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I'naBa8. PacnpocrpaseHue paoBOJIH B IPUPOIHBIX YCIOBUSIX
8.1. OcHoBHBIE (hAKTOPBI, BIMSIOLIHME HA PACTIPOCTPAHEHHE PATMOBOJTH

CucreMy niepeaun HHPOPMAIMH C TIOMOILIBIO JIEKTPOMArHUTHBIX BOJIH
MOXKHO TIPEJICTABUTH B BUJIE TPEX OCHOBHBIX OJIOKOB: TIEPEIATUHK, TIPUEMHUK 1
COCIIMHSIFOLIAS X JINHUSI CBSI3U.

[loka He CyIIECTBOBAIM CIIELMATBHBIE BBICOKOIIONHSTHIE PETPAHCIISTOPBI
Y KOMMYHHUKAIIMOHHBIE CITyTHUKU MPH PACIIPOCTPAHCHUM PaJIOBOJIH OCHOBHOM
MHTEpEC TIPE/ICTARIsUIA €CTECTBEHHAS JIMHUS CBS3H, (hopMUpyeMasi 3eMHOU T10-
BCPXHOCTBIO M OKPYYKAFOITICH €€ aTMOCHEPOH.

OnHaxo, ¥ B HACTOSIITIEE BpeMs, HeCMOTPs1 Ha OypHOE pa3BUTHE COBPEMEH-
HOM TEXHUKU PAIAVOCBS3H, UCTIONB30BAHME HOBOM KOPOTKOBOJIHOBOM U YJIBTPA-
KOPOTKOBOJIHOBOM TEXHUKH, MHOIHE BOIPOCHI YUETA BIIMSHUS €CTECTBEHHOM JIU-
HUY CBSI3U HA PaCHpOCTPAHCHUE PAIMOBOIH, @ B KOHEYHOM CUETE HAa KaYECTBO
PaIMOCBSI3U, OCTAIOTCS AKTYATbHBIMU, TPEOYIOT TATBHEHIIMX MCCIIEIOBAHUN U
Ppa3paboTOK.

B ommure oT pazimmyHOro TIa peryssipHbIX JIMHUN MEPEadn EKTPO-
MarHUTHOM SHEPTUH, B TOM YHCIIE TIOJIBIX BOJIHOBOZIOB, PACCMOTPEHHBIX BO BTO-
PO YacTi y4eOHOro Mocoowst [2], il €CTeCTBEHHOW JIMHUM CBSI3U HE TIpE/ICTa-
BIISIETCS. BO3MOKHBIM TIOJTyYUTh CTPOTOE€ PEIIICHUE 3JICKTPOMHAMUYECKON 3a-
JIa4u . ITO CTAHOBUTCS SICHO, €CJIA PACCMOTPETh TIOJIPOOHEE CTPOECHUE U AJIEK-
TPUYECKUE CBOKCTBA 3€MHOM TOBEPXHOCTH U OKPY’KArOIIEH ee arMocdepsl, a
TaKoKe KIACCU(UIMPOBATh PAAMOBONHEI ¢ YIETOM TPEBATMPYIOIIETO (hakTopa
(MexaHM3Ma) B MPOLIECCE MX PACTIPOCTPAHEHHSL.

8.1.1. EcrecTBeHHAS JIMHMSA CBSI3H

Kak y»e ObUI0 OTMEUEHO, €CTeCTBEHHAs! JIMHUS CBSI3U (POpMUpYETCS 3eM-
HOM TTOBEPXHOCTBHIO 1 OKPY>KAFOILIEH ee arMoC(epori.

TepMuH ‘3eMHast IOBEPXHOCTh 1 OKPY>KaroIiasi ee armocepa” BKIFoUaeT
B ce0s1 BCe MHOTrooOpasyie eCTeCTBEHHBIX JIaHMIIA(TOB U KITMMATHYEeCKHX YCIIO-
BUI (KOTOPBIE TAKKE MOT'YT OKa3bIBATH ONPEACIICHHOE BIIVSIHUE HA paclpoCcTpa-
HEHHE PAIMOBOJH) PA3IMYHBIX PETMOHOB 36MHOM MOBEpXHOCTH. VX ormmcanvie
3aHMMAET MHOTOYKCIIEHHBIE TOMA CTIEIUATILHOM JITEPaTypbl ¥ HE BXOWT B KPYT
3a/1a4, PaCCMaTPUBAEMbBIX B TAHHOM YUEOHOM TMOCOOHH.
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OTMeryM JIMIIb HauOoJiee BAKHBIC XAPAKTEPUCTUKH JIOKAIBHBIX €cTe-
CTBEHHBIX JIMHUH CBS3U, KOTOpbIE HEOOXOMMO YUMTHIBATh HA MPAKTHKE: TO-
BEPXHOCTHBIN CJIOM 36MHOM MOBEPXHOCTU — MOYBA PA3IMYHOM CTEIICHU BIIAXK-
HOCTY; TPABSHUCTAsI WM JPEBECHA PACTUTEIIHOCTD; CHEKHBIA WM JICASIHON
TIOKPOB; BOJTHBIE MPOCTPAHCTBA — MPECHBIC W COJIEHBIE; PENhed) MECTHOCTH —
PaBHUHBI, OJTMHOYHBIC BO3BBIICHUS (TOpPbI) WA TOPHBIE MACCUBBI;, 00J1aCTH MH-
TEHCHBHBIX CE30HHBIX OCAIKOB (HO0XIEH); 00NacTH CE30HHOM >Kapbl U 3aCyXU;
00J1aCTH MHTEHCUBHBIX MCTIAPEHHI M BIIKHOCTH; OOJIACTH HECTIOKOMHOM HOHO-
cepbl — IPUIIOISIPHBIC CEBEPHBIC CHSIHUS M MarHUTHBIC OypH; 00JIaCTH MHTEH-
CHBHBIX ‘‘METCOPUTHBIX JOXKIICH .

Crienyer Taroke OTMETUTH HEKOTOpBIE PE3YJIbTaThl YKUBHEACSTEILHOCTH
YeJIOBEKa, BIMSIOIIME HAa CTPYKTYPY M XapaKTEPHCTUKW €CTECTBEHHBIX JIMHUIA
CBSI3U : PA3NIUYHbIC CTPOCHHSL, B TOM YKCIIe BHICOTHBIE — TOPOJIa, TIOCENIKH, Oarlr-
HU; PYKOTBOPHBIE MOPSL, 03€Pa, KAHATIBL, KyJIbTUBUPYEMBIC YYACTKU 3EMHOM T10-
BEPXHOCTH — JICCHBIC BBIPYOKH, MAIITHHU; HECOBEPIIICHHBIC TEXHOJIOTHH — 3arpsi3-
HeHre atMoc(epbl TPOMBIINIEHHBIMU Ta3aMH | TILUIBIO, HApYITIeHHe atMocep-
HOIO TEMI000MEHA, YaCTUYHOE Pa3pyILEHUE O30HOBOIO CIIOSL.

N3 BbIIECKA3aHHOIO CIIEAYET, YTO CTPOTY YUET MApaMETPOB 3¢MHOM 10~
BEPXHOCTH U atMoc(epbl 3eMiIM He TIPEICTABRISIETCS] BO3MOYKHBIM, UTO JIETIACT
HEPA3PEIIMMON 3JIEKTPOIMHAMUYECKYIO 3a][ady aHAIMTUYECKOTO HAXOXKIICHUS
PEATBHBIX XapaKTEPUCTUK PACTIPOCTPAHEHHUSI PATMOBOIH B MPUPOIHBIX YCIIO-
BUSIX .

Ha mpakTrike BOnpock! pacuera MHOIUX PAAVMOIMHUNA PELLIAFOTCS AMITAPY-
YECKH, UCTIONB3YS Pe3ysIbTaThl MHOTOUMCIICHHBIX SKCIICPUMEHTOB. AHATMTHYC-
CKOE pellIeHrE 33/1a4 pacpOCTPAHEHMsI PAITMOBOIH BO3MOKHO C HCIIONIB30BAHH-
€M YCPETHEHHBIX, SP(PEKTUBHBIX, SMITMPUUSCKHX JTAHHBIX, OMPEICTISIONTIX T1a-
pamMeTpbl 3eMHOM TIOBEPXHOCTA M arMocdepbl, a (PaKTUUeCKd MO ecTe-
CTBEHHOM JIMHUU CBs3U. [Ipy 3TOM UCIIONB3YIOTCS MHOTHE TIOJIOKEHUS TEOPUH
BO30YKICHUST AJIEKTPOMArHUTHBIX BOJH [ 1] 1 Teopyu qudpakimm - pedpax-
LIUH , PACCMOTPEHHBIE BhILLE B [ J1aBe 7.

8.1.2. DdnekTpoMHAMIYECKHE TAPAMETPbI 3¢MHO MOBEPXHOCTH
B cootserctBrM ¢ pazHOOOpasuieM JaHIIadToB, O KOTOPOM TOBOPHIIOCH

BbIIIC, OCHOBHBIC JJICKTPOAUHAMWYCCKUC TIAPAMCETPBI 3eMHOM IMOBCPXHOCTH -
OTHOCUTCIIbHAS JUBJICKTPUYCCKAs TIPOHUIIACMOCTE & W YICIIbHAA IIPOBOIM -
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MOCTh O JieXaT B IIIMPOKOM JTHana3oHe 3HaueHni. B Ta0n. 1., 3arMcTBOBaHHOI
u3 [4], mpuBeIeHBI apaMeTPhl HAMOOJIeE TUITUYHBIX BUJIOB 36MHOM TTOBEPXHOCTH

Ha yactorax Hinke 300 MI 11,

Tabmia 1. TlapameTpbl 3eMHOV IOBEPXHOCTH

By 3emHoi Cwm
IIOBEPXHOCTH £ o o
Mopckast Boia 75 1+6
[IpecHas Boia 80 (1+3)10°
Bnaxxsas nousa 20+-30 2:10°+3-10"
Cyxas mo4sa 3+6 10”°+2-10°
Mep3znas nousa 3+6 1072 =107
Jen(t =-10°C) 4-+5 10°+10"
Cuer(t =-10°C) 1.2 10°

oo 1.004 10° +10°

IIpyBeneHHbIC B TAOMMIIE JaHHBIC TIOATBEPK/IAIOT TOT (haKT, YTO 3eMHas
TIOBEPXHOCTb B OOITIEM CITy4ae SIBJISIETCS MOMYIPOBOISILEH cperoid. TaHreHe -

EKTPHHECKIIX TI0Tepb TaKoi cpemsl {J0 = 0/ @E, | otxyna crenyer, 4o Ha
OYEHb HM3KHX 4YacToTax tgo >>1, u B 3TOM Ciydae 3eMHYIO TIOBEPXHOCTh
MOKHO CUMTaTh XOPOIIMM TPOBOIHMKOM. Ha OueHb BBICOKHX YacToTax KapTHHA
oOparHas : tgo << 1, 1 3eMHYIO TOBEPXHOCTh MOKHO CUHMTATH AUAJIEKTPUKOM C
TIOTEPSIMI. ITO CBOMCTBO HEOOXOMMO YUUTHIBATH IPY POSKTUPOBAHUH U pac-
YETE ECTECTBEHHBIX JIMHUM CBS3U HA PA3TIMYHBIX YACTOTAX.

8.1.3. CrpoeHue 1 3/1eKTPOAMHAMMYECKHE IAPAMETPBI
arMocepbl 3emuin.

AtMocepa — razoo0pazHast 000JI0UKa, OKPYKAFOIIast 3eMITIO U YICPIKH-
BaeMasi CJIaMM 36MHOTO TATOTeHUs. B Hell pa3myaroT JjBe OCHOBHBIE 00JIaCTH —
HIDKHSISL ¥ BEpXHSIsT arMocepa, pasMephbl KOTOPBIX IO BHICOTE Pa3IMIHBI B pa3-
HBIX 3eMHBIX IIIMPOTAX.

Hwxnsist armMocdepa, B CBOrO ouepesipb, JACIUTCS Ha Tporiocdepy U CIpa-
Tocepy. B cpernHeM MOXKHO cuuTath, 9To Tporiocdepa MpOCTUPACTCS 10 BBICOT
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(10 +15)xm. Hag meit mo Beicor (50 + 60) kM. mpocTrpaercst crparocdepa.
Hanee, no Bbicotsl ~ 20000 kM. npocTupaercst  BepxHsist atmMocdepa - HOHO-
ctepa.
Hwxknsis armocdepa

Huwxnsis atmMocdepa COCTOUT U3 HEUTPAJIbHBIX MOJIEKYJ a30Ta
(78%), kucnmopona (21%) u apyrux npumeceil (mapsl BOJbI, BOJO-
poAd, VYIJIEKUCIBIN a3, 030H). B Hell CyllecTBYIOT BO3yIIHbIE TEUE-
HUS U TOCTOSTHHO MPOUCXOAUT UHTCHCUBHOE MEPEMEIIMBAHUE Ta30B.

Ha moBepxHocTr 3emym Temrieparypa BO3AyXa B CPEIHEM COCTABJISIET
300° K . B tporiocdepe BIUIOTH JI0 €€ BEpPXHEH TPAHHMIIBI TEMIIEPATYPa C BBICO-
TOM MaJIacT, TaK KaK 371eCh HAIPEBaHKUE BO3MyXa MJIET, B OCHOBHOM, 3a CUET MH-
(pakpacHoro m3mydenust Harperoi ConHiieM 3emii. B HIDKHUX CIOSIX CTpaTo-
ctepbl HabmomaeTcst MuHIMyM Temreparypsl ~ 220° K . Jlanee oHa HaunHaeT
IUIABHO BO3pacTarh, goctrras Makcimyma ~ 300° K Ha Beicotax (50 + 60) km.,

I7IC PacrionaraeTcsi O30HOBBIH CIOM, MHTEHCHBHO TIOTJIOIIAIOIIHI SHEPTHIO YITh-
TpadroneroBoro matydeHus: ConHita. 3aTeM TemIieparypa CHOBa MOHIDKACTCS JI0
vuarmyma ~ 200° K B HIDKHEX ciosix noHOcdeps! Ha Bbicote ~ 80 km. Jlamb-
HelITIee yBeJTMUSHHE TeMIIepaTypbl B HOHOC(EPE CBSI3aHO C HOHMB3UPYIOIIM H3-
yuenrieM Corrra. Ha Boicorax ~ 1000 km ona gocruraer 1200°K .
KavectBenHo rpadwk 3apucrmocta T (h) B atmocdepe mpencraBieH Ha

puc.8.1.
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Puc. 8.1. M3menenue temrieparypbl atMocepbl
B 3aBUCUMOCTH OT BbICOTBI
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JvpriekTpryeckas MpOHUIIAEMOCTb HIDKHEN arMocdepbl
JlvpriekTpryeckas MPOHMIIAEMOCTh  HIDKHEH arMocepbl  HECKOJBKO

OOJTBIIIE AEKTPHISCKOM TIOCTOSIHHOM €, ¥ 3aBHICHT OT JIABIICHYS, TEMITEPATYPhI

U BIQKHOCTH BO3MyXa. OTHOCHTENIBHYIO IMAIICKTPUYECKYIO TPOHHIIAEMOCTD
HIDKHEH arMocdepbl MOXKHO OIPEICINTh, HCTIONB3YST SMITMPUYICCKYIO (hOpMYITy

[5]:

N 1.55-10 (P+ 48.1P,

T T
rie P [I7a] - napipansHoe narnenye rasa,
P [I7a] - napumanmsroe narnenve mapa.

), (81)

HarromuamM, 4to napryanbHOe JaRICHHE KaKOH-JTMOO COCTABIISFOIIICH CMe-
CH Ta30B B 0ObEME PAaBHO JIABJICHHUIO 3TOM COCTABRIBIFOIIEH B 9TOM 00BEeME Tpr
OTCYTCTBHM BCEX IPYTHX COCTABIIFOLIHX.

Dopmyiy (8.1) MOKHO TpencraBuib B Bie € = 1+  , 3amerus, 4T0
a <<1.

OKCMEPUMEHTBI U PACUETHI MOKA3bIBAIOT, YTO OTHOCHUTEIILHASI MATHUTHAS
MPOHUITAEMOCTh arMocdepbl 3eMITH €I1Ie MEHEEe OTIMYACTCS OT SIMHUIIBL, U €€
MPOCTPAHCTBEHHO-BPEMEHHBIE M3MEHEHHSL HUKAK HE CKA3bIBAIOTCS HA TPOLIECCE
pactipocTpaneHust paaroBosH. [losroMy monaraem, uro s armocdepbr 1 =1.

C yderoM 3TOro KOX(p@UIMEHT MPEIOMIICHHSI HIDKHEH atMocdepbl MOXKHO
TIPEJICTABUTH CJICITYIOIIM BBIPOKEHHUEM
1.55-10™ 48.1P
n=q/5y=x/E=1+ 552_|_0 (P + T ). 8.2

Tak kak ko3(pULIMEHT TPETOMIIEHHSI MATI0 OTIIMYAETCS OT €IMHULIBI (Ha
nioBepxHocTd 3emm N = 1+ 0.000325), To 17151 ynoOcTBa BMECTO HEro 4acto
BBOJIAT TaK Ha3bIBaGMbIN MHJIEKC TPETIOMIICHUS (WK TPUBEACHHBIN KO3(D(hHIII-
CHT MPEJIOMIICHHS)

N =(n-1)10° , (8.2a)
KOTOpBIN y TIoBepxHOCTH 3eMim paBeH N = 325,

SBISISICE B HOPMAIBHBIX YCIIOBUSIX M30TPOIHOM IJIABHO HEOIHOPOIHOM
Cperoi, HIDKHsIE atMocdepa BbI3bIBAET UCKPUBIICHHUE TPACKTOPUH PacIpoCTpa-
HEHMsI BOJIHBL JTO SIBJICHHE HazbIBaeTCs TporochepHoi pedpakimeit u oosee
TIO/IPOOHO OYIET paccMOTpeHO Hibke. OTMETHM Takoke, UTo BOJIHBI A > 1cM
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PacIIpOCTPAHSIOTCS B HIDKHEH atMocdepe 6e3 mucrieperu (1 He 3aBucHT OT va-
CTOTBI).
Bepxnsis arMocdepa (monochepa)

B nonochepe non Bo3nercTBrEM YITBTPa(pHOIECTOBOTO M PEHTTEHOBCKOTO
m3mydenrst ConHia OOJbIas 9acTh HEMTPATBHBIX MOJICKYJT Ta3a TUCCOLMHPYET
(pacieruisieTcs).

B pesynbrare oOpasyercs Tak HazbIBaeMasi ra30Bast TUa3Ma, KoTopast Tpe/i-
CTaBIIET XaOTUYECKYFO CMECh HEOOJTBITIONO KOJIMYIECTBA HEMTPATHLHBIX MOJICKYJT
¥ aTOMOB M OOJIBITIONO KOJIMYECTBA 3aPSsDKEHHBIX YaCTHUI] — JIETKUX OTPHIIATEITh-
HBIX AIEKTPOHOB 1 TSHKEIIBIX MOJIOKHUTENIHHBIX 1 OTPHIIATEILHBIX HOHOB. (OCHOB-
HOE BIIMSIHHE Ha PacIPOCTPaHEHHE PATMOBOIH B HOHOC(HEPE OKA3bIBAIOT JICTKUC
Y TIOJIBYDKHBIC AICKTPOHBL

Pacders! 11 SKCIIepIMEHTATIBHBIE HCCIISIOBAHNS HOHOC(EPBI ¢ TIOMOIIIBIO
PAKET-30H/I0B MOKA3ATH, YTO pacrpesiesicHHe TIOTHOCTH J1eKTpoHOB N, | B 3a-

BHICHMOCTH OT BBICOTBI N COOTBETCTBYET KapTHHE, IIPE/ICTARICHHOM Ha puc. 8.2.

hwv o
0000 1
JICHb

1000 ~ / I

HOYb _»_')‘r 4‘

> 3 } 2

— [
00 5
g N, [3}1/ CM3]

w w o o v o

Puc. 8.2. Pacripenenenrie rioTHOCTH JIEKTPOHOB
B HoHOC(epe

OTMETM HEKOTOpPBIE OCOOCHHOCTH 3TOTO PACTIPEIICIICHISL.

JlHeM B miepro/T akTMBHOTO BO3/IeHCTBYs COJTHIIA B PACTIPEISTICHAN YETKO
TIPOSIBIISIFOTCS TPH CJIOS :

Ha BbicoTax ~ (60 + 90) kM - HrpkHWMI crioii noHochepsl D , KoHIeHTpa-
LIS SIIEKTPOHOB B KotopoM ~ 10° on/cm’ |
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Ha BbicoTax ~ (95+120)xm - cpemmmii cioit roHOCdepb! E , KoHIeH-
TpaLys AIEKTPOHOB B KotopoM ~ 10° on/cm’;

Ha Bbicotax ~ (200 +350)km - BepxHuMi ciio¥ roHOChepb! F , KOTO-
pbI B JICTHUM TIEPUOJT PA3IEISICTC HA JBA TOACIOS, NPUYEM KOHIICHTPA-
sl BO3pacTaeT mpu nepexoae oT F k F,, cocTaRmsis  CpeHIOI BEIMUYMHY
~10° on/em’.

B HOuHOE BpeMs B TIporiecce peKOMOMHAITN (OOBEIMHEHNS 3apsDKEHHBIX
YacTUI] B HEUTpaTbHbIE) cioii D mcuesaeT, KOHIEHTpalsi AEKTPOHOB B CJI0E
E ymenbiiaeres 10 Bemaunssl ~ 5-10° 21/cm’ , a noncnon F, uF, crmBarores
B €/IMHBIA CIIOM ¢ KORIEHTpaLyel aektporoB ~ 10° ox/cm’ .

JIvpreKTprdeckast IMPOHMIIAEMOCTh MOHOC(EPhI

JlvprekTprdecKast pOHHMIAEMOCTb HOHOC(EphI Kak HOHM3HPOBAHHOTO Ta-
3a (T1a3Mbl) ONPEIETISIETCS HUTMYMEM B HEl 3apsDKEHHBIX YacTHll. BeIBeieM BbI-
POKEHHUE VTS IIEKTPUYECKOM TIPOHUIIAEMOCTH O3 ydeTa MoTepb, BhI3bIBAC-
MBIX CTOJIKHOBSHHSIMU MEKTy YaCTUTIAMH, M O€3 ydeTa MarHUTHOTO TIOJIST 3eMITH.

JI71s1 IpOCTOTHI OyIEM CUUTATH, YTO MOHM3UPOBAHHBIN T'a3 COCTOUT TOJIHKO
U3 JJIEKTPOHOB, & TSDKEIIbIE 3aPSDKEHHBIC YaCTHILIbI (MOHBI) U HEUTPATbHBIE Ya-
CTHITHI YUIUTHIBATh HE OyJIeM, TaK KaK UX B3aUMOJICHCTBHIE C ICKTPOMArHUTHBIM
TIOJIEM 3HAYUTEIIHLHO C1abee, 4eM y ATIEKTPOHOB.

BOCHOJIBSYGMCH OIPCACIICHUEM BCKTOPA IMOJAPHU30BAHHOCTU  CPC/IbI Pm

KaK Pa3HOCTH BEKTOPOB JIEKIPHUECKOM MHAyKimu D, B paccMarpusaeMoii

Cpezxe nB BaKYYMC Do HpI/I OITHOM U TOM KE SHGKIpI/ILIGCKOM I10JIC Em .
I:;)m = D;m _DO :go(g_l)ém :5olaém, (83)

rie ¥~ = &—1- anekTprteckast BOCIPHIMUMBOCTD CPELIbL.

C nmpyroli CTOpOHBI, B paMKaX MAKPOCKOIMMYECKOW TEOPHH TIOJISIPU30BaH-
HOCTb HOHM3UPOBAHHOIO Ia3a MPEACTABISCTCS B BUAE SKBUBAICHTHOIO IUTIOJb-
HOTO MOMEHTA €IMHIYHOTO 00beMa ra3a, BHI3BAHHOTO CMEIIICHUEM IEKTPOHOB

I'» TIpK B3aUMOMEHCTBIN C rIeKTpryeckiM rosieM E, [9]:

P =N.er, (8.4)
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Peras YPAaBHCHUC IBIZKCHUS SJICKTPOHA

0%F =
9 ﬁ = eE y (8'5)

rie M, -maccaanekTpoHa, € < 0 - 3apsit ANIeKTPOHa,
iot
¥ yUHTBIBAs BPEMEHHYIO 3aBHCHMOCTb Ipolecca B Buje gyHxkm €
HaxoaM €1o CMCIICHUC.

X e =
" et e
[onacrasmsst (8.6) B (84), ¢ yuetom (8.3), momydaem :
po1 N g @ g o
£m, > £2 8.7)
, N,
rae Yo = % - KBajIpaT COOCTBEHHOM YacTOThI HOHW3UPOBAHHOIO Ta3a

(4acTOTHI JIEHrMIOpa), TIpUYEM , C yYEeTOM YMCIICHHBIX 3HadeHuit €, M, u &,
Wy

= 806N, [or/er | =9[N [oafer’] . 87a)

N3 (8.7) BUIHO, YTO JUAJIEKTpHYECcKas POHUIAEMOCTb HOHU3UPOBAHHOTO
raza 0e3 MoTepb SRISIETCS BEIIECTBEHHOW BEJIMUMHOM, 3aBUCSIICH OT YacTOTHL
I Ipu 3TOM (ha3oBast CKOPOCTH TWIOCKOM ANIEKTPOMATHUTHOM BOJTHBI ONPEICIISIETCS

C C
: Vo =——== 8.8
BbIPAKEHUEM @ \/a (@, /o) (8.8)

OICIOI[a BU/IHO, 4TO, €CII1 @ > @), , TO AVDIICKTPUIECKas IIPOHUIIACMOCTb

folxly] =

& <1, adasoBat cKopocTh TUIOCKOH BOJSHBI V, > C  (ObicTpas BoiHa). Ecm

w=w,, 0 =0, a V, =00 (kpumnueckiii pexum). Ecm o < @,, 10

0
€< 0, BOJIHA HE MOXCT PACIIPOCTPAHATBHCA, U TI0JIC SKCIIOHCHIIUAILHO 3aTy-
XacT.

I3 (8.7) Taroke CIIEIyeT, YTo ¢ POCTOM KOHLIEHTPAIWHU 3IeKTpoHoB N,
JJIEKTPUYECKast IPOHUIIAEMOCTh & YMEHBILIACTCSL, U HA00OPOT.

TTostomy, B cootBeTcTBHHM ¢ pactipenenieAreM N, (prc. 8.2.), B noHOChepe
MOKHO BBIICTIUTH O0JIACTh, TJIE JIMAJICKTPHYECcKas: TIPOHUIAEMOCTb € 1 KO3 -
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rrpenT npenomienyst N yOBIBAIOT ¢ PocToM BbIcOT! N . DTy 00/1acTh HA3bI-
BAIOT BHyTpeHHEN noHocdepoit. OHa MpocTUpaeTcsi OT HWKHEHM TpaHUIbl HOHO-
cpepbl 10 BBICOTHI, TJIE OTMEYAeTCsl MAKCHMaiTbHOe 3Hadenne N, B cioe F .
Boime pacriosaracTes BHEIHSIsT HoHocdepa, rye napamerpbl € u [ ¢ BeicoTok

PacTyT.

Kak y»e ObUIO OTMEUEHO BBIIIIE, AJIEKTPOHBI B HOHOCHEpPE TIOM, BO3/ICH-
CTBHEM JIeKTpryeckoro noiisi E  pasronstorest. [Ipu 31oM oHM mipereprieBaror
COYJIapEHUsI C TSDKEIBIMU YacTULIAMM (MIOHAMH U HEUTPaIbHBIMU MOJIEKYJIAMH).
B npemnonoxkenny, 4to Mpy KaKIIOM COYIAPEHUN JIEKTPOH TEPEAET BECh

or
’ ot
TSDKEJION YacTUIle (MOH, MOJIEKYJIa) ¥ TOPMO3UTCS, YPaBHEHUE JBMKCHHS K-
TpoHa (8.5) mpUHUMAaeT B :

HAKOIUICHHBI TIPM pPa3rOHE WMITYJIbC ( KOJIMYECTBO JABWKEHMS )| 17

o°r = oF
m —=elbl—vm — (89)
) 2 )
ot ot

rJie V -4actora COyJapeHUN.

Perienue (8.9) ¢ yuerom (8.4), (8.3) maer :

f=l-_> (8.10)
1-1Z
2
rme X = a)—‘; , L= K.
@ @

TakrmM 00pazom, ¢ yIeToM COyIapeHH TNICKTPHYIECKast POHNIIAEMOCTb
HOHOC(EPhI SBJIETCS KOMITUICKCHOM BEJIMUIMHOM, a caMa FioHocdepa TorIoma-
IOIIEH Cpeion (Cperioit ¢ oTepsIMu).

Emme oM (hakTopoM, OKa3bIBAIOIIMM CYILIECTBEHHOE BIMSHHC Ha Tapa-
METpbl MOHOC(EphI M TIPOLIECC PACHPOCTPaHECHUSI B HEW AJIeKTPOMArHUTHBIX

BOJIH, SIBJIIETCS MarHUTHOE Tone 3emm H .

Kak mBecTHO 13 Kypca (PU3HKY, HA IBIDKYILMICS B MArHUTHOM T1OJIE 3a-
psin aectByeT cwia JlopeHia

Fy =eulV,, Hol, (8.11)
KOTOpasi NICKPHBIISIET TPACKTOPHIO €10 IBIKEHIISL.
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Ecm V, LH, T0 onekipoH Bpawiaercs BOKpYr CWIOBOH JIMHUM
MarHUTHOTO TIOJISL TIO OKPYXKHOCTH, PAIMYC KOTOPOl 0 OMPEIENIeTCs U3 ypaB-
HEHMS JIBIDKCHMS (PaBEHCTBA 1ICHTPOCTPEMUTEILHOM CHITbI 1 CHuIbl JIopeHria ):

m,V,’
———=le| yV,H,, (8.12)
Orcroma :
m3v9
P= : A
e 4H, 61
Ilepron BparieHus AmeKTpoHa:
2rp  27m,
= B 14
" V, leluHy 814
4acToTa BpaIlieHus :
1 |e|uH
i T, 2zm, (8.15)
KpPYTOBasi 4acTOTa BpAIlICHHS — TMPOYacToTa :
_ _leluH,
oy =21, = T, (8.16)

C yuerom cmbl Jloperna (8.11) ypaBHeHWE ABWDKEHHS YISKTPOHA €IS
0oJ1ee YCITIOKHSIETCH :

25 ) X X
maizzeé_vmaa_r+eﬂo{a_r’l:lo} 8.17)
ot ot ' '

Perenyie (8.17) Ipy IPOM3BONLHON OpHeHTaMk Bektopa H ¢ yuerom
(8.4), (8.3) maer BbIpakeHUE TS AMAIIECKTPUYECKON MPOHUITAEMOCTH HOHOC(EphI
B Buyie Tersopa [9]:
Exx  Exv  €xz
(5 ) = & Sw éyz (8.18)
Ezx €y €z
KOHKpeTHBIE TIPEICTABICHUS Ul KOMIIOHEHTOB (£) B  HEKOTOPBIX
YACTHBIX CIyyasX HarpamieHus H  GyayT paccMOTpeHbI HIDKE.
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Taxum oOpazoM, noHOC(Eepa ¢ y4eTOM MArHUTHOTO TOJst 3eMITH TIPe/l-
CTaBIIET COOOM aHM3OTPOITHYIO Cpely , @ TAK KaK aHM3OTPOIHS BBI3BIBACTCS
BpallaTe/IbHBIM JBIKCHIEM 3JICKTPOHOB BOKPYT' CHUIOBBIX JIMHUK MArHHUTHOTO
nonst H , To 9acTo ucnonb3yercs TepMUH “THPOTPONHAS” Cpejia.

8.2. PacnpocrpaHeHue paTHOBOJIH B CBOOOTHOM NPOCTPAHCTBE
8.2.1. CooTHOILIEHME WIEATHHON PATHOTMHAN

ITycth B TOuke A CBOOOITHOTO MPOCTPAHCTBA HAXOMUTCS MEPEIALoIas aH-
TEHHA, JIAOIIAS U30TPOIHOE (PAaBHOMEPHOE TI0 BCEM HAIPABJICHUSIM) U3ITyYEHUE
Y CO3JAIOIIas HA MPOM3BOJIBEHOM pacCTosiHuK | TOTOK SHEpruu co cpemHeit
TUIOTHOCTBIO

PA
Arr?

rie P, - cpemmss MOIHOCTS M3y deHus NEPEIArOIIEH AHTEHHBL.

M3nyuenre peatbHBIX aHTCHH HEPaBHOMEPHO M 3aBUCHT OT HaIpaBJICHHS
MRITy4eHus, T.€. OT YIVIOBBIX KoopmuHar &, . [Ipu 31OM BBOIMTCS TOHSTHE
koa(durmenTa HarpariieHHoro nevictsyst (KH/I):

D(Q, Of) = M ’ (820)
I1,(r)

KOTOPBIH TIOKa3bIBACT, BO CKOJIBKO a3 IIOTHOCTB TIOTOKA SHEPIWH, H3ITy9aeMOro
peaTTbHOM aHTEHHOW B JAHHOM HarparJieHUH (6, «¢ ), OOJbIIIe INIOTHOCTH TIOTOKA
SHEPIHH U30TPOITHOTO U3ITyYaTelIsl P OJIMHAKOBBIX M3Ty4aeMbIX MOITHOCTSIX.

Orcroma

1I,(r) = (819)

— D,0,,a,)—=
(r,0,,a,) = WPA , (8.21)

e 0, ¢, - yIioBble KOOPIMHATHI C [ICHTPOM B TouKe A.

JIokarbHO TWIOCKas BOJIHA, TIPOMIISL pACCTOSHUE I, TIAACT HA TPUEMHYEO
aHTEHHY, PacTIONIOYKEHHYIO B Touke B, ¢ Hampasmenwst (6,0 ) ¢ TIEHTpOM OT-
cyeTa B Touke B.

MoIIHOCTB, BbIIETSIEMAst B IPUEMHOM AHTEHHE, ONPEAEIISETCS BBIPLKCHH-
EM :
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P =H(r’9A’aA)‘SB(eB’aB)1 8.22)
rae koo(duipent S, HasbBaeTcs SPQEKIMBHON HMOBEPXHOCTHIO IPUEMHON
AHTCHHBL.

B Teopry aHTEHH JIOKa3bIBACTCS COOTHOITICHHE CBSI3U MEXTY H(PPeKTrB-

HOM TOBEPXHOCTBIO aHTeHHbl U ee KH/I, cipaBeymBoe Ha OCHOBaHMY HPHH-
IMIa B3aMMHOCTH KaK B PEXUME MPUEMA, TAK U B PEKUAME MEPEAAYN AHTCHHbL

p=4% (8.23)
A
OTKy/Ia /1 IPUEMHOM aHTEHHBI B TOUKE B momydaem:
D, a
SHCAAE % At (8.24)
Ucnomszys (8.22), (8.21) u (8.24) okoHYATENBHO MOTy4YaeM:
2
_ y) _
P, = (Ej D,DyP, (8.25)

DTO BBIPAKEHUE HA3BIBACTCS COOTHOILICHUEM WIICATHHOM PAIMOJIMHUML.
OHO XapaKkTepr3yeT repeady SHEprur B CBOOOHOM MPOCTPAHCTBE, B TOM UKCIIE
HA JIOCTATOYHO NMPOTSHKEHHBIX JIMHUSIX CBSI3U B OTKPHITOM KOCMOCE.

8.2.2. O01acTh MPOCTPAHCTBA, CYIIECTBEHHO BIIMSIIOIIAS
HA PACHPOCTPAHEHHE PAMOBOJIH B 33/IAHHOM HANPABJICHUN
(moMHUHAHTHASI 00JIACTD)

PaccMoTpyM JIMHUIO CBSI3U BIIOJB TIPSIMOM, coeuHstronieit Touku A u B
(puc.83.) , TAE PaCIONOXKEHbI TMEPEIaTYMK M MPUEMHHK, COOTBETCTBEHHO,
mpraeM AB=r=r+r, >>4 1,>>A1,

Ha ocHoBaHMM MpHHIIMIIA SKBUBAJICHTHOCTH [ 1] MOYKHO CUMTarh, 4T0 MO-
e B T. B onpenensiercst SKBUBAJICHTHBIMIA MCTOYHHKAMH, PACTIONIOKEHHBIMIA Ha
3aMKHYTOM TIOBEPXHOCTU S , COCTOSILIEH 13 OECKOHEYHOM IJIOCKOCTH S 1 MOy~

cepbl OECKOHEUHOTO Pajyca O, . DKBHBAICHTHBIE MCTOYHUKH AIICKBATHBI

TAHTEHIMATGHBIM COCTABIBIIOIIMM TIONIEH PEATbHOIO HMCTOYHUKA (AHTEHHBI),
PACIIOJIOKEHHOTO B T. A.
Bcrnenctue ycnoBusi n3iydeHrs] Ha OECKOHEYHOCTH TIONS MCTOYHHKA B

GECKOHEYHO Y/IUIEHHBIX TOYKAX IIOCKOCTH S 1 monycdepsl S,, Mars (~ 1/r),



Y IMH MOYKHO TIPEHEOPEYb.

/4 c'._—:::é;_ _;KZ
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]

A

Soo
PN e

Puc. 8.3. 3oHb1 @peHens B JOMUHAHTHOM 00J1acTv

Takum 00pazom, monie B T.B ompenensiercss 3KBUBAICHTHHIMU HCTOY-
HUKaMH, PacTIONIO’KEHHBIMH Ha KOHEYHOM YYacTKe IUIOCKOCTU S| BOJM3H IIpst-

mori AB .
B miockocti S ctponm 30HbI DpeHens Tak, YToObl MyTh Jyda OT HC-

TOYHMKA Yepe3 JIFOOYHO TOUKY Ha BHEIIHEH rpaHuiie N -0k 30Hb1 DpeHertst ObLT Ha
A/2 jmnHHee aHAIOrMuHOro Iy Ty yist (N — 1)-0i 30HbL, T.€.

A
ACn+CnB:AB+nE_ (8.26)

OKBUBAICHTHBIE NCTOYHUKH, PACTIONIOKEHHBIE B TIOCTPOSHHBIX TAKKUM 00-
pa3oM cocemHrX 30Hax DpeHerts, BO30Y>KIaroT B TOUKe NpreMa B mpakTudecku
NpoTHBO(ha3HbIE, KOMIICHCUPYIOIHE JPYT JIpyra Mojsl, YTO KaueCTBEHHO M300-
paxeHo Ha puc. 8.4. [7].

PesynbTHpyrorniee mosne B T. B MOXHO MPEICTaBUTh B BUJIE CXOZISIIICTOCS
K TOYHOMY 3HAUCHHUIO TOJIT 3HAKOTIEPEMEHHOTO PSZIA, TIPUYEM KaKIpIA 13
YJICHOB PsiJIa MOYKHO CUHMTATh PABHBIM CPSHEMY apU(METHISCKOMY U3 JIBYX CO-
cemanx. Takum 00pazom, IMeeM:

EB)=E,-E,+E;-E, +E;—..+...=

:E+(E_EZ+E]+[E_E4+EJ+_” (8.27)
2 2 2 2 2



0| 1 2 3 4 5 6 7 8 n

E0 - TOYHOE 3Ha4YeHue 1oJist, N — Homep 30Hbl DpeHens

Puc. 8.4. Pe3ynbrupytoliiee mose 0T HeCKOJIbKUX 30H DpeHesst

UreHsl, cTosmie B CKOOKAaX Maibl, MPUYEM KaKIBIM IOCIICTyFOIITIA

MEHBIIIE TIPEIBITYIIETO.
[ IpeHeOperast STUMH YiEHAMH, TTOTy4acM:
E
E(B) ~ -+
(B) >

T.C., B TIPBOM MPUOIMKEHUH, MOXKHO CUMTaTh, YTO PE3YJIBTHPYIOLIAs Ha-
MIPSDKEHHOCTD TI0JI PAaBHA TIOJIOBUHE 3HAYECHUS, CO3ABAEMOIO IIEPBOM 30HOM

OpeHers.

O/HaKO, YYeT SKBUBAICHTHBIX HCTOYHHKOB JIMITIH B TIPEJIeNax TIepBOH 30-
HbI DpeHerst MOXKeT JaTh OMOKyY pacdeTa ot BT.B 10 100%.

[lo3ToMy Ha TMpakTHKe, UCXOMsl U3 COOTHOIEHUs (8.27) 1 3aBUCHMOCTU
E/E, = f (n) (puc. 8.4.), cumraercsi, 40 0OIIACTD, CYIIECTBEHHO BIMSFOLIAS HA

PaclpoCTpaHEeHUE PaJIMOBOJIH  (JIOMUHAHTHAs 00J1acTh), BKIIOYAaeT B ceOs
(6 + 8) mepBbIx 30H Ppenenst. [Tpu 31oM ormoka BerMUCIeH s oy E He rpe-

BoImact 16 % [4,7].
OnpenermmM paauyc N -oit 30861 DpeHers.
13 tpeyromeankos AOC, u BOC, | yunmsisast, uro npu N < (6+8)
MOYKHO cUHTath, uro hh >> o, ul, >> O, , HaxomuM:
2
AC, = I’ + pl ~ r1+'§—“- BC, =+/Iy +p} ~T, +’20—n
’ r,’

U, TIOZICTABJISIA B (8.26), momyyaeM:
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2 2
A
r1+&+r2+&:rl+r2+n—
21, 2r, 2’

_|rpna
Pn —rl T, (8.28)

3ameTrM, YTO KCTIONB3Ys (8.28), JIErko Mmokasarh, 4To Bee 30HbI DpeHes
MMEIOT OTMHAKOBYEO IUIOIIAb :

OTKY/Ia

r
Sp =T —+2—
? [+, (8:29)

3 cootHoteHyst (8.26) BUIHO, YTO TPU M3MEHEHNH TIOJIOMKEHHS TIOCKO-
cv S, BIoib npsivoit AB  juvHa Iy v Jryda

ACn+CnB:r1+r2+n%:const_

A 310 O3Ha4YacT, 4YTO TOYKA Cn OIIMCBIBACT SJUIMIIC C I10JIOCAMU B TOYKAX

AuB.
Pamyc BoceMo# 30HbI DpeHENs :
2rnA
=2 172
Ps —rl i, (8.30)

B cepemype smHMm cBsBu pu =1, = r/ 2 MaKCHMAaTHHAS BETMUYMHA

Pamax =V 2I’ﬂ,_

TaxrM 00pa3oM, MOYKHO CUUATATh, YTO JIOMUHAHTHASI 00J1aCTh B TIPOCTPAH-
CTBE TIPEICTABISIET COOOM AIUTUIICOM]T BpallIeH!sI C ToTkocamu B Toukax A u B

¥ MAKCUMAITGHBIM TIOTIEPEYHIKOM B CEPE/IMHE JIMHUM CBS3H 2 Ogpmay (PHC. 8.5.).

[pu pacripocTpaHeHry PaIOBOIH BOJIM3M 36MHOM TOBEPXHOCTH, €CITH
KaK1e-MOO TPENATCTBUS HE BXOAAT BHYTPh JOMUHAHTHOM OOMACTH, TO JIMHUS
CBSI3U CUMTACTCSl OTKPBITOM, a €CJM MONa/IaeT WK TIOJHOCTBIO TIEPEKPHIBAET, TO
JIHYSL CBSI3Y YACTUYHO WM TIOJTHOCTBEO 3aKPbITA.

B zaximouenne orMetrm, 4to, B cooTBeTCTBUM C (8.30.), Mpr yKOpOUeHUH
A TIOTIEPEYHHK IOMUHAHTHOM 00J1acTh YMeHbIIaeTcs, U ipu A — 0 arumricon
BpAITICHUS BBIPOYKIACTCS B TIPSIMYEO JIMHHUEO — JTyY.
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Puc.8.5. JloMuHaHTHAs 0071aCTh IPOCTpaHCTBA

8.3. Kinaccnpuxanusi paiMoBOJIH O CrIoco0am
HX PacIpoCTPAHEHNS

Kak orMedarnioch B Hayasie HACTOSIIICH IJIaBbl, B CBSI3H C OOJIBIIIM KOJTYe-
CTBOM BHEIIHKX (PAKTOPOB, BIHSFOLIMX HA PACHIPOCTPAHEHNE PAJIMOBOIIH B €CTe-
CTBEHHOM JIMHUY CBS3U Y HE TIOAAFOIIMXCS CTPOrOMY aHATUTUYECKOMY YYeTY,
TIPEZICTABIIAETCS 11E71eCO00Pa3HBIM MPOBECTH KIIACCU(DUKALHIO PaJTMOBOIH C y4e-
TOM MPEBATUPYIOLIETO (hakTopa (MEXaHN3Ma) B IIPOLIECCE X PACPOCTPAHECHIS.

B cBsBr ¢ 31MM J1a/1M CIIE Y FOLIE OTIPEIETICHUS.

BomnHbl, pacrpoctpasstoriecs: B HEMOCPEICTBEHHOM OJIM30CTH OT T10-
BEPXHOCTH 3eMJTH B HIDKHEM CJI0€ Tporiocdeps 10 TIPSIMOIA, 3a CUET TIepeoTpa-
YKEHUM OT TIOYIIPOBOJIAIIICH TTOBEPXHOCTH, B TOM YHMCIIE OT €€ HEPOBHOCTEM, a
TAKOKE 34 CUET €€ OrMOaHNS, HA3bIBAKOTCS 3eMHbLMI.

Bommnpbl, pacriipoctpanstompecs: B Tporiocdepe Onarofapsi sIBICHUSIM pe-
(bpakIm, paccesHUSI U OTPaXKESHHUS OT HEOAHOPOTHOCTEN TpOoriochephl, BKITFOUAS
€€ TPAHUIIBL, HA3bIBAIOTCS  MPONOCHepHbIMU.

Bommupl, nipormeie B MoHocepy M BO3BPATHBIIMECS K TIOBEPXHOCTU
3eMIM 3a CYeT SIBICHMM peppakimy U paccesHusi B MOHOChepe, Ha3bIBAKOTCS
UOHOChepHbIMU. ITH BOJTHBI 32 CUET MHOTOKPATHBIX “‘CKauKOB” “3eMJIs - MOHO-
cepa - 3emys” MOTYT OrudaTh 3eMHOM I11ap.
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8.3.1. 3emnubIe BOTHBI
8.3.1.1. Yuer HepoBHOCTEH 3¢MHOI MOBEPXHOCTH

[Ipn naieHny MI0CKOM BOJIHBI HA POBHYEO TUIOCKYHO TIOBEPXHOCTH TPOMC-
XOJIUT 3€PKATIbHOE OTPaYKEHHUE BOJHBL, MPY KOTOPOM YTOJI MaJICHUs paBeH YTy
OTPKEHMSI, U BCE OTPKEHHBIE JTyUX NApAJUIEIBbHbI JPYT PYTY.

[anaroiias Ha HEPOBHYIO TTOBEPXHOCTb 3€MJIM BOJTHA MOYKET OTPAKATHCS
B CaMbIX Pa3TMUHBIX HAMPABJICHUSIX, BKITIOUast ooparHoe. [ Ipy sTom mporcxomut
paccesHie SHEPIUM, U HAMPSDKEHHOCTH TOJIST BOJIHBI B HAITPARJICHUH, COOTBET-
CTBYIOLLIEM 3€PKATBHOMY OTPAKEHHIO OT POBHOM MTOBEPXHOCTH, YMEHBIIIAETCSL.

OTpakeHHOE B 3EPKATLHOM HAIMpPABICHUM TIONIE€ PacCUMTHIBACTCS C
UCTIOJB30BaHueM 3(W(PEKTUBHOTO KOX((UIMEHTa OTpaXKeHHSI, aHATUTUIECKOS
ONperieieHue KOTOPOTO ISl pealbHBIX TPO(MIICH 3eMHOW TMOBEPXHOCTH HE
NPEZICTARIISAETCS BOBMOYKHBIM. CyIIIECTBYIOT MPUOKEHHBIE METOIBI pacyeTa
TS HEKOTOPBIX MOJIENEH TIPO(IISE MIeaTbHO MPOBOISITICH TTOBEPXHOCTHL.

HepoBHocTH TeM OoJibllie BIMSIOT Ha MPOIECC OTPAXKESHHSL, YeM KOpoye
JUTMHA BOJIHBI A .

Ha nipakTrike B JuarnazoHe JEIMMETPOBBIX M CAHTUMETPOBBIX BOJH ISt
KOHKPETHOM JIMHWM CBs3Y A(D(EKTUBHBIN KOIPPUIMEHT OTpKEHUST £ OIpesie-
JSIOT  3KCTIEPUMEHTATHHO.

1Pl

0
a8 /“'
" 7/;//,/
04 —

a2

i ¢
B 86 87 85 89 °

%ONM
S\

Puc. 8.6. 3aBucumocts rdpdpexruBHOro KoaduimeHta
OTPOKEHHUSI OT A U ¢
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Ha puc.8.6. peacrapieHbl 3aBUCUMOCTA MOIYIE KO3 HIEHTa OTpa-
JKEHMS OT YIVIA TIQJICHKs. ¢ U JUIMHBI BOIHEI A , Ijie 0003HAYEHH! ;

1 - TeopeTHyecKasi 3aBUCUMOCTb JIJIsI POBHOM TTOBEPXHOCTH ;
SKCTIEPUMEHTATTHHBIE 3aBUCMOCTH Il HEPOBHOM MOBEPXHOCTH —

2-mpu A=26cm; 3 -mpu A=9cMm; 4-npu A= 3cM.

HMccnenoBanysl TIOKa3alld, YTO YeM MEHBINE YTOJT TIaieHus ¢ W JyIMHA
BOJIHBI A , TeM OOJIbIIIe OTIMYME PE3YIILTATOB AKCIICPUMEHTa OT TEOPETUUCCKOM
3aBUCHMOCTH. BBISICHUM MPUYMHY 3TOTO (paKTa.

Kpurepnii Penes

PaccMoTpuM nazieHye II0CKOM BOJIHBI HAa HEPOBHYIO TIOBEPXHOCTH C MaK-
CHMAJIEHBIM TIeperiazioM BeIcoT N (puc. 8.7.).

v Voo y

777 g

Puc. 8.7. [ lanenue 1uiocKoi BOJTHBI HA HEPOBHYEO TIOBEPXHOCTh

ITnockast BorHa ((pponT Bomabl AA') magaer nox yrioM ¢ . MakcnMaib-

Has Pa3HOCTh XOMa JIydel, OTpakeHHbIX OT BepxHero MM u  HuwkHero
NN ypoBHeii HEpOBHOCTEH COCTABJISET :

Al =CO + 0D =2CO = 2hcos e, (8.31)
Y TIPHBOZIUT K paziiurio (hasbl B Toukax B u B’ oTpakeHHBIX Jydeii Ha Bem-
YUHY : AY = kAl = 277T2h COS Q. 8.32)

OKCIIEPUMEHTATLHO ~ YCTAHOBJIGHO , YTO eClM  (ha30BbIe MCKAKECHUS
(pOHTA BONHBI HE TIPEBBIIIAIOT 77/ 2, TO OTpaykeHHe OIH3KO K 3ePKATHHOMY ,
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U HEPOBHOCTAMU TOBEPXHOCTH MOXHO TMpeHeOpeyb . OTciona BbITEKAeT

Kpurepuii Peness Ha JOMyCTMMYFO BBICOTY HEPOBHOCTEM , P KOTOPOU OT-
POKEHUE MOXKHO CUMTATh 3EPKATHHBIM !

27 T
—2h, cosp<—
i ()0}’1 ¢ 2 .
Orcrona :
h, < A
oon — 8COS§0 . (833)

U3 (8.33) BuaHO, uTO C yMeHbeHneM A1 ¢ N, yMeHbIuaercs , a npu

(MKCUPOBAHHOM BHICOTE HEPOBHOCTEHN OTpaKEHHE TeM OIIKE K 3epPKATbHOMY,
geM OorbItie A 1 Oosbite ¢ (Ooree TosIorye MaaroIFe JIy4r), 9YTO COITacyeTCst

C pe3yJIbTaTaMH, PEACTABICHHBIMU Ha PHC. 8.0.

8.3.1.2. Tlose u3TyuyaTe s, BLICOKO MOIHSITOIO HAJ
MOBEPXHOCTHIO 3eMuin

Brmstrue 3emii HarOosiee IpoCTO YUecTh, €CITH TIEPEIArOIIAs U IPHEMHAS
AHTCHHBI BBICOKO TIOHATHI, ¥ IOMUHAHTHASI 00JIACTh JIGKHT BBIIIIC TOBEPXHOCTH
3emm. BeicoTa mopeMa aHTeHH JIOMDKHA ObITh Ha TIOPSIOK OOJIbIIE JUTHHBI
Bormabl (N ;h, >> 1), 4r0 mpakTI¥ecK MOXKHO OCYILICCTBUTH TIPU  JTHHE

BoiHEl A <10 m. (manason YKB, cm. pasmen 84.1.).
[Ipn HEOONBIIMX MPOTSDKEHHOCTSX JIMHUUA CBSBU I 3eMIII0O MOYKHO
CUMTATh TUIOCKOM.

VCcrone3yss  JIydeByr0  MOJZIENb, BHIMM, YTO M3 TOUKHU repenaun A B
TOUKY NpueMa B BolmHa MOXET NPUITH MO JIMHAM TPSIMOM BUAUMOCTU
AB=n wu, omasusumce or 3emuoili mosepxHocH B Touke O, mo mymu

Aio +0B = r2 (pI/IC. 88)
@DpoHT MaAArOIIEH BOIHBI BOJM3H TOUKH OTpakeHHuss O MOKHO CUWTATh
wiockuM. KoahhuimeHT otpaykeHus :
p=Re™, (8.34)
HanpspkeHHOCTH T10J1s1 TIpsIMOM BOJTHBI B TOUKE B ompenensercs: Bepake-
HHEM :

E, =E.e™", (8.35)
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rae ammwmryganons By, ~1/1 .

cr— =~ - -7 -7~ =

|
Al

hi

Puc. 8.8. Cxema JIMHMM CBSI3U , PaCTIONIOKEHHOM BBICOKO
HAJT TUIOCKOM 3€MHOM MOBEPXHOCTHIO

HanpspkeHHOCTh TM0J1s OTpaKeHHOM BOJIHBI B TOUKe B ¢ ydeTroM peais-
Horo koadbdrimenTa orpakeHus (8.34) B Touke 0 oIpeiesseTcst BRIPOKESHUEM :

E,, = E,, Re"*= ) (8:36)
rje aMImTyaa ot Epp, ~ /1,
MOXHO cuMTarb , Y0 WCTOYHMKOM OTPOKECHHOW BOJHBI SIBICTCH
“3epKabHBIA” UCTOYHMK , PACIIONIOKEHHBIA B Touke A,, U B ClIydae 0CTa-

TOYHO TIPOTSDKEHHBIX JIMHUIA cBsi3u, Korma I >> Ny Ny |y w3 touex Au A,
B TOUKY B mapasiensHbI (puc. 8.9.).

= h.

h. /
7 7 7 77 7 7 2= P aux ey s can ol eelh 8 S V S AR BT anv o
hl.@/ r
A

Nl—rn:

Puc. 8.9. INapamenbhbie iyun I v I, Ha MPOTSHKEHHOM
JIMHUH CBSI3U
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PasHocTs xoma nydeii I, — I, = 2h, COS6 nepemika, ¥ NPy BBIMKICIICHUN
AMITTATY/T TIOJSI TIPSIMOTO W OTPAKEHHOTO JTydel B TOUKe B ero MoykHO TpeHe-
Opedn, nonaras, uro £y, = E, .

Omnako, Ha0er (1)3351 HaJI0 YUUTBIBATh, YTO MPUBOJUT BbIpaxkeHHe (8.36) K

— Elm R e—l(kzrhcosemb) (8.37)

TTonst rpstvoro u OTpEDKeHHOFO Jydeld B TOUKe npreMa B ckitasipiBarorcs,
Y PE3yJIBTUPYIOILICE ITOJIE OPEIIEIIACTCS BRIPOKCHHCM :

E,=E, +E, =E_ [1+ R e_i(kZhlcose“D)} =
= E, e {1+[Rcos(2kh, cos 6 + @) —iRsin(2kh cos 6 + @)},
MOAYJ/Ib KOTOPOIro
En=Ei, \/1+ R? + 2R cos(2kh, cos 8 + @) , (8.38)

€ aMIUIMTyJa TONS JIOKAIBHO IUIOCKOM BONHBI Ey I KOHKPETHOIO
M3ITy4aTessl  OMpenessieTcss BbIpakeHUeM (8.21), yUUTBHIBAIOIIMM €ro Harnpas-
E, H EZ EZ

— _Im” "Im _ —lm

. ﬁ _ — im
JICHHBIC CBOUCTBA , 1 COOTHOILIICHUCM 2 W 2 407 ° Yyro B
OKOHYATCIIbHOM BUAC OACT .
60PD(8, )
B = J . (8.39)

r

Dopmyia (8.38) HazbIBaeTCsl MHTEPEPEHITMOHHOM, TaK KaK YYUTHIBACT B
TOUKe TprieMa UHTephEPEHLIMIO (HaoxkeHre) IByX Jydeil. [Ipu rcrons30BaHnn
3TOM (HOpMYJIBI JJTs1 KOHKPETHBIX PacyeToOB HEOOXOIMMO YUUTHIBAThH HANPARIICH-
HbIE CBOMCTBA M3TyJaOITIeH aHTEHHBI , a TAIOKe OpaTh 3HAYCHHS MOIYJIS U (ha3bl
koa(puLIeHTa OTpaKEHUS JJTsl COOTBETCTBYIOILIEH TOJSIPH3ALIMN U3ITy4aeMOro
TIOJIS1 M| KOHKPETHBIX NIEKTPUUECKHX TTapaMeTpOB 3eMHOM TIOBEPXHOCTH.

HNurepdeperimonnas dhopmyiia BBe1eHCKOro

B cirydae errie Gornee mpoTshKeHHBIX JIMHKM CBs13U (00J1ee MONoruxX JIydeii),
KOI7Ia YTOJI NaZeHUs (0 OTPAXKAIOLLIETOCS OT 3eMHOM MOBEPXHOCTH JTy4a OJTM30K K

90°, w3 opmyisr Dpererst st KoadpuimeHTa oTpakenys [2] Kak s Iapa-
JIeNTbHOM (BEPTUKAILHOM), TAK U IS IEPIIEHIMKYJISIPHON (TOPH30HTATIBHOM) 1O~



-53-

JApU3ALMNA IAJAOIIEH BOMHBI roiydaeM p = —1,1e. R=1, & =r.
Ioacrapisist 311 3HaYeHHsT B (8.38), TOCTIe HeCTIOKHBIX IPe0Opa30BaHHI
cyderom(8.39) u 2h,c0SO =T, — I (puc.8.9) momydaem :

2./60PD(6, .|k
_ \/ ( a)sm{g(rz—rl)]

r

(8.40)

m

PazHocte xoma nydeii (I, —1,) MOXHO BbIpasuTh MHade . JleHCTBH-
TenbHO , w3 TpeyronbHrkoB ACB u A, DB (puc.8.8.) naxomum :

h= \/r2 +(h, —hy)* = I’{l+—(h22_r?l)2}

r,=Jr? +(h, +h)? ~{1+(h 2+h1) }

Ortkyna, yuureBas, yro I >> h;h, , IMEEeM :

2h.h
b—h= IE £ <<1, (841)
[oacrarmsis (8.41) B (8.40) 1 3aMeHsIsI CHHYC MaJIOro apryMeHTa CaMKuM
knh, =

APryMEHTOM, HTO CHPaBE/YMBO , KOrma — ~ <o, TOMyHacM dopmyiy

2\/6OPD(6? )

BeeeHckoro : En= 2 kh,h, (842

Boriee GBICTpoe , 4eM B CBOOOIHOM TIpOCTpaHcTBe (~ 1/7), yObBanme

o 2 o
TNIOJISL  BZIOJIb 3€MHOM TTOBEPXHOCTH (" Ur ) OOBSICHSIETCSL TEM, UTO TIPSIMOM U
OTPKEHHBIN JTy4H B TOUKY MpHeMa MPUXOJISIT MPAKTUUECKH B IPOTUBO(DAse.
AHaTM3 U SKCTIGPUMEHT TMOKa3bIBAIOT, YTo (hopMmysia BeeneHckoro maer

Jy4Ilvie Pe3yJIbTaThl B ClTydae MEpPreHIUMKYISIPHON (TOPH30HTAILHOM) TIONSIpU-
3alMU TIOJIST , TAK KaK B 3TOM CJTydae TOYHEE BBIIONHSETCS yciioBue p = —1.

Y4eT KpMBU3HBI [TOBEPXHOCTU 3EMIIH
[Ipy GOMBIIMX TPOTSHKEHHOCTSIX JIMHWM CBS3U HEOOXOIMMO YUHMTHIBATH
ceprunocTs 3emimu. [Ipy 3ToM BBOIMTCS TTOHSTHE PACCTOSHUS TPSIMOM BHJTH-

Moctu Iy (puc. 8.10.).




Puc.8.10. K onpeaeneHuo pacCTossHUAS PSIMON BUAUMOCTH
Paccrostaue npsimor BUAUMOCTH — JIJIMHA OTPE3Ka MPSIMOM, COe-

JTUHSIOIICH TOUKHU PaCTIONOKEHUS TTepearoliei U MPUEeMHONW aHTCHH U
Kacaromencs moBepxHocTu 3emun, T.€. o= AC + CB.

3 tpeyromsarkoB AOC 1 COB ¢ yuetom, uto Ry >> hy;h, | mveem

AC = J(Ry+ )’ —R ~\[2Rohy, , CB=(Ry+h, )’ —R? ~[2Roh,
oTKyra
o =/2Ro (R +z ). 843

Ecrmi npyeMHast anTeHHa Haxomures Ha paccrosrmm ' < 0, 21y | 1o 3emimo

MOYKHO CuMTaTh riockol ; mpu I < 0,81y npremnas aHTeHHa Haxomurcs B
OCBEILIEHHOW OOJIacTH , U 37IeCh MPUMEHNMa HWHTephEepEeHIMOHHAs (hopMyIia ;
B obmact nomyrenn (0,81 <r <1,2ry) nyuesas monems mnepectaer pabo-
Tath . 37eck M ganee B obmactu Tenu (I >1,21y) HeobxomuMo pelats 1p-
(ppAKIMOHHYIO 3a/iady .

Ipu yuete chepruanoctv 3emim B hopmylity BBeneHCKOro Haio MojCTaB-
JISITh SKBUBAICHTHBIE BBICOTHI TIObeMa anrerH My u hy (puc. 8.11.), koTopbIe

oTcunThiBatOTCS OT TwiockocTd MN , KacarebHOW K TOBEPXHOCTA 3eMiM B
TOuKe OTpakeHus Jiydya C, M TeM caMblM HE HapyIIAtOTCs YCIIOBHS BBIBOZIA

bopmyrbl (8.42).
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B
A

« h°
h> — —
L= N

AA2=h:

AA= Ah B:B.= Ah:

Puc.8.11 K OIIPCACIICHUIO O9KBUBAJICHTHBIX BBICOT IIOABCMA AHTCHH

JInst peabHBIX COOTHOIIEHHH BBICOT nojrbeMa antenH Ny , N, | mporsmxen-

HocTv JMEMH cBs3u I mpammyca 3emm Ry yrer AOC u COB majibl, 1 MOYKHO
CUNTATh, YTO

h =h —Ah; h29:h2—Ah2 : (844)
Amnaytornyso BeiBofy [y (8.43) momydaem :

AC =2R,Ah, :  CB,=.2R,Ah, .

2 2
_(AC) _(¢B)
OTKyJIa Ahy = 2—R0 : Ah, = W . (8.45)
JUst Jewit ces3u HeGoibiuoi nporsmkersoctr (I < 0,215) | korma mo-
BEPXHOCTH 3EMJTH MOKHO CUHTATH TUIOCKOM, HAXOIUM :

_._h . h
A&C_rhﬁhz ; CBl_rhl—l-hz’ (8.46)

a Uil TIPOTSDKEHHBIX JIMHWN CBSI3M, KOTA TIPUEMHAS AHTEHHA HAXOIHTCS
BOMM3M IpaHMipl moyrend , nomaras T ~lp, AC~AC, CB=CB,

MOJTy4YaeM :
o _h
AC =T b+ Jh CB =r b+ (847)

JI71s1 POMEKYTOUHBIX CITy4aeB UCTIONB3YETCS CPEIHee 3HAUCHHE U3 OTIpe-
JersieMbIX TI0 opmysiam (8.46) u (8.47).
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8.3.1.3. IoJie uzmyuareJisi, pacroI0;KeHHON0 BOJIM3H
MOBEPXHOCTH 3eMJIH

Korja aHTEHHBI HAaXOJATCA HENOCPEICTBEHHO y TOBEPXHOCTH 3eMIIM
(hy;h, << 1), 410 Ha IPAKTVIKE BHITIONHSETCS [UIST MHMH CBSI3H, PAGOTALOLLIX B

maanazone BomH A >100wm. , nomuHaHTHAS 00NIACTH 3HAYMTENHLHO TIEPEKPHI-
BAETCs MIOBEPXHOCTHIO 3eMITi. B 310M Citydae srydeBast MOJIEN b PacIIpOCTPAHEHS
PaZMOBOJIH HE MOKET ObITh WCIIONB30BaHA, M MPUXOIUTCS PEIaTh CTPOIyIO
AEKTPOIMHAMUYECKYHO 33/1a4y .

Kak yxe orMedanock, mapamerpbl 3eMHOM TIOBEPXHOCTH 3aBHCST OT Ya-
CTOTBI , © B pacCMATpUBAEMOM JIMAIa30HE BOJH Yy TIOBEPXHOCTH 3eMIU

E, <<E, . TlostoMy ecTecTBeHHEE MCIIONB30BATH AHTCHHBI C MAPAUIETIBHOM
(BEpTUKATIHHOI) MOJIIpU3ALIUECH.

BriepBbie pellieHre 3a/1a4i 0 paclpoCTpaHeHUH 36MHOM BOJTHBL, BO30Y K-
JICHHOM 3JIEMEHTAPHBIM 3JIEKTPUYECKAM U3JTy4aTelieM, PACIONOAKEHHBIM Ha
IUIOCKOM TIOBEPXHOCTH 3eMJ , TIONydsI B MHTErpaibHOM ¢opme B 1909r.
Hemerkui Grsuk A. 3ommvepdenba. Mcnomns3yst ato petenrie , M.B.Iynerikun
u romwadaen  b.Baw-nep-llone He3aBrcMMO Ipyr OT JOpyra  IOMY4WId
(1923+1925 rr.) mpocToe BBIpKEHHE I pacyera BEPTUKAIHHOW COCTaBIIS-
FOILICH TOJIST, KOTOPOE MOYKHO TIPEICTABUTH B BUIIE:

E

~ J120PD(0, ) -
: .

310 BbIpaKeHHE OTIMYaeTcst OT (8.39) il MHOKUTENIEM V2F . Ve

YCHUE HANPSDKEHHOCTA TIONST B J2 a3 CBA3AaHO C TEM, YTO PaCcCMaTpUBACTCS
M3ITYYEHUE JIEMEHTAPHOIO AEKTPUUYECKOTO M3TyYaTelsl TOJIBKO B BEPXHEE MO~
JIYITPOCTPAHCTBO HaJl 3¢MHOM TIOBEPXHOCTHIO. MHOXUTENH ociadnenus F <1,
YVUHUTHIBAIOIAN BIUSHUEC PEATbHOM MOBEPXHOCTH 3EMJIM C KOMIUIEKCHOW JTU-

(848)

m

. . / N/
MEKTPHUECKON MPOHUIIaEMOCTEI0 € = & — €| MoxHO onpenenmrs 1o
aMIHpIIeckor (opmyre [3]:

. 4+0,3¢
4+¢+0,3¢° (849)




