeI0BAaTEIbHO, HECYT B
cebe MHOTO SHepruu. Bo3HUKaeT BOMPOC, OTKY/1a OHU €€ B3sIIU?

YCTaHOBIEHO HECKOJIBKO OOCTOSTENbCTB, CBSI3aHHBIX C
NPUPOJHBIMU  BO3IYIIHBIMH BHXPSIMH. Bce OHH HWMEIOT
VIUIOTHEHHBIE CTEHKH M TMOHW)XCHHOE JaBlIEHHUE B IICHTpE, B
nukionax — Ha 10-20%. CkopocTh mepeMeiieHrs BO3IYIIHBIX
Macc B BUXPSIX COCTaBJISIET 3aMETHYIO JIOJIO0 OT CKOPOCTH 3BYKa
— 710 TIOJIOBUHBI €r0 3HadeHus, T.e. nopanka 150 u paxe 200
METpPOB B CEKYHY, IIPaB/a, 3TO TOJbKO B cMepyax U TaildyHax.
Ho u B mukioHax ckopoctu BeTpa Moryt coctaBisath 20 — 30
M/c, a 3TO yxe yparaH. Camu ke IUKIOHBI MEPEeMELIAIOTCs O
MOBEPXHOCTU 3eMJIM co ckopocTbto 50-60, unorma mo 100
KM/4ac. DTO 3HAYMUT, UYTO CKOPOCTh HX IEepeMEIICHUs
CoM3MeprUMa CO CKOpPOCTBIO JBMJKCHHS BO3[IyXa B CaMOM
nukione. M moToku Bo3ayXxa BO BCEX ATHX OOpa30OBaHMSIX —
cMepuax, TaldyHax W I[HUKIOHAX MABUXKYTCS 110 BUHTOBOM
TPaeKTOPHUHU.
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Puc. 6. HuanHapuyeckuii ra3oBblii BUXPh: MONEPEYHOE cedeHne BUXps (a);
pacmpeziesicHHe IUIOTHOCTH ra3a (6); OSIIOpa KacaTelbHBIX CKoOpocTeil  (8);
3aBHCHMOCTb YTJIOBOW CKOPOCTH BpAIl[eHHs ra3a B BUXpe OT paauyca (2)

HccnenoBanusi BO3AYIIHBIX BUXPEW TOKAa3ajH, YTO BCE OHH
UMEIOT TpyOUaTyl0 CTPYKTYpy, B KOTOPOH CTEHKH BHXPS
VILUIOTHEHBI, IEHTPAJIbHAS YaCcTh Pa3pekeHa, a BPAIIAIOIHeCcs C
OO0JIBIIION CKOPOCTHIO CTEHKH OTAEJICHBI OT OKPYKAIOMIEH CpeIbl
MTOTPaHUYHBIM clioeM (puc. 6).

B oToM cnoe mpoOMCXOOUT TEpexod OT OTHOCHUTEIBHO
HEOOJIBIIION IJIOTHOCTH BO3JyXa B OKPYXAlOIIeM BHXPb
NPOCTPAHCTBE K 3HAYUTEIBHO O0Jiee BBICOKOW IJIOTHOCTH
BO3AyXa B Tele BUXpSA. B TOrpaHUYHOM CJI0€ TPOUCXOIUT
TaKXe Mepexoj] TeMIepaTypbl OT OTHOCHTEIbHO BBICOKOH B
cpene k 0osee HU3KOM B TeJe BUXPSL.
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B cooTBeTCTBHM C razoBOM MEXaHUKOW I'PAJAMEHT CKOPOCTH
IIOTOKOB ra3a, T.€. OTHOIIEHUE PAa3HOCTU CKOPOCTEH MOTOKOB K
pacCTOSHUIO  MEXJAy I[OTOKaMH  INPUBOAUT  Takke K
nepepacnpeseseHIo  JaBlIeHUsl Ta3a BHYTPH IOTPAHUYHOTO
CJI0S1.

ITo Mepe 3akpyTKHM LEHTPAJbHOTO IIOTOKa BO3/yXa
LIEHTPOOE)KHasl CHUjla CTAHET BBITOHSTH MOJIEKYJIBI BO3JyXa W3
LIEHTpa Ha Nepu(epuro, U AaBJICHHE B LEHTPE BUXPS HAYHET
cHKatbes. [lo Mepe CHM)KEHUS [1aBiICHUS BHEILHEE JaBJICHHE
HauyHeT NO/UKMMaThb BUXpb, MW €ro JUaMeTp HayHeT
yMeHbIIaTbCsA. Torga B COOTBETCTBUU C 3aKOHOM IIOCTOSTHCTBA
MOMEHTa KOJIMYECTBA JIBUKEHMS CKOPOCTb BpAIIECHUS HAyHET
YBEJIMUUBATLCS, U JABJICHUE B LIEHTPE OYIET CHMXKAThCS €LIe
Oosbiie. [Ipousoiier JaBUHHOE COKpAIllEHUE AUAMeTpa BUXPS
U COOTBETCTBYIOLIEEC YBEIMYEHUE JIMHEWHOW  CKOPOCTH
HepeMeIleHs] BO3IyIIHBIX Macc MO ero nepudepuu, oopaTHo
IIPOMOPLIMOHAIBHOE OTHOLIEHUIO AMAMETPOB BUXPS B Haydajie U
B KOHIle npouecca. Y ecin nepBoHayaJIbHBIM TUaMETP BHUXPS
coctaBis 1 kM, a B KOHIEe mporecca Bcero 10 M, TO ecTh
quametp cokpatwics B 100 pa3, TO CKOpOCTh MOTOKa Tra3a
Bo3pacter B 100 pa3, a sueprus B 10 Teicsiu pa3. Ecmu
HayaibHas CKOPOCTb OOKOBOIO BETpa cocTapisuia Bcero 1 m/c,
TO CKOpPOCTb JBMKEHMSI CTEHKM BHXpsl B KOHIIE IIpoliecca
coctaBuT 100 M/c, a 3TO yKe CKOPOCTh yparasa.

[Tomygaercsi, uto hopMupoBaHHE BUXPs aTMOC(epoil 3eMH
IPOUCXOIUT CAMONPOM3BOJIBHO, M IPU 3TOM MOTEHIHAJIbHAs
SHEprusi  JaBJIEHUS  BO3JlyXa,  OKPYXKAIOIIET0  BUXPB,
npeoOpa3yeTcsi B KMHETHUECKYIO SHEPTUI0 BpalleHHsl BUXPSL.
OTOT mpolecc, HECOMHEHHO, CYLIECTBYIOIIMM B MPUPOIE,
IIOJIHOCTBIO IIPOTUBOPEUUT IIPEICTaBICHUAM Hauan
TEPMOJMHAMHUKH, €CJIM €ro paccMaTpuBaTb B JIOKaJIbHOMN
obnacTH.
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OnaHako dTO HE BCE.

VYaepxaHue YIJIOTHEHHOTO Ta3a B  JIOKaJM30BaHHOM
NPOCTPAHCTBE BO3MOXHO TOJBKO B CIy4ae CHI)KEHHUS €ro
Temreparypbl. DakT MOHMKEHUS TEMIIEpaTypbl B BO3IYIIHBIX
BUXPSAX M BOOOINE B TPAJMEHTHBIX TEYCHHUSAX BO3AyXa LIMPOKO
MOATBEpXKIaeTcsl. DTO U OO0JeleHEeHHEe caMoJieTa BO BpeMs
nojiera, 1 o0JeIeHEHHEe BO3/IyX03a00pHUKOB, U (popMUpOBaHHE
rpaja B cMepuyax C BbIOpachIBaHMEM €ro TOPU30HTAIBLHO
mUpoKUM BeepoM. Ho Torma Bo3HMKaeT BOIPOC O TOM, KyAa
JIEBAETCSl DHEpPrusl TEIUIOBOIO JIBIKEHHUS Ta3a, KOTOPBIil
obpazyer cmepy. UM OTBeT TakoB: OHa W3 TEIUIOBOU
npeoOpasyeTcsi B IOCTYIATENbHYIO SHEPryui0 IMOTOKOB Ta3a
cTeHOK cMepya. CKOpPOCTh KaKJOW MOJEKYNbI ra3a COXpaHser
CBOIO BEJIIMYMHY, HO IepepaclpeiessieTcss MO HaIlpaBICHUSIM,
YBEIIMYMBASACh B HANpaBICHUH JBIDKEHHS Ta3a B CTCHKE
(TaHreHIMAIbHOE HAMPABJICHHE) U COOTBETCTBEHHO YMEHbINAS
OOKOBYIO ~ COCTaBIIIONIYyI0  (HOPMaJbHOE  HAIMPAaBIICHUE).
[ToaTOMy CKOpPOCTH JABHMKEHHUS CTEHOK OynIeT Ooiblie, 4eM 3TO
ClIeyeT W3 COOTHOIICHUS paJWycoB. A B TPUBEIACHHOM
npuMepe cKopocTh cocTaBuT yxe He 100, a 150 umu 200 M/c.

Takum oOpa3zoM, B II€JIOM BO3AYIIHBbIE BUXPHU, KaK U JIFOObIE
ra3oBbleé BUXpU, SBISAIOTCA IPUPOJHOM  MaIIMHOW O
nepepadoTKe MOTEHIMATBFHONW YHEPTUN JABICHHUS BHELIHETO IO
OTHOIICHHUI0O K BHUXPIO Ta3a, OOYCIOBIEHHOIO TEIJIOBBIM
JIBI)KEHUEM €T0 MOJIEKYJI, B KHHETHYECKYIO SHEPTUIO BPAICHHS
BUXps. U ecnu moTeHIMAIbHOM SHEpruei ra3a BoCIoIb30BaThCs
MPAaKTUYECKU HENb3s WIH, MO0 KpalHE Mepe, BeCchbMa
3aTpyJHUTENFHO M3-32 OTCYTCTBHSI T'PAJUEHTOB JABJICHHS, TO
KHHETHYECKOW MOXHO, HAIpUMeEp, TOMECTUB B BUXPh TYpOHHY.
[IpaBaa, mpu ’TOM BO3HUKAET MpoOIIeMa yCTOMYUBOCTH BUXPSI.

V3 W3NM0KEHHOTO BBIIE CIIEAYeT, YTO Ta30BBI BHUXPb
Croco0eH npeoOpa3oBHIBATH TEIUIOBYIO SHEPrHuIo,
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NPEJCTABICHHYI0 XAaOTHUYECKHM JBMKEHHEM MOJIEKYJ CaMOro
BUXPSI U MOJIEKYJ OKPYXAIOIIer0 ero ras3a, B YINOPSIOYEHHOE
JIBI)KEHUE, YTO IMPOTHBOPEYUT BCEM H3BECTHBIM YCTAHOBKAM
TepMoauHamMuKu. Ho He coBceM, MOCKOIbKY €ClM pPacCMOTPETh
BCE COCTAaBJIAIOINE NIPOLIECCa, HAXOAIIMECS HE B TEJIE BUXpS, a
BO BCEM OKpPYXaloIIeM MIPOCTPAHCTBE, B TOM YHCJIE U B APYTUX
00yacTsiX, B KOTOPBIX JBHKCHHE Tra3a IPOUCXOIUT COBCEM
HE3aMETHO, TO OKaXeTcsi, 4YTO B CpPEJAHEM HUKaKHe
TEPMOJMHAMHYECKHE 3aKOHBI HE HapylleHbl. Buxpp He
OecKkOHEYeH, M TMOTOKM ra3a B JPYrod 4YacTh BHXpsS He
CKUMAIOTCS, @ HA00OPOT, PACHIUPSIOTCS. 37eCh MPOLECCHl UIYT
B oOpaTHOM HampaBieHuu. Eciii e K TOMy K€ pacCMOTPETh
IIPOLIECC BO BPEMEHM B CPEJIHEM, TO TeM 00JIee OKaXKETCsl, UYTO
HUKAKOTO  HApyIIEHHUS  3aKOHOB  TEPMOJAMHAMUKH  HET,
MOCKOJIBKY DHEPTUI0 HEb3s HH CO3/1aTh, HU YHHUTOXKHTD.
JBuxenne BeuHo. OpHako mociae  MOJOOHBIX, YHCTO
MEXaHUYECKUX npeoOpa3oBaHuii, IIPOCMaTpPUBAETCS
BO3MOXXHOCTh ~ MCIONIb30BaTh  TEIUIOBYIO DHEPrUI0  rasa,
peoOpa3oBaB €€ B NOCTYNATEIbHYIO SHEPTUIO CTEHOK BUXPSI.

2.3. Llenmpoobesxcuovie nacocvl. Omkyoa depym
IHEP2UIO BOOAHBIE BUXPU

Haxkonnenue OHCPIrun BOASHBIMHU BUXPAMH HMCECT HHOM
MCXaHU3M, UYCM HAKOIUICHHUEC OSHCPIrUU Ta30BbIMH BUXPSMU.
I'azoBbIC BHUXpPHU HpI/IO6peTaI-OT OHCPI'HUIO 3a CUCT CKATHUA UX TCJIA
JAaBJICHUCM OKpPYXKAmOMICTO0 HMUX TIa3a, 3TO IIOKA3aHO BBIIIC.
H(PII[KOCTL K€ IPAKTUYCCKH HE CKHUMACMad, HO 3KCIICPUMCHTHI
IMMOKAa3bIBAOT, YTO OHM TAaKXKC MOI'YyT HaAKaIIMBAaTh OJSHCPIUIO,
npaBaa, MCHBIIYIO, YEM TI'd30BbIC BUXPHU. Hakormnenue OHCPIun
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YKUJIKOCTHBIMH BUXPSMH BBIPA)KACTCS B BUJIE HAKOIUICHUS TeTlia
— TMOBBIIIEHUS TEMIIEPAaTyphbl JKUAKOCTH. 3a CYET 4Yero 3TO
MO’KET IIPOUCXOAUTH?

C Touku 3peHus dS(PUPOAMHAMHUKM BOAAa  CIOCOOHA
HaKaIuiMBaTh 3(Up, YTO BBIPAXKAETCS B BHJE €€ BBICOKOM
JUBJIEKTPUYECKON IIPOHMIIAEMOCTH: OTHOCHUTEJIbHAs
JIURJIEKTpUYecKas NpoHunaeMocTb Boabl € = 81. Kak 310
MPOUCXOJUT B BOJI€ — OTZIENbHBIN Bonpoc. HakomieHHbIil BO10M
3pHUp OTHOCUTENHHO clabo CBSA3aH C €€ MOJIEKyJaMH, U TpH
BpaIlleHUHU BOJBI BEIOpAChIBaeTCs U3 Hee (puc. ).

[Tonnmxenune npaBneHus 5¢GuUpa BHYTPU BOASHOTO BHXPS
IPUBOAUT K BCachIBaHMIO 3(upa 1o ocu Buxps. Takum obpazom,
oOpasyercs 3UpHBIA OymieT - BeIOpoc 3¢dupa mno nepudepun
BUXpS U BCOC IO €r0 OCH, U 3TO MNPHUBOAUT K 3AMBIKAHHIO
IIOTOKOB 3(upa: BOKPYI BOJSHOIO BHUXps 00pa3zyroTcs Ba
TOPOUJAIIBHBIX BUXPA.

Kak Ttompko cTtpym s¢dupa 3aMKHYTCS, BHEIIHEE IABIICHHE
s¢upa coxxmeT oOpa3oBaBLIMecs 3QUPHBII BUXPU U 3arOHUT UX
oOpaTHO B BOJY, IepeAaB €l CBOIO DHEPrut0. ITO U €CTh Ta
n00aBOYHAs, 32 CUET KOTOPOM MOBBIIIAETCS TEMIIEPATypa BOJBI.
Ilo Bcell  BEpOATHOCTH, TaKOW MPOLECC  IOBTOPSAETCS
NEPUOJIMYECKH, YTO, B NMPHUHIIUIIE, MOXKET ObITh OOHApPYKEHO C
MOMOIIBI0O  PaMOK  WJIM  CIEHUAIBHBIMH  NpUOOpamu,
OCHOBAaHHBIMU Ha 3(PQeKTe OTKIOHEHUS Ja3epHOro Jiyya OT €ro
OOBIYHOTO TMOJIOKCHHS, YTO MOXKET OBITh 3apUKCUPOBAHO
(OTO3IEKTPUIECKUMHU I€TEKTOPAMHU.

Uctopuss co3manus temnoreneparopa lO.C.IloramnoBeiM
TUIIMYHA B TOM OTHOIIEHUH, YTO BCE, KPOME HETO, 3HAJIM, 4TO
ATOro crenarb Henb3si, a lloramoB 3TOro He 3HaN, MOATOMY
MMEHHO OH M CO37aJl TOT T'€HEepaTop.

B 1931 rony ¢paniysckum yueHsiM XKozedpom Pankom Obun
OTKPBIT BUXPEBOH 3((EeKT 3HEPreTUYECKOro pasesieHus ra3os,
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Ha3BaHHBIN BrocneactBuu dpdexrom Panka. [Tocnme mokmama
Panka ®panmysckomy (usnueckoMmy o0mecTBy 00 3¢dekre o
HeM 3a0butH, M TONILKO ¢ 1946 roma BuxpeBod 3>dekT cran
OOBEKTOM HCCJIEIOBAaHUN YYEHBIX pa3HbIX CTpaH. bousbinoe
KOJIMYECTBO HKCIEPUMEHTANBHBIX PadoT 1O €ro UCCIeI0BaHHIO,
npoBeneHHbIX B CCCP u B pyrux crpaHax Mupa, MO3BOJIUIIO
PacKpBITh OCHOBHBIE OCOOEHHOCTH BHUXPEBOrO HddeKkra u
MOJOUTH K €T0 TEOPETHYECKOMY 000CHOBaHMIO [ 14].

Buemne mnpocroit BuxpeBoil 3¢¢exkT Ha camoM jene
3aKiIo4aeT B cebe CIOXKHBIM Tra30JMHAMUYECKHil Mpoliecc,
MPOUCXOASAIINI B MPOCTPAHCTBEHHOM TYpPOYJIEHTHOM IOTOKE
BA3KOTO C)KMMAaeMOTo Ta3a. DTHM, BEpOSITHO, U OOBICHSETCS
HEy/Jaua MHOTMX I[ONBITOK HAWTH aHAJTUTUYECKOE pEIIeHUE
3amaun. OJHAKO Ha OCHOBE MPOBEICHHBIX HCCIEAOBAHUN OBLIH
pa3zpaboTaHbl MOJYIMIUPUUECKHE METOJUKU pacdyera Kak
caMmoro BUXpeBoro 3dexra, Tak 1 HEKOTOPHIX BUIOB BUXPEBBIX
annaparoB. Ha 3Tol OCHOBE Hayaics IEpUOJ OCBOCHUS U
BHEJPEHUSA €ro B TMPOU3BOJICTBO, TJaBHBIM 00pa3zoMm, MpH
CO37JaHUU BUXPEBBIX XOJIOJIMUIBHO-HAIPEBATEIbHBIX YCTAaHOBOK,
BUXPEBBIX XOJIOJUJIBHBIX KaMep, BHUXPEBBIX TEPMOCTAaTOB H
BHUXPEBBIX BaKyyM-HaCOCOB.

BuxpeBoii addext wmmm s¢dekr Panka mnpossisercs B
3aKpPY4YE€HHOM IIOTOKE BSI3KOT0 CXKMMAEMOI'0 ra3a U pean3yeTcs
B OYEHb MPOCTOM YCTPOMCTBE, HA3bIBAEMOM BHUXPEBOIl TpyOOii.
CXeMaTHU4Hasi KOHCTPYKIIHMS KOTOPOi n300pakeHa Ha puc. 7.

BuxpeBas TpyOa mpeacrasisieT co00i TIaaKyr0 TUIHHIPHIECCKYIO
TpyOy 1, cHaOXEHHYIO TAaHTCHUUAIBHBIM COIUIOM 2, YIUTKOH 3,
nuadparmMoii 4 ¢ 0CEBBEIM OTBEPCTHUEM H JPOCCETIEM O.
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Puc. 7. Cxema BuxpeBoii Tpyob1 Panka

ITpu BTekaHuu rasza 4epes cOmIo o0pazyeTcs MHTECHCUBHBIM
KpYrOBOM IIOTOK, IIPUOCEBBIE CIIOM KOTOPOTO  3aMETHO
OXJIQXJIAI0TCSl U OTBOJATCA Yepe3 OTBepcTue auadparmsl B BUIE
XOJIOAHOTO TOTOKA, a Mepu(epuilHble CIOU MOJOTPEBAIOTCS H
BBITEKAIOT 4Yepe3 JpOCCeNb B BUAE ropsdero mnoroka. Ilo mepe
IPUKPBITUS Ipoccesis OO ypOBEHb JaBJIEHHUS B BUXPEBOU
TpyO€ TMOBBILIAETCSA, M PACXOJ XOJIOAHOTO IIOTOKA Yepes3
OTBEpCTHE AMAa(parMbl YBEIMUHUBAETCS NPU COOTBETCTBYIOIIEM
YMEHBIIEHUN  pacxoja ropsdero mnoroka. Ilpm  3tom
TEMIIEpaTypbl  XOJIOAHOIO M TOPSYEro IIOTOKOB — TaKkKe
MEHSIOTCS. B pasnuyHbIX KOHCTPYKLIHAX TpyO IPUMEHEHBI
YCOBEPIIEHCTBOBAHMS, IIO3BOJISIOIINE YIIYYIIUTh
XapaKTePUCTUKH TPYObl IPUMEHUTENILHO K KOHKPETHBIM LIEJISIM.

Cnenyer cnenuajlbHO OTMETUTh, YTO B BHUXpEBOHU TpyOe
Panka o01muii 0anaHc sHEPrUH COXPaHAETCS.

[ToTanoB momnsITasCs UCIOIL30BaTh B BUXpeBOW TpyOe Panka
BMECTO BO3/1yXa BOLY, T.€. HEC)KUMAEMYIO )KMJIKOCTb U MOJIy4HII
HEOXHUIAaHHBIA d3((EeKT: Mo O0ceBOM IMHHHM BBITEKANTAa HE
XOJIO/HAs, a TeIiasi BoJia, Mo nepudepun ke BhITeKaa ropsyast
Boza. [locie kamopuMeTprueckux U3MEpeHHil ObUIO MPU3HAHO,
YTO TEIJIOBOM PHEPIUu BBIJENAETCS OONbIIE, YeM MOCTYIAeT,
npuMepHo, B 1,3 — 1,5 pasa.

HOCKOHLKy BCEM SCHO, YTO HU CO3JaHUC, HU YHHUYTOKCHHC
OHEPTIYMH HEBO3MOXXHO B IMMPHUHIMIIC, & BO3MOKCH JIMIIb IIEPEBOI
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SHEPrUM W3 OJHOIO MeCTa B Jpyroe, TO T[HE-TO JOJDKEH
HaXOJIUTHCS CKPBITBIN HMCTOYHUK 0OHapy>XKCHHOU
JOTIOTHUTENIFHOW ~ dHepruu. B kadectBe  OOBSCHEHUS
HEKOTOPBIMU YYEHBIMH OBUIO BBICKA3aHO MPEIIOJIOKEHUE O
TOM, YTO B COOTBETCTBUM C HECKOJIBKO BHJOW3MEHEHHOMN
Teopueir orHOCUTENbHOCTH B TerioreHeparope Iloranosa
MPOUCXOIUT NMPeoOpa30BaHUE MACCHI B YHEPTUIO, a, KPOME TOTO,
B HEM OCYIIECTBIISIETCS TAK)K€ XOJIOAHBIA SIIEPHBIM CHHTES.
Onnako MOAOOHBIE MPENNONOKEHHS MPEICTABISIOTCS BEChbMa
HCKYCCTBEHHBIMH.

Mexanu3M, 0OECIeUMBAMOIINN TOBBIIICHHE TeMIleparypa
BOABl B YyNHUTKe TpyObl PanHka omucaH Beiie. OTO MOXKET
IIPOUCXOUTh Mepuoaudecku. OHaKo BO3MOXKEH U JApPYrou
BapHaHT, KOIJa BBILICAIINN HApYXKy 3(Up 3aTeM BCacChIBaeTCA
Mo TopHaMm TpyObl, TOTJa OSTOT MPOIECC MPOUCXOIUT
HemnpepblBHO. Bo Bcex ciydasx IPOUCXOAUT AOIMOJHHUTENIBHOE
CKaTHEe BHEIIHMM JaBlieHHEM J¢upa 00pa30BaBIIETOCS
3(GUPHOTO BUXPS U TEM CaMbIM BBO/I JOTOJHUTEIHHON SHEPTHUH,
KOTOpas 3aTeM nepenaercst Boje. [ moBbIIeHNs TEI00T1auu
1[e1eco00pa3HO YIYUIIUTh MPOBOJUMOCTh BOJBI MM BBECTH B
Hee Kakue-TMOo B3BeCH, a /il 00JerdeHus] BUXPeoOpa3oOBaHHS
sbupa Kopmyc U JIpyrue JeTald  BHUXPEBOM  TPYOBI
nenecoobpa3Ho JAenarb HE W3 MeTaula, a U3 JE00ro
M30JISIUMOHHOTO MaTepHaa.

Heuro nogo6Hoe oOHapyXeHO B YCTPOICTBaxX, B KOTOPBIX
UCIIOJIBb3YOTCS 1581071 CaMOIPOU3BOJIBHO o0pa3yroTcs
KaBUTALIMOHHBbIE My3blpu. B mnpunnune, Ha oOpa3oBaHUe
Iy3bIPEN JTOJKHO MOTPATUTHCSI CTOJIBKO )K€ YHEPIHH, CKOJIBKO
MIOTOM BBIIETUTCS NpU uX cxjonbiBaHuu. Ho 31aech Taxxke
OOHapyKEHO JONOJHUTENbHOE TEIUIOBBIICIEHHE, U MOXHO
MPENIOJIOKUTh, YTO U 3/1€Ch NMPOUCXOIUT HEKUN aHATOTMYHBIN
nporiecc 3axBara 3¢upa, 3aTeM ero BUXpeoOpa3oBaHUE, CHKaTHE
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3(UPHBIX BUXpPEH OKPYKAIOIUM 3(PUPOM C BBOJIOM TEM CaMBIM
B BUXPU JOIOJHUTEIBHOM DHEPruM, IOINIOIEHUE 3aTeM
pUPHBIX BHUXpEH TOW k€ BOJOW M Tepenada HaKOIJICHHOM
SHEPrUM BOJIE, YEM U BBI3BaH €€ JONOJIHUTEIbHBIN IIOJOTPEB.

B Hacrosmee Bpemsa u B Poccuu U BO BCEM MHpE CO3aHO
HECKOJIBKO BUJIOB BUXPEBBIX TEIJIOTEHEPATOPOB HA Pa3IM4YHBIC
MomHOCTH. OAuH W3 BapUAHTOB IIPEACTABIEH Ha pHC.
[ecoteplo.ru].

Puc. BuxpeBoii BoasiHOIi TenjioreHepaTop: a) cxema; 0) BHEIIHUH BH]

IIpuBeneHHBII Ha CXEMe TEIJIOTE€HEPaToOp IPEICTaBIIsIET
co00i1 OOBIYHBI ACHMHXPOHHBIM JIBUraTellb, COIPSDKEHHBIA C
pOTOPOM, Ppa3MEILIEHHBIM B TOJCTOCTEHHOM LMJIUHApE, B
KOTOpBIH mocTynaer Boga. Porop mpezacrasiser coboit och, Ha
KOTOPYI0O HAacCakeHbl IUIOCKME JUCKHM. Bpamenue auckos
JIBUTATEJIEM I103BOJISIET MOJYYUTh JOMOJHUTEIBHYIO TEIIOBYIO
SHEPIHIO, OoJIbLIYI0,  4e€M  3aTpayeHo  JIBUTaTeJIEeM.
Pa3BuBaronieecsi JaBiI€HHE COCTABISET HECKOJBKO JECATKOB
armocdep. IlpousBeneHHble U3MEPEHUS MOATBEPIWIN HAINYHE
M30bITOYHOM BHepruum npu odumem knja nopsaka 1,6 (B
HEKOTOPBIX oOpasmax 10 1,8).

Teruioreneparop ycTaHaBIMBAaeTCs B OTACIbHOM OMEUICHUH
BO M30eXaHue Kak IIyMOBBIX 3((}EKTOB, TaK U BO3MOXKHOTO
3(GUPOIUHAMUYECKOTO U3TyUEHHUS.
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[Tpu3naBas MOJIC3HBIM CO3/IaHHE MOT00HBIX
TEIUIOTEHEPAaTOPOB, MOXKHO, OJHAKO, BHICKAa3aThb COMHEHHE IO
MOBOJy TOTO, YTO JakK€ IIMPOKOE NPUMEHEHHE MOA00HBIX
YCTPOMCTB MO3BOJIUT PEIIUTh SHEPreTHUECKyto mpodiemy. [Ipu
kodpdunmente termnoornayn B 1,3-1,5 oOmas skoHOMES
OHEPIUU HE TaK yX W Benuka. Jlaxe eciau Obl BCe TEIUIOBBIC
YCTaHOBKH M BCE JBUTATEIU B MUPE MOBBICUIN CBOM KII Ha 30-
40%, sHepreTuueckas nmpoodyiemMa peuieHa He Opiia Obl.

2.4. Omkyoa depym 3nepeuto uiapogvie MOJTHUU?

OpHako HU CMepyH, HU TalW(yHBI, HU LUKIOHBI HE MOTYT
CPaBHUTbCA 110 CBOEMY YJEIbHOMY DSHEProCOAEPKAHUIO C
mapoBoi MonHuei [15]. YensHoe conep:kaHnue SHEPTUH — 3TO
KOJIMYECTBO HEPTUHU, COJIeprKalieecsi B €AMHMIIE MAcChl Tena.
Hampumep, 6eH3uH B pe3ysibTaTe MOJHOTO Cropanus naetr 44
MJIx/kr, pupoaHbIid ra3 — 35, 6 MJIX/KT, a KaMEHHBIH YTOJIb
(antpamut) — 22 MJlx/ xr. B srom mmane 1 kr Bo3ayxa,
JIBIDKYIIUICS B cocTaBe cMmepda co ckopocteio 100 wm/c
conepxut Bcero yumb 5000 JDxoyneid, 4yTO HECOU3MEPUMO
Majo [0 CpPaBHEHHIO C JHOOBIM BHJIOM TOmIMBa. OJHAKO
CpeIHUIl cMepu COIEpKUT B cebe Maccy, HCUUCISIEMYIO
THICSIYaMU TOHH, OTCIOJIa M €T0 00111asi MOIIb.

Uro kacaercss MIApOBOMl MOJHHUHU, TO JdaXe U3 OOBIYHBIX
HAOJMIOCHUI MOXHO  CJENaTh HEMaJOBAXXHBIE  BBIBOJBI.
[Tockonbky MoONHHSI CBOOOAHO IJIaBAaeT C MOTOKAaMH BO3/yXa,
3TO O3HAyYaeT, YTO €€ yJAeNbHas Macca 3HAYMTEIbHO MEHBIIE
yIenbHOM Macchl Bo3ayXa, cocraBismomeil 1 kr/m?, 1o ecTb
nopsaka He Oonee 0,1 kr/m®. Jluamerp psigoBOil 1IapoBOi
MOJIHUU COCTaBISET mopsiaka 4-6 ¢M, 3TO 3HAYUT, YTO OOBEM ee
cocrasiseT okoio 100 ky0. cm, a macca okoio 0,01 rpamma munu
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MEHbIIIE. DHEProcojiepkaHue ke Takoe, 4YTO OHa CIIOCOOHa
ucriaputh Oonee 70 kr Bombl, (OBUT TakoOW cCiy4ail, Korja
[1apoBasi MOJIHUS monaja B O0uky W ucmapuia okono 70 Kr
BOJIbI), Ha 4TO TpeOyercs He MeHee 38.000 Kkan WM, 4TO TO XKe
camoe, 200 mummonoB [[xoyneit. IIpu macce B oJHYy COTYIO
rpaMma MOJy4aercs, uTo yIEeIbHOE JHEpProcojiepskaHue
IIapOBOil MOJIHUM COCTaBJIsAET He MeHee, 9eM 1,6.10%3 Tx/kr.

Bor Tak T0, a Bel roBopute! Kakoit Tam 6eH3uH!

WNHTEpecHO CPaBHUTH 3TO YAEIBHOE 3HEPrOCOJEP)KAHUE C
SHEprueil, BhIACIIEMON IpU B3pbIBE, HAIIPUMEp, TpoTwiia. OauH
KWJIOTpaMM TpOTHJIa BblaenseT npu B3pbiBe 4,2 MJIx, 4to B
JIECSATh pa3 MEHbIIE TEIUIOTBOPHOM CIIOCOOHOCTH OEH3MHA, HO
3aTo cpasy. M ToIbKO ypaH W IULyTOHUH IPU CBOEM JIEJICHUU
JAIOT SHEpruu Oojpiie: 1 Kr ypaHa WM IUIYTOHHUS CIIOCOOEH
npu pacrnane Beinenutsh 22500 xkBt.u  wunm 8.10%* JIx
SHEPruM, T.€. UX YAEIbHOE dHeprocojepxkanue Bcero B 40 pas
Oonplie, yem y mapoBod MonHMH. Ho 3TO Bce ke aTomHas
sHeprus!

Celiuac MHOTHME HCCIIEIOBATENN MBITAIOTCS BOCIPOU3BECTU
mapoByr0  MoiHUPO. OHM 3TO JAenaloT YacTHYHO U3
JIOOOMBITCTBA, HO YAaCTUYHO U U3 COOOpa)KeHWil, 4YTo C
MOMOIIBIO IIaPOBOM MOJHHHM MOHO NOOBITH 3Hepruto. M s
3TOr0 UMH Pa3pabOTaHbl BCEBO3MOMKHBIE MOJIEIH.

BonbmiHCTBO 3TUX HccienoBaTeneil Mpeanojaraer, uTo
OCHOBHAsi JHEprusi ILIApPOBOM  MOJHUU  COJEPKUTCA B
cBeTsIIeMcs 00beMe BO3/yXa, B KOTOPOM 00pa3yroTcsi ocoObIe
COEMHEHMS a30Ta U KHUCJIOPOJAA, TaK Ha3blBa€Mble KJIACTEPHI,
KOTOpbIE U HecyT B cebe 3Ty sHepruto. EcTb mpeamnonoxeHus,
YTO IIapoBas MOJIHMA — OTO 3aMKHYTBIM camM Ha ceds
ANEKTPUYECKUN TOK, KOTOPBIA yIepKuBaeTcs B 0OObeMe
MOHHM3UPOBAHHOTO BO3ayxa. ECTh uaeu, cBsi3aHHBIE C TEM, UTO
[1apoBasi MOJTHUS TIPEJICTaBIsIET COO0M 3aMKHYTOE caMo Ha cebs
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MarHuTHoe 1one. Ho pacuerbl He MOATBEPKIAIOT 3THUX
MOJEJIel, a TONBITKM peadu3alid IIapOBBIX  MOJIHHIA,
OCHOBaHHBbIE HAa 3TUX MOJCNSX, HE MOJy4yarTcs. MOXKHO
BBICKA3aTh MPEANOJIOKEHHE, YTO Ha YKa3aHHBIX NYyTAX Yy
uccieoBaTeNeil HUYEero U HE IOJIyUYUTCS, IOTOMY 4YTO €CIH
Yachl MOTEPs Ha BOK3aJlle, TO U MCKAaTh UX HAJ0 Ha BOK3ale, a
He oA (hoHapeM, TIe CBETIee.

[ToaTomy, mpexkiae 4eM MNpPOBOAUTH PabOThl MO CO3/JaHHUIO
gero Obl TO HE OBLIO, HY)KHO CHayajila COCTaBUTh TEXHUYECKOE
3aJlaHue Ha TMpeAMET, T.e. ONPEACNUTh BCIO COBOKYIHOCTb
CBOMCTB, KOTOpBIE JOJKHBI OBITH Yy MpPEIMETa, 3aT€M HYXKHO
MOHSATHh €ro (U3UYECKYIO CYIIHOCTb, & 3aT€M TOJIBKO IBITAThCS
YTO-TO CAEJATh.

Kakue »xe cBoiicTBa M3BECTHHI y IIAPOBOM MOJHHH? OTH
CBOKCTBA TaKOBBI:

— pa3Mep YyCTOMYMBOW IIApPOBOMl MOIJIHUM COCTaBIISET OT
€AMHUIL 10 JECATKOB CAHTUMETPOB;

— ¢opMa mapooOpazHasi WM TPYHIEBUAHAS, HO HHOTIA
pacruipIBYaTasi, mo popMe npuiIerarolero npeamMeTa;

— sipKasi CBETUMOCTh, BUIUMAs B THEBHOE BPEMS;

— BBICOKOE 3HEPToCO/IepKaHuE;

— yIenbHas Macca, COBIIAaroNiasi ¢ MacCoil BO3/IyXa;

— CITOCOOHOCTH MPHJIUIATh K METAJUTMYECKUM TPEIMETaM;

— CHocOOHOCTh MPOHUKATH CKBO3b JTUDIIEKTPUKU, B
YaCTHOCTH, CKBO3b CTEKJIA;

— cmocoOHOCTh  AeOpMHUpPOBATHCS UM MPOHUKATH B
MOMENICHUSI CKBO3b Mallble OTBEPCTUS] THIA 3aMOYHBIX
CKB&)XMH, a TAK)K€ CKBO3b JUAJEKTPUKH, B YACTHOCTH, CKBO3b
CTEKIIa;

— cmocoOHOCTh  AeOpMHUPOBATHCS H  MPOHUKATH B
MOMENICHUS CKBO3b Majlble OTBEPCTUSI THMA 3aMOYHBIX
CKBa)XMH, a TAK)KE€ CKBO3b CTEHBI, 110 JIMHUSAM IPOBOJOB U T. 11.;
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— CIOCOOHOCTh B3PBIBATHCS CaMOIPOM3BOJIBHO JIHOO TIpU
COIIPUKOCHOBEHUH C MIPEIMETOM;

— CHOCOOHOCTh TOJHMMATh M TIEPEABHUraTh pa3IMYHbIC
MPEIMETHI,

a TaKkXKe Jpyrue CBOMCTBA, MEHEE CYIIECTBEHHBIC.

U, xak MUHHUMYM, JTH00asi MOJIEb JIOJKHA OTBETUTh HA BCIO
COBOKYITHOCTh ~ IIEPEYMCIICHHBIX CBOMCTB. A  3TOro, K
COXAJICHHIO, Y aBTOPOB MOJICJICH M HCCIIA0BATENE MIapOBhIX
MOJIHUH 1OKa HET, a TOTOMY BCE TIOUCKH MTPOBOISTCS BCICIIYIO.
U mockosibKy MHOTOJISTHHE TIOTIBITKH Pa3HbIX UCCIIE0OBATEIICH B
pasHBIX CTpaHaX I[OKa 4YTO HE Jadd IOJOKUTEIbHBIX
pe3yiabTaToB, TO CTOMT TOAyMarb, HE HYXHO JH
NPUHIUIHATIBHO U3MEHUTh MOJIXO/A K 3Toi mpobiieme? Moxer
ObITh, HYXHBI HEKOTOPbIE HE COBCEM TPAJUIUOHHBIC
COOOpaXeHHsI IO TMOBOAY TOTO, KaK JK€ YCTPOCHA IapoBas
MOJTHHSI, U TOTJIa MOSIBSITCS UJICHU TI0 €€ CO3/IaHuI0?

Kak mokazano B pabore [9], Bce MHUPOBOE MPOCTPAHCTBO
3aloJIHEHO 3(UpPOM, MPEJCTABISIONIMM COOOM TOHKHA Ta3
BEChbMa MaJIOW IUIOTHOCTH, HO WCKIIIOYUTEIHHO BBICOKOTO
9HEProcoACp KaHusl.

[To yroyHEHHBIM OLIEHKAM IUIOTHOCTh 3(pUpa B OKOJIO03EMHOM
npocrpancTee paBHa 8,85.107%% xr/M°, nmaBnenme — 10% Ila,
sueproconepxkanue 10%7 Ix/ m°. CTOMT HamOMHHTb, YTO BCE
YeJI0BEYECTBO Ha BCE CBOM HYIKJBI IMOTPEOIISICT B TCUCHHUE Toja
sHepruu nopsaka 102°-10%2 JIxoymneii, T.e. 3HAUMTENFHO MEHee,
YeM COJICP)KUTCSI DJHEPTUU B OJJHOM KyOMYECKOM MHUJLTUMETPE
apupa. A artomHas sHeprus wucnoiabdyer He Oomee 0,01%
DHEPIUH, COJEpIKAIIEeiCcs B TOM 00BbEMe, KOTOPBIH 3aHUMAIOT
MPOMEKYTKH MEXy HYKJIOHaMH B siapax aromax. Ho 3To Tak,
JUTSL CBEJICHUSI.

Bce BuIpl BemiecTBa MMEIOT B CBOEH OCHOBE B KauecTBE
CTPOUTENILHOTO Marepuaia 3¢up. Bce Buabl B3auMoneicTBHiA
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00yCIIOBJICHBI JIBUXKEHHEM TOTOKOB 3¢upa. He cocrammser
WCKJTFOUEHHUS U TIapOBasi MOJTHUS.

EnunctBenHoit ¢opmoii  aBuwkeHuss 3¢pupa  CrocoOHOM
ylepKaTh YIUIOTHEHHBIA 3(QHp B 3aMKHYTOM IIPOCTPAaHCTBE,
SBIISICTCA TOPOUJAIBHBIN BUXph, MO (hOpME HATOMUHAIOIIUI
OyOnuK, a CTpyKTypa €ro mojo0OHa 3aMKHYTOM caMy Ha ceOs

TpyOYy (puc. 8).

oy

PR

Puc. 8. CTpykTypa ra3oBoro Topouaajb-HOr0 BUXPS

OTHOIIEHHE TOJIMIMHBI TAKOTO0 TOpPOMJA K JTUAMETPY
cocraBisieT, mpuMmepHo, 1:1,7, HO ero ¢gopma MOXKeT OBITh H
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Oonee mpubIMKEHHON K ImapoBoil (opme. B nenTtpe Topomaa
UMeeTCsl OoTBepcTHe auamerpoM mnopsanka 0,1 or mmamerpa
topouna. OgHAaKO W3-3a OOIIETO CBEYCHHS TEJNa MOJHHUH B
BO3[yX€ HU OTIHYUA (POPMBI MOJHUM OT UIAPOBOW, HHU
CYILIECTBOBAHUS LIEHTPAIHHOTO OTBEPCTHS YBHUJIETh IOKA HE
ynaBanochb. Ilo Bceli mOBEpXHOCTHM Topouaa oOpa3oBaH
MOTPAaHUYHBIA CJIOH, HE TMO3BOJIAIONIUI YIUIOTHEHHOMY 3(upy
paccocaThCsi B MPOCTPAHCTBE. DPUp B Telie IIAPOBOW MOJIHUU
JIBUOKETCA 10 3aMKHYTOM BHUHTOBOM JIMHUU CO CKOPOCTBIO,
COCTABJISIIOUICH /JECATKH THICSY KUIOMETPOB B CEKYHIy. OTa
CKOPOCTb OIPENEIATCS U3 BEIMUMHBI SHEPTUH, COJEpKAILENcs B
1apoBOi MOJIHMHU, W ee Macchl. Ecnu monarath, kKak ObLIO
[IOKA3aHO BBILLIE, YTO €€ 3Heprocojep:kaHue cocrasiser 160
MiH. [[xoyneit, a macca paBHa 0,01 r, TO CKOpOCTh MOTOKA
apupa momkHa ObITh mopsimka 5000 xm/c. Ecmu 1maposast
MOJIHMSL uMeeT Maccy Menbwe, yem 0,01 r, To ckopocTh
OK@)XETCS COOTBETCTBEHHO Oouiblie. 3HAUYEHUNH CKOPOCTH,
OMM3KUM K CKOPOCTH CBETa, MOTOKU 3(upa B Tejle MIapOBOM
MOJIHHUH, TT0-BUJIUMOMY, BCE K€ HE UMEIOT.

[MapoBasi MOJHHS, COCTOAIIAs U3 MOTOKOB 3(upa, MOKET
CBOOO/IHO MPOXOJUThH CKBO3b U30JISITOPHI TaK K€, KaK MPOXOAUT
CKBO3b M30JIATOPbl MAarHUTHBIA MOTOK. Ho CKBO3b MeTan
apoBasi MOJIHUSI IPOUTH HE B COCTOSIHUH, ITOMY MPENSATCTBYET
Tak Ha3bIBaeMas MoBepxHOcTh DepMu, MpeacTapisionias codoi
IUIOTHBIA CJIOM 3JIEKTPOHOB HAa IOBEPXHOCTU MeTajia. JTOT
CIION SBNSIETCS NPUYMHOW TOrO, YTO CBET OTPa)KaeTcsl OT
METaJUIMYECKUX TNOBEpXHOCTEW. Temo ke MapoBOW MOJIHHUH,
KOCHYBLIMCh MeTajljla, MPUWIMHAET K HEMYy, IOCKOJIbKY
MMOBEPXHOCTh MOJHHUHU JBHXKETCS C OONBIIOW CKOPOCTBHIO U
MEXIy TEJIOM MOJIHUM U TOBEPXHOCTHIO MeTasia oOpasyercs
TPaJIueHT CKOPOCTH 3Pupa, naBiaeHue 3¢upa 371ech MOHUKEHO, U
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BHEIIHEE JaBJeHHE »dupa MNPWKUMAET TEeJIO0 MOJHUU K
MIOBEPXHOCTU MeTaJlIa.

CBeueHue MOJIHMM BBI3BAaHO TEM, YTO MOJIEKYJbI BO3/1yXa,
[IONIAaBUIME B €€ TeNO, BO30YXKIAIOTCS U HAYMHAKOT CBETUTHCS.
OHeprusi 3TOr0 CBEYEHMsI HEBEJIMKAa M COCTaBIsIET BEChbMa
MaJIyl0 JOJIO OT DHEPruH, conaeprkameiics B MojaHuu. ViMeHHO
BTOPUYHOCTBIO CBEYEHHUSI MOTYT OBITh OOBSCHEHBI TaKHe
CBOMCTBA IIAPOBOM MOJIHMM, KaK IPOHMKHOBEHHE CKBO3b
CTEKJI0. MoUleKysibl BO34yXa, IIONABIIME B TEJIO IIAPOBOU
MOJIHUY, HAaYMHAIOT CBETUTHCS, HO KOIZAA MOJHHUS IIPOXOJUT
CKBO3b CTEKJIO, MOJIEKYJIBI BO3JyXa Ha OJHOH CTOpPOHE
PEeKOMOMHMPYIOTCS M 3aTyXalT, a Ha Jpyrod CTOpOHE
3akurarorcs. IIpu cuemeHMu mapoBOHM MOJIHUM C JIETALIUM
CaMOJIETOM IIOTOK BO3JyXa IPOJLyBacT MOJHMIO, HE B CHJIAX
OTOPBATh €€ OT KpblIa. Te MOJIEKYJIbI BO3/lyXa, KOTOPBIE ITONIAIN
B TEJIO MOJHHUH, BO30YXJAIOTCS U CBETATCS, a T€, KOTOpbIE
BBIIUIM U3 €€ TeJa, TYT K€ FaCHYT, TaK YTO 3TOT CIydald TOXKe
HaXOJUT MPOCTOE OOBSICHEHUE.

TopoupanbHblii  BUXpPh d(upa CIOCOOCH  CKUMATHCH,
ne(OopMHUpOBATECS U MPOHHMKATh CKBO3b Majlbleé OTBEPCTHUS B
Mmetasuie (puc. 9).
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Puc. 9. MexaHu3M INPOHHKHOBEHHMsl IIApOBOii MOJHHUM CKBO3b Majoe
OTBepcTHE B MeTaJLIe

Takum ob6pazom, 3¢dupoauHaMuyeckas MOJAEIb IIAPOBOM
MOJIHMH, B TPHHLHUIE, COOTBETCTBYET BCEM €€ CBOWCTBaM,
U3BECTHBIM B HACTOALIEE BPEMSI.

Haubonee Onm3Kkol MOJENbIO MIAPOBOM MOJIHUM M3 BCEX
HBIHE CYIIECTBYIOIIUX ABJSAETCS MOJIENb, IPEAIOIAratoIas, 4To
IapoBasi MOJHHS — 3TO MOTOK MAarHUTHOTO TOJS, 3aMKHYTBIH
caM Ha cebsd. Ora MoJeinb, IpaBaa, HEe OOBICHAET, KaK TaKoe
10JIe CLIOCOOHO YAEP)KAThCS B 3aMKHYTOM 00BEME, MOCKOJIBKY
TaKWX TMOHSTUH, KaK T[OrPpaHUYHBIA  CIIOH,  BSI3KOCTb,
C)KMMAEeMOCTh WJIM TeMIIepaTypa y MarHuTHOro noiisi Her. OHa
HE MOXeT OOBSICHUTh M (aKTa NPUIMIIAHUS MOJHUM K
MeTauIndeckuM npeameram. Ho Bee ke 3Ta Mojienb Oimxke Beex
[oJolula K CYHMHOCTH mI1apoBoil MosHuu. CerogHs Juis
OOBSICHEHUS] YCTOWYMBOCTH 3TOW MOJENH MPUBIIEKAIOTCS TaKHe
MOHATHS, KaK YCTOHYMBOCTD IU1a3Mbl, CaMO()OKYCHUPOBKA U JAaXe
MOJUTKA TeJa MOJHUU BHEIIHUM HCTOYHUKOM, HAXOISIIUMCS
JIaJIeKo 3a MpeJieslaMy CaMO MOJTHUH.

Bcee ITH HCKYCCTBEHHBIE HIOCTPOCHHS TUIst
3(pUPOAMHAMUYECKONH MOJIENTU HE HYXHBI.

Kak MOXHO co3/aTh IIApOBYIO MOJHHIO B JaOOPAaTOPHBIX
ycnoBusx? Ceifuac 00 3TOM TPYJHO TI'OBOPUTh, MOTOMY YTO
[1apOBasi MOJIHYSI BOSHUKAET B CAaMbIii HETIOAXOISAIINKA MOMEHT B
caMbIX OOBIYHBIX, Ka3ajoch Obl, ycioBusx. OHa MOXeT
BBICKOYHTH U3 OOBIYHOW PO3ETKH, U3 MArHUTHOTO ITYCKaTesl, BO
BpeMs WJIM TOCIe Tpo3bl, a TO M MpocTo rae yroaHo. Ho
3aMe4eHO, 4YTO HamboJiee YacThie CIy4daW TOSBICHHS IIapOBOM
MOJIHMM CBSI3aHbl C HCKPOBBIMHM IIPOMEXYTKAMH, pa3psIHUKAMH
VI TIPOCTO TJIOXMMH KOHTaKTaMHu
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MOo’KHO MONBITaThCS CO3[aTh 3aMKHYTO€ MarHUTHOE MOJE,
CYLIECTBYIOILIEE HE3aBUCUMO B mpocTpaHcTBe. [l sToro
MOKHO HCHOJIB30BaTh OBICTPOJCHCTBYIOMINN AIIEKTPHUCCKHUIA
KJIIOY, HalpuMep, pa3psAIHUK, CIOCOOHBIH OBICTPO MPOIYCTHUTH
OOJIBLIION TOK M 3alepeTh 3AC CaMOMHAYKIHH. llepBoe HYXKHO
JUIsL TOTO, 4YTOOBI B MPOCTpPAHCTBE oOOpa3oBayics OOJIBIION
IpaJIM€HT MAarHWTHOTO TOJIA, B KOTOPOM OOpa3yercs TpaJucHT
CKOPOCTH NOTOKa 3(upa U TeM CaMbIM YCIIOBUS Ul CO3AAHMUS
MOTPaHUYHOr0 cios Oynaymero 3gupHoro Ttopouga. Bropoe
HY>KHO JUIsI TOTO, YTOOBI ONEpPaTHUBHO OTCE€Yb MAarHUTHOE I0JIe
OT MpPOBOJHHUKA, Ky/Ja OHO IOIBITAETCA CIHPATATbCS IOCIE
MIPEKpaLICHUs TOKA.

Ecnu paspsiHuk o00OpBET TOK B KOPOTKOE BpPEMsi, TO HA HEM
BO3HHUKHET 3/IC CAMOMHIYKLIUH, PaBHAs

E =-Loilot

Ecin nmpomyckaeMblil TOK COCTaBUT BEIWYMHY B 1 Amrmep,
BpeMsi OOpbIBa I1I€MM COCTAaBUT |  MHUKpPOCEKYyHIYy, a
UHAYKTUBHOCTh JiuHMM (1 MeTp mpoBoga) cocraBuT 1
MUKpol eHpH, TO 37C CaMOMHAYKLUU OKakeTcsl paBHOU 1 BombT.
Ho »TOro, BepoATHO, HENOCTATOYHO VI CO3JaHUs IIApOBOU
MOJIHUHU, TIOCKOJBbKY 3a BpeMs, paBHOE 1 MHUKpPOCEKYH]E,
MarHMTHOE II0JIE€ YCIIEET CHPATAaTbCS B IPOBOAHMK. 3HAUWT,
HY)XHbl 0oJiee KOPOTKHME IPOMEXYTKHM, Hampumep, B 1
HaHOCEeKyHIy. Torga moiie, BO3BpallaloIIeecs B IPOBOAHUK CO
CKOPOCTBIO CBETa, ycleeT npoutu Bcero jumb 30 cMm, a Bce
OCTaJbHOE MAarHUTHOE IIOJIE OKaxercs cHapyxu. OHo
CKOJUTATICUPYET, U OyaeT co3fgaH J(UPHBIA WM MarHUTHBIN
topoua. Ho 3mece yxke paspsagHMK JODKEH  YMETh
MPOTUBOCTOATH 3Ac camouHaykuuu B 1000 Bonbt. Ilpu stom
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9HEeprus oOpa30BaHHOIO Topoujaa OyneT HeBelIHMKa, HOopsiaKa
MUJUJTMOHHBIX A0Jier [[xoyis.

JUisi TIOBBITIICHHSI DHEPTETHKU OOpPa30BaHHOTO MAarHUTHOTO
TOPOH/Ia HY)KHO YBEIMUYMBATh 3HaU€HHE 00pbhiBaeMoro Toka. Ho
npu Toke B 1000 Ammep HYXHO OyOeT NpPOTUBOCTOSTH
3Ha4YeHHIO 3Ac yxe B | mwumon BonsT. HavanbHas sHeprus
OymyIliei mapoBOi MOJHUU COCTABUT B ATOM CIydae CIUHUIIBI
[xoyneit. Ecnm ke 1u8 co3gaHuss 10N MCIIOJIb30BaTh
BO3JIYIIHYI0 HMHAYKTUBHOCTH XOTSI ObI B HECKOJBKO COTBIX
noneit ['eHpu, TO HayalbHOE HHEProcoACpPKAHHE MOIHUU
COCTAaBUT YK€ COTHM M ThICS4M J[KOysieH, HO U IIPOTHUBO3/C
3/1eCh COCTaBUT YK€ MHOTHEe MWUIMOHBI BonbeT. OmHako Bce
3TO, HE CUUTAs MOCIEAYIOMIETO CXKATHS TEJa MOJTHHH dPUPOM,
IpU KOTOPOM DHEProcojiep>kaHue MOJHUHM Oy/eT MOBBIIIATHCS
Mo Mepe CKarusg Tella MOJHHH JaBlieHueM ddupa
MPOIMOPLMOHAILHO KBaJpaTy YMEHbILIEHUS ee paauyca. A yx
MOCJIE TOTO, KaK IIapoBasi MOJHUS Oy/IeT co3aHa, MOKHO OyIeT
MOAYMAaTh U O TOM, KaK MCIOJIb30BaTh €€ YHEPTUI0. DTO MOXKHO
clienaTh, HallpuMep, 3arHaB MOJIHAIO B O0YKY C BOJIOM. ..

TakuM 00pa3oM, MPUHIMIHAIBHBINA MYTh KaK JUIsl CO3AaHUS
HUCKYCCTBCHHOW INApOBOM MOJHUHW, TaK W JUIS JOOBIBAHHS
SHEPruM M3 BaKyyMa BC€ K€ eCTh, HO Oema B TOM, YTO
Pa3psAIHUKOB C YKA3aHHBIMU BBIIIE XapaKTEPUCTUKAMU MOKa HE
CYLIECTBYET.

Opnnako B MpUpPOJE IIApOBasi MOJIHUS TOSIBISETCS B CaMbIX
OOBIUHBIX YCIOBUAX U B caMoOe Hemonxojsuiee Bpems. Buaumo,
YTO-TO CYHIECTBYET MOMHMO TOTO, YTO OBLIO BBHICKA3aHO BBIIIIE,
KaKHue-TO  JIOMOJHUTENbHbIE  YCIOBHUS, CIOCOOCTBYIOIIHE
(GOpMHUPOBAHHMIO MIAPOBOM MOJHUU 0€3 pa3psAIHUKOB C
YIOMSIHYTBIMH BBIIIIE€ TTApaMETPaMH, YTO-TO OoJiee MpoCToe.

Ucxonst U3 M3JI0KEHHOTO, MOXKHO BCE-TaKH OXHUAATh, YTO C
MOMOIIBI0 BBICOKOYACTOTHBIX PAa3pAIHUKOB U KaKUX-THOO
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JIPYTUuX MPHUCIIOCOOICHUN MOABITCS YCTPOMCTBA, MO3BOJISIONINE
UCMOJb30BaTh JHEpreTuky s¢upa. M, moxoxe, 4To mNepBbIe
10J00HBIE YCTPOMCTBA HAYAIU TTOSBIATHCS.
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MmaBa 3. TpaHcdopmaTop Tecna

3.1. Kaxk oyenumo sHepecui0 MacHuUmHo20 noaa?

M3 Bcex BHIOB CHIIOBBIX IMOJIeH HanOojee ymoOHBIMU ISt
HpaKTI/I‘-IeCKOI‘O HUCIIOJIB30BaHUA SABJIAIOTCA MAar"MTHBIC I10JIA,
CO3/laBacMblc TOKaMH, TEKYIIMMH B HpoBogHHKaX. OHH
OHEProeMKH, Oe30IacHbl, JIETKO CO3[[aBa€Mbl, CIIOCOOHBI
00CCIEeYNTh CHJIOBBIC B3aMMOJACHCTBHS MEKIY pPa3IdYHBIMU
00bEKTaMH, M HMMEHHO DJTO OOCTOSTEILCTBO IIO3BOJIUIO
OPUMEHUTh HMX BO  BCEBO3MOMKHBIX SHEPreTUYECKHUX
yCTaHOBKaX, B TOM 4YHCJIC B reHepaTopax WU OBHUTATCIIAAX CaMBbIX
PasHOO0OPa3HBIX KOHCTPYKIIHIA.

KaK HU3BCCTHO, 3HepI‘I/ISI, co;[epncamas{csl B MaroHuTHOM IIOJIC,
OIIPEICIIIETCS BEIPAKEHUEM

ftoH
w=]——dV, Br,
2
rie o = 4m107, T'H/M — MarHuTHas NPOHHMIIAEMOCTH

Bakyyma, H, A/M — Hanmps>KEHHOCTh MAarHUTHOTO TOJIA, V, M —

00BEM MPOCTPAHCTBA, 3AMIOTHEHHOTO MATHUTHBIM ITOJICM.
PacnpenencHue HanpsHKeHHOCTH MAarHHUTHOTO TOJISi BOKPYT

MIPOBOJHKKA C TOKOM OIpeesieTcss 3aKOHOM TOJTHOTO TOKa

[HdI =i,
race |, M — OTpGSOK JJINHBI CI/IJ‘IOBOf/i JIMHUU MArduTHOTI O ITOJIA

BOKPYT' IPOBOJJHHUKA C TOKOM; i, A — BenuumHa TOKa, TCKYLICTO
IO IPOBOJHHUKY.
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W3 3akoHa mMOJHOrO TOKAa CIEAyeT, YTO BEJIMYMHA
HaNpsOKEHHOCTH MAarHUTHOIO IOJIi Ha paccTosHuM R oT
IIPOBOJIHHUKA COCTABIIACT

a OTHOIICHUC HaHpH)KeHHOCTef/'I MAargouTHOroO I10Jida Ha
Pa3HbIX PACCTOAHHUAX AOJIKHO IMOJYHUHATHCA FI/IHep6OJ'II/ILI€CKOMy

3aKOHY, T.€.
H R2
H> R1

U B OTHOCHUTEJBbHBIX KOOPAMHATAX MOKET ObITh U300paKEHO
Kak runepoOouna (puc. 10, kpusas 1).

OpHako mpsMbIE U3MEPEHUs IOKa3alu, YTO 3TO HE COBCEM
Tak. Yxe npu Toke B 0,1 A oTHOuIeHuE HanpsKEeHHOCTEH
CYIIECTBEHHO OTJIMYAeTCs OT YKa3aHHOI'O pacHpeieieHHUs,
IpUYEeM C yBEJIMYEHUEM aOCOJIIOTHOM BEIMYMHBI TOKa
OTKJIOHEHHE yBenuuuMBaeTcst Bce Oousbmie. Hamumo siBHOE
OTKJIOHEHHE  PEAJbHOIO0  PACIPEAETICHUS  HAIpPSHKEHHOCTH
MarHUTHOTO TOJsL OT TUIEpPOOIIMYECKOro 3aKOHA, MPU 3TOM
OTKJIOHEHHE OT ATOr'0 3aKOHAa B OTHOCHUTEJIBHBIX KOOPAMHATaX
YBEJIMYMBAETCS C YBEIMUYEHUEM a0COIIOTHOTO 3HAYEHMs TOKa B
npoBoanuke (puc. 10, kpussie 2 u 3) [16].
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H/Ho

0,751
0,501

0,251

—_— N W

1 2 3 4 5 6 I/ro

Puc. 10. PacnpenesneHne HanpsiaKeHHOCTH MArHMTHOIO IOJS BOKPYr
NPOBOJHHUKA C TOKOM

[Tony4yeHHOE SKCHEPUMEHTAIbHO OTKJIOHEHHE MOXKET OBITh
JIETKO OOBSICHEHO, €CIIM y4ecTh CXKHMMaeMOCTh 3(upa M, Kak
CIIEICTBUE, CXKHMMAaeMOCTb BCEX CTPYKTyp, BKJIOUas U
MarHMTHOE T1oJje. 3aKoH TIOJHOTO TOKa  OKa3bIBAETCS
CIpaBeIIMBBIM JIMIIb AJIS IPEJEIbHO MajbIX HaIpPSXKEHHOCTEH
MarHMUTHOTO TMOJS, P KOTOPHIX CKMMAEMOCTBIO MOYKHO
npeHedpeub. Ho OH He NOTHOCTBIO BEpeH Ui OOJIBLIMX TOKOB,
Jnaxe BenuuuHou B 0,1 A. DTO 3HAUUT, YTO peaylbHO MarHUTHOE
1oJie B eJUHMLIE 00beMa HeceT B ce0e 3Hepruu 0oJIblle, YeM 3TO
ciieyeT U3 3aKOHa IOJHOIO0 TOKAa M CYLIECTBYIOIIMX METOOB
pacyeTos.

W3  W3JI0)KEHHOTO  BBITEKAET,  4YTO  KOHTYp c
BBICOKOJIOOPOTHBIMHU KaTyIIKaMHU, HACTPOEHHBI B PE30OHAHC,
JOJDKEH HAKaIuIMBaTh B ce0€ SHEPruM CYIIECTBEHHO OOJbIIe,
YeM 3TO CIIeAYeT U3 CYILECTBYIOUIMX pacyeToB, MO0 SHEprus
OTIPEJIENIIETCS HE TOJIBKO CKOPOCTHIO BHHTOBBIX MTOTOKOB 3(upa,
NPEJCTABISAIOMNUX cO00M MarHUTHOE IMOJIe, HO U UX MAacCOBOM
IUIOTHOCTHIO. BO3MOXHO, 3TO 00CTOSATENHCTBO OBUIO YYTEHO
Huxomon Tecnoil mpu NOCTPOEHUU CBOUX BBICOKOYACTOTHBIX
CIWJIOBBIX  TpaHc(OpMaTropoB, B  KOTOpPHIX  00sA3aTEIbHO
UCIIOJIb30BAJICSI PE30HAHC U B KOTOPBIX IOJIYY&JIHCh B



68

pe3yJIbTaTe BBICOKME HANPSKEHHUS, UCUUCIIAEMbIE MUJLIMOHAMU
BonbT, 4TO HUKAK HE ClIe0BaNI0 U3 OOBIYHBIX PACUETOB.

Ho 370 e 00cTosATeIhCTBO O3BOISET NO-MHOMY MOJIOUTH U
K DHEPreTMKEe  IIapOBBIX  MOJHHUH, KOTOpPBIE  MOXHO
paccMaTpuBaTh Kak 3aMKHYTOE€ camMO Ha ce0s YIJIOTHEHHOE
MarHMUTHOE T0Jieé C€ TOW JIUIIb  OCOOEHHOCTBIO,  UTO
CYLIECTBYIOILME TEOPUM MArHUTHOTO TIIOJs HHUKAK  HE
IpelycMaTpuBalOT  HalM4yhe y  TakuX  oOpa3oBaHHid
FPAJAUEHTHOrO IOrPaHUYHOro cios. [t  3TOro  HyXHO
oOpatutbcs K IPUPOAMHAMUYECKAM TPEJCTABICHUSM O
(U3HYECKON CYIIIHOCTH CHUJIOBBIX MOJICH B3aMMOJICHCTBHIA.

3.2. Bvicmpooeiicmeyouwjue kKuouu u 3upnasn
IHepzemuKa

B ToMm, uTo pa3psa B Bakyyme o0iaaeT 00JbIIOi SHepruei,
HECJIOKHO YOEIUThCs, 3apsiiuB BbICOKOBOJIBTHBIM KOHJIEHCATOP
JI0 HaIPsDKEHUS B HECKOJBKO THICSIY BOJIBT, & 3aTEM paspsauB
€ro Ha JBa HE3aBUCUMBIE APYT OT Jpyra 3JIEKTPOAbl CTapoi
PaIMOTEXHUYECKOM JIaMIIbl CTEKISHHOW cepuu. IloBelmas
IIOCTENIEHHO HAINpPSIKEHHE U eMKOCTh KOHAeHcaTopa co 100 nd
U Janee, W TMOJKIKOYAas €ro K JJIEKTPOJaM JIaMIIbl MOYKHO
yOenuThCs, YTO, HAUMHAS C HEKOTOPOTO 3HAYEHMSI, JIEKTPOJIbI
BHYTPH JIaMIIbl Ha4HYT B3pBIBATHCS, TaK YTO OT HHUX OCTAETCS
Tpyxa. Komba mammer mpu 3TOoM ocrtaercs menoid. M3 sroro
CJIEyEeT, UTO BAKYYMHBIN pa3psi UMEET BBICOKYIO DHEPIETHKY.

[Tpodeccop DKOHOMHYECKOTO YHUBEPCUTETA WM.
[TnexanoBa Anexcanap BacunbeBuu Yepuerckuii B 70-e — 80-¢
ropl TpPOBEI CEPUI0  OKCIEPUMEHTOB C  BaKyyMHBIM
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paspagaukoM. OJHO U3 YCTPOMCTB OBLIO COOpaHO MO CXeMe,
NpuBEACHHON Ha puc. 11.

JI P
— C
= BN - ) (@)
Puc. 11. Cxema A.B.YUepnerckoro: bBIl — Oiok muranus, P —

Ppa3psAaHUK, C- KOHACHCATOP, JI- JaMIIbl HaKaJIUBaHU.

B cxeme uMencs HMCTOYHHMK MOCTOSIHHOI'O TOKa M IIEIb,
cocrosmiass M3  KOHJEHCATOpa  €MKOCTBIO 1 MKD,
HAaCTPauBaeMOI'o pa3psHUKA W JIBYX OJIMHAKOBBIX JIAMIIOYEK
MomHocTei0 1o 60 Br. Opna Jamma BKIOYajgach g0
KOHJIEHCATOpa, BTOpas — Tocie paspsaHuka. Hampsbkenue
moAOHPaIOCh TaKUM, YTOOBI MPH 3aMbIKAHUHM pa3psIHUKa 00e
JaMIIbl CJIeTKa CBETHIWCH. [Ipw pasMblkaHuM pa3psiHHKa 00e
JIaMIIbI, €CTECTBEHHO HE Tropeiu. 3areM, cOmxkas 3JIEeKTPOIbI
pa3psIHUKA HYXXHO OBLJIO YCTAaHOBUTH YCTOWYMBBIA paspsl
(0OBIYHO,  3TO  COOTBETCTBOBAJO  PACCTOSHUIO  MEXIY
ANIEKTPOJIaMH B HECKOJBKO JECATHIX JOJCH MWUIMMETpa) W
3aTeM, HacTpauBas pa3psSaHUK, T.e. PETYIHPYS PaCCTOSTHUE
MEXIY AJMEKTPOJIaMU C MOMOILIBI0 MUKPOMETPUYECKOTO BUHTA,
MEHsUTM Hakau Jiamil. [Ipu 5ToM miepBas j1aMria Morja MoracHyTh
COBCEM, a BTOpas JOBOJAMJIACH JO BBICOKOTO Hakajia, MpHU
KOTOPOM MOTJIa U TIEPETOPETh.
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CoznmaBanoce  ctpaHHoe  BrewarieHue. (OOe  jamiibl
BKJIIOYEHBI I1OCJIE0BATENBHO B II€Mb, UTAEMYIO MOCTOSHHBIM
TOKOM, HO OJIHA JIaMIla racijia, a BTOpas SpKO CBETHJIACh, UTO
SIBHO TOBOPUJIO O MOAINUTKE €€ JONOJHUTEIbHON sHepruei. Ha
CaMoM Jielie 3TO BOBCE HE 00s3aTelbHO. 3/1€Ch 3HAYUTEIBHYIO
POJIb UTPaJT TaK Ha3bIBa€MbIi KOG OHUIIHEHT POPMBI.

YV A.B.UepHeTckoro B CBO€ BpeMsl BOSHMKIIM 3HAYUTEIbHBIC
TPYAHOCTH C  ONpEACICHUEM  BEIMYMHBI  BbIIEISIEMON
MOIIHOCTH. Ty TPYAHOCTb JIETKO IPEOJOJETh, €CIH
UCIOJIb30BaTh €lIe JBE TAKUX K€ JIaMIIbl, TUTaeMble KakJast OT
OTJEJIBHOIO MCTOYHHMKA IIOCTOSSHHOIO TOKAa, B LIETM KOTOPOTO
U3MepeHue noTpedisseMoi MOIIHOCTU HE MPEJCTaBIseT Tpyaa.
JoBens ¢ MOMOIIBIO NMUPOMETpPA HAKaJl KaKIOM JIaMIbl [0
HakaJsa JJaMII B OCHOBHOM LI€II, MOKHO C BBICOKOM TOYHOCTBIO
OIIPEAEIUTh BHIACISEMYI0 UMU MOIIHOCTh U COIOCTABUThH €€ C
MOIHOCTbBIO, TOTPEOISIEMOI OCHOBHOM LIETIBIO.

K COKAJICHHUIO, 110J100HbIE HOIIBITKH IpYrux
ucciesoBaTenel He MNOATBEPAMIM OXHJIAEMOI0 pe3ysbTaTa.
JbxkHako OBUIO BBICKA3aHO MPEAIOJIOKEHHE, YTO OSTUMHU
UCClIeIoBaTesIMM  HE OBUIO JOBEACHO 3HAueHHE TOoKa [0
HEKOTOPOTO KPUTHYECKOTO 3HAYEHUs, MpH KOTOpoM 3ddekt
HauHeT MNposABIATHCS. Il03TOMYy SKCHEpUMEHTHI B I0J00HOM
HaNpaBJICHUH LIEJIECO00Pa3HO MPOIOIKUTD.

HeobxonuMo foBecTH /10  CBEIEHHMs] UHUTATeNsl, 4YTO
npodeccop A.B.UepHeTckuii moru® OT paka KOXH Ha JIUIE,
IPENOI0KUTENbHO OOJYyYMBIINCh B IPOLIECCE IMPOBEACHUS
HKCIEPUMEHTOB OT IYJbCUPYIOIIET0 MArHUTHOTO TOJIS WIIH
HOJIS APYTON MPUPOJIBI, OKPYKAIOLIETO pa3psiIHUK. ITO 3HAUUT,
YTO IPU MNPOBEACHUM IMOJOOHBIX IKCIIEPUMEHTOB HEOOXOIUMO
COONIIOaTh  OCTOPOXKHOCTb, HE MNpuUONMXKasch OJM3KO K
Pa3psAHUKY.
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AmepukanckuM  yueHblM  Kennerom P.  loynnepcom
MIPEAJIONKEH MPUOOP C MCIOIB30BAHUEM OBICTPOCHCTBYIOMIETO
ANIEKTPUYECKOTO0  KJIH04a (BaKyyMHOIO  pa3psIHUKA) UL
MOJIYUEHUSI DHEPIMM U3 OKpYXKAalollel Ccpeapl, B KOTOPOM
nosydeHo o130 g0 50 kpaTHOEe yBEIMYEHHE DHEPrUU IpaB/a,
MOoKa B MalblX KojudecTBax. IIpeamonoKuTenbHo, 37ech
peanu3yercss TOT CaMblii MEXaHHM3M OOpa30BaHUs MarHUTHOTO
MOJIE U €ro C)katue, KOTOPBIA OmMHCaH BbIlIe. BpIcokuil Kna
YCTPOMCTBA MOATBEPKAACT LEIECO0OpPa3HOCTh MPOIOHKEHUS
paboT B MoJJ00HOM HaIpaBJICHHUH.

Takum  oOpa3oMm, TpUMEHEHHE  OBICTPOACHCTBYIOIIMX
KIIFOUYEH IS MOJIydeHUsl SHepruu u3 3pupa MOXKET OKa3aTbCs
BEChbMa MEPCIEKTUBHBIM.

3.3. eoiuinaa cnupane Tecnwvi
B HekoTOophIX cBOMX ycTpoicTBax Tecima MCHOJb30Bal JBE

pacIoyio)KEHHbIE B OOLICH IUIOCKOCTH IUIOCKHE CIHPAIH,
BKJIFOYEHHBIE MTOCIIEI0BATENBHO (pUc. ). 3auem?

Puc. 2. /IBoiinasi cupaJib A1 BO30Yy:KIeHHsI MATHUTHOT'0 TOPOHIA
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Ha puc. U300paKEHO HAINpPaBJICHUE PACIPOCTPAHCHHUS
MarHuTHOTO IOJIi MO BHEUIHMM BHUTKAM CIUpaJed M MO HUX
LEHTPaM.

Puc. O0pa3oBaHHe MAarHUTHOTO TOPOMIA BOKPYT IVIOCKUX CIMpaJiei

Takum 00pa3oM, IpUMEHEHHE JBOMHBIX MJIOCKUX CHUpanen
KaK DJIEMEHTa JJIEKTPUYECKUX IeTel MpHoOpeTaeT KOHKPETHBIN
cmblici. OJHAKO cleayeT cenaTb HECKOIbKO JIOIOIHEHHM.

Bo-nepBbIX, 3aMblKaHME MarHUTHOIO TOPOMJIA M €r0
MOCJIEAYIOLIEE CKATHE MPOU3OUIET B TOM CiIydae, €CIIM TOK B
nenu OyaeT UMITYJIbCHBIM U MEePEeIHUI U 3aHUI GPOHTHI OyayT
JIOCTaTOYHO KOPOTKUMH. OTO OCOOEHHO Kacaercsl 3aJlHEero
¢poHTa, OT KpPYTHU3HBI KOTOPOTO TIPSMO 3aBHUCHUT, OyzaeT
c(OopMHpPOBaH IMOTPAHUYHBIM CIOW HA MOBEPXHOCTH TOPOHUJA
niu He OyneT. Bo-BTOPBIX, BO3MOYXKHO, YTO ONPEEIIEHHYIO POJIb
UTPAeT PACIIOJIOKEHHUE pa3psiiHUKA OTHOCUTEIBHO CIHpAJICH: y
Tecma paspsAgHMK pacmojaraicsi B IPOMEXYTKE MEKIY
CIUpPAIAMH, YEM rapaHTUPOBAJIACH OJHOBPEMEHHOCTD CO31aHUS
MarHMTHBIX M0JIeH y 00enx crupaien.

ITockonpky B HacTosAllee BpeMs IPAKTUYECKH HHUKAKON
YETKOM METONOJIOTHH, IO3BOJIIOIIEH IIPOU3BECTU PACUET
[apaMeTpoB CIMpaledl U pPa3psAIHUKOB HE CYIIECTBYET, TO
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noa0op MapaMeTpoB MPHUACTCS HA MEPBBIX MOPaX MPOU3BOIAHUTH
OIIBITHBIM ITYTEM.

3.4. Tpancgpopmamop Tecnwi
OnuH u3 MakeToB TpaHcopmaropa Tecinsl U HU3TydEHHE,

UCXONAINEee WX BEPXHEH dYacTH BTOPUYHOM (BHYTPEHHEH)
OOMOTKH TOKa3aHbl Ha PUC.

a) 6)

Puc. 1. Tpancpopmarop Tecaa: a) odwmmii BuI J1aG0PATOPHOIO
o0pa3ua; 0) BUA pa3psiia Ha BbIX0/le BTOPUYHOI (BHYTpeHHel) 00MOTKH
TpaHncdopmaTopa
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3.5. Ocobennocmu popmuposanus umnyibcos 6
nepeuunoil yenu mpancghopmamopa Tecnvl

Ecmu B xarymke uHayktuBHOCTH L, I'H Tewer Tok i, A, TO
sHeprus wL, 3amaceHHass B MarHUTHOM II0JIE, COCTaBHUT
BEJIMYUHY
i 2
wL=L——, JIx

2

OOpamaer Ha ceOs BHUMaHHE TOT (PAaKT, YTO B OTIIMYHE OT
koHzaeHcatopa C, @, 3apsskeHHoro HamnpsbkenuemM U, B, B
KOTOpoM 3anaceHHast s3Heprus wC, J[>K coCTaBIsIeT BETUUUHY

U2
we=C—— Ik,
2

OHEPIUA COXPAHACTCA U MOKCT XPAHUTBCA CKOJIb YIOJHO
A0JIr0, €CJIN HET MOTEPb, B KATYIIKEC MHAYKTUBHOCTH SHCPIHUA
HCUYC3aCT, KaK TOJILKO IIPCKpalmacT TCYb TOK, W 3allaCCHHAsA B
MAaroiMuTHOM IIOJIC SHEPIHA BO3BpAIACTCA B LCIb, CO3AAaBIIYIO
MarguTHoe mojie. Ho ecnm srta OHECPIUsA BO3BpAlIACTCsA HE B
Lemb, CO3JaBIIYIO MArHUTHOC IIOJIE, a B JApPYIryr0o LCIb, B
KOTOpOﬁ OHCPIrusl MOXKCT HaKallJIMBaTbCd, HalpUMEp, B
KOHACHCATOpPE, TO O6H_[ee KOJIMYCCTBO OHCEPruu COCTAaBUT
BEJIMUMHY, IPONOPIHOHAIBHYIO KOJIMYECTBY UMITYJIBCOB, T.€.

i 2
wL=NL—— JIx
2
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3nech npearnonaraercs, 4TO 3Ha4YeHUe TOKa
YCTAHABIIMBAETCSA B KAKJIOM HMIIYJIbCE 33 HMCYE3AIOLIE Majloe
Bpems. Ilog ncuesaromie MajiblM BpeMEHEM YCTaHOBJIEHUS TOKA
B HMITyJbCE MOXKET IPEAINOJaraTbCs IUTENBHOCTh (HpoHTA
UMIIyJIbCa, HECOM3MEPUMO Majas [0 CpPaBHEHHIO C
JUIMTEIBHOCTBIO CaMOI'0 UMITYJbCa, T.€. IPUMEPHO B JECITH pa3
MeHblass. Toraa HakoIUIEHHas B KOHAEHCATOPE, BKIIOYEHHOM
BO BTOPYIO I€Mb, PHEPTUsi OyIeT HEOTrpaHWYEHHO pPACTH CO
BpPEMEHEM.

MrHoBeHHass MOIIHOCTb Ka)0I0 HMIIYJIbCA HMEIOLIEro
JuinTenbHOCTh T, cocTaBUT:

Li?
pL: ] BT1
2T

Hu, €CiIin q)opMa HUMITYyJIbCa COOTBETCTBYCT MCAHJPY, TO CCThb
JJIUTCIIBHOCTE HMITYJIbCa W AJIUTCIIBHOCTL IIay3bl pPaBHBI, TO
0611_[8.5{ MOITHOCTB COCTAaBHT:

FLi?2
PL= — Br,
4

Ecnu paguycel nepBuuHOi 0OMOTKH 11 ¥ BTOPHUYHOM 12 HE
paBHBI, TO

ri?FL i 2
PL= —— Br.
4 r)?
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3nmech cienyer y4ecTb, UYTO OTHOIIEHHE pPAaJUyCcOB HE
JOJDKHO OBITh  OOJBIIUM, IIOCKOJBKY 3aBHCHMOCTb 3]1€Ch
HEJIMHEIHAsA, U ee elle MPEIICTOUT YCTAHOBUTb.

[locrosiHHas BpeMeHM LIENU K04 — IEepBUYHAs OOMOTKa
Tpanc(hopMaTopa COCTaBIISAET

Tir=L/R,

rne L — wmaaykTuBHOCTH mepBHYHON oOMOTKH, I'H, R —
COMPOTHUBJICHUE KII0Ya B OTKPHITOM COCTOSTHUH.

Ecnu nnutenbHOCTh UMIYJIbCA paBHA MOCTOSIHHOM BPEMEHU
LeNU KIII0Y-TIepBUYHas 0OMOTKa TpaHchopmaropa, TO 3a Bpems
JUTUTEIBHOCTA UMITYJIbCa TOK B II€MU BBIPACTET /10 3HAYCHUS
0,632 modMHOTO TOKAa IMpU MUTAHUU LMW MOCTOSHHBIM TOKOM.
Torma oO6mas mpeneabHas MOIIHOCTh, KOTOPYIO MOKHO
MOJIYYUTh, COCTABUT:

0,6322 Rri?i? ry 2
P, = =0,1Ri? , Br.
4 rp? rp?

[lpu oTHOIIEHHH PAAUYCOB F1/ F2 = 2 MONyYMM 3HAYCHHE
MpEeIEIbHON MOIIHOCTH

P.= 04Ri? Br
[Tpu otHOmIEHNM paguycoB rl /12 = 3 momydnm:
PL= 0,9Ri?% Br.

[Tpu nanpsoxkenun nutanus U = 100 B u conpoTuBnenun
otkpsiToro kimoua B 100 OM BenmnumHa TOKa cocTaBUT 1 A u
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npezeibHas MMojy4yaeMasi MOIIHOCTh B IIEPBOM CJIy4ae COCTaBUT
40 BT, Bo BTOpoM — 90 Bt. Ecnu sxe OyayT mpuMeHEHBI KITIOUH,
criocoOHbIe mporyckath 10 A., To B IEpBOM ciiy4yae npeenbHas
MOIIHOCTh cocTaBUT 4 kBT, BO BTopoMm 9 kBT. MomniHocTh xe
3aTpadrBaeMas Ha MOJJEpKaHUE TMporecca B O0OMX CIydasx
coctraBuT 0,1 R 12, 1. e. mpu Toke B 1A 10 BT, mpu Toke B 10 A
— 1 xkBt. DTa MOIIHOCTH BBIAEIAETCS HA KIIOYE, YTO TpeOyeT
MPUHSATHS CEPHE3HBIX MEP I €r0 OXJIaKICHUSI.

[Tpu 3HaYeHUN WHAYKTHBHOCTH MEpBUYHONW 0OMOTKH B 100
MK['H TIOCTOSIHHasi BpEMEHH 1IETIH COCTABUT 104100 = 10°° ¢,
cJie/IoBaTeIbHO, YyacToTa nepexiatoueHuit cocraBut 500 kI, a ¢
y4eToM  HEeoOXOAMMOW  KpyTU3HBI  (DPOHTOB  YacTOTHas
XapaKTEepUCTHKA KJII04a JOJDKHA OBITh HE XyXKe, ueM SmI I,

Ecnm mHAYKTHBHOCTH TIEpBUYHOM 0OMOTKH cocTasisieT 100
MKI['H = 107 T'H, a yacTOTa TOBTOPEHMS UMITYJILCOB COCTABJISAET
I mI'm = 106 I'u, To mpu TOKE B UMIIyJibcE€, paBHOM 1| A,
MOIIHOCTh MarHuTHOro nojs cocraButr 100 Br. Ilpu Oonbuiux
94acToTax OHa OyAeT COOTBETCTBEHHO OOJIbINEH, €ClIU 32 BpeMs
JUTUTEIBHOCTA HMMITYJIbCa TOK B TIEPBUYHOW OOMOTKE YCIIEET
YCTaHOBUTKCS /10 TOJIHOTO 3Ha4YeHus. [Ipu 3ToM IIMTENbHOCTD,
KaK TEpeIHEero, Tak U 3aJHEro (POHTOB JOJDKHA KaXKIOTO
cocTaBiATh He 6onee 0,1 OT IIUTENTFHOCTH CAaMOTO UMITYIIbCA.

N3 u3n0xeHHOr0 BBITEKAET, YTO /JIs MOBBIIICHUS BBIXOIHOU
MOIIIHOCTH  CJEIyeT HaWTH  ONTUMAJIbHOE  OTHOIICHUE
JMAaMETPOB TEPBUYHOW M BTOPUYHOW OOMOTOK, a TaKkKe
CTPEMUTBHCS K TIOBBIIIEHUIO YacTOThl MEPEKIIOYCHUS] TOKa
KJIIIOYeM, YTO BO3MOXXHO JIMIIb TPU TOBBIIMIEHUH €rO
CONPOTUBIIEHUS, A  3HAYUT, TOBBILIEHUA  IHUTAOLIETO
HalpsDKEHUsT U COOTBETCTBEHHO BBIJCISIEMON Ha KIIOUe
MOIIHOCTH.
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IIpoBencHHBIE U3MEPEHHUS ITOKA3AIH, YTO C YBEIMYCHUEM
CEYECHHMs IIPOBOJA YACIbHAsA HWHAYKTUBHOCTH IIPOBOJAA
ymenbmaercsa. I[lpu yBenmuueHuMm cedeHus MPOBOAA €T0
MHAYKTUBHOCTb CHUXKAETCSI 110 JIOTPU(PMUYECKOMY 3aKOHY:

2

Ceuenne poBoa, MM~ Y ieTIbHAs HHIYKTHBHOCTD, MKI H/M

0,35 1,65
05 1,45
0,75 12

1,0 0,97

ITpu pacueTe MHIYKTUBHOCTH COJIEHOUOB, KaK IPaBUIIO, HE
YUUTBIBACTCSI CEUEHUE CAMUX IIPOBOJOB, 9TO HENPaBUWIBHO. Tem
HE MEHee, OJHMM H3 IIyTed COKpalleHUs 3HAYCHUU
MHAYKTUBHOCTH JJIs1 TOJIYYEHUS KOPOTKMX (DPOHTOB SIBIISETCS
YBEJIMUYEHUE CEYEHUS MPOBO/Ia KaTyILIKH.

CymecTByeT U BTOpOH €Hoco0 — yBEJIMYEHHE aKTUBHOI'O
COIPOTHBIICHUS LENH ISl YMEHBUICHUS MOCTOSIHHONW BPEMEHU
Lend, HO TaKoH crmocod He BHITOJEH, T.K. MOTpedyer
YBEJIMUYEHUS! MOLIHOCTH MMITysbca. KpoMe TOro, Ha BBICOKHX
94acTOTaX JOJDKEH CBITPaTh CBOKO pPOJIb CKUH-3PQEKT, B
COOTBETCTBMM C  KOTOPbBIM B  IIEPBUYHOM  KaTyIIKe
MHIYKTHBHOCTH OY/ET MCIIOJb30BAaHO HE BCE CEUEHHE IMPOBOJA,
a TOJNBKO IIOBEPXHOCTHBIM CJIOM, KOTOpBIM IPUBEAET K
BO3PACTaHUIO AKTUBHOTO COMPOTHUBIICHUS LIEIIH.

Takum 00pa3oM, yBeIMUEHHE CEUYEHUs MPOBOAA NEPBUYHON
OOMOTKM SIBJISIETCSI HAWJIYYIIUM CIIOCOOOM JUIsl COKpAIlEeHHUS
JUINTEJIBHOCTH  (DPOHTOB HMMITYJIBCOB, YTO U CJAEIAHO B
TpaHc@opmaTtope Tecnbl: mepBUYHAs OOMOTKa BBINIOJIHEHA W3
TOJICTOTO NIPOBOJA, HMEIOLIETO CEYEHHE JECATKM M COTHHU
KBaJIpaTHBIX MUJUTUMETPOB.



79

ITpu nanpsxenuun nutanus kiroya U = 1000 B, R = 100 Om
u Toke B 10 A BrpImensgeMas Ha KIIFOYE€ MOITHOCTHL cocTaBuT 10
kBT, a Bb1aBaeMasi MOIIHOCTh C YYETOM IOTEPHU Ha BO3BPATHYIO
MOIIHOCTh COCTAaBHUT B nepBoM ciiydae 30 kBt, Bo Bropom — 80
KBT.

Tecna B cBoux TpaHchopMaTropax NPUMEHSI YaCTOThI
nopsaka 200 xI'm, MokHO mpenmosaratb, 4TO Takas 4acTroTa
SIBJISICTCSI ONTUMAJIBHOM, MO KpalHell Mepe, IJIs HadaJlbHOM
cTaauu padoT.

Pacuer 3apsnHOil eMKOCTH, IIYHTUPYIOLIEH LEeNb MUTaHHUS
AJIEKTPOHHOM CXEMBI IIPOU3BENEM, UCXOS U3 COOTHOILIECHUS IS
AIIEKTPUYECKOTO 3apsaa

Q=CU=iT,
HUMECM

iT
C=

U

Ecnu Best anexTpoHHast cxema nuraercst ot HanpspkeHus 100
B, To pu Toke i = 1 A u gnuTensrocTH ummynbea 7= 1070 ¢
(F = 0,5 mI'my), mosyumm:

C=0,01 mMxD.

OnHako 37ech MpearnoaraeTcsi MOJHBIA pa3psa €MKOCTH,
YTO HerenecooopasHo. s Toro, yToObl eMKOCTh ylepKuBaja
HampsDKeHUEe NMUTaHWUSA B Mpenesax u3MeHeHuil He Oonee 1%,
HYy)KHO yBennuuth ee B 100 pa3, cregoBarenbHO, IS
NPUBEJCHHOTO  IpHUMepa  JOCTaTOYHO HMMETh  3HAueHHe
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mryHTupytoniei emxkoctu 1 Mk® npu pabouem HaNpsLKEHUH B
100 B. u yacTOoTHBIX XapakTepucTukax 1o 1-2ml .

[Tpu pabouem Hanpspkenu B 1000 B u Toke nmmnynbea 810
A moTtpeOyeTcsi KOHACHCATOpP €MKOCThI0 TOH ke 1 MKD mpu
pabouem Hampsbkernmrn B 1000 B u Tex ke YacTOTHBIX
XapaKTePUCTHUKAX.

Takum 00pa3oM, BBIPUCOBBIBACTCS CIEAYIOIIMN TNPHHIIUAI
paloThI yCTpONCTBA JUIs [TOJyYeHUs SHEPIUu U3 3dupa.

B mnepBuunyio 0OMOTKY TpaHchopMmaropa ¢ BO3MOXKHO
OoJsiee BBICOKOM 4YacTOTOW IMOBTOPEHHUs IMOCTYNAIOT UMITYJIbChI
TOKa C KOpoTKMMH ¢poHTamu. C BTOpPUYHOH OOMOTKH,
UMeroILel OoblIee YUCIO BUTKOB, YEM NIEPBUYHAsI, CHUMAIOTCS
UMITyJbChl M 4Y€pe3 BBIIPSAMUTENBHBIN AMOJ IOCTYNAlOT Ha
KOHJCHCATOp, UIYHTUPYIOLIMM LeNb IUTaHUs TEHeparopa
HUMITYJIbCOB, YE€M OCYILECTBISETCS IOJOXKUTENIbHAs oOpaTHast
CBs3b, NPU3BaHHAs MOJAEPKHUBATh Bech Ipouecc. HavanpHblid
3aIlyCK BCEH CXEMbI OCYILIECTBIISIETCSA OT cTapTepa — OTAEIBbHOTO
UCTOYHHMKA THMTaHUS TIeHepaTropa HMMITYJIbCOB (ceTh, Oartapes,
aKKyMYJISITOp), KOTOPBIA TMOCTE BXOXKJICHHUS YCTPOMCTBA B
PEXKHUM, OTKIIFOUAETCS.

OHeprus /Ui BHEUIHETO MOTPEOUTEN CHUMAETCS ¢ TPeThel
OOMOTKH, IOMELIAeMOM aHaJOrMYHO BTOPUYHOH OOMOTKE
BHYTpb HepBUYHOW 0OMOTKHU. K 3TON Tperhell 0OMOTKE Takxke
MOJKJIIOYAETCS BBIIPAMUTEIbHBIN MO, a 3aTeM
CIUIAXUBAOIMK  KoHJeHcaTop. [lomydeHHOe  moOcCTOsSIHHOE
HanpsOKEHUE MOXKET HCIOJIb30BAaThCsA JMOO HENOCPEICTBEHHO,
160 yepes COOTBETCTBYIOILIHE npeodpas3oBarei,
npeoOpasyroliye  MOCTOSHHBIA TOK B BHJ ~ DHEPruw,
HEOOXOUMBIN MMOTPEOUTEITIO.
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3.6. Ocobennocmu nonoHcuUmMeNbHOU 0OPAMHOU

CéA3U U pecyrupoearnue InepcemudeCKux nomoKoes
CamonogepKuBaHue NpoLecca H3BICUEHUST SHEPrUU U3
OKpY>KaroIel cpepl MpH JIF000M cXeMe BO3MOYKHO JIHIIL B TOM
Clly4yae, €clld 4acTh IOJYyYEHHOM 3HEPruy HalpaBiseTcs Ha
BXOJl YCTPOMCTBA, 93TO 3HAYUT, YTO CHUCTEMa JOJDKHA OBITh
OXBayeHa MOJIOKUTEIBbHOI 00paTHOM CBA3BI0 U KOIPPHUIIHEHT

YCHUJICHUSI 3aMKHYTOH I[eNU JODKEeH ObITh paBeH eIUHUIIE (pHC.
12).

95)( + HBbIX
——>

a)

QBbIX QBbIX !

6) 6)

Puc. 12. DHepreruyeckasi YCTAaHOBKA, OXBa4yeHHasl MOJIOKUTEIbHOM
o0paTHOW CBA3BIO: «) CTPYKTypa; 0) 3aTyXaloIlUid MEPEeXOJHON MpOIece; &)
pacxoasuuiics nepexoHON mporece

Ecimu na BXOJ CHCTCMbI BO3Bpalla€TCA SHCPruvd MCHBIIC,
4eM HYXXHO ISl TOJJepKaHus pabodero mpoiiecca, Mporece
HEM30EXKHO 3aTyXHET. 3aTyXaHue mpolecca Jaxe HOCSIIETo
KojeOaTeNbHBI  XapakTep, OOBIYHO  MPOUCXOTUT  TIO
OKCIIOHCHIUAJIbHOMY 3aKOHY, IMMPHYEM IOKA3aTCJIb SKCIIOHCHTHI
UMeeT OTPUIIATEIbHBIN 3HAK.
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Ecnu xe k03 puuneHT ycuneHus: 3aMKHYTON Lenu 0oJjbIie
CIMHUIIBI, TO CHUCTEMa HAYMHAET HAKAIUIMBATh JSHEPIHUIO,
IpoIecC pa3BUBACTCA IO SKCIOHEHIMAIBHOMY 3aKOHY, HO
[OKa3aTeab JSKCIOHEHTbl HMEET IOJOXKHUTEIbHbI 3HaK, MU
crcTeMa UeT B pa3HOC.

B o3stoM ciyuae B cucTeMe HAaxOOUTCS —Kakoe-JInOo
crnabeiiiee 3BEHO, KOTOPOE BBIXOJIUT W3 CTPOSl U TPEPHIBAET
nporecc. OJHMM U3 BApUAHTOB TAKOTO COOBITUS SIBJISETCS
B3PBIB.

ObecnieunTh TOYHOE PABEHCTBO eauHHIE KoddduimenTa
YCUJICHHS 3aMKHYTOH 11enu 0e3 peryIMpoBaHus MPAKTHUYECKU He
IPEJCTaBIseTCs BO3MOKHBIM, BO BCEX Cllydasix paboTa Takoi
cCHCTEeMBbl OyJeT HeyCTOMYMBOW, OHA JHOO OCTaHOBHTCSA, JHOO
MOMJIET B pa3HOC.

Jus toro droObl 3TOTO HE TWPOM3OLUIO, B CHCTEMY,
OXBAUYEHHYIO IOJOXHUTEIbHONH OOpaTHON CBS3bIO, 00S3aTENBHO
JOJDKEH OBITh BKIIFOUEH PEryIIsTOp, 3a/1a4eid KOTOPOTO SIBIISICTCS
OrpaHUYEHUE TOW YacCTH SHEPIUHu, KOTOpas BO3BpALIAeTCs Ha
BXOJ] CHCTEMBI 4epe3 00paTHYIO CBsA3b. Takoil peryisTop MOXKeT
OBITH BBINOJIHEH HECKOJIBKMMHU CIIOCOOaMHU.

[lepBbIii cmoco® — TpocTO€ OrpaHUYCHHE BEITHMYUHBI
OOpaTHOW SHEPruM HEKOTOPHIM HACBILIAIOIIUMCS 3BEHOM.
TakuM 3BEHBSIMH MOTYT  SIBJSTBCA  JIFOOBIE  3BEHBS C
HEJIMHEHHBIMM XapaKTepPUCTHUKAMHM TUIIA HACBILICHUS >Kesle3a
170031 CTaOMIINTPOHOB. B cirydae UCTIOJIb30BAHUS
TpaHchopMaTopa € IKEJIE3HbIM CEpJCYHUKOM YyBEIHUEHHE
HaNpsOKCHUsST B TEPBHYHOM OOMOTKE TIOCNE HACHIIICHHS
CepAicUHMKa HE NPUBOAUT K YBEIMUYEHHUIO HANpPSDKEHUS Ha
BTOpUYHOU 00MOTKe. B ciyyae ncnosnb3oBaHus CTAOUIUTPOHOB
n30BbITOYHAsT HPHEPIUs HaIpaBiseTcs B 00XO0J LeMu 0OpaTHOM
CBSI3W, YeM M OTPAHWYHMBACTCS MOCTYIUICHHE DHEPTUU Ha BXOJ
CHCTEMBI.
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BropeiM crocobom sBNSiETCS TPUMEHEHUE HEIUHEHHON
oTpulaTenbHON oOpaTHOW cBsizu. [lo 1enu oTpumarenbHOM
00paTHOW CBSA3M Ha BXOJ CHUCTEMbI JOJDKEH MOCTYIATh BTOPOU
IIOTOK DHEPrUU CO 3HAKOM, IIPOTHBOIIOJIOKHBIM 3HAKy IOTOKa
SHEPIuH, MOCTYHAIOIIEH MO LEeNH IMOJIOXKUTEIBbHOW 0OpaTHOM
CBSI3W Ha TOT e BxoAd. Ecim mpouecc konebarenbHbIH, TO
0o0OpaTHBI TOTOK JOJDKEH MOCTYHaTh Ha BXOJA B MpOTHBO(Aze
IIOTOKY TIOJIO)KUTEJIbHOM 3HEpruu, ecid oOpaTHas CBA3b
BBIIIOJIHEHA B BUJE HAIIPSIKEHUS IOJIO0KUTEIBHON MOJISPHOCTH,
TO IO LIENIM OTPULIATEJIBHOM CBS3M JIOJDKHA IIOCTYNATh B TY XK€
TOYKY DHEpPrus B BHUJAC HANOPSHKCHUSA  OTPULATEIIBHOU
MOJIIPHOCTU. B KaXIOM KOHKPETHOM Cllydae BMJl DJHEpPIuH,
UCIIONIB3YEMOM B LEIAX IOJIOXKUTEIBHOW W OTPHULIATEIIBHOU
CBSI3M, YCTAHAaBIMBACTCSI KOHKPETHO, B COOTBETCTBHHU C
IIPUHLUIIOM JAECUCTBUS CUCTEMBI.

Bapuantbel (QyHKIMOHMpPOBaHUS OTpPULATENbHON 0OpaTHOM
CBSI3U MOT'YT OBITh TaKke pa3indHbl. Ee mapameTpsl MOTYT OBITh
BbIOpaHbl, HAIPUMEP, TAKUMH, YTO OHA BOOOIIIE HE BKIIKOYAETCS,
MOKa YPOBEHb DHEPIHH B TOJOXKHUTCIHLHON OOpaTHOW CBS3HM HE
JIOCTUTHET OIIPENEICHHOIO IIOpOra, TOJIBKO IOCJIE 3TOr0 OHA
HAayMHaeT BMEIIMBATbCA B Ipouecc. Takue wnm Jpyrue
BapUaHThl PEryJIUPOBaHUs MPOLECCOB AOCTATOYHO MOJAPOOHO
ONMCAHBl TEOPHEW aBTOMATUYECKOTO peryJupoBaHus, 0e3
UCIIOJIb30BaHUsl KOTOPOU TPYJHO IOCTPOUTH PacCMaTpUBAEMBIE
CUCTEMBI JIaK€ B CIly4ae HAXOXKACHHS BCEX NPHUHLIMIIHAIBHBIX
pelIeHUI.
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3.7. Cmpykmypnasa cxema 3(pupoounamuyeckozo
2eHepamopa Hepuu

Hcxons u3 U3MI0)KEHHOTO, MOXKET ObITh PEKOMEH/I0BaHa JIJIs
MakeTHpPOBAaHUs cleAylomas cxemMa 3(PUPOJANHAMHYECKOTO
reHepaTopa 3HEPIUU — YCTPOMCTBA JJIS MOJYyYEHUS! DHEPIUM U3
a¢upa (puc. 6).

Bce ycTpolicTBO COCTOUT U3 ABYX Y3JIOB:

— BHEIIHEro MCTOYHHMKA IMUTaHMs, CIY)KaIlero CTapTepoM
JUISL 3aI1yCKa CXEMBI;

— TeHepaTropa HMIIYJIbCOB, COJEprKallero TpaHchopMaTop
Tecinpl, uMeOIMI Tpu OOMOTKH — HEPBUUYHYIO (HApYKHYIO) U
JIB€ BTOPUYHBIX (BHYTPEHHHMX), OHA M3 KOTOPBIX CIY)KUT JUIS
CO3JIaHMsI LENH IOJIOKUTEIbHONH OOpaTHOM CBA3HM, a BTOpas
SBJISICTCSA BBIXO/HOM, MOJAKIOYaeMON Yepe3 BBIIPSMHUTEIbHbIH
MOCT K Harpyske.

Bce npumensiemMble 371€MEHTBl JOJKHBI OBITH JTOCTATOYHO
BBICOKOYACTOTHBIMH M JOJDKHBI MMETh 3amachkl 10 pPadodYnM
HanpsbkeHusM. [IpenenbHble 4acTOTHI, HA KOTOPbIE JOJKHBI
OBITh PaCCUUTaHbI BCE DJIEMEHTHI CXEMBbI, JIOJIKHBI UCXOIUTh U3
JUINTEJIBHOCTH (PPOHTOB C HEKOTOPHIM 3anacoMm. Hampumep, s
obecriedeHust anuTeabHOCTH (poHTOB B 0,1 MKC HE0OX0aMMO,
yToObl ~ BCE  JJIEMEHTBI, BKIJIOYas BCE  MHUKPOCXEMBI,
TPaH3UCTOPBl, EMKOCTH U JUOJbI, MOIJIM paboTaTh B paboyem
pexume Ha yactotax He MeHee 5 MI'n. Ormnajgka ycrpoicTBa
JIOJIKHA TIPOU3BOJAUTHCSA MO KAXKIOMY Y31y B OTIEIBHOCTU C
YU€TOM MX Harpy3kM Ha IOCJIeAYIOIINeE 1IeNH B 00Iel cxeMe.

IIpu mnonbope mapameTpoB OOMOTOK TpaHchopMaTopa
ClleyeT HUCXOAUTh M3 HEOOXOAMMOCTH O0ecledyeHus: JBYX
MOJIOXKEHUS:
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l. mpeBblllIeHUS BBIXOAHOTO HAMPSKEHUST HA BBIXOJE
oomoTk I HanmpsHKEHUST TUTaHUS UMITYJILCHOTO TEHEpaTopa;

2. TIPEBBIIICHHUS 3HAYCHHUS BBIXOAHOW MOIIHOCTU TOM,
KOTOpasi HOTPEOIISICTCS. UMITYJIbCHBIM T€HEPATOPOM.

ObGa »TH TONOXKEHHWS JOJDKHBI OBITh TOJYYEHHI B
Pa30MKHYTOM peXuMe M 0€3 WX BBIIIOJHCHHS 3aMbIKaHUE
MOJIOKUTEITHFHOU 00paTHOM CBSI3U OECCMBICIIEHHO.

FeHepaTOp 3Heprum Tp
— B

v

Llenb o6paTHOM cBA3M

I
I
Craptep U2 |
|
I

l
A 4

P

sn| O

L7 P —

Puc. BapmanTt 6.10K-cXeMbl MakKeTa JJsl NOJyYeHUS] IHEPIrHMU U3
3¢pupa: BIl — 6mok nurtanusa; Tp — TpanchopmaTtop;, Wi — mepBudHas
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karymka Tpancpopmaropa, W, — karymka oOparHoit cBsizu; Wiz —
BBIXOAHAs KaTymika Tpanchopmaropa; Ci — 3apsaHas eMKocTh nmutanus; Co —
€MKOCTh KOHTYpa (He yCTaHOBJICHO, HY)KHA JIX OHA); P1 — pa3psaaHuK mpsmoit
cesi3u (U1 ipoGost mopsika 1 kB/ Mm); P2 — paspsauuk (iam anomx) o6paTHOM
cBs3u (U2 > Uy); P3 — paspsanauk (wnm cxema) orpanndenns HanpspkeHus (Us
>U;); |1 — TOK B 1enM TepBUYHOM 0OMOTKH TpaHcdopmatopa; |, — Tok B
nenu o0paTHOU cBsi3u; B — BeIXO/I.

3amaua moxbopa nmapameTpoB (3HaueHH eMkocte C1 u Co,
COOTHOLIEHUS] AUAMETPOB M BUTKOB NEPBUYHON M BTOPHUYHOU
Karymek, 3HadyeHuid HanpspbkeHuid Ui, Uz, Us) 3akimodaercs B
TOM, 4TOOBI TOK OOpaTHOH CBsI3M |2 CTAaHOBMJICS KaK MOXKHO
0oJbllle IPU COOTBETCTBYIOIIEM yMEHbIIeHHH Toka li. 3amaua
Oyzner BBINIOJHEHA, €ciM Npu Haauuuk Toka l2 Ttok |1
MPEKPATUTCS TMOJHOCThIO. Bo3HuMKHOBeHHE TOKa I3 B 1enu
OTpaHUYEHUS CBUJAETEIBCTBYET O TOJYYEHUU H30BITOUHON
SHEPTrHUH.

Bce ammepmerpsl, yka3aHHBIE Ha CXeMe, JOJDKHBI OBITh
TEPMOIIAPHBIMHU.

[TocnenoBarensHo ¢  paspsiaHukoM Pi1 mMoxxer  ObITh
BKJIIOUEHA JIBOMHAS CIIUPAb 110 PHUC.
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3aknwuenue

Kak y»e ynomuHanocse, IBUKEHHUE BEYHO, U €r0 HU CO3/aTh,
HU YHUYTOXXMUTb HEJb3s, MOKHO TOJBKO MEpPEBECTU U3 (HOPMEI
OecrionesHold B (opMmy, TPHUTOAHYIO IJIS MPAKTUYECKOTO
npuMeHeHus. B 3rom cMbicie 3aKOHBI T€PMOJMHAMMKH,
YTBEPXKAAIOIIME, UYTO HHEPrUI0 CO3/aTh HEJb3s, a0COJIOTHO
IIPaBbl, U UX HE HYKHO PEBU30BATh.

Bo Bcex caywasx, B KOTOpBIX HaOJIIOJaeTcs peajbHOoe
YBEJIMYEHUE DSHEPruy, 00s3aTeIbHO NPUCYTCTBYET HEKHM
pesepByap, U3 KOTOPOTo 3Ta U30BITOYHAS SHEPTUS U MOCTYIIACT.
Bce nonoGHble ycTpoicTBa, 1O CBOEH CYTH SKBHBAJICHTHBI
“TEeIJIOBBIM HacocaMm’, YepHarolliM pa3IMYHBIMH CIOCO0aMH
SHEPIUI0 U3 OKpY)Karolled cpeapl — BOJbI, BO3/1yXa, HO, B
KOHEYHOM cueTe, — u3 3¢upa. 1160 Bce BUIBI SHEPTUH, OyIH TO
TEIUIOBasl SHEpPrus MOJIEKYJ BO3JyXa WIM BOJbI, COJHEYHAs
DHEPTHUs, AIEKTPUUYECKAsi SJHEPTUsl WK sfepHas, — 3TO (opMeI
IOBWDKEHUST >(QUpHON cpenpl. Ddup 3amoiHSIET BCE MHPOBOE
IPOCTPAHCTBO, SIBJISICTCSI CTPOUTENBHBIM MaTepHalioM Ui BCeX
BUJIOB OpraHM3alMM MaTepuu, pa3lIUyHble (QOPMBI  €ro
JIBIDKEHUS COCTABJIAIOT CYLUTHOCTh BCeX (DyHJaMEHTAIbHBIX U HE
(byHIaMEHTAIbHBIX B3aWMOJICHCTBHIA, BceX 0€3 HCKIIOYCHHUS
(bU3NYECKUX SIBICHU.

[TonbITKM 3aMEHUTH CIOBO “3up” croBaMu ““‘GU3NUECKUI
BakyyM”, T.e. HE IyCTas IyCTOTa SBIISIIOTCA IONBITKAMU
HETOJHBIMU, HWMEIOIIMMH He (U3NYECKHH, a COLMAIbHBIA
CMBICJI, TIOIBITKOM TOCIOACTBYIOIMX HAYUHBIX IIKOJ, B IEPBYIO
ouepenp, IIKOJbl PENSATUBUCTOB — IIOCIENOBAaTENel TEopUH
OTHOCHUTEJIBHOCTH OWHIITEWHA, 3aMaCcKHpOBaTh CBOE
06ankpoTcTBO. 100 pu3nyeckuii Bakyym He UMEET HU CTPOECHHS,
HU CTPYKTYpbl, a TOJBKO HEHU3BECTHO OTKYy/Aa B3sBIIHECH
CBOMCTBAa. DTUM OH OTIMYaeTCs OT 3(upa, KOTOPHIH UMEET U
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CTpOEHHE, U CTPYKTYpHYIO OpraHH3alMI0 B  KaXIOM
KOHKPETHOM MaTepHallbHOM 00pa30BaHUU U JIBUKEHUH, UMEET
KOHKPETHBIE CBOMCTBA U (hU3MUECKHE MapameTpbl. IUp — 3T0
KOHKPETHOCTbD, “‘(u3nueckuii Bakyym” — abctpakius. CBoicTBa
(UPHBIX KOHCTPYKIHMHA — 3JIEMEHTAPHBIX YacCTHIl BEIIECTBa,
aTOMHBIX sIJIep, CAMUX aTOMOB, MOJIEKYJ JIETKO OOBSICHUMBI, BCE
(dbyHIIaMeHTaTbHBIE B3aHMOICUCTBUS HMEIOT JEeTKUU
IPaJEeHTHBI MEXaHU3M U MOTYT OBbITh MOHSTHBI JIOOOMY
IIKOJIbHUKY. HeT Hu 0AHOro peanbHO CYILIECTBYIOIIETO
¢uzudeckoro (He HMHQPOPMAIMOHHOTO!) SBIEHHUS, KOTOpPOE HE
MOTJIO OBl OBITH MOHATO Ha OCHOBE Y(PUPOTUHAMHKH.

OTO 3HAYUT, 4YTO BO BCEX SABIEHUSAX, B KOTOPBIX
OOHapyKUBAETCs MPUPOCT YHEPTUHU, HY)KHO B IEPBYIO OYEPEb
UCKaTh YQUPOAMHAMUYECKUNA MEXaHU3M. DTOro, Kak IMpaBuHIIo,
HE JeNaeTcsi, OTCI0Ja U MHOXKECTBO HEIOpa3yMEHUM Tumna
“pe30HaHCHBIE SBIEHUS O0JANAIOT CBOMCTBOM MPOU3BOJIUTH
sHepruto”. IIpon3BoIUTE PHEPrUI0 HE MOTYT HU PE30HAHCHBIE,
HU Kakue-nmubo npyrue sieneHus. Eciu Bce ke pe3oHAaHCHBIE
SBJICHUSI KAKMM-TO 00pa30M yBEJIIMYMBAIOT YHEPIHIO, TO B3SThH €€
OHU MOTYT TOJIbKO M3 OKpY>Karouieil cpensl, u3 3upa, HO ¥ ITO
JIOJDKHO TI0JUIEKaTh TIIATEJIBHOM MOBEpKHU. Ecnm ke mposepka
MOATBEPAUT MPHUPOCT SHEPTUH, TO HEOOXOAUMO OMPENEITUTh
MeXaHu3M 3a00pa SHEPruH, HAIPHUMEP, B PE3yJbTaTe CXKATHS
naBieHueM 3¢dupa 3QUPHBIX K€ BUXPEH, KAKOBBIMH SIBIISIOTCS,
HanpuMep, MarHuTHble  1oyid.  MeXaHusM  IepeKauku
MOTEHIIMAJIbHOW SHEPTUU B DHEPTUIO ITUX BUXPEH PacCMOTPEH
BBIIIIE.

B HekoTOophIX H300peTeHMsIX s 3alycka YCTpoWcTBa
IPUMEHEHbl 0OaTraped, KOTOpbleé IMpH MaJOH MOIIHOCTH
OKa3bIBAIOTCS CMOCOOHBIMHM TMHTaTh MOIIHBIE ABUTaTenn. Ha
camMoOM JieJie, OHM UTparoT JiBe posd. llepBas posib — 3TO poiib
cTapTepa i1 3allyCKa BCEr0 YCTPOMCTBA, KOTOPOE 3aTeM
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paboraer 0e3 HHX, uYepras OJHEPIHI0 W3 OKPYXKAIOIIETO
MIPOCTPAHCTBA U BO3Bpalllas YacTh €€ Ha BXOJ CHCTEMBbI IS
NoJJepKaHus Ipouecca. Bropas poiap — 3TO poJjib HEKOTOPOTO
crabunmn3aTopa, T.e. TOTO K€ CTapTepa, KOTOpbIi B ciydae
Ha/I00HOCTH TOAKIIOYACTCS JAJS MOAJCPKAHUS YCTOWYMBOCTH
mpouecca. 37ech HET HHMKaKOM MHCTUKH, BCE OOBICHIETCS
IPOCTO, €CJIM YYeCTh CYIIECTBOBaHME B mpupoae >¢upa. B
MPOTUBHOM ciyyae 3ajJaya He paspeliriMa U MpOTHBOPEUUS
HEN30EeXKHBI.

B macrosmiee BpemMss MHOTMMH aBTOpaMU  CO3/aHbI
JEHCTBYIOIIME DSHEPreTUYECKUE YCTPOMCTBAa, B  KOTOPBIX
KO3 (ULMEHT TMOJIE3HOTO JeHCTBUS TMpeBblllaeT 1, WHOrIa
CYHUIECTBEHHO. OTO M YIOMSHYTBHII BBIIIE TEIIOT€HEPATOP
[Toramosa u MHOTOYHCJICHHbBIE ero aHaJIoTH,
AIIEKTPOMEXaHMUECKHE BUXPEBBIC TEILUIOTCHEPATOPHI [| 3TO |
npeoOpazoBarens sHepruu [lloymaepca [] ¢ ucmonb3oBaHneM
pa3psa0B OONBINON TUIOTHOCTH, B KOTOPOM KIIT JocTuraet oT 30
mo 50, K coxaleHuio, TOKa B MajbIX J103aX SHEPruw,
OeCTOIUTMBHBIA  JBHrarenb  AllekceeHko [],  reHepaTop
MOIIHOCTH Xa0bOapnma, BakyyMHBIH TpUOAHBIA yCHIIMTEIb
(BTY) Csura, nBurarens lllaybepra, BUXpeBOil TeHepaTop
Jennapna u mHorue Jpyrue. Bce OHM BBINOJIHEHBI B BHIE
MAaKkeToB, [0 KpaWHEW Mepe, II0 MHEHUIO aBTOPOB, JAJU
MOJIOKUTEIBHBINA PE3ybTaT, HO BCE, KPOME TEIJIOTEHEPATOPOB,
HE JIOBEJICHBI 0 PEAJILHOTO NMPAKTUYECKOTO IPUMEHEHMSL.

DHepreTU4Yeckuii Kpu3uc, K KOTOpOMY MpUOIMKAETCS
4eJI0BEYECTBO, BOBCE HE SBIsIETCS (PaTtaibHO HEU3O0EKHBIM.
OTOT KpHU3UC €CTh KpPHU3UC CYLIECTBYIOIIUX TEXHOJOTHH,
UCHOJIB3YIOUINX TPHUPOAHBIE PECYpPChl JajeKo HE Jy4IINM
obpazoM. OTO TakXke KpHU3UC COBPEMEHHOW  HayKH,
BBICOKOMEPHO OIpEeESIonIeil HayuHOCTh WM JIKEHAyYHOCTb
T€X WIA WHBIX HalpaBlIeHUH W TbITalONEics HaBEYHO
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YTBEPAUTH T'OCHOJCTBO CYIIECTBYIOIIMX HAy4YHBIX IIKOJ. OTO
TaKXKe ¥ KPU3KUC KAUTATUCTHIECKOTO CIIoco0a MPOU3BOJICTBA U
TUNEepTPOYUPOBAHHBIX TOBAPHO-ICHEKHBIX OTHOLICHUH, IPH
KOTOPBIX BCE M3MEpseTCs JCHEXKHOH NpHOBUIBI0 W  Tak
HA3bIBAEMOW PpPEHTA0ENbHOCThIO Jake B ymepd camomy
CYIIECTBOBAHHIO 4YelloBeUecKoro poxaa. Kanuramucrudyeckuid
CTIOocO0 MPOM3BOJCTBA MPENOIAracT HaJIu4ue KOHKYPEHIUH, a
OHa TpeOyeT H3BJICYCHUS CUIOMHUHYTHON BBITOJBI HE3aBUCHMO
OT TOI'O, K KaKMM HOCJICACTBUAM 3TO IMPUBCIACT B [[aJIBHeI;'IIHCM.
W 0coOeHHO ATO HATJISAHO BUIHO HA MPHUMEPE HCIIOJIb30BAHMS
He(bTSIHBIX 1 I'a30BbIX SQHCPICTUICCKUX TEXHOJIOTHH.

Bcem 1aBHO NOHSATHO, 4TO BCe OoJiee MUPOKOE TIPUMEHEHUE
HepTH M Tra3a B KauecTBE TOIUIMBA BEJET K HKOJOTHYECKOM
karactpode. Ho Bcem Takxke MOHSITHO U TO, YTO OTKA3aThCs OT
HHUX ITOYTH HCBO3MOKHO B CHJIY YTBEPANBIINXCA TEXHOJIOTHH.

Ha camom pene Bce He Tak TparuyHo. DHUPOAMHAMUYCCKUE
NpEeJCTaBICHUS 00 YCTPOHCTBE MUPA YKA3bIBAIOT ITYTH PEIICHUS
MHOTHX TpOO0JIeM, B TOM YHCJIE U DHEPreTHUECKUX. 3aTpaThl Ha
HUCCIICO0BaHNA, KOTOPBIC HYKHO IHIPOBOJUTHL B STOH O6J'IaCTI/I,
HUYTOKHBI 10 CPABHECHUIO C 3aTpaTaMH TaK Ha3bIBAGMOW HAyKH
Ha co3nanue ‘“TokamakoB” M CHHXPO(A30TPOHOB, HO Ha HUX
HUKTO HE WJIET B CBSI3U C YCTAHOBUBIIMMUCS MPEIICTABICHUSIMH
B Hayke 00 OTCYTCTBMH B mpupoxae 3¢upa. Ceiiuac 310 1eno
BCETO JIMIIb OTJEJIbHBIX SHTY3UACTOB. HO HET COMHEHHS B TOM,
9TO PAaHO WIA TO3AHO JPUPOIMHAMHUYSCKUE WCCIICIOBAHUS
OyayT pa3BepHYTHI IIIMPOKO, U, KaK BCAKOS HOBOE HAIIPABIICHHE,
OHHU IMMPUBCAYT K CCPbC3HBIM MMPHUKIIAAHBIM PE3YJIbTaTaM.

Kak u3BecTHO, HayyHble IIKOJIBI HE IEPEeyuyHuBaIOTCS, a
BBIMHUPAIOT. Hosrre IOKOJIbI, MOABJICHUEC KOTOPBIX UCTOPHYCCKHU
IPEJOIPENeNIEHO, BOCIPUMYT 3(PUPOAMHAMUYECKUE MOJIOKEHHS
KaKk caMO0 co0oii pasymeromquecsi. OuepenHas ¢usUvecKas
PEBOJIIONMS U COMYTCTBYIONIAs €l TEXHOJIOTHMYECKasi PEBOJIOIUS
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HE 3a ropaMu, U Ha MX OCHOBE HA3PEBIIHE MPAKTHYCCKHE
npoOnemMbl, KaKk B OOJAaCTH DSHEPreTHKH, TaK W BO MHOTHX
JIpYyrux 00JacTSIX €CTECTBO3HAHUS, OYIYT PEIICHBI.
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1.8. Tpancdopmarop Tecia

Aemop,  cmpana, Ne  namenma  unw  ABMOPCKO20
ceudemenvcmea:

Hukona Tecaa, CIIIA, 1891 r.

Cxema ycmpoiicmea

Tp
p
Bl % C, B C:

Kpamkoe onucanue ycmpoiicmea

Tpancopmatop Tecma mnpencraBinsier coboil  ycTpoiicTBO,
cocrosuiee U3 OeccepAeUHNKOBOTO TpaHchopMaropa, pa3psaHUKa U
ANEKTPHYECKOTO KOHJICHCATOPA. [MepBrunas 0o0MOTKa
TpaHcopMaTopa BBHIMOIHEHA B BHJE HECKOJIBKUX BUTKOB TOJICTON
MCI[HOP'I IIPOBOJIOKH, 4 BTOpHUYHAad, IOMCIICHHAA BHYTPU WU PAAOM C
MEPBUYHOM OOMOTKOW COCTOMT ™3 OONBIIOTO YHCIIa BHUTKOB
W30JIMPOBAHHON TOHKOM METHOM MPOBOJIOKH.

[TepBuuHyr0 OOMOTKY dYepe3 pas3psiHMK M  KOHJICHCATOP
HNOAKIIOYAIOT K MCTOYHHUKY II€PEMEHHOT0 TOKa, BO BTOPUYHOM
00MOTKE, B KOTOPOH BBIITOJHSAIOTCS YCIIOBHS pE30HAHCA.

Ilpunyun deiicmeus



94

Hanpspkenue WCTOYHHMKAa TEPEMEHHOTO TOKa  BbIOMpaercs
IIOCTAaTOYHBIM I Tpo0os pa3psmHuka. B pesyiabTaTe mpoOost
paspsIHUKA B TIEPBUYHON OOMOTKE BO30YKIACTCS MPEPHIBUCTHIN TOK,
BO3HHMKACT NPEPHIBUCTOC MArHUTHOE IIOJIE, WHAYLHPYIOIIEE BO
BTOPUYHON OOMOTKE BBICOKOYACTOTHBIE KOJEOAHWsS YacTOTOU
nopsinka 150 xI'1. barogapst pezonancy, HanpspKeHHE Ha BTOPAYHON
00MOTKE MOBBIIIaeTcs 10 7 MIIH. BOJIBT.

Ilonyuennwie pezynromamot

Tpancdopmatop Tecna ucmonszoBaics B nepuoq 1896 — 1904 r.
NpU CO3AaHUM MOIIHBIX paguocTaHiui (Hampumep, B 1899 r. mon
pykxoBoactBoMm Tecna Obuta coopykeHa pamuoctanims Ha 200 kBt B
mrate Komnopano). [Ipumensncst no cepeaunsl 20-ro cTONETHS B TEX
JKE LENSX.

Humepnpemauusa agmopoeé u KOmmeHmanmopos

NHTrepnperanyst aBTOpa OTCYTCTBYET, KOMMEHTATOPbI IBITAIUCH
OOBSCHHUTH TPHHIMI AEHCTBHUS TpaHcdopmaropa Tecna, mcxons u3
TPaAWIMOHHBIX TPEICTABICHUH, B YACTHOCTH, IIOSBICHHEM 3JIC
CaMOMHJIIyKIIMM Ha KPYTHIX (PpoHTax OOphIBa TOKAa pa3psIHUKOM B
MEPBUYHON OOMOTKE.

Kommenmapuii ¢ nozuyuu ygpupoounamuxu

HecomHeHHO, TIOsIBIIEHUE 3]IC CAMOMHIYKIIUN B TpaHchopmarope
Tecma mmeer MecTo THpu OOpHIBE TOKa B TEPBUYHON OOMOTKE.
OpnHako,  TPEANONIOKUTENBHO, B TpaHchopmatope  Tecma
UCTIONB3YeTCsl HECKOIBKO 3(p(peKToB, IaBHBIM M3 KOTOPBIX SIBISIETCS
MOCTYTUICHUE JIOTIOJIHUTEIBHON SHEpruH u3 d(upa 3a cyeT CKaTus
MarHUTHOTO TOJs naBieHueM sdupa. IlpuMeHeHue ke pe3oHaHca
IIO3BOJIICT HaKallJInBaThb GOHLHH/IC TOKH W HUCIIOJIB30BaTh OIIMCAHHBIC
BBHIIIIE HENMHWHEHHbIE APQeKThl, ycuiupaonme 3PPEKTUBHOCTH
SBJIEHU. BeposTHO, MpHMEHEHNEe BaKyyMHBIX Pa3psIHUKOB BMECTO
BO3JIYIIHBIX MOXKET CHOCOOCTBOBATH CHIDKCHHUIO AJICKTPOMAarHUTHBIX
nomex. HccnemoBanusi paboThl cxeM ¢ TpaHcopmaropom Tecna
MOET UMETh NPUHIMITHAIEHOE 3HaYeHHE JUTs Oy TyIIel SHePreTHKH.



95

JU1s IpoBepKU TPETHETO MOJOKEHHSI OBLIO MPOBEICHO
U3MEepeHUe UHIYKTUBHOCTEH MPOBO/IOB B 3aBUCUMOCTH OT UX
CEUCHMS.

Aemop, cmpana, Ne namenma unu aemopcKoz2o ceudemensvcmea:

Cxema ycmpoiicmea

Kpamkoe onucanue ycmpoiicmea

TennoreHeparop, UMeOLIMNA KOpIyc 2 C LWIMHAPHYECKON 4YacThbiO, OCHAIEH
LUKJIOHOM 1, TopleBas CTOPOHAa KOTOPOTO COEAMHEHa C LIMIMHIPUYECKOH 4YacTbiO
KopIyca 2, B OCHOBaHMM KOTOPOH IpPOTHBOJIEKANIed IHMKIOHY | CMOHTHPOBaHO
TOPMO3HOE YCTPOUCTBO 3. 32 TOPMO3HBIM YCTPOHCTBOM 3 B LMJIMHAPUYECKON YacCTH
KopItyca 2 YCTaHOBJICHO JHO 6 C BBIXOJHBIM OTBEPCTHEM, COOOIIAIOIIUMCS C
BBIXOJHBIM NaTpyOKOM 8, COEIMHEHHBIM C IUKJIOHOM C IIOMOIIBIO INEPEryCKHOTO
matpyOka 9, TmpuYeM COeIWHEHHEe BBINONHEHO Ha TOpIe NUKIOHA 1,
MPOTUBOJISKAIIEM IMIMHAPUIECKON YacTH Kopmyca 2 M COOCHO IOCIeTHEMY.
TopMO3HOE yCTPOMCTBO BBINOJHEHO, MO MeEHbBIICH Mepe, M3 ABYX paJHabHO
pacHoyNoXeHHbIX pedep, 3aKpelyIeHHBIX Ha IEHTpPaJbHOW BTyNKe. B mepemyckHoM
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nmarpyOke 9 HIDKE 30HBI €r0 COCIMHEHHS C [UKJIOHOM |  yCTaHOBJICHO
JIOTIOTHUTENIFHOE ~ TOPMO3HOE  YCTPOHCTBO 10.  OrHoweHue  auamerpa
LWIMHAPHYECKOH 4YacTH Kopmyca 2 ¥ BBIXOAHOTO OTBEPCTHS HHXKEKIMOHHOIO
natpyOoka 13 paBHO wim Oonpme 2. B ycTpolicTBe Al HarpeBa KHIKOCTH,
cozieprKalleM TEIJIOTeHepaTop, MOJA0IHe U 00paTHbIE TPYOOIPOBOABI, YCKOPUTEIb
JIBIDKEHUS KHUIKOCTH CBSI3aH C HACOCOM IIOCPECTBOM HH)KEKIIMOHHOTO maTpyoka 12,
COEIMHEHHOTO ¢ OOKOBOIT CTOPOHO YCKOPHUTENS ABVKCHUS KHUIKOCTH.

Ilpunyun deiicmeusn ycmpoiicmea, no MHEHUIO AGNOPOE

JKuakoctb HAacocOM IO JaBJACHHUEM TIOJACTCA B IMKIOH, €€ [BI)KCHHE
CTaHOBHTCSI BUXPEBBIM, IIPH 3TOM M3MEHICTCS MEXaHWYeCKas SHEpPrus >KUIKOCTH,
HalpaBJICHHAs HA BHIPABHUBAHUE €€ TEMIIEPATYPhIL.

Mo muenuio mpod. POMHHCKOTO B BUXPEBOM [BIDKCHHHU KUAKOCTH IPOUCXOUT
JTOTIONTHUTENIFHOE BBIJICIICHHE SHEPTHH 32 CYET 1) XOJIOJHOTO SICPHOTO CHHTE3a U 2)
mpeoOpa3oBaHUsl MacChl B SHEPTUIO B COOTBETCTBUH C TeopHeil OTHOCHTENLHOCTH
DHUHIITEHHA.

@opmyna uzoopemenusn

1. TemnoreHeparop, coxepxauiiii KOPIyC, UMEIOIINHA IIHHAPUIECKYIO YacTh,
omauyaowuilics TeM, YTO OH OCHAIIEH YCKOPUTENeM JBIDKCHHUS >KHUAKOCTH,
BBINIOJIHEHHBIM B BHJAE I[MKIOHA, TOPLEBAas YacTb KOTOPOTO COEIMHEHAa C
LWJIMHIPUYECKOH 9acThIo KOopIyca.

2. Tennonarpesatens 10 1.1, omauuarowutics TeM, 4YTO B OCHOBaHUH
LIJIMHIPUYECKOH ero 4acTH, HPOTHBOJEKAIIEH [IMKIOHY, CMOHTHPOBAHO TOPMO3HOE
YCTPOICTBO.

3. Temorenepatop mo WM. 2, omauuarowuiica TEM, YTO 332 TOPMO3HBIM
YCTPOWCTBOM B IWJIMHIAPHUYECKOW YaCTH KOPIyCa YCTAaHOBIEHO THO C BBIXOJHBIM
OTBEPCTHEM, COOOIIAFOIIIMCS C BEIXOAHBIM IAaTPyOKOM.

4. Terutoreneparop mo 1.3, omauuarowuiics TeM, YTO BBIXOJHOW MaTPyOOK
COEIMHEH C IUKJIOHOM C IIOMOLIBIO IEPEIyCKHOTO MmarpyOKa, IpHYeM COeIMHEHHE
BBINIOJIHEHO Ha TOPIE [UKJIOHA, MPOTHUBOJISKANIEM HWIMHAPHYECKOH JacTH KopIryca
U COOCHO C TIOCIICITHUM.

5. Temnoreneparop mo JroboMmMy u3 mm. 2 - 4, omauuaowuiics TEM, 4YTO
TOPMO3HOE YCTPOWCTBO BBIIONHEHO IO MEHBIIEH Mepe U3 IBYX pagHaibHO
PAacIoNIOXKEHHBIX pedep, 3aKPEIUICHHBIX Ha IEHTPAIbHON BTYJIKE.

6. Terutoreneparop 1o 1. 4 WK 1. 5, omauyarowuiica TeM, 9T0 B IIEPEMyCKHOM
natpyOKe 1Mocie 30HBI €T0 COSIMHEHUS C IUKIOHOM YCTaHOBJIEHO IOTOIHHUTEIEHOE
TOPMO3HO€E YCTPOHUCTBO.

7. Temnoreneparop mo mobomy u3 mm. 1 — 6 , omiuuarowuiics Tem, YTO
OCHallleHHe JaMeTpa LWIMHIPHYECKOW YacTH KOpIyca M BBIXOIHOTO OTBEPCTHS
WHXEKIOHHOTO NaTpyOKka paBHO Win GoJblire 2.
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8. YcrpoiicTBo Ui HarpeBa XHUIKOCTH, COAEpIKaIlee TeIUIoreHepa-Top, pabodnit
CEeTEeBOM HACOC C 3JIEKTPONPUBOJOM, COSIMHEHHBINH ¢ KOPIYCOM TEIUIOreHepaTopa,
MOJAIOLINH U 0OPaTHBINH TPYOOIIPOBOBI C 3aIIOPHBIMH BEHTHIISIMU, 00ECIICUNBAIOLIIE
B3aMMOCBS3b TEIUIOTEHEPATOpa C TEIUIOOOMCHHUKAMH, OMAUYAIOWUNCA TEM, 4YTO
TEIUIOTeHepaTop, UMEIOIINH YCKOPUTENb NBU)KCHHS JKUAKOCTH, CBS3aH C HACOCOM
MIOCPE/ICTBOM HMH)XEKI[HOHHOTO IaTpyOKa, COEAMHEHHOro C OOKOBOH CTOpOHOM
YCKOPHTEIIS IBHKEHHS JKUIKOCTH.

9. VYcrpoiictBo mo mn. 8, omauuaroweecs TeM, UYTO BBIXOJHOE OTBEPCTHE
HHXEKIMOHHOTO NaTpy0Ka BEIIIOJIHEHO N0 (opMe ImapauresiorpamMmma.

Ionyuennuuii pezynomam

B ombitHOM 0Opasue mpu obveme Boasl B cucteme 200 1 u o0beMe BOABI B
panuarope 3 11, [uaMeTpe Kopiryca Temioreneparopa 140 mm npu gaBienHus B 5,1 aTM
TeMIeparypa BOAbl Ha BBIXOAE TemoreHeparopa pasHa 150°C. OrtHomeHue
TEIUIOBOH PHEpPruu Ha BBIXOZE YCTPOICTBA K 3aTpaueHHOM SHEPTrUM U3 INIEKTPOCETH
cocTaBysieT nopsaka 1,5.

Kommenmapuii ¢ nozuyuii s¢pupoounamuru

Haubonee  BEpOSATHBIM ~ HCTOYHHMKOM  JONOJHHUTEIBHOM  JHEPTMH B
teroreHeparope IloTanoBa siBisieTcss SHeprust okpyxatomero 3¢upa. Boxa umeer
BBICOKYIO JHIJICKTPUYECKYI0 IPOHHLAEMOCTh, paBHyl0 81, 3TO oO3Hayaer, dHTO
IUIOTHOCTh TOJBIDKHOTO (ciabo cBs3aHHOro) s¢upa B 81 pa3 Ooibplie, 4eM B
OKpyXKaroleM npocTpaHcTse. [Ipy BpallleHHH BOJbI YIUIOTHEHHBIH 3(GUp TPHBOAUTCS
B [IBI)KCHHE Grarojiapsi BI3KOCTH M CLCIUICHHIO ¢ BOJIOM. BOIsHON BUXph HauMHACT
paboraTh Kak HEHTPOOEKHBIM HACOC, BIIABIMBAs U3 cebs 3aBUXpeHHBIN 3¢up. [To
TopLaM BUXps 3Qup BcachiBaeTcs B BHXpb. Ha BBIXOJIE MX BOASHOTO BUXPS IO
JOCTIKEHHH OIIPEACNICHHOTO pa3Mepa A(HUpHBI BUXpbh CXKHMAETCS BHELIHUM
JaBICHUEM 3(upa, 4eM eMy cooOlIaeTcsi IOIOJHHUTENbHas SHeprus. BcocaHHbIH
3up OTIAET HAKOIUICHHYIO 3HEpruo Boze. IIporiecc MOKET HOCHTh HENpPEpPBIBHBIH
WIH TEePUOAUYCCKHH XapakTep. V3MEHEHHe MEXaHMYeCKOW SHEPrud >KHAKOCTH,
XOJIOHBIN TEPMOSIICPHBI CHHTE3 HJIM MPeoOpa3oBaHUEe MAcChl B SHEPTUIO 31€Ch HU
[PH YeM.

Cxema ycmpoiicmea
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Kpamkoe onucanue ycmpoiicmea

Terutoreneparop, UMEIOIMHA KOpIyc 2 ¢ MIIMHAPHIECKOH 9YacThiO, OCHANICH
IUKJIOHOM 1, TOpIeBasi CTOPOHA KOTOPOTO COEAWHEHa ¢ IMIMHIPUYECKOW YacThIo
KopIyca 2, B OCHOBaHMM KOTOPOH IPOTHBOJIKAIIEH LUKIOHY | CMOHTHPOBAaHO
TOPMO3HOE YCTPOUCTBO 3. 32 TOPMO3HBIM YCTPOHUCTBOM 3 B LMJIMHAPUYECKON YaCTH
KopIlyca 2 YCTAaHOBJICHO JHO 6 C BBIXOJHBIM OTBEPCTHEM, COOOINAIOIIUMCS C
BBIXOZHBIM NAaTPYOKOM 8, COCIMHEHHBIM C IMKJIOHOM C HOMOIIBIO MEPEHnyCKHOTO
matpyOka 9, TmpHYeM COeIWHEHHE BBIIOJIHEHO Ha TOpIe IHKIoOHa 1,
HPOTHBOJISKAIEM LMJIMHAPUYECKOH YacTH Kopmyca 2 M COOCHO MOCICAHEMY.
TopMO3HOE YCTPOMCTBO BBINOJHEHO, MO MeEHBIICH Mepe, M3 ABYX paJHabHO
pacHoyIoKEeHHBIX pedep, 3aKpeIIeHHBIX Ha IEHTpPaJbHOH BTyNKe. B mepemyckHoM
nmatpyOke 9 HIDKE 30HBI €r0 COCIMHEHUs C LUKIOHOM |  yCTaHOBJIEHO
JIOTIOJIHUTEJIBHOE ~ TOPMO3HOE  YCTPOWCTBO 10. OTHOlIeHHE  JUamerpa
LWIMHAPUYECKOM YacTH Kopiyca 2 ¥ BBIXOJHOTO OTBEPCTHS WHXXEKI[OHHOTO
nmatpyOoka 13 paBHO wimm Oompme 2. B ycTpolicTBe Al HarpeBa KHIKOCTH,
COZIeprKalleM TEIJIOTeHEepaTop, MOJAI0IMEe U 0OpaTHbIe TPYyOOIPOBOABI, YCKOPUTEIb
JIBIDKEHHS JKUIKOCTH CBSI3aH C HACOCOM MOCPEACTBOM WHKEKIIMOHHOTO marpybka 12,
COEJJMHEHHOTO ¢ GOKOBOW CTOPOHOW YCKOPUTEIIS ABHIKCHHS KUAKOCTH.

Ipunyun oeiicmeun ycmpoiicmea, no MHEHUIO ABHOPOE

XKuakocTe HacocoM TIOJ JaBICHWEM IIO/IaeTCsi B ILIMKIOH, €€ JIBH)KEHHE
CTaHOBHUTCSI BHXPEBBIM, TPH TOM HM3MEHSETCS MEXaHH4YeCKas dHeprusi KUAKOCTH,
HalpaBJICHHAs Ha BHIPABHHUBAHHE €€ TEMIICPATYPHI.

ITo MHeHHIO Tpod). POMHUHCKOTO B BUXPEBOM JBIIKEHHUH KUAKOCTU TPOUCXOTUT
JIOTIONTHUTENFHOE BBIJIENICHHE SHEPTHU 32 CYET 1) XOJIOIHOTO SIEpHOTO CHHTE3a H 2)
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mpeoOpa3oBaHUsl MacChl B SHEPTUIO B COOTBETCTBUH C TeopHeil OTHOCHTENLHOCTH
DHHIITEHHA.

@Dopmyna uzobopemenusn

1. TemnoreHeparop, coxepxauiiii KOPIyC, UMEIOIINHA IIHHAPUIECKYIO 4acTh,
omauyarowuilics TEM, YTO OH OCHAIICH YCKOPHUTENIEM JBIDKCHUS KHUIKOCTH,
BBIIIOJIHEHHBIM B BHJAE I[MKIOHA, TOPLEBAas YacTh KOTOPOTO COEIMHEHAa C
IWJIMHIPUYECKOH 9acThIo KOopIyca.

2. Tennonarpesatens 1o 1.1, omauuarowutics TeM, YTO B OCHOBaHUH
HUIMHAPUYECKOH ero 4acTH, MpOTHBOJEXKAIel IUKIOHY, CMOHTUPOBAHO TOPMO3HOE
YCTPOHCTBO.

3. Temoreneparop mo m. 2, omauuarowuiica TE€M, YTO 32 TOPMO3HBIM
YCTPOWCTBOM B IMIMHIPHYECKOH YACTH KOPIyca YCTAaHOBIEHO THO C BBIXOJHBIM
OTBEPCTHEM, COOOIIAIOIINMCS C BHIXOIHBIM ITAaTPyOKOM.

4. Terutoreneparop mo .3, omauuarwuiicsi TEM, YTO BBIXOJHOW MATPyOOK
COEIMHEH C IIUKJIOHOM C IIOMOIIBIO IEPEIyCKHOTrO Marpybka, IpHYeM COSIUHEHHE
BBITIOJTHEHO Ha TOPIlE [IUKJIOHA, MPOTUBOJISKANIEM IIIMHAPHIECKONH JacTH KopIryca
U COOCHO C TIOCIIETHUM.

5. Temmoreneparop mo oboMy u3 mm. 2 - 4, omauuaowuiics TEM, YTO
TOPMO3HOE YCTPOWCTBO BBIIONHEHO IO MEHBIIEH Mepe U3 IBYX paJuaibHO
PAacIoNIOXKEHHBIX pedep, 3aKPEIUICHHBIX Ha IEHTPAIbHON BTYJIKE.

6. TermoreHepaTop 10 1. 4 WM II. 5, omauuarowuiics TeM, 4TO B TIEpEIlyCKHOM
narpyOKe 1mociie 30HBI ero COSIMHEHUS C MUKJIOHOM YCTaHOBJIEHO IOTOJHHUTEIbHOE
TOPMO3HOE YCTPOHCTBO.

7. TemmoreHnepatop mo obomy u3 mm. 1 — 6 , omauuarowuiics TeM, YTO
OCHAIlleHWEe JHaMeTpa LIIHHAPHIECKON 4YacTH KOPIyca M BBIXOIHOTO OTBEPCTHS
WH)XEKIIHOHHOTO MaTpyOKa paBHO WM OoibpIe 2.

8. YcrpoiicTBO U1 HarpeBa KHUIKOCTH, COAEprKallee TeINIOreHepa-Top, pabounit
CEeTeBOIl HacoC C 3MEKTPONPHBOIOM, COSAWHEHHBIH C KOPIyCOM TEILIOT€HEeparopa,
MOJAIOIIMH ¥ 00paTHBIN TPYOOIIPOBOJIBI C 3aOPHBIMU BEHTHIISIMH, 00ECIIeUHBAIOIINE
B3aMMOCBSI3b TEIUIOTeHepaTopa C TEIUNIOOOMEHHUKAMU, OMAuYaouuiicss TeM, 4YTo
TEIJIOTeHepaTop, MMEIOLINH YCKOPUTENb JBIKEHHS KUAKOCTH, CBSI3aH C HACOCOM
MOCPEJICTBOM HMH)XEKI[MOHHOTO IaTrpyOKa, COEIMHEHHOrOo C OOKOBOH CTOPOHOM
YCKOPHTEIIS JBHKEHHS SKUIKOCTH.

9. VYcrpoiictBo mo 1. 8, omauuaioujeecs TeM, UYTO BBIXOJHOE OTBEPCTHE
HHXEKIHOHHOTO NMaTpy0Ka BRIIOIHEHO MO (popMe mapauieiorpaMma.

Ionyuennuuii pezyniomam

B ombiTHOM 00pasiie mpu ooveme Boasl B cucteme 200 1 U oObeMe BOJIBI B
paauarope 3 11, AMaMeTpe Kopiyca terioreneparopa 140 Mm npu ganeHuu B 5,1 atm
TeMmIepaTypa BOAbI Ha BBIXOAE TemioreHeparopa pasHa 150°C. OrtHomeHue
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TEIJIOBOIl SHEPIHU Ha BBIXOZE YCTPOMCTBA K 3aTpadeHHOM YHEPIMH M3 DIIEKTPOCETH
cocTapinser nopsaka 1,5.

Kommenmapuii ¢ nozuyuii s¢pupoounamuru

Haubonee  BEpOSATHBIM ~ HCTOYHHKOM  JOTOJHHUTEIBHOM  JHEPTMH B
TemioreHeparope IloTtamoBa siBisieTcst SHeprus OKpykaromero »¢upa. Boga mmeer
BBICOKYIO IMAJICKTPUYECKYIO IIPOHMI[AEMOCTh, paBHyI0 81, 3To o03Ha4aer, dYTO
IUIOTHOCTh TTOJBIDKHOTO (ciabo cBs3aHHOro) 3¢mpa B 81 pa3 Ooipmie, 4eM B
OKpYy’XaromeM npocTpaHcTse. [Ipu BpamieHun Bob! YILIOTHEHHBIH 3(up NpUBOANTCS
B JBI)KCHHUE Oylarozaps BSA3KOCTU M CICIUICHHUIO ¢ BOJOH. BoasHON BUXph HaYMHAET
paboTtaTh Kak LEHTPOOEKHBIH HAcoC, BBLAABIMBAsA U3 ceOs 3aBUXpeHHbIH >¢up. Ilo
TOpLaM BUXps 3(up BcachlBaeTcs B BHXpb. Ha BbIXOJIE MX BOASHOTO BUXPS IO
JOCTHXKEHHH OIIPEACNICHHOr0 pasMepa A(HUPHBI BUXpb CXKHMAETCAd BHELIHUM
naBieHHeM 3(upa, 4eM eMy COOOLIaeTcsl JOMONHHUTENbHAs SHeprus. BcocaHHBIH
3(Hp OTHaeT HAKOIUICHHYIO 3HEpruio Boze. IIpomecc MoXeT HOCHTH HelpephIBHBIN
WIN TIEPUOANYECKHH Xapakrep. l3MeHeHHe MeXaHHYeCKOW HHEPrHU >KHUIKOCTH,
XOJIOJHBIN TepMOSIEpHBIA CHHTE3 WM NpeoOpa3oBaHNe MAcChl B SHEPTHIO 31eCh HU
[IPH YeM.

Cmpykmypnan cxema 3¢pupoouHamuyeckozo
2eHepamopa IHepuu

Hcxons U3 U37105)KEHHOT0, MOXKET ObITh PEKOMEH/I0BaHa JIJIs
MaKeTHpPOBAHUS CIEAyIomas cxemMa 3(PUPOJANHAMHYECKOTO
reHeparopa 3HEpruM — yCTpOMCTBa AJIs MOJTY4YEHUS SHEPTUU U3
spupa (puc. 20) [17]. OOmas 1enp Makera — MOJydCHHE
YCTOMUMBOW pabOThI IPU OTKIIFOYEHHOM CTapTepe, CTPEMHUTHCS
K TOJIyYCHHIO PHEPTUM Ha BBIXOJE HE CIEIYeT, 3TO MOXKHO
JIeNaTh 10CJIe BBIIOJIHEHUs IIEpBOM 3a1auu.

Bce ycTpoiicTBO COCTOUT U3 JBYX Y3JIOB:

— BHEIIHEr0 MCTOYHHMKA MUTAHM, CIY)KaIIero CTapTepoM
JUTS 3aITyCKa CXEMBI;

— TreHepaTropa HMITYJbCOB, COJEpKalllero TpaHchopMaTop
Tecinbl, UMEIOLUN TPU KAaTYIIKH — NEPBUYHYIO (HApYKHYIO) U
JIB€ BTOPUYHBIX (BHYTPEHHHMX), OFHA M3 KOTOPBIX CIYKUT JUIS
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CO3JIaHMs LIENH MOJIOKUTEIbHONH OOpaTHOM CBA3HM, a BTOpas
SIBJISIETCSI BBIXOJIHOM, MOJAKJIFOYAEMOW 4Yepe3 BBINPSIMUTEIbHBIN
MOCT K Harpy3ke.

[TpumenurtenbHO MakeTy I1enecoo0pa3HO  KaTyILIKH
BBITIOJIHUTD B CJIEIYIOIIIEM BapUaHTE:

1. [TepBuunas - 4-5 BUTKOB IPOBOJIA THAMETPOM 6-8 MM HITH
IJIOCKOM MIMHBI (MEIHOW WM aQJIIOMUHUEBOW); JHAMETP
KaTymky nopsaka 20-25 cM, paccTosiHue MEXAy IMPOBOJaMU B
CBETY mopsiaka 4-6-mm;

2. Bropuunas (karymka oOpatHoi cBsizu) - 10-20 BUTKOB
poBoAa auameTpom 1,5-2 MM, AuaMeTp KaTylKU nopsaka 4-5
CM, PacCcTOsSIHUE MEX]y MPOBOJAMH B CBETY MOpsiAKa 2-3 MM;

FeHepaTOp 3Heprum

Llenb o6paTHOM cBA3M

Craptep U2

<

sn| <O
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Puc. 20. BapuanTt 6JI0K-cXeMbl MaKeTa JJIsl MOJYy4YeHUS JHEPruu u3
3¢upa: BIl — 6mok muranms; Tp — tpanchopmartop;, Wi — mepBudHas
Karymka TpaHcpopmaropa; W, — karymka oOpatHod cBsmm; Wi —
BBIXOHASI KaTymka Tpancopmaropa; C1 — 3apsaaHas eMkocTs mutanus; Co —
€MKOCTh KOHTypa (He yCTaHOBIICHO, HYXHa JIU OHa); P1 — paspsiiHuk mpsamoit
ces3ut (U mpobost mopsiaka 1 kB/ Mm); P2 — paspsanuk (iwiu anox) oOpaTHON
cBsi3u (U > Uy); Pz — paspsanuk (mim cxema) orpanudenus HanpspkeHus (Us
>U;); |1 — Tok B 1enu mepBUYHO# 0OMOTKH TpaHcdopmaTopa; |2 — Tok B
uenu oOpaTHOW cBs3y; I3 — TOK B 1enu cOpoca M30BITOYHOH 3Hepruu; B —
BBIXOI.

Bce mpumensieMble 3J1€MEHTBI JOJDKHBI OBITH JTOCTATOYHO
BBICOKOYAaCTOTHBIMM M JIOJDKHBI MMETh 3amackl IO pabouyum
HanpspkeHusM. IlpenenbHble 4acTOThl, HAa KOTOPBIE JOJKHBI
OBITh PACCUUTAHBI BCE HJIEMEHTHI CXEMbI, JOJKHBI UCXOIUTh U3
JUTATEIEHOCTH ()POHTOB C HEKOTOPHIM 3anacoMm. Hampumep, mis
obecriedeHuss AIUTENbHOCTH (poHTOB B 0,1 MKC HeoOXxoaumo,
yToOBl  BCE  DJIEMEHTBI, BKJIIOYas BCE  MHKPOCXEMBI,
TPAaH3UCTOPBI, EMKOCTH U JMOJbI, MOIVIM paboTaTh B paboyem
pexuMe Ha yactorax He MeHee 5 mI 1.

B nenu nuranus nepBUYHOM OOMOTKH Mepea pa3psiAHUKOM,
BEPOATHO, 11€JIECO00PA3HO YCTAaHOBUTH JBE IOCIEA0BATEIbHBIX
WHIYKTUBHOCTH, nepBas — nopsiaka 10 mI'H, BTopast — 1 -2 mI'H;
B MECT€ COEAMHEHHUS  HHIYKTHUBHOCTEH  MOJKIIOYHUTH
KOHJIEHCATOp eMKOCTho nepBbiid 10 T. nd, BTOpo# (BBIXOAHOM,
nepen paspsaHukoM) -1 1. n®. OunbTpallnoOHHBINA KOHAEHCATOP,
YCTAaHOBJICHHBIA  IIOCII€  BBIOPSIMHUTENS W [0  TEpBOM
WHYKTUBHOCTH, MOXKET OBbITh Jt00bIM, nopsiaka 0,1-10 Mxd, HO
Ha COOTBETCTBYIOILIEE HANpPSDKEHUE, BEPOSATHO, mopsaka 3 kB.
OOpaTHyt0 CBSI3b 3aBOJWUTH Ha MEpBBIM KoOHAeHcaTtop. Bce
IapaMeTpbl OPUEHTUPOBOYHBIE.
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OTtiagka yCTpoONCTBa JOJKHA MPOU3ZBOIUTHCS MO KaXKIOMY
y3]1y B OTIEIBHOCTH C YYETOM HUX Harpy3kd Ha MOCIEAYIOLINe
LIENH B OOIIEN CXEME.

I[Ipu mnonmbope mapameTpoB O0OMOTOK TpaHchopmaTopa
ClIeyeT UCXOIUTh W3 HEOOXOAUMOCTH OOECIEeYeHHS JBYX
MOJIOKEHUI:

1. mpeBbIIEHUS BBIXOAHOTO HAMPSHKCHUS HA  BBIXOJE
oOMoTku I HanpsKeHUs: TUTaHUS UMITYJILCHOTO TeHEPATOPa;

2. TIPEBBIINICHHUS 3HAYEHUS BBIXOAHOW MOIIHOCTH TOM,
KOTOpasi HOTPeOISETCS UMITYIbCHBIM T€HEPATOPOM.

3anmaga moxbopa mapameTpoB (3HaueHui emkocteid C1 u Co,
COOTHOIIEHUS] JUAMETPOB M BUTKOB NEPBUYHONW W BTOPUUHOM
Karyimiek, 3HaueHudd Hampspkenuid Ui, Uz, Us) 3akmrodaercs B
TOM, 4YTOOBI TOK OOpaTHOW CBs3M |2 CTAaHOBWJICS KaK MOXKHO
OOJpIIIe TIPU COOTBETCTBYIOIIEM yMEHbIICHHH TOoKa li. 3amaga
OyZeT BBINIONHEHa, €ClAM MNpu Hamuuud Toka |2 Tok 1
MPEKPATUTCS TIOJHOCTHIO. Bo3HUKHOBeHME TOoka I3 B 1enu
OTPaHUYEHUS CBUJICTEIILCTBYET O TMOJYUYEHUU H30OBITOUHOM
sHeprun. llociemoBaTelbHO ¢ paspsTHUKOM P1 MoxeT ObITh
BKJIFOUCHA JIBOMHAS CIIUPaJIb 10 puc. 14,

Crnenyer cienaTh IpeI0CTEPEKEHUE OTHOCUTEIBHO TEXHUKHU
0€30MaCHOCTH: HEJIb3sl JJIUTEIbHOE BPEMsI HaXOJUTHCS BOJIU3U
paboTtaromieil cxembl, T.K. MYJIbCUPYIOIIHE BBICOKOYACTOTHBIC
MAarHUTHBIE TIOJISI OKa3bIBAKOT BpeAHOE BosjaeicTBhe. [loaTomy
ClleyeT PYKOBOJCTBOBAaThCS  MPOCTHIM  MPaBWJIOM:  BCE
N3MCHCHHUSA B CXCMC HpOI/ISBOI[I/ITI) TOJIBKO HpI/I BBIKJIOYUCHHOM
nutaHud. Bo Bce BpeMs OT/IaJKu BKIIFOUEHHE NMUTAHUS JOJHKHO
6I>ITI: KpaTKOBpeMCHHI)IM U TOJIBKO Ha HepI/IOI[ CHSATHUA
MOKa3aHU MpuOOpOB.



104




Kuura B.A.ALIOKOBCKOr0 IOCBSIIEHA
npoGyieMe CO3/1aHds BEYHBIX HCTOYHUKOB
SHEPIUH, U3BIIEKAIOLIUX €€ U3 OKPYKAIOLIEH
cpensl. CaMbIM TJIaBHBIM UCTOYHUKOM DHEP-
UM sSBisieTcs 3¢up - rasomnonobHas cpena,
13 KOTOpPOH COCTOMT BCce Ha cBere. Ddup
3al0JHSIET BCE MHPOBOE IPOCTPAHCTBO U
o0JaziaeT OTrPOMHBIM 3HEProcOoep>KaHUEM.
[Ipu 3ToM BOBce He TpeOyercs HapylaTh
Havana TepMoanHaMuKH, TOTOMY YTO...

B.A.AfOKOBCKHIA M3BECTEH 1O OMYOJUKOBAaHHBIM padoTaM B
obmactu ¢uzuku: OO0mas 3¢pupoauHammuka. MojenupoBaHue
CTPYKTYp BEILECTBA W IOJIEW HA OCHOBE IIPEJCTABICHUNA O ra3o-
nogo6HoM 3Bupe. M.:DHeproaromusaar, 1990, 2003; IMomy.asip-
Has 3¢upoaunamuxka. M.: 3nanue, 2007; Iduponmnammuye-
CKHe OCHOBBI KOCMOJIOTUHM U kKocMorouuu. M.: «Iletuty», 2006;
OOHapy’keHue U HeHTPAJIN3alUs IeoNaTOreHHbIX U3JTy4YeHui
3emum. M.: «letur», 2006; ®du3nyeckne OCHOBBI JIEKTPO-
MarHeTu3Ma M JJIeKTPOMATHUTHBIX siBjeHuid. M.: «lletury,
2002; KoHuenuuu COBPEMEHHOI0 ecrecTBo3HaHusA. cropus.
Copemennoctsb. [Ipo6nemst. [Tepcniektubl. M.: UICITHO 2002;
Baeck u Humera Teopun oTHocuteabHocTH. M.: MIIU 1997;
Jdupnublii Betep. COOpHUK MEPEeBOJOB cTaTeil oT MaiikenbcoHa
(1881) mo Taynca (1958).M.: Dueproarommuzaar, 1993, u Heko-
TOpBIE JApTHe, a TAKXKE BO padoTaM B APYTHX 00JIACTAX.

B.A.AmokoBckuii aBrop Oonee 40 kHur u Opourop B obua-
CTH TEOPETHYECKOW (DM3HKH, TEXHHUECKOTO KOMIUIEKCHPOBAHUS,
¢dmocopun ecTecTBO3HAHUS U CHCTEMHON COIIMOIOTHH.



