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Pycckoe ®usmyeckoe OO1IecTBO

OTKPBITBHIA MPOTECT
PYCCKOTI'O ®HU3UYECKOI'O OBILIECTBA
«ITo moBoxy npucyxiaenuss Ho0eseBckoi npeMmuu
no ¢usuke 3a 2013 roa»

— CrokronsMm, — B IlIBeackyto KoponeBckyro akageMuio Hayk,

B Komurer no npucyxnenuio Hodenesckoii npemnu no pusuxe;
— Mocksa, Kpemis — IIpe3unenty Poccuu B.B. IlyTuny;

— Mockga, yn. TBepckas, 11 — munuctpy Munucrtepcrsa
oOpazoBanus u Hayku Poccum J1.B. JIuBaHoBY.

(Bcem anpecaram — ayTeHTHYHBIH TEKCT

Ha aHIJINICKOM U PYCCKOM SI3bIKaXx)

The Royal Swedish Academy of Sciences has decided to award
the Nobel Prize in Physics for 2013 to Francois Englert of Université
Libre de Bruxelles, Brussels, Belgium, and Peter W. Higgs of the
University of Edinburgh, UK,

"for the theoretical discovery of a mechanism that contributes
to our understanding of the origin of mass of subatomic particles, and
which recently was confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS experiments at CERN's
Large Hadron Collider."

Urak, mpemus npucyxaeHa, —

«3a OMKpbIMUE MEXAHUIMA, KOMOPOe CROCOOCmEYem Haulemy
HOHUMAHUIO RPOUCXOHCOCHUA MACCHL CYOAMOMHBIX YWACMUY, U KOMO-
poe HeOasHo 0ObLI0 NOOMEEPIHCOEHO OMKDPLIMUEM NPEOCKA3bIBACMOTL
dynoamenmanvuon uacmuyvt 6 ATLAS u CMS sxcnpumenmax na
Aoponnom Konnaiioepe ¢ CERNe»

1. «3a OMKpblmue Mexanusma...»

I'unore3y o MexaHH3Me NPOTEKAHHUS KAaKOTO-JINOO SBICHUS HIIH
MIPOLECCA, TOIBKO IIOTOMY, YTO €€ BBICKA3aIIU JINIA TOJIBKO OTHOW BBIJIE-
JICHHOW TPYMITbl (PU3UYECKOTO COOOIIECTBa, PUACPKUBAIOIINECS OIpe-
JeNEHHBIX (B JAHHOM ClTydae KOHCEPBATUBHBIX YCTOSBILMXCS) B3IJISI0B
B (U3MKe, HeIb3s HA3bIBATH OTKPLITHEM, HE NPO(HECCHOHATHHO; IO
KpaiiHeil Mepe — npe:kaeBpeMeHHo. CHavaa rumores3a J0JKHa yTBEp-
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JIUThCS. U CTaTh OCHOBOW TEOPUHM, MOATBEPKAEHHON MNpakTUKOU. Tem
Ooiee 4TO 3TO OAHA W3 PAda HECKOJBKHX TUIOTE3 O «MeXaHuzme
yBa)kKaeMbIX HOMHHAHTOB. W 110 OOJBIIIOMY CUETY — HECOJIMIHO, XKYIIb-
HUYECKH MTOTIAXUBAET aBaHTIOPOH.

Benp cymecTByrOT Apyrue THIIOTE3bl O «MEXAHUZMEY, KCNOCOO-
cmeyrwue Haulemy HOHUMAHUO», HO IIOYEMY-TO O CYIIECTBOBAHHUHU
STHX ANPTEPHATHBHBIX THIOTE3 HUYETO HE TOBOPAT, Kak OyATO OHU HeE
CYLIECTBYIOT BOOOIIE, 3aMaTYMBAIOT U HE PACCMATPUBAIOT UX. JTO YyKe
He HayuHblll N00X00, a METOJ TeX, KTO MPHUXBATU3UPOBAI HAYKY, MPH-
CBOMII cebe MpaBO €AMHONMYHO CUYHTATh — YTO €CTh HAayKa, a YTO JDKE-
HayKa, TJ€ IpaBla, a TIe JIOXKb, I'Ie YEPHOE €CTh YEPHOE, a T YEPHOE
ecth Oenoe [1].

Iloka Bce cymiecTByIOIIME THIIOTE3bl HE OyAyT NPHUHATHI BO
BHMUMAHUEC, NPOBEPCHLI W MPOaHAJTIU3UPOBAHBI, HCJIL3A INOCICIIHO BbI-
JEJIATh IPOU3BOJIBHO OJHY U3 HHX, KaK 3TO CAEIAHO B JaHHOM CiIy4ae.
[IpexxneBpemenHo! ['py0o, Mo-XaMCKH WTHOPUPYS HCTUHHO HAayYHBIN
METOI.

2. OTKpBITUE «...KOMOPOE CROCOOCHEYem ... HOHUMAHUIO. ..

Ho Taxke «cnocobcmayem mauwiemy noHUMAHUuO HPOUCXOHCOe-
HUSL MACCbly ¥ MHOTOE, MHOT'OE JIPYToe B (PU3HKE.

Urak, «omxpuimulii mexanuzm» MacChl YACTHIL He CO31aéT, a
yuiib “cnocoocmeyem HALLIEMY nonumanuro™.

CrpanHas oOTekaemMast popMyIHpoBKa «omxpuimusy. Co3naércs
BIIEYATJICHHUE, YTO €€ COCTABJIsUIN JACOMIBI (BO UYTO TPYIHO IOBEPHUTH) a
3HAYUT — 3TO, CKOpee, JKYJIHKH, aBAHTIOPUCTHL.

JeticTBuTtenbHO, B 3T0M GopmynupoBke Hanucano «HAILIEM Yy,
TO ecTh uX (y3KOW TPYIIBI JIUII), «noHuMaHnuto». Benb Hac OHU HE
CIpalIMBalIH, BBICTyIAasi OT UMEHU Kak OynTo Bcex ¢usukoB. OOparure
BHUMaHHUE, AaHHas (HOPMYJIHPOBKA JIOMYCKAET TOJIKOBAHUE «HOHUMA-
HUA» — KaK MPAaBIWIIBHOTO, TAK M HEMIPABUILHOTO, TO €CTHh OIHUOOYHOTO.

Xopo1o U3BECTHO, YTO 17000 Onvim, B TOM YHCIE, & MOXKET B
0COOEHHOCTH, HETATUBHBIM — NPABMWIIBHBINA OH, WK HENPaBUIbHBIN, HIIH
omn6o4HbIH, TO ecth «HAILLD) (B maHHOM ciydae WX, TOCKOJBKY OHH
BBICTYNAIOT MHAUBHIYalbHO, Y3KHUM KPYroM, a HE OT HMMEHH BCErO
(hu3IYIECKOro COOOIIECTBA) NEUCTBUTEILHO 8€0E€M 8 KOHEUHOM UMoze K
npasuibHomy nonumanuro. MetogoMm mpob u omubok. I B aTomM oHH
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MpaBbl, 3aCTpaxoBaB cels sl OyAyIIero OmpaBIaHUs TOTO, YTO OHHU
nenarot. OCTaBUIM OTKPBITON JIBEPH I OTCTYIUICHHS, 3apaHee TBEPIO
3Has, YTO HUKAKOE 3TO HE OTKPHITHE, a YUCTON BOABI Oied, mpuHUMAS,
TakuM 00pa3oM, BCEX HAC 3a TypaKoB.

3. U 310 «omKpbimue mexanuima ... HEOA6HO ObLIO nOOmMeep-
HCOCHO OMKPLIMUEM NPEOCKA3bIEACMOU. .. YACHIUYDL...».

A 3TO yXe HempapJa, MPUTSIHYTas 3a YIIH B KAYSCTBE MPABJIbL.
[Ipoananusupyiite, MOXKAIYyHCTa, BHUMATSIILHO PE3YJbTAThI, MPEACTAB-
nennbie TpynmamMu ATLAS u CMS. Kpome Toro, 1omKHEI OBITh HE3aBH-
CHUMBIC TONTBEPXKICHUS W3 JPYTHX JIa00PaTOpHid, TMPOBEJEHHBIC HA
noo6HbIX LHC wim wHHBIX ycTaHOBKax. — VX HeT.

4. Cuuraetcs, yTo B pamkax CTaHmZapTHOW Monenu 0030H XHUIT-
ca OTBEYaeT 3a MaccCy dJIeMEHTapHBIX dactul. Ero macca mo omeHkam
okoyo 125-126 GeV/c?. MoxkeT u KTO-Ti00 U3 TEOPETHKOB OOBSICHUTD
HOPMAaJIbHOMY YeJIOBEKY MPOCTHIM SI3BIKOM — Kak 3TOT 0030H OTBEYaeT
3a Maccy — Hy XOTs OBl — DJIEKTPOHA, Ubsi Macca Ha HECKOJIBKO TTOPSIKOB
Menbine 1 pasaa 0.510 998 928 MeV/c??

5. JlagHo, momyctuM 0030H XWITCa — dJIEMEHTapHas YacTHIa,
KOTOpasi OTBEYAeT 3a MAacCy BCEX APYIMX YacTHL. A 4TO (WM Kakas
YyacTHIla) OTBEYaeT TOrja 3a Maccy camoro 6o3oHa Xwurrca, BeAb 3TO
TOXKE dJIEMEHTapHas 9acTuIa’?

BOHpOCOB MHOI'O — OTBETOB HECT.

6. M3 JOMONHUTENbHBIX MaTepualoB, OMYOJMKOBAaHHBIX Ha
caiite Hobenerckoro Komurera, cnenyer:

«Both Francois Englert and Peter Higgs were young scientists
when they, in 1964, independently of each other put forward a theory
that rescued the Standard Model from collapse».

«0ba, ©pancya Suenepm u [lumep Xueec, 6biiu MOIOOBIMU YUé-
HblMU, K020a oHu 8 1964 200y mezasucumo opye om Opyea bl08UHYIU
meoputo, Komopas cnacia Cmanoapmuyro Mooestb on Kpaxa.
http://www.nobelprize.org/nobel_prizes/physics/laureates/2013/popular.html.

Kak ona «cmacna» CM oT Kpaxa BUIHO HEBOOPYKEHHBIM B3IJISA-
nom!

C tex mop mponuto 50 ner. M BOT BaM «cnacenHue om Kpaxa.
Kak rosopurcs, yromarommii XxBaTaeTcsi 3a COJOMHMHKY. Ho kpax
CrangapTHOH MOJIENH HAJIWIO, €r0 HE CMOIJIM OCTAaHOBUTH 3a 3TH 50
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jet. 1 Bce manbHEHIIME IOIBITKU, KaKk U ¢ 0030HOM XUITCa, «CnOCcoO-
cmayrwue (UL TOIBKO YbEMY-TO, NMPABHIEHOMY WJIH ONIMOOYHOMY)
...HOHUMAHUIO... NPOUCXOHNCOEHUS MACCHL...», TaKKe O0pECUYCHBI HA TPO-
Baj. Benb kpome maccsr octaéres emeé MHozoe, MHO20e Opyzoe, KIyIee
B O4epenu Il UX «nouumanus» B CTAaHTAPTHOW MOJIEIH, IS CITACCHUS
IMOCJICIHEH.

Bot nepedens HEKOTOPHIX U3 (HyHIAMEHTATBFHBIX TPOOIEeM HEpe-
MIEHHBIX U HEPEIIaeMbIX B MPUHIMIIE B paMkax CTaHAapTHON MOJICIH.

CoBpemenHas ¢usuka, 6asupyroniascs Ha CTaHIapTHON MoJe-
T, IO CUX ITOp HE 3HAEeT:

- IPUPOAY IEKTPUUECKUX 3aPSA0B,

- MIPOUCXOXKACHUE Macchl (THMoTe3a XHUIrca 3TOro He OOBSICHS-
€T, TONBKO «Cnocobcmeyem... NOHUMAHUK, KaK OOBSBICHO Ha BECh

MHD),
- IPUPOy IPaBUTALIUU.

Bennuarinteit 3aragkoi ocTaéTcs:
- IPUYMHA HATUYUS CKOpOCcmu CBeTa B (hOpMyIie SHEPTHH HOKOS

2
gactunl E, =m, -c°,
- IPUPOJIa POUCXOKIECHUS IOCTOSHHONW TOHKON CTPYKTYPHI 0,

HenpaBunbHO TpakTyercst pU3HYECKH CMBICT MOJSIPHO-a3HMY-
TanbHbIX QyHKIMNA ypaBHeHUs Llpenunrepa, npumucap 3TUM QYHKIUSIM
NPOU3BOJIBLHO U OE30CHOBATEIBHO (DM3MUYECKUI CMBICT aTOMHBIX «QJIEK-
TPOHHBIX OpOWTanel», C KOTOPHIMU 3TH (PYHKIMH HE UMEIOT HHUYEro
obmrero [2-4]. Otcioga, 3aCTONOPHIIOCH Pa3BUTHE aTOMHON (pH3MKH —
THOIIITO, KaK TOBOPHUTCS — «HE B TY CTEIIb.

CrangapTHas MOJIC/Ib HE CIIOCOOHA, B TPUHITUIIE, TEOPETUICCKH
BBIBECTH;

- OTHOCHUTENBHBIE MacChl BCEX HM30TOMOB AJIEMEHTOB TaOiuiibl
JI.. Menneneena,

- MAaTHUTHBIE MOMEHTHI HEUTPOHA ¥ MPOTOHA,

- MOCTPOUTH €IMHYI0 TEOPHUIO B3aMMOACHCTBUHN, BKIIOYAIOIIYIO
rpaBUTALMOHHOE, U T. 1.

B nmomonHeHuE K BBINIE MEPEIUCICHHOMY, 0CO00 CIEIyeT OTME-
THTh BBIBOJ] aHOMAJIHHOTO MAarHUTHOTO MOMEHTa JJIEKTpoHa U JIdom-
0OOBCKOTO cABUTa B KBaHTOBOW 3iekTpoamHamuke (KOJI), yem Ttak
TOPJIATCS TEOPETUKH, PACCMATPUBAs ATOT PE3yJbTaT KaK MOATBEPIKIE-
Hue npaBmibHOCTH Teopunu KOJI, a, ciemoBarenbHo, M1 CTaHmTapTHOM
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Mozenu. /[eno B TOM, 4TO yHOMSIHYTBII BBIBOJ AOCTUT TaKOW CTENECHU
abcypanoctu (0 4éM IIMpOKas MyOJIMKa cOBCeM He MH(POPMHUpPOBaHA),
YTO 3TO JaJIeKO MEepelrio TPaHuIbl 3paBoro cMmbicia. 00 3To JocTaroy-
HO SICHO TTOKa3aHO B OMYOJIMKOBaHHBIX paboTax, Hampumep [1]. U T.m.

7. Ecmm 661 HoGeneBckmii KomuTteT paccMmaTpuBall «noHuma-
Hue», TPU3HAHHOE UM «OTKPBITHEM», Hapsdy C KaKUMH-HHUOyIb W3
ANbTEPHATUBHBIX «MOHUMAHUL» W3BECTHBIX MO MyONHMKaLusM, HY Ha-
npumep [5-7], To, oueBHAHO, pe3ysbTaT ObUT ObI APYroi. A HUMEHHO,
NpUIIIOCE OBl MM 3a0UTh MOCHEeOHWH TBO3Ab B TpyHYy CraHmapTHOH
MO/ICIIH.

BoT B 3TOM-TO H COCTOHT, MTO-BHAUMOMY, BCSI HHTPHUTa CO CIIEK-
TaKJIEM TPUHATHS TAKOTO OTKPBITHS». 3eMII YXOAUT y HAX U3 TIOJ HOT
— BOT M LEIUIIOTCS 3a JIOOYI0 COJIOMHHKY M3 TMocienHux cwi. da u
OTIpaBIaTh C IOMITOW HY>KHO MUAJUTHAPIBL, ToTpadeHHbie Ha LHC...

OOparraeM BHUMaHWE, YTO B MUTHPYEMBIX PadOTax packpwvima
npUPOOa NPOUCX0NHCOeHUss Maccyl, U HE ToIbKo [1]. OMHOBpEMEHHO C
STHM paspeuienvl 6ce me npoodremvl, YROMAHYmble biule, C KOTOPBIMU
HE MOXET B MPUHIMIE cripaBuThcs CTaHgapTHas MOAENh (CM., B 4acT-
HOCTH, CPaBHUTEIbHYIO TabmuIy AByx mozeneit B [8]). [lycts yBakae-
Mmble wieHbl HoGeneBckoro Komurera monpoOyroT 10Ka3ath, 4YTO 3TO HE
tak. Jlo cux mop, 3a 20 JeT, He HAaUUIOCh HU E€AMHOrO0 aprymeHra y
(M3UKOB MPOTUB YKa3aHHBIX OTKPBITHH. He 3T0 1M siBisieTcs riiaBHBIM
(hakTOpOM HX peaNbHOCTH?
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MockBa, 14 oktsaops 2013 roga
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MEXAHU3MbI BOBHUKHOBEHHUA 1 OCOBEHHOCTH
INOBEJAEHMUSA I''IOBAJIBHBIX KATAKJIN3MOB B
KOCMMYECKYIO JPY

II.A.BepTUHCKHUH

1. ITPEAMCIIOBUE

21.12.2004 ocymectBnéH 3amyck momrHoro KJIA ¢ kocmoapoma
Ha Mbice KanaBepan, — a 25.12.2004 mpou3omnuio 3eMIIETpsICEHUE B
NupniickoM okeaHe, NOpOAMBIIEE CTpallHOE I[yHamMu B MHIoOHe3uwu,
MOJTBEPAUBIICE XYALINE ONACEHUS aBTOPA O HPUUUHHO-CLEOCHEEHHBIX
CBA3AX NPUPOOHBIX KAMAKIUZMOB8 C COBPEMEHHOU DAKeMHO-KOCMUYec-
Kou _OdesamenvHocmblo. BOT yxke ucTekaeT 8- roa myOJMKanud B
OTKPBITBIX W3JaHUSX M OOpallleHWi aBTopa B ajpeca CHEeNHaTU3UpO-
BaHHBIX BEJIOMCTB, Ha KOTOpPBIE MPUILIN IHUIIb PEIKAE XaHKECKHe
orricku KaHnensspuctoB u13 POCKOCMOCA, OH3 PAH wu np., a 6omb-
HIMHCTBO OOpaIlleH!id, IICEM U MPOCHO OCTAIUCH OE30TBETHBIMH.

Bbonee Toro, 14. 07. 2012 s moaydun OYEpPENHYIO OTHHCKY
POCKOCMOCA 3a wucx. NeYCII-4184-OI' or 22. 06. 2012 3a
noamuchkio ['ocmoguua A. H. AcTraxoBa, B KOTOpOH OH, mpuoOeras K
306€00MOU_JdicU, YTO «...ydxce 0dsanuch apeymenmuposanuvie [?77?]
omeemvl...», TIBITACTCA MPYCIUBO CHPAMAMbCA ONl_OMBENCIMEEHHOCTU
3a ®enepanbubiii 3akoH Ne5S9-O3 ot 02. 05. 2006, yBegomiser o
NpeKpaleHny TIepenucKy 1o JanHoi npobieme! Bmecte ¢ Tem HeoOXo-
JIUMO 3]IeCh OTMETHTH, 4TO ¢ Aexadps 2004 rona, Koraa mocie yKacHOro
nmyHamMd B UHmOHe3WM s Hayanm CBOM OOpalleHHs W MyOJWKalud O
I'EOSKOJIOTMYECKHX IMPOBJIEMAX COBPEMEHHOM PAKET-
HO-KOCMUMYECKOM AEATEJIBHOCTU, cpenu COTEH XaHKECKHX
OTIHCOK W3 YIMOMSHYTBHIX BEIOMCTB WMEIOTCS TOJBKO IBE TMOIBITKH
CONIEp)KATEeNIbHOTO aHalmM3a MOHMX paboT u BeBOIOB: 1) Ilucemo
Bemymero HaydHoro corpyaauka M3MUWPAH, mpodeccopa PI'ATA,
noktopa ¢.-m. Hayk Crapuenko C. B., npunoxentoe k ucx. Ne 12-47/
6415 or 22. 07. 2005 Hupexropa Jenapramenta I'Tl B chepe OOC
HmxoBa A. I'. u 2) Hcx.Ne 661 or 07.11.2007 «3akimoueHue»
JupexTopa neHTpa 3KcrepTu3sl B cepe Hayku v mHHOBaLui CeBacTh-
aHoB FO.C., npunoxenHoe k Ne6SIII-OAHU-29 ot 15.02.2008
3amectuTensa HadainpHuKa YpasineHuss DAHU JIpoxenko B. I'.
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CBoM myOJMKANMd W OTBETHI HA OTHHCKH (YIIOMSHYTHI JIBE:
peuensusi Crapuenko C. B. u 3akmouenne CeBactbsinoBa 0. C.) aBTOp
3a  cBoi cu€r wm3man B cOopuuke [1] IL.A.BepTHHCKWIA.
['eodkonornyeckre MpoOIEMBI COBPEMEHHON PaKeTHO-KOCMHYECKON
nesrensHOCTH, UpI'CXA, VY conre-Cudbupcekoe-Upkyrck, 2009
http://bibliotekadzvon.narod.ru/docs/GEOEKOLOGIQ - PDF.mdi
TUpakéM Bcero 150 3K3eMIUISIPOB, MOCIE KOTOPOTO TOCIEIOBAIN SXKe-
roguaeie myOnmmkamum aropa 1o cymectsy ['EOOU3IMYECKUX
MEXAHMU3MOB BO3HMKHOBEHHS T'EOSKOJIOTUYECKUX
[IOCJIEJJCTBUI COBPEMEHHOI PAKETHO-KOCMUYECKOU
JAEATEJIBHOCTU (2, 3, 4, 5, 6] u 1p., Tak)Ke B MECTHBIX M3IAHUIX U
MaJbIMU THpakamMH. Bce BbIIIE OTMEUYEHHBIE OOCTOSITENHCTBA AETAIOT
HEOOXOUMBIM 37IeCh CHOBA M3JI0KHUTh €CTECTBCHHOHAYYHBIE OCHOBAHHMS
BBIBOJOB U pekoMmeHaauuii aBropa no cymectsy ' EOOKOJIOT'MYEC-
KUX IIPOBJIEM COBPEMEHHON PAKETHO-KOCMUYECKOI1
JEATEJIBHOCTHU.

2. HAKOIIUVIEHUE CTATUCTUYECKUX MATEPHUAJIOB B
HNOATBEPXJIEHVE OB bEKTHUBHOCTU ®YHKIIMOHAJIBHBIX
[IPUYUHHO-CJIEACTBEHHbBIX CBA3EN MEXTY 3AITYCKAMU
KOCMUYECKUX PAKET C I''IOBAJIBHBIMU KATAKJIM3MAMU
B 5PY KOCMOHABTUKNU

B omnpoBepxeHne MHEHHS KaHLENspUCTOB u3 PockocMoca u
JIPYTUX BEIIOMCTB, HPUBEPIHCEHHBIX K XULHUUECKOMY NPUPOOONOIb306d-
nuto, Tlpupomaa peryinsipHo (v rpo3Ho!) HamoMuHaeT HaM 00 OOBEKTHB-
HOCTH CBOMX 3aKOHOB. B 3TOM cBere ciemyer 0co00 BBIAEIUTH HANOO-
Jiee yXacHble KaTaKJIM3Mbl, MOCIEICTBUS KOTOPBIX UYEIOBEYECTBO HE
CMOYKET 3a0bITh HUKOT/A:

. 23.04.1986 ocymectBnén 3amyck mommHoro KJIA ¢ kocmo-
npoma baiikonyp, — a 26.04.1986 npousonnia karactpoda Ha YepHo-
osuTpcKOl ADC.

1. 02.12.1988 ocymectBnén 3amyck mouiHoro KJIA ¢ xocmo-
apoma Ha Meice Kanasepan, — a 07.12.1988 mpouszonuio crpamrHoe
3emuieTpsacenue B Cnurake (ApMeHus).

I11. 21.12.2004 ocymectBnén 3amyck MomHoro KJIA ¢ xocmo-
Ipoma Ha Meice Kanasepain, — a 25.12.2004 npon3onuio 3eMmyIeTpsceHne
B MHAMIICKOM OKeaHe, OPOJIMBIIIEE CTPAIIHOE IlyHaMu B MTHAOHE3UH. ..
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1V. 17.08.2005 c 6opra AILJI "ExarepuaOypr" 3amyrieHa pakeTra
P-29PM; u cnoycts 30 MUHYT TOJNOBHAas 4YacTh pPAaKeThl YCIEIIHO
nopasuia nens Ha nonurone "Kypa" na Kamuarke, — a 23. 08. 2005 y
baramoB Hawanm ¢opmupoBaTthcs yparan Karpumra, k Hpio-Opneany
(CIIIA) on mmpumién 27. 08. 2005.

V. 31. 05. 2008 c wmpica KanaBepan 3amymieH Ha OpOHTY
«duckaBepu» Ne 35, — a 03.06.2008 BHe3anmHO BO30OHOBWIIOCH, TIOCTH-
rast MmarHUTYA 10 7 6amioB 05. 06. 2008, 3emieTpsiceHue B MPOBHHITNU
Ceruyans (KHP).

V1. 14. 06. 2008 Ha Mbice KanaBepan nocaxken «/luckaBepu» Ne
35, —a 19. 06. 2008 mocienoBaIi MHONOYUCIEHHBIE METEOCOOOIIEHUS O
HEBHUJIAHHBIX HAaBOJHEHMAX B JOJMHE MHCCYpH M B BOCTOYHBIX ILITAaTaX
Nunun.

VII. 11. 08. 2009 3amyck paketsi-HocuTens ' lIporor-M" c
KOoCMHU4YecKnM ammapatoM AsiaSat-5, — a 17. 08. 2009 npou3zonnia aBa-
pus Ha Cagno-Llymenckoit I'OC.

VIIl. Konenr 2009-nagano 2010 rogoB OTMEYEH CEKPETHBIMH
y49e0HO-00EBBIMH 3aITyCKaMH PAaKET, U3 KOTOPBIX COOOIAIOCH JIHIIb,
yro: 24. 12. 2009 PBCH nposenu nyck PC-20B («BoeBoma») u ap., 29.
12. 2009 c¢ xocmoapoma baiikoHyp cTapToBaia pakeTa-HOCHUTEINb
"IIporor-M" ¢ amepukanckum ciryTHHKOM DirecTV-12, —a 12. 01. 2010
MPOU30LLIO 3emiieTpsiceHue Ha ["antu, marautynoi M 7.

IX. 22. 02. 2010 - mwa wmeice KanaBepan mnpusemmics
«upeBop», —a 27. 02. 2010 B Ymiu (CanTsro) semuerpsicenue M 8,8.

X. 17.04.10 IaTta Discovery STS-131 otctrikoBancs ot MKC
U Tepemén B pexkuM aBToHOMHOTO noséra; u 20.04.10 ocymiecTBiieHa
yereniHas mocagka marttia Discovery STS-131, — a 22. 04. 2010
npunum coodmenue Bcex CMU, 4to B MeKCHKaHCKOM 3aiBe 3aTOHYJIa
HedTaHas mathopma Deepwater Horizon, yrpasisiemast komnanueii BP
(British Petroleum). HedrsiHoe mnsTHO AOCTUINIO MOOEPEkKbsi IITATa
Jlyn3zuana u 6eperos @iopuel u Aabamebl.

XI. 14. 05. 2010 u3 Kocmuueckoro mentpa umeHu KeHHenw
crapToBas Komiuiekc Atlantis ¢ skunaxxem Ha MKC, — a 20. 05. 2010
MOCTOBOI TiepexoJi yepe3 Boiry, clIOBHO OrpoMHOE JKHBOE CYILECTBO,
HayaJl ABUraThCsl BBEPX-BHU3 C aMIUIUTY IO MOIYTOPa-IBYX METPOB.

XI1. 02. 03. 2010 ¢ baiikoHnypa 3amynieHsl TP HABUTAIIHOHHBIX
coytanka, — a 04.03.2010 B cpeauzemuoM Mope naiinep Louis Majesty
NIOTIAJI B 30HY CHJIBHBIX BOJIH BBICOTOH 10 8 MeTpoB. Kopabnp momyunn
MOBPEXKACHUS, MOTHONM JBa YeJIOBEKa, M elIEé HECKOJBKO MOIYUYHIIH
CEPBbEHBIE TPABMBL.
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Wndorpaduka c caiita http://eco.ria.ru/ecoinfogr/20111023/468633175.html
ceugerenscTByeT, uto BCE OHM BBI3BAHBI 3AITYCKAMUM KOC-
MUNYECKUX PAKET!

VYkazaHHas Tparumyeckasi CTATHCTHKA TI00AIBHBIX KaTaKIM3MOB
HEYKJIOHHO TMpojoipkaeTcs. Hampumep, TONBKO BO BTOPOM ITOJTYTOTUH
TEKYyIIEero rojla MOKHO OTMETUTh CEPHUI0 JIOTIONHUTENBHBIX [TUKIOHOB,
BBI3BaHHBIX HapyMIEHUSMH MarHuTochepsl 3eMIM pakeTHO-KOCMHUYeC-
KOU JeSTeNbHOCThIO: Tak, Ha MHOTOYHCIICHHBIX caiTax (Hampumep,
http://www.popmech.ru/article/11281-novosti-kosmonavtiki/ HOBOCTH
KOCMOHABTUKW wu np.) 29 wuroHA coobmaercs: «...Ycnewro
3a6epuéH noiém Kocmuueckozo kopabas Shenzhou 9: oxono 6 ympa no
MOCKOBCKOMY B8pEeMEHU CHYCKaeMblii annapam Kopabis ¢ mauko-
nHasmamu L3un Xavunonem (Jing Haipeng), Jlro Banom (Liu Wang) u Jlo
Au (Liu Yang[) cosepwun mackyio nocaoxy 6 npogunyuu BHympenHss
Momneonus. Ilpodonxcumenvnocms nonéma cocmasuia 12 cymox, 15
ygcos, 23 mumymol u 35 CceKyHO — 2mMO pexkopo O KUMAUCKoU
Kocmonasmuxu...». U nanee: «...B 17:15 mockoeckozo epemenu ¢ mvica
Kanasepan ocywecmenén nyck paxemwi-nocumens Delta-4 Heavy c
epy3om Hayuonanvnoeo pazeedvieamenvroco ynpasnenus CLIIA NROL-
15. Ilocne 6vixo0a Ha OKONO3eMHYIO OpOUmMy CHYMHUK HOLYYUTL

oguyuanvroe obosnavernue USA-237. O naznauenuu noie3Hou HacpysKu
He cooowaemcsi... ».
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B nonHoM cootBercTBUU ¢ BhIBojamMu Ha ocHoBe MAI'HUTO-
JUHAMMWYECKOM IPUPOJbI TEOMATHETU3MA yxe 07. 07.
2012 roma monuid MHOro4ucieHHele coobOmenHus CMM o HOBBIX
KaTaKIM3Max, NOpoKIEHHBIX ynoMsiHyTeIMU KJIA, Hanmpumep: Ha caiite
PUA HOBOCTHM 07/07/2012 hitp://www.ria.ru/incidents/20120707/693856247.html
coobOmaercs:  «...Jlobepescve Kpacrhooapckoeo Kpas — oKA3anoch
3aMONJEHHbIM 6 pe3yIbmame CUNbHBIX TUHesblx 0odcoeli. Ocobenno
nocmpaoana Kypopmuas 30Ha [ enemoxicux, mam 3a CYmKU 6bINdld
NAMUMECAYHAS HOPMA 0CAOK08... 110 dannvim na 9 uions, 6 pezyrbmame
yoapa cmuxuu no2u6 171 uenosex...». A Ha caiite Pocoanr, 12/07/2012,
22:52 hitp://www.rosbalt.ru/video/2012/07/12/1010376.html COOOIIIAETCSL:

«...AInonckuii ocmpog yxooum noo 800y. /lecaims uenosex cmaiu
AHCEPMBAMU TUBHEBBIX 00ACOell U BbI36AHHBIX UMU NABOOKOS U 2OPHBIX
ONOJI3Hell Ha HHCHOM anoxnckom ocmpose Kiocro. B cnuckax nponaguiux
be3 secmu 3nauamces 20 umény. Ha CalTe hip:imews mail rincident/10029209/2frommail=1
coobmraercs: «...Hegpmsanvie niamgopmvr 6 Mexcukanuckom 3anuse
agakyupyiom uz-3a wmopmay. "PUA Hooctu" 27 asrycra 2012, 4:50
«Memeoponoeu npedynpeounu o NpUOIUNCEHUU WMOPMA 8 cepeduHe
Hedenu. Ha nacmoswuii momenm e2o snuyenmp naxooumcs 6 80
Kkunomempax om ocmpoea Ku-Yacm. «Hcaaxy npubauscaemes
nobepesicoio Pnopudsvl co ckopocmvio 0kono 30 KUioMempos 8 yac...»
Ha caiirax http://novoteka.ru/r/Accidents/ActOfGod/Wind M http://www.korabli.eu/blogs/novosti/morskie-
novosti/na-karibskiy-basseyn 26 aBrycTa 2012 T cooOmiaercs: «...Ha Kapubckuil
baccetin obpywunca ypazan «Auzexy. Tponumueckuil yparaH «AH3ex»
oOpymmics 25 asrycta 2012 roga Ha BocTouHyt0 4acth KyOsl. B HOUb C
NSTHUABI Ha CcyOOOTy TailQyH, 3apoauBIIUiicS Haa ATIAHTHKOH H
PaCIpOCTPAHSIONINIACS Ha CeBepo-3amaj, HajeTell Ha IOKHYI0 YacTh
l'antn, rTHEe TormOmM  YeTehlpe  4YelmoBeka...». Ha  caifrax
http://polsergmich.blogspot.com/2012/08/bolaven.html ¥ http://polsergmich.blogspot.com/2012/08/bolaven.html
26 aBrycra 2012 roga coo6raercs: Taiidyn "bonasen" (Bolaven) — yxke
MATHAAUATBIA 1O CYETY B 3TOM TOMy — HPUOIMIKAETCI K OCTPOBY
OkuHaBa Ha 1Oro-3amnaje JAmnoHUM co CKOPOCThIO 15 KHIIOMETPOB B Yac.
[IMKIOH COMPOBOXKAAETCS TMOPBHIBAMH BETpPa CO CKOPOCThIO 215
KWJIOMeTpoB B 4ac. [lpu 3ToMm, Bce 3T U JApyrue coobuieHuss CMU
oOpamaror Ha ce0si BHHMaHUE TeM OOCTOATEIhCTBOM, YTO BCE OHHU
nocienoBanu mocie coobmennit  gpyrux CMU  (cm.  caiiTe
http://www.vesti.ru/doc.html?id=883455&cid=7 , http://www.vesti.ru/doc.html?id=883419 M
ap.), uro 19 asrycra 2012 rona «...Cmapm paxemvi-Hocumens "3enum"
evigen cnymuux cesasu "Humencam-21" uma yenegyio opbumy. 3anyck
cnymuuxa Intelsat-21 cman pexoponvim O MOYHOCHU... ».
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Ha caire http://ru.wikipedia.org/wiki/Crincok_kocmuuecknx_3amyckoB_B 2012 roxy
IIpUBEACHA Ta6J'II/ILIa, (l)pal"MeHT KOTOpOfI 3J€Ch NPHUBOXKY IJId Bamtero

ceenenusa: CTATUCTUKA 3AITYCKOB KOCMUYECKUX PAKET
B OKTABPE 2012r.
Crapro-
Hara BBIN SR NSSDC ID | Hwmsa KA Tun
(UTC) HOCHTEN
KOMILIICKC
10 16. | KanaBepan Jenpra- ) }
1] 1000 | sLc-37B ANI+(4,2) 2012-053A | GPSIIF-3 | GPSIIF
08.10. | KanaBepan | ®@anbkoH-9 Dragon SD;(?EQEO Orbcom
2| 00:35 SLC-40 2012-054A CRS-1 P m 0G2-1
12-054B
Coros- Galileo
12.10. I0V-3 Galileo
3| 1815 Kypy ELS C"l;)li%(x} Fanmico20 1OV/-4 lanuneo
12-055B
1410, | o . Bemmnii | 2C2012- | SMNAN9 | g gian g
4| 03:25 Tatitoanb OX01I- 0568 A2012- B
056C
14.10. | baiikonyp IMporor-M ) Intelsat
5| 08:37 | Tln. 81/24 / bpu3-M 2012-057A 1S-23
23.10. | baiikonyp ) ) Coro3 Coro3-
6| 1051 | rn31 | COO¥®PT | 2012:08A | pyis o6m | TMAM
25.10. Benukuii ) Baiinoy o
7| 15:33 Cuuan 10x01-3C 2012-059A DW16 Batinoy
31.10. | baiikonyp g ) IIporpecc
8| 0741 . 1 Coro3-Y | 2012-060A M-17M 04

B coorsercreun ¢ TEOMAI'HUTHBIMHA MEXAHW3MAMU
COBPEMEHHOU

T'EOSKOJIOT'MYECKHNX

TTOCJIEACTBUI
PAKETHO-KOCMUYECKOI1 JAEATEJIBHOCTU MHOTOYHCIEHHBIE
CMMU ormernnu B OKTSABPE 2012 rosa 3HaUUTENBHBIA POCT YHICIIA U
MOIIIHOCTHU JIOTIOJIHUTEIIbHBIX IUKJIOHOB U 3€MIIETPSICEHUI B Pa3IMUHBIX
paiioHax 3emiid, U3 KOTOPBIX 3/IeCh OOpaIIaloT Ha ceOsi BHUMaHHE J[Ba:
http://ru.wikipedia.org/wiki/Yparan _Conmu: Yparan «Caamw» (aHTIL
Sandy) — sapommics 22 OKTAOpS W 3a 6 YAaCOB MPEBPATHIICS B
tponmueckuii mropm! W http://www.vseneprostotak.ru/2012/10/Kitay-
posledstviya-tayfuna-son-tinh/: Tlocnencteus Taiidyna "IllonTrHE": Ha
tore Kuras uz-3a taiidyna "lllontuns" sBakyumpoBanbl 150 Thicsd
yenoBek! Bce BblmenepeurcieHHble (GaKThl MOPOXKACHUS TIIOOATBHBIX
KaTaKJIM3MOB KOCMHUYECKMMH 3aIyCKaMH PAKeT JIOTHYECKHU TMPOJIODKAIOT
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aHAJOTUIHYIO CTAaTHCTHKY, YKa3aHHYIO B [1] 1 OOBEKTHUBHO MOITBEPIK-
JIAIOT CIIPABEIIUBOCTh CPOPMYITMPOBAHHBIX TaM BHIBOJIOB U PEKOMCH-
nammit mo cymecrsy OCHOBAHHUM MATHUTOJIUHAMUYECKOM
[IPUPOJIbI TEOMATHETU3MA U BJIMSIHUS COBPEMEHHOI
PAKETHO-KOCMHWYECKOI JEATEJILHOCTHU HA BO3HUKHO-
BEHUE U XAPAKTEP [TIOBEAEHUW S 'NIOBAJIBHBIX KATAKJIN3-
MOB, xoTopbIe 371eCh HEOOXOAMMO HU3JI0KHTb.

3. ECTECTBEHHOHAYYHBIE OCHOBAHUA MATHUTO-
JUHAMUKUA

Kak usBectHO [7], Knaccuueckast 3J€KTPOJUHAMHUKA B IOIBITKAX
BBIUTM W3 CBOMX MPOTHUBOPEYM BBOAUT HAAYMAaHHBIA BEKTOPHBIN
MOTEHINAN, TIOAYUHSS €r0 MPOU3BOJIBHBIM TPEOOBAHHSIM

H =rot A(r) , (1)
divA(r) =0, (2)

KOTOpBIE K KeJTaeMbIM pe3yJbTaTaM He MPUBEITH.

PensruBucrckas (usuka, meITasicb paccMaTpUBaTh MarHUTHOE U
3NIEKTPUYECKOE MOJS B YETHIPEXMEPHOM HPOCTPAHCTBE, B CBOMX (-
(bepeHIHMaNbHBIX MPEeo0pa30BaHUAX PUMEHSET K HUM TaK Ha3bIBAeMBIN
YETBIPEX-BEKTOP, MOJTydast pe3yJIbTaThl:

-1 0*A j
VAT ®)
109 _ p
VZ (D_C_g atz :_8_, (4)1

0

KOTOpBIE TO-TIPEKHEMY O3HA4YalOT pa3JieIbHble MarHUTHOE U
UIEKTPUUECKOE MOJsI, TaK M HE BBIMIA W3 TYNUKOB M MapagoKCOB
KJIACCUUYECKOM aJIeKTpoauHaMHKH. [loka3zaTenbHBIM B 3TOM CBA3M
SBJISIETCSI CPABHEHHE TOTPEIIHOCTEHN, JOMYCKAeMbIX B AJIEKTPOIUHAMHU-
YECKUX pacué€Tax MpW peUIeHnH NpSIMOH 3a1a4di B 00JIACTH 3JIEKTpoMa-
muHocTpoeHus: (puc.l) m oOpaTHBIX 3a7a4 B pacdyérax M NPOEKTH-
POBaHMUU BOJIHOBOJOB (pHC.2) U B HCCIENOBAHMIX IUIa3MbI C TIOMOIIBIO
MarHUTHBIX 30H0B (puc.3), Mpe/CTaBIeHHBIX (hparMeHTaMu rpaduyec-
KHMX 3aBUCUMOCTEHN U3 EPBOUCTOYHUKOB.
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ByiTa

1
| J:% ~100%

0,8 I(a)
Puc. 2 Puc. 3

JelcTBUTENBHO, €ClIM MOTrPEIIHOCTh B MPOEKTUPOBAHUU JICK-
TpomammH cocraBmieT 10-12%, To B pacuérax BOJHOBOAOB OHA
nocturaer 50%, a B HMCCIIEAOBAaHMAX IUIA3MBI C MOMOLIbIO MarHUTHBIX
30H70B oHa mpeBbimaeT 100%. B cBI3u ¢ OTMEUEHHOW TUHAMUKON B
3aBHCHMOCTH MOTPEIIHOCTH B ANEKTPOJANHAMUYECKHUX UCCIIEIOBAHUAX U
pacuérax MOXHO 3aKIIOYHThH, YTO KJIacCHYeCKas SJEKTPOAUHAMUKA B
HacTosIIIee BpeMsl BCTYNMIa B CBOM V 3Tal 3BOJIIOLMH — 3TAIl CaMOBBI-
pOXIeHHs, Korga B €€ Heapax OCOOCHHO WHTEHCHUBHO (OPMHPYIOTCS
HOBBIE THIIOTE3bI, MAET IMOMCK HOBBIX IOIAXOIOB Ui OOOCHOBaHUS
HOBOW TEOpPHH, HOBBIX IPUHIUIIOB IMOCTPOECHUS HOBEWINEH TEOPHH,
KOTOpasi TOJKHA CMEHUTh KJIACCHYECKYIO AJIEKTPOJUHAMUKY. Jpyrumu
CJIOBaMH, KJIACCHYECKAas DIIEKTPOJUHAMHUKA B JCHCTBUTEIBHOCTH ObLiIa
OCHOBaHa He HA YeThIPEX ypaBHeHusAX MakcBesia:

- dB
I‘OtE:——, 5
- (5)

- dl_D -
rotH =—— , 6
dtﬂ (6)
divD = p, (7)
divB =0, (8)
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a Ha TPEX aKCHOMAX, [I03TOMY MOIJIa pPeIlaTh JIMLIb IUIOCKHE
3a/1a4M, TO €CTh JJIs He€ OKa3ajloCch HEBO3MOXKHBIM pEIIeHHE 3ajad B
TPEXMEPHOM TPOCTPAHCTBE (‘“‘DJIEKTPOMATHUTHBIM Mapagokc’, — B3au-
MOJCHCTBUE TOPOMIAIBHBIX OOMOTOK, B3aUMOJIEWCTBHE UIMHHBIX
COJICHOMIIOB U JAp.). MarHuToguHaMHKa 3aMEHWIA HEaIeKBaTHYIO
akcroMmy (8) Ha aJIcKBaTHYIO

divT = z,4 )

M OKa3aJlaCh CIIOCOOHOW YCIIEIIHO peliaTh TPEXMEpHbIE 3a1a4u
Ha OCHOBE YETHIPEX afeKBaTHBIX akcuoM. Ilociie 3aMeHbl B (yHIaMeH-
TaJIbHOW CHCTEME YpaBHEHHH KIaCCHUYECKOW SIEKTPOAMHAMHMKH HEamd-
KBATHOTO TOJIOKEHHS, YTO

divB =0, (8)

KOTOpPO€ O3Ha4aeT OTCYTCTBHE HWCTOYHHUKOB MAarHUTHOTO IO,
Ha COOTBETCTBYIOIIUN AEWCTBUTEIHOCTH TIPUHITUII, YTO

divT = s,14, 9)

0Ka3aJIoCh BO3MOKHBIM HE TOJBKO CHSTH «3JIEKTPOMArHWTHBIN mapa-
JOKC», HO M PEIIUTh MHOTHE TEOPETHUYECKHE MPOOIEMBI 3JICKTPOIUHA-
MHUKH M TPAaKTHYECKHE 3aJa4d DJIEKTPOTCXHHUKH. TakuMm o00Opazom,
NpUHUMas 32 Hayajo Y3JIOBBIX 3TAllOB HBOJIOLMHU 3JIEKTPOAMHAMHUKH
JaTtbl (QyHIAMEHTAIBHBIX OTKPBITUH M M300peTeHHd u3 €€ HCTOpuH,
MOXXHO TpauuecKd TMPeICTABUTh JBOJIONHUIO JJIEKTPOJAWHAMHUKU B
MOJTHOM COOTBETCTBUHU C S-00pa3HBIM 3aKOHOM 3BOJIIOLMHM CHUCTEM Ha
puc. 4:

B — | —p— - ' — .
3000 et 1819 1858 1954
IO H.D. TOI TOJ roa

Opcren | Makcsenn | IlomoB | Tokamak-1

Puc. 4

Surmknoneust Pycckoit Meiciu. T. XX, ctp. 17



Pyccroe ®usnueckoe OOIIecTBO

Takum 00pa3oM, MarHUTOMWHAMHKA Ha OCHOBE aJIEKBATHOTO
MMOJI0XKEHUS

divT = 1 9)

MO3BOJISIET CIIELUATIICTAM HE TOJIBKO CHATh «3JIEKTPOMAarHUTHBIH
Napasiokc», HO U PEIINTh MHOTHE TEOPETHYECKUE MPOOJIEMBI IEKTPO-
JUHAMUKHU (B3aMMOJICHCTBUE «IJIMHHBIX COJCHOWIOBY», TOPOMIAIBHBIX
00MOTOK C TOKaMH ME&XIy co00i U C APYTrMMHU MPOBOTHUKAMHU, BOCCTA-
HOBUTH CUMMETPHIO (hH3uIecKuX 3H(PEKTOB B AIEKTPOMardeTu3Me, HO U
pemarh NpakTUYeCKUe 3aJadd 3JICKTPOTEXHHUKH, UCIIONB3YsI 3aMETHBIC
aneKTpoMarHuTHele (cM. maTeHTl PO NoNo2041779, 2026768 u np.)
anekrpomexanmdeckue (cMm. mateHThl PO NoNe 1424998, 1574906 u np.)
Wi dneKkTpoxummdeckue (cM. mateHTsl PO NoNe2147555, 2197550 u

1p.) apdexTsi [8].

4. ECTECTBEHHOHAVYYHBIE OCHOBAHUA MAT'HUTO-
JIMHAMUYECKOM! ITPUPOJIbl TEOMATHETHU3MA

C momoupi0 KOMIBIOTEPHOH TOMOTpaduu aBTOpPbl paboThl [9)]
NpPEACTAaBWIN BUJ Hallel IuiaHeTsl uepe3 miartdopMmy Tuxoro okeaHa
TIyOMHHBIM TPEXTPAHHBIM MHPaMHUIAIbHBIM BEIpe3oM (puc. 5), yoemn-
TEJILHO TIOATBEPKAas CBOM BHIBOABI O HEOJHOPOIHOCTH MAaHTHHHOTO
BEIIECTBA HA Pa3NIMYHBIX [NIyOMHAX HE TOJBKO IO BEJIHMYMHAM CEHCMU-
YECKHX CKOPOCTEH, AaBJICHUH, IUIOTHOCTH, HO M IO BCEM JPYyTrUM
(U3UYECKUM CBOMCTBaM.

Puc. 5 (®@wur. 21 no [9]) Puc 6 (puc. 21 mo [1])

Kpome toro, xak mocroBepHo ycranosieno [10, 11] u ap., 9ro
OKOJIO3EMHOE KOCMHUYECKOE NMPOCTPAHCTBO MOXKHO MPEICTABUTH KaK Ha
pucyHke 6, rae o0JacTu 3IEKTPU30BAHHBIX 30H MOHOC(hEpHI JH000I
HOJISIPHOCTH 0003HAaueHbl OeyibM IBETOM. boiiee neranbHO MOKa3aTh

Duumknonenust Pycckoit Meiciu. T. XX, ctp. 18



Pycckoe ®usmyeckoe OO1IecTBO

JAHHOE paclpeielieHne JJIEKTPUYECTBA B DJIEKTPHU30BAHHBIX 30HAX
noHocepsl 3eMiIM MOXXHO Ha puc. 7, TIe TMOKa3aH BHJ COOKy Ha
atMocepy 3eMiM C 3JICKTPU30BAaHHOW 30HOH C HOYHOH CTOPOHBI
BOKPYT T€HHU 3eMJH, U Ha puc.8 m300paxén Bugy A—A puc. 7, TO ecTbh
B3I/ HA aTMOcdepy 3eMIIi C HOYHOH CTOPOHBI.

A-A
J | e
| N
PR 4 LT
N S .~ e R
Counre /j IS N e
e e e N e
bragoepaie | “Ardccgampe
traecy =
7 —g |
. | '
rql(.i_‘ _{ p\'.l.('- 2/
Puc.7 (puc.8 mo [1]) Puc. 8 (puc.9 mo [1])

VYuuThiBas pasnuuHbie (GOPMBI U pasMepbl HA3IEKTPHU30BAHHBIX
30H, TO €CTh pa3IMYHbIC KOJIMYECTBa deKTpudecTBa Qj KaxKIOH U3 ITHX
30H, ¥ Pa3IMYHbIE UX PACCTOSIHUA OT LIEHTpa 3€MIIH, TO €CTh Pa3IMYHbIC
UX JINHEWHBIE CKOPOCTH Vi OTHOCUTEIBHO MOBEPXHOCTH 3€MIIH, IPUXO-
JIUTCS TIPU3HATh, YTO B PE3yJIbTaTe CYTOYHOI'O BpalleHus 3eMJu 1o e&
HIMPOTaM TEKYT AJIEKTPUUECKHE TOKU Pa3IMYHBIX HAIpaBICHUN U BEJU-
YUH, KOTOpBIE OINPENEIAIOTCS KOHKPETHBIMU 3HAUYEHUSMHU YKa3aHHBIX

napaMeTpoB, CO3/aBasi COOTBETCTBYIoIME 10 (9) divT = Mo M Tons

MarHuTHOTO HaTshKeHHs. OObequHSS Tereph 3TOT HaIll BHIBOJ| C BBIBO-
JIOM BBIIIIE O IHUPOTHBIX HOHOC(HEPHBIX AIIEKTPOTOKAX, MOXKHO CHOpMY-
JIMPOBATh HaIll OTBET Ha BOIIPOC O MPUPOJI€ T€OMarHeTH3Ma: MarHUTHOE
noje 3emiM OO0pa3oBaHO W TMOAICP)KMBACTCS B CTalOHAPHOM
COCTOSIHMH Oyiaromapsi JIByM TJI00AbHBIM CHCTEMaM KOJBIIEBBIX
JJNIEKTPHYECKUX TOKOB: HIMPOTHBIM B HOHOC(epe U TeochepHbIM B
Hepax IUIaHeThl. J[pyruMH CIIOBaMHM, B PE3yJbTaTe CBOEH 3BOJIOIUH B
YCIIOBMSIX IIOCTOSIHHOM COJHEYHOM paJualyy BPalAIOIIASCS BOKPYT
CBOEM OCcH Halla IJIaHeTa MPEBPATHIIACH BO BPAILAIOIINIICS TOCTOSHHBIN
Mar"uT, OTJIMYAIOIIMMCS OT BpAIAIOUIErocsi MarHuTa B ONbITax M.
®apanes nmib cBoel mapoobpasHoit gopmoii [1]. He moBTopss 3aech
paccyxaenuii B [1] o o0bsicHenuto 3toro ahdexra M. dapanes, 3nech

Suumkonenust Pycckoit Meiciu. T. XX, ctp. 19



Pyccroe ®usnueckoe OOIIecTBO

Ha €ro OCHOBE Cpa3zy MOXKHO CJIeNIaTh JIOTHYECKHH BBIBOJ], YTO BHYTPH
HaIICH TUIAHEThl KPOME OTMEUEHHBIX BBIIIC MOCTOSIHHOTO MarHUTHOTO
oyt 1o (9) W 3ICKTPUYCCKUX TMOJIEH BOKPYT JIOKAIM30BAHHBIX 30H
MTOJIOXKHUTEIIBHOTO (CKAaTHEe) W OTPHIATEHHOTO (pacTsHKEHUE) DIEKTPH-
YeCTBa CYIIECTBYET TAKXKE M AJIEKTPHICCKOE TTOJIE:

E =kwRB, (10)

KOTOpOE CO3JaHO BpalIeHHEM MarHhTa BOKPYT CBOCH OCH Kak
KOMIICHCAIIMS TOJISL DJICKTPU30BAHHONW MOBEPXHOCTH BPAIIAOIIETOCS
marHurta [1]:

E:j—f:a)r T . (11)

Hpyrumu crioBamu, MijaHeTa 3eMis CO CBOMM MAarHUTHBIM
MOJIEM MIPEACTABIIET COO0M MarHUTOAMHAMHUYECKYIO MAIlIMHY B CTalMO-
HapHOM pEXHME paboTHI, KOTJa BCE DJIEKTPUYECKHUE TOKH MO BCEBO3-
MOYKHBIM KOHTYpaM MEXIy COOOH CBSI3aHBI CHJIAMH JJIEKTPOMArHHUT-
HOT'O B3aUMOJECTBHUS.

Takum oOpa3oM, Bcs HaKOIJICHHas: MH(OpMALKs O MarHeTH3Me
3eman u minadHeT CoNHEUHOH CHUCTEMBI IMO3BOJISIET ¢ MAarHUTOJUHAMH-
YEeCKHUX MO3ULMHA MPEANOJIOKUTh JBa MEXaHU3Ma 00pa3oBaHUs reomar-
HETH3Ma: UIMPOTHBIE KOJbBLEBbIE 3JIEKTPUUECKHE TOKH BCIIEICTBHE
CYTOYHOTO BPAIlCHUs SIEKTPHUYECKHX 3apsioB aTMOc(hepsl U 3apsioB B
Henpax 3emud. M3moKeHHBIE BBIBOJBI O MAarHUTOJIWHAMUYECKOW IpH-
poJie TeoMarHeTH3Ma He TOJBKO (AaKTHYECKU MOATBEPXKIAAIOTCS, HO M
MO3BOJIAT IPOCTO OOBSICHUTH M3BECTHYIO «JIBYropOyio» rpadpuuecKyro
3aBHCHMOCTb BeIMYUHBI H (X, y) MarHUTHON HampspKEHHOCTH OT Teo-
MarHUTHBIX KOOPAMHAT B CyOTPONIMYECKUX IOsICaX, IOHATh KOTOPYIO Ha
OCHOBE COBPEMEHHBIX I'€0(H3NIECKHUX MPEICTABICHUIX HEBO3MOKHO.

Boniee Toro, — u3 nNpuBEAEHHON OLIEHKM KOJIMYECTBA BJIEKTPHU-
4YecTBa HOHOC(HEPHBIX 30H PANIMIHBIX ITUPOT MOXKHO TAKXKE 3aKIIOUYHTH,
YTO MO KAXKIOW MIUPOTE TPOIMYECKOr0 MOsica MPOTEKaeT JBa (BeuepHHi
U YTPEHHUIT) HOHOC(EPHBIX IMEKTPUUECKUX TOKA, TO €CTh Pa3/eIEHHbIC
BO BPEMEHH; [OITOMY HMX O0Illee MAarHUTHOE MOJ€ MEHBIIEe WX ajre-
Opanueckoll CyMMBI, YTO JOMOJHUTEIBHO OOBSICHSET HE TOJBKO HaIll
BBIBOJ O «ABYTrop0oii» rpaduueckoil 3aBUCUMOCTH BeTHMUMHBI H(X,y) —
MarHATHOW HANpsHKEHHOCTH OT T€OMAarHUTHBIX KOOPIWHAT B CYyOTpOIH-
YECKHX MO0sCaX, HO W MOSICHSAET NPUYMHBI CYTOYHBIX KOJEOaHWN BEJH-
YMHBl MarHUTHOTO TOJS B YyKa3aHHOM mosice mupoT. Kpome Toro,
ucxonsl M3 (PaKTHYECKOro HANpAaBJICHUS MArHUTHOTO MOJIS 3eMJIH H
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HampaBJIeHHs e€ BpalleHUs], HEOOXOIMMO OTMETHTh BCTPEUHOE HAIpPaB-
JICHUE THX BEKTOPOB, YTO Cpa3y MPUBOJHUT HAC K BBIBOAY O MOJIOXKH-
TEIPHOM 3HAKE JJICKTPU3alMKM TOBEPXHOCTH 3emiu. B cBere 3TOro
BBIBOJIa CTAQHOBUTCS TOHSATHBIM, MOYEMY B pa3psigax MOJHHUH 3eMHas
HOBEPXHOCTh siBIsieTcss aHogoM [[IpumedaHue pemakropa: 3emisi 10
OTHOILICHHIO K OOJIakaM Bcerja 3apsDKeHa OTpHUIaTeNbHO, — Braaumup
Ponyonos].

5. BIUSHUE COBPEMEHHON PAKETHO-KOCMUNYECKOM
JESITEJIbBHOCTU HA BO3HUKHOBEHUE U XAPAKTEP
[TOBEJIEHIS TJIOBAJIBHBIX KATAKJIM3MOB

Takum 00pa3oMm, Ha OCHOBAaHHM TE3UCHO H3JIOKEHHBIX BBILIE
ECTECTBEHHOHAYUHBIX OCHOBAHUI MATHUTOJUHAMU-
YECKOU ITPUPO/JIbl TEOMATHETH3MA [1] BriosHe 060CHOBaHHO
MOXXHO 3aKJIIOuuTh, 4TO mociie 3amycka KJIA B monochepe 3emiu
oOpa3yercss KPHBOJIMHEWHBIA IMIIMHAPUYECKHA KaHan ¢ ockio O;0;
JUINHOW B HECKOJBKO COTEH WIM JaXe ThICIY KHJIOMETPOB, B
3aBHCHMOCTH OT KOHKPETHBIX ycioBui 3amycka KJIA, a cedenue 3toro
KaHaJla UCYMCIIIETCS] TAKXKE THICSYaMH KBaApaTHBIX KWIOMETPOB!

OTO0 3HAYUT, YTO OO0BEM KaHala HOHOC(EpPH, B KOTOPOM
PEKOMOMHAIMS HOHOB PACKAIEHHOTO ra3a PeaKTHBHOUW CTPYH HapyIIaeT
PaBHOMEPHOCTH paclpe/ielieHHs SIEKTPHUSCKIX 3apsi/IOB Ha 3HAYUTEIIb-
HBIH TIEPHOJA BOCCTAHOBJIEHUS €€ 3a CU€T (POTOMOHHM3ALUU M CBETOBOTO
JaBJICHUS, UCUUCIIACTCA MUJIJIMOHAMH KY6I/I‘-IGCKI/IX KHJIOMETPOB, KaK 3TO
CXEMaTHYHO MpeACTaBIeHO Ha pHcC.9.

KA
':"'""--——'f",-‘g*;;?::"’:rzsﬂ _—
\\ - /v /’/
N Sete U nocgpepra
Y ’0 ;r‘/’//
tt e R ottt A+ +
:/'\/ I ' :
i AN ' .
/l’ N , .
///I | h ! .
Q,_L ‘ | +('; %, /o ;,ch}zé
R Rl aad kil Py A Al La
¢ 7 ) 8 De 2 2eq

Puc. 9
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B cBoro ouepenp, 3TO 3HAYHT, YTO MPH BO3IMYIIEHHH MAarHUTO-
ctepsl mocie 3anmycka KJIA BcnencTBue M3MEHEHUS Ha AQi KOJIH-

YCCTBa JJICKTPHUYCCTBA Qi i-Toit SHCKTpHSOBaHHOﬁ 30HbI I/IOHOC(l)CpBI,

yepe3 KOTOPBIM TPOJIEraeT aKTHBHBIM y4YacTOK TPACKTOPHH PAKETHI—
Hocutena KIJIA, BbI3bIBas B CBOIO OYepelb H3MEHEHWE BEJIMYMHBI
COOTBETCTBYIOIIETO KOJBI[EBOTO TOKA IO

)
dt
B cuily (yHIAaMEHTAIFHOTO MPHUHLIWIA AWHAMHKA CHCTEM
I’ Anambepa—Jlarpanka, HEMEAJICHHO W3MEHSCTCS U BEIWYMHA BHYT-
PEHHETO0 JIEKTPHUUECKOTr0 MO 3eMJIH, Cpasy K€ IPUBOJIS K U3MEHEHHIO
ANIEKTPUYECKUX CHII MEXIY reoc(epHBIMU 3JIEKTPHU30BAHHBIMH 30HAMH,
4TOOBI 00ECTICYUTH BBHITIOTHEHHE BBIPKCHHS

(12),

n
> F*-mw, -6r =0. (13)

i=1
Takum o06pazom, ocie 3amycka KJIA Ha moBepXHOCTH 3eMIIH B
MeCTaX MPOCKIUI BXOIHOW M BBIXOJAHOW 00JIACTEeH KaHada 00pa3yroTcCs
JIBA PA3HOUMEHHO DIICKTPU30BAHHBIX ydacTka. J[aHHOE 00CTOATEIHCTBO
NPUBOIUT K CO3JaHMI0 HEOOXOIWMBIX YCIOBHM Uil Hadamna paboThI
MeXaHu3Ma H3BECTHOM FpaBHTaHI/IOHHO-TeHHOBOﬁ MaliuHbl, 4Y€M H

obecrieurBaeTcsi 00pa3oBaHKE JBYX JOTOJHUTEIbHBIX [IUKIOHOB.

- Pmc. 1, NomoodepHaLK OTKNK KA 3amYCK PAKET ¢ NOCMOAPONa 5a
98015

5071999, 13h32', Baicouryp,

PH Itperen, CHUM
061 i

S0015

Puc. 10
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[MpsmMBIM (paKTHUECKUM TOATBEP)KICHHEM OTMEUYCHHOTO BBIIIE
00CTOSITENBCTBA SIBISIFOTCS PE3YJIbTAaThl MOHUTOPUHIa HOHOC(EPHI CHC-
temoit ['JIOHAC, kak 00 3TOM coO0IaeT Ha CTp. 8 aKaJIeMUYeCKOH
razetsl [IOUCK Ne 51 ot 21.12. 2007, oTKyga CKaHUPOBAaH MPUBEAEH-
HBIN 371ech puc.10, Ha KOTOPOM OTYETIMBO BHIHO Ha IOPSIOK, ABA M
Jake TPH MPEBBILICHHE aMILTATYAbI «Bo3MyeHus», KI1J] kotoporo He
NpPEBBIIIAECT JOJM TPOLEHTOB, M BBIBOA W3 HEr0 HCCIIeqoBaTeNeH
noHocdepsr: «...Eciu credums 3a eé (MOHOChHEPOH) cocmosHuem, mo Hu
00UH 3aNyCK KOCMU4ecKo20 Kopab.is, pakemuvl, CNymHUKa He OCMAaHemcs.
Hezameyennvim!..» VIMeHHO moAo00HBIE cuTyauuu mno3sommwin H. @.
Peiimepcy 00000UTh «...0N8 3HepeemuuecKux Npoyeccos Uil
6030elicmeusl HaA HUX NOPO2 «CHYCKOB020 KPIOUKAY» UNU MPUSLEPHOSO
aghghexma (Hanpumep, TIpy HaBeAEHHBIX 3emieTpsicenusix (1)) cocmasns-
em 10°-10° pas om mabmwooaemoii Hopmbl  dHEpeemuuecko2o
COCMOAHUA.... ».

Ocoboe BHUMaHHE Ha puC. 9 oOpaliaeT paBHONPABHOCTH Ha-
npaBJIeHUH 00pa3oBaHus KpuBoJIMHEHHOTO HnuHApa O1—0; uepes cioit
noHocdepsl: cHu3y BBepx (3amyck KJIA) mnm cBepxy BHH3 (mocaaka
KJIA), Tak Kak peaKkTHBHbIE CTPYyH pAaCKaJ€HHBIX Ta30B M3 COIUIa
paketbl-HOcuTens mnpu 3amycke KJIA wim u3 comen peakTUBHBIX
neuratenet Topmoxkenus: KJIA mpu mocaake B OAMHAKOBOW CTEHEHHU
HapyILIaroT CJI0i HOHOC(hEPDI, N3MEHSIS JINIIb 0YePETHOCTh 00Pa30BaHUS
AJIEKTPU30BAHHBIX 00JacTe Ha TTOBEPXHOCTH 3€MITH TOJI OCHOBAaHHSAMH
3TOTO LMWJIMH/pA.

JaHHbIi BBIBOJ (DaKTUUECKH TOATBEPXKIACTCA INPH KakKIOM
peiice KJIA tuna HIATTJI, nanpumep, «uckaBepu» Ne 35 3amymieH Ha
opouty k MKC 31. 05. 2008 ¢ mpica Kanasepan u mocaskeH Tam xe 14.
06. 2008.

3mech TONBKO HANOMHIO CBEJEHHS K3 HWHTEpHET-caiita
http://www. americanru. com/ meteocBenenus: 3atuxiiee mocie 12. 05.
2008 s3emuerpsicenne B npoBuHuuu Celuyans (KHP) BresamHo
B0300HOBMWIOCH 03.06.2008, mocturas marHutyn ao 7 GamwioB 05. 06.
2008. cBHIETENBCTBYS O BOZMYIICHUH MarHUTOCQephl 3eMITU 3aITyCKOM
«/luckaBepm» Ne35, a MHOrOUHCIIEHHBIC METEOCOOOIIECHUSI O HEBUIAH-
HBIX HAaBOJHEHUSX B JOJMHE MHCCYpH W B BOCTOYHBIX IITaTax MHouu
nocne mocagku «Jluckasepu» Ne35 moarBepiknaroT oOpazoBaHHE ABYX
MOITHBIX JIOTIOJIHUTENBHBIX IIUKIOHOB B atMoc(hepe 3eMIiln aHAIOTHIHO
yparanam 31. 08. 2005 «Karpuna» B CLIA u 03. 09. 2005 «babouka B
Snonun.
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6. DPAKTUYECKUE [MPU3HAKU KATAKJIM3MOB,
SAITYIIEHHBIX CTAPTAMMU KIJIA

Kak rimyboko o0ocHOBaHO Ha OOMIMPHON CTATHCTHYECKOW WH-
¢dbopmanun 00 MHTEHCUBHOCTH TEXHOI'€HHOI'O BO3JEUCTBHSI Ha I'€0JIOr0-
reo(pu3MUECKyIO Cpelly Halllel IiaHeThl B MoHOrpaduu [12], HoBeimas
UCTOpUS TOJpa3JeNsieTcsl Ha JBa JTama: NEepBbId, B TeueHue 1901—
1950 rr. — HapacTaHWe TEXHOT€HHOTO JABJICHHS, BKIIOYAs W IEPBBIC
JECSTKHU SIIEPHBIX B3PHIBOB (B OCHOBHOM BO3IYLIHOTO THIIA), U NEPBbIE
pakeTHsle MycKH; u BTOopol, B Teuerne 1950-1990 rr. — makcumansHOe
TEXHOTCHHOE IABJICHHE Ha Ie0JIOrO-Te0(PU3UYECKyI0 Cpely, BKIOYast
TBICSYM SIIEPHBIX B3PBIBOB M AECATKH THICSY TSDKEIBIX PAKETHBIX ITyC-
KoB. B ymomsHyTOii MoHOrpadgmu ocoboe BHHMAHHE TPHUBICKACT
tTabyuia 1, KoTopas HWXE MPHBEICHA MOJHOCThIO. B 3TOl Tabiuie 1
0003HaYCHBL:

M — menkodokycHble 3emireTpsacenus Ha riryonHax H < 70 xw;

C — cpennedokychbie 3emietpsicenusi, 70 < H < 300 xu;

I' — rmy6okodokycHbie 3emnetpsicenusi, H > 300 xu;

R — orHOmIeHNE yncIa MENKO(GOKYCHBIX 3eMJICTPSICEHUI K CyM-
Me CpeHE- U NTyOOKO(OKYCHBIX 3eMJICTPSICCHHIA.

Kak camooueBuano u3 rpadel R mpusenéHuoit Tabmuupl, 10mis
MENKO(OKYCHBIX 3E€MJICTPSICEHHA B HOBEHIIMHA TIEPHOJ HCTOPUH
BO3pacTaeT MHOT'OKPATHO, MO3BOJISIS 000OIINTh: HaBEJICHHBIE 3aIlycKa-
Mu KJIA 3emieTpsiceHus SBISIOTCS NPEUMYIIESCTBEHHO MEIKO(OKYC-
HBIMH, STHLEHTPBl KOTOPBIX HAXOAATCS Ha iIyOuHax mopsanaka 70 xu u
MEHee.

B kayecTBe WUIIOCTPUPYIOILEIO MNpHUMEpPa 31€Chb MOXKHO
BCIIOMHUTB, 4TO 3amyck 11. 08. 2009 paketsi-Hocutens "IIpoton-M" ¢
KOCMHUYECKHM amnmnapaTtoM AsiaSat-5 cripoBorupoBai 16 asrycra B 14:38
no MecTHoMy BpemeHH (11:38 mck) 3emiieTpsiceHue MarHuTyaoi 6,9 B
npoBuHuMK 3ananHas Cymarpa. [locine mepBoro Tomuka B TeueHHE
CyTOK mociemoBaiyd 11 HOBBIX TONYKOB MarHutyioud or 5,2 mo 6,1.
[Mocnemunii Tomgok ObLT 3aduKcupoBaH 17 aBrycra B 7:35 Mo MeCTHOMY
Bpemenu (4:35 mck). Ero wmarautyma cocraBwia 5,2. DNHIECHTp
3eMJIETPACEHUs pacrioyarajicss B 67 kM K IOr0-BOCTOKY OT Tropoja
Cubepyr MenTaBeii, r1iyOMHa  3ajeraHuss odara  OKa3ajach
MeJIKOPOKYCHOH, TOo ecTb 32 xm moj ypoBHeM mops, a 17. 08. 2009
npousonnia aBapus Ha Cagno-1ymenckon 'OC.
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UHemo 3eMIeTpAceHHIT
Toa R=MAiC+I)
M C T Bceero
1901-1205 47 9 5 61 336
1906-1910 37 31 9 127 218
1911-1913 46 36 9 91 1.02
1916-1920 57 18 8 83 2.19
19211925 64 12 6 §2 3.56
1926-1930 64 15 4 83 3.37
1931-1935 65 15 8 58 283
1936-1940 68 32 5 105 1.84
19411945 103 38 3 144 2.51
1946-1950 101 37 6 144 2.35
19511955 54 17 5 76 245
1956-1960 56 22 7 85 193
1961-1965 53 12 G 71 294
1966-1970 87 4 2 03 145
1971-1975 74 8 2 84 7.40
1976-1980 68 2 0 70 340
19811985 40 3 0 43 133
1986-1990 31 2 0 33 155

Tabmuma 1. Berpewaemocts 3emmerpsicernii (M >7) 3a 1901-1990 rr.

Bcé BbIlIE M3JI0KEHHOE HAIVIAIHO WLIIOCTPUPYET NIPUBEAEHHAS
BhIIIIe Ha CTp.3 MH(Orpaduka ¢ calTa http://eco.ria.ru/ecoinfogr/20111023/468633175.htm
ceunerensctByer, 4to BCE VKA3AHHBIE 3EMIJIETPACEHUA
BbIJIM MEJIKO®OKYCHBIMU! U3 ykazauHoit Tabmuip! 1 (Berpeya-
eMOoCTh 3emiieTpsiceHuid (M >7) BBITEKaeT BaXKHOE CIICJCTBHE: TaK Kak
HauOONBIIEMY BIHSHAIO WOHOC(HEPHBIX BO3MYIIEHHH IOIBEPIKEHBI
OMmkaifiiie K TOBEPXHOCTH 3eMili Treoc(hepHble AIeKTPU30BaHHBIE
30HBI, TO UMEHHO MaJlble TJTyOMHBI TUTIONEHTPA ¥ BBIAAIOT TEXHOTEHHOE
MIPOUCXOXKJIeHHE 3emieTpsicenns. Kpome Toro, Majible moTepu cercMu-
YEeCKHX BOJIH Ha MYTH K MOBEPXHOCTH OT MEIKO(OKYCHBIX THIIOIIEHTPOB
1 OOBSCHSAIOT BBICOKYIO [5] pa3pymMTENsHYI0 MOIIHOCTh HAaBEIEHHBIX
3EeMJIETPSICEHUI.

Kpome Ttoro, tak kak mnocie 3amycka KJIA Ha moBepxHOCTH
3emMiM co3JaroTCs OJaronpuUsTHBIE YCIOBUS Ul 3apOKACHUS Hempe-
MEHHO JABYX LMKJIOHOB HaJ y4dacTkamu mnoBepxHoctu 3emiu Ci/l; u
A;B; (puc. 9), To c y4€ToM OBIEKTpPHU3ALUH TOBEPXHOCTH 3eMIIU
BeiencTBUe BpameHus Maraura (3¢gdext M. dapazest), To cymMMapHbIe
3JIEKTPUIECKHUE OIS HaJa ydacTKkaMu nioBepxHoctr 3emiun CyJl; 1 AyBo,
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MHOTOKPATHO TIPEBOCXOJAT IOJII TPO30BBIX OOJIAKOB, MOPOMKIAOIINX
€CTECTBCHHBIC CMEpPYM U IUKJIOHKL J[aHHOE OOCTOSATENHLCTBO U 00€C-
MEYMBACT MOIIHOCTH JOMOJHUTEIBHBIX IUKIOHOB, OTIUYAsCh APYT OT
Jpyra, MPEBOCXOMASIINE MOIIHOCTh ECTECTBEHHBIX ITUKIOHOB MHOTO-
KpatHoO [6].

BBIBO/IbI

Ha ocHOBaHMH HM370KEHHOTO MOHO 3aKIIOYHTh, YTO IUIAHETa
3eMisi CO CBOMM MAarHUTHBIM IIOJEM MpeAcTaBisieT co0oil MarHuTo-
JUHAMHUYECKYI0 MallMHy B CTallMOHAPHOM peKUME paboThbl, KOrza BCe
JNIEKTPUYECKUE TOKM I10 BCEBO3MOXHBIM KOHTYpaM MeExay coOoi
CBsA3aHbl CHJIaMU O3JICKTPOMArHUTHOT'O BSaI/IMOI[eI\/'ICTBI/ISI, n3 4ero
00BEKTHBHO BBITEKAIOT HI)KECIEAYIOIINE BBIBOIBL.

1. Tlocme 3amycka KJIA B wmoHocthepe 3emmu oOpasyercs
KPUBOJMHEHHBIM IWIMHApHYECKU KkaHan ¢ ocklo O;0, nmuHON B
HECKOJIbKO COTCH MJIM OaXXE TbBICAY KHUJIOMECTPOB, B 3aBHCHUMOCTHU OT
KOHKpeTHbIX ycnoBuid 3amycka KJIA, a ceueHue 3TOro KaHaia
HCYUCIICTCA TAKXKC ThICAYaMMU KBaJApPAaTHBIX KI/IHOMeTpOB! 910 3HA4YUT,
49T0 00BEM KaHasla HMOHOC(EpH, B KOTOPOM pPEKOMOHHAIUS HOHOB
packanéHHOrO0 Tra3a pEaKTHBHOM CTpyH HapyllaeT paBHOMEPHOCTb
pacrpeneneHus 3JEKTPHUUECKHX 3apsiioB Ha 3HAYUTEIbHBIN HEepHOA
BOCCTAHOBJICHUSI €€ 3a CUY€T ()OTOMOHM3AIMH M CBETOBOTO JABJICHUS,
WCUHUCIIICTCS MWIUIMOHAMH KyOMUYECKHMX KHUJIOMETPOB, TEM CaMbIM
oOecrieurBasi 0Opa3oBaHHE MUHUMYM JIBYX JONOJHUTENLHBIX [IUKJIOHOB
B arMocepe 3emiu! [Ipr 3TOM MOITHOCTH JOTIOTHUTENBHBIX IIUKIOHOB,
OoTiIM4aACh Apyr OT Apyra, HOpeBOCXOAAT MOHUIHOCTH CCTCCTBCHHBIX
IUKJIOHOB MHOTOKPATHO, HIO3BOJISISI OAHO3HAYHO ONPEAEIUTh TEXHOTEH-
HBII XapakTep UX IIPOUCXOKICHUS.

2. ITlpu BO3MymlieHMM MarHutocdepbl mocie 3amycka KJIA

BCJIICACTBUEC N3MCHCHUA HaA AQI KOJIMYCCTBA JJICKTPUYICCTBA Qi i-moi

3IIEKTPU30BAHHOW 30HBI HOHOC(HEPHI, Yepe3 KOTOPBIA MPOJIETaeT aKTUB-
HBIA Y9aCTOK TpaeKTopuu pakeTsl-HocuTens KJIA, BbI3bIBas H3MEHEHUE
BEJIMYMHBI COOTBETCTBYIOIIETO KOJIBIEBOIO TOKA U BEJIMYMHbBI BHYTPEH-
HETo 3JIEKTPUUYECKOTO MO 3eMIIM, Cpa3y e NPUBOAS K M3MEHEHMIO
ANEKTPHUYECKUX CHII MEXy TeochepHBIMU 3JIEKTPU30BaHHBIMU 30HAMH,
4TOOBI 00ECTEeYNTh BBINIOJHEHHE (YHIAMEHTAIBHOTO MOJOXKEHUS
JUHAaMUKHU CUCTEMBbI
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n
> F*-mw, o1, =0,
i=1
3alycKasi, TaKuM o0pa3oM, MexaHu3M 3emierpsceHuid. [lpu stom
TUIIOLICHTPHl 3E€MJIETPSACEHUH SIBIIIOTCS MeEJIKO(OKYCHBIMM, YTO U
BHIJAET TEXHOTeHHOE TMPOUCXOXKAeHUe 3emierpsceHus. Kpome Toro,
MaJible TMOTepU CEHCMHYECKMX BOJH HA IMYTH K MOBEPXHOCTH OT
MEJIKOQOKYCHBIX THIOLEHTPOB M OOBSICHAIOT BBICOKYIO pa3pyIIUTENb-
HYI0O MOIIHOCTh HABEAEHHBIX 3€MIIETPSACEHHH, I03BOJISI OJHO3HAYHO
OTIPEICIIUTh TEXHOTCHHBIA XapaKTep UX MPOUCXOXKICHUSI.
3. Bmecre ¢ Tem, Ham Hedero Bo3paszuth K. J. LlnoskoBckomy,
YTO «3emia — KONblOenb Yeogeuecmed, HO Helb3sl Jce 6EUHO JiCUMb 8
Konvibenuy. Tak Kak yCTPaHUTH MOCIEACTBHSI IPUPOIAHBIX KaTaKITU3MOB
HEBO3MOKHO (HCHB?:}I OXUBUTH HOFI/I6HH/IX J'IIOZ[GI‘/'I, BO3MECTUTH
MaTepuaNbHBIN yIiep0), TO eIWHCTBEHHBIM CIIOCOOOM 3allUTHI JIFOJEH
3eMJIH OT TOCJICACTBUI KaTaKJIM3MOB MOXKET JIMIIb MPO(QUIAKTHKA ITHX
KaTaKJIM3MOB, TO €CTh IIPEIOTBPAILECHUE CAMON MPUYMHBI BO3MYILEHUS
MarHutocepsl 3emsn MOyTEM IepeHoca BCEX KOCMOAPOMOB B
3anoJIsipHbIe IUPOTHL. BCIOMHUM, YTO Bce HALIMOHAIBHBIE KOCMOIPOMBI
NPEAMOYTUTEIHHO 0a3UPYIOTCS MTOOIIKE K SKBATOPHAIBHBIM IIHPOTAM.
[losTroMy enmHCTBEHHO OOBEKTHBHOW Mepon oOecredeHus
9KOJIOTHYECKON 0€30MacCHOCTH KOCMOHABTUKU MOJKET CTaTh BCEMHUPHBIH
MopaTopuii Ha 3amycku KJIA co Bcex KOCMOIPOMOB, IHIMPOTHI KOTOPBIX
MeHee 72°, OCTaBUB TOJIBKO MOJABHIKHBIE KOCMOAPOMBI «Omucceil» u
«Pycnan», KOTOpble BPEMEHHO, IO COOPY)KEHHS 3aIlOJISIPHBIX KOCMO-
JPOMOB, MOTYT BBIIOJHATh HEOTJIOKHYIO HArpy3Ky AJsi oOecredeHust
paboThI ACHCTBYIOIIMX KOCMHUYECKUX MMPOrPaMM, B TOM YHCIIE U 00ecIe-
yenne Qynkauonuposanust MKC, eciu 0azupoBaHne 3THX MOJIBHXKHBIX
KOCMOJIPOMOB 00€CTICUHTh 3a TPEeieiaMu IHpOThl 72°.
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Beptunckuii [laBen AnexceeBu4 — uieH EBpomnelickoit AkagemMun
EcrectBo3Hanms, coBeTHHK Poccuiickoii Akamgemun EcTecTBO3HaHUS,
aBTop Oopee 200 Hay4HBIX pabOT B 00NACTH (PU3UKO-MATEMATHUCCKHX
HayK, TEXHHYECKHX HayK, HayKH O 3emiie, MpoOJieMax pa3BHTHUS
HOOC(EpBI, SKOJIOTHUECKUX TEXHOJIOTHH, TIeIaror, HayYHbIH COTPYIHUK
LlenTpa oOmiemianeTapHbIX TeOCTPYKTYp Pycckoro @usudeckoro
Oo6mectsa (2013), nouérhsiii wieH Pycckoro ®usmyeckoro OOIecTsa.

R
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POJIb IBYOKHUCH YITJIEPOJA B TAPHUKOBOM
IDPEKTE

FO.E. Bunorpanosn

O ogyokucu yznepooa (RapHUKOGbIX 2a3ax) YCHMOAIOCH MAKoOe
MHeHue:

«... Ilapnuxoevie 2a3vi nponyckarom COIHEYHYIO IHEPUIO,
onoxupya eé ompaxicenue om 3emnu. OHU 3a0eprcuearom coHeuHoe
uznyueHue Ha noseepxnocmu 3emau. B pezynomame nazpesaromcs
HudicHue cinou ammocghepory (Llumama u3z nayunoii cmamou munoeozo
2eochuzuka).

U3 3moco muenus, ouesuono, ciedyem coenams 6ble00 0 HOM,
YUMo OMHbIHE 2a3bl CHAHYM HOJAYRPOBOOHUKamu menaomut?! B oony
CMOPOHY 2a3bl menionty 6y0ym nponyckama; 6 opy2yio — nem!

Ho mozoa eo3nuxaem eonpoc: Kak gouzuuecku 2azvt 6yoym mo
obecneuueams?

Omeem na eonpoc «Kax?» — om Jlanoay! — «Hvine yuénvie
CHOCOOHBL NOCIMU2AMb 0adice MO, Yezo He MOZym cede 6000pa3unv)y.

Or 4uero 3aBUCUT KIuMaT Ha 3emiie?

1. Monymenue obmenpunstoe. [Ipenmonoxkum, 4To MpaBHl Te,
KTO CUMTAET yBEIMYCHHE KOHIIEHTPAIMW JBYOKHCH YTJIEpOJia B aTMO-
chepe 3emin MPUYMHON TMOTEIUICHWS KiuMaTa. Torjga HUKEeCIemyro-
1Iee.

* VYBeNMYEeHHE TeMIIepaTypbl — MPUBOIWIO OBl K yBEIWYCHUIO
HUHTCHCUBHOCTHU THUCHHUIA OpFaHI/IKI/I B JIECaX U BO,Z[OéMaX, K TassHURKO
JIbI0B HOHHpHBIX IIarnokK, K TaAHHUIO JICIHHUKOB B FOan, K TadsHUK BCYU-
HOW MEp3IIOTHI, K JOTIOJHUTEIHPHOMY OT CPEIHEr0 3HaueHHS MPOTrPEBY
OKEaHOB. A W3BECTHO, YTO 3TH MPOIECCHI, MPUBOIAT K YBEIHMUYCHUIO
KOHIICHTpAIlMH YIJIEKUCIOTHI B Bo3ayxe. [lo ommubodHO#M Bepcun
BIUSHUS YTJIEKUCIOTHI HAa KJIMMAT, HarpeB aTrMocdepbl U3BHE — MpPH-
BOJIUT K JalibHEHIIIeMy nmoTeruieHno. U Tak — 63 OCTaHOBKHY.

* 11 Hao0OpOT — CHMIKCHHE COJCPIKAHUS YTIICKUCIIOTHI TPUBOIH-
J10 OBI K MTOXO0JIONAHHUIO, TIOTJIOIIEHUIO YIJIEKMCIOThI U3 BO3yXa OCThIBA-
IONUM OKEaHOM, 3aMep3arolleil BOJOW MpH 3aMOPKUBAHUM BEYHOM
Mep3JIOTBI n JICIHHUKOB HO.]'ISIpHBIX IIarnoK "u K )lanLHeﬁmeMy I1OXO0JIO-
JIAaHUIO U TaK 0€3 OCTAHOBKH.
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[Ipu 3T0# OMMOOYHON OICHKE POJIM BIUSHUS YTIICKHCIOTHI HA
KJIUMaT, CIy4YaiHOe TEIJIOBOE BO3JCUCTBUE Ha aTMOC(epy, BBI3BaBIIEe
OTKJIOHCHHE TEMIIEPAaTyphl OT CPEIHEro 3HaucHUs (TaJeHUe KPYITHOTO
METeOpHTa, KoJcOaHWe CONIHEYHOW IMOCTOSHHOW), HEM30SKHO MPUBEIIO0
OBl K M3MEHEHHIO CPeJHeW TemIepaTypbl Ha 3emie J0 BEeIWYHH, He
COBMECTHUMBIX C BO3MOXHOCTBIO CYIIECTBOBAHUS OWOJIOTHYECCKON KH3-
HU. 3eMits — Tu00 paszorpenack Obl, THOO0 3aMEp3a.

Opnaako 3eMisi IEMOHCTPHUPYET YIOHBHUTEIBHYIO yCTOHYHMBOCTH
TEMIIEPaTypbl BOKPYT HEKOTOPOH BEIWYHMHBI, JOIMYCKAIOIICH OHOJIOTH-
YECKYI0 JKU3Hb Ha MPOTSHKCHUU MULIHOHOB JIET, C HEOOJBIIMM OTKIIO-
HEHHEM TEeMIIEPaTypHI MIPH JeCTA0MIN3UPYIOIINX BO3CHCTBHAX.

OT0 MOKa3bIBaeT yIIepOHOCTh BEIOPAHHON POJIH IBYOKHCH YTIIe-
poza B BO3IyXe.

2. JlonyieHue anbTepHATUBHOE.

/leyokucs yenepooa 6 ammocghepe u npouue «<NApHUKOEbIE) 2a3bl,
Hnpu yeenuyeHuu ux KOHUeHmpayuu é ammocgepe yseauuusaiom nepe-
oauy meniomol u3 ammocghepvl 8 KOCMOc.

Torz[a HCpBOHpI/I‘IHHOﬁ TIIOTCIINICHUA ABJIACTCA aHTpOHOI‘CHHa)I
NCATCIIBHOCTh aTOMHBIX BHGKTpOCTaHHI/Iﬁ 158 SHCKTpOCTaHHHfI, CXKHUIar-
LIUX ODPUPOJIHBIN ras.

OTH BIIEKTPOCTAHIIMK HArPEBaOT aTMOc(epy CTrOpEeBIIMM TO-
oM. [Ipu 3TOM aToMHas JIEKTPOCTAHIUS BOOOIIE HE BHIOpachIBaeT
JIBYOKHCH yTJeposia B aTMOC(epy, a AIIEKTPOCTAHIIHSI, CXKUTAIOIIasl ras3,
BEIOpAchIBa€T, HO B KOJHYECTBE, HEJOCTATOYHOM JUISI TOTO, YTOOBI
BBIOPOIIIEHHBIH B aTMoc(hepy 00bEM JIBYOKHCH YIiiepoaa COAEHCTBOBAI
MOJIHOMY BBIBOAY TEILIOTHI M3 aTMOChephl B KocMoc. Beneacteue aToro,
atMocdepa 3emMin ieperpeBaeTcs.

Anekmpocmanuuu, crocuzaroujue KAMEHHbll Y20ib, 6bl0pPaAChIEa-
om 08yoKucu y2nepooa 6 ammocghepy CmoibKo, Ymo Yeeauuusaon
nepeoayy menjiomst U3 ammocghepvl 8 KOCMoc 00 MAKoll CMeneHu, Ymo
6bIBOOUMCST MEnomul Oadice 00.blue, uem eé evloenaemcsa om
COHCHCEHHO20 YA, U IMO NPUBOOUM K HOXOJI00AHUIO.
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OuHamuka rnobankHoOro norenneHus, 3apMKCMpoBaHHaA METEOCTaHLNAMM
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Pucynok 1. Temnepatypaslid Xox atMocdeps! 3emiu [1].

I'padmvku Ha pucynke 1 mokassiBatot, uro ¢ 1850r., ¢ yBemmue-
HUEM KOJIMYECTBA €KETOJHO CXKUTaeMOro KaMEHHOTO yIJIsl, KIUMaT CTajl
n3MeHsAThCs. C MOsIBICHUEM apOBO30B U MAPOBBIX MAIIMH IJIs1 IPUBOJA
3JIEKTPOTE€HEPATOPOB, C PA3BUTHEM LIEHTPAIN30BAHHOTO TEIUIOCHAOXe-
HUs (paboTalomMx HAa KaMEHHOM YIJie) — KOHIIEHTpAlHs JIByOKUCH
yriepoja B aTMocepe crana yBeludnuBaThCs, a TeMIeparypa arMocde-
pBI cTaja najath U gocturia MuauMyma k 1900 romy.

C nosBneHHeM ABUraTesleil BHyTPEHHETO CrOpaHHs B KOHIIE T10-
3aIlpoIUIOro BeKa, cTaja YBEIMYHUBATHCS JOJS TOIUIMBA U3 YIJIEBOAOPO-
JIoB (KepocHH, O€H3WH, crupT). Temmnepatypa atMocdephl cTaia IMOBbI-
IaThCs, IOCTUTHYB TOUKH nieperuda k 1940 r.

Ha nepuon ¢ 1937 mo 1980 roa mpuxoauTcst mepro1 MOBBIIIEH-
HOU BYJIKAHWYECKOH JESTeNIbHOCTH, C BHIOPOCOM JBYOKHCH YIiepoja B
atMocdepy. B pesynbrare, Temneparypa armocgepst ¢ 1940 roga, crana
pacTu MeJJIeHHEe.

[Tocne 1980 roga MHTEHCHBHOCTD BYJIKAHUYECKOH ACSITEIILHOCTH
ynana. I[lox pedicTBHEM TEMIOTHI, BBIACISIEMOM aTOMHOM M Ta30BOil
SHEPTETHKOW, B YCIIOBUSIX CHIDKEHUS IMOCTYIUICHHUS JIBYOKHCH YTIIEpoJia
OT BYJIKAHOB M ATOMHBIX 3JIEKTPOCTAHILIMH, B YCIOBHSIX BBITOJHEHUS
Kuotckux cornamenuii mo 60pbde ¢ SMHCCHEH MApPHUKOBBIX I'a30B —
Temreparypa arMmocgepsl cTaja ObICTPO PaCTH.
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Hecmotpst Ha OyHCTBO PacTHUTEIBLHOCTH, IOIJIOIIANONICH yrie-
KHCJIOTY M TIOBBILICHUE YPOKaWHOCTH, K CETOAHALIHEMY THIO KOHLECH-
tpauus CO; B aTMOcdepe He YObIBaeT, a yBeITNUNBACTCS.

DNEeKTPOCTaHIINU TPEIOT aTMochepy, a B pe3yibTare Mmporpepa-
FOTCSI OKEaHbI, BEYHAs] MEP3JI0Ta; BBIIEIIAETCS B aTMOC(Epy BYOKHCH
yriaepoga, HO KOJMYECTBO JBYOKHCH HE CIpPaBJSIETCSI C BBIBOAOM
TEIUIOTHI OT AJIEKTPOCTAHIMK B KocMoc (TeM Ooiiee 4To OyHCTBO pacTu-
TEIHHOCTH TPEMATCTBYET 3HAYUTEIHPHOMY YBEITHYCHUIO KOHIICHTPAIUN
OBYOKHCH B artMmocdepe), U Temieparypa arMochepbl MpomoiKaeT
YBEITMUMBATHCS HATPEBOM OT aTOMHBIX AJIEKTPOCTAHIIMM, BBI3BIBAs 3aCy-
XU, TTO’Kapbl M HABOJHEHUS, KAKUX HE TIOMHST CTapPOKIIIBL.

TombKO aTOMHBIMHA AIIEKTPOCTAHIIMSIME BOPACHIBAETCS CETOTHS B

- 17 o
atMocdepy TemnoBoi dHEprud Qarom. = 1.4-10°" kJ B rom. Oroit
SHEPTUU XBATAeT, YTOOBI SKErOAHO MOJHUMATh TEMIIEPATypy 3eMIIH Ha
0.3 rpanyca.

3a 62 roga oT JaThl BBEICHUS B CTPOM MEPBOI aTOMHOMN CTaHITUU
BO3/IyX MOT OBl MPOTPETHCS TEIUIOTOM OT aTOMHBIX JJIEKTPOCTAHIMHA Ha
9.2 rpamyca, HO aTMocdepa Mporpenach 3a 3T0 BpeMs (COBMECTHBIMHU
YCUJIMSIMH aTOMHBIX, Ta30BBIX, YTOJBHBIX AJIEKTPOCTAHIIMN U TEIIOTOH,
BBIICJIIEMOM JIFOJBMH U KUBOTHBIMHU) Bcero Ha 0.8 rpagyca. A mopkHa
Obl, COBMECTHBIMH YCHJHMSMH BCEX HarpeBarelieid, yBEIWIUTHCS
(Temmepatypa atmochepsl) Ha 24 Tpamyca.

[Mpupona 3amyckaer MeXaHW3M YCTPaHEHHUS! BPEIHBIX BO3JCH-
CTBHH Ha TeMIeparypy aTrMoc(epbl — M 3TOT MEXaHU3M CTPEMHTCS
YMEHBIIUTH BPETHOE BO3/ICHCTBHE.

Hamnume sToro mexaHm3Ma CTaBUT KPECT Ha NPaBHILHOCTH
pacxoero MHEHHUS O pOJIM NAPHUKOBBIX ra30B B MOTEIJICHUN KIIMMATA.

VBenu4yeHne KOHIEHTpPAMM NapHUKOBBIX Ta30B IPUBOJHUT K
AKTUBH3AIMU MPOIEAYPHl BBIBOAA TEIUIOTHI B KOCMOC. JTa MpoIeaypa
omucana B padore K.3. [uonkosckoro [2].

Ecnm Oyzner mpojomkaThes HapalliBaHUE MOITHOCTEH aTOMHBIX
M Ta30BBIX 3JEKTPOCTAHLHUH, TO 4Yepe3 HEKOTOPOE BpEeMs MPOU3OUIYT
W3MEHEHUS apaMeTpoB SKOCHCTEMBI 3eMiid. B axocucTeme ycTaHOBST-
csi OoJiee BEICOKHE TeMIIepaTyphl, OoJiee BEICOKUI YPOBEHB BOJIBI B OKea-
HaX, YBEJIMYMUTCS KOHLEHTPALUs MapHUKOBBIX ra3oB B aTMocdepe H
YBEIUYUTCS yiepd OT Kanpu3oB KIMMaTa (TOJBKO 3a CYET HABOJHEHUH
— yuiep0 YBEIHYIHTCS 10 OJTHOTO TPUIUIHOHA JI0JUIAPOB B TON).

IIpy cokpamieHHMH TOCTYIUICHHS! TEIJIOTHl OT aTOMHBIX H
ra3oBbIX (Ha METaHe) ANEKTPOCTAaHIUH, Yepe3 HEKOTOPOE BpeMsl KIIMMaT
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BEpHETCA B MCXOAHOE COCTOSHUE, HAapuMep, k 1950 romy, k Mopo3am,
TEMIOMY U TIOHATHOMY JIETY B CPEAHMX IIHUPOTaX.

Cnenyer npu3HaTh, YTO JIOTUKA YCTOWYMBOCTH SKOCHUCTEMBI
3emimu u uccnenoBanue K.O. IlMOIKOBCKOro, BBIBOABI M3 KOTOPOrO
OnucTaTeNnpHO MOATBEPIMINCH 0o0Jiee MO3IHMUMU HHCTPYMEHTAJIbHBIMU
M3MEPEHUSIMU TEMIIEPATYPhI B CTpaTocdepe A0 BHICOT 20 KUIOMETPOB U
BBIIIE (CM. PUCYHOK 2.), TOJDKHBI YO€IUTh CAMOTO OTOJTEIOr0 CTOPOH-
HHUKa Bpela OT NapHUKOBBIX ra30B B TOM, YTO €0 MHEHHE OBLIO OLIM-
OOYHBIM.

Ecmu obpatuthes k pucyHky 2 [3], To BHAHO, YTO HET BO3-
MOKHOCTH OOBSCHHUTH BBIBOJ| TEIIOTHI U3 aTMOC(Epsl B KOCMOC HHKAK,
KpOME Kak C IIOMOLIbIO TIPaBUTALMOHHOM TepMoanHamuku K.O.
[uonkoBckoro [2] , TMOSICHSIONIECH OBEICHNUE MAPHUKOBBIX Fa30B B Ipa-
BUTALIMOHHOM TIOJIE.

Tepmacchena (oHocdepa)

METeOpHl  Temnepatypa Mesociepa

———————————— — eTparonaysa — — 30

Crpatocdepa — &

030HOBbIN ¢NoJ

—10
——————— TPOMonaysa — ——

39epeomv' Tpon'ncqnpa
~100 -90 -80 -70 -80 -50 -40 -30-20-10 0 10 20 30 40 50C
s S e e e R T S
-140 -120 -100 -80 -60 -40 -20 0 20 ]40 60 80 100 120F

TennepaTypa

Pucynok 2. Pacnipenenenue Temieparypsl B crparochepe.

N3yuusiine oOBIYHYIO TEPMOIMHAMUKY YBEPEHBI, YTO BTOPOE
HayaJlo TEPMOJMHAMUKU HE JOIYCKaeT Nepefauy TeIsIoThl OT XOJOJ-
Horo cnost Ha BeicoTe 10—20 xm, Kk ropsiueMy cioto, Ha BicoTe 140 xwm.
Ho, tennora nepena€rcs oT XOJOAHOTO K ropsayeMy 0e3 3aTpar BHeEII-
Hell paboTsI, U U ATOTO HYXKHO, BCET0-TO:

4T00bI OBLTO rpaBuTanonHoe mone (1),
4T00BI B aTMOc(hepe ObUTH MapHUKOBbIe ra3sbi (1).
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OmHO W3 YyCIIOBHMU BBIBOIA TEIUIOTHI B KOCMOC — HAJIMIHE
MapHUKOBBIX Ta30B!

[TapHHKOBBIE Ta3bl — ITO Ta3bl, MOJSIPHASL Macca KOTOPBIX OTIIH-
9aeTcs OT MOJISIPHOM MacChl ra3a, COCTaBIISIOIIETO OCHOBY BO3/IyXa.

- A30T — OCHOBHasl COCTaBHasl 4acTh BO3[yXa; €ro JI0Js B BO3-
nyxe — 78.% , MonsipHas Macca 28.

- Jlonsa mapa Bozsl B Bozayxe — 0.2% Ha BBICOTE TOPBI DBEPECT,
IIPHU 3TOM €ro MoJsipHas Macca 18.

- Jlons nByokucu yriepoaa — 0,0395 %, e€ monsipHas macca 44.

- Jlomnst aprona — 0.93%, monsipuast macca 40.

- Jons xucnopona — 20.9% , mosnsipHas macca 32.

IIpu Temmepatype MuHyc 60 TrpamycoB — Ha BBICOTE€ TOPBI
DBepecT — MapoB BOBI B IATh pa3 O0JbIIe, YeM IBYOKHCH yTIIepoa.

Conepkanue aproHa B atMocepe B 23.5 pasza 0Oosnblie, 4em
JIBYOKHCH YIJIEpOJa.

CoBMecTHOE JIEWCTBHE aproHa M IMapoB BOIBI B atMocdepe, B
YCIOBUSAX 3€MHOTO TATOTEHHS, — 00ECIIEYHBAIOT MOJIEPKAHNE CPEAHEH
TEMIICPATYPLI KIIMMAaTa, CHUXKAasd BpPE€A OT BHCIIHUX ILCCTa6I/IJ'H/I3I/Ip}I'
FOIIUX BO3JIEMCTBHUI (HApUMep, OT U3MEHEHSI COTHEYHON aKTUBHOCTH)
npuOIM3UTENsHO B 25 pa3. be3 Takoro cHmkeHHs BpeAa, TeMIeparypa
aTMocdepsl ciiezioBaiia Obl 32 COTHEUHOW aKTHBHOCTHIO M, HA MHTEpBaie
HaOJIFOJEHUS 3a COJIHEYHOM aKTHUBHOCTHIO ¢ 1600r., m3MeHsiiach Obl
cpenHss TeMieparypa arMocheps! Ha 6 (IIecTb) rpaayCcoB TEMIEpaTyp-
HOM mKajbl [lenbcust.

JByokuch yriiepoga 3aleiiCTBOBaHA NPUPOJON B IPOLEAYPE
MOJIIepKAHMSI TEMITEPATypPhl IIPH BHEITHUX BO3ACHCTBUSAX Ha KIMMAT OT
PaCTUTCIbHOCTU W THHUCHUA OPraHUYC€CKHUX OCTATKOB, a BMECTE C
aproHOM M TMapaMH BOJbI B arMocdepe — 0cliadyiseT BpeaHOe
BO3/Ie¥iCTBHE Ha KJIMMAT — OoJiee 4yeM B 32 pasa.

CraTbs mnpu3biBaeT He 0OpOThCA C 3MHCCHEH JABYOKHCH
yIJepoaa, eciiv 1eIb 3TOH MUBUIM3AINNA — COXPAHUTh CPeLy OOMTaHUS
NPUTOAHOM 17151 OMOJIOrMYECKOM KU3HH.

bonee TOTr0, HY>XHO NPHUBETCTBOBATH )106BI'~Iy N CXKHUI'aHUC Ka-
MCHHOI'O YTJIA IIOTOMY, 4YTO Ha CAWHHIY TCIIOTHI, BLIJICJIS[GMOfI B
aTMocdepy, KaMEeHHbIM Yroyib BbLEIsIeT B 2.9 pa3a OoJiblIe IBYOKHUCH
yriepoza B atMocdepy, YeM MPUPOAHBINA Ta3 METaH.
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I[lo cytm — ecam OBICTPO 3aMEHHUTH ATOMHBIE PEAKTOPHI,
CKHTaolIie ypaH, Ha (DOPCYHKH, CXKHTAIOIIUE KaMEHHBIH yrojb, TO
MOXHO 32 10 JeT BepHyTh KIMMaT B ajickBaTHOE cocTosiHue. [lpu 3ToMm
QIIEKTPOCTAHIINM HAa TPUPOJHOM Ta3e Ooyblle HE CTPOHWTH, a BCIO
HEeJOCTAroIIyto 3Hepruto noiaydars or DOC (IHEPreTUKH OKpy’Karomeit
cpelibl), B KOTOPOH SHEPrOHOCHUTENIEM SBJIsieTcsl OecriaTHasl U Be3e Ha
3emiie JOCTYIHAs — TEIJIOTa OKPY>KAIOIIETo BO3ayXa.

Pacu€rel mo cTaHmapTHEIM METOAWKAM dYepe3 OJHTPOIHUI0 U
yAeIbHBIA 00BEM pabodero Tejaa MOKa3bIBAIOT, YTO CEOSCTOMMOCTh
9Hepruu, moiaydenHoi ot arperatroB DOC, oymet $0.005 3a kWh, Torma
KaK JIJIs1 yTOJMBHBIX DJIEKTPOCTAHIINN C€0eCTOMMOCTD dIEKTPOIHEPTUH HE
Oyner menbine, uem $0.025 3a kKWh.

[MogpoOHee 0 MpoeKTe MOAEPHHU3ALUN SHEPTETHKH C LENbI0
WCKITIOYEHUS e€ aHTPOIIOTEHHOTO BIIMSHHS Ha KIMMAT, MOYXXHO TTOTyYUTh
WH(POPMAITHIO —

y aBTOpa — pykoBoauteinsa mpoekra 90C — Bunorpamosa FOpus
EBrennesuua (ten. +495 687 1056), E_mail://vetto@nm.ru

i y aupekropa HUU snextpudukannm cenpckoro Xo3sucTBa,
I'HY BU3CX Poccenbxo3akangemuu, akagemuka PACXH, npodeccopa,
JOKTOpa TEXHUYECKUX HAYK, 3aBEAYIOIIET0 MEXIyHApOIHOU Kadempoit
IOHECKO "Bo3obOHoBmsiemast suepretuka..." — Jmutpus CemEHoBrua
CrpebkoBa. Axgpec: 109456 Mocksa, 1-ii BemnsikoBckuii mpoesn, 1.2.
Ten. J1.C. CrpebkoBa 8-916-836-1967, +7-499-171-1920.

BriBoAbBI M peKOMeHAal UM JJIs1 JaJIbHeHIINX UCCIIe10BAHMI

He BnaBasice B riyOMHY MpoOJieMbl, MOKHO MOKa3aTh, YTO TEO-
pust ManbTyca 0 nepeHacejeHun aHeTsl BepHa [[Ipumedanue pemak-
Topa: Teopuss MaJilbTyca U €ro COBPEMEHHBIX aJCNTOB MPEIHAMEPEHHO
HUCKaXCHA Ha J[BA MOPSJAKA 0 KPUTHYECKON BEIIMYMHE YCIIOBEUYECKOMN
MOMYJISIIIAN: 3eMJIT MOXKET MPOKOPMHTh U 00ECHICUUTh OJaroICHCTBHE
500 000 000 000 uenorek. — Bmagumup PoanoHoB], HO B J1t000M citydae
TpeOyeTcs COo3/1aTh MPOTPaMMbI MO ONTHMH3ALUU JOJIA IHEPTETHUKH
O0C u 3HEPreTHKH, CKUTAIOIICH KaMEHHBIN yTOJIb, UCXOS U3 TTOHMMA-
HUS TOTO, YTO:

1. TONBKO TOIUIMBO B BHJE KAMEHHOI'O YIJISI NPH CrOpPaHHUU
c031aéT MPEANOCHUIKH I CHUKCHHS CpPEIHEH TeMIlepaTypbl aTMO-
cdepsr;

2. CyIECTBOBaHHME JIECOB U IIOJIEBOJICTBA YMEHBIIACT JIOJIO
YIJICKUCIIOTHI B aTMOC(epe, TOPMO3HUT BBIBOJ TEIUIOTHI B KocMoc. [Ipu
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MOCTOSIHHOM TIO/IBOJIC TEIUIOTHI OT ATOMHBIX AJIEKTPOCTAHIIHH, OyHCTBO
pacTEeHUN MOMOTaeT aTOMHBIM 3JIEKTPOCTAHIMSAM YBEIHUUBATH CPE.I-
HIOIO TEMIIEpATypy Ha MJIaHETE;

3. yBeNMYEHHE TIOTOJIOBbSI CKOTAa W YBEIUYCHHE YUCICHHOCTU
Jofell pazorpeBaeT arMoc(hepy HampsIMyIO — M3IIy9eHHEM Tella JIoAeH
W KUBOTHBIX. KpoMe TOro, yBeM4eHHE JKUBOTHBIX M YEIOBEKA TPEOyeT
YBEIUYCHUSI POU3BOJICTBA KOPMOB, TO €CTh YBEJIIMUEHUS MTOJIEBOJICTBA —
MOTOMY, >KHBOTHBIE HANPSAMYIO Pa30oTrpeBaroT atMocdepy, a pacTeHHs —
oTOMpast YIIIEKUCIOTY W3 BO3IyXa — CO3JAlOT MPEIIMOCHUIKH IS
MOTEIICHUS KIINMATa;

4. ckuraTh KaMEHHBIH YTOJIb TOJE3HO — YTIEKHUCIOTa KOMIICH-
CHUPYET BpeJ OT IEPEUNCIICHHBIX BBIIIE (DAKTOPOB;

YTo HYKHO C/1eJIaTh 10 TOr0, KAK KOHYATCS MPUPOJAHBIE 3aNaChI
KAMEeHHOI'0 YIJIsi

5. Tpebyetcs pa3paboTaTh HPOIEIYpPhI YIIPABICHUS aTMOc(ep-
HBIMH Ocafkamu. J[ist 9Toro mpuagrcst mpu MOMOIIM peodpazoBaTenei
TEIUIOTHI aTMOC(EPHOTO BO3yXa B JIEKTPOIHEPTHIO CO3/1aBaTh 00JIacTH
MMOHMKEHHOM TEMICPATYypbl W TMOHMXCHHOI'O [JAaBJICHUA B BCPXHUX
obmactsax crparocepsl. [lomydeHHass 3meKTpUYECKas SHEPTUS MOXKET
OBITH MCIOJIB30BaHA IS AIEKTPOXUMHUYECKOTO PA3JI0KEHHUS BOJIBL.

(K cBegenuto umtarens. [leiicTByromniie aBTOPCKHE MAaKEThI
npeobOpasoBareneii «30C» pa3paboTaHbl, HCHBITAHBI U TMOKA3bIBAIOT
NOTECHIHAIBHYI0 SKOHOMHUYECKYIO LENecO00pPa3HOCTh CO3aHUs IPeo-
OpazoBaTeneii).

6. AMEKTPOXUMHUECKOE Pa3I0KEHHE BOABI HAET C MOTPEOIICHUEM
TETIOTHI, YTO YK€ XOPOILO;

7. BBIOpOIIEHHBIE B BO3AYyX NPOAYKTHI DPA3JI0XEHHUS BOIBI —
BOJIOPOJ] U KHCJIOPOJ — YBEJIWYAT KOHICHTPAIHIO THUX T'a30B B aTMO-
cdepe. Kucinopon u BoJopos — MapHHUKOBBIE T'a3bl, HO KPOME TOTO —
KUCIIOPO OyIeT COAEHCTBOBAaTH OKHCIICHHIO OPraHMKH B Jiecax — C
BBIACJICHUEM JIBYOKHCH YTIJIEpOA. DTO O4YEHH XOpo1mo Iajid CHUKCHUA
cpenHel TeMiepaTypsl aTMochepsl;

8. yBennueHHe KOHIEHTPAIlMU BOJIOpOJa B atMocdepe co3naér
MMPEAITIOCBIIKK K BKIHOYCHUIO JOIOJIHUTCIIBHOI'O aq)(i)eKTI/IBHOI‘O Mexa-
HU3Ma BBIBOJIA TEIUIOTHI M3 aTMOC(epbl B KOCMOC (BOJOPOAA CETOJIHS
MaJjio B atMoc(epe — CTaHeT MHOTO).

9. co3maHme PYKOTBOPHOIO MEXaHW3Ma BBIBOJIA TEIUIOTHI B
KOCMOC 4epe3 YBEeIMUEHHYI0 KOHIIEHTPAIUIO BOJIOpoaa B atMochepe —
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IIO3BOJIMT HE HaKIaJAblIBaThb CYPOBBIX U HE 000CHOBaHHBIX OFpaHPI‘IeHHﬁ
Ha 4YHCJIICHHOCTb J'IIOI[CI;'I, JKHBOTHBIX U O0BEM MOJICBOACTBA U JIeCOpa3-
BCIOCHMU.

IOpwuit Bunorpanos. 24 centsops 2013r.
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Pycckoe ®usmyeckoe OO1IecTBO

BJIUSHUE TOILIMBOCKHUTAIOIIENA SHEPTETUKH
HA KIIUMAT

IO.E. Bunorpanos

1. Texyiee cocTosinue MOHUMAHUS POOIEMBbI.

CymectByer MHeHne, uto ['pedeckue 6oru Hakazamu [Ipomeres
HE 3ps: 9HEeprus, A00bIBaeMasi MPOCTHIM CKUTAHUEM YTJIEBOIOPOIOB U —
TeM OoJiee — SACPHOTo TOIUIMBA, YBOJUT IUBIIU3AIMIO B HHBOMIOLHUIO, K
Pa3pyILIEHHIO Cpeabl OOUTaHUSI.

B mHacrosmee Bpemsi 0OIIECTBEHHOCTH 00ECMOKOEHA PE3KUM
M3MEHEHUEM KlInMarta Ha 3emiie, KOTOPOe 00OCTPHIIOCH C BHIIOJTHEHUEM
pemenuit Kuorckoro mnpotokoma 1997r. UYenoBeuecTBO Bc€ uaiie
CTaJIKUBACTCSl C MPUPOAHBIMU AHOMAIUSIMH, WHTCHCHUBHOCTH KOTOPBIX
HE MOMHST CTapOXWjbl. MHOTME CUHTAIOT, YTO M3MEHEHUS CBSA3aHBI C
OJHOM M3 aHTPOIIOT€HHOMW JIESITENHHOCTBIO YEJIOBEKA — C IHEPTETUKOM, a
Jpyrue TEOPETHKH CUUTAIOT, YTO 3TO LUKINIECKOE U3MEHEHHUE, CBSI3aH-
HOE C AeATenbHOCThI0 CoNHIa.

Ho, Teopusi, He noaTBEpKAEHHAS pacd€TaMHu — 3TO HE TEOPHs, a
MIPEIO0KEHUS.

OKcIepThl 0’KUAAIOT: Yepe3 HECKOJIBKO JIET, B MUPE, €KETOIHBIN
yiepO TOJIBKO OT HABOJHEHHUH MPEBLICUT OJIWH TPHJUTUOH JIOJUIAPOB.

[ToBo/TOM AJIsT CTATHU CTAIO pacxokee YTBEPIKACHHE O TOM, YTO
MApPHUKOBEIE Ta3bl (B YaCTHOCTH, MOBBINICHHWE KOHIIGHTPALMU B aTMO-
ctepe aByokucu yrieposa (yriekuciorsl) — CO,), Ipu YBEITUYCHUH UX
KOHIICHTPAIINH B BO3/[yX€, BEI3BIBAIOT IMOTETLICHHE KITMMATA.

[Ipeanonoxum, yto 310 Tak! Torga —

YBenuueHne TeMrepaTypbl IPUBOIUIO OBl K YBETHUCHHUIO WH-
TEHCUBHOCTH THUCHUS OPTaHUKHU B JIeCax W BOJAOEMAX, K TASHUIO JIbIOB
MOJISIPHBIX IIANOK, K TasHUIO JICAHUKOB B TOpax, K TasHUIO BEYHOU
MEp3T0Thl, K TMPOTrpeBy OKEaHOB. A H3BECTHO, UYTO 3TH MPOLECCHI,
MPUBOMIAT K YBEIMYCHHUIO KOHIICHTPAITUU YTJIEKUCIOTHI B Bo3ayxe. [lo
OIMMOOYHONH BEpPCHM BIUSHHUS YTICKUCIOTHI HA KJIMMAaT, Harpes
atMocdepsl U3BHE — MPUBOAMII OBl K TaTbHEHUIIIEMY MTOTETUICHUIO!

M Ha000pOT — CHMKEHUE CONEPIKAHMS YTICKUCIOTHI PUBOIIIIO
OBI K ITOXOJIOIAaHUIO, TIOTJIONMIEHUIO YTIEKUCIOTH U3 BO3yXa OCTHIBAIO-
OIMM OKEAaHOM, 3aMep3arolleil BOJIOM MpU 3aMOpPaXUBAHUU BEYHOU
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MEP3IOTHI W JIGAHUKOB, TIOJSPHBIX MIANOK M K JAbHEHIIEeMYy MOXO0JIO0-
JTaHUIO!

ITpu 3TO¥ OMIMOOYHOMN OIEHKE POJIM BIMSHHUS YIIIEKHACIOTHI Ha
KIIMAT, CIy4ailHOe TEIIOBOE BO3JICHCTBHE Ha aTMOc(epy, BhI3BaBIIce
OTKJIOHEHHE TEeMIepaTypbl OT CPEJHEro 3HaYeHHs (MaJieHHe KPYITHOTO
METEOpHUTa, KOJICOAHHE COMHEYHON MOCTOSHHON) HEM30EKHO MPUBEIIO
Obl K U3MCHEHHWIO CpeJHeH TeMmrepaTrypsl Ha 3emiie 10 BEIHYHH, HE
COBMECTHMBIX C BO3MOXKHOCTBIO CYIICCTBOBAHHUS OHOJIOTMYECCKOM
JKU3HU. 3emutst 1100 pa3orpesnach Obl, JIHOO 3aMep3ia.

Onnako 3eMist AEMOHCTPUPYET YAMBUTCIBHYIO YCTOHYHBOCTH
TeMIIepaTypbl BOKPYT HEKOH BETUYWHBI, TOMMYCKAOIIEH OHOJIOTHIESCKYFO
JKU3Hb HA MPOTSDKCHHH MHJUTHOHOB JIET, C HEOOJNBIINM OTKIOHECHHEM
I0]T BO3JICHCTBHEM JE€CTAOMITH3UPYIONUX (haKTOPOB.

3T0 MOKAa3bIBACT YIEPOHOCTh BHIOPAHHOW POJIH IBYOKUCH YTJIC-
poza B BO3IyXe.

2. llonbITKa moABeCTH HAy4YHYI0 0a3y moj yumepOHOCTH
ATOMHOI 3HEePreTUKH.

[ToueMy He cenaHo TaKUX MOIMBITOK PaHblIe?

K coxanenuio, reopusnkoB u reorpadoB HE y4aT TepMOJAWHA-
MHKE, TeM OoJyiee TpaBUTALMOHHOW TEpMOAMHAMUKe HE oOyuatoT. B
yacTHOCTH, B Poccun, B PAH HeT oTaeneHus mo TepMOIWHAMUKE, HET
COBETa JIJIA 3allUThl AUCCEPTAlMK MO TepMoAauHaMuke. Het oTneneHuit
o TepMonnHamuke 1 B HAH npyrux crpan. O4eBuiHO, C MOSIBICHUEM
JOCTaTOYHOI'O KOJUYECTBA AJIEKTPOIHEPIHH «OyXTanTepbl», YIPaBIIsio-
1€ MUPOM, TPUIIITH K BBIBOAY, YTO MOXKHO COKPATUTh 3aTpaThl HA Ha-
YKY, UCKITFOYHMB TEPMOJMHAMUKY U3 aKTyaJIbHBIX BUJOB JESTEIbHOCTH.

Ho, 6e3 TepmoanHamMMKM Tak W OCTaJMCh HEpas3raJaHHBIMH
TailHBI MapHUKOBOrO 3(ddekra, TallHBI NMUTaHWS SHEPrHEed TOPHAJIO,
Oosiee TOro, caeNaHbl HEBEPHBIE IAard ¢ MoJIa4u reo(U3uKOB (TIPUHSTHI
Kuotckue cornamenus), KOTOpble MPHUBEIM K IPOTHBOIOJIOKHOMY
¢ deKTy: KIUMaT cTajl U3MEHAThCS B MOJb3Y HMapHUKOBHIX 3(dexToB
Jlaxke ¢ 0osbled ckopocThio. OCcoOCHHBIE, HE BUIAHHBIE CTAPOIKUIIAMH,
W3MEHEHHUs] KJIMMaTa Ha4daJluCh IIOCJIE TOTrO, Kak CTajl W3bIMaTh
JBYOKHCH YIJIEpOJia U3 BO3AyXa M 3aKauMBaTh €€ B HE(TSIHbIEC TUIACTHI C
[ENBI0 YBEIWYCHUS JIABJICHUS B TUIACTaX M yBEJIMUYeHHs jeOuTa HedTs-
HBIX CKBa)KHH.

Hannuume xoppenduny NOBBINIEHHWS CPEAHEN TEeMIEpaTyphl aT-
Moc(hepbl ¢ NOBBIIEHHEM KOHIIEHTPALUK B aTMocdepe 3eMITi IByOKUCH
yriaepoja W HEKOTOPhIX ApPYTruX ra3oB (MeTaHa, MapoB BOXBI) HE
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BBI3BIBAET COMHEHHS BO BcEM Mupe. Ho B mpecce cTaiu TOBOPUTH O TOM,
YTO TOBBIIICHHE KOHICHTPAMH MAPHUKOBBIX Ta30B MPUBOIUT K
MOTEIICHHI0O — mapHukoBoMy J3ddekry. Ilepenyrana npuumHa wu
ciencTBre. DKoJoru Poccuu, moarankiuBaeMple MPECCOoi, BKITFOUHIINCH B
00prOy Cc BrIOpOCaMu (3MEICCHEH) MaPHUKOBBIX Ta30B B TEXHOJIOTHYEC-
KX TpOLeccax MPOM3BOJACTBA TOBAPOB M yCiyr. OcoOEHHO AOCTAETCs
YrOJIBHOM SHEPTeTUKE 38 SMHUCCHUIO YTICKHCIOTHI B aTMOCheEpy.

Jpyras Bepcusi, 3T0 O TOM, YTO «ITAPHUKOBBIE Ta3bD» — 3TO Ta3bl,
yBEJMUEHHE KOHICHTPAlMH KOTOPBIX B arMoc(epe yMEHBINAET MOTel-
JICHHE KJINMaTa.

K crnoBy ckazats, CILIA He ywactByrorT B Kuorckmx cormarre-
HUSX; U MHOTHE, KaK (PU3WKH, TaK M MOJIUTHKH, TaJAlOT: HEyJacTHE
CHIA mnpoucxogut mo npuuuHe Bo3HHKIIEro B CIIIA mnonmmanus
(U3MKH TPUPOIHBIX TPOIEYp CTA0MIM3alUN TEMIEpaTypsl atMocde-
PBIL, WIIA TI0O SKOHOMUYECKHUM U TIOJTUTHIECKUM COOOPAKEHIISIM.

B Poccum (we mnomsarHo, mnoyemy) PAH wne pa3Besiia
3a0uyskaeHue o pacxoxeii Bepcuu poin CQO; B U3MEHEHUU KIUMaTa U
MTO3BOJIMIIA TIPECCe TePenyTaTh MPUIUHY U CIECTBUE TOTETICHISL.

Ha camom nene mpu4nMHOW MOBBINICHUS KOHLIEHTPAIUU JBYO-
KHCH yriepoJia B atMocepe sBISIeTCs IIeperpeB aTMOCqepbl AaTOMHBIMH
AIIEKTPOCTAHIMSIME U DHEPreTUKON, OCHOBAaHHOW HAa CKUTAHHUH YTIIEBO-
IopofoB U MeTaHa. [Ipu HarpeBe aTMocdepsl 3eMIIM BBIIIE CPEIHETO
3HAYEHUs TeMIepaTyphbl — IPUPO/Ia 3aITyCKaeT MEXaHNU3M CTaOMITN3AIH
TEMIIEPaTyphl; U MEXaHW3M OCHOBaH Ha H3BJIICUCHHH W3 3aIlaCHUKOB
MIPUPOJIBI ABYOKUCH YTIIEPOJa W BBIHOC JIOTIOHHUTEIBHOTO KOJIHMYECTBA
JBYOKHCH YTJIepoJia W3 TPHUPOJHBIX «3alacHUKOB» B arMocdepy.
JononHuTensHOE KOMndecTBO AByokucH yriepoaa (CO;) cmocobeTByeT
YBEIHUUEHHIO KO3 (DUIEeHTa Tlepeiaur TEeIUIOTHl OT aTMocdepsl 3emMiy,
HarpeBaeMoii COJHIIEM | JIFOJIbBMH — B KOCMOC.

B crarbe cienana monbITKa MOMYJISIPHOTO OOBSICHEHUST MEXaHH3-
Ma BBIBOJIa TEIUIOTHI OT 3eMJIM B KOCMOC (JOCTymHasi IJisi IOHUMaHHUS
JaKe IOPUCTaM{, SKOHOMHUCTAaMH M YYEHHKaMH CpPEJHEW IIKOJbI).
ITokasano, kak mpu momoiru «iaemona K.O.IluonkoBckoro», ¢ o0s3a-
TEJNBHBIM YYaCTHEM «IApHUKOBBIX Ta30B», TEIUIOTA IMOKHIAET aTMO-
chepy 3emum.

[Ipobnema BbIBO/A TEIUIOTHI M MOHWMAHUS MPUPOJIHOTO Mexa-
HU3Ma CTAOMIM3AIMK TeMIIEpaTyphl aTMOC(ephl 3eMII 3aKII0YaeTCs B
TOM, YTO BBILIE o cTpaTtochepsl Ha BeicoTe oT 10 10 20 KHIIOMETpOB
OT ypOBHSI MOpsi, Ha BbicoTe 140 KMIOMETPOB — JIEKUT CIOH BO3ayXa
bosee ropsunii (temmeparypa Ha 100 rpaaycoB OoblIe).
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B cOOTBETCTBHH C CYIIECTBYIOIIECH IMPAKTHKONW HEOOOCHOBAHHO
pacUIMpeHHOro MPUMEHEHHsI BTOPOTO Havyaja TePMOAWHAMUKH, TETIOTa
¢ BbICOTHI 0T 10 10 20 KWIOMETPOB — HE MOXKET MEPEeXOaUTh K Ooliee
ropsiaeMy cioro Ha BbicoTe 140 KMIOMETpOB U Jajiee B KOCMOC.

Ecnu moHATH 3TOT MeXaHW3M Iepenady TEIUIOTHI OT XOJOAHOTO
K ropsueMy Oe3 3arpaT BHEIIHEH paboTbl — CTaHOBHUTCS MOHSTHBIM
MEXaHU3M TEPMOCTaOMIN3aK aTMOC(EPHI TIIAHETHI.

Ecmm xopoTko, TO yBenmueHnue koHreHTparun CO, IpUBOANT K
AKTUBH3ALMHU MPOLEAYPHl BBIBOAA TEIUIOTHI B KOCMOC. JTa Mpoleaypa
ommcaHa B pabdore [{uorkosckoeo K.O. Bropoe Ha4ano TepMOAHMHAMUKH.
Il Kypuan Pycckoii ®usmyeckoirt Mepiciu, «KPOMy», 1991, Ne 1,
ctp.22-39. (Ilepas  myOnmukamms —  Kamyra, Tumorpadmus
C.A.CemenoBa, 1914r.). B cratee maH pacyér KOIMYECTBA TEIJIOBOM
SHEPTHH OT CKUTAHWS TOIUTMBA B TEYEHHE OJTHOTO Tojia ¥ TIOKAa3aHOo, YTO
STOW TETUIOTON Ka)XIbIi TOJl JOJDKHA OBl YBEIMYMBATHCS CPETHSS TEM-
neparypa Bo3ayxa Ha 3emie Ha 1.1 rpaayc.

Pacuér ckopocTtu HarpeBa 3emiu npuse€H B [lpunosxkenun 1.

Atmocdepa 3eMiau TporpeBaeTCs Ha MEHBIIYIO BEITUYHHY, YeEM
1.1 rpagyca B roag moroMmy, 4Tto 3emiis, KaK >XHBO€ CYIIECTBO —
COIIPOTHUBJIIACTCA MOOIIOJHUTCIbHOMY HArpCeBy M 3allyCKacT MCXaHWU3M
crabunm3anuu TemnepaTypsl. [IOHATHO, YTO MONHOW KOMIICHCAITUU
BPEIHOTO BO3JIEHCTBUS (IOMOJHUTEIHFHOIO HAarpeBa) HE MOXXET OBITh
00ecre4eHo B CHCTEME aBTOMAaTHYECKOTO TOJIEPKAHUS TEeMIIEPaTyphI.
Bce cucteMbl aBTOMaTHYECKOTO PEryIUPOBaHUS 003aTE€IbHO JTOJIKHBI
UMETH MOTPENTHOCTh PErYIHPOBAHUS — HEKOTOPYIO BEIUYNHY OTKJIOHE-
HUS OT CpeiHEro — 0a3MCHOrO 3HAYCHUS CTAOMITM3UPYEMOro IapaMeTpa.
B Tom umcne, He MOXKET 00ecneunTh MOJIHYI0 KOMIICHCAIHI0 BOpoca
JTOTIOJTHUTEIHHOM TEIUIOTHI SHEPTETUKAMU 3eMIIM M MEXaHNU3M CTaOWIIH-
3al[U TEMIIePaTyphl Ha 3eMJie, OJJHAKO 3TOT MEXaHHW3M CHIKAET Bpell-
HOE BO3JCHCTBUE OT JOMOJIHUTEIHLHOMN TEIIOTHI B 22 pasa.

[Ipu cerognsmHEM ypOBHE TEIJIOBOTO BO3ICHCTBUSI aTOMHBIX U
CKUTAIOLINX Ta3 AJIEKTPOCTAHLIMH, HOBOE YCTaHOBMBIIEECS COCTOSHHE
KJIMMaTa SKCIepTaMu OLHCHUBACTCA KaK TaKO€, ITPU KOTOPOM (He cuuTas
MOXapoB M 3aCyX) ymepOd TOJNBKO OT HABOJHEHWI COCTaBHT OoJee
OJTHOT'O TPUJUIMOHA JI0JIJIaPOB B TO/I.

Ecnu denoBeuecTBO TOTOBO IUIATUTH TaKyl0 JlaHb B PE3yJIbTaTe
0e3MyMHOTO PACIIMPEHHUS AaTOMHBIX JJEKTPOCTAHIIUNA, TO MOXKHO
JaNbllle HEe YMTaTh U HE MBITATHCS Pa3o0paTbcs B TOM, KaK CPEIHIONO
Temreparypy armocgepbl 3eMiId YeJIOBEK MOXKET MOAJEpKHBAaTh Ha
CBOE YCMOTpEHHUE Y HE0OXOIUMOT0 M ONITUMAIILHOTO 3HAYCHUSI.
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Cpennsis TeMmepaTypa aTMoc(ephl ¢ TCYCHHEM BPEMEHH PACTET,
0co0eHHO, Mmocye BhIMONHEHHs pereHnii Knotckoro nmpotokona 1997r.
(cM. pucyHok 1.)
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Pucynok 1. TemmepatypHasblid Xoa atMocdepsl 3emiu [5.7].

I'paduku pucynka 1 mokaseiBaroT, uto ¢ 1850r., ¢ yBenmnuenneM
KOJIMYECTBA €KETOJHO CKUTaeMOro KaMeHHOI'O yIJis, KIMMaT CTal W3-
MeHAThCsI. C MOSIBIIEHWEM MMapOBO30B W MAPOBBIX MAIIWH IS IPUBOJA
AIIEKTPOTEHEPATOPOB, C Pa3BUTHEM IEHTPAIM30BAHHOTO TEIUIOCHA0-
keHUs (paboTarImuX HAa KaMEHHOM YIJie) — KOHIEHTpAIWsl BYOKHCH
yriepoga B arMoc(epe crana yBEIMYMBATHCS, a TEMIIeparypa aTMo-
cepsl cTana majgath u gocTuriia MuHUMyMa K 1900 roxmy.

C mosBneHWEeM [ABUraTelled BHYTPEHHETO CrOpaHHs cCTaja
YBEITMYUBATHCS JIOJISI TOIUIMBA M3 YIJIEBOJOPOJOB (KEpOCHH, OCH3WH,
crupr). Temmneparypa aTMocepbl CTajla MOBBIIIATLCS, TOCTUTHYB TOY-
ku riepernda k 1940 r.

Ha nepuon ¢ 1937 mo 1980 roa mpuxoauTcst mepro1 MOBBIIIEH-
HOH BYJKAHHMYECKOW JESTEIHHOCTH, C BRIOPOCOM JBYOKHCH YIJIEpOJA B
atmocdepy. B pesynbrare, Temrieparypa arMocepsl Iociie TOUKU Iepe-
ruba rpaduka cpenHeil Temmeparypsl mo rozam, ¢ 1940 roma, crama
pacT MeJJIeHHEe.

[Tocne 1980 roga HUHTEHCUBHOCTD BYJIKAHUYECKOM AESITEIbHOCTH
ynana. I[lox pedicTBHEM TEMJIOTHI, BBIACISIEMOM aTOMHOM M Tra30BOM
SHEPTEeTUKOW, B YCIOBUAX CHIDKECHUS MOCTYIUICHUS IBYOKHCH YyTiiepoaa
OT BYJIKAHOB U aTOMHBIX DJIEKTPOCTAHIIMN — TeMIiepaTypa arMocheps
cTaJia OBICTPO PaCTH.
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Kazanoch Obl, pacTeHUS, pE3BUBIITHECS OT ITOBHIIIICHHON KOHIICH-
TpaIyy JBYOKUCH YTIIEPOJia B PE3yJIbTAaTe MOBBINICHHON BYJIKaHUYCCKON
nesarenpHocT 1937 — 1980 romos, 3a HeckoabKO JieT mocie 1980 roma
MOTJIH OBI TOTJIOTUTH W3 aTMOC(epbl H3IWIIKK JIBYOKHCH YTIEpoja,
MOSIBUBINIIECS B aTMOC(EPE OT BYITKAHIIECKON AESITETHHOCTH.

Ho, HecmoTps Ha OYHCTBO pPaCTHTEIBHOCTH W TOBBIIICHUE
YPO’KaiHOCTH, K CeroHsIIHeMY AHIO KoHIeHTpaius CO, B atMocdepe
He yObIBaeT, a yBeIMUNBAETCs. DIEKTPOCTAHIINH TPEIOT aTMochepy, a B
pe3yJibTaTe TPOTPEBAIOTCS OKCAaHBI, BEYHAS MEP3JIOTa, BBIACISACTCS B
atMoc(depy IBYOKHCH yIJIepoJia, HO KOJIMYECTBO JIBYOKHCH HE CITPaBIIS-
€TCs C TEeIUIOTOM OT 3JIEeKTPOCTaHIuil (TeM Ooree, 9To OyICTBO pacTu-
TEIBHOCTH TPETATCTBYET 3HAYUTEIHPHOMY YBEITHYCHHIO KOHIICHTPAIIUN
JIIBYOKHCH B atMmocdepe) W TemrmepaTypa aTrMoc(epbl IMPOI0HKAET
YBEIMYNBATHCS HATPEBOM OT aTOMHBIX JIEKTPOCTAHIIAN, BHI3BIBAS 3aCy-
XU T0Kapbl 1 HABOTHEHMS.

Ha xnuMmaT MOXeT BIUATH U3MEHEHHE COJIHEYHOW MOCTOSIHHOM
(puc.2.), HO...

W3meHeHne Temmepatypsl OT HarpeBa aTMoc(epsl AJIEKTPOCTaH-
musmu (6omee 1.1 rpamyca B TOH) COCTAaBIS€T OTHOCHTEIHHYIO
BEIIMYMHY K CpejHei Temmnepatype armochepst (273°K) Benuunny 0.4%
(1.1/273 = 0.004).

H3MeHeHne COJTHEYHOW MOCTOSHHOM B TOJ MHOTO MEHbBINE W
cocrasiser Beero 0.015% (dWm? = 1366.5 - 1364.5) / 1365 = 0.0015)
Ha uHTepBasie Bpemenu B 100 net (ot 1891r. 10 1991 1.).

*** MaJleHbKO€ 3HAYCHHE MPUYMHHOTO BO3JICUCTBUS HE MOXKET
BBI3BATh OOJIBIIOE CIIEJICTBUE, €CIIA CHCTEMA YCTOWYHBA.

Model 1 for the forecasting of Solar activity
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Pucynox 2. JIuHUS KENTHIM LIBETOM — M3MEPEHHBIC 3HAYCHUS,
JIMHUS 3€JIEHBIM [IBETOM — POTHO3HbIE 3HaUeHus [5.8].
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Ha xsmmar MOXeT BIMATh U3MEHEHUE U BYyJIKaHUYECKas aKTHB-
HOCTb. B HEKOTOpBIE OBl OTKIOHEHNE MHTEHCHUBHOCTH BYJIKAHUYECKOM
JESITeIbHOCTH OT HOPMBI perucTpupoBaiack A0 25%, a y4yuThIBas, 4TO
BBIOPOCHI ITAPHHUKOBBIX Ta30B BYJIKaHAMH COM3MEPHUMBI, AaXe B Cpel-
HEM, C JOJIeH Ta30B, 0OABISIEMbIX 3JIEKTPOCTAHIMAMU — BIUSHUE BYJI-
KaHU3Ma JIOJDKHO OTpakaThes HA TOBEACHUM KIIMMaTa M CpeiHEed TeM-
nepaTypbl aTMOCQEPHI.

BBuny 60:1b110T0 BIMSHUS ByJKaHU3MA HA KIUMAT, aHATIU3UPYS
BYJKAaHHMYECKYI0 aKTUBHOCTH B MPOLICIIIEM TOAY MOXXHO HPOTHO3UPO-
BaTh MOBEJCHME KIIMMATa B TEKyIIeM Tofy, Yepe3 ol — /Ba, B 3aBU-
CUMOCTH OT HHTEHCUBHOCTH NPOIUION ByJKaHUYECKOM akTUBHOCTH. Ha
pucyHKe 3 mpuBenEH rpaduK ByTKaHUIECKONH aKTUBHOCTH [5.7].

B patione 40-x — 50-x ro1oB MpoIIoro Beka pa3Max KojieOaHui
MHTEHCUBHOCTH BYJKaHHYECKOW AaKTUBHOCTH JocTturain 25% ot cpen-
HEro 3HaueHHs BYJIKAaHH3MA (€CIH YX TOBOPHUTH O CTEICHH BIIMSHUS
BYJKAHMYECKOW aKTUBHOCTH Ha KIUMAT).

*#* CotpynHuUKH oTAena AHdHepOe y ['mTiiepa MOMKHBI OBUTH
01 mpemocrepeusr Apmombpda ['mrmepa or moxoma B Poccuro mocne
BBIJIAIONIEHCS ByIKaHHMUECKOW akTuBHOCTH 1937-1939r.1. (puc.3.)

HyxHo ObImo OBl mpearnonaraTh, 4TO WHTEHCHBHBIC BBIOPOCHI
BYJKQaHMYECKHX Ta30B B MPEIbIAYIINE OBl MPUBEAYT K MOXOJIONAHHIO
KJIMMaTa B IOCJeayIole OAuH-1Ba rojna. [luk moxomomanust npuimén
Ha 3uMy 1941r. BajeHku u Tymaynbl HY>KHO OBUIO 3amacaTh THTIEPOB-
CKOM apMmuu, BTOprayBiueiics B Poccuto B 1941r.

Ha rpaduke BynKaHH4YeCKOM AKTUBHOCTH MOXHO OTMETHUTH
ouepe/Hble MUKH ByJKaHW4deckod akTuBHOCcTH 1950-1955r. m 1980-
1970r., B TeueHHe KOTOPBIX BHJCH MOJOTHH Y4acTOK rpaduka M3MeHe-
HUSl TemrepaTypbl atMocdepbl (cM. TpadWKk TUHAMHKH TI00AIEHOTO
NOTEIUICHHs). DTO TApHUKOBBIE Ta3a OT BYJIKAaHOB aKTHBH3HPOBAIH
BBIBEJICHHE TEIIOTHI TEIUIOTHI M3 atMocdepbl. Ecnu ra3sl U BIUsUIN Ha
OTpakKaTeJIbHYI0 CIIOCOOHOCTH aTMocepsl 3eMid, TO 3TO HE OTpas3u-
JIOCh Ha U3MEPEHUSIX U M3MEHEHHSX COJHEYHOH MOCTOSHHOM B 3TH
TOJIBI ¥ Ha MOCTYIUIEHNH TeTI0TH 0T CoHIIAa Ha 3eMITIO.

OxoHYaHWE BIHSHUS BYJIKAHHYECKHX BHIOPOCOB MApHUKOBBIX
ra3oB Ha KJIuMarT, ocie 1970 roxa coBmain ¢ pasrapom Oyma BHEIPEHUS
ATOMHOM JHEPreTUKH U IMUPOKON 3aMEHa KAMEHHOTO YIJIsl PUPOIHBIM
razoM, a IOTOM Hadajach peanusanus Kuorckux cornamenuii. . ..

Temmnepatypa aTtmocdepsl OBICTPO MOIMON3J7a BBEPX, BHI3BIBAS
HEBHJIAHHBIE CTAPOKUIIAMHU TI0KaPbl U HABOAHEHHUSL.
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(CocTasumn 3.H. Xanunos, 2010 r.. no ganHeim Global Volcanism Program)

Pucynok 3. I'paduk BynkaHndeckoil akTHBHOCTH [5.8].

JaHHas cTaThsl MOJe3HA TOMBITKOW MOSICHEHHS (PU3MKH TpOIie-
Oyp TepMocTaOMIM3anuy 3eMJIM U MPUYUHBI HapyLIeHUs TePMOCTaOU-
JHU3AIHH.

[IpaBunbHOE TOHMMaHWE (U3MKH TPOLEAYP TEpPMOCTaOMIIN3a-
UK 3eMJIM MO3BOJIMIIO OBl B BBICIIMX JIIEIOHAX BJIACTU M yNPABICHUS
SHEPreTUKON TPaMOTHO IUIAHUPOBATH Pa3BUTHE SHEPTETUKHU TaK, YTOOBI
COOTHOIIICHHE Pa3HBIX BUJIOB M CIIOCOOOB MOJYUCHHUSI SHEPTUHU Ha 3emMIle
OBLIO ONTUMAJIBHBIM.

OnTuMyM HYXKHO UCKaTh IIOTOMY, YTO:

. NpY MOTETUIEHUH BO3HUKAET yiepd OT MOXapoB M Ha-
BOJIHEHHH, yBenuuBaeTcs: 3QHEKTUBHOCTDh 3eMIICICTIHS, HO CHH)KAETCS
IPOIYKTUBHOCTH PHIOOBOJICTBA.

. [Ipu cHmkeHUn Temmeparypsl aTMoc(epbl MPOIYKTUB-
HOCTb MOpEH YBEJIWYUBAETCS, CHW)KAECTCS YHUCIIO II0KAapOB U HABOJHE-
HU, CHI)KAETCS YMCIIO M3BEP>KEHHI BYJIKAHOB, CHWKAETCS d(P(EKTHB-
HOCTb IOJIEBOJCTBA.
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B Ipuaoxenun 2 npuBeAEH pacdeT MOJIU TEIUIOTHI, KOTOPYIO
aTMocdepa MoIydaeT OT CrOPEBIIEro TOIJIMBA, IO OTHOIICHUIO KO BCEH
TEIUIOTE, MoJlyYeHHO! 3a roj oT ColHIa.

Oxazanoch, 9YTO TEIUIOTOW, MOMYYEHHON MPH CKUTAHWW TOTLIHU-
Ba, gobasmsercsa Beero 0.23 % k Tensorte, noixydaemoi ot CosHua,
HO MPH 3TOM HapyluaeTcs OanaHC MOABOAA M OTBOJA TEIUIOTHI B MOJB3Y
MOCTYIUICHUsI TEIUIOTHI B atMocdepy 3eMiIM M MPOUCXOIUT Pa3orpeB
atMoctepsr 3emmn co ckopocteio 0.05 Tpamyca mkansl llembcust 3a
rox!?!

CornacHo smnupuyeckoMy npasuity Bant-I'odda npu mossimie-
HuM Temieparypsl Ha 10°K ckopocTh MHOTHX peaklnii yBETHYUBACTCS B
2 — 4 paza. 3a cu€r mporpeBa KOpbl 3eMITH YCKOPSIETCS PEeaKIlusl mepe-
KpHCTAUIM3allMU TPaHuTa B 0a3aibT, y KOTOPOTO IUIOTHOCTH OOJbIIE
(moTHOCTH rpanuTa — 2,65 Kg/L, y 6azansra — 3,10 Kg/L).

3a cuéT cokparieHrs 00BEMOB IpaHHUTa B PE3yIbTATe MIEPEKPH-
CTaJuIM3aliH, B KOpe 3eMJIH [IPH MOBHIIIEHHOH TeMiepaType ObIcTpee H
yarie 00pa3yloTcsl MyCTOTHl B MECTHOCTAX JaJEKUX OT Pa3OMOB TEKTO-
HUYECKHX TUTAT U JANEKUX OT MePUOINIECKON BYJIIKAHHYECKOU JIEsTelhb-
HocTH. [IporcxoauT mpoBan rpyHTa Ha OOMIMPHBIX TEPPUTOPHSAX TPH
OcCaJIKe BBIIIETIEKAIINX CIOEB IPYyHTA B IyCTOTHI, paHee 3aHAThIE TPaHU-
TOM, TO €CTh IIPOUCXOJIAT 3EMIIETPSICECHUSI.

UTo0bl COXpaHHUTh Cpely OOWTaHWS HYXHO IepecTaTh T'PeTh
aTMoc(epy aTOMHBIMU 3JIEKTPOCTAHIUSIMH, SHEPTeTUKON, CHKUTAFOIIECH
MIPUPOJIHBIA Ta3 W COACHCTBOBATH BBIBOMY TEIUIOTHI OT aTMocheps B
KOCMOC, YBEIMYUBAsi KOHIIEHTPAIUIO JIBYOKHCH YTIIepoa B atMocdepe,
HanpUMep, CXKUras KaMEHHBI yroib B 00bEMax MHOrO OOJbINE, YeM
CEerOHS.

Pacuér monm aBYOKHCH yriepoja, BeIAEIsIeMOro B atMochepy B
pe3ynbTaTe 4eI0BEYECKOH NEsITEeNbHOCTU — II0 OTHOUIEHUIO K Macce
IBYOKHCH B atMoc(epe, npuseacH B [Ipunoxennu 3.

B cratee crnenaHa mombITKa OLEHUTH CTENEHb OMACHOCTH pa3-
HBIX BUIOB DHEPTETUKH C TOUKW 3PEHMS BIUSHUS HAa CPEIHIOI TeMIepa-
Typy B armochepe 3eMiid, B YaCTHOCTH, SHEPreTHKH, OCHOBAaHHOW Ha
cxurannu kamenHoro yriis (Ilpunoxenue 4).

Ha coBpeMeHHOM ypOBHE 3HAHWW M Pa3BUTHA TEXHOJIOTHH, ye-

JIOBEUECTBO 0Oe3 yIuep6a AJIL SKOHOMHWYCCKOTO pa3sBUTHA MOKET YIIpaB-
JIATH TeMHepaTypof/'I BO3yXa 11O CBOEMY KCIIaHUIO.
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Heo6xonumbIM ycliOBUEM CO3[aHUS IPOLEAYPHl YNpaBICHUS
CpelHel TeMIlepaTypoi Bo3dyxa Ha 3emJe SBIsIeTCS MPaBUIbHOE 00Y-
YeHHe; B YaCTHOCTH — Pa3bsICHEHUE MECTa BTOPOTO Hayaja TePMOAMHA-
MHKH B HayKax.

3. Bropoe HayajJ0 TepMOAMHAMHKH B COBPeMEHHOM
NMPOYTEeHUH.

Bropoe Hauano TepMOIMHAMUKY, [0 COBPEMEHHBIM IIpeICTaBIIe-
HUSIM HayKH, HE SIBJISETCS OCHOBHBIM 3aKOHOM (U3MKH U HE MOKET
Jake TIPETeH0BaTh Ha CTAaTyC «IIpaBHUja», HOO MPUMEHHUTEIHFHO KO BTO-
pOMy Hayalxy oOHapyXHUBAETCsI, YTO y ITOr0 Hayaua OTKPBITHIH (HE MMoJI-
HOCTBIO OIpeAEIEH) epedeHb HCKIUYEHUHN U3 IpaBuia.

Hwxe mpuBeneHsl LUTATHl U3 YU€OHHUKA 110 TEPMOAWHAMUKE IS
BVY3o0B, — M.II. Bykonosuu, 1.11. HoBukoB. «TexHuueckast TepMOJIMHA-
Muka» — MockBa, «Queprus», 1968r.

3.1. «Hcxo05 u3z 3axona coxpamerusi dSHepeuu OONYCMUMO CHU-
mamov, 4mo 000U MbLCIUMbLIL NPOYecc, KOMOpblil He NPOmusopedum
3aKOHY COXPAHeHUsi SHepaul, NPUHYUNUATLHO B03MOJCEH U MOo2 Ovl
umems mecmo 6 npupooey. Ctp. 56.

3.2. «Bmopoe Hauano mepmMOOUHAMUKU NO COBPEMEHHbIM
npeocmasieHusmM He A8NAemcsi MOYHbIM 3aKOHOM NPUpOObl, NOOOOHLIM
3aKOHAM COXPaHEeHUs KOIUYeCM8ad OBUNHCEHUsS. UNU COXPAHEHUS. IHEPSUL.
Bmopoe nauano mepmoounamuxu umeem, Kax HoOpoOHO 6ydem
noxkasawo 6 § 3-9, cmamucmuueckull xapakmep u NOIMOMY BbINOJIHS-
emcs ulb «8 CpeoHem».

Pasznuuue 6 popmynruposkax cocmoum 6 mom, umo cmamuc-
Mu4ecKkas QopmMyIupoeKa 6mMopoco HAYaiIad ymeepiucodem, umo 8
3aMKHYMOU cucmeme NPOYeccol, CONPOBOHCOAIOWUEC BO3PACMAHUEM
OHMPONUU, AGTAIOMC HAUOOIee BePOSIMHbIMU, M020a KAK MepMOOUNa-
Muyeckas opmyauposka cuumaem maxue npoyeccbl eOUHCMBEHHO
B03MOIHCHBIMU.

Omo paznuuue secoma cyujecmeenHo: CMamucmuyeckdas @op-
MYIUPOBKA 8MOPO20 HAYALA MEPMOOUHAMUKU He MOIbKO He ompuyaem,
HO, HANPOMue, NPeonoaazaem 03MONCHOCIb NPOYECCO8, 8 pe3yibmame
KOMOPLIX cucmema nepexooum u3 0Oonee 6epOSMHbIX COCHMOAHUL 8
MeHee @eposimuble, A SHMPONUS YMEHbUIAemcs, mo20a KaK mepmo-
OUHAMUYECKAs POPMYTUPOBKA NOTHOCMBIO UCKIIOUAEN 803MONCHOCHIb
nooodbuwix npoyeccos.». Ctp. 97.
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3.3. «B npupode napsody c paccesnuem dHepeuu 6ce20a NPouUc-
X00sm obpamuvle npoyeccol, 8 pe3yibmame KOMopbix U3 «PaccessHHou»
9HepaUU BO3HUKAIOM HOBblE GUObL IHEP2UU, HANPUMED IHEP2USL INEKMPU-
YeCKux 3aps008 (MOAHUS), OHepeus 6uxpell U MOPHAOO, dHepaus
6030yacOeHust u pacnaoa amomos u op.». Ctp. 98.

4. Ilpupoaa ymeeT mepeaaBaThb TeEIJIOTY OT XOJIOAHOI0 K
ropsiuemy.

4.1. Mb1 3HaeM, 4TO TEIUIBIH BO3IYX NOJHUMACTCS BBEPX.

Ecnu Ha HEKOTOPO# BBICOTE €CTh XOJIOJIHBIN CIION WIJIM TIPEAMET,
TO BOCXOJAIINE KOHBEKIMOHHBIE IMOTOKH BO3JIyXa HArpeBaloT 3TOT
BEPXHUH CIIO# (MM TTOTOJIOK B KOMHATE) IO TEMIIEPATyPhl BOCXOISIIETO
MOTOKa BO3AyXa.

Ecnu T€nmelii BO3AyX NOJHUMAETCA BBEPX, HO MPOrpPEBA aTMO-
cdepsl Ha HEKOTOPOIl BBICOTE HE MPOMCXOAUT, TO HYKHO COOOpaKaTh O
TOM, KyJla )K€ JE€BAeTCS TEIUIOBasi YHEPTHSA, MPUMEHSSI 3aKOH COXpaHe-
HUs 3Heprud. lIpuBEIYHBIE MpaBHIIa BTOPOTO Havalla TEPMOIMHAMHUKH
HE MOTYT OOBSCHHUTD MEpEeMeIIeHHE TEIUIOTHl B KOCMOC, MO0 TOT/a NpH-
IETCS MPU3HATH, YTO TEIIOTA MEPEXOANT OT XOJIOIHOTO CIIOSI Ha BRICOTE
10-20 kmmoMeTpoB — K TOpsiueMy — Ha BBICOTE 85 — 95 KMIIOMETpPOB |
0e3 3aTpaT MEXaHN4IeCKOH PadOTHI.

B cayne Toxxe Teruiee Ha BepXHEM IIOJIKE; U MPOIIE B cayHe 00-
JKeUbCsl O IMOTOJIOK, YeM O MoJ. Torga modemy BO3AyX B aTtmocdepe
3emumn He mporpencs? [louemy xomomno B ropax? Ilouemy Termora B
aTMocdepe MOJHUMACTCS OT TEIUION MOBEPXHOCTH 3EMITH, MPOTrPETOi
ComanieM 10 BBICOTHI 10 KMJIOMETPOB M HHKAK, 32 MEPUOJ] OT COTBO-
peHus Mupa 10 HallMX AHEH, He MOoXeT mporpeth ciod ot 10 mo 20
KHJIOMETPOB HaJl OBepXHOCThIO 3emin? Ha pucynke 4. mpuBeaeHo pac-
MIpeJieieHne TeMIlepaTyphl B cTpaTocdepe 3eMiIn ¢ BBICOTON MOabEMa
HaJl YPOBHEM MODSL.

Yto 3a «u€pHasd JpIpa» JJis TEIUIOTHI PaclojioKeHa Ha BBICOTE
1020 xumomeTpoB?

Mo>HO NPEANoNIOKUTh, YTO bor, Ha 1aTy COTBOpEHHS MUpa CO-
3nan atMocdepy 3eMiH MpU TemIeparype aOCONOTHOrO Hynsa (a Kak
nHave, eciy He Obuto cBeta u CoiHial!?).

U3BecTHO, YTO MakcHMallbHasE MOLTHOCTH TEIJIOBOTO MOTOKA OT
Conuria Ha skBatope 3emmn cocrtarisger 1500 W (1.5 kW) uepes
TUIOIIA/Ib TIOBEPXHOCTHA B OJIMH METpP KBaJPAaTHBINM, €CIH TOBEPXHOCTD
MepIeHANKYIsIpHa HanpaBiaeHnto Ha CouHIe.
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PucyHok 4. 3aBUCHMOCTb TEMITEPATYPhI BO3/IyXa OT BBICOTHI HAJT
3emunéit [5.9].

MOXHO IOMYCTHTh, YTO MOTOK TEIUIOTHI, BOCXOJISIIETO TETIOTO
BO3/yXa OT 3eMiid (KOHBEHIMOHHBIH oTOK Dypre) cocrasisier 220 W
(B cpemHeM IO BpEeMEHH CYTOK, 00JIaYyHOCTH W IIMPOTE MECTHOCTH, C
YU€TOM OTPaXKEHHS YacTH JIyducToit sHeprun CoNHIA OT 00JIAKOB H Te-
IUIOBOTO U3JIyY€HHsI TOBEPXHOCTH 3€MJIH).

Tormga, mocne cOTBOpeHUs: MUpa ¥ 3eMIIH, BO3AYX B aTMocdepe
3emin, 10 BbIcoThl 140 kmiomeTpoB (0T abcosrorHoro Hyus g0 50°C)
JOJDKEH MPOTPETHCSl BOCXOISIIIMMH MOTOKaMHU TEIUIOTO BO3JyXa BCETO
3a 210 cyTok.

C MOMeHTa COTBOPEHMS MHpa MPOILIO HECKOJBKO OOoJIbIle
BpemeHH, 4eM 210 cyTox.

Tak, moyemy Bo3ayX He mporpescsi Ha BbicoTax oT 10 g0 20
kuiaomeTpoB? Kyna neBaercsi teminora ¢ BoicoTbl 10—12 xkn?
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4.2. lna oObsicHeHMs (eHOMEHA Iepeaadyr TEIUIOTHl OT XOJIOJ-
HOT'O CJIOS BO3/yXa K ropsdeMmy, 0e3 3aTpaT BHEMIHEH paboOThl — mpH-
IETCS 00paTUTHCS K pab0TaM IMIKOJIBLHOTO YUUTEIIS.

K.9.llnonkoBckmii, Hayanoe o6o3penue, «lIpodonscumens-
Hocmb ayueucnyckauus Coanyay, 1897, Ne 7, ctp. 46-61.

B pabote mokazaHo, 4TO CyIIECTBYET TEIJIOBOH MOTOK OT XOJIOJ-
HOW MOBEPXHOCTH IIAHET K IEHTPY TUIAHET — sapy (IIpH 3TOM ICHTP —
SIIPO TUTAHET, MOXKET Pa30TPEThCS IO COCTOSHUS, IIPU KOTOPOM 3aITyCKa-
I0TCSI TEPMOSIJICPHBIC PEAKIIMK CHHTE3a TSDKEIBIX JICMEHTOB, a TUIaHeTa
MIPEBPAIIIACTCS B CBETSILYIOCS 3BE31Y).

Ho cratps Opina 3a0piTa M OTCYTCTBYET CETOJHS AaXKE B My3ee
K.9.I1nonkosckoro B IloauTeXHUYECKOM My3€€.

OtcyrcrByer B Ilonmutrexnuyeckom mysee K.O. I{uonmkoBckoro
(Komuccun mo paspabotke Hayuroro uacimeausi K.O. IlnonkoBckoro,
103012 MockBa, CrapomaHckuii mnep., 1/5) wm gapyras craTbs:
Luonxosckuti K.O. "Btopoe Hawamo TtepmoauHamuku" Kamyra,
Tunorpadus C.A.Cemenosa, 1914r., koropyio BmepBbie B mupe (!)
nepeusnano, cnyera 77 ger (1), Pycckoe dusmyeckoe OOMIECTBO B
cBoEéM HayuHoM xypHasie 2KP®M, 1991, Ne 1, ctp.22-39.

B stoii cratee K.O. [{uonkoBckuil pacu€THBIM MyTEM MOKa3ai
BEICOTY B cTparocdepe, MpH moabEMe K KOTOPOH TeMIepaTypa Bo3ayxa
MajaeT, a MpH MOABEME BBIIIE KOTOPOM — TeMIlepaTypa BO3ayXa BO3-
pactaer. DTy BBICOTY OH PacCUHMTal W Ha3Bajl e€ 6vbicomol memnepa-
MYpPHOU UHepcUuU 6 cmpamocgepe.

Jna apyrux mmaner CoJHEUHOW CHUCTEMbI (MMEIOIIUX aTMOC-
depy), K.O. [InoyIkOBCKHIA TOXE MOCYUTAT BBICOTY TEMIIEPATyPHOM WH-
BepCHH B aTMocdepe 3THUX TUIAHET, M 3HAYeHHsI dTHX BBICOT IOITBEP-
JIUIa KOCMOHABTHKA U aCTPOHOMUSL.

Ho, B nanékom 1914 romy KOCMOHAaBTUKH HE OBLIO, aCTPOHOMUS
TOXXE HE MMella JOJDKHBIX MHCTPYMEHTOB HCCIIEIOBAHUS TeMIIEPaTyphl
aTMocQepsl IUIaHET, TaK BBICOKO AMpHXKaOIM He jerand. B nmanéxom
1914 romy ue moBepmwiu K.3. [{lnonkoBCKOMy B TeMITepaTypHYIO HHBEP-
curo B ctpatocdepe. He moBepmim mkoIbHOMY YUUTENO Besikre boibil-
MaHbl 1 MakcBeulbl (Kak BEpUTH JILICOMY W MOJYTJYXOMY YYHTEIIO
IIKOJIBI, HE HMeEroleMy akamemudeckux 3BaHuit?!). Ilpumioce K.O.
[[M0NKOBCKOMY TNPHIYyMBIBaTh, KaK TMOJHSATh TPATyCHHK HA BBICOTY
Oonee 20 KUIOMETPOB, YTOOBI PEAOMIMTUPOBATHCS HEpell OYSHb Hayd-
HBIM cooOmiecTBoM. be3 pakeTsl rpagycHUK He MOAHATH. BoT M cran
K.9. [lnomkoBCKHit 3aCTPETBITUKOM PEAKTHBHOTO IBYDKCHHUS.
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K.9. InonkoBcKoro, Kak 3aCTpebIIMKa PEaKTHUBHOTO ABMKEHHUS
BCE 3HAIOT, a TIOYEMY OH 3aHSUICSI PAKCTHBIM JBIKCHHEM — TIOYTH BCE
3a0bLTH.

Mmoro mo3:xe, mocie koHdrHbI K.O. [lrmonkoBckoro, 6butH 3a1ry-
IICHBI PAKeThI C TPATyCHUKOM H MOATBEPAMIOCHh HATYPHBIMU U3MEPEHHU-
amu pacuétsl K.O. Ilnonkosckoro.

[MoarBepaunock u npyroe yreepxkaeHue K.O. [{uomkosckoro (B
paborax 2005 — 2009rr.), 0 HAIMYAH TEILIOBOTO MMOTOKA OT XOJIOTHOM
MOBEPXHOCTH 3eMJIH K e€ ropsueMy sapy (M He HaoOopoT). ['eonoru —
COBEpIIEHHO He3aBucuMo oT padoT K.3. LnonkoBckoro oOHapy KU 1
M3MEPEeHMSIMH II0Ka3alii, YTO CYIIECTBYET MOTOK TEIUIa OT XOJOIHOM
MTOBEPXHOCTH 3eMid K e€ ropsiaemy nentpy [5.10]

4.3. BuiBoj

Hcnonb3yss «maTeHTbD» NPUPOJABI MOXKHO M HYXKHO CO3/1aBaTh
MOHOTEMIIEpaTypHbIC MPE0OPa30BaTeIN TEILUIOTHl OKPYIKAIOIIETO BO3IyXa
B MEXaHHYECKYIO paboTy, HOO CYIECTBYIOT MATEHTHI IPUPO/IBI 1O TIepeia-
4e TEIUIOTHI OT XOJIOJHOTO K ropsideMy 03 3aTpaT BHEITHEH paboThI.

Peasnuzanusi 4eJIOBEKOM NATEHTOB INMPHPOALI MO3BOJIMIA ObI
MPeKPaTHTh MACCOBO CXKUIaTh YIJIeBOAOPO/IbI, pa3orpesasi [Lianery.

5.0. O0bsicHeHne MexXaHM3Ma NepeJaqyd TeNJ0BOW HePruu
OT XO0JIOAHOIO0 CJIOSsI CTPaToc(hepbl K BepxHeMy — 00Jiee ropssyeMy

U3BecTHO, YTO TEmoOTa HAKAIIMBAETCS B BELIECTBE B BHUJIE
SHEPIUH CIyYalHBIX TEIUIOBBIX MMEpPEeMEIIeHUH MOJIEKYJ, aTOMOB Bellec-
TBa (JJMHEWHBIX MEPEMEICHNH, BpallleHu 1 KoJeOaHui). YBeTnieHne
CKOPOCTH BCETO MpeIMeTa He YBEITMYMBAET €ro TEMIIEPATypy.

B crparocdepe 3emnu u Ipyrux IUIaHeT, TEIUIOTa, Oe3 3arpar
BHEIIHEH paboThl mepenacrcsi OT XOJIOIHOTO CI0sl aTMoc(hephbl K Bepx-
HeMy — OoJiee ropsyeMy M YXOAUT B KOCMOC, cHacas, B 4aCTHOCTH
3eMITr0, OT MeperpeBa COJHEYHBIMU JIyYaMH H OT JIESTEIBHOCTH YeJI0Be-
Ka.

KakoB jxe MexaHuW3M IHepenauyd TEIUIOTHl OT XOJOAHOIO K
ropsiaemy, npu4ém, 06e3 3aTpaT BHEIIHEH MeXaHUIeCKOH paboThI?

ATtMmocdepa 3emiid COCTOMT MO OONbIIEH YacTH W3 a30Ta
(MomspHas macca 28), kuciaopoaa (MossipHas macca 32).

Kpowme azorta, atmocdepe 3emnu ectb apyrue rasbl U BOJSHBIC
napsl.
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Hanpumep, copepkaHue IBYOKHCH yriepoja (MoJIIpHas Macca
44) ceronus Haxomutcsa Ha ypoBHe 0.038%. Momnekyna IByOKHCH yriie-
poJa TsbKenee MOJICKYIIbI a30Ta.

Ectp B atmMocdepe 3emnn u Oonee IErKue MOIEKYJIBL.

Hampumep, KoHIEHTpaIus mapa BoAsl (MoJisipHas macca 18) —
KOJIEOJIeTCsl B 3aBHCUMOCTH OT TeMmepaTypsl U coctaBisieT oT 0.04% wu
10 0.2%. B BepxHux crnosix armocepbl, MoJ AEHCTBUEM COJTHEYHOTO
M3Iy4YeHHs 00pa3yeTcs U MOAAEePKUBAETCS O30HOBBIH CIION.

B 030HOBOM clio€ MOSABISIOTCS TSDKENBIE MOJEKYNBl 030Ha, O
(momspHas macca 48). OHa TsbKeTiee ABYOKHCH YIiepoJa.

[IpucyTcTBYIOT B 030HOM CJIOE€ M OTAEIbHBIE aTOMbI KUCIOpOJa
—npocto O (atomHas Macca 16).

*** Momnekyma Oz (MonspHas Macca 48) HEyCcTOWYMBA U TIpH
JOCTaTOYHBIX KOHLEHTPALMIX B BO3LyXEe NPH HOPMAIBHBIX YCJIOBHSIX
CaMOIIPOU3BOJIBHO, 32 HECKOJIBKO JAECATKOB MUHYT IpeBpatiaercs B O, ¢
BBIJICJICHHEM TEIUIa U CBOOOJHOTO (HA BpeMs JI0 PEKOMOHMHAIINN) aToMa
KHcIoposa (aToMHas mMacca 16).

C yBenuyeHHEM BBICOTHI HaJ TOBEPXHOCTHIO MOpsS JaBIIEHUE
aTMocQepsl TaJaeT, MIOTHOCTh MOJIEKYJN B €AUHHIE 00bEMa yMEHbIIa-
€TCsl M PacCcTOSIHUE CBOOOAHOrO Mpobera MEXAy COyNapeHHsIMH MoJie-
KyJI YBEIMIMBACTCS C 10JIEH MIIIITUMETPa 10 KUJIOMETPOB.

JI€rkass Mosexyna, HampuMep MOJIeKyja a3ora (MOJICKYJspHas
Macca 28), IBIKETCS MEXIY COyJIapeHHUsSMH B TPaBUTALIMOHHOM IIOJIE,
YCKOpSIETCSs, TPUOOpEeTaeT AONOJIHUTENBHYIO SHEPIHI0 M OTKJIOHSETCS
BHU3 B CBOCH TPACKTOPHH JIBUIKCHUSI.

[To mepe nBrXEHHSI BHU3 MOBBIIIAETCS BEPOSITHOCTH CTOIKHOBE-
HUSL C IPYTOil MOJIEKYJION; HO paCCMOTPHM MEXaHH3M OOMEHa SHEeprueu
IpU CTOJKHOBEHHHM C MOJIEKYJIOH «IIapHUKOBOTO» Ta3za (KaK TOBOPST
YyyJaku); HallpuMep, ¢ MOJIEKYJol JBYOKHCH yriiepoaa (44 eauHuIls),
MOJHUMAIOIIEHCS BBEPX, B CTOPOHY MeHbLIero AasineHus. [lpu ynpyrom
COyZIapeHUH MOJEKYJ, MOJIEKyJia a30Ta IOCJE COYAApEHUs! YBEIHYHUT
CKOPOCTH M OTJIETUT BBEPX, a THKENAS MOJIEKyJIa B pe3yJIbTaTe coyaape-
HUS TIOTEPSAET SHEPTUIO, 3aMEITUTCSL.

*E* ecim KTO-TO O€Kall U HATOJIKHYJICS Ha JBWKYIIUICA Ha-
BCTpEYy aBTOMOOHIIb, TO aBTOMOOWIIb 4yTh 3aMEJTUT CBOE JIBUKEHHE, a
YeJIOBEK OTJIETUT CO CKOPOCTHIO MHOTO OOJIBIIE TOW, C KOTOPOI YeJI0BEK
Oexal.

W3BeCcTHO, YTO CpejHssl CKOPOCTh CIIy4allHOrO TEIUIOBOTO JBH-
KEHHMSI MOJIEKYJT ONpe/IeIIsieT TEMIIepaTypy Tea.
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VY TsKEMO MOJIEKYJIBI JIBYOKHCH yTriepoaa (aBTOMOOWIL B Ha-
1Iel HHTEPIPETalut ), CKOPOCTH MOCTIe COyAapeHus] yMEHbIIHIACh (TeM-
nepaTypa rasa ymnana), a y JErKod MOJEKYJNbl a30Ta CKOpOCTb
YBEIMYUTCA TIOCIIE COYOapeHHs, a MOJEKyla OTJIeTUT BBepx. lloTomy
BbIme 20 kv TeMIlepaTypa cTaja Bo3pacTarh (TyAa OTIETAIOT MOJIEKYIIHI,
paHee majaBIIie BHU3 M CTOJKHYBIIUECS C TSDKENOW MOJIEKYIOH).

Temnepatypa atmocdepbl Ha BbicoTe 10-20 KHMIOMETpOB U B
030HOBOM CJIO€, Ha BBICOTE 85-95 KHIOMETPOB, yMEHBIIAETCI — TaM
OCTAIOTCS TSHKENBIE MOJIEKYJIBI, KOTOPBIE MOACIHUIINCH CBOCH SHEPTUEH ¢
JNErKUMHU. BBICTpBIE U JIETKHE MOJIEKYJIBl YXOIAT BBEPX IIOCIE COynape-
HUS ¢ Oornee THKENBIMH MOJIEKYJIAMH, TaM, B COYJapeHUsX MEepenaroT
JIOTIOJTHATENBHYIO DHEPTUIO JPYTHM MOJIEKYIIaM, TeMIIEpaTypa MpH STOM
MIOBBIIIACTCSI.

*** Ha BpIcOTax 85-95 KWIOMETpOB W BHINIE — TMEpemnasn
TEMIIEPATyp MEXIY CIOSIMHU XOJIOJAHBIM M TOPSYAM — OOIIBIIE, TTIOTOMY,
YTO TaM BbIIIIC KOHICHTPpAIUA TSDKENBIX U JIETKUX aTOMOB M MOIJICKYJI B
atMocdepe.

Ecnu coynapenune He mpuBeNo K H3MEHEHHIO TPACKTOPHH OJIIKe
K TIOJIETY BBEPX — TO COYAAPSIOIIUECS MOJICKYJBI OCTAJIHCh Ha OIHOM
BBICOTC M KOJHUYCCTBO OBHCPIUM TCIUIOBOI'O ABWKECHUSA MOJICKYJI (B
CpeIHEeM TI0 MOJEKYJaM 3TOW BBICOTHI) — HE M3MEHIIOCh. Eciu nérkas
MOJIEKYJIa CTOJIKHYJIACh Ha BOCXOJSIIEH BETBH TPAaeKTOPWUH, TO OHA
OTJICTUT BHHU3, I'A€ IUIOTHOCTH MOJICKYJI BBIIIC WU € [IO63BK3 OHEPruu
MEXIy CTOIKHOBEHHSIMH (100aBKa 3a CYET YCKOPEHHs B TpaBUTAIIH-
OHHOM IIOJIe) MEHBIIE, YeM MpPHU ONYKIAaHUSX B Pa3psDKEHHOM aTMO-
chepe. Takum o0pa3oM, B KaKIOM CJIO€ CYHICCTBEHHOE BIIMSHHE Ha
TeMmreparypy cios OyJneT Oka3bplBaTh T€ CIy4aW CTOJKHOBEHHS, HPU
KOTOPBIX JIETKas MOJIEKYJIa OTJIETAeT BBEPX.

DHeprus, MoydeHHas MPHU MMaJIeHUA MOJIEKYJIbl B TPaBUTAIIMOH-
HOM TIOJIe, TTOCIIe coyaapeHust OyneT ucTpadeHa Ha JBIKEHHE B PaBHO-
MEPHO 3aMEJVICHHOM JIBIKCHUU BBEpX. bajaHc BAUSHUS IpaBUTALMK HA
SHEPTHIO MOJIEKYJIa paBeH Hy0. Ho, Toka MoJieKyJa JICTUT B TETUIOBOM
CIIy4altHOM JBM)KEHHH CO CKOPOCTBIO BBIIIE CPEIHEH — OHA yYacTBYET B
CO3/IaHMU TIOBBIIICHHON TeMmmepaTypsl raza. Takum oOpa3om, rpaBuTa-
IS TOJIBKO CO3MAET YCJIOBHS JJIsi OOMEHA DHEPruei Mexay TSHKETON u
JIETKON MOJICKYJION, HO HE COBEPILIACT Pe3yIbTUPYIOIICH PabOoThI.

Uewm Ootbllie KOHIIEHTPAIUS JIBYOKUCH YTIIEpPOAa B BO3IyXe, YeM
BBIIIE KOHLEHTPALMS TSKENBIX MOJIEKYJd, TeM 4Yallle MOJEKYJbl a30Ta
CTaJIKABAIOTCS ¢ MOJIEKYJIaMH JIBYOKHCH YTIIEpOJia, TeM OOJbINe dHEp-
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THH TIEPEHOCHUTCS OT XOJOIHOTO CIIOsi K 0OoJiee BBHICOKMM W TOPSYUM
CIIOSIM.

MHorue ra3sl B atMocdepe WrparoT Ha MapHUKOBBIA 3(QEKT.
Hampumep, xnmamgarentsl: C3H8 (mpoman) — atomuslii Bec 44 em; C,Hyg
(m300ytan) — atomusiid Bec 58 emunanm; CHP,CP; (menradToparan) —
aToMHbIN Bec 175!

Ecth 1 apyroe.

Jlérkue raspl, Hanpumep metan CH, (Monsipublid Bec 16), map
BoIbl (MOJSIpHBIA Bec 18) — Toxke 3(deKTHBHO y4acTBYIOT MpH
nepeaaye TEIIOThl OT XOJIOAHOTO CII0S CTPATOC(EPHI K ropsiueMy CIIOFO.
OOpscHsIeTCS 3TO TE€M, YTO OHU C BBICOKOH BEPOATHOCTHIO MOLYT
«BOTKHYTCS» B TSDKEIYIO MOJIEKYIYy OBYOKHCH yriiepoja (TpH MajeHuH
B TPaBUTAIMOHHOM IT0JIe 3eMIIA Ha 3eMITi0). AHaIOTHYHBINA A (DEKT mpu
CTOJIKHOBEHHMH JIETKUX MOJIEKYJ METaHa M BOJBI C MOJIEKYJIOHW a30Ta
(MonsipHas Macca 28) U MOJICKYJIOM KUCIIOpojaa (MosipHas Macca 32) u
MOCJIEe CTOJIKHOBEHHUSI MOJICKYJIBI METaHA M BOJIBI TOXKE OTJIETAIOT BBEPX C
MOBBILIEHHON CKOPOCTBIO OT CPEAHEN Ha 3TOM BBICOTE.

Pacuérel mokazanu (Ilpuiio:kenun 3), 9T0 00BEM JBYOKHCH
yriaepoaa B atMocdepe MeHbIe, YeM 3a OJUH TOJ €ro J00aBisieT B
aTMocdepy cropeBmiee TOIUIMBO. M 3TO MOHATHO — YacTh ABYOKUCH
yIJIepojia yCBauBaeTCs PACTEHUSIMH U IEPEBbIMHU.

6. BrIBOabBI

6.1. DHepreTrka, OCHOBaHHAs Ha CXKUTAHUM YIJICBOJIOPOJHOTO
TOIUIMBA (HE SIIEPHOTO TOIUIMBA) SIBJISIETCSI OTHOCHUTENBHO Oe30macHOi
JUTSL Cpelbl OOWTaHWS C TOYKH 3PEHHS aHTPOIIOTEHHOTO JIEWCTBUS Ha
kiumart. [Ipu ckuraHuM TOIUIMBA HAarpeBaeTcs aTMocdepa, HO YBEIHUHU-
BaeTCsl KOHIICHTPAIIMS JIBYOKHUCH YIJIEPOJia U BOJIbI B aTMOChepe 3a CUeT
BEIOpOCA BBIXJIOTHBIX TA30B, a 3TO CIIOCOOCTBYET BBIBOIY TEIUIOTHI OT
atMoc(depsl B KOCMOC M YMEHBIIIAET MePerpeB 3eMIId TEIUIOTOW CTOPEB-
[Iero TOIUINBA.

6.2. ATOMHasi JHepPreTHKa yniepOHa W BpeIHA /IS 4YeJioBe-
yecTBa W AJis1 cpeabl oduTanusi, mockoinbKy KIIJ[ aToMHBIX 31eKTpo-

cranmmii 22% (B TpH paza Xyke, 4eM IapOra30oBbIX).

DTO 3HAYMUT, YTO:
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- BO-TIEPBBIX, MPU TOU K€ BBIXOJHOW IJIEKTPUUECKON MOIIHOCTHU
HarpeB atMoc(epbl aTOMHOH AJIEKTPOCTAHIIMEH MTPOUCXOIUT B TPU pasza
0oJlee UHTCHCUBHEE U;

- BO-BTOPBIX, aTOMHAsl AIIEKTPOCTAHIN HE MPOU3BOIWT JEUCT-
BUW ¥ MIPOAYKTOB, KOMIIEHCHPYIOIINX MEPerpeB aTMochepbl aTOMHBIMHU
3JIEKTPOCTAHIUSIMHU. ATOMHBIC YCTAaHOBKM HE BBIOPACHIBAIOT JBYOKHCH
yIaeposa U MpOoYNX ra3oB, CYIIECTBEHHO OTIMYAIOIIMXCS 110 MOJIIPHON
Macce OT a30Ta M KHUCJIOpo/a Bo3ayxa (Ta30B, OMMOOYHO Ha3hIBAEMBIX B
Poccun «mmapHUKOBBIMU Ta3aMm»).

ATOMHasl SHEpreTHKa HarpeBaeT aTMmocdepy, HO He BBIICISET
JIBYOKHCBH, TO €CThH SIBIIIETCS YMCTHIM BPEAUTEJHCTBOM, C TOUYKH 3pe-
HUSl COXpaHEHUS TeMIIepPaTyphl 3eMIIM U COXPaHEHUS CpeIbl OOUTaHUS.
[Tpu obmieii mone B BBIPAOOTKE ANEKTPOIHEPIHH ATOMHBIMH JJIEKTPO-
CTaHIMSIMH Ha ypoBHE 7% — BKIJIQJ B pa3orpeB arMocdepbl aTOMHBIE
3JIEKTPOCTAHIIMU BHOCST Ha ypoBHE 30%.

6.3. Ecnu mpencraBuTh, YTO aTOMHAs dHEPreTHKa (a CeroaHs
MEUTAIOT O TEPMOSAECPHOI!) BEITECHUT TOIIMBOCKUTAIOLIYIO SHEPIeTH-
Ky U aBTOMOOWIJIM CTaHYT 3JIEKTPHUECKHUMH, TO IPEKPATUTCS MOCTYILIE-
HHUE JIByOKHCH yriepoja B atMocdepy OT MPEANPHSITHI 1O TeHepaliu
JIEKTPOIHEPTUH U OT TPAHCIIOPTA.

Ho, narpeB armocepsl OyIeT 4y 1OBHIIHBIM.

3a cuéT TMOBBIIMIEHHUA CpeNHEN TeMmIepaTypsl 3eMild MpHpoJa
3aIyCTUT MEXaHU3M JIOOBIYM YTJIEKHUCIOTHl M3 BEYHOH MEp3JIOTHI, MO-
JSIPHBIX JIBAOB M OT MPOrpeBa OKEaHOB, U3 MOBBIIIEHHOW CKOPOCTH THH-
eHus opranvku. C IporpeBoM OKEaHOB B HUX MPEKPATUTCS pa3BeleHUe
pBIOBI, a TasHUE JbAa Han I'peHmannueld U AHTaApKTHAOW NMPHUBEAET K
MOBBIIICHHUIO YPOBHS BOJBI B OKEaHaX U K MOBOPOTY 1 onbdcrpuma.

Hapa6oTku nofjo0HBIX CIICHAPHUEB Pa3BUTHUS IPUPOIBI €CTh, OHH
pa3paboTaHbl Ha OCHOBAaHMHM MHOTOJIETHETO MOHUTOPHHIA COCTOSIHUS
OKEaHCKHUX BOJ U JIETHUKOB.

B sTHX creHapusx He XBaTaeT OJHOTO — HE TOBOPUTCS SICHO O
TOM — YTO K€ SIBJIIETCS MPUIUHOMN MPOUCXOISAIINX N3MEHEHUH.

l'eodusrkn He 00y4YeHBI TEPMOJWHAMUKE — YTO C HHUX B3SITH!
OHH YMEIOT TOJIbKO MOHHUTOpPUTH (TazaTh Ha KodeHHoH ryme o Oymy-
IeM KIIUMaTe) U OOBSACHSIOT M3MEHEHHE KJIMMara MPUPOJHOM IMepHo-
JUYHOCTHIO SIBJICHUU MPHUPOJBI. DKOHOMICTHI TOXXE HE CTaBAT cebe 3a-
Jlayeld ympaBJIeHHE 3KOHOMHMKOW M MOTOMY TOXKE€ TOJBKO TajaroT Ha
KOo(eHHOM rylie 0 MepUoIUKe U IIyOrHEe TeKyIX (PMHAHCOBBIX U CUC-
TEMHBIX KPHU3HCOB.
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YuéHble OT DHEPTreTUKH W JKOJOTHU TOXKE YOAIOKHBAIOT CeOsi
TEM, YTO JOIMYCKAIOT IUKIMYECKOC MU3MEHCHHE MapaMeTPOB IPUPOIBI
(XOTh COJIHEYHass TIOCTOSIHHas HE JaBajia II0BOJa TaK Jymarh).
ConHeuyHast IOCTOSIHHASA, B CPEAHEM, ITOCTOSTHHA Ha MHTEPBAJIEe BPEMEHHU
C HayaJla MOHHUTOPHHTA €€ BEIIMYMHBI, TO €CTh 3a mociemaane 150 mer
KOPpENHUPYET C MOTCIUICHUEM KJIMMaTa, OTKJIOHSETCS B OJMHHAIIIATH-
JISTHEM IIMKJIe OoJiee YeM Ha JBa MpoIleHTa. |10 OTHOIICHUIO K TeMIiepa-
type 3emmu (300 rpamycoB KenpBuHa) — ABa mporeHTa — 3TO IIECTh
TPaaycoB, HO 3aPETHCTPUPOBAHO OTKIOHCHUE TEMIIEpaTyphl aTMochephl
BCETO Ha OJUH Irpaayc.

HecootBeTcTBHE B oOIleHKax ¢ (dekTa OT M3MEHEHHUS HarpeBa
3eMIIH OT U3MEHEHUS COJIHEYHOU MOCTOSIHHOM U PEAIbHOTO YBEINYEHUS
cpenHell Temmeparypel aTMochepbl 3eMIM — HE TMOHYIWIO HayKy
OTIHCATh MEXaHU3M TEPMOCTAOMIIN3ANN 3EMIIH, HO IIPUBEIIO K HEBEPHO-
MY PELIEHUIO0 Ha OCHOBAHMU KHOTCKUX cOrjameHui.

He xoTenoch O ;yMaTh, UTO HayKa YIpaBisieTcsl TEMH, KTO pac-
YUIIaeT 3eMJII0 OT JIIOACH I MpUXoja Ha He€ HOBOM IMBUIIM3ALIAU
(Hampumep, MHOTUTAHETHOM).

ComHeHnuii He octaércs. uamensier kaumar Homo-vulgaris.
Ho mox 4buM uyTKUM yripaBieHueM?

6.4. Utak, ecau MBI JKeJIaeM COXPAaHUTh Cpely OOWTaHMs ISt
Halled NUBUWIM3ALUN — ATOMHYIO SHEPIreTUKY HYKHO CPOYHO CBOpAYM-
BaTh! B 5TOM HET COMHEHUSI.

ConHeuyHasi SHEpreTHKa, BETPOBAs SHEPreTHKa U JHEPreTHKa
O0C, ocHOBaHHas Ha MaTEHTaX MPHUPOJBI O Tepeaaye 6e3 3aTpaT BHEII-
HeH pa6OTBI TCIUIOThI OT XOJIOJJHOTO K ropss4€My, HC U3MCHAIOT — HU
KOJINYECTBO TEIUIOTHI B aTMOcdepe, HU KOJIUYECTBO JABYOKHUCH YIJIEpO-
na. Takast sHepreTHKa He BpeIHa I CPEAbl OOUTaHHSI.

KaxoBa cynpba sHEpreTHKH, CKUTAIONIeH yTIeBOI0POIbI?

Ecnu pesko, Hampumep, 3aBTpa, MEpedTH Ha OECTOIUIMBHYIO
SHEPreTHKY, TO aTMocdepa IEpPecTaHeT pa30rpeBaThCsi CrOPEBIIUM
TOIINIMBOM. KOHHeHTpaHI/IH B BO3JYXEC IBYOKHCH YTJIEPOJa U ITapOB BOJbI
HavyHET yOBIBATh, MIOCKOJBKY PACTEHUS] YCBaWBAIOT YIJIEKHCIHBIA Ta3, a
nap BOZBI BBINAAET ¢ aTMocdepHbIMH ocaakamu. Ho, octaBmeecs co-
JIep>KaHWe YTIIIEKUCIoro Tra3a B armocdepe Oyaer AOCTATOYHO JUIS
BBIBOJIa TEIUIOTHI, TIOJIyYSHHOW OT COJTHEYHOUN paJuaiii U3 aTMocQepbl
3emiH B KocMoc 6e3 neperpea aTMochepsl.

Ecnu pacteHus mepectaparoTcsi ¢ MOTJIOMIEHHEM YIJIEKUCIIOTHI
u3 aTMocdepbl, TO KOHIIGHTPAIHS JBYOKHCH YTIIepoia yIaugT, KoJmvec-
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TBO PacTE€HM, €ro MOrJIoAIINX, — Toxke ynaaeTt. KoHmeHTpauus
JIBYOKHCH 3aCTa0MIIM3UPYETCS Ha HEKOTOPOM YPOBHE, PABHOM YPOBHIO
CepeINHBI MPOIIOro BeKa, KOT/Ia aHTPOIIOTEHHOE BIMSIHUE YeJIOBEKa Ha
MPUPOTY HE OBUIO TAKWM CHITBHBIM.

7.0. Kpurtepuu npu BbI00pe THNA IHEPreTHKHU

W3BecTHa BO3MOXKHOCTH CTPOUTH MPEOOpPA30OBATENH TEILUIOTHI
OKpYXKAIOIIETO BO3A4yXa B DJJICKTPUYECKHM IOCTOSHHBIM TOK. Takas
sHepreTuka HazpiBaeTcst DOC (3HEpreTHKa OKPYKAIOLICH Cpebl).

CoznaHbl aBTOPCKHE AEWCTBYIOIIAE MAKETHI C UCIIOIB30BAHIEM,
KaK MHHAMYM TPEX, H3BECTHBIX aBTOPY CIIOCOOOB.

OHeprus TEmIoThHl BO3AyXa, MPeoOpa3oBaHHast B ANEKTPUICCKYIO
SHEPTHI0, TP MOTPEOICHNH €€ IMOTh30BATEISIMH, Yallle BCETO Mpeodpa-
3yeTcs B TEIUIOTY M BO3BpaIiaercsa B armochepy. B atom mnane, sHepre-
tuka D0C — uaeanpHa I 3KOJOTMH M HE BIMAET Ha Kiaumar. Ecim
SHEPIUsl M 3amacacTcsi B SHAOTCPMHUYECKUX PEakUusX (Hampumep, MpH
MIPOM3BOICTBE A30THBIX YAOOpPEHUH, IIEMEHTa), TO OHA BO3BPAIAETCS B
aTMocdepy MEIUICHHO, 3a JCCATHIIETHS — IOCJIe YCBOSHHS YIOOpeHHS
pacTeHHs MU — HO BO3BpAILIAETCS TOXKE, U TI0 MepE pa3pylIeHUs: OeToHa.

**% Mpl Bce XHBEM BHYTPH OECKOHEYHOTO AaKKyMYJISTOpa
TEIJIOTHI, nony4yeHHo! oT ConHua. Eciu OTHUMATh €KECEKYHIHO 4acTb
TEIUIOTHI Y OJTHOTO KyOHMUYECKOTO METpa BO3/yXa, TO OTHSATOW TEIUIOTOMH
MOKHO «IIPOKOPMHTHY JBUTATENIb MOITHOCTEIO 170 xBm.

Ecnu execekyHIHO OTHMMATh YacTh TEIUIOTHI OT OJHOTO Ky0o-
METpa BOJIbl B 03€p€ WJIM B PEKE, TO OTHATOW TEIUIOTONH MOKHO MUTATh
WCTOYHUK MEXaHWYECKOW WM IEKTPHUECKON SHEPTHU MOIIHOCTBIO JIO
330 MW.

Pacu€rel mo cTaHmapTHRIM METOAMKAM dYepe3 OJHTPOIUI0 U
yAeIbHBIA 00BEM pabodero Tejga IMOKa3bIBAIOT, YTO CEOSCTOMMOCTh
sHeprum nonydeHHou ot arperatoB DOC Oyzxer $0.005 3a kWh, Torna
KaK JUIsl YrOJIbHBIX 3JIeKTpoCcTanImii cedectonmocth Oymet $0.1 3a KWh.

Ecmu npumenars D0C u npekpaTHTh pa3orpeBarb armocdepy,
TO MPEKPATUTCS BHIOPOC B aTMoc(hepy NCTOUHHKAMYU SHEPTHH JIBYOKHUCH
yriepoja u napa Boabl. Biaru B Boznyxe yoasutcs. Ilpexpatsrcs 6e30-
Opasus c TUBHIMHU. BECKOHTPOJIBHOE YBeIWYEHHE 3eNEHBIX Apy3er (He
JOJIapOB, a pacTeHWH) yOaBHT coaep)KaHHE [IBYOKHMCH YIiepoaa B
BO3yXe M MOXET HadaThCs MOTeIuieHne. YToObl 3TOr0 HE MPOH3OIIIO
OBICTPO — HYKHO MJIM KOHTPOJIUPOBATh OYICTBO pacTeHHi, TN MOLAEP-
JKUBaTh KOHLEHTPAIMIO JIBYOKHCH YIJIEpOAa B BO3YXE — C)KUTAHHUEM
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KaMEHHOTO YTJIsl B MPOMBIIIJICHHBIX TIPEAIPUATHSIX U DIEKTPOCTAHIIHIX.

Breapsate 90C M0XHO cBoeoOpa3Ho.

U3BecTHO, YTO aTOMHBIE 3JEKTPOCTAHLUHN BHIOPACBHIBAIOT B aT-
Mocdepy Oosee 75 TPOIEHTOB TEILIOTHI, KOTOPYIO CO3AA€T aTOMHBII
peaxTop U TONbKO 25% TEIrIoBOM SHEPTHH MPEBPAIIAIOT B AIEKTpUIEC-
Kyto sHepruro. [Ipumenss texaonoruto 30C MOXKHO YBEIHYUTDH BBIXOI-
HYIO 3JIGKTPHYECKYI0 MOLIHOCTH B 4 pa3a 0e3 yBeJWYEHHUS TEIIOBOU
MOIITHOCTH SIEPHOTO peakTopa. Takoi Moaxoi MO3BOJIUT HE TOIBKO HE
CTPOUTH HOBBI aTOMHBIE BJIEKTPOCTAHIIMU, HO M 3aKPBITh KaXKIble TPH
U3 YeTHIPEX SIEKTPOCTaHIMH O0e300JIe3HEHHO Il MOTPEOUTeNs] U C
YMEHbBIIIEHUEM 3aTpaT Ha PON3BOICTBO SHEPTUH Y OCTABIIHXCS.

UzsectHO, uto III'Y (mapora3oBasi ycTaHOBKa), HallpuMep, MPH
TEIUTOBOM MOIITHOCTH Ta30BO# ropenkd B 853 600 kJ/S — numeer BeIxO-
HYIO 3JIEKTPUYECKYI0 MOIHOCTE, N3y 3a581= 352.0 MW.

YTUIM3UPYS TONMHOCTHIO TEIUIOTY TOPENKH MOXHO YBEIHYUTH
momrHocTh [1I'Y B 2.24 paza 6e3 yBeIH4YeHHUs pacxo/1a TOITHBa. MOXKHO
KaXIyl0 BTOPYIO TEIJIOBYIO SJIEKTPOCTAHIHIO, COKUTAIOUIYIO MPHPOI-
HBI Ta3 BBIKIIOYUTH, YTOOBI OHa He Tpema arMmocdepy. Tak serko
caenath 3a pybexom, a B Poccum 95% nsnexTpocTaHImii paboTaroT
koTenbHbIMU. [Ipu mobimiennn ux KIIJ| oHM He CMOTYT BBIIOJHSTH
¢yakmn kotenpHbIX. Ciienyer B Poccuu, 0 JHOBpeMEHHO ¢ MOJIEpHH3a-
Uel 3JIeKTPOCTaHINN, Ha OOBEKTaX, paHee OTaILIMBAeMBIX OpOCOBOI
TEIUIOTOM JJIEKTPOCTAaHIMM, — YCTAHOBUTb KOMILJIEKCHBIE TEIUIOBBIC
Hacocsl DOC, KOoTopble He TPEOYIOT SHEPIUU Ha IPUBO/.

Ecnu nmomHOCTHIO IPEKPATUTCS SMUCCHS IBYOKHCH YTJIepoaa, TO
pacreHuss camu cebs 3anymar cBOMM OyWCTBOM — COXPYT JBYOKHCH
YTIepo/ia U3 BO3AyXa A0 CPEIHEro 3HaUYEHHUs KOHIICHTPALUY 3a MOCIe-
HUE CTOJIETUS U 3aJIOXHYTCS.

OnsaTh NpU MOHMKEHHOW KOHIIEHTPALIMU JBYOKHCH YTIJepona B
aTMocdepe Temieparypa arMoc(epbl CTaHET BO3pacTaTh — AKTHUBU3U-
pYIOTCA TpOLECChl THUEHHS OPraHUKH, aKTUBU3UPYETCS BBIJACICHUE
JIBYOKHCH IO MEpPE MPOrpeBa OKEaHOB U JIETHUKOB.

OnsiTh, C MOBBIIEHUEM KOHIIGHTPAIMH JBYOKHCH HAUHETCS OYii-
CTBO PacTEHUH U BO3pacTET akTUBHOCTH "neMoHa K.O. Ilnonkosckoro”,
KOTOPBII BBIBOJMT TEIUIOTY B KocMoc. Temneparypa atmochepbl ynaaer
JIO CpeaHEN.

Onste cHU3UTCA OyHCTBO PACTEHUM, CHU3WUTCS KOHLEHTPALUs
JIBYOKHCH yIiieposa B atMocdepe — ...

Omnste TeMnepaTypa arMocepbl HAYHET YBETNUINBATHCA.
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OmnsiTh yCHIINTCSI THUEHUE, TAsHUE JIGAHUKOB M MPOTPEB OKEAHOB
— cogepxanue CO2 MOBBICHTCA... W T.J., IIUKJI KOJCOAHUH KOHIICH-
TpaIyy ABYOKHUCHU M TEMIIEPATYPhI TOBTOPSICTCS.

Jla, — B 3TOM IMKJC KIMMATHICCKUX H3MEHEHHH €CTh MepHo-
JMKa (Ha KOTOPYHO M CCHUIAIOTCS Teorpadbl), KOO BCE MPOLECCHI UHEP-
IIMOHHBIC, C TIEPHOJIOM HE KOpode OJHOro roga. Ho B aTux mpomeccax
€CTh M MECTO JUIS YIPABICHUS KIMMAaTOM OT YelIOoBeKa (ECIU MOHATH
MPABUIIBHO 3TOT MEPUOTUUECKHUI MpoIiece).

CerofiHs 4eJI0BEK yNPaBisAeT KIUMATOM, HO B CTOPOHY TOTeIIe-
HUsS — pasorpeBas aTMoc(epy AaTOMHBIMH M CKHTAOIIMMH METaH
SIICKTPOCTAHIIUAMHU. YTIPABIISIET YEIOBEK KIIMMATOM BOIIPEKH MEXIyHa-
poHoi KOHBEHITMH O 3alpeleHuy BOCHHOTO MK JIF000TO MHOTO BPaXK-
NeGHOTO HCIIOJIL30BaHMSI CPEJICTB BO3ICHCTBHS HA MPHPOIHYIO Cpedy
(1977 r.).

BosnelictBie Ha mpHpPOIHYIO Ccpedy ¢ 3PQPEKTOM MOTEIUICHUS
KJIUMaTa W BCIIEACTBHE STOTO YBEIHUYEHHE yIepOa OT MPUPOIHBIX KaTa-
KIIM3MOB — 3TO BpakAeOHOE BO3/CHCTBHIE?

JIro0oii yesoBeK, Mo/aB UCK B CYJ K MPaBUTEILCTBY CTPAHbBI —
ydacTHHKa KHOTCKUX cOTTalIeHn# — BBIUTPAET UCK U MOIyYUT KOMIICH-
camuro ymepoa.

8. UneajibHasi CTPYKTYypa JHEPreTUKH

NneanbHas CTPyKTypa SHEPreTUKH JIOJDKHA COJCpPXKATh JBA TH-
Ima UICTOYHHUKOB SHCPI'UM:

- HMCTOYHHKH, OCHOBaHHbBIE HAa CXKUTAaHUU KAMEHHOTO YTJIS;

- HCTOYHUKH OECTOIUIMBHBIC, B KOTOPBIX MPEOOpazyeTcs
OecrutaTHas M Be3Jie JIOCTYIHAs TEIIOTa OKpY)Karolleld cpebl B Mexa-
HUYECKYI0 pPa0OTy M DIIEKTPUYECKYIO0 DJHepruto. Takas sSHepreTHka
HasbiBaeTcs DOC (DHepreTrka OKpyXarolleld cpeibl). Joc — 3TO UMs
rpedyeckoid boruau yrpa.

CtpyKkTypa MHUPOBOW JHEPTeTHKH, OCHOBaHHAS Ha ABYX BHIAX
SHEPreTHKH, 00eCIeYnBaeT HE3aBUCUMOE YIIPABJICHHE TJIABHBIMH aCIeK-
TaMU Y€JI0BEYCCKON JCSITEIBHOCTH.

. Cxuranue yriisi IMO3BOJISIET PEryJIHpOBaTh KOHIIEHTPA-
LU0 JIBYOKHCH yrjepona B arMocepe M TeM caMbIM pPEryJIHpOBaTh
CPEITHIOI TEeMIIEPaTypy arMocdepbl, OMOIOTUYECKYIO MPOTyKTHBHOCTb
OKEaHOB U MOPEH U yPOIKAHHOCTH MOJIEBOJICTBA;
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. BecrommusHas sHepretrka D0C mo3BoJisseT 00eCeUYnTh
SKOHOMHKY BCEX CTpaH ACMEBON dHepruer u mpu ucnois3oBaHun J0C,
npu 000N MOIIHOCTH T'eHEpallii W MOTPEOJICHUs 3HEPTUU — OayiaHc
TEMIIEPATyphl Ha 3eMJIC HE MCHSICTCA.

**% ComHedHas!, BETPOBasi M TUAPOIHEPTETHKA TOXKE ITO3BOJISIOT
obecrneunBaTh SHEPTUEi IKOHOMHKY CTpaH 0e3 HarpeBa aTMoc(hepsl, HO
ce0ECTOMMOCTh 3THX MCTOYHUKOB 3HEPTMHM MHOTO BBHINIC, YE€M OT
arperaroB DOC, a TUIPO3HEPTeTHKAa M3MEHSCT pelibe) W MPUPOIHOS
peryiarpoBaHUe TEUCHHsI PEK, COMHEYHas TpeOyeT OOIIMPHBIX IJIOIIAa-
JIeH IS pa3MeICHHS, BETPOBasi — B OOJIBIIMHCTBE PETHOHOB 3eMIIA — HE
mpencKkasyemMasi 10 BBIXOJHOH MOIMHOCTH M co31aét uH(pa3BykKw,
BpEIHBIE TSI OMOJIOTHIECKUX 0OBEKTOB.
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Beperute ce6sa 1 3emuro! - O6yyaiiTe akageMukoB PAH
dusuke Ili1aHeTh1!

He umckmaouyeno, yTo akageMuku PAH Toxke s10au, a He
WHOIUIAHETAHE; U MOMMYT, 4YTO HY)KHO Gepedb 3eMJ/II0 JJis
3eMJIsiH, a He COJeliCTBOBAaTh BCEMHUPHOMY IOTOIYy, pa3orpeBas
3eMJ1I0, YTOGBI OCBOGOJUTHL 3eMJII0 OT 4YejOBedyecTBa [JJisd
3acejieHUA €é NHOIJIAaHETSHAMHU.

IIpunoxenue 1
OneHka ckopocTH HarpeBa aTMocgepsl CropeBIINM TOILIABOM

B a0comoTHOM BBIpaXXCHHM MHPOBOE JHEPronorpelcHue
yraeBoiopoaHoro tomimsa ¢ 1996-ro mo 2003 r. BeIpocno ¢ 12 miupa 1o
15,2 Mapa TOHH YCIIOBHOTO TOIJIMBA, TO €CTh Ha 26,7%.

rudocs.exdat.comydocs/index-34627.html... komnus

Tennotsr Crope€Buiero ToruiMBa JOCTAaTOYHO, ‘-ITO6I)I Harpe€Thb 3a
onuH roxa atMochepy 3emiu Oosiee, yem Ha 1.1 rpagyc mkaisl Lenbcust

II.1.1. Bemuuymna 15,2 wmipa. TOHH YCIIOBHOTO TOIJIMBA
(15.2:10" kg ycoBHOTO TOMITHBA)

Temnora omuoro Kg ycmoBHoro tormBa = 7000 kkan =
4.176:7000 = 29232 kJ = 0.29232-10°kJ.

Bcé Tommuro, 3a roj cropeBiiee, BhIICIAET TeIIOThI, Q:

Q= 15.2-10" kg - 0.29232-10°J = 4.44-10" kJ.

II.1.2. Macca Bo3myxa Ha 3emJie YHCIEHHO paBHA ILIOMIAIH
MOBEPXHOCTH B CaHTHMMETpaxX KBaJpaTHbIX (HA KaKIbld CAHTHMETP
KBaJIPATHBIM MOBEPXHOCTH 3€MJIH JIABUT CTOJIO BO31IyXxa ¢ Maccoid B 1.0
(omnn) kg)

[Tnomank NoBepxXHOCTH 3EMHOTO IIapa, S, paBHa:

S=4nR* = 4m6371° = 40.6:10° KMIOMETPOB KBAJAPATHBIX =
40.6-10™ KBaAPATHBIX CAHTHMETPOB.

Bcero macca Bo3yxa Hajl HOBEPXHOCTBIO 3eMITH paBHA:
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M=40.6-10°- 1-10" = 40.6:10" kg.
VY nenvHas TermnoéMkocTb Bozayxa, Cp = 1.00 kJ/(kg-degree).

I1.1.3. 3a oamH rox Bo3myX 3eMIIM MOXET HPOTPEThCS CTOpPEB-
IIMM TOIUTUBOM Ha BEMHYMHY Trgp :

Tner = Q/Cp-M = 4.44-10"kJ /(1.00 kJ/(kg-degree)-4.06-10"'kg)
= 1.093 rpagyca mxansl Llenscust.

[punoxenne 2

OneHka 0JHM TeImJI0Thl OT JAeATEeJIbHOCTH JI0Aeil B o0mIei
TEeIJI0TEe, KOTOPYIO HY?KHO BBIBOJUTH B KOCMOC OT 3eMJIM.

I1.2.1. TemioTa OT CrOpaHus TOIJIMBA.

Ha mosepxHoCTh 3eMin miommaasio 1.0 (ogun) »® magaer moTok
TEIIa CONMHEYHONW MHCOJSIUH C TEIIOBOM MOIIHOCTEIO Qi = 220 kJ/S
(mdpa momyueHa moOCIEe YCpPEemIHEHHS MO reorpaduyeckoi MMHUpOTe
MECTHOCTH M BPEMEHH CYTOK).

YacTh TEMIOTHI YXOAUT K LHEHTPY 3eMJId (IUIOTHOCTh TEIJIOBOTO
notoka He 6oree Qs =30.0 W gepes MeTp KBaipaTHBIil) U pa3orpeBaeT
anpo IlnaneTsl, 4acTh TemIoThl, B KoaudecTBe Qg gpy = 20.0 W uepes
MeTp KBaJpaTHBIN, TEIJIOBBHIM u3iydeHueMm mpu Temmeparype 300°K,
n3inydaetcs B Kocmoc.

Ha otBox temmorst B KOCMOC, mocpenctBoM o0TBoja €€ C
BBICOTHI XOJIOJJHOTO clos cTpaTocdepsl Ha BeicoTe 10—12 KuimoMeTpoB K
CJIOI0 TOpsTueMy, Ha BbicoTy 140 kunmomeTpoB (mipu momorm «aemoHa K.
3. LIM0IKOBCKOTr0»), OCTaETCs TEIUIOBOM MOTOK IUIOTHOCTBIO HE Oouiee,

Qvaeabuas:

Quaeabnas = 170/ kJ/S-a = 0.17-10™ kd/em®S.
«demon K.D. [lnonkoBckoro», B TE€UCHHE TOja, Yepe3 CaHTH-
METp KBaJPaTHBIM OJKEH BHIBOJUTH TEIUIOBOM MOTOK 3HEPrUU, MOIY-
yeHHo oT COJIHIIa B KOJIMYECTBE Q}IEMOH_HI/IOJTKOBCKOFO = QyﬂEJ‘[])HA;[ =

0.17-10™-365-24-3600=473 kJ /(cm*200).

Hrak —
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YeaoBek, homo-vulgaris, 3a roj, TEIUIOTON CKATAEMOT0O TOILIH-
Ba JT0OABISET TEIUIOTHI B aTMOCQEpy, Yepe3 KKl CAHTUMETP MOBEP-

xHOCTH 3eMiH , Qyn_nEepEreEs :
Qva_nerere. = Trer. Ce posn, = 1.0933/200-cx?1.004 J/kg-degree = 1.1kJ.

Jonsi, A, pyKOTBOPHOU TEIUIOTHI Ijs pa3orpeBa [LmaHers, 1o
OTHOIIICHHUIO K COJTHEYHOU SHEPTHH COCTABIISCT:

A= QYII_HEPEFPEB/ QYJIEJILHA;[ =1.1/473=0.23%.

Opnako stu 0.23% mpuBonar x paszorpeBy Ilmanetsr Ha 0.05
rpaayca mkaisl Lenbcus B ro.

AHTpPOTIOTEHHOE BO3/ICHCTBUE YEIOBEKa IPUPOA YMEHBIIIALT.

I1.2.2. TenyioTa oT hakTa NPUCYTCTBHA Yel0BeKa Ha 3emuie.

***% (CerogHs 4YHCICHHOCTL JXKHMTeleld Ha 3emie Oiam3ka K 6
MUJUTHAPIAM YEIIOBEK.

Kaxxapiii 1uenoBek BBIIEISIET TEIUIOTHI ¢ MOIIHOCTRIO 150 Bm
(0.15 xlforc/cex).

3a roa Kax bl YeIOBEK BBIACISIECT B aTMOc(epy TeroTh Qugy:

Qugx = 150-:3600-24:365 = 4.73-10° kJ.

Ecnu NOMHOXHTE TETJIOBBIICICHHE KaXKI0TO HA YHCIIO JKUTETeH
3emsu (Ha 6 MWIIHApPAOB YENOBEK), TO MOIYUUTCS HEKOE KOJIHMYECTBO
Temna ot sxurenen 3emi, Quur 3Eman= 2.832-10™kJ.

Duepreruka Beitenser 4.44-10" kJ.

JIromn TperoT 3eMIll0 CBOMM TeNlOM, J00aBisisi K DHEPreTHKE
6.38% TermIoTH A0I0:

dQreancan = (2.832:10'°kJ/4.44-10" kJ = 0.0638).

A eciM TPHCOBOKYNHUTH K TEIUIOBBLICICHUIO OT CrOPEBIIETO
TOIIMBA M OT JIFOJIEH, TEIUIOTY MOJlydaeMyro aTMoc(epoi OT KPYITHOTO
poraTroro Ckorta, CBUHEH, OapaHOB W >KUBOTHBIX B JUKOH MPHUPOAE, TO
CTaHeT O4YeBHAHON mpoluaema momomu oT 4enoBexka I[lpupoae B
Aesie CTA0WIM3AMN TeMIIEPATYPbI HA MJIaHeTe 3eMulsl.

*#** KoaPUIMEHT YCUIICHHS B IETJIe OTPHUIATEILHONW 00pat-
HOU CBsI3H, B CHCTEME CTaOMIN3alMU TeMIIepaTypbl 3eMJIH PaBeH:

Kyc osp.ceszn = 1.1:1.0638 / 0.05 = 23 4.

AHTpPONOTreHHOe BO3/IeiicTBHE YeJIOBeKa MPHPO/Ia YMEHbIIA-
eT B 23.4 pa3a.
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[Ipuaoxernue 3

Ounenka 10,1 BHIOPOCOB JHEPIreTHKON ABYOKHCH YyIJIiepoaa K
COJepPKAHUIO IBYOKHCH YIJIepoaa B aTMoc(epe

Konnentpamnus yriekucimoro raza B arMocdepe 3emiii cocTa-
Bisier B cpexHeMm 0,0395 %, a Bcero, mpu Macce arMocepbl paBHOM
Marw = 40.6:10%, macca gByokmcH yriaepoma B arMoc(epe COCTAaBHT
Mcos = 40.6:10"-3.95:10™ = 1.604-10" kg.

Ipu cropaunu 15.2:10" Kg yCIOBHOrO TOIUIMBA BBIACIACTCS
JBYOKHUCH yriiepoaa He MeHee Mcoz romn= 15.0-10% kg. (B Torutuge, B
cpenHeM (Ta3 — yroib), TPeTh aTOMOB YTIEPO U IBE TPETH — BOAOPO.).
[Ipu ropennn yriuepoma mMacca ABYOKHCH yriiepoda B 2.75 pa3 Ooiblie
CTOPEBIIIETO yIJIepoAa M MOIydaeTcs, €CH yriepoaa TpeTh OT oOIIeH
MAaccChl TOIDIMBA, TO Macca JBYOKHCH YyTJIepoja paBHA Macce yCpemaHEH-
HOTO IT0 BHJIaM CTOPEBIIET0 TOTLTHBA.

Torna, mpu crnoXuBIIEHCsS KOHIIGHTPAIMH IBYOKUCH yTiepoaa B
BO3/IyXe, OCHOBHAs JIOJISl YIJIEKHUCIIOTO ra3a B arMoc(epy MOCTaBIseTCs
cropeBmuM TorumBoM?! (Macca JIBYOKHCH B BO3IyXE 1.604:10" kg, a
SMUCCHUS IBYOKHUCH 32 TOJl, JHEPTETHKOM, COCTABIISICT 1.50-10% kg.

U 3T0 HE MPOTHBOPEUHT 3APABOMY CMEBICITY.

OOBEM TOIBKO CENBCKOXO3SHUCTBEHHOMN MPOMYKITUHN TPOU3BOIH-
MOH 3a TOoJ paBeH HE MEHee 4-10%? kg, a ecTh emé M TEXHMYECKHE
KYJIBTYPBI U 3aTOTOBKA Jieca.

Kpome Toro, ecte He aHTPOIIOTEHHOE MOCTYIUIEHHE YTIIEKHCIIO-
Tl ¥ TIOTOMY, KOHIIEHTPAIUS YTIIEKHCIOTHI B BO3J[yXe YBEIIMUNBACTCS.

HUccnenoBanus mokaszaiy, 4TO TONIIMHA TOAOBBIX KOJIEII JePEBb-
€B U TPUPOCT OPTAaHUKH B MMOYBE OBUT MHOTO MEHBIIE J0 TepHoia WH-
TEHCUBHOTO BO3JIEHCTBHS SHEPTETUKOB-OTHETIOKIIOHHUKOB Ha MPUPOJY.

U3 cpaBHEHUS] KOCMUYECKUX CHUMKOB BHJIHO, YTO HAOIIOMaeTCS
TEHJICHIIUS HACTYIUICHHUS JIeCa U PACTHTELHOCTH Ha IYCTHIHH, JaXe B
Apcrpamuu. C yBennYeHWEM KOHIIEHTpPAIlMH JBYOKHCH YTiiepoja B
BO3/IyXe B IOCIEIHEe BpeMsl OYIHCTBYIOT AWKOPACTYILME PACTCHHS H
JepeBbsi. M3nuinek ABYOKHCH yriiepoia CIIOCOOCTBYET OXJIaXICHHIO
3eMJIH, HO TIOTJIONIAETCS PACTCHUSIMHU.

IIpuioxenue 4

Tak am yk BpeaHa JHepreTHka, CKUTaIas KaMeHHBIH
yroJin?
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ITo xuMHUEeCKOMY COCTaBY KaMEHHBIN yrojib MPEJCTaBIISIECT
CMECh BBICOKOMOJIEKYJIAPHBIX TMOMUIUKINYECKUX apOMaTHYECKUX COE-
JNIMHEHUHU ¢ BBICOKOM MaccoBoil goneit yrinepona. Coxepxanue yriepoaa
B KAMEHHOM yTJIe, B 3aBUCHMOCTH OT €r0 COpPTa, COCTABISET OT 75 Y% 1o
95 %.
HcTouHuK:

http://forexaw.com/TERMs/Raw_mater 19 %D0%9A%D0%B0%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%BI_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C_Coal

VY aeneHas Temnora cropanus yriepoaa, Qp.yro = 32 MJ/kg.

Xumuueckas GopMyra OKHCICHHUS YIIepoJa:

C + O, = CO, + Qgyro i MonekynspHast Macca JBYOKHCH
yraepona 44 en (12+2-16=44).

[locme cropanmst yraepoma (yriisi) Ha KaXKABIH KHAJIOTpaMM
CTOPEBIIIETO yIiepoa ModydaeTcsl Macca IBYOKHCH yrieponaa, 3.66 kg
meyokucu (1.kg x 44/12=3.66 KQg).

YaenbHas SHEPrUs Ha KWJIOTPAMM 3MUCCUU JBYOKHCH YIIIepoJia
B aTMoc(epy OT CropaHust yIJisi:

V1 sneprus yroms = Qg x44/12 = 32/ 3.66 = 8.74 MJ /kg.

Ha omuH xuiiorpaMm 3MHUCCHH JIBYOKHCH YIJIEPOJa BBIICIISICTCS
8.74 MJ TettoThL.

AHAJIOTHYHO I METaHa:

Xummueckas popmyna merana: CH.

Xumudeckast popMmyIia OKUCIICHUSI METaHa:

2CH4 + 502 = 2C02 +4 H20+ QB-MEI/IAHP-

V ienbHast TerioTa cropadus Merana, Qpvpnan’ = 70MJI/Kg.

[Ipu 5TOM yrIepos COCTaBISET, IO MacCe COKMTaeMOro POIyKTa
12/16.

Ha xaxaplii KWJIOrpaMM METaHA, IPU €ro COKUTaHUU ITOJIYdaeTCsl
70MJ TerutoTh M TIOJTy4YaeTcs AByOKHCh Yriepoa, mo macce (B Kg),

Macca nByokncu u3 Kmiorpamma Metana = (12/16) x (44/12) =
2.75 kg nByokwcH yriepona.

VYienpHOE BBIIENIEHHE TEIJIOTHI NP CTOPaHWU MeETaHa, Ha
KaXXIIbIii KWJIOTPaMM SMHUCCHH JIByOKHCH yTJIepoa:

VY sueprust Metal = Qpwenan’ / (44/12) = 70/2.75 = 25.45 MJ /Kg .

Ha oauH xuiorpamMm 3MHUCCHU JIByOKUCH YTIIEPOAa BBIJEISAETCS
25.45 MJ TeruioTsl.

MOXHO CpaBHHUTbH yIEJIbHBIC SHEPTUH YIJIsl U METaHa IpU OJH-
HAKOBOUM SMHCCHU JIByOKUCH YTIIEPO/Ia:

- TIpY MOJYYEHUH OJIHOTO KHJIOTpaMMa JBYOKHCH OT CTOpaHus
YTIIs1, BBIZICIISIETCS TEIUIOTHI 8.74 MJ;
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- IpH HOJYYCHHH OJHOr0 KHUJIOrpaMMa JIBYOKHCH OT CTOpPaHHMS
MeTaHa, BBIACIAETCS TCIUIOThI 24.45 MJ.

I1.4. 1 BeiBon.

YaeabHasi IMUCCHSI ABYOKHMCH YIJIepo/la HA €AMHULY IOJIY-
YEeHHOH TemIoThI — y yris B 2.91 pa3 0oJblue, yem y Mmetana (25.45
/8.74 = 2.91).

VYBenuuuBas JOMIO SHEPTETUKH, CKUTAIOLIEH KaMEHHBIN yTroJb,
MOYKHO CHIDKATh CpeTHEeH TeMIlepaTypy aTtMochepbl 3eMIIH.

KameHHbI yrosip Hy>KHO JOOBIBaTh OOS3aTENBHO M HY)KHO €r0
C)KHUTaTh, YTOOBI MOBBICUTH KOHLIEHTPALMIO IBYOKUCH YIepoJa B aTMO-
chepe 3emid, YeM M CIOCOOCTBOBATh MPHPOAHOMY IIPOLIECCY TEPMO-
crabunm3anuu 3eMIId W TOBBIIIEHUIO YPOXKAHHOCTH CEIbCKOXO3SHCT-
BEHHBIX KYJIBTYD.

bes 3Toro J0NOJTHUTENHFHOTO KOJIMUYECTBA OT YTOJIBHBIX 3JIEKTPO-
craHimii — atMocdepa 3emuu neperpesaetcs Ha 0.05 rpamyca B roj,
TAIOT MOJISIPHBIC JIbJBI, MOBBIIIACTCS YPOBEHb OKEAaHA, MPOTPEBAIOTCS
MOps ¥ OKEaHbl, yMEHBIIAeTCs UX IUI0OAOPOANE, OBHIIIAETCS PUCK TIEpe-
KIIIOUCHUS TPAEKTOPHHU JABHKCHUS TEIUIOro TeueHust ['onbGcTpum.

Brionae mormuHBIM neHiCTBHEM MOXKET OBITh J00OWpOBaHWE
CHIDKEHHS Hajlora Ha NMPHOBLIb VI IPEANPUATHHA, JOOBIBAIOLINX KaMEH-
HBIH YTOJIb ¥ TOP) U VIS TPEANPUSATHHA, CKUTAIONINX KaMEHHBIH YTroJb
u TOpd.

*** TIpu 5TOM OTpacib MO TOOBIYN YTIIsl CTAHET SIKOHOMHUYECKH
IIPUBJIEKATEIBHOMN.

*** Tlpu 5TOM y OPEANPHUATHA CHKUTAIOMIUX YTOJb IOSBATCS
JIOIIOJTHUTENbHBIE CPEACTBA Ha YCTAHOBKY 00OPYAOBAaHMS M0 CHHXKEHHIO
BPEHBIX BHIOPOCOB B aTMOC(epy (IByOKHCH yriiepoaa He OTHOCHUTCS K
BpEIHBIM BEIOpOCaM).

HaHHaﬂ CTaThbia npez[CTaBneHa Ha CTpaHI/II_Iei
http://goshajora.umi.ru/na klimat zemli okazyvaet vliyanie
vid energetiki i eyo ob yom.

BbIBOABI M peKOMeHAAIUM U1 JaJIbHEHIINX UCCIeT0BAHMIA.

TpeOyercst co3aTh MPOrpaMMBbI IO ONTHMHU3ANNHN JIOJIA SHEPTe-
Tk DOC U 3HEPreTUKH, CKUTAIOLIEH KaMEHHBIM Yrolib, UCXOAS W3
IMOHMMAaHHMS TOr0, YTO:
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1. ToNBKO TOIJIMBO B BHUJE KAMEHHOT'O YIS MIPU CTOPAHUU CO3-
Ja€T MpeANOChUTKY JUTS CHIDKEHHS CpeIHEel TeMrepaTypsl atMochepsl;

2. CyIIECTBOBAaHME JIECOB M IIOJICBOACTBA YMEHBIIAET JOJIO
YIJIEKUCIO0TE B atMocgepe, Topmo3ut aemMoH K.O. IluonkoBckoro u
NIpY TIOCTOSTHHOM HarpeBe — yBeJIMYUBAeT TeMiepaTypy Ha Ilnanere;

3. yBelMYEHHE TIOTOJIOBbSI CKOTAa W YBEJIHUYEHHE UYWCICHHOCTU
mrofel pasorpeBaeT arMoc(epy HampsAMyI — M3JIyYeHHE TEla >KUBOT-
HBIX — B TpeOyeT yBeTHMUEHHS MPOU3BOJICTBA KOPMOB, TO €CTh yBeIHYe-
HUSI TTOJICBO/ICTBA,

4. c)XHrath KaMEHHBIN YTOJIb IIOJIE3HO — YIJIEKUCIOTAa KOMIICHCHU-
PYET Bpell OT MEPEUNCICHHBIX BhIIIE (PAKTOPOB;

Koma KOHYATCHA NMPUPOAHLIE 3allaCbl KAMEHHOI'0 YIJIsd

5. pa3paboTaTh MPOIEAYpPHl YIpaBIeHHUsS] aTMOC(HEPHBIMH OCall-
kaMu. J[7s 3TOoro mpuAETCs MpH MOMOIIM MpeoOpa3oBaTeNiell TEIUIOTHI
aTMOC(EpHOTro BO3AyXa B DIEKTPOIHEPTHIO CO3/1aBaTh OONACTH IMOHU-
JKCHHOW TEMIIepaTyphl U MOHMKEHHOTO JABICHUS B BEPXHHUX O0JIACTIX
ctpatocdepsl. [lomydeHHas 3MeKTprUecKas SHEPTHS MOXET ObITh HC-
MOJI30BaHA JIS JIEKTPOXUMHUYECKOTO PA3I0KEHHS BOJIBI.

**% JlewicTByloIMEe MakeThl mpeobOpaszoBateneir DOC paspabdo-
TaHbl U TOKA3bIBAIOT MOTCHIMAIBHYI0 3KOHOMHYECKYIO Ilelecoo0pas-
HOCTh CO3/IaHUS TPeoOpa3oBaTeICH.

6. DIEKTPOXUMHYECKOE PA3I0KEHUE BOJABI HAET C TOTpeOIeHHE
TEIUTOTHI, YTO yIKE XOPOIIIO;

7. BBIOPOIICHHBIE B BO3JIyX MPOAYKTHI PA3JIOKEHHUS BOJBI —
BOJIOPOJ] U KHCJIOPOJ — YBEJIWYAT KOHICHTPAIHIO THUX T'a30B B aTMO-
ctepe. Kucnopos OyzieT coaeiicTBOBaTh OKUCIICHUIO OPTaHUKH B JIecax
— C BBIJICTICHHEM JBYOKHCH YIJepoJa — 3TO XOPOIIO JJsl CHIDKCHHS
CpellHel TeMIepaTypbl aTMOC(EPHL;

8. yBeiMueHue KOHICHTpAIMKU BOIOpOaa B atMochepe co3maér
NPEANOCHUIKH K BKJIIOYEHUIO AONOIHUTENBHOro 3¢dekTuBHOrO mexa-
HHU3Ma BBIBOJIA TEIJIOTHI U3 aTMoc(epbl B KOCMOC (BOZOPOJ U JBYOKHCH
yriepoja — MPOTHBOIIAPHUKOBBIE Ta3bl);

9. cozpanue He3aBUCUMOTO B 3(PPEKTUBHOTO MEXaHM3Ma BHIBO/IA
TEIUIOTHI B KOCMOC Y€pe3 YBEJIWYCHHYIO KOHLIEHTPALWIO BOAOpOAa B
aTMocdepe — TI03BOJIUT HE HAKII/IBIBATH CYPOBBIX OIPaHUYCHUI Ha YHC-
JICHHOCTb JIIOJIeH, )KUBOTHBIX U 00BEM MOJIEBOJICTBA U JIECOPA3BEICHHUSL.
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ANV A

Bunorpagos IOpmuii EBrenbeBuY — BBIIAIOIUICSI PYCCKHN
yuéHbIll, nHXeHep-(Gu3uK, MOCKBa, aBTOp IAEICTBYIOIIEH YCTaHOBKU
U30TEPMUYECKOr0 MpeoOpa3oBaTessl TEIIOThl OKpPYXarolled cpeabl B
HIOCTOSTHHBIH AJIEKTPUYECKUI TOK (ABTOPCKOE HA3BaHUE — HAUIKGUCMOP),
PYKOBOIMTENb aBTOPCKOH mporpamMMel JOC co3nanHusi Oe3TOIIMBHBIX
ABTOHOMHBIX JHEPreTHYECKUX YCTAHOBOK OOJIBIION MOIIHOCTH, Haydy-
HBIH okcrepT Pycckoro ®wusmueckoro OOmiecTBa, aBTOp JKypHaia
"XPOM", naypeat IIpemun Pycckoro ®usnueckoro O6mectsa (2013),
0e3cMepTHBIN MouéTHBIN wieH Pycckoro @usnueckoro OOmecTsa.

e
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®UBUYECKUIA CMBICJI MHAMOM EJAHUIIBI |

I'. II. HInensxoB

«Hosas unmepnpemayusi MHUMOCMeEl 3aKTIOYACMCSL

8 OMKpbIMUY 060POMHOU CMOPOHBL NIOCKOCMU

U NPUYpoOUEHUL SMOL CMOPOHE — 00LACIIU MHUMBLX YUCET.
[NaBen daopenckuit. «Muumocmu 6 2eomempuuy. 1922r.

Tpu cronerus npomuto (mpuMepHO ¢ 1712 roma) Kak pa3BepHYIHCH
aKTHBHBIE JUCKYCCHU O CMBICIIE KOMIDIEKCHBIX drcen. [ otdpun JlehOmm,
Jleonapn Ditnep, Moran bepHymm u npyrue Bbaroye Y4€Hble TPHUHSIIN
yuactie B HuX. OIHAKO ¢ TeX IMOp BIUIOTH IO HACTOSIIETO BPEMEHH BCE
pacCyXIeHusI Ha 3Ty TeMy, K COXXKQJICHUIO, 3aKaHYMBAINCH (DaKTHUYECKH
HHYEM, TIOCKOJIBKY He TMPHBOIMIN K PACKPBITHIO TJIABHOIO — BBISICHEHHUIO
peabHOro0 (PU3MIECKOTO CMBICIIA KOMIIJIEKCHBIX YHCET.

He Oymem BmaBaTbcsi B HICTOPHIO W JIETANIM MPOIIEIINX JTUCKYC-
cuil. [IpuBeném nuIb BBICKA3bIBAHUS O CYTH KOMIUIEKCHBIX YMCE HEKOTO-
PBIX U3 W3BECTHBIX YYEHBIX, MHEHUSI KOTOPBIX HE HYKJAIOTCS B JIOTIOHH-
TENTPHBIX KOMMEHTAPHSX, HACTOIBKO SICHO M YETKO M3JI0KE€HA B HUX OCHOB-
Hast MBICITb O COCTOSIHUH TIPOOJIEMEL.

[I1poKko M3BECTHO BBHICKA3bIBAHME O KOMIUIEKCHBIX YHCIAX MpH-
Hajuiexariee Jleiouuiry (1646-1716):

«/lyx booscull HAWEN MOHYAUUYIO OMOYIIUHY 8 IMOM UYOe aHAU-
3a, ypoode uz mupa uoei, 080UCBEHHOU CYUWHOCHU, HAXOOSUEIICS. MEeNCOY
Ovimuem u HeObimMueM, KOMOPYIO Mbl HA3bIBAEM MHUMbIM KOPHEeM U3
ompuyamenvHol edunuysy. Vinu nomodHoe: «KomniekcHble yucia — 3mo
npekpachoe u uydecHoe yoedcuwe 00HCeCmBeHHO20 OyXd, NOYMu Ymo
amehubust Goimust ¢ HeOLIMUEM.

B 1759 r. ®pancuc Masep (1731-1824) omyOnmkoBan cTaTbio
MoJl Ha3BaHUEM «Paccyscoenue 0 npumeneruu 6 aneebpe 3HAKA MUHYCH.
Bort 4ro oH nUIIET B HEH O MHUMBIX YHCIIAX:

“... Hacxonvrko s mozy cyoumos, oHu caysicam auudb Ol MO2o,
UMoObL BHECTNU 3AMEUAMETLCMEBO 80 BCHO MEOPUID YPABHEHUI U COenamb
CMYMHbIM U 342A004HbIM O, 4O NO CAMOU C80el Npupoode 0COOEHHO
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SCHO U NPOCMO... Ype36biuaiino JHcenamenbHo NodMoMy He OONYCKamb
ompuyamenvHvle KOPHU 8 aneedpy, a eciu maxogvle 6CE Jce BOZHUKHYM,
HEYKOCHUMENbHO U320HAMb ux. Hmeromcsi gecKue OCHOBAHUS NONA2ATND,
umo ecau Obl HAM YOANOCh U3DABUMBCS OM OMPUYAMETLHBIX KOPHEU, MO
mem camvlm ObLIU Obl CHAMbL 603PANCEHUS], GblOGUSAEMbLE MHOSUMU
VUEHLIMU U OCIPOYMHBIMU MYHCAMU NPOMUB ANICeOPAUYECKUX GbIUUCTEHUL
KAK CTUWKOM CHIONCHBIX U HAOCNEHHLIX NOUMU HENOCUNCUMBIMU OIS
pazyma nousmusmMu. Aneebpa, unu eceobwas apugpmemura, no camou
cBoell npupooe, HECOMHEHHO, ABNIAEMCS HAYKOU He MeHee NPOCHOU, SICHOU
U BPU2OOHOIL 0151 OKA3AMENbCNEA, YeM 2eOMempPUst’”.

Jleonapn OJiisiep B cBoéM (QyHmameHTanbHOM Tpyne ‘‘Ilornoe
6gederue 6 aneeopy” (1770), oTMedast 3araIouHyI0 HepeaIbHYO CYITHOCTh
MHHUMBIX YHCEN, OTHOCHIICS K HUM KaK K MPOIYKTY BOOOPasKEHHUSI:

“Keadpammvle KOPHU U3 OMPUYAMETbHBIX YUCEN He PAGHLL HYTIO,
He Menbute Hys U He 6onvute Hyns. Omcioda sCHO, Ymo Keaopammble
KODHU U3 OMPUYAMETbHbIX YUCel He MOSYm HAX00umvcsi cpeou
B03MOJICHBIX (Oelicmeumenvhblx, gewecmeaennvix) uucen. Credo8amenvto,
HAM He OCMAémcsi Hu¥e20 O0py2020, KaK NPU3HAmb UX HeB03MONCHLIMU
yucaamu. Imo npusooum Hac K NOHAMUIO YUcel, NO c80el npupooe
HEBO3MOMNCHBIX U OObIYHO HA3bIBAEMBIX MHUMBIMU UIU 8000PAHCACMbIMU,
HOMOMY 4MO OHU CYUWeCMEYIOm MOJIbKO 8 6000paxtcenuu”.

HeyauButenbHo, 4TO (U3MKH, CTAIKHBAsCh B CBOMX TEOPETH-
YECKHUX TIOCTPOCHUSIX C KOMIUIEKCHBIMU MaTeMaTHIECKUMH BBIPaKCHUS -
MU, BOCHPHUHUMAIM MHHMbIC COCTABJISIFOIINEC B HUX Kak HepeasbHbIC
cyniHocTd (uucna, mapamerpbl). HacTonbko Tiy0OKO BOIIO U 3aKpe-
NUIOCh B UX CO3HAaHUM (HapaBHE C MaTeMaTHKaMH), KaKk caMo coOoi
pasyMmeromieecsi — HEpealbHOCTh YHWCEN, KOTOpble OBLIM Ha3BaHBI
MHUMBLMU.

Cyns mo BceMy, 3araJjKky MHAMBIX YHCET HaM BCE-TaKH yJaloch
peIUTh; W HACTOSIIMK JIOKIJIAJ TpEACTaBIsIeT coOoi KpaTrkuid 0030p
MyOJIMKAIMIA Ha 3Ty TeMY.

Kax MpI K IpuIuM K TaHHOMY OTKPBITHIO M Ha KaKyl0 KOHIIET-
TyalbHYI0 0a3y Mbl ONUpaIHCh? DTO HETPYAHO OYAET MOHATH, €CIH
pa3o0paTbcs, K KaKOMy Ie4YaJbHOMY PE3yJlbTaTy C AaJeKO HUIAYLIUMHU
MOCTIEACTBUSAMU TPHULUIA (DU3WKHU BCIIEICTBHE HE3HAHUSA (DU3HUECKOTO
CMBICTIa MHUMBIX YHMCEJI, TIOHAS M0 MyTH MaTeMaTHYeCKUX aOCTpaKIWM.
B kadecTBe SApKOro MOYYHTENBHOIO NpPUMEpPA, BO3BMEM KBAaHTOBYIO
Mexanuky (KM) [1]. [Ipoananu3upyeM cambie OCHOBBI 3TOH TEOPHUHU.
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Bcenomunm, 11 Toro 9to ObI M30aBUTHCS OT MHUMBIX YHCEN B
IpenuHrepoBCKOi KOMITTIEKCHOM BOIHOBOH (DYHKILIWH,

Vnim =Rt (N0, O)P,,(9) =R, (NY, (6, 0), ©)

rne Ci)m () :e"“V’, Bopn B 1926 romy mpemIoKui IIUPOKOM3-

BECTHYIO BEPOATHOCTHYIO WHTEpIpeTaryio 3Toil QyHKmmu. Bor kak 310
OBLITO CIENaHo.

[Tockonbky "mHuUMbBIE" COCTABISIONINE, pacCMAaTPUBaEMbIe KaK He-
peanbHble BENMYMHBI, HE IMOIAIOTCA CTPOroi (pM3MdYecKoil MHTepIpeTa-
IIMH, KaK Moiarainyd (pu3nuKu TOro BpeMeHH (1, K COXKaJICHHUIO, TaK CUUTAIOT
MIOYTH BCE M 1O ceil JieHb), Makc bopH mpeyioskut IMeTh Jeo ¢ KBajpa-

TOM MOIYJIs1 BOTHOBOM QYHKIHH I/, | .,

lz&n,l,mlp:,l,m = anl (r)®lzm (9) ’ (2)

KOTOpPOMY TIpHIANl BEPOSATHOCTHBIM CMBICT. BoT oOBsicHeHHe
Makca bopna:

“The reason for taking the square of the modulus is that the
wave function itself (because of the imaginary coefficient of the time
derivative in the differential equation) is a complex quantity, while
quantities susceptible of physical interpretation must of course be real”
[2, p.142].

“Ipuuunoii ezsamus keaopama Mooy sA6IAemcs mo, Ymo camd
BOIHOBASL (DYHKYUSL (U3-3a MHUMO20 KO3(duyuenma npu npou3eooHol
no epemeHu 8 OuphepenyuanbHoM ypasHeHul) 6as1emcst KOMIIEKCHOU
BEIUYUHOU, 8 MO BpeMs KAaK BelUduHbl, Hodoawuecs Qu3uuecKo
uHmepnpemayuu, OOJINCHbL, KOHEUHO, OblMb PealbHbIMU .

CJ’IC}Z[YSI HpHHHTOfI KOHUICHIINH, BEPOATHOCTb HAXOXKIACHUA IJICK-
TpOHA, HAIIpUMEP, B aTOMC BOJOpPOAa B Ka)i(Z[OfI TOYKEC U B Ka)K,[[BIfI MO-

MCHT BPpEMCHU B OKPCCTHOCTU €TI0 Apa, IPOINOPLHHUOHAIbHA IIJIOTHOCTHU
2

A

Y

=YY . Dro npemsioxeHne 0 pou BOJIHOBOW (DyHK-

BEPOSITHOCTH

wm W, kax OIIPENETAIONIEH COCTOSHUE CHUCTEMbI 4epe3 KBaapaT eé
MOJTyJIs, OBIIO B3SITO 32 OCHOBY B HOBOI Teopuu, KM, u crano paccma-
TPUBAThCI B KadeCTBE OJHOTO W3 OCHOBHBIX IOCTYJIATOB, HapsiAy C
noctynaroM o0 ypaBHeHuu Llpenunrepa u 3-ms npyrumu. Taxum
0o0pa3oM, ObUIO MOJOKEHO Hayaslo KBAaHTOBOW MEXaHHUKU C €€ Bepo-
SITHOCTHOM HHTEpPOpPETALMEHd W OTCYTCTBUEM HOHSTUS TPACKTOPUU
YaCTHLIBL...
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KakoB ke pesymprar mpuHATOW KOHIENUU? IlocMoTpum
BHHUMATEIBLHO Ha MPUMEp, MPEACTABICHHBIN cxemMaTnuecku Ha Puc. 1.

17,/8.0) [P = IR, ()Y, £9,0)
Z,

[=1

m=0
x y y

Spherical shell
|R, (7)]
a) D)

Puc. 1. Pacmpenenenue oOmacTeli MaKCUMAalIbHBIX 3HAYCHUH

MOJIyJIsl BOJTHOBOM (DYHKITHH ‘\P‘ npu | =1 u m=0 B chepuueckom moJie-

IPOCTPAHCTBE aTOMa BOJAOPOJA; ‘Y,'m (9,(p)‘ — MOIYNb MOJSPHO-

a3UMYTaIFHOU COCTABIISIONICH BOJHOBOW (DYHKITHH, OTIICHIBAET MIOBEPX-
HOCTh, HAITOMUHAOIIYIO 10 (Gopme rantensb (a); Sy u Sy (D) — obmactu

MaKCHUMAaJbHbIX 3HAYeHUH MOZIyJIs ‘\P‘, Rni(r) ectb cdepuueckas

o0oJiouka (CIOH-OKPECTHOCTh) OTBEYAIOas MaKCUMyMy paJualbHOMN
COCTABJISAIONICH BOJTHOBOW (YHKITHH (TIPEPHIBUCTASI OKPY>KHOCTh); P €CTh
CHMBOJIMYECKOE 0003HaUeHHE sipa (IIPOTOHA) aToMa.

[IpencraBieHHble Ha PUCYHKE OOO3HAYEHHUS COOTBETCTBYIOT
pacHpesieNeHHI0 MOyJIsl BOJIHOBOH (PyHKIIMH, KOTOPOE Ka4eCTBEHHO He
OTIIMYAETCSl OT PACHpelesIeHUusl ero KBaapaTa. PaccMOTpeH 4acTHBIM
ciayyall pemeHuss ypaBHeHusi llpenuHrepa, COOTBETCTBYIOILLErO
kBaHTOBBIM unciam | = 1 and m = 0. B sTomM npumepe SKCTpeMalbHbIe

n

b4

2
) HaxoaATCS

3HaYEHUs “P‘:‘Rzyl(r)Yzyo(Q, (p)‘ (4, CIIEIOBATENBHO,

B JIByX MOJISIPHBIX TOYKax S; and S, TO ecTh Ha ocu Z Tjie COMpHKa-
CaIOTCS TIOBEPXHOCTD “‘TaHTeNn” M chepuueckas MOBEPXHOCTb, OTpesie-
JsieMast pelIeHueM JUIsl paJuaibHON cocTaBisronen Ry (r).
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K gemy npuserno 3o permenune? Cnemyst moctynary KM, kacarore-
2

A

b4

aToMe BOJIOpo/a (B COCTOSIHMH, ONHMCHIBAEMOM KBaHTOBbIMH unciamu | = 1
1 M = 0) MOXKeT HaXOAUTHCS MCKIFOUMTENBHO — JIMOO B TOUKE S, JTMOO B
TOYKE Sp. DTO O3HAUYAET, YTO JIEKTPOH B AAHHOM KBAaHTOBOM COCTOSHHU
«BUCHT» HaJl «CEBEPHBIM» HJIH «FO>KHBIM» IIOJTIOCAMH ITIOBEPXHOCTH MPOTO-
Ha, 00pa3ysi BMECTE C IIPOTOHOM BJIEKTPUUECKUIA TUIONb B0 HOISPHOM
ocu Z. CnenoBaTelbHO, €0 OpOUTAIBHBIN (MAarHUTHBIA M MEXaHUICCKHU)
MOMEHTHI paBHBI HyT0. OUeBHUAHO, YTO TAKOE CTPOEHUE aToMa BOAOPOJa,
BBITEKAIOIIEE M3 KBAHTOBOMEXaHIMYECKON BEPOSTHOCTHOW MHTEPIPETALNH
no [llpeauarepy m BopHy, ecim Mbl OynmeMm cTporo ei ciemoBarh, HeE
COIJIACYETCs C SKCIEPUMEHTOM.

[Tono6Has HEcOOOPa3HOCTh MPUCYINA U BCEM JAPYTHM COCTOSHIISIM
C BOJIHOBBIMH q)YHKHI/ISIMI/I, OTBCYAIOIIUMHU PCIICHUAM C APYTUMU KBAHTO-
BoiMU urciaamu | u m [3]. Tlo 3Toii npudnHe, BHIS 3TO M CTapasch HE
AKIIEHTUPOBATh BHUMAHUE Ha 3TOM, Ha MIPOTSDKEHUH CYILECTBOBAHHS KBaH-
TOBOM MEXaHWKH TpEXMEpHOe pachpenesieHne skcTpemyMoB LllpeanHre-
poBckux ‘V-(hyHKIMA HUKOT/IA HEe OBLIO MPEACTAaBICHO (H3UKaMH-TEOpe-
THKAMH.

I'nans va BeIpaskeHue (2), MbI BUANM, YTO PE3YJIbTATOM ONEpaluy
BO3BEJICHUSI B KBaJpaT MOYJISl BOJTHOBOH (DYHKLIMH SIBUJIOCH HCUE3HOBEHHUE

Tocsa (1)I/I3I/I‘JCCKOI‘O CMBICJIa , MOJKHO KOHCTAaTUPOBATh, YTO 3JICKTPOH B

€€ «MHUMOU» a3UMyTalbHOM cocTaBistomiel, yHkumn @ (p) ¢ €€ MHU-

MOW euHULIEH i=+/-1, U3 pelIeHH BOIHOBOIO ypAaBHEHUS, MOCKOIBKY
2 % _ A—img a 2 % _ o _
D (p)=e" n ®_ (p)D, (¢)=1. Or0T 1mIAar, cocTOAMMIA TaKuM 00pa
30M U3 YAAJICHUS MPUYMHSIIONIEH OECIIOKOMCTBO a3UMYyTAIbHOU (DYHKIIUH
®, (p) W3 paccMOTPEHHUs U NPUBEIILINK OTHOBPEMEHHO K M30aBJIEHUIO OT

HE3aBHCHUMOW TIEPEMEHHON (9, BBI3BAJI IIENBIA Psiji HEN30€XKHBIX TPOTHUBO-
peunii ¥ NpUHIMIHAIBHBIX pobiem st KM.

I'maBHBIM pe3ynbTaTOM BO BCEM 3TOM «PEIIEHUM» SBIIETCS TOT
¢akr, uro uies bopHa, craBiias ocHOBHBIM TocTynaroM KM, cienana a6-
COJIFOTHO HEBO3MOYKHBIM B paMKax 3TON TEOPUH MPEACTABUTH (PH3NUECKUIT
00pa3 ¥ OOBSICHUTH JEHCTBUTENHHOE CTPOCHHUE MHAWBHIYaJbHBIX aTOMOB,
KOTOpBIE SBIAIOTCS OOBEMHBIMU TPEXMEPHBIMHA 00Pa30BAHUSIMH.

VY nanenue TpeThel KOOPANHATHI (HE3aBUCUMOW MEPEMEHHOHN ©) U3
TpHO ChepruecKiX MOSIPHBIX KoopauHat (I, 0, () sBisiercs akuuei He-

00OCHOBaHHOM, HEAOIYCTUMOM C JIF000 TOYKM 3PEHUS] ¥ HU I0J] KaKUM
npeioroM [4].
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Hesnanne (hu3H4ecKoro CMbIciia MHUMOW €IMHHUIIGI | H, CJIeI0Ba-
TEITbHO, MHUMBIX YHCEJl B KOMIUICKCHBIX BOJIHOBBIX (DYHKIIUSX, TIPUBEIIO K
MPOU3BOJILHOM, U IOTOMY OIIMOOYHOM, MHTEPIPETAIN (PU3UKAMH CMBICTIA
KOMIDTEKCHBIX TTOJISIPHO-a3UMYTalbHBIX QyHKIHi. HacTompko ObutH yBEpe-
HBI B MHUIMOCTH (HEPEATbHOCTH) «MHUMBIX» COCTABIIIOMINX KOMILUIEKCHBIX
Yyce, BOCIIPUHUMAs 3TO KaK JOTMY, YTO HUKTO U3 HHUX JIa’Ke HE 3aCOMHe-
BaJICS, @ MOKET OBITh OHH BCE-TaKH HE MHUMEIE, & PealibHbIC?

[onarato, o 3Toi mpuunHe (HU3NKH JaXKe HE 3ariIHYJIHM B CIpa-
BOYHHKH II0 MaTeMaTWKe, I7e Obl HAlUTH, YTO KOMNJIEKCHble HOMSAPHO-
A3UMYmanbHble QYHKYUU Onpedensiom KOOpOUHAmbl Y3108 U NYyYHOCHell
CMOSAYUX BONIH 8 MPEXMEPHOM NONe-NPOCMPAHCIEe, a 3TO 3HAYUT, 9TO 00e
COCTaBIISIONINE KOMIUIEKCHOW (QYHKIWHU peanvHul. B pe3ymnbrate pusuku
0e30CHOBATENbHO (MPOU3BOJILHO) TIPHIHCATIH  TOJISIPHO-a3UMYTaIbHBIM
(YHKIMSIM pEIIeHUs] BOJTHOBOTO YPAaBHEHUS CMBICH 31€KMPOHHBIX AMOM-
HbIX opoumanneii.

Janee, otnaBas ceOe OTUET B TOM, YTO BCE-TAKH HEJIb3sT OOOHTHCH
0e3 «MHUMBIX» COCTABIIIOIINX TMOJSIPHO-a3UMYTAIBHBIX (QyHKIMH, (U3H-
K{, KOMOMHUPYS C «PEANTbHBIMIDY U «MHUMBIMI» €€ YJICHAMH, BBEJIH OIe-
paluio, Ha3BaHHYIO eubpuousayuerl atoMHpIX opouTaned. C Toro BpeMeH!
MaTeMaTUUeCKOE CMEIICHHE «PeaIbHbIX» W («MHUMBIXY) COCTABIISIOIINX
KOMIDTIEKCHBIX BOJTHOBBIX (DYHKIIMII CTAI0 PYTHHHOM OIeparyieil B KBAHTO-
BOM MEXaHUKE U KBAHTOBON XUMHHU.

Bcectoponnnii aHani3 HEOOOCHOBAHHOCTH KOHICTIIIMHM  «2UOpU-
Oousayuuy» TipencTaBieH B padore [1]. OTMeuaeM 31eCh TOIBKO MPHHITH-
MHaTbHbIE MOMEHTBI. AHAIN3 TTOKA3al, YTO 2uOpuousayus SBISETCS YUCTO
MamemMamuyecKum cmeuleHyue;m KadeCTBEHHO MPOTHBOIOIOKHBIX (H3HH-
YECKHX CBOMCTB (ITApaMeTPOB), KOTOPbIE (PM3UYECKH, B MPHHITHIIE, HECME-
[IBAEMBI U, TIO3TOMY, B IPUPOJIE TAKOE CMEIIICHHE HE PeaTn3yeTCs.

3agauM BOIPOC, MOYKHO JIM CMENIaTh (DU3UYECKH BMECTE TaKHE
JIBE KauecmeeHHO pasHble CYITHOCTH KaK 3JIEKTPUIECKOe U MarHUTHOE T10-
TSI ¥ TIOIYYUTh KAaKOE-TO PEaNbHO CYIIECTBYIOIIEE TPEThE PE3yIbTUPYIO-
11ee OTHOPOHOE MoJe?

Koneuno, Takoe ¢usuyeckoe cMellieHHe HEBO3MOXKHO B TIPHUHITUTIC.
B ciyyae ruOpuamzanum aTOMHBIX opOuTalield (PaKTHYECKH UMEET MECTO
CMEIICHUE YIJIOBBIX KOOPIWHAT )37108 W HYYHOCMEU CTOSYHX BOJIH B
TPEXMEPHOM TOJIE-TIPOCTPAHCTBE, UTO SIBISIETCS MOJHBIM a0CYypIOM.

['ubpun U3 y3ma v My4HOCTH — HEJNENOCTb.

Takum oOpazom, oneparyst THOPUAN3ALUH — BCETO JIMIIb Mamema-
Mu4ecKuil MmproK, ACTIONB30BaHHBIN CO3/IaTeIsIMA KBAHTOBOM MEXaHWKH Ha
panHei ctanuu e€ moctpoeHus [ 1, 5].
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AOCOMOTHOE HETTOHNMaHUE (PF3MYCCKOTO CMBICTIA MHHMBIX KOM-
MOHEHT B KOMIUTEKCHBIX BOJTHOBBIX ‘V-(OYyHKITMSIX TPHBENO, KaK BHIUM, K
MTOCTPOCHUIO a0CTPAKTHO-MATEMAaTHUECKONH TCOPHH — KBAaHTOBOW MEXaHH-
ku. OTCrO/1a, HEBO3MOYKHOCTh B PaMKaX 3TOW TECOPUH MPEIUIOKHUTh HATIIS/I-
HBIN (hu3nueckuii 00pa3 aToMOB, MOKa3aTh UX BHYTPEHHEE CTPOCHHE, TO
€CTh TEOMETPHIO PACTIOJIOKESHHUS] HYKIIOHOB B aTOMaX, ABIKEHHE COCTABIIA-
OIIHX 3JICKTPOHOB B OKPECTHOCTH WX SIIIEP, U T. 1.

B neiicTBUTENIPHOCTH, KaK IMOKAa3bIBACT BECh OIBIT (HU3WKH U
cllelyeT W3 TPOBEACHHOTO HAMH AaHAIN3a, W3JIOKEHHOTO B KHUTaX M
cTaThsX, HaunHas ¢ 1995 roma, "pearvhvie" W "mHuMbIE" COCTABIIONTIE
KOMIUICKCHBIX BOJIHOBBIX (DYHKIIMH SIBISIOTCS 00€ peambHbiMU. U, uTO
0c000 cieayeT MOAYepKHYTh, — OHH OTHOCSATCS K JIBYM KAYeCHMBEeHHO
(norsipro) npomueononodicuvbim CBOWCTBAaM; B YaCTHOM CJIydae PEIICHUSI
BOJTHOBOTO YpPaBHEHUS, OTHOCATCS K HOMEHYUATbHbIM W KUHEeMmU4ecKum
napaMeTpaM BOJIHOBOTO ITPOIIECCA, OMUCHIBAEMOrO BOJHOBOM (hyHKITHEH

¥(r,0,p,1):

¥ =(r,0,0)T () =R (kN)Y, (0, )T (at) = (i, +ip, )T (wt) . (3)

MHumas emuHUIA | B KOMIUIEKCHBIX (DYHKIIUSIX, B YaCTHOCTH — B
BOJTHOBOM (yHKUUH (3), yKa3bIBAaeT Ha 3Ty KAUECMEEHHYIO NPOMUBONO-
JIOJHCHOCTD.

HomsipHo-asumyTanshsie comuoxurenn Y, . (6,¢) BonHOBOI

(GYHKIUM OTPENENSIOT TONSIPHO-a3UMYTANbHBIE KOOPJMHATB }37106 H
nyyHocmel CTOSMUX BOJH, JIOKAJIM30BaHHBIX, COOTBETCTBEHHO, Ha

MOTCHUUAJIBHBIX W KHHCTUYCCKUX pPaduaIbHBIX 000J10YKax R| (kl‘)

Hy‘lHOCTI/I SBJIAIOTCA PCAJIbHBIMU CYHIHOCTAMH, KaK U Y3JIbl, SABJISSACH
KayecmeeHHo HUX IOHUaMETpPaJIbHBIMH (HOJ'ISIpHBIMI/I) npomu60n0OJI0IAHCHO=
CMAMU.

[Monsipuble  kommoneHtsl O,  (0) W -dyHkium ompenenstor

XapaKTEePUCTUUECKHUE IapajUIeNI PACIONOKEHNS Y3JI0B M ITy4HOCTEH
(TIaBHBIX ¥ TOOOYHBIX) Ha pamualibHBIX cdepax (BOJHOBBIX 000J0Y-

Kax). A3MMyTajgbHBIE KOMIIOHEHTHI CDm(go) ONPEACIAIOT XapaKTepH-

CTUYCCKUEC MCpUAHUAHBI PACIIOJIOXKCHUE Y3JI0OB U quHOCTeﬁ Ha DJOTHUX
C(bean. HOTCHL{I/IEUIBHBIC U KUHCTHYCCKHUEC COCTABJIAIOIIUC IIOJISIPHO-

asumyTansHoll Qymkumu Y, (6,9) BMecre ompenensior, TakuMm
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00pa3oM, IPOCTPAHCTBEHHBbIE KOOPAMHATHI HyJeH M HKCTPEMyMOB
(pacionokeHHsT y3JI0B M MYYHOCTEH) HA paJAMAIbHBIX BOJHOBBIX
00oJoyKax.

[onsipHO-a3uMyTanbHble (DYHKUMM M UX PEIICHUS] OJMHAKOBBHI,
KaK Ul CTaHIApTHOI'O BOJHOBOTO YPAaBHEHHMS, TaK M ISl YpPaBHEHHS
Hlpenunrepa. PagmanbHble ke pelleHWs pasHble (XOTS B ciydae
ypaBHenus LlpenuHrepa ux HeNb3sl HA3bIBATH «PeUleHUAMU», 00 ITOM
yOemuTensHO TIOKa3aHo B [6]), 0HAKO B 00OWX CIIydasx OHH OIpPEeIIs-
I0T PaJnyChl TOTEHLIUAIBHBIX W KUHETHYECKUX CPEPHUECKUX 000II0-
YeK, Ha KOTOPBIX PACHOJOXKEHBI, COOTBETCTBEHHO, V31bl U HYYHOCU
CTOSYMX BOJIH.

Ha Puc. 2 rpaduuecku npencTaBieHO YacTHOE PEIICHHE BOJIHO-
BOT'O YPaBHEHHsI, COOTBETCTBYIONINE KBAaHTOBBIM unciam | =5 m=+2,

coneprkaniee MHPOPMAIHIO O MPOCTPAHCTBEHHBIX YTIIOBBIX KOOPAHMHA-
Tax PacIONOKEHHS y3JI0B CTOSIHX BOJIH.

KauecTBeHHO Takas ke KapTHMHAa COOTBETCTBYET M YTJIIOBBIM
KOOpAWHATAM ITyYHOCTEH, KOTOpBIE C OIPENeNIEHHBIM paJauaIbHBIM
CABUTOM DACIIONIATAIOTCA MEXAY y3laMy (Ha PHCYHKE HE TMOKa3aHBI).
Cporue paguanbHbIe pelieHus Mbl 31eCh HE MPUBOANM, a ceprueckas
MOBEPXHOCTh, COOTBETCTBYIOIIAs paIuaJbHOH BOJHOBOW 000JIOYKE,
HapHCOBaHA 37IeCh YCIOBHO /ISl TOTO YTOOBI OBLIO JIerde MpeICTaBUTh
pacrosoKeHHe Y3JI0B, JIOKAIN30BaHHBIX HAa HEW B MPOCTpPAHCTBE (Kap-
TUHKa crpasa). [loiHast ke Tabsuia y3ioB, Kak U Jpyrue rpaduueckie

. 1Y
TIPE/ICTABIEHUS. PENICHUs. BONHOBOrO ypashenus AW —— e =0,
C
npuBezeHa B [7, 8].
[=5 --Q
nl - i2 I'IQQI----(E\- -:-\Q
e Q"
= LR D
Q’\“:\----Ql/
o

Yo, (0.0) » Ry

Puc. 2. I'paduueckoe mpemcraBieHne OIHOTO W3 YACTHBIX
pElIeHn i BOTHOBOTO YPaBHECHUS.

Y0,

bunapusie BONHOBBIE (GYHKIHMH, OTPaKaroIIHe CHUMMETPHUIO-
ACMMETPHIO TOJISIPHO NPOTUBOIIONOKHBIX (TOTEHIHATBHBIX U KHHETHU-
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YECKHMX) CBOWCTB MPOCTPAHCTB MAIOT WH(OpMAIio 00 aTOMHOU CTPYK-
Type u Mopdoioruu (cummerpun) kpuctamio [6]. [Ipu sTom momyue-
JBI€ pEIIeHHs, MMEIOIME B SKBATOPUANBHON IMIOCKOCTH CHMMETPHIO
7MH000ro MopsAnKa, PacKphIBAIOT UCTHUHHOE INPOUCXOXKICHUE CUMMETPUIl
ISTOT0, CEABMOTr0, BOCBMOI'O MOpsAAKa, U T.A., "CmMpoeo 3anpeujéHHbIX
Mamemamudeckumu 3axonamu kpucmanioepaguu” [9]. Cynepnozunus
3JIEMEHTapHBIX PEIICHWH BOJHOBOTO YpPaBHEHMS OINpPENEISEeT MOJEKY-
JSIPHBIE CTPYKTYPBHI.

MHorouncneHHbIe TaHHbIE, TOTyYeHHbIE HAMH, YKa3bIBalOT HA TO,
YTO U3BECTHOE NOCHMOSIHCIMBO Y2108 MKy peOpamu (M TpaHsMH) JIIs BCEX
KPHCTAJIOB OTHOTO M TOT'O K€ BEIIECTBA OOYCIIOBJIEHO BOJIHOBOM MPHUPO-
JIOM COCTaBIISFOIINX — aTOMOB, HX 000JIOYEYHO-Y3JIOBOW CTPYKTYPOM. DTOT
BBIBOJI OCHOBaH Ha TOM (paKTe, 4TO, KaK ObLIO OOHApYKEHO, XapaKTepu-
CTUYECKHUE YITIbl KPUCTAJUIOB B TOYHOCTU COBHAJAIOT C XapaKTEpPUCTUUEC-
KAMH YTJIaMH BOJHOBBIX TOJISIPHO-a3UMYTaNbHEIX (GyHKIWN [6]. Ha
MaKpOypOBHE, B CTPYKTYpE KPHUCTAIJIOB MOBTOPSETCS TaKas )K€ 3aKOHO-
MEpHOCTh B MPOCTPAHCTBEHHOM YTJIOBOM PACIOJIOXKEHUH, KaK U s COOT-
BETCTBYIOIINX HYKJIOHHBIX Y3JI0B OTJAEIbHBIX AaTOMOB.

BceecTopoHHMIT aHaM3 BBIBIII TAKXKE NPUHLUINMAIBHO BaXKHBII
(aKT, 9TO XUMHYECKHE CBSI3H (MMEETCSI BBHAY UX HANpAGIeHue) B YIIOPSIO-
YEHHBIX CTPYKTYpax (MOJIEKYJIaX) pealn3yoTcsl BIOJIb CHIBHO CBS3aHHBIX
OMmDKaNIIMX COCEAHMX HYKIOHHBIX Y3JIOB, IPUHAICKAIINX JBYM BOJHO-
BBIM 000JI0YKaM (TIOCTieTHEH, BHEIIHEH, U Tpearoce e, BHyTPEHHEN)
K@KIOTO M3 CHAapUBAEMbIX aTOMOB, HO HE OOYCJIOBJIEHBI 3JIEKTPOHAMH
(«27MeKTpOHHON KOH(HUTypalyeil aToMOB»), KaK 3TO IPHHITO CUMTATh B
COBPEMEHHON (H3UKe, BpOJE CaMO COOOW pa3yMEIoIIerocs.. JIEeKTPOHEI
OTIPEAEISIOT JINIIb CUTY XUMUUECKUX C8A3€U.

EcrecTBeHHO, 4TO Ha NPUHLMIIMATEHO HOBOM Oasuce Mpupoza
Ilepnonuueckoro 3akoHa MeHneneeBa TakKe pPACKpPBIBAETCS C HOBOM
croponbl. OKa3anoch, 4TO EPUOANIHOCTH OOYCIIOBIIEHA MOJ00HEM reome-
TPUM HPOCTPAHCTBEHHOI'O PACHOJIOKEHHS Y37I0B Ha BHELIHHX BOJHOBBIX
000JI09KaxX COOTBETCTBYIOIIHMX aTOMOB [7, 10].

Conpsoxk€HHBIE TOTEHIMATHHO-KHHETHYECKHE TapaMeTphl, MOJ-
YUHSACH KaKIBIH CBOCH, OMHOW W3 NBYX, anreOp 3HakoB [11] maroT
TMOJNHOE onucaHue (HU3MYecKux monei. BonHosas Qynkuus W,

V=¥ +i¥,, BOCOPOU3BONUT MATEMAaTHYCCKH PeaslbHbI 00pa3 u 6u-

HapHBIA XapakTep sBieHUs. bykBa | (MHUMas €JMHUIIA) B YpaBHEHHH
0003Ha4aeT eIWHUIy OTPHIIAHUS, TO €CTh YKa3bIBaeT Ha Ka4eCTBEHHO

IMPOTUBOIIOJIOXKHOC CBOICTBO l‘IJk (KI/IHCTI/I‘{CCKOC) II0 OTHOLICHHUIO K
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CBOHCTBY ¥ (IIOTCHIMATBHOE).

CyuiecTBOBaHHE KaueCTBEHHO IPOTHUBOIOJIOKHBIX CBOWCTB
aBysieTcs QyHIaMEHTAIBHBIM 3aKOHOM Tpupofs! [11], n amanekrudec-
Koe OMHapHOE MoJie JEHCTBUTENBHBIX CONPsDKEHHBIX YHcen (mapame-
TPOB), XapaKTEPU3YIOIIUX 3TH CBONCTBA, YIUTHIBAET ATOT (akT [12].

JlBe nmuameTpaiabHO IMPOTUBOIIOJIOXKHBIE 110 3HAKy ajaredpsl, KO-
TOPBIM TOAYUHSIOTCS,, COOTBETCTBEHHO, /IB€ KaUECTBEHHO MPOTHBOIIO-
JIOXHBIE COCTABJIAIOIINE KOMIUIEKCHOM BOJHOBOW (DYHKLIUH, SIBJISIOTCS
MaTeMaTHYECKUM OTPAKEHUEM JUAJICKTHYECKOI0 3aKOHA YTBEP)KICHUSA—
OTPHLIAHHSI KaYECTBEHHO MPOTUBOIOJIOXKHBIX CYXIECHHH O JTI0O0M 00B-
€KTe WIH IpoIiecce B IPUPOJIE.

Bot npumeps! peanuzanuu AByX anredp 3HAKOB:

(FD)(*D) =+1, F)EFD =-1. (4)
() (H) =1, (i) (Fi) = +1. (5)

JIBa MIEHTHYHBIX TIO 3HAKY 3apsiia OTTAIKUBAIOTCS (3HaK "+" B
JIEBOM PaBEHCTBO (4) roBopUT 00 3TOM (paKTe), a MPOTHBOIOIOKHBIE 110
3HAKy 3apsabl MpUTATHBAIOTCS (3HaK "—"' B mpaBoM paBeHcTBA (4)
oTpakaeT 5TOT (akT). TakoBa OOBEKTHBHAsI airedpa yeHmpanbHbix,
NPOOOJIbHBIX TIONEH B3aUMOIEHCTBHS.

B npoTuBOmONOXKHOCT 3apsiiaM, JBa TOKa OJHOTO 3HaKa (TO
€CTh OJMHAKOBOTO HampapieHus) =1 um *1 mpuraruBaroTcs cBOMMH
MarHUTHBIMU (nonepeunvimu) mossMu. lIputskeHue (Kak M OTTaJKH-
BaHME) UMEET LIEHTPAJIbHBIM XapakTep, I03TOMY OTpHULATENIbHAS €IHHU-
12 POJIOIILHOTO OIS, —1, yKa3bIiBaeT Ha 3TO. TOKH MPOTHBOIIOJIOKHBIX
3HaKoB, * | u F 1, oTTanKMBalOTCA, 4TO BHIpAKaeTcs Mepoit +1 B (5).

Takum oOpazom, "mHumble" YiCTia Ha CaMOM JIeJie HE SBISIOTCS
MHUMBIMU. Bce comnpsokénnsie (“peanvubie” W “mHumble”) Uncia sBIs-
I0TCSl peanvhbimu. B yacTHOCTH, BOHOBas QyHKLUS, paccMaTpuBaeMast
B COBPEMEHHOM (PHM3MKE KaK KOMIUIEKCHAs, COCTOSINAs, KaK MPHHATO
CUHTATh, U3 PeaibHblX U MHUMbIX WIEHOB, Ha CAMOM JIeJe, OTpaxas
NPOTHBOPEYMBYIO IMOTEHIMATbHO-KHHETHYECKYIO CYIIHOCTh TOKOS-
JOBYDKEHUSI, COICPIKUT TMOIbKO pedanbHble KOMNOHEHMbI.

Wrtak, momBoas WTOT, MOMYEPKHEM emé pa3, 9To — "Mmuumas"
eIMHUIIA | €CTh yKa3aTellb KaueCTBEHHO (TIOJISIPHO) MPOTHBOMOIOKHOM
CYITHOCTH (CBOWCTBA, YMCIIA, TTapaMeTpa), TMOAYMHS-FOIICHUCs MOJIIPHO
MIPOTHUBOIIOJIOKHOW anredpe 3HAKOB (ompuyamenb-Hoii, TI0 OTHOIIEHUIO
K O0BIYHO CYIIECTBYIOIIEH, HA3BAHHOW HAMU NOJLONCUMENLHOLL).
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OTMeTHM TakXe, YTO K PACKPHITHIO UCTUHHOW MPHUPOIBI KOM-
TUICKCHBIX YHCEN MBI MPUILIH, pa3padaThiBas MaTeMaTH4EeCKOE MPeI-
cTaBlicHUE auanektudeckoit joruku [11-13]. [ToxydenHoe B pe3ynbrare
MUAEKTHYIeCKoe OMHApHOE YMCIIOBOE TI0JIe, KOTOpOE OTBEYaeT MaHHON
JIOTUKE, HE OTIMYAeTCS 10 ¢hopme OT TPEACTABICHHA KOMILIEKCHBIX
YHCelN, HO OTJINYAeTCs, KaK ObIJIO IOKa3aHO, 10 COOEPIUCAHUIO, CYTH.

[IpunuMass Bo BHUMaHHE BCE BBINIECKA3aHHOE, MBI IOJIaraeM,
YTO CIIOBO "MHUMble”, KaK HE OTpakarollee IeHCTBUTEIBHOCTD, OyaeT
CO BpEMECHEM YyNaJCHO W3 MaTeMaTUKW M (U3UKH, TapMOHHU3UPYS
MaTeMaTUYECKUe CTPYKTYphI C 3aKOHAMU BceneHHON u pacumupsis TeM
CaMBIM TOPH30HT 3HAHMSL.

B paborax, KoTOpBIE MPUBEACHEI B CChUIAX, (DM3MUECKUI CMBICT
MHHMBIX YHCENl U POJIb, KOTOPYIO "MHuMas" eIVHUIA | UTpaeT B HHX,
paccMaTpUBAIOTCS C Pa3HBIX CTOPOH M C Pa3HOW CTEMEHBI0 MOIPO0-
HOCTH.
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IJIEKTPUYECKHUE MAIIMHBI HOBOI'O ITOKOJIEHUA

B.A. Pyukun

IMamsatn Hukonas EmenbpsinoBuua 3aesa (1925 — 2007),
no4€THOro yiena Pycckoro ®u3znuyeckoro Oémecrsa

O mmonepckux padorax Hukomas EmenssHoBrua 3acBa ceridac
MOJKHO y3HAaTh M3 WHTEPHETa OJHUM Ha)XaTUEM KJIaBHIIH, HE POSCH B
oubamoTeunbix karaiorax. Ho gaxxe B 2000 romy ero craths «@eppo-
KICCOp — KOHBEPMOpP MeNnjl080ll IHEPIUU 6 IIeKmPUyecKyry Oblia
cHaO)KeHa MOMETKOH: «nevamaemcs 8 NopsoKe 00CYHCOeHUus», 9To 10
CYLIECTBY O3HAYaeT: «PeHaKIHs KypHala «QJIEKTPOTEXHUKa)» HE HUMEET
HUKAKOT'O OTHOIICHUS K TOMY, YTO COJICPIKUTCS B IaHHOH CTaThe», U 3TO
MIPH TOM, YTO B 3TOH CTaThe U3JIATAOTCS HE TEOPETUIECKIE MOCTPOCHUS,
a pe3yJbTATbl HATYPHBIX IKCHEPHMEHTOB, KOTOPbIE MOKHO IMPOBE-
PUTH B JIF0O0OH 3ICKTPOTEXHUUYCSCKOM Jlaboparopuu. Jlaxe 3Has, OTKya
Oepércst nonmomHUTENbHAs 3Heprusa, Hukomair EMenpssHOBUY HE MOT 00
5TOM HaNHUCaTh OTKPBITHIM TEKCTOM. Beap ans TOro, 4ToOBI CTaThs
nomnaia B J000e M3JaHHe, HY)KHO TPEACTaBUTH JOCTATOYHO BECOMEIC
perier3un (TO €CTh, MO CYIIECTBY, — IMOPYYHTENbCTBO). st MHOTHX
pabor Hukomas EmenbsiHOBHYA, KOTOPBIE OTKPHIBAIM HOBBIE TOPH30H-
ThI, TPOOUTHCS B TICUATHBIC U3aHHS OBLIO HE MPOCTO.

Nmenno »arta cratbs (amekrporexHuka Ne3/00) u  craThs
«Emkocmv — konsepmop mennoeoii Imepzuu 6 rneKmpuueckyon
(Dnexrporexnuka Nel2/98), kpyTo u3MeHUIN chepy MOMX HHTEPECOB.

B stux cratesax Hukonali EmenbsHoBHY yka3an Ha ¢eppo-
MarHeTUKH W CETHETO3JIEKTPUKH KaK Ha WUCTOYHHKH JIOTIOTHHUTEIHHON
SHEPIHH, YTO CTUMYJIHPOBAIO MEHS Ha TIIATENBHBIA aHANN3 y4eOHOI
JUTEepaTypsl MO AJIEKTpOMarHeTu3My. Pe3ynbTaTsl 3T0T0 aHanmm3a Obun
M3JI0)KEHBl MHOIO B YETHIPEX Opolropax, MOCIHEAHSAS M3 HUX —
«Inekmpuueckue MawiuHbl H06020 NOKOJEHUA), TIOBTOPHO yOIIMKYe-
Mas B [lokmamax Pycckomy ®@usmueckomy ObmectBy, IPM. Tom 20.

HNPEIAUCJTIOBUE

«nexmpuyeckas mawuna (D.:M.), Cayarcum O0Jis nPeodPaz06anUs.
MEXAHUYECKOU IHepeUuU 8 INeKMPUYECKVIO U INeKMPUYECKoll 8 MeXaHu-
YecKylo, a maxodice IJIeKMPUUECKol dHepeul 68 IIeKMpudecKyio ice,
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OMAUNAIOWYIOCA NO HANPAJICEHUIo, pOOY MOKA, dacmome u Opy2uMm
napamempam. [eticmeue O. M. OCHOBAHO HA UCHONb3OBAHUU AGACHUA
91EeKMPOMASHUMHOU UHOYKYUU U 3AKOHOB, ONPeOeiIouux 63aumooeli-
cmeue 2NeKmpuUYecKux moKoe U MAacHumuslx nozeil. [ns npeobopasoea-
HUSL MEXAHUYECKOU dHepeUuu 8 IJeKMPUYecKylo CIylHCam 2eHepamopol
INEKMPOMAWUHHbBIE, INIEKMPUYECKOU 3IHepeUuu 6 MEXAHUYECKYI) —
osueamenu snekmpudeckue. Kaxcoas uz smux mawun (8 coomeem-
cmeuu ¢ Jlenya npagunom) sHepeemuuecku odpamuma, mo ecmv
Modicem pabomamb KAK 6 2eHepamopHOM, MAK U 6 O08USamenlbHOM
pedcume;, OOHAKO GbINYCKAeMble NPOMBIUIEHHOCTbIO 3. M. 00bIYHO
npeonazHauenvl 0Jis 8bINOJHEHUs onpedenénnoi pabomoly [1].

U3 storo ompeneneHus BUOHO, YTO IJIeKTPUYECKHE MAIIMHBI
PaccMaTPUBAIOTCH TOJIBKO KAaK 3aKPbIThbIe (111 JHEPIUH) CHCTEMBI,
MOCKOJIBKY HCHOJB3YIOTCS JIMLIb Kak IpeoOpa3oBaTelny OJHOTO BHIA
SHEprud B Apyroi. OOJHUM U3 CyLIECTBEHHBIX NPU3HAKOB 3JIEKTpUUEC-
KHMX MallliH, paccMaTpuBaeMbIx B bonbmioit CoBeTckoi DHIMKIONEINY,
SIBJIICTCS. KX O0PaTUMOCTb.

[locTpoeHre 3MEeKTpHUYECKON MAIIMHBI Ha OCHOBE KaKOH-THOO
HEB3aHMHOHM 3JIEKTPOMATHUTHON CHCTEMBI SIBIISICTCSI OHUM W3 BaYKHBIX
MPU3HAKOB AJIEKTPUIECKUX MAIIMH HOBOTO ITOKOJICHUsL. JIelicTBHE 2IeKTpH-
YECKMX MAIlMH HOBOTO IOKOJEHHS TAKKE€ OCHOBAaHO HA HCIIOJIb30BAaHUU
O0OBEKTUBHON 3aKOHOMEPHOCTH BO30YXKIICHUSI TOKOM MarHUTHOTO OTOKa U
OOBEKTUBHOW 3aKOHOMepHOCTH BO30YxkaeHuss OJIC WHAYKIMH TIpH
M3MEHEHHU MarHuTHOTO MOTOKa.

Oc006eHHOCTBI0 HEB3aMMHBIX JIEKTPOMAarHUTHBIX CUCTEM SIBIISIETCS
TO, YTO JICHCTBUE MPUIMHHO-CIICJICTBEHHBIX CBS3el B HUX MMEET OJHOCTO-
poHHee HanpapieHue. TodHee roBopsi, B TUX CUCTEMaXx Nepeiada SHEPruu
B OJHOM HANpaBICHUH MPOHUCXOAWT HAa TOPAAOK WIA JBa Oosee
3¢ QEeKTHBHO, YeM B IPOTHBOIIOIOKHOM HATIPABJICHUH.

B anexTpudeckux MallMHaX, BBIIOJHEHHBIX C MPUMEHEHHUEM
HEB3aUMHBIX 3JIEKTPOMArHUTHBIX CHCTEM, OCNaOJeHO BIUSHHUE BEJIU-
YHHBI HArPY3KH Ha PEeXHUM PabOTHl BXOJa, YTO yIy4IIaeT YHEPreTHyec-
K€ XapaKTePUCTHKH 3THX MamiH. [103TOMy 3TH MaIlllMHBI SHEPreTH-
YECKH HEeOoOpaTUMBl. OTH JJIEKTPUYECKHE MAIIUHBI MOTYT OBITh
OTKPBITBIMU  (AJI1 3HEPrHH) CHUCTEMaMH, B3aUMOACHCTBYIOIIMMH C
OKpYKalolllei cpenou.

B Opomrtopax [2, 3 u 4] paccMOTpeHBl HEB3aUMHBIE DJIEKTPO-
MarHUTHbIE CUCTEMBI, OCHOBaHHbBIE HAa SKPAHUPOBAHUHN YACTH OJHOTO U3
JIBYX B3aHMMOJEHCTBYIOIINX KOHTYPOB OT BO3JIEHCTBHUS APYrOro KOHTY-
pa, ¥ ynpouiéHHbIE KOHCTPYKIIMU HEKOTOPBIX JJIEKTPHUYSCKUX MAIIWH,
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MOCTPOCHHBIX C MPUMEHEHHEM TAKUX HEB3AMMHBIX AJIIEKTPOMArHUTHBIX
CHUCTEM.

B pmaHHO# Gpoumope paccMOTpeH APYrod KJIacC HEB3aUMMHBIX
3JIEKTPOMAarHUTHBIX CHUCTEM, B KOTOPBIX yIpaB/Je€HUE GOJIbIIUMU
MarHUTHbBIMU NOTOKAMM MPOMCXOAUT NMPH MOMOIIM CJIA6GbIX MarHUTHBIX
NOTOKOB, MOJIy4YaeMbIX OT UCTOYHUKOB C 6OJIbIlIed MAarHUTOBIKYLI e
cuioi (M/ZIC), 1 ynpouméHHble KOHCTPYKIMH HEKOTOPbIX 3/IEKTPUYECKUX
MalllUH, MOCTPOEHHbIX Ha HEB3aHUMHBIX 3JIEKTPOMAarHUTHBIX CHCTEMax
3TOro KJacca.

BBEJIEHHE

B coBpeMEeHHBIX AIIEKTPHUYECKHX MAIllMHAX OOJBININE BETHIHHBI
paboYrX MarHUTHBIX TIOTOKOB B MarHUTOIIPOBOJIAX JOCTHTAIOTCS HAMATrHU-
YUBaHWEM Y4aCTKOB MarHUTOIPOBO/A C MOMOIIIBIO TOKa B HAMar HUYMBAkO-
IIUX 0OMOTKAaX, HABUTHIX HAa 3TH YIACTKA MAarHUTOIIPOBOIA.

OnHako BO3MOXKHO CO3[[aBaTh pab0OYMe MarHUTHBIE TTOTOKU U APY-
THM TyTEM, KOTOPBII TpeOyeT CYIIECTBEHHO MEHBILHX 3aTpaT SHEPTUH HA
BXO/I€ NIEKTPHUUECKUX MAIIHH.

Peus unér o Tom, uTo I co3AaHUS pabovYero MarHUTHOTO TTOTOKA
MOKHO HAMATHUYHUBATH (XOTh 0 COCTOSIHUS HACBIIIEHNUS) OTAeIbHbIE
YYACTKH MATHUTONPOBOAA CJIa0bIM YNPABJIAIOIMIMM MATHUTHBIM
MOTOKOM, BO30YKIaeMbIM MCTOYHMKOM ¢ 0osbmoii M/IC, Tak kak cre-
TIeHb HAMarHMYMBaHUS ()eppOMarHeTHKA 3aBUCHT OT BEJIMYMHBI HAIPSDKEH-
HOCTH BHEIIHETO MAarHUTHOT'O TIOJISI.

B coBpeMeHHBIX AJIEKTPHYECKHX MAaIMHAX C MOMOIIBI0 TOKa B
HAMarHAYHMBAIOIIAX OOMOTKAaX CO3MAl0T HAINPSHKEHHOCTh MAarHUTHOTO
MOJIsl B MarHUTONPOBOJIE JJIsi BO30YKACHUSI paboYero MarHuTHOTO T10-
TOKa B 3TOM K€ OTpE3Ke MarHUTOIPOBO/IA.

BBuny toro, 4To ¢yHKIMOHAIEHBIE 3aBUCUMOCTH MEXIy (HhH3H-
YECKUMU BEIMYUHAMH, HAOIIFOTAEMBIMHU B SJEKTPUISCKUX U MarHUTHBIX
HETsIX, IMEIOT MHOTO OOIIETr0, TO HEPEIKO TOBOPAT 00 aHAIIOTUH MEXKITY
sTrMH 1iersiMA. OJTHUM U3 CBHJIETEIIECTB MPU3HAHYSI TIOJIE3HOCTH TaKOH
aHAJIOTHH SIBIISICTCS pUMEeHeHne 3akoHa Oma u 3akoHa Kuprxoda — kak
npy pacyérax dMEKTPHUYECKHX IIeTel, TaK M MPH pacu€Tax MarHUTHBIX
neneii. B [5, ¢. 264] umeercs maparpad: «MarHuTHas I€Mb. 3aKOHBI
Owma u Kupxroda ans marautHOW nenmy», a B naparpade «3mepenue
HANPSHKEHHOCTH MArHUTHOTO IOJISA, MHAYKIIMKA U Pa3HOCTH MArHUTHBIX
MOTEHIHANOBY [5, ¢. 286], TOBOpUTCS: «/[1s UsMepeHus MASHUMHO20
Hanpaxcenus. 8007b KaAK020-1Ub0 KOHMYpA UiU PA3ZHOCU MACHUMMHBIX
HOMEHYUAN08 NPUMEHAENC MaK Hazvleaemulil nosic Pocosckoeoy.
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1. KIACCUYECKHW ONBIT 1 OBbSICHEHUE EI'O
PE3YJIbTATOB

Kraccudgecknii ombIT 110 ONPEEIEHNI0 3aBUCUMOCTH BEITHYNHBI
MarHUTHOM MpOHWIIaeMOCTH 00pasma ¢eppomMarHeTuka B ¢opme Topa,
€ro HaMarHM4eHHOCTH M WHAYKIUH B HEM OT HANpsDKEHHOCTH BHEII-
HEro MarHuTHOTO 1ot H, onrcan Bo MHOTHX yueOHHKaX (PU3HKH.

Habnronaemoe B ombiTe yBeIMYeHWE MarHUTHOTO MOTOKA TPaK-
TyeTCsl KaK yBEJMUEHHOE 3HaYeHHUE MAarHUTHOW MPOHUIIAEMOCTH HCCIIe-
JlyeMOro BEILIECTBa IO CpPaBHEHHMIO € BakyymMmoM. To ecTb ¢eppo-
MArHeTHKHM BO BHeENIHEM MATrHHTHOM I0Jie PpaccMaTPUBAIOTCHA
TOJILKO KaK MACCHBHBII 3J1€MEHT, 00J1aaloNiii HEKOTOPOH MarHUT-
HOW TPOHWUI]AEMOCTBIO |l, aHAJIOTUYHOW MPOBOAMMOCTH METAJUIOB IS
ANEKTPHYECKOTO TOKA.

B »THx ke yaeOHMKaX depe3 HeCKOIBKO CTPaHHWII JaETCs COBEp-
[IEHHO Jpyroe 00BsSICHEHWE MPUYHUHBI YBEITUYCHUSI MATHUTHOTO MTOTOKA.
«emanvroe uzyuenue ceolcme GeppomMacHUMHbIX mel NOKA3A0, YMo
8 NOCIEOHUX OMOeIbHble MUKPOCKONUYecKue obracmu (0omeHsl) Hamae-
HUueHsl 00 HacblueHus oadxce 8 omcymcmeue eneuine2o nois. OOHako
Hanpasienue HaMasHu4eHusi 8 Kadicoou maxou obracmu (pazmepamu
~10™* em) pasnuuno, u 6 cpednem macHumHbIIL MOMEHM MAKPOCKONU-
yeckoeo 0b6wvéma pagen mynio. ... Ilpu enecenuu eppomacnemura 60
BHeuHee MAZHUMHOE NOoJle HAYUHAIOM NOBOPAYUBAMbCI U OPUESHMUPO-
8amvcs NO NOMO ... CpA3y yeavle O0OIACMU MAK HA3bIBAEMO20
CHOHMAHHO20 (CAMONPOU380IbHO20) HaMazHuuenun. Iloomomy c
pocmom H maecnumnas unmdykyus B eospacmaem ouenv Ovicmpo, u
OMHOCUMENbHASL MASHUMHASL NPOoHUYyaemocms U=B/lgH umeem ouenw
bonbulle 3Hauenus yice npu ciadwvix nousx. ... B docmamouno cunbHvix
MAZHUMHBIX NOJAX 6ce 0OMeHbl NOBEPHYMCA NO NOAK, U HACHYNUM
Mmaznumuoe HacviujeHuey [6, c. 298, 299].

To ectp Ha 3TWX CTpaHUIAX [ETAIFHO OMHCAH MeXaHU3M
NOSIBJIEHUSI BHYTPEHHHUX MCTOYHHMKOB MATHMTOABH:KYIIEH CHJIBI
(MAC) mpu BHECEeHWU QeppOMarHeTUKa BO BHEITHEE MarHUTHOE IIOJIE.
W3 mpuBei€HHOTO OTPBIBKA TaKKE BUHO, YTO HAMATHHYEHHOCTH 00-
pa3na MATHUTOMSATKOIO (peppoMarteTuka (To ecThb €ro cnoco0HOCTh
c031aBaTh COOCTBEHHOe MATrHMTHOE IOJie 00pa3na), onpeneasieTcs
HANPSKEHHOCTHI0 BHENIHEro MarHUTHoOro moast H: «... macnumnas
unoykyusi B 6o3pacmaem ouenv Ovicmpoy TOTOMY, 4TO ¢ poctom H
CHAYUHAIOM NOBOPAYUBAMBC U OPUSHIMUPOBAMbCSA NO HOIIO ... CPA3Y

Suumkonenust Pycckoit Meiciu. T. XX, cTp. 85



Pycckoe ®usmyeckoe OO1IecTBO

yenvle obnacmu Max HA3bl8AEMO20 CHOHMAHHO20 (CAMONPOU3BOILHOZ0)
HAMAZHUYEHUS.

Tak kak HampaBJICHUE CHJIOBBIX JIMHWW BHEIIHETO MarHUTHOTO
MOJISl ¥ HAIPaBIIEHWE CHIJIOBBIX JIMHWHW MAarHUTHOTO TIOJS, TIOPOXKIEH-
HOTO €IWHOOOpAa3HOW OpHEHTAIlMeH MAarHWTHBIX IIOJICH IOMEHOB B
oOpa3sie peppomarneruka, copnanart, To MJIC, mopoxnéHHas equHO-
00pa3HOil OpHEHTAIMCH MAarHUTHBIX TIOJICH JIOMEHOB, KOMIICHCUPYET
3HAYUTENBHYI0 [OJI0 TMaJeHWS MAarHUTHOTO HANpSHKEHHS BHEIIHETrO
nois B ¢eppomarseruke. Ita gons cocraimsier (1-1/p)-yio gacts oT
MarHATHOTO HAMpPsDKEHUS NPUIOKEHHOTO K CIIOI0 (eppoMarHeTuka.
HNMeHHO 103TOMY OTHOCHTEIbHAsE MAarHUTHAs MPOHHUIIAEMOCTh (eppo-
MarHeTHka B |l pa3 OoJbllle MarHUTHOH TMPOHHUIIAEMOCTH BaKyyMa.
q)eppOMaFHCTI/IK OKa3bIBACT MAJIOC COIIPOTUBJICHUC MAarHUTHOMY IIOTOKY
HE TIOTOMY, YTO SIBIISIETCSI XOPOIIUM MPOBOJHUKOM JUISI MarHUTHOTO
MOTOKA, aHAIOTHYHO TOMY, KaK METAJIIbI MTPOBOISAT IEKTPUIECKHIA TOK,
a moromy, uto (1-1/W)-ast 4acTh MajgeHNsi MATHUTHOTO HANPSIFKEHHSI
B cjioe (peppoMarHeTHKka KOMIEHCHPYETCH BHYTPEHHUMH HCTOYHU-
kamu MJC, B Buje €IMHOOOPa3HO OPHEHTHPOBAHHBIX MAarHUTHBIX
MoJIel IOMEHOB B 00pasiie (heppoMarHeTHKa.

Takum oOpazom, J11000H OTPE30K MAarHUTONPOBOAA, B KOTO-
POM MMeeTCsl HanpaBJieHHe NMPeuMYIeCTBEeHHOH OpHMeHTAMN Mar-
HUTHBIX NoJIeil I0MeHOB, siBjsieTcs ucrounukom MJIC!

Nmenno sta MJIC ¥ IpUBOIUT K YCHUIIEHUIO MArHUTHOT'O MOTOKA
B KIIAaCCUYECKOM OIIBITC IO ONPCACIICHUIO MarduTHOMN IIPOHUIIACMOCTHU
oOpa3siia peppoMareTuka B hopme TOpa.

To ectb, oOpasen d¢eppoMarHeTuka, NOMEIIEHHBIH BO
BHEIIIHeEe MATHUTHOE TI0J1€, siBJisieTca ncrounuxkom MJIC.

Ita MJICco3naéT cOOCTBEHHOE MATHMTHOE IoJie 00pa3ia
(eppoMarHeTnka, KOTOPOe MOKeT 3aMBbIKAThCSl He TOJBKO uepe3
HCTOYHUK BHEITHEr0 MATHUTHOTO MOJIsI, B KOTOPOE IOMENIEH 0Opaselr
beppomarHeTuka.

I[IpuHIUN 0TBOJA YHEPTHH COOCTBEHHOT0 MATHUTHOIO MOTO-
Ka o0pa3na B HArpy3Ky, HIOMHMO HCTOYHHKA BHEIIHEro MOJIsl, U
SIBJISIETCSI KJIIOUOM [IJIsl OBJIAJICHUsI 3HEPrueid KPYroBBIX MOJIEKY-
JIIPHBIX TOKOB.
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2. IPUHIMII U3BJIEYEHUSA DHEPI'MU KPYI'OBBIX
MOJIEKYJIAPHBIX TOKOB

Ha pwuc. 2.1 moka3aHO paclpeneiieHHe >KBHITOTECHITHATBHBIX
MOBEPXHOCTEH MarHUTHOTO IIOJII BOKPYT (eppomarHeTvka B Qopme
MyCTOTEJIOT0 MUWIMH/PA, TOMEIIEHHOTO B OJJHOPOJHOE MarHUTHOE TOJIC.

Kak BumuM, BO BHYTPEHHEH MOJOCTH ITyCTOTEIOTrO IHIMHIPA
uMeeTcsi COOCTBEHHOE MAarHWTHOE TIOJNe, CO3/JaHHOE BHYTPEHHUMH
uctounrkamu MJIC. Ecnu Obl MarHuTHas TpOHUIIAEMOCTh (heppomar-
HeTHWKa OblIa OBl aHAJIOTMYHA MMPOBOIMMOCTH METAJUIOB, TO €CTh ObLIa
OBl YEM-TO TTACCHBHBIM, TO BHYTPH ITyCTOTEJIOTO MMIHHpPA HE ObLTO OB
COOCTBEHHOI0 MarHUTHOT'O IIOJIS.

Puc. 2.1. PacmpeneneHnre 3KBUIOTEHIIMAIBLHBIX OBEPXHOCTEH
BOKpyr (eppomarHetnka B  (opmMe MyCTOTENOro  IWIMHPA,
MIOMEIIEHHOT'0 B OAHOPOIHOE MAarHUTHOE MOJIE.

1 — oOpaser peppoMaraerrka B opMe MyCTOTEIOr0 [HIUHPA,;

2 — HampaBlieHHWE CHJIOBBIX JIMHUN BHEIIHErO OJHOPOIHOTO
MarHUTHOTO TI0JIS;

3 — SKBUITOTCHIIMAIBHBIE IOBEPXHOCTU BHEITHETO OJHOPOJIHOTO
MAarHUTHOTO T10JIS;

4 — HampaBJIeHWE CWJIOBBIX JHHHHA COOCTBEHHOTO MarHWUTHOTO
MoJisi B CTEHKE IIyCTOTEIOr0 UWIMHAPA, CO3JAHHOEC BHYTPEHHUMU
ncrounukamu M/IC;
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5 — HampapJi€eHUE CHJIOBBIX JMHUN COOCTBEHHOI'O MAarHUTHOI'O
110715 Hyyyyr, BO BHYTPEHHEN TOJIOCTHU IyCTOTEIOI0 LIMIMHAPA, CO3JaHHOE
BHYTpeHHUMHU uctouarkamu MJIC.

Hanpsok€HHOCTP MarHMTHOTO IOJIE BO BHYTPEHHEHW IOJOCTH
ycToTeNnoro uunuuapa Hy,y., (puc. 2.1) nponopuuoHanbHa HanpsKEH-
HOCTH BHEUIHEr0 MarHUTHOrO mojisi H u yacTu maneHus MarHUTHOTO
HampsHKeHUst B cioe ¢eppomarHeruka (1-1/p), kotopas KOMOEHCHPY-
eTcsi BHyTpeHHuMH ncrounukamu M/IC.

Hayyrp=(1—1/p1)H.

CTOUT OTMETHUTh, YTO BHYTPEHHEE COINPOTUBICHHE HMCTOYHUKA
HaMpsDKEHHOCTH MATHUTHOTO MOJIA BO BHYTPEHHEH IMOJIOCTH IYCTOTE-
JIOTO IWIMHIpPA, ONpPENEIseTCs] MaTepUaIoM, IUIOWAAbI0 MONEPEYHOro
CCYCHUS U JUTMHON OOKOBOW CTEHKH ITyCTOTEJIOTO IIMIHHIPA.

YCTaHOBHMB BHYTPH IIYCTOTEJIOrO IWIMHAPA (heppoMarHUTHBIN
CTEpXKEeHb TaK, YTOOBI MEXKIy HUM U TOPIAMH ITyCTOTEJOrO IFITHHAPA
ObLIM HEOOJBIIME BO3MYIIHBIC 3a30pbl (pHC. 2.2), MOXKHO CO3/1aTh 3HA-
YUTEIILHO OONBIINK MArHUTHBIM MMOTOK, YeM MAarHHUTHBIA IIOTOK BHEII-
HEro0 MarHUTHOTO MOJSI, MPOXOASIINMA Yepe3 MyCTOTENbIN HIUHAD.

Hdpyroil BapuaHT MAarHUTHOM CBSI3M IYCTOTEJIOr0 LMJIUHApPA C
BHYTPEHHHM ()eppPOMArHUTHBIM CTEP’KHEM MOKa3aH Ha puc. 2.3.

Puc. 2.2. ®eppomMarHuUTHBINA CTEpXKEHb BHYTPH ITyCTOTEIOIO
MVIAHAPA.

1 — mycToTenslit UUIMHAD;

2 — BHYTpPEHHHUH (hepPOMArHUTHBIA CTEPKEHb.
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Puc. 2.3. BapuaHT MarHuTHOH CBSI3M IYCTOTENOTO IIIIMHAPA
C BHYTPEHHUM (peppOMAarHuTHBIM CTEPKHEM

1 — mycToTenBIi HUIHHAD;

2 — BHYTPEHHUH (eppOMarHUTHBIA CTEPIKECHb.

OpfHaKO BO3IYIIHBIC 3a30pbl JOJDKHBI OBITh TaKOW BEIIMYHHBI,
4TOOBI BHEIIHEE MAarHUTHOE II0JIe, IPOHHUKAIOIIEe Yepe3 dKpaH (IycTo-
TeNBI IWIMHAP), HE HaMarHWYUBAIO (EPPOMArHUTHBIA CTEP)KEHBb
CUIIbHEE, YeM COOCTBEHHOE MarHUTHOE MOJI€ IyCTOTENOTO LHIHHApA,
CO3/1aHHO€ BHYTpeHHUMH nctounukamu M/IC.

Meromuka BeIOOpa ONTHUMAIBFHOW CBS3M BHYTPEHHETO (eppo-
MarHATHOTO CTEPXKHS C ITyCTOTENBIM IIFUIMHAPOM HYXKIAeTCS B Iallb-
HEUIIIEM UCCIIEIOBAHUU.

3Has H,,yp, ¥ pasMepsl d11EMEHTOB Ha puc. 2.2 wim puc. 2.3,
MOJKHO, II0 XOpOIIO HW3BECTHHIM METOJIWKaM, PACCUUTATh BEIUYUHY
MAarHUTHOTO MOTOKa MPOXOAIIETO 0 EHTPAIbHOMY CTEpPKHIO 2 (pHC.
2.2 unmm 2.3).

DHeprus MarHUTHOTO TTOTOKA, MPOXOJISIIErO IO IEHTPAILHOMY
(beppoMarHUTHOMY CTEPKHIO BO BHYTPEHHEHW MOJOCTH IMyCTOTEIIOrO
UIMHIIPAa BHYTPH 3KPAaHUPOBAHHOH 30HBI, MOKET OBITh HCIOIB30BaHA
JUTSL I3BIICYCHHS SHEPTHH KPYTOBBIX MOJIEKYJISIPHBIX TOKOB.

DHeprus KPyroBbIX MOJIEKYIJISIPHBIX TOKOB U3 3TOT'O MarHUTHOTO
MOTOKA MOKET M3BIIEKAThCS KaK B BUJIEC AJIEKTPHUYCCKON SHEPTHU TaK U B
BUJIE MEXaHHMYECKOH SHEPIUH.
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3. OBOBIIEHHAA CXEMA DJEKTPUYECKHAX
MAIIIMH HOBOI'O NIOKOJIEHUSA 1 OCHOBHBIE
SHEPTETUYECKHUE COOTHOILIEHUSA

Ha puc. 3.1 u 3.2 wuzoOpaxeHa o0000IIeHHAs cXxema
ANEKTPUYECKUX MAIIWH, MPUHIUI JEUCTBUS KOTOPBIX OCHOBaH Ha
yhnpaBiieHHH OOJBIIMM MarHUTHBIM IIOTOKOM MpPH IMOMOIIU CIa0oro
MarHUTHOTO MOTOKa, BO30YKAaeMOoro HCTOUHUKOM ¢ Oonbuieir M/IC.

MarHutHas cUcTeMa TakMX MAIlWH COCTOMT U3 TpEX cepaed-
HUKOB, KOTOpBIE 00pa3yeT ABa 3aMKHYTBIX KOHTYpa, HMEIOIIUX OOIIYI0
9acTh.

B mepBoM 3aMKHYTOM KOHTYpE MpPH MajbIX 3HEPreTUYECKUX
3arparax MPOU3BOOUTCS HaMarHWYMBAaHUE OOLIEH YacTH MAarHUTONPO-
BOJa yHpaBJIAOIINUM MarHuTHBIM IIOJIEM 0O0JIBIIOH HaHpﬂ)KéHHOCTI/I.

Bo BTOpoM 3aMKHYTOM KOHType HaMarHW4eHHas oOIias 4acTb
MarHATONPOBOJA CO3/MaéT WHTEHCHBHBINA pabo4Mii MarHUTHBINA TOTOK,
9HEPrHsl KOTOPOro npeodpa3yercss B IEKTPUUECKYI0 WM MEXaHH4ec-
KYIO SHEpPIHIO.

D A A A A A AT
+
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Puc. 3.1. OOGo6meHHas cxemMa DJIEKTPUYECKUX MAaIlIWH
paccMaTpuBaeMbIX B OporIope.

1 — nepBbIii CepAECYHUK:

2 — BTOpOY CepJICYHUK;

3 — TpeTuii cepeUHUK.
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Puc. 3.2. Bapumant 000OMmEHHON CXeMBl DIIEKTPUUYECKUX
MAIIINH paccMaTpruBaeMbIX B OpOLIIOpE.

1 — nepBBIi CepIEUHUK:

2 — BTOpOH CEepIIeYHUK B BHJIE IJIOCKOCTH;

3 — TpeTHii Cep/ICUHHK.

[lepBBIif 1 BTOPOW CEepAECYHUKU OOpa3yloT MEPBBIA 3aMKHYTHIH
KOHTYp, B KOTOPOM YIPABJISIOLIEE MAarHUTHOE IoJjie OOJBIIOW Hamps-
KEHHOCTH, CO37]aBa€MOE€ MEPBbIM CEPACUYHMKOM (TIOCTOSIHHBIM MAarHuT
WIM DJIEKTPOMAarHuT), HaMarHU4MBaeT BTOPOM CepIeYHHMK. 3a CHéT
OONBLION BEJMYMHBI BO3AYIIHBIX 3a30pOB B IIEPBOM 3aMKHYTOM
KOHTYpE, JOCTUraeTcs Majas BeIMYMHA MarHUTHOTO MOTOKA, MPOXO.s-
IIero MO TEepBOMY U BTOPOMY CEPJEYHHKY, AaXe TpU OOIBIION
BenuuuHe MJIC, co3maBaeMoil IEpBBIM CepIeTHUKOM. Mastasi BeTMarHa
MarHUTHOTO IIOTOKAa, MPOXOJSINEro uepe3 MEepBbIH U BTOPOH
CepACYHMKH, 00ECTICUNBACT MaJIble SHEPIeTUUECKUE 3aTPaThl B IEPBOM
3aMKHYTOM KOHType Ha HaMarHW4YMBaHME M MepeMarHUYHWBaHUE
BTOPOT'O CEPACYHUKA, a TAK)KE MaJO€ CUIIOBOE B3aUMOAEHCTBHE EPBOTO
Y BTOPOT'O CEpACYHHUKOB.

Kak wn3BecTHO, BenWYMHA PHEPTMM MAarHUTHOTO TIOJS MOJKET
OBITh OIICHEHA TPH TIOMOIIH Clieayroiiel Gpopmysr [5, c. 287]:

2
W = —“OZH v

rae: W — sHeprust MarHUTHOTO TTOJIS;
Lo — MarHuTHast moctostHHast (B8 CU 1p=41107);
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/L - OTHOCHUTEIbHASI MATHUTHAS TIPOHHUIIAEMOCTE;
H — HanpspkEHHOCTH MArHUTHOTO TIOJIS;
V — 00beM, B KOTOPOM OIICHHWBACTCS BEIMYWHA DHEPTHH Mar-
HUTHOTO TIOJISI.

Tak kak B=ypuH, @=BS u U,, =HI, sta popmyna moxer ObITh
mpeoOpazoBaHa K BHUIY:

BH QU
W=—3S=—= (3.1)
2 2
Trac: B — IINIOTHOCTh MAr"HMTHOI'O IIOTOKa (MaFHI/ITHa}I I/IHILYK-
ust);
S — mwIomane ceyeHus MarHUTOIIPOBOJA (n BO3AYIIHBIX 3a30-
pOB);

| — cpemHsist [TMHA CHUITOBOM JTMHUHN B 3aMKHYTOM KOHTYPE;
@ — BeNnMYNHA MATHATHOTO MTOTOKA B 3aMKHYTOM KOHTYPE;
U,, — BemmmuuHa MJIC, coznaBaemast IepBBIM CEPACTHUKOM.

Kak BugHo 13 ¢opmynsl (3.1), mpuMeHss B IEPBOM 3aMKHYTOM
KOHTYpE Malyl0 BEIMYHHY YIIPABISIONIETO MarHUTHOTO MOTOKa D, MBI
TE€M CaMbIM YMEHbIIIAeM KOJUYECTBO SHEPTUU B 3TOM 3aMKHYTOM KOHTY-
pe.

Kpome Toro, mpu mManoi BEIWYHHE YIPABISIONIET0 MATHUTHOTO
MOTOKA, CHJIa TPHUTHKEHUs] MEXKIY MEPBBIM U BTOPHIM CEpACYHUKAMHU
TOXKE OYJeT HEOOJIBIIIOHN, UTO SBISETCS BAXKHBIM (haKTOPOM IPH HEOOXO-
JUMOCTH W3MEHEHHS B3aMMHOTO TIIOJIOXKEHHS TIEPBOTO M BTOPOTO
CEpJIEYHHKOB B TMPOIECCe padOThl 3IEKTPHYECKUX MAIIHH HOBOTO
ITOKOJICHHS.

B osnexrtpomaraunte «Cuiia TPUTSHKEHUS MTPOMOPIHUOHATBHA
KBaJIpaTy HHAYKIMA MATHUTHOTO mMoJish» [3, ¢. 266].

_B’S

F= :
24y

rac: F — cuna IMPUTSKCHUA OAHOI'O ITOJIF0CA
OJICKTPOMAarHuTa 1 €ro aKops.

Oty dopMyIly MOKHO IpeoOpa3oBaTh K BUIY:
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U3 popmynsr (3.2) cremyeT, 9TO CHiia MPHUTHKEHHUS] MEXITY HC-
TOYHUKOM MAarHWTHOTO TIOJII C BBICOKOW HANMPsDKEHHOCTHIO (TIEPBBIN
cepAcyHuK Ha puc. 3.1, 3.2) 1 HaMarHU4IKMBaeMBIM 00pa3oM peppomar-
HeTHKa (BTOpOW cepuedyHuk Ha puc. 3.1, 3.2) ompexaensieTcst HE Hampsi-
JKEHHOCTHIO 3TOTO MarHWTHOTO ITOJIS, a BEIMYUHONW MAarHUTHOTO MOTOKA
@ u ero mWIOTHOCTHIO B.

Bropoii u TpeTHii cepileYHUKH BBIMOJHEHBI U3 MarHUTOMSTKOTO
MaTepurana u 00pa3yroT BTOPOH 3aMKHYTHIA KOHTYP.

HamaranueHHbIN BTOPOW CEpIEYHHUK CO3MAET BOKPYT cebst co0-
CTBEHHOE MarHWTHOE TI0JIe; W JJISl TOrO, YTOOBI BO BTOPOM 3aMKHYTOM
KOHTYpEe 3TO TIOJ€ HE HWCKaKAIOCh MAarHUTHBIM TIOJIEM IIEPBOTO
CepJIEYHHKA, MAaTrHUTHBIE TIOJISI IEPBOTO M BTOPOTO 3aMKHYTHIX KOHTYPOB
Pa3neNAoTC OSKpPaHOM. OKpPaHOM MOXET OBITh JIMOO OTHCIbHBIN
KOHCTPYKTHBHBIH 3JIEMEHT, JIN0O B KaYeCTBE SKPAaHA UCIONB3YETCs caM
BTOPOU CEPACUYHUK.

CoOCTBEeHHOE MAarHMTHOE II0JIE BTOPOTO CepACYHHKA Yepes
HeOOoIbIINE BO3AYIIHBIC 3a30Pbl 3aMBIKACTCSl Yepe3 TPETHH CeplAeUHHK.
3a cu€T Mayoi BENWYHMHBI BO3MYIIHBIX 3a30pPOB MEXIy BTOPBIM H
TPETBUM CEPJACYHUKAMH JOCTHTAeTCsl OOJNBIIAs BEITMYMHA MATHUTHOTO
IIOTOKA, MPOXOJSILEro 4epe3 BTOPOU M TPETUH CEpIeYHUKHU. boublias
BeJIMYMHA MarHUTHOTO ITOTOKA, MPOXOSIIET0 Yepe3 BTOPOH M TpeTHit
CEepIIEYHHKH, O0ECIIeUYMBAEeT TOJNyYeHHE 3HAYMTEIHHOW MAarHUTHOM
sHepruu (opmyna 3.1) BO BTOPOM 3aMKHYTOM KOHTYpE MarHUTHON
CHUCTEMBI. DTa SHEPTHUsl BO BTOPOM KOHTYpPE MOXKET OBbITh MPeodpa3oBaHa
00 B MEXaHHYECKYI0 SHEPrHI0 B BHJIE OTHOCUTEIHHOTO IBMXKECHUS
BTOPOTO W TPETHETO CEPJICUYHUKOB 32 CUET CHJ NPUTSDKEHHS, JHOO0 B
ANEKTPHUYECKYIO, CHUMAEMYI0 C OOMOTKH Ha TPEThEM CEpACUHHKE.

F= (3.2)

4. IPUMEPBI KOHCTPYKIIUM SJIEKTPUYECKHX
MAIIMH HOBOI'O NOKOJIEHUSA

g mpeoOpa3oBaHUs SHEPTUM MArHUTHOTO TIOTOKA, MPOXOJf-
IIEr0 Yepe3 BTOPOM U TPETHIl CEpACUHUKH, B ANEKTPUUECKYIO IHEPTHIO
HEOOXOIUMO CO3/1aThb IIE€PEMEHHBI MarHUTHBIH MOTOK B TPEThEM
CepJIeYHHKE, HAa KOTOPOM JIOJKHA OBITh BRIXOJHAsI OOMOTKA.
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Jliis U3MEHEeHHUs CTEeIIeHN HaMarHM4eHHOCTH BTOPOr0 CEpAEYHU-
Ka HanOoJiee eCTECTBEHHO B KA4eCTBE MEPBOTO CEpACYHUKA MPHUMEHHUTD
3JEKTPOMAarHUT, TNHUTAeMbId TMEPEMEHHBIM TOKOM, WM BpallaTh
MTOCTOSTHHBIN MarHuT (IEpPBBIA CEpACIYHUK) BOKPYT TOPU3OHTAIHLHON OCH
(puc. 3.1 u 3.2) npu HEMOIBIKHBIX BTOPOM U TPETHEM CEepACUHHUKAX.

Jig yMeHbIIeHHs MarHuTHOIO IIOTOKa B MEPBOM KOHTYPE,
NEPBBIA CEPACYHUK MOXKET OBITh BBIMOJHEH W3 HECKOJNBKHX YacTeH,
pa3AeICHHBIX BO3AYIIHBIMH 3a30PaMHU.

CrnenyeT MOMHMTB, YTO BTOPOI U TPETUH CEpAECUHUKH BO BTOPOM
KOHType pa0OTalT Kak MarHUTOMPOBOJ| OOBIYHOTO TpaHchopmaropa.
Tonapko HaMarHMYMBAHUWE BTOPOIO CEPACYHHMKA IPOUCXOOUT HE C
NOMOIIBI0 TOKa B INEPBHUYHOH OOMOTKE, a NPH MOMOIIM BHELIHETO
MAarovuTHOro I10Jid, CO03JaBacMOIro IIE€PBbBIM CEPACUHUKOM. HOC‘)TOMY
MJC, coznaBaemasi BTOPEIM CEPICYHUKOM, TOJHKHA OBITH OOJBIIE, YeM
MJC, co3zmaBaemass TOKOM Harpy3Kd, OpPOXOISUIMM IO BBIXOIHOM
00MOTKE Ha TpeThbeM CepAeYHHKE. JTo cienyeT u3 ypaBHeHuss MJIC
tpanchopmatopa [7, c. 114].

Moxer  ObITb  IpUMEHEHa  KOHCTPYKLHUs  TeHeparopa,
n3o0paxénnas Ha puc. 4.1. [lepBblif cepieYHUK — MarHuT ¢ OOJIBIION
MJIC — poTop, BTOpOH W TpeTUH CEpIeYHHKH — CTaTop. MarHuTHOe
1ojie, CO3/JaBacéMOE€ TOKOM HAarpy3KH, MOPOXOISIIMM [0 BBIXOAHOM
OOMOTKE Ha TpPETbEM CEpIACYHHKE, IPAKTHYECKH HE CO34aET
TOPMO3SIIIETO MOMEHTA Ha BXOJHOM Bajy 3JIEKTpOreHepaTopa, TaKk Kak
MAarHUTHBIA MOTOK, MPOXOAAIIUN Yepe3 MEePBbI U BTOPOU CEPACUHUKH,
MMEET MaJIYIO BEJINUMHY.

Puc. 4.1. OnexTporeneparop ¢ MaabIM TOPMO3SIUM
MOMEHTOM Ha BXOJJHOM Baiy.
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1 — mepBBIl CepIACUYHUK MArHUT;
2 — BTOpOU CEep/ICUHUK;
3 — TpeTHii cepAcUHIIK;
4 — BeIXOHAS OOMOTKA.

Hnst mpeoOpa3oBaHMs SHEPrMd MarHUTHOTO TOTOKa, MPOXO[s-
HIero 4Yepe3 BTOPOH M TPETHH CEepACYHUKH, B MEXaHHUECKYIO SHEPTHIO
HEOOXOUMO H3MEHSTH TOJ0KEHUE MArHUTHBIX MOJIOCOB HAa BTOPOM
CepACYHUKE H O00eCHeYUuTh BO3MOKHOCTh TPETbEMY CEpICUHHUKY
CeZIoBaTh 32 MArHUTHBIMHM TOJIIOCAMH Ha BTOPOM CepACYHHKE
(mampumep, puc. 3.2). To ecTh NEPBBIA CEPACUYHUK MOKET COBEPINATH
BO3BPATHO-MOCTYNMATENLHOE MU BpalllaTelIbHOE IBUKCHUE, W3MCHSIS
IMOJIOKCHUE MArHMTHBIX IIOJIFOCOB Ha BTOPOM CEPACYHHKE, a TpCTI/Iﬁ
CEepJICYHUK, MPUTATUBASCH K MATHUTHBIM TIOJIFOCAM BTOPOTO CEpJICUHH-
Ka, JIOJDKCH UMETh BO3MOXKHOCTH CIICIOBATh 32 MATHUTHBIMHU MTOJIFOCAMU
Ha BTOPOM CEPACYHHUKE, COXpaHAA HEeN3MEHHOMU BCJIMYMHY BO3AYLIHOT'O
3a30pa MEXIy BTOPBIM U TPETHUM CEPACUYHUKAMU.

Ho wMoxer ObITh NpUMEHEHA W KOHCTPYKIHUS MOTOpA,
n3o0paxxeHHas Ha puc. 4.2.

Puc. 4.2. Motop, npuBOAMMBIA B JABIXKCHUH IOCTOSHHBIM
MarHUTOM.

1 — mepBBId CepACUHUK;

2 — BTOPOU CepACYHUK — POTOP;

3 — TpeTHii CepACYHHK — CTATOoP.

Tpertuil cepeUHNK — CTaTOp, a MEPBBIA CEPICYHUK MPH MTOMOIIU
YEpBSIYHOW TIepeZadyd MOXKET MOBOPAYMBATHCS OTHOCUTENBHO CTAaTopa
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ma +90°. IIpy NONOXKEHMM IONIOCOB NEPBOTO CEPACUHHKA MPOTHB
MOJIFOCHBIX HAKOHEYHHKOB TPETHETO CEpACYHMKA CHCTEMa HAXOAUTCS B
paBHOBECHU M BTOPOH cepAeyHHMK He Bpamaercs. [Ipu moBopore mep-
BOTO CEepJIeYHHUKAa HAa HEKOTOPBIM Yroi, MarHUTHBIE MOJIIOCA Ha BTOPOM
CepJIEYHNKE OKAa3bIBAIOTCS CABUHYTHIMHU HA TOT K€ YroJ OTHOCHUTEIHHO
NOJIFOCHBIX HAKOHEYHHMKOB TpeThero cepaedynuka. [lom neictBuem
COOCTBEHHOTO MAarHUTHOTO TMOJS BTOPOTO CEpIACYHHKA BO3HUKAET
BpALIAIOIINI MOMEHT, IOBOPAUMBAIOIINI BTOPOW CEPACUHUK TaK, YTOOBI
€ro MarHWTHBIE IIONI0Ca ObUIM MPOTUB IOJIOCHBIX HAKOHEUHHUKOB
TpeThero cepieyHuka. Ho mpu MoBOpoTE€ BTOPOTO CEpACYHHMKA €ro
MarHuTHBIE MOJIF0CA OCTAIOTCS HA MPEXKHEM MECTE — MPOTUB MAarHUTHBIX
MOJIFOCOB  TIEPBOTO  CEpAEYHHMKA. OTO MPHUBOAUT K HENPEPHIBHOMY
BPALICHUIO BTOPOro CepAeUHUKa. V3MeHss BEMUUMHY yIia OTKIOHEHHS
MEPBOTO CepJIeYHHKAa OT IIOJIOKEHUS PABHOBECHS CHCTEMBI, MOXKHO
MEHSTh BEJIMYMHY W HaIpaBJICHHE BPAIAIOLIEr0 MOMEHTA, JAEMCTBYIO-
LIEro Ha BTOPOM CepACUHUK.

PazHooOpa3ue BO3MOXXHBIX KOHCTPYKIHMH 3JIEKTPHUYECKHX Ma-
IIMH HOBOI'O IOKOJIGHHUS OIpENesieTcs BO3MOXKHBIM DPa3HOOOpaszueMm
KOHCTPYKTHBHOTO BBINOJIHEHHSI 3KpaHa, MEPBOIO M BTOPOTO KOHTYPOB
9THX MallWH, KOHCTPYKTHBHOTO BBINOJIHEHHS KaXKJIOTO CEpleYHHUKA,
TPAeKTOPUM [JIBWIKEHUS CEplIeYHHKa (€ClIM OH JIBUXKETCS) W BUIOM
SHEPIrUU Ha BBIXOZE: BTOPOH KOHTYp BHYTpH mnepBoro (puc. 3.1) wmim
HaoOopot (puc. 4.1, 4.2), wnu nepBbli U BTOPOH KOHTYp pa3AeieHbI
IUIOCKUM d3KpaHoM (puc. 3.2); mepBBId CEpACUYHUK — MArHuT WU
3JIEKTPOMArHUT H T. 1.

MNPUJIOKEHUE

B [4, c. 4] roBopUTCS O TOM, «... YMO 8 HAYUHO-MEXHUUECKOU
Jumepamype ompaxceHa moabKo ma Yacme AGNeHULl dJeKmpomazHe-
musma, Komopas Modcem Oblmb ONUCAHA UHMESPATbHLIMU VPABHEeHU-
amu (1) u (2)» Makcsemna. «Onucannsie B Oporropax [2, 3] sxcnepu-
MEHTHI YKa3bIBAIOT Ha HAIMYME COBEPIICHHO HEUCCIIEAOBAaHHOW 001aCcTH
ANEKTPOJAMHAMUKH: B3aHMMOJICHCTBHE 3aMKHYTHIX KOHTYPOB, KOTOpBIE
B3aMMHO HE MPOHMU3BIBAIOT APYT ApPYyra; U MO3TOMY MX B3aUMOJEHCTBUE
HE MOXET OBITh ONMCAHO MHTErpaJibHBIMHU ypaBHEHHAMH Makcesa (1)
u(2)» [4,c.8].
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«3axkon noanoco moka (meopema O YUPKYIAYUU GeKmMopa
HANPAXNCEHHOCU  MACHUMHO20 NONA) U 3GKOH 9NEKMPOMASHUMHOU
UHOYKYUU  ONUCHIBAIOM  3AKOHOMEPHOCMU — 83aAUMOOelCmBUs  napol
3AMKHYMBIX KOHMYPO8 He OJid KOHmYpos8 Ni000u Gopmel, KaK 3mo
ymeepacoaemcs 8 yueonukax gusuxu [5, c. 255; 6, c. 214; 8, c. 44], a
MOIbKO 01 00HO20 HACHHO20 CAyHas, Ko20a >mu 3AMKHYymble
KOHMYPA 63AUMHO NPOHU3BIEAIOM Opy2 Opyeaa.

B 6powiopax [2, 3] nokazano, umo Kpome 3aMKHYMbIX KOHMY-
P08 83AUMHO NPOHUBIEAIOWUX OpY2 Opyad, CYUecmsyiom U Opyeue 6Uobl
nap 3amMKHymulX KOHMYpO8, ¥ KOMOPbIX 3aKOHOMEPHOCMU 83aUMOOel-
cmeusi Mextcoy O08yMs 3AMKHYMbIMU KOHMYPAMU HE ONUCbIBAIOMCS
3AKOHOM NOJIHO20 MOKA U 3AKOHOM 2NEKMPOMACHUMHOU UHOYKyuuy [4,
c. 11].

B 6pormopax [2, 3 u 4] peub uAET 0 B3aUMOJACHCTBHU TAphI
KOHTYPOB, OIUH U3 KOTOPBIX MPEACTaBIAET COO0H 00bEMHBIN KOHTYP, a
JPYyroii KOHTYp HaXOAMUTCS BHE 00bEMa MEPBOTO KOHTYpA.

Ha puc. [1.1 mpuBenéH npumep mapbl TaKUX KOHTYPOB: 00B-
émupi koHTYp 2 (puc. I1.1) BEmMoOnHEeHHBIH U3 (eppomarHeTnka, a
BTOpoil KOHTYp 1 — m3 Meramna. Koutyp 1 Haxoautcs 3a mpenenamu
00BEMHOTO KOHTYpa U HE TPOHU3bIBaeT ero. O0bEMHBIN KOHTYD 2 (puc.
I1.1) moxxeT OBITH BBINOJHEH M3 METalja WM CETHETORJICKTPUKA, a
BTOPOH KOHTYp | u3 deppomarneruka.

Puc. [1.1. Tpanchopmarop ¢ 0OMOTKON HA HAPYKHOM MOBEPXHOCTH
(heppUTOBOrO MarHUTOIIPOBO/Ia OPOHEBOI'O THIIA.

1 — HapyxHas 0OMOTKa;

2 — (heppHUTOBBIII MATHUTONPOBOA OPOHEBOTO THIIA;

3 — BHYTpEHHSISI 0OMOTKA.
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3aKOH 3JIEKTPOMarHUTHOM MHAYKIMH, 3aKOH IOJIHOTO
TOKa U MHTerpa/ibHble YpaBHeHUsA MaKcBe/lla He ONMCBIBAIOT
3JleKTpHYeCKHe U MarHUTHbIe M0JIA 3a IpejelaMi 06 bEMHBIX
KOHTYpPOB, cO3JaBaeMble HU3MEHAIIMMCSI MarHUTHBIM MOTO-
KOM HJIY 3JIEKTPUYECKHUM TOKOM B 06GBEMHOM KOHTYpe: BOKPYT
GOKOBBIX CTEHOK U HaJ, TOPL,AMH 00 bEMHBIX KOHTYpPOB. OHH He
ONHKCBIBAKT U BJIMSIHUE BHEIIHUX 3J/IEKTPUYECKUX UM MarHUT-
HBIX [10J1e#l Ha npoueccsl B 00bEMHOM KOHTYPpe.
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Pyuxkun BajieHTHUH AJleKCaHAPOBUY — KaHIUAAT TEXHUUYECKUX
HayK, IOJAIOJKOBHUK BOWCK CBSI3M B OTCTaBKE, HayaJbHHUK Kadeapsl
CBEPXBBICOKHMX 4acTOT KpacHOsSpCcKOro BeICHIEr0 KOMaHIHOTO yYMIIHIIA
paauosnexktponuku [IBO (KBKYP3), 1975r., crapmuii Hay4HBIH co-
TPYAHUK Kadenpbl UYUCICHHBIX METOAOB MaTeMaTHYECKOH (U3UKU
¢dakynpTera knbepHetuku Kuesckoro rocynusepcurera um. T. I'. Illes-
4qeHKo , 1989r., aBTOp HOBOTO KiIacca HeG3aUMHbBIX INEKMPOMAZHUM -
HbIX cucmem ¥V HOBBIX YHUKAJIBbHBIX 3JEKTPOMArHUTHBIX YCTPOMCTB Ha
MX OCHOBE, Hay4HBbIH 3KcrepT Pycckoro ®dusnueckoro ObdmiecTsa.

RO
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MMPUPOAHASA HUBKOOHEPI'ETUYECKASA PEAKIIUA
AAEPHOI'O CUHTE3A

Bb.A. Auapuanosn

IIpenno:xkena rumore3a, O0OBSICHAOIAS CBEPXMOIIHYIO
BCIBIIIKY, YIApPHYI0 BOJHY M MIHOBeHHO€ HcCHapeHHe Oo0JbIIeH
yacti Yeass0MHCKOro MeTeopa NnosiBJIeHreM YCJI0BHH /s POTeKa-
HHUSl IK30TePMHMYECKOli HU3KOIHEPreTHYeCKOil peakuuu siAepPHOro
CHHTe3a MYy SI/APAMH MArHusi U KPeMHHSI, BXOASUIMMH B COCTaB
0JIMBMHA M NHPOKCEHAa, HaliJeHHbIX B MeTeopuTe. PaccMoTpeHsbl
BO3MO:KHbIe HMHULMATOPHI TAKOIl peakuMH, KOTOpble NpeanoJara-
0TCS1 OOLIIMMH /17151 M3BECTHBIX IKCIIEPUMEHTOB MOA00HOT0 poaa.

Knrouesvie cnosa: memeop, 6cnuvluika, 83pul8, OAUSUH, NUPOKCEH,

U30MONYL, MASHUL, KPeMHULL, JHCene30, HUKelb, XPOM, SI0ePHblU CUHME3,
LENR.

Haubonee 3aramounoii depToii, WHOTHAa HAONIOMAEMOW TIpH
MaJiecHNd METeopa, SBISIETCSI €ro BHE3AHBI B3pHIB B aTrMocdepe,
COIPOBOXKIAEMBIN OCJICIIUTEIBbHOW BCIBIIIKOM M MOIIHOM YyJIapHOU
BOJTHOM, OIIEHKA 3HEPTUM KOTOPOH JOCTUTAET SKBHBAJIEHTA HECKOIBKUX
meratroHH THT. Takue cirydan B UCTOpHH YelIOBEUECTBA HAOIFOAATNCH
HECKOJbKO pa3 [1]. MakcuManbHbIEe 3HAYEHUS HMEIOT, KaK W3BECTHO,
Tynrycckuii penomen 1908 r. (10 — 15 meratonH) u YensOMHCKUIA
meteop 2013 r. (0,44 Mr) [2].

Octpblii HEJOCTaTOK (AaKTHYECKUX JAHHBIX B IEPBOM cIydae,
MIpPEXKIe BCEr0 OTCYTCTBUE CIIEZIOB METEOPUTHOIO BEIIECTBA, BhHI3BAI
MPEINONIOKEHNEe O TPHUPOTHONW SACPHOW peakInd CHHTE3a B sIpe
KOMETHI [3,4], HECOBMECTUMOE, OJJHAKO, C HAIITMMH 3HAHUSIMU O COCTaBe
KOMET, a TaKKe O TeMIeparype U JaBICHWUH, HEOOXOAMMBIX JUIS
WHUIMAPOBAHUS TaKoW spepHO# peaknuu [5]. OgHako BTOpoH cimydait
MOKAa3bIBAET, YTO MIEs MPUPOAHOM SIEPHON peakuuu cama 1o cede He
JIUIIIEHA CMBICIIA ¥ 3aCITy’KMBAaeT BHUMAHHUA.

Brinagiime OCKOJIKM YOEIUTEIbHO IOKaszaiu, 4ro 15 derpais
2013 r. B atmocdepe Ha BeicoTe 23,3 kM B30pBAJCS UMEHHO METEOP
Maccod okoso 11000 ToHH, aABUraBHIIMMCS B MOMEHT B3pbIBA CO
ckopocThio 18,6 xm/c [2]. ManoBeposiTHO, 4TO 3a 13 CEeKyHI CBOETro
IBIWKEHUsT B atmocgepe oH mortepsin 9/10 cBoel MCXOOHOH Macchl
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BejaeacTBue abmsmuu [6], HO make eciau JOMYCTUTh TaKyl0 BO3MOXK-
HOCTb, TO, 10 MEHbIEH Mepe, okoiao 1000 TOHH METEOPHOrO BEIIECTBA
MTHOBEHHO HCIapUIIOCh, OCTaBHB IIOCIE B3PbIBa B BO3AYXE T'YCTOH
JIBIMHBIA CJIe[l, KOTOPBIM 10 B3pbIBa OTCYTCTBOBAN. YTBEPKICHHUE O
BEImazeHuH Ha 3eMiio 1000 TOHH OCKOJIKOB [6], OCHOBaHHOE, OUCBHIHO,
Ha MPOCTOH apu(MeTHKe, BBITTISAUT BECbMa COMHUTENBHO.

Takum oOpaszom, [Ipupona yxe He MEpBBI pa3 CTaBUT Mepen
HAMH DKCHEPHUMEHT, B pPEe3ylbTaTeé KOTOPOTO IPOUCXOTUT MOIIHBIN
B3pHIB M1 MIHOBEHHOE HCHApEHHE KAMEHHOW TJBIObI, B KOTOPOW HET
HUKAKOT0 XMMUYECKOTO B3PHIBUATOrO BEIIECTBA. DHEPIHI0, HEOOXO0Iu-
MYIO ISl 9TOTO, W3 BCEX HW3BECTHBIX CPEACTB CIMOCOOEH O0ECTIEYUTH
TOJIBKO SIIEPHBIN B3PEIB, TNIABHBIE MTPU3HAKH KOTOPOTO XapaKTEPHBI IS
noBeeHus1 YeIsOMHCKOro MeTeopa.

Bo-mepBbIX, 3TO CBEPXMOIIHOE CBETOBOE H3IYYCHUE IATENb-
HOCTBIO 5 CEKYH]] B BHJI€ CTPEMHUTEIHHO YBEIMUHNBAIOIIETOCS] OTHEHHOTO
nrapa, JIOCTUTIIETO 4Ype3BblUaiiHO OoJbIIMX pa3MmepoB. CBeueHHe
HapacTajo HE IIOCTENIeHHO, a IMOSIBWJIOCh BHE3AallHO W HaMHOTO
MPEBOCXOIIIO TEIUIOBOE HW3IY4YEHHE PACKAIEHHBIX Ta30B, COMPOBOXK-
nasiree o€t Mereopa. [IpubimsnTenbHas SHeprus 00MIero U3ITydeHHs
BCIIBIIIKK cocTaBmma 3,75:10% 1o [7]. SpKOCTh BCIIBIIIKK OBLITAa TAKOM,
YTO MHOTHE OYEBHUALBI MONYYWIA 3arap, JaKe YeIIOBEK, CHICBIIHN
BHYTPH aBTOMOOWIJII y 3amgHero crekia. l3BecTHO KCTaTw, dYTO
IMPOAOJLKUTECIIBHOCTD CBCUYCHUA AACPHOTO B3pEIBa B CCKyHOax
NpHOMIKEHHO paBHA KOPHIO TPEThEH CTENEHW W3 €ro JHEPruu B
kiioToHHax [8]. ['pybast omeHKa 3HEpPruu B3phIBa OTCIOJIA MOITyYaeTCs
paBHOW 125 KWJIOTOHH, YTO COBIAJA€T IO MOPSAKY BEIHMUYUHBI C
OIIeHKOM [2].

BropeiM  mpu3HaKOM  CIy’)KAT TNPOHUKAMOIIAS — paJHAIsL.
KOCBGHHLIM, HO BE€CbMa CYHICCTBCHHBIM eé IMMOATBECPKIACHUCM CJIyXKaT
CBUJIETENILCTBA OYEBHU/LIEB, IIOYYBCTBOBABIIMX Cpa3zy JKe Iocie
BCIIBIIIKA 3allaX CrOpeBIIEro mopoxa. M3BecTHO, YT0 Tak MaxHyT
OKCHJIBI a30Ta, KOTOpPBIE MOTJM O0Opa3oBaThCsl B BO3IYXE TOJIBKO O]
HeﬁCTBHeM MOIITHOT'O TaMMa-u3JIy4€HHUd B MOMCHT B3pPbIBA. Hukaknx
JIAaHHBIX O HAJIMYUM HEUTPOHOB B COCTaBE 3TOM NMPOHHUKAIOUIEH pajana-
IIUU HET.

Het Taxke JOCTOBEPHBIX JAaHHBIX 06 OJICKTPOMAaroHuTHOM HM-
nyJibce, KpOME KPAaTKOBPEMEHHOTO HWCYE3HOBEHHUS] MOOWIILHOW CBSI3H,
KOTOpOE KOHEYHO MOTJIO OBITH CBSI3aHO C MEPErPy3KOil COTOBBIX CETEH.

Tpertuit npu3Hak — ynapHas BosiHa. [lepBas (Bcero ux ObLIO TpH)
npuna B YensOuHck dyepe3 177 ¢, TO eCThb B3pHIB MPOW3OMEN Ha
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paccTosTHUM (M3MEPEHHOM II0 HAaKJIOHHOHW JTWHWHU) okojo 60 xm. Ecmm
OBl 3TO CITyYMIIOCH HAa MEHBIIIEH BBICOTE, CHJIA YAapHOH BOJHBI ObLIa ObI,
KOHEYHO, HAMHOT'O OOJIBIIIE.

PagmoakTrBHOTO 3arpsi3HEHHS MECTHOCTH He MPOHU3OIILIO,
BEPOSATHO, HE TOJBKO BCIIEJCTBHE BBICOTHOTO XapaKTepa B3phIBa, HO
TJIaBHBIM 00pa3oM MO MPHYMHE MOJHOTO OTCYTCTBUSI HECTAOMIBHBIX
MPOAYKTOB IaHHOH PEaKIIHH.

Wrak, moctaBineHHas 3a7a4da BRITIIAIUT CIEIYIOIIAM 00pa3oM: Ha
BXO/I€ — KAMEHHBIH METeOp (XOHAPHT), HA BBIXOJIE — «UHCTBIN SACPHBIH
B3phIB. Kakue Bo31eHCTBHS U IPOLIECCH 3a BpeMst 13 cekyH[ ABIKEHHS
obbeKTa Maccoil mopsizka 10'ke B 3eMHO# aTMocdepe ¢ KOHEUHOI
THUIEP3BYKOBOW CKOPOCTBIO 18,6 xMm/c MO TPUBECTH K TaKOMY
pe3ynbTary?

[Ipexxne Bcero, KOHEYHO, ATO OTPOMHBIE a’3POMHAMHUYECKUE
Harpy3ku. Hampumep, Mg Tena, IBHOKYIIETocs co cKopocThio 20 xku/c,
pPasHOCTh AABICHHH Ha €ro (POHTAIBHYIO U THUIBHYIO MOBEPXHOCTH
cocrasnser ot 10’ I1a na Beicote 30 xm 10 10° ITa Ha BeicoTe 15 & [9].
B3aumopneicTBysl ¢ CHIIBHO CXKATBIM M Pa30TPETHIM aTMOC(EPHBIM BO3-
JIyXOM, TOBEPXHOCTh MAaCCHBHOTIO Tella HarpeBaeTcs IO TUIaBJICHUS U
JaKe MCIapeHUsl, B TO BPEeMs KaK ero BHYTPEHHsISI YacTh HarpeThcs HE
ycmeBaeT, To ecTh 3((eKT meperpeToil CKOpOBapKH 3/1eCh He paboTaer.

Wrak, mepBbie 1Ba BO3ACHCTBUS — 3TO BHICOKHE ITOBEPXHOCTHBIS
JaBlieHHe W Temmeparypa. Tperbum (akTopoMm, KOTOPBIA OOBIMHO He
MIPUHAMAETCS BO BHHMAaHHWE MPU PACCMOTPEHUU IOBEACHUS METEOPOB,
CIIY’)KHT TPUOOPETEHNE KOCMHUYECKUM TEJIOM OTPHIATEIIEHOTO 3apsiia,
YTO MOXET MPHUBECTH K MOBBIMIEHHUIO €ro nmoteHuana 10 10 xB u BbIe
[10]. Takue moTeHIMAIBI CO3AAIOT OOJIBININE 3HAYCHUS HANPSHKEHHOCTH
AIIEKTPUYECKOTO TIOJS W TUIOTHOCTH TOKa Ha MIEPOXOBATHIX YaCTAX
MOBEPXHOCTH O0BEKTa, TO €CTh pedb HAET 00 3JIEKTPOMArHUTHOM
BO3J€HCTBHUH Ha HETO.

NMeHnHO 3T BO3IEHCTBUS, TJABHBIM M3 KOTOPBIX SBISETCS
TPEThE, HCHONB3YIOTCSI B OSKCIEPUMEHTaX MO HU3KO3HEPreTHUYECKUM
snepabiM peakiusaM (LENR), B KoTopbIx HaOMIOMArOTCS B3aWMHEIE
NPEBpAlICHNsT XUMHUYECKHX DJJIEMEHTOB B KOHIICHTPAIMSAX, 3aMETHO
MPEBBIIIAIOIINX BO3MOXKHBIE MOTpeIIHOCTH u3Mepenuit [11, 12, 13, 14],
NpU4YEM MPOUCXOTUT BBIJCTICHNE M30BITOYHON DHEPTHH M OTCYTCTBYET
TPAaJUIMOHHAS JJISl SUIPHBIX pEakIud pajaroakTUBHOCTH. OOImei
YepTOH BCEX YKa3aHHBIX HKCIIEPUMEHTOB KaK pa3 U SIBISIFOTCS OOJbIIue
3HAa4YEHUS TNIOTHOCTH TOKA, TO €CTh BBICOKAsl KOHLIEHTPALUS HJIEKTPOHOB
Ha HEKOTOPBIX YYaCTKaX MCCIIEyeMbIX 00pa3IloB.
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B cratee [15] BBIZBUHYTO TMPEIIOJIIOKEHHE O TOM, UYTO IIPH
0O0JBIION KOHIEHTPAMH MPOUCXOANT MPSIMOE CHIapUBaHHUE DJICKTPOHOB
C aHTUNApAUICTbHBIMH CIHHMHOBBIMH MAarHHUTHBIMH MOMEHTaMH. JTO
JIOCTUTAETCA MYTEM TYHHEIUPOBAHUS Uepe3 KYJIOHOBCKHH ITOTEHIIH-
aNbHBIN Oapbep B 00JIACTh JOMHUHHUPYIOMINX 3HAYEHWH OTPHUIIATEIhHOM
SHEPIUu CIMH-CIMHOBOIO B3aumozencTBus. Hanbosee O6maronpustHbe
YCIOBUSL JIS TakOro CIapuBaHUs OO0ECHeuMBaIOTCA MNpU  OONBLION
MOBEPXHOCTHOM IJIOTHOCTH OTPHUIATEIFHOTO 3apsA/a, B OCOOEHHOCTH Ha
METAJUIMYECKUX OCTPHSIX, HAXOISIIUXCS TOJ BBICOKMM IOTEHIHAJIOM.
PasmMep a5eKTpoHHOM Hapbl ONpeAessieTcsl TeoMeTprel MOTeHIHATBLHON
AMBI Ha TpauKe 3aBUCHMOCTH O3HEPTUH DSJIEKTPOH-3JIEKTPOHHOTO
B3aMMOJICWCTBUS OT PACCTOSHHUS W WMEeT BEIHYMHY TOpsaKa
KJIACCHYECKOTO pajanyca dnekTpona 2,8-10715 m.

OTKIMK Tapel HAa BHEIIHEE TOCTOSTHHOE JJIEKTPUYECKOe ToJje
BEIpaXKaeTcs B €€ BpallleHUH BOKPYT OOIIEro EHTPa Macc B IUIOCKOCTH,
OpPTOTOHATILHON BEKTOPY HANPsHKEHHOCTH BHEUIHETO JJIEKTPUYECKOTO
nonst. Ko duueHT mponopuuoHaIbHOCTH (THPOSJIEKTPHUECKOE OTHO-
[IeHHe) MEXJIy 4YacTOTOW BpalleHWs Mapbl W HANPsSHKEHHOCTHIO
3JEKTpUYECKOro Nojs oueHeH B [15] Teopetnuecku. Bpamenue snek-
TPOHHBIX CIIMHOBBIX MArHUTHBIX MOMCHTOB IIPUBOJUT K IIOABJICHHUIO
BHYTPEHHETO AJIEKTPHUIECKOTO ITOJIS, KOTOPOE MOIHOCTHI0 KOMIICHCHPY-
€T BHEIHEee ¥ BBI3BIBACT IEpPEMEIIeHHE LEHTpa Macc Iapbl OpPTOTro-
HaJIbHO BCKTOPY BHCHIHETO DOJICKTPHUYCCKOr'O II0JIsI, TaK YTO IIapa
BBITAJIKMBAETCS M3 3TOTO IOJISI BIIOJIb AKBUIIOTEHIIUAILHOW MOBEPXHO-
ctu. Takoe IBWKEHHE SIBISETCS DIEKTPHUECKUM aHAIOTroM 3ddexTa
Meiicaepa-Okcendenpaa. Ero Bmnepeeie HaOmroman mpodeccop H. IT.
MpeimikuH B 1899 r.[16].

Y0enuTenbHbIM 3KCIIEPUMEHTAIBHBIM JI0Ka3aTeIbCTBOM CYIIEC-
TBOBAaHHUSl CIIAPEHHBIX DJIEKTPOHOB CIYXHT SIBJICHUE PE30HAHCHOTO
MOIVIOLIEHUs] DHEPIUU IIEPEMEHHOIO JJIEKTPUYECKOrO IOJsA CTPYKTYp-
HBIMH MTPOJYKTaMH KOPOHHOTO pa3psa Ha OTPUIATENFHO 3apsHKCHHOM
octpue [17, 18]. OHO NPOUCXOOUT MPU YACTOTE, CBSI3aHHOU C
HaNpPsDKEHHOCTBIO  TIOCTOSIHHOTO — 3JICKTPUYECKOro Tmodisi  (Tpu  ero
HEOONBIINX 3HAYEHHSX) JIMHEWHOW 3aBHcHMOCThIO. Koadhdurment
NPONOPLUHOHAIBHOCTH B 3TOW 3aBUCHMOCTH OJIN30K K TEOPETUUYECKOMY.
CrnenoBarelbHO, JKCIIEPUMEHTAIBHO HM3MEPEeHHas 4acToTa pe30HaH-
CHOTI'O IOIJIOIICHHA SHEPTHUU MEPEMEHHOI'O DJICKTPHUICCKOT'O ITOJIA OUCHDb
ONMu3Ka K TEOPETHYECKOM 4YacToTe BpAaleHHs 3JCKTPOHHOM Mapbl B
NPUI0KEHHOM ITOCTOSIHHOM 3JIEKTPUYECKOM MOJIE.
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BcenencTBre HEOKHIAHHBIX OCOOCHHOCTEH CBOETO TIOBEICHHUS BO
BHEIIIHEM JJIEKTPHUUECKOM I0JI€, CIIApPEHHBIE 3JIEKTPOHBI YCKOIB3aK0T OT
00OBIYHOTO HAOMIOJCHHUS U OCTAIOTCS B TEHH BHUMAHHUS UCCIIEI0BATENICH.
Takast «caMOMAaCKHUpPOBKa» 3JIEKTPOHHBIX Map MPEMSTCTBYET OLIEHKE UX
BO3MOXXHOM 3HAQYMMOCTH BO MHOTUX IPUPOIHBIX IPOLIECCAX U sIBIIE-
HUsiX. C y4€ToM yKa3aHHBIX CBOWCTB, B [15] mpeamonoskeHa crnoco0-
HOCTb CIAPEHHBIX AJIEKTPOHOB YYaCTBOBATh B «XOJOIHBIX» SIIEPHBIX
peaknusx B KadecTBe CBOEOOpPa3HOro KaTajau3aropa IIpolecca,
MOCKOJIBKY OHM JBW)KYTCSI OPTOTOHAJIBHO BEKTOPY HAMpPSHKEHHOCTH
ANEKTPHYECKOTO TOJISI U CIIOCOOHBI MMPOHHUKATH B MPOCTPAHCTBO MEXKAY
SIIPOM aTOMa M €T0 JJIEKTPOHHOW 000JIOUKOM, MPUBOS, BO3MOXKHO, K €€
BO3MYIIEHUIO U cOmmkeHnto simep. C ITHX MO3UIMKA TPHOOPETEHHBII
METEOPOM OTPHUIATEILHBINA 3apsil MOKET CIYXKHUTh PEIIArOIUM (aKTo-
POM [1JIsl HHULMANN3aUH HU3KOIHEPreTHUECKOr0 SIAEPHOTO CHHTE3A.

B pesynbrare uccnenoBaHHWE YCTaHOBJIEHO, YTO TIJIaBHBIMH
MUHEpaJlaMH W3yYeHHBIX (parMeHTOB UelssOMHCKOTO METeopUTa SIBIIS-
torcst omuBuH (Fe,Mg)2SiO4 n nupokcen (Mg, Fe)2Si206 [6]. B uém
NPUCYTCTBYIOT TaKK€ CaMOpPOJHOE JKele30 MU Hukenb. [loatomy
BO3MOJKHBIE HHU3KO3HEPreTHUECKHUE PEaKIMH MPUPOJHOTO SIEPHOTO
CHUHTE3a MOTYT BBIIVIAACTH TaK:

2Mg + 2Si = > Fe+17,886M>B

DMg + 5Si = S Fe+12,412M>B

2Mg + 2Si = X Fe+13,825M>B
228i = 2 Ni+16,437M>B
2.9Si = X Ni+15,606M>B
22Mg => 2Cr+10,722M>B

SAnpa MarHusi U KpPEeMHHUsS CIHMBAIOTCS, 00pa3ysl CTaOMJIbHBIN
M30TOII KeJie3a, JIM00 ABa Apa KPEMHUS NPEBPAIalOTCs B SAPO HUKEIS
WIH K€ JBa SApa MarHus MpeBpallaroTcs B SAPO XpoMma. Aapo Kucio-
polla B 3TOM IIpOIlECCE€ HE YYAaCTBYET, TaK KakK SBISETCS IBaXKIbI
Maru4eckuM © obmnanmaer Oonpliei craOwibHOCTBIO. Bo Bcex aTHX
PEaKIusaX BBITIOMHSIIOTCS 3aKOHBI COXPAaHEHUS 3apsijia, Yhcia HyKJIOHOB
M M30TOMMYECKOTO CIWHA. DHEPreTUYEeCKUil BBIXOJ] PEAKIIMH BBIYUCIIS-
€TCsl TI0 Pa3HOCTU DHEPrHH MOKOS MCXOJHBIX U KOHEYHOrO MPOayKTa
[19]. WanumaTtopoMm peakuuy, Kak YHOMHHAJIOCh, MOTYT CIIyXHTb
CIIapeHHBbIe JJIEKTPOHBL. B manmpHeiimeM, Mo Mepe TEeIUIOBBIIEIEHUS,
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peaKiys MOXKET CTaTh CaMOIIOIICP)KUBAIOIIEHCS, YTO, 10-BUAUMOMY, U
npomsonuio B YemnsOuncke. [IpoaykTel peaknuu MTrHOBEHHO HCIHapH-
JHch, 00pa3oBaB B BO3MyXe I'yCTOU Cliell, KOTOPBII IIOHEMHOTY paccesii-
Csl, HE BbI3BaB PaJUOAKTUBHBIX OCAJKOB, KOTOPHIX TaM U HE Obu10. Jns
sHeprun B3pwiBa 440 xunotonn (1,841-10°/xc) TpeGyercsa 6,43 10%
CIWSHUMA SiAep TO TMEpPBOM W3 YKa3aHHBIX PEaKUUi, TO eCTb 32 ke
KpeMHHUsSI U 25,6 ke MarHusi, KOTOPBIX B BEIIECTBE METEOpa MMEIOCh B
M30BITKE.

XapakTep MpoTeKaHus Mpolecca A0JKEH 3aBHCETh OT arperat-
HOT'O COCTOSIHUSI, TEMIIEpaTyphl, JaBICHHUS U KOHIEHTPAILMHA HMCXOIHBIX
IPOAYKTOB, @ TaKXKe OT IapaMeTPOB JIEKTPUUECKOTO BO3ACHCTBUS HA
HuX. He uckiodeHo u paxe Oojee BEPOATHO, YTO B ONpPEHEIEHHBIX
YCIOBUSIX TaKWe Peakluh MOTYT IMPOTEKaTh CIOKOHHO, 0e3 B3phIBa,
MO3TOMY MX JaJIbHEHIee U3ydeHUE NMPEACTaBISIETCS BeChbMa IEpCIeK-
THBHBIM B IUIaHE NOJYYEHUs ACMIEBOMA U YUCTOU SIACPHON SHEPTHUU.
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Abstract

Hypothesis is put forward explaining a superpower flash, a
shock wave and instant evaporation of the most part of Chelyabinsk
meteor by the emergence of conditions for a low energy fusion
exothermic reaction between Mg and Si nuclei contained in olivine and
pyroxene, which were found in the meteorite. The possible initiators of
that reaction are considered. They are supposed as common for the
known experiments of similar type.

Key words: meteor, fireball, explosion, olivine, pyroxene,
isotopes, silicon, magnesium, iron, nickel, chromium, nuclear fusion,
LENR
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BCEI'JIA JIU JEMCTBHUE PABHO
MPOTUBOJENCTBUIO?

Kanapés @.M.

AHoHc. YBaxxaeMblii @Owiunn Muxainosud! ...... A Tenepb o
cratbe W.C. TpudonoBa "O HapylmIeHHH 3aKOHOB MEXaHUKH B
aNeKTpoMarHeTu3Me'", KoTopas omyOirkoBana B k. "Hayka u Texnuka'",
Ne7(86),2013. Ora undopmanus uaét noj pyopukou: auckyccus. S He
TOTOB MPHUHSTH y4acTHE B JUCKYCCHHW, TaK KaK TOJBKO HAdal U3ydaTh
"Mouorpaduto mukpomupa'. MHe Kaxkercs, Bbl cMokeTe MOCTaBHUTH
TOYKH HaJ i B 3TOH mojemuke.... B.T.

YBaxkaemplii Buaagumup TuxonoBuu! S npocmotpen
npucianHyio Bamu mHbopManuio u3 ykazanHoro xypHana [1]. Tperuii
3aKOH OBbIBIICH TUHAMHKH HBHOTOHA BOMIEN B COBOKYIHOCTH 3aKOHOB
MEXaHOJMHAMUKHU, KaKk €€ 4eTBEPTHIA 3aKOH, 0e3 m3MeHeHuid [2]. DTo
YUCTHIM MEXaHWYECKUU 3aKOH. JleficTBUE 3TOr0 3aKOHA HE PACIpOCTpa-
HAE€TCS Ha MAarHuTHbIE B3auUMOJEWCTBUA. braromaps 3ToMy OH
CIOCOOCTBYET MPU3HAHUIO KOPPEKTHOCTH 3aKOHA COXPAHEHUS dHEPTHUU.
OngHaKoO COBMECTHOE JIEMCTBHE MEXAHMYECKOTO 3aKOHAa pPaBEHCTBA
JEHCTBUS MPOTUBOACHCTBUIO M 3aKOHOB MarHeTH3Ma IMpOSIBISETCS BO
MHOTUX TEXHHYECKHX YCTPONCTBaX, HE MOMYMHAIOMIUXCS 3aKOHY
COXpPaHEHUsl HPHEPruu. [JaBHBIM W3 HHUX CTAaHOBUTCS MEXaHUYECKHN
TeHepaTop IEKTPUUECKUX UMITYJIbCOB. B HEM SIBHOE MPOSBICHUE CBSI3U
3aKOHOB MEXaHOJMHAMUKH C 3aKOHAMU 3JIEKTPOANHAMHUKH, JEMOHCTPHU-
pyro1ee ommrO0YHOCTh 3aKOHA COXPAaHEHHS SHEPTHH.

CornacHo 4eTBEPTOMY 3aKOHY MEXAHOJWHAMHUKU O PABEHCTBE
JICUCTBUA MPOTHUBOJICUCTBUI0O MEXAHWYECKash CHCTEMa HE MOXKET
TeHEePUPOBaTh SHEPTHU OOJIbIIE, YeM MOTPeOIIsieT. DTOT 3aKOH XOPOIIIO
paboTan B KOHCTPYKIHAX BCEX IEKTPOMOTOPOB U AJIEKTPOTEHEPATOPOB
JI0 TeX TOp, TOKa s He TIOHSUT YCJIOBUS, IPH KOTOPBIX OH He padoTaeT
(31, [4], [3].

OTO JIerKo MOHSATH Ha NPUMEPE B3aMMOAECHUCTBUS MarHUTHBIX
MIOJIFOCOB pOTOpa W cTaTopa. Eciau MarHuWTHBIA MOJIOC pOTOpa W3
MOCTOSIHHBIX MAarHUTOB, TO, MPUOJMKAsCh K TOJIOCY CTaropa, OH
HaBOJHT B HEM MarHUTHOE I10JIe 00paTHOH noJsipHOCTH (puc. 1, a).
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B pesynbrare CcONMMKEHHS TaKAX MAarHHTHBIX —IIOJIFOCOB,
MarHUTHBIC CHJIBI, COJIDKAIONINE TIOJIIOCA, BPAIIAIOT POTOP, @ B MOMEHT
yAAJICHUs. STUX TMOJIOCOB, 3TH KE MAarHUTHBIC CHUJIBI YACPXKUBAIOT
MOJIFOCA OT yIaJeHHs OpyT OT npyra. JleicTBre cOMMKEHNS MAarHATHBIX
MOJIIOCOB Pa3HOM MarHUTHOM MOJISIPHOCTH PaBHO MPOTHUBOJCUCTBUIO MX
yAalleHUus Ipyr OT Apyra. AMIUIUTY bl HAMPSDKEHUM U TOKOB ICUCTBUS U
MPOTUBOJEHCTBUS COBEPIICHHO OJMHAKOBBIC, HO aMIUIUTYABl JEHCTBUS
MOJIOKUTENBHBI, @ aMIDIUTYAbl MPOTUBOAECUCTBUSI OTPHUIIATENBHEI (pHC.
1, b). Pesynbrar: meiicTBre paBHO MPOTHBOACHCTBHIO. IMEHHO ¢ TaKOTO
reHepatopa (puc. 1, C) Ml HaYWHAIIM U3Yy4aTh MPOLECC MEXaHUICCKOTO
TeHepHUPOBaHUS UMITYJIbCOB HAMPSHKEHUS U TOKA.

©)

Puc. 1: a) cxema MOMeHTa COJNMKEHHS MarHATHOTO ITOJTFOCA
pPOTOpa ¢ MArHUTHBIM TIOJIFOCOM CTAaTOpa; D) ociiutorpaMMa UMITYJILCOB
HaNpsDKEHUSI Ha KIIEMMax 3JEKTPOMOTOpa-TeHepaTopa ¢ MPUHYIUTEIb-
HBIM TIPHUBOZIOM; C) TEPBBIH SKCIEPUMEHTAIBLHBIA 00pasel dJeKTpore-
HEpaTopa C MPUHYAUTEIHHBIM IPUBOIOM

I'enepatop ¢ mocTOSIHHBIMM MarHuTtamu BHH3Y (puc. 1, C), a
AIEKTPOMOTOP MOIIHOCTBIO 180 Bm, NpUBOASILIUNA T€HEPATOP, BBEPXY.
3arpaTel SHEPrMM Ha XOJIOCTOM XOJ TEHepaTropa BHH3Y COCTAaBUIIH
150Bm. KII]J] xomoctoro xoma — 0,17. Cus ocippumiorpammy (puc. 1, b),
s cpa3y HOHsUI, Kak noBbicuTh KIT/I.

Upnes poaunack [aBHO W3 MHOTOKPAaTHOTO HAOJIONEHUS 3a
mporeccaMu  CONMMKEHHWS W yAAJNeHWs] MarHUTHBIX — IIOJIFOCOB
aBHaMOJICTIBHOTO MOTOpa B pa3oOpanHoM Buae (puc. 2, a). Hamo
cenaTh TaK, YTOOBI pOTOP MMEI 3JEKTPOMAarHuThl. Torma ero oOMoTKa
BO30YXKICHUSI TMOJIKIIOYAETCS TOJIBKO K TEM JiaMellbKaM KOJUIEKTOpa
(puc. 2, b), xoropbie (GOpPMHUPYIOT MarHUTHOE TOJIe, COJMIKAKOLIEe
NoJroca poTopa M craropa (puc. 1, a), TO €cTb — OCTaBUTh TOJBKO
BEpPXHHUE, MOJOKUTEIHFHBIE UMITYJIECHI TIOCTOSTHHOTO HampshKeHUs (puc.
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1, b), a Te nmamesnbku, KOTOpPbIC HAYMHAIOT (POPMHUPOBATH OTPHUIIATEIb-
HBI UMITYJIbC, OCTABUTh CBOOOTHBIMH.

b)

Puc. 2: a) aBHaMOJEIBHBIA 3JIEKTPOMOTOpP; D) KoyiekTop ¢
JaMeNbKaMy 1 IETKaMHU

B pesynprare mpu BpalleHHH POTOpa OCTAIOTCS TOJNBKO HM-
MYJIbCHI JCHCTBUS, CONMMKAIOIINE MAarHUTHBIN TOJIIOC POTOpa C MarHMT-
HBIM TOJIIOCOM cTaropa (puc. 1, a), a UMIYJIBCOB MPOTHUBOJCHCTBUS,
TOPMO3ALINX BpaIleHUE POTOpa MPH YAAJICHUH €T0 MAarHUTHOTO IIOJIFOCa
OT MarHWTHOTO TIOJIIOCA CTaTopa, He OyAET W POTOp MO MHEPUIHUHU Mpo-

JIOJDKUT BpateHue [6].

HemennenHo ObUI0 COCTaBICHO
TEXHUYECKOE 3aJaHle Ha W3TrOTOBJICHHE
TaKOro 3JIEKTPOMOTOpa reHeparopa. Uepes
TpH Mecsna, npumepHo, MI-1 Obur B
Hameil maboparopuu. Ilocne npeaBapu-
TEJIbHBIX HMCIBITAHUH MBI COEAMHWIH Ball
potopa MI'-1 ¢ Banmom reHeparopa, 4To Ha
puc. lc, BHu3y. lloayunnm Takyro KOHCT-
pykuwro (puc. 3).

Puc. 3. IlepBbiif B MUpE UMIYJIbC-
HBIH 3JIEKTpOMOTOp — reHeparop MI-1
(BBEpXy) C [OTOJHHUTEIHHBIM TE€HEpaTo-
POM C TIOCTOSTHHBIMHM MarHUTaMu (BHH3Y)

briBIIasi MOIITHOCTH HAa XOJIOCTOHM XOJ yMEHbIIIIACh co 150Bm
10 15Bm. Obpamaro Baie BHIMaHKE Ha TO, YTO COYETAHUE YETBEPTOTO
3aKOHA MEXaHOJAWHAMHUKU <«IEHCTBUE PABHO MPOTUBOACHCTBUIO» C
3aKOHAMH HOBOHM DJIEKTPOJMHAMHUKHU II03BOJIMJIO YOpaTh MarHUTHOE
MPOTUBOJENUCTBUE BpAILIEHUIO POTOpa M 3a CUET 3TOr0 YMEHBIUIUTH
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3aTpaThl 2HEPTHM Ha xoyiocTo xom B 10 pa3. MI-1, momydas ot
MEPBUYHOTO MCTOYHUKA TOJIBKO OAWH HMIyJbCc — wummynsc OJC
WHIYKIWK, Hadal TeHepUpoBaTh Tpu pabouux uMMyjibca. MMmynbe
OJC camomHIyKINE B OOMOTKE pOTOpa M [IBA WMITyJhca B OOMOTKE
craropa: ummynbe DJIC maayknmun u uMiynsc DJC camMonHAyKIWN.
Oo6pamiaro Bame BHUMaHue Ha TO, 4T0 UMITYIbChI DJIC caMOMHITKITHH
(GbopMHPYIOTCSI B MOMEHT OTKJIIOUEHHsS] E€IWHCTBEHHOTO MHUTAIOLIETO
nmnyiasca OJ[C WHIYKIUH, MONABaeMOro B OOMOTKY BO3OYKICHHS
poTopa, TO €CTh 3TO — JAapMOBBIE HMIYJbCHI, KOTOpPhIE BCE BpeMs
CTPEMWINCH JUKBUAUPOBATS [3].

JleTckue SKCHEepUMEHTHI, ONKcaHHble B craThe «O HapyleHUH
3aKOHOB MEXaHOJIWHAMHKHN B anekrpomarHerm3me» W.C. Tpudonosa,
UMEIOT MEHEe TOJIOBHHBI AKCIIEPUMEHTATBHON HH(OpMALUU, KOTOPYIO
MOXHO ObUIO TOMy4uTh. EE HEOOCTaTOYHO Ui KOPPEKTHOW HHTEp-
MIpPETaIuy ero SKCIepuMeHToB [1].

[Toremno BeimIsIAUT Kputuudeckuii B3 Cepresi Kypenona.
OHn mumer: «Pesiomupysa Oanvheltiuue paccylcoeHus agmopa MOHCHO
cKazams, Ymo cywecmeyem Hanpasienue cpeou aooumeneti 21eKmpo-
OUHAMUKU, npeocmagumeny KOmopou Omeepearom KiacCuveckyio
@u3suKy, cmassam HeKOppeKkmmubvle KyCmapHvle Onblmbl, 0e1aiom poMKue
3aa6nenus 06 u300pemeHuU GeYHO20 08uU2amens, OMmpuyaiom meopuio
OMHOCUMENLHOCU  (MBICAYEKPAMHO IKCHEPUMEHMATLHO NOOMEEPIHC-
0énnyio!), pazeusarom meopuio «3¢pupar» u m.n.».

Kak Mo>xHO KOoMMeHTHpOBaTh 3TOT KoMMeHTapui Ceprest Kype-
HOBa Ha (JOHE WHTEPHETOBCKHX BH[EO, IEMOHCTPHPYIOLIMX AECSATKH
JICUCTBYIOIIMX MOJIEJIEH BEYHBIX JBUTATEEHd U BEYHBIX JJIEKTPOTEHE-
patopoB [7], [8], [9]? XKamp ero. OH mO0 cuX MOpP HE 3HAET, YTO
SUHIITEHHOBCKUE TEOPHHM OTHOCHTEIBHOCTH YK€ JaBHO HAa CBaJIKe
HCTOPMHU HAYKM, KaK TBOPEHHS, SKCIIEPHMEHTAIbHbIE OKa3aTeIbCTBA
JIOCTOBEPHOCTH KOTOPBIX 0a3WpYIOTCS Ha TafaHuM Ha KoheHHOo# Tyie
[3]. On g0 cux mop He BeAaeT O MO30PHOCTH CBOEH TOUYKH 3PEHHS,
KOTOpasi OIYCKAaeT €ro HayyHbIi MHTEUIEKT Ha YpOBEHb WHTEIJIEKTa
Y4EHBIX CpeIHUX BeKOB [3]. YAMBHUTEIHHO U TO, YTO PENAKIUA KypHala
JIOITYCKAaET K IyOJIMKAaIUK 0JOOHBII MO30pHBIH KoMMeHTapuid [ 1].
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RO

IJIEKTPOJIN3 1 HAT'PEB BO/IbI — OTBETBI HA
BOITPOCHI

Kanapés @.M.

AHoHc. Boza yxe 1aBHO CIIy>)KMT MCTOYHHKOM 3HEPTUH, HO BCE
e€ MOTeHIHAJIbHBIE dHEPTETHYECKNE BO3MOKHOCTH €II€ HE PaCKpPBITHI.
ITokaxxem 3TO Ha KOHKPETHBIX JKCIEPUMEHTAIbHBIX JAAHHBIX W Ha HX
MHTEpIpeTay, 6a3upyIoIIeiicst HAa HOBOH TEOPHUH MUKPOMHPA.

1467. Kaxkme CTpPYKTYpbl  MOJIEKYJ BOABI  MOTIYT
(¢opmupoBaThcsl U3 aTOMOB KHCJI0poaa M Bogopoaa? Hosas Teopust
MHKpPOMHUpa JIOIycKaeT (GpopMupoBaHue JMHEHHO# (puc. 145, a u b) u
yroskoBo# (puc. 145, ¢ u d) MoneKkys BOJbI.
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Puc. 145. a), b) — cxema JHMHEHHOW MOJEKYJIbl BOJIbI:

1,2,3,4,5,6,7,8 — HOMepa 51EKTPOHOB aTtoMa Kucinopoaa, B, P, — sampa
aTOMOB BOJI0pO/1a (TIPOTOHBI);

e, ¥ e, — HOMEpa dIEKTPOHOB aTOMOB BOZIOPO/Ia;

c), d) cTpykTypa YrojkoBO# MOJEKyJbl BOabl ¢ yriom 105 0
MEXly aTOMaMH BOJIOPOAA;

€) CTPYKTypa JINHEHHOW MOJIEKYJIBI BOJABI CO CTPYKTypaMu SiAep
aTOMOB BOJIOPO/Ia M KUCIIOPOJIa M UX DJIEKTPOHOB

CuMBoIaMH el u ez 0003HaYEHEI 3JICKTPOHBI aTOMOB BOAOpPOJa

u cumBoramu P, u P, — nportoHsl aToMoB Bozopona. DHepruu CBs3u
MEXIy OCEBBIMU 3JIEKTPOHAMH aTOMa KHCJIOpOJa W aTOMOB BOJOpOJa
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mokasaHbl Ha puc. 145, b. JleBble WX 3HaYeHUS COOTBETCTBYIOT
SHEPIUsSM MEXaHMYECKOTO pa3pbiBa CBs3€H, a MpaBble — SHEPTUSM
TEPMUYECKOTO Pa3pbIBa CBSI3CH.

1468. Ha kakux 3HepreTHYeCKMX YPOBHSIX HAXOASTCSH JJIEK-
TPOHBI ATOMOB BOIOPO/a B MOJIEKYJIaX BOJAbI U HA KAKYI0 BeJIMYHHY
H3MeEHsIETCSl JHEPT U CBI3M MKy aTOMAaMH BOAOPOIA H KHCJI0POAa
B MOJIeKYyJax BOJAbl MPH HarpeBaHuu eé¢ Ha oamH rpaayc? OceBble
AIIEKTPOHBI MOJIEKYJBI BOJBI HAXOMSITCA MEXKIY BTOPBIMH U TPETHUMH
9HEPreTUYECKHMHU YPOBHSIMHU aTOMapHOTO coctosiHus (puc. 145, a u b)

U3BECTHO, YTO IIPH HArPeBaHHUH 0XHOTO Jmtpa Bost ot 20 ° C xo 100 °
C 3arpaumBaercs 335,2 x/{owc sHeprun. B pacuére Ha OIHY MOJIEKYIY

ato cocrasutr E, =0,063V . D10 — Benmunna sHEprum, HA KOTOPYIO
V3MEHHUTCS SHEPIHS CBA3HM MOJEKYJI BOJIBI B KJIACTEPAX, €CIIH HAIPETh €6

01 20° C 10 100° C. Pazgenus 0,063 eV ua 80, moqyunm BeIHUHHY, HA
KOTOPYIO U3MEHSETCSI 3HEPTHsI CBSI3M MEXAY MOJIEKYJIaMH BOJbI B Kiac-
Tepax MpHU HarpeBaHuH e€ Ha OoAMH rpagyc. OHa OKa3bIBAaeTCsl PaBHOM
0,00078 eV. Dta »Heprusi COOTBETCTBYET (OTOHAM PEITUKTOBOTO
JanasoHa.

1469. Eciin moJieKyJibl BOAbI 00beTUHSIOT B KJIACTEPHI MPO-
TOHBI ATOMOB BO/I0POJIa TO, HA CKOJILKO NMOPAJIKOB reoMeTprYecKHii
pa3Mep TAKOI0 KOHTAaKTa MeHbIle pa3Mepa ABYX MOJIEKYJ BOIbI,
00beIMHEHHBIX B KJIACTEP, €CJIU NMPEeICTABISATH UX chepruyecKumMu?
Pasmep npotona, nmpuMepHo, Ha 6—7 TOPSAKOB MEHBIIIE pa3Mepa Molie-
KYJIBI BOJIBI, €CJIM CUUTATh, YTO OHA UMEET ChepruiecKyro hopMmy.

1470. Eciin pa3mep KOHTaKTa ABYX MOJIEKYJ Ha 6-7 mopsia-
KOB MEHbIIIe pa3Mepa caMuX MOJIeKYJI, TO He SIBJISIeTCS JIM 3TO IJIaB-
HOW MPUYMHOM TeKy4ecTH MOJIEKY.JI BOABI?

Ja, ©MeroTCs Bce OCHOBAHUS ISl TAKOM THIIOTE3HI.

1471. Cko1bK0 MOJIEKYJ MOXKeT ObITh B KJacTepe BOAbBI?
ITokxa HET TOYHOTO OTBETA Ha STOT BOIPOC.

1472. Kak U3MeHSIOTCSI JHEPTUHU CBSI3M B KJacTepe MOJIeKYJI
BOJbI? DHEPIUHU CBA3U MEX]ly MOJIEKYJIaMH B KJIACTEPE BOJIbI YMEHbIIA-
FOTCS OT IIEHTpa KJIacTepa K ero nepudepuu.

1473. Ilouemy mpu 3aMep3aHMU BOALI OHA pacIIMpPsieTcsi?
IToromy 4TO, KOJNBLIEBBIE JEKTPOHBI aToMa Kuciopoaa (puc. 145, a),
OXJIAXKIAsICh, M3ITy4atOT (DOTOHBI, OMYCKAIOTCS HAa HIKHHIE dHEpPreTHIec-
KH€ YPOBHH U CBOMM CyMMAapHBIM 3JIEKTPOCTATHUECKUM TOJIEM yAAJSIOT
OT s1/ipa aTOMa OCEBBIE AIEKTPOHBI, YBEITUYHBAs JUITMHY MOJIEKYJIbI BOJIBI
U €€ KJIacCTEPOB.
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1474. Ilpouecc o0pa3oBaHUsl KJIACTEPOB IHAOTEPMUYECKHIi
WIN 3K30TepMuYecknii? OIHO3HAYHOTO OTBETAa HAa 3TOT BONPOC HET.
EcTb QopMbl KIacTepoB, KOTOPBIE Uil CBOETO (POPMHUPOBAHHS TPEOYIOT
JOIOJTHUTENBHYIO 3HEPIHIO, U €CTh ()OPMBI, KOTOPBIE BBIACIISIOT €€ IpU
CHHTE3€ KJ1acTepa.

1475. XuMuKH, H3y4YaBlIMe KPHUCTANIBI JbAAa, YCTAHOBUJIH,
4YTO0 MOJIEKYJIbI BOABI MMEIOT YroJKoByw ¢opmy (puc. 145, c).
Bo3mo:kHO JiM 00pa3oBaHue TAKOH MOJIEKYJIbI BOABI U3 €€ JINHEeITH oI
CTPYKTYpHI (puc. 145, a)? Jla, Takas BO3MOXHOCTh CyliecTByeT. Ecnu
OIVH W3 aTOMOB BOJOpPOJA TPHUCOEAVHHUTCA HE K OCEBOMY, a K
KOJIBLICBOMY 3JIEKTPOHY, TO 0Opa3yeTcs YIOJIKOBas MOJIEKyJa BOJbI
(puc. 145, c).

1476. B kakux cay4yasax (popMHpYIOTCSl YIOJKOBbIE MOJIEKY-
Jbl BoAbI? Kak 0TMEYaroT 3KCIIEpUMEHTATOPbI, YTOJIKOBBIE MOJIEKYJIbI
BOJIbI 00pa3yeTcs y KJIacTepoB MOJIEKYJ BOJIbI, KOTAAa OHA 3aMep3aeT U
npeBpaiaercs B JEA. ECTh OCHOBaHUSA MoOJaratb, YTO 3JEKTPOCTATH-
YeCKHEe CHJIbl OTTAJKWBAHMS, ACHCTBYIOIIME MeXay mepBbiM (€1, P1) u

BTOpEIM (€2, P2) aTomamnu Bomopoza (145, c), hopmupyior yron 105° .

1477. IloueMy d1eKTpUYECKOE COMPOTUBIEHHE YHUCTOH BOIBI
oyeHb 0oJibmoe? OTBET Ha 3TOT BOIPOC CIEAYET U3 CTPYKTYpPbI
MoJieKybl Boasl (puc. 145). HerpyaHo BuaeTh, 4To Ha KOHIIaX OCEBOM
JUHUM MOJIEKYJIBI BOJBI PACIOJIOXKEHBI NMPOTOHBI aTOMOB BOJOPOJA.
OpnuHakoBas, MOJIOKHUTENbHAs JJEKTpUYecKas MOISPHOCTh HA KOHIAX
OCH CHMMETPUH MOJIEKYJbl BOABI (POPMHUPYET OJHOMOJSPHOCTH BCEH
MOJIEKYJIBI U €€ KJIACTEPOB. B pe3ysbraTe MOJIEKYJbl YUCTOU BOABI U €€
KJIACTEPOB HE MOT'YT C(OPMHUPOBATH ANEKTPUUECKYIO LIEIb.

OnexkTpuyeckas Lelb U3 KIacTEpOB BOABI MOXET 00pa3oBaThCs
TOJILKO TOT/a, KOTJIa HA KOHIIAX OCH MOJIEKYJBI BOJBI OYyAyT MPOTHBO-
TIOJIO’KHBIE DJIEKTPUYECKUE 3apsiibl — HA OJHOM KOHIIE 3JIEKTPOH, a Ha
JPYyroM — HPOTOH. DTO M €CTh IJIaBHAS NMPHUYMHA OOJIBIIOTO JIEKTPHU-
YEeCKOr0 COMPOTHUBIEHUS 4YUCTOW BoAbl. OHA IMOYTH HE 3IEKTPOIpPO-
BOJIHA.

1478. Yto HY:XHO cAeIaTh, YTOOBI BOAA CTAJA 3JIEKTPONPO-
BoAHOW? UYToOKI BOJla CTalla AJIEKTPONPOBOJAHOM, HAO CO3JaTh YCIIO-
BHsI, TIPU KOTOPBIX B HEH MOSBISIOTCS MOHBI C Pa3HOM AJIEKTPUUYECKON
MOJIIPHOCTHIO Ha KOHI[AX ATUX HOHOB.

1479. Kakne xumMu4ecKue BelieCTBa YBeIHYHBAIOT JJIEKTPO-
NMPOBOJHOCTH BOABI U MoYeMy?
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DJEeKTPONPOBOHOCT BOJBI YBEIMYHBAIOT TIJIABHBIM 0O0pa3oM
MIET0YM M KUCIIOTBI, KOTOpPBIE MPHUBOAAT K (HOPMHUPOBAHUIO HOHOB —
00pa3oBaHMil C Pa3HOH ANEKTPUIECKOH MOJSPHOCTHIO HA MX KOHIAX.

1480. Mo:kHO Ji1 IPUBECTH CTPYKTYPY KaKOro-HUOyAb HOHA
BOALI M TNpPOKOMMeHTHpPoBaTh eé? Ha puc. 146 mpencraieHa

crpykrypa wona OH ™, a ma puc. 147, a — kiactep U3 IByX HOHOB

OH ~. HerpyaHo BHIETH, 4TO Y HOHA M y KJlacTepa HOHOB Ha KOHI[AX
WX IICHTPAIbHBIX OCEH pa3HOMMEHHBIE OIEKTPUYECKUE 3apsiibl:
AIIEKTPOH M MPOTOH. B pe3yrnpTare KiacTep MOHA OPHEHTUPYETCS Tak,
YTO TIOJIOXKUTENBHBI €ro KOHEIl OKashblBaeTCsi Yy Karoja, a
OTPHUIATENFHBIA — y aHOAa. JTO — WAeajbHas JSJIEKTPUYECKas IIeTb,
mo100Hast MPOBOTY, HO CYIIECTBYIOMIAS B pACTBOPE BOIBL.
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Puc. 147: Knacrep nonos OH ™~ B snexTpudeckom mone: P, —

IIPOTOH aTOMa BOAOPOJAA B 30HC KATOAA4, e6 — QJICKTPOH aTOMa KUCJIO-
poda B 30HC aHOJa

1481. B uém xumMmuveckas U pu3nUYecKas CyNIHOCTH HAIIel
IUIATHI 32 YCKOPEHHe Mponecca 3JIeKTPOJIn3a BOABI U KaK NpeacTa-
BUTD €€ HATVIAIHO?
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Omna Ha puc. 148. HamomuumMm, uyto unciom Dapanes F HazbiBa-
eTcs BEeNMYMHA, paBHas mpomsBeldeHHI0 uucia Asaragpo N Ha 3apsn
anekTpoHa. UM3mepsercs sta BenununHa B Kymonax (Kr) Ha oAMH MOJb
BemiectBa (puc. 148, popmyna 1). Ecnu amexktponu3 uaér npu Hampsike-
Huu 1,70V, To Ha mosydeHHe OXHOTO MOJS BOAOpoAa OyaeT m3pacxo-
noeano 91,12 Barr-uac (puc. 148, popmyna 2), a na nomydenne 1y’ —
4,10xBmuy (puc. 148, hopmymna 3).

F,=N.e =6.022.10%x
x1.602-107 = 96485 Knmom (1)
E=II"=53.6:1.70=9 L12Bamni-u (2)
E=(1000/224)-9L12=

= 1476k ar* = 410xBure. &)
Puc. 148.

Uniczonm P apazes F, umsmaerca
BeJDITHHA, PABHAS IT]) O3B ¢{HIGO TOE ¢TI

Aparagpo N =6.022:10% yasapan

srertpona ¢ = 1.602 107"

1482. Yemy paBHa cpegHsii MOIIHOCTHL Pc Ha kiemMMax
jexkTpoan3épa? OnHa paBHAa TIPOUBBEACHHUIO CpPEOHEH BEIUYUHBI
HanpspbkeHus: UC Ha KieMMax dJIEKTpONIM3Epa Ha CPENHIO BEIHYHHY
toka Ic, To ects P, =U -l

1483. A ecam HanpsiKeHMe IOJABATH B JIEKTPOJIU3Ep
HMIYJIbCAMH TO, YTO MOKAKET BOJbTMETP, MOAKJIIOYEHHBIH K €ro
kiaeMMaM? OH MOKaXET TOXe, YTO M MPHU HENPEPHIBHOM IpOLecce
noayn HanpspkeHus (puc. 149).

1484. 3Ha4yuT M ITO, YTO NMOKA3aHMSA BOJIbTMeTpa OyayT
ommnbounbie? KoHeuHo, 3HaYUT.

1485. B 4ém cyTth 3TOH OmMOKU? BHHUMATENBHBIN aHAIW3
OCLWJIJIOTPaMMbl HalpsDKEHHS M TOKA, MOAAaBAaEMbIX Ha KIEMMBI 3JIEK-
Tponusépa ummyiascamu (puc. 149), mokaspiBaeT, 4TO UMITYILCHI HAIIPSI-

xeruss U, yBennmumBaror yxe umerommiicst cpeanuii morenmman U ..
Ha Kijemmax aiekTponmsépa. Ilocie mopgaum umiysbca HamlpsKEHUS
U ,, aMmmTya KoToporo GoJibliie CpeHEro HANPsDKCHHS Ha KIIeMMax
snexrponusépa (U , > U ), BennurHa HanpspKeHUs: BHAYANC YBETHUN-

BaeTCs, a MOTOM Ha4yWHAaeT yMeHbIatbcs (puc. 149). Bropoi ummyssce
HaNpsKEHUs] BHOBb BOCCTAHABIMBAET €T0 JI0 CPEHEN BEINUHMHEI.

OOpariM BHEMaHHE Ha TO, YTO UMITyJIbC TOKa |, MOIHOCTBIO

COBIMAAACT C UMITYJIbCOM HAIPSXKCHUA U AU 00a OHH UMEIOT OJHMHAKO-
BYIO JUIMTCIIBHOCTh 7 .
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1486. Yemy paBHa CKBa)XKHOCTH HMIIYJbCOB Ha OCHMJLIO-
rpamme (puc. 149)? VmMnynbsCchl HalpsDKEHUS M TOKA B TAHHOM CITydae
MOYKHO CUHMTaTh NPAMOYroiabHbIMH. C yu€TOM 3TOro, CKBa)XHOCTH M-

mynbeoB Oyaer pasia S =T /7 ~ 35mm/35mm =10.
1487. Yemy paBHo cpeanee Hampstkenue U, momaBaemoe

HA KJIEeMMBbI 3J1eKTpon3épa? OHO paBHO aMIUINTYJAHOMY 3HAYEHHIO
HanpspkeHust U , , 1enéHHOMY Ha CKBa)KHOCTh UMITYJIbCOB S (puc. 149,
dopmyua (2)).

1488. Yemy paBeH cpeanuii TOK HAa KJeMMAaxX JJeKTPOJH-
3épa? OH paBeH aMIUIMTYyJZHOMY 3HAueHHIO | ,, IeIEHHOMY Ha CKBaX-
HOCTh S ummyabcoB (puc. 149, popmyia 3).

1489. Uemy paBHa cpeaHsii MOIIHOCTH Ha KJeMMAax
3j1eKTpoJan3épa? BrioirHe eCTeCTBEHHO, UTO OHA PaBHA

M)

1490. 3Ha4uUT JM ITO, YTO €CJIH IJIEKTPOJIU3EP MOAKIIOUYEH K
AKKYMYJATOPY, TO AKKYMYJISTOP OyAeT pean3oBbIBATH CBOIO MOIII-
HOCTH 10 opmyie (1)? OTBET 0OJHO3HAUHBIN, 3HAYUT U €r0 JOCTOBEP-
HOCTbh YK€ JIOKa3aHa TEOPETHUECKH U KCIIEPUMEHTAIBHO.
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1491. A 4TO MOKAXKYT NPUOOPHI, MOAKIIOYEHHBIE K KJIEeMMaM
yiexTposmsépa? BombrMerp mokaxer cpeaHee Hanpsbkenue U . Ha

KJIIEMMaXxX dJIEKTPOJu3EPa, KOTOpOe OyIeT HECKOIbKO MEHBIIE €ro
ammmuTynHoro 3Hadenns U, , Ho moutu B 10 pa3 Gomnblne HCTHHHOTO

CPCOHCTO 3HAYCHUS HAIIPSKCHUA UC , IOJaBacMOro Ha KJIC€MMBbI 3JICK-

Tponn3Epa.

1492. IloyeMy BO3HHKAKT Takuhe mpotuBopeuns? IloTomy,
YTO BOJIETMETP, NOAKIIOYEHHBIN K KJIEMMaM 3JIEKTPOIU3Epa, HE CMOXKET
YCpEIOHATh HMCTHHHOE HMMITYyJIBCHOE HAINpPSDKEHUE, CPENHAS BEIMYHMHA

U. koroporo ydacTtByer B mporecce sjekTponnsa Boasl. OH Oymer

noKaspiBaTh cpepHee HampspkeHne U . Ha KiIeMMmax 3meKTponmsépa,
BEJIMYMHA KOTOpOro mouTv B 10 pa3 Ooblie HCTUHHOTO CPEJHEr0 Ha-
npsokernst U . , y9acTBYIOIIETo B IIPOLIECCe SIEKTPOIN3a BOJIBL.

1493. OOpamanu a4 Uccjaea0BaTe M BHUMAHNE HA OMHCAH-
Hble npotuBopeuns? Het, He oOpamamyu. OHH C TIOJHBIM JOBEpUEM
OTHOCWJIMCH U OTHOCSITCSL K IIOKAa3aHUSIM 3JIEKTPONPHOOPOB, YUUTHIBAIO-
IIUX PacXoj dJIEKTPOIHEPTUHU Ha JIEKTPOIIU3 BOJIBI.

1494. Ecau 3J1eKTpoin3ép NOAKJIIYNTL K 00uIeid ceTH TO,
4YTO0 MOKAXKeT CYETYUK 3JIeKTPoIHepruum? OH m[OKaxeT, 4TO
MOII[HOCTh Ha KJIEMMax 3JIEKTPOSIn3Epa paBHa

2

1495. IlockoabKY CKBaKHOCTH HMIYJIbCOB B paccMaTpHBae-
Mom mnpumepe paBHa S =10, To 3HAYMT JH ITO, YTO CUETYHK
3J1eKTPO3HEPTUM 3aBbIIIAET peajbHbI Pacxoa 3JeKTPO3HePIruu Ha
3JIeKTPOJIN3 ¢ MOMOIIbI0, aHAJIM3UpPYeMOo# sideiikn, B 10 pa3? Oteer
OJHO3HAUHBIN. «3HAUUT.

1496. Ilouyemy nokazaHus CYETUYMKA JIEKTPOIHEPIrUH 3aBbI-
INAIOT MCTHHHBIA Pacxojx 3JIeKTPOIHEPIMH B AAHHOM KOHKPETHOM
cjydyae B KOJMYECTBO pa3, paBHOe CKBAKHOCTH UMIYJIbCOB HaMps-
skeHMs U Toka? IloToMmy, 9TO B ceTH HampsDKEHHE HE MMITYJIbCHOE, a
HenpepblBHOE, paBHOe 220B. CuéTduk caenaH Tak, 4TO OH YCPEIHSET
TOJIBKO MMITYJIbCHI TOKA, @ HAPSPKEHUE OCTABISIET TAKUM, KaKOe €CTh B
CETH, TO €CTh BCE COBPEMEHHBIE CUETUHKH DIEKTPOIHEPTHH HE yUUTHI-
BalOT CKBAKHOCTH UMITYJIbCOB HAIPSKECHMUSL.
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1497. 3HAYUT JU ITO, YTO CYHETYHUKHU IJIEKTPOIHEPIrHuU Mpa-
BIWJIbHO YYHMTBHIBAIOT HENMPEPbIBHOE HANPSKEHHE M OIIMOAIOTCH NPHU
y4éTe UMIYJIbCHOTO HanpsikeHusi? OTBET OAHO3HAUHBIN: 3HAUUT. Ero
JIOCTOBEPHOCTH YK€ JJOKa3aHa TEOPETHIECKH H IKCIIEPUMEHTAIIBHO.

1498. Mo:kHO JIM IPUBECTH 31€Ch 3TO 10KA3ATEJIbLCTBO?

[IpuBomMM, HaYMHAs C aHANIM3a MATEeMATHYECKOHW MOAENH IS
pacdy€ra CpelNHEM DHIIEKTPUYECKONM MOIIHOCTH, KOTOpas peanu3yercs
MOYTH BO BCEX COBPEMEHHBIX HMPUOOpaxX, H3MEPSIONINX BEITUIHHY MOIII-
HOCTH U BEJIMYMHY JICKTPUUECKOM IHEPTUH Ha KIIEMMaX MOTPeOUTEs.

l T
P== Oju (t)dt- 1(t)dt. ©)

OtrmetuM oco00. MaremaTrueckoe conepxanne ¢Gopmymst (3)
0e3ynpevHo, HO TOJIBKO MPU YCIOBUHU HETIPEPHIBHOCTH U3MEHEHUS (PyH-

kuuit Hanpsokenns U (t) u toka | (t) , nanpumep, nepemeHHOro cuHy-

COMJIAIBHOTO HAIPSHKEHUS U TOKA.

1499. Eciin MCTOYHMK MUTAHUSA BBIIAET MOCTOAHHOE HATPS-
’KeHUEe M MOCTOSIHHBIH TOK, KOTOpPbIe MOJAI0TCA HA KJIeMMbI MOTpe-
Ourens, TO Kakoil BuA npuHumaer ¢popmyia (3)? 1 mocTOSIHHOrO
HapsKEHUs U TOKa OHa MMPUHKUMAET MPOCTOM BUJ

1T
P_?JU(t)dt-l(t)dt—U-l (4)

U pe3yabTar pacuéTa Mo 3Toi (opMmyse COBNAAaeT ¢ MOKAa3aHU-
saMH BceX mpruoopoB (puc. 150). Hukakux npoTuBOpeunii B mOKa3aHMIX
MpUOOPOB B 3TOM CIIydae HeT.

| (2}
L &/
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Tektronix
TDS 1001 B

Puc. 150. Cxema myig u3MepeHUs] HANpPSDKEHUS, TOKAa U MOII-
HOCTH, pEalu3yeMOM aKKyMyJIATOpOM Ha HEIpPEpPHIBHOE IHMTaHUE
JAMIIOYKH
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1500. Kakoii Bua npuHuMaet cxema (puc. 150), ecim 3jek-
TPO3HEPTHIO U3 AKKYMYJISITOPAa MOJABATh JAMIOYKe MMIYJIbcamMu?
Beeném B cxemy (puc. 150) anexrponnsiii kmou K (puc. 151, a),
KOTOpBI OyJeT mojaBaTh Ha KIEMMBI JIAMIOYKH MMITYJIbChI HampshKe-

Hust ¢ ammntynamu U, , a oru OyayT GpopMHUpPOBAaTh MMITYIIBCHI TOKA C

ammmurynamu |, (puc. 151, b).
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CHOE TIUTAHUE JIAMIIOUKHU b) ocmtorpamma, cHsitas ¢ KieMM
AKKyMYJISITOpa, MUTABIIETO JIaMIIOUKY

HUMITYJIbCaAaMU HAaIPSXKCHUA UA 1 TOKa

'
Puc. 151. Cxema momauu SJIEKTPOIHEPTHMH HAa KJIEMMBI JIaM-
MOYKH UMITYJIbCAMHU M OCLIMJUIOTPaMMa HalPsHKEHUS M TOKa Ha KIIeMMax

JJaMITOYKH

1501. ITomoraer JM OCHM/LUIOTPAMMA HANPSKEHHS M TOKA
NOHSATH TJIy0Ke mpouecc (GOpMUPOBAHUS MOLIHOCTH HAa KJIeMMax
norpedutens? be3 ocruuiorpaMMbl HEBO3MOXHO TIOHSTh TOHKOCTH
nporecca (HOpMHUPOBaHUS MOLIHOCTH Ha KJIeMMax morpeburens. Bce
paccyKIeHUsl Ha 3Ty TeMy C MpHBJIeUeHHEM (OopMys MpeBpalaoTcs B

nycToe cJ10B0OJIyaHe.
1502. TTo3BoJsieT 1M OCHWVIOTPAMMA MOHATH OIIMOKH y4éTa

cpefHell BeJIMYMHBI MMITYJIbCHOI MOIIHOCTH, 3aJ105KeHHBIe B (hop-
myJie (3)? Koneuno, mo3BossieT. @opmyna (3) HecrmocoOHa pacCUUTaTh

CPEIIHIOI0 MOIIHOCTh Pp , peanusyemyro akkyMyIsiTOpOM HE HETIPEPhIB-
HO, 2 UMITYJIbCAMH, TaK KaK MPU UMITYJILCHOM TOTPEOICHUN DIEKTPOd-
neprun (pynkumn nanpsokenus U(t) u toka 1(f) B dopmyne (3)
TEPSIOT CBOM aHAIMTHYECKHUI BUJI HETIPEPBIBHBIX (DYHKIIHH.
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B pe3ynbTare MOJIHOCTHIO UCKIIFOYACTCS BO3MOXKHOCTh aHAJIUTHU-
YEeCKOro pacyéra BeTMYMHBI MOIIIHOCTH 110 3TOH (opmyIie.

1503. B 4ém cyTh pu3NKO-MaTeMATHYECKOIl OIMOKHU, 32710-
skeHHOI B (opmyie (3)? ObOpamnraeM BHIMaHUE YWTATENed Ha TO, YTO
3TO UEHTPAJIBHBIA BONPOC TYNHKOBOW COBPEMEHHOW SHEPIeTHKU H
HEOCIIOPUMOE MPEUMYILECTBO OyIyliell UMITyIbCHON SHEPTeTUKH.

[TosTOMY ecThb OCHOBaHHS YACIUTH 0cO00€ BHUMAHKE TPEICTaB-
JSIeMOMY HaMU aHAJIN3Y, YTOOBI IOHATH €TO.

Ha ocumutorpamme (puc. 151, D) siBHO BUIHBI IPSIMOYTOJTBHBIE
WMITYJIbCBl HAMPSOKEHHUS M TOKA JUINTENBHOCTBIO 7 , KOTOpas 3Hauu-
TEJIBHO MEHbIIE JIUTEIBHOCTH neproaa | . Jlinst onpeneneHus cpenHeit
BEJIMYMHBI MMITYyJIbCHOM MOIIHOCTH MaTeMaTWKH pa3paboranu rpado-
AHATUTHYECKUH METOJ, OCHOBAHHBIA HAa TpapUuecKOM PEUICHHH ypaB-
HeHus (3). OToMy CHOCOOCTBOBAIM BO3MOXKHOCTH COBPEMEHHBIX
npubOpoB MPEACTAaBIATH TIpaduyeckd 3aKOHOMEPHOCTU W3MEHECHHMS
HanpspkeHust U Toka (puc. 151, b). Opnako, mepeBoj aHATMTHYECKOTO
MeToa pemlieHus ypaBHeHus (3) B rpadoaHanuTHUECKHil TpeOGoBa
OCHOBATCJIbHBIX 3HAHUH MO (QU3UKE M, OCOOCHHO IO 3JICKTPOTEXHUKE,
KOTOPbIX y MaTeMaTHKOB He oOKa3ajoch. OHH HE 3aIyMBIBAINCH O
¢du3nyuecKoil cyTH mpolecca TeHEpalul CPeJHEH BEIMYWHBI HMITYIb-
CHOH MOIIHOCTH. B pe3ynbraTe Qu3MKO-MaTeMaTuieckas omuoka, 1o-
NyIIeHHas: MaTeMaTHKaMu U He OOHapy>XEHHas WH)KEHepaMU-3JIeKTpH-
KaMH, 3aJiepXajia pa3BUTHE SKOHOMHOH MMITYJIbCHOM SHEPTETHKH ITOYTH
Ha 100neT. Bor Qu3uueckas cyTh 3TOH OMIMOKH.

[Ipu cocraBieHnH mporpaMmsel Ui rpadoaHATUTHIECKOTO pe-
nieHus: ypaBHEHHUsS (3) C LENbl0 ONpEneNeHUs] CpeAHEH BEeJINYHMHBI
MMITyJIbCHOM MOIIHOCTH P, peann3yeMoil MEpPBHYHBIM HCTOYHHUKOM
NUTaHUs, B JAHHOM cCllydae, — aKKyMYJISITOPOM, POJIb OPHEHTHpa BbI-
MIOJTHSAJIO MaTeMaTHYecKoe ypaBHeHHeE (3), KOTOpoe MpeaHa3HauYeHo IS
BBIYMCIICHUSI CPEIHEN MOIIHOCTH, TEHEPUPYEMO HelpepbIBHO MEHSIO-
ummucst Gyakumsvu Hanpsokenust U (t) u toka | (t) . B dopmyie (3)
MEPEMHOXKAIOTCS pE3yJIbTaThl UHTETPUPOBAHUS (QYHKIMHA HANPSHKEHUS U
Toka. Ilpu rpadoaHATUTHIECKOM METO/IEe PEIICHHsS 3TOTO ypaBHEHUS
NEPEMHOXKAIOTCSI OPJIMHATHI HANPSDHKCHUS WM TOKA. 3aTeM IOJyYeHHbIE
NPOM3BENEHHS CKIAABIBAIOTCS M JENATCS Ha oOlee KOJIMYECTBO
NpPOM3BEJCHUI B WHTEpBaje mepuoga | . B pesynbrare momydaercs
cpensss (Ha30BEM e€ cmapoti) BeNWYMHA 3JEKTPUYECKOH MOIIHOCTH
Pec , MaTemaruueckas opmysia, juist pacyéra KOTOPOH IPHHUMAET BHI,
NpeACTaBICHHBIN B KOHIIE (GOpMYIIHI (5).
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T
P = [UMUL 10dt= P U, -2 5)
0 S

CumBon S B popmyste (5) — CKBaXHOCTh UMITYJILCOB. Eciin M-
MyJBCHI HAMPSDKEHUS. U TOKA MPSMOYTOJIBHBIC, TO CKBAXKHOCTh OTIPEJIe-
JSIETCSI MyTEM JICNICHUS TIeproa | CJeJOBaHUS UMITYJIbCOB HA UX JIJIH-
tensrocte 7 (S =T /7). Ilpocienum 3a MPOLECCOM MOSBJIECHUS B
3HaMeHaTesne (GopMmyssl (5) MaTeMaTHYECKOr0 CHMBOJA S — CKBaK-
HOCTH UMITYJIbCOB.

DJNEeKTPOHUKA, pEaNH3yIolas MaTeMAaTHYCCKUEe MPOTrPaMMBI,
3aJI0’KCHHBIC B COBPEMCHHBIC JJICKTPOHHBIC 3JCKTPOU3MEPUTEILHBIC
npuOOpbI, CIOCOOHA HM3MEPATh B CEKYHIY JACCATKH THICSY OpAMHAT
GYHKIUI HanpsDKEHHST M TOKA, MEPEMHOXKATh WX W BBIJABATH CpPEIHEE
3HAYCHHWE MONIHOCTH C OONBIION TOYHOCTHIO. [IpocnmenuM, Kak OHHU
JeNaroT 3T0. J{J1s 5TOro BHUMATENBEHO MIPUCMOTPUMCS K OCIHIUIOTPaMMe

Ha puc. 151, b. M3mepsiercst opaunara ummysbca Hanpspkenus U; u

OpIMHATa UMITYIIbca TOKa |; . 3aTeM OHM mepeMHOXKArOTCS, OYYCHHbIE

NPOM3BENICHHUS CKJIAIBIBAIOTCS, W YYHUTHIBACTCS OOIIee KOIUYECTBO
MOJTyUCHHBIX TMPOM3BECHUI B HWHTepBaie mnepuoga | . Bor Tyt u
HauuHaeTcsl mporecc (GOpMUPOBaHHS (PH3HKO-MATEMATHIECKUX OIIH-
O0ok. Korma opamHatel HampsHKeHWs M TOKa CHUMAIOTCSI B MHTEpBaJe
JUTUTEIEHOCTH MX MMITYJIBCOB 7 , TO (PM3MKO-MAaTeMaTHYECKHE 3aKOHBI
HE HapyIIAIOTCs, TaK KaK MPOIECC TeHEPHUPOBAHUS HANPSDKEHUS U TOKA
B HMHTEpBAJC JUIMTEIHHOCTH HMITyJbca HeNpepbIBHBIA. Kak ToibKO
3aKOHYMWJICS MHTEPBAJ 7 JUTUTEIBHOCTH UMITYJIbCA, TO TOK MCUE3aeT U3
DIEKTPUYECKON LENH W MPOLECC TeHEPUPOBAHMUS MOIIHOCTH, peaj3y-
€MOi aKKyMYJIATOPOM, IIPEKPAIIAETCsl 0 CIEAYIOMETO HMITYJIbCa.

A Ttemepb oOpatuM BHUMaHHe Ha riiaBHoe (puc. 151, b). IMoce
IPEKpaIeHNs JeiiCTBHS HMITYJIbca TOKAa C aMIUIMTyIou | ,, Hampsbke-

HUC Ha KJIEMMax aKKyMyJisiTopa HE IMagacT A0 HYJId, a BOCCTaHABJIM-
BAaC€TCA N0 CBOCTO HOMHUHAJIBHOI'O 3HAYCHUA U IPCKpAIIACT CBOE y4acCTue

B MIPOIIECCE TEHEPAIMH CPEHEN BETMIMHBI UMITYJIbCHOM MomHocTH Po

B unrepBaie | —7 (puc. 151, b). Ho, BonbT™MeETp, MOAKIFOUEHHBIH K
KJIEMMaM JIAMITOYKH, TPOJI0JDKACT IMOKA3bIBATh CPEIHEE HAPSHKEHUE Ha
KJIEMMaXx M JIAMITOYKH, ¥ aKKYMYJIATOpa, ¥ TaKUM 00pa3oM — YIUTHIBATh
U Ty YacTb HANpPSDKEHUS, KOTOpas, OCTAETCs Ha KIeMMaX aKKyMyJsaTopa,
HO HE Yy4YacTBYeT B (JOPMHUPOBAHHMU CPEAHEH BEIMYUHBI MOIIHOCTH Ha
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KJIeMMax JaMII0YKH, KOT/1a IPEePBIBAETCS] UMITYJIbC, TO €CTh B HHTEpBase
T —7, a maremarndeckas ¢popmysia (5) mbpITaeTcs yOeauTh HAC B TOM,
YTO aMIUIMTYJHOE 3HAaueHHE HANpsDKEHHUS Yy4acTBYeT B (hOPMHUpPOBAHUH
MOIIHOCTH B MHTEpBajle BCEro mepuojaa | HempepbiBHO. [IporpamMma
IPOJOIDKACT B HMHTEPBAJC OTCYTCTBHS HMMIIyJbCOB | —7 (W Hamps-
JKEHHsT M TOKa), MEPEeMHOXKaTh HYJEBbIE 3HAYEHHsI OpPIMHAT TOKa M
MIOJIHBIE OPJMHATHl HOMHHAIBHOTO HANpPSDKEHHUS] Ha KIeMMaX akKyMy-
nsTopa. B pe3ynpraTe KOIMYECTBO MPOW3BENEHHUI C HYJIEBBIMH 3HAUe-
HUSIMHU TOKa M He HYJIEBBIMU 3HAYCHHSIMH HAIIPSDKEHUST BXOJIUT B 00IIee
KOJIMYECTBO 3TUX MPOM3BEICHUI 3a Tepruoa | .

Jaiee, mporpaMma JAeIUT CyMMY NPOU3BEACHUN aMIUTATYIHBIX
3HAYCHUN HaNpsDKEHUS U TOKA, MOJyYCHHBIX B MHTEPBaJje NIUTE/b-
HOCTH MMIYJbCA 7 , HA 00IIee KOJUYECTBO MMPOU3BEIECHUH, MOTydeH-
HBIX 32 _Bech mepuoa | . Tak KaKk KOJMYECTBO IMPOU3BEICHUN aMILIH-
TY/AHBIX 3HAYCHHUI HAMPSHKEHHUS W TOKA 3a MEpUOA | OOJbIle, 4yeM 3a
JUIMTENLHOCT 7 WMITYJIbCa B KOJHMYECTBO pa3, paBHoe 1 /7 =S, 10 B
UTOTE TIOy4YaeTcs MPOU3BEICHNE aMILUTUTYTHBIX 3HAYCHUH HATPSHKEHUS
¥ TOKa, Pa3/Ieli€HHOE Ha CKBAKHOCTh UMITYJIbCOB S (CM. KOHEI[ hopMy-
mel (5) m dopmyny 2). MareMaTHUKU-TIPUKIAIHUKA, HE MYIPCTBYS
JyKaBo, Cpa3y HaloT, [0 UX MHEHHIO, OYCHb yOeIUTEIbHYIO HHTEpIIpE-
TaIUIO TIOTYYCHHOMY pPe3yabTary (2).

OHM OOBSICHSIIOT JIEKTPOTEXHUKAM JOCTOBEPHOCTh MOIYYEHHO-
ro pe3ynbTara cienyomuM odpasoM. EcTe HampsbkeHHe U TOK (MHTEp-
Bal 7T ) — €CTh MOIIHOCTb, HET TOKa (MHTEpBaT | —7) — HET
MOIITHOCTH, & BEIMYMHA HAIPSDKEHHSI, KOTOPOE MPUCYTCTBYET B MOMEHT,
KOT'/la TOK PAaBEH HYJIIO (B MHHTEpBaJie | —7 ), HE HIPAET HUKAKOW POJIH.
C Buny, oueHb yOeIuTeIbHOEe OOBSICHEHHUE, a IIPU TIIATEIbHOM aHaIU3e,
KOTODBI MBI TIPUBENH, — (QyHJAaMEHTalIbHAsI OMIMOKA C TI00ATBHBIMU
NocaeACTBUsIMU. BOT €€ cyTb.

Cuctema CU TpebyeT HenpepbIBHOIO YJacTHsl HaNpsDKEHHUS U
TOKa B ()OPMHUPOBAHMM MOLIHOCTH B WHTEPBAJE KAXKIOro IMEpHOAa, a

3HauUT W Kaxaod cekyHael. Yacte |,/S  ¢opmymsr (2) crporo
COOTBETCTBYET 3TOMY TPeOOBaHHIO, TaK Kak W3 HeE CIeNyeT, CPemHsis
BeJMYMHA TOKa |, JEHCTBYIOLIEr0 HENPEPHIBHO B MHTEPBAJIE BCETO

neproga. OHa mokaszana Ha puc. 151, bu pasua

I I
| = A-_A 6
cT5 7, (6)
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A Tenepb NOCMOTPHM BHUMATEIBHO €IIE pa3 Ha OCHMILIOTPaMMy
(puc. 151, b) u oOpatum BHHMaHHME Ha (DU3MYECKYIO CyTh, COJEpIKa-
arytocst B ¢opmyne (5). OHa 3akimtodaeTcs B TOM, YTO BEPTUKAaIbHBINA

npAaMoyr OJIBHBIN HUMITYJIBC TOKa C aMl'IJ'H/ITyI[OI\/'I | A ¥ JUIATCIIbHOCTBIO T

IPEBPATHIICS B TOPU30HTAIBHBINA MPSIMOYTONBHUK ¢ amruutymoi |,

3aNONHSAIOMMIT JUIMTEIBHOCTS BCEro NepHoia | . DTo IONHOCTHIO
cootBeTcTBYeT cucreme CU, TpeOyromeil HempepbIBHOTO Y4acTHs TOKa
B ()OPMHPOBAHUH MOIIHOCTH B HHTEPBAJE BCETO MEPUOA, a 3HAYUT U —
CEeKYHJIBL.

Tenepp mpocneaum 3a y4acTHEM HaNpPSHKCHUST B OPMUPOBAHHUN
cpemHell UMITyIbCHOM MOITHOCTH. B dopmynax (2 u 5) amrmummrynHOE

3HaueHue HanpspkeHnst U, ydacTByeT B pOpMHUPOBaHUH CPEIHEH BeIIH-

YHHBI HIMITyJTbCHON MOIHOCTH CBOEH monHoi Benmmunnoii U, B mHTep-

Bajie BCero mepuoaa | , a ocruutorpamma (puc. 151, b) orpurtaer stor
¢dakt. M3 He€ ciemyer, 4TO HamNpsHKEHHE CO CBOMM aMIUTUTYAHBIM

sHauenneM U, yuactByer B dopmMmpoBaHHMH CpenHEil BEIMYHHBI HM-
ITyJIbCHOW MOIITHOCTH TOJABKO B HHTEpPBaJe [UIMTEIBHOCTH UMITyIbCa 7
a BO BCEM OCTaJIbHOM HHTEpBaJie | —7 OHO HE yd4acTBYeT B ()OpPMH-
POBAHHU CpPENHEH BEIMYMHBI UMITYJbCHOW MOIIHOCTH, TaK KaK B 3TOM
uaTepBasie (T —7) Uenb pa3OMKHYTa M Ha KJIEMMax JIaMIIOYKH HET
HanpsokeHusl. OHO MPUCYTCTBYET TOJABKO Ha KIIEMMax aKKyMyJsTopa U
paBHO CBOEMY HOMHUHAJILHOMY 3HAaueHHUIO, a B ¢opmyiax (2 u 5) oHO
y4acTBYeT CBOCH IOJHON aMIUHTYyIHO# BennuuHoit U, B opmupoBa-

HUU CPEIHEN BEJIMYMHBI UMITYJIbCHOM MOIIHOCTH BECh IIEPUO T.

B pe3ynbraTe 3T0# (U3MKO-MaTeMaTHUECKOM OIMIMOKK BeTHUMHA
CpeIHEN MMITyJIbCHOM MOIHOCTH HA MUTaHHE JIAMIIOYKH, PeaTu3yeMoil
AKKyMYJISITOPOM, YBEJIMUMBAETCS B KOJIMYECTBO pa3 PaBHOE CKBAXXHOCTU
MMITYJIbCOB HAMPSDKEHUS. Y TUBUTENBHO TO, YTO 3TOT KIFOYEBOW MOMEHT
OKa3bIBAETCSl HETIOHATHBIM M OOJIBIIMHCTBY HHXEHEPOB-3JIEKTPHKOB.

OTMeTHM TMOMYTHO, YTO ONHMCAaHHAs OMMNOKAa TECHO CBf3aHa C
riiaBHOM  akcuomod  EcrecTtBo3Hammsa —  axkcumoMoii  EpuHcTBa
npocTpaHcTBa—Marepun—BpeMenu. OmmbouHas d¢opmyna (2 u 5)
YUUTBIBaeT Ipouecc (GpopMUpOBaHUS CpeAHEH MMIYIbCHOW MOIIHOCTH
TOJIBKO B MHTEPBAIE [UIMTEIBHOCTH MMILyJbCa 7 U NPEKPallaeT 3TOT
y4ET B OCTAaBILCHCS 4aCTW meproga | —7 . DTO SBHO MPOTHBOPEUHT
akcuomMe EnuHCTBa, M3 KOTOpPOW CiexyeT, 4TO HANpsHKEHHE U TOK
JIOJDKHBI OCTaBaThCsid (PYHKIMSMH BpEMEHH HEMPEpHIBHO B HMHTEpBaJe
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BCETO Teproia (opMHUPOBaHKS MOIIHOCTH. Hellb3st ocTraHaBIMBATh MPo-
[IECC UX Y4acTusi B POPMHUPOBAHHM MOIIHOCTH B 33JaHHOM WHTEpBaJC
BPEMCHH — CEKYyHJE, a 3HAUUT M IepHoja, TaK Kak 3TO O3HAaydaeT
OCTaHOBKY BPEMEHH YYacTHs HANPSHKCHHUS B Tpoliecce GOPMHPOBAHUS
cpemHel BeTHYUHBI UMITYJIbCHON MommHocTH. DopMyna (2) UTHOpUPYET
3TO TpeOOBaHHME aKCMOMBI EMWHCTBA. AMIUIMTYTHOE 3HAYCHHE HAMpsi-
xenns U ,, crosmiee B 3Toi (opmyie, TakkKe pealbHO y4acTBYeT B

(bopMHUpOBaHNH CpeHEH BETUYMHBI UMITyJIbCHOM MOITHOCTH TOJbKO B
UMHTEpBaje JUINTEIbHOCTH UMIyJbca 7 U HE YYacTBYET B OCTaIbHOMN
YacTu mepuona | —7, Tak KaK B OTOH 4YacTH MEpUOAa MOTPEOUTEIh
(Jtammouka) UMIYJIbCOB HampsbKeHHUS OTKIIOUEH. B 3To# mpouenype u
3aJI05KEeH MPOIIECC OCTAHOBKH BPEMEHH, YET0 B PEaIbHOCTH HE ObIBAET.
1504. Yto ke Hago caejiaTb, YTOObI 00eCeYUTh HelpepbIB-
HOe Y4yacTHe HamnpsikeHUs] B ()OPMHPOBAHUM CpefAHeH BeJIUYMHBI
JIEKTPHYECKOll MOIHOCTH B HHTepBaje Bcero mepuoaa | ? Hajo,
npexzae Bcero, 3HaTh TpeboBaHus cucteMbl CHU K HempepbIBHOMY
I[GﬁCTBI/IIO HaIllpsOKCHUA W TOKa B TCUCHHUC CCKYH/bI, 4 3HAYUT U B
TEUYEeHHE KaKAOro mepuona. Peanmmsyercs 310 TpeOoBaHue mpocTo —
MyTEM AENCHUS aMIUIUTYAHOrO 3HaueHHs: Hanpsbkenuss U, Ha ckBax-

HOCTh S uMmynbcoB. Ommbounas hopmyna (2) 6onee 100 et paboraet
BO BCEX OJICKTPOU3MEPUTEIBHBIX MPUOOPAX, YUYUTHIBAIOIIUX PACXO]
BIIEKTPOSHEPTHH, U MPOYHO OJIOKUPYET MPOIECC pa3pabdOoTKU 3KOHOM-
HBIX UMITYJIBCHBIX MOTpeOHUTENel 3JIeKTpodHeprun. s mpeBpamieHust
omun6o4yHoN Gopmyiibl (2) B 0€30MIMO0YHYI0, HA/I0 YIUTHIBATh CKBaXK-
HOCTb MMITYJIbCOB TOKa S, M HMITYJIbCOB HampspkeHus S . Eciu oHu

PpaBHBI, TO UMEECM

P=—A A_ZA A (1)

1505. EcTth Jin pe3yJibTaThl IKCIIEPUMEHTAJLHOH NPOBEPKHU
omu6oyHoctd popmya (2 u 5) u npaBuiabHocTH Gopmyast (1)?
Pesynbrar npoBea€HHOrO aHanM3a HaCTOIBKO OYEBMJIEH, UTO, Ka3aJoCh
OBI, YTO HET HYXK/BI MPOBEPATH €r0 JOCTOBEPHOCTh 3KCIIEPUMEHTAIBHO,
HO MBI, MOHUMAasi HEM30€KHOCTh TOJIOCIOBHBIX BO3PKEHHM, CHEIan
TaKyl0 IpPOBEpKY. B3sin akkyMymnsTOp, 3arpy3uid €ro HUMITYJbCHBIM
noTpeduTeneM — 3IEeKTpOMOTOpoM-TeHeparopoM MI-2 (puc. 152),
KOTOpBI TpopaboTan B pEKUME TOOUYEPENHOW paspsIKd OJHOTO
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aKKyMyJIsiTOpa W 3apsaakd apyroro 3 daca 10 muHyT. 3a 3TO BpeMms
HanpsDKEHUE Ha KJIEMMax akKKyMyJsTopoB ymajio Ha 0,3B. JTo 3HA4uT,
YTO MPH MUTAHUH NEKTPOMOTOPa-TeHEpaTOpa, KOTOPBIH, MOTyYast SHep-
THUIO OT aKKyMYJISITOpa, 4acTh €€ mepenasBai IEKTPOIN3EPY, a 4acTh —
Ha 3apAAKYy APYToro aKKyMyJsiTopa, CKOPOCTh MaleHUs HApsHKEHHUS Ha
ero KJieMMax okazanach pasoii 0,1B B uac (puc. 152).

w

3 yaca 10 MuUH.

1\
I\e P.=U,-1,/8*0

v

= s

Puc. 152. ®oro MI'-2 + 2 akkymynsaropa 6MTC-9 + sueiika
JNEKTPOIU3EPa

Paspsnka akkyMmynsatopos 3a 3 yaca 10 MUHYT 1 ocLMJIIOrpaMma
HaIIpsKEHUA U TOKA, CHATAad C KJIICMM  aKKyMYJIATOpa, IIPCACTAaBJICHBI B
tabi. 1 u Ha (puc. 153).

Tabnuna 1. Pesynprarel ucnieirannii MI'-2.

u HauanbHoe Koneunoe
OMEpd AIyMyIBITOpOB HanpsbkeHue, B Harpsbkenue, B

1+2 (pa3psiaka) 12,28 12,00
3+4 (pa3psiaka) 12,33 12,00
3yaca 10 MmunyT

Tl " @ stop M ;y 10.50ms n=180006/ mun

b WHL' U, =1230B I. =308A
P_=U,1,I§ P.. =12,30-3,08 = 37,88Bm
IO PacuérHble 1aHHbIE:

s, =367; U, =110/3,67=3,0B

P =T, 5*
| fl | Pe=Uc-Ic =300-308=9,338m
; I d Moayueno 8,57 amurpos H,+0O,

Puc. 153. Pe3ynpraTsl ucnbiTannii MI'-2 B pexume pa3psaku u
3apsAIKU aKKyMYJISITOPOB
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Pacu€r BenmuuMHBI CpeHEH UMITYJIbCHOM MOIITHOCTH, pealnu3ye-
MO aKKyMyJIaToOpamMu 1o dopmyie (2) 1aét Takoi pe3yapTaT

P.. =U. - I, =12,30-3,08 = 37,88Bm. )

B kavecTBe Harpys3ku, SKBHUBaJIEHTHOW MoImIHocTH (7), paccuu-
TaHHOU 0 (hopmyie (2), OBUTH B3ATHI JAMIIOYKH OOIIEH MOITHOCTHIO
(21+5+5+5)=36,00 Bm. Tak kak n3 MaTeMaTHYECKOI Mozenu (2) ctapo-
ro 3akoHa (OpMHUPOBaHUS CpEAHEH MMITYyJIbCHOM 3IEKTPUYECKON MOII-
HOCTH CIIEAYET, YTO aKKyMYJSATOpHI, nmuTaBmue MI'-2, peaan30BbIBaIH
MOIIHOCTh paBHyI0 37,88 Barr (7), To BMecTro MI'-2 k TeM Xe akKy-
MyJISITOpaM  OBUIM  MOJKJIFOUEHBI JIAMIIOYKH C OOIIEH MOIIHOCTBHIO
36Bart. HayanpHoe HampshkeHHE Ha KJIeMMax aKKyMYJsTOpPOB paBHS-
gock 12,78B. Uepe3 oguH vac 40 MUHYT HampsDKEHHE Ha KIEMMax
aKKyMyIsaTopoB ymano a0 4,868 wimm Ha 7,92B. 3Oto B 7,92/0,3=26,00
pa3 OoJbllle CKOPOCTH MaJeHUS HANpsDKEHUS Ha KIeMMax aKKyMyJsi-
TOpa, MHUTABIIETO 3JEKTpOMOTOp-TeHepatop MI'-2, 6e3 yuéra pasHOro
BpeMeHH ux padoTsl. Eciu Obl 1TaMIOYKH OCTaBaTUCh BKIFOUEHHBIMU 3
gaca 10 MUHYT, KaKk U NpU NUTAHUHM DJIEKTPOMOTOpa-TeHepaTropa, TO
HanpspKEHUE Ha KIIEMMax aKKyMYJISSTOPOB yIaio Obl 10 HYJIS.

ITOro BIOJHE JOCTATOYHO AJIsl OAHO3HAYHOIO BBIBOJA O MOJIHOU
OomMOOYHOCTH CTaporo 3akoHa (2) (GopMHUpPOBaHUS CpeqHEW HMITYJb-
CHOI1 DJICKTPHYECKON MOIIIHOCTH U IOCTOBEPHOCTH HOBOTO — (1).

Koneuno, mbl He yunu 8,57 2 cMecH BOJOPOAA U KUCIOPOIA,
MOJYYEeHHON IMyTEM 3IIEKTPOJIN3a BOABI SJIEKTPHUUECKOI SHeprueH, Boipa-
OaTbIBaEMOM 3JIEKTPOMOTOPOM-TEHEPATOPOM. ITO, KaK TOBOPSAT, JOIOJI-
HUTEJIbHAS SHEPTusi, KOTOpasl CHWXKAET 3aTpaThl Ha HOIyYE€HHE OIHOTO
IuTpa Boxopoda U kuciaoponaa u3 Boasl g0 0,60 Barra. 310 mouru B 5
pa3 MeHbIIIe 3aTPaT IpY IPOMBIIIEHHOM NOJYyYeHHH 3TOH CMECH T'a30B.

BTopoii skcriepMMEHT M0 MPOBEPKE JOCTOBEPHOCTH (HOPMYIIbI
(1) u ommbouHOCTH (popmyIbl (2) mmuics HenmpepbiBHO 72 daca. [lms
€ro TMpOBEACHHUS TMEpPBbIH 3IEKTPOMOTOp-TeHepaTop MI-1  Obln
nepeoOOopyIOBaH sl MATAHUS OT 4-X MOTOIMKIIETHBIX aKKyMYJISTOPOB
(puc. 154). Omna wux rpynma nurtama MI-1, a Bropas 3apspkaiach
nmnyiscamu IJIC naaykunu cratopa MI'-1. K umnynscam 9JIC camo-
WHIYKIIMK CTaTopa ObUIa MOJAKIIOYEHA stueiika anekrponnsépa. Cxema
MpelycMaTpuBajla pydHOE IEPEeKII0UeHNE aKKyMYJISITOPOB C pPeXuMa
MUTaHUs HA PEXUM 3apsaaku ¢ uHTepBaioM 30MuH. B pesynbrare Obuin
MOJTy4YeHBI JaHHbIE, TPECTaBIEHHBIE B Ta0M. 2.
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Puc. 154. ®oto MI'-1, suelku sneKTponu3épa U aKKyMyJsi-
TOPOB,UTaBIIUX MI'-1 B pexkxumMe pa3psaku U 3apsaKku

Tabnuua 2. Pesynpratsl ucnbiranuii MI'-1

e Ov6H1ee HaIpsHKCHHUE Ov6111ee HaIpsHKCHUE
1-i TpymnmBl aKKyM., B | 2-i TpyIIBI aKKyM., B
Yepes 10 51,00-49,30 - 49,10-51,50-
4acoB paspsiaka 3apsaKa
UYepes 30 49,70-48,00 — 48,00-50,10 —
4acoB paspsaaka 3apsiiKa
Yepes 60 48,60-46,10 — 48,90-46,10 —
4acoB paspsiaka paspsiaka
Yepes 72 41,80-47,70 — 48,20-41,40 —
yaca 3apsiiKa paspsaka

kuciopona (0,6051/49ac)

3a 72 gaca momydeHo 43 muTpa CMeCH ra3oB BOJAOPOIA U

Tabnuna 3. [Magenue HanpspKeHHsT HA KIIEMMaxX aKKyMYJISITOPOB

yepe3 72 4aca WX HENPEPHIBHON pabOThl B PEKUMAX paspsakd |
3apsiIKH

IlepBas rpymnmna akkymyJiasiTopoB | Brtopas rpynna akkymyJasiTOpoB
Howmep akkymM. Hanpsix., B Homep akkyM. Hanpsix., B
1 11,03 5 11,40
2 11,57 6 11,47
3 7,99 7 10,77
4 11,64 8 11,74
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W3 Tabn. 3 cremyeTt, 4To depe3 72 daca HEMPEPHIBHOW pabOTHI B
peKUMe pa3psiKa U 3apsaKa HanpspDKeHUs Ha akkyMyJsiTopax Ne 3 u No7
OIyCTWIIUCh HIKe AomyctuMor BenmmuumHbel 11,00 B (Dto 3aBoackoit
Opak). B pesynbTrare Bpemst MeXOy 3apsAkaMH M pa3psOKaMH Haydayo
COKpAILaThCs U SKCIIEPUMEHT ObLIT OCTaHOBIEH. OHAKO €ro pe3ybTaThl
TaKkXke YOCOUTENbHO CBHIECTEIBCTBYIOT 00 OMIMOOYHOCTH CTAapoOro 3a-
KoHa (2) hopMHUpOBaHUs CpeqHEN BETMYMHBI UMITYJIbCHOH 3IIEKTpUYEC-
KO MOIITHOCTH U JOCTOBEPHOCTH HOBOTO — (1).

1506. B 4ém cyTh HOBOW MeTOAMKH pa3paloTKM MaTema-
THYECKUX MPOrpaMM, 3aKJIabIBAEMbIX B 3JIeKTPOM3MEPHUTEIbLHbIE
npuoopbl, YYUTHIBAKOIIME JIEKTPHYECKYI0 MOLIHOCTh M 3JEKTpH-
4yecKyr 3Heprurw? CyTb HOBOM METOAMKH COCTABIICHUS MPOTPaAMMBI,
3aKJIaIbIBAEMON B BIIEKTPOM3MEPHUTENbHBIC MPUOOPHI, KOTOpas aBTOMa-
TUYECKH YyYHThIBajla Obl NPaBUIbHO HENPEPBIBHBIA W HMITYJIbCHBII
pacxol 3IEKTPO’HEPTUH 3aKI04aeTcs B cieayromeM. /i aToro Hazo,
4TOOBI MaTEeMaTHYECKasl IPOrpaMmMa, OTIPEEIISIONIast CPSIHIO BEITUIH-
HY HAIpsDKCHUSA, IPUPABHUBAJIA HYII0 OPAUHATHI HAIPSDHKEHHs, COOT-
BETCTBYIOIIME OpAMHATAM TOKA, PaBHBIM HYJIO, W YYHThIBaja HUX
Konu4ecTBo. [lanee, MoaydyuB CyMMy OpJIMHAT HAIPSDKEHUS B UHTEP-
BaJsie, HaNpuMep, Nepruoa, dTa MporpaMma, J0JDKHA JISIUTh YKa3aHHYIO
CyMMY OpAMHAT HAIpsDKEHHS Ha oOIee KOJIMYEeCTBO OpIUHAT (3a BECh
nepuos), B KOTOPOE BXOAMIO Obl M KOJIWYECTBO OPAMHAT, HANPSDKEHUS
KOTOPBIX OBUTH MPHPABHEHBI HYINO. B pe3ynbTrare Takow onepanuy npu

OTIpeIeTICHNH CPEIHEeN BEeNWYMHBI HAIPSDKEHUS e ABTOMAaTHYECKH
OyIeT YYHTHIBATbCA CKBXKHOCTh €0 HMITYJECOB, TO €CTh MOMEHTHI
BPEMEHH, KOTJla TOK paBeH HYII0 M HANpsHKeHHE He YYacTBYeT B
¢dopmupoBaHMH MOLIHOCTU. [lociemyroliee MEPeMHOXKECHUE CPEIHUX

U I
BCJIMYMH HAIPSKCHUA C mrtoka © , ABTOMATUYCCKHN NACT MPaBUJIb-

HYIO CPETHIOI0 BEJTMYHHY UMITYJIbCHONH MOIIHOCTH Po , PABHOW BeJINYH-
He, onpenenéHHod 1o dopmyne (1). DTta ke mporpamma OyneT mpa-
BUWJIBHO YYWTHIBATh BEJMUYUHY DJIEKTPUYECKOM MOIIHOCTH IpPH Hempe-
PBIBHOM IIpoIiecce TMOAaYy HANPsHKCHUST Ha KJIEMMbI TIOTPEOHTEINS, TaK

KaK CKB2)KHOCTb UMITYJILCOB OyJIeT paBHa S=1

Taxum obpaszom, ommrboyHas Gopmyna (2), 3a0KeHHas] B MaTe-
MaTHYECKHE TIPOrpaMMBbl y4eTa dJIEKTPOIHEPTHH, OTpedIsieMoi U3 ce-
TH, yke Oonee 100meT BHEIIOTHSAET POJIH MOIIHOTO TOPMO3a B pa3pabdo-
TKE U BHEIPEHUHU MMITYJIbCHBIX OTPEOHUTENICH IIEKTPOIHEPTHH, TaK KaK
CUETYMKH, peau3yIolIre OMMOO0YHYI0 MPOrpaMMmy, pa3padaTeiBaeMylo
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Ha OCHOBAaHMH MAaTEMaTHYCCKOW Mojmenu (4), 3aBHIIAIOT PEabHYIO
BEJIMYMHY MMIYJIbCHOM MOLTHOCTH B KOJHMYECTBO pa3, paBHOE CKBAaXK-
HOCTH UMITYJIbCOB HATIPSKEHUSL.

B Poccun yxe uMMEOTCS ACHCTBYIOIIME 3KCIEPUMEHTAIBHBIE
OTONUTEIbHBIC OaTaper, MOTPEOIIAIOMMNE DSICKTPOSHEPTHIO W3 CETH
HUMITyJIbCaMH CO CKBa)XHOCTBIO, paBHOH 100.

CymecTByOliye C46TYUKHU 3J1€eKTPOIHEPTHH, B KOTOpbIe
3a/10)KeHbl OIKG0YHbIe (?) MPOrpaMMBel, 3aBbIIAIT peaabHbIA
pacxoj 3JIEKTPO3HEPruu TaKUMHM OGatapesamMu B 100 pas u
TaKMM O6GpPa3OM MNPOYHO 3aKPBIBAKOT UM J0OPOry K HNOTpeGH-
TeJIIo.

1507. B 4yém cymHocTh 0000IaOmIell HMHpOpMaUUHM IO
NPUBEIEHHOMY aHAJM3Y y4éTa cpelHeil MMIYJbCHOH MOIIHOCTH?
HoBblif 3ak0H popMUpOBaHUS SJIEKTPUIECKON MOITHOCTH (1) OTKpBIBAeT
HEOrpaHMYECHHBbIE BO3MOXKHOCTH B COKPAILLCHUU pacxoja 3JIEKTPOdHEp-
TUH TyTEM 3aMEHBl HEMPEPBIBHBIX TOTPEOUTENEH 3IEKTPOIHEPTUU
UMIYJIbCHBIMU, TIPY YCIOBUH 3aMEHBI CYIIECTBYIOIINX CUETYMKOB 3JIEK-
TPO3HEPTUH, MCKAXKAIIMX YUET €€ HMIIYJIbCHOIO pacxoia, HOBBIMHU,
NPaBUIBHO YYHMTHIBAIOLIMMU BEJIMYMHY HE TOJIBKO HEIPEPHIBHO, HO
UMITYJILCHO TOTPEOIsIeMOid 37eKTPOIHEPTruu. M3roToBICHHBIE U UCTIBI-
TaHHbIE TIEPBBIE B MHPE POCCHMCKHE 3JIEKTPOMOTOPHI — T€HEepaTOphl
MI-1, MI'-2, MI'-3 u MI-4, BeIpaOaThiBatone W TOTPeOIAIONIIES
3JIEKTPOIHEPTUIO0 UMITYJIbCAMH, YOeIUTENbHO JAO0Ka3adl JOCTOBEPHOCTh
HOBOTO 3aKOHa (QOPMHUPOBAHUS UMITYJILCHOHN DJIEKTPUIECKOW MOITHOCTH
(1) 1 monHy¥O OMHUOOYHOCTH CTapOro (2).

[IpencraBieHHas 31ech METOAMKA COCTABJICHUS MaTeMaTH4ec-
KAX TPOrpaMM JJisi CYETYMKOB 3JIEKTPOIHEPTUH, TPABIIBHO YYHUTHIBA-
IOIMX €€ UMITYJIbCHOE MOTpeOiIeHne, 03HaYaeT, YTO POCCUIMCKasl HayKa
y>K€ OTKpbUIA ITyThb 3KOHOMHON MMITYJIbCHOH 3HepreTuke. Cremyromui
nrar JIojbKHa clienaTh BiacTe. MH(popmupyem €€ o TOM, 4TO Marema-
THKaM HE COCTaBUT Tpyda pa3paboTaTh YHHUBEPCAILHYIO MaTeMaTH-
YECKYI0 TpOrpaMMy Ul JJIEKTPOHHOTO CYETYMKA DSJIEKTPOIHEPIHH,
KOTOpBI OBbI TPaBHJIBHO YYHUTHIBAl HE TOJBKO HENMPEPHIBHOE, HO H
MMITYJIbCHOE TTOTPeOICHNE 3JIEKTPOIHEPTUH. VI3TOTOBUB €0 M MCIIBITAB,
MBI OTKPOEM IIyTb OYEHb SKOHOMHBIM HMITYJIbCHBIM IOTPEOUTEISIM
JIEKTPOIHEPTUH.

1508. 3na4uT JM 3TO, YTO BHITOJHEE HCTIOIb30BATH AKKYMY-
JISITOP /ISl OAHOBPEMEHHOI0 UMIMYJILCHOTO MUTAHUS YJIEKTPOJIU3Epa
U MMIYJIbCHOI ero 3apsaku? VHTyUIMS 0JICKAa3bIBAET, YTO 3HAYMT, a
JleTalnbHbId pacu€r noarBepxkaaeT e€. Ilpu MMIynbCHOM paspsike
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aKKyMyJIsiITOpa, OH peau3yeT MOIIHOCTb, PaBHYIO CpeIHEH BelHYuHe
HanpspkeHnst U, yMHOKEHHO# Ha cpeJHiol0 BennuuHy Toka | . Jlms
3apsAKU aKKyMyJsiTopa TpeOyeTcs He CpeIHsSS BEeTMYWHA HAIPSHKESHUS
U, a Gonpluasi, Goblre HOMHHAIBHOM BEIMYMHBI HA €T0 KJIEMMaXx, TO

ecth Oosbine 12,5B8. UTOOBI MOIHOCTE 3aps/IKu ObLila paBHA MOILTHOCTH
paspsiKy, BETHMYMHA TOKA JOJDKHA YMEHBIIUTHCS BO CTOJBKO pa3, BO
CKOJILKO HAIPsDKCHHE 3apsAKH OOJIBIIE CPEIHEr0 HAMPSIKEHUS paspsii-

ki U . Hanpumep, akkymysisaTop MMeeT HOMHHAIBHOE HAIPSHKEHHUE,
paBHOoe 12,5B, a mporecc 3apsakd HAET C INEpPEHANpPsHKEHUEM 10,
npuMepHo, 14B. Eciiu cCKBaXKHOCTh UMITYJIBCOB Pa3psiKi aKKyMYJISTOpa
obuta paaa S =10, To cpeaHee HaNpsLKECHUE PaspsAKd ObUIO PaBHO,
npumepro, U, =12,5/10=1,258. Ilpu cpemHeM TOKe PaspsjKH, pas-
HOM, Hampumep, 54, CpeaHss MOIMHOCTh pPa3psaKd OyaeT paBHA
P. =1,25-5=6,25Bm . Tak kak 3apsKarh HAJI0 C HE€PEHANPHKEHHEM

no 14B, To cpeaHuii TOK 3apAaKH MPH TOM MOIIHOCTH, MPU KOTOPOH
aKKyMyJIATOp paspaxalcs, To ecTb mnpu 6,25Bm, Oyzaer paBeH

. =P, /145=6,25/14,5=0,43A

1507. 3HayuT JM 3TO, YTO NPHU CPeJHEM TOKe Pa3psiAKH
AKKyMyJsTOpa, paBHOM 54, Kak B PaccMOTPEHHOM MpuMepe, H
CKBA)KHOCTH MMIYJIbCOB, paBHO# 10, TOK 3apsiikM aKKyMYJsITOpa
OT 3JIEKTPpOMOTOpa-reHepaTtopa O0yaer paBeH 0,434? Eciu cpennee
HanpspKeHue 3apsaaku Oymer 14,58, To cpemHUi TOK 3apsaku Oynmer
paBeH 0,434. DTo 5KBUBaJIEHTHO CpPeIHEN MOIIHOCTH Pa3psaKH, paBHOH

P. =14,5-0,43=6,258m .

1508. BIroaHo J1d MOA3apsizKaTh aKKYMYJISATOP, MUTAKIIMIA
3J1eKTPOMOTOP — reHepaTop, ot cetu? VHTyHuus MoiCKa3bIBaeT, YTO
BBIFOJIHO, @ pacu€T onposepraeT e€. [[ockoibKy 3apsiaKa akKymyJaTopa
U3 ceTH UAET 4yepe3 BBIIPSIMHUTEIb U JIATp, TO OHU TOXKE OYyIyT MmoTpe-
OWUTENAMHU 3JEKTPOIHEPTUU U3 CETH U MOIIHOCTH 6,258m BO3pacTET Ha
10-30%. Boszsmém 30%. Orto 1,875Bm. Torma oOm@ass MOIIHOCTH
3apsIIKU U3 ceTh cocTaBuT 6,25+1,875=8,125Bm. BronHe ecTecTBEHHO,
YTO CpeAHsAs BEIWYMHA TOKAa TOXE YBEIHYUTCA U CTaHET PaBHOMH,
Hanpumep, 0,74. B sToM ciiydae CUETUMK DIEKTPOIHEPTHU MOKAXKET
MUHUMAJIbHYIO MOIIHOCTb 3apsAaKy, paBHyo 220%0,70=154Barra. D10 B
154/6,25=24,64 paza GoJbllIe MOIHOCTH MMITyJIbCHOW pa3psiKi aKKy-
MYJISITOpA.
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1509. 3HauuT JIM 3TO, YTO HAJO0 UMETh TAKOH ABTOHOMHBIMH
HCTOYHHUK JHEPruM, KOTOPbIi Obl NMUTAJCA OT AKKYMYJIATOpa W
BbIPA0aTHIBAJI JOCTATOYHO JIEKTPOIHEPIHHU s 3apsiAKH TAKOIro
JKe AKKYMYJSATOPA M BbINOJHEHHs] TeXHOJIOrH4ecKoro mpouecca?
3HAYUT.

1510. U3 nmpeapigymiero anajimsa cjeayer, 4To, 3a0upasi u3
OJHOT0 AKKYMYJISITOPa MOUIHOCTH, PaBHYIO 6,25BaTT, Hy:KHO BBIpa-
0aTBIBATH TAKYIO 7K€ MOILHOCTD /151 3aPSIAKU APYroro akKyMyJisiTo-
Pa U M30BITOK JHEPIHH AJs pealu3alii KaKoro-Hu0yab TeXHO0J10-
THYeCKOro npouecca, 3JeKTpPoJan3a BoAbl, HanpuMep. Tak 310 niam
Hetr? Tak.

1511. Yo mokazkeT BOJIbTMETP, HOAKIHYEHHBIN K KJIeMMaM
ajiekTposn3épa? OH MOKaKET CpeHee HAMpsHKEHHE Ha ero KiemMMmax,
KOTOpO€e OOJIbIIE CPETHETO UMITYJIBCHOTO HaNpsDKEHHSI, I0JaBaeMoro Ha
KJIEMMBbI 3JIEKTpPONn3Epa W3 NEPBUYHOTO HUCTOYHUKA NMHUTAaHWUSA B KOJIU-
YeCTBO pa3, paBHOE CKBAYKHOCTH MMITYJIbCOB HAIPSKEHUS.

1512. YTo mokaskeT amMmepMeTp, MOAKJIIOYEHHBIH K KJeM-
MaM 3J1eKTpo/In3epa, MUTAeMOr0 HMIyJbcaMH HanpstkeHusi? OH
MOKa)XET CPEAHIOI0 BEMUYMHY TOKa, KOTOpas paBHa €ro aMIUTUTYIHOMY
3HA4YEeHMIO, JIEIEHHOMY Ha CKBaKHOCThH UMITYJIbCOB.

1513. 3HauuT JaM 3TO0, YTO NPHUOOPHI, NMOAKJIIOYEHHBIE K
KJIEMMAaM 3JIeKTPOJIU3Epa, MOKA3BIBAKT 00J1bLIIYK) MOIIHOCTb, Y€M
Ta, KoTopas IKOObI MOAAETCA ITEKTPOJIN3EPY OT MEPBUYHOIO MCTO-
YHUKA NUTaHusA? OTBET OJHO3HAYHBIN, 3HAYUT.

1514. Kak BausieT aMIUIUTYJa MMIIYJIbCa HANPSKEHUs, MO-
AaBaeMOro B 3JEKTPOJM3EP, HA TaK Ha3bIBaeMoe INepeHanpsKeHne
Ayeek? Huxak.

1515. Kak 310 monuMarts? TO HAJ0 ITOHMMAThL TaK, YTO
INEKTPONHM3EP CaM aBTOMATHUYECKH YCTAHABIMBACT cede HYKHYIO
BEJMYMHY HAIpsDKEHUS, YMEHbIIAas MpPHU 3TOM aMIUTUTYAY HMITyJIbCa
HanpsDKEHUsI Tak, YTOObI CpefjHee HANpsHKEHUE Ha suelike ObIJI0 OKOJIO
2-x BomnbrT.

1516. Ectp Jam 3TOMY HarjsiiHble JKCIepPUMEHTAJbHbIE
aokaszatenabcTBa? Ecte. Onu Ha puc. 155. CrnpaBa cepwuiiHbIi ra3ocBa-
pounslii ammapat JIM['A-12, umerommii 70 sueex. CneBa — Ham
9KCIIEPUMEHTANBHBIN 3JEKTPONM3Ep ¢ Tpems sueiikamu. OauHaKoBOe
TUTaMsI TOPEJIOK CBUIETEIhCTBYET 00 UX, MPUMEPHO, PABHOM MPOU3BOIN-
tenpHOCTH. Ha kimemmax 70 sueex JIMI'A-12 okono 70%x2=140B, a Ha
KJIEMMaX SKCIEPUMEHTAIBHOTO 3JEKTposn3épa U3 3-X A4eeK — OKOJIO
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6B. McTOYHUK MUTAHUS OJUH — JIeKTpUIeckas ceTb. O0a moTpeduTens
MUATAIOTCS Yepe3 JIATPHL.

1517. Ckoubko JadopaTopuili Mupa 3aHUMAalOTCs HpodJe-
MaMH JJjekTpoan3a Boabl? Craructukm Hetr, HO ux Oomee 1000.
Tonbko B Poccun HeCKoNbKO NiecsITKOB Jaboparopuii PAH 3annmarotcs
MCCIIEIOBAHUSAMH IIpoliecca 3JIeKTpoin3a BoAbl. CyIIeCTBYIOT acCOLu-
aIuy y4€HbBIX 10 BOJOPOIHON SHEPTeTHKE, 00bEIUHSIOIINE CIICIIHAIINC-
TOB Pa3HbIX CTPaH U KOHTUHEHTOB. OHU €XEroHO MPOBOIAT HayUHbBIE
KOH(EPEHLINH 10 Pe3yIbTaTaM CBOUX JOCTHKEHUH.

1518. KTo0 ke quaupyer B 3TOi 00.1acTH 3HAHMI? Y4éHbIE
aKkajeMHYeCKHUX JadopaTopuil MM y4éHble JiabopaTopuii pasjiuy-
HbIX (UPM U KOpHopauuil HIH Yy4éHble, 3aHUMAOLIUECS] JTOM
npodJemoii nHAUBUAYaIbHO? HHTepecHbI Bonpoc. JIuaupyooT, eciu
MOKHO TaK CKa3aTh, JIIOOUTEIN 3TOW 00IaCTH 3HAHUM.

1519. KTo u3 ao6uTesieil 10CTUT HAWIYYIIHX MOKa3aTesei?
OpmHUM U3 MEPBBIX O CBOMX JOCTIKEHUSX OOBSBHII KHTAell, MOJyYHB-
mmid obpasoBanne B CLIA u oOocHoBaBmmiics Ha PuUIMNIIMHAX B
HavaJie Harero Beka (puc. 156).

1520. KakoBbl ero mocruskenusi ceituac? OH BXOAUT YXE B
KOPIOPALIMIO, KOTOpasl PacloyiockeHa B Mamnaii3sui ¥ TOPryeT 3JIEKTPO-
nu3épamMu Ui aBTOMOOMIICH, CHIKAIOIINX, KaK OHH TOBOPST, PacXojl
torumBa Ha 30%. Cpemu mokymaTelied MPOAYKIIMH STOW KOPIIOPAITHH
€CTh U POCCHSIHE, KYNHUBIINE IEKTPOIU3EPHI 3TOM KOMIIAHUH, KOTOpbIE
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HE Jar0T 00bsBIeHHBIH 3¢ ¢dexkT. O cymHOocTH OoOMaHa MbI OIMIIEM
HIDKE.

| KNY5 ABTONIKBHTENER |

ABTONPOBEr HA AYHY

el S RS il
v

Cxema HMIYJIb COB HHAVKIHH (+20V)
H CAMOMHIYKIHH (-1500V)

Puc. 156.

1521. Koro Mo:kHO Ha3BaTh BTOPbIM MO0 JOCTH:KEHHMSIM B
3Toi ob6inacTu? Ham TpymHO ckazaTh, OBUI JIM OH BTOPHIM HITH TIEPBBIM.
Oto amepukaHckuil uccnenosarens Crennu Meiiep (Stan Meyer). Emy
MPUIHUCHIBAIOT Pa3pabOTKy MCTOYHHMKA MUTAHUsI JIEKTPOIH3EPa, 4acTo-
Ta KOTOPOTO COBIAAAeT ¢ COOCTBEHHOW YaCTOTOW KOJEeOaHUI MOJEKYI
BOIBL. B pesynbraTe, Kak cooOIaeTcs, MpoLecc 3JIEKTPOoiIn3a UAET B
PE30HAaHCHOM pPEKMME U 3aTpaThl SHEPIHMH Ha 3JEKTPOJIU3 BOJBI PE3KO
YMEHBIIAIOTCSI.

1522. EcTb /11 OCHOBAHMS JA0BEPATH TAKOl MHTepPHpeTAlHU
pe3yabTaToB AocTu:xkeHuil Ctenam Meiiepa? Mbl He IMeeM 3JIEKTPHU-
YECKOM CXEMBI €ro yCTpOMCTBa, HO YXK€ 3HAeM, YTO €ro JOCTH)KEHHE
0asupyeTcst HEe Ha PE30HAHCHOM siBIeHHMH. O €ro CyTH MBI pPacCcKaXeMm
HUKE.

1523. bl au koHTAKT ¢0 Ctenan Meiiepom? IIpsmoro xoH-
TakTa He ObUIO, a KOCBEHHBIH ObUI. B Hauasie 3TOro Beka s 3aHUMAJICS
IUTa3MEHHBIM 3JIEKTPOJIM30M BOJBI, U €BPOINEHIIBI MIPUIVIACUIN MEHS Ha
CBOI0 DJHEPreTHYECKYH KOH(epeHIuo. Moii mokian ObUl MpU3HAH
JYYIIMM. 3aBA3AJIUCh TECHbIE KOHTAKThl. Yepe3 roj MHE IpPHUBE3NIH
pykonuch kauru Crennu Mediepa 00 37eKTpoau3e BOABI U MONPOCHIN
JaTh TIOJIOKUTEIbHOE 3aKI0ueHHe, KOTOpoe, KaKk MHE OOBSICHUIIH,
MOCJY>KUT OCHOBOM ISl HAllleW BCTPEUYM M MOCIEAYIOIIEH MOJArOTOBKE
Hac Kk HoGeneBckodi mpemun. OHM 3HQJIM, YTO MOHM TEOPETHUECKHE
3HaHUS NPEBOCXOJAT 3HaHusA Meliepa. I BHMMATENbHO M3y4Ws 3Ty
PYKOIIUCh M HE MOT TPOWTHOPUPOBATH CEPHE3HBIE OIIMOKH B HEH.
Hamucan orpunarensHslil oT3bB. C T€X MOp MEHA OCTAaBUWIM B IOKOE, a
Crennu Meliep, akTUBHO NPOJABHTalCAd BIEPE B pe3ysIbTaTaXx CBOUX
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SKCIEPUMEHTAIBHBIX HCCIIEI0OBAaHUI U peKiIaMupoBall ux B MHTepHere.
B nauane 2009 roga ero u ero MoOMOIIHUKOB OTPaBUIIM T€, KTO YBUAET B
€ro JOCTHKEHHUSIX KOHKYPEHILIMIO CBOEM MpOAYKLIHH. AMEpHKaHCKHE
HCCIIEI0BATETN CO3MATH (QIIIBM 00 3TOM, KOTOPBIHA OBLT TIepeBEICH U Ha
pycckuii s3pik. OH B MHTepHETE. B prmbme uéTkuit HaMEK Ha TO, YTO
npod. Kanapés u3 Poccun — yxe B ouepean Ha pacnpaBy. MHorue, KTo
MHTEpECYyeTCs 3TON MpoOIIeMOH, HaXoIAT 3TOT GuiibM B IHTEpHETE.

1524. B uém cyTh noctu:xenuii Ctenau Meiiepa?

Cy1iecTByeT M3BECTHOE SIBICHHWE MHAYKLIUU U CaMOMHAYKIUH.
SIBneHne caMOMHIYKIIMM BO3HUKAET IIPU pa3pbIBE AJIEKTPUUECKOM LIEeTH.
JmurenprocTs mMirynbca DC mamykmun (puc. 151 +20V) 3HaunTtens-
HO OOJIbIIIe JTUTEILHOCTH UMITYJIbCca caMOMHAyKIuH (puc. 156-1500V),
Ho amruutyna DJC caMOMHAYKIIMK MHOTOKPATHO OOJIBIIE aMILIUTYIbI
OJC napykunu. Umnynsc C caMOMHAYKIIMY CUATAETCS APa3UTHBIM
U BCE CTPEMSITCSI CHU3UTh €ro HeraTuBHbIe nocneactsusa. Ctennu Meiiep
u Kuraen noctynuinu Hao60poT. OHM Havanu noAaBath UMITyIbehl DJ1C
CaMOUHAYKIIMH B 3JEKTPOIU3EP. DTO M €CTh IIaBHBIA HMCTOYHHUK HX
ycnexa. @U3uKy 1 XUMUIO PearupoBaHusl STYCHKHU 3JIEKTPOIN3EPa Ha ITO
HUKTO U3 HUX HE 3HaJl, HO MOJIOKUTEIbHBIN pe3yIbTaT ObLT OUYeBHTHBIH.
KoHeuHo, Mana3uiiibl MPOJaloT CBOW aBTOMOOWIIBHBIN 3JICKTPOIIN3EP
0e3 AIIEeKTPOHHOM CXEMBI TSl TeHepupoBaHus uMITyiscoB DJ1C camonH-
OYKLIUHU U KyTIUBIIKE 3TOT 3JEKTPOIN3EP HE MOTYT IIOHATH CYTh 0OMaHa.

1525. O6pamanucs, Ju poccusiHe 3a KOHCYJIbTalUel K BJja-
Aeably JIOOMTEIbCKHX 3HAHMI MO 3jeKTposm3y Boabl? OOpamia-
JHMCh, 1 UM OblJIa paccKa3zaHa CyThb OOMaHa IPH MOKYINKE Maja3uiCKoOro
3MEKTpONIN3€pa M JIaHBl PEKOMEHJAIMM MO BBIXOAY M3 CO3ZaBILIEHCS
CUTYaIUH.

1526. EcTb i1 y o0OpalmiaBIIMXcsl yCHeXu M 4TO 3a00THT MX
ceituac? Koneuno, ecth 1 He Maiypie. Celiuac Ux 3a00TAT KaIOOKI KITH-
€HTOB O BBIXOJIE M3 CTpPOSl JBUTrarejied ¢ Ype3MEPHOW IMoJayeld B HUX
ra3oBOi cMECH: BOJIOPOJa U KUCIIOPOJa, OJTy4aeMbIX Ha OOPTY aBTOMO-
oms.

1527. EcTh 1M cpeAu POcCUsiH Te, KOMY yAaJ10Ch U3TOTOBUTH
jiekTpoan3ép Meiiepa? Ecrb, koHeuHo. OHHM [ETWINCH CBOWMH
JocTHKeHUAMH. VIM yanoce CHU3UTH 3aTpaThl JIEKTPUUECKON S3HEPTUU
Ha TIOJIYICHHE OIHOTO JIUTpa CMECH BOJIOpoAa W Kuciopoma go 1,4
Barra. JIlyqmumMu 710 3TOTO CUUTAIKCh 3aTpaThl, paBHble 3,0 Barta/mutp
ra3oBoii cmecu. CoriiacHoO HHTEPHETOBCKOM MH(OPMALMU OJWH aMepH-
KaHCKHMI HcclieioBaTesb OyCTWI yKa3aHHble 3aTpatel 10 0,7 Bart/mutp
ra3oBOW CMECH. JTO y)Ke He IJIOXOH pe3ysbTar.

Duumknonenust Pycckoit Meiciu. T. XX, ctp. 136



Pycckoe ®usmyeckoe OO1IecTBO

1528. YrTo JeKUT B OCHOBe BCEX ITHX JOCTHKEHUH M
NMOHMMAKT JIH AaBTOPbI 3THX JOCTHKEHHH HX (HU3NYECKYI0 H
XMMHYecKYI0 cyTh? Bcee 3Tu 1oCcTKEeHHs — pe3ynbTaT HCIIOJIb30BaHuUs
ummyibsca JJ1C camonaaykuuy. Tak 4yTo rumoTesa o pe30HaHCHOM pas-
PYIIEHUH MOJIEKYJI BOZABI OKa3ajach IOKa He peanu3oBaHHOU. Cpenu
ucclenoBaTeneid BOZOPOIHON SHEPreTUKU HET MOHUMAIOMNX (PU3UKY U
XUMHIO TPOIIecca 3IEKTPOIN3a BOABI, TaK KaK JIJs 3TOTO HAJO BIaleTh
HOBBIMH 3HAaHUSIMH O MuKpoMmupe. IloaTomy 1o cux mop ocraroTcs He
peanr30BaHHBIME PsiI ApYTruX 3G GEKTOB, HO MBI HE COOMpaeMcs MICaTh
0 HHMX, TaK KaKk KOMMEpIMsS — HE€ Hallla CTUXHA, HO IOTOMKAM MBI
OCTaBUM 3TH 3HAHHUA.

1529. C yero HaumHaeTcsi TeOpuUsl 3JeKTposau3a Boabl? C
aHanm3a storo nponecca B [Ipupoxge. Cunraercs, uro B npouecce HoTo-
CHHTE3a BOJa pasjlaraeTcs Ha BOmOpoX M kuciopon. Kuciaopox ocso-
0oxmaercs M yXOOMT B aTMoc(epy, a aToMbl BOAOPOJA BBIMOJIHSIIOT
(GYHKIUHM COEIMHUTENBHBIX 3BEHBEB MPH (POPMUPOBAHUN OPTaHUYECKUX
MOJIEKYJL.

1530. Kak mHoro Bblgesasiercsi Bogopoaa npu ¢orocunrese?
JlaBHO NpoBeAEHHBIE PACUYETHI AJIEKTPOXUMUKOB IIOKA3aJIH, YTO €XKEro/-
HO B mporecce (OTOCHHTE3a OCBOOOXKIaeTcs 0kojo 800 MUIITHOHOB
KyOW4eCKHX METPOB BOJOPOA.

1531. BeiBaeT M BOAOPOJ, BBIACJASIIOIIMICH W3 BOAbI NpPH
¢otocunTeze, B aToMapHoM cocTosiHun? Her, KOHEUHO, Tak Kak B
aTOMapHOM COCTOSIHUM OH CYIIECTBYET JIMIIb B TUIA3MEHHOM COCTOSHHH
npu temneparype ot 2700 no 10000 rpagycos.

1532. Kak ke TOorma atoMbl BOJOPOAAa BBIMOJHSIOT CBOU
(yHKIUM cOeIUHNTEJBHBIX 3BEHbEB NPH CHHTE3e OPraHMYecKHX
MOJIeKyJa? OTH (GYHKIUHM peasu3yloTcsi B Mpoleccax CHHTE3a HOBBIX
MOJIEKYJI, IyTEM pa3pbiBa CBS3€M MEXJy aTOMaM{ BOAOpOJa B MOJe-
KyJlaXx BOJbl. B 3TOM ciydae oTCyTCTByeT (haza aTOMapHOTO COCTOSHHS
aToMma BOIOpOJia B CBOOOTHOM COCTOSIHHH.

1533. CymecTBy1omasi TeOpusi HUI3KOBOJIBTHOTO 3JIEKTPOJIH-
3a BOAbI MpeACKa3bIBaeT OT/AeJeHHe aTOMOB BOAOPOIa OT MOJEKY.I
BOJbI U MOCJEAYIOIIMII CHHTE3 MOJeKyJa Boaopoaa. B aTtom ciayuae
aTOMBI BOIOPOJa MPOXoAsAT ¢a3y cBOOOIHOr0 COCTOSHUS, IPH KOTO-
poii o0s3aTe bHO (hopMuUpyeTes MJa3Ma aTOMApPHOTO BOAOPOAA, HO
B peajIbHbIX HU3KOBOJbTHBIX MPOIECCAX JIEKTPOIU3a BOAbI HUKA-
Kkasg miaa3Ma He ¢opmupyercsa. Iloyemy? DOTo oauH M3 TIaBHBIX
BOIIPOCOB, TPEOYIOIIMX OTBETA JAJISl IMOHUMAHU MpoLecca dIEKTPOIr3a
BOJbI. Eciu B BOJIe HET MOHOB, TO 3TO 3KBUBAJIEHTHO Pa3pbIBY AIEKTPHU-
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YEeCKOW ey M OTCYTCTBHIO JBIDKCHHS DJIEKTPOHOB IO NPOBOAAM OT
aHofa K katony. Korma ke MOHBI MOSIBISIIOTCS B PacTBOpE, TO OHH
(GOpPMHPYIOT 3JIEKTPHYECKYIO LIeNb W B 30HE KaToJa HAKAIUTMBAIOTCS
AIIEKTPOHBHI.

1534. Kak MOKHO NMpPeIcTABUTH 3TOT HEOOBIYHBIH Mpouecc?
On Ha puc. 157, a u b. CrneBa — Kiactep U3 IBYX MOJICKYJ BOJIBI,
COCIMHEHHBIX CBS3SIMHU MPOTOHOB P aToMOB BOAOpOZa, KOTOPHIE HAXO-
JISITCSL B COCTABE MOJIEKYJI BOJBI. DHEPTUH CBSI3€H, MOKa3aHHBIE HA CXe-
M€, 3aBUCST OT TEMIIEPATyphl U MPHUCYTCTBHUSI MOJEKYJ IPYTUX XUMHUU-
YECKHX JIEMEHTOB, C KOTOPHIMH MOJIEKYJIbI BOJBI MOTYT YCTAaHABIUBATD
XMMHYECKHE CBA3U. B pesynbrare sHEprum CBS3M B KIAaCTepe BOIBI TaK
nepepacpeiesIIIOTCs, YTO CBSI3b MEXKAY MPOTOHAMH MOJIEKYJIBI OPTOBO-
JI0poza, oOpa3oBaBIICHCS MEXIY IBYMs MOJIEKYJIaMH BOJbI, YCHUIIMBA-

eTCs, a CBSI3M MEXIY MOJIEKyloi oproBojopoxa u uoHamu OH ™
YMEHBIIAIOTCSL 0 HyNs U MOJIEKYJa OpPTOBOAOPOJA BBIICISAECTCS B
cBobomHOe coctosiHue (puc. 157, ¢). Tak unér mporecc poTocuHTe3a —
BBIZICTICHUSI MOJIEKYJT BOAOpPOJAa M3 KJIAacTepa MOJIEKYJ BOJBI, MHHYS
(a3bl aTOMapHOro COCTOSHHSA aTOMOB Bojopona. [Ipomecc 3ToT MAET
NpY OTIpeeN€HHON TeMIepaType U JOCTATOYHO MEAJICHHO, TaK Kak Ha
HETO HE PacXOAyeTCsl AIEKTPHUYECKasi SHEPTHsL.

£

>
©

Puc. 157. Cxembl (opMHUpOBaHHS KJIAaCTEPOB BOJIBI C
MOJIEKYJIaMU BOAOPO/Ia
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Ms1 ke CTpeMUMCSl YCKOPHUTH MPOIECC 3JIEKTPOJIM3a BOABI U
matuM 3a 3to. Ha puc. 157, d, € — snmekTpoH €, U3 ceTH oKazaics

MEXJy IByMsI IPOTOHAMH aTOMOB BOJIOPO]Ia JIBYX MOJICKYJI BOJIBI.

B o0Opa3zoBaBmemcs knactepe chopMupoBaiach MOJIEKyJia mapa-
BOJIOPOJIA. DHEPTHH CBS3H B 3TOM KJIacTepe PacHpeleisfoTCs Tak, Y4To
MoJieKyaa mapaBojopona (puc. 157, j) BbimensieTcss B CBOOOIHOE CO-

crosinue. [Tockonbky B Kinactepe (puc. 157, d, €) mosiBUiICS 2JIEKTPOH €,

U3 CETH, TO 3TOT MPOLECC AIEKTPOIN3a pacxoayercs sHeprusa. Ha puc.
157, k, m gBa mpOTOHA aTOMOB BOAOPOJA ABYX MOJEKYN BOJIBI MOJY-

YUIIN U3 CETHU 10 AIEKTPOHY €, U chopMupoBanu 6oee CI0KHbIH Kiac-

Tep. OHEPruM CBSI3M B 3TOM KIAcTePe paCIpelesstoTcsl TakK, OHHU
OKa3bIBAIOTCSI MHUHMMAJIBHBIMH MEXIy NPOTOHAMH U 3JIEKTPOHAMHU

noHoB OH ™, KoTOpbIe OKa3bIBAIOTCS ¢ OAHUM JIMIIHUM JIEKTPOHOM H
MOHECYT €ro K aHogy, a c(hOpMHUPOBABIIASCS MOJIEKYJIa OPTOBOAOPOJA
(puc. 157, n) Bergenutcst B CBOOOTHOE COCTOSIHHE.

Utak, MBI npoaHalM3upoOBald TpU BapuaHTa (OPMUPOBAHMS
MOJIEKYJ1 BOJOPOAA B KJacTepax BoIbl. B mepBoM BapuaHTE HET 3JeK-
TPOHOB U3 CETH, a 3HAUMUT, U HET pacxojia AEeKTPUUECKON 3HEepPruu Ha
Ipolecc 31eKTpoiInu3a. Bo BTopoMm Bapuante Ha GOpMHUPOBAHHE MOJIEKY-

JIbl OPTOBOIOPOJA U3PACXOI0BAH OUH NIEKTPOH €, U3 CETH, a B TPETh-

eMm nBa. U3 aToro cienyer, 4To mpouece 3IEKTPOIn3a MOXKET UATH 0e3
3aTpaT JJIEKTPUYECKOW SHEPTHU; W OH HAET MpH (QOTOCHHTE3e — M C
3aTpaTaMM JIEKTPUYECKOH 3HEPIrUU B BUJE OJHOrO JJIEKTpPOHAa €, U3
ceTH (BTOpPOM BapHaHT), U ABYX (TPETHI BapUaHT).

1535. Iloyemy TeopeTUYECKUIl PACUET IHEPIUU CHHTE3a MO-
JIEKyJ BOAOPOJA NMPH HHU3KOBOJBTHOM 3JIEKTPOJH3e BOABI MOKAa-
3pIBaeT HAJN4YHe [ONMOJHHUTEIbHOW TeNJOBOH JHEPruM, a B
peabHBIX JKCIMEPUMEHTAX U NMPOU3BOACTBEHHBIX LHUKJIAX IOJyYe-
HHMSI BOAOpOda OHa OTcyTcTBYeT? B omHOM KyOMueckoM MeTpe
Bogopoaa coxepxkutcs 1000/22,4=44,64 Moisi MOJIEKYJISIPHOTO BOO-
pona. IIpu ero cuHTE3€ BBIAETAETCS SHEPTHUS:

H+H — H, +(436-44,64) =194630x/orc | 1m°.

CoBpeMeHHBIE AEKTPOIU3EPHI PACXOAYIOT Ha TOJyYeHHE OJIHO-
ro KyOM4eCKOro MeTpa BOAOPOJia OKOJO 4 kBmu 3JIEKTPOIHEPTUU WU
(3600x4) = 14 400 x/[oc. YunteiBas suepruto (19 463,0 k/loic) cunTe3a
OJTHOTO KyOmdeckoro metpa Bojopoaa u sHepruro (14 400 /o),
3aTpauyMBaeMyl0 Ha €ro IOJydeHHe, HaxXOJWM II0Ka3arellb TeIUIOBOi

Suumknonenust Pycckoit Meiciu. T. XX, ctp. 139



Pycckoe ®usmyeckoe OO1IecTBO

9HepreTudeckor 3PPEKTUBHOCTH HU3KOBOJIBTHOTO MPOIECCa JIEKTPO-

mmza Bogel K =194630/14400=1,35.

Takum 006pa3oM, MPOCTOH M CTPOTHH pacyET MOKA3bIBAET, YTO
MPOIIECC HU3KOBOJIBTHOTO JICKTPOJIM3a BOJBI OJDKEH COMPOBOXKIATHCS
BhIIeNieHHEeM 35% NOMOMHUTENHHOM TEIIOBOM SHEPTUU TOJBKO B 30HE
KaToJa.

[IpranHy OTCYTCTBHS JOTIOHUTENEHON SHEPTUU MBI YKe 00bsC-
HWIA — OTCYTCTBUE TPOIecca CBOOOIHOTO CHHTE3a MOJICKYJ BOJOpOJa
13 aTOMOB. MoJleKyJIbl BOAOPO/Ia BBIIEISIOTCA U3 KIACTEPHON IEMOYKU
B CHHTE3HPOBAHHOM COCTOSHHH.

2
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Puc. 158. Cxembl QopMupoBaHusi KJIacTepoB BOABI C
MOJIEKYJIaMU BOJOPOAA y aHOAA

TakuM 00pa3om, mpu 00pa30BaHUU MOJIEKYJI OPTOBOJIOPOJA U
MapaBoopoZia OTCYTCTBYeT (pa3za aToOMapHOTO COCTOSIHHS BOJOPOJIA.
OTO — rIaBHAsl MPUYWHA OTCYTCTBHS IUIa3Mbl MPU OOBIYHOM 3IIEKTPO-
nu3e BoAbl. OMMCaHHBINA TIPoIlece AT OHO3HAYHBIN OTBET HA BOIPOC:
Mo4YeMy IMpH CTAaHAAPTHOM DBIIEKTPOJIU3€ BOJIBI OTCYTCTBYET ILIa3Ma
aTOMapHOTro Bojopona’?

1536. Kakue HOHBI NepegalT 3JeKTpPoHbl aHoay? Kakue
KJIacTepbl 00pa3yloTcsi y aHOAAa M B KAKOW MOC/Ie10BATEJIbLHOCTH?
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W3BeCTHO, YTO WOH THAPOKCHIA, MMes OTpHuATenbHbIN 3apsy OH
IOBWKETCsl K aHomy (puc. 158, Q). [IBa moHa TMApoKcuia, OTAaBas 1Mo
OJTHOMY D3JICKTPOHY aHOAY W, COSAWHSSICH JPYT C JAPYroM, O0pasyroT
nepekuch Bogopona H,0, (puc. 158, h).

U3BecTHO, 9TO TIpoIiecc 00pa3oBaHus MEPEKUCH BOJIOPOJIA SHIO-
TEPMUYECKUN, a MOJIEKYJIbl KHCIIOpOoAa — 3K30TepMuueckuil. [Ipu momy-
YeHUH OJHOTO KyOMYECKOro MeTpa BOAOpoJa mpolecc o0pa3oBaHHS
nepekucu Bojopoaa mormomaer 22,32x109,00=2432,88 x/{oc. B cuny
ATOTO Ja)Xe MPH IDIa3MOBJIEKTPOIUTUIECKOM IpOIlecce TeMIeparypa
pacTBopa B 30HE aHOJA OCTaETCsl HU3KOH.

Ecnu Obl cymiecTBOBan mpolecc CHHTE3a MOJIEKYJ KHUCIOopoJa,
TO TPH MOJTYYCHHH OJHOTO KyOHUYECKOr0o METpa BOJIOPOJa B 30HE aHOIA
BbIIEIUIOCH ObI  22,32%495,00=11048,40 x]I>x. Bbruuras u3 3TOMH
BEJIMYMHBI SHEPTHIO, MOTJIOMICHHYIO TIPU CHHTE3€ MEPEKUCH BOAOPOJIA,
momyuuMm 11048,40-2432,88=8615,52 x/[o«c. CknanbiBasi 3Ty SHEPTHIO C
SHEpruey cuHTe3a MoJeKyad Bogopona 19463.,00 x/owc, nomydum
28078,52 x/lxc. B aToM ciydae oOmmid mokaszaTtels TeII0BOW SHEPTeTH-
geckoii apdexruBHoctn K, momken 6bith Takum K =28078,52/14400

=1,95. Tlockonbky B peanbHOCTH 3TOW SHEPrHMU HET, TO 3TOT (aKT
NOATBEPXKOAECT TUIOTE3y 00 OTCYTCTBHHM IpPOLIECCAa CHHTE3a MOJEKYI
BOJIOpPOZia B 30HE KaToJa M MOJEKYyJ KHCJIOpoJa B 30HE aHOAA IpHU
HHU3KOBOJIBTHOM 3JieKTposiu3e. Mosekyibl Bogopoaa (puc. 158, ¢, f) u
MoJieKyi1a kuciopona (puc. 158, g) dopmupyroorcs B KIacTEpHBIX
LEMOYKax 10 BBIIEJICHHS B CBOOOIHOE COCTOSHHE, IO3TOMY U HE TeHe-
pUpYyeTcs SHEPTHs UX CHHTE3A.

Wtak, MBI CHSUIN IIPOTHBOPEUHS CYLIECTBYIOIIEH TEOPUU HU3KO-
BOJITHOTO IIPOLIECCA 3JIEKTPOJIM3a BOABI U pa3paboTain HOBYIO TEOPHIO,
KOTOpasi IeTaJIbHEE OMUCHIBAET 3TOT MPOLIECC U TOUHEE OTPAXKAET pealb-
HOCTb.

1537. B03MO:KHO JIM OCYLIECTBUTHb HPOLIECC 3JIEKTPOJM3a,
KOTOpBIH MIET npu (orocuuTese (puc. 157, a, b, ¢)? Takas Bo3mMoxk-
HOCTh mMeeTcsa. OHa peai3yeTcss B HHU3KOAMIIEPHOM 3JIEKTPOIH3EDE,
CXeMa KOTOporo mpencTaBieHa Ha puc. 159. Ilpouecc snexTponusa B
9TOM JIEKTPOJIU3EPE HE MPEKPAIAETCs MOCIE OTKIIOYEHUS NCTOYHHKA
MUTaHUA B TE€YEHHWE HECKOJbKHX 4acoB. B pesynpTare oOmue 3aTpaThl
SHEPTUH Ha MPOIECC ANEKTPOIN3a PE3KO YMEHBIIAIOTCS.

Surmknoneaust Pycckoit Meicmu. T. XX, ctp. 141



Pycckoe ®usmyeckoe OO1IecTBO

PEIP

Puc. 159. HuzkoaMIepHBIii 371€KTPOTU3EP

1538. IMoyeMy 3/1eKTPOJIU3EP, NPEACTABJICHHbIH B IaTeHTe
Ne2227817 (puc. 159) nHazBan Hu3koamnepHeiM? I[loToMy 4TO B HEM
UAET NPOLECC DIEKTPOoIn3a pu cpenneM Toke 0,024.

1539. Yemy paBHsJIach CKBa:KHOCTh UMIYJabcoB? Ona OpLTa
3HAYUTEIBHOM.

1540. 3aBucuT JIM NPOM3BOAMTEIHHOCTh TYEHKM C KOHMYec-
KHMH dJ1eKkTpoaamu (puc. 159) ot ux pa3mepon? Her, He 3aBUCHT.

1541. Ilouemy mosiBJsAeTCA MOTEHIHAT HA IJIEKTPOAAX JJIEK-
TPOJINTHYECKOH sT4eliku 10 3anpaBKH e€ pacTBOpoM? OTO sBJICHHE
CBA3aHO C MOJIAPU3ALMEN MOJIEKYJI BO3AyXa CHION IpaBUTALlUH.

1542. IloyeMy B myCTOH 3JIeKTPOJIUTHYECKOH sYeiiKe IO-
AIBJISIETCSl MOJIOKUTEIbHBIN 3apsa/l Ha BepXHeM 3JIeKTpoAe, a OTPH-
naTeJbHbIH — Ha HWkHeM? [IpuumHa 3TOrOo — mMoOMsApU3alKs HMOHOB

BO3/yXa rpaBUTalMOHHBIM mojieM. Mon OH ™~ MoleKyIsl BOJIbI — IJ1aB-
HBIH MOH B Bo3nyxe. OH HMEET JIMHEHHYI0 CTPYKTYPY, Ha OJTHOM KOHIIE
0cH, KOTOPOTO — BIIEKTPOH, a Ha APYroM — IPOTOH aToMa Bogopoza. Tak
Kak Macca mporoHa mouTu B 1800 pa3 OoJbllie Macchl dJIEKTPOHA, TO
0CEBbIE AJIEKTPOHBI 3TOTO MOHA OKA3bIBAIOTCS BBEPXY, & OCEBBIE MPOTO-
HBI BHU3Y. B pe3ynbTare Ha BepxHEM 3JeKTpoe (popMHUpyeETCsl MOJI0KH-
TEJIbHBIN TOTEHLMAN, 8 Ha HIPKHEM — OTPHLATEbHBIH.

1543. IloueMy mpu 3ampaBKe 3JeKTPOJUTHYECKOH sYeHKHU
JEeKTPOJIUTOM HAa €€ 3JIeKTPoJaX AaBTOMATHYECKH MOSIBJIsSIETCS
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3apsia 00JbIIMIA, YeM Ha JjIeKTpoaax mycToi siueiiku? [loTtomy 9To
YBEITMUMBACTCS KOHLEHTpAIMS HOHOB, MOJSPU30BAHHBIX TPaBHUTAIIH-
OHHBIM TIOJIEM.

1544. Kak 3aBucut 3HepreTruueckasi 3()GpeKTHBHOCTb JJIeK-
TPOJIN3Eépa OT paccTOSHHUA Mexny djekTpogamu? C yMeHbIICHHEM
3a30pa MEKAYy KOHHYECKHUMH DIIEKTPOAaMH dHepreTuueckas 3¢ ¢eKTHB-
HOCTb PacTET.

1545. Kak 3aBucHT 3HepreTudeckasi 3()peKTUBHOCTH TOJY-
YeHHs] Ta30B U3 BOABI OT IUIOTHOCTH PAcTBOPA NPH HUMILYJIbCHOM
NUTAHUM 3JeKkTpoau3dépa? C yMeHbIIEHHEM IIJIOTHOCTH pPacTBOpa
sHepreTuyeckas 3(p(GEeKTUBHOCTh SYEEK MMEHHO 3TOr0 3JIEKTPOIH3Epa
(puc. 159) pactér.

1546. Cko0JIbKO NAaTEeHTOB MOJYy4eHO HAa HHU3KO0OAMIIEPHbIE
3JIeKTpoJuTHYecKue ssueiiku? Okoo 5.

1547. IloyeMy B HU3KOAMIIEPHOI JIEKTPOJIUTHYECKOI sT4eii-
Ke ra3bl BbIICJAIOTCS B TeYeHHe MHOTHX YaCOB MOcJe OTKJII0YEHHS
BHEIIHEro ucrouyHuka nutanus? [lpuunHa u3BectHa.

1548. Kak unreHcnpuuupoBaTh 3TOT NPOLECC U YBEJIHUYUTh
ero aauTeabHocTh? CaMblil OONBIION HEAOCTATOK HU3KOAMIIEPHOTO
3EKTPOSIN3Epa — HE3aBUCUMOCTH €T0 MPOU3BOAUTEIHHOCTH OT IJIOLIAAN
anexTponoB. OH He MaciTadbupyercs.

1549. IloyeMy mOTeHUIHMAJ HAa 3JIEKTPOAAX HHU3KOAMIIEPHOI
A4YeliKH He yMeHbIIaeTcsl 10 Hyasa? [lpuumnHa Xopomo W3BecTHa —
npeObIBaHNE HOHOB B ITOJIIPU30BAHHOM COCTOSIHUH.

1550. Mo:xHo JiM peajiM30BaTh HepreTuyeckuii 3ppext um-
NMyJbCHOTO NUTAHUSA 3IJEKTPOJN3EPa B COOTBETCTBMH C HOBBIM
3aKOHOM ()OPMHPOBAHUSI MOUIHOCTH B JJIeKTPHUYECKON Ienu, ecjau
NEePBUYHBINA HCTOYHUK 3JIeKTPUYECKOI JHEPT UM reHepupyeT HANps-
JkeHMe HenpepbIBHO? KoHEUHO, MOYKHO.

1551. Kakum n0J15keH ObITh NEPBUYHBIA HCTOYHUK MUTAHUS,
YTO0bI OH MO3BOJISJI, B COOTBETCTBHM € 3aKOHOM (opMupOBaHMsI
MOIIHOCTH JJIeKTPHUYECKOH Iend, peajn30BaTh 3HEPreTHYeCcKyIo
3¢ (PeKTUBHOCTH MPOLECCa UMITYJIbCHOI0 MUTAHUSA YIEKTPoau3épa?
OH yXe ecTh. ITO EKTPOMOTOp-TeHepaTop (puc. 160).

1552. JIro00ii 31eKTpon3ép, 3apsxasich, NpHodpeTaeT JJIeK-
TPUYECKUH TOTEeHUHA], PaBHBIH, MPUMEPHO, ABYM BOJbHTAM Ha
saveiiky. Ilocieayioniee nmocreneHHoe yMeHbIIeHHE 3TOT0 MOTEHIU-
ajla yKa3bIBaeT HAa TO, YTO €ro MOKHO NOA3APSIKATH He Helpepbl-
BHO, a uMmyJjbcamu. Kak Beuko Moxer ObITH B 3TOM Cciydae
YMeHbIIIeHHe 3aTpaT JIeKTpUYecKoil JSHepruu Ha mpouecc
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3J1eKTPOoJn3a BoaAbI? MBI y)ke Jalld OTBET Ha 3TOT BOMPOC B BOIPOCaX
Ne 1495-1496.

Puc. 160. ®oto 3nekrpomoTropa-reneparopa MI'-1

1553. Kakas MeroaMka HCHO0Jb30BAJIACH JIsI ONpeaesIeHus
CTOJIb HEGOJIBLIIOT0 KOJUYECTBA BOAOPOAa, T€HEPUPYEMOT0 HU3KO-
aMnepHbIM JieKTpoau3épom? [lockonmbky IabopaTopHas MOJENb
SYEHKN HU3KOAMIIEPHOTO JIEKTPOIH3Epa reHepupyeT HeOOIbIIOe KOJIH-
YECTBO T'a30B, TO CAMBIM HAJEKHBIM METOJOM OMPEACIICHUS UX KOJIMUe-
CTBa SIBIISIETCS METOJ OMNpPEACIICHUS W3MEHEHHSI MAacChl pacTBOpa 3a
BpeMsl ONbITAa M TMOCIEAYIONIET0 pacuéTa BBIACIUBIIETOCS BOIOPOAa U
kuciopoga. M3BeCTHO, YTO TIpaMM-aTOM YHCIECHHO pPaBeH aTOMHOM
Macce BEIIeCTBa, a TpaMM-MOJIEKYJIa — MOJIEKYJISIPHOM Macce BEIIeCTBa.
Hampumep, rpaMmm-MoIekyina BoJOpoJa B MOJIEKYJIe BOABI paBHA JBYM
rpaMMaM, a TpaMM-aTOM aroma Kuciopoma — 16 rpammam. ['pamm-
MOJIEKYJa BOABI paBHa 18 rpamMmam. Tak kak Macca BOAOPO/Ia B MOJICKY-
ne Boabl coctaBmser 2x100/18=11,11%, a wmacca kucimopoma —
16x100/18=88,89%, TO 3TO K€ COOTHOUICHWE BOAOPOAA W KUCIOPOAA
COJIEPKUTCSI B OJTHOM JIUTPE BOABL. ITO 03HadaeT, uro B 1000 rpammax
BozbI comepxutcs 111,11 rpamm Bogopoma u 888,89 rpamm kucimopoa.

Onun nutp Bopopoaa Becut 0,09 rp., a OUH JUTP KUCIOPOAA —
1,47 tp. OT0O 03HAYAET, YTO U3 OJHOTO JHUTPA BOABI MOXKHO IOIYYUTH
111,11/0,09=1234,44 nutpa Bomopoma u 888,89/1,47=604,69 mutpa
kucinopoga. U3 atoro crnemyer, 4To OAUH IpaMM BOABI comaep:kut 1,23
JUTpPa BOJOPOAA.
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3aTpatsl AekTposHepruu Ha noxyderue 1000 muTpoB Bomopoaa
ceituac coctaBisioT 4 xBmu, a Ha onuH nUTp — 4 Bmu. [lockoneky u3
OJIHOTO TpaMMa BOJbI MOXKHO MONYy4YuTh 1,234 nutpa Bogopoaa, TO Ha
NOJy4YE€HHE BOAOPOJAa M3 OJHOIO IpaMMa BOABI celyac pacxomyercs
1,234x4=4,94 Bmu. Peamu3zanms 3TOW METOJHMKH OCYIICCTBIISIIACH C
MOMOIIBIO 3JIEKTPOHHBIX BECOB, KOTOpPHIC B3BEIIMBAIN OJIOK SUEEK C
touHocThio 0,01 rp.

1554. Ectb i uHpOpMAUHMA 0 TOM, YTO APYIUM HCCIeI0-
BaTeJIsIM yAaJ0Ch BOCIPOU3BECTH IKCIIEPUMEHTHI M0 HU3KOAMIep-
HOMY 3J1eKkTposau3y? Takue sKCIeprUMEHTHl BOCIIPOHM3BEICHEI 3a pyoe-
JKOM OKOJIO 3-X JIET Ha3aJ U IOJYYEHbl IOJI0KUTEIbHBIE PE3YIbTaThl.
I/IH(I)OpMaHI/IH 00 3TOM 110 AAPECY: http://peswiki.com/index.php/Directory:Kanarev_Electrolysis

1555. Ects s B Ilpupoae 3axkon ¢opmMupoBaHusi 3Hepre-
THYeCKOH MOIIHOCTH, (U3HYeCKass CYTh KOTOPOI0 COOTBETCTBYET
3aKOHY (GOpMHMPOBAaHHUS UMILYJbCHOH 3JIEKTPUYECKON MOUIHOCTH?
[a, Takoii 3akoH cymiectByeT. OH peann3yercs B MpoIieccax HarpeBaHUs
U OXJaXACHUA MoJieKyl. OHU MOITy4aroT SHEPTUI0 UMIYJIbCHO, B BUAE
JIOKaJM30BaHHBIX (POTOHOB, KOTOpbIC, Oyoy4YH H3IYyYEHHBIMH, TEPSIOT
BCAKYIO CBA3b CO CBOMM IIEPBUYHBIM UCTOYHUKOM, COHHHGM, HaIrpumep.

1556. YnpasasieT Jiu 3aK0H (p)OPMHUPOBAHUS JHEPreTHYECKOH
MoIHOCTH mpoieccoM (orocunrtesa? Ilpomnecc dhorocunresa ympas-
nsiercst GOTOHAMH, JIOKATU30BaHHBIMH 00Pa30BaHUSAMHU, HECYIIUMHU HM-
MyJBCHI SHEPTHH, U3TydEHHbIE COTHIIEM.

1557. MoxHO JiM m0JIaraTh, YTO NMOJyYeHHbIE IKCIIEPUMEH-
TajJbHble JaHHbIE YKa3bIBAIOT HA BO3MOKHOCTb MCKYCCTBEHHOIO
BOCIIPOM3Be/IeHUs Tpolecca 3JeKTPoJu3a BOAbI HAYLIEro NpH
(orocunTese? Hebomnplme 3aTpaThl SHEPTHU HA TIPOIIECC AIIEKTPOIH3a
BOJIBI M JJIMTENbHAsl paboTa siueek 0e3 BHEIIHEro MCTOYHHMKA MHUTaHMS
(puc. 159) co3maroT cepbE3HBIE MPEATNOCHUIKH TSI CO3AAHUS IIEKTPO-
T3EPOB, PAOOTAOIIUX MO NMPUHIMITY OJM3KOMY K TOMY, YTO HUAET TPU
¢doTocuHTE3E.

1558. B 4ém riuaBHasi CYIIHOCTH NMPOTHBOpPEYHii B NMOKa3a-
HUAX NPUOOPOB, MOAKIIOYEHHBIX K KJIeMMaM 3JeKTpoJusépa?
OtBer Ha 3TOT BOmpoc Ha puc. 149. Ha kimemmax m000ro 37€KTpo-
nu3épa MOCTOSIHHBIA MOTEHIMAJ, NPUMEPHO, PaBHBI JBYM BOJIBTaM,
YMHOXEHHBIM Ha KOJHYECTBO SU€eK B ANIEKTPONu3Epe. ITO — cpeaHee
HampspkeHue VC Ha kireMMax aJiekTposmsépa (puc. 149).

OHO 3HaYUTENBbHO OOJIBIIE CPEIHEN BEJIMYMHBI UMITYJILCHOTO HampshKe-
HUSI, IOJJaBa€MOr0 Ha KJIEMMBI AJIEKTPOIU3EPa.

Surmknoneust Pycckoit Meicmu. T. XX, ctp. 145


http://peswiki.com/index.php/Directory:Kanarev_Electrolysis

Pycckoe ®usmyeckoe OO1IecTBO

1559. Ilouemy npu yMeHbIIEHUM MJIONIAAU KATOAA MO CPaB-
HEHHIO ¢ IJIOIIAAbI0 AaHOAA B 30HEe KaTOAa BO3ZHUKAET IUIa3mMa (puc.
161, b)? TTotoMy 4YTO y KaTofa B 3TOM Clydae YBEIMYMBACTCS IUIOT-
HOCTb IIOJIOKHUTENbHO 3apsDKCHHBIX MOHOB. POJIb MOJIOKUTETIBHBIX I1I0-
TEHIIMAIOB B 3THUX MOHAX BBIIOJHSIOT MIPOTOHBI aTOMOB BoJopoaa. OHU
OTJIEJISIFOTCS. OT IMOJIOKUTENBHBIX MOHOB U MOJIEKYJ BOABI, YCTPEMIIS-
I0TCSl K OTPHLATENHHO 3apsDKEHHOMY KaToay (-) U COSIUHSIOTCS C DIIeK-
TpOHAMHU, MPUIIESAIAMA U3 Karona. B pesynsprare B 30He katona (P-P,
puc. 161, b) bopmupyercs miasma aToMapHOTro BOIOPO/a.

6 / ; s
A -

i |_L# :, /‘_h"\"
/ 15-/ 76

¢ 10 20 30 40 50 60 70 80 ';0
C) 100V
Puc. 161: a) kinacrep nonoB OH ™~ B anextpudeckom mone: P,
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— INPOTOH aroMa BOJOpOJA B 30HE KaToma; €6 — DJIEKTPOH aTroMa
KUCIOpOAa B 30HE aHoAa; D) cxema NPOCTEHINEero IIa3MO3JIeK-
TPOJIUTHYECKOTO peakTopa: 1-KaToA U BXOAHOW NaTpyOoK AJs pacTBOpa,
2-aHoN, 3 — BBIMYCKHON mMaTpyOOK mMapora3oBod cmecu, P — 30Ha
IIa3Mbl; C) BOJbTAMIICPHAsl XapaKTEPUCTHKA ILIa3MOAJICKTPOIUTH-
YEeCKOr0 PEeaKkTopa: TOYKAa 5 COOTBETCTBYET MPENEIbHOMY HATSKEHHIO

voHHoro kiacrepa (OH  NPUIOKEHHBIM BIICKTPUYECKAM TOTEHIHA-
JIOM, TIOCIIe KOTOpOro mpotoH P, ornensercs or uona OH ™ u ycrpem-
JSIETCS K KaToAy, IOTy4aeT MIEKTPOH U 00pa3yeT aToM BOJOPOaA.

1560. Kakyio TemnepaTypy MokeT MMeTh IJIa3Ma MpPH MJIa3-
MEHHOM 3JIEKTPOJIN3€e BOAbI U OT Yero OHa 3aBUCUT? IHTEHCUBHOCTh
9TOH MIa3Mbl 3aBUCUT OT MNPHJIOKCHHOTO HAIMPSHKEHUS UM OT pacxoza
pacTBOpa, OMBIBaIOLIEro katoA. Yem Oosibllle NPUIOKEHHOE HaIpsike-
HHUE U OOoJIbIIE€ pacXxo] pacTBOpa, T€M MHTEHCHUBHee IutazMa. OHa cBo-
00ZHO MJIaBUT M UcHapseT Boib(paM, TemmepaTypa IJIaBICHHUS KOTO-
poro paBHa 3382 rpax, a remmneparypa kumnerus — 6000 rpa.

1561. Kakoe siBjieHHMe TeHepUpyeT IIyM MNpPH IJa3MeHHOM
3J1eKTpoau3e BoAbI? YacTte Bogopozaa, 00pa3oBaBIIeTocs B 30HE ILIa3-
MBI, BHOBb COEUHSETCS C KHCIOPOAOM, T€HEPUPYSI MUKPOB3PhIBHI B BU-
Jie LIIyMa, COIIPOBOXIAIOIIEr0 3TOT IPOLECC.

[To mepe noBeieHus HanpskeHus (puc. 161, ¢) yBeanunBaeTcs
HATSDKEHWE HMOHHBIX KiacTepoB (puc. 161, a). B pesymbrate cBs3u
MEXIY WIEKTPOHAMU U IIPOTOHAMU aTOMOB BOJOPOJA pa3pylIaroTcs U
MIPOTOHBI YCTPEMIIAIOTCS K KaToqy. BHadane B camMoM pacTBope BOIH3H
KaToJa MOSBIJIAIOTCS OTAEIbHBIE HCKPBl. DTO yKa3bIBAaeT Ha TO, YTO IPO-

TOHBI aTOMOB BojIopoja otaeisitoresi or nonoB OH ™ u Bo3moxHO oT
MOJIEKYJI BOABI M B IIPOLECCE IBWKEHHA HX K Karogy BHOBb
COCIMHAIOTCSA C JIEKTPOHAMM, CUHTE3UPYsS HOBBIE aTOMBI BOJOPOJA.
JanpHeiiee NOBBIIIEHUE HANPSDKEHUS YBEJIUYUBACT KOJUYECTBO IIPO-

TOHOB, oTAenuBumxcs ot mwoHoB OH ™ u monekyn Boasl, U y Katona
dbopMupyeTcs mia3Ma aToMapHoro Boxopoaa (puc. 161, ¢ Touku 5, 6).
OJEeKTPOHBI aTOMOB BOJIOPOZA B 3TOT MOMEHT HAaXOJAATCS B BO30YXKIEH-
HOM COCTOSHMM M COBEPILAIOT MEPEXOAbl C BBHICOKMX SHEPreTUUYECKUX
YpOBHEH Ha HH3KHE, T€HEpUpYsS CBET OATbMEPOBCKHUX CIIEKTPAIbHBIX
JIMHUM.

1562. OT 4ero 3aBMCHT BBIXO/ ra30B NPH IJIaA3MEHHOM JJICK-
TpoJu3e BoAbl? OT yMEHBIIEHHUs CrOpaHUs BOAOPO/IA B IIa3Me.
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1563. MoxHO I YMEHbIIUTH KOJUYeCTBO BOAOPOAA, Cropa-
0IIero B IJia3Me MpPH IUIA3MEHHOM 3JJeKTposu3e Boabl? Takue
TEXHUYECKUE PEIICHHUS CYILIECTBYIOT H MBI PACCKaKEM O HUX HIIKE.

1564. IloueMy Ha MOBEPXHOCTH KAaTOAa NPH IIA3MEHHOM
3J1eKTPOJIN3€e BOABI UAET TPAHCMYTALUSA S/Iep XMMHYECKHX dJIeMeH-
TOB? MOKeT JIM ILIa3MOIEKTPOJIMTHYECKHUI MPO1ece CTATh OCHOB-
HBIM B M3yYeHUH TPAHCMYTALUM si/iep ATOMOB XUMHYECKHX dJIeMeH-
ToB? [lOoTOMY, YTO TOBEpPXHOCTh KaToja OOMOApAHUPYIOT TPOTOHBI
aTOMOB BOJIOPOJa, OTICIHBIIMECS OT MOJEKYJI BOJBI U YCKOPECHHBIC
Pa3sHOCTHIO MOTEHIHANOB. B pe3ynbrate popMUpYIOTCS YCIOBHSI, aHATIO-
TUYHBIE YCIOBUSM B YCKOPUTEISAX, HO TOJIHKO B MUHAMAJIHHBIX MAcCIITa-
0ax, MO3TOMY TUTA3MOAIIEKTPOIUTHYECKUN MPOIECC MOXKET HAWTH TpHU-
MEHEHUE B YIIPABIIIEMOUN TPAaHCMYTAIUH SIEP.

1565. IloyeMy npH IJIa3MEHHOM 3JIEKTPOJIM3e BOAbI J0MOJI-
HHUTEJbHAS TeNJI0Bas dHEPrusi reHepHpyeTcsi TOJIBKO MPH TYpOy-
JIEHTHOM TE€YeHHMH PacTBOPa B 30He IJIa3MbI? DTO €1a00 M3Y4YCHHBIN
nporecc. HezaBucumMoii koMuccuu OBUT TIPEACTAaBICH €ro BapHaHT C
TypOYJICHTHBIM T€YEHHEM PacTBOpa B 30HE Iuta3Mbl. Komuccus 3aduk-
CUPOBaJIa SHEPreTHYCCKYI0 3((hEKTUBHOCTH Ipoliecca, paBHyto 145%.

1566. B 4yém 3akirouaercsl riIaBHAs TPYAHOCTH NMOJy4eHUS
JAOMOJHUTEIHbHOH TEIJIOBOii JHEPrud MPH MJIA3MEHHOM 3JIEKTPO-
Ju3e BoAbI? TexXxHWUYECKHE CIOKHOCTH 3alllUThl 30HBI IEpPexXoma OT
KaToJia K IIPOBOAY, IOABOIAIIEMY K HEMY HalPsHKEHHE.

1567. Ynajoce M HM3rOTOBHTH JAeHCTBYIOIIYIO JiabopaTop-
HYI0 MOAedb MJIa3MOJJIEKTPOJUTHYECKOT0 PeaKTopa, reHepupyIlo-
Y0 TOMOJHUTEIbHYIO TeNJI0BYI0 JHepruio? Takas ycTaHOBKa Oblia
nsrotosiieHa cnenuanucraMmu ABTOBA3a. 9To KOMHATHEIN HarpeBate-
JBHBIM IPHUOOP, KOTOPBIN ycTOWYMBO reHepupoBai 20—25% nonoiaHu-
TEJILHOM TEIJIOBOM SHEPIHUU.

1568. Ckoabko MIa3MO03JIEKTPOJIUTHYECKUX YCTPONCTB
ObLI0 3aIIATEHTOBAHO B Mpouecce u3yyeHusi ux padorbi? IlomyueHo
okoisio 10 maTeHToB.

1569. Mo:keT Ju 3JIeKTPpUYECKHii MOTEHIUAT HAKATLIUBATH-
csl B reoJIOTHYECKOI BOJ€e B 30HaX BBICOKOW TeMIlepaTypbl M BO3-
MO:KHO JI1 00pa3oBaHMe MOA3eMHBIX MOJIHMII? ['eomoru cBuueTenb-
CTBYIOT, YTO TaKHE ABJICHUA CYIIECTBYIOT.

1570. Bo3MO:KHO 14 TeHepUPOBAaHNE JONMOJHUTEILHOH Tel-
JIOBOW JHepruu B Boje 0e3 mia3MeHHOro npouecca? Bo3moxno. s

3TOr0 Hajo pacTsHyTh uoHHbC Kiactepel OH ™ 1o npenmmasmentoro
cocTosHus (To4Ka 5 Ha puc. 162, c) U BO3AEHCTBOBATh HA HUX TAKUMH
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UMITYJIbCAaMH HAIPSDKEHUS, TIPH KOTOPBIX CBSA3M y HUX Pa3phIBAINCH ObI
Ha HUYTOXKHO Majble MPOMEKYTKH BPEMEHH, B PE3yJbTaTe KOTOPBIX
BaJICHTHBIEC SJIEKTPOHBI YCIIEBaIX Obl BOCCTAHABIMBATH CBOM SHEPIETHU-
YeCcKHe MapaMeTphl 3a CYET MOIIomeHus >(pupa 10 HOPMBI M BHOBb
(GbopMHpOBaTh CBOM MPEKHHE CBA3M, H3NIydas NPH 3TOM (DOTOHEL,
HarpeBarolne Booy. B 5TOM ciyyae BaleHTHBIE 3JIEKTPOHBI TpaHcop-
MUPYIOT SHEPTHUIO 3(QUpa B TEIIOBBIE POTOHBI.

7 6
| 1
HHEP- ;
| | i
\ N AR N
:///i 777777777, . ' 177, // /} 22 :55
s
a)

b)

Puc. 162: a) cxema s4elKu BOJO3JIEKTPHUECKOIO TeHEpaTopa
teria (matent Ne 2258098):
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1571. KakoBa sHepreTudeckasi 3pPpeKTUBHOCTh NpPeaIJia3-
MEHHBIX JIEKTPOJUTHYECKUX MpoueccoB? MbI y)Xe IPUBEIH Pe3yiib-
TaTbl JKCIIEPUMEHTOB, M3 KOTOPBIX CIEAYyeT, YTO NpeAIIa3MEHHBIH
IPOLIECC BJICKTPOJIN3a BOABI I'€HEPUPYET INOINOIHUTEIBHOW TEIIOBOM
sHeprun B 30—50 pa3 6oJbIIe MOTPEOIIEMOM SIEKTPUIESCKON SHEPTHH.

1572. BolgesiloTcs M ra3bl NPH NpeAnJa3MeHHOM 3JIeKTPo-
Jm3e BoAbI? BBIACTAIOTCSA, HO UX OY€Hb MaJlo.

1573. llouemy mpouecc Ha3BaH mpeamiaasMeHHbiM? IloTomy
YTO OH pealin3yeTcs B MPeAIUIa3MEHHOM COCTOSIHUM MOHHBIX KJIACTEPOB.
[TporcxoauT 3TO MpPU CTPOrO OMNPEACNEHHBIX MapaMeTpax Tak Ha3bIBa-
E€MOTO JUAJICKTPHUIECKOTO 3a30pa (puc. 162, a, mo3urms 15), BeamanHa
KOTOPOTO M3MEHSETCS B ONpenenéHHbIX Npenenax. Beixon 3a 3Tu mpe-
JeNIbl aBTOMATUYECKU IEPEBOAUT MPEIIUIa3MEHHBIH MpPOLEcC B IUIA3-
MEHHBIH, 3Heprerudeckas 3¢G(GEKTUBHOCTh KOTOPOrO 3HAYUTEIHHO
MeHbIIIe 3((EeKTUBHOCTH NPEIIa3MEHHOTO MIPOIECcca.

1574. Ilouemy 3a30p Ha3BaH amdjeKkTpudyeckum? I[loTomy
49T0 OH QopMHpyeTcs IMIocKocTsMU (puc. 162, a, mo3umus 15) u3
JIUDIIEKTPUYECKOT0 MaTeprana ((hToporiacT, OpreTeko).

1575. U3BecTHO, YTO HANpsi’KeHHe NJSl HATPeBAaHWS BOJABI
MOKHO MO0JaBaTh HeNpepbiBHO M uMmnyJabcamu. Kakoid mu3 3Tmx
npoueccoB 3pdexTUBHEEe NPH BO3JCHCTBUN HA HOHbI, KJIACTEPHI U
MOJIeKyJbl BOAbI? BoszgelicTBMe Ha HMOHBI BOABI WMILYJIbCAMU
HanpspKeHUs S GEKTHBHEE BO3JCHCTBUS MOCTOSTHHBIM HAIIPSYKECHUEM.

1576. Ilouemy mipu (opMHPOBAHHHM TPEANJIaA3MEHHOT0
pexxuMa padoTbl pPe3K0 YMEHBINAITCH 3aTPaThbl JIEKTPHYECKOH
JHEPrUU HA HArpPeBaHHe PACTBOPA W MOBBINIAETCS JHEPreTHYecKast
s¢ppexTuBHOCT, mMpouecca? Ha puc. 161, ¢ BugHO, YTO mpesruias-
MEHHOE COCTOSIHUE (TOYKa 5) COOTBETCTBYET MPEAEIbHOMY PACTSKEHHIO

noroB OH ™~ (puc. 161, a). CkaukooOpa3Hoe yBeIUYECHHE HATPSIKCHUSI
(Touka 6) MPUBOAUT K PaspbiBy CBA3EH MEKIY BAICHTHBIMU 3JIEKTPO-

HaMH aTOMOB Bojopojaa u kuciopoga B mone OH ™. B pesynsrare
BAJICHTHBIC DJIEKTPOHBI aTOMOB BOJIOPOJIA U KUCIIOPO/ia, MOTEPSB dHEP-
THIO CBSI3W, BOCCTAHABIMBAIOT €€, IOTJIOTHUB mopmun 3dupa. OTCyTCTBHE
HaIIpsOKECHUA BBIHYXIACT WX BCEPHYTHCSA K HCXOAHOMY COCTOAHHUIO H
HAYMHACTCS TPOIECC TOBTOPHOTO CHHTE3a 3TOTO K€ HMOHA C BbIJe-
JICHUEM SHEPTHHU B BH/JIC TEIUIOBBIX ()OTOHOB BaJCHTHBIMH JJICKTPOHAMH,
MMOTIONTHUBITUMU €€ 3armac 3a c4ET dupa.

Tak osnmexkTpoH mpeoOpasyeT sHepruto 3¢pupa B (HOTOHBI, —
HOCHTEJIH TETIOBOH SHEPTHH.
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1577. Kak 3aBuUCHT JHepreruyeckasi 3ppeKxTUHBHOCTH NPO-
mecca HarpeBaHusi BOJHOIO PAaCTBOPAa OT BeJIUYHMHBI JHIJIEKTPH-
YecKOro 3a3opa Mexxay JjieKTpoaamu? JIM3JIeKTpHYECKHM 3a30pOM
Ha3bIBACTCS 3a30p MEXIY AWIIEKTPUKAMHU, [0 KOTOPOMY HPOXOIUT
pacTBOp OT aHoJa K Katoxy (puc. 162, a, mo3unus 15) wim oT Karoma K
a”Homy. Jms kakmoil KOHCTPYKLIMHU PACIONOKEHHsI SIEKTPOAOB B COBO-
KYITHOCTH C IUIOTHOCTBIO IIEJIOYHOTO PAaCTBOpPa CYIIECTBYET ONTHUMAIlb-
Hasl BEJIMYMHA AUIEKTPUIEecKoro 3a3opa. OHa U3MEHsETCs B Mpeseiax
0,5-5,0 mm.

1578. Kak Bennka npsimasi 3Heprerudeckasi 3¢ (peKTHBHOCTD
NMpH MMMYJbCHOM BO3JeiicTBUM Ha pacTtBop Boabl: 100%, 1000%,
3000%, 5000%7? Ilpsimoii sHEpreTHYECKON IPPEKTUBHOCTHIO HA3bIBA-
eTcs Takas 3Q(PEeKTUBHOCTD, MPU KOTOPOH MOIBOIUMAS ANEKTpHUYCCKAs
MOIIHOCTb YUUTBIBAETCS Ha KJIEMMaXxX 3JIEKTPOJUTUYECKOMN SUEHKU U He
YUUTHIBAIOTCA IIOTEPU B T€HEpAaTOpax MMITYJIbCOB HalpshKeHus. B aTom
cllydae HalJeHBl KOHCTPYKIHMHU DJIEKTPOIUTUYECKUX STUCCK U PEKHMBI
uX paboThl, Narolye sHepreTudeckyro 3¢ dexruBHocTh 10 5 000 %.

1579. CkoJbKO NATEHTOB MOJyY€HO HA NpeAIIa3MeHHbIe
siueiikn? Ha 1urasmMeHHble sSUYCiKK moidydeHO OKoyio 10 maTeHTOB u
CTOJIBKO K€, IPUMEPHO, Ha TIPEATIa3MECHHBIE.

1580. Mo:kHO JH MMIYJbCHYIO JHEPreTu4ecKyio 3¢ dexTusn-
HOCTh HArpeBaHHs PacTBOPa BOJbI PeaJIM30BaTh € MOMOUIBIO JJIeK-
TPOHHOTO TeHepaTopa UMmyJbcoB? lcmbiTaHo Ooinee 5 BapuaHTOB
3JIEKTPOHHBIX T€HEPATOPOB UMITYJIBCOB M BCE OHH JTAJIM OTPULATEIIbHBIN
pe3yibTaT B YCIOBHAX HECIIOCOOHOCTH COBPEMEHHBIX CUETUMKOB 3JIEK-
TPOSHEPTHH MPABMIIBHO YUHUTHIBATh UMIYJIBCHOE €€ MOTpebIeHHeE.

1581. Mo:kHO JM NpPUBECTH NPUMep Pe3yJabTAaTOB TAKHMX
ucnbiTanmi? IlpuBogum. Ha puc. 163, a mpencraBieHa TeroBas
siueiika, a Ha puc. 164, a u b — 1Be 6aTapew OTOIUICHHUS.
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Puc. 163: a) — temmoBas sueiika Al WUMIYJIBCHOTO Harpesa
pactBopa; b) — ocumstorpaMma HMITYJIBCOB HANpsDKEHHMS W TOKa Ha
KJIEMMax STYEHKU

1582. Yemy paBHa JjIeKTpUYECKasi MOIIHOCTh HA KJIEeMMAaXx
IKCMEPUMEHTAILHOM OaTapen (puc. 164, b)? B cooTBeTCTBHHU C
HOBBIM 3aKOHOM (DOPMHUPOBAHUS CpeIHEH HMITYJIIbCHOW MotmrHocTH (1)
OHa paBHa

U,-1, 1000-150
Po =it = =15Bm. (8)

1583. YUemy paBHa BeJMYHHA MOILIHOCTH, peajiu3yeMasi JKC-
nepUMeHTANILHOM OaTapeeii (puc. 164, b) u nmoka3biBaemasi CHET-
YUKOM 3JieKTpodHepruu? Tak Kak CUETYMK DIIEKTPOIHEPTHH He
YUUTBHIBAET CKBAXKHOCTH UMITYJIbCOB Hanpsbkenust, papayro S =100, o
OH ITOKa3bIBAEeT

U,-1, 1000-150
S 100

P, = =1500Bm . 9)
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b) '
P=(UxI)iS%=
P=UxI=175x5,0=875BT =(1000x150)l1002=158m
Puc. 164: a) — OGarapes ororuieHus, HarpeBaemas TOHom ot
cetu; b) — Oarapest oTomsieHMs, HarpeBaeMmas TpPeMs TEIUIOBBIMH
sueiikamu (puc. 163, a). TemmepaTtypa Ha mMOBepXHOCTH Oatapeii OpLia
paBHa 80 rpamycos.

1584. MoskHO JiM HelTPAJIN30BATh OIIMOOYHbIE MOKA3AHMS
CYETYMKA JJIEKTPO3HEPIuU 32 CYET yBeJIMYeHHs] IHepreTu4ecKoi
3¢ dekTUBHOCTH TNpolecca HarpeBa BoAabl? Takoi mporecc yxe
pa3paboTaH ¥ OH JaT 3HEePreTu4eckyro 3(h(HEKTUBHOCTH M IO MOKa3a-
HUSIM CHUETYHKA AIIeKTpo3Heprun. OHa, KOHEYHO, MEHbILIE TOI SHepreTH-
4yeckod 3(PQEKTUBHOCTH, KOTOpas COOTBETCTBYET HOBOMY 3aKOHY
(hopMHUpOBaHUS CpeIHEH HMITYyJIbCHOW 3eKTprueckod momuoctd (1),
HO, TEM HE MeHee, (QUKCUPYeTCs] HaAEKHO M yCTOWYHBO.

1585. MoskHO JiM NPUBECTH NPHUMEP TAKOr0 3KCIEepHUMEH-
TaJBHOro pe3yiabTaTa? OH MOJIyUeH B pe3yNbTaTe peaau3aliid HOBOTO
NPUHIMIIA TUIA3MEHHOTO 3JIEKTPOJN3a M IUIa3MEHHOTO HarpeBa BOJbI.
Ha puc. 165 npexncraBnens! nBe Oarapen. B neByro moma€rest pacTBop
BOJIBI, HaI‘peTBIfI HOBBIM TCIIJIOBBIM 3JICMCHTOM, Ha3BAHHBIM HaMMU I1J1a3-
MOTEIUTONU3EPOM, a cripaBa-oObIYHAs OaTapes, HarpeBaemas TOHom.

B Tabin. 4 npuBeneHsl pe3ynbTaThl 3KciepuMenTa. TemmnepaTypa
Ha TIOBEPXHOCTH 00eux Oarapeit 72 rpai.
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Puc. 165. ®oro OGartapeii, HarpeBaeMBIX IUIA3MOTEIUIOIU3EPOM
(cieBa) 1 TOHow (crpasa).

Tabnuna 4. [Tokazanus npudOpPoOB

HaumenoBanue nokasarens [Tna3moTennonusep TOH
1. MomHoCTh Ha BX0JI€ TI0 300 850
npubopam, Bt
2. MouiHoCTh Ha BXOJE II0 133 850
ocruiorpamme, Bt
3. Temnepatypa HarpeBa Oarapeu, 79 79

rpa.
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1586. B 4ém (pyHKUMOHATbHbIE BO3MOKHOCTH MJIa3MOTEIII0-
au3épa? Ilnasmorerionu3zép — HOBOE JHEPreTHUECKOE YCTPOHCTBO,
Croco0HOe paboTaTh B ABYX SKOHOMHBIX PEKUMAaX: B PEKUME IIa3MeH-
HOTO JJIEKTPONIN3a BOJBI M B pexuMe e€ HarpeBa. B pekmme Harpesa
Oatapen cereBasi dIEKTPUUYECKasi MOIIHOCTh Ha KJIIEMMax IIa3MOTEILIO-
nu3épa, mo nokazanusiM npubopos — 300Bm. Ho BombTMeETp U ammep-
METp HE YUHUTBIBAIOT CKBAYKHOCTH UMITYJILCOB HAMPSKEHUS U TOKA, PaB-
Hble, npuMmepHo, 1,5. [lo3ToMy peanbHOE HampsDKEHHE Ha KieMmax
iazmoreruionuzépa — 1338, a Toka — 14, 94TO COOTBETCTBYET MOIITHO-
ctu 133Bm. Ha xnemmax Oartapeu, HarpeBaemoii TOHowm, KoTOpBIi
MOTPEOISAET AMEKTPOIHEPTUIO HE UMITYIICAMH, & HEMPEPHIBHO, KaK BH/I-
HO B BHneo, 6onee 800Bm. PazHocth mectukparHas. C y4€ToM 3TOTO
HH33MOTCHHOHI/I3ép BBII'OAHCC MNMUTATh HUMITYJIBCHBIM 3JICKTPOMOTOPOM-
reHepaTopoM. OH peann3yeT yKa3aHHYI0 KpaTHOCTh 3QQEeKTHBHOCTH.

1587. B 4éM CymIHOCTh NPUHUOMIA PadoOThI IJIA3MOTEILIO-
Ju3épa, Beaylero 3JeKTPoJau3 Boabl uiu eé narpeB? CyIIHOCTb €ro
3aKovaeTcs B (OPMUPOBAHMM 30HBI ISl pa3pbiBa CBSI3EH MEXKIY
KJIaCTepaMH HWOHOB BOJABl HUMITYJIbCAMH  HAMPSDKEHHUS, KOTOpHIE
reHepupyeT cama miaszMma (puc. 166).

Puc. 166. MexanekTpoaHasi 30Ha IpoIiecca HarpeBa U dJIEKTPO-
JIM3a BOJIBI UMITYJIbCAMH HANpsDKEHUs, GOpMUPYEeMOro Imia3Mon y Ka-
To/a

1588. B 4éM CymiHOCTHL PadOThI TONJIHUBHBIX IJIEMEHTOB?
'maBHast cyTh pabOTHI TOIUIMBHOTO JJIEMEHTA 3aKJIIOYAETCsl B pasJielne-
HUM MOJICKYJT BOJOpOJA HAa €ro aTOMbl, & aTOMBI Ha DJIEKTPOHBI H
MPOTOHBI, U OTIPABKE 3JIEKTPOHOB K aHOAY JJIs IOCICAYIOIIEr0 MX
JIBUKCHHSI K KaTOIy M COBEPIICHHS Ha 3TOM IyTH IOJIE3HOH POOOTHIL
[Iporonp! HampaBIsAIOTCS Yepe3 MEeMOpaHy K aHOAy Ui BCTPEYH C
JJIEKTPOHAMH, COBEPIIUBIIMMU PadOTy, W TOBTOPHOTO OOpa3oBaHUS
aTOMOB BOJIOPOZIA, KOTOPBIE, COEAMHSSCH C AaTrOMaMH KHCIIOpOJa,
00pa3yroT BOay.
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1589. Kakoii KII/I uMeoT TONMJIMBHBIE 3JIEMEHThI, HCIOJIb-
3yo1me BOIOPO/] AJIsA MoJydenus diekrpudyecrsa? Ecmu npu pacué-
te storo KIIJI yunTeIBaTh 3aTpaThl SHEPIHH Ha MOIyYEHHE BOJOPOIA U3
BOIBl U OpaTh pacxoll AJIEKTPOIHEPrHMHM Ha 3TOT Ipolecc Hauboiee
3¢ (EeKTUBHBIX 3JEKTPONH3EPOB, Hampumep, 4xBmu Ha KyOWdecKuit
METp BOAOPOA, TO OH MOXKeT gocturats 80% u Oombiie.

1590. A ecaum YYMTHIBATH KOJHMYECTBO aTOMOB BOJ0POAA,
KOTOpbIe YIaéTcsl pa3le/uTh HA NPOTOHBI U 3JIEKTPOHbI H MCIOJIb-
30BaTh JJIEKTPOHBI JJs MOJYYeHHs IEKTPUYECKOW IHEPruH, TO
yeMy paBeH B 3ToM cay4yae KII/[ TonimBHoro 3nementa? [Ipu Takom
pacuére OKa3bIBaETCsl, YTO TOILIMBHBIE 3JIEMEHTHI Pa3iessatoT Ha POTO-
HBI U 3JIeKTPOHBI MeHee 1% aToMoB BOoIOpoOJa, IIOAaBAEMOT0 B TOILIMB-
HBIH 2JIEMEHT.

1591. CyumecTByeT 1M BO3MOMKHOCTH MOJIY4aTh JJIeKTpHYec-
TBO He U3 YHMCTOr0 BOJOPOIa, a U3 BOAOPOIA, BXOISILIEro B COCTAB
MoJieKyJ Boabl? [la Takas BO3MOXHOCTH CYIIECTBYET W MBI OMyOJIH-
KoBaiM e€ B KHUre «Boga — HOBBIM ncTouHuK 3Heprum» 2001r.

1592. CkoJIbKO ke JJIeKTPHYeCTBA MOKHO IOJYYUTH W3
OJHOTO JIMTPa BOIbl, OTAEJHMB MO0 OJHOMY JIEKTPOHY OT KA:KIA0H
MOJIEKYJ BOAbI? OTa BeIWYMHA JIETKO paccuuThiBaerca. OHa paBHa
1489,1 Au.

1593. MHoro 310 wim Maao? Eciau ydecTb, YTO CpeaHUM
aKKyMYJISTOp JIETKOBOT'O aBTOMOOUIS coaepxut 6044, To 3T0 HE Malo.

1594. Ynpanocs JiM A0Ka3aTh IKCHEPHMEHTATBHO BO3MOIK-
HOCTh peajiM3alii Npolecca NoJy4eHus 3JIeKTpuiecTBa U3 BoAbI?
MBI TONYyYWJIM HECKOJIbKO MATEHTOB Ha JJIEKTPONU3EPHI, KOTOpHIE
paboTarOT B pPEXKUME MEPHOAMYCSCKON MOJAYH IJICKTPUICCKON DHEPIHH.
OHM MMEIOT Ha CBOMX KJIEMMax 3JIEKTPUYECKHE IMOTEHLHAIbl OO 3a-
NPaBKH HX JJIEKTPOJIUTaMHU. A TIOCIIE 3apsIKH MOTYT paboTaTh U pasJie-
JSTH BOAY Ha BOJOPOJ M KUCIOPOJ B TEUEHHH HECKOJBHKUX 4YacoB 0e3
BHEILIHET0 MCTOYHMKA muTaHus. IloTeHuman mis storo mpouecca ¢op-
MHUpYeTCs Ha IJIACTUHAX AJIEKTPOJIM3EPa XUMUYECKUM yTéM. M3 atoro
CJIEJIOBAJIO, YTO HY)KHO HAWTH MaTepHalbl IDIACTHH 3JIEKTPOIHM3Epa,
yCHJIMBAIOIKEe STOT mporecc. Ho orcyrcTBre (MHAHCHpOBaHHS He
MIO3BOJIMJIO HaM PEIIUTh 3TY 3a/a4y.

1595. Komy ynajioch pemimTh 3aJa4y NOJyYeHusl J0CTATOYHO
00IbIIOT0 KOJIWYECTBA JIEKTPHUYECTBA U3 BOABI [Jsl HCHOJIb30-
BaHMs €ro B NPAKTHYECKHUX Heasix? DTo yAajIoch caenaTh snoHnam. Y
HUX YyXe€ €CThb 3JEeKTpoMoOmIb, pabortaromuii Ha Bome (puc. 167).
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OnexTpoau3Ep, BEIPaOdATHIBAIONIHMIA JIEKTPUIECTBO U3 BOJIBI, TIOKa3aH Ha
puc. 167.

OnekTponu3Ep, BIpadaThIBat0-

LI SIEKTPHYECTRO H3 BOJBI ONeKTpo’Heprus, mnoiaydyaemas U3

NIEKTPONU3EPA, IBIKET aBTOMOOUIIb

Puc. 167. SInoHCcKuUi1 BOIO3IEKTPOABTOMOOHITH

1596. 3naau JiM SINOHUBI 0 HAYAJBHBIX Pe3yJbTATaxX Teope-
THYECKHX M IKCIEePUMEHTATbHBIX HCCJIEIOBAHMI MOJTy4YeHUs dJIeK-
TpuuectBa u3 Boabl B Poccun? 3namu. B 2002 romy Hama KHUTa
«Booa — Ho8bIll ucmouHuk dHepeuuy ObLTA TIEpeBeeHa Ha aHTIMHCKUIA
SI3BIK U OHU HeMenJIeHHO 3akazanu e€. B 2005 romy onu 3akazamu 7-e
u3faHue KHUTH «Hauana gusxumuu muxpomupay, TEpeBEIEHHON Ha
AHTIUICKUI S3bIK. B 3TOW KHHTEe yXe JAOCTAaTOYHO WH(pOPMAIVH IS
peanu3anuy Ipolecca MONMY4YeHHs JJIeKTpudecTBa K3 BoJbl. Kpome
3TOr0, OHM 3alpallvBajJi y HAaC KOIMUHM IAaTeHTOB HAa HAaIIM HHU3KOAM-
NEpHBIE BIEKTPOIN3EPHI, CIIOCOOHbBIE pabOTaTh 0€3 BHEIIHEr0 NCTOYHU-
Ka TIUTaHUsL.

Onn, naumHast ¢ 2000 roma, 3akymanu y Hac BCE PE3yNbTaThI
OITyOJIMKOBAaHHBIX TEOPETHYECKHX M HKCIIEPUMEHTAJIbHBIX HCCIIEIO0Ba-
HUA. DTO MO3BOJIMIIO UM CaMOCTOSITEJIbHO HayaTh MX KOMMeEpLHUaIn3a-
nuio. ['7aBHOE — OHHM peain30Baly HAIly THUIIOTE3y O MOIyYeHHH
9JIEKTPUYECTBA M3 BOZBI C MOMOILBIO 3eKTponnsépa (puc. 167) u Ha-
YaJii YK€ BBITYCK dJIEKTpoMOoOwmIeH, paboTtatomux Ha Boze (puc. 167).

Koneuno, onm emé majgekd OT TOTO, YTOOBI TOJydaTh W3
KaKIIOTO JINTPa BOJIBI TEOPETHUECKH BO3MOXHYIO BenmunHy 1489,1 Au.
s cpaBHEeHUs, EMKOCTh OOBIYHBIX aBTOMOOWIIBHBIX aKKYMYJISITOPOB —
60 Au.

1597. Kakyw pojab B mpoleccax 3JeKTpoau3a BOAbl OyAyT
UI'PaTh I1EeKTPOMOTOPBI-TeHePaATOPbI? DIEKTPOMOTOPHI-TEHEPATOPEI
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BBITIOJTHSIOT OJHOBpeMeHHO jaBe (yHKknuu. OHH paboTalOT OJHOBpE-
MEHHO —H B PEXKHME DJICKTPOMOTOPOB, U B PEKUME JIIEKTPOTCHEPATOPOB
Y TCHEPHUPYIOT OJHOBPEMEHHO [Ba BUAA JSHEPTHH: JJIEKTPHUECKYIO H
MexaHn4decKyro. Takas yHHUBEpCalTbHOCTh OOecredrBaeT MM OOJbIIOe
Oynymiee B paboTe COBMECTHO C AIIEKTPOIU3EPAMHU.

1598. MoxHO JIM NMPUBECTH HMTOrOBbIe Pe3yJbTATHI MCHbI-
TAHHBIX 3JIEKTPOMOTOPOB-reHepaTopoB? IlepBblil AeKTpOMOTOp-TE-
Hepatop MI'-1 (puc. 168) ucmeiTan o AByMS BHIAMHU OJHOBPEMEHHON
Harpy3KH: 2JIEKTPUUECKON U MEXaHUYECKOU. DIIEKTPUIECKON HArpy3KOn
craropa MI'-1 Obu1 aneKTpoNU3EP, a POTOpPa — UHAYKIIHOHHBIH MOMEH-
tomepoMm JK-83. 3aBUCHMOCTP MEXaHHYECKOW MOITHOCTH, T€HEPHPY-
emMoif Ha Bairy MI'-1, OT 4acTOTHI €T0 BpallleHnus MpeacTaBiieHa B Ta0.4.

Puc.168. OnexTpomorop — reneparop MI'-1
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Tabmuma 4. 3aBHCHMOCTh MEXAaHHYECKOH MOITHOCTH Ha Baly
potopa MI'-1 0T 4acTOTHI €ro BpalieHust

YacroTa BpalleHus, KpyTsmumii MOMeHT, Mex. MOIITHOCTD,
00./MuH. Hwm Bm.
900 0,50 47,10
1160 0,30 36,42
1225 0,25 32,05
1300 0,20 27,21
1500 0,175 27,47

Crpannas 3aBucuMocTh. OOBIYHO C YBEIMYEHHEM YacTOTHI Bpa-
[ICHUS POTOPa MEXaHMYECKasi MOIIHOCTh HA €T0 BaJly YBEIHMYMUBAETCH, a
y 3JIeKTpoMOTOpa — reHepaTopa MI'-1, Ha000pOT, MeXaHUYECKasT MOIII-
HOCTH PAacTET C YMEHBIIIEHHEM YacTOTHI BpPAIllEHHUs ero poropa. B tad.
5 m 6 TpUBEIEHBI OMOJHUTENBHBIE TOKa3aTea PadOTHl AIEKTPOMO-

TOpa-TeHepaTopa.

Tabnmuma 5. DaexTpudeckas MOIIHOCTh Ha KJIEMMax poTopa U
CTaTopa, U MEXAaHUYECKasi MOIHOCTb Ha BaLy pOTOpa

Ha Bxoge Ha Bbixoge
06./ Bxonnas DnexkTpudec- Mexanuuec- Olgma
MOIIHOCTb.

MHH. | MOIIHOCTb | Kas MOIIHOCTb | Kas MOIIHOCTB P _p4ip
P, , Bt P,Br P,,Br €4z

, BT.

1160 24,99 20,94 36,42 57,36

1225 21,28 16,25 32,05 48,30

1300 16,99 14,53 27,21 41,74

Tabnuna 6. [Tokazarenu 3neKTpoIu3a BOIBI
Ha Bxone Ha BLIXOI€e
Bxonnas
O6./muH. | KomuuectBo | \iommocts O, +H,, V1. 3arpaTbl
AYEeK P,, Br /9 Br/nutp

1160 3 24,99 13,20 1,89

1225 4 21,28 11,40 1,87

1300 5 16,99 10,20 1,66
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NMIynbehl HANpsDKeHUS. ¥ TOKa Ha KJIEMMaxX OOMOTKH BO30YX-
neruss poropa MI-1, Bam KOTOporo coeauHEH € AOMOJIHUTEIBHBIM
reaeparopoM MI'-0 (puc. 169, a), npeacrasienst Ha puc. 170.

Puc. 169. a) anextpomorop-reneparop MI'-1 ¢ momonHHUTENB-
HbIM reHeparopom (MI-0) BHM3Y;

[onximouaem onHy sA4eiiky anexTponnsépa Kk kiemmam OJC
camMOMHIyKuuu ctaropa MI'-1, a apyryto — k knemmam 2/1C uHAyKIUH
MI-0 (puc. 169, b) u 3ammceiBaeM OCHMIUIOTpaMMy Ha KJIEMMax
00MOTKH B030Y ) 1eHMsI poTopa MI'-1 (puc. 168).

Tek N Sl @ Stop M Pos: 13.80ms SAVE/REC Ml"_l u MF-O Hany)KeHbl
siyeiikaMM JIeKTPOJIU3EPOB
- (puc. 169, b).
F .
t Ha Bxone:
it é&bqut
i S =6,60.
b /\ ~ N N s | U =146/6,60= 22128
Folder
X B - l. =0,71A.
TEIRFR B —U, -1, =2212-0,71=1571Bm
CH1 50.0v CH2 200mVYRy M 5.00ms CH1 /7 76.0%

Current Folder is &%

Puc. 170. OcummiorpaMma Ha KJIeMMax OOMOTKU BO30YXKICHHUS
potopa MI'-1
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Crenyrommuii SKCIIEPUMEHT — OJHA SUCiKa, MOMKIIIOUEHHAS K
kiemmam DJIC camounykimu ctatopa MI'-1 u craropa MI'-0.
Pesynbrarel Ha ocumiutorpamme (puc. 171).

Yacrora 1300 06/Muu

Tek M. @ Stp M Pos: 2060ms _ SAVEREC Ha kaeMMax oqHoM seiim,
NMOAKJIIYEHHOM K KIIeMMaM
Fie umiyabscos I1C
S i F' caMOMHAYKIHUH cTaTopa MI'-1
1 , About " MHAYKIUHU ctatopa MI'-0.
Saving
\/ In’Tagels SU ~ 1,10 .
Selec
" « ram | Uo~236/110=215B;
o\ , l. =1315A;
CH1 S500mY CH2 5.00mYyRg M 5.00ms CH1 7 44.0mVY P — 2 15 . 13 15 ~ 2 8 27Bm
Current Folder is A, c ! ! !

Puc. 171. Ocuumnorpamma HampsbKEHHS M TOKa Ha KIEeMMax
STUCUKH DIEKTPOoIu3Epa, MoAKIIOUEHHON K KiemMmaM DJ[C camouHIyK-
ruu cratopa MI'-1 u DJ]C unaykuuu craropa MI™-0

Ha ocmummorpamme (puc. 171) Gonpiine aMIDINTYABI HMITYITh-
COB HAIPsDKCHUS U TOKA MpUHAIeKAT uMiryiibcam DJ[C camonHIyKIuu
BEPXHEr0 CTaTopa, a MUMITYJbChl C MEHBILIECH aMIUIMTYIOH, T€Hepupy-
€Mble ITOCTOSIHHBIMH MarHUTaMu HW)KHEr0 poTopa, — MPUHAJIEKAT UM-
nynscam DJ[C MHAYKIIMKM HUXKHETO CTaTopa.

Kax Bumno (puc. 171), B aTOM city4ae MmojiHas 3JEKTpUYecKas
MOIIHOCTb, TeHepHpyeMasi B 00OMOTKaX BEPXHETO U HM)KHEr0 CTaTOpPOB,
paBHa Pc=28,27Bm (puc. 171). Ona B 28,27/15,71=1,80 pa3a Goibie
MOIIHOCTH Ha BXOJIe B 0OMOTKY BO30y xeHMsI poropa (puc. 170).

Macca portopa renepatropa MI-0 (puc. 169, a) pasHa
M =1550xe, pammyc umuepuuu poropa, UMeromEero (Gpopmy IMOJIOTo

i pa ¢ tonumaoi crerku 0,001y, pasen I, = 0,043m . B nannom

sKcnepuMenTe potop Bpamaics ¢ yactoroir N =130006/ mun . Ceassb
MeXTy KHHETHYecKol sHeprueil E, paBHOMepHO Bpamjaromerocst po-

TOpa M ero MOUIHOCTBIO P crenyer u3 paboThl, coBepiiaeMoil UM mpu
PaBHOMEPHOM BpPAILLEHUH 32 OJHY CEKYHAY
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2 2
Ex = 1 li-o® = 1mri2 . 7rn) = 1~1,550-(O,043)2 . 3’141300) = 26,53/ =
2 2 30 2 30
= 3a..lcex...E, = 26,53 /oc/Cc =2653Bm =P
(10)

Teopernueckass BeIMYMHA MEXaHMYCCKOW MOIIHOCTH Ha Bally
potopa MI'-1 (1) 6im3ka k e€ sKcIepuMeHTaNbHOW BemuauHe 27,21 Bm
(Tabn.1). MomHOCTH, MMOCTOSHHO peann3yemasi Ha Baixy poropa MI'-1
MIPH €r0 PaBHOMEPHOM BPAIIICHUU, TCHEPUPYET MEXaHUICCKUIT MOMEHT,
paccunThIBaEMBIi M0 popmyie

P _P-30 265330
® M  314-1300

M¢ = 0,195Hu . (11)

Ero skcnepumMenTanbHas BenuunHa paBHa 0,20 Hwv (tadu. 4). U3
9TOTO cJeqyeT OMMO0YHOCTh NMEPBOTo 3aKOHA TUHAMUKK HbIoTOHA, CO-
[JIACHO KOTOPOMY MPH PAaBHOMEPHOM JBIDKECHHUH Tella CyMMa CHJI, JCH-
CTBYIOIIMX HAa HETrO, PaBHA HYIIIO, & IPU PAaBHOMEPHOM BpAICHHH Tela
CyMMa MOMEHTOB, JEHCTBYIOIIMX Ha Hero, paBHa Hymo. Cymma
MOMEHTOB, JICUCTBYIOIIUX Ha PABHOMEPHO Bpamaromwmiics porop MI-1,
pasaa M. =0195Hwm , a He Hysr0, KaKk yTBEp)KAAET TEPBbI 3aKOH

ObIBIIEH nuHAMUKK HproToHA.

Koneuno, mapameTrpsl 0OMOTOK 3JEKTPOMOTOpa-T€HepaTopa
MI'-1 emé He ontumusumpoBaHbl. [loka wucmonb30BaHa JIMIIL YacTb
MEXaHMUYECKOH MOIIHOCTH Baja poTopa (Tabi. 5) u, TeM He MeHee,
addexT oueBuaHbI. OH MOOYKIaeT 3ayMaThCcsl O MEPCIEKTHBAX B pa3-
BUTHUH HUMITYJIbCHBIX 3JEKTPOMOTOPOB-TeHepaTopoB. OHU OUYEBUIHBI,
TaK KaK HMMIYJIbCHBIE IPOW3BOAUTENN W HMITYJIbCHBIE MOTPEOUTENN
3JIEKTPOIHEPTHH 3HAYUTEIHHO IKOHOMHEE MPOM3BOAUTENEH U MOTpeOu-
TeJIeH HEeNPEPBbIBHON 3HEPIUU, TEHEPUPYEMON B BUAE TOCTOSIHHOIO WU
CHHYCOMJIAIbHOTO HAPSKEHUS.

CaMoe 3aMaH4YMBOE HAINPABICHUE — CO3JAaHHE ABTOHOMHOTO
HCTOYHHKA SHEPIUH, NUTAKOUIETOCS OT aKKyMYJISITOPOB, 3apsKAOIIErO
WX W BBIPa0ATHIBAIONIETO [OTOJHUTEIBHYIO SHEPIHI0 Ha IIOJIE3HBII
TEXHOJIOTMUYECKUH Tpolecc. Takue Mpoueccsl yKe UMETCs. DTO BBICO-
k03 peKkTHBHBIE MpeIIa3MeHHbIE MPOIECChl HATPEBAHUS TEIIOHOCH-
TeNs B OaTtapesix OTOIUICHHS, TUTAIONINECS] UMITyJIbCAMH HANIPSHKEHUS U
TOKa; BBICOKO3()()EKTUBHBIE IUTA3MEHHBIE 3JIEKTPONIN3EPHI, KOTOPHIE
paboTalOT TOJBKO B UMITYJILCHBIX PEXKUMAaX.
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MexaHNUeCcKyl0 3HEPrHI0 Ha Bajly POTOpa 3JIEKTPOMOTOpa-reHepaTropa
BBITO/IHEE BCEr0 HCIOJB30BaTh AJS 3apAAKH aKKyMYJSATOPOB, NMUTAIO-
mUX 3JeKTpomMoTop-reHepaTop. Ha puc. 172 moka3aHbl yke HCIIBITaH-
HBIE€ MOJIETIH IEKTPOMOTOPOB-TEHEPATOPOB.

MI-4 MI-4
Puc. 172. DxcnepuMeHTalIbHBIE MOAETU AIEKTPOMOTOPOB-TE€HE-
patopoB MI'-2, MI'-3 u MI'-4

1599. Kakue ycioBusi He0OXOAUMBI ISl peaTH3alUM pPe3o-
HAHCHOI0 Ipomecca 3JJeKTpoJHu3a BOAbI? Pe30HAHCHBIM Ipolecc
MJIA3MEHHOTO 3JIEKTPOJIM3a BOJBI MJAET IMPHU ONPENeIEHHON €€ TemIie-
patype 1 ompeaenéHHOM JaBJICHUH B KaTOIHOM Kamepe (puc. 173).
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Puc. 173. I1na3menHHbIi 37eKTponu3Ep ¢ caMOHACTPaUBAIOIINM-
Csl PE30HAHCHBIM PEKUMOM PaOOTHI

1600. Mo:keTr aM TMIa3MeHHBIH 3JIEKTPOJIU3EpP padoTraTth B
pexxuMe HarpeBatesisi pactBopa? Mosker. OH Ha3BaH IUIA3MOTEILIO-
mu3époM. OH HaxXOOUTCS B CTaAWH IMEPBBIX HCIIBITAHUN, KOTOPHIE MBI U
MpeACTaBIsieM B JTOM Kkpatkoi cratee W B BUJEO k Hei
http://www.micro-world.su/ TTanka «BUJIEO». B mannom Buneo mnas-
MOTEIUIONU3EP padoTaeT B PEeXHMME HarpeBa pacTBopa, MOAaBaeMOro B
Oarapero OTOIUICHHUS. DHEPreTUYeCKUH pe3ysbTaT MIa3MOTEILIoNu3Epa
CpPaBHMBAETCS C IHEpreTHYecKuM pesyiabratoM TOHa nmpu paBHO# TeM-
nepaType HarpeBa OJMHAKOBBIX OaTapeil. HarpeBarenbHblE 371€MEHTHI
OaTapeil BKIIFOUEHBI B JJICKTPUUECKYIO ceTh (puc. 164, 165).
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MOJIE3HASI PABOTA 3A CUET TEILJIOTHI CPEJIbI

by3makos U.B.

Yacts 1. HekoTopble TEPMUHBI U ONIPeAeIeHU.

«Inexkmpoosuxcywian cuna (3.0.c.) 3mMo UHMe2pal HaANPH#CEH-
HOCMU NOJISL CMOPOHHUX CUN NO YUACMKY, COOepicauemy UCMOYHUK
moxa... CmopoHHue Cuvl 8 2aNb8AHUYECKUX INIeMEHMAX 0elCmayiom Ha
epanuyax medxcoy snekmpoarumamu u nekmpooamu. Onu Oeticmeyiom
MaKoice Ha Spanuye CONPUKOCHOBEHUST 08YX PAZHOPOOHBIX MEeMALlo8 U
00yC08IUBAIOM KOHMAKMHYIO PA3HOCMb NOMEHYUATO08 MeNCOYy HUMUY
[5, c. 193, 191]. «Cymma cxaukos nomenyuanios Ha 6cex NOBEPXHOCHIAX
pazoena yenu pagHa pasHOCMU NOMEHYUATI08 MeNCOY NPOBOOHUKAMU,
HAXOOSWUMUCS HA KOHYAX Yenu, U HA3bl8Aemcs 3JeKMpOoOsUudlCyulelt
cunou yenu NPOBOOHUKOS... D.0.C. yYenu, COCMosuel moabKo U3
NPOBOOHUKO8 NEPE020 POOd, PABHA CKAYKY NOMEHYUANLA MENCOY NEePEbIM
U NOCIeOHUM RPOBOOHUKAMU NPU HENOCPEOCHBEEHHOM UX CONPUKOCHO-
seHuu (3axon Bonvma)... Eciu yenv npasuibHO pazomMKHyma, mo 3.0.C.
amoul yenu pasua wymo. K npasuibho pazomkHymou yenu nposooOHUKOS,
6 coCmas KOMopou 6xo0um xoms. Obl 00UH IAEKMPOIUM, 3aKOH Borbma
Henpumerum... OuesuoHo, Ymo MobKO yenu NPoSOOHUKO8, GKIIOYAIO-
wue xoms Obl OOUH NPOBOOHUK BMOPO20 POOQ, SGASIOMCS INEKMPOXU-
MUYEeCKUMU — 9AeMeHmamu (Ui IJIeKMPOXUMUHECKUMY — Yensamu
onemenmos)» [1, c. 490 — 491].

«Ilonunekmpoaumol 3mo noaUMEPsl, CNOCOOHBIE OUCCOYUU-
poeamsb 6 pacmeope Ha UOHbl, NPU SMOM 6 OOHOU MAKPOMOJEKYIe
603HUKAem OONbUIOE HUCTIO NePUOOUUECKU NOBMOPIIOUUXCSL 3aPsi008. ..
Cuwumvle NOAUIAEKMPOTUMBL  (ULOHUMbBI, UOHOOOMEHHbIE CMOJblL) He
PACMEOPSIOMCS, A MOAbKO HADYXarom, COXPAaHsisi Npu 2MOM CHOCoO-
Hocmb Kk Ouccoyuayuuy [6, c. 320 — 321]. THonusrnexmponumul,
ouccoyuupyrowue Ha OMmpUYamenIbHO 3apANCeHHble MAKPOUOHBL U UOHDL
H* nasvisaromes nonukuciomamu, a ouccoyuupylowue Ha NOLONCU-
MenbHO 3apsadcennble MakpouoHvl u uonvl OH  Hazviearomes: nonuoc-
HOBAHUAMU.

«Ilomenyuan /lonnana 3mo pasHoBecHAs PAsHOCMb NOMEH-
YUanos, BOHUKAIOWAS HA PA3060U epaAHUYE MENCOY O8YMSL INCKMPOIIU-
mamu 8 cayuae, eciu dma SPpAHuya nponuyaema He OJisi 6CEX UOHOS.
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Henponuyaemocms epanuyvl 01 HeKOMOPbIX UOHO8 MOdicem Oblmb
00ycnognena, Hanpumep, HAIUYUeM MeMOPAaHbL C OUeHb Y3KUMU NOPAMU,
KOmMOopble HeNnpoxXoouMbl 015 YACMUY NPesbluarux Oonpeoenénubill
pasmep. H3bupamenvHas HPOHUUAEMOCMb MEXNCHAZHOU  SPAHUlYb
B03HUKAem U 6 clyuae, eciu KAaKue-mo UOHbl HACMOAbKO HPOYHO
CBs3aHbL 8 OOHOU U3 (ha3, Ymo NOKUHYMb eé 8000we He mocym. Mmenno
maxk eedym cebs 8 UOHOOOMEHMbIX CMONAX UOHO2EHHble, UMY
UOHOOOMEHHble 2PYNNbL, 3APUKCUPOBAHHBIE 20MEONOIAPHBIMU CEA3AMU 8
MOAeKyapHot  pewémke, unu mampuye. Pacmeop, Haxooswutics
B6HYMpU MAKOU Mampuyvl, obpazyem emecme ¢ Hell O00HY daszy;
pacmeop, Haxoosawuiics eHe eé, — emopyry [T, c. 77].

«/leoitnoit Inekmpuueckuil ciou (/[9C) smo 8o3HUKarOWAS HA
epanuye pasoera Gas COBOKYNHOCIL 08YX HPOMUBONOLONCHO 3apsi-
JHCEHHBIX CI0€8, PACHONONCEHHBIX HA HEKOMOPOM PACCMOSHUU Opye Om
opyeax [7, c. 96].

«ITenvmue 3ghgpexm smo gvidenenue unu nozioujeHue menia Ha
KOHmaxkme 08yX pa3HOPOOHbIX NPOBOOHUKO8 8 3A6UCUMOCTIY OM HANPAs-
JIeHUsL INIeKMPULeCcK020 MOKa, meKywe2o yepe3 KoHmaxkmy [2, c. 552].

Yactp 2. Ucnosib30BaHHe TEMJIOTHI CpeIbl B JIEKTPOJIH3E
BOJIBI.

Paccmotpum MEXaHHU3M BO3HUKHOBECHHS B enu
9JIEKTPOXUMUYECKOTO DJJIEMEHTa (Jajmee OJEMEHT), CXeMaTHYeCKH
M300paKEHHOTO Ha pHC. |, MOTOTHHUTEIBHON 3.11.C., OOYCIOBICHHOMN
BHYTPEHHEW KOHTaKTHOW pa3HocThio moteHiuanoB (KPII) u addexrom
Jonnana (kparkoe ommcanue cytH 3¢ddekra JoHHaHa, BHYTpEeHHEH
KPII u cBs3anHOU ¢ HeWl TemnoThl [lenbThe MPUBOIUTCA B TpEThEH
YacTH CTaThbH).

7 N\

N

Puc. 1. CxemaTtndecku MpenCTaBICHHBIH AJIEKTPOXUMHYECKUN
IeMEHT: | — KaTo/, KOHTAaKTHPYET ¢ pacTBOPOM 3, Ha €ro MOBEPXHOCTH
IIPOTEKAOT JJIEKTPOXUMUYECKUE PEAKIIMH BOCCTAHOBJIEHUS KaTHOHOB
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3JIEKTPOJINTA, BHITIOJHEH U3 XUMUYECKH MHEPTHOTO CHIIHHO JIETMPOBAH-
HOT0 N-TOJIyIPOBOJHUKA. YacTh KaToaa, COSUHSIONIAS €r0 C BHEITHUM
MCTOYHUKOM HAIPsDKEHUS, METAJUTM3UPOBaHa; 2 — aHOJ, KOHTAaKTUPYET
C pacTBOpoM 4, Ha €ro MOBEPXHOCTH MPOTEKAIOT IIEKTPOXHUMHUYECKUE
PEaKuy OKWCJICHHUS aHUOHOB JJIEKTPOJINTA, BBHITIONHEH W3 XUMHUYECKU
WHEPTHOTO CHJIBHO JISTUPOBAHHOTO P-TIOJIYNMpOBOAHMKA. YacTh aHOIa,
COCIIMHSIONIAS] €r0 C BHEIIHMM HMCTOYHUKOM HANpPsDKCHUS, METallu-
3UpOBaHa; 3 — KaTOOHOE IMPOCTPAHCTBO, PACTBOP MOJMAIIEKTPOIIHTA,
JIUCCOLMUPYIOIIETO B BOJIE HA OTPHIIATEIIBEHO 3apsDKCHHBIC MaKpPOUOHBI
R™ ¥ MONOXMTENHHO 3apshkeHHbIe Manble npotuBouonsl K (B paccma-
TPUBAEMOM MpHMepe 3TO HOHBI Bojopoaa HY); 4 — aHoanoe mpoct-
pPaHCTBO, PAcTBOP MOJUAIIEKTPOJINTA, TUCCOLMUPYIOIIETO B BOJE HA
IMOJIOKUTCIIBHO 3aps’KCHHBIC MAKPOHWOHBI R+ 1 OTPULATCIIBHO 3apsaiKCH-
HBIE MaJble IPOTHBOMOHKI A~ (B pacCMaTpHUBAaEMOM IPUMEPE TO THIPO-
keun-uonsl OHY); 5 — memOpana (muadparma), HempoHHIIAEMast ISt
MaKpOMOJICKYJT (MAaKPOUOHOB) MOJIMAIICKTPOJIUTOB, HO MOJHOCTHIO MPO-
HULaeMas Uil MaJlbIX IPOTHBOMOHOB K+, A" U MOJIeKyJT BOJIBI, pa3-
nensiet npocTpanctBa 3 U 4; B,y — BHEIIHUN UCTOYHUK HAIIPSKCHMUSL.

J.a.c. ot 3¢ dexTa lonHana

JUist HarsIsIIHOCTH, 3JIEKTPOJIMTOM KaTOJHOTO ImpocTpaHcTBa (3,
puc. 1) BeiOpan BoaHbli pactBop mnonukucaotsl (R™HY), a anexrpo-
JUTOM aHOAHOro mpoctpaHcTBa (4, puc. 1) — BOAHBIA pacTBOp
IOJIMOCHOBAHUSA (R+OH_). B pesynprare aucconyanyuy moJMKUCIOTHL, B
KaTOJHOM IIPOCTPaHCTBe, BOIM3M MOBepxHOCTH Karoza (1, puc. 1),
BO3HUKAaeT MOBbIIIEHHAas KoHNeHTpamnus H' monos. ITonoskurenbHbIi
3apsijl, BOSHUKAIOIINN B HEMOCPEACTBEHHOW OJIM30CTH OT MOBEPXHOCTH
KaToJa, HE CKOMIICHCHPOBaH OTPHLATEIbHO 3apsHKEHHBIMH MAaKpOHO-
HamH R™, Tak Kak OHH HE MOTYT IOJIOMTH OJHM3KO K IOBEPXHOCTH KaToa
B CHJy CBOMX pa3MEpOB W HAJIHYUIO TOJIOKHUTEIBHO 3apsuKEeHHOM
MOHHOH atMocdepsl (moapobOHee cM. omucanuwe >ddekra /loHHaHa B
npunoxxeHun Nel Tperbeit yactu cratbn). Takum 00pa3oM, TpaHUIHBIA
CIIO pacTBOpPA, HEMOCPEJACTBEHHO CONPUKACAIOIIMNICS C TOBEPXHOCTHIO
KaToJa, UMEET IOJIOKHUTENbHBIA 3apsn. B pesynbrare smekrpocraTu-
YeCKOM WHAYKIHHM, HAa MOBEPXHOCTH KaTOAa, IpaHUYAIe C pacTBOPOM,
BO3HHKAET OTPHIATENHHBIN 3aps)] U3 AJIEKTPOHOB MPOBOJUMOCTH. TO
€CTh Ha TpaHUIle pa3jeiia MEXJTy MOBEPXHOCTHIO KaTo/Ja H PacTBOPOM
Bo3HukaeT JOC. Ilone storo JI9C Tonkaer 371€KTPOHBI U3 KaToda — B
pactBop.
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AHanornyHo Ha aHoze (2, puc. 1), rpaHUYHEIN CIIOW pacTBOpa B
aHOJTHOM mpocTpancTBe (4, puc. 1), HEMOCPEICTBEHHO COMPHUKACAIO-
IIMHCS ¢ TIOBEPXHOCTHIO aHOJa, WUMEET OTPULATEIbHBIA 3apan, a Ha
MMOBEPXHOCTH aHOJIa, TPAaHWYAIEH C PacTBOPOM, BO3HHUKAET IOJIOXKHU-
TeNbHBIN 3apsia. To ecTh Ha TpaHWIE pa3lena MEXAYy MOBEPXHOCTHIO
aHoma u pactBopoM Takxke BosHukaeT J[DC. Ilone storo I2C Tonkaer
3IEKTPOHBI U3 PAacTBOpPA — B aHO/.

Takum o6pazom, mons JIOC Ha TpaHHWIax pazzgena Karoga H
aHoZla C pacTBOPOM, MOAACPKUBaeMble TemioBor auddysueid MOHOB
pacTBopa, HPEACTAaBISIOT COOOW [Ba BHYTPEHHUX HMCTOYHHMKA 3.1.C.,
JIEHCTBYIONINX COTJIACOBAHHO C BHENIHMM HCTOYHHUKOM, TO €CTh TOJ-
KalOIIUX OTPUIATENFHBIE 3aPSIbl B KOHTYPE IMPOTHUB YaCOBOU CTPEIKH.

I[I/ICCOHI/IaU;I/Iﬂ IIOJIMKHCJIOTHI U ITOJIMOCHOBAHMUA BbI3bIBACT TAKXKE
TemwioBylo auddysuro uepes membpany (5, puc. 1) monos H' w3
KaTOJHOTO TPOCTPAaHCTBA — B aHogHOoe, M nmoHOB OH™ m3 aHomHOTO
IIPOCTpaHCTBa — B KaTogHoe. Makpouonsl R* u R™ monmmuanexTponutos
HE MOTYT IepeMelIaThCs Yepe3 MeMOpaHy, M03TOMYy Ha HEH, CO CTOpO-
HBl KAaTOJHOTO TPOCTPAHCTBA, MOSBISETCS HM3OBITOYHBIN OTpPUIIATENh-
HBIH 3apsill, a CO CTOPOHBI AHOAHOIO IMPOCTPAHCTBA — H3OBITOYHBIH
MOJIOKUTEINIBHBIN 3apsijl, TO ecTh nosiBisgercs emg oaun JI9C, 00ycinos-
neHsbi 3 dextom JloHHaHA.

Takum o0Opa3zom, Ha MeMOpaHE TOXKE€ BO3HHKAET BHYTPEHHSSA
3.]1.C., JEUCTBYIONIAsl COTIIACOBAHHO C BHEIIHUM MCTOYHHUKOM M TIOAJEP-
JKUBaeMasi TernioBoi nmudy3neit HOHOB pacTBOpA.

B mamewm npumepe HampsbkeHHE Ha MEMOpaHe MOXKET JOCTUTATh
0,83 BompTa, Tak Kak 3TO COOTBETCTBYET HM3MEHEHUIO IOTEHITHATA
CTaHJAPTHOTO BOJOPOAHOTO 31ekTposa oT — 0,83 mo 0 Bonbt mpu niepe-
XOJIe W3 IIENOYHON Cpepl aHOMHOTO MPOCTPAHCTBA B KHCIYIO CpPEAy
KaToAHOro npocrpancTia. [logpooHee cM. B [IpunoxkeHun Nel TpeTheit
YaCTH CTaTbHU.

J.A.c. ot BHyTpeHHeit KPIT

B DnemenTe 3.4.c. BO3HUKAET — B TOM YHCIIE — B MECTE KOHTAKTa
MOJTyTIPOBOAHUKOB aHOJA M KAaToAa C MX METAUINYECKUMH YacTAMHU,
CIIyKallMU U1 TMTOAKJITFOUCHH A BHCINHETO NICTOYHHKA HAIIPSAXKCHUA. Orta
3.1.c. odoycnosnena BHyrpenHeil KPII. Buytpennsist KPII ve co3nmaér, B
OTJINYME OT BHEIIHEH, II0JIE B IIPOCTPAHCTBE BOKPYT KOHTAKTUPYIOLIUX
ITPOBOJHUKOB, TO €CTh HC BJIMACT HA JABWIKXCHUC 3apPsSXKCHHBIX YaCTHUIL
BHE TNPOBOAHMKOB. KOHCTPYKIMS n-IOMXYyNPOBOIHUK/METAII/P-TIOTY-
MIPOBOJIHUK [JIOCTaTOYHO W3BECTHA M HCIIOJIB3YETCs, HAIpHMEp, B
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TepMOdJIeKTpuueckux Moayisix IlenbThe. BenmuuuHa 3.71.c. TakoWd KOH-
CTPYKIMM TpPU KOMHATHOM TeMIepaType MOXET NOCTHraTh BEIHYUH
nopsiaka 0,4 — 0,6 Bonbt (cM. mpunokenue No2 TpeTheil 4acTH CTaTbH).
Ilonss B KOHTaKTax HaIpPaBICHbl TakKUM OOpa3oM, YTO TOJKAKOT
3JIEKTPOHBI IPOTUB YaCOBOM CTPEIKH B KOHTYpPE, TO €CTb IECHCTBYIOT
COIJIACOBAHHO C BHEIIHMM HCTOYHHKOM. [IpH 3TOM 3IIEKTPOHBI MOBHI-
[IAI0T CBOM DHEPreTHYECKHH YpOBEHb, MOTJIOMIAs M3 CPEAbl TEIUIOTY
IlenbThE.

Buytpennsisi KPII, Bo3Hukaromas 3a cu€t muddy3uu JIeKTpo-
HOB B MECTax KOHTaKTa 91eKmpo0o8 U pacmeopa, HalpOTHB, TOJIKAET
3NEKTPOHBl #0 YacOBOH CTpelKe B KOHType. 10 €cThb IpU ABHKEHUU
3JIEKTPOHOB B DJIEMEHTE NpOmMuUE 4acOBOM CTPENKH, B 3TUX KOHTAKTaX
JIOJDKHA guloensimves  Temnmora I[lemsthe. Ho Tak kak  mepexon
3JIEKTPOHOB U3 KaToAa B PAacTBOP M U3 pacTBOpa B aHOJ 00sA3aTEbHO
COIIPOBOKAAETCS SHIOTEPMUUECKOM peakuueil oOpa3oBaHHs BOLOpOIa
U Kucinopoza, To TeruoTa [lenbThe He BhIENsIETCS B Cpeny, a UAET HA
YMEHBIICHUE HI0TEPMUIECKOro 3¢ dekra, To ecTh Kak Obl «KKOHCEPBH-
pyeTcs» B SHTAJIBINK 00pa3oBaHus Bogopoaa u kuciopoa. [lonpoOuee
CM. B Npmio’keHUU No2 TpeTbel 4acTH CTaThH.

Hocumeau moka (3/1eKmpoHbl U UOHbI) O8UNCYMCs 8
KOHmMype J3/1emeHma He N0 3aMKHYMbIM mMpaeKmopusiM.
Kasicowlll 31eKmpoH, NnoJ/y4eHHulll aHOdOM U3 pacmeopa u
npoiids no eéHewHell Yyenu do Kamoadaa, y/iemyqusaemcs emecme
¢ MoseKkyaamu 6odopoda. TouHo makdce uonvi H* u OH-
deudicymcsi He no 3aAMKHYmMomMy KOHMypy, d mMo/abKo 4o
coomeemcmayuje2o 31eKkmpoada, U nomom y/1emy4uearmcs
sude Mo.1eKy./1 6000p0da U Kuca0poda. B 31emeHme - u uoHwl, u
3/1eKMPOHbI d8UMHCYMCs Kadxcablil 8 ceoell cpede 8 YyCKOPSAIOWUX
noasix /J3C, a 8 KoOHYye nymu, HA NOBepXHOCMU 3/1eKmpodos,
060€eduHAIOMCA 8 MO0J1€eK)y/1bl, npeobpasysl 6cl0 3andacéHHylo
JHepz2ul0 8 3IHep2ul0 XuMu4yeckol c6853U, - U 6blX00sIMm Uu3
Konmypa!

Bce paccmompeHHble 6HYymMpeHHue UCmoOYHUKU 3.0.C.
JsemMenma, cHudxdcaiom 3ampams! 6HeulHe20 UCMOYHUKA Ha
as1ekmpoaus 80dsl. Takum 06pa3om, menjioma eHewHell cpedbsl,
noz/sowaemas 3/1emMeHMOM 8 npoyecce ceoell pa6omsul 045
noddepstcaHusa duggpyzuonHwix /IIC, udém Ha yMeHbUleHue
3ampam eHeulHe20 UCMOYHUKa, mo ecmb ygeaudueaem KIIJ|
3/s1leKkmpoJu3a.
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DJIeKTPOJIU3 BO/AbI 0€3 BHENITHEr0 MCTOYHUKA.

[Ipu paccMoOTpeHHH NpPOIECCOB, MPOUCXOIAIIMX B OJIEMEHTE,
n300paXEHHOM Ha pHC. 1, TapamMeTpbl BHEIIHET0 HCTOYHHKA He
yauTeBasuCh. [lycTh ero BHyTpeHHee CONpOTHBIEHHE paBHO R;, a
HanpsokeHne Eg.., = 0. To ecTs amekrpomasr DieMeHTa 3aMKHYTHI Ha
naccuBHYIO0 Harpysky (puc. 5). Ilpu 3TomM HampaBieHHsS W BEIUYHUHBI
noneit JI9C, Bo3HMKaONIMX Ha TpaHHLax paszngena (a3 B DiemeHre,
OCTaHyTCS MPEKHUMH.

Puc. 5. BmecTo Epery (puc. 1) BKITFOUEHA TacCUBHAS Harpy3ka R,

OnpenenuM YCIOBUSL camMonpousgoibHo20 TPOTEKaHUS TOKa B
TakoM OneMeHTe. V3MeHeHune moteHmana ['nodca, B COOTBETCTBUH
dopmyioii (1) Ipunoxenns Ne2 TpeTheil 4aCTH CTaThH:

A(306}7 = (AHOGP - Ql'[) + QoGp

Ecmn Qp > AHqs, + Qosp = 284,5 — 47,2 = 237,3 (x/Joic/monn)
1,23 (3B/monekyny), 10 AGys, < 0 M caMOImpou3BOJIBHBINA IpoIiecc
BO3MOJKEH.

Yurém nmanee, uro B DJIeMEHTe peakiius 00pa30BaHUs BOJIOPOJIA
MPOUCXOANT B KHUCIOW cpeae (dnexTpoanbiii moreHiuan 0 BomsT), a
KHCIIOpOoJa B meNo9HoM (3nmekTpoansiii motennuan 0,4 Bonbra). Takue
AJIEKTPOJIHBIC MMOTEHIMAIEI o0ecreunBaeT MemOpaHa (5, puc. 9),
HanpspKeHHe Ha KOTOPO# mpu 3ToM oibkHO 061Th 0,83 Bombra. To ecth
SHEprusi, HeoOXonumas sl oOpa3oBaHMs BOJOPOAAa M KHCIOPOJa,
ymenbiutes Ha 0,83 (3B/monexyny). Torga ycnoBueM BO3MOXKHOCTH
CaMOTIPOU3BOJIBHOTO IpoIiecca OyIeT:

(e}

Qn > 1,23 -0,83 = 0,4 (a3B/monexyny) = 77,2 (x/onc/monw)
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[MoyyaeMm, 4To IHepreTHyecKuii 6apbep odpa3oBaHHus MoJIe-
KyJI BOIOPO/Ia M KHCJIOPOAa NPeoAoJanM W 0(e3 WCIOoJIb30BaHHS
BHEIIHEr0 HCTOYHHKA HANPSKEHNS.

Hpyrumu cinoBamu, yxe npu Qp = 0,4 (9B/monrexyny), To ecthb
npu BHyTpeHHed KPII snextpomoB 0.4 Bompra, DOmement Oyner
HaXOJUThCS B COCTOSIHUU JMHAMUYECKOTO PaBHOBECHS, U JI000e (Iaxe
MaJioe) U3MEHEHHE YCIOBHI 3TOTO PaBHOBECHS OY/IET BBI3bIBATH B LICTH
TOK.

Emé omHO mpensTcTBHE HAa IyTH TNPOTEKAHUS PEAaKLUUi Ha
ANIEKTPOJAX ATO IHEPrusi AKTHBALUHU; HO OHO YCTPAHSCTCS TYHHEIb-
HBIM 3((HheKTOM, BO3HHKAIOMNM B CHIIy MAJIOCTH 3a30pa MEKIY dJIeK-
TpoJIaMu u pacTBopom [7, ¢. 147-149].

Takum 00pa3oMm, HCXOAsS W3 DHEPreTHYECKUX COOOpPAKCHHH,
HOJTy4aeM, YTO CaMOIPOU3BOJIBHBIN TOK B DileMeHTe, N300pakEHHOM Ha
puc. 5, BO3MOKeH.

Ho kakue ¢pusuueckue MpUIMHBI MOTYT BBI3BIBATE 3TOT TOK? DTH
MIPUYUHBI TIEPEYHCICHBI HIDKE:

1. BEepOSATHOCTH MEepexo/ia IEKTPOHOB U3 KaToAa B PACTBOP BbI-
1Ie BEPOSATHOCTH HMX TEepexofa W3 aHOAa B PACTBOpP, TaK Kak N-TOIy-
MPOBOJHUK KaTOAa MMEET MHOTO CBOOOJHBIX DIIEKTPOHOB C BBICOKHUM
SHEPreTHYECKUM YPOBHEM, a P-TIOIYIIPOBOJHUK aHOJA — TOJBKO «IbIP-
Ki», TPUYEM, ITH «IBIPKW» HAXOMATCS HAa JHEPreTUYECKOM YpPOBHE
HIDKE YPOBHS 3JIEKTPOHOB KaTO/a;

2. MmemOpaHa TIOJUIep)KUBAET B KATOJHOM IPOCTPAHCTBE KUCIIYIO
cpely, a B aHOJAHOM — HIEJIOYHYIO. B cilyuae HHEPTHBIX 3JIEKTPOJIOB 3TO
NPUBOJUT K TOMY, YTO KaToJ| MpHOOpeTaeT OONBIINN AIEKTPOAHBIN T10-
TeHIMal, 4eM y aHoA. CleoBaTelbHO, AIEKTPOHBI JOJDKHBI JIBUTATHCS
10 BHEIIIHEH 1IENX OT aHO/1a K KaToy;

3. IOBEPXHOCTHBIN 3apsi/i PACTBOPOB MOJIMAIEKTPOIUTOB, BOZHH-
Karmui 3a cu€t addexra JloHHaHA, HAa TpaHUIAX 3JIEKTPOJ/PACTBOP
co31a€T MOJIsl, TAKKE, YTO MOJIe HA KaTOJE CIIOCOOCTBYET bIX00Y JIIEK-
TPOHOB M3 KaTo/ia B pacTBOp, a MOJE HAa aHOJE — 6X0J) DIEKTPOHOB U3
pacTBopa B aHOJ;

4. paBHOBecHE NPSMBIX M OOpaTHBIX PEaKUHMH Ha JIIEKTPOnIax
(OOMEHHBIX TOKOB) CMEIIECHO B CTOPOHY NPSMBIX PEaKIHii BOCCTAHOB-
nenust noHos H' Ha katoze u okucnenns nonos OH™ Ha aHoze, Tak Kak
OHH COIPOBOXKIalOTCA oOpazoBanueMm ra3oB (H, m O;), crnocoOHBIX
JIETKO MOKUHYTH 30HbI peakuuit (mpuHun Jle-1llarense).
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IKCnepUMEHTHI.

Jnsi KOMMYECTBEHHOW OLEHKH HAaNpsHKCHUS Ha Harpyske oOT
a¢dekra JloHHaHa TmpPOBEeNEH IKCMEPUMEHT, B KOTOPOM KaToOI
OJeMeHTa COCTOsUT U3 aKTUBUPOBAHHOTO YIJISl C BHEIIHUM IPad)UTOBBIM
3JIEKTPOAOM, @ aHOJ — W3 CMECH aKTHBUPOBAHHOI'O YIJIA U AHWOHUTA
AB-17-8 ¢ BHEIIHUM TPa(UTOBBIM JIEKTPOJOM. IIEKTPOIUT — BOTHBIN
pactBop NaOH, aHogHOe © KaromHOE MPOCTPAHCTBA pa3JeIICHEI
CHUHTETHYECKMM BOWIOKOM. Ha pa3oMKHYTBIX BHELIHHMX 3JIEKTPOAAX
9TOro JjeMeHTa ObuTo HampspkeHue okono 50 uB. [lpu NoAKIIOYeHUH K
OnemenTy BHemHed Harpy3ku 10 Om QukcupoBancs Tok okoio 500
mkA. Ilpu OBBIIIEHNU TeMIepaTypsl OKpyskatomiert cpeast ot 20 go 30
°c HalnpsDKEHUE Ha BHEIIHUX DSJEKTpoIax Bo3pactano 1o 54 wmbB.
VYBenuueHue HanpspKeHUs TPU MOBBILIEHUN TEMIIEPATYPhl OKPYKaroLei
cpepl MOATBEPXKIAAET TO, YTO MCTOYHHKOM 3.1.C. ABjsiercss auddysus,
TO €CTh TEIJIOBOE ABMKCHHE YaCTHULI.

Jns KONMYECTBEHHOW OLICHKHW HaNpshDKEHWS Ha Harpy3ke OT
BHyTpeHHer KPII meramn/momynpoBOgHUK HaMH TPOBEAEH IKCHEPH-
MEHT, B KOTOPOM KaToJ DJIeMEHTa COCTOSUI U3 MOPOIIKAa CHHTETHYEC-
KOro Tpadura ¢ BHEIIHHUM TrpadUTOBBIM 3JEKTPOAOM, a aHOA — H3
mopomka kKapbuma Oopa (B,C, p-momympoBOOHWK) € BHEIIHUM
rpaUTOBBIM 3JIEKTPOAOM. ODJIEKTPOIUT — BOAHBIA pactBopa NaOH,
aHOJTHOE W KaTOAHOE TMPOCTPAHCTBA pa3JIENeHbl CHHTETHYECKUM
BOIJIOKOM. Ha pa3soMKHYTBIX BHEHIHHX 3JIEKTPOJAX 3TOT0 DJeMEHTa
Obuto HampsbkeHue okoio 150 mB. Ilpu nogkmroueHMH K DJIEMEHTY
BHemHeW Harpy3ku 50 xOm HampspkeHue maaaio a0 35 wmB; takoe
CHIILHOE TMajieHue HAampsDKeHUs 00yCIOBJICHO HHU3KOW COOCTBEHHOM
NPOBOAMMOCTBIO KapOuna Oopa M, Kak CIEICTBHE, BBICOKMM BHYT-
PEHHMM CONpPOTHBIEHWEM OJjeMeHTa. lccrienoBaHue 3aBUCHMOCTH
HaNpsOKEHUs] OT TeMIIepaTypbl A DJeMEeHTa TaKoW KOHCTPYKIUHU He
NPOBOAMIIOCE. JTO CBS3aHO C TEM, 4YTO, s MOJYNPOBOAHMKA, B
3aBUCHUMOCTH OT €r0 XMMHYECKOIO COCTaBa, CTENEHH JIETUPOBAaHUS U
JIPYTHX CBOWMCTB, N3MEHEHHE TEeMIIEpaTyphbl TI0 Pa3HOMY MOXET BIIHATH
Ha ero ypoBeHb ®Depmu. To ecThb BIMAHHUE TeMIEpaTypbl Ha 3.J1.C.
OnemeHTa (YBEJIMUEHUE WM YMEHBLICHUE), B 3TOM CIydae, 3aBUCUT OT
WCIONB3yEMBIX MaTepHalioB, IIO3TOMY TaKOW OKCHEPUMEHT He
MOKa3aTeleH.

Ha nanHbIi MOMEHT HaMU MPOAOIKAETCS ellé OAUH IKCIEePHU-
MEHT, B KOTOPOM KaToJ OJEMEHTa BBIIIOJHEH M3 CMECH IOpOUIKa
AKTUBUPOBAHHOTO yriisi M KaTroHuTa KY-2-8 ¢ BHENIHMM 3IIEKTPOIOM
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W3 HEpKaBEIOIIEeW CTald, a aHOJ W3 CMECH MOPOIIKa aKTUBUPOBAHHOTO
yras u anuonuta AB-17-8 ¢ BHEIIHUM 3JIEKTPOJOM U3 HEpIKABCHOIICH
cranu. DnekTponuT — BomHbli pactBop NaCl, anogHoe m karogHOe
MPOCTPAHCTBA pa3/EleHbl CHHTETUYECKHM BOWIOKOM. BHemrHue
AIEKTPOIBI ATOTO DjeMeHTa ¢ OKTA0ps 2011 1. HaXOAATCS B COCTOSIHAN
KOPOTKOTO 3aMbIKaHHMS Ha TACCUBHBIA amrepMerp. TOK, KOTOpBIi
MOKA3bIBAaCT aMIIEPMETP, NPHMEPHO 3a CYTKH IOCJIE BKJIIOYCHUS,
ymenbimmics or 1 MA — mo 100 mKA (urto, BHAMMO, CBS3aHO C
NoJsipu3alel 3JeKTPOIOB), U C TEX TOP yxKe 0ojee rojla He MEHSETCS.

B nmpakTuyeckux 3KcnepuMeHTAaX, ONMCAaHHBIX BBIIIE, B CBS3H C
HEJOCTYITHOCTEI0 Oosiee A((EeKTUBHBIX MaTepHasoB, MONyYEeHHBIE pe-
3yJbTaThbl CYIMICCTBECHHO HMXC TCOPCTUUCCKU BO3MOKHBIX. KpOMC TOro
HEOOXOIUMO YYMTBIBaTh, YTO 4YacTh CYMMAapHOH BHYTpPEHHEH 3.1.C.
OJneMeHTa Bcerja pacxoAyeTcs Ha MOAAepKaHUe SIEKTPOAHBIX PEeaKIUii
(TIpOM3BOICTBO BOAOPO/IA M KUCIOPOJa) U HE MOXKET OBITh U3MEPEHO BO
BHEIIIHEH IICIIH.

3akar04eHue.

[lonBoast WTOr M3NOKEHHOMY, MOXHO CJIelaTh BBIBOJ, YTO
NpUpoja paspeliacT HaM IpeoOpa3oBaTh TEIUIOBYIO YHEPTUIO B IOJIE3-
HYIO HEPTHUIO WM PadoTy, IPH 3TOM UCIONb3YS B KaUeCTBE «Harpena-
TEJIS» OKPYXKAIOLIYIO Cpely W He MMesl «XOIoAmwibHuKay. Tak, addexr
Honnana u BHyTpeHHssi KPII mpeBpamjatloT TEIIOBYIO SHEPTUIO JIBH-
JKEHMS 3apsDKEHHBIX YacTHUIl B DHEPruto anekrpudeckoro nona [A9C, a
SHAOTEPMUYECKUE PEAKIINU MPEBPALIAIOT TEIUIOBYIO 3HEPTUI0 B XUMH-
YECKYIO.

PaccMoTpeHHbIT HaMHU JJIEMEHT NMOTPeO/IAeT U3 Cpebl
TelJI0O U BOAY, a BblJeJdeT 3JIeKTPO3HEpPruio, BOAOPOA H
Kucaopoa! Ipuyém, npouecc nNoTpe6GaeHNs] 31eKTPOIHEPIHH,
U HCI0JIb30BaHMs BOAOPOJA KaK TOIUIMBA, BO3BpalaeT BOAY U
TeMnJ/io 06pPaTHO B cpeay!

Yacts 3. [Ipninoxkenns.

Horenuuan Jonnana (Ilpuiaoxkenne Nel)

PaccmoTpuMm MexaHW3M BO3HHKHOBEHHs MOTeHIMana JloHHaHa
g nonuanekrponuta. [locne auccoupanyuu MOIMAIEKTPOJINTA, €r0
MaJible IPOTUBOMOHBI HAYMHAIOT, O[] AecTBUEM Au(dy3uH, MOKUIATH
00bEM, 3aHATHIH Makpomoliekynoi. HanpasneHnHast nud¢y3us Mabix
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IPOTHBOMOHOB K3 00BEMa MAaKpPOMOJEKYJbl IIOJIMAJICKTPOIUTAa B
PacTBOPHUTENH MPOUCXOIUT BCIAEACTBHE MOBBIIIEHHON UX KOHIIEHTPALUU
B 00bEME MaKpOMOJIEKYJBl 1O CPAaBHEHHIO C OCTAJbHBIM PAaCTBOPOM.
[Hanee, eciu, HampuMep, Majable IPOTUBOMOHBI 3apSKEHBI OTPHULIATEIb-
HO, TO 3TO NPHUBOAUT K TOMY, YTO BHYTPEHHHE YaCTU MAaKPOMOJIEKYJIbI
NpUOOPETAIOT TONOXKUTENBHBIN 3apsl, a pacTBOP, HEMOCPEICTBEHHO
NPUMBIKAIOIIANA K 00BEMY MaKpOMOJIEKYIbl — OTpHLATEeNbHEIH. To ecTh
BOKPYT IOJOXKUTEIBHO 3apsHKEHHOT0 00bEMa MaKpOHMOHA, BO3HUKAET
Kak Obl «MOHHAs aTMocdepa» U3 MaJbIX NPOTUBOUOHOB — 3apsKCHHA
orpunatensHo. Ilpekpamenne pocta 3apsga HOHHOH —aTtMocgepsl
IPOMCXOANT, KOIJa OJJIEKTPOCTaTHYECKOE II0JIe MEXIY HOHHOU
atMoctepol W OOBEMOM MaKpPOHMOHA YPAaBHOBEIIMBAET TEIUIOBYIO
IUQQPY3UI0 ManblX MNPOTHBOMOHOB. OOpa3oBaBmIasicsi B pe3yjbTaTe
paBHOBECHAsT Pa3HOCTH IMOTEHITHAIIOB MEXIy HOHHOW atMmochepod u
MaKpOHMOHOM U ecTh nmoTeHuuan Jlonnana. [lorennuan JIoHHaHa Takxke
Ha3bIBAKOT MCM6paHHI)IM MMOTCHIMAJIOM, TaK KaK aHaJIOTU4YHasd CUTyalus
BO3HHMKAET Ha IOJYNPOHUIIAEMOW MeMOpaHe, HampuMmep, KOorjaa oHa
OTIENSIeT PacTBOP BJIEKTPOJIUTA, B KOTOPOM €CTh HOHBI ABYX COPTOB —
CIOCOOHBIE M HE CIOCOOHBIE TPOXOJUTH dYepe3 HeE, OT YUCTOTO
pacTBOpHUTEIS.

[Torenuuan JloHHaHa MOXKHO paccMaTpUBaTh KaK MpeaesIbHBII
ciydail nud@y3noHHOrO MOTEHIMAaNa, KOrAa MOABHKHOCTh OJHOTO U3
MOHOB (B HaIlleM CJIydae MaKpOMOHOB) paBHA Hym0. Torna, cornacHo [1,
c. 535], mpuHuMas 3apsig IPOTUBOMOHOB PABHBIM €IUHUIIE:

E, = (RT/F)-Ln(ai/ay),

rIe.

E, — noteHnuan JJonHaHa;

R — YHuBepcanbHas ra30Bas MOCTOsTHHAS;
T — TepMmogmHaMuYecKast TEMIIEPATYPA;
F — [ocTosinnast dapanes;

dy, d — aKTUBHOCTHM NPOTMBOMOHOB B KOHTAKTUPYIOIIUX (basax.

B namem Onemenrte, rae MemOpaHa pasensieT pPacTBOPHI
nommocHoBanus (PH= Lga; = 14) u momukucnorsl (PH = Lga, = 0),
noteHiMan JloHHaHa Ha MeMOpaHe npu KOMHaATHOW Temmeparype (T =
300 °K) 6yzer:

E, = (RT/F)(Lga; — Lga,)-Ln(10) = (8,3-300/96500)-(14 — 0)-Ln(10) =
= 0,83 BoubTa.
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[lorenuman /loHHaHa yBeTHMYUBAETCS MPSMO MPOMOPIIHOHATHHO
pocty Temnepatypbl. s nuddy3noHHOTO TaJbBaHUYECKOTO AJIEMEHTA
ternora llenbTbe SBNAETCS €AMHCTBEHHBIM HCTOYHHKOM MJISI TPOU3-
BOJICTBA IIOJIE3HON pPabOTHI, MOITOMY HEYIAHBHTEIHHO, UTO I TAKUX
AIIEMEHTOB 3.7.C. PacTET ¢ yBeNIWdeHHeM Ttemieparypbl. B muddysn-
OHHBIX 3JIEMEHTAaX, Ul MPOU3BOACTBA PabOTHI, TemioTa [lensThe Beeraa
3abupaercss u3 cpeapl. [Ipu mporexanmm Toka uepe3 JIC, cdopmu-
poBaHHBIH 3(dekTom JloHHAHA, B HAMPaBICHHWW, COBHAJAIOIICM C
MOJIOKUTENbHBIM HampasienueM noist 9C (to ects koraa mojue JI2C
COBEpIIACT MOJIOKUTETbHYIO padoTy), U3 Cpeabl MOTJIOUIAETCs TEIIo
JUTS IPOU3BOZCTBA STON PabOTHL.

Ho B muddy3rmoHHOM 37€MEHTE TPOWCXOTUT HENMpPEpPHIBHOE U
OJIHOHAIPaBJIEHHOE M3MEHEHHE KOHIIEHTpalui HOHOB, YTO B KOHEYHOM
WUTOTE TPHUBOJUT K BHIPABHUBAHUIO KOHIICHTPAIM W OCTaHOBKE
HampaBlneHHOH nud@dy3uu, B oTIMYue OT paBHOBecus JoHHaHa, mpu
KOTOpPOM, B CITy4yae MpPOTEKaHUs KBAa3HUCTATUYECKUX TOKOB, KOHLIEHTpa-
1S MOHOB, OJHAXIBI JOCTUTHYB ONPEIEIEHHOrO 3HA4YeHMs, OCTAaETCs
HEU3MEHHOM.

Ha puc. 2 npencrasiena nuarpamMmma U3MEHEHHsI OKHCIUTEIBHO-
BOCCTaHOBUTEJBHBIX TOTCHIIMAJIOB Peakluii oOpa3oBaHMs BOAOPOIA H
KHCIIOpOJa TpYW W3MEHEHWH KHCIOTHOCTH pacTBopa. [lmarpamma Ha-
TJISITHO TIOKA3BIBAET, YTO JIEKTPOJHBIA IMOTEHIMAN peaknuu o0pa3oBa-
HUs Kuciopoga mpu orcyrctBuu monoB OH™ (1,23 BomnbTra B Kucioi
cpele) OTIMYaeTcs OT TAaKOTO J>K€ MOTEHIHalla TMPHU WX BBICOKOM
kounenrpanuu (0,4 Bompra B menouHoi cpene) wHa 0,83 Bombra.
AHAJIOTUYHO, JJEKTPOAHBIM  TOTEHIMAl peakiud 0oOpa3oBaHUs
BOJI0pO/Ia Ipu oTcyTcTBUM HoHOB H' (~0,83 BosibTa B 1e104HO cpefe)
OTIIMYAETCSl OT TAKOTO e MOTEHI[HANIa TIPYU WX BBICOKON KOHIIEHTPAITUN
(0 Bombt B kucIHoO# cpene), Takxe Ha 0,83 Bombsta [4, c. 66-67]. To ecth
oueBuaHO, uTto 0,83 BompTa TpedyeTcs M TOro, YyTOOBI MOJIYYUTH B
BOJI€ BBICOKYIO KOHIICHTPAIIUIO COOTBETCTBYIOIUX MOHOB. DTO O3HAda-
et, uro 0,83 Bomnbra TpeOyeTcs s MaccoBO# qUCCOIMAIIMA HEUTPAITh-
HbIX MoJsieKynl Boabl Ha H' u OH™ umonbl. Takum 00pasoMm, eciid MeM-
OpaHa Hamiero DIIeMEHTa IMOAJNEPKMBAaET B KAaTOAHOM IPOCTPAHCTBE
KHCIYIO Cpedy, @ B aHOJHOM IIEJIOYHYl, TO HamnpsbkeHue e€ J[OC
MoxeT mocturath 0,83 BombTa, 9TO XOPOIITO cortacyeTcs ¢ TeopeTHdec-
KHM pacu€ToM, MpUBeNEHHBIM paHee. Takoe HanpshkeHne o0ecredrnBaeT
BBICOKYI0 MpoBOAMMOCTh mpoctpaHcTBa JOC meMOpanbl 3a cuér
JUCCOLMAIIY BOBI BHYTPH HEE HA HOHBI.
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1,23 B., obpasoBaHMe KMCAOPOLA M3 BOAbI
2H;0 —4e” —» 4H" + O3

0,4 B., obpasoBaHue
0,83 B., AMccoumMaLMa BoAbl Ha MOHbI: Kucnopoaa us noHos OH™
H,O = H* + OH™ 40H —4e” - 2H;0 + 0,

F 3
A 4

0 B., 0BbpasoBaHue
BOAOpOAa M3 uoHoB HF
2H* +2e” > H;

0,83 B., obpasoBaHMe BOACPOLA M3 BOAbI

2H,0 +2e~ -> Ha + 20H" HanpsaxeHue, B.

T
0 10,83 11,23
1 1

>

Puc. 2. JluarpaMma OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIX TTOTEH-
LIMMAJIOB PEaKIUU pa3loikKeHHss BOAbl, a Takxke uoHoB H' m OH Ha
BOJIOPOJ M KUCJIOPO.

KPII u Tensiora leabThe (Ilpuioskenue Ne2)

«lIpuuuna eosnuxnosenus Ilenomove 3¢ppexma 3axmouaemcs 6
mMoM, YUMo CpeoHsisi SHepeusi Hocumenell 3aps0a (0Jist onpedeléHHOCmU —
9AEKMPOHOB), YYACMBVIOWUX 8 INeKMPONPOBOOHOCIU, 6 pPATUUHBIX
npogooOHuUKax pazmuyna ... Ilpu nepexode uz 00HO20 NPOBOOHUKA 6
Opyeoul 1eKmpOoHbL TUO0 Nnepedarom U3OblMOYHYI0 IHEPIUD peulémke,
UOO NONONHAIOM HeOOCMAMOK dHep2uU 3a eé Cuém (8 3agucumocmu om
Hanpasienus moxka,). ..

—Iﬁ

(? Q £

2
5 L
S >
etann MonynpoBogHUK METannf

n-tuna

Puc. 3. O¢dexr [lenpThe Ha KOHTaKTE MeTaJUIa M N-MOIYIPO-
BojHUKa: Ef — ypoBenr ®@epmu; Ec — 7HO 30HBI MPOBOAMMOCTH TOY-
MPOBOJHUKA; Ey — MOTOJIOK BajeHTHOW 30HBI; | — MOJOKUTEIHHOE Ha-
NIPAaBJICHUE TOKA; KPYXKKaMH CO CTPEJIKAMH YCJIOBHO IIOKa3aHbI
JIEKTPOHBI.
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B nepsom cnyuae 60musu xowmaxkma evioensemcs, d 80
8MOpoM - noziowaemcs maxk Hasvigaemas menaoma Ilenvmuve.
Hanpumep, na xonmaxme nonynpogoonux — memann (Puc.3) snepeus
9NeKMPOHO8, Nepexo0auux U3 HOAYAPOBOOHUKA N-MUnd 68 Memajl
(nesviti KOHMAKm), 3HAYUMeNbHO npesviuaem 3Hepeuio Depmu Er.
Ilosmomy onu Hapywarom menioeoe pasHosecue 6 Memaiie.
Pasnosecue eoccmanasnusaemcs 6 pezyromame CMOIKHOBEHUl, Npu
KOMOPbIX  2JIeKMPOHbL  MEPMAIU3YIOMCs,  omoasds  U3DbIMOUYHYIO
9HEpeUio KPUCMAaLIuYeckou pewémxe. B nonynpoeooHux u3 memaiia
(npagvlli  KOHMAKM) MOSYm Hnepelmu MONbKO camble dHepeUUHble
9NeKMPOHbL,  8CAEOCNBUE OMO20 INeKMPOHHBIN 2d3 6 Memajlie
oxnaxcoaemcs. Ha e6occmanoenenue pagnogecHoeo pacnpeoeineHust
pacxodyemcs sHepeus Konebanuii pewémxuy [2, c. 552].

Jis  KOHTaKTa MEeTasul/P-TIONYIIPOBOJHIK CUTYyallds aHajo-
ruvHas. Tak Kak TPOBOIMMOCTH P-TIONYIPOBOJHUKA 00ECIeUYHBaIOT
JIBIDKA €r0 BAJICHTHOW 30HBI, Haxondilencss Huxe ypoBHs Depmu, TO
OXJIAKIAThCS OyJIeT KOHTAKT, B KOTOPOM 3JICKTPOHBI ABMXKYTCS M3 P-
MOJIyIpPOBOAHUKAa B MeTaul. Terminora IlensThe, BblaenseMas WIH
MorJionaeMas KOHTaKTOM JIBYX NPOBOIHHMKOB, 00YCIIOBJICHA TPOU3BOJI-
CTBOM OTPHIIATEIEHON MIIM TOJOKHUTENbHON paboThl BHyTpeHHer KPII.
Onennm BenmnunHy BHyTpeHHeW KPII Ugpn. Cormacro [2, c. 552]
yZAeIbHasi MOITHOCTH TeruioBoro 3¢ dekra [lenpThe:

Q= J-(I;— 1),
rue:
j — IUIOTHOCTH TOKA;
Iiu I, — ko3 durmentsr [lenbTbe KOHTAKTUPYIOMIMX MPOBOJI-
HHKOB.

Tak kak teruiota IlenbThe 310 padoTa BHyTpenner KPII, ToQp=
JUkpm, TO ecthb K02 durment Ilenasthe IT u BayTpernss KPIT Ugpr cyTh
oaHo u 1o xke. CornacHo [2, ¢. 552]:

II= aoT,

rae:

a — K03(DPUIMEHT TEPMOIIEKTPOIBUKYIIICH CHIIBI;
T — TEpMOJANHAMUYECKAs TEMIIEPATYPA.

[omnyuaem, npu komuaTHOM Temneparype T = 300 °K, s mony-
npoBoAHUKOB ¢ 0= 1200 (mxB/K) u a, = — 800 (mxB/K) [5, c. 459]:

Uxpr = IT = 300-(1200 + 800)-10°° = 0,6 BoxnbTa
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BxmtounM B pa3psiB JieBoro koHTakTa (Puc. 3), Ha KoTOpoM mpo-
UCXOIUT BBIAETICHUE TEIJIOTH [lenbThe, AMEeKTPOIIMTHYECKYIO SUYCHKY,
Hanpumep — BoAHbli pactBop NaOH (Puc.4), a metann u n-moiympo-
BOJHUK ITyCTh OYIyT XUMHYECKHA HHEPTHBIMH.

I
“"—O “—O £
Er 2
MonynposBoaHUK MeTann%
n-tuna
Ey
N 7

Puc. 4. JleBblif KOHTAaKT N-MOJYIIPOBOJHUKA U METalIa pa3oM-
KHYT, ¥ B TOT Pa3pbIB MOMEMIIEH pacTBOp Anekrponuta. O003HaUEHUS
TaKHe e, KaKk Ha puc. 3.

Tak kak mpu mpoTekaHuMH Toka «l», W3 N-MOIynpoBOAHUKA B
PacTBOp MOCTYMAIOT JIEKTPOHBI C OOJBIICH 3HEPTrUeH, YeM BBIXOAAT U3
pacTBopa B METall, TO 3Ta M30BITOYHAs SHeprus (Temiora [lenbTbe)
JIOJDKHA BBIICIUTHCS B STYCHKE.

Tok depe3 siueiiKy MOXKET MATH TOJIBKO B CIy4ae NPOTEKAHHUS B
HEH 3JIEKTPOXMMMUYECKUX peakuuil. Eciau peakuuu B sUeiike skzomep-
Muueckue, To TeroTa [lenbThe BeIgENsAETCS B TYCHKE, TaK Kak OOJbIIe
eil neBatbecsl HeKyAa. Ecnum sxe peakiuu B siueiike — snoomepmuieckue,
To Temwora IlenpThe MAET LETUKOM WM YaCTHYHO HA KOMIICHCAIUIO
SHIOTEPMHUYECKOTO 3(deKTa, TO ecTh Ha o0pa3oBaHHE NPOIYKTOB
peaKLMid.

B namem npumepe, cymmapHas peakuus sueriku: 2H,0 — 2H,1
+ O,1 — sHpoTepMuUeckasi, mo3Tomy Teriora (3ueprus) [lenbThe, HAET
Ha cosfanue Monekyi H, 1 O,, 00pasyronmxcs Ha 3JeKTpoax.

Takum oOpazom, moiyvaem, 4to teriora llensTbe, oTOOpaHHAs
y Cpeabl B IPaBOM KOHTAaKTE N-TIOJIyTIPOBOIHUK/METAII, HE BBIACISETCS
00paTHO B Cpeny, a COXpaHsIeTCS B BUI€ XUMHUUECKON YHEPTUH MOJIEKYIT
BOJIOPOZA U KUCIOPOAA.

OueBuHO, YTO paboOTa BHEUIHETO MCTOYHMKA HANpPsDKEHHS, 3a-
TpaunBaeMasi Ha JIEKTPOJIU3 BOJIbI, B ATOM cilydae Oy/AeT MeHbIIe, 9eM B
Cily4ae MPUMEHEHHUS OJWHAKOBBIX 3JIEKTPOAOB, HE BBI3BIBAIOIINX BO3-
HUKHOBeHUs 3 dexTa [lenbThe.
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He3zaBucuMo oT CBOMCTB 3JIEKTPOAOB JIEKTPOJUTUYECKAS SUEH-
Ka caMa MOXXET MOIJIONIaTh WM BRIIEIATE TeIio [lenbThe mpu mpoxox-
JleHnu dYepe3 He€ Toka. B KBa3UCTAaTUYECKUX YCIOBHUSIX H3MEHEHUE
noTeHrana ['mb6ca sueiiku [4, c. 60]:

AG = AH - TAS,
rue.
AH — u3MeHeHHe SHTAJIBIIUN SYEHKH;
T - TepmoauHamMudecKas TEMIEPATypa;
AS — M3MCHEHUE SHTPOIUH STUCHKH;
Q=-TAS - remnora [lensThe TUEHKH.

Jlnist BOAOPOI-KHCIOPOAHOTO TalbBAHUYECKOTO 3JIEMEHTa TPHU
T = 298° K usmenenue suransiuu AH,, = — 284,5 (x/Jorc/monv) [8, c.
120], n3menenue norennuaia 'no6oca [4. c. 60]:

AG,, = —zFE = 2-96485-1,23 = — 237,3 (korc/monv),

rae.

Z — KOJHMYECTBO JIEKTPOHOB Ha OJJHY MOJIEKYITY;
F —nocrosanas ®apanes;

E —»s.1.c. ranmpBaHNUECKOrO AIIEMEHTA.

CieqoBaTeIbHO:
Qup=—TAS,, = AG,, — AH,, = —237,3 + 284,5 = 47,2 (x/{o«c/monv) > 0.

To ecTb BOJIOPOJI-KUCIOPOAHBIA TaJIbBAHUYECKUN JIEMEHT BbI-
aensier terwio [lenbThe B Cpeiy, MOBBIMAS MPU 3TOM €€ DHTPOIHIO U
MOHIKAsl CBOKO. Torja B 0OpaTHOM IPOIIECCE, MPH IEKTPOIIA3E BOIBI,
YTO M NPOMCXOJMT B HalieM npumepe, Temiora Ilensrbe Qqep = — Qpp =
— 47,3 (koic/monb) OyneT MOTJIOMIATHCSI 3JICKTPOJIUTOM M3 BHEUIHEH
CpeIIbL.

Ecmu Qp > 0 — Tenmora [lenbThe, oTOOpaHHAst y Cpellbl B TPaBOM
KOHTaKTe N-TIOJIYIPOBOJAHUK/METAIUI, TO OHA JOJDKHA BBIICTHUTHCS B
s4YeiKe, HO TaK KaK peakiusl Pa3lIoKEHHS BOJBI B SUEHKE DHIOTEp-
muueckas (AH > 0), to terora [lenpthe Qn MAET HA KOMITEHCAIIHIO
9HJIOTEPMUYECKOT0 3P PeKTa peaKIUH:

AGOGp = (AHo6p - QH) + Qo6p- (1)

Qo6p 3aBUCHT TOJBKO OT COCTaBa AJIEKTPOJINTA, TAaK KaK SBIIAETCS
XapaKTEPUCTUKON AIEKTPOJIUTHYECKON SIYEUKU C MHEPTHBIMU JIEKTPO-
Jam, a Qp 3aBUCHT TOJIBKO OT MaTEpUalIOB AJIEKTPOJIOB.
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VYpaeuenue (1) mokaspiBaer, uro TemioTa Ilenbrbe Qp, a Takxke
temnora IlenbTbe Qogp, MAYT HA NMPOM3BOACTBO MONE3HON paboTel. To
ectb TemioTa IlenpThe, OTOOpaHHAs y cpenbl, YMEHbBLIAET 3aTpaThl
BHEIITHETO HMCTOYHHMKA DSJICKTPOIHEPTHUH, HEOOXOJMMBIC IS DJIEKTPO-
nm3a.

CuTyanus, KOrja TemjioTa cpe/bl sBJAAeTCS HCTOYHUKOM
3HepruM JAJsA NPOU3BOACTBA I0JIE3HOH pPaGoOThl, SBJIAETCS
XapaKTepHO! AJisA BceX AUPPY3UOHHBIX, a TaKKe AJIA MHOTHX
3JIEKTPOXUMMHYECKHUX 3JIEMEHTOB. [I[puMepbl TaKMX 3/1eMEHTOB
npuBejeHsl B [3, c. 248 - 249].
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«CMEPTBb MO3I'A» - CMEPTb COBECTH

B.I'. Poanonos

HAMATH
8b10AI0ULE20CA POCCUIICKO20 YUEHO20
T'eopeua Hukonaeeuua Ilempakosuua,
nooapueutezo 1100am 0yKem c60ux OmKpolmuii

6 obnacmu ouogpuzuku, meOUuyUHbl, 2e0Pu3uUKU,
HHOCBAHIAETCA

B «mmBunmzoBanHON» pacxpucranHoit EBpore ax 10 19 Beka (1)
OBUIO MPUHSATO CHaTh CHI, CIPSATABIIMCH OT OKPYXKAIOIIUX B TEMHOM
suuke win mkady. CeromHs o0 3ToM B crapyiuke-EBporie He mr00sT
BCIIOMUHATh. CEKpET MPOCT: CIAJU CUISl — U3 PEAIBHOTO OMACEHUsI, YTO
€CJIM KTO YBUIWUT HEMOJBUMHO JICHKAIIEr0 YEJIOBEKA — HE BAXKHO INIE U
HE BaXXHO B 4€M — MMeEJl MOJHOE MpaBO MOCTYNAaTh CO CISIIIUM Kak C
MOKOWHUKOM (pa3/ieTh, OOYUCTUTH O HUTKH, a MOJ KOHEI| — MPHUKOH-
4yuTh). Ml HE MOHApPOUIKY NMPHKOHYHMTH, a B3ampaBny. [loquépkuBaro:
TpaguIMsl Y HUX Takas eBpOIeWcKas «MBHIM30BaHHAs» OblIa BCE
BpeMsi, — JIF0JJ0eICKast M OaHAUTCKas OTHOBPEMEHHO!

[To sTomy noBony 1o cux nop B Hunepinangax B my3ee-KBapTu-
pe, e xumn mape [I€rp I Bo Bpemsi cBoeit Beauxoii nocoabckot
9KCneduyuu, TOKa3bIBAlOT TOT CaMbIid BCAMICIUITHBIN MKad, B KOTOPOM
cunsa (1), «ckopuuswiuco 6 mpu nocubenuy, cuajg Iapb MOCKOBHUTOB
I1éTp, «cvin Muxaiinoey.

OTO TOIBKO B «IUKOW» MOCKOBHUH — JKUB YEJIOBEK WIN MEPTB —
Omnpenensul CBALEHHUK. [IpnuéM 3axopaHuBad TOJIBKO HA TPETUN I€Hb
MOCIIE TOTO, KaK YeJIOBeK yMUpal TenecHo. Moo myima emeé ocraBanach B
Tele; W COXpaHsIach pealdbHas BO3MOXKHOCTH (TIpu OJarompusiTHOM
CTCUCHHN OOCTOSATENLCTB, YCHICHHBIX MOJICHUSX OJIM3KUX POJICTBEHHU-
KOB YCONILEro M Mp.) — YeJOBEKYy OXuTb. Jpyrumu cioBamu, (axT
HEOOpaTHMOTO YCHeHUs, TO €CTh CMepmu — OTpe/Ieisya THICSUEIeTHSIS
MpaBOCIIaBHAS TpaAuIus. M TOTBKO CIyCcTS TpW JHA, €CTIH YCOIIINA He
NPOCHINAJICS, — €r0 XOPOHWIN KaK «KPEenKo ymepuiezo», To ecTb 0e3-
BO3BpPaTHO YMEPIIETO.

Kax Tompko Anexcanmp I oTtkpeun rpanuiyy Poccuiickoit umre-
pHUH A7 BCEX €BPOMEUCKHUX MPOXOAMMIIEB, — XJIBIHYJ MOTOK MEIHKOB-
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aTeUCTOB U3 «IpOCBemEHHOW» EBponbl. I oHM cTanu HacaxaaTh CBOU
EBPOINEHCKUE «TYMaHHBIC» MPHHLUIBI IUATHOCTUKU cMepTu B Poccuu.
CHavana — B ropojax, TA€¢ MPUHUMIBI NPAaBOCIABHOW BEphl OBLIH
IIOJJOPBAHbI, a 3aTE€M U B IIIyOUHKE.

C 3axBaTroM BIacTH O€3pOAHBIMU OOJBIIEBUYKAMU KOMMYHO-
¢ammcTamy, — CBSIIEHHUKOB MEPECTPEISIIN, OOBSBUIN JEKPETOM, YTO
IOYLIH HET, a M0 CeMy CiIydaro (akT CMEPTH CTaJIH ONPEAeisTh 00IecT-
HbI€ YEKHCTBI C MHUCTOJCTAMHU U aT€UCThI-MEAUKU C HOKaMH. — JIexuT
0e3 IBWKEHHS, HE IPUXOAUT B ce0s — B TICUKY €ro WiH B KaHaBy!

U tak — 10 cero AHSA MOCTYMAIOT C HAMH aTEHCTHI-MEIUKH !

Ux rnaBHas 3amada — HE JaTh YCIIOBEKY «HpUlimu 6 cedsa», «oy-
HYMbCAY, BEPHYMbCSL € MO20 céemay B 3TOT rpeiuHbslid mup. [losTomy
BCEM HH(pApKTHUKAM HAIM JyHIETyObl Bpadd [ENaloT HeMedJeHHOe
BCKpHITHE (YTOOBI YK€ TOYHO HE OXIJI BAPYT!) WIM BIMBAIOT B HETO
TUTPHL (popMallMHA W TPOYMX SAAO0B. TakuM crmocoOoM Oblna youTa B
1990 romy u mMos maTh, Taucust HukonaeBHa, B MOCKOBCKOM TOPOJICKOM
OOJIBHUIIE, C TUATHO30M «OCMPAsl CEPOeUHas HeOOCMAamMoYHOCb).

3a 90 ner ToTtampHOro rocmnoiactea B Poccum Bpauei-aTeucTOB
umu CO3HATEJIBHO YHUUTOXXEHO Tosibko oaHuX MH()APKTHUKOB
— 6onee 20 MHJUTHOHOB YEJIOBEK.

51 cCBUIETENBCTBYIO: POCCUHCKUE BPauH-aTEUCTHI (M COBETCKOTO,
Y HBIHEIIHETO MOKPOS) CO3HATEIbHO YHUYTOXKAIOT JIFOJCH, HAXOMSIINX-
cs B anabuosze (2unobuosze, 5ToM BTOPOM, 3aIIUTHOM COCTOSIHUH JKHU3HH,
HOMHUMO OCHOBHOTO COCTOSIHUS )KU3HU, — OU03Q).

YenoBek MOHEPBHUYAJ, €r0 JOBEIU A0 MCHUXHMYECKOr0 HCTOILe-
HUSI, O [IOKa — M €ro OPraHu3M IEPEXOJHUT B 3alIUTHOE COCTOSHUE
00e37IBIDKEHHOCTH (KaKk cOpachIBalOT JIMCTBY JEPEBbsI OCEHBIO, Kak
3achlllaeT Ha 3UMY MEIBEIb W IOYTH BCE HOPHBIE KMBOTHBIE). A €ro,
TOJILKO YTO MOTPY3UBILIETOCS B aHA0MO03, — 1Mo HOX! A ero morpomiar,
KakK Ty Kypuily! A eMy cCpOYHO BIMBAIOT JIUTPBI (POPMANHHA, YTOOBI YK
TOYHO He Oxui! A TO — Kak K€ TOIZa, €CIM Qylla BEpHETCS B TEIO U
yenoBek oyHETcsA!? Hukak Henmb3st atoro gomyctuts! «Kaunuueckas
cmepmovy — «llompowums! boea nem! J[ywiu nem!». — «B neuxy!».

S CBHIETENBCTBYIO: ITaBHBIM-JIAaBHO CYIIECTBYET HAJIEKHO yCTa-
HOBJIEHHAsI METOJMKA OINPEIETIEHNUS — KUB YEJIOBEK WIIH MEPTB, Mem oo
OuoxemunloMuHecyeHUyUU, TIPOCTO, HAYIHBIN U TOYHBINA CIIOCO0 orpe-
JIeJICHUS] OUOJIOTHYECKOM (CHpEeUYh HACTOSIICH, BCAMICIUIIIHON) CMEPTH,
a HE XUTPO-MYIPOH «KIUHUUECKOU cMepmuy, KOTOpas Ha CaMOM JIeJie
SIBIISIETCST KOHIOBBIM anabuozom (cunoouozom) JXNUBOT'O(!) uenosexka.
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[lepBas myGnukammst 00 3TOM MeTONE ONpeAeNCHUs Ouo102u-
uyeckou (cuped Hacmoswieil) CMEPTH — B IEHTPAILHOM I[€YaTHOM
oprane, xypHane «Pycckas Mpiciby», Hamero Pycckoro ®uzndeckoro
Oo6mectBa [1]. D10 dyHIaMeHTaNBHAS Hay4YHAS CTAaThsi BUIHOTO MOC-
KOBCKOTO XHpypra, yueanka 3aamennToro A.C. Jlypbe, BUPTYO3HOTO U
OMBITHOTO XUpPypra MO BCEM BHIaM MOJOCTHBIX OIEpPalfid, BKIIOYAs
onkonornueckue, — ['eoprus Hukomnaesuua [leTpakoBuua, SBISIOIIETOCS
naypearom lIpemun Pycckoro ®@usmueckoro OOmiecTsa u ero 6e3cMepT-
HbIM MOYETHBIM wieHoM. [.H. IlerpakoBud4, Bpau-Xupypr BbICLIEH
KBaJTH(UKAIUK C COPOKAJIETHHM CTakKeM, HEOJAHOKPATHO BBICTYIANI C
COOOIIEHUSIMH O TOM, 9YTO IO 3JI0H BOJIE HAYAIBHUKOB OT MEIHIIHHEI
STOT €JUHCTBEHHO OOBEKTHBHBIA (M IPOCTOi!) METOJ OmpereseHUs
BCaMJICJIMIIHOW CMEPTH YeIOBEKa — IWHUYHO OJOKHUPYETCs BO BCEM
MHUpPE W 3aMaTYUBAETCS JaKe B CpeJe MEIUKOB M CTYJIEHTOB MEIHUIIMH-
CKHX BY30B, HaunHas ¢ 60-x rogos 20 Beka. [leTpakoBuueM ke, TOMUMO
JPYTUX €r0 OTKPBITHH, CCTaHO BBIJAIOIIEECS OTKPHITUE: cUROOUO3 KAK
emopoe (3auwjummnoe!) cocmoanue HcUBO20 OP2AHUIMA (HCUBOMHO20,
HACEKOMO020, pacmeHus) HapAoy ¢ OCHOBHbIM COCHIOAHUEM, — OUO30M.

[MpuBoaum urary u3 [1] I'.H. [lerpakoBu4a 00 OTKPHITOM UM
ABIEHUM: «[lymém conocmasienusi MHOSOYUCIEHHBIX WUPOKO U3BECTN-
HbIX U HEOCHOPUMbBIX (DAKMO8, BbIAGICHHbIX NPU WOKe U 3UMHEl CNAUKe,
8nepsvie YCMAHOBIEHA HEeU3BeCMHAs paHee 3aKOHOMEPHOCHb U3MeHe-
HULL y MeniOKPOBHLIX HCUBOMHBIX NPU YKAZAHHBIX COCMOSAHUSAX, 3AKIIO-
YAWAsACs 8 NOAHOU UOEHMUYHOCHU IMUX USMEHEHUL HA 8CeX 803MOiC-
HbIX VPOBHAX — KAUHUYECKOM, (DYHKYUUOHANbHOM, MOPEOIOSUYECKOM,
KAEMOYHOM, OUOXUMUYECKOM, UYMO 3ACMaAsNsem CYyumamos ok, 8
omauyue om OOWENnPUHAMO20 8 MUPOBOU MeOUYUHCKOU Hayke U
npakmuke, siglleHUeM He NAMmoI02ULecKuM, a cy2ybo guzuonocuveckum,
HOCAWUM 3AWUMHbBILL  XAPpAKMeEpP 8 OKCMPEMANbHbIX YCA08UAX, U
OMHOCUMb €20 N0 AHANO2UU C 3UMHELl CHSIYKOU KO 6MOpoMYy Qu3uoo-
2UYEeCKOMY COCMOSIHUIO UMY 2UNnoOUo3y, eciu HepebiM U OCHOBHbIM
@usuonocuueckum cocmosnuem cuumams 6uosy» [1, ctp. 131].

«InBunm3oBannas» EBpora MoxeT ObITh JOBOJIbEHA POCCUHCKH-
MU U3BEpraMy U Jyniery0aMu pofa YesIoBEeYeCKOro — B OelbIX Xanarax,
co mmpuIeM GpopmMauHa U CKaJbIIeJIeEM B pyKax.

Hwxe (Ilpunooswcenue I) MBI TIPUBOIAM OJWUH W3 MHOXKECTBA
CBEXHUX MPUMEPOB TOTO, KAK COBPEMEHHBIE BpauM TOPOMSATCS MPHUKOH-
YHUThH MAlMEeHTa, YTOOBI MO-ObICTpee 3a0paTh y HEro OpraHbl Uil KOM-
MEpPUYECKOM TpaHcIuiaHTauuu. [lpunosxcenus 2 1 3 IPUBOIMM B KaueCTBE
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ApKOTro 00pa3pazyrka OECTIPHHIMITHOCTH COBPEMEHHBIX «KOHOBAJIOBY.
CartannHckuil OusHec! B cnimcke autepaTyphl IpUBEIEH 1ANEeKO HE MOJl-
HBIH CIIUCOK OCHOBHBIX myOnukanuii Pycckoro ®@usndeckoro O6mecTBa
3a 23 roga — Mo ATOMY BOTIPOCY.

A Tenepb BepHEMCS K 3aMeYaTEIbHOMY U TIIATEIBHO CKPHIBAEMOMY
MEIMKaMH BO BCEM MHUpE METOY ONpeaesieHHS BCaMICIUIIHOW «OHOI0-
TUYECKOI» cMepTH. — Memoody duoxemuaoMmuHecyeHyuu.

[Mocneanee cnoso XT-rexHonoruit 21 Beka — Xemunromuromemp
Lum-5773. Xemunromunomemp Lum-5773 — coBpeMEHHBIN KIOBETHBIN
M3MEPHUTENBHBINA TTPHOOpP, MpeaHa3HAYCHHBINA I PETHCTPAAN CITa0BIX
M CBEpXCIaObIX CBETOBBIX IMOTOKOB, COMPOBOXIAMOIINX XUMHUYECKHE U
OMOXMMHYECKUE peaKuu (XeMUJIIOMUHECICHIIUS, OHOJOMUHECIICH-
ust). XemuwmomuHOMeTp Lum-5773 paspaboran Ha kadeape memu-
HUHCKON Onmopusuxku Pakynbrera (yHAAMEHTAIbHOH MeJIULIMHBI
MI'Y umenn M.B.JlomonocoBa. — CijiaBa poccuiickoii Hayke!

Haznauenue xemmaomunomerpa Lum-5773

* U3ydeHune nporeccoB CBOOOTHO-PATMKATHLHOTO OKHCICHHS.

® OHeHKa COCTOSAHUA MPOOKCUAAHTHBIX U AaHTUOKCUAAHTHBIX CUCTEM
YeIIOBEKa U JKUBOTHBIX.

* OmpeneneHre aHTHOKCUAAHTHOW aKTUBHOCTH (hapMaKOJIOTHIECKUAX
MpernaparoB, OMOJOTHIECKHX JKUIKOCTEH, KOCMETOJIOTHUECKUX
CPEJICTB M MHUIIEBBIX JOOABOK.

* U3ydeHune GyHKIIMOHAIEHON aKTHBHOCTH KIIETOK.

* BrlsiBlIeHHE HAJTUYUS U ONPEICICHUE CIIEIOBBIX KOHIEHTPALU
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Pa3INYIHBIX BEIIECTB.
* KoHTpOoJIb MUKPOOMOJIOTHYECKOH YUCTOTHI PA3IMYHBIX OO BEKTOB
(TIpOYKTOB MUTAHUS, BOJBI, BO3/IyXa, TEXHOJIOTHYECKUX
ITOBEPXHOCTEH, ITOMETIICHHH ).
* KOHTpPOJIb TOKCHYHOCTH MPOO BOJIBI, BO3IYIITHOM CPEJIbl, IIOYBKL, &
TaK)KE PA3JIUYHBIX COCTUHCHUN U MaTePHAJIOB.

OcodenHocTd xeMuJroMuHoMeTpa Lum-5773

* BrICOKOUYBCTBUTENBHBIN (POTOINEKTPOHHBIN YMHOKUTED (DY),

paboTaromuii B pexuMe caéra (hOTOHOB.

* [upoxuil TMHAMUYECKUM THaNa30H U3MEPEHUSI UHTEHCUBHOCTH
CBCUCHHUH.

* Perynupyemasi CKOpOCTb pETHUCTpAIIH.

* Perynupyemoe TepMocTaTHpOBaHuE 00Pa3LOB.

* Perynupyemoe nepemMeninBaHie o0pasios.

* Bo3MoXXHOCTB T00aBJICHHS PEareHTOB B TPOIIECCE POBEICHHS
U3MEPECHUM.

* YmpasneHue nmpudopoM, perucTpariusi, 00paboTKa U aHAIH3 TaHHBIX
OCYIIECTBIISIOTCS IOCPEICTBOM cTaHAapTHOro IBM-coBMeCcTUMOrO
MIEPCOHANBHOTO KOMIIBIOTEPA C UCTIONIb30BAHNEM IIPOTPAMMHOI0 00ec-
nedenus «PowerGraphy.

TexHnyeckue XapaKTepUCTHKHN XeMUJIIoMuHOMeTpa Lum-5773

* CnekTpanbHas 4yBCTBUTEIbHOCTD: 300—650 rm.

« MakcHManbHas 9yBCTBHTENbHOCTS: 1000 oToHos/c mmm 107
Moutekyn AT® (rondepasHas peakims).

* JIluHaMHUYeCKU JUana3oH U3MEPEHUI: 7 MOPSAKOB

* MakcuMmanbHas ckopocTh peructpanuu: 100 3HaueHnH/C

* Pasmep kroBetsl: 10x10%70 pm

* O0BéM uccregyemoro obpasna: 100 mxrz — 5 mzn

Urak, 4To0Bl OomnpenenuTs — Ha CaMOM JIieJe WM TOHAPOIIKY
yMep TOT WM WHOW rpa:xkaaHuH Poccum, He HamO €XaTh HM B Kakue
3aMOpPCKHE «IMBWIM30BAHHBIC» CTPaHBI, @ HY>KHO BCErO JIUIIb KYIWTh
HEJO0POroi mpuOOp HAIMX 3aMEUaTEIbHBIX MOCKOBCKHMX yu€HbIXx MI'Y
M 3aMEpUTh Yy YeJOBeKa 3THM MPHOOPOM BEIHUWHY UMMYHHO20 Cma-
myca Op2anu3smMa u ypoeHs €20 pe3ucCmenmHoCmu, B JAaHHOM KOHKPET-
HOM (U3NOJIOTUYECKOM WM TATOJOTMYECKOM COCTSIHHH, B KOTOPOM
OKa3zajics 3TOT 00e3ABUKeHHBbIH rpaxaannH Poccun.

Bcé! [Ipubop TOYHO CKaXKeT — JKUB YETTOBEK WU MEPTB!
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Ho, — HeT! MenuiuHa He CTOUT Ha MecTe!

Hammmwm moTpomuTeny B O€IbIX Xanarax MpUIyMald HOBYEO JIHKO-
BUHKY JUISl HAC, — «CMEPb M032a»!

[Mocunranu, 4To JNyKaBas «KIUHUYECKAA CMEPHb) CIUIIKOM
SIBHO TOTIAXMBAET )KYJILHUUECTBOM. [103TOMY pEInIN HAC «yCIIOKOUTDY
HOBCHBKUM 3ayMHBIM JTUaTHO30M HAIIIEH CMEPTH — «CMEPThIO» HAIIETO
MO3Ta.

[MpuBoIMM HMXE IUTATY W3 MEAUIMHCKAX XPOHUK «IIPOCBE-
EHHOro» U HNYHOro 20 Beka.

«Cmepmb mo32a (KIUHUKO-UHCIMPYMEHMATbHAA OUAZHOCMUKQ)

B 1968 r. Oputn 0myOIMKOBaHBI TaK Ha3bIBaeMbIe «I apsapockue
Kpumepuu cMepmu 4elo8eKda HA OCHOBAHUU cmepmu Mo3zea». B HuX
BIICPBBIC ObLIa MOCTYJIUPOBAHA BO3MOXKHOCTH JHArHOCTHKH CMEPTH Ha
OCHOBaHMHU TPEKpameHus: (YHKIMHA TOJOBHOTO Mo3ra. BriepBbie ObLT
NPUMEHEH TEPMHUH «cMepTh Mo3ray (brain death).

B HacTtosiiee BpeMsi BO BCEM MHPE «CMEPTh MO3ra» ompeie-
Jasiercsi Kak mnouHoe[?] m HeoOpaTtumoe[!?] mnpekpameHme Bcex
¢yukumii[!?] roloBHOro Mo3ra, BKJIKYasi CTBOJ, PErHCTPHpPYyEMoOe
npu padoraromem cepaue u UBJI...

[M T.1. ¥ T.. — HECKOJILKO CTPAaHUIl BHPTYO3HOrO Opena u3
http://doctorspb.ru/articles.php?article_id=855]

Utak, mepen HaMH CaMblii HACTOSIIUN OKCIOMOpOH («yMHAs
TIIYTIOCTBY), pOXAEHHAS [ apeapicKum npoexmom YHHYTOKECHUS JFO/ICH.
Ho cHoBa, u cHoBa meI iutupyem I H. TlerpakoBuua [1].

«o cux nop kpumepuem HACMYNJIEHUS KIUHUYECKOU cMepmu
CUUmMaom OCMAaHo8Ky ObIXAHUS, NPeKpaujerue cepoeyHoll OesimelbHO-
cmu (MedHcoy npoyuM, opeamsl 0iisi nepecaoku 3a0uparom, Kaxk npaguo,
npU COXpameHuu cepoeyHou OessimenbHocmu!l), omcymemeue Ha 371eK-
MPOIHYEPANOSPAMMAX NPUSHAKOE AKMUBHOU OesIMeNlbHOCU MO32d.
Oonako npu 2nyboKoM 2unoduo3e Smu NOKA3AMeNU He MO2Ym CLYICUMb
HAOEJNCHLIMU  KPUMEPUAMU HEBO36PAMHOCIU U3 3MO20 COCHMOSIHUS,
NOCKONbKY KAUHUHECKAsl CMEPMb N0 HOBbIM RPEOCMABIEHUAM MONCEm
ObImMb omoaieHa om OUOIOSUYECKOU CMepMUL He MOJbKO HA 4achl, OHU,
HO Oaoice Mecayvl, U Npu NPABUTLHOM Be0eHUU OO0IbHO20 6 JIMOM
COCMOSHUU U SPAMOMHO  OP2AHU308AHHOM NPOOYICOeHUU 6ce20a
COXPAHsemCcsl WAHC HA 8036pam nocmpaasuieco «ommyoay. A noka
COXPAHSIeMCsT WAHC HA  GLINCUBAHUE NOCMPAOABULe20, He 2YMAHHO
JUUAMD €20 CRACUMENbHOO WAHCA, KaKue Dbl CO0OPAdCeHUs: o IMoMmy
10800y HU npugodunucy. 4mo sce moeda mModcem CysuHcums HAOEHCHLIM
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Kpumepuem He8038PAMHOCIU NOCMPAOasuie20 U3 COCMOSHUSA KIUHU-
yeckotl cmepmu? ModcHo npsamo ckazams — maxou cnocob ecmsv, IMom
Cnocod — OUOXEMUTIOMUHECUCHMHBIU, NO3GONSIOWUL HEUHBAZUBHBIM U
oadice HEKOHMAKMHBIM NYMEM UCCTIe008amMb NPAKMUYECKU 8ce DYHKYUU
U CIPYKMYPbL HCUBO2O OP2AHUIMA HA MOJEKVIAPHOM U IeKMPOHHOM
VPOBHAX U 6 J0OBIX PeNCUMAX: NYMEM HOCMOSIHHO20 (MOHUMOPHO20)
WU NPePLIBUCTNO20 HAOII00eHUs. Yoice celiuac 8 KIUHUYeCKOU Npakmuxe
UCNONb3Yemcs MaKou MOHKUL U aOCOIOMHO OOCHOBEPHBIL AHANU3, KAK
CNeKmpanvbHblll OUOXEMUTIOMUHECYEHMHBI, NO360IAI0WUL, HANpUMep,
onpedensams HAYAN0 OMMOPAHCEHUs MPAHCHAAHMAma 3a00a20 00
VCMAHOBNEHUSL 3MO20 OCLONCHEHUsL ecemu Opyeumu cnocobamu [70)].
Ecnu oice nocmasums pabomy maxozo annapama Ha KOMAbHOMEPHYIO
OCHO8Y (MO  NMpUHYUNY KOMHLIOMEPHOU momozpaguu), Modicem
ROMYUUMbC UOEANbHAS KOMRAKMHAS MHO20YyeNesds 1abopamopus uiu
uoeanvbHeuuutl MOHUMOop».

B 3T0il nutate 20-71eTHEH AABHOCTH — NMPOBHUAYECKHE
cioBa l'eoprusa HukosnaeBuda IleTpakoBu4a 0 HOBOM mpuéope
MOCKOBCKUX Y4éHbIX MI'Y - xemuwiroMuHoMmeTpe Lum-5773, o
KOTOPOM MBI FTOBOPUJIH Bbille! - C1aBa poccuiicKkoy HayKe!

BcemupHo usBectHas Poccuiickast mkona ¢usuonoro M. M.
CeuenoBa, A.l1. Beegenckoro, H. E. BBenenckoro, A.A. YxToMcKoro,
B. M. bextepera, U. II. IlaBnosa, H.H. Mansimena, I1. K. Anoxuna,
JLJI. BacunbeBa, H. I1. bextepesoit, O.C. Bunorpamosoii, FO.A. Bopo-
HoBa, K.B. Cynakosa, B. I1. KaznaueeBa He Ma€T HM €IMHOTO IIIaHCA HA
COMHEHHE B TOM, YTO MO3T 3TO BCETO JIHIIb — HA COBPEMEHHOM SI3BIKE —
«Ouoxomnvlomep 4enoeeKa), KOTOPHIM HAMPSIMYIO, Yepe3 TUIIIOKAMII,
ynpasisier BESCMEPTHAS JIVIIA. Ecnu 3TOT OHOKOMITBIOTED BBI-
el U3 CTPOS — BTO COBCEM HE 3HAYMT, YTO YeJOBeKa Hal0 CPOYHO
«IIOTPOIIUTH HAa OPTaHbD) WM BE3THU B KpeMaropuii!

Urak, Hamm JykaBble TOOPOJIETENH OTOXKICCTBUIIN CBOE M300pe-
TEHUE «CMEPTh MO3Tay C Halllel pealbHON «OMOJIOTHYECKON CMEPTHION!

CkaxuTe, IOXKAIyiCcTa, Kakas y HAX TporaTteibHas 3a00Ta O Ha-
meii cmeptu! — He «oxpana 300poevay, a «oxpana cmepmuy!

TakuM 00pa3oM, MEJIUKH caMu Ce0s MOCTAaBHIIM BHE 3aKOHA Kak
OTHETHIEC HETOSIU U U3BEPI'H POJIa YEIOBEUECKOTO.

[ToguépkuBaem: TUAarHO3 «CMePmMb MO32a» TIPUTyMaH MaHbsIKa-
MU C JUATHO30M «(CMEPHLb COBECHIU).

I'myOuHa MX HPABCTBEHHOTO MaJICHUs YyJJOBUIIIHA H OTBpAaTUTENbHA!
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Poccuiickas HAYKd - CTApAdHUAMHU CBOUX JIYYIIUX IIpea-
CTaBUTeEJIEeN — A0Ka3aJa, YTO YeJ0BeK KaK OMOJIOTUYECKHI BUJ

9TO AByeJHWHAA CYIIHOCTbh — YE€JI0BEYECKOI'o OpraHm3imMa |Te11a|,
C OAHOﬁ CTOPOHBI, U 683CM€[2THOﬁ AVIIIN KAdK HEJIOKAJIbHOI'0

MBIC/IUTEJILHOI'O OpraHa, ¢ Aperﬁ CTOPOHBI.
U He 3a 3T0 11 3HAHKHE ATCUCTBI-ONIPUYHUKN «KOMHUCCHUHU I10 JIZKE-

Hayke» MemieHHo youBanmu — u Hatambio IletpoBHy bexrepemy, u
IOpus IlerpoBruua AnTyxoBa, 1 MHOTHX APYTHX BBIAAIOLIMXCS yYEHBIX,
KOTOpBIE CBUACTEIHCTBOBAIM 10 KOHIIA CBOMX AHEH HayuyHblid ¢axr
CYLECTBOBAHUS Y KAKIOI0 YesloBeKa ero 0e3cMepTHOI AyIIHM Kak
HeOTheMJIEMOIi YaCTH ero ABYyeIUHOI OHMOI0rHYecKOoi CyIHOCTH?

B cieayonieil Halled cTaTbe HA 3Ty TeMY OyAeT 06CyXkK-
AaThCAd K/II04YeBOe 3B€HO B NOJJIOKHOCTHU JAUarHo3a «CMepThb
Mo3ra», - IlapaMeTpbl NpOBeJeHUsA TecTa alHO3TUYeCKOM
okcureHanuu (TAQ), 40CI0BHO NOBTOpAKIIAE PeKOMEHJaluu
- 1 AMepHKaHCKO# aKajgeMHH HeBpoJioruu ot 1995 r., u cTpan
E3C.

IIpunoxenne 1

Direct/NEWS

Tpyn 0211, KOraa U3 Hero U3bIMAJIH JOHOPCKHE OPraHbI

®oto © UTAP-TACC

Opaniy3 45 netr oT poay CKOHYAJICS B
p€aHnManv, Bpadyu KOHCTATUPOBAJIN CMEPTh.
brura BrI3BaHa Opuraaa TPaHCIIIAHTOIOTOB IS
U3BATHS JJOHOPCKHX OPraHoB U3 Tpyma. OqHaKo
— KOT'JIa OHH TPUHSUTUCH 32 paboTy — My»X4nWHA
BHE3AITHO OXKHJI.

OH mocTynmun B peaHWMAINAI0 C HH-
(dapkToM, Bpadyd cieiald Bc€ BO3MOXKHOE, HO
MY)KYHHY CIIACTH, IO UX MHEHHIO, HE YIaJIOCh.
OpHaKo MOKa TPaHCIUIAHTOJIOTH HAXOWIHNCH B
MYTH, MY>KYHHE JIeTalli MacCaX Cepla, 4YToObl
MOJ/IePKaTh KU3HECTIOCOOHOCTh OPTaHOB.

Suuukonenust Pycckoit Meicu. T. XX, ctp. 190



Pycckoe ®usmyeckoe OO1IecTBO

MyxunHa npumén B cedst BO BpeMst H3bSTHS OPTaHOB, OH Hayall
caM JIbIlIaTh, 4yBCTBOBAN 0O0JIb, MOSBHJIACH PEaKilks Ha CBET. Bcero
Yepe3 HECKOJBbKO HEeNb OH CTajl XOJWTh U BEPHYJCS K HOPMAaIbHOI
KU3HA. MenuKu ObUTH IOKMPOBAHBI 3THM CIIyYaeM, KOTOPbIH CIIPOBO-
[IMPOBAJ HOBBIC 1e0aThl BOKPYT STUYHOCTH TPAHCIUIAHTAIMH OPTaHOB.
(ITo marepuanam caiita shockodrom.com)

IIpunoxenne 2
Crepunin3anus 1eBo4YeK Yepe3 BAKIMHALMIO

JecsitTkaM ThICSY POCCHIICKUX
aesouek ¢ 2009 roga GecniaTHO
CTaBIT aAMEPHUKAHCKHE BaKIIMHBI,
BbI3bIBaIOLIHeE OecIuionne.

Hagmnas ¢ 2009 roma, BO
BCEX MOJMKIMHUKAX, OIKOJaX U
YaCTHBIX MEIUIMHCKUX LEHTpax
JKEHCKOMY HaceneHuto Poccun Ha-
Yaay TpelyiaraTh HOBBIM CHOCOO
NPOQUIAKTHKH PaKa wletiku MamKu
[mpodeccnonanbHoe 3a001eBaHne
NPOCTUTYTOK M KeHIUH «JIErKo-
ro moseneHusi»! — Ilpumeuanue
rJIaBHOTO pepakTopa B. PoanoHoBa] — mpuBUBKY MPOTHB BHPYCa MATNII-
nombl yenoBeka (BIIY). Ilo paspaboranHO#l mporpaMMme BaKI[MHAIIHA
HOJIEKAT TOJBKO poccHiickue 1eBoUKH(!) M JKeHIIUHBI IETOPOTHOTO
nepuoaa ot 12 go 50 Jer.

[MocnoBuna “becnaiamusiil colp Obleaem MoavLKo 8 mMbluenosrke”
nosiBWiIack He Ha myctom mecte. Ocobenno B Poccun. U Tyt B 2007—
2008 [Imutpuit MenBenes omoOpseT MIJIOTHBIA MPOSKT O BaKIIMHAIIUU
15.000 poccuiickux NE€BOYEK OT TPUHAAUATH JET BakuuHOU Iapoacun
(CIIOA) B MockBe, Mockosckoit oomactn 1 XMAO. Tomsko B8 XMAO
OJT 3TO JIEJIO 3aKYIUICHO BaKI[MHBI Ha 42 MUJIJIHOHA PYyOJICi.

Wnes Onaras (Takwie OOBIYHO HCIONB3YIOTCS B MOCTOBOH, IPHU
MOCTPOUKE TPACCHI B 1) — CIIACEHHE OT PAKA WelKU MamKu.

[To3:xe HavanK MOSABJISATHCS MHTEPECHBIC HE3aBUCHUMBIE UCCIICI0-
BaHU. —
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«He nabarooanoce 3nauumeix Ooxazamenbcme mepanesmuyec-
K020 ¢hghexma 6aKyuHvl 8 AHATU3AX HCEHUWUH, NOTYUUBUIUX 6Ce 003bl
BAKYUHDBL, 8 CDABHEHUU C AHATUZAMU HCEHWUH, umesuux moavko BITY-
unghexyuro. Mol He 0OHapyscuIU OOKA3aMENLCME IPheKmusHocmuy 8ax-
yunsl. Bakyunayus He eiusem HA YPOGeHb dMUMUHAYUU eupyca 3a 12-
Mecsiunbll nepuod. Hanvuelwue ucciedosanus sgpgexmusnocmu BLA
(biologics license application) obuapyxcuiu, umo y OnpedenéHHbIX
modetl Iapoacun modxcem ygeauuumsv puck 3abonesanus Ha 44,6%, a
UMEHHO Yy mex, Kmo Yoce Aeraemcs Hocumenem munos BIIY,
UCNONIL30BAHHBIX 8 BAKYUHEY.

[Iporme roBopst, MO3UTHBHOTO 3P eKTa OT BAKIIUHBI OOHAPYKUTH
HE YAalloch, a BOT HETaTHBHBIM €CTh — YCKOPEHHE MPEIpaKOBBIX
M3MEHEHUI B cilyyae, eclii JIeBYIIKA Y)Ke SBIIIETCS HOCUTENIeM BUpyca
BITY. Kpome 3T0oro TpéxaTanHas MOCTaHOBKA MPUBUBOK MOJO3PUTEIBHO
CX0Xa C MpUBHUBKaMH, pa3zpabaTteiBaBmumMucs @oudom Poxgennepa nns
MPOBOLMPOBAHHUS BBIKUABIIIEH. Y1 3TO MBI €11I€ HE yUUTHIBAEM IITATHBIE
MOCJIEICTBUS IPUBUBKH [ apoacu:

Ha 28 cents16ps 2010 roma B CucteMe perucTpaiy COOOMeHNH
00 ocnoxuenusix npu BakuuHanuu (Vaccine Advers Events Reporting
System, VAERS) 3aperucrpupoBanbl Gonee 18000 ciygaes
OCIIO)KHEHWI TOclie BBENEHUS BAaKIUHBI [ apoacuna, BKIOYAs — TI0
KpaiiHel Mepe — 65 cilydaeB JIETaJbHOr0 UCXO0/A.

A BoT manHbie Ha 23 HOs0ps 2010. Yike 20432 OClIOKHEHUS U
85 cmepreil. To ecte 3a HemonHbld Mecsy 2432 ocnoxHenus u 20
JEeTaNBHBIX UcX010B. U 310 TONBKO 10 [ apoacuny — y Llepsasukca cBos
cratuctuka. Cama BO3MOXKHOCTb M3JICUEHHSI MIperapataMu TakKe
CTaBUTCS [10JI COMHEHHUE:

I'apaacun HE ABJISIETCS npuBuBKoii ot paka! OTto Bcero
JUINb BakIMHA OT JBYX IITAMMOB HalWUIOMaBUpyca YeloBeKa, KOTO-
PBIA MOXKET NMPHUBECTH K Paky uietiku Mamku UCKIIOUUTEIBHO TOJIBKO Y
«pomaHTHYecKoi» kateropuu >xeHIuH! [lockonpky cymiectByer, 1mo
KpaliHell Mepe, 15 mTaMMOB MammiyIoMaBHpyca, KOTOPbIE MOTYT IpHU-
BECTH K paky, npuBuThic AeBYmKH(!) MOryT 3a00yieTh UM BCJIEJCTBUE
onHOM u3 13 uHbeKuni, He MOKPHIBAIOUINXCS BaKIMHOW. BakiHa He
AT 3alUTHI, €CIH 3apKEHUE OJHUM U3 IITAMMOB, COJEPXKAIIUXCS B
HEW, MPOU30IILJIO JI0 BaKIIMHALINH.

9 OpUTaHCKHX JIEBYIIEK CTPAJAIOT OT Y)KACHBIX MOOOYHBIX peak-
Ui, KOTOPbIE OHU TMOJyYWJIH OT BAaKIWHBI MPOTUB paKa MICHKH MaTKH
Lepsapuxc (Cervarix).
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Caiir “IlpaBma o I'apmacune” (CILIA). VAERS coobmaer o 41
CIIydae paka wietiku Mamxy nocie BakuuHauu [ apoacunom!

MHokecTBO (aKTOB HETraTHUBHBIX IOCIEACTBHA NPUMEHEHHS
Tapoacuna. CBuIETENHCTBA TIOCTPATABIIIHX.

WnTepecnas momydaercss kaptuHa. CLIA, ¢unancupyrommue B
OCHOBHOM PEBOJIIOLIMU — BAPYI HaYMHAIOT MAacCOBO MOMOIaTh CTpaHaM
TPETHEr0 MUpa — MOCTABKAMH JAECATKOB THICSY 103 BaKUUH [ apoacun n
Llepsapuxc. JINUHO 1 TYT yCMAaTpUBAaKd OCHOBHOW WU BTOPOCTENEHHBII
¢baxTopbl-nipuunHEL. 1) (MHAHCOBAs BHITOAA — BAaKLIUHALUS MIperapaTa-
MU Ha TOCYJapCTBEHHOM YPOBHE 3TO MWJUIMapAbl J0JJapoB, u I apoa-
cun ¢ Il{epsapuxcom coOMparoT 3TH MUJLTAAPABI 2) BTOPOCTEIICHHBIA —
9TO COKpAIllEHHE HAaceJCHUS MyTEM NPOBOLMPOBAHUS OecIuIoAMs Y
JKeHIIINH PenpoAyKTHBHOIO BO3pacTa.

Cawm xuBy B ExarepunOypre. 11 BOT JIeTKO HaWIEHHBIE CCHUIKH
0 MOcTaHoBKe [[epsapurca B Y pansckoM DenepanbHoM Okpyre:

21 wuronsa 2011. CeronHs B monuMkIMHUKAX JleTCko# ropoackoi
OonpHUIBI Nell MOXKHO MmocTaBUTH mpenapar «llepgapuxcy. Bakuuna
npeqHa3HayeHa A NpoQWIAKTUKU paxa wierxku mamku. EE craBaT
neBoukaM B BospacTe 10 ner. Bakuunamus npemnapatom «llepsapurcy
npoBoauTCs coBepuieHHo OecruiaTro (!1).

7 wrons 2011. becruiatHas BakLMHA OT paxka uwiletiku Mamku
noctynuia B CBepAioBCKyr0 obnactb. OO 3TOM cOOOLIMIN B PErHo-
HanbHOM YmpaBieHnun PocmorpebGHam3opa. B pamkax rymanutapHoit
nomom — komnauus I'naxcoCmumKnain Tpeitoune HanpaBuiaa Ha
Cpenumii Ypan 17 Teicay 103 BakUUHbI «Llepsapuxcy ans npoduiax-
TUKU paka welku mamxuy. [Imanupyercs, 4To JaHHOW BaKLIWHBI XBaTHUT
JUTSL TIPOBEJICHHS ABYKPATHOW MMMYHHW3aIMK Ooyiee 8 THICSY JIeBOYEK U
neByiek B Bo3pacte 10—18 meT B 27 MyHUIIMIIATBHBIX 00pa30BaHUIX B
CBepaoBCKO# 001aCTH.

20 urons 2011. B LII'b noctymst OeciaTHbIC BaKIMHBI OT pakKa
meiikun Matku.ltak, B ExarepunOypr B 2011 romy moctymumo 17.000
103 npenapara lepsapuxc — GeciuiatHo, B KauecTBe noaapka ot CLLIA.
IIpuBuBKK cTaBATCA B KpPyNMHEWIINX KIMHWKAaX EkarepuHOypra, Kax
rocyaapctBeHHbIX (LII'B), Tak u wactapix (HoBas GonmpHMIA). DTO OAMH
¢axT. Bropoii — no cratuctuke B Poccun abopramu 3akanuuBaercst 60%
OepeMeHHOCTEH.

[Tpu aTOM: 1 6-1€THSS AEBYIITKA cTajla OE€CIUIOMHOM M3-3a BaKITUHBI
T'apoacun. Ilocne BakMHAIIMK HaYaJICs MPEKAEBPEMEHHBIN KITMMAaKC.

Hannsle, onyonukoBanHele VAERS, nokassiBatot, uto /apoa-

cul Ha CETONHAIIHHUNA J€Hb SBIISIETCI CaMOM ONACHOM BaKIIMHOM.
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CrenanHas BO BpeMsi OepeMeHHOCTH, oHa Bbi3Bana oosee 1 300 modou-
HBIX PEaKIM{ 3a MATh JET CBOETO CYIIECTBOBAHMS IO CPABHEHHUIO CO
creyromiel Haubojee OmacHO! BaKIIMHOM, KOTOpast 3a4acTyro JIeIaeTcs
OepeMeHHBIM JKEeHITIHAM, BAaKIIMHOW MPOTHB TPHIIIA, KOTOPasi BEI3Baja
200 HeOMarompuATHEIX peaknuid 3a mociemane 20 ner. BaknuHamms
T'apoacunom Bo BpeMs OepeMEHHOCTH Takke Oblla CBSi3aHa Kak C yac-
THIMH BBIKUJIBIIIAMH, TaK M C BBICOKMM YPOBHEM BPOXKIEHHBIX C-
(hexToB.

A Teneps — camoe uHTepecHoe: B 2011 roxy npuBuBku ot BITY
(I'apoacun wn Ilepsapuxc) 3anpemtatorcss B Mupguun n ®pannuu. [pu
stoM B Poccum HaumHaeTcs TOCyIapCTBEHHOE OeCIIaTHOE BAKIMHH-
poBanue [ apdacunom, B 2011 Tomsko B ExarepunOypr npusozsat 17 000
J103. BeIBOABI — fenaiite caMu.

A TBOI0 104b BaknuHupoBaau I apoacunom nim Llepeapuxcom?
http://ruslekar.info/Sterilizatsiya-devochek-cherez-vaktsinatsiyu-1022.html

Mpunoxenne 3

BaxknuHanmus — 3T0 MaccoBoe YOMIiCcTBO!

Texnonoruss  o6maHa
TeNe3puTeNeil O4eHb mpoc-
Ta M He3aTeINBa: HEYTO/I-
HBIE CJIOBa BBIPE3AIOTCS, a
OIJJaYeHHBIE CIIOBA OCTaB-
nsroresi. I MBI 3TOMY Be-
pum! DTOT UUHUYHBIA 00-
MaH MPOA0JIKAETCS MHOTO
JIeT, TaK KakK 3a HEero rmoye-
My-TO HUKOTO HE HaKa3bl-
BaIOT...

«A 4YbM 3TO yIIKH TOop4YaT?» WM «Arpel, B KOTOpbIe HTPAIOT JIOAM)

Anmonuna bopognésa

A He pacckazaTh JIM MHE O TOM, Kak s CHMMajach B TeJele-
penade Ha TBLI npo npuBuBku? Ilouemy He pacckazats? Tem Oonee yto
9Ta cTaThd (B OTNIMYHe OT Tenenepenadn «OX y 3TH AETKI» B TOK-IIOY
«BPAYN» ot 28.09.2010 na TBL), BeIiieT 6€3 KyItop.
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Bo3moxHO, 51 OB W HE cTajla 3aHMUMAaThCs 3TOH TpadoMaHUCH,
ecyiv Obl HE OJTHO «HO...

Komeru mo pabote (Bpauu-roMeonarsl), IPyKHO OTKA3bIBAIACH
OT «IMOYETHOI» MHCCUM BBICTYNIUTH B TeJeneperade O MpUBHBKaX. Y
KaXJIOro OblJla CBOSI YBKUTENbHAS MpHYuHA. KTO-TO HE MOT Mo Ipu-
YHHE 3aHATOCTH, a KTO-TO [0 TOW MPUYHMHE, YTO yKE MOOBIBAI B 10100~
HOW «IIepeICIIKe», U PN OOJIBIIEC B 3TOM HE Y4aCTBOBATh, MOCKOIBKY
(mHAN Beerna ObUT KaK «I10J KOMTUPKY».

UckycHo caenanHass Hape3Ka OTCHATBIX KaIpoB HAaIpodb
yOuBasa TOT Message (Kak 5TO MPHUHATO BHIPAXKATbCA HAa MapKETHH-
TOBOM CJICHTE, a TIO-PyCCKU TOBOPSI — M/I€I0), UTO MBITAIICS IOHECTH 10
TeNe3pUTeNell Bpavy-rOMeonar, THICTHO CTApaBINUICA CKa3aTh JEOIAM
TOPBKYIO MPaBJly O MPUBHMBKAX... BMeCTO BBIpE3aHHBIX KaJpoB Oemona-
ru-roMeonara, Ha (oHe B JydIIeM cllydae ero OyKJaromield yIbIOKd
(Me3yUTCKH TOHKO BCTABJICHHOW B CAMOM HEYMECTHOM MECTE) IIUPOKOH
KHACTBIO U yXe 0e3 Kymop pucoBajach yOeOWTelbHas HUCTOpPUS, COT-
KaHHasi 13 MHEHUH MEIUIIMHCKOTO MCTEOIUIIMEHTa 0 HEOOXOAUMOCTH,
Ba)XHOCTH, 0€30MACHOCTH, HCTOPUICCKOI 3HAYMMOCTH MMPUBHUBOK.

Uro ocraBanoch B yMax M CepAlax Tele3puTeNieil mocie mpo-
cMmoTtpa Takoi nepenaun? IIpasunbpao! — HeyOenutenbHbIi 00pa3 Bpaya
-rOMEOoIaTa, TOJIOCIOBHO BO3PaXKAIONIETO MPOTUB MPUBHUBOK, KOTOPBIN
TOJIKOM HHYEro0 YMHOTO M HE CKasal, U HCKYyCHO c(hopMupoBaHHAs
yOXKAEHHOCTh B TOM, YTO IPUBUBKH «3TO CHiia»! M HUKTO U3 Tene3pu-
TeJIeH HUKOTIa ¥ He JIOraaeTcs, 4To 32 KaapoM WH(POpMAIUK OBbIIO Tak
MHOT0, YTO BCEM, KTO CHUMAJI repeaady, ObUIo Hal YeM 3a{yMaThCsl. . .

Cuiy TeneBUIEHHs CIIOKHO TpeyBennuutb. OHO HaaEKHO
IITAMITyeT MHCHHUS Ha HYXXHBIH MaHEp, U 3Ta TEXHOJIOTUS «OTKATaHa» M
6e3ynpeuna... [TomHuTe, kak ObuTO cka3ano y B. IlesieBHHA O MYJIBTH-
MenuitHoM MapketuHre? Ero nens — «nponoscums 6 yme menespumens
60p030y, 86001 KOMOPOIL OH MO2 Dbl OyMamv U oanvuie, Yenyonss eé npu
KAXHCOOM O8UdICeHUU Mblcau...». HyxHas TnyOWHA W HaANpaBICHHOCTD
0opo3abl onpenenseTcs GUHAHCOBBIMU MHTEPECaMHU CIIOHCOpA Tejere-
penavm.

OtnaBast cebe OTYET BO BCEM IPOUCXOIAIIEM, 5, KAK U MOH
KOJIJIETH, JIONTO OTHEKHWBAJIACh OT MPEITIOKEHHON «IOYETHOW MHUCCHNY
emeé W MOTOMY, YTO CIHUIIKOM XOPOIIO 3HAlla KyXHIO (POPMHPOBAHHS
OOIIIECTBEHHOTO MHEHHS U BCE €€ MaHMITYJIATUBHBIC TEXHOJOTHH.

Otkyna?

K coxanenuto, xoraa-To mo NpUYWHE HUIIEHCKOH BpaueOHOM
3apIUIAThl U CIIOKUBIIUXCS KU3HECHHBIX OOCTOSTENIBCTB MHE MPHIILIOCH

Duumknonenust Pycckoit Meiciu. T. XX, ctp. 195


http://ruslekar.info/Vaktsini.html

Pyccroe ®usnueckoe OOIIecTBO

MOYTH AECATH JIET 0TpadoTaTh B (hapMOM3Hece (CHavasa MEIUIIMHCKUM
MIpEJICTaBUTENEM, 3aTEM PErHOHANBHBIM MEHEIKEpOM, U Jajee MEHe-
JDKEPOM OTJeNla MapKeTuHra)... [loaTroMy, Koraa peaakTop MporpamMMel
Hayasa akKTUBHO yOSKIAaTh MEHsI, YTO OHU 30BYT MEHS Ha HE3aBHUCHMYIO
nepeaady U HeT HUKaKOro CIIOHCopa (2 COOTBETCTBEHHO, HE OyeT HUKa-
KOH LIeH3yphl), 1 HUKaK HE MOIJa i MOBepUTh, HaMeKas, 4To y dene-
palbHOTO-TO KaHalla, HaBepHsKa ObIBacT XoTsA Obl QenepanbHas
LEH3YPA...

B wurore, s cormacuiace Ha BHJIEOCHEMKY, HO HE IO NPUYMHE
BO3HUKIIETO BAPYT JOBEPUSA K PENAKTOPY MPOTrpaMMbl, a MPOCTO MOTO-
MY, YTO MOsI COBECTb YIIOPHO M KaueCTBEHHO HallOMHUHaja o cebe, He
naBasi MOKOs... Hy, XOTh KTO-TO € JOJKEH MBITaTbCA NMPOOHUTH 3TY
CTEHy MOJYaHMs, 3aMalyMBaHUs, aKTUBHOTO YTaWBaHUS MpPaBAbl O
npuBuBKax! Jlaxe eciau 310 U 60pbda ¢ BETPSHBIMH MEIbHHLAMH, U
a0COIOTHO OecTepCIeKTHBHOE 3aHsATHE... | ae-To BHYTpH Omyxmana
HaZeKIa: «A BIPYr IeicTBUTENbHO Oe3 meH3ypul?». U g oTmpaBuiack
Ha TeJienepeaayy, Kak arHel Ha 3aKjIaHue.

A nanpie ObLI MPUBBIYHBIA CIIEHAPUH Hape3KH KaapoB (CHOBA
KaK «I0J KOTTHPKYY). ..

[Tockonpky Bc€ Moe BhICTyIUIEHHE Ha Tenenepeaaye «OX yx 3Tu
netkn» B Tene-moy «BPAUM» o maryOHOM BIWSHHHM TPUBHBOK B
OCHOBHOM OBUIO IOCTPOEHO Ha apryMeHTax MU (akTax, TO peHaKiiH
MpOrpaMMBbl HE OCTAJIOCh HUYEro APYroro, Kak MPOCTO MX BhIPE3arTh,
OCTaBUB JIMIIb BHJEOCIOKETBl C HE KAaCTPUPOBAHHBIMU JOBOJAMH
OIIIOHEHTa, a TaKXe KaApbl C MOEW YIBIOKOH U «3MOLHOHAIBHBIMH
UCTOPUSAMIY» U3 XKU3HU. HO 1711 10000 JyMAaroIero 4eioBeKa B TaKOM
CIOKHOM  BOIMpOCe, Kak [MPHUBHUBKH, BBI3BIBAIOIIEM OTPOMHOE
KOJINYECTBO CIIOPOB, TOJDKHA OBITh XOTh KaKas-TO apryMeHTalHs, HHa4e
YeT0 CTOIT BCE OTH DMOIUH?

Bot Takas munas u He3aTeinBas 1eH3ypa.

C ognoii croponsl TBII nenaet neMokpaTUUHBIN KECT U MPUTIIa-
I1aeT IKCIEPTOB BBICTYMUTH Kak «3A», Tak 1 «[ IPOTVB» npuBuBOK, HO
MIPH 3TOM HE3aMETHBIM IS TeIEe3pUTENel CIocoO0M B HY)KHBIX MOMEH-
Tax MPOCTO 3aKpBIBaeT por Tem, KTo «lIporusy». becnpourpeiHblil
cuenapuit! ['maBHOe, 4yTOOBI HUKTO HE 3aryIIHYJ Ha KYXHIO B MOMEHT
MIPUTOTOBJICHUSI 3TOTO KPACHBOrO OO0/, KOTOPOE JOJDKEH CKYIIaTh
TEJIe3PUTENb. . .

A Temepb HEMHOro NONOAPOOHEE O TOM, KaKHhe >K€ MBICIH
«BBIIIECHYNTU» 3a Kaap 3¢upa nporpammel «BPAUN» ot 28 ceHTs0ps
2010.
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1. S meITanachk MOHECTH IO 3pUTENCH 3aia (BOT YK KTO HE JacT
COBpATh, MOCKOJBKY CJBIIAN BCE, YTO sl TOBOPUIIA, a HE TOJBKO TO, YTO
0CTaJIOCh B «HApe3Ke»), HHPOPMAIHIO O TOM, YTO MPHBHUBKHU HCTOIIA-
0T HIMMYHHYIO cHCTeMYy. bbIio mpuBesneHO MHEHHE OHKOMMMYHOJIOTa
npodeccopa B.B. IN'opommmoBoit (e€ OTKpPBITOE NMHUCHBMO BBUIOKEHO B
WHTepHeTe) O TOM, 4YTO HENPEKPAIIAlOUIMKACS TMOCTBAKIUHATILHBIH
nepuoq (MpU TakOM HWHTEHCHBHOM TpadHKe TPHBHUBOK) HEPEIKO
SIBIISIETCS] IPUIMHON (hOpMUPOBaHUS MMMYHOAe(DHUIINTA U JaKe OHKOJIO-
THUYECKUX 3a00JIeBaHui y aeTeid. Sl roBopuia o TOM, 4TO TaKHe ETKH C
ocna0bleHHbIM UMMYHHTETOM, KaK MPaBUIIO, M COCTABISIOT KaTETOPHIO
4acTo OOJNEIOMMX, U OECKOHEUHBbIE KypChl aHTHOWOTHKOB OTHIOAh HE
MpHOABISIFOT WM 370POBBSA, 1O NPUYMHE HYEr0 WX MaMbl IIBITAIOTCS
00paTUTHCS K alTbTEPHATUBHON MEIHIINHE.

2. S roBopuiia 0 TOM, YTO BAKUMHALMS HOBOPOXKIEHHBIX —
0e30TBeTCTBEHHOE Oe3yMHe, TIOCKONBKY y MIIQJICHIIEB HMMYyHHAs
cucTema emg He3penasi, 1 OHa HauuHaeT (YHKIIMOHUPOBATH B MpeJIesiax
HEKOTOPON «HOPMBI» JIUIIb Yepe3 MONIroJ1a, U YTO peOEHKY HYKHO JaTh
aJanTHPOBATHCS, CO3PETH, & Bpa4aM M3YYHUTh €r0 MMMYHHBIN CTaTyc (Ha
npeaMeT IMMYHOIe(HUIINTA), TPEKIE YeM BHEIPATHCS C TPUBHUBKAMH.

3. Ilocne BO3pakeHHUsI OIMIOHEHTA IO MOBOJAY TOr0, YTO IOMa-
JlaHNE HEHPOTOKCHYHBIX COJEH PTYTH M ATIOMHUHHS (COACpKAIIUXCS B
KauecTBe KOHCEPBAHTA B MPHBHUBKAX) B HAIll OPTaHU3M — COBEPIICHHAs
€pyH/ia [0 CPaBHEHUIO C TEM, YTO MOMaJaeT HaM C €/10i, MHE TIPUIIIOCH
HAIIOMHUTH Bpa4aM O TOM, YTO pPa3Hble MYTH MONMAJTAHUA S/1a B Opra-
HU3M HUMEIOT pa3Hble mocjeactBusi. OQHO Aeno, Koraa s Iponmér
4yepe3 BHYTPEHHHE Oapbephl OpraHu3Ma Jiisi 00€3BpeKUBAHMSI TOKCUHOB,
U COBCEM Jpyroe — KOrja A1 BBOIAUTCA NPSAMO B KPOBb, MHUHYS O3TH
sTambl (TIpUpoAa HE TPEAyCMOTpelia, YTO MIIAJeHIIaM B KPOBb OymyT
BBOJWTH COJH TSOKENBIX METAJIOB, MO3TOMY HE YCIesla BBICTPOUTH
SBOJTIOIMOHHBIC METOJIBI 3aITUTHI OT ATOM O€IHI. .. ).

4. 51 roBopuiia O CBAI3H BAKIHUHAIIMH U POCTA ayTHU3Ma CpPeIu
nereii, npuBoamna cratuctuky CIIA o tom, uro ecim B 1950 r. (korma
HAI[MOHAIBHBIN KaJIeHAaph COCTOSJ BCETO M3 YETHIPEX MPUBHUBOK) ay-
TH3M pa3BHBAJICA Bcero y omHoro pedéuka m3 10 000, To ceromms
ayTu3M nopaxaet ogHoro u3 100 mansunkoB u onny u3 400 neBouek. K
COXXKaJIGHHUI0, 3Ty HH(OPMAaIWIO BBIpE3ald, Kak W MHOTOE€ JIpyroe.
3puTtenu Tak ¥ He Y3HAIH, YTO HEHPOTOKCHYHBIE d(PEKTHI CONeH PTYTH,
BXOJISIIIINX B COCTAaB BAaKIMH, aHAJOTHYHBI TE€M, YTO BO3HHKAIOT IPHU
Oone3nn AunblreliMepa U ayTu3Me. A Tak Kak MY>KCKOW IMOJIOBOH rop-
MOH TE€CTOCTEPOH MOBBIIIAET HEUPOTOKCUIHOCTH PTYTH, TO 3TO U 00BsC-
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HSET TOT ()aKT, YTO MAJBYMKOB, CTPANAIOIINX OT ayTU3Ma B Pe3yJbTaTe
NIPUBUBOK, B YETHIPE pa3a OO0JIbIIe, YeM JEBOYCK.

5. 5 roBopuia TakXKe O TOM, YTO, [IOMHUMO COJIEH TSHKEIBIX
METaJUIOB, B BaKIMHBI IIPU UX IPUTOTOBJICHHH NPOHUKAT BUPYCHI,
O0akTepuu, npocreiimmue, rpudoku. O TOM, YTO MHOTHE ITAPTUN BaKIIHMH
3apa)KeHbl MUKOILIa3MEHHOH HMH(EKIUeH (YTO OYeHb OMACHO, TaK Kak
MUKOILTIa3Mbl MOTYT BBI3BIBaTh ayTOMMMYHHBIE 3a00JI€BaHUs), BUPYCOM
MITHYBETO JIEWK03a (OHKOT€HHBIA BUPYC).

6. 51 roBopuia O TOM, YTO HallM OeIHBIC, 3aMYy4YCHHBIE OTPOM-
HBIMU TIpUEMaMHU TOJMKIMHUYECKUE BPayH, COBEPILICHHO He BJIAJEIOT
3HAHMSIMH N0 KJIMHMYECKOH MMMYHOJIOIMH (TIOCKOJBKY, BO-IIEPBBIX,
UM B MEIMLHUHCKUX MHCTUTYTaX HE MPENOJaBajil TAKYIO NUCLUILIUHY,
Y, BO-BTOPBIX, OT YCTAJIOCTH Y HUX HE BO3HUKAET XKEJIaHUS e€ U3ydarh).
[lo aToit mpuuwHE meauaTp HE MOXKET OBITH DKCIEPTOM B BOIpPOCE
npuBHBOK. M3 BCell 9TOI MBICIH B «Hape3Ke» ocranach (hpasa: «y Bpa-
4Yeil He BO3HUKAET JKEJIAHUSA M3y4yaTh 3Ty TeMy». S| IbITanace JOHECTH
MBICJIb O TOM, YTO IIPEKAC, YEM BECTU pe6éHKa Ha MMPUBUBKU, POAUTECIIN
JOJDKHBL XOTA OBl HPOKOHCYJNBTHUPOBATh Majblllla y CHEIHaIucTa —
UMMYHOJIOTa, Ta0bl N30eKaTh MOCTIPUBUBOYHBIX HECYACTHIA.

7. Ouenp 3a0aBHO OBUI CKOMIIOHOBaH SMH30]] C JAHHBIMHU O
cratuctuke. Ha MOE yTBepkKAEHHE O TOM, UYTO y Hac HET AOJLKHOU
CTaTUCTUKA 1O TPUBUBOYHBIM OCJIOKHEHUSIM (s HMMena B BHIY
JOCTYIIHOCTb 3THUX I[aHHBIX), 6I)IHO MMPUBEACHO MHCHHUE OIIIIOHCHTA O
TOM, YTO TaKas CTaTHCTHKA €CTh B CHELUAIBHOM HMHCTUTYTE, KOTOPBIH
cobupaer 3Tu AaHHble. OIHAKO — HACKOJIBKO SI MOMHIO — CIIEAYyIOIIee
YTOYHEHHE OIIMOHEHTa O TOM, YTO 3Ta CTATHCTHKA HEJIOCTYITHA, PEellaK-
sl TEJIEeporpaMMbl cpe3alia 3a HEHaJOOHOCTBIO U HECOOTBETCTBHE
3ayMaHHOMY CLIEHapHIO.

8. Korma peup 3ammia o CTpalIHOM BCHbIIKE OU(TEpHUH, S
NPUBOJIAJIA TIPUMEP TOTO, Kak MOTYT OBITh yCIEIIHbl OOBIYHBIC
NPOTHUBO3IUAEMUYECKHE MeponpusaTusi Ha npumepe [lonbmum (MMeHHO
OHHU HE TO3BOJIMJIM PacIPOCTpaHUThC qudrepun u3 YkpauHsl B [lomnb-
nry, B TO BpeMsi kak B Poccum BiacTH OTYasHHO W Oe3ycCIeNrHo
IbITAJINCh PCIINUTH Hpo6neMy «MAaKCHUMAJIbHBIM TNPHUBUBOYHBIM OXBa-
ToM»). Jlanee ObLT oueHb 3a0aBHBIN S1M304. MOEro ONMOHEHTa CHPOCH-
J1 O TOM, IIpUBUTA JIK OHA. BBIS[CHI/IHOCB, 4YTO B JCETCTBE OHA 4YacCTO
Oorerna, ¥ IO ATOM NMpUYMHE HE ObUTa MpUBUTA (Kak U €€ cecTpa), u3-3a
4ero eil mpuuuiock nepedoseTb KOKIIONIEM, BOCTIOMHUHAHUS O KOTOPOM
Bpe3aJiich B NaMATh Ha BCIO >kKu3Hb. Ha Bompoc: «A4 cecmpa mooice
3abonena? » NOCIENOBaAN OTBET: «Hem, eé uzonuposanu om mensy.
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S mombITanack MpUBIEYh BHUMAHHE K 3TOMY SIPKOMY IpPUMEDPY
3¢ GeKTUBHOCTU OaHATBHBIX TPOTUBOSIHIEMHUYECKIX MEPOTIPUATHIH, HO
peraKknus «3ape3aja» Becb OTCHATHIN 3MHU30] (HaBEepHOE, KaK HEco-
OTBETCTBYIOIIECH «HAIIPABICHUIO W TIyOWHE MPOKIAIBIBAEMON B yMax
TEJIC3PUTEISI IPUBUBOYHON OOPO3IBD»). ..

9. Jlanee OMIIOHEHT 3asBWJIA, YTO HAIl HAIIMOHAJBLHBIA KaJiCH-
Japb MPUBHBOK HE TaKOH OOJBIIOH, MO CPAaBHEHMIO C APYTUMH CTpaHa-
mu. OHa TaK)ke ceToBaja Ha TO, YTO POAMTENH, He Jelatomniiue peOEHKy
NPUBUBKY, JHUIIAIOT €r0 MEXIYHApOIHO 3aKPEIUIEHHOTO IpaBa ObITh
3alMIIEHHBIM OT MH(eKuui. S momeiTanack mpeaocTepedb OT CIEMOH
BEepHl B JOOPOTY MEXIYyHAPOTHBIX OpraHU3aIMii M TaKUM CIIOCOOOM
3aKpeTIEHHBIX TPaB, W MpHBENa MPUMEpP CEBepHBIX mTaTtoB Hwurepum,
koTopbie B 2004 romy GOMKOTHPOBAIM BAKIIMHALIMIO OT TOJIMOMHEIINTA,
nopo3peBass BO3 B OCyIIECTBICHHMM KaMIAHUU CTEPUIM3ALMH.
[IpoBenénnpie TOTHa HCCIENOBaHHUS OOHAPYKHIIM, YTO 3Ta BaKIWHA
OblIa CrocOOHa NPUBOAUTH K OCCIUIONHWIO, IOCKOJIBKY Cojepkaia
3CTpaauoa (OCHOBHOW M aKTHBHEWIIMH >KEHCKUH TOJOBOM TOPMOH), U
BO BpEMsI IPUBUBKH OPTaHU3M IPOU3BOJIMI aHTUTENA K 3TOMY TOPMOHY.

Mse obemianyu Ha BBIXOJE M3 TENECTYAMU 3TOT SMU30] HE cpe-
3aTh, HO OH OBLT YHHUYTOXEH, Kak u apyroii: B 2007 rogy B YKpanHCKUX
CpelICTBaX MAacCOBOW MH(OPMAIMH MPOCOYMIACh WHGOPMAIUS O TOM,
YTO MAaccoBas TNPUBUBKA OT KOPH M KpPacHYXHU JKUTEIEW YKpawHbI
SBISICTCSl CKPBITOI KaMIIaHHEH MO COKpalleHu0 HaceaeHus. OqHUM
U3 CIIOHCOPOB 3TOW «T'YMaHUTAPHOW BaKIIWHBD JJIsT Y KpaWHBI CTaN Yac-
THBIA (POHJ, OCHOBATENh KOTOPOTO aMepuKaHCKui Muiutuapaep Ten
Tépuep (mMpPOKO TPOCITABUBIIMIACS CBOeH OOpHOOH 3a pasperieHue
aboOpTOB M OrpaHUYCHUE POXKIIAEMOCTH B CTPaHAX TPETHETO MHPA).

10. ®uHan chEMKH MPOrpaMMBbI OBIT IMOITMOHAIBHO 3aXBaThI-
BalOIIMM, HO OH TOYKE€ HE BOILIEN B «HApe3Ky». TejieBeaylnii ClipoCcui
MEHSI: «A 6b1 MO2U Obl MAMe HENPUBUMO20 PeDEHKA damb 2apaHmuio,
umo eé pebeHoK He 3a0071eem U He YMPEM Om UHDeKYul, eciu emy He
bviia coenana npueueka?». MHE TPHUIUIOCH OTBETHUTH BOIPOCOM Ha
Bompoc: «A Bwl moziu 6Ovl damb eapanmuio mame NPUBUBAEMO20
pebénka, umo OH He nocmpacaem Om 3MOU NPUBUBKU U He CIaHem
unsanuoom?» OTBEeTa HA MO BONPOC HE MOCIET0BAIO.

Ve mocie BbIXxoja mepenadn B 3Qup s Hamucaiza MHChMO
pelaKkTopy, YrOBOPUBIIEH MEHS Ha 3Ty BUACOCHEMKY, W BbIpazuiia ei
CBOE€ «HETO3UTHBHOE» OTHOLICHHE 10 MOBOAY LIEH3YPHl Ha TEIeKaHale.
B otBer s mosyumsia mMCbMO, B KOTOPOM TOBOPHJIOCH O TOM, YTO «8
ahup HesozmodicHo nocmasums 40—60 munym becedvl ¢ 00HUM 8pa-
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YoMy, a TaKKE O TOM, YTO MOU «OOMBICAbI O KAKOU-MO YeHsype npo
npususKu — boee uem 3a0aydicoeHue).

Kcratn, monmmasi, 4ro Hape3ka KagpoB HEHW30eKHA, TaK Kak
JCUCTBUTETIPHO BPEMEHH TPOrPaMMBbl HE XBAaTAeT HA IOJHYIO JEMOH-
CTPallMIO OTCHATOTO Marepualia, emeé B CTAAWU IIEPErOBOPOB IIEPen
TEJNEeChEMKOM C PENaKkTOPOM s MPOCWIIA CBOETO MPUCYTCTBUSL TPH
(GbopMHPOBaHNH OKOHYATEIILHONH BEPCHH BHIEOCIOXKeTa (1abbl HEe ObUIH
CMEIIEHBI aKIEHTHI MOETO BBICTYIUICHHS), HO MHE B 3TOM OTKAa3ajH,
noobemas, 4yTo Bc€ OyneT xopomo. Ho kak oka3anock, MOHSATHS O TOM,
YTO TAKOE «XOPOLIO» Y BCEX pasHbIE. ..

B mmceMe MeHs Takke NMPHU3BIBATM HE OOPOTHCS C BETPSIHBIMHU
MEIbHUIIAMH U TIPSIMO HAMEKAIN: «Bbi ouenv npeygenuyusaeme 3Hauu-
MOCMb U CEHCAYUOHHOCb C80€20 BbLCIYNICHUAY.

MHe mpUInIOCh OTBETHTH: « Y MeHs Oblia 803MONCHOCMb pAC-
CKA3amb 20pbKYIO NPAgoy 0 NPUBUEKAX, HO bl CPe3AU 8Ce apeyMeHmbl,
Komopbwie 0bliu NpueedeHsvl (Ye2o He COeldanu y Moe20 ONNOHeHma), U s,
Kax Obleuiuil MApKemonoe, Xopouio nouumaio 3adem... boe Bam cyobs.
B saweil npoepamme moenu nposgyuame ybeoumenvHvie apeymennmol, U
ecnu Ovl OHU GLIUIU 8 IPUD, B03MOINCHO, OLLIU Obl CnACEHbl OM
OCNIOJCHEHUTl HU 8 YEM He NOBUHHbLE Oemi, NOMOMY YO UX MaMbl XOms
Obl 3a0ymanuce o mom, umo exanvigarom ux oemsam. Ilycmov 2mo
ocmanemcs Ha Baweti cosecmuy.

OTBeTHOE MOCIIaHKEe TIPO3BYYAJIO YKE MO-UETOBEUECKH:

«AHMOHUHA, 5 cama TUYHO NPOMUE NPUBUBOK, MAK KAK JUYHO 8
demcmee nocmpaoala om Hux, nonag & 6oibHuYyy, U nepebones mem
BUPYCOM, OM KOMOPO20 MHE GKOJOU NPUBUBKY 8 0emCKOM cady 0Oe3
s6edoma moux pooumeneu. U s npomus NPuBUBOK HOBOPOICOCHHBIM 8
poodome. Ho smo moé nuunoe muenue. Ono modicem He co8nadams ¢
MHeHUueM pYKo8oOumes npocpammsl U mem Oonee ¢ MHEHUEeM HAWUX
sedywux-gpaveti. Ho onsmv ice, 5mo HUKax He C683aHO C YeH3YPOIL.
Ilpocmo y xadxcooii npoepammvl ecmov UOelMblll PYKOGOOUmend (ueg-
PeoaxKmop, pexcuccépuvl, npooiocep), ux npopeccuoHaIbHoe nNpPago
VMEepoicoamn U 02paHuyueamsy Kpye mem, pabomams Ha moumaoice. Hu
8bl, HU 51 He uMeeM NOTHOMOYULL U BO3MONCHOCU Peuams Mo 3a HUX,
oavice NPu 02POMHOM HAUEM HCENAHUUY.

Bot, Tak — Bcé€ mpocTo: «Onu umerom npago 0ZPAHUYUEAND) ...
Koneuno, 3aka3biBaeT My3bIKY TOT, KTO IUIaTUT. Kak BBl qymaere, KTO
IUVIATUT B JaHHOM ciydae? UYbM JKe 3TO YIIKM TOpYaT M3 HOBOWM
MIPOrpaMMBl, aKTyaIHU3UpPYIOIIed TeMy NPUBUBOK B TekymieM 2010 romy?
He norameiBaerecs? M He Hajo... 3adyeM BaM 3TO 3HaTh ceilvac? —
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PaGora mo npoxnaovisanuto xoneu 6 eawux moseax WAET TUXO U
TUTAaHOMEPHO, BaM He3a4eM 00 3TOM JI0TalbIBaThCH. . .

Ora KoJiesl ¢ KaKA0H MOA00HON MPOrpaMMOi CTaHOBUTCS TIy0-
Ke W TIayOxe, M Korja yOeKIEHHOCTH B TOM, YTO «IIPUBUBKH — 3TO
CHJIa», JOCTUTHET HYKHOTO I'pajyca, BaM BHOBB IOJACYHYT OUEpPEIHYIO
UCI0 0 HEOOXOTUMOCTH BaKIMHUPOBATHCS KAKUMHU-TO HOBBIMH BaKIIU-
HaMmH (K IpuMepy, OT BETPSHOM OCIBI, remaTtuta A u mp.). A eme jydire
— JIOBECTH Tpagyc OOLIECTBEHHOTO MHEHHS 1O TOH CTEleHH, Kornaa
MOYKHO OyAeT MpUHATh HOBBIH 3aKOH, KOTOpBIH CIelaeT MPUBUBKU B
Poccun 00s13aTebHBIMU. YX, CKOJIBKO K€ TOTJa MOKHO Oy/AET 3aKyIUTh
B cTpaHy BakuuH! Bot Takas urpa...

Xanp TONBKO, YTO B HEE BOBJIEYEHBI HAIIM C BAMU JCTKH...
Bumut bor, onu Hu B uém He BUHOBaThI! U, eciiu 061 y TBL] Obut0 OBI
peallbHOe JKeTlaHue ToKa3aTh 00e TOYKH 3PEHHS Ha ATy mpobieMy (a He
«Hape3aThy HYKHBIE KaJpbl Ul CO3JaHUs IUIaIyiapMa OOIIECTBEHHOTO
MHCHU: C LCJIBIO IMOMOJHCHUA HAITUOHAJIBHOTO IIPUBUBOYHOI'O KaJICHOAA-
PSl WK Y’KECTOYEHUSI TEKYIIETo 3aKOHOJATENbCTBA), TO Y MHOTHX Telle-
3puTene ObUT OB IIAaHC XOTS OBl y3HATH, YTO BKAJIBIBAIOT HX JI€THAM.

boposiiéea AHTOHMHA BiiagumMupoBHa — Bpad-roMeonar, KIMHUKA
"EctectBenHas meaunuua", http://www.naturmedicine.ru/
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R
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HHOCJIEAHUE HOBEJEBCKUE JIAYPEATHBI

B.A. JlekoMm1ieB

boe — omo obvekmusnas pealbHoCniy,
OaHHAS HAM 8 HAKA3aHUe 34 Hauu npezcpewerusl.

Tpyonee 6ce2o bopomwvcs ¢ 3a01yHcOeHUAMU,
KOmMOopble UMeom X0myb KAKyI0-Mo HAYYHYIO OCHOB).

[Mpouwio aBa roja Mocie TOro, Kak B CPEACTBAX MAaCCOBOW WH-
dopmarmu OblIa pa3BépHyTa Kammnanus 00 oTkpeiTHu(!) HecylecTByrO-
el yacTuIbl, — 0030Ha Xurrca.

BO30H XUITCA - HEJOCTUKAMBII NPEJAEJ ®U3UKHU DJIEMEHTAPHBIX YACTHIL

Emé nBa roma Hazax ObUIO SICHO, YTO PaHO WJIM MO3IHO MHCTED
Xurrc craner HoOeneBckum maypearom. Hamo ormate momxHOE
HoGeneBckoMy KOMHTETY: OHH 2 Toja OTKIAABIBAJIM MPUCYXKIACHUE
HoGeneBckold mpemMun 3a 3TO IICEBAO OTKPBITHE, HO B 3TOM TOAY,
HakoHem, cpamuck. llpmuém cpeacTBa MaccoBod — WHGOpMAITUU
HACTOMYMBO BHYIIATU BCEM, YTO €CIM U B 3TOM roxy HoOeneBckwmii
KOMHTET HE OLICHHUT BKJIAJ YUYEHBIX B OTKPBITUU «uacmuysvl boza», To
aT0 Oyzmer Hacrosiumii ckanmaid. Ho 6e3 ckangana He obomutocs. U3
ISITH )KUBBIX TOTCHIHUATBHBIX COABTOPOB 3TUX Pa0OT B YHCIIO JIAypeaToB
BKJIFOUMJIM JIMIIL JIBYX €BpoIlellleB — JHrJjepa u Xwurrca. Tpoux
aMepHUKaHIIEB OOMIENM, MO-BHIMMOMY, 32 TO, YTO HAa aMEPHKAHCKHX
YCKOPHTEJISAX Takasl 4acTHLA J0 CHX IOp He OOHapyxeHa. B aToMm ecTh u
JIOJISL  CHIpaBeUIMBOCTU. EBponeickue IpeMuu JOJDKHBI I0JIydaTh
€BpOIeHIbl. AMEpHUKAaHCKHE TPEMHUH — aMepuKaHIlbl. Pycckue nmpemun —
pycckue. HesaBucumMo OT peanbHOrO BKJIAa B HAyKy HPOYHX
MIPETEHACHTOB. VHTEpECHO NpOaHAIM3UPOBATh, KTO KOHKYPHpPOBAal B
3TOM TOJAY C HBIHEITHUMH JaypeaTamu. HekoTopble M3 HUX M3BECTHBHI.
OT0 acTpodU3UKH — OTKPHIBIIME CYLIICCTBOBAHME OJK3OIUIAHET Y
Omwkalmx 3BE34. SINOHIBI — OTKPBIBIIME HOBBIM KiacC IEIMIEBBIX
CBEPXIIPOBOJHUKOB Ha OCHOBE CIUIABOB JKEJE3d, a4 TAKKE OCBOMBIIHUE
HOBBIE MaTepHajbl C TOMOIIBIO KOTOPBIX 3HAYUTEIBHO YBEIUYMIICS
SHEPro3anac JUTHEBBIX WMCTOYHMKOB MUTAHUS COTOBBIX TEJIE(POHOB H
MEPEeHOCHBIX KoMmmbloTepoB. Hamm yu€nple u3 JlyOHBI B jmme wux
PYKOBOJHUTENS MBITAINCH NOJYYNUTh PEMHUIO 33 IIOJYUYECHHE SIAEP CBEPX-
TSOKETBIX 37IeMeHTOB. Ho caMbIMu MHTEpECHBIMHU, HA MO B3I, ObUIN
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paboThl, mpojaenanHeie Tpymnmamu Ilennpu—Becemaro mo co3maHuio
METAKpUCTAIJIOB C OTPULATENBbHBIM KOI(PQPHUIMEHTOM MPETOMIICHUSI.
VYyéHble yTBEp)KOAIOT, YTO HCIOJIB30BAaHUE TAKMX MaTEpHUAIOB MO3BO-
JSIeT Cco3laTh «IUlal] HEBUIAWMKY». Bo3MoxHO, ObulIM HM Jpyrue
nHTepecHbIe paboThl. [lOMHBIA CIIHCOK MPETEHIEHTOB OyaeT OIryOiu-
koBaH Jinib yepe3 S0 netr. Cyas mo pesynbratam pemieHust HoGenes-
CKOTO KOMHTETa OCHOBHOW KPHTEpUH BBHIOOPOB JaypeaToB — 3TO HUX
Bo3pacT. CieayeT OTMETHUTh, YTO 3a IPOLIEIINE [[BA T0Ja IPOBEACHUS
skcniepumenToB Ha BAKe (LHC) y skcriepuMeHTaTopoB 10 CuX MOp HET
MOJIHOW YBEPEHHOCTH B CYILECTBOBaHMU 3ToW yacTuuibl. Kpome Ttoro,
BBICHSCTCSA, YTO M3 TPEX aMEPUKAHCKUX YCKOPHUTEIEH, CIIOCOOHBIX
IPOBECTU MOAOOHBIE SKCIEPUMEHTHI, HU OJUH HE MOATBEPAMI AOCTO-
BEPHOCTh pPE3YNbTATOB TOJIYYCHHBIX Ha EBPOIEHCKOM YCKOpHUTEIE.
@DopManbHO CyLIECTBOBAHHME TAKOW YaCTHLBl 3KCHEPHUMEHTAIBHO HE
MOATBEPKACHO. A MpeMus NPUCYXKACHA 32 TeopeTH4ecKHe pPadoThI,
NpECKa3bIBAIOIINE CYHIECTBOBAHUE TAKOW YaCTHUIIBI, KOTOpBIE OBLIH
npoBeneHsl 50 et Hazan. HoOeneBCKHiI KOMHTET CBOMM pEUICHHUEM
€XUIHO KOHCTaTUPOBaJl, 4TO 0c0O0T0 mporpecca 3a nociensue 50 jer B
TEOPETUYECKOM OCMBICIICHUN 3JIEMEHTApHBIX 4acTHIl HeT. I BCE ke B
TH000M OTPUIATENBHOM SIBIICHHW €CTh M IOJIOXKHUTENbHOE Havano. 10
THIC. COTpYAHUKOB bompmoro agporHoro komainepa (bAKa) momxHb
OBITH YBEPEHBI, YTO 3aHMUMAIOTCS IOJIE3HBIM JEJIOM, a OTPHULATEIbHBIHA
pe3yabTaT B HAYKe — 3TO TOXKE Pe3yJIbTar.

Mexay TeM cocelHssl pa3BHTas LUBHIN3ALMS B TEUCHHE I10C-
nenaux 10 JeT HACTOMYMBO PEKOMEHIYeT Halled IMUBUIM3AINN 00pa-
TUTh BHUMAaHHME Ha YAaCTHUIIbl, KOTOPBIE AEMCTBUTEIHHO MOXKHO CUHTAThH
aneMeHTapHbIMU. [1000HBIE YacTUIBI MOTYT OBITh HCITOJIb30BAHbI JIJISI
¢dbopmupoBaHUsT HH)OPMALMOHHBIX CTPYKTYp, TEMHOH MaTepuH, HU
CIIy’KUTb JEUCTBUTEIBHO OCHOBOM CO3JAHMS «MHUPOBOTO pasyMay» WU
TOTO0, YTO MBI Ha3biBaeM borom.

O IMKTOTPAMMAX CBSI3AHHBIX CO CTPYKTYPOI 2JIEMEHTAPHBIX YACTHIL
O BHYTPEHHEN CTPYKTYPE DJIEMEHTAPHBIX YACTHIL

A cpaBHEHHE ATHX YacTul] ¢ 0030HOM XHITCa MMO3BOJSET 0CO3-
HaTh YPOBEHbH Je(DEKTHBHOCTH HAIIET0 TMOHHUMAaHUS yCTPOHCTBA MHUPO-
3IaHUs C peajbHON KapTWHOW MHpa. B oTMeueHHBIX mpemuei paboTtax
YTBEP)KIAETCS, YTO CYLIECTBOBAHME 3TOW YACTUIBI OOBSICHSET MOSBIIE-
HHE Macchl y MPOYMX YacTUIl. Y MEHS K JiaypeaTaMm €CTh TOJIBKO OIWH
Borpoc. Kakum 60kom 6030H Xurrca 0OBSICHSET CYIIECTBOBAHHE MacChl
y BIIEKTPOHA, MO3UTPOHA, NPOTOHA M HEWTpoHa? B 1enom 3To pemenne
HoGenesckoro Komurera mnoaTrBep:kAaeT BHIBOABI HHOIJIAHETHOM
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LUBUIM3AIMY, YTO CPEIHHH WHTEJUICKTYyalbHbIH ypoBeHb 1Q sxuteneit
3eMIIi He MIPEBBIMIACT 65. 0b HCTOPUH PAMOCBSI3M C BHE3EMHBLIMU IMBUIH3ALASIME

W B03MOXHO Ha 1€1€cO00pPa3HOCTh HAINIEro AATBHEHIIEro Cy-
[IECTBOBAaHUS KaK Pa3yMHOW LUBHIM3AIMU 3TO TOCIEAHEE pelIeHHe
HoGeneBckoro koMureTa MOXKET KaK-TO IOBJIUATD.

HoGenesckuil komuTeT OOBSIBHI HOBBIX JIAypeaToB IPEMHHU
2013 roga, HO moka emi€ ux He Bpyumi. LlepemoHus BpydeHHUs Ha3Ha-
yeHa Ha 10 gexaOpsi. Y TyT BO3HUKAET BOMPOC, a YCIEIOT JIN JIaypeaTsl
HOYy4YUTh 3Ty npeMuro? Cynsl MO IOCIeTHHM COOOIICHHSIM COCEIHEH
Oonee pa3BUTON NMBWIM3ALUK, B OJrKaiiiee BpeMs Hac OXUAAET
9KCTPAOPANHAPHOE aCTPOHOMHUYECKOE COOBITHE — MPUXOJ U3TYUYEHHUS OT
B3pbiBa CBEpXHOBOI 3Be3/IbI B HalIeH ['aakTHKe; ¥ HE OJTHOM.

O PACIIM®POBKE HEKOTOPBIX MUKTOTPAMM 2012 TOJIA
PACHIM®POBKA HEKOTOPBIX MUKTOIPAMM HMIOHS Y MFOJISA 2013 TONA

Cyns mo uX coOOIIEHHSM, 3TO COOBITHE YXKE MPOHU3OILIO.
IIpocto mo Hac em€ He momuia uHpoOpMaIKs 00 3TOM COOBITHU.
OxmumaeMoe BpeMsl MPUXo/ia — KOHEI[ HOsIOps 3TOTO rofa.

Bo3moxHbIe IIOCJIICACTBHUA 3TOI'O CO6I)ITI/I}I IMPUBEACHBI B MOUX
nyOnuKanusx, pa3MenéHbIx B THTEepHEeTE:

DuznyecKue MoJeaH anokaauncuca Tpu IHS TEeMHOTBI.

Ecnm 310 coObITHE MPOM3OUIET — JaypeaThl CTaHyT BO-UCTHHY
nocaennumu Jlaypeatamu HoOeneBckol mpeMuu, B MPsIMOM, M Tiepe-
HOCHOM cMbIciie. M 370 odeHb cuMBOMWYHO! 3HAUWT, cama MpUpoaa
BO3pakaeT MPOTUB MOJAEIH «uacmuysl boeay, NpunyMaHnHON OJHUMH U3
NpeACcTaBUTENed Hamed LUBHIM3alMU. A caMoe JIydllee HCIOJb30-
BaHHME YHHUKAJIBHOTO YCKOpHUTENs boJsblmoro axpoHHOro Konainepa B
OrKaiiiee BpeMst — 3TO pa3MenieHue «ocobo sasxcnuix nepcony (VIP) B
TOHHEJIE YCKOPHUTENSI Ha BCE BPEMSI 3TUX NPEAIIOIaraeMbIX COObITHH.

U na noMoKeT — UM ¥ HaM — 3Ta «JaCTHULA
boray» u bonwmoii Anponnsiii Komnaiigep!
AMUHB.

JlekomueB Bacuinii AnekceeBUY — HHXEHED-
¢mzuk (MOTHU, spepnas ¢usuka u (Qusnka
TUTa3Mbl), HaydHbIH coTpynauk HUU anekrpodu-
3udeckol ammapatypbl, CII0., Hay4HBIH SKCHEpPT
Pycckoro ®@usnueckoro ObmecTa.
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