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A4~ 2TO HE TAK

CIIOXHO, KOK KQXKETCH

TA CTATbA CBA3AHA C [IBY-
M APYTUMH CTaTbsIMH B 3TOM
JKe HOMepe XXypHasla: <«IJJeKT-
pudeckas MammuHa B atMocdepes U
«Jlafite mMHe pasbexkaTbcs!y. B HuxX
paccMaTpuBaIOTCS MEXaHU3M pas/ieJie-
HUS 3JEKTPUYECKIX 3apPS/I0B B TPO30-
BOII Tyd4e U Ipolecc pocTa KMHETHYeC-

C.BAPJIAMOB

KOIl 9HepPTuu CBOGOHBIX HJIEKTPOHOB
B rase, KOTOPbIIl HAXOIUTCSI B 2JIEKT-
pryeckoM noJie. Eciiu BbI yiKe Ipodsiu
3TH JIBe CTATbU — cMeJsio GepuTech 3a
TPETbIO, a ecJIM HET — COBETyeM 3TO
C/IeJIaTh, YTO6BI Y BAC CIOKUIIOCH 1eJTb-
HOe BIIeYaT/ieHne O PAaCCMaTPUBAEMBIX
SIBJIEHUSIX .

NoHnsauunsg rasa
1 obpa3zoBaHue NaBuH

HaHOMHI/IM, YTO IPpU HAJTAYNU BHEIT-
HETO 3JEKTPUIECKOTO TOJIST 3apsIKeH-
HbIE YACTHUIIBI B ra3e MPUOOPETAIOT J10-
MOJTHAUTEIbHYI0 KUHETHYECKYIO DHEP-
TUI0, BEJUYMHA KOTOPOH MPOMOPIINO-
HaJbHA HATPSKEHHOCTH 3JIEKTPUYEC-

Unmoctpaums E. CumHou



MOJHNUA

KOTO TO0JI T 06PATHO MTPOTIOPIINOHATb-
Ha JaBJCHUIO Ta3a. Y CTAHOBJEHHUE KO-
HEYHOH BEJWYMHBI CpeJHell KUHEeTH-
YECKOW 3HEPTUH 3apsKEHHBIX YacTHUIL
CBSI32HO CO CTOJKHOBEHUSIMH 3TUX Ya-
CTHUIl C HEWTPAJbHBIMH MOJIEKYJIAMH.
(IToapo6HO 5TH BOIPOCHI 06CYKAAIOT-
cst B cratbe <«/laiite MHe pas3beskarb-
cal»).

Kpome ynpyrux cToIKHOBEHUH, IpU
JTOCTATOYHO GOJBIION SHEPT Y HAJIETa-
fotmei gactuip (9J1eKTpoHa) BO3MOK-
HbI ¥ HeyIpyThe CTOJKHOBEHUS, MpH
KOTOPBIX IIPOMCXOAAT HOHU3AINS Hell-
TPaJTbHBIX YACTHII U TIEPEXO MOJIEKY.JT
B BO36Yy:KJeHHOe cocTosiHue. UTo6bI
MOHM3AIUS COCTOSTACh, CyMMapHas
KUHEeTHYeCcKas 9HePTUs CTATKIBAIOIINX-
€S 4acTHI[ B CHCTEMe UX I[eHTpa Macc
JIOJIKHA OBITh JJOCTaTOYHOM [IJIs TIepe-
X0/1a aTOMa UJIU MOJIEKYJIbI C HIDKHETO
HEPreTUYeCKOTO YPOBHS HA BEPXHMIIA,
a 9Ta SHEPTUs 3HAYUTETHHO TIPEBbITIA-
€T CPeJHIO0 YHEPTUIO TEIJIOBOTO /IBH-
JKeHUd MoJiekyJ1. [l «pesy/ibTaTuB-
HOTO» CTOJKHOBEHUS, IPH KOTOPOM
TIPOUCXONT WOHM3AIUS, KUHETHYEC-
Kast HEPTHs 3JIEKTPOHA TIepe/l YIapoM
0 HEUTPATHHYIO YACTHUITY JJOKHA OBITH
60.Ibl1Ie SHEPTUU HOHU3AIINH 9TOTO ATO-
Ma TPHUMEpPHO B [Ba pasa: 3HEPTUN
HAJIETAIONIETO 3JIeKTPOHA JOJIKHO XBa-
TUTH HA TO, YTOOBI IPU CTOJTKHOBEHUN
C DJIEKTPOHOM aToMa COOOIIUTH €My
HEPTUI0 NOHU3AIMH M YTOOBI CAaMOMY
yJieTeTh OT 0OPa30BaABIIETOCS TTOJIOKHU-
TeJIbHO 3apsikeHHoro nona. [Tomumo
TOTO, 3(PHEKTUBHOCTD NOHUBAIUH OTI-
peiesisieTcsl TaKk Ha3bIBAEMbBIM CEUCHM-
eM WOHM3aINh, KOTOpPOE 3aBUCHUT OT
SHEpPruH HAJIETAONero 3JeKTpoHa. !
Maxkcumym addekTuBHOCTH TOCTHTA-
€TCS TP 9HEePTUSAX HAJIETAIOIIETO 3JIEeKT-
pora B 4—10 pa3 6oJibllle MUHUMAJIb-
HO¥ 9HEpTuM, HeOOXOAUMON JIJIST HOHU-
3aIIH.

CpenHsiss KUHeTHYeCKass 3SHEpPTus,
proGpeTeHHast AIEKTPOHOM TIPH «IIPO-
JIaBJINBAHUN» 3JIEKTPOHHOTO Tasa due-
pe3 ra3 HeHTpPaJbHBIX MOJEKYJ O[T
JneficTBUEM 3JEeKTPUYECKOTO TIOJS,
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" Om anepeuu snexmpona sasucum ces-
3annas ¢ num oauna eoanst de bpotins. Yem
ona menvute, mem menvuee <ceuenues (npo-
nopyuonavioe Keadpamy OAuUHbL 60JHYL)
camozo anexmpona. B amome anexmponol
PaA3MA3abL nO NPOCMPANCMEY B0KPY2 0pa ¢
NJIOMHOCMBIO 6EPOAMHUOCIIU, 3AGUCAULCL OM.
paccmosnus do sidpa. IIpu onpedenennoi
JnepauU ANeKMPONA cedenue 83aumo0eticmeus
ANEKMPONA C AMOMOM UMeem MAKCUMATLHOE
3nauenue.
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9TO HE TAK CJHJOXHO,

(BbIBOA 9TOIT (POPMYJIBI NIPUBEAEH B
cratbe «/laiite MHe pazGexxarbcs!»).
Bugso, 4TO OHa TPSIMO TIPOIOPIIHO-
HaJbHA JTMHE CBOGOIHOTO mpobera
A, a 3HauuT, OOGPATHO MPOIIOPIINO-
HaJbHa KOHIeHTpannu (MIoTHOCTH)
rasa n, CBS3aHHOW C /laBJIEHUEM Ta3a
cootHotienneM p = nkT. Crenosa-
TeJbHO, JJIS JAHHOH TeMIlepaTyphbl U
JIAHHOTO JIaBJIEHHSI I'a3a eCTb BIIOJIHE
OIpe/ie/IEHHOe MUHUMAJIbHOE 3HAUEHUEe
HANPSIKEHHOCTH 3JIEKTPUYECKOTO
MoJist, IPU KOTOPOM BO3MO>KHA MOHM-
3aIisl HEHTPAJbHBIX YaCTHIl 3JIEKT-
POHHBIM yJIapoM. 3aMeTuM, YTO B 06-
JacTh ¢ MeHbuUM jaBjienuem (Ha-
IpUMeEp, Ha BBICOTE 06JIaKa) yCJAOBUS
JUIST HAvaJla MOHU3AIUK IIPEANOYTH-
TeJbHEE, YEM TaM, T/l /IaBJIE€HUE BbI-
cokoe (BOIM3M MOBEPXHOCTH 3EMJIN).
[lomycTtuM, 4TO IPU KAJKIOM CTOJIK-
HOBEHHH 3JIEKTPOHA, [BUKYIIETOCS CO
cpenHelt CKOpOCTbIO v, , C HEHTpaIb-
HON 4acTuieil BepoSTHOCTb MOHM3A-
M paBHa O, TorAa 3a Bpemsi T
5JIEKTPOH MCTIBITAET TO_ /A CTOJKHO-
BEHUI M KOJMYECTBO HJIEKTPOHOB MO-
ket yemmuutbesi B (1+ a)To,, /A pas.
(Koneuno, npu aToM BesmyuHa 0 cama
3aBHCUT OT CpellHell CKOPOCTH 2JIEKT-
pona.) Hapsay ¢ pocToM umcia sJjieK-
TPOHOB HMeET MECTO ¥ €T'0 YMEHbIIICHIE
B IIpoliecce peKOMOWHAINH, T.e. o6pa-
30BaHUSI HEHTPAJbHBIX YACTUI[ IIPU
BCTPEYe OTPUIATETHHO U MOJIOKUTEb-
HO 3apsKeHHbIX YacTull. JuHamuyec-
KOe ypaBHEHUE 3aBUCMOCTHU KOHI[EHT-
pAaIIy 3JIEKTPOHOB OT BPEMEHU BBITJISI-
AT TaK:
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rae B — ckopocTb 06pa3soBaHus 3JIEKT-
POHOB, OIpejenseMas <«BHEITHUMU»
ucToyHnKaMu (KOCMUYECKUM H3JIyde-
HUEM, PaJNOaKTHBHBIMKI UCTOUHHKAMU
Ha semie u np.), K — KoHcraHTa
peaknuy PeKOMOUHAIK, TPOUCXO/IS-
el IpK BCTpeYaxX YacTHI[ C PA3HBIMK
10 3HAKY 3apsAAaMu, IPHYEM KOHIICHT-
PaIMU STUX YACTHUIL CIUTAIOTCS OUHA-
KoBbIMH, T.€. N, = N_=N. 3amerum,
4TO B 9TOM YPABHEHUH HE yYUTHIBAETCS
TEepMUYECKMI MEXaHM3M POCTa YHCJIa
5JIEKTPOHOB, TaK KaK MBI PACCMATPHU-
BaeM TOJIbKO HAYaJbHYIO CTAIUIO PO~
6051 Tasa.

W3 npusegenHoro ypasHenus (* )
CJIE/IYeT, UTO IIPH BKJIIOYEHNH BHEIIHE-
ro aJeKTpudecKoro noas (IIpu yBesu-
deHnn v ) B JAHHOH 0o6racTu rasa
HAYMHAETCS II0YTH SKCIIOHEHIIUAIbHbI
POCT KOHI[EHTPAIMHN 3JIEKTPOHOB, €CJIH
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UMEIOTCST «3aTPABOYHbBIE> IJIEKTPOHDI
U IJIABHYIO POJIb UTPAET BTOPOU UJIEH B
npaBoil yactu ypaBHeHusi. OJHaKo
camMoe Ba)KHOE TO, YTO 3TO ypaBHEHUE
0OBSICHSIET HEYCTONYNBOCTb OTHOPOJI-
HOTO IO TPOCTPAHCTBY PacIpeieeHust
3JIEKTPUYECKOTO ITOJISI IPH [OCTATOTHO
GOJIBINON €TO BEJTMYUHE.
JlelicTBUTEIBHO, €cau B KaKoOi-TO
He6OJbINOo 06J1aCTH TIPOCTPAHCTBA
HANPSKEHHOCTD 3JIEKTPIUYECKOTO OIS
CJIyYaifHO yBEJUYUBAETCS, TO B 3TOM
MecTe BO3HUKAeT po6oii raza. XaoTu-
YEeCKOE IBIIKEHNE 3JIEKTPOHOB BMECTE C
HANPaBJICHHDBIM JBUKEHUEM TTPUBOIUT
K TOMY, YTO U3 OJIHOTO 3aTPaBOYHOTO
CBOOO/JTHOTO 3JIEKTPOHA 06pasyercs U
paciupsiercst 06J1aCThb C TIOBBIIIEHHON
KOHIIEHTpAInell 3apsKeHHbIX YaCTHIL
— Oy/lleM Ha3bIBaThb ATy 00J1aCThb JIABU-
Hoii. [lepemerenre 3apsyKeHHBIX Yac-
THUI] C PA3HBIMU 3HAKAMMU T0]T A€HCTBY-
€M 3JIKTPUYECKOTO TOJIS B JIABUHE
MPUBOJIUT K TepepacipeeieHuio 3a-
PSIIOB B MIPOCTPAHCTBE, YMEHBIIIEHUIO
BEJIMUUHBI [TOJIsI BHYTPHU 06JIACTH JIaBH-
HbI W W3MEHEHWIO HaINPSIKEHHOCTH
3JIEKTPUYECKOTO TIOJIST BHE JIABWHBI —
BIIEPEAN U C3a1 JaBuHbl (ec/m cMOT-
PETb BJOJIb HATIPABJIEHUS JIEKTPUUEC-
KOTO [10JI51) BeTMYMHA HATIPSIKEHHOCTH
T0JIsI YBEJIUYNBAETCSI, & C GOKOB YMEHD-
maerca (puc.1). Beaeacrsue storo
006.J1aCTH! JTABUH GBICTPO BBITATUBAIOTCS
BJIOJTb HATIPABJIEHUS 3JIEKTPUYECKOTO
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Puc.1

noJs. JIaBuHa CyIIECTBYeT HEKOTOPOe
BpEMs, a 3aTeM PacCachIBAETCs, MOTO-
MY YTO yMEHbIIEHHOE 3JIEKTPUYECKOe
1I0JIe He MOKeT HOJepPKUBATh MOHU-
3all1IO 1, COOTBETCTBEHHO, KOHIIEHTPa-
LIMI0 3apSKEHHBIX YACTHUI] BHYTPU Jla-
BUHDI. DTOT II€PUOJ[ BPEMEHH >KU3HU
JIABUHDBI OIIPE/IEAETCS TPETbUM 4Jie-
HOM B IIpaBoil yactu ypaBHenus (* ).

Pa3MHOXXeHue naBuH, KaHanbl,
CTpumMmep, MONTHUSA

ITponeccot pekoMOUHALINY, KOTOPBIE
U/LyT B JIaBUHE TapaJlJIeIbHO C IIPOIlec-
caMM MOHM3AIlMU, COIPOBOXKIAIOTCS
n3JsrydeHneM 60JIbIIOTO YHNCIa KBAHTOB
cBeTa. JHEPTUs 3TUX KBAHTOB KaK pa3
JIOCTATOYHA JIJIST NOHU3AINH HEHTPah-
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HbBIX YaCTHIl, MMO3TOMY TaKWe€ KBaHTbI
CBE€Ta MOTYT 6bITb IIOTJIOIIIEHbI B ra3e
TaM, rjie He ObLI0 3aTPABOYHBIX JJIEK-
TPOHOB. B pesysbraTe Ha HOBOM MecTe
B rase BO3HMKAET TaK Ha3blBaeMasi BTO-
pHUYHAas JaBUHA.

B npouecce pacmupenus u BbITATU-
BaHug W TI€pBUYHbIE, W BTOPUYHDbIE
JIABUHBI OGBE/IMHSIOTCS, TePeKpPbIBa-
10TCsI, 06pasysl XOPOIIO IIPOBOJISIIIE
KaHasbpl. KaHasbl BOBHUKAIOT U Yepes
HeKoTopoe BpeMs nponajator. Hanps-
JKEHHOCTb 110J1s1 BOJTM3M KOHIIOB TaKUX
KaHaJI0B MOJKET B HECKOJIbKO Pa3 Ipe-
BBIIIATH CPEJHIO HANPSIKEHHOCTD
T0JIST B Ta3e /10 Ipo06osi, TO3TOMY KaHa-
JIbI 04eHb GbICTPO (CKOPOCTD oCTUTAET
10° M/¢) YBEJUYMBAIOTCA B JJIUHE U
COE/IMHSIOTCS € JIPYTMMHU KaHaJIaMH,
€CJIN OHU BCTPEYAIOTCS HA MyTH. JTOT
mporiecc GbICTPOTO TIPOJBIXKEHUS Ka-
HaJa B rasze oT 06JlaKa K 3eMJle Ha3bl-
BAETCsI CTPUMEPOM.

Ha craguu crpumepa caMoCTOATEIb-
HBII Pa3psii B rase MOXO0K Ha KOPOH-
HBII paspsifi, T.€. OH HO/IEeP>KUBAETCS
3a CUeT BbICOKOI HANIPS>KEHHOCTH 3JIeK-
Tpuveckoro noJisg. Koneuno, He BceM
CTpUMepaM JIOBOJIUTCS IPOPBATHCS OT
o0Jlaka 10 3eMJid, OOJIbLINHCTBO W3
HUX He JIO)KMBAeT 1 PBETCS Ha YacTH.
Ecam 3a KOpoTKOoe BpeMsl *KU3HU He-
CKOJIBKMX KaHAJOB Pa3BETBJIEHHAS |
M3BUJIUCTASI CUCTEMA ATUX 0ObEJIMHUB-
HMINXCS KAHAJOB B KOHIlE KOHIIOB HA
KaKOM-TO W3 IyTell coefnuHsieT o6IumM
KaHaJI0M 06J1aKO0 C TIOBEPXHOCTbIO 3eM-
JI, TO CTaJ¥sl PasBUTHS CTpPHMepa
3aKaHUYMBAETCS, N HAUMHAETCS CTa/lus
co6cteenno mosanm (puc.2). Ee-to
MbIl 1 BUAUM, U CJIBIIIIUM.

DJIeKTPUYECKast IPOBOJIUMOCTD 3€M-
JIM TOPA3/I0 BBIIIE, YeM IIPOBOANMOCTD
BO3/IyXa, MM03TOMY IOCJEe JOCTUXKEHUS
CTPUMEPOM ITOBEPXHOCTH 3€MJIH TOK 110
00Pa30BaBIIEMYCS] TIPOBOJISIIEMY Ka-
HaJIy «06JIaKO — 3eMJIsI» PE3KO yBeJu-
unBaercs (BOZHMKAET MCKPOBOH pas-
psil — MOJIHHSI), W TIPU 3TOM MECTO
TJIaBHOTO MeXaHm3Ma 06pa3oBaHUs
3apsKEHHBIX YacTHUIl 3aHUMAET TepMO-
MH/IyIIMPOBAHHAS MOHM3AIMS YaCTHUI.
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«JlepeBo» COEAMHUBIINXCS KaHAJIOB
o6ecrieqnBaeT BO3MOKHOCTb paspsijia
TOJIBKO JIJIs1 HEKOTOPOI YacTH 3apsifioB,
HAKOMUBINUXCS B 06JIaKe ¥, COOTBET-
CTBEHHO, Ha 3eMJyie. OGBIYHO «/IePEBO>
MOJIHUE 0OPAIEHO «CTBOJIOM» BHU3 U
MHOTOYUCJIEHHBIMU «BETBAMU> K HEOY .
ITpo6oit Bo3ayxa B MOJHUM aHAJIOTHU-
YeH Mpo6OI0 OTHOTO U3 KOH/IEHCATOPOB
B IIETIOYKeE, N300PaKCHHOM HA PUCYHKE
3. IIpo6uThIil KOHJEHCATOD pa3psiKa-
eTcs TPAaKTHYeCK! MOJTHOCTLIO, a BCe
OCTaJIbHBIE Pa3psKAIOTCA JIHINh He-
MHOTO. Bpemsa paspsija KoHzgeHcaTopa
OTIpe/ieNIIeTCS er0 eMKOCTbI0 M BHYT-
PEHHUM COTPOTHBJICHUEM KaHalta B
KOHJIEHCATOPE.

S
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Buauaue (cpasy mocsie mpo6ost), Xors
HANPSKEHHOCTD 3JIEKTPIUYECKOTO OIS
B KaHAJIe YMEHbBIAETCsI, TOK B MOJTHUT
GbICTPO HApacTaeT — 9TO CBSI3AHO C
yBeJIIYeHIeM YNCIa HOCUTeJel 3aps-
Jla BCJIEJICTBUE HArpeBa ra3a M yMeHb-
IIEHUsT CONPOTUBJEHUS KaHana. Ilo
Mepe pa3psAKd KOHIEHCATOpa MOIIl-
HOCTb, TIOJBONMAsi K KaHAJTy MOJIHWH,
yMmenbinaercs. [locae mocTmXeHus
MaKCUMyMa TeMIeparypa ra3a B KaHa-
Jie MOJIHUY 32 CYeT U3JIYYCHHS T1aJaeT,
3apSI’KEHHBIX YACTHUI] CTAHOBUTCS MEHb-
IIe, U pasps IpeKpamiaeTcs.

OcHoBHast [10JI1 TIOTEPH 3JHEPTUU
MPUXOAUTCS HA U3JIyYeHUE W HATrpeB
rasa B MPOBOJANIEM KaHase. B 3Byk (B
TOT CaMblii TPOM ) IEPEXOUT BCETo 2 —
3% sHEpPrum, B HarpeB YacTHI[ B KaHAJe
— pas B gecarb 6oJbiie, T.e. 20 —30%,

Puc.3

a BCe OCTAJbHOE — 3TO HU3JIyYeHUE.
(3ByK IpPOM3BOAUTCA B OCHOBHOM Ha
CTaINU PACIIMPEHNS B BO3yXe HArpe-
BAIOIIErOCs IPOBOJAAILEIO KaHaJa. )

Temo, KOTOpPOE BBIIETIIOCH B KaHA-
Jie MOJTHUH, PACCENBAETCS B OKPYIKAIO-
IIEM BO3[yXe 3HAYUTEJbHO ME[JIEH-
Hee, YeM IIPOUCXO/ST TPOIECCHI TTPO-
6051 Taza, MO3TOMY CYIIECTBYIOIIUIT
HEKOTOPOe BpeMs TOPSYnil KaHa 06-
JIeTYaeT IMOBTOPHbBIE Pa3PSAbl BIOJb
Toro e nyTtu. Yacto GbiBaeT Tak, 4To
MOJIHUST OBET B/IOJIb OJJHOTO U TOTO K€
KaHasIa HEeCKOJIbKO pa3.

OCHOBHbBIE BBIBOJIbI, KOTOPbIE MOXK-
HO cJenarb, TakoBbl. OMHOPOAHOE B
BO3/IYIIIHOM IIPOCTPAHCTBE 3JIEKTPUYEC-
KO€ TI0JIe TIPU JOCTATOYHO OOJIBIION
HATIPS)KEHHOCTU CTAHOBUTCS HEYCTOM-
yiBbIM. BosHukaronmii mpo6oii Bo3ay-
Xa TIPOUCXOINT TaK, YTO OJHOU 3aTpa-
BOYHOI 3apsiKeHHOM yacTuibl (a/eKT-
POHa) J0CTaTOYHO, 4TOGBI 0GPasoBa-
Jlach OOIIUPHAS TIPOBOSAIIAS 061aCTh
rasa — JaBuHa. M3nyueHne npu pekom-
OUHAIINN 3aPSKEHHBIX YaCTHUI] B TEP-
BUYHBIX JIABUHAX BBI3bIBACT MOHWM3A-
IIUIO MOJIEKYJI Ta3a TaM, TJIe 3aTPaBOy-
HBIX YacTuil He 6b110. [losBUBIIHECS
3/1€CH 3aPSIKEHHDIE YACTUI[BI CTAHOBSIT-
€SI OCHOBATEJISIMU BTOPUYHBIX JIABHH.
JlaBUHBI BBITSTUBAIOTCST BJOJIb 3JIEKT-
PUYECKOTO TOJIsI, TIePEKPBIBAIOTCS U
06pa3yIoT JJIUHHBIN TTPOBOJSIIUI Ka-
HaJI, IO KOTOPOMY TPOXOIUT Pas3psij
MOJIHHH.

A B 3aKJII0YeHNe — HECKOJIbKO 33/1a4
JUUIST CAMOCTOSITETBHOTO PEIIeHNsT .

* OtleHnTe BEJTMYMHY HANPSKEHHO-
CTH 3JIEKTPUYECKOTO TOJIsT, TPH KOTO-
poif BO3MOXKHA MOHU3AIMS MOJEKYJI
BCJIE/ICTBUE 3JIEKTPOHHDBIX yAapPOB.

* Onuennre 3HEPTUIO 3ByKOBBIX BOJIH,
KOTOpBIe ObLIN TPOU3BEIEHBI MOJTHUEN
¢ pmwHOM kKaHanma 10 KM W cpeqHUM
nuameTpoM kKanasna 10 cMm.

* O6bsicHUTE, TIOYEMY B CPEIHUX
MIMPOTAX TPO3bI HAUUHAIOTCS TTO3/IHEN
BecHOl (B Mae) M 3aKaHUMBAIOTCS OCe-
HDBIO.

WIHGOpMaLmIo O Xy pHase «KBaHT» 1
HEKOTOPbLIE MATEPUATIbI M3 XKYPHAa
MOXHO Haviti B MHTEPHETE no ag-
pecam:

Kypbep obpazosaHms
http://www.courier.com.ru
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