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Heab padoThl

HpI/IO6peTCHI/IC HaBBbIKOB IPAKTHYCCKOT'O HMCIIOJIB30OBAHHA 3dKOHOB 3JICKTPOAN-
HaMHUKHU I[MIPU MATEMATHYICCKOM MOJICIIMPOBAHUU ITAPAMCTPOB paJHWOKaHAJIa ¢ YYCTOM
BIIMAHUA HpCHHTCTBI/Iﬁ Ha TpaccCe, PpaCHIMPCHNUC HABBIKOB UCIIOJIB30BAaHUA COBPCMCH-
HOT'O IIPOTrpaMMHOI0 oOecreueHus npu IpPpoBCACHUHN KOMIIBIOTCPHOI'O MOACINPOBA-

HuA pacnpoctpaneHus BojH KB- n YKB-n1nana3oHoB B Ha3eMHBIX paguoTpaccax.

Conepxanue padorsbl
1. Boluucienue paanycoB 30H OpeHens.
2. BrbluucieHue BeIWYUHBI IPOCBETA, IPU KOTOPOM MHOXKHUTEIL OCiabiIeHus
PaBEH €IMHULIE.
3. BrluncineHue MHOXKHTENS OciablieHus Ha Tpacce MpH 3aJJaHHOM 3HAYEHUHU

BCJIMYMUHBI IIPOCBCTA.

KpaTKI/Ie TCOPETUIECCKUE CBC/ICHUA 00 OCHOBHBIX 3aKOHOMEPHOCTHAX

pacnpocTpaHeHusi PaJMOBOJIH B HA3¢MHBIX PAJTHOJUHUAX

IIpu pacnpoctpanennn 3eMHbIX paanoBoiaH KB nu YKB nnana3zoHoB Hax cuiib-
HO TIEPECEUYEHHON MECTHOCTBIO, OOYCIOBIEHHON KaK peiabe()OM MECTHOCTH (HaIpH-
Mep, TOpbl), TaK U AJIEMEHTaMH TOPOJCKON 3aCTPOWKHU (HAmpUMep, BBICOTHBIE 3/a-
HUS1), MPAKTUUYECKU HEBO3MOXKHO PACCUUTATh HAMPSIKEHHOCTH MOJS B TOUKE MpUeMa
KaK CyMMY MaJaroleld 1 OTPaKEHHBIX BOJH. TUNMYHAS T€OMETPUS paluOTPACChl Ha
IIEPECCUCHHOM MECTHOCTH IIOKa3aHa Ha pucyHke 1. Kpome Toro, HEpoBHOCTH pellbe-
¢a, uMeroIINe OCTPbIe BEPIIMHBI, MOTYT HE CO3/]aBaTh OTPAKEHU, €CIIM BEpIINHA HE

IOKPBIBACT O6HaCTB, AOCTATOYHYIO IJIsI OTPAXKCHUA. B cBs3u ¢ 3TUM 110JIe B TOYKE

npucMa OonpeaACIIr0T MYTEM BBCACHUA MHOKUTCIIA ocJ1a0JICHUS OIS ‘V , paCCUUTHI-

BacMOro ¢ HMCIIOJIb30BaHUCM MOJICIIN I[I/I(i)paKLII/II/I C—)HCKTpOMaFHI/ITHOﬁ BOJIHBI Ha IIO-

JYIIIIOCKOCTHU. FCOMCTpI/ISI HonyqaeMoﬁ 3a/1a49M IMOKa3aHa Ha pUCYHKC 2.
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PucyHnok 2

Benuuuna h, omnpenensiomias pacCTOSHHE MEXAY CaMOM BBICOKON TOYKOM
npoduiis Ha Tpacce (KpaeM MOJYIUIOCKOCTH B AU(PPAKIMOHHON 3a/aye) U JIMHUEH,
COEMHSIONIEN LEHTPHI Nepenaromeit 0 u npueMHON P aHTEeHHaMu, NOJIy4usia B pa-
JIMOCBSI3U Ha3bIBAHUE npoceema. BenndrnHa pocBeTa B 3aBUCUMOCTU OT I1OJI0KEHUS
MPENSTCTBUS OTHOCUTEIBHO JIMHUU PACIpPOCTpaHeHUs BOJHBI QP MoOXeT ObITh 1O-
JIOKUTENBHOM (MPENsTCTBUE PACIONOXKEHO HUke JMHUM QP) U oTpuuaTenbHOU
(npensitcTBUE BBINIEC JTUHUH OP).

Ilyrem cpaBHEHMS NaHHOM BEIWYMHBI C 3TAJIOHHOM OIPENEISIIOT CTENEHb OT-

KPBITOCTH Tpacchl. PaznnyaroT OTKPBITYIO, 3aKPBITYIO, TOJIYOTKPBITYIO U MOJIY3aKphl-



TYIO TPAaCCHI. B kauecTBe ATaJIOHHOW BEIWYUHBI HCIIOJIB3YCTCA BCIIMYMHA ITPOCBCTA
hO’ Impu KOTOpOﬁ MHOKHUTEIIb OCJIa0ICHUS PAaBCH CAHWHUIIC, 4 PA3HOCTh OJIMH MCKIAY

QP u QOP cocrasisiet Benuunuuy A/ 6:

M)z [xM (7 — 2 )[kM ] -10°
3r[kM ] '

hy = (1)

Ecnu npocBeT Ha Tpacce MEHbIIE HYJISA, mpaccy Ha3bIBAIOT 3akpuimoii. Ha 3a-
KPBITOW Tpacce Mojie B TOUKEe Impuema co3faetcs 3a cueT nudpakuuu. Eciu Bbinon-

usercst ycnosue 0 < h < h,, mpacca Ha3BIBACTCS NOAYOMKPLIMOU WIH ROIY3A-
Kpbimoii, a TIpU BBITIOJIHCHUH YCIIOBUS h > hy, mpacca omKkpvimas.

HpI/I HaXOXACHUN MHOXHNTCIIA ocJiabeHus ‘V‘ HCO6XOIII/IMO YUUTHIBATH

CTPYKTYPY OIS BIOJb PAAHOTPACCHL. B wacTHOCTH, pacripee/ieHHe SHEPTUU PaIro-
BOJIHBI B 00BEME.

JIJist pernieHusl JaHHOTO BOIpOca MCMoJb3yeTcs npuHiun [ roiireHca. Ha ero
OCHOBE W3 TOYKH BO30YKIEHHUS BOJHBI (TOUKH Tiepenardynka (J) CTPOUTCS MOBEPX-

HOCTh (PPOHTA BOJIHBI B TOYKE PACIIOJIOKECHHUS NPENATCTBHA, T.€. cdepa S paauyca z,,

(pucyHok 3). I3 Touku nmpueMHUKa P IpOBOJUTCS CEMENCTBO MPSIMBIX, IIEPECEKaI0-

X cdepy S B TOUKaX, yJaIeHHBIX OT TOUKH P Ha paccrostHue (¥ —z,) +0.54. D10

CEMEICTBO 00pa3yeT KOHMUYECKYIO IIOBEPXHOCTh, MIEPECEKAIOILYIO IUIOCKOCTh PUCYH-
Ka 1o IpsiMbIM PN; u PN’;. AHaJIOTUYHBIM MOPSIAKOM CTPOSITCS KOHUYECKHUE TTOBEPX-

HOCTH BBICIIHX HopsinkoB PN, (r —z,) +0.5nA.

[lepecedyeHuss KOHUYECKUX OKPY>KHOCTEH co cdepoil 00pa3yroT CUCTEMY KOH-
IEHTPUUYECKUX OKPYKHOCTEH. Bua Ha 3TH OKPY>KHOCTH CO CTOPOHBI TOUKU P 1moka3aH
Ha pUCYHKe 4. Y4acTKH, 3aKJIFOUCHHBIE MEXIY COCETHUMHU OKPYKHOCTSIMU, TOJTy4H-
71 Ha3BaHue 30n @Ppenena. llepsas 3oHa OpeHens npeacTaBiIseT coOoi yacTh che-
PBI, OTPAaHUYEHHYIO OKPY>KHOCTBIO, @ 30HBI BBICIITUX MOPSIAKOB — KOJIBIIEBBIE 001aCTH

Ha MMOBEPXHOCTHU ChEPHI.



Pucynok 3 Pucynok 4

[Ipu 3TOM paguyc n-it 30HbI OpeHesnss MOKET ObITh BBIUMCIIEH C UCIIOJIb30Ba-

HUEeM (OPMYJIBI:

r = G20 (r=20) )
r

da3za kosiebaHUM, CO3/1aBa€MbIX BOOOpa)KaeMbIMU HCTOYHUKAMH BTOPHUYHBIX
BOJIH COCEJIHMX 30H, oTiinyaeTcs Ha BennuuHy 180°. Ha pucynke 4 manHoe o0CTos-
TEJIBCTBO YCJIOBHO OTMEUAETCs MOCIEAOBATEIbHBIM U3MEHEHHEM 3HAKOB «ILIIOC» U
«MHUHYC». JIeHCTBUS CMEKHBIX 30H BBICHIMX MOPSAKOB, OTJIMYAIOLIUXCS CIABUTAMU
¢da3 Ha 180°, B3auMHO KoMmrneHcupytoTcs. [IpuuemM, yem OoJiblie NOPSIAKOBBI HOMEP
30H, T€M TIOJIHEE OCYIIECTBISETCA 3Ta KOMIIeHcalus. B pe3ynbrare 3Toro COBOKyM-
HOE€ JIeMCTBHE BCEX 30H SKBUBAJIECHTHO JCHCTBUIO MPUMEPHO MOJOBUHBI MEPBOM 30-
Hbl. Takum 0Opa3zom, nepBasi 30Ha dpenenst (¢ U3BECTHBIM «3aMacoM») U OTpaHUYH-
BaeT 00JIaCTh MPOCTPAHCTBA, CYIIECTBEHHO YYACTBYIOIIYIO B MPOLECCE paclpocTpa-
HEHUs BOJIH.

O6nacTb MPOCTPAaHCTBA, OXBaThiBaeMasi MEPBBIMU BOCEMbIO 30HaMu Dpenens,
HA3bIBACTCA 001ACMbI0, CYULECHIBEHHOI 0714 PACHPOCMPAHEHUA pPAOUOBOTH, U

NpCaAcCTaBsACT coOoi SJUIATICON T BPAICHUA. HOHCPC‘IHOC CEUCHME JaHHOM o0acTu B



BuJe 30H PpeHens nmokasaHo Ha pucyHke 4. B mpegenax manHoi obiactu cocpeno-
TO4YeHO nopsijka 84% nepeaaBaeMoi MOIIHOCTH TOJISI.

Ecnu npensarcTBue NepeKkpbIBaeT MPSMOM Jyd MEXIy Nepefarouieil u npuem-
HOM aHTEHHaMH, TO IOJIE€ B TOUKE MPUEMa CO3JAETCS OCTABIIUMHUCS CBOOOJHBIMU OT
npensTcTBUi 30HaMu Dpenens. 3a cYeT ITOro BoJIHA OrM0aeT MPEnsTCTBUE (SBJICHUE
aupakium).

MHoxuTens ociabneHus ‘V‘ C YYETOM CJI€JIAaHHBIX PacCyXKJIeHUl Oyner omu-

CBIBATHCS (PYHKIMEH BIUsHUS moaymutockoctr D(+), uMeromiei BU:
V|=®()=05-f(v), (5)
2r \/E

rae v, = —h |———— =—h—— - npuBeJCHHAs K 3HAYCHHIO pajuyca MEpPBOM
Azy(r—z,) i

30HBbI cheHCJISI B TOYKC PACIIOJIOKCHUS MMPCIATCTBUA (ZO) BCIIMYMHA ITPOCBCTA,

S(v)= \/g(c(‘ﬁ) - iS(V1)); (6)

C(-), S(:) - COOTBETCTBEHHO KOCHHYC- U CHHYC-MHTErpanbl OpeHens, SABISIOIIUECS

Ta0yJTMPOBAHHBIMU (PYHKIUSMHU.

I[JISI BBISABJIICHUA SaKOHOMepHOCTCﬁ BJIMIHUS IIPCILATCTBUA HAa aMIUIUTYAY I10JIA

MMpOoaHAIIM3NPYECM 3aBHCUMOCTDH CD(VI) OT BCJIIMYMUHBI IIPHUBCACHHOI'O IIPOCBETA V|,

rpaduk KoTopoi mokaszaH Ha pucyHke 6. [lockonbKy laHHas 3aBUCUMOCTb U3MEPSIET-
Ccsl KaK B Jienuoenax, Tak U B pazax, TO Ha pPUCYHKE [TOKa3aHbl 00€ 3aBUCUMOCTH.
AHanu3 pe3ynpTaToB, IPOUUIFOCTPUPOBAHHBIX PUCYHKaMH 6, TOKa3bIBAET, YTO
MPENsTCTBUSA, JI1 KOTOPHIX MPUBEJICHHOE 3HaUYE€HUE MpocBeTa OObIIe HYIId, T.€. 3a-
KPBITBIX Tpacc, KOMILIEKCHAs! aMILTUTYAa mojist Menble 0.5, T.e. mpensTcTBUue ociad-
JSIeT BEIMYMHY IPUHUMaeMoro B Touke P nois. [lpu nepekpbITuu MoimHOCThIO 00J1a-
CTU, COOTBETCTBYIOILIECH IIepBOU 30HE DpeHens, MMOKa3aHHOM Ha PUCYHKax BEPTU-
KaJIbHBIMU IITPUXOBBIMHU JMHUIMHU, aMIUIMTYAa IIOJS YMEHBIIAETCs NOYTH B 7 pas

mwin Ha 16,371b.
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PucyHnok 6

[Ipu v, =0 (mosoBuHa MIOmMAAN 00JACTH, CYIIECTBCHHON IIPU PacHpOCTpa-
HEHUM BOJIHBI, MEPEKPHITA MPEMSTCTBUEM) MOJYJIb aMIUIUTYIbI TOJISI PaBEH IOJIO-
BUHE HANPSHKECHHOCTH I0Js1 B CBOOOJHOM IpocTpaHcTBe. IIpu odeHs MamibIX Vi, T.€.

OOJIBIIOM YAAQJIEHUM TPEMATCTBUS BHU3 OT JIMHUU pacupocTpaHeHUs BOIHBI QP,
MPENSTCTBUE MPAKTUUYECKH HE OKA3bIBAET BIIMSHUS HA BEJIMYMHY KOMILIEKCHOW aMm-
TUTUTY/BI, a TI0JI€ UMEET OCLMUTUPYIOLIUNA OKOJIO €AUMHUIBI XapakTtep. OHAKO Mpu
YaCTUYHOM MEPEKPHITUU 00JIaCTH, CYLIECTBEHHOM JIJIsl paclpOCTPAHEHHUs BOJIH, T0JIE
MOJKET J1a’K€ HE TOJIBKO OCNabJIAThCSA, HO U YCUIIMBAThCS. MaKCUMalIbHOE YCUIICHUE
nonst B 1,181 pa3a mo cpaBHEHUIO C W31y4aeMbIM MIPOUCXOIUT MPHU 3HAYEHUU TpUBE-

JIEHHOTO TIPOCBeTa, paBHOrO Vv, = —1.224 . ®usuyeckn nanHbI 3¢ dexT HabmomaeT-

Cia IIpu I[I/I(i)paK]_II/II/I BOJIHBI Hd KPOMKC IMTOJYIIIIOCKOCTH, KOI'ld IICPCPACIIPCIACIIAIOTCA

COOTHOIIeHUs (a3 B nepBoil 1 BTOpoil 30Hax DpeHens.

IIporpaMmMa moaAroToBKHU K padore

1. N3yuuTh TeopeTuyeckue MoJI0KEeHHsI, Kacarolrecs: 3aKOHOMEpHOCTEHN pacmpo-
CTpaHEHHUs BOJH Ha HA3€MHBIX TPAcCax B MPUCYTCTBUU MPENSTCTBUMA.

VYSCHUTD LIeTb ¥ TOPSAI0K MPOBEJIEHUS Ta00paTOPHON PabOTHI.

O3HAaKOMHTHCS C PACUETHBIMH COOTHOIIEHUSMHU, IIPOBECTH X aHAJIU3.
[ToAroTOBUTHCS K OTBETAM Ha KOHTPOJIbHBIE BOMPOCHI.

[loaroToBuTh OJAHK OTYETA 1O padoOTe.

N ol
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Onucanue nopsaka padorsl
[Iporpamma pacuera napameTpoB 00JacTH, CYIIECTBEHHOMN JIJIsi paclpocTpaHe-
HUS PaJuOBOJIH, PealiM30BaHa B A3bIKOBOM cpeae Delphi Bepcun 5.0 u npencrapiser
co00l TOTOBBIN K UCTIOJTHEHUIO (ail.

1. BBoJ1i MCXOAHBIX JAaHHBIX. I/ICXOIIHBIC JaHHBIC BBOJATCA Ha IIOJIC CJICBA.

BBoja MoeT OBITh OCYIIIECTBIICH ABYMS CIIOCOOAMU:

- ykazaHueMm Homepa Bapuanta (oT 1 mo 10);

- 3aJIaHUEM TapaMETPOB BPYUHYIO.

Btopoii BapuaHT 3aJaHUsl UCXOAHBIX JaHHBIX MO3BOJISIET MCIOJb30BATH MPO-
rpaMMy JJis MPOBEAECHUSI CAMOCTOSITEIbHBIX NCCIICOBAHUM.

Hcxonubie naHHbIe, COOTBETCTBYIOIINUE 3aIaHHOMY BapUaHTY, a TAKKE Pe3yJib-
TaThl MOJICIIMPOBAHUS C TIOMOIILIO MPOTPAMMBI, 3aHOCATCS B Tabmuiry 1.

Ta0nuuna 1—Pe3ynbraTel MOACTUPOBAHUS

Ne

i ITapametp 3HayeHue

Hcexoonwie oannovie

1 Howmep Bapuanra

Yacrorta, MI 11

3 | PaccrosiHMe Mexny NEepefarollel U MPUEMHON aHTEHHAMH 7,
KM

YIIaJICHI/Ie NpCITATCTBUA OT nepeﬂa}omeﬁ AHTCHHBI Z, KM

5 | Benuuuna npocseta s, M
Pesynomamul moodenuposanusn

1 JlImHa BOJIHBI, M
BOJIHOBOE YHCIIO, M
3 | Bennumna npocsera, COOTBETCTBYIOUIAST MHOXKHUTEIIO OCIa0-
JIEHUs, paBHOrO 1

4 | IlpuBeeHHAs BEIMYMHA IIPOCBETA

5 | Muoxurenb ociiabJaeHus B pa3zax

6 | MHOoxwuTenb ocinabiaeHus B qenuoenax
Buwisoo: Tpacca siasieTcst (OTKPBITOM, 3aKPBITOM, MOMY3aKPBITOM, MO-
JYOTKPBITOMN )
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[locTpoeHHble mMporpaMMoil ISl 3aJJaHHOTO BapHaHTa HcCleoBaHuil rpaduku
MPOJIOJIBHOTO M MONEPEUYHOIr0 CEYeHU OOJIACTH, CYIIECTBEHHOW AJI MPOXOXKICHUS
PaZANOBOIH, HEOOXOJUMO MIEPEHECTH B OTUET MO JabopaTopHO padoTe.

Kpome Ttoro, B order ciemyeT 3aHecTH TpaduK 3aBUCUMOCTH MHOMKHUTEIS
ocjiabJieHus OT MPUBEACHHONW BEJIMYMHBI POCBETA.

2. AHAIHU3 TOJVYEHHBIX PE3VIIHTATOB.

Ha ocHOBaHMM MOTYYEHHBIX PE3YIBTATOB HEOOXOJUMO C/I€NATh BHIBOJIBI:

- 0 THUIE MoJiydyaeMou Tpacchl (OTKpbITasA, 3aKpbITasi, MOJy3aKpbITasi, MOIYOT-
KpBbITasi);

- O BJIMSTHUY NPEMSITCTBUS HA CTENEHb NEPEKPBITUS PAAUOTPACCHI;

- 0 CTPYKTYp€E 00J1acTH, CYIIECTBEHHOH 11 paclpOCTPaHEHUs PAIOBOJIH;

- O BIMSIHUM HOPMUPOBAHHOW BEJIMYMHBI MPOCBETA HA aMIUIUTYy MOJIA B TOY-

K€ Mpuema.

Conep:xanme oTuera

1. PucyHku, NOACHSIOIINE T€OMETPHUIO 3a1a4H.
2. Hcnonb3yeMble pacYETHbIE COOTHOLIEHHS.
3. Tabnuma 1.

4. Kpatkue BbIBOJBI IO padoTe.

KounTpoJibHBIE BONIPOCHI

1. Jlnsa gero paccMaTpuBaeTcst 00J1acTh, CYIIECTBEHHAS JIJIsl pacpOCTPAHECHUS
panuoBoyH? UTo oHA U3 cels mpecTaBIIsIeT?

2. C ucnoJsib30BaHUEM KaKOW MOJEIN PACCUMTHIBACTCS pACIPOCTPAHEHUE pa-

JIMOBOJIH HAJl IEPECEUCHHON MECTHOCTHIO?

Kak onpenensiercst BenuurHa nmpocBeTa?

Kakwue Tumnsl Tpacc M3BECTHBI?

Ha ocHOBaHMM KaKHUX MapamMeTPOB ONPEACISETCS TUIT TPACCHI?

Uto mpeAcTaBisAOT cOOOM MomepeyuHble ceYeHus 00JIacTH, CYIIECTBEHHOM

IUIS1 pacipOCTPAHEHUS PAJUOBOJIH?

7. Ckonbko 30H DpeHesns yYUTHIBACTCS MPU OMPEACIICHUH 00J1acTH, Cylle-
CTBEHHOM JIJI1 paCIIPOCTPAHEHUS PATUOBOIH?

8. Uto mpencraBisitoT co00it 30Hb1 Dpenens?

AN
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