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Yacre 1
HEJIN, 3BAJAYN U COAEP KAHUE JUCHUIIJINHBI

1.1. Heanb npenoxaBaTessi AMCHUATIIAHBI

B mucuuiuiiHe «OIeKTPOTEXHUYECKOE U KOHCTPYKLIMOHHOE MaTepHaIOBEIECHUE»
M3J1araeTcsl MUPOKUI KPYT BOIIPOCOB, CBA3aHHBIX CO CBOMCTBAMH PA3IMYHBIX MATEPUAIIOB
[0 OTHOLIEHUIO K JJIEKTPUYECKOMY W MarHUTHOMY NOJsIM. W3nararorcs cBoOiCTBa
PA3HOBUIHOCTEN SJIEKTPOTEXHUUECKUX MATEPUAIIOB, IPUMEHSAEMBIX B TEXHHKE.

[enbto npenoiaBaHus AUCUUIIINHBI SIBISIETCS U3JI0KEHNUE OCHOBHBIX CBEJICHUI
0 IpoLeccax, IPOUCXOASIINX B AIEKTPOTEXHUUECKUX MaTepHaax o BO3ACHCTBUEM
ANEKTPUYECKOTO M MAarHUTHOTO  MOJi€d, O3HAaKOMJIEHHE C  OCHOBHBIMH
XapaKTEPUCTHKAMU U MapaMeTpaMH, OCPEACTBOM KOTOPBIX OLIEHUBAIOTCSI CBOWCTBA
MarepuajioB K JTHM I[OJSIM, METOJAAMHM HUX MPAaKTUYECKOrOo ONpEIECICHMUS,
O3HAaKOMJIEHHE C OCHOBHBIMU BUJIAMHU 3JIEKTPOTEXHUUECKUX MAaTEPHUATIOB, 00JIaCTIMU
U crloco0aMu UX MPUMEHEHHUS.

HucuuninnHa «JIEKTPOTEXHUYECKOE M KOHCTPYKLIMOHHOE MaTEepPUAJIOBEICHUE»
ABJSIETCS. OJHUM W3 OCHOBHBIX IPEIMETOB, HEOOXOIUMBIX MJISl IOCIETYIOILETO
YCIEUIHOIO OCBOEHHSI CIELMATIBHBIX JUCLUIUIMH, H3y4aeMbIX CTYJACHTaMU HAIIPaBJICHUS
MOJITOTOBKM 0aKanaBpoB « NEKTPOIHEPTETUKA U DJIEKTPOTEXHHUKAY.

1.2. 3axaun u3ydeHus U CHUILTHHBI

B pesynpraTe = M3y4yeHUs ~ JUCHUIUIMHBL  «DJIEKTPOTEXHUYECKOE U
KOHCTPYKIIMOHHOE€  MaTEpHUAJIOBEJICHUE»  CTYIEHTBl JOJDKHBI ~HMETh  SICHOE
MIPEAICTABICHUE O MpoIlleccax, MPOUCXOIAIINX B AIEKTPOTEXHUUYECKUX MaTepuaax
MpU BO3ACHCTBUM HAa HHUX DJIEKTPUYECKOIO M MArHUTHBIX TOJI€H, 3HATH OCHOBHBIE
XapakTepUCTUKA W  TNapaMeTpbl  MaTepUaloB, HAYYUTCS  ONPENENATh  HUX
OKCIIEPUMEHTAIILHO, YCBOWTH TpPEOOBaHUs, KOTOPHIM JOJIKHBI yJIOBIETBOPSTH
Marepuaibl IpU HUCIOJIb30BAHUU B YCTPOMCTBAX, MpEIHA3HAUYCHHBIX NIl paOOThl B
YCIIOBUSIX TOPHOU POMBIIIEHHOCTH, YMETh MPOU3BOIUTH BBIOOP KOHKPETHBIX BUIOB
ANEKTPOTEXHUYECKUX MATEPUAIIOB.

1.3. IlepeyeHb JTUCHMILIMH € YKA3aHUEM Pa3/ieJioB (TeM), YCBOEHHE KOTOPbIX
HEO0X0AMMO 1JIl U3yYEeHUS JAHHOM TMCUUILIMHBI

VYcnenHoe yCBOeHUE TUCIUTUTMHBI « DNEKTPOTEXHUIECKOE M KOHCTPYKIIMOHHOE
MaTepualioBEeICHUE)» Oa3upyercss Ha 3HAHUAX, TIOJYYEHHBIX CTYIAEHTAMHU IMpHU
n3yueHun ¢Guszuku (pasnensl: ¢usuka TBEPAOro Telsa, AIEKTPUUECTBO, MarHETU3M),



XUMHUH, TCOPCTHYCCKHUX OCHOB 3JICKTPOTCXHHUKHU (pasz[enm: QJICKTPUYICCKHC LICIIU
IMOCTOAHHOTO U IICPCMCHHOI'O TOKAd, MAI'HUTHBIC HCHI/I), QJICKTPUICCKUX I/IBMCpCHI/Iﬁ
(paSI[CJILII OCHOBBI METPOJIOTHUH, METOJBLI U3MCPCHUA DJICKTPUICCKUX BGJII/I"II/IH).

1.4. Conepxxanne TUCHUILTHHBI

1.4.1. Beeoenue

Kpatkuii ucropudeckuii 0030p pa3BUTHS TPOU3BOACTBA M HCIIOIH30BAHUS
ANEKTPOTEXHUYECKUX MaTEPUaAIOB. 3HAYEHUE AJIEKTPOTEXHUYECKUX MaTEpPUaloB B
Pa3BUTHUH U COBEPIICHCTBOBAHUM COBPEMEHHOTO JIEKTPOMAIIMHOCTPOEHUS.

Ponp pycckux M COBETCKHX YYEHBIX B CO3JAaHMU M COBEPUICHCTBOBAaHUU
COBPEMEHHBIX 3JIEKTPOTEXHUYECKUX MATEPUATIOB.

[Ipenmer  auCHMIUIMHBL ~ «DJIEKTPOTEXHUYECKOE U KOHCTPYKIIMOHHOE
MartepuanoBeneHrue». Kinaccuukarus 3JIeKTpOTEXHHYECKUX MaTepUaIOB.

Bonpocwt ona camonposepku

1. Kakoe 3HaueHHE HMMEIOT 3JIEKTPOTEXHUYECKHE MaTepHallbl B Pa3BUTUU
3JIEKTPOMAIIMHOCTPOCHUSA?

2. TlepeunciuTe OCHOBHBIE KJIACCHI AJIEKTPOTEXHUYECKUX MATEPHAJIOB 10
CBOMCTBaM, KOTOPHIMH 00JIaJlal0T MO OTHOIICHUIO K 3JIEKTPOMArHUTHOMY
TOJIIO.

3. KakoBbl mepcneKkTHBBI Pa3BUTHA TPOU3BOJICTBA DIICKTPOTEXHUYECKUX
MaTepuasioB?

1.4.2. /lusnekmpuxu

[Tonarne o audnexktpukax. Ilomspuzanuss IUAIEKTPUKOB U OCHOBHBIE BUBI
MOJISIPU3ALIN Y.

Knaccudukanus JIVBJIEKTPUKOB. [lonsaTHE 0 TUDJIEKTPUYECKON
MIPOHUIIAEMOCTH, a0COJIIOTHASI U OTHOCUTEIbHASL JUAIEKTPUUECKUE MPOHUIIAEMOCTH.
3aBUCHUMOCTb BEJIMYUHBI AUDJIEKTPHUUECKON MPOHUIIAEMOCTH OT BHEIIHUX (PaKTOPOB.

[lonsiTie O 3IEKTPONPOBOJHOCTU JUANEKTPUKOB. YelbHbIE OOBEMHOE U
IIOBEPXHOCTHOE CONPOTUBIICHUS U METOJMKA UX OINPEICIICHHUS.

JIMpnekTpruYecKue MoTepu. Y roy AUIIEKTPUIECKUX MOTEph. CXEMBI 3aMELIEHUS
JIUBJIEKTPUKOB I yUE€TA TUDIIEKTPUUECKUX OTEPh. BUABI MUAIEKTPUUECKUX TTOTEPD.

[loHsiTHE O ANIEKTPUUECKOM MPoOOe NUAIEKTPUKOB. [IpoOuBHOE HaNpsKEHUE U
AJeKTpUUecKass MpoyHOCTh. [Ipoboil razo00pa3HbIX AUANEKTpUKOB. Buabsl npoboes
KUIKUX U TBEPIABIX IUIIEKTPUKOB.

PU3NKO-MEXaHNYECKUE CBOMCTBA IUANEKTPUKOB. OCHOBHBIE MEXAHHUYECKHE
CBOMCTBA IVAIEeKTpUKOB.  HarpeBocToiikocTe. Kiaccel  HarpeBOCTOMKOCTH.
Temmneparypa BOCIUIAMEHEHHsST W TeMIIEpaTypa BCHOBIIIKKH. MOpPO30CTOMKOCTh M



TPOIHUKOCTOUKOCTh. | MTPOCKONMYHOCTh W BJIArONPOHULAEMOCTb. XHMHUYECKUE U
paauaMoOHHbIE CBOMCTRBA.

Bonpocwt ona camonposepku

Kaxkue BemecTsa Ha3bIBAKOTCS AUIEKTPUKAMU?

[To xakuM mpuU3HAKaM KJIaCCUPUIMPYIOTCS TUIICKTPUKH?

Kaxoi1 npouecc Ha3pIBaeTcs MONSpU3ALUEN JUIIIEKTPUKOB?

Kak nporcxoauT 3ieKTpoHHAs MoJaspu3anus?

Kak 3aBHCHT qu3JIeKTpUYECKasi MPOHUIAEMOCTh OT TEMIIEPATYPBI U YACTOTHI

ANEKTPUYECKOTr0 MOJISl IPU JIEKTPOHHOU MOIsIpU3aun?

Kak mnpoucxoguT wuoOHHAsg MOJSpU3alMsg, M B KAKUX BEIIECTBAX OHA

HaOmromaercsa?

Kak npoucxoaut nunosbHas NoJsipu3anus?

8. Kak 3aBucuT Benmn4rHAa UAIEKTPUUECKON MPOHUIIAEMOCTH OT TeMIIEPaTyphl
Y YaCTOTBI DJIEKTPUUECKOTO OIS ?

9. Kak mpoucxoauT MOHHO-peNaKcalnoOHHas, dJEKTPOHHO-PETaKCAllHOHHAS U
MUTPALMOHHAS (CTPYKTYpHAasi) MOJIIpU3aLU?

10.Kak ocy1iecTBiisieTcsi CHOHTaHHAS MOJSPU3ALMS U ISl KAKUX IUAJIEKTPUKOB
OHa XapakTepHa?

11.Ha kakue rpynisl moapa3aessitoTcsl JUAIEKTPUKY B COOTBETCTBUH C BUIAMU
NOJIIPU3aLUU, KOTOPBIMU OHU 001a/1at0T?

12.Kak  3aBHCHT  JUAJIGKTpHUYECKass  MPOHHUIIAEMOCTh  T'a3000pa3HBIX
JURJIEKTPUKOB OT JABJICHUS U TEMIIEPATYyphl, BEIMYUHBI HANIPSKEHHOCTH U
YacCTOThI BHEUIHETO AJIEKTPUUECKOr0 MoJsi?

13.Kak 3aBUCHT TuAJIEKTpUYECKasl MPOHUIIAEMOCTh KUIKUX TUIIEKTPUKOB OT
TEMIIEpaTypbl, BEJIMYMHBI HANPSKEHHOCTH M YacTOTHl JJIEKTPUYECKOIO
noJis?

14.Kak 3aBUCHT AMAJIEKTPUYECKAs MPOHULAEMOCTb TBEPABIX IUIJIEKTPUKOB OT
TEeMIEepaTypbl, BETUYMHBI HAPSHYKEHHOCTH Y YaCTOTBI JIEKTPUYECKOTO TOJIS?

15.Kak  ompexpensercs  AUDIIEKTPUYECKAasT  MPOHHUIAEMOCTb  CIOXHBIX
TADJICKTPUKOB?

16. HazoBute npuumHbl BO3HUKHOBEHUS 3JEKTPUUECKOTO TOKA B TUAJIEKTPUKE
10J1 BO3/JICIICTBUEM BHEILIHETO AJIEKTPUUYECKOTO MOJIS.

17. Uto Takoe 00bEMHOE M MOBEPXHOCTHOE YIEIIbHBIE CONPOTUBICHUS U Kak
OHH ONpeeNATCs?

18.Kak 3aBUCUT 3JEKTPOIPOBOAHOCTh Ta3000pa3HbIX JUAJIEKTPUKOB OT
HaIPSDKEHUS U IoYeMy?

19.Yem oOycnaBnuBaeTcst 31€KTPONPOBOAHOCTD TBEPBIX TUAIEKTPUKOB U KaK
OHA 3aBUCHUT OT TEMIIEPATYPbl U HAIPSHKEHHOCTH JIEKTPUYECKOTO MO ?

20.Yem o0ycnaBnuBaeTCs 3JEKTPOMPOBOAHOCTh KHJKHX TUIIEKTPUKOB, Kak
OHA 3aBUCHUT OT TEMIIEPATYPbl U HAIPSHKEHHOCTU MIEKTPUYECKOTO MO ?

21.Kakue noTepu Ha3bIBAIOTCS AUDICKTPUUCCKUMU?

22.Kaxoii yroJyi Ha3bIBa€TCs YIJIOM JIUAJIEKTPUUECKUX NTOTEPDH?
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23.Hapucyiite cxeMbl 3aMenieHus NUAJCKTPUKA W COOTBETCTBYIOIIUE UM
BEKTOPHBIE TMAarpaMMBbl JUIsl YUETA BEJIMUMUHBI AUIEKTPUUECKUX TTOTEPb.

24.YcraHOBUTE  CBSI3b  MEXKIY  apamMeTpaM  MapauiebHOM U
MOCJIEIOBATEIBLHOM CXEM 3aMEIIeHUS] TUAJIEKTPUKA C TOTEPSAMH.

25.Kakue BUIbI IUATIEKTPUUYECKUX TIOTEPH CYIIECTBYIOT B IUAJIEKTPUKAX ?

26.Kakoe siBjieHHE Ha3bIBACTCS DJICKTPUUYECKUM MPOOOEM JUIIEKTPUKORB?

27.KakuM 006pa3zomM mpouCXoauT MPoOO ra3000pa3HbIX AUAJICKTPUKOB?

28.01 kakux (aKkTOPOB 3aBUCHUT DJIEKTPUUECKass MPOYHOCTh Ta3000pa3HbIX
JADJICKTPUKOB?

29.00bsicHUTe, KaK OCYIIECTBISETCA DJIEKTPUUYECKUA TPOOOH KHUIKHX
JIUAJIEKTPUKOB C BBICOKON CTEIIEHBIO OUUCTKU?

30.Kak ocymecTBisieTcsi 3JIEKTPUUECKH TPOOOM TEXHUYECKH YUCTHIX
JADJICKTPUKOB?

31. HazoBuTe BUABI MPOOOEB TBEPIBIX AMIIEKTPUKOB.

32.Kak mponCXOAUT IEKTPHUUECKHUM, dJIEKTPOTEIIOBOM M 3JIEKTPOXHUMUYESCKUN
po0oit?

33.Uto Takoe TUTPOCKOMUYHOCTH AMDICKTPHKA M KAaK OHA BJIMSIET HA €ro
AJIEKTPUYECKUE CBOMCTBA?

34.TlepeuncianTe OCHOBHbIE MEXaHUYECKHE CBOMCTBA IUAIEKTPUKOB.

35.HazoBuTe OCHOBHBIE MapaMeTpbl, C TOMOIIbIO KOTOPBIX XapaKTEePU3YIOTCS
TETIOBBIE CBOMCTBA JUAIEKTPUKOB.

36.ITepeuncnute Ki1acchl HATPEBOCTOMKOCTU JTUAJICKTPUKOB U JalTe KPaTKYIO
XapaKTEPUCTUKY KaXKJI0TO U3 HUX.

1.4.3. H3onayuonnvie mamepuaivl

["a3000pa3ubie U30SAIMOHHBIE MaTepuaibl. CpaBHUTEIbHBIE XapaKTEPUCTUKU
OCHOBHBIX Ia3000pa3HbIX U3OJSIMOHHBIX MATEPUATIOB U 00JIACTH UX PUMEHEHUS.

Kunkue m3onsammonHble Matepuanbl. HedTsaabie macma. TpanchopmaTopHOe
MacJio, €ro OCHOBHBIE XapKTEPUCTUKHU U CBOMCTBA, CTAPEHUE U pEereHepalusi, METO bl
UCTIBITAHUM 1 00JIaCTH TPUMEHEHUS.

CHUHTETUYECKUE JKUJKUE IUIIEKTPUKH, CPABHUTEIBHBIE XapPAKTECPUCTUKH U
obnactu npuMmeHeHusi. KomnayHbl.

[TonruMepHble HW3OJAIIMOHHBIE MaTepuaibl. BOJOKHUCTBIE W3OJAILMOHHBIC
MaTepUalibl U CIOUCTHIC IIACTUKHU.

Cmrozia m MaTepuabl Ha OCHOBE citojibl. Kepamuka u cTekJo.

Bonpocwt ona camonposepku

1. Kakue u3 ra3000pa3HbIX H30JISIIMOHHBIX MaTEPHAIOB HAIIIM HAaWOOJIbIIICEe
IPaKTUICCKOE TIPUMCHCHUE?

2. IlpowsBenure  CpaBHUTCIBHBIM  aHAJIM3  CBOMCTB  Ta3000pa3HBIX
M30JISIUOHHBIX MaTCPHUAJIOB.

3. B uém 3akmrouaercs crapeHwe TpaHC()OpPMATOPHOTO Macia W Kak OHO
BOCCTAHABIINBAETCS?



4, Kakumu mapamMeTpamMu XapakTepu3yeTcss TpaHC(HOpMATOPHOE Macio Kak
AIEKTPOU3OJIALIMOHHBIN MaTepuan?

5. Ilepeuncnute  OCHOBHBIE  CHHTETUYECKUE  KHUAKUE  JUDJIEKTPUKH,
UCIIOJIb3yeMble Ha TIPAKTUKE, WX OCHOBHBIE CBOWCTBA M 00JIacTU
MIPUMEHEHUS.

6. Kakue opranmyeckue BBICOKOMOJIEKYJISIPHbIE H3OJISILIMOHHBIE MaTepUallbl,
HCIIOJIb3yEeMbI€ Ha MPAKTHUKE, BaM U3BECTHBI?

/. Kakumu cBoicTBamMH 00J1a7]al0T KOMITAyHAbI W OCHOBHBIC OOJACTH WX
MpUMEHEHUs?

1.4.4. Maznummnwie mamepuaiol

[Ipupona maruetusma. Y cIoBUs BOBHUKHOBEHHS! ()ePPOMATHUTHBIX CBOWCTB Y
BemecTB. Knaccudukanus BemecTB o MarHUTHBIM CBOMCTBAM.

CrpoeHue (deppoMarHeTUKOB. SIBleHHME MArHUTHOM  aHU3OTPONUM U
MAarHUTOCTPUKIUHU. MICTIONBb30BaHUE ATUX ABJICHUM B TEXHUKE.

OcHOBHbBIE XapaKTEpUCTHUKA MarHUTHBIX MaTepuanoB. I[lerns rucrepesuca u
OCHOBHAs KpuBas HaMarHuuuBaHusa. OcTraroyHas MHAYKLUHS U KO3PUUTHBHAS CHUJIA,
WHAYKUHS TEXHAYECKOTO HACHIILICHUS.

OtHocuTenbHass W aOCONMIOTHAsS MArHUTHBIE TpoHunaeMoctu. [lotepu Ha
TUCTEPE3UC W BUXPEBBIC TOKU IMPHU MEPEMArHMYMBAaHUM B MEPEMEHHBIX MArHUTHBIX
noJsx. SIBIeHUE BHITECHEHUSI MATHUTHOTO MOJISI M €r0 MOCJIEACTBHUS.

MarauToMarkue, MarHUTOTBEPAbIE MAaTepUalbl W MarHUTHBIE MaTepHUallbl
CIIELIMAJIbHOTO Ha3HAYCHMUS.

Pa3HOBMIHOCTH MArHUTHBIX MATEPUATIOB. JIMUCTOBBIE SIEKTPOTEXHUUYECKUE
CTaJId U IEPMAJLJION, OCHOBHBIE XapPAKTEPUCTUKHU U IIPUMEHECHUE.

Bonpocel ona camonposepku

1. Kakue aneMeHTapHbIE KPYTrOBbIE TOYKH CYIIECTBYIOT B aTOME?

2. Kakoli KpyroBoii TOK c03/1aéT HanOONBIINI MAarHUTHBI MOMEHT B aToMe?

3. Uem 0O0BSICHUTH TO, YTO HE Y BCEX XUMUUYECKUX DJIEMEHTOB aTOMBI 00J1a1at0T
COOCTBEHHBIM MarHUTHBIM MOMEHTOM?

4. Kak Ha3bpIBalOTCS 00JacTH B (PeppOMArHeTHKaxX, B TMpeaesiax KOTOPbIX

MarHUTHbIE MOMEHTHI aTOMOB OPHUEHTHPOBAHBI MapaJlIeIbHO?

Kax mpoucxonut HamarunyuBanue (peppoMarHeTUuKoB?

6. Kakoe sBiaenme B  (QeppomMarHeTHMKax  Ha3bIBACTCS  MArHUTHOMU

AHU30TPOIHEH?

['ne v kaK yuyuTHIBAETCS SBJICHUE MAaTHUTHON aHU30TPOIUN?

B uéMm 3akmrouaeTcs siBIeHUE MarHUTOCTPUKIIMK U TJI€ OHO UCTIONb3YyeTcs?

9. Uem omimuaeTcs OCHOBHAs KpWBas HAMarHMYCHHOCTH OT TETIH
rucrepesuca?

10. HazoBHTE OCHOBHBIC XapaKTEPUCTHUKH (DEPPOMATHUTHBIX MATEPUAJIOB.
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11. Kak 3aBUCHUT BEIMYMHA MArHUTHOW MPOHHUIIAEMOCTH OT HANPsHKEHHOCTH
MarHUTHOTO MOJsi?

12.Kak 3aBUCHUT MarHuWTHasg MPOHUIAEMOCTh OT YacCTOThl IEPEMEHHOTO
MAarHATHOTO TOJIS?

13.Kak pacmdpoBaTs 0003HaYEHUS MaPOK JICKTPOTEXHUUECKUX CTajIek?

14 Ha3oBUTE OCHOBHBIE XapaKTEPUCTHUKU JHMCTOBBIX 3JIEKTPOTEXHUUYECKHUX
cTajiel u 00J1acTU UX MPUMEHEHHUS.

15.Yt1o npencTaBisioT co00 CIIaBbl IEPMaILION?

16.B uéMm mpenmyIecTBO X0J0THOKATAHBIX CTaJIeH TIepe/] ropssueKaTaHbIMU?

17.Kakue OCHOBHBIC BHJBI MAarHUTOTBEPIBIX MAaTEPUATIOB HCIIOJIB3YETCS Ha
MpaKkTUKe?

18.Kakue maTepualibl CeIUaIbHOTO HA3HAYCHUS UCTIONB3YIOTCS Ha MPAKTHKE?

19.Yto mpencraBisoT coboit GeppuThl U B 4EM HX NPEUMYIECTBO TEpen
JIPYTUMHU BUJAMU MarHUTHBIX MaTEPHAIIOB?

1.4.5. Ilonynpoeoonuxu
[TonsTue o monynpoBoaaukax. Kinaccudukarys nomynpoBogaukoB. [IoHITHS 0
BUJIaX JIEKTPOMPOBOIHOCTH MOITYITPOBOTHUKOB.

Bonpocut ona camonpoesepxu

Kaxkue BemecTsa Ha3bIBAKOTCS MOJIYIPOBOJHUKAMU?

Kaxkwue BuJIbI 371eKTpOIpOBOHOCTH CBOUCTBEHHBI COOCTBEHHBIM IMOTYTTPOBOTHAKAM?

Kak nmomy4uts nosynpOBOAHMK ¢ OCHOBHOM 3IEKTPOHHOM 3J1EKTPOIPOBOHOCTBIO?

Kak nomy4uts nosynpoBOAHMK ¢ OCHOBHOM IBIPOYHOM AJIEKTPOIPOBOIHOCTHIO?

Kak 3aBucuT yzAenbHas  3IEKTPONPOBOJHOCTH  MONYNPOBOAHUKOB — OT

TeMIeparypal?

Kak Bmusier Mexanuueckas aeopMaiiysi Ha SJIeKTPONPOBOTHOCTb MOTYTIPOBOTHAKA?

7. Kak 3aBHCUT 3JE€KTPONPOBOJHOCTH IOJYINPOBOJAHUKOB OT YacTOThl H
WHTEHCUBHOCTH CBETOBOM SHEPTUU?

8. Kak BmusieT HampsHbkEHHOCTH AJIEKTPUUECKOTO MOJISI Ha AJIEKTPOIPOBOIHOCTh

MOJTYTIPOBOTHUKA?

abkrwpdE

ISH

1.4.6. IIposoonuxu

[lonaTrie 0 MNPOBOJHUKAX MPUPOJAA AJIEKTPOINPOBOJAHOCTH MPOBOJTHUKOB.
OcHoBHbI€ XapakTepucTuku. Kiaccudukaius npoBOJHUKOBLIX MaTepuaioB. [lousarue
0 CBEPXIMPOBOJUMOCTU MPOBOHUKOB.

Bonpocwt 0na camonposepku

1. Kakoif MexaHu3M 3JIeKTPONPOBOIHOCTH CBOMCTBEHEH MeTaJlJIaM?

2. Kakoit MexaHu3M JIEKTPOIPOBOIHOCTH CBOMCTBEHEH JICKTPOJIUTaAM?

3. B uém pasznuiia B 00bICHEHUH MEXaHU3Ma JICKTPOIPOBOTHOCTH € MO3UITUN
KJIACCUYECKOM DJICKTPOHHOW TEOPUU CTPOCHUS METANIOB M KaHTOBOM
MEXaHUKH?



o

N

9.

Kakumu napamerpaMu xapakTepHu3yrTCsl CBONCTBA MPOBOIHUKOB?

Yem 0OBSCHUTH 3aBUCUMOCTD YJIETbHOM 3JIEKTPOIPOBOJHOCTH METAIIJIOB OT
TemIeparypbl?

[Touemy ynenbHOE COMPOTUBIECHUE METAILIA 3aBUCUT OT €ro aedopmaruu?
Kakue MaTepuanbl OTHOCATCA K MaTepuaiaM BBICOKON MPOBOAUMOCTH?
JlaiiTe CpaBHUTENIbHYIO XapaKTEPUCTUKY MEAU U AIFOMUHUSI.

Kakue crtaBel BBICOKOTO CONTPOTUBJICHUS MPUMEHSIOTCSI B TEXHUKE?

10.Yro Takoe siBIEHUE CBEPXIPOBOIUMOCTHU?

11.Kakum wMatepuaiaMm U 0OpH KAKUX YCJIOBUSAX CBOMCTBEHHO SIBJICHHE

CBEPXITPOBOAUMOCTH?

1.4.7. IlpumepHulit nepeuenv 1a60pamopHvix pabom

1.

2.

OnpeneneHre SIESKTPUUECKONM TPOUYHOCTH Ta3000pa3HbIX U TBEPIBIX
TUAJIEKTPUKOB.

OnpeneneHrve JTWHAMHYECKUX XapaKTEPUCTUK (PEPPOMArHETUKOB IPHU
MOCTOSIHHOM YaCTOTE€ MarHUTHOTO TOJIS.

OmnpeneneHue IUHAMHUYECKHX XapaKTEPUCTHK (EPpOMArHETUKOB IMpPH
U3MEHSIOLIENCS YaCTOTE MATHUTHOTO TOJIS.
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Yacrtb 2
JAUIJIEKTPUKU

2.1. OcHOBHBIE CBeJIeHHUSA 0 MP0OOE TUIIEKTPUKOB

Baxneiield o01acTbi0 UCIOJIB30BAHUS TUDJIEKTPUKOB B TEXHUYECKHUX LEISAX
SABJSCTCS  NPUMEHEHHME KX B  KAyeCTBE  M3OJLILMOHHBIX  MaTepHaloB,
MPEIHA3HAYAOMIMNXCS U1 MPEAOTBPALIECHUS MPOTEKAHUS 3JIEKTPUYECKOTO TOKA IO
NyTsIM, HE NPEAYCMOTPEHHBIM DJJEKTPUYECKOM CXEMOM YCTaHOBKH. Takoe
HCIIOJb30BAaHUE  JIUAJIEKTPUKOB  CBSI3aHO C  HMX  HCKJIIOYWTEIIBHO  MaJIOW
AIEKTPOIPOBOAHOCTBIO.

Tak, yzaenbHas o0ObeMHas »BJIEKTPOIMPOBOAHOCTh H3THUX MATEPHAIOB IpHU
KOMHATHOM TemmepaType He mpesbmmaer 10° cm/M, a ymenbHoe 00BEMHOE
CONPOTHBIIEHHE COOTBETCTBEHHO Gobmie 10® Om M.

Takoe  3HayeHHWe  BICKTPOIPOBOAHOCTH U YACIBHOTO  OOBEMHOTO
CONIPOTHUBJIEHUS COXPAHAETCS TOJIBKO JJI ONPENEIICHHOTO HanpskeHus. [IpeBpiiienne
ATOrO HAIpPSOHKEHUST MPUBOJUT K pe3KoMy (CKaukooOpa3HOMY) BO3paCTaHUIO
AIEKTPONPOBOJHOCTH U YMEHBIIEHUIO CONPOTUBIICHUS UAJIEKTPUKA.

[Torepst IUBIEKTPUKOM U3O0JISIUOHHBIX CBOWCTB MO BO3JICVICTBUEM BHEIIHETO
ANEKTPUYECKOTO MOJISI HA3bIBAECTCS HPOOOEM.

Hanpspkenue, mpu KOTOPOM B AMBJIEKTPUKE BOZHUKAET AJIEKTPUUECKHI TPOOOi,
Ha3bIBACTCS HPOOUBHBIM VIIU HANPAICEHUEM RPODOA.

[Ipo6uBHOEe HampsbkeHue o6Oo3Hauvaetcst Ug,. EnuHuneil usmepenus
npobuBHoro HanpspbkeHuss B cucreme CH sasisercs BonsT (B). Jlomyckaercs
MCIIOJIb30BaTh B KAUECTBE €AMHUIIBI U3MEPEHUS TPOOMBHOIO HAIIPSKEHUS KUIOBOIBT
(xB).

3HavueHWEe MPOOMBHOTO HAMNPSHKCHUS 3aBUCUT OT XUMHUYECKOTO COCTaBa,
CTPYKTYPBI CTPOCHUS, TOJIIMHBI IUAJIEKTPUKA U BO3ACHCTBUS psiia APYTUX GaKTOPOB.

Jpyroii  BaxHEHIEW  XapaKTEPUCTUKOM  CHOCOOHOCTH  JAMAJIEKTPUKOB
BBIJICP)KMBATh BO3JCHCTBHUE BBICOKUX HAIpPSKEHUN 0€3 MOTepH H3OJISILIMOHHBIX
CBOMCTB SIBJISIETCS DJIEKTPUUECKast IPOYHOCTS (Eyp). [loa anekTpruyeckoil mpoyHOCTHIO
MOHUMAETCS] OTHOUIEHUE MPOOMBHOTO HANIPSHKEHUS IUDJIEKTPUKA K €TI0 TOJIIIUHE:

_Ynp
P K

EH

rje h — TomuHa TUAJICKTPHKA.

Enununieit usmepenus snexkTpuueckoit mpouHoctu B cucreme CU apnsercs B/m.
B cBsi3u ¢ TeM, 4TO MCHOJIb30BaHHE ATOM €AMHMIIBI Ha MPAKTUKE HEYAOO0HO H3-3a
MaJIOM TOJIIIMHBI H30JALMU B PA3JIMYHBIX JJIEKTPOMEXAHUYECKUX YCTAHOBKAX M
OoJIbIIMX 3HAUYCHHUH MpoOMBHBIX HampspkeHuit, [OCToMm nmomyckaeTcsi mpuMEHEHHE
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BHECHUCTEMHOW €IMHUIIBI M3MepeHusi, paBHOW KB/MMm. CooTHOIIEHHE MEXTy ITHUMH
enuHULIAMU — KB/MM = 108 B/m.

Ecnm Ha AMDIIEKTPUK BO3AEHCTBYET BHEIIHEE OJHOPOJHOE JIIEKTPUUYECKOE
T0JIE, TO AJEKTPUUECKask MPOYHOCTh MPEACTABISAET COOON HAMPSKEHHOCTh 3TOTO MO,
IIPU KOTOPOU MPOUCXOTUT MPOOOA.

B 3aBucuMOCTH OT MEXaHU3Ma Pa3BUTHUSA U IPUYMH BOZHUKHOBEHUS PA3INYarOT
CJIEYIOIIKE BUBI TPOOOEB: IIEKTPUUECKUMN, TETNIOBON U DJIEKTPOXUMHUUECKHII.

JJIeKTpUYeCKMA MPo0OM  CBsI3aH C PA3BUTHEM IPOLECCOB YIAApHOU U
(GOTOHHOM HWOHU3ALMM, BO3HUKAIOMIUX B CHJIBHBIX OJJIEKTPUYECKUX TMOJSAX H
OPUBOASIIMX K OBICTPOMY pOCTY KOHIIEHTpAallMM CBOOOJHBIX  HOCHUTENEH
ANEKTPUUECKUX 3aps/IOB K CKAUKOOOPAa3HOMY YBEJIMYEHUIO SJIEKTPUUYECKOTO TOKa B
MecTe Mpo0Os MpU MPEBBIILICHUU 3HAYEHUS HAMPSHKEHHOCTH 3JIEKTPUYECKOrO MOJIs,
PABHOTO IEKTPUYECKON IMPOYHOCTH AUDIICKTPHUKA.

TemyioBoil mnpo00i BO3HUKAET MOJA BO3JCHCTBUEM TEIJIOBOM SHEPrUH,
BBIICIAIOIIEMCA B JIMDJIEKTPUKAX 3a CYET JMDJIEKTPUYECKUX IOTEPh WU
IIOCTYIAIOLIEN OT MOCTOPOHHUX UCTOYHUKOB TEIUIOBOM dHEPIruu. TeruioBas sHEprus
BBI3BIBAET YMEHBUIEHWE AKTUBHOI'O CONPOTHUBJIEHUS AUAIEKTPUKOB W BO3PACTAHUE
AKTUBHOI'O IIOTOKA, MPUBOASIIMX K JAIBHEHIIEMY YBEIMYEHHUIO TEMIEPATYPhl
JTUAJIEKTPUKOB C MOCIEAYIOIIMM UX TEPMUYECKUM PA3PYLICHUEM.

DJIeKTPOXUMHUYECKHA MPO00H BO3HUKAET MpPHU JIUTEIbHOM SKCIUTyaTaluu
JUAJIEKTPUKOB B AJIEKTPUUYECKUX IOJIAX U CBA3AH C U3MEHEHUEM XMMHUUYECKOTO COCTaBa
B pe3yJIbTATE NPOTEKAIOIINX B TUDIICKTPUKAX AIEKTPOXUMUYECKUX IPOLIECCOB.

bonee moapoOHO Kaxabld K3 BUIOB MPOOOS TUANEKTPUKOB PACCMOTPEH B
nocaeAyrnmx naparpadax.

2.2. IIpo6oii ra3000pa3sHbIX JUITEKTPUKOB

B razoo0pa3HbIX quaIeKTpUKax MpoOoil SBISIETCS JICKTPUUSCKUM U CBS3aH C
Pa3BUTHEM IIPOIECCOB yAAPHOW U (DOTOHHON MOHU3AINH 1101 BO3JACHCTBUEM CHIIBHBIX
AJIEKTPUYECKUX TTOJIEH.

B mr00oM Ta3000pa3zHOM JUAJEKTPUKE COJEPKUTCA Majoe KOJIUYECTBO
MOJIOKUTENIbHBIX U OTPUIIATEIBHBIX HOHOB M JJICKTPOHOB, HAXOASIIUXCS B
Xa0TUYECKOM TEIUIOBOM JBIKEHUH. [lon BO3AEHCTBUEM 3JIEKTPUYECKOTO TMOJST ATH
YaCTUIIBl HAYMHAIOT IEPEeMENIaThCs JUO0O0 B HANpaBICHUU HAIPSHKCHHOCTH IOJIS
(TTOJIOKUTEIBHBIE MOHBI), TUOO B HAIIPABJICHUU, MPOTUBOIIOIOKHOM €H (3JIEKTPOHHI,
OTpHUIIATEIHHBIC HOHBI).

[Ipu »>TOM Kaxkpass W3 YACTHI[ MOJy4aeT J00AaBOYHYIO JHEPTHIO 3a CYET
AIEKTPUUECKOTO OIS
W,=g-U,, (21)

9
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rae g — 2JIEKTPUYECKUI 3aps]l HanpspDKeHHOW yacTulbl; U) — pa3HOCTh MOTEHIMAIOB
Ha JJIMHE CBOOOJHOTO Mpolera 3apsyKeHHONW YacTULIBI.
B 0qHOPOAHOM 3IEKTPUYECKOM I10JIE
U,=E-A, (2.2)
rae E — HalpsKeHHOCTh OJJTHOPOJIHOTO AJIEKTPUUECKOTO OIS, A — JIJIMHA CBOOOTHOTO
npobera 4YacTHUIIbI.
Takum 00pa3oM, B OJHOPOIHOM 3JIEKTPUUECKOM IOJ€ J0OAaBOYHAs SHEPrus,
IpUOOpETEHHAs YaCTULIEH B pe3y/IbTaTe BO3ACHCTBUS 3JEKTPUUECKOTO TOJIS:
W,=g-E-\. (2.3)
B koHue mytu cBoOOgHOrO mpoOera 3apsyKE€HHas YacTUIAa CTAKUBAeTCA C
HEUTpaIbHOM MoOJeKynou. Ecmu 1mpum 3TOM 3HEPrUs 3apsHKEHHOW  YacCTHILbI
OKa3bIBaeTCsl OOJIbIIEC YHEPIHMH MOHMU3AIMHU HEHTpaIbHOW MOJIEKYJBbl Ta3000pa3HOro
OUIEKTPUKA, TO IIOCHEAHSSA PpACIICIUIAETCS Ha DJJIEKTPOH M MOJIOKHUTEIBHO
3apsKEHHBIN MOH. DTOT IIPOLIECC MOYYHII Ha3BaHUE IIpoliecca yAapHONH HOHU3ALNH.
Takum 0Opa3om, ycioBUE BOZHHUKHOBEHHUS YAApPHOW MOHU3ALMH OMHUCHIBAECTCS

ypaBHEHUEM
W, >W, . (2.4)
C yuyetom ypaBHeHui (2.2) u (2.3) moayuum:
E,-g-h2W,,
a
U, =E A>W_, (2.5)

rae U, — HOHU3aIMOHHBIA OTEHIIMAN Ta3000pa3HOro AMAJIEKTpUKa; E,y — HayanbHas
HaIPSKEHHOCTbD MOJIA.

MoHn3auMOHHBIA ~ NOTEHUHUAT  XapaKTepU3yeT  DHEPrUI0  HMOHU3ALMUHU
TURJIEKTPUKA. Y Pa3IUYHBIX ra3000pa3HbIX AUAJIEKTPUKOB OH JISKUT B AUANa30HE OT
4 1o 25 B, 4TO COOTBETCTBYET 3HEPIHM HOHU3AIMH OT 4 110 25 3B.

Tak kak A U ¢ Ui KaXJIOTO U3 ra3000pa3HbIX AUAICKTPUKOB MOCTOSHHBI, TO
yAapHas MOHM3aUMs HAYMHAETCA MpPU ONPENEIIEHHONM HaNpsHKEHHOCTH —IOJH,
Ha3bIBAEMOM HAYAJIbHOW HANPSKEHHOCTBIO.

B psme ciiydaeB CTOJIKHOBEHHME 3apsyKEHHOW 4YACTHIBI C HEUTPAIBHOU
MOJIEKYJIOH MOET He MOHU3UPOBATh MOCIEIHION, a IPUHECTH €€ B BO30YXKIECHHOE
coctosiHue. Yepes ompeleseHHbI MPOMEXYTOK BPpEMEHU BO30YKIE€HHAs MOJEKYJia
ucnyckaet (OTOH, OTJaBasi MPU ITOM HU30BITOUHYIO IHEPruto. GOTOH MOTIIOLIACTCS
OpYrOW HEUTPAJbHOW MOJIEKYJIOM, KOTOpas B 3TOM CJIy4ae HWOHU3UPYETCH,
pacUICIUISSICh HA 3JIEKTPOH U IMOJIOKUTENBHO 3apsDKEHHbIM MOH. Takas HMOHW3aus
Ha3biBaeTcsl (oTOHHOW. POTOHHAsT MOHHM3ALMS NMPUBOAUT K OBICTPOMY pPa3BUTHUIO
KaHasa npo0osi B ra3000pa3HOM MPOMEKYTKE.
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Pa3BuTne mporeccoB yaapHoid U (pOTOHHOW MOHU3ALMU MPHU HAMPSHKEHHOCTH
AJIEKTPUYECKOTO MO OOJbIIEH, YEM HavajabHasi, IPUBOJUT K PE3KOMY BO3PACTAHUIO
KOJINYECTBA CBOOOIHBIX HOCUTEIIEH JIEKTPUUECKUX 3apsAI0B U BOSHUKHOBEHUIO JIBYX
BCTPEUYHBIX UICTOYHUKOB PA3HOMMEHHO 3apsKEHHBIX YACTHIL] B KaHaJIe IPOOOSI.

B pe3ynbrare npo0osi MpoCTpaHCTBO, 3aHUMAEMOE KaHAJIOM IPO00s, 3aII0JIHEHO
JABMOKYIIUMHUCS 3apsDKEHHBIMM YacTHIIAaMM rasa. Takoe cOCTOsHHE ra3oo0pa3Horo
JTURJIEKTPHUKA TIOJYYHIIO HA3BAHKUE ra30pa3psAAHON IJ1a3MBbl.

3a cyeT (POTOHHON MOHU3ALMHU MPOOOH ra30B OCYIIECTBISETCS MPAKTHUYECKU
MI'HOBEHHO.

OnexTpuueckas MNPOYHOCTh Ta3000pasHOro  AMDJIEKTPUKA 3aBUCUT  OT
JUINTEIBHOCTH  BO3JEUCTBUS  DJIEKTpuueckoro moisd. Ilpm  kpaTkoBpeMeHHOM
BO3JICHICTBUM HANpSHKEHHE MPO0O0sT TUANIEKTPUKA, BBIIIE YE€M MpPH JJIUTEIbHOM

Bo3nelicTBuu.  [loBhIllIeHME  TPOOMBHOTO  HAMPSIKEHUS  XapaKTepU3yeTCs
Kod(pUIMeHTOM UMITYIIhCa
U 11]
B = U 2 ' (2'6)

p50
rae Uy, — mpoOMBHOE HANpspKEHUE NPU JAAHHOM JUIMTENbHOCTH UMIyJbca; Unpso —
NpOOMBHOE HANPSHKEHHE MPU MOCTOSHHOM WJIM NMEPEMEHHOM HaIpsHKEeHUH 4acTOTOU
50 I'm.

3HadyeHus ko3 dUIMeHTa UMITYIbCa HaXOAATCs B 1ranaszone ot 1 o 1,5.

DnexkTpudeckas TMPOYHOCTh Ta3000pa3HBIX JUAJCKTPUKOB 3aBUCUT  OT
PACCTOSHUS MEXIY JIEKTPOAAMHU MIIH TOIIIMHBI JUAJIEKTpHKa. 3aBucuMocTh Enp=f(h)
MpeJCTaBlIeHa Ha pUcyHke 2.1.

Enp A Unp

Puc. 2.1. 3aBUCUMOCTD IEKTPHUICCKON MMPOYHOCTH W MPOOUBHOTO HAIPSHKEHUS Ta3000pa3HOTO TUAICKTPHKA
OT PaCCTOSHHS MEXKIY ICKTPOJaMU
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N3 puc. 2.1 BUIHO, UTO C POCTOM TOJIIUHBI AUAJIEKTPUKA €0 JICKTPUUECKAS
OPOYHOCTh yMEHBIIAETCS, a MPOOMBHOE HAIpPSIKEHUE YBEIUYMBAETCA. ITO
OOBSCHSIETCS] TEM, YTO MPHU MaJbIX PACCTOSHUSAX MEXIY JIEKTPOJaMU 3aTPyIHAETCS
BO3HUKHOBEHHUE TpoIlecca yAapHON MOHU3ALMKU. JTO BUJIHO M3 aHAJIM3a YpaBHEHUS
(2.5).

PemnB ypaBHeHue (2.5) OTHOCUTENBHO Ejy;, TOIYYUM

W
E =—",
g-r
[Tpu MaTbIX paCCTOSHUSIX MEXIY dIIEKTPOAaMHU, Koraa h>A, MOKHO 3amucaTh
W
E =—2", (2.7)
g-h

W3 ypaBuenus (2.7) BHAMM, YTO YeM MEHBIIE TOJIIMHA Ta3000pa3HOTO
IUDJIEKTPUKA, TeM OOJbllle HadajdbHas HAINPSKEHHOCTh 3JEKTPUUYECKOTO MOJs, MpH
KOTOpPOM SHEPrusi ABIKYIIMICS 3apsyKEHHOW YacTHULbl 00OECIeunBaeT MOHHU3ALMIO
MOJIEKYJIbI Ta3000pa3HOr0 JUAJIEKTPUKA M BO3HUKHOBEHME IIPOILIECCOB YAAPHON U
(OTOHHON MOHU3ALIUU.

DneKTpuyecKasi MPOYHOCTh ra3000pa3HOro AMAIIEKTPUKA 3aBUCUT TaKKe U OT
JABJICHUS Ta3a. DTa 3aBUCUMOCTbD IIPEJICTABIICHA HA pPUCYHKE 2.2.

Enp A

[
»

n

Puc. 2.2. 3aBHCHMOCTD 3JIEKTPHUYECKOI MPOYHOCTH rasa OT JaBICHUS

Kak BuaHO u3 puc. 2.2, npu MaibIX 3HAUEHUSX JaBICHUS HaOIroAaercs
YMEHBUICHUE JJIEKTPUYECKONW IPOYHOCTH C POCTOM JaBJIeHMs. Takoe sBIIECHUE
OOBSICHSETCST TEM, 4YTO IpPU MaJblX JaBJICHUSAX BEPOSATHOCTb CTOJIKHOBEHUS
3apsDKEHHOM YaCTULBI C HEUTPAIBHOU MOJIEKYJIOM HE3HAYMTEIbHASI, U 3aTPyIHICTCS
pa3BUTHE TIPOIECCOB ymapHOW U GoToHHONW wHoHU3ammu. C pPOCTOM JaBJICHUS
IJIOTHOCTB MOJIEKYJI I'a3a YBEJIMYUBAETCSI, YTO IIPUBOJAUT K BO3PACTAHUIO BEPOSATHOCTU
CTOJIKHOBEHUI 3apsOKEHHBIX YacTHUIl C MOJIEKYJIaMHM Ta3a M 00JIerdaer pa3BUTHE
IIPOLIECCOB yNApHOM HOHM3auuu. [IpH CBEPXBBICOKMX JaBICHUAX CYLIECCTBEHHO
YMEHBILIAETCS JUIMHA CBOOOJAHOrO Ipolera 3apspKEHHOM 4YacTUIbl, YTO, COTJIACHO
ypaBHEHUIO (2.7), NpUBOJUT K POCTY HAYAJIbHON HANPSHKEHHOCTH TOJIS.
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DnexTpudecKas IpOYHOCTh Ta3000pa3HOTO JUAIEKTPHUKA CYIIIECTBEHHO 3aBUCUT
OT OAHOPOJHOCTH AJIEKTpUUEcKoro nojs (puc. 2.3).

Enp A Unp U”p
v
*
Unp
v
*
En

PRS-
Enp v

* | -

0 " h

Puc. 2.3. 3aBucumoctu SHCKTpHHCCKOﬁ IMPOYHOCTHU U Hp06I/IBHOF0 HaIIPsKCHU A ra3006pa3H0r0
OUBJICKTPUKA OT PAaCCTOAHUA MEXKAY JICKTpOAaMU B OAHOPOAHOM M HEOAHOPOAHOM IJICKTPUICCKUX ITOJIAX

B OAHOpPOIHBIX SJIEKTPUYECKUX TMOJAX, BO3HUKAIOIIUX MEXKAY IUIOCKUMHU
AIIEKTPOJIAMHU C 3aKPYTJIEHHBIMH KpasMH, JINO0 Mexay chepudecKuMu 3IEKTPOIaMU
0OJBIIOTO JAMAMETpa, JJEKTpUUYECKas MPOYHOCTh 3HAYUTENIBHO BBIIIE, YE€M B
HEOJHOPOJIHBIX IEKTPHUUECKUX IMOJSAX MEXKIY 3JIEKTPOJAMHU THIIA «HUIJIa — WLy,
«monycdepa — uriay, « MWIOCKOCTh — UIJia» U T. . HeomHOpOoIHOE 3IeKTpUYecKoe
0JIe BOBHUKAET TaKXKe MEXKY IByMs Moiycpepamu, Koraa pacCTOSHUE MEXKIY HUMU
OoJibiiie paguyca chephl.

MeHnblee 3HaueHHE IEKTPUUECKONU MPOYHOCTH Ia3000pa3HBIX IUAJIEKTPUKOB B
HEOJHOPOJIHBIX 3JIEKTPUYECKUX IMOJISIX 10 CPABHEHHUIO C JIEKTPHUUECKOW MPOYHOCTHIO
B OJHOPOAHBIX IMOJIAX OOBSICHSIETCS TE€M, YTO MPU OJHOM W TOW KE PA3HOCTH
MTOTEHIUATIOB MEX]TY JIEKTPOJAMHU HAIIPSHKEHHOCTD MOJIS B TOYKAX, PACHIOI0KEHHBIX
10 KpaTyailieMy pacCTOSHHUIO MEXKIY ABYMS JEKTPOJAMH, B HEOJHOPOIHBIX MOJISAX
3HAUUTEIBHO BBIIIE, YE€M HANPSHKEHHOCTh OJHOPOJHOIO AJIEKTPUYECKOTO TMOJIS.
CnenoBaTelbHO UM JJIEKTPUUECKU MpoOoOil  ra3000pa3HOro JUANEKTPUKAa B
HEOJHOPOJIHOM DJIEKTPUYECKOM TI0JI€ TPOU30WMJET NpPHU MEHBIIEM HaNpsHKeHUH,
MIPUJIOKEHHOM K JIEKTPOJAaM, YEM B OJHOPOJHOM IIOJIE.

[Io pa3HOMYy pa3BUBaeTCs JJIEKTPUUYECKHA TPOOON B OJHOPOIHBIX U
HEOJHOPOJIHBIX dJEKTPUUECKUX MOJISAX.

B OZHOPOJHOM 3JEKTPUYECKOM TMOJE€ TMpPU ONPEACICHHOM 3HAY€HUU
HaAMpsDKEHUs, 3aBUCAILEM OT TEMIIEpaTyphbl, JIaBJIEHUSA Tra3a U PACCTOSHUA MEXKIY
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ANEKTPOAAMU BO3HUKAET MCKPOBOM paspsl, NEPEXONAIIMA B JIyrOBOW IpHU
JAJIbHENIIIEM POCTE HAIIPSIKEHMUS.

B HEOIHOPOIHBIX JJIEKTPUYECKHUX IIOJAX BHAYyale BO3HHUKAECT YaCTUYHBIN
paspsa B MeCTax, I[€ HANpsPKCHHOCTb JIOCTUIaeT MAaKCUMAJbHBIX 3HAYCHUU
(xopoHHbIi1 pa3psa). [Ipu nanpHEnIEM BO3pacTaHUM HAIPSKEHUST KOPOHHBINA pa3psiz
MIEPEXOJUT B UCKPOBOM, a 3aTEM U B JlyTOBOM pa3psibl.

OnexkTpuyeckas MPOYHOCTh Ta3000pa3HOr0 JIUANEKTPUKA 3aBUCHUT  OT
MOJIIPHOCTH 3JIEKTPOJIOB THUIIA «HUTJIa — INIOCKOCThY, «UIJIa — cepar.

[Tpu 1OIOKUTENBHON MOJSPHOCTH UIJIBI IPOOOH MPOUCXOAWUT MPU MEHBILIEM
HaNpPsHKEHUH, YeM IIPU OOPATHOM MOJSAPHOCTH. DTO SBJIECHUE OOBSACHSIETCS TEM, YTO
VOHU3AIMs I'a3a HAYNHAETCs B pallOHE KOHYUKA UIJIbI, HE3aBUCUMO OT €€ IOJIAPHOCTH,
TaK KaKk MMEHHO B 3TOH O0OJACTM HANpPsLDKEHHOCTh IMOJIsI MakcuMaibpHas. [lpu
IIOJIOKUTENIBHOW TIOJSAPHOCTH MIVIBI y €€ KOHYMKA BO3HUKACT IOJIOKUTEIbHBIN
OOBEMHBIN 3aps]] U3 TOJOXKUTEIBHO 3apsSKEHHBIX HOHOB Ta3a, KOTOPBIM Kak Obl
ABIIIETCS MPOJIOJKEHUEM HIJIBI, CIOCOOCTBYS YMEHBUICHUIO JIIMHBI ra3000pa3HOro
IPOMEKYTKA U COOTBETCTBYIOIIEMY YMEHBIIEHUIO MPOOUBHOTO HAMPSKEHHUS.

[Ipu oTpULATENBHON TOJIIPHOCTH UIJIbI  00pa3oBaBIIMICS  O0OBEMHBIN
MOJIOKUTENIbHBIN 3apsij] Kak Obl AKPAHU3ZUPYET WIITY, MPEMSTCTBYS IMEPEMELIEHUIO
AJIEKTPOHOB OT HWIJIbI K IOBEPXHOCTU IIOJOKUTEIBHO 3aPSIKEHHOM IIJIOCKOCTH WU
cdepsl. Hanuune sxpana u3 NOJ0KUTENBHO 3apsyKEHHBIX HOHOB OKOJIO KOHYUKA UTJIbI
U TPUBOJUT K BO3PACTAHHUIO NPOOMBHOTO HAMPSHKEHUS MNpPU OTPHUIATEIBHOM
MOJIAPHOCTU MWIJIbl, 1O CPAaBHEHHIO C MPOOUMBHBIM HANpSOHKEHUEM IpU O0OpaTHOU
HOJISIPHOCTH HIJIBI.

2.3. IIpo6oii TBepaABIX ANIJIEKTPUKOB

B TBepabIX TUAIEKTPUKAX MOTYT BO3HUKATH YETHIPE BUa MPOOOCB:

® JJICKTPUYCCKUA  TPOOOH  MAKpOCKOIMYECKH  OJHOPOIHBIX  TBEPIBIX
JTUDJICKTPUKOB,;

® JJICKTPUYECKUNA TPOOOM MAKpOCKOMMUYECKH HEOJHOPOIHBIX  TBEPHABIX
JTUDJICKTPUKOB;

® 3JIEKTPOTEIIOBOM (TEIJIOBOM) POOOit;

® JJIEKTPOXUMHUYECKHUI MPOOOH.

Onekmpuueckuii. ~ npoooOU  MAKPOCKONUYECKU  OOHOPOOHBIX  MBEepObIX

OUIIeKMPUKOE8 PA3BUBAETCS] aHAJIOTMYHO 3JIEKTPUUYECKOMY MPOOOI0 B ra3000pa3HbIX
TURJIEKTPUKAX B pe3ysbTaTe OCYUIECTBJIEHUS IMpoliecca yapHO MOHU3ALMHU, KOTAa
UCKJIIOYEHO  BJIMSHUE  DJIEKTPONPOBOJHOCTH M JUAJNEKTPUUYECKUX  IOTEP,
00yCITaBIMBAIOIINX PAa30TPEB AUDIICKTPUKA.

B cBsi3u ¢ 3THM, 3aBUCHMOCTH 3JIEKTPUYECKOM MPOYHOCTH U MPOOMBHOIO
HaIPSOKEHUST TBEP/ABIX JUAJICKTPUKOB OT TOJIIIMHBI U KOHPUTYpAIUi 3JIEKTPOIOB
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AQHOJIOTMYHBI TAaKWM K€ 3aBUCUMOCTSIM ISl Ta3000pa3HBIX AMAIEKTPUKOB (puc. 2.1,
puc. 2.3).

Inexmpuyeckuii npodoll HEOJHOPOJIHBIX JTUIJEKTPUKOB XapaKTepeH s
TEXHUYECKUX JHUDIIEKTPUKOB, B CTPYKTYpPE KOTOPBIX MMEIOTCS MOPbl U KalWJUISAPHI,
3aMOJTHEHHBIE Ta3000pa3HBIM JUAJICKTPUKOM. Yale BCEro TaKuM Ta3000pa3HbIM
JUAJIEKTPUKOM SIBIIIETCS BO3AyX. Tak Kak »BJIeKTpuueckas IMPOYHOCTh BO3/yXa
3HAQYUTEIBHO MEHBIIE HJIEKTPUUYECKOM MPOYHOCTH TBEPABIX AUIIEKTPUKOB, TO
HaJU4KMe KalWULIPOB U TIOP B CTPYKTYPE TBEPHABIX JUAIEKTPUKOB OOYCIIaBIUBACT
3HAYUTENBHYI0 MEHBIIYIO AJIEKTPUYECKYIO IPOYHOCTh HEOTHOPOJIHBIX JUAJIEKTPUKOB
CPaBHEHMIO C OJHOPOIHBIMHU.

C pocTOM TOJIIMHBI HEOAHOPOJHOIO TBEPJAOTO IUANIEKTPUKA HAOIIOAAeTCs
YMEHBIIICHUE €ro 3JIEKTPUUYECKOM MPOYHOCTH, TAK KaK BO3pPACTAECT KOJUYECTBO
ra30BbIX BKJIIOUYCHUM.

DneKkTpuuecKasi MPOYHOCTh HEOTHOPOIHBIX TBEPABIX AUAJICKTPUKOB 3aBUCHUT OT
OJIHOPOAHOCTH W HEOJHOPOJHOCTH JJIeKTpuyeckoro moss. Ho, B orauuue oOT
ra3o000pa3HbIX U OJHOPOJHBIX TBEPABIX IUDIECKTPUKOB, DJEKTPUUECKAs MPOUYHOCTH
HEOHOPOIHBIX TBEPABIX JUIICKTPUKOB MOXKET ObITh B HEOJTHOPOIHOM I10JI€ OOJIbIIIE,
9YeM B OJTHOPOJHOM. DTO CBS3aHO C TE€M, YTO IPHU OOJbIIEH MIONIATU JIEKTPOJIOB,
MEXy KOTOPBIMU CO3/1a€TCs OJTHOPOTHOE TI0JIE, BO3PACTACT KOJIMYECTBO CJIA0BIX MECT
(mop, KanmwjuIsipoB, TPEHIMH U T. [I.), NIPUBOJAIIUX K CHUIKEHHIO SJIEKTPHUYECKOMN
MIPOYHOCTH TBEPAOTO AUIIICKTPHUKA.

dnexkmpomenniogoll (meniogoli) npobol CBSI3aH C Pa3orpPeBOM MaTepuana B
AJIEKTPUYECKOM TI0JIe 3a CUeT BO3pPACTaHUS CKBO3HOM JJIEKTPONPOBOAHOCTH U
TUAJIEKTPUYECKUX TIOTEPh, MPUBOIAIIMX K TIOTEPE HU3OJSIMOHHBIX CBOWMCTB
Marepuasia. [IpoOMBHOE HampspKEHWE MPHU DIEKTPOTEIUIOBOM MPoOOe 3aBUCUT OT
YaCTOTHI MOJIsI, YCIOBUHN OXJIAXKEHUS, TEMIIEPATypPhl OKPYKArOIIEH CpeIbl U T. II.

Y CTaHOBUBIINICS TEMIIEPATYPHBINA PEKUM BO3HUKAET TOTJA, KOT1a BBIICICHUE
TeIIa B U30JISIIIUOHHOM MaTepHUaje PaBHAETCS TEIIOOTAAYE B OKPYKAIOIIYIO CPENdy.
DTOT peXKUM ONHUCHIBACTCS CIEAYIOIIUM YPABHEHUEM

2

UZ-o-c-tgd=0-Slt,s —t, ), (2.8)
rie U — HanpspkeHHe Ha 9JIEKTPOAaxX; ® — YIJIOBash 4YacTrota; C — EMKOCTh
U30JISIIIMOHHOTO Marepuana; tgd — TaHreHc yria IUDJICKTPUYECKUX TOTEPh

M30JSIIIUOHHOTO MaTepualia ¢ — KOI(P(GUIMEHT TEeIIOOTAa4YH; S — TIOBEPXHOCTH
U30JIIIMOHHOTO MaTepuana; l,s — Temmeparypa H30JALMOHHOTO MaTtepuana; t, —
TeMIIepaTypa OKpYXKarolie cpepl.

Ha pucysnke 2.4 mocTpoeHbl 3aBUCUMOCTH MOIIHOCTH JUAJIEKTPHUECKHUX MTOTEPh
P, v MotiHOCTH TerooTAa4yu P: OT TeMmeparypsl.

Paﬂ Pt
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Puc. 2.4. 3aBUCUMOCTD MOIITHOCTH AUDJICKTPHICCKUX ITOTEPH M MOITHOCTH TEIUIOOTAAYH U30JISIITIOHHOTO
MaTepuana OT TeMIEPaTyphl

Kak BugHO 13 puc. 2.4, 3aBucumocts P,1=f(t) nMeeT aBe ToukM mepecedeHus ¢
npsimorr Py =f(t) m crnemoBarenpbHO, ABa YCTAaHOBHBIIHMXCS PEKUMa PH tipas ¥ tixp.
VYuuteiBas, 4TO B YCJIOBHUSX OKCIUTyaTallMd HE WCKIIOYAETCS JOMOJHUTEIbHbBIN
pazorpeB M3OJALMOHHOTO MaTepuaja 3a CYET MOCTOPOHHUX MCTOYHUKOB TEILIOBOM
SHEpruu, pabouas TemIeparypa MOXKET ciaydalHo Bo3pactu. Eciou ¢ yyetom
BO3MOXKHOT'O BO3pacTaHus tipas<tiwp, TO TEMJIOBOW MpOoOON HE MPOU3OUIET, TaK Kak
KOJIMYECTBO TEIUIA, BBIACISIEMOE BHYTPU JUAJNIEKTPHUKA, BO3PACTAET MEJJICHHEE, YeM
YBEIMYMBAETCS TemiooTnaya. Eciu 3a c4eT JOMOJHUTENBHOTO HAarpeBa yCTAaHOBUTCS
COOTHOIIEHUE  lipa>lip, TO KONMYECTBO TEIUIOBOM DHEPIUHU, BBIACIIAEMOU B
M30JSIIIMOHHOM MaTepHualie, IPEeBBICUT TEIUIO0TAauy, U TeMIiepaTypa OyaeT pacTu 10
MOJTHOTO pa3pymieHus audiekTpuka. C pocToM HamnpspkeHus 3aBucuMocTh P,=f(t)
cMmemaercst BBepx (cM. kpuByr 3, nmoiydeHHyro npu U;>Uj). Tlpu tex ke cambIx
YCIIOBUSAX OXJIAXKICHUS TMOBBIIICHHE HANpPsHKEHUsT NPUBOJIUT K POCTy padoueit
TemMrepatypsl (12pas=>tipas) 1 YMEHBIIEHHIO KPUTUYIECKOH TeMIiepaTypbl (tiqp>txp).

Takum o0pa3om, Kak BUJHO U3 puC. 2.4, yBEIMUYCHUE HANPSLKEHUS IPUBOJIUT K
BO3pacTaHUIO paboyell TeMIepaTyphl 3a CUET POCTA KOJUYECTBA TEIIa, BBIACIISIEMOTO
B MaTepHae.

Brinenenne TEIJIOBOM HSHEPrud  BCIEACTBUE JUAJIEKTPUUECKUX TOTEPh
OPUBOJUT K YBEJIMUYECHHIO DJIEKTPUUYECKON MPOYHOCTU AudiekTpuka. Ha pucynke 2.5
MIPUBEJEHBI 3aBUCUMOCTH SJIEKTPUUYECKON MPOYHOCTH U MPOOMBHOTO HAMPSHKEHUS
TBEPJOTO JMAJIEKTPUKAa OT TOJIIUHBI MPU DIEKTPUYECKOM M 3JIEKTPOTEILIOBOM
poOOosIX.

Enp A Unp
Unp = f (h) — aneKkTpny. npoboii

9
Unp = f (h) — anekTpoTenn. npoboit




Puc. 2.5. 3aBucumocTH 3IEKTpHIECKON TPOYHOCTH U TIPOOHUBHOTO HAIIPSKCHHS oT
TOJIITUHBI TUAICKTPUKA

Kak BumHO U3 puc. 2.5, s5eKTpudeckasi IpOYHOCTh U30JISIITMOHHOTO MaTepuana
MIPH JIEKTPOTETIOBOM ITPOOOE MEHBIIIE, YEM TIPH YHUCTO IIEKTPUUIECKOM ITPOOOE.

YMEHBIIICHUE JJICKTPUUECKOW TPOYHOCTH TIPH DJIEKTPOTEILIOBOM MPodoe
CBSI3aHO C OJIHOM CTOPOHBI C Pa3pyLIEHHUEM CTPYKTYpPhl CTPOCHUS H3OJISIITUOHHOTO
Marepualia (pacTpeckuBaHHe, OOyrjauBaHUE W T. [.), Korja pabouas TemIiieparypa
npeBbIIaeT KpuTudeckyto. C Ipyrod CTOPOHBI, 3JEKTpUYECKas MPOYHOCTh TpHU
AJIEKTPOTEILIOBOM IMPOOOE MEHBIIE, YeM MPHU IIEKTPUIECKOM Jake B TOM CIydae,
Korja pabodasi TeMIiepaTypa HE MPEBBIMIACT KPUTHUECKYIO. Takoe SIBJICHHUE MOXHO
O0OBSCHUTH CJICTYIOITUM 00pa30M: C POCTOM TEMIIEPaTypPhl U30JSIIUOHHOTO MaTepraa
VBEJIMYHMBACTCS KHUHETUYECKas DHEPrusl TEIJIOBOTO XAOTHUYECKOTO JIBUKCHUS
3apsHKEHHBIX YaCTHIl M HEUTPAIBHBIX MOJIEKYJT TBEPJIOTO IUAJICKTpUKa. Bo3pactanue
SHEPTHUU TETUIOBOTO XaOTHYECKOTO JBMKCHHS MOJICKYJI IPHUBOJUT K TOMY, YTO TIOJIIO
HEOOXOMMO COOOIIUTh MEHBIIYIO JIOMOJHUTCIBHYIO JHEPTHUIO JBIKYIIHXCS
3apsOKCHHBIX YacTHUIl, YTOOBI TOCIEAHSAS MOTJa HMOHHU3UPOBATh HEUTPATbHYIO
MOJICKYJTy TIpH CTOJKHOBEHHMHM ¢ Heil. M, ciemoBaTenbHO, BBITIOJIHGHHE YCIIOBHS
Pa3BUTHS YJApHOW MOHU3AIMKA HACTYMAET MPU MEHBIIEM HANPsHDKEHHUH, MTOJaBAEMOM
Ha DJIEKTPO/IBI.

2.4. JIabopaTopHas padora Ne 1. OnpeaesieHne 3JIeKTPHUYECKON MPOYHOCTH
TBEPABIX M ra3000pa3HbIX JUIIeKTPUKOB. Ilejb padoThI
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Llenpto maboparopHOil pabOTHI SABIAETCS HAYYUTh CTYACHTOB OMNPEIENATH

QJICKTPHUYICCKYIO IIPOYHOCTH TBCPALIX H F8,3006p33HBIX AUDBJICKTPUKOB MW BBIABJIATH

3aBUCHUMOCTHU BHCKTquCCKOﬁ IMPOYHOCTH OT TOJIIIMUHBI JU3JICKTPHUKA U KOH(bI/IpraHI/II/I

OJICKTPOIO0B, (I)OpMPIpOBaHI/IC HAaBBIKOB HCIIOJIb30BAHHA TCOPCTHUUYCCKUX CBC,HCHI/II\/’I K

O0OBSICHEHHUIO PE3YJIbTATOB HKCIIEPUMEHTA.

N

2.5. O0BeKT uccaeI0BaAHusA

OOpa3ipl TBEPIBIX IUAIEKTPUKOB. Martepuan, pasMmepbl oOpaslioB U HX
TOJIMHBI 3aJA0TCS IPENOAABATEIEM.
Boznyx. JNIMHBI BO3IYIIHBIX 3a30POB 33Jar0TCS IPENOIaBATEIIEM.

2.6. CpencrBa uszmepenust

HcnpiTaTenbHass ~ BBICOKOBOJIBTHAs ~ YCTaHOBKA € MaKCHUMaJbHBIM
HanpsokeaneM A0 10 kB. IlpuHnumnuanbHas »sieKkTpuueckas cxema
YCTaHOBKH IIPUBEJICHA HA pucC. 2.6.

BonbTmeTp nepemMeHHOro ToKa ¢ npenesiom usmepenus 1o 150 B.
Mukpometp tuna MK ¢ npeaenom uzmepenus 0 — 25 mm. llena nenenus
Mukpometpa — 0,1 mm.

[Iranrenupkyns. Llena nenenns — 0,1 Mm.

2.7. Pabouee 3apanue

. UcnibiTaTh Ha 3lEKTpUYECKUN MpoO0O0i 00pasibl TBEPAOTO AMAIIESKTPUKA

Pa3TUYHON TOJIIMHBI, OTIPEIETIsisi MPOOUBHOE HANPSDKEHUE KaXKIOTO U3 HUX.
Yuciio o0pasiioB ¥ U3MEPEHUI OMpeIeisieT MPENo1aBaTellb.

. PaccunTtatp 351eKTpHYECKYIO0 MPOYHOCTh KaKJ0T0 00pasia.
. [Ipon3BecTH 3JIEKTPOTEIIOBOM MNPOOO aHAJIOTMYHBIX [0 XUMHUYECKOMY

COCTaBY U TOJIIIMHE 00Pa3L0B TBEPAOIO TUNIEKTPUKA, OTIPEIEIIsAs MPOOUBHOE
HanpspkeHue Kaxnaoro oopasua. Kommdectso o0OpasnoB U M3MEpPEHUI Takoe
e, KaK ¥ MPHU UCTIBITAHUH Ha JIEKTPUIECKUI poOoii.

. Paccuntath  9JEKTpHUECKYI0 MPOYHOCTh  KaXAOro obOpasuma  mpu

AIEKTPOTEITIOBOM Mpoboe.

. HOCTpOI/ITB JJIA OAHHUX N TCX KC o6pa3u03:

e 3apucumoct U,,=f(h) mpu snexTpruaeckoM n 31eKTpOTenIoBOM Mpodosix
B OJTHUX OCSIX KOOPIMHAT;

e 3apucumoctH E,=f(h) mpu snexTprdyeckom U 3MEKTPOTEIIOBOM MPOOOSX
B OJTHMX OCSIX KOOPJIMHAT.

. OcyIecTBUTh ANEKTPUUECKUN TTPOOO0Il BO3yXa MPU Pa3IuUHbIX TOJIIMHAX

BO3JYIIHOTO 3a3opa h, ompenmernsisi Kakaplli pa3 3HA4YCHUE MPOOUBHOTO
HaIpPsDKeHUS. DJIEKTPUYECKUM MpoOON MpOU3BECTH ISl JBYX COYETaHUM
AJIEKTPOJIOB C PA3IMUHON KOH(UTYpaLUe, 3aJTaHHbIX MPENOIaBATEIEM.
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7. PaccunTath 3JIEKTPUICCKYIO IPOYHOCTH BO3IyXa IS KaKJ0T0 MPOOOsL.
8. IlocTpouTs:
e 3aucumoct Upp,=f(h) ams xaxxnoro m3 coderaHuii 3JIEKTPOIOB B OJHUX
OCSIX KOOP/AMHAT;
e 3aBucumoctu Enp,=f(h) ams kaxmoro u3 coueranuit 3MeKTPOJOB B OJHUX
OCSIX KOOpAMHAT.
9. Cnenatb BBIBOJIBI IO paboOTE.

2.8. Meroauueckne yKa3aHUs M0 BHINOJHEHUIO padouyero 3a1aHus

2.8.1. Yempoiicmeo u npunyun oeiicmeus 1a00pamopHoil ycCmano8Ku

[TpuHIMNIUATBHAS OJJEKTpUYECKas CXeMa JIa0OpaTOPHOW YCTAaHOBKH IS
ompeeeHUs] MPOOMBHOTO HANPSDKCHHS M DJCKTPUYCCKON MPOYHOCTH TBEPABIX H
ra3000pa3HbIX IUAJICKTPUKOB MPUBEACHA Ha pUC. 2.6.

° «mamepeHme»JI

KB «paboTa»

S

«obpaseu»

Puc. 2.6. IIpunnunuanbHas 371€KTpHUUecKasi CXeMa YCTaHOBKHU

B cocraB ycTaHOBKH BXOJST:

— nuHenHbId aBTOoTpancopmarop T1, npeaHasHaYEHHBIN )11 pEeryJIUPOBAHUS
HaIpsHKEHUS, T0JIaBa€MOT0 Ha UCTIBITATEIbHBIN 00pa3ell;

— BBICOKOBOJIBTHBIM TpaHchopmarop T2 ¢ MaKCUMaJbHBIM HaNpsKEHUEM
BTOpUYHON 0OMOTKHU Uzmax=10 kB 1 koaddurmentom K=10;

— comnpotusieHnue Royp, MpeIHa3HAUEHHOE ISl OTPaHUYEHUS TOKa B OOMOTKE
BBICOKOT'O HAIPSDKEHUS IPU BOSHUKHOBEHUHU TPoO0s oOpasia;

— AJIEKTPOMArHUTHBIN MyCKATENb: KHOMKHU «ITYCK» U «CTOID;
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— CUTHaJIbHas JlaMIa «HanpsHKEHUE MoAaHoy;

— IIepeKJIoYaTeNb pexnuMa paboThl YCTAHOBKH «paboTa — U3MEPEHHEY;

— MHOTONPEIENIbHBIA BOJIBTMETP.

B HmwxkHell dyacTu 1a00paTOpHON YCTAaHOBKHM HAaXOJUTCS BBICOKOBOJIBTHBIN
TpaHcPOpMaTOp M TOKOOTPAHUYMBAIOIIEE COMPOTUBJICHHE. JTa YaCTh YCTAHOBKH
3aKphITa METALIMYECKUM 3a3€MJIEHHBIM 3KPaHOM, HCKIIOYAIOIIMM BO3MOXKHOCTh
NOMaJaHus paboTaIOIIEro Ha YCTAaHOBKE MO BRICOKOE HAIPSIKEHHE.

Ha BepxHeM, TOpU30HTAIBHO PACIIOJI0KEHHOW 4YacTU YCTAHOBKM HAXOIATCS
JUHENHBIN aBTOTpaHC(OpPMATOP, BOJBTMETP, MEPEKII0YATENh PEKUMa PadOThl U
BBICOKOBOJIBTHAs! KAMEPA CO CMEHHBIMU AJIEKTPOAAMMU.

[IpuHIMn necTBUSA 1a0OpPaTOPHOM YCTAHOBKH 3aKJIIOYAETCS B CICAYIOIIEM.
Ilpr  3aKkpbITOM  JBEpLE  BBICOKOBOJBTHOW  KaMmepbl KOHTAKThl  KOHILIEBBIX
BbIKITrOUaTened KB 3aMKHyTBI U 3JIEKTpUUYECKAs LENb YCTAHOBKHU IOJATOTOBJIICHA K
pabore.

[Ipu HaxaTUKM KHOMKHU «ITyCK», PACTIOI0KEHHOM B JIEBOM BEPXHEM YIJIy CTEH/IA,
cpabaThIBaeT AJIEKTPOMArHUTHBIA MyckaTenb 1 u depe3 ero 3aMKHYThble KOHTAKThI
HarpspkeHue mnojaercss Ha aBtoTpancdopmarop T1. OnHoBpeMeHHO B Kamepe
BBICOKOTO HAaNpsDKEHHsS] 3aropaeTcsi CUTHAJIbHAS JlaMIla «HAMNpsHKEHHE TOAaHO».
Bropas mapa KOHTakTOB mmycKaTels OJIOKHPYEeT KHOIKY «Iyck». Hampspkenue c
BBIXOJIa aBTOTpaHchopMaTopa TMOCTyMaeT Ha OOMOTKY HHU3KOTO HAMpPsHKCHUS
BBICOKOBOJIFTHOTO ~ TpaHchopMaropa, €Ciau MepeKIodaresib pekuMa paboThI
YCTAaHOBJICH B  TOJIOKEHUH  «paboTay. DTO  HANPSDKEHHE  U3MEPSIETCS
MHOTOIPEACIbHBIM BOJBTMETPOM TE€peMEeHHOro Toka. Ha 0OMOTKe BBICOKOIrO
HaIpsDKeHUs1 TpaHcPopMaTopa CO3JAETCs HANPSHDKEHHE, 3HAUEHHE KOTOPOro MOYKET
OBITh BBIYKMCIICHO 1O (hopMyJie

U,=K-U,. (2.9)

Korna nanpsoxkenue U, nocturaer 3Ha4eHus1, paBHOTO HANPsDKEHUIO po60st Uy,
MPOUCXOAUT MpoOoil obOpaslia, U B LENU BTOPUYHONH OOMOTKH BO3pACTaeT TOK,
aMIUINTyZla KOTOPOIO OrpaHUYMBAETCS CONpPOTUBICHUEM R,rp. Bo3pacranue Ttoka
BTOPUYHON OOMOTKHM BBI3BIBAET COOTBETCTBYIOUIEE YBEJIMYEHUE TOKA IMEPBUYHOM
oOMOTKHM  TpaHchopmaTopa, B  pe3yjibTaTeé KOTOPOro cpabaThiBaeT pelie
MakcUMaJIbHOTO TOKa | >. KOHTakThl 3TOTrO pese pa3MbIKaloTCs, pa3pbiBas IIEMb
MUTAHUA OOMOTKH  DJIGKTPOMAarHUTHOTO TyckaTens. KOHTaKkThl — mycKaTels
Pa3MBIKAIOTCS U OTKJIFOYAIOT CTEH OT CETH.

OO6b1yHO MPO0OIT 00pa3a MPOUCXOAUT BHE3AMMHO, YTO 3aTPYJHSIET OTCUET IO
BOJIBTMETPY HAMNpSDKEHUs, TpPU KOTOpOM mpou3somien mpodoi. Ilostomy s
oOJierdyeHus OTcueTa HampsHDKEHUs Mpo0os MPEeayCMOTpEeHa BO3MOXKHOCTH PabOThI
YCTAaHOBKH B PEXHME «HU3MepeHue». [l mepeBoja YCTaHOBKHM B 3TOT PEXHUM
MepeKITIoYaTeh PeKUMa pabOThl YCTAHABIMBACTCS B TOJIOKEHHE «U3MEpeHHe». B
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3TOM pEXHME BBICOKOBOJIbTHBIM TpaHCGOpMATOp OTKIIOYAETCs OT BbIXOJa
aBroTpancopmaropa. Ecnum  monoxkeHue — pykosiTd  aBTOTpaHchopmaropa,
PETYJIMPYIOLIEH €r0 BBIXOJHOE HAIPSKEHHUE, COXPAHUTh TAKUM K€, KAK 1 B MOMEHT
npo0osi, TO TOCJIE HaXaTusig Ha KHOIKY «IIYCK» BOJBTMETP IOKAXET TO XKe
HaNpsDKEHUE, 4TO ObLIO YCTAaHOBIIEHO MPH MPoOoeE.

2.8.2. Memoouka IKCHEPUMEHMANbHO20 ONPEOeNeHUss  NPOOUBHO20
HANPAJCEHUA U IIeKMPUUECKOU NPOUHOCMU MEepoblX Oul1eKmpuKos npu
INeKmpuuecKom npoboe

1. Tlepen HavamoMm HKCIEPUMEHTAa HEOOXOAMMO MPOBEPUTH MPABUIBLHOCTD
MOAKIIOYEHUSI 3JEMEHTOB YCTAaHOBKM (puC. 2.7), NpeIBapUTEIbHO YCTaHOBHB
PYKOATKY aBTOTpaHc(hOpMaTropa B HYJEBOE MOJOXKEHHE W OTKPBIB JBEPKY Kamephbl
BBICOKOT'O HanpspKeHUs. Jlamia «HanpspKeHUe MoJaH0» He JOJDKHA TOPETh.

«pabota»

L ]

«n3mepeHme» 2
1

I_}\5

Puc. 7. Cxema coequHEHUS DJIEMEHTOB JIa0OpaTOPHON YCTAHOBKH:
1 — svicokogoLbMHAA Kamepa, 2 — TUHEUHbIE ABMOMPAHCHOPMAMOp; 3 — 8OIIMMEMP, 4 -
nepexkIouamens pexicuma pabomul YCMaHo6KU, 5 — KHONKU «NYCK» U «CHON»

2. YCTaHOBUTH MO YKAa3aHUIO MPEMOAABATENSI CMEHHBIC AJIEKTPO/IBI.

3. H3meputb MUKpOMETPOM TOJIIUHY UCTIBITHIBAEMOTO 00pasia JUIICKTPHUKA.
PexomenmyeTcss HAaUMHATH SKCIIEPUMEHT ¢ 00pasiia HauOoJbIeH BeTUINHBL. J[aHHbIC
U3MEpEeHui 3anucarth B Tadnauiy 2.1.

Ta0muma 2.1
JKCIePUMEHTAJIbHOE ONpe/eIleHue HANPSAKeHue MPOo00s U JIEKTPUIECKOM

MPOYHOCTH TBEPABIX JUIICKTPUKOB NPH YJIEKTPHIECKOM Ipodoe
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Kondurypauus

Ne n/mt h, Mm U, B Unp, kKB Erp, xB/MM
9IIEKTPOJIOB

IIpuMeuanue: BBICOTa CTOJIOIIOB TAOIHITBI TOJDKHA OBITh PACCUNTAHA JJIS 3aITHCH PE3yIbTaTOB MPOOOs
7 — 8 0Opas1oB.

4. Pa3zMecTuTh 00pasel] MKy AJIEKTPOIaMU B BEICOKOBOJIBTHOM Kamepe. Jlis
ATOr0 HEOOXOJUMO OTBEPHYTh CTONOPHBIM BUHT BEPXHErO 3JIEKTPOJa 0 TEX IMOp,
MoKa MOCJeIHUN He HauHeT CBOOOAHO nepeMenaThes. [IoaHsATh BepXHUI 3JEKTPO U
MOMECTUTh OOpasell B oOpa3oBaBiIuiics 3a30p. ONMyCTUTh BEPXHUU 3JIEKTPOJA Ha
oOpaszel] ¥ MOBEPHYTh CTOMOPHBIN BUHT B 0OpaTHOM HAIPaBJIEHUH /10 YIIOPA.

5. 3aKpbITh KPBILIKY KaMEPbl BEICOKOTO HAMPSKEHUS.

6. YcTaHOBUTH NEpEKIOYATENb pEeXUMa PAOOTHI B MOJOKEHUE «padOTay.

7. Haxatp kHOMKYy «imyck». Ilpu 3TOM 3aropaercsi jlaMria «HarpsiKeHue
MOJIaHOY.

8. IlmaBHO Bpamas  pyKOSTKY  aBTOTpaHcOpMaropa,  yBEIUYUBATH
HalpsDKeHue, IMojaBaeMoe Ha o0pasel, A0 TeX TMOop, IOKa HE MNPOU30MIET
ABTOMATUYECKOE OTKJIIOYEHUE HANPSHKEHMsI, CBUAETENbCTBYIOINIEE O Mpodoe 0Opasia.
CurnanbpHas Jamna «HarpsHKEHUE MOIaH0» JT0JKHA MMOTaCHYTh.

9. IlepekirouaTelnb peskrMa pabOThl YCTAHOBUTD B MOJOKEHUE «U3MEPEHHE.

10. HaxaTtp Ha KHONKY «Iyck». CHUTrHaJIbHas JlaMIa «HamnpsyKeHUE MOJaHO»
JIOJIKHA 3arOpeThCs.

11. Tlo BombTMETpPY OTCUMTATh HampspkeHue Uj, MpU KOTOPOM MPOHU3OIIENT
npo0oO AUANEKTPHUKA U 3anucaTh B Ta0u. 2.1.

12. Haxxatp kHOMNKY «cTom». CHUTHalbHAs JaMIa «HANps>KEHUE TMOJaHO»
JOJKHA TOTaCHYTh.

13. YcTaHOBUTE PYKOSTKY JIMHEMHOro aBTOTpaHcopMaropa B HYJIEBOE
MOJIOKEHUE, OTKPBITh ABEPIY KaMepbl BHICOKOTO HAMNPSIKEHUS U yOpaTh MPOOUTHIM
obOpasell.

14. Paccuutath NpOOMBHOE HAIIPSIKEHUE U DJIEKTPUYECKYIO TPOYHOCTH 00pasiia
o opmyiie

K-U,

Uu = : 2.10
"™ 1000 ' (2.10)
E,= Ur:" , (2.11)

rae U; — elicTByollee 3HauUeHNE BBIXOAHOTO HaIlpshKeHUs aBToTpaHcopmatopa, B; Uy,
— JEUCTBYIOIIEE 3HAYCHUE HampspkeHus mpoOosi obpasia, kB; K=100 — koadduimeHt
TpaHc(opMalK BBICOKOBOJIBTHOIO TpaHcdopmartopa; Ey, — 2MeKTpuueckasl MpOYHOCTh
obOpa3sia, kKB/mMm.

Paccunrtannsle 3Hauenus U, u E,p 3anucath B Tadmuny 2.1.

2.8.3. Memoouxka 3IKCnepUMEHMANbHO20 ONPEOEACHUA IIeKMPUUECKOIl
nPOYHOCMU MEEPObIX OUIIEKMPUKOE NPU ITIEKIMPOMENT080M NPOHoe
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1. DnektportemnoBoil MpoOOM MPOU3BOAUTCA Ha 0Opaslax IUAIEKTPUKOB,
AHAJIOTUYHBIX TI0 XMMHUYECKOMY COCTaBy M T€OMETPHUECKUM pa3Mepam obOpasiam,
UCIIOJIb30BaHHBIM IIPH  3JIEKTpUYecKoM Mpoboe. KomuuecTBO HCHBITHIBAEMbIX
00pa3LoB 1 UX TOJIIIMHBI 3a/IaI0TCS MPENOoAaBaTeIIeM.

2. Ilepen HaualmoM HCHOBITAaHUN HEOOXOJUMO  pPAaCCUUTATh  3HAUCHUS
HavaJgbHOTO HampspkeHus Uy,y M MHTEpBAN, uYepe3 KOTOpBIA OyAeT W3MEHSThCS
HanpsbkeHue yctanoBku AU o cneayromumm popmyram:

U,.. =06-U, -1000; (2.12)
AU =1000-U (L-08)_ 04 -U_ -1000, (2.13)
P67 6+7 ™

rae Uy, — mpoOuBHOE HanpshKEeHUE 00pasia, MOJyYeHHOE MTPH AIEKTPUIECKOM podoe,
kB; AU — uHTepBai, uepe3 KOTOPHIM W3MEHSETCS HaIpsHKCHHE, MPHIIOKCHHOE K
oOpas3iry mpu 3JeKTPOTEIUIOBOM Tipodoe, B.

3. Bpimonaauth myHKTH 3 — 7 13 2.8.2. JaHHBIX METOJAUYECKUX YKa3aHHM.

4. IlnaBHO Bpamias pyKosITKy aBTOTpaHc(opMaTopa, yCTAHOBUTH HalpsKEHUE,
[10/1aBaeMO€E Ha 00pasel, paBHbBIM .

5. Beoigepxkarbe obOpaszen noxa aeiictBueM HampsikeHUs Uy U B TEUEHHUE
WHTEpBaja BPEMEHH, YKa3aHHOTO IIPETOJAaBaTEIIEM.

6. Bpamas pykosTKy aBTOTpaHc(opmaropa yBEJIWYUTh HAINPSDKEHHE Ha
obpazer Ha AU.

7. Bbigepxxath 0o0Opasen moj AeWCTBUEM HaNpsHKEHHUS B TEUEHUE YKA3aHHOTO
MIPENO/IaBaTeIeM HHTEPBala BPEMEHH.

8. TloBTopuTh omepaiuu, NepedrcieHHbIe B MMyHKTax 6 U 7, 10 TeX MOp MoKa
HE MPOU30HIeT MpoOoit oOpasia.

9. H3meputh mpoOMBHOE HANPSHKEHHE B COOTBETCTBUU C MyHKTaMu 9 — 13 u3
MeToaAuKH 2.8.2.

10. Paccuntarh npoOMBHOE HANIPSKEHHUE U AIEKTPUUYECKYIO IPOYHOCTH 00pasia
IIPH 3JIEKTPOTEILIOBOM 1podoe no dopmynam (2.10) u (2.11). Jlanuble uamMepeHuit u
pacy€ToB 3anuchiBatoTca B Tabnuiy 2.2. [lpumep 3amosiHeHUs TaONMIBI TPUBEICH

HIDKE.
TaOmnuma 2.2

JKCIepMMEHTAJIbHOE oNpe/e/ieHue HanpsikeHue MpPo0os U 3JIeKTPU4ecKol
NMPOYHOCTH TBEPABIX AMIJICKTPHUKOB IPH 3JIEKTPOTEIIOBOM Ipodoe

K
Ne o/m houm | U, B | AU,B | UyB | Uy kB | Enp, kB/MM OnGurypars
DIIEKTPOIOB

11. ToctpounTts 3aBucumoct Uy,=f(h) mpu snexrporernnoBom u 3nexkTpuyeckom
npo0OSX B OTHUX OCSIX KOOP/IUHAT.

12. ToctpouTts 3aBucuMocTH En,=f(h) mpu snexrporennoBom u smexTpryeckoMm
poOOSX TBEPIOTO TUAIEKTPUKA B OHUX OCSX KOOP/IWHAT.
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2.8.4. Memoouka 3IKCnepumMeHmManibHO20 ONPEOeNeHUs INEeKMPUUECKOIL
npoyHoCcmuU 6030yxa

1. VYcTaHOBUTH 3IEKTPOABI 3aJaHHOM TMpernoaaBaTeieM KOHQHUrypaluu B
BBICOKOBOJIBTHOM KaMepe CTeH 1.

2. YCTaHOBUTh HEOOXOAMMYIO TOJIIMHY BO3AYIIHOTO 3a30pa MeEXIy
aneKkTpoaaMu. [[ias 3TOro OTBEPHYTH CTOMOPHBIM BHUHT BEPXHETO JJIEKTPOJIA H
pa3MeCcTUTh KaJIMOPOBAaHHBIC IUIACTUHBI MEXAY diekTpoaamu. OMyCTUTh BEpXHHIA
AJIEKTPOJI Ha MOBEPXHOCTh IUIACTUH U 3aUKCUPOBATH €0 MOJOKEHUE C IMOMOIIBIO
CTOIIOPHOTO BUHTA. Y OpaTh KaJuOpOBaHHbBIE TIACTUHBI U3 KAMEPHI.

3. OcyiecTBUTH NEKTPUUECKHI TPOOO0I BO3/[yXa B COOTBETCTBUHU C ITyHKTaMU
5 — 14 u3 2.8.2. 1aHHBIX METOJAUYECKUX yKa3aHUN. DIEKTPUUECKUM poOoi Bo3ayxa
MPOU3BECTH I JIBYX COUETAHUM 3JEKTPOAOB pa3inyHON (POpPMBI B COOTBETCTBUH C
YKa3aHUSMH MIPEToaBaTels.

4. Tlocrpowuts 3aBucumoctr U, =f(N) amst 06omx coueranmii 371eKTpoI0B B OTHUX
OCSIX KOOP/IMHAT.

5. Toctpouts 3aBucumMocTd £y, =f(h) amst 06omx coueranmii AeKTPoOI0B B OJJHUX
OCSIX KOOP/IMHAT.

2.9. KoHTpoOJIbHBIE BOPOCHI

1. C mnomompl KakuxX T[IOKa3aTeJe XapakTEepPU3yeTcs CIOCOOHOCTH
JUDJICKTPUKA TIPOTUBOCTOSTH DJICKTPUUECKOMY TPOOOFO?

2. Kakags wu3 BenuuuH (MpoOMBHOE HANpsSOHKEHUE WM BJIEKTpUYEcKas
MPOYHOCTh) 0OOJee TOYHO  OIEHMBAET CIOCOOHOCTh  Pa3IUYHBIX
JTURJIEKTPUKOB POTUBOCTOSITH SJIEKTPUUECKOMY MPOOOI0?

3. UeM OOBSCHUTH, YTO HJIEKTpUUECKAas MPOYHOCTh MOPUCTBIX TBEPABIX
JTUDJICKTPUKOB HIDKE TPOYHOCTH OJHOPOJHBIX TIO CTPYKTYPE CTPOCHHS
TBEPJIBIX JUIICKTPUKOB?

4. Kakumu mporieccaMu 00YyCIIaBIMBAETCS Pa3BUTHE AJIEKTPUUECKOTO MPOOOs
B ra3000pa3HbBIX TUAJIEKTPUKAX?

5. B dem pazauiia Mexmay dJIeKTPOTEIUIOBBIM U YUCTO JIEKTPUIECKUM MTPOO0EM

JTADJICKTPUKOB?

Kaxoe siBjieHre Ha3bIBaeTCs MPOOOEM TUIIIEKTPUKOB?

7. B KakoM u3 3JEKTPUYECKUX IOJied (OJHOPOJHOM WM HEOJHOPOIHOM)
ANIEKTPUYECKass MPOYHOCTh JUAJIEKTPUKOB Bbime? YeM 3TO MOKHO
00BACHUTDH?

8. Ilo kakuM mpUYUHAM DJIEKTPUYECKass TPOYHOCTHh IUAICKTPUKOB TMPHU
TETJIOBOM MPOO0E MEHBIIE, YeM MPH AICKTPHICSCKOM?

9. 3aBUCHT JU dIEKTPUUCCKAs MPOYHOCTH BO3TyXa OT MOJIIPHOCTH AJIEKTPOIOB
IpU  CISAYIOIMMX COYETAHUSX DJIEKTPOAOB: WIja — IUIOCKOCTh, WIja —
nonycdepa? OTBET apryMEeHTUPYHITE.

10. YUeM OOBSACHUTH, YTO INEKTPUUECKAS MPOYHOCTHh BO3IyXa MPH COYCTAHUH
AJIEKTPOJIOB UIJIa TUIOCKOCTD WIIM UTJIa Mostycdepa yMEHbIIAETCs B OOJIbIIIEM
JMana3oHe, YeM €ro MPOYHOCTh MPU COUYETAHUU DJIEKTPOJOB IIOCKOCTh —

o
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11.

12,

13.

14,

15.

IJIOCKOCTh, Mosycdepa — mosycdepa, ¢ poCTOM TONIIUHBI BO3AYLUIHOTO
3a3zopa?

Yem OOBSACHUTH, YTO DJIEKTPUYECKAs TMPOYHOCTh  JUAICKTPUKOB
YMEHBIIAETCS C POCTOM TOJIIIMHBI?

[Ipn kakux YCJIOBUSIX B TBEPABIX JHUAIEKTPUKAX MOXKET MPOU30NUTH
AIEKTPOTEIIIOBOM TIPOOOI?

[ToueMy HEOOXOAMMO YYUTBHIBATH MPOIIECC CTAPEHHUS AICKTPUICCKON
M30JSIIMM TP ONpENeNeHUH pabodyero HampsHKeHHs  pa3IudHbIX
ANEKTPUUYECKUX MAIIUH?

Kak usmensiercst anekrpudeckasi IpOYHOCTh Fa3000pa3HbIX JUIJIEKTPUKOB C
POCTOM JIaBJICHUS U MOYEeMYy?

Bnuser nu Temmneparypa Ha 3JEKTPUUYECKYIO MPOYHOCTH JUAIEKTPUKOB?
OTBeT apryMeHTHpYUTE.
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Yacrtp 3
MATHUTHBIE MATEPUAJIBI

3.1. OCHOBHbIE XapPAKTEPUCTUKHA MATHUTHBIX BelIECTB

MarsutHoe COCTOSHHE  BEIIECTBA  OICHUBACTCI HAMArHUYEHHOCTHIO.
HamMarHM4eHHOCTBIO Ha3bIBACTCS CyMMa JJIEMEHTAapHBIX MarHUTHBIX MOMEHTOB B
eIUHULIE 00ObEMA BEIIECTBA

n
2.m
M=1= (3.1)
Vv
r7e Mj — 3JIEeMEHTapHBIM MarHUTHBIM MOMEHT (CITUH 3JIeKTpoHa); V — 00beM obpasiia.

3HaYeHME HAMAarHUYEHHOCTU 3aBUCUT OT HAMPSHKEHHOCTH MarHUTHOTO mojst H

U CBSI3aHO C MOCTEIHEN B COOTBETCTBUU C YPABHEHUEM:
M=y-H
r7ie ¥ — MarHUTHasi BOCIIPUMMYHUBOCTH BEILIECTBA.

B cucreme CHM wmarauTHas BOCIPUUMYHUBOCThL SIBISIETCS Oe3pa3MepHON
BEJINYUHOM.

[Tox Bo3aeiicTBMEM HANPSHKEHHOCTH MAarHUTHOTO MOJISt B BEIIECTBE CO3AETCs
MarHuTHasi WHIYKIUSA, 3aBUCUMOCTh KOTOPOH OT HANpsXKEHHOCTH TOJSA U
HaMarHM4eHHOCTH MaTepuasa OMUCHIBAETCS YPAaBHECHUEM

B=pp(H+x-H), (3.2)
rae 1o=1,256-10"° — maruutHas nocrosHHasg Bakyyma, I'H/M.

B cucreme CU unaykuus usmepsierca B tecnax (Txn), a B curcteme CI'C — B
rayccax (I'C).

CBsi3b MEXIy MHAYKITMEH W HAMPSKEHHOCTHIO MArHUTHOTO TIOJISI MOXKET OBIThH
TaKKe OMMCaHa CIEAYIOIUM YPaBHCHUEM:

B=u, -H=pp-ur-H, (3-3)
rae W, — aOcCodroTHas MarHuTHas MPOHULAEMOCTh; [y — OTHOCHUTENIbHAs
MarHuTHasi IPOHUIIAEMOCTb.

AOCoIOTHAs MAarHATHASI IPOHUIIAEMOCTh UMEET Ty K€ Pa3MEpPEHHOCTh, YTO U
MarHuTHas TMOCTOSIHHAS BaKyyma, a OTHOCUTENIbHAsi MarHuTHas MPOHUIIAEMOCTh
ABIIsIETCS O€3pa3sMEPHOI BEIUYUHOM.

AOcCoI0OTHas U OTHOCUTENbHAS MAarHUTHAs MPOHUIIAEMOCTH CBSI3aHBI MEXKIY
co00l COOTHOIIIEHUEM

Hg =HQ - Hr- (3.4)

Ecnu yuects, 4TO
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a (3.5)
Hr H o |

CTAaHOBUTCS SICHBIM (PU3UUECKHUI CMBICT OTHOCUTEIHPHOW MarHUTHOW MMPOHUIIAEMOCTH.

Ona moka3bIBaeT, BO CKOJbKO pa3 MAarHWTHAs WHAYKIUS B BEIICCTBE OOJbBIIE, YeM

VHAYKLIHAS B BAaKyyMe€ IIOJl BO3JACHCTBMEM HAMATHUYMBAIOIIUX IOJEW OJUHAKOBOU

HaMpsH>KEHHOCTH.

3.2. ®uznyeckasi Npupoaa MarHeTusmMa

M3BeCTHO, YTO DIIEMEHTAPHBIN 3aMKHYTBIA KPYTOBOHW AJIEKTPHUYECKUU TOK |
CO3[aeT MAarHUTHOE TI0JIE, OCHOBHOM XapaKTEPUCTUKOW KOTOPOrO SBIIAETCS
MArHUTHBINA 3JIEMEHT

m=i-S,
r7e S — BEKTOpHAas BEJIMUYMHA IUIOIIA 1, OXBATHIBAEMOM TOKOM.

Ha ypoBHe aToma MOYHO yCIIOBHO BBIJICJIUTH TPU OCHOBHBIE (JOPMBI JIBUKCHHUS
AIEKTPUYECKUX 3apsAA0B, CO3MAIOIINX dJIEMEHTAPHbIE MATHUTHBIE MOMEHTHI:

® JIBI)KCHHUE BJIEKTPOHOB MO KPYTOBOIl OpOUTE BOKPYT AIpa;

® BpalllEHUE YJIEKTPOHOB BOKPYT COOCTBEHHOM OCH;

® BpAIllCHUE IIPOTOHOB fAJIpa aTOMa.
HaunGonbmmii MarHUTHBIH MOMEHT CO3/Aa€TCS 32 CUET BPAIICHHS AJICKTPOHA

BOKPYT COOCTBEHHOM OCH. DTOT MAarHMUTHBII MOMEHT IOJY4YWJ Ha3BaHUE — CIHH
aneKkTpoHa. CHUHBI 3JIEKTPOHOB MOTYT NMPUHUMATH TOJBKO BIIOJIHE ONPEIACICHHbBIC
JIHUCKPETHBIC 3HAYEHMs, KpaTHble NMOCTOSHHOM IInanka. MuHMManbHOE 3HAYECHUE
CIIMHA OJJICKTPOHA TMPEBBINIAET MArHUTHBIA MOMEHT, CO3/1aBaeMblii MPOTOHOM,
npuMepHo B 650 pas.

Ho He Bce 371eKTpoHBI, CO31a0MIre JIEKTPOHHBIE 000JI0YKH aTOMa, Y9aCTBYIOT B
CO3JJaHUM MarHUTHOI'O MOMEHTA aToMa. PaccMoTpuM, Kak co31a€Tcsl pe3yJIbTUP YOI
MarHUTHBIA MOMEHT aToMa BEIIEeCTBA. DJIGKTPOHBI B aTOMaxX BEIIECTBA 3aHUMAIOT
pasIMyHbIe SHEPreTUUECKUE YPOBHHU, KOTOpPHIC MPHUHATO H300pakaTh B BHUAC psjia
ANEKTPOHHBIX 000Jouek. KomudyecTBO 000704€K B aTOME XUMHUYECKOTO 3JIEMEHTa
ompeJiesieTcss HOMEepoM Tepuojaa Tabauibl MeHeneeBa, B KOTOPOM PacIooKeH
JAHHBIN AeMeHT. Kaxaas U3 3JIeKTpOHHBIX 000JI0YEK COCTOUT U3 psJia MOJ000I0YEK,
YHCIIO KOTOPBIX KoJiebmneTcs oT 1 10 4. Homep 31eKTpoHHOM 000JI0YKH WHACKCUPYETCS
rdpamu ot 1 10 7, a HOMep mogobo0uku OykBamu S, p, d, f. TIpumep o6o3HaUeHUS
00051049eK U 1MoA000I0UCK ITpUBEIeH Ha puc. 3.1.
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B mnonobGonoykax ¢ HMHAEKCOM S MOTYT HAaxXOIUTHCS MAaKCUMaJIbHO 2, B
noo0000uKax p — 6, B mogodonoukax d — 10 u B mogo6omoukax f — 14 syekTpoHOB.

3amnojHEeHue HIIEKTPOHAMM O000J0YeK M MOA00O0JOUEK Yy MOAABIISIOIIETO
OO0JIBIIMHCTBA AJIEMEHTOB MTOAUMHSAIOTCS CIIEIYIOIIEMY IPaBUITY.

[Ipexxae Bcero 3anmonHsA0OTCA HanOoee OIM3KO PACTIONOKEHHBIE K SAPY aToMa
000JIOUKH U MOA000T0UYKHU. 3all0JIHEHUE MOCIEAYIONINX AIEKTPOHHBIX MM0J000JI0UYEK
HAaYMHAETCS MOCJIE TOr0, KAaK IMOJHOCTHIO 3aII0JIHEHA MPEbITYILAs.

B nonHoCThIO 3a110JTHEHHBIX T10/1000JI04KaX MOJI0OBUHA KOJTMYECTBA 3JIEKTPOHOB,
3allOJIHUBIIUX DJIEKTPOHHYIO MOJ000JI0UKY, BPALIAIOTCA B OJHOM HAalpaBlICHUM,
co37aBasi CIIMHOBBIC MOMEHTBI, HAIPABIECHUE KOTOPBIX YCIOBHO IPUHMMACTCS 32
noJ0JICUmenbHoe.

Jlpyrasg T1OJOBMHA »3JEKTPOHOB JAaHHOM TOMO0OJNIOYKM Bpallaercs B
IIPOTHUBOIIOJIOKHOM HAIlpaBJI€HUM, CO3/1aBasi CIMHOBBIE MOMEHTBHI, HaIlpaBJICHUE

KOTOPBIX IPUHUMAETCH 38 ompuyamesibHoe. 35 3p
3d
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Puc. 3.1. Pacnpenenenue 31eKTpOHOB 10 000JI0YKaM U TIOA000JI0YKaM B aTOME JKee3a

Tak kak KOJMYECTBO TOJIOKHUTEIBHBIX M OTPHULIATENBHBIX CIIMHOB B IOJHOCTHIO
3aTOJIHEHHOMW 3JIEKTPOHHON 1M01000J104KE OIMHAKOBO, TO OHH B3aUMOKOMIIEHCHPYIOTCSL.

CrnenoBaTelbHO, aTOMBI JJIEMEHTOB, JIEKTPOHHBIE O0OJIOYKH U TI0I000T0UKH
KOTOPBIX TIOJIHOCTBIO 3aIIOJTHEHBI AJICKTPOHAMH, HE UMEIOT COOCTBEHHBIX MAarHUTHBIX
MOMEHTOB, & CAMH BEIIECTBA CJIa00 HAMAarHMYMBAIOTCSI B MATHUTHOM TIOJIE.

Ho y psima XuMHUYECKUX 3JIEMEHTOB TaKOW MOPSAOK 3allOJTHEHUS dJIEKTPOHAMU
000J1049€K U 1T0A000JI0UEK HApYIIaeTCs.
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Kak BugHO 13 puc. 3.1, y aToma *xese3a He 3al0JIHEeHa MMOTHOCTHIO MOA000I0UKa
3d, Ha KOTOpOW HAaxXOAUTCS BCcero 6 AIEKTPOHOB BMecTo 10, a yxke 3amoiiHeHA
cienyromas, BaJeHTHas JJid JKeje3a, mo1000a04ka 43S.

[TaTh W3 1IECTH 3JCKTPOHOB MOA000NOYKK 3d BpamarTcs B OJHOM
HaIlpaBJIEHUH, CO3JaBas IOJOKUTEIbHbIE CHUHBI IEKTPOHOB. lllecToil 31eKTpoH
BpalllaeTCsi B HAIpaBJICHUU OOpaTHOM, CO37aBasi MPOTHBOIIOIOKHO HaIpPaBJICHHBIH
CIIMH — OTPULIATEIbHBIN.

Takum oOpazom B momoOonouke 3d aroma jkene3a cymecTByer 4
HECKOMIICHCHPOBAHHBIX CIMHOB 3JJIEKTPOHOB, KOTOPBIE, CYMMHUPYSCh, BBI3BIBAIOT
MOSIBJICHUE MAarHUTHOI'O MOMEHTA y aTOMa.

Hanmnune HECKOMIIEHCUPOBAHHBIX CIMHOB JJEKTPOHOB B  Pa3IMYHBIX
110/1000J109KaX HAaOJII0IaeTCsl Uy aTOMOB psiia IPYTHX 3JIEMEHTOB: KOOanbTa, HUKEIS,
Maprasua u ap.

DNEeKTPOHBI, HAXOMASIIUECS B HApYKHOM BaJIGHTHOW MOJ000JI0UKE, CIIY>KUTb
UCTOYHUKOM MAarHUTHBIX MOMEHTOB HE MOTYT, T. K. IPU OOpa30BaHUU MOJIEKYNI U
KpUCTAJUIOB KX MAarHUTHbIE MOMEHTBHl KOMIICHCHUPYIOTCS CIHUHAMH BaJICHTHBIX
AJIIEKTPOHOB COCETHUX aTOMOB.

VYyuThiBas BBIIEU3IOKEHHOE, MOXHO C(OpPMYyIHpPOBaTH MEPBOE YCIOBUE
BO3HUKHOBEHUS (heppoOMarHeTu3Ma y BEIEeCTB.

Jlyig TOro 4yToObl BEHIECTBO XOPOILIO HAMarHWMYMBAajIOCh U B HEM CO3/7aBajiach
OompIliasi MarHUTHasT WHAYKIMS, HEOOXOAMMO, YTOObI y aTOMOB 3TOTO BEIECTBa
CYLIECTBOBAJIM HECKOMIIEHCUPOBAHHBIE CIIMHBI JJIEKTPOHOB B M0J000JI0YKAX,
MPEAIIECTBYIOIINX BaJ€HTHOM.

OnHaKo BBINOJHEHUS TOJIBKO OJHOTO ATOTO YCJIOBHS HEJOCTATOYHO ISl TOTO,
YTOOBI BEIIECTBO SABIISLIOCH (heppoMarHeTUKoM. CBSI3aHO ATO € TEM, YTO B JHOOOM
o0beMe BEUIECTBA, C KOTOPHIM NMPUXOJUTCS UMETh JIEJI0 HA MPAKTHKE, COACPKUTCA
00JIbIIOE KOJMYECTBO ATOMOB. DJEKTPOHBI aTOMOB OOpPa3ylOT MHOTO3JIEKTPOHHBIN
KOJUIEKTUB.

Mexny aToMaMy MPOUCXOTUT MOCTOSTHHBIA 00MEH aexkTpoHamu. [lpu obmene
MEXIy DJIEKTPOHAMU COCEIHMX aTOMOB BO3HUKAET CUJIBHOE D3JIEKTPOCTATHYECKOE
B3auMojielicTBre. J[aHHOe B3aMMOJCHCTBUE MOMYYWJIO HAa3BaHUE «OOMEHHOro», a
SHEPrUs TOTO B3aMMOJICHCTBHS HA3bIBAETCS «OOMEHHOM YHEPrUEii».

Takoe 2JIEKTPOCTaTUYECKOE B3AUMOJECUCTBUE BJIEKTPOHOB COCEIHUX aTOMOB
CIIOCOOHO ~ OpPHEHTHUPOBATH  HECKOMIICHCUPOBAHHBIE  CIHHBI  AJIEKTPOHOB
onpeneneHHbIM 00pa3zom. HamnpasneHne opueHTauuu CIIMHOB 3JIEKTPOHOB COCEIHUX
aTOMOB OIpEIEIAeTCs 3HaUeHHEeM OOMEHHOM SHEpruu.

['paduk 3aBUCMMOCTH OOMEHHOM PHEPIUU OT OTHOIIEHU K MpUBEIeH Ha puc. 3.2.

N3BecTHO, 4TO OOMEHHAsl SHEPTUS 3aBUCUT OT OTHOILICHHUS
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1€ a — pacCTOAHUEC MECXKAY LHECHTpaMH COCCIHHUX aTOMOB, I' — paauycC 3JI€KTp0HHOI>i
HOI[O6OJ'IO‘-IKI/I C HCKOMIICHCUPOBAHHBIMHU CITMHAMHU 3JICKTPOHOB.

W06 A

Y =

Puc. 2.2. 3aBuCUMOCTD «OOMEHHOI» SHEPTUH OT TE€OMETPUUCCKHUX Pa3MEPOB
KPUCTAJUTMYECKOW PEIISTKH BEIESCTBA

IIpu k > 3 oOMeHHast SHEPTHsl TIOJIOKUTENbHA, HO HACTOJILKO Majia, YTO CIHHBI
AJIIEKTPOHOB COCEAHMX aTOMOB OPHEHTHUPYIOTCS XaOTHYHO, BEIIECTBA C TaKOH
OpUEHTAIlMel CHOMHOB HAMarHW4YMBAKOTCA CJa00 M OTHOCATCS K  KIAcCy
napamarHeTukoB. C yMeHbIlIeHHEeM K 3HaueHne OOMEHHOW SHEPrHU BO3PACTAET, UTO
3aCTaBJIIET CIIMHOBBIE MOMEHTBHI COCEJHUX aTOMOB OPHEHTUPOBATHCS MNapajlIeIbHO
APYT APYTry. DTO NPUBOJUT K TOMY, UTO CIIMHOBBIE MOMEHTBI aTOMOB CKJIAJIbIBAIOTCS U
BO3HUKAET CaMOIIPOHM3BOJILHOE HaMarHMYeHHOE cocTosHUe BemiectBa. [Ipm kK = 3,5
OOMEHHAsl SHEPIUsl JOCTUTAaeT MAKCUMyMa M IpHU JaJbHEHIIEM COJM)KEHUU aTOMOB
HaunHaeT yobiBath. Korna k < 3, oOMeHHast SHeprust CTAHOBHUTCS OTpUIaTeIbHOU. [Ipu
OTPULIATENIbHOM OOMEHHOM 53HEPrMM SHEPreTUYECKH BBITOJHBIM  CTAaHOBHUTCS
B3aMMOIIPOTUBOIOJIOKHASI OPUEHTAlMsl CHUHOB 3JIEKTPOHOB COCEIHHUX aTOMOB,
MPUBOASAIIAS K UX B3aUMHOW KOMIIEHcalMK. BelecTBa ¢ oTpUIlaTeIbHOM 0OMEHHOM
SHEpPruel Ha3bIBAIOTCS aHTU(EPPOMArHETUKAMH.

Taxum 06pa3oM, BTOpOe ycI0BHE BOSHUKHOBEHUS (PepPOMarHeTu3Ma B BELLIECTBE
3aKJII0YAeTCsl B TOM, YTO OHO JIOJKHO 00J1afiaTh JOCTATOUYHO OOJIbILIEH MMOI0KUTENBHOM
O0OMEHHOU 3HEPTHEH, T. €. OTHOIIeHHE K TOImKHO HaxoquThes B Auamna3one 3 <K < 6.

[Ipu BbIMOMHEHMH OOOMX YCIOBHM B BEIIECTBE BO3HUKACT BHYTPEHHEE
MarHMUTHOE TMOJI€, XapaKTepU3yeMOe HaMarHMYEHHOCThIO M, ompexnenseMoil B
COOTBETCTBUHM C ypaBHeHHEM (3.1).

3.3. Knnaccudukanus BemecTs 10 MATHUTHBIM CBOMCTBaM
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B 3.2. moka3zaHO, YTO MarHUTHBIC CBOMCTBA BEILECTB 3aBHUCAT OT HAIWYHUS WIH

OTCYTCTBHUA

HECKOMIICHCHPOBAHHBIX

CIIMHOBBLIX

MOMCHTOB B QJICKTPOHHBIX

HO,Z[O6OJIO‘IK3X aTOMOB M OT AJIMHBI MCXKAYAaTOMHBIX paCCTOHHI/Iﬁ MCXKIAY COCCIHUMHU

aTomamu (oTHOIIEHHE K).
[To crmocoOHOCTH HAMAarHUYMBATHLCS MO BO3ACHCTBHEM MAarHUTHOTO IOJIS BCE

BCHICCTBA TIOAPA3ACIIAOTCA Ha CICAYIOIINC OoJIbIIIHE I'pyaiibl: ITUAMArHCTUKH,

ImapaMaroCTukK, MaroHcTUKU.

MarseTuku,

B CBOIO OYCPClb,

noJipa3fenaioTcss Ha (GeppoMarHeTHKH,

deppumarneTuk M aHtu@eppomarHeTku. Kparkas XapakTepuUCTHKa KaXIou u3

IPYIIN MaTepHUaaoB NpuBeaeHa B Tab. 3.1.

Taomuma 3.1.

Knaccupurkauus BenecTs 0 MATHUTHBIM CBOMCTBaAM

I'pynma OpueHTaIms CIIMHOBBIX Kpatkas xapakTepuctrka CBOHCTB
JIEKTPOHOB COCEIHHIX aTOMOB
JlnamarneTuku HECKONICHCUPOBAHHKIC CITUHBI MIPH OTCYTCTBHU HaMarHUYMBAIOIIETO
3JIEKTPOHOB, OTCYTCTBYIOT oyt (H=0), Hamarangennocts M=0. I1pu
H#0 nosIBISIOTCS UHAYKTUPOBAHHBIC
MarHuTHbele MOMeHTHI U M#0. Otcrona y=-
10, a p,<1. MarauTHAs IPOHMIIAEMOCTh
Lr HE 3aBUCUT OT HAIPSHKEHHOCTH OIS
[TapamarneTuku OpHEHTANNS CITHHOBBIX nipu H=0, y aTOMOB CyIIIECTBYIOT
MOMEHTOB COCETHUX aTOMOB COOCTBEHHBIE MATHUTHBIE MOMEHTEHI M, HO
Xa0THUYHAS HamMarHu4eHHocts M=0, u3-3a
Xa0THYECKON OPHHETAINH CITHHOBBIX
MomeHTOB, 10%< ¥<1073, MaruuTtHas
MIPOHUIIAEMOCTH > 1, HO HE 3HAYMTEIHHO
Y HE 3aBHCHUT OT HAIPSKEHHOCTH
MarHUTHOTO TIOJIS
[Iponomxenue tabd. 3.1
I'pynna OpueHTanys CIMHOBBIX KpaTkas xapakTepucTika CBONCTB
JIEKTPOHOB COCEIHHIX aTOMOB
deppoMarHeTuku OpHUCHTAIHS CIIMHOBBIX MOMEHTOB nipu H=0, y aTOMOB CyILIECTBYIOT
napasenbHas COOCTBEHHBIC MATHUTHBIE MOMEHTHI M,
BO3HUKAIOT 00JIaCTH C
CaMONPOM3BOJIBHON HAMarHUYEHHOCTHIO
(M+#0). Ho B 11e1oM HaMarHMYEHHOCTh
BCEro aToMa BelecTBa paBHa 0.
X=10°...10". MaruurHas
MPOHUIIAEMOCTH [r>>1 1 ee 3HaueHue
3aBHCHUT OT HANPSHKEHHOCTH MarHUTHOTO
ToJIst
DeppuMarHeTHKH aHTHUIapaieIbHast OPUEHTAIHS MaTepHUabl, IOJIydaeMble ClIEKaHHEeM
(dbepputsrn) MarHUTHBIX MOMEHTOB Pa3HOTO OKCHJIOB KeJie3a, HUKEJIs, [IMHKA,
3HAYCHUS MapraHia " Apyrux METaJJIOB, SBISIOTCS
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HECKOMIICHCHPOBaHHBIMU
anTudepomarueTrkamu. [Tpu H=0
CYIIECTBYIOT 00JIaCTH
CaMOITPOM3BOIPHOTO HAMAarHUYUBAHUS C
M#0. B 1ieqioM BEIIECTBO OCTAETCS
HEHAMarHU4YCeHHBIM. MarHuTHas
MPOHUIIAEMOCTb [r>>1 U 3aBUCHUT OT
HANPSHKEHHOCTH TTOJIS

AHTI/I(l)epOMaFHeTI/IKI/I aHTUIIapaJiCibHass OpUCHTalUuA ATOMEI UMEIOT COOCTBECHHEIC MATHUTHEIC
CIIMHOBBIX MOMCHTOB COCCITHUX MOMCHTHBI, OJJHHAKOBBIC 110 3HAYCHUIO U
aTOMOB IMPOTHUBOIIOJIOXKHO HAllpaBJICHHBIC. HpI/I

H=0, namarunuennocts M=0, T. K. 3TH
BelIlecTBa 00JaJal0T OTPULATEILHON
0OMeHHOM 3Heprueil. JlerupoBanrnem

JPYTUX BEIECTB MOI'YT OBITh

MpeBpalleHbl B hepprUMarHeTHKH.

M3 Ttabaumbl BUOHO, 4YTO HaumOoJiee BBICOKMMH CBOMCTBAMH 00J1aJalo0T
dheppoMarHeTku U (QeppUMarHeTUKH, B KOTOPBIX MOXXHO CO3/1aBaTh 3HAYUTEILHO
OoJIbIlINE MAarHWTHBIC MHAYKIIUU, YEM B APYTUX MaTepHaiax, u3-3a HAJIW4YUA y HUX
CaMOITPOU3BOJIbHOM HAMAarHUYEHHOCTH.

3.4. CtpoeHue ¢peppoOMarHeTHKOB

Bce mpouecchl HAMArHMYMBAaHMS M [IE€PEMArHUYMBAHUS  OOYCIIOBIEHBI
MarHMTHBIM B3aUMOJIEHCTBMEM aTOMOB. JTO B3aUMOJICHCTBHE IIPUBOIUT K TOMY, YTO
IIpH OTCYTCTBUH BHEIIHErO MATHUTHOTIO 110711 ()epPOMArHUTHEIE TeNa pa30MBaOTCS HA
00JIaCTH ¢ CAMOIIPOM3BOJILHBIM HAMATHUYMBAHUEM, HA3bIBAEMBIE OOMEHAMU.

O6wem nomena konednercs B mpegenax 107 + 10° em®. Kaxaplii u3 qomMeHoB
HAMATHUYEH IO HACHIEHWS B HAIPaBJICHHHM, OTJIMYHOM OT HANpaBJICHUs
HAMATHUYEHHOCTU COCEJHUX JOMEHOB. HachlEHHOE MATHUTHOE COCTOSIHUE JIOMEHA
OLICHMBAETCS HAMATHUYCHHOCTBIO HACBILEHUA Ms, KOTOpas ONpENENseTcs u3
CJIEIYIOLIETO YPABHEHHUS:

[ m;
Mg = lim Z—' : (3.6)

V-0 i=lV
HampaBnenne HaMarHMYEHHOCTH KaXJAOTO0 W3 JOMEHOB YCTaHABIMBACTCS
TaKuM, YTOObBl ~MAarHUTHBIE MOMEHTBHI WX  B3aMMOKOMIICHCHUPOBAIUCH, W
HaMarHUYEHHOCTh (eppoMarHeTUka B IICJIOM paBHSJIACh HYJIKO IPU OTCYTCTBUU

BHEIITHETO0 HAMAarHUYHUBAIOIIErO MOJIS.

PaccmoTpum  moapoOHee, moueMy O3TO MpoucxoauT. JlomycTum, dTO
dbeppoMarHeTUK MMEeT OJHOJAOMEHHYIO CTPYKTYpPy, HpPH KOTOPOM MarHUTHBIE

MOMCHTBI aTOMOB OPUCHTHUPOBAHELI I1aPaJIJICJIBHO.
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Puc. 3.3. OgnomomMeHHas CTPYKTypa CTpoeHHs peppoMarHeTuka

ITpu Takoii cTpykType cTpoeHus (puc. 3.3.) CUIOBbIE JIMHUU MarHUTHOTO T1OJIS
3aMBIKAIOTCSI 4Yepe3 OKpyskarollee o0pasell BO3AYUIHOE MPOCTPAHCTBO, W,
CJIEI0BATEJIbHO, B HEM BO3HUKAET pa3MarHUYMBAIOIIEE 110JI€ HANPSKEHHOCTBIO:
Hp=-N-Mg, (3.7)
rae N — koadunreHT pa3sMarHu4nBaHusl, 3HaY€HNUE KOTOPOTO 3aBUCUT OT CTPYKTYPBI
CTpoeHusl, peppoMareTrka (4ucia JOMEHOB).

B oTcyTcTBME BHEIIHEr0O MarHUTHOTO NOJs CBOOOAHAsE MarHUTOCTAaTHYECKAs
HEeprusi odOpa3ua B COOCTBEHHOM pa3MAarHUYMBAIOIIEM II0J€ 3aBUCUT  OT

ko3 dureHTa pa3MarHMUuBaHUs U MOKET ObITh ONIPE/ie/ICHa U3 YPaBHECHUS
W, =—05N-Hp-Mg =05N-M§. (3.8)

Tak kak ko3(pGUIMEHT pa3MarHWYMBaHUS UMEET HauOoJbIlee 3HAUYCHHUE TMPHU
OJTHOJIOMEHHON CTPYKTYpE CTPOCHHS, TO M CBOOOAHASI MATHUTOCTATUYECKAs SHEPTUS
MaKCHMaJibHa IMEHHO TIPU TaKOH CTPYKTYpE CTPOCHUSI.

N3BecTHO, YTO TPU OTCYTCTBHM BHEIIHUX HWCTOYHHUKOB DHEPTHUU BEIICCTBO
CTPEMHUTCS MPUOOPECTH TAKyIO CTPYKTYPY CTPOCHUS, IPH KOTOPOH €ro COOCTBEHHAS
sHeprus Obuta Obl MUHUMaNbHA. C 3TOW TOYKU 3PEHHS OJTHOJAOMEHHAs CTPYKTypa
CTpOeHUs 7151 peppoMarHeTuka sBIsIeTCS YHEPreTHIECKH HEBBITOTHOM, TaK KaK B 3TOM
ciydae OH 00J1aJjlaeT MaKCUMaJIbHOW CBOOOTHOH MarHUTOCTaTUYECKOW DHEPTHCH.

CtpeMsch  yMCHBIIMTH  3HAYCHHUE  MAarHUTOCTATHYECKOW  DHEPTHH,
(dbeppoMarHeTHK HaYMHACT CAMOIIPOM3BOJIBLHO JEIUTHCS Ha 00JIACTH CO CITIOHTAHHBIM
HaMarHUIMBaHUCM.

DHepreTrudecku 00Jee BHITOAHBIMHE SIBJISIOTCS CTPYKTYPHI C ABYMS M YETHIPHMS
JOMeHaMu, puc. 3.4.

%
< Ms

Ms —_— >
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Puc. 3.4. [IByx1oMeHHas1 ¥ YEThIpEXJOMEHHAsI CTPYKTypa CTpOeHUsI (heppoMarHeTuka

[Ipu nByXmOMEHHOW CTpPyKType KOd(D(PUIIMEHT pa3MarHUYWBaHUS W,
CJIeIOBAaTEILHO, CBOOOJIHAS MAarHUTOCTATUYECKasl SHEPTHs MPHUOIM3UTEIBHO B JIBa
pas3a MEHbIIE, YEM IPU OJHOJOMEHHOU.

DOHepreTuuecku emie 0osiee BBITOJIHOM SIBISIETCA CTPYKTypa C YEThIPbMS
nomeHamu. [Ipu camonpoun3BoasHOM pazOuenun oOpasia Ha 4 JOMEHA B KaXKJIOM U3
HHUX YCTAHAaBIIMBAIOTCA TAKHUE HAIIPABJICHUS CHOHTAHHOWM HAMAarHUYEHHOCTH, IPU
KOTOPBIX MarHUTHBIN TTOTOK 3aMBIKAETCSl BHYTPH 00pa3iia v pa3MarHMIUBaIoOIIEe MoJje
orcyrcTByer, H, = 0.

IIpu mnepexome OT AOMEHAa K JOMEHY HaIlpPABICHUE HAMarHU4Y€HHOCTH
U3MEHSETCS IUIABHO B IIpElesiax Cjos, PAaCHOJIOKEHHOIO MEXAY COCEIHUMHU
JOMEHaMH. JTOT CJIOM MOJTy4YusI Ha3BaHUE CTEHKH, WJIM IpaHulibl (puc. 3.5).

B npenenax rpaHuibl IPOUCXOAUT ITOCTEIIEHHBIA IOBOPOT CIIMHOB OT OJAHOTO
HANpaBJICHUS HAMAarHWYCHHOCTM K Jpyromy. TOJIIIMHA CTEHOK COOTBETCTBYET
ONpEACICHHOMY 3HAauYeHUIO0 O0Omeld CBOOOAHOW SHEPruuM CTEHKH, KOTopas
CKJIQJIbIBACTCSI W3 OOMEHHOM OJHEPruu, MarHUTOYNPYroM DSHEPrud U DHEPTUHU
MAarHUTHOW AaHU30TPOIIHH.

CnonTanHoe aeneHue oOpasna ¢deppoMarHeTMKa Ha JIOMEHbl MNPUBOJIUT K
YMEHBIIICHUIO CBOOOHON MarHUTOCTaTUYECKOM d3HEprun oopasiia. Ho oqHoBpeMeHHO
BO3pACTACT KOJIMYECTBO CTEHOK MEXIY JOMEHAMHU, YTO MPUBOAUT K YBEIUUYCHUIO
CBOOO/THOM PHEPTHHU, PABHOW CyMME CBOOOJIHBIX IHEPTUM BCEX CTEHOK.

Ms

M / T
S Ms Ms Ms Ms

/ //// MS
Ms Ms “Ms Mg Ms

/ //// MS
Ms | “Ms “Ms "Ms  Ms

Puc. 3.5. Cxema noBopoTa CIIMHOB aToMa B IIpeiesiax TPaHullbl TOMEHa
Jlenenue gpeppoMarHeTrka Ha JOMEHbBI OyAEeT MPOAOJIKATHCS 0 TEX MOp, MOKa

3aTpaThl SHEPTUU HA CO3JjaHHE HOBOI'O JOMEHA, paBHblE CBOOOIHOI YHEPIUU CTEHKH,
HE CPaBHSIOTCS C YMEHBIIEHWEM MAarHUTOCTaTHYECKOM JHepruu. JlanpHenmee
neneHue peppoMarHeTHKa Ha JJOMEHbl CTAHOBUTCS SHEPTe€TUUECKU HEBBITOIHBIM.
JloMeHHast CTPYKTypa CTpOeHHUs (peppoMarHeTHKa COXPAHSETCSd TOJIBKO [0
ONPEIEICHHON TeMIIEpaTyphl, Ha3bIBaeMoM Temiiepatypoit Kropu, nnm roukon Kropu.

37



Touka Kropu COOTBETCTBYET pPABEHCTBY KHHETMYECKOW HHEPIUU TEIJIOBOIO
JBWKEHUS 1 0OMeHHOM 3Hepruu. [losToMy y pasHbIx eppoMarneTukoB Touka Kropu
paznuuHa. Tak, y skene3a oHa paBHa 770 °C, y nukens — 358 °C, y kobaybra — 1127 °C.

[Ipu Temnepatype Bbilie, yeM Touka Kropu, KuHeTHuecKas SHEprus TEMI0BOTO
JBVKEHUSI CTAHOBUTCS JOCTATOYHOM ISl IPEOJOJIEHHUST OPUEHTUPYIOLErO EHCTBUS
OOMEHHOW SHEPIHH, U COCTOSIHUE CaMOIIPOHU3BOJIBHOW HAMArHMYEHHOCTH JAOMEHOB
Hapymaerca. @eppoMarHeTK MPEeBPAIIAECTCs B IApaMarHeTUK.

3.5. SIBJieHUsI MATHUTHON AHU30TPONIUM U MATHUTOCTPUKIIMHA

[TpakTrueckn Bce (heppOMArHETUKH COCTOSAT M3 OOJIBIIOTO YHCiia KPUCTAILIOB.
Kpucramnpl  pa3auyHbIX ~ MaTepuaJoB  HMMEIOT  pa3Hble  MPOCTPAHCTBEHHBIC
KPUCTAJUTMYECKUE PEIIeTKH, B y3JIaX KOTOPBIX HAXOJSATCS aTOMBI BeliecTBa. Tak,
KpUCTAJUT JKeJlie3a TPEJCTaBIsieT coOol KyO, B BEPIIMHAX W B IIEHTPE KOTOPOTO
pacrojararTcs aTOMEI JKeje3a (puc. 3.6, a).

a o
111 111 .
Fe 110 Ni
4 110
} \\ i \\ U
L 100 R 100
} Q\ ° i \ .
Y I
o i J /e \

Puc. 3.6. OcHoBHBIe KpUCTaUIOrpauyecKre HAPaBICHUS JKeJe3a U HUKEIs

B kpucrammax »xenesa pazIMYarOT TPU OCHOBHBIE KpHUCTAIIOTpaduuecKux
HaIPaBJICHUS:

¢ 100 — nanpaBneHue 1o pedpy Kyoa;

¢ 110 — HampaBieHuUE N0 TMATOHAIIM TPAaHU Ky0a;

e 111 — nanpaBiieHue MO JUaroHaau rpaHud camoro Kyoa.
Ecnu ¢eppomarHeTnk HaMarHMUMBATh MO PA3IMYHBIM KPUCTALIOTpapUIeCKIM

HaITPaBJICHUSAM, TO COCTOSIHUE HACBIIICHUS OYET JOCTUTATHCS TIPH PA3HBIX 3HAYCHUIX
HaIPSHKEHHOCTH MarHUTHOTO TIOJIA.

CocTositHuEe MarHUTHOTO HACHIIMICHMS Kelie3a JOCTUTAETCS MPU HAWMEHbINEH
HaIPSHKEHHOCTH HAMAarHWYUBAIOIIETO TOJIs, €CJTM HaMarHMIMBaHUE TIPOU3BOIUTCS TI0
HarpasieHuto 100, T. e. mo pedbpy ky6a. I Ha000poT, HACHITIICHHUE Kee3a MPOUCXOIUT
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IpM  MAKCUMaJIbHOW  HANPSYKEHHOCTH  HAMarHWYMBAIOLIErOo  MOJsA,  €CIH
HaMarHM4MBaHUE POU3BOAUTCS 1O KpucTamiorpaduueckoit ocu 111.

Hanpasnenue 100 Ha3bIBaeTCS 0CbIO 1€2KO20 HAMASHUYUBAHUS, HATIPABICHUE
111 - ocvro mpyonozo HamacHUYUBAHUAL.

Ecnu »xene30 HamarHuumBaTh 10 KpucTauiorpaduieckomy HarpasieHuio 110, To
HAChIIICHWE  MaTepuasia  JOCTUIaeTcsi  IpU  MEHbIIEH  HanpsKEHHOCTH
HaMarHU4MBAOLLETO MOJIsL, YEM ITPY HaMarHMYMBaHUM 1o ocH 111 u Oosblieid, yuem mpu
HaMarHU4MBaHUU o KpHCTaJUIorpaduyeckomy HaIpaBJICHUIO 100.
Kpucramnorpaguueckoe  HampaBienne 110 HaspIBaeTcs  ocblo  cpedHe2o
HamacHuyueéanusi. KpuBble HaMarHUYMBaHUS JUIS pa3HbIX HaIlpaBJICHUM JKeJe3a
MIPUBEJICHBI HA pUCYHKE 3.7.

B

BHEIC

H

Puc. 3.7. KpuBble HaMarHU4MBaHUs 1 Pa3HbIX HAPaBJICHUM JKele3a

B oTiume ot kenesa, y KpucTalljia HUKENS aTOMBI PACIOIaraloTCs B BEPIIMHAX
U B IICHTPAX KKI0M rpaHu Kyba. Takoe pacmookeHne aTOMOB B KPUCTAILIE HUKEIIS
MIPUBOJNUT K U3MEHEHHUIO OCEH JIETKOTO U TPYTHOTO HAMAarHMYUBAHUS. Y HHUKENS OChIO
JIETKOTO HaMarHW4WBaHUs sBisieTcss Hampasienwe 111, a ocblo  TpyaHOro
HAMarHMYUBaHUus — KpHcTamiorpagpuyeckoe Hampasienune 100 (puc. 3.6, 0).
HampaBnenue cpeaHero HaMarHMYMBaHUS Y HUKENS OCTA€TCSl TaKUM JK€, YTO U Y
xeneza —110.

Paznuurie MarHUTHBIX CBOMCTB Y (heppPOMArHETUKOB MPY HAMAarHUYMBAHUU TIO
Pa3TUYHBIM KPUCTAIUIOTPAUISCKAM HAIPABICHUSM HA3bIBACTCS M @ 2 H U M H O U
aHusomponueu.

SIBeHMe MarHUTHOM aHU3O0TPOINMU  YUYWUTHIBAETCS TPU  HU3TOTOBJICHUU
XOJIOJTHOKATAHBIX AHU30TPOIMHBIX TEKCTYPOBAHHBIX DJIEKTPOTEXHUUECKUX CTaseh. Y
TaKMX CTaJlel OCHM JIETKOTO HaMarHMYMBaHUSA BCEX KPHUCTAUIOB COBIAJAIOT C
HaIpaBJeHUEM NpPOKaTKU. [IpuMeHeHre aHM30TPOMHBIX XOJIOJHOKATAHBIX CTajel
MO3BOJISIET YMEHBIITUTh BEC JJIEKTPUUYECKUX MAIWH MPUMEPHO HA OJHY TPETh, IO
CPaBHEHHUIO C DJEKTPUYCCKUMH MAIIMHAMH TaKOW >K€ MOIIHOCTH, B KOTOPBIX
UCIIOJIh3YETCSl M30TPOITHAS TOpsYeKaTaHas CTallb.

39



HamaranumBanue heppoMarHeTHKOB COMTPOBOKIACTCS M3MEHEHUEM JIMHEWHBIX
pa3MepoB 00pasiia 3a CYeT MAarHUTHOTO B3aUMOICHCTBUS JIIEKTPOHOB, BBI3BIBAIOIIETO
M3MEHEHHUE PACCTOSHUN U Ne(OpMalri0 KPUCTALIMYECKONH PEIIeTKH. DTO SIBICHUE
Ha3bIBaeTCs Machumocmpukyuetl. OTHOCUTEIIBHOE W3MEHEHUE JIMHEHHBIX pa3MepoB
dbeppoMarseTuka ~ Npd  HAMarHMYMBaHWUW  OIECHHWBAeTCA  KodddummeHTOM
MarHUTOCTPUKITUH:

rae Al — ynnmunenue oOpasia deppomMarHeTuka Ipyd HamMarHuduBaHuM, | — ucxoaHas
JuTMHA oOpasiia 10 HaMarHUYMBaHMS.

3HayeHue U 3HaK KO3 UIIMEHTa MATHUTOCTPUKIIMN 3aBUCST OT HAMpPaBJICHUS
HaMarHUYMBaHUS U BUJa heppoMarHeTuka.

Tak, ©0puM HAMarHMYMBAHUM KpUCTAJUIAa JKEJe€3a 10 OCH  JIETKOIO
HaMarHUYMBAHUS MPOUCXOJUT €ro YJJIMHEHUE BJAOJb 3TOM OCU U, CIEJOBATEILHO,
K02 (PUITMEHT MAarHUTOCTPHUKIIUHU SIBJISCTCS MMOJIO0KUTEIHHBIM.

Ecim ke »xene30 HaMarHMYMBaThb IO OCH TPYJHOTO HAMAarHUYMBaHUS, TO
MIPOMCXOJUT YKOpOUeHHE oOpasla BIOJb JaHHOW OcCH, T. €. KOd(PUIMEHT
MarHUTOCTPUKIIUH OTPHUIIATEIICH.

B otnnuue ot xenesa, y KpUCTAIIIOB HUKENS KOAPOUITMEHT MAarHUTOCTPUKITUN
OTPULATEJICH NpPU HAMarHMYMBaHWMU IO OCH JIETKOTO HamarHuumBanus 111, u
MOJIOKUTEIICH, €CJIM HAMarHM4MBaTh KPUCTAILI [0 OCU TPYJHOIO HAMarHM4MBaHMUsI.

VY nuaenne uinm cxkatue heppoMarHeTHKa B HalpaBJICHUH HaMar HHIHBAIOIIETO
MOJISl COMTPOBOXK/IAETCS CKATUEM WM YIJIMHEHUEM, COOTBETCTBEHHO, B MOINEPEUYHOM
HaIpaBJICHUH.

SIBieHre MAarHUTOCTPUKIIMU OOHAPY>KUBAETCSA W BO BJIUSHUM BHEITHUX
MEXaHUYECKUX BO3JICUCTBUI HAa MATHUTHBIE CBOMCTBA (PEPPOMArHETUKOB.

Pactsokenue peppoMarHeTuka BHEITHUMU MEXAaHUYECKUMH CHUJIaMU BbI3bIBAET
oOnerueHre, a oCxKarhue — 3aTPyJHCHHE TpOllecca HAMArHWUYWBAHHS, €CIH Y
dbeppoMarHeTuka  MOJOXKHUTCIBHBIA  KOAX()PHUIIMEHT  MarHUTOCTpUKIUU. s
MaTepuajioB C OTPHUIATEIbHBIM KOI(DOUIIMEHTOM MarHUTOCTPUKIUU CKATHE
NPUBOJUT K OOJIETYEHHUIO, a pacTsHKEeHHe — K 3aTPYJHEHHUIO IIpoliecca
HaMarHWYMBaHUs. SIBIeHHE MAarHUTOCTPUKIIMU IIUPOKO HMCIOJIB3YETCS B TEXHHKE.
Hanpumep, B 0051acTH yIbTPa3ByKOBOM JTOKAIIUK MAarHUTOCTPUKIIMOHHBIE MaTepHUAIIbI
IIUPOKO UCTIOJIB3YIOTCS KaK UCTOYHUKH YIbTPa3BYyKa.

SBeHHEe MAarHUTOCTPUKIIMM, CBOMCTBEHHOE€ MArHUTHBIM MaTepualiaM,
MPUBOJUT K TOMY, YTO JJUHEWHBIE Pa3Mepbl MarHUTONPOBOJIOB MAIIIUH MIEPEMEHHOTO
TOKa KOJICOIIOTCSI C 4YaCTOTOM, paBHOM YacTOTE MEPEMEHHOTO MarHUTHOTO TOJISI. ITO
MPUBOJUT K BOSBHUKHOBEHUIO JOMOJHUTEIbHBIX MEXaHUYECKUX HAIIPSKEHU B MECTax
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KPEIUIEHUSI MarHuTONPOBOJA K KOPIIYCy 3JIEKTPUYECKOM MAIIMHBI U TOSBICHUIO
IyMa, YTO SABJISICTCS HEXKEIIATenbHbIM.

3.6. HamaranunBanue peppoMarHeTuka

Ecnu pasmarandeHHbiit heppoMarHeTk NOMECTUTh B MArHUTHOE TOJIE, TO MO/
BO3JICVICTBUEM HAIPSKEHHOCTH IOJISl HAYMHAETCS MEPEPACIPEICTICHUE MAarHUTHBIX
MOMEHTOB JOMEHOB, B pE€3yJIbTaT€ KOTOPOrO NOSBIAETCS HAMarHUYEHHOCTh
(dbeppomarseTuka B HaIPaBJICHUU HANPSHKEHHOCTH HaMarHWYUBAIOIIETOCs MOJIs.

Buytpu (eppomarnervka co3qaeTcsi MarHWTHAs MHIYKIWS, 3HAYEHHUE KOTOPOH
OTIpENeNsieTcss HAMarHMYEHHOCThIO  (peppoMarHeTka ¢ HAaNpsHKEHHOCThIO  H
HaMarHM4YMBaOILETO MOJIS:

B=po(H+M). (3.9)

B deppomarnerrkax BHYTPEHHsII HAMarHMYEHHOCTb 3HAYUTENBHO OOJIbIIE
HaIPSHKEHHOCTH HaMarHuyuparomero nois (A > M). B cBA3u ¢ 3TUM 3HA4YeHUE
MAarHUTHOM MHIYKLWHU, B OCHOBHOM, ONPENESAETCS BHYTPEHHEH HAMAarHU4€HHOCTBIO
dbeppomarueTuka, a He HalpsLKEHHOCTHIO BHEIIHETO TMOJIA.

PaccmoTtpum noapoOHee nporiecc HaMarHu4uBaHus peppoMarHeTHKa. Ha
puc. 3.8. npuBeIcHa OCHOBHAs! KpUBasi HAMAarHUYMBAHHS .

BeimenuM Ha 3TOM KpPUBOW Y4YacTKH, B IpeAenax KOTOPBIX BO3pacTaHUE

MarHuTHOM HHAYKOHUH O6YCJIOBJII/IB8,€TCSI Ppas3siIMdYHBIMHA IIPOLCCCAMHU.
B

A

BHBC IV

S m
e X

\4

B
T

Ho Hs

Puc. 3.8. OcHoBHas kpuBas HAMarHMYMBaHUs (peppoMarHeTuka
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Puc. 3.9. Cxema Hamarun4ynBanus eppoMarHeTuka

W3 naparpada 3.4. u3BecTHO, YTO pa3MarHM4YEeHHbIN 00pa3zel GeppoOMarHuTHOrO
MaTtepuaia mpu OTCyTCTBUU MarHUTHOTO 1ouist (H = 0) caMmonpon3BoIbHO pa3onBaeTcCs
Ha JIOMEHbI, HAMpPABJICHUE HAMArHUMYEHHOCTH KaXJOr0 U3 KOTOPHIX TaKO€, 4YTO
CyMMapHasi HAMarHHIeHHOCTh 00pa3ia B mesioM pasHa 0 (puc. 3.9, a).

HamarnmuuBaem o0pasen, MJIaBHO yBEJIMYMBAs HAMpPsHKEHHOCTb MArHUTHOIO
noyig. B nuanazone maMmenenus: HanpsbkeHHOcTd H ot 0 mo H, TPOUCXOAMUT POCT
obbema (CMelleHrne IpaHuIl) T€X JOMEHOB, Y KOTOPBIX HaIlpaBjeHHUE COOCTBEHHOM
HaMarHM4eHHOCTH Haubosee OJIM3KO K HAMpaBICHUIO HANPSHKEHHOCTH BHEIIHETO
HaMarau4uBatomero nojs (puc. 3.9, 6). [Ipomecc pocta JoOMEHA B ATOM JHMana3zoHe
OCYIIECTBJISIETCSI BIIOJIHE YNIPYTo U 06€3 moTeps dHepruu. Eciu HanpsKeHHOCTH TOJIS
OTSITh YMEHBIUTH 710 0, TO (heppOMarHeTUK BEPHETCS] B UCXOAHOE Pa3MarHUYEHHOE
cocrosiHue (cM. puc. 3.9, a).

[Ipn BO3pacTaHnM HANPSIKEHHOCTH B auanazoHe H, < H < Hs marHuTHas
MHAYKIUS 32 CUET MPOJOJIKAIOIIETOCS CMATYEHUs TPaHul] JOMEHOB ¢ HAaUMEHbIIUM
VIJIOM MEXAY COOCTBEHHOCTBHIO M HAIPSHKEHHOCTbIO HAMarHUYMBAIOIIErOCs IO
(puc. 3.9, 6). Tonbko 3TOT TMpoIiece MpuodpeTaeT HeoOpaTHUMBIN XapaKTep U CBSA3aH C
notepssiMmu  sHepruu. HeoOpatumocts mpouecca Ha ywactke |l xpuBoit
HaMarHu4duBaHus (cM. puc. 3.8) 00ycioBlIieHa TeM, YTO HEOAHOPOIHbIE BHYTPCHHHE
HaIpPSHKEHUSI, THOPOIHbIE BKIIFOUEHUS, MYCTOTHI U NE(PEKThI, BCETJa UMEIOITUECS B
Marepuaie, NPemsTCTBYIOT CMEIIEHHUIO TpaHUl] JoMeHoB. Hamuuue mnpensarcTBuii
MPUBOJUT K TOMY, UTO MPH IJIABHOM MOBBIIICHUH HANPSHKEHHOCTH OIS MHAYKIUS B
dbeppoMarHeTuke M3MEHsETCA cKaukooOpa3Ho. CkaukooOpa3HOE€ H3MEHEHHE
WHIYKIIMA BBI3BIBACT TOSIBJICHUE MHUKPOCKOIMYECKHX BHUXPEBBIX TOKOB, TIPH
MPOTEKAaHUU KOTOPHIX MPOUCXOJUT HArpeB oOpaslia, T.e. B MaTepuajie BO3HUKAIOT
MOTEPU SHEPTUM Ha HAMAarHUYMBaHUE.
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UYtoOsI pa3MarHuTUTh 0Opa3elr Mocyie TOTo, KaKk HAMPsHKEHHOCTH MOJISI BO3pOCia
no H > H,, Heo0X0oA1MMO U3MEHUTDh HAMPAaBICHUE HAMPSXKEHHOCTH IOJIsl HA 00paTHOE
U OIISATH 3aTpaTuTh 3Hepruto. Koraa nanpsbkennocts nons  H = Hs, heppoMarueTuk
nproOpeTacT OJHOJOMEHHYIO CTPYKTYpy cTpoeHms (puc. 3.9, ), HO HampaBjicHHE
HaMarHM4€HHOCTH OTJIMYHO OT HANpPaBJICHUS HANPSHKEHHOCTH HaMarHWYMBAaIOIIETOCs
oJsl.

JlanpHenee NOBBIIICHUE HANPSKEHHOCTH MOJISI BBI3BIBAET POCT MArHUTHOU
WHIYKIIMA B o0pasile 3a CYeT MpoIecca OPUEHTAllMd MArHUTHBIX MOMEHTOB B
HaIpaBJeHUU Mo (MOBOPOT MOMEHTORB). Korjja HanpapiieHrne MarHUTHBIX MOMEHTOB
JIOMEHA COBIIAJIA€T C HAITPABICHUEM HANPSHKEHHOCTH HAMAarHWUYMBAIOLIETO MOJIs, POCT
MarHATHOW MHAYKUWW NMPAKTUYECKH NPEKPATUTCS C POCTOM HANPSIKEHHOCTU IOJIS
(puc. 3.9, 2).

Takoe cocTtosiHME (QeppoMarHeTHKa HA3bIBACTCS TEXHUUYECKHM HACHIIEHUEM.

HamnpsikeHHOCTh MOJST B TOYKE «B)» KPUBOW HaMarHW4YWBaHUs 0Oo3Havaetrcs Hs wu
HAa3bIBACTCS HANPAICEHHOCTbIO HACLIUWEHUSL.
C nanpHeWIIUM pOCTOM HampsbKeHHOCTH nodst (H > H, ) HaOmogaeTcss MeJJICHHOE U
BECbMa HE3HAYMTEIBbHOE IOBBIINICHNE HAMArHUYEHHOCTH 3a CYET Napampoliecca,
3aKJIFOYAOLIETOCS B JONOJHUATEIBHOM OPUEHTAIMN CTUHOBBIX MOMEHTOB 3JIEKTPOHOB,
HaIpaBJICHUE KOTOPBHIX OTJIMYHO OT HANpPaBJIEHHUS MOJISI M3-3a TEIIOBOTO JIBHXKCHUS
YacCTHII.

3.7. CBoiicTBa (heppOMATHUTHBIX MATEPHATIOB B KBAa3MIIOCTOSIHHBIX
MATHUTHBIX MOJIAX

Keazunocmosnnvim macHummubim noiem Ha3bIBACTCS TAKOE MEPEMEHHOE TOJIE,
HaIpPsHKEHHOCTh KOTOPOTO M3MEHSIETCS ¢ 4acTOoToM, Oym3koi k 0, M aMIUTUTYIOH,
paBHOU Hpy .

Ecnim  mpenBaputensHO ~— pa3MarHWYeHHBIM — oOpaszenm;  MOMECTHTh B
KBa3UIIOCTOSIHHOE MarHUTHOE MOJI€, TO MPU BO3PACTAHUU HANPSKEHHOCTU ToJist OT 0
10 + Hy uHOyKIus B oOpasiie yBeJIMYMBACTCS B COOTBETCTBUM C OCHOBHOW KPUBOM
HaMarHnuuBaHusg (yaactok OA, puc. 3.10).
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Puc. 3.10. Iletns ructepesuca heppomMaraeTuka

[locne ToOro, kak HamnpsXKEHHOCTb HAMAarHWUYMBAIOLIETO TMOJS  JOCTUTHET
3HAYEHUs, PAaBHOTO aMIUIMTYJAHOMY, OHA HAuyMHAEeT yMeHblIaThcsi 10 (0, BbI3bIBas
CHW)KEHHE MarHUTHOM MHIYKIIMH 3a CYET OOpPaTHOrO MOBOPOTAa MATHUTHOTO MOMEHTA
JIOMEHa B HamNpaBleHWW ODKaWIed ocu Jerkoro HamarHudyuBaHus. Korma
HaANPsDKEHHOCTH TOJIst cTaHeT paBHOU 0, B (peppoMarHeTHKe COXPAHUTCS OCTaTOYHAs
marauTHas uHAyKws By (yuactok AC, cm. puc. 3.10). B nanpHelimemM Hanps»KeHHOCTb
HAMarHUYMBAIOILETO MOJIsl U3MEHSIET CBOE HarpaBlieHUE Ha oOpaTHOE M CTAHOBUTCS
«OTpULIATETILHOW», BBI3bIBAsl JalIbHEWIIEE YMEHbUICHME MArHUTHOM HWHIYKIUH
(yuactok CD, cM. puc. 3.10). Ha aToM ydacTke IpOMCXOIUT HEOOpaTUMOE pa3ieicHHe
OJIHOJIOMEHHOW CTPYKTYpbl (peppOMarHeTuka Ha psAl JOMEHOB C pa3iIMYHbIMU
HaIPABJICHUSIMUA COOCTBEHHBIX MarHUTHBIX MOMeHTOB. Koraa HanpspkeHHOCTH monst H
CTaHOBUTCS paBHOW — H¢ (kodpuMTHBHAs cuia), (heppoOMarHETUK NPUOOpPETaeT
CTPYKTYpPYy, AaHAJOTHYHYIO CTPYKTYpEe CTPOCHHS 10 Hadaja HAMArHUYMBAHUS, a
MHIYKIUS 00pasiia CTAaHOBHUTCS paBHOM HyJi0 (Touka D, cMm. puc. 3.10).

Ha yuactke DE HanpskeHHOCTB MOJIs U3MEHSETCS B Ipeeax ot — He 10 — Hp.
MarnuTtHast ”HAYKIUS B 0Opaslie BO3paCTaeT 3a CUET CMEIIEHUS IPAHMI] JOMEHOB U
MOCJIEIYIOUIEH OpUEHTAlMM BEKTOPOB HAMAarHMYEHHOCTH B HAIpaBICHUM JIEHCTBUS
TIOJISL.

JIOCTUTHYB aMIUTMTYJHOTO 3HAYCHHS, HAMPSHKEHHOCTh MArHUTHOTO TIOJIS
HaYMHAET U3MEHAThCA OT — Hiy 110 0.

Nunykuus B oOpaslie yYMEHbIIAETCs [0 3HA4YEHUs, PaBHOTO OCTATOYHOM
MarHuTHoM mHAykuuu (ydactok EF) 3a cuer mpoiecca, ananormyHoro mpoiieccy
pa3MaraHuuuBanus gpeppomaraeruka Ha yyactke AC.

[Tpu u3menenun HanpspkeHHoCTH 1osst oT 0 10 +He (yuactok FG) nponomkaercs
MPOIIECC Pa3MarHWYMBaHUS 00pa3lla aHAJIOTUYHO pa3MarHUYMBaHWIO Ha ydactke CD.
Korna H = H ¢, nHaykuus B o0pasue pasHa 0.
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JlanpHeiiee BO3pacTaHUE HAMPSHKEHHOCTH TMOJIA 0 aMIUTUTYAHOTO 3HAYCHHS
IOPUBOJUT K HAMAarHUYMBAHUIO 00pa3lia ¥ BO3PACTAHUIO UHYKIUH.

Takum 00pa3oMm, 3aBUCHUMOCTb MAarHMTHOM HHAYKIMHM OT HaIpsSHKEHHOCTH
KBa3UIIOCTOSIHHOTO TIOJIS 3a TOJIHBIN LIMKJI IEpEMAarHMUMBaHus MPEACTABISET METIIO,
Ha3bIBAEMYIO nemJiell cucmepesucad.

[Inomanp neTnu rucrepesrca NponopIUOHaIbHA MOTEPSIM Ha THCTEPE3UC.

Eciu mocne kaxxaoro mukia MepeMarHWYMBaHUS YBEIMYMBATH AMIUTUTYTY
HANPSDKEHHOCTH KBA3UIIOCTOSIHHOTO MAarHUTHOTO TMOJsSl, TO TMOJYYUTCS CEMEHCTBO
nerenp rucrepesuca. Ilpuuem OosblIeMy 3HAYEHHIO AMIUTUTYbl HAIPSHKEHHOCTH
10Jis1 OyZIET COOTBETCTBOBATH METIIA C OOJIBLIEH aMITIUTYJOM MarHUTHON MHTYKIIUU U
wiomiaapo netiau (puc. 3.11). Korna HanpsyKeHHOCTD HOJIS JOCTUTaeT 3HAYCHHMS, TTPH
KOTOPOM HAcTyHaeT HachlllleHHe (eppoMarHeTuka, IJIOMaAb NETIN TUCTepe3Hca
MakcuMaibHa. [Ipu nanpHeiieM Bo3pacTaHUM aMIUIUTYAbl HAPSKEHHOCTH IJI0LIA1b
NEeTJIM OCTAETCA MOCTOSHHOM, a B KOHI[AX MNETJIM MOSBISIIOTCS MNPSIMOJIMHENWHBIE
YYaCTKH €O cl1abbIM BO3pacTaHUEM MarHUTHOM MHYKITHH.

IleTna ¢ HanOonbIIEH MIOLIAAbIO HA3BIBACTCI np e 0 eNbH Ol hnemiaeu
cucmepesuca.

ITo npenenpHOI NeTae rucTepe3rca ONPeaesIIOTCSI OCHOBHBIE XapAaKTEPUCTUKU
MarHUTHBIX MaTepUAJIOB, 3HAUEHUS KOTOPBIX MPUBOSATCS B CIPABOYHUKAX; WHIYKIIHS
TEXHUUYECKOTO HAChIIeHUs, Bs; HampsHKEeHHOCTHh MOJSI, MPU KOTOPOM JOCTUTAeTCs
HachlleHne peppomarueruka, Hs; ocrarounas nuanykuus, By; kosprurusHas cuna, He,

Ecnu yepe3 BepiimHbl ceMENCTBA METENb THCTEPE3Uca MPOBECTH JIMHUIO, TO
nojgy4yeHHas KpuBas By, =f (H m) MpEACTaBIseT CO0O0M OCHOBHYIO KPHUBYIO
HaMarHUYUBaHUSI.

[Io ocHOBHOIl KpWBOII HaMarHMYMBaHUS OIpPENEISIOTCS aOCONOTHAS H
OTHOCUTENbHAS MATHUTHBIE IPOHULIAEMOCTH:

Bm
Ha =77 (3.10)
Hm
Bm
Rr =7 (3.11)
' (Ho'Hm)

rac p, — a0CoOJIIOTHAsI MarHUTHAs IMPpOHNLACMOCTD.
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Puc. 3.11. CemeticTBO TIETENb TUCTEPE3UCA

Ornpenenss 3Ha4EHUE OTHOCHTEIBHOM MarHUTHOM IPOHUIIAEMOCTH JUIA Ka’KIOTO
3HAYECHWsA HANPSHKCHHOCTM HAMATHUYMBAIOUIEIO TIONS 10  OCHOBOM  KPHUBOM
HAMArHMYMBAHKS, MOYKHO MOJTY4HTh 3aBUCHMOCTh 1y = f(H ), (puc. 3.12).

B
e 3 Bu=f(Hy)
} } W, = f(H)
But |-/ | 3
A e |
“ | |
Hl Hm2 Hm3 H

Puc. 3.12. 3aBUCMMOCTh OTHOCUTEILHON MAarHUTHOW MPOHUIIAEMOCTH
oT HaHpH)KeHHOCTI/I I10JIs

Kak BugHO u3 puc. 3.12,0THOCUTENbHAS MAarHUTHAS MIPOHULIAEMOCTH C POCTOM
HAIPSKEHHOCTH II0JI1 BHAYAJIE BO3PACTAET OT [lyqg AO Umax > @ 3TEM YMEHBIIAETCS.

Heonno3nauHblli XapakTep M3MEHEHHUS [l CBA3aH C BUIOM OCHOBHOW KPHUBOM

HamarHuuuBaHus. Ilokaxem 510 Ha mnpumepe. JlomycTuMm, 4YTO HEOOXOIUMO
OIIpEAEINTh IPOHULIAEMOCTh MaTepuaia |1, B To4Kkax 1,2 u 3.

Torna, B coorBercTBUU ¢ hopmynoii (3.11):

Hri=7—" 73
' (1o - Hi1)
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B,

UWpp =7—""—=,

e (HO'HZ)
B3

U3 =—"".

3 (HO'H3)

Biw Hi, B u Hy, B3 u H3 ¢ yaeTom MacmTaboB MO MHAYKIIMU U HAMPSHKEHHOCTH
IPEACTABIISIOT COOOM KaTeThl MPSIMOYTOJIbHBIX TPEYTOALHUKOB ¢ BepirHaMu O11, Oy
1 O33 COOTBETCTBEHHO, a OTHOIICHUS B1/H1, B2l Hy, B3/ H3 sBIAIOTCS TAHTEHCAMH YTJIOB
HaKJIOHa, 00pa30BAHHBIX MPSMBIMH, IPOBEICHHBIMU U3 Hauajla KOOPAUHAT B TOUKH 1,
2, 3, Ha KpUBOI HAMAarHUYMBaHUSI.

Bcenencreue nepeMeHHON KpyTU3HBI OCHOBHOM KPUBOW HaMarHWYMBaHUs, yIroJl
HaKJIOHA 3TUX MPSAMBIX CHayajga BO3pacTaeT, 3aTeM, Korja (eppoMarHeTuK BXOIUT B
COCTOSIHHE HACBIICHUS, YMEHBIIAETCS Cc pocToM HaNPsKEHHOCTH
HaMarHU4MBaroLIero nost. MakcuManbHOE 3HAYEHUE MArHUTHOU IIPOHULIAEMOCTH Ly

JNOCTUIaeTCs B TOM TOYKE KpPHUBOW HAMarHW4uMBaHMS, B KOTOPOW IpsAMasd,
COCAUHSAIONIAs 3TY TOYKY C HA4YaJIOM KOOPAMHAT, SBJSAETCS KacaTEIbHOM K KPUBOMU
HaMarHW4YMBaHUs. 3HAUEHWE MAarHUTHOM NPOHUIIAEMOCTH B 3TON TOUKe 0003HaYaeTcs
Wr max ¥ OOBIYHO HAXOAMUTCS B Hayaje y4acTKa 6 — 6 KpUBOM HAMAarHUYMBaHUS (CM.

puc. 3.8).
OnpeneneHrie MarHUTHON NPOHUIIAEMOCTH |1, TIPU HalpsDKEHHOCTU oyt [

= 0 B coorBercTBUU C ypaBHeHueMm (3.11) nuIIeHoO cMbIcia, TaKk Kak 3HAUYEHUE
OTHOCHUTEBHON MarHUTHOM IPOHUIIAEMOCTH B 3TOM CJIy4ae HEOINPEIEIEHHO. B cBsA3H
C OTUM BBEJICHO NOHATUE HAYANbHOU MACHUMHOU NPOHUYACMOCTIU Ly yay -

3a HadaldlbHYIO MAaTHUTHY IO NPOHUIAEMOCTH
MIPUHUMAETCS MPEJIeIbHOE 3HAUYEHHUE OTHOLIECHUS MHYKIIMH, ICJICHHOW HA MAaTHUTHYIO
MOCTOSIHHYIO, K HAMPSDKEHHOCTH MIPU CTPEMJICHUHU HANPSHKEHHOCTU MAarHUTHOTO TOJIS
K HYJIIO:

1
r g =— lim —. (3.12)

1l
HpaKTI/I‘-IeCKI/I Ha4daJlbHAas MarHuTHasia HpOHI/IHaeMOCTB I"lr Had OHpeI[eHHeTCH HpI/I

HanpspkeHHoctH nosia H < 0,1 A/wm.
3HaueHUsI HAYAIBHOM [y yay Y MaKCUMAIBHOM [l max  MAarHUTHBIX

HpOHHHaeMOCTCﬁ AT KGKJI0I'0 MaroHuTHOT'O MaTrcpurajia puBOAATCA B CIIPABOYHUKAX.

3.8. luddepennuajbHasi MATHUTHASI TPOHUIIAEMOCTh
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HeonHo3HAaYHOCTH 3aBUCHUMOCTHM MAarHMTHOM WHAYKIHWHA OT HANpPsHKEHHOCTU
HOJISl CYIIECTBEHHO YCJIOXKHSAET pacyeT M aHaiu3 Lemnel, colepKalluX MarHUTHBIE
aneMeHTHI. C 1ebI0 YIPOIIEHUS, PACYEThI U aHAIH3 AJIEKTPOMAarHUTHBIX LENel 4acTo
BEIyTCS 10 OCHOBHOW KpuBOW HamarnmumBanus B=f(H), uto B psme cmydaes
MPUBOIUT K CYIIECTBEHHBIM OIIMOKaM. OCOOEHHO 3TO KacaeTcs TeX peppOMarHUTHBIX
YCTPOMCTB, pOopMa M 3HAUEHHE BBHIXOJHOTO HAIMPSKEHUS] KOTOPBIX 3aBUCAT OT TOTO,
KaK U B KaKUX IpeJeax U3MEHsIEeTCA Ha HAPSKEHHOCTh MarHUTHOTO ouis. [{iist Takux
YCTPOMCTB BBEACHA €II€ OJHAa XapaKTepUCTHKa MarHUTHOTO MaTepuana —
muddepeHiranbHas MarHuTHasI IPOHUIIAEMOCTb:

1 dB

== . 3.13
Hrg o dH (3.13)

rac d—H— IMpoOu3BOAHASA OT MarHuTHOM HHAYKOWH 110 HAIOPSA)KCHHOCTHU IIOJIS B

3aJlaHHOU TOYKE METJIM THUCTE3HCA.
Ecnu onpenenuts [irg B KaX10i TOUKE METIM TMCTE3UCA, TO MOKHO MOJIY4YHUTh
3aBUCHMOCTH Wrg=f(H), mpencraBnennyro Ha puc. 3.13.

A
Hrg

—V | —
_Hc 0 +HC

A
v
I

Puc. 3.13. 3aBucumocts nuddepeHInanbHON MarHUTHONH IPOHUIIAEMOCTH
OT HaIPsPKEHHOCTU MAarHUTHOTI'O 1OJIS

[Monydyennass 3aBUCHMOCTh [rg=f(H) 3a mONMHBIA UK TepeMarHUYMBaHUS
IpEeICTaBlIAeT COO0M 3aMKHYTYIO METII0 C ABYMS MakCUMyMaMu. MakcuMaibHbIE
3HAYEHUS |Lrg JOCTUTAKOTCS MTPU HAPSPKEHHOCTSX MarHUTHOT'O T10JIsL, IPUOJIN3UTEIBHO
paBHBIX KO3 puunenTHoM cune H=*+H.. MUHUMabHbIE 3HAYEHHUS |Lrg COOTBETCTBYIOT
BEPILIMHAM MPEIEIbHON METIIA TUCTE3UCA.

48



B nwuanaszone nanpspkenHoctu ot 0 no +H. nuddepeHinmanbias MarHUTHAS
IIPOHUIIAEMOCTb BO3PACTAET A0 [lrgmax, T. K. BO3pacTaeT MPOU3BOJAHAS OT HHIYKIUU 110

HaMpsSKEHHOCTH (KPYTU3HA METJIM THCTE3UCa) 3—5 (ygactok FG, puc. 3.10).

[Ipy n3MeHeHnH HanpsHKEHHOCTH NoJst OT +H, 10 +Hpy Urg YMEHBIIASTCS U3-3a
YMEHBIIICHUS KPYTU3HBI NeT)in ructe3uca (yuactok GA puc. 3.10).

[Tocnenyromee ymenpuienue H ot +Hpy 10 0, BBI3bIBAET MENJIEHHOE BO3PACTaHUE
auddepeHnraabHON MarHUTHOM MPOHULIAEMOCTH, T. K. KpyTHU3HA METIN TUCTe3uca Ha
yuactke AC (puc. 3.10) MeaJIEHHO pacTeT.

Xapakrep 3aBHCUMOCTH  WUrg=f(H) mpm  oTpumaTenbHBIX  3HAYCHHAX
HaNPsHYKEHHOCTH aHAJIOTMYEH XapaKTepy dTOH )K€ 3aBUCUMOCTHU IIPH MOJIOKUTEIBHBIX
3HAYEHUSX HAIPSKEHHOCTH.

3.9. CBoiicTBa (peppOMATHETHKOB B IIePEMEHHbBIX MATHUTHBIX MOJISAAX

3.9.1. /lunamuueckas nemas HAMAZHUYUGAH U

Kornma Ha MarHuTHbBIA MaTepUall BO3/IEMCTBYET MEPEMEHHOE MarHUTHOE MOJIE,
HAIPSDKEHHOCTh KOTOPOTO HM3MEHsIeTcsl ¢ dYactoTod f, TO OH mepuoguvecku
IIEPEMArHUYMBACTCA C TOW K€ caMoM 4actoTod. IIpm TakoM nUKIMYECKOM
MEpEMArHMYUBAaHUN 3aBUCUMOCTh MATrHUTHOM WHAYKUHUH OT HANpPsIKEHHOCTH
MarHuTHOTO  TOJIS  TPEACTaBIsSeT COOOW  TeTI0, KOTopas  Ha3bIBACTCS
OUHAMUYECKOU nemJjel HAMASHUYUBAHUAL.

[Tnomans nMHAMUYECKOW METJIM HaMarHUYMBaHWUS OOJbIIE IUIOIMIAAU TETIN
rUCTEepe3nca, IMOJIYYCHHOM MPU TOM K€ aMIUIATYJIE HANPSKEHHOCTH MO, OTO
OOBSCHSIETCSI TEM, YTO TOTEPU HA MEPEMAarHUYMBAHUE B MEPEMEHHBIX MAarHUTHBIX
MOJISIX OOJIBIINE, YeM B KBA3UIIOCTOSIHHBIX. ECIIM U3MEHATh aMITTUTY Ty HAMIPSKEHHOCTH
MIEPEMEHHOT0 MAarHUTHOIO MOJisi, TO MOHO MOJYYUTh CEMEHCTBO JUHAMHYECKUX
neTesib HamMmarouuuBanus (puc. 3.14).
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Puc. 3.14. CeMmelicTBO JUHAMHUYECKUX METEIh HAMATHUYNBAHUSA

Kak BumHo wu3 puc. 3.14, ¢ yBeaIMYEHUEM aMIUTUTYIbl HAIPSKEHHOCTH
MarHMUTHOTO TOJISI PAcTyT AaMIUIMTyAa MAarHUTHOM WHAYKIMM U  IJIOLIAJAb
JMHAMMYECKOH NeTyIM HaMarHuuuBanus. [lociie Toro, kak aMIinTyja HanpsbKEHHOCTH
1OJII JOCTUTraeT 3HAY€HUs, IPU KOTOPOM HACTYINAET HACBILIEHUE MAarHUTHOTO
MaTepuasa, BO3pacTaHUE MHAYKLIUHU U IUIOLIAN ETJIM NIPEKPAILAETCs, a B BEPIINHAX
NETVIM MOSIBISIFOTCS  JIMHEHHBbIE yYacTKH, IPAKTHUYECKH MapajulebHBIE OCH
HANPSHKEHHOCTH TOJIS.

[letns ¢  wHamOombIel  IUIOMIABI0  HA3BIBACTC npeodebH ol
OUHaMu4ecKou nem.neti HamacHUYUBAHUS.

Ecin uepe3 BepHIMHBI CeMENCTBA JUHAMMUYECKHUX METEIb HAMATHUYMBAHMS
MpOBECTH JIMHHIO, TO TOJydeHHas 3aBucuMocth By, = f(Hy,) HasbiBaeTcs

OCHOBHOU OUHAMUYECKOU KPUBOU HAMASHUYUBAHUSI.

[Io mpenenbHOM OMHAMHYECKOW METIEC HAMATHUYMBAHHUS W JTUHAMHYECKOU
KpPUBOl HAMarHUYMBAHUS OINPEIECTSIOTCS OCHOBHBIE XapaKTEPUCTUKU MarHUTHBIX
MarepyuajoB B IIEPEMEHHOM MATrHUTHOM II0Jie aHAJOTUYHO OIPEICICHUI0
XapaKTePUCTHUK ATUX MaTEpPUaIOB B KBa3UIIOCTOSSHHOM MAarHUTHOM TIOJIE.

3.9.2. Dppexm evimecnenus MACHUMHO20 NONAA NPU NEPEMAZHUYUUGAHUU
gheppomaznemuxos 6 nepemeHHoMm no.e

[lepemarunurBaHre B IEPEMEHHOM MAarHUTHOM I10JI€ PUBOJIUT K MOSBJICHUIO B
MarHUTHBIX MaTepuagax BHUXPEBbIX TOKOB, MPOTEKAHHWE KOTOPBHIX BbI3BIBAET
nosiBnieHue 3P eKTa BEITECHEHUSI MATHUTHOTO TIOJIS U3 TIEHTpa K niepudepun oopasia.

PaccmoTpum nogpoOHEe 3TO sBJICHUE.

[TycTh uMeeTcst oOpaser] MarHUTHOTO MaTepuala MIomaablo CeUeHuss S (puc.
3.15).

MoxHO pa3OUTh c€YeHHE TaKOTro o0pasila Ha PsJ DJIEMEHTAPHBIX 3aMKHYTBIX
KOHTYpOB ToJIiHON Ah. [TepeMeHHBI MarHUTHBIN MMOTOK, CHCIUIAACH C KaKIbIM U3
AJIEMEHTAPHBIX BUTKOB, HABOAUT B HUX DJIC.
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[Tox Bo3nelicTBuem HaBeneHHOM DJIC B KaX/10M M3 BUTKOB HAYHET NPOTEKATh
MaKpOCKOMUYECKHUI BUXPEBOM TOK, KOTOPBIM CO3/1a€T CBOKO MAarHUTOIBUKYIIIYIO CHITY
Fi, HampaBieHHYIO MPOTHUBOIIOJOXKHO OCHOBHOW MAarHMTOIBMXKYILEW CHIIE,
CO3JIAI0IICH TEpPEeMEHHbIW MAarHUTHBIM MMOTOK B oOpasme. Takum oOpa3om, B
MIEPEMEHHOM MAarHUTHOM TI0JIE Ha MArHUTHBIA MaTepuand BO3JACHCTBYIOT JBE
MAarHUTOJIBIXKYIIIME CHJIbI, HAMpaBJICHHbIE BCTPEYHO ApYr Apyry. B pe3synbraTte
BO3HHKAET pe3yNbTHpYIomas Maruutoasmkymas cuia (MJIC), koTopas MOXKET OBIThH
OmpeielieHa KaK pa3HOCTh ABYX MarHUTOABUAKYIIINX CHJL:

Fo=F—-Fy,

rie F, — pesynptupytromas M/IC; F — ocaoBrast M/IC, coznaBaemasi HaMarHU4MBarOLIIM
ToKOM; Fy — M/IC BuXpeBOro ToKa.

\

- lgp
N . Ah

[N
N

Puc. 3.15. K o0bsicHenuto 3¢ppexra BeITeCHEHUS

N3BeCTHO, YTO 3HAYEHHE MATHUTOABMIKYILEH CUJIbI BUXPEBOTIO TOKA B KaKOM-
aub0 TOYKE CceueHus oOpas3la 3aBUCUT OT YHWCIA DJIIEMEHTAPHBIX KOHTYPOB,
OXBaTHIBAOIINX JAHHYIO TOYKY. [loCKONBKY TOuka 2 oxBaueHa OOJIBIIUM YHCIIOM
AJIEMEHTAPHBIX KOHTYPOB C BUXPEBBIMU TOKAMH, Y€M TOYKa 1, TO MOXHO CJ€JaTh
BBIBOJI, YTO MAarHMTOABHKYILIASl CUJIAa BUXPEBOrO TOKA BO3PACTAET M0 MEPE yAAICHUSA
OT IOBEPXHOCTH 00pasia K eHTpy (puc. 3.16). IkcmepuMEeHTATFHO YCTAHOBJICHO, YTO
M/IC BUXpEBOTrO TOKA 3aBHUCUT OT PACCTOSIHUS /10 3aJ]aHHON TOYKH OT MOBEPXHOCTHU
oOpasiia o S3KCIOHEHIUAILHOMY 3aKOHY (KpUBbIC Fpp 1 Fypo).

F
F
Fl | FBT2 } FBTl i
Fof Y 1 1
el NE N R
Z; Z, Z
Puc. 3.16. 3aBucumocts n3meHnenus pesynbtupytomeid MJIC oT paccTosiHUS 10 TOBEPXHOCTH
oOpa3sia

Ha puc. 3.16 mocTpoeHsl 3aBHCUMOCTH MarHUTOABIIKYIIUX CHJI OT PACCTOSHHS
Z s IBYyX pasidYHbIX 4acTOT Hamaramuusatomiero nois f; u f, (f; > ;). Torma
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pe3yJAbTUPYIOIIAasi MAarHUTOABUXKYIAsl CUIa MO MEpe YAAJIEHUS OT IMOBEPXHOCTHU
oOpasua K ero LHeHTpy yObIBAaeT TaK)Ke M0 SKCIIOHEHIIMAIbHOMY 3aKOHY (KpuBble Fyi 1
Fp2). AHanorm4yHoO pe3yJibTHPYIOIIEH MAarHUTOABMKYIIEH CHUJIE YMEHBIIAETCA U
HAMpPsHKEHHOCTh MArHUTHOTO TOJIA [0 MEpe yAaJeHHs OT MOBEPXHOCTH oOpasla K
LHEHTPY. 3aBUCHUMOCTH HAIPSKEHHOCTH TMOJS OT PACCTOSHUS ONpeNeNsieTcs U3
YpaBHEHUSL:

_ —bz
H(Z)=Hmax "
rne Hmax — HampsHKEHHOCTh TOJNIST HAa TOBEPXHOCTH 00pasna; Z — PacCTOSHUE OT

“p'y

MOBEPXHOCTH OOpa3ua; b= ZnTT; C — KoOHCTaHTa, OOYCJIOBIIEHHAs BBIOOPOM

CUCTEMBI EAUHULL; 1'— IEPUOJ BOJIHBI HAPSKEHHOCTH MOJIS; Y — YAEIbHAS MPOBOJAUMOCTD
oOpazria.

B cooTBeTcTBHM C M3MEHEHHMEM HANPSHKEHHOCTU IMEPEMEHHOTO MAarHHUTHOTO
MOJISI YMEHBINIAETCS WHIYKIHUS B 00paslie C YBEIMYCHHEM PACCTOSHHUS OT €ro
noBepxHocTH. [Ipu gocTaToyHO GOJBIION TONIIKMHE 00pa3la YMEHBIICHHE WHIYKIIUH
MOJKET MPUBECTU K TOMY, YTO B [ICHTPAIbHOM YaCTH ceueHuUs: oOpa3la UHIyKIus Oyaer
paBHa 0, a MarHUTHBIM MOTOK B HEH OTCYTCTBOBaTh. Takum o0Opa3oM, 3a cuer
MaKpPOCKOIMMYECKUX BUXPEBBIX TOKOB BO3HUKAET A(P(HEKT BBHITECHEHUS MarHWTHOTO
MOTOKA U3 IIEHTPAIBHON YacTH ceueHus: oopasiia k nepudepun. CremoBaTesbHO, H3-3a
3¢ (eKTa-BEITECHEHUSI MATHUTHOTO TIOJIsI YMEHBIIASTC S TUIOIIA b CEYCHUs 00pasiia, mo
KOTOPOM IMPOXOJAUT MATHUTHBIN MOTOK. Y MEHBIIECHUE IUIOMIAA CEUYCHUS MTPUBOJIUT K
BO3pACTaHUIO MAarHUTHOTO CONPOTHUBIICHUS OOpa3la U COOTBETCTBYIOUIEMY MaJCHUIO
BEJIMYMHBl MarHUTHOIO MOTOKAa. 3aBUCHUMOCTb MarHuTHoro mnoroka @ B
(dbeppomMarHeTuke OT MarHUTOABMKYIIEH CUIIbl F 1 OT CONMPOTUBIIEHNUS MAarHUTHOM 1IENH
R, omuceiBaeTcst popMyion

MarsuTtHoe COIIPOTHUBIICHUC OIIPCACIIACTCS 110 YPABHCHUIO!

|
S Hg

rJie U S' — IJIMHA U IJIOIA/Ib CeYeHHsI 00pasiia peppoMarHeTuKa, yuepe3 KOTOpyro MPOXOAUT

RM

MAarHUTHBII IOTOK; |1, — a0COMIOTHAS MAHUTHAS IPOHUIIAEMOCTh (PePPOMArHETHKA.

Kaxk BUJIHO W3 BbIICIPUBCACHHBIX PABCHCTB, YMCHBIICHHC ILIOIIAIH, IIO
KOTOpOﬁ poxoauT MarHuTHBIN IIOTOK, BBI3BIBACM BO3paCTaHUC MAI'HUTHOI'O
COIIPOTUBJICHUA 06p8,3113. A YBCIIMYCHUC MArduTHOI'O COIIPOTHBJICHHUA YMCHbLIIACT
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MarHUTHBIN MOTOK B (peppOMAarHeTHKE MpPU HEM3MEHHOM MarHUTOIBMXKYIICH CHIIE.
T.k. reomeTpuyeckue paszmepbl oOpasua (AJMHA W IUIOLIA/b CEYEHUs]) OCTaKTCA
IOCTOSHHBIMU TIpM HAMarHWYMBAaHWM, TO YMEHBIICHHE MAarHMTHOIO IIOTOKAa K
CHI)KEHHIO MarHUTHON UHYKLIUU B 0OpasLe:
5 ®
S
rie S — reomeTpuyeckas Iolaab cedeHus oopasia.

s oueHku BiausiHUS 3¢ (eKTa BBITECHEHUS Ha MAarHUTHOE COINPOTHBIICHUE
oOpa3lla HUCHOJIb3YeTCsl XapaKTepUCTUKA, Ha3blBaeMasl 2nyOuHol NpOHUKHOBEHUs
nepemMeHH020 MASHUMHO20 NOJs 8 PeppOMACHEMUK:

1
b’

rac Z]_ - FJ'IY61/IH8, IIPOHUKHOBCHUA ICPEMCHHOI'O MAarouTHOI'O I10JIA.

Z) =

I'nyobunou NPOHUKHOGEeHUS  HA3BIBACTCS PACCTOSHUE  OT
MOBEpXHOCTH oO0pas3iia, Ha KOTOPOM aMIUTUTYJHOE 3HA4YeHHWE HaANpPSOKEHHOCTH
MarHUTHOTO TIOJISI YMEHbINIAeTCs B 2,7 pasa, Mo CPAaBHEHUIO C HANIPSKEHHOCTHIO TTOJIS
Ha TIOBEPXHOCTH 00pa3iia.

['mybuHa  NPOHWUKHOBEHHSI ~ ONPENENSETCS  XUMHUYECKAM  COCTaBOM
dbeppoMarseTuka U 4aCTOTOM MarHUTHOTO TTOJISI.

Hns ocnabnenusi 3Q¢ekra BHITECHEHUS MarHUTOMPOBOJBI AJICKTPHUUECKUX
MallliH COOMPAIOT M3 OTACIBHBIX JIMCTOB JJIEKTPOTEXHUYECKOW CTalld, TOJIIIMHA
KOTOpPBIX He TmpeBbimmaer Z;. Ha MOBEPXHOCTH JIMCTOB CTalld HAHOCATCS
AIIEKTPOU3OIIALIMOHHBIE TOKPBITUS (JTAKOBBIC, OKCHIHBIE M T. 11.), OOJIagaromiue
BBICOKMMH DJICKTPUYECKHUMH COMPOTUBIICHUSMH, HAJINYUE YYACTKOB C BBICOKHM
ANMEKTPUUECKUM COTIPOTUBIICHUEM Ha ITyTH MPOTEKAHUSI BUXPEBBIX TOKOB MPUBOIUT K
WX YMEHBIIICHUIO ¥ COOTBETCTBEHHOMY OCa0ieHHIo 3 (eKTa BHITCCHCHHUS.

[Tpu GONBIIMX TONIUHAX JIUCTOB, YeM Z1 UITU IETTbHOIUTHIX MarHUTOIIPOBOIAX,
MarHUTHBIE CBOWCTBa (PEPPOMArHETHKOB WCHOJB3YIOTCS IUIOXO H3-3a  SIPKO
BBIpaXKEHHOTO 3((heKTa BHITECHEHMUS.

CymecTtBeHHOe BiusiHUE Ha J(PQPEKT BBITECHEHUS OKa3bIBA€T YacTOTa
MEPEMEHHOTO MAarHUTHOTO TIOJIA. DTO OOBSICHSIETCS TEM, YTO C POCTOM YaCTOTHI
yBenmunBaeTcs DJ{C Ey;, HaBoAMMAs B dJIEMEHTAPHOM KOHTYPE, TaK KaK 3HaUCHUE €€
psSMO  TIPONOPIIMOHANBHO 4acToTe. Bospacranme DJIC mpUBOAMT K YBEIWYEHUIO
BuxpeBoro toka U MJIC F. IlosTomMy Ha OZHOM W TOM € paccTOSHUU Z OT
HOBEPXHOCTH 00pa3na (cM. puc. 3.16) pe3yapTupyromas MarHUTOABHXKYIIAs Chjla Py
00JIbIIIel YaCTOTE OKAXKETCS MEHBIIIE, YeM IMPU MEHBIIICH 9acTOTe HAMarHUIUBAIOIIETO
Toka. CrenoBareiabHO, C POCTOM YacTOTHl IIyOWMHA MPOHUKHOBEHHS MEPEMEHHOTO
MAarHUTHOTO TIOJISi YMEHBIIIAETCS, YTO BBI3BIBAET COOTBETCTBYIOIIEE CHIDKCHHE
CpeIHero 3HAYCHUSI MHAYKITUU B 00pasiie.
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Ha puc. 3.16 npuBenens! 3aBucumoctu Fp = f(Z) mist AByx 3Ha4eHH 4acTOTHI
MarHUuTHOTO ToJis. 3aBucUMOCTh Fpp = f(Z) cooTBercTByeT Oombliei wacToTe
MarHuTHOTO 1o, ueM y Fp1 = f(Z).

3.9.3. Ilomepu na nepemazHuuusanue 8 nepemMeHHOM MAZHUMHOM noJle

[ToTepr MOIIHOCTH Ha MEepeMarHMYMBAHUE B TMEPEMEHHOM MAarHUTHOM IIOJIE
OoJpIlie, YeM B KBa3UIIOCTOSHHOM IOJi€. JTO CBSI3aHO C TE€M, YTO B TEPEMEHHOM
MarHUTHOM II0JI€ TTOMUMO TOTEPh Ha THCTEPE3UC CYIIECTBYIOT TaKXKE IMOTEPH OT
BUXPEBBIX TOKOB M J0OABOYHBIE TIOTEPH.

[lotepu MoOmHOCTH Ha TIEpEeMarHMYWBAaHUE OMPEACISAIOTCA CICAYIONIIM
obpazom:

P=P +P + Py, (3.14)
rac nmoTepru MOIMHOCTHU HA TUCTCPEC3HUC:
Pr=39 f BmaxV, (3.15)
TO XK€ OT BI/IXpeBLIX TOKOB:
P, =8 f2.B2yV, (3.16)

rae 9 — kodpbuumueHT, 3aBUcAIMi 0T Mapku deppomarHeTuka; & — ko3 UIMEHT,
3aBUCALIMN OT Mapku (peppomarHeTrvka, TOJIIMHBI JIUCcTa U (GopMbl obOpasua; V —
o0BeM (eppomarHuTHOro oodpasua; Py — nob6aBouHble motepu; N — KO3 (ULKEHT,
3HAYE€HHUE KOTOPOI0 OMPENEeNsAeTCs BEIMYMHON MHIYKIIMK B (peppOMArHeTHKE.
KoadduimenTt N npuHUMaeT clieyonne 3HaYeHHs
n=1 p# Bmax < 0,1 To;
Nn=16 1puBmx=~0,1-1,0Tx;
Nn=2-3 npu Bmax> 1,0 Ti.
[Ipupoaa 106aBOYHBIX MOTEPH MOJTHOCTHIO HE BBIICHEHA. JTU MOTEPHU CBI3AHBI
CO CTPYKTYpOH cTpoeHus (heppomMarHeTuka, popmoi u pazmepamu 3epeH Beniectsa. [Ipu
MIPAKTHYECKUX PacyeTax MOTeph UX 3HAYEHHE NMPUHUMAETCs npuMepHo paBHbM (0,2 —

0,3) OT cyMMBI IOTEPH HA TUCTEPE3UC U BUXPEBBIE TOKH:
Py =(0.2-0,3)- (P + Pyy).

3.9.4. Ilomepu na nepemaznuuuganue 6 NEPEMEeHHOM MACHUMHOM noJle

Onpenenenue CBOMCTB (DEPPOMArHUTHBIX MATEPUATIOB MOXKET MPOU3BOAUTHCS
nByMsi Mertojamu. [lepBelii U3 HUX 3aKiIto4yaeTcsl B ciemyrouieM. M3mensercs yacrora
MarHUTHOTO TOJISI, @ MHAYKIMSI, co3/laBaeMasi B 00paslie, MOAIep >KUBACTC HEM3MEHHOM (
f =Vgqr, By =const). Ilpu BropoM MeTOfE€ C M3MEHEHHEM YacTOThl IOJI

HOAJEP’KUBACTCSI HEU3MEHHOM HaNpspKeHHOCTh MarHuTHoro nouis ( f =V, Hp, =const
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C yBeJIWYECHHWEM 4YacTOThl TEPEMEHHOTO MAarHUTHOTO IIOJIA, IPH YCIOBHH
IIOCTOSIHCTBA aMIUINTYJbl MarHMUTHOW MHAYKLHH, B oOpasue By, =const, ¢gopma

AMHAMHYECKOHN METIU NPUOIMKAETCS K SJUIHIICY, BBITAHYTOMY 110 ocu H (puc. 3.17).

Puc. 3.17. CeMmelicTBO TMHAMUYECKUX IIETEIb HAMATHUUHUBAHUS

[Inomans JMHAMUYECKOM TETIIM C POCTOM 4YacTOThl  YBEJIMYMBAETCS
IPONOPLMOHANILHO NTOTEPSM MOLUIHOCTH HAa IEpEMAarHUYMBaHUE.

OrmpenenyB 3Ha4EHHU OTHOCUTENBHON MATHUTHOM IIPOHUIIAEMOCTH B BEPIIMHAX
CeMeNCTBA TMHAMUYECKHX IIeTe]b HAMarHMYMBaHK U IIOTEPU Ha IIepeMarHMYMBaHHe,
MOXHO moCTpouth 3aBucumoctd p, =F(f) u P=F(f). Dtu 3aBucumoctu

pUBeAeHbI Ha puc. 3.18.

Hr P

f f

Puc. 3.18. 3asucumoctn pp = F(T)

N3 puc. 3.18 BHIHO, YTO C POCTOM YacCTOThl OTHOCHUTEIbHAs MarHUTHAas
MIPOHUIIAEMOCTh YMEHBITIACTCS. JTO SBICHUE MOXKHO OOBSCHUTH cienyromum. C
BO3pacCTaHMEM YacTOThl TEPEMEHHOTO MArHUTHOTO TIONSl YMEHBIIAETCS CpeaHee
3HAUYE€HNE MHIYKIMU B 00pasie 3a cueT ycwieHus 3(pdekra BHITECHEHHS MAarHUTHOTO
TOJISI.

s TOoro d9toObl KOMIIEHCHPOBAaTh YMEHBIICHHE HWHAYKIHUUA, HEOOXOIUMO
YBEJIMYHUBAThH HAMIPSKEHHOCTh HAMArHUYMBAOIIETO MOJIsL. A Tak Kak
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_ Bm
- ]
Hm 1o
TO OTHOCHUTCJIbHAA MarHUTHasA NPOHUIAEMOCTL [l YMCEHLHIACTCSA C POCTOM HaCTOThI

Hr

H3-3a YBCIIMYCHUA aMIJIMTY bl HAIIPAKCHHOCTH I1OJIA H m:

IIpy HeW3MEHHOW MAarHUTHOM MHIAYKLUHHM XapakTep W3MEHEHUs IOTEphb
MOIIIHOCTA Ha IMEpPEMarHU4YMBaHUE ONPEIEISAETCS 3aBUCUMOCTBIO 3THUX MOTEPH OT
BHUXPEBBIX TOKOB. A TaK KaK IIOTEPU MOIIHOCTH PONOPLUHUOHATBHBI KBaIPaTy YaCTOTHI
IEPEMEHHOTO MOJIs, TO M 3aBUCHUMOCTh 3THUX HOTEPh B (DEPpPOMArHeTUKE HMEET
KBaJ[paTUYHBIN XapaKkTep OT U3MEHEHHS 4acTOThI (CM. puc. 3.18).

Ecnu yBenu4uBaTh 4acTOTy NEPEMEHHOIO MAarHUTHOTO IIOJIS, MOJACPKUBAS
MOCTOSIHHOW €ro HanpsiKeHHOCTh, TO (popMa TMHAMHYECKOW METIN MpUOIMKaeTCs K
AIUTUIICY, a aMIUIATY/1a MATHUTHOM MHAYKIMU YMeHbIaercs (puc. 3.19).

‘ B
i Bml
i Bm2 [/

Puc. 3.19. CeMelicTBO JMHAMMYECKHUX TI€TE)Ib HAMArHUUMBaHus npu H m= const

OHpGILCHI/IB 1o CeMeﬁCTBy JAUMHAMHUYCCKUX IICTC/Ib HAMAarHn4uBaHUA 3HAYCHUA
MarHuTHOM I[IPOHHUIACMOCTH [l U IIOTECPU MOIIHOCTH Ha IIEpEMArHuiuBaHuE, CTPOUM

sapucumocty W, = F(f) u P = F(f) (puc. 3.20).

Hr

f f
Puc. 3.20. 3asucumoctn pp = F(f) u P = F(f)
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C pocToM H9aCTOThI OTHOCUTCIIbHasA MarduTHasda IMPpOHNIIACMOCTb
(I)CppOMaFHCTI/IKa YMCHBIIACTCA, HO B MCHBIIHX ITPCACIIAX, II0 CPABHCHUIO C IIPCACIIOM
HU3MCHCHUS €C IIPH Bm =Const B OJTHOM U TOM XK€ HHTCPBAJIC UBMCHCHUA 9aCTOTHI.

DTO OOBACHSAETCS TEM, YTO C POCTOM YACTOTHl YMEHBIIIACTCS aMILUTUTY/1a MAarHUTHOU
uHAYKIMM ~ (eppomarHetuka — u3-3a  ycwieHus — dpdexta  BBITECHEHHS.
DJIIeKTPOJIBIKYIIAasi CUjla, HABOJAWMAs B JJEMEHTaApHOM KOHTYpe FEjy;, 3aBUCHUT OT
uHIyKIuu By, n wactoTs! f MarHuTHOTO MOTIS:
Eye =SBy T,

rje S — monepevyHoe ceueHue odpasia.

N3 npuBeneHHOro ypaBHEHUSI BUJIHO, YTO AJICKTPOABMIKYIIAS CUJIa BUXPEBOIO
TOKa TIPU HEM3MEHHOW HANpPSHDKEHHOCTH TIOJISI BO3PACTACT C YBEIMYEHUEM YaCTOTHI
MeJJICHHEE, YeM TPH MOCTOSHHOW aMIUTUTY/Ie MAarHUTHOW WHIYKIIUH, TaK KaK POCT
O/1C 3a cyeT 4acTOThl YaCTUYHO KOMIICHCUPYETCS €€ YMEHBIIICHUEM HM3-3a CHIDKCHUS
MArHUTHOW WHIYKUMHA. MEIJIEHHOE BO3pAaCTaHUE JJIEKTPOABMKYILICH CHJIIBI, a
CJIeIOBATEIbHO, U BUXPEBOTO TOKA, MPOTEKAIOIIEro IO 3JIEMEHTApHOMY KOHTYpY,
MPUBOJUT K TOMY, 4YTO d(PEGEKT BHITECHCHHS NIPU HEU3MEHHON aMIUIUTYE
HaNpsHKEHHOCTH BBIPa)KEH MEHee SIpKo, ueM npu By, = const.

[TosTOMy OTHOCUTENbHASI MAarHUTHASI TPOHUIIAEMOCTh U3MEHSETCSI B MEHBIIEM
JMana3oHe Mo CPAaBHEHHUIO CO CIIy4aeM, KOrla MArHUTHAs UHIAYKIUS O KUBAIACh
HEU3MEHHO.

Anamm3 ypaBHeHui (3.15, 3.16) mokaspiBaeT, 4TO MOTEPH HAa TUCTEPE3UC U
BUXPEBBIE TOKH BO3PACTAIOT HE3HAYUTENIHHO C TTOBBIIIEHUEM YaCTOThI, TAK KaK UX POCT
C MOBBIIICHUEM YaCTOThl YACTUYHO KOMIIEHCUPYETCS 32 CYET YMEHBIIICHUSI MATHUTHOM
UHAYKIMA B oOpasme. Takum o0pa3oMm, TOTepH Ha TepeMarHUYMBaHHE
(dbeppoMarseTuka B 1eJI0M MEIJICHHO YBEIUYUBAIOTCS C POCTOM YaCTOTHl MArHUTHOTO
OJISL.

3.10. UHayKuMOHHBINA METO/l ONpPeAeIeHUs MAPAMEeTPOB MATHUTHBIX
MATepHaJIOB ¢ UCIO0Jb30BaHHEM ocHuLIorpada

OO0mmue cBegeHus

B cBsa3um ¢ TeM, 4TO HEBO3MOXXHO C JIOCTAaTOYHOM CTENEHBIO TOYHOCTU
paccuuTaTh XapaKTEPUCTHUKH MAarHUTHBIX MaTepUalioB IMPU HAMarHW4YWMBAaHUHM B
MEPEMEHHOM T0JIe, IMIUPOKO MCIOIB3YIOTCS JKCIEPUMEHTAIbHBIE METOAbl HX
ONIPEAECIICHHUS.

B Hacrosiiee BpeMst pazpaboTaHbl U MCHOJIb3YIOTCS Ha MPAKTUKE Pa3IMYHbIC
METOJIbl UCTIBITAaHU (DEPPOMArHUTHBIX MaTEPHAIOB B IEPEMEHHOM MarHUTHOM ITOJI€.

OCHOBHBIMH W3 HHUX SBIISTFOTCS:
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L HHHYKHHOHHBIﬁ C UCIIOJIb30BAHUCM aMIICPMCTpPa U BOJIBLTMETPA,
L4 HH,Z[YKHI/IOHHLIﬁ C HCIIOJBb30BaHUEM (I)&BO‘IYBCTBI/ITCHLHOFO BOJIBTMCTpPA

(beppomerp);
® UHAYKIIMOHHBIA C  HCIOJB30BAaHHEM  OCIIIIIOrPadUIecKoro crocoda
uzmepenus (pepporpad);

® WHIYKIIMOHHBIN C UCTIOIH30BAaHUEM KOMIIEHCATOPA IEPEMEHHOTO TOKa;
® [MapamMeTpUIEeCKUil (MOCTOBOM).
[lpy  ucnbBITaHUSAX  WHAYKIMOHHBIMH ~ MeTomamMu  m3Mmepsitotress  DJ1C,

WHIYKTUPYEMbIE B HW3MEPHUTEIBHBIX OOMOTKaxX, ¥ TOKH, MPOTEKAIOMNE II0
HaMarHM4YMBaKIIUM OOMOTKaM, HaMOTaHHbIM Ha 00pa3lax MCCIEIyeMOro
MAarHUTHOTO MaTepuaa.

NM3mepenne  DJIC, mOpoOnoOpuUMOHAIBHONW  MAarHUTHOM  WHAYKIUKA U
HAMArHUYMBAKOLIETO  TOKAa,  MNPONOPLUHUOHAIBHO  MArHUTOABIKYLIEM  CHJIE
HaMarHU4MBaroled OOMOTKH, OCYHIECTBIISIETCS C MOMOIIbIO JUOO MOKA3bIBAIOIIUX
puOOpOB (aMIIEPMETPOB U BOJIHTMETPOB) JUOO AIEKTPOHHBIX OCHMIITIOTpadoB I100
KOMIIEHCATOPOB IIEPEMEHHOI0 TOKA.

Haubonee mpocThiM ©3 WHAYKIIMOHHBIX METOJOB SBJISETCS METON C
WCMOJIb30BAHUEM aMIEPMETpa M BOJBTMETpPA JJIs OINPEICIICHUS MarHUTHOU
IMPOHUIIAEMOCTH M TMOTEepb B 00pa3lax, OCHOBHOM JUHAMHUYECKON KpPUBOM
HAMarHM4YMBaHUs U JUHAMUYECKUX TETeNlb HamarHuuuBanus. HemoctatkoM »3TOTO
METOJIa SIBJISIETCA TOTPEIIHOCTh MPU NMEPEMATHUYMBAHUU MaTepuayia A0 WHIYKIUU
cBbiiie 1,2 Ti u3-3a oTkI0HeHUs! (OPMbI KPUBOW MHAYKIIMU OT CUHYCCUIAIbHOM.

HauGonee TOYHBIM W3 WHAYKIIMOHHBIX METOJIOB HCHBITAHUS MAarHUTHBIX
MAaTEPHUAJIOB SIBJIIETCS KOMIIEHCALIMOHHBIN, OCHOBAaHHBIA HAa U3MEPECHUHN HANPSIKECHNM,
MPONOPUUOHANBHBIX MHAYKIUN W HANPSHKEHHOCTM MArHUTHOTO IOJS C IOMOIIBIO
KOMIIEHCATOPOB IEPEMEHHOTO HapsiKEHUs. C IOMOIIBIO 3TOT0 METO/1a ONIPEAEIIAETCS
3aBUCUMOCTHU UHAYKIMHU OT HANIPSIKEHHOCTH TOJIs, HOTEPU HA IEPEMATHUYMBAHUE U T.
1. JloctomHcTBaMH crioco0a SBIISIIOTCSA MOJHOTA MH(OPMAIMK, BBICOKAs TOYHOCTb
W3MEpPEHU, IIMPOKUN IUana3oH HU3MEPEHUs HM3MEpsieMbIX BeauduH. HemocraTku
3aKJIIOYalOTCd B OOJIBIION JJIMTENBHOCTH IMPOLIECCa W3MEPEHUs, CIIO0XKHOCTH MU
BBICOKOM CTOMMOCTH armapaTrypsbl.

[TapameTpuueckuid (MOCTOBOM) METOJ UCHBITAHUW MAarHUTHBIX MaTe€pUalIOB,
00eCIeunBarOIINi BEICOKYIO TOYHOCTh U3MEPEHHUS B IIUPOKOM YACTOTHOM JIHara3oHe,
3aKJIFOYAETCS B ONPEACIICHUM HWHAYKTUBHOCTH M CONPOTHUBJIEHUSA KATyIIKH C
HCTIBITYEMBIM OOpa3IloM IMyTeM YpaBHOBEIIMBAHUSI MOCTOBOW CXEMbl M3MEHEHUEM
JIBYX IIEPEMEHHBIX ITapaMeTpoB. MeToa TMO3BOJISET MCCIEA0BaTh 3aBUCUMOCTHU
MAaKCUMAJIbBHOM HMHAYKLIUU OT MAKCUMAJIBHOTIO 3HAYCHUS HAIPSHKEHHOCTH MOJI,
ONPENEATh MArHUTHYI0 [POHUIAEMOCTb, IOTEPU HA MEPEMATHUYUBAHUE U
COCTaBJIAIOIIME KOMIIJIEKCHOTO MAarHUTHOI'O CONPOTHUBIIEHUA. B OCHOBHOM MOCTOBOM
METOJI TPETHA3HAUEH JJIsi OMpPENeNICHUs XapaKTePUCTHUK B CIAObIX TOJAX, KOrna
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UHAYKIMS B oOpa3ie He npebiimaeT 80 % OT MHAYKIMH HACBHIIEHUS UCCIEAYEMOTO
Marepuania.

JIoCTOMHCTBAMU JAHHOTO METOJA SIBJISIFOTCS BBICOKAss TOYHOCTh M3MEpPEHUS,
BO3MOXHOCTb ONPEACIICHUS MPAKTUYECKU BCEX XapaKTEPUCTUK, ITUPOKUI YaCTOTHBIN
JAaNa30H UCIIbITAaHUM.

Haubonee ynoOHBIM M HATJSIHBIM METOJIOM HCCIIENOBAHUS JTUHAMHYECKHUX
XapaKTEPUCTUK MAarHUTHBIX MAaTEPUAJIOB ABJISIETCS MHAYKIMOHHBIN C UCIIOJIb30BAaHUEM
ocrmuiorpada, CyTh KOTOPOTO 3aKJIIOYAeTCsl B HM3MEPEHUM  DJICKTPUYECKUX
HANPsKEHUH, MPOMOPIMOHATIBHBIX MATHUTHON UHAYKIIMU U HAIPS>)KEHHOCTH TOJIS, C
MTOMOIIIBI0  AJIEKTPOHHO-ITYYeBOro ociuuiorpadga. OTOT METOA HUCIHOJIb3YeTCs s
M3MEpEHUs TMoKa3aTeJiel M BU3yaJIbHOTO HAOJIOJCHUS OCHOBHOW JHHAMHYECKON
KpPUBOl HaMarHMYMBAHUS, CEMEWCTB JIMHAMUYECKUX TIE€TE€Ih HaMarHUYUBaHMUS,
ompesneeHus] TMOTeph Ha TMepeMarHuuuBaHue, auddepeHnaaTbHoil MarHUTHOM
MIPOHUIIAEMOCTH, A0COJIFOTHONH M OTHOCHTEIHHON MAarHUTHBIX MPOHHMIIAEMOCTEH B
Jana3oHe 4acTOT MarHUTHOTO 1moJist oT 20 't 10 HECKOJIBKHUX eCATKOB KI 1.

OCHOBHOM HEIOCTATOK ATOTO METOJIa 3aKJIOYACTCS B CPABHUTEILHO BBICOKOM
MOTPEIIHOCTH MCIOJIb3YEMOI'0 CPEJICTBA PETHCTpPAIMU, COCTABJISIONIECH HECKOJIBKO
MIPOIIEHTOB.

BrimenepeuncieHHbie JIOCTOMHCTBA ocruiorpaduIecKoro MeTo1a
MU3MEpPEHHUsI, 00YCITOBUIIM €T0 UCIOJIb30BaHHUE JIJIsl UCCIIETOBAHMS CBOMCTB MAarHUTHBIX
MaTepHuasoB B JabopaTopHOU paboTe.

PaccmoTpum Gostee moapoOHO CyTh 3TOTO METOA.

[IpuHIMOMaTbHAS DJIEKTPUYECKas CXeMa YCTAHOBKU Il HCCIICIOBAHMS
MAarHUTHBIX MaT€pUAJIOB UHAYKIIMOHHBIM METOJIOM C HCIIOJb30BaHUEM 3JIEKTPOHHO-
Jy4eBoro ociuiuiorpada npuseacHa Ha puc. 3.21.

V

o f
UBbI); : ~ W, § \ é W, (O—
2
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Puc. 3.21. IlpuanunuanbHas 2JIEKTpUUECKast CXeMa yCTaHOBKU:
1 — 38yK0801i cenepamop; 2 — uccredyemvlii oopazey; 3 - IeKMPOHHO-TIYYEB0U OCYULIOZPAPD

s obecnieyeHus: HEOOXOJMMOM TOYHOCTH M3MEPEHUM JIydllle BCEro
MPUMEHATH 00pa3lbl, B KOTOPHIX HCKIIOYEHO BIUSHHUE BO3IYIIHBIX 3a30pPOB H
paccestHusi MarHUTHOTO TOKa W B KOTOPBIX HAMNPSKEHHOCTH MMOJSI BO BCEX TOYKAX
oOpasiia MpakTUYeCKH OJ[HA U Ta JKe.

UTtoObl  BBINOJHUTH JaHHbIE TpPeOOBaHUSA, HCIOIB3YIOTCS  KOJIbIIEBBIC
(ToponaanbHbie) 00pasisl U 00pasilbl B BUJIE CTEPIKHEH C pa3IMYHBIM OTHOIIEHHUEM
JUTUHBI K TTIONIEPEYHOMY CEUEHHUIO.

Konbuesbie 00pasiibl, HAMarHUYMBaeMbl€ IO 3aMKHYTOMY KOHTYpY, HauoboJsee
IIMPOKO MPUMEHSIIOTCS JJIsl UCIBITAHUSI MAarHUTHBIX MaTepuajoB ¢ MaKCUMaJIbHOMN
HaIpPSKEHHOCTHIO MarHUTHOTO T1oJ1st 110 50 kKA/M. [lnomans ceuenust oOpasia JoHKHA
ObITh TOCTOSTHHOW MO Bcell anmuHe. PazHocTh Mexay HamOoJblIed W HauMEHBIICH
IJIOMIAISIMU CeUeHMs Jonyckaercs He 6osiee 1 %. KomblieBbie 00pasilbl TUCTOBBIX U
JIEHTOYHBIX MATEPUAJIOB M3TOTABIMBAIOT COOPKOM M3 IITAMIIOBAHHBIX M TOYECHBIX
KOJell WM CHUPAJbHONM HaBUBKOW. @DeppuToBbIE 00pa3lbl U3TOTABIMBAIOTCS
IPECCOBAHUEM.

Bremnuii nuameTp oOpasiia He JOJKEH MPEBBINIATh BHYTPEHHHM 0oJiee ueM B
1,3 pa3a. D10 0OBICHSAETCS TEM, UTO B KOJBIIEBBIX 00pa3iiax ¢ OOIBIIMM OTHOIICHHEM
BHEIIIHETO JUaMeTpa K BHYTPEHHEMY HAOJIOMAeTCsl CUJIbHAsS HEPAaBHOMEPHOCTH
HaMarHUYHUBaHUS, MPUBOJIAIIAS K 3HAYUTEIHLHBIM MOTPEUTHOCTSIM MPU UCCIICIOBAHUH.

B pabore uccnemyrorcss oOpasibl M3 Pa3IMUYHBIX MArHUTHBIX MaTepUaioB
TOPOUJIAJIBHONW (POPMBI, Ha KaXKJIOM H3 KOTOPBIX HAMOTAaHO MO JIB€ OOMOTKH:
HamaranuuBarotias Wy u usmepurensuas W,,.

[TocnemoBarenbHO C HAaMAarHWUYWBAKOIMIEH OOMOTKOW BKIIIOUEHO AaKTHBHOE
compoTuBieHue R, a K 3aKuUMaM U3MEPUTEITHLHONM OOMOTKHM TOJKIIOYCHA
UHTETpUpylolas Ielb, COCTOAIlAs U3 TACCUBHBIX JJIEMEHTOB: AaKTUBHOTO
conpoTtuBieHus R, 1 KoHaeHcaTopa eMKOCThIO C,.

[Ipy mopave Ha 3aKUM «~» BBIXOJIHOTO HANPSHKEHUS 3ByKOBOI'O I€HEpaTropa
Uswix IO HAMarHMYMBaroIe 0OMoTKe 00pasiia HayHEeT MPOTEKaTh HaMarHUYMBAIOLIU N
TOK Iy, KOTOPBIA CO3[a€T MArHUTOJBHKYIIYIO CHJIY, BBI3BIBAIOIIYIO IOSBJICHUC B
o0pa3ile MarHUTHOTO TTOJIS.

MrHoBeHHOE 3HAYEHHWE MArHUTOJBUKYIIEH CUJbl Fy CBSI3aHO C MTHOBEHHBIM
3HaYEHUEM HANpsHKEHHOCTH TOoJs B JI000H Touke oOpasua H; cremyrommm
COOTHOIIIEHUEM:

Ft = |H WH =2n- GC . Ht’ (317)
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rae Iy — MTHOBEHHOE 3Hau€HHE HAaMAarHWYMBAIOLIETO TOKA; ey — CPEIHHUHA pamuyc
KOJIBIIEBOTO 00pasiia, paBHbIN

rae Iy — BHEIIHUM paauyc cepiedHuKa o0pas3ua; Iy, — BHYTPEHHUN paguyc
ceplieyHuKa 00pasua.
N3 ypaBuenus (3.17) Beipazum H; uepe3 HamaranuuBaromuii Tok. [lomyanm:
Ty Wy (3.18)
21 - Tepy
N3 Beipaxkenus (3.18) BUAHO, YTO MTHOBEHHOE 3HAUYEHUE HAMNPSHKEHHOCTH
MarHuTHOTO TMOJs B JOOOH  Touke oOpasma  MPSMOIPOIIOPIIMOHAIBEHO
HAMarHMYUBAIOMIEMY TOKY Iy.

Hy =

Taxkum oOpa3zoM, U3MEPHUB 3HAYCHHE HAMArHUYMBAIONIETO TOKA M 3HAS YUCIIO
BUTKOB HAMarHMYMUBAOIIEeH OOMOTKH M CPEeTHUI paaryc 00pasiia, MOKHO ONPEIETUTh
1o ypaBHEeHHUIO (3.18) MrHOBEHHOE 3HaUYCHHE HAMPSHKEHHOCTH MAarHUTHOTO TTOJISI.

[IpeobpazoBap BeipakeHue (3.18), moiaydyuMm ypaBHEHUE Ui aMIUTMTYIHBIX
3HaYEHUI HAMPSHKCHHOCTH MOJIsl © HAMAarHMYMBAIOIIErO TOKA.

Hpp = mn W (3.19)
21 - Ty

YyuThiBas, 4TO OTKJIOHEHHE JIyda B DJIEKTPOHHO-TY4E€BOM ocImuuiorpade
MPOTIOPITMOHAIBHO 3HAYCHUIO HAMpPSHKEHHS, I0/1aBaéMOT0 Ha BXOJ  YCHUIIUTEIS,
BO3HHMKAET HEOOXOJAMMOCTh MpeoOpa3oBaHUs HAMarHUYHMBAIONMIETO TOKA B
HampsDKeHHE.  OJTO  OCYHIECTBISCTCA  TOCJCIOBATEIBHBIM  BKJIIOYCHHEM  C
HaMarHUYMBAIOIIEH OOMOTKOM ATaJIOHHOTO aKTUBHOT'O CONPOTUBIIEHU R, (puc.
3.21). Ilpu mporekaHuu TOKa I, MO COMPOTHUBICHHIO R,, Ha MOCIEIHEM CO3acTCs
MaJieHue HATIPSHKCHUS

Uy=Rg-ly.
AMIUIITYTHOE 3HAYCHHUE dTOTO HANPSKEHUS
Umnx =Rg - 1y (3.20)
[ToncraBuB B ypaBHeHue (3.19) Bmecto Toka |y, ero Beipaxkenue u3 (3.20),
MOJTYIUM
WH
Hn :m.umx. (3.21)
cp Mo

W3 ypaBHenus (3.21) BUIHO, UTO €CJIM HA BXOJ «X» Maaarh HanpspkeHHe Uny ¢

compoTuBiieHus: R,, TO OTKJIOHEHHWe Jy4da ocuuuiorpada 1Mo ropu30HTAILHOW OCH

IMPAMOIIPOIIOPHHUOHAJIBHO HAIIPSXKCHHOCTH MAIrHUTHOI'O I10JIA B O6p3311€.
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MarHuToABIKYIIAsT CHJIA TOKA Iy CO3MIAeT B CEpACYHHMKE O0paslia MarHUTHBIN

MOTOK, KOTOPBIM HABOJAUT B U3MEpHUTENbHON HaBoiKe DJIC

do dB
e=-W, —Lt=-W, - d_tt

rac WH — YHUCJIIO BHTKOB HBMCpHTCHBHOﬁ 06MOTKI/I; ®; — MIrHOBEHHOE 3HAYCHUE

(3.22)

MarHUTHOTO TIOTOKAa B CEpJCYHHMKE 00pa3ia; S — IUIOMAab IMOMEPEYHOIO CCUCHHUS
cepaeuHuka oopasia; B; — MrHOBeHHOE 3HaYeHUEMArHUTHOM MHTYKIIUUB CEPIICIHUKE
oOpasia.

UtoObl mONyYnTh HA 3KpaHe ocuwuiorpada JUHAMUYECKYIO IMETIIO
HaMarHW4YMBaHUs HAJI0 HA BXOJ «Y» JJIEKTPOHHO-JIy4€BOro ocmwniorpada moaaTh
HaIpsDKEHUE, KOTOPOE JOJHKHO OBITh IPOIOPIIMOHAIEHO MArHUTHOW WHIYKITHH,
co3maBaeMoii B oOpasme. C 9TOH 1enbl0 U3MEpuTelabHas o0OMOTKa oOpasia
MTOJICOCUHSCTCS 110 BXOJy MHTETPHUPYIOUIEH IIEIH C MTACCHBHBIMM 3JIeMEHTaMU R, u
Cy (puc. 3.21).

Torna MrHOBEHHOE 3HaYEHUE TOKA, MPOTEKAIOIIETO IO WHTETPUPYIOIICH TIeMH,
oTpeesieTcs

= (3.23)

Ecan BBINOJTHUTH YCIIOBHUEC RH >> Xc. ., TO MOXHO CYHUTATh, 4YTO TOK B
u

WHTETPUPYIONICH [ENN SBJISICTCS MPAKTUYCCKH aKTHBHBIM (1=15). Torma HampspkeHue
Ha BXO0Jie MHTEeTrpaTopa Oyaet paBHo uHTEerpary oT 3/1C, HaBoAMMOM B M3MEPUTEIHLHOM
00OMOTKe

Wy-S

t t
1 .. 1 e
UBHX:C—jl-dt:—j—-dtz— B . (3.24)

uQ CI/IORI/I Ry -Cy

PemnB ypaBHeHue (3.24) OTHOCUTENBHO BEIMYUHBI By momyunm

RH 'CI/I
Bt: W. .S *YBBIX ! (3-25)
.
rne R, — aktuBHOe compoTuBieHHWe wuHTErpupytomed uenu; C, — €MKOCTb

KOHJEHCATOPA 3TOU LIEIH.
N3 ypaBuenms (3.25) BUIHO, YTO WHAYKIUS B 0Opasile MPOIOPIIMOHATBEHA
BBIXOJIHOMY HaIIPSKEHUIO0 HHTETPUPYIOLIEN LIETIH.
[lepexons Kk aMIUIMTYIHBIM 3HAYEHUSIM MHIYKIIMU Y BBIXOJHOTO HAIPSKECHUS
MHTETPUPYIOLIEN LETH, TOTYy4YUM
_ RI/I .CI/I

Bm _m'umBHX’ (3-26)
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[TomaB HanpspkeHne ¢ Bbixoaa HHTETpaTopa Umps,x HA BXOJ «)» M HANPSHKEHUE C
conpoTuBicHUs R, Ha BXoxa «x» ocrumiorpada, Ha 3KpaHe MOCIECIHET0 MOJyYHM
JTUHAMUYECKYIO TIETIF0 HaMarHUIMBaHUS.

UToOBI peakiusi U3MEPUTCIBLHON IENH HE BIHMUIA Ha (POpMy THHAMHYCCKOM
MIETJIH, KEIATeIbHO, YTOOBI MATHUTOABUKYIIASI CHJIA TOKA U3MEPUTEIHHOU OOMOTKH
OblJ1a 3HAYUTEIHHO MEHBINE, YEM MArHUTOJBIDKYIIAS CHJIA TOKa HaMarHUYECHHOU
0OMOTKH, T. €.

ﬁzo,om.
W, -S

-
JUig mony4eHHus: HEMCKa)KEHHOM (OpMbl TMHAMUYECKOW METIM MOCTOSIHHAS
BpPEMEHU MHTErpaTopa JOJDKHA YIOBIETBOPSTH CIEAYIOLEMY TPEOOBAHUIO:
1

1, =R, -C, >(60+100) ———,

(3.27)
rie fmin — HaMMEHbIIIast YacTOTa MEPEMEHHOI0 MAarHUTHOTO TTOJISL.

[To aktuBHOMY compoTuBieHHUI0O R, u eMmkoctm koHaeHcaropa Cy,
PacCUYMTHIBACTCS MIOCTOSTHHAS BPEMEHU MHTETPUPYIOIICH ICTIH T, TI0 YPaBHEHUIO

T, =Ry - Cy. (3.28)

3atem omnpeaesieTcsl HauMeHbIas 9acTOTa MarHUTHOTO IOJISA, TPU KOTOPOH
BBIXOJTHOC HANpPSOKCHHE HWHTETrpaTopa IMPOIMOPIIMOHAIEHO MAarHUTHOW HWHIYKIIMH B
obpasrie:

60
fmin :2—- (3.29)

Ty

[lpu yacrore marnutHOro mons f<fnin McciaemoBaTh oOOpasell HeNb3sl M3-3a
00X UCKKEHUHN (HOPMBI TMHAMUYECKON TMETIN HaMarHUYMBaHWUs, BhI3bIBAEMBIX
WHTETPUPYIOIIEH 11eTbio0 00pasIia.

3.11. O0beKT uccjaeaoBaHuAa

OOpa3zubl (heppOMarHUTHBIX MAaTEPUAIOB TOPOUAAIBLHOM (OPMBI C JBYMS
00MOTKaMM: HAMarHU4uBaroIiei u nsmeputeabHoi. [lapameTpsl 06pa3iioB 1 0OMOTOK
NpuUBEIEeHb B TaOJMIaX, pPAaCIOJIOKEHHBIX Ha Koprycax o0pasnoB. Ilapamerps
00pa3IoB 1 0OMOTOK 3aMMChIBAIOTCS B Ta0. 3.2.

Tabmuma 3.2
JlaHHBbIE HCCIeayeMoro odpa3ua

Howmep oOpasima JlaHHBIE CXEMBI

o ed = orl 2 = of UYncnosurko | © © o UnTterpartop SR
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3.12. CpeacrBa u3MepeHusi M BCIIOMOTaTe JIbHbIE CPEACTBA MCCJIe0BAHUSA

Ocmmnorpad yauBepcanbusbiii Tuna Cl-73.
3BYKOBOI F€HEpaTOp C PEryJIMPyEMbIM HANPSKEHUEM U YaCTOTOM.

3.13. IloaroroBka ocuniorpada k padore

[lepen BKIIOUEHHWEM ocHUUIOrpada YCTAaHOBHTH OPTaHbl YIPaBICHUS Ha
MIepeTHEH MaHeNn B CIACAYIONINUE TTOJI0KEHUS:

® PYUKY «IPKOCTB» — B KpaliHee JICBOE;

® pyuKy «(hOKyC» — B CPEIHEE;

e niepexrouarenb «V/nem» — 0,01;

® PYUKY «YCHUJICHUE» - KpallHee MPaBoe;

® pyuKy «J» — B cpenHee;

® [IEPEKITIOYATENh « ~_ L~ » B «=»;

® PYUKY «YPOBEHB)» — B KpaifHEE MPaBOE»

® PYUKY «<>» — B CpEIHEe.

Jlanee yctaHoBUTH TyMOJep «pa3BepT. X» Ha TpaBol OOKOBOW MaHEIH B

nonoxenne «2 X». Moakmounts ocuumiorpad xabenem nuranus K cetd 220 B u
BKJIFOUUTh TyMOJIEp «IMTaHHWE» Ha nepenHeil ma”enu ocuuviorpada. Ilpu stom
JOJDKHA 3aropeTbcs CHUTHajbHas Jiamrodka. B TedeHwe 2-3 MHUHYT MpOrpeTh
ocimuuiorpad. Iloka  ocmumiorpad  mporpeBaercs, HEOOXOAMMO  HAHECTH
KOOpJAMHATHYIO CETKy ociwuiorpaga Ha JHMCTKM Kaibku. Ilocie mporpesa
ocuusuiorpada yCTaHOBUTE PYUKOU «IPKOCTH» YIOOHYIO IPKOCTh TOUKH. PyKosTKON
«]» yCcTaHOBHTE TOUYKY Ha TOPH3OHTAIBHYIO OCh 3KpaHa ocimniorpada. PykosTkoii
««>» YCTaHOBUTE TOUKY TOYHO IO IIEHTPY SKpaHa.

B pe3ynpTaTe BBINOJHEHUS BBILIEIEPEYUCIECHHBIX Olepanuil ocuuuiorpad
MOJITOTOBJICH K BBHITIOJIHEHUIO SKCIIEPUMEHTAIBHOM YacTH JIaDOpaTOPHOU padOTHI.
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3.14. KaaunopoBka ocumiiiorpaga u onpeaejieHue MacmradoB 1o
HANPSAKEHHOCTH M HHAYKIMU MATHUTHOTO MOJIA

Jlis ompeneneHus aMIUTUTYIHBIX 3HAYEHUM HHAYKUUHM W HANpPSHKEHHOCTH
MarHMUTHOTO TOJIA 00pasla Mo JUHAMHYECKUM IETISIM HEOOXOJUMO OIpeNeIUTh
YyBCTBUTEIBHOCTh OcLuiuIOrpada Mo BXoAaM «x» U «y». Eciu mpu 3apucoBke
JMHAMHYECKUX TETEeb HAMarHWYUBaHUS pydyKa «yCHUJICHHE» HAXOJIUTCS B KpailHem
IPaBOM TOJIOKEHUH, TO YyBCTBUTEILHOCThH OCIIMILTOTpada 1Mo OCU «)» ONpeAesieTCs
0 YHUCIy, NMPOTHUB KOTOPOTO HAXOAWJIACh pHUCKa mepekmtovarens «V/mem», eciu
ociyuiorpad ObUT  TIPAaBWIBHO OTKIMOpoBaH. JIsi TPOBEPKHU MPaBHIBHOCTH
KaJTMOpOBKM HEOOXOAUMO Mepekiouarenb «V/mem» yCTaHOBUTh B TMOJOXKEHHUE «5
nem». [lpu npaBuinbHOW KanmuOpOBKE HaA JKpaHe ocHuwUIiorpada MOsSBATCS JABE
TOPU30HTAJIBHBIC JIMHUM WJIM JIB€ TOYKH, CMEIIEHHbIE Ha 5 KIETOK (AeneHuil)
OTHOCHUTEJILHO JIPYT JIpyTa.

Ilpumep: Tipu 3apHCOBKE IMHAMHYECKHUX TME€TENh HAaMarHWYMBAHHUS pydKa
«YCHWJICHHE» HaXxOUTCS B KpalfHEM MPaBOM IOJIOKECHUH, a TIepeKmodarens  «V/mgen»
— npotuB uucina 0,02. [Ipu nepexitoueHnn nepexiroyarens «V/nem» B NoJ0KeHHe «5
JIeJ1» Ha SKpaHe NOSIBIIINCH JIB€ TOPU30HTANIbHBIE JIMHUN Ha PACCTOSHUU 5 KJIETOK JPYT
OT JpyTa.

B sTrom ciydae macmrab ocipiiiorpada mo BXOy «H» COCTaBIsIET

m, =0,02 B/nen.

Macmrrad m; HeoOX0aUMO 3anucarh B Ta0I. 3.3.
Tao0muma 3.3
OnpenesieHue MAcCIITA00B MO0 HANIPSAKEHHOCTH M UHIAYKIMU MATHUTHOTO TOJIs

N3mepeno Brruncneno
Ny 778 Ne U, ms my M: My
Jien. B/nen. Jien. B B/nen. B/nemn. T\mMm A/M/MM

Ecnu pyuka «ycuiaeHue» HaxoJujach B MOJIOKEHUHU, OTIIMYHOM OT KpailHero
MpaBoro, TO pacyeTr macuTada OCyHIECTBISETCS cleayromuM oodpasom. CoxpaHss
PYUKY «yCHIJICHHE) B TOM K€ MOJIO)KEHHUH, UTO U MPHU 3apPUCOBKE JTUHAMUYECKUX ME€TEITh
HaMarHWYMBaHUsA, TepekiouaTens «V/mem» yCTaHOBUTh B TIOJIOXKEHUE «S5 Jem».
N3Meputh paccTosHHE O BEPTUKAIBHOM OCH MEXAY JABYMSI TOPU30HTAIbHBIMU
JUHUSMHA WU TOYKaMH Ny W 3ammcath B TaOnuiy 3.3. Torma 4yBCTBUTETHHOCTH
octiorpada mo ocu «)» MOXKET ObITh pacCUUTaHa CIEAYIOUIUM 00pa3oM:
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m, = 8.5, (3.30)
nB
rne ms; — YYBCTBUTEIBHOCTH ocuumiuiorpada, OmpeneieHHas 4YHCIOM HalpOTHB
nepexmouarens «V/mem» B pabodyeM TMOJOXKEHUH; Ny — PACCTOSHHUE MEXKITY
TOPU30HTAJIbHBIMU JIMHUSMHU B JIE]T.

Pe3ynbrar pacuera 3anuceiBaercs B Ta0u. 3.3.

ITpu kanmOpOBKE yCHJIMTENsI CUTHAJA Ha OCH «X» HEOOXOIMMO COEAVHUTH
raesno «2 Xy, pacIonoKeHHoe Ha npasoil 6okoBoi manenu. C raesgom « STL1V»,
PacroJIOoKEHHBIM Ha JIeBOW 00KOBOM naHenu. OnpeneanTb pacCTOSTHUE MEXAY ABYMsI
BEPTHUKAIBHBIMU JIMHUSAMU Ny U 3amucath B Ta6n. 3.3. Hampspkenue, monaBaeMoe Ha
BxoJ ycunutens x, paBHo 1 B. Torma 4yBCTBUTENBHOCTH ocumiuiorpada o
TOPU30HTAJIBHOM OCH (OCH «X») PACCUUTHIBAETCA 10 YPABHEHHIO
_Ur

my
Ny

(3.31)

Paccunrannoe 3HayeHre M, 3anMChIBaeTCs B Ta0II. 3.3.
[Io ompeneneHHbIM MacmTadbaM M, U My, PACCUUTHIBAIOTCA MACIITAObI IO
VHAYKIHUU U HAMPSHKEHHOCTH MarHUTHOTO 110JiA My 1 My, 0 ypaBHEHUSIM
m,-R,-C
M, -8 " “n. (3.32)
6-W,-S
mr ’WH
H — ’
6-Ry-2m 1

(3.33)

rne g — CpeHuil panuyc cepaeuHuka, M; R, — 00pa31oBoe CONpPOTUBIEHUE B LEIH
HaMarHu4IuBaromen 0omMotku; W, — 9iciio BUTKOB HaMarHuuuBaroien oomorku; W,
— YHCII0 BUTKOB M3MEPUTEIBHOW OOMOTKH; R, — COMpOTHBIEHWE WHTETPUPYIOIICH
ey, Om; C, — €eMKOCTh HMHTETpHUpYIOmel menu, ¢; S — IIomaas MomepeyHoro
CeueHHs cepleYHHKa o0pasia M2,

Onpenenennbie MaciTadbl M, u M, 3anuceiBaroTcs B Tadnuiry 3.3.
3.15. IToaroroBKa 3ByKOBOI0 reHepaTopa K padore

Metoauka TOATOTOBKM 3BYKOBOI'O TeHepaTopa K paboTe, HamucaHa
MPUMEHUTENBHO K reHeparopy I'3-53. IIpu ncnonap30BaHnM reHEpaTopa Ipyroro TUna
HEO0OXOJUMO TIPOM3BOAMTH IIOATOTOBKY K paboTe COIJacHO MHCTPYKIMH IO
JKCIUTyaTallui WIA B COOTBETCTBUU C YKa3aHHUEM MPEIOAABaTES.

Ilepen BKIIFOUEHUEM 3BYKOBOT'O T'€HEPATOpPa HEOOXOIMMO YCTAaHOBUTH OPraHbI
yIpaBlieHUs Ha MepeIHel naHeau npuodopa B CIEIyIOIINE MOJI0KEHUS:

e [IEpEKIII0YaATENb «IoAananazoHsd — «Ok Hz»;
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® pYKOSITKY «4actora Hz» — B mosio’)keHHEe HpU KOTOPOM pHCKa yKa3aTels
4acTOThI OKa3bIBAETCS MPOTUB LUPPbI 0 HA 1IKaJIe YaCTOThI COOTBETCTBYIOIIEH
nogauamna3zony 0 — 5 kl'm;

® [IEPEKITI0YATENb «IIPEACIIBI IIKa, OCiIadIeHue» — 3 B;

®PDYKOSITKA «PEryJUpPOBKAa BBIXOAA» — B TOJOKEHHE, COOTBETCTBYIOIIEE
3HAYEHUIO BBIXOJJHOTO HAMPSKEHUS, PABHOTO HYJIIO.

3aTeM cienyeT MOJAKIIOYUTH TeHepaTop KaleneM mutaHus k cetu 220 B u

BKJIFOYMTH NIEPEKIIIOYATEND «CETh». [Ipr 3TOM I0JKHA 3arOpeThesl CUTHAJIbHAS JIAMIIA.
B teuenue 2 — 3 MUHYT IporpeTh reneparop. Ecim nociie nporpesa BOIbTMETP
HAMNPSDKEHUE BBIXOAA» MOKAXET HaIpsHKEHUE, OTJIMYHOE OT HYJs, HEOOXOAUMO
IJIABHBIM BpAIIEHUEM PYKOATKH «YyCT. HYJS» JOOUTHCS HYJIEBOTO TOKa3aHUS
BOJIBTMETPA.
[lociie BBINONHEHHs] BBINICYKA3aHHBIX ONEpalMil  3BYKOBOM T'€HEpPaTop
MOATOTOBJIEH K padoTe.

3.16. JIabopaTopHas padora Nel. «McciienoBanme CBOMCTB MATHUTHBIX
MaTeprajioB B MATHUTHBIX MOJISAX NOCTOSIHHOM YyacToTh». Llean padoTsl

[leapto mabopaTopHOil pabOTHl SBISETCS O3HAKOMIIGHHWE CTYJIEHTOB C
WHAYKUAOHHBIM METOJAOM HM3MEPEHUS MAarHUTHBIX BEIMYMH U IKCIEPUMEHTAJIBHOE
OTIPE/ICIICHNE CBOMCTB M XapaKTEPUCTUK (EPPOMATHUTHBIX MaTEPHAIOB IIPH
BO3JICHICTBMM HA HUX MArHUTHOI'O IMOJISI ITOCTOSHHOM YaCTOThI C M3MEHSIOLICHCS 10
aAMIUIATYI€ HAPS)KEHHOCTBIO.

3.17. Pabouee 3aganue

Cobpatb cxeMy ycTaHOBKH (puc. 3.21).

3apucoBath ¢ JKpaHa ocnwuiorpaga CEeMEHCTBO NUHAMHYECKHX TMETeh
HaMarHUYMBaHUsI, HaYMHAs C TPEeJeIbHON JIMHAMUYECKOW METIU IO MHHUMAJIbLHO
paznuuumoii (6 — 7 neTensb. )

[IpousBectu kanMOPOBKY ocuuuiorpada.

[Io ngaHHBIM KaJIMOPOBKM pacCUMTATh MACIITa0bl MO HAIMPSKEHHOCTH U
WHYKIIMYM MarHUTHOTO TOJISI.

Jns  kaxao U3 JAMHAMHUYECKUX II€Tellb HaMarHUYMBaHUSL OIpPEIEIUTh
aAMIUTATYHbIE 3HAYCHUS HAMIPSYKEHHOCTH U MAarHUTHON MHAYKIIWH.

Jns kaxao W3 JAMHAMUYECKUX TIeTellb HaMarHUYUBAaHUS  OMpPEICIUTh
yJeJIbHBIC MOTEPU HA TEPEMarHUYMBaHUE.

Onpenenuts [ KaXJI0W JIUHAMHUYECKOW TETIW 3HAYEHUE MAarHUTHOU
MIPOHUIIAEMOCTH.
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Paccuntate mo mnpenenbHON AMHAMHUYECKON Tmerie AudQepeHunaIbHyo
MAarHUTHYIO MPOHUIAEMOCTh IPH Pa3IUYHBbIX 3HAYEHUSAX HANPsHKEHHOCTH IOJIA B
auana3oHe u3MeHenus ee ot 0 1o Hm u oOpartHo.

[MocTpouTts 3aBucumoctu Bn=F(Hm), l=(Hm), Hrg=(H), P=F(Bn).

CnenaTh BBIBOJIBI IO padoTe.

3.18. Merognueckne peKOMEHIANUN K BBINOJHEHUIO Pa004ero 3aJaHusi

3.18.1. Iloozomoeka k nposedeHuro IKcnepumenma

[lepen HayamoM BBIMOTHEHUA TaOOPaTOPHON pabOTHl HEOOXOIUMO MOIYUUTH Y
nabopaHTa KOMIUIEKT COEIUHHUTENbHBIX TMPOBOJOB, OCIHHIIOrpad, 3BYKOBOIi
reHepaTop U UcciaeayeMblii o0pa3el o yKa3aHUIo MPenojaBaTes.

JlanHble 0Opa3iia 3anucath B TabJ. 3.2.

[Io w3BecTHBIM MapaMeTpaM HWHTETPUPYIONICH Ilenu obpasiia paccuuTanTe
HAaMMEHBIIYIO YaCTOTY MarHUTHOTO 1ot fmin B cooTBeTCTBHU ¢ ypaBHeHHeM (3.29) u
3anuimmTe ee B Tadnuiy 3.2.

Cobepure cxemy ycTtaHoBkH (puc. 3.21).

[Tpu cOopke cxembl, B COOTBETCTBUU C puc. 3.21, rHe3ma «BXoA y» U «L»
UCCIeIyeMoro obpaslia COeauHHTh ¢ THe3goM « @ VIM Q 35pF» Tpakra
BEPTHUKAIBHOIO OTKJIIOHEHHMSI JTy4a ocIiiuiorpada, a rHe3a «BXo x» 1 «Ly» obpasia ¢
THE3/I0M « 2 ocuusuiorpadga.

[TpousBenure nOAroTOBKY ocuuiuiorpaga K paboTe B COOTBETCTBHM C
METOJMKOM, W3JI0KEHHOW B pazfene 3.13 maHHBIX METOAUYECKUMX YKa3aHUH MU
3BYKOBOT0 reneparopa (pazaen 3.15).

3.18.2. Pexomenoauuu no 3apucogke cemeiicmea OUHAMUYECKUX Nnemenb
HAMAZHUYUBAHUA

VYBenuuuBas BBIXOJHOE HANPSHKEHUWE TeHepaTopa, IOJIyYHTe Ha HKpaHe
ociiorpada npeaebHyl0 JUHAMUYECKYIO MEeT/0 HaMarHuuuBaHus. [IpenensHoi
JTUHAMUYECKON TIETIICH SBIISICTCS HAMOOJbBINAs 1O TUIOMAAN TUHAMHUYECKAs MEeTIA, y
KOTOPOU MOSBISIOTCS «yChI», CBUJIETEIBCTBYIOIINE O Hadalie HachlleHus. Hamoxus
KaJIbKy C HAHECEHHOM KOOPJIMHATHOW CETKOM, 3apUCYNTE NPEACIbHYIO JUHAMUYECKYIO
METII0 HaMarHUYMBaHUS.
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YMeHbIas BBIXOJAHOE HANPSKEHUE 3BYKOBOIO TIE€HEpATopa, 3apUCYMTE Ha
KQJIBKy CEMEWCTBO 6 — 7 NWHAMMYECKHUX IETENb OT MPEAEIbHOM N0 MHUHHMAJIbHO
Pa3IMYMMON METIIN HaMarHu4YMBaHuUsl.

3.18.3. Kanubpoexa ocyunnozpaga

Kammbposka ocimiorpada ocymecTBiIsieTcsi B COOTBETCTBUU ¢ TyHKTOM 3.14
JTAHHBIX METOJAMYECKNX ykazaHuU. [Ipu xkanmOpoBKe MOJOKEHUE TOUYKHU «YCUIICHUE)
JIOJKHO OBITh TAKWUM K€ KaK i BO BpeMsI 3apPHCOBKH JUHAMUYECKUX METEIb.

3.18.4. Onpedenenue amnaumyoHslx 3HAYEHUN UHOYKUUU, HANPAIHCEHHOCHIU
MAZHUMHO20 NOA U NOMeEPb 8 cepOeuHuUKe 00pa3ya Ha nepemMazcHuUdUGanue

[To umeromuMcs Ha KalbKax H300paKEHUSIM OMPENEISIIOTCS I KaKIou
JUHAMUYECKOM TMeTIM HaMarHW4uMBaHUsi KoopauHatel BepmmH Hp, uw Bp B
muuMeTpax. 3nauenus Hy u By, 3anuceiBatorcs B Tada. 3.4. [Ipumep onpenenenus
koopauHat Hp u By, mpuBenen Ha puc. 3.22.

Taomuma 3.4
Onpenesienne aMIUTUTYAHBIX 3HAYEHUI WHIYKIUHU, HATIPSZKEHHOCTH MATHUTHOTO
NoJisl M MOTEPH B cepleyHnKe 00pa3ia HA MepeMarHu4MBaHue

Howmep H3mepeno Brruncneno
OIbITa f B;n Hm Sn Bm Hm Hr P
I MM MM MM? T A/M 108 Br1/kr

Puc. 3.22. Onpenenennie KOOpIAWHAT BEPIIMH JUHAMUYECKUX METEb HAMAar HUUMBAHUS

AMHHI/ITYI[HBIG SHAYCHUA HWHAYKOUKW W HAIPSHKCHHOCTH MArHUTHOI'O ITOJIA
pacCUYUTBIBAOTCA:
Bm == B m‘MB. (3.34)

69



Hy =H'My. (3.35)
Jlnst ompesenieHns MOTEPh Ha TEpeMarHWYMBaHUE 00pasiia TMOJCYUTHIBAIOTCS
IUIOIMAIM KaXKJIOM W3 JWHAMHAYCCKHX II€TeNh HaMarHWYMBAaHHWSA I10 KJETKaM
MUJUTAMETPOBON OyMarv, Ha KOTOPYIO HaKJIAJbIBACTCS KaJbKa C JUHAMUYECKUMH
MEeTIIMH HaMarHUYMBaHUA. 3HAUCHMS IUIOMIAAEH 3alMChIBAIOTCS B Ta0d. 3.4.
ITo naiaeHHbIM 3HaYCHUAM B, Him, Si BEIYHCIAIOTCS 3HAYEHHUST OTHOCHTEIILHOMU
MarHUTHOM MPOHUIIAEMOCTH U TTOTEPY HA IEPEMATHUYMBAHUE JIJIs1 KAXKIOM METIIH

pp=—om (3.36)
Ho-Hp
P:S”'MB'MH-f, (3.37)
Y
roe Wo=1,256-10° I'm/M - MarHuTHas NOCTOSHHas Bakyyma, | — dYacToTa

HaMaTrHHYMBAKOIIETO MOTOKA, 'II; ¥ — IIIOTHOCTH CepIeYHnKa obpasa, Kr/m>,
Pe3ynbTathl pacyeToB 3anuckiBatoTcs B Ta0i.3.4.

3.18.5. Onpeoenenue ougghepenyuanvnoit mazHumMHOU NPOHUYAEMOCHU

Onpenenenve nuddepeHnaIbHOM MAarHUTHON TPOHUIIAEMOCTH MTPOU3ZBOIUTCS
[0 TMPEAECIbHON NUHAMHAYECKOMN METIIE HAMArHUYMBAHUA B CIEAYIOIIEM Mopsake. B
unTepBaie usmeHenus H ot 0 1o Hy otkianasiBarotes 6 — 7 3nauenuii H (Ho, Hi, H> ...
Hfy) Ha OAMHAKOBOM PAaCCTOSHUM JPYr OT Apyra. 3aTeéM B OKPECTHOCTU KaxKJIOTrO
sHaueHus H 3agatorcs npupamieHusmMu AH Tak, 9ToObl 5TH 3HaYeHus: H Haxoaummich
nocepeanHe 0Tpe3ka paBHoro AH (puc. 3.23).

[IpoBens u3 koHunoB AH nuHHMM, NapajuieabHble OocM B 10 mepecedenus c
BOCXOJSAIIEM W HUCXOMALIEH BETBAMH IPEACIBHOM IUHAMHUYECKOM IMETIU
HAMarHUYMUBaAHUA, OIpeaesieM g KaXJ0ro 3HA4YCHHUsS HaMpPsHKEHHOCTH IOJIS
npupaiienue uHAykuun AB1 u AB3. AB1 — npupaiieHue HUHAYKIWH, KOraa
pa3MarHMYMBAaHUE OCYIIECTBIISIETCS IO HHUCXOJAIIEH BETBU MNPU YMEHBIIECHUU
HANPsDKEHHOCTH 1011 oT Hy 110 0.

B
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Puc. 3.23. K onpenenenuto auddepeHinaibHOi MarHUTHOW IIPOHUIIAEMOCTH

3HaueHusi HanpsbkeHHocTH AH, npupamenuit AH, AB1, AB? 3anucbIBalOTCs B
tabnuiy 3.5.
Tabmnuua 3. 5
Onpenenenue nudp¢epeHIUATbHON MATHUTHOU IPOHULIAEMOCTH

H, mm AH, MM AB1, MM AB5, MM H AM | AH,A/m | AB1, Tn AB>, Tn Lrg Wrg

3areM MpOU3BOJUTCS MEpepacyeT 3HaUCHUH HANPSHKEHHOCTH H 110 ypaBHEHUIO
(3.35), a AH, AB1, AB> o Hmxecnenyomum Gopmynam

AH = AH'"M,, (3.38)
ABy = AB; My, (3.39)
ABy =ABy M, . (3.40)

3HavyeHus auQQepeHIanTbHOi MarHUTHONM MPOHMIIAEMOCTH PACCUUTHIBACTCS
no popmynam

P (3.41)
9 1y AH

L= A—BZ (3.42)
rg p.o * AH

[Tpu moctpoeHun 3aBUCUMOCTH g=F (H) 1o ocu abcrmcc OTKIAABIBAIOTCS
3HAYEHHUs HaNpsLDKeHHOCTH H, a mo ocu opJIMHAT COOTBETCTBYIOIIUE UM 3HAYEHUS Llrg

U W' B pesynpTaTe mocTpoeHus TOJIKEH MOJYy4UuTCs IpaduK, MpeCcTaBICHHBIN Ha
puc. 3.24.

Hrg

Hrg

A
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Puc. 3.25. 3aBucumocts rg=F (H)

3.19. Conep:kanue oT4yeTa

Otuer no 1adbopaTopHOi paboTe JOJKEH UMETH CIIEAYIOIIEE COIepKAHUE:

1. Tlens nabopaTopHOt pabOTHI.

2. XapaKTepUCTHKa U OCHOBHBIC MapaMeTPhl UCCIIEAYEeMOTo 00pasiia.

3. XapaKTepUCTUKHU CPEJCTBA HU3MEPEHHS M BCIIOMOTATEIBHBIX CPEACTB
HCCTICIOBAHMS.

4. Tabmuipl C 3aMUCHIO PE3YJIbTATOB SKCMEPUMEHTAIBHBIX HCCICIOBAHUN U
pacyeToB.

5. OcHoBHBIE pacyeTHbIE (POPMYIIBI.

6. 3aBUCHMMOCTH MarHUTHON MHAYKIMH Bn=F(Hy) 1 OTHOCHTENBbHOM MarHUTHOM
nponutiaeMocty W=F (Hp), nuddepeHiaabHoi MarHUTHOM MPOHUIIAEMOCTH wrg=F
(H) OT HaNPSHKEHHOCTH MarHUTHOTO TIOJIS.

7. 3aBUCMMOCTh TOTEph HA NEpEeMarHMYMBaHUE OT HWHIAYKIUMU B 00pasue
P=F(Bn).

3aBUCHMOCTH MarHUTHOW MHIYKIMH Bn=F(Hm) 1 oTHOCHTENbHOW MarHUTHOU
nponunaemoctd W=F (Hy) HE0OXOIUMO CTPOHUTH B OJHOW CHCTEME KOOpPIWHAT,
OTKJIaJIbIBasA 1O OCH abcmucc 3HaueHus Hpy, a mo ocu opauHaT 3HaueHus By u W, B
BBIOPAHHBIX JIJIS1 KAKIOW M3 ATUX BEIMYUH MacITadax.

OT4eT 3aKaHYMBAETCS BHIBOJIAMHU, B KOTOPBIX B KPaTKOM (OopMe JTOTKHBI OBbITH
OMMCaHbl XapaKTephbl MOJYUYECHHBIX HKCIEPUMEHTAJIBHO 3aBUCUMOCTEM M JaHO MX

TCOPECTHUICCKOC 000OCHOBAaHHE.

3.20. Bonpochl AJ11 CAMOKOHTPOJIA

1. Kak 3aBUCUT OTHOCHUTE/IbHAs  MarHUTHas  MPOHHUIIAEMOCTh  OT
HaMpsHKEHHOCTH MAarHUTHOTO T0JIs1?

2. UeM OOBSCHUTH, UTO CHayajga MarHUTHas MPOHUIIAEMOCTh BO3PACTAET C
pPOCTOM HAIpSKEHHOCTH, a 3aTeM YMEHBIIAeTCS MpU JajdbHEUIIemM
BO3pacTaHUU MOCTAETHEN?

3. Kak n3mensiercs MarHuTHast MHAYKIIUS B 00pasiie C POCTOM HAIPSKEHHOCTH

HaMarHUYHMBAOIIETO MO ?

Ha yem ocHOBaH NpUHIUII AEHCTBUS Ja00OPaTOPHOIN YCTAaHOBKH?

Kakumu napamerpaMy yCTaHOBKH OTpaHUYMBAECTCS HAaWMEHBIAs 4acToTa

HaMardu4uBaromniero Toxka?

6. Omnpenenrure HANMECHBIIIYIO YaCTOTY MArHUTHOTO TIOJISL, IPH KOTOPOW MOYKHO
Hcclie10BaTh oOpasell.

o s
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10.
11.
12,
13.
14,
15.

16.
17,

Kak 3aBucsAT motepu Ha INEepeMarHWYMBaHWE OT MArHUTHOW WHIYKLUWH,
co3zlaBaeMoi B oOpasiie?

Kakue npuunHbl 00yCJIaBIMBAIOT POCT MOTEPh Ha INEpEeMarHUYMBaHUE C
POCTOM MarHUTHOW MHIYKIUN?

OOBsicCHUTE, KaK OCYIICCTBIISICTCS HaMarHM4YMBaHUE (HeppoOMarHETUKOB Ha
Pa3IMYHBIX Y4aCTKaX OCHOBHOM KPUBOW HAMarHM4YMBaHUA?

B kakoll TOYKE OCHOBHOM KpHUBOM HaMarHW4YMBAHUS OTHOCHUTEJIbHAs
MarHuTHasi IPOHUIIAEMOCTh MaKCUMaibHa?

KakuM OCHOBHBIM YCIIOBUSIM JOJDKHO — YJIOBJIIETBOPATH  BEIIECTBO,
sBIIstroIieecs: heppoMarHeTHKOM?

Kakoil W3 BUIOB 3JIEMEHTapHOTO JABWKECHUSA DJJIEKTPUYECKUX 3apsioB
CcO3Ja€T OCHOBHOM MarHUTHBI MOMEHT B aTOME?

Kakoe siBieHHEe Ha3bIBa€TCA MAarHUTHOW aHU30TPONUEH?

Kakoe siBieHMEe Ha3bpIBAETCS MArHUTOCTPUKIIUEN?

[ToueMy deppoMarHeTuk CamMONPOU3BOILHO JCIUTCS Ha OTACIIbHBIC
00J1acTH, TOMEHBI?

Kaxkas o6nacth heppomarueTvka Ha3bIBa€TCs JOMEHOM?

Kak u rie nporcxoauT n3MEHEHUE HaNpaBJICHUSI HAMAarHUWYEHHOCTH MEXKITY
JTOMEHaMHU?

3.21. JIabopaTopHas padora Ne2. «McciienoBanme CBOiCTB MATHUTHBIX
MATEpPHAJIOB B MATHUTHBIX MOJIAAX NePeMEeHHO# 4acToTh». LleJb padoThl

[lenpto sabopaTopHOM palbOTHI SBISETCS O3HAKOMJICHHUE CTYACHTOB C

HHAYKOUOHHBIM MCETOAOM HU3MCPCHUA MAIHUTHBIX BCIWMYMH W SKCIICPUMCHTAJIbHOC

OIIPCACIICHHUC CBOMCTB U XapaKTCPUCTUK MAIrHUTHBIX MaTCPpHUAJIOB IIPH BOBI[CIZCTBPIH Ha

HHUX MAarHuTHOT'O I10JIA nepeMeHHoﬁ 9aCTOTHI.

3.22. Pabouee 3a1anue

PaccuuTaTh 17151 MOJy4E€HHOTO 00pa3iia MOCTOSHHYIO BPEMEHU UHTETPUPYIOLIEH

LOCTIOYKHU Ty U MUHHUMAJIBbHYIO 4aCTOTY MArHMTHOI'O IIOJIA, IIpHU KOTOpOﬁ €ro MOXHO

HCCJICOAOBATh.

CoOpatb cxemy ycTtaHoBKH (puc. 3.21).

3apucoBath ¢ JKpaHa ocmwuiorpada CEeMEHCTBO JIMHAMHYECKUX IETEIh

HaMaron4uBaHM: IIPH PA3JIMYHBIX 4aCTOTAX HAMATHUYIUBAIOOICTO TOKA, ITOAACPKUBAA

HEW3MEHHOW MarHUTHYIO MHIYKIHIO Bnr=Cconst.
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3apucoBaTh CEMEWCTBO JMHAMHYECKUX II€TeIb HAMarHUYMBaHUSA TPHU
pa3IMYHBIX YacTOTaX HAMArHWYMBAIOIIETO TOKA, MOJJIEPKUBAsS HEU3MEHHON
HaANpPsHKEHHOCTh MAarHUTHOTO ToJisg Hp=const.

[IpousBectu KaIMOPOBKY ocuusuiorpada.

[To maHHBIM KATMOPOBKY pacCUYNUTATh MACIITAO MO HAMPSYKEHHOCTH U MHAYKITUU
MarHUTHOTO TIOJIA.

Jlnst  kakmoW W3 JIWHAMUYECKHX TI€TeNIb HaMarHWYMBaHUS PAacCUUTATh
aAMIUTUTY/THBIC 3HAYCHUS HATPSHKEHHOCTU Y MAarHUTHOW MHTYKITUH.

JInst kaxaoW U3 ITMHAMHYECKUX TeTellb HAMarHUYMBaHUs ONPENETUuTh NOTepU
Ha MepeMarHu4rBaHue oopasiia.

Paccuntath 111 kKakgod AUHAMHUYECKOM IIETIM 3HAueHHWE OTHOCUTEIBHOU
MAarHUTHOW IPOHULIAEMOCTH.

[Toctpouts 3aBucuMocTH W=F (f), P=F (f) mis o6onx cemeicTB TUHAMUYIECKUX
MeTeNThb HAMAarHUIMBAHMSI.

Caenatb BBIBOJIBI IO paboTe.

3.23. MeToauuecKkne YKa3aHUA K BBINOJHEHUIO pado4yero 3ajaHust

3.23.1. Iloozomoeka Kk nposedeHuro IKcnepumenma.
[ToaroToBKa K MPOBEAECHUIO SKCIEPUMEHTA OCYLIECTBISIETCS B COOTBETCTBUU C
nyHkrom 3.18.1.

3.23.2. PexkomeHoauuu no 3apucogke cemeicme OUHAMUYECKUX Nnemeb
HAMAZHUYUGAHUA.

[lepen HayanmoM SKCHEPUMEHTAIBHBIX HUCCIEAOBAHUN BBHIOMpAETCS auana3oH
YacTOT MArHMTHOTO TMOJS B mpeaenax OT fmin 10 frnax, KOTOpBIA 3amaeTcs
MpEnoaaBaTeieM.

3apucoBKa JUHAMHYECKUX METEJIb HAMArHUUMBAHUS TIPU PA3IMUYHBIX YaCTOTaX
MAarHuTHOTO TIOJIsI C HEM3MEHHOW MAarHWTHOM WHAyKIMeW B oOpasie Bp=const
NPOU3BOAMUTCS B cienyromeM mnopsake. HeoOxoaumMo ycTaHOBUTh Ha T'€HEpATOpe
4acToTy f=frnax. YBeNMYMBash BBIXOHOE HANPSDKEHUE T'eHepaTropa JNOOUTHCS, YTOOBI
JUHAMUYECKas MEeTIs HaMarHU4MBaHUS Kacalach JBYX TOPU3OHTAJIbHBIX JIMHUM,
OTCTOSIIIIUX JIPYT OT JApyra Ha pacCTOsHUM S5 KiIeTokK (puc. 3.26) u 3apucoBaTh Ha
KaJIbKY.

3areM yMEHBIIUTH 4acToTy TeHeparopa Ha A f. Ilpm stom ammmuryma By
BO3pacTaeT. ¥ MEHbIIasi BHIXOJHOE HANPSHKEHUE TE€HEPAaTOpa, BOCCTAHOBUTD MPEKHEE
3HauYeHHE WHAYKIMU By B o0Opaslie m CHOBa 3apuCOBaTh JUHAMUYECKYIO METIIIO
HaMarHuuuBaHus. B nuana3zoHe M3MEHEHHs 4YacTOThl reHeparopa OT fmax 10 fin
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HEOOXOJAMMO 3apuCOBaTh IMIECTh — CEMb METENlb, COXpaHss WHAYKIMI0O B 00Opasie
HEU3MEHHOM MPU KaXJIO0U YaCTOTE.

Puc. 3.26. CBoiCcTBO TMHAMUYECKHX TIETESIIb HAMATHUIMBAHUS C IIOCTOSTHHOM MarHUTHOW WHIYKITHEH 1
Pa3IUYHON YaCTOTONW MarHUTHOTO TIOJIS

3apucoBKa ceMeicTBa JMHAMUYECKUX MeTeJIb HAMArHUYMBAHUS HA Pa3TUYHBIX
4aCcTOTaX MATHUTHOIO MOJISI MPHU MOCTOSIHHOW HANPS)KEHHOCTH MAarHUTHOTO MOJS B
oOpasiie MPOM3BOIUTCS CieAyomuM o0pa3oMm. YacToTra 3BYKOBOTO TEHEpaTopa
yCTaHABIUBACTCS PaBHOU fnin. YBeNMuuBas BBIXOJHOE HAIPSOKEHHE TIeHepaTopa
TOOMBAIOTCS MaKCHMAJIBHOM MO pa3Mepy dKpaHa MarHUTHOW MHAYyKIuU Bpn. YUepes
BEPIIMHBI TETeIh MapajesibHO Oocu By mpoBOASTCS JBE BEpTUKAJIbHBIE JIMHUU Ha
KaJibKe. 3aTeM YBEIMYMBAIOT YAaCTOTY T€HepaTopa J0 cleayrouero 3HadeHus. [Ipu
3TOM IIMPUHA TUHAMHUYECKOW METIH WA [y YMEHBIIUTCA. YBEJIMYUBAS BBIXOIHOE
HaIpsHKEHUE TeHepaTopa, T0OMBAIOTCS, YTOOBI JMHAMUYECKAS TIETIISI Kacaiach JTMHUM,
MIPOBEJICHHBIX TNapalieIbHO ocu By M 3apuCOBBIBAIOT METNIO HAa KaldbKy (CM. pHC.
3.27).

V3MeHsst 4acTOTy TeHepaTopa B Auamna3oHe OT fyin 10 fmax 3aprcoBbIBaioT 6 — 7
JMHAMUYECKUX II€TeJb HAaMarHMYMBaHUS Ha Pa3JIMYHBIX YaCTOTaX, COXpaHsA
Hpy=const no BeIIENPUBEACHHON METOIUKE.




Puc. 3.27. CemeiicTBO IMHAMHYECKHX ME€TENb HAMAarHUIMBaHUA IpH Hm=CoNst

3.23.2. Pexkomenoauuu no 3apucogke cemeiicme OUHAMUYECKUX Hnemend
HAMAZHUYUBAHUA.

OnpeneneHue aMIUIMTYJHBIX 3HAYEHUN WHIAYKIUUM W  HaNpPSKEHHOCTH
MAarHUTHOTO TIOJISI TOTE€Pb B CEPJCYHHMKE, 3HAUYCHUM OTHOCHUTEJIBHOM MarHUTHOU
MPOHUIIAEMOCTH [IJI1 BEPIIMH KaXJOW M3 3apUCOBAHHBIX JUHAMHYECKHUX IETEIb
HaMarHUYMBAHUSI TPOU3BOJIUTCS B COOTBETCTBUM C METOJIMKOM, M3JI0’)KEHHOU B ITYHKTE
3.18.4 naHHBIX METOANYECKUX YKA3aHUI.

3.24. Conep:kanue oT4eTa

CoxeprkaHue oTYeTa MO TAHHOM JTAOOPATOPHOH PaboTe MOIKHO OTIIMIATHCS OT
colepkaHusi oTdeta 1Mo JabopatopHod pabore 1 (cm. 3.19) momydeHHBIMH
HKCIIEPUMEHTAIBHO 3aBUCMOCTSIMHU.

B atoii pabote onpenensrorcs u crpostes rpaduku 3asucumocteit u=F (f), P=F
(f), korma By=const, u 3Tu *e 3aBucuMoOCTH, Korna Hpn=const. Heo6xomumo cTpouTh
sapucumoctd W=F (f) npu By=const u w=F (f) mpu Hyp=const B omgHoii cucTeme
KOOpJMHAT OTKJIaIbIBas 110 OcH adciucc 3HadeHus Hy, a 10 OCH OpJMHAT — 3HAYCHHSI

Hr.
AHaJIOTU4HO, B OIHOW CHCTeMe KOOpAuHAT crposites 3apucumoctu P=F (f) ms

000MX PEKUMOB UCTIBITAHUS O0pa3Iia.
3.25. Bonipochl 1jisi CAMOKOHTPOJISI

1. Yem oTnuyaerca AUHAMHUYECKas NETJIs HaMarHWYUBaHUS OT TMETIH
rucrepesuca?

2. Kakue Buapl 1OTEph  CYIIECTBYIOT MpU  IEepeMarHMYMBaHUU
(deppomarseTuka B IEpeMEHHOM MarHUTHOM I1oJie?

3. Ot kakux napaMeTpoB HaMarHMYMBAIOILIETO MOJIA U KaK 3aBUCST MOTEPU Ha
TUCTEPE3UC?

4. OT Kakux mapaMeTpOB HAMATHUYHMBAIOIIETO MO M KaK 3aBUCT MOTEPH HA

BUXPEBBIE TOKU?

OOBbscHUTE CYTh SIBICHUS BBITECHEHUSI MATHUTHOTO TTOJISL.

K xakum nocnencTBUAM MPUBOINT SIBJICHHE BRITECHEHUSI MATHUTHOTO TTOJIST?

[Toyemy ¢ pocTOM 4acTOThI YMEHbILIAETCS UHYKLIHUSL, eciiu Bny=const?

[ToueMy ¢ POCTOM YacTOTHl YMEHBIIAETCS MAarHUTHas WHIYKLUS, €CIU

Hy=const?

Kak u mouemy H3MEHSAIOTCS NMOTEPH Ha MEpPEMarHMYMBaHUE C POCTOM

4acToThl Iipu Byr=const?

O~ O

©
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10.

11.

12,

Kak n IMo4YeMy M3MCHAKOTCA IIOTCPH HA MNCPCMArHMYMBAHHUEC C POCTOM
4acTOThI npu Hyp=const?

HO‘ICMy B OAHOM U TOM XK€ AuaIta30HC U3MCHCHUA 4aCTOThI OTHOCUTCIIbHAs
MardvuTHasA IPpOHUIACMOCTb U3MCHACTCA B OO0JIBIINX npeaciax, Korja, Kaxk 1
IMOYEMY U3MCHAIOTCS ITOTCPU HA IICPEMATrHUYUBAHHUC C POCTOM 4aCTOTEI ITPH
Bn=const, a ne npu Hn=const?

HO‘ICMy B OJHOM M TOM XC JHAIIa30HC M3MCHCHHA 4YaCTOTHI IIOTCPU Ha
nepeMarHuunBaHue (peppoMarHeTHka MU3MEHSIOTCA B OOJBIIUX Mpeaenax
npu Bp=const, a ue npu Hpy=const?
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Yacrtn 4
KOHTPOJIBHAS PABOTA Ne 1. «OIIPEJIEJEHHUE JU3JIEKTPUYECKHUX
CBOMCTB N30JIAA1UA IBY X KNJIBHOI'O KABEJIS

4.1. TpeGoBanue K 0()OPMJICHUIO KOHTPOJILHOI padoThI

KontponpHas paboTa cOCTOMT U3 [ABaAIlaTA BapUAHTOB C HyMepalueu
BapuaHToB oT 0 10 19.

Homep BapumanTa 3amauu, pemraemMoil CTYJAEHTOB B KOHTPOJIbHOM paborte,
onpenensieTcss CyMMol IByX mocieaHux uudp mudpa crygenta. Hanpumep, ecnu
HoMmep mudpa cryaeHTa 4298, To HoMep BapuaHTa 3aj1a4uu — 17.

K oopmienuto KOHTpOIBHOM pabOThl MPEABSIBIAIOTCS CIEIYIONINE TPEOOBAHMUS:

1. KontposnpHas paboTa BBIIOIHIETCS B TETPaIu, Ha 00JI0KKE KOTOPOH JOJKHBI
OBITh yKa3aHbl (paMHIIUS, UMsI, OTYECTBO CTYACHTA, yUeOHBIA MIH(ppP, HAUMEHOBAHHE
JTUCITUTUTMHBI U IOMAIITHUN aJipec.

2. YcnoBus 3a/1aud MEPENUChIBAIOTCS MOJHOCTBIO, 0€3 COKpAIlCHUA.

3. TexcToBast 4acTh, POPMYJIBI, YUCITOBBIE BBIKJIAIKH TOJDKHBI OBITH BBITIOTHEHBI
YepHUJIaMu 0€3 TOMapOK M HCTIPABJICHHIA.

4. T'paduueckass yacTh pabOTHl BBIIOJHAETCS B KapaHIalle C MOMOIIbIO
YepTEKHBIX UHCTPYMEHTOB.

5. DAeKTpuyecKrue CXeMbl BBIUYEPUMBAIOTCA C COOIIOJACHHEM YCTaHOBJICHHBIX
CTaHJIaPTOM YCJIOBHBIX 0003HAYEHUIA.

6. OTBeTHl Ha BOIPOCHI OJDKHBI OBITH APTYMEHTHPOBAHBI TEOPETUYECKH C
UCIIOJIb30BAaHUEM B HEOOXOIMMOM 00BEME PUCYHKOB, IpauKOB.

7. B xoHue paboThl HEOOXOJMMO MPHUBECTU CIHMCOK HCIOJIb30BAaHHON MpHU
BBITIOJTHEHUH KOHTPOJIBHOU PabOTHI JIUTEPATYPHI.

8. Ilocne cmucka auTepaTypbl HEOOXOJUMO IMPOCTABUTH JAATy BBINOJHEHUS
paboOThI ¥ MOJIHUCH.

4.2. 3ajaHue HA KOHTPOJILHYIO padoTy

[lutanue HNEKTPOTEXHUYECKONW YCTAHOBKH OCYIIECTBIISIETCS C TOMOIIIBIO
kabenpHOW JuHMKM JuMHOM |. Kabemb co CBHUHIIOBOWM 00OJIOYKOW WMEET JIBE
TOKOMPOBOIAIIME KUkl paguycoMm R (Puc.1). B xauectBe anekTpuueckoi N30ISAIUU
KW APYT OT JIpyTa U >KUJI OT 000JI0UKH UCTI0JIb30BaHa kKabenbHas Oymara. B mopuctoi
CTPYKTYpE€ IHUAJIEKTPUKA MMEIOTCS KANWUIAPHI, 3alOJHEHHbIE BO3AyXoM. K kumam
Ka0eJIsi MPUJIOKEHO NEPEMEHHOE HalpsiKeHue, JeUCTBYoIIee 3HaueHue koroporo U,
gactroto f . Ilpm pacuére cumrTarh, YTO 3JIEKTPUYECKOE IIOJIE BHYTPU Kabes
OJIHOPOJTHO.
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Tpebyercs onpenenuTs:

1) &émkocTh MeXAy kunaMu kaoens, Cy;

2) CONPOTHBIICHUE U3OJIALUN MEKTY KUIaAMH KaOemst, Zy;;

3) 3HauCHHE TOKA YTEYKU MEXKIY )KUiIaMu Kabes, ly;

4) IUANEKTPUYCCKUE MOTEPH B U30JIAIMK Kades, P;

5) mpoOuBHOE HaANpPsHKEHHE U3OISIMU MEXIY Kiiamu Kadesst, U,,,;

6) émkocth Cy;, CONPOTHBICHHUE W3OJAIUN Ly U TOK yTeuku ly,
auasekTpudeckue norepu P, npoOuBHoe HampspkeHue Uy, HOpU yCIOBHH, UTO
00o0ouka Kabens 3amojHeHa Tra3000pa3HbIM JHOO JKUIKUM AWAJIEKTpUkoM. [lpm
pacyé€re TPHUHATH, YTO TOPHl M KAMWUIAPHI TOJHOCTHIO 3alOJHEHBI ATHUM
TTUDJICKTPUKOM;

7) mocine pacuéra COCTaBUTh TAOJIMIy CPaBHUTEIBHBIX JaHHBIX KabOened Oe3
MIPOTUTKY U C MPOMUTKOMN ¥ MTPOU3BECTU aHAIN3 BIMSIHUS MPOTTUTKY U30JISIIUN KaOeIst
Ha €ro AJICKTPUIECCKUE CBOMCTRA;

8) ompenenuTh COOTBETCTBUE HM3OJSAIUOHHBIX CBONCTB  3JCKTPHUECKOMN
M30Js11MK Ka0enst TpeOOBaHUAM MPaBUIT YCTAHOBKU AekTpornoTpedureneit (I1Y3J);

['eomerpuueckue  pasmepbl  Kabelms ©  DJIEKTPUYECKHE  TapaMeTphl

AUDJICKTPHUKOB, UCIIOJIb30BAHHBIX B KAYCCTBC U30JIALHNH, ITPHUBCACHLI B Ta6JII/II_Ie 4.1.

Bonpocsl K KOHTPOJIBLHOM padoTe

1. Hamite pacumdpoBKy mudp, HUCHOJIB3YEeMBbIX B O0003HAYCHHUSIX MapOK
AJICKTPUYECKUX CTaJIEH.

2. Ha ocHOBHOW KpHWBOW HAMAarHUYMBAHHS YKAKUTE YYaCTKH, HA KOTOPBIX
HaMarHMYMBAaHUE OCYLIECTBIETCS 34 CUET pOCTa JOMEHOB. B uém oTiinune
ITPOLIECCOB HAMATHUYMBAHUS HA 3TUX y4acTKax?

3. Kak BnusroT Ha MarHUTHBIE CBOMCTBA MaTEPHAJIOB BUXPEBBIC TOKH. B Kakux
MAarHATHBIX MOJISIX BO3HUKAIOT 3TH TOKU?

TaOmnuma 4.1
HcxoaHble JaHHBIE IJI pellieHHs KOHTPOJIbHOH PadoThI
. OTHOCHUTENbHAS Tanrenc yria
s DneKTpudecKas
z -] [I1OTHOCTE | JMDNEKTPHYECKAst | JUDIEKTPHYECKHX
= ) IIPOYHOCTH
=z | = S £ NPOHHIAEMOCTh HOTEPH
= -
= = = o [} u— .
= T = ¢ % < o N < 2
= & o ) ~ g S ~ ™
S S| R |8w Bl ||| & [E|E gl 2] 8|4
2| 8 o p= 5 5 e . 2 - ; = 0| e = =
g 2| 2| @ = 2] 8 = |3 g S| 2 | 5| = 5 o 5
b= = =4 = 8 = = s = 2 = = = = = X =
S = < Z S 3 = = = = 5 2 = = 2 S
T | H | ~ 3 2 = N = 8 5 g = E E = E
E =] = K o foa) 2, E o 2 = o o
3 & 3 = 5|8 || & 3 & &
£ = = = =
M MM MM B I'm | xr/m® | xr/m® 104 | 10% | 10° | kB/mm | kB/MMm | kB/MM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0 |120 | 1,38 75 220 50 | 1550 | 780 6,6 | 1,00059 | 2,1 | 650 | 4,0 3,0 15,0 3,2 20,0
1 50 1,78 8,3 380 50 | 1550 | 850 | 6,6 | 1,00059 | 2,7 | 650 | 4,0 | 10,0 15,0 3,2 60,0
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2 |1000 | 2,25 | 12,24 | 2200 | 50 | 1550 | 1100 | 6,6 | 1,00059 | 45 | 65,0 | 4,0 | 25,0 15,0 3,2 50,0
3 |800 (2,82 | 1358 | 1100 | 50 | 1550 | 1090 | 6,6 | 1,00059 | 4,1 65,0 | 4,0 | 15,0 15,0 3,2 55,0
4 |150 | 3,34 | 17,92 | 6600 | 50 | 1550 | 780 6,6 | 1,00059 | 2,8 | 650 | 4,0 0,2 15,0 3,2 43,0
5 11500 | 3,99 | 19,42 | 3300 | 50 | 1550 770 6,6 | 1,00059 | 5,2 65,0 | 4,0 | 30,0 15,0 3,2 35,0
6 3000 | 4,72 | 14,18 | 6600 | 50 | 1550 | 900 | 6,6 | 1,00059 | 48 | 650 | 40 | 50 | 150 | 32 | 200
Oxonuanue 1adi. 4.1
R OTHOCHTENbHAs Tanrenc yria
S DnexTpudecKas
z D ITnoTHOCTB JMDIIEKTPUYECKAsT | IMAJIEKTPUUECKHUX
g 5 MIPOYHOCTH
= - o ; £ MPOHUIAEMOCTh oTeph
g .
= =) = o 15) y— .
S| E| 5| & 2| < - S S o S -
S5 R |80 |5 |S o3l 8|88 |g|S]| 9| 2| &
2 g 9 = g ) 3 * 2 s T = 20 = = K3 Lﬂ_
Sl Elg|eg |5 |S| 8| E|E| & | B |8 |s|E| 38| g | &
¢ = o = s 2 g = % = = % =
) = < = = S = =} = = = > ) S > =
sl IS G - 3 S E A = 8 3 2 = E E 3 5
I =] = 52 = foa) 2, 5 8 o = 3 )
3 | £ S = S - -
£ = = = =
M MM MM B I'm | xo/m® | kro/ms 104 | 10 | 10° | xB/MMm | kB/MMm | kB/MM
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
7 | 500 55 | 15,74 | 380 50 | 1550 | 970 6,6 | 1,00059 2,4 65,0 | 4,0 3,0 15,0 3,2 18,0
8 250 | 6,18 | 19,5 | 2200 | 50 | 1550 | 800 6,6 |1,00059 | 1,01 | 650 | 4,0 4.0 15,0 3,2 20,0
9 (2000 | 6,91 | 20,76 | 1100 | 50 1550 | 1100 | 6,6 | 1,00059 3,8 65,0 | 4,0 0,2 15,0 3,2 45,0
10 {200 | 7,68 | 248 | 3300 | 50 | 1550 | 1100 | 6,6 | 1,00059 2,1 65,0 | 4,0 3,0 15,0 3,2 20,0
11 (4000 | 8,74 | 27,3 | 6600 | 50 1550 850 6,6 | 1,00059 2,3 65,0 | 4,0 1,0 15,0 3,2 18,0
12 |3500 | 1,38 | 11,2 | 1100 | 50 | 1550 | 780 6,6 | 1,00059 5,0 65,0 | 4,0 | 20,0 15,0 3,2 42,0
13 (1600 | 1,78 | 11,2 | 2200 | 50 1550 900 6,6 | 1,00059 4.4 65,0 | 4,0 5,0 15,0 3,2 45,0
14 (600 | 7,68 | 20,1 220 50 1550 770 6,6 | 1,00059 2,8 65,0 | 4,0 0,2 15,0 3,2 24,0
15 |800 | 8,74 | 22,2 660 50 | 1550 | 970 6,6 | 1,00059 4.8 65,0 | 4,0 8,0 15,0 3,2 25,0
16 (300 | 2,25 | 16,14 | 3300 | 50 1550 | 1090 | 6,6 | 1,00059 2,7 65,0 | 4,0 | 10,0 15,0 3,2 25,0
17 (1400 | 3,34 | 17,92 | 6600 | 50 | 1550 | 780 6,6 |1,00059 | 1,019 | 65,0 | 4,0 0,2 15,0 3,2 50,0
18 |700 | 6,18 | 17,1 660 50 1550 780 6,6 | 1,00059 3,8 65,0 | 4,0 | 20,0 15,0 3,2 32,0

4.3. Meroanueckue yKa3aHusi K BbIIIOJHEHUIO KOHTPOJILHOI padoThl

KaGenpHas Oymara mpeacraBisieT coOOM MEXaHMYECKYI0 CMECh IICIUTIOJIO3BI H
BO3[yXa C HEOJMHAKOBOW OTHOCUTEIBHOW IUAJIEKTPUYECKON IPOHULIAEMOCTBHIO.
OrnpeneneHre OTHOCUTENIBHON TUAJIEKTPUYECKON MPOHUIIAEMOCTH TAKOTO JIUAJIEKTPUKA
MIPOU3BOJUTCSL B COOTBETCTBUU C YpaBHEHHUEM JIMXTEHEKKepa JJisl OCIEA0BATEIBHOTO
PacroJIOKEHUsI KOMIIOHEHTOB. B CBS3M ¢ TeM, 4TO MPU UCIIOIB30BAHUH ATOTO YPAaBHEHUS
HEOOXOMMO 3HATh OOBEMHBIC KOHIICHTPAIUKA KOMIIOHEHTOB, PACcUET CIIEAYeT HA4aTh C
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OIPCACIICHMS ITOCJIICIHUX 10 3a/IaHHBIM 3HAYCHHUAM IIJIOTHOCTH LCJITFOJIO3bI U KaOeIpHOM
6YM3FPI B COOTBCTCTBUU C YPABHCHIAMU

Op=—: (4.1)

0,=1-2 (4.2)

Dy

rae 01 — oObEMHAsE KOHLEHTpalUs UEJUTI0N03bl; 02 — 00BEMHAS KOHILIEHTpAIHs
Bo3ayxa; D — miotHOoCTh KabenpHOM Oymaru, kr/mM3; Di — IUIOTHOCTH LEJUTIOIO3bI,
Kr/M°.

A
A 4

Puc. 4.1. Ceuenune qBYXHIBHOTO KaOemns
1- onnémra kabens; 2- scuna kabens, 3- uzonsayus kaoens

Ilo BBIYHMCIICHHOMY 3HA4YCHUIO OTHOCHUTEILHOU HHBHCKTquCCKOﬁ
MPOHUIIAEMOCTH HEMPOMUTAHHON KaOeapHOW OyMaru W 3aJaHHBIM T€OMETPUUIECCKUM
pa3MepaM Kabesst pacCUNTBIBACTCS EMKOCTh KaOeIbHOM JTMHUU.

JI7ist IBYXKHIIBHOTO Kabelnst EMKOCTh MEKIY JKUIIaMHU MOKET OBITh OTIpe/IecHa
U3 ypaBHEHMUSI:

Cy =& Lo x =2, 43)
InK
_a+x—-R,

riae K ;
a+R-X

X=";
2

<’:1=w/(%)2—R2 :
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S — paccTosiHue MEXTy LIEHTpaMH KU Kabens, M; R — paguyc »xun xabens, m; |
— JUIMHHA KaOeJIbHOW JIMHUH, M.

TanreHc yria TUAIEKTPUUECKUX MOTEPh KaOETbHOW OyMaru BBIYUCISIFOTCS 110
3aJ]aHHBIM 3HAUEHHSM TAHTCHCOB YIJIOB AMAJICKTPUYCCKUX IMOTEPh LEJUIIOJIO3Bl U

BO31yXa 1Mo Ghopmyie

T (4.4)
L 928 4, (1-02)Epp
(1-02)-&r2 021

VY enbHas akTUBHAA (Ya) U YA€JIbHAsA pEakTUBHA (Yp) IPOBOAMMOCTH M30JILUN
B MEPEMEHHOM DJJICKTPUYECKOM Toyie ¢ 4YacToToi f Berumcistorcs mo ¢opmynam,
IPUBEIEHHBIM B OCHOBHBIX Y4€OHBIX TOCOOMSIX.

VYaenpHas MojHas NMPOBOJUMOCTb M3OJISALIMK Kalensl cBs3aHa C YJEIbHBIMU
AKTUBHOM M PEAKTUBHOM IIPOBOJAMMOCTSIMU COOTHOIIIEHUEM

Vs =78 + 72 (4.5)

[Tonnass mpoBoguMOCTh Yy, U30JIALMU KaOens OmpenessieTcss Mo YIAeNbHON

MIPOBOAMMOCTH }y; U TEOMETPUUECKUM pazMepam Kadesst
27|
InK?

Tok yreukn kabensi, BO3HUKAIOUIUN TMOJ BO3ACUCTBUEM MPHIOKEHHOTO

(4.6)

Yus = Vus

HaprDKeHI/IH, COHpOTI/IBHeHI/Ie U301 Me)KI[y KHUuji1aMu1 B ABYXOKHUJIbHBIX Ka6eH$IX
paCC‘—II/ITBIBaIOTCﬂ Ha OCHOBAHUU COOTHOH_ICHI/Iﬁ
ly =U Yy (4.7)
1

ZI/I3 :Y_. (48)

13

JlusnexkTpruueckre NoTepH B U30IAINY Kabens P HaxoasaTCs o NeHCTBYIOMIEMY
3HAYEHUIO TMPUIIOKEHHOTO MEPEMEHHOIO HAIpPSDKEHUs, EMKOCTU KaOEIbHOW JIMHH,
TAHI€HCY yTJIa JUAJIEKTPUUECKUX NOTEPh U YACTOTE NMUTAIOLIEH CETH

P=U?2n-f-Cy -tgs, (4.9)
rae U — pabouee HampsbkeHue kabenbHOM nuHMH, B; f — gacrota, I'i; Cy — EMKOCTB
kabenbHOM TuHUM, D; tgd — TAHTEHC yTrila JUAICKTPUUECKUX MTOTEPh; P

— IUBJIEKTpUYECKUe notepu, BT.

Jist  ynpomieHuss pacu€ra BEJIMYMHBI MPOOMBHOTO HANPSDKEHHS JeIaeM
JOMYILEHNWEe, YTO DJICKTPUUECKOEe II0JIe BHYTPH Kabeis OJHOpPOJHOE, TO €CThb
HAIpPsDKEHHOCTh TMOJIE B JIIOOOM €ro TOYke OJMHaKoBa. Torjga >3JeKTpUYecKast
MPOYHOCTh KaOenpbHOM OymMarum MOXET ObITh TMOJIy4eHa IO 3aJlaHHBIM 3HAYCHUSIM
AIEKTPUUECKOM MPOYHOCTH KOMIIOHEHTOB (ILIEJUTIOJI03bI M BO3/IyXa) U3 CIEAYIOLIErO
ypaBHEHUS
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Ele ' EHp2

Enp = e (4.10)
Enpl + Enp2 ( _éri)
r
[IpoOuBHOE HATIPSIKEHUE U3OJISITIH:
Unp = Eap *Nigs.» (4.11)

rae  hy; — MUHMMaTbHAs TOJIIMHA U30JISIIHH, MM.

MuHUMaTbHAST TOJIIIMHA W30JSIIUN MEXKAY JKAIaMU Kabemns il JBYX)KHUILHOTO

KaOest ompeeNseTcs U3 ypaBHEHHUS
hys =S—-2R (4.12)

BrruncnuB snekTpuyeckue napaMmerpbl JUHUH, B KaOene KOTOpoil B KauecTBe
W30JISIIIAMA MCTIOJIb30BaHa HEMpOINUTaHHas KaOenbHas Oymara, cliefyeT IMPOW3BECTH
pacuéT mapamMeTpoB STOW JIMHUW TPHU YCIOBUHU, YTO O0OJOUYKa KaOels 3amojiHeHa
BMECTO BO3yXa JTUO0 ra3000pa3HbIM AUDIECKTPUKOM, JTUOO KUIAKUM HU30JSITHOHHBIM
matepuanoM. [Ipu 3ToM cuuTaem, 4TO B HOpax KamWUIApax BO3AYX IOJIHOCTBHIO
3aMEIIAeTCs STUMU JAUAICKTPUKAMHU.

ITocnenoBaTenbHOCTh pacdy€ra OCTAETCS TOM K€, YTO ISl HENPOIUTAHHOU
ka0benbHOM Oymaru. B ypaBHenusax (4.2), (4.4) u (4.10) HeoOXoauMO BMECTO
DIIEKTPUYECKUX TIApaMETPOB BO3/AyXa TOJCTABISATh AaHAJIOTUYHBIC IapaMeTphI
3aMeIIaloIIero BO3AYX IPYroro AMAJIEKTPUKA COTIACHO YCIOBUIO 3a1auu. [Ipu 3ammcu
pacu€THOro ypaBHEHHUs HEOOXOIUMO MHJEKC 2, 0003HAYAIONIUH, YTO ATO MapaMeTp
BO3/lyXa, U3MEHUTh Ha UHACKC 3.

Hanpumep, npu omnpexneneHuu tgod, NPONUTAHHON >KUIKUM TUAJIEKTPUKOM
kabenpHOI OyMaru ypaBHeHue (4.4) Hy>)KHO 3aliCaTh B CICTYIOIIEM BUJIC:

tg&q tg63
tgo,; = + :
oy 038 (1-03)-&pg
(1-03) &2 03-Er1

[Ipu pacuére crmemqyer monarath, 9T0 OOBEMHBIE KOHIICHTPAIIUN TEJUTIONIO3HI U
3aMEHSIOIIET0 BO3AYX APYroro ra3000pa3HOro WM JKUIKOTO TUAJICKTPUKA OCTAJIHCh
TaKUMH K€, KaK IeJITI0I03bI U BO3/IyXa, TO €CTh

03=0>.

[locne oxoHuaHus pacyé€ra CleayeT o06s3amenbHO TPOAHATU3UPOBATH, Kak
BIMSICT Ha DJICKTPUYECKUE TMapamMeTphl KaOeIbHON JTUHUHM TMPOIMUTKA €€ W30JIAIHUU
KUIKUM AudJeKTpukoM. [[nst ymoOcTBa aHanm3a HEOOXOJUMO COCTaBUTH TaOIHUILY
pacUETHBIX 3HAYEHHUH JIIEKTPUYECKUX IMapaMeTpOB KaOETbHOW JMHHUHM JIOM TOCTe
nponuTku. OOpaselr Takoi TabJIUIIbI TPECTABIICH HIKE.

Tabmuna 4.2
Ta6auna cpaBHUTEIBLHBIX JAHHBIX Ka0eJabHOM JINHUH
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O6o3naueHue mapamerpa | & Ck, ® Xz, CM/M Zus, OM Y, CM P, Br U.p, kB

Kabenp 6e3 mporuTku

Kab6ens ¢ mponutkoit

[Ipu ananusze HEOOXOAMMO YyKa3blBaTh, KaK BIUAET MPOIMUTKA H30JSALMU Ha
3HAUYEHHE KAXKJOT0 U3 PACCUUTAHHBIX TAPaMETPOB C UCIOJIb30BAHUEM TEOPETHUECKUX
CBEJICHUM.

B koHIe aHanu3a HEOOXOAMMO cleNaTh BBIBOJ O COOTBETCTBUHM H3OJISLUU
IOPOMUTAHHOTO W HEMPONUTAHHOTO Kabeneld TpeOOBaHUSIM, MPEABABIAEMbIX K
KaOeIbHOM JIMHUY TIPaBUJIaMHU YCTPOHCTBA 3ieKTpoycTaHoBoK (ITV D).

B cootBercTBUM C 3THMMH TpeOOBaHUSMH KaOelbHBIE JIMHUM C PaboOuuM
HanpspkeHueM g0 1000 B goipkHbl 00agaTh conmpoTuBiieHHeM u3oisiiuu R,;>0,5
MOM nipu pO3BOHKE UX METAOMMETPOM Ha HanpsibkeHue 2,5 kB.

W3omsiiust kaGenbHBIX JTMHUNA ¢ pabounM HampsbkeHuem Oosee 1 kB momkna
BBIJICPKUBATH  BO3JCUCTBUSL IOCTOSIHHBIX HANpPSKEHUW, 3HAYEHUE KOTOPBIX
MPUBOASATCS B Ta0II. 4.3.

Ta0numa 4.3
HcnpiTaTelibHOE HANPSIZKEHHE BHIMPSIMJIEHHOT0 TOKA /IJIA CHJIOBBIX KabeJieii

Hamnpsoxenue, kB, urst kabeneit Ha pabodee HanpspkeHue, kKB IIponomxuTenbHOCTh

Wsomsmst - — 3 6 10 | 20 | 35 | 110 220

bymaxxHas 12 18 36 60 100 | 175 | 300 450

JIns yCTaHOBJIEHUS COOTBETCTBHUS H3OJISIIIUU KAaOCNIBbHBIX JMHUN C pabouyum
HanpspbkeHreM 10 1 kB tpedoBanusam [1YD HeoOXxoauMo paccunuTaTrh COMPOTUBICHUE
U30JMH Ry; TOCTOSTHHOMY TOKY. PacuéT Ry, ocyiiecTBiasieTcs Mo akTUBHOM yAEIbHOM
MIPOBOAMMOCTH B COOTBETCTBUU C YPABHEHUSIMU

21|
Jus =7Ya ) ; (4.13)
In K
Rus :i, (4.14)
Ous

rne Oy — AKTUBHAS MPOBOJMMOCTH KaOenbHOU JmHuM, CM; v, — yIelbHas aKTUBHAS
MIPOBOIUMOCTD KabenpHoU JiuHnN, CM/M; Ry;; — COPOTHUBIICHHE N30JIAIINN TIOCTOSTHHOMY
TOKY, OM.

Ecnu paccuntanHoe 3HaueHHE COMPOTUBIICHUS U30JIALMU R,; Oosbliiie 0,5
MOM, TO KabelbHasl IMHUA YAOBIETBOpsieT TpeboBanusam 1Y 3.

Jlns xabGenbHbIX JUHUNM ¢ pabouuM HampsbkeHuem cBeie 1000B mpoBepka
M30JSIIIMA HA COOTBETCTBHE TpeOoBaHusM [1YD mpowmsBoguTcss myTéM CpaBHEHUS
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pPAcCYMTaHHOTO MPOOMBHOTO HampspkeHUs ¢ Uy, C UCIBITATENIbHBIM HaNpsiKEHUEM,
PUBEIEHHBIM B Ta0. 4.3.

4.4. JK3aMeHAIIMOHHBbIE BOINPOCHI

1. Tlonatus 00  DIEKTPOTEXHWYECKMX  MaTepuanax.  Kiaccudukarms

(ompenenenHus).

Huanextpuxu. OcHoBHBIE TOHATHA. Onpenenenus. Knaccudukarus.

[TonsTus nonsipuzanmu. MexaHusMm MoJIIpU3aLUu.

Bubl nonsipuzanuu. 1€KTPOHHAS MOJISIPU3AIUA.

Bunsl nonspuszanuu. MonHas nossipusanms.

Buae nonsipuzaruu. CrionTanHas (ocTaToOuHAas1) MOJIIpU3aIs.

O06o011eHHas cxeMa 3aMelIeHUs TUAICKTPUKA.

OTHOCcUTENIbHAS ~ JAMDJICKTPUYECKAasT  MPOHMUIIAEMOCTh  Tra3000pa3HBIX

JTUAJIEKTPUKOB.

9. OtHocuTenbHAs AUAIICKTPUUYECKAS MPOHUIIAEMOCTh TBEPABIX TUIICKTPUKOB

10.OTtHOCHUTENBHAS JUBJIEKTpUYECKas MIPOHUIIAEMOCTb CJIOKHBIX
IUBJICKTPUKOB. YpaBHeHHE JIuxTeHHEKepa.

11.TToHsiTHS 00 AIEKTPONMPOBOJHOCTH JHAJICKTPUKOB. IJIEKTPOIPOBOTHOCTH
TBEPABIX JUAIEKTpUKOoB. (OObEMHOE U TOBEPXHOCTHOE  YICIbHBIC
CONPOTHUBJIEHUS TUAJIEKTPUKOB.

12. luanexkrpuyeckue notepu. OcHOBHbIE MOHATH. CXxeMbl 3amelienus. Buap
JTUAJIEKTPUUECKUX TIOTEPb.

13.Tlonatre mpoOosi TUANEKTPUKOB. DIEKTPUUECKHI MPOOOH Ta3000pa3HbIX

NGk WD

JOUDJIEKTPUKOB.
14.TloHsiTE DBJIEKTPUYECKOTO Mpo0O0s AMAJIEKTPUKOB. IJIEKTPOTEIIOBOM
po0oil.

15.Mexanuueckue, GU3MUECKUE U TEIUIOBBIE CBOMCTBA AUAJIEKTPUKOB.

16.2nexTpon3oNAIMOHHbIe MaTepuanbl. ['a3000pa3Hble, KUAKWE TBEPIbIE U
TBEPACIOIINE U30JISILIMOHHBIE MAaTEPUAJIBI.

17.®u3uka maraeTusMa. Y CJIOBHsI BOBHUKHOBEHHS (heppOMarHeTu3Ma.

18.0OcHOBHBIE XapaKTEPUCTUKU MArHUTHBIX BEILIECTB.

19.Crpoenue dheppoMarHeTHKOB.

20.51BneHue MarHUTHOW aHU30TPOIMHU U MATHUTOCTPUKITUH.

21.HamarunuvBanue (peppoMarHeTHKOB.

22.CgoiicTBa (heppOMarHeTUKOB B KBA3UMIOCTOSTHHBIX MAarHUTHBIX MOJISIX.

23.JluHamuyeckas eTiIsl HAMarHMYHBaHHS.

24. 9] dexT BBHITECHEHHS MArHUTHOTO MO JUPJICKTPUKAa B TEPEMEHHOM
MarHUTHOM TIOJIE.

25.Ilotepu  MoOIIHOCTM Ha TEpEeMarHuYMBaHUE (PEPpPOMArHETHKOB B
MEPEMEHHOM MarHUTHOM IIOJIE.

26.MaruutHbele MaTepuanbl. MarHUTOMSTKHE U MarHUTOTBEP/bIC MAarHUTHBIC
MaTepHuabl.

27 .VccnenoBanue peppoMarseTvka B IepeMEHHOM MarHUTHOM ITOJI€.
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28.ITomynpoBonuuku. OcHoBHBIE IOHATHA. Knnaccudukanusi.

29.27eKTPOIPOBOAHOCTh TOTYIIPOBOTHUKOB.

30.D1eKTpOHHO-IBIPOYHBIN MEPEX0/1 MOTYIPOBOHUKOB.

31.IIporoanuku. Knaccuduxaius. OCHOBHBIE TTOHSATHS.

32.YnenpHOE COMPOTHUBIICHUE MPOBOJAHUKOB. TemmepaTypHblid KO3hPUITMEHT
YAETBHOTO COMPOTUBIICHHMS.

33.TepmoD/IC. TemnepaTypHblii KO3(PPUIUEHT JHMHEHMHOrO paCHIMpPEHUs
METaJUTMYECKUX MTPOBOTHUKOB.

34.0OcHOBBI KOHCTPYKLIHOHHOTO U 3JIEKTPOTEXHUYECKOTO MaTepUaIoBeIcHHUE.

35.ArperatHble COCTOSHUS U Ie(HEKThI CTPOCHHS MAaTEPUAJIOB.

36.Tepmuueckast 00padoTKa.

37.Metanibl U CIUIaBHI.

38.McKycCcTBEHHBIE U CHHTETUUECKHIE MaTepUaJIbl.

39.Knaccudukanus MaTepuaos.

40.TexHOJOTHH MOTYYCHHS MaTePHAIIOB.
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Y4eOHO-MeTOAUYECKHE MATEPHAJIBI
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VYITTA, 1995. 100 c.
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e uza. M.: Dueprus, Tom 1, 1974. 583 c.; Tom 2, 1974. 615 c; Tom 3, 1976. 896 c.

Aeeesa H. JI., Bumaxoecxas H. I, Jlugpanoe B. H. DIeKTpOTEXHUYECKOE
MarepuanioBesnenne, Bnagusocrok: U3n-so ABI'TY, 2006. 76 c.
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Pozenonam M. A. MarHuTHBIC 3JI€MEHTHI ABTOMATHKH M BBIYHCIUTEIHLHOU
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BBEJIEHUE

Camocmosmenvruas paboma cmyoeHmog — 3TO Pa3HOOOpa3HbIE BUJIBI JEATEIHLHOCTU
CTY/ICHTOB, OCYILECTBIIIEMbIE TII0J PYKOBOJICTBOM, HO 0€3 HEMOCPeACTBEHHOI0 Yy4acTus
MpernojaBaTesis B ayIMTOPHOE U/UITN BHEAYIUTOPHOE BPEMS.

3T0 ocobast popma 0OydeHus MO 3aJaHUSAM MPENoaBaTesl, BHIIOIHEHNE KOTOPBIX TpeOyeT
AKTUBHOW MBICIUTEIBHOU, TIOMCKOBO-UCCIIEN0BATENbCKON U AaHATMTUYECKON AEATEIbHOCTH.

MeToa0IOTUYEeCKYI0O  OCHOBY  CaMOCTOSITENIBHOW ~ pabOTBl  CTYIEHTOB  COCTaBIISET
NeSITeIbHOCTHBIN TOAXO0J, KOr/a Ieid OOy4eHHs OpUEHTUPOBaHbI Ha (opMHpOBaHHE yMEHMI
pelaTh TUIIOBBIE W HETHIIOBBIE 3a[aud, TO €CTh Ha pEAJbHbIC CUTYyallUW, TJE€ CTYyACHTaM HaJo
MPOSIBUTH 3HAHWE KOHKPETHOM JUCIMILTUHBL, HCIIOIb30BaTh BHYTPUIIPEIMETHBIE U MEXKITPEIMETHBIE
CBSI3U.

Ilens camocTOSTENHHOW PaOOTHI — 3aKpeIieHWe 3HAHWW, MOJYyYEHHBIX Ha ayJAUTOPHBIX
3aHATUAX, (POPMUPOBAHHE CIIOCOOHOCTH MPUHUMATH Ha ce0sl OTBETCTBEHHOCTH, PELIaTh MpodiIeMy,
HaXOJUTh KOHCTPYKTUBHBIE BBIXO/bI U3 CIIOKHBIX CUTYallul, pa3BUBAaTh TBOPUYECKHE CIIOCOOHOCTH,
npuoOpeTeHne HaBbIKa OPraHU30BbIBATH CBOE BpeMs

Kpome toro camocrositenbHast paboTa HalpaBieHa Ha 00y4eHHE CTYIEHTAa OCMBICICHHO U
CaMOCTOSITENIbHO paboTaTh CHayaja ¢ y4yeOHbIM MaTepHajioM, 3aTeM C HayyHOW HH(opMaruei,
3aJI0’)KUTh OCHOBBI CaMOOPraHU3allMd W CaMOBOCIIUTAaHUS C TEM, 4YTOObl MPHUBUTH yMEHHUE B
JanbHEeHIeM HeNpPepbIBHO MOBHIIIATH CBOM MPO(eCcCHOHANBHBIN YPOBEHb.

CamocTosTenbHas paboTa peanu3yeT cielyrolne 3a1a4n:

— cHCTeMaTH3alus U 3aKperiCHHE TOTYYeHHBIX TEOPETUUECKUX 3HAHUHN U MTPAKTUYECKUX
YMEHHUH CTYAECHTOB;

— yriyOJeHue U paciIupeHue TeOPETUYECKUX 3HAHHMA;

— (opmupoBaHHEe YMEHUH UCIOIB30BaTh HOPMATHUBHYIO, IPABOBYIO, CIPAaBOYHYIO
JOKYMEHTAIUIO U CHICIUATbHYIO IUTEpaTypy;

— pa3BUTHE MO3HABATENIbHBIX CIHOCOOHOCTEH M aKTUBHOCTH CTYACHTOB: TBOPYECKOM
MHUIMATUBBI, CAMOCTOSTEIILHOCTH, OTBETCTBEHHOCTH ¥ OPraHU30BaHHOCTH;

— (opmHpoBaHHE CaMOCTOSATEIBHOCTH MBIIUIEHUS, CIIOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILICHCTBOBAHHIO U CaMOpPEaTH3alluH;

— ¢opMupoBaHue MNpaKTHUECKUX (0OIMIEY4eOHBIX W MPOPECCHOHATBHBIX) YMEHHH M
HAaBBIKOB;

— pa3BUTHE UCCIIEOBATEIbCKUX YMEHUII;

— TONy4YeHHE  HaBBHIKOB  3()(EeKTHBHOM  camMOCTOATENbHOH  MpodeccHoHaTbHON
(TpaKTUYECKON U HAYYHO-TEOPETHIECKON) eATETLHOCTH.

B yueOHOM mporiecce BBIIENAIOT ABa BUJA CAMOCTOSTEIbHOM paboThI:

— ayJIuTOpHas;

— BHEayIUTOpHas.

Ayoumopnas camocmoamenvhas padoma TO TUCHUILUIMHE BBIMONHAETCS HAa Yy4eOHBIX
3aHATHUAX TOJ] HETTOCPEICTBEHHBIM PYKOBOJICTBOM IIPEOIaBATENs U 10 €r0 33JaHUIO.

Bueayoumopnas camocmosmenvnas paboma — TIaHUpyeMas —ydeOHas, y4eOHO-
UCCIIeIOBAaTEeNbCKasl, Hay4yHO-HCcenoBareibckas padoTa  CTYyIEHTOB,  BBINOJHsEMas  BO
BHEAyJIUTOPHOE BPEeMsI 110 3a/IaHUI0 U NPU METOJUUYECKOM PYKOBOJICTBE MperoaaBaressi, Ho 6e3 ero
HETMOCPEJCTBEHHOTO YYaCTHS.

CamocrosiTensHas paboTa, He IPEIYCMOTPEHHAs: 00pa30BaTEILHON MPOTpaMMOl, YIeOHBIM
IUTAHOM ¥ Y4e0HO-METOIMYECKUMHU MaTepuanaMi, PacKphIBAIOIIUMH U KOHKPETH3HPYIOIIUMH UX
CoJiep’KaHue, OCYIIECTBISETCS CTyJEHTaMH HWHHUIIMATUBHO, C LENbI0 peaan3aluu COOCTBEHHBIX
Y4eOHBIX U HAYYHBIX HHTEPECOB.

st Gomee A(PPEKTUBHOTO BBIMOJHEHUS CAMOCTOSITEIIBHOW pPadOThl MO JUCITUTIIMHE
IperoiaBaTeNlb PEKOMEHIYeT CTyIeHTaM UCTOYHUKH U y4eOHO-METOAMUECKUE T0co0us /it paboThI,
XapakTepu3yeT Hambosee palrOHAIbHYI0 METOAMKY CaMOCTOSITENbHOM padOoThl, JEMOHCTPHUPYET
paHee BBIITOJHEHHBIE CTYICHTaMU paOOTHI U T. TI.



BUbI CAMOCTOSTEJBbHOM PABOTBI CTYJIEHTA

OcHoBHble (HOpPMBI OpraHU3alMM CaMOCTOSITEIHOM pabOThl CTYACHTOB OMNpPENENISIIOTCS
CJIEIYIOLMMU MapaMeTpaMu:
— cojep)kaHue yueOHOU AUCIUILIUHBL,
— YpOBEHb 00Pa30BaHU U CTETIEHb MOATOTOBIEHHOCTH CTYCHTOB;
— HEeo0XOIMMOCTh YHOPSI0UEHHUS HArPY3KU CTYIEHTOB IIPH CaMOCTOSTEIIbHON padoTe.

B cootBercTBMM ¢ peanusanmeil pabodeil mporpaMmbl  JUCIHHUIUIMHBI B paMKax
CaMOCTOSITENIbHOM pabOThI CTYIEHTY HEOOXOIMMO BBIITOJIHUTE CIIEIYIONINE BUbI PadOT:

0J151 NOO20MOBKU KO 8CeM 8UOAM MEKYUe20 KOHMPOJIAL:

- MOBTOPEHUE MaTepualia JEKIUM;

- CaMOCTOSITENIbHOE U3yUEHUE KypCa;

- TOJrOTOBKA K MPAKTUYECKUM 3aHATHSAM U 1aOOPaTOpHBIM paboTam,;

- TOJrOTOBKA K KOHTPOJBHOU paboTe, HamMcaHue KOHTPOJIBHOU paboThI;

- BBITIOJTHEHUE W HAITUCAHUE KYpPCOBOU pabOTHI (MMPOEKTA);

07151 NOO20MOBKU KO 8CeM BUOAM NPOMENCYMOUHOU ammecmayuu.

- TIOJrOTOBKA K 3a4ETY;

- IOJArOTOBKA K dK3aMEHY.

OcoOeHHOCTBIO ~ OpraHu3allid  CaMOCTOSITENIbHOM  paboThl  CTYAEHTOB  SIBJISIETCS
HE0OXOIMMOCTh HE TOJBKO MOATOTOBUTHCS K ClIadye 3adyeTa /IK3aMeHa, HO U cobpaTh, 0000UIUTH,
CUCTEMAaTHU3UPOBaTh, IPOAHATU3NPOBATH HH(OPMALIUIO 110 TEMaM AUCLUILTUHBL.

TexHoJIOTHS OpraHU3alMKA CAMOCTOATEIBHOU padOThl CTYJCHTOB BKIIOYACT UCTIOIb30BAHUE
MH(OPMALIMOHHBIX U MAaTEPUATbHO-TEXHUUECKUX PECYPCOB 00pa30BaTEIbHOIO YUPEKICHUSI.

CaMocrtosiTenbHasi paboTa MOXKET OCYIIECTBISITBCS HMHIWBUIYaTbHO WM TpyHIamMu
CTYIIEHTOB Kak Online, Tak u Ha 3aHATHAX B 3aBUCUMOCTH OT II€JIH, 00beMa, KOHKPETHON TeMaTHKH
CaMOCTOSITENTLHOM pabOThI, YPOBHS CIIOKHOCTH, YPOBHSI YMEHUN CTYICHTOB.

B xauectBe ¢dopM M METOMOB KOHTPOJS BHEAYIUTOPHOM CaMOCTOSTEIHLHON pabOThI
CTY/ICHTOB MOTYT OBITh HCIIOJIb30BaHbl OOMEH HWH(GOPMAIMOHHBIMHU (aigamMu, CeMHUHApPCKHE
3aHSTHSI, TECTUPOBAHME, OMPOC, NOKIAN, pedepar, caMOOTYEThl, KOHTPOJIbHbIE PaOOTHI, 3aIIUTa
KOHTPOJBHBIX M KYPCOBBIX paboOT (IPOEKTOB), 3alMTa 3a4€THHIX pabOT B BHUAE JOKJIana C
Mpe3eHTalue u ap.

Texkymmii KOHTPOJb pPe3yJbTaTOB BHEAYAMTOPHONW CaMOCTOSATENBbHOM pabOThI CTYIEHTOB
OCYILIECTBIISIETCSl B Mpeneiax BPEMEHM, OTBEIEHHOTO Ha o00s3aTeNbHble ydyeOHbIE 3aHATUS IO
JTUCLUTITUHE.

[IpoMexXyTOUHBIH KOHTPOJb PE3yJbTaTOB BHEAYAUTOPHON CaMOCTOSITEIBLHON paboThI
CTY/ICHTOB OCYILECTBIIECTCS B MPE/Ieax BpEMEHH, OTBEACHHOTO JUIs CIa4YM SK3aMeHa / 3auéTa.

B Meroanueckux ykazaHHUSAX MO KaXKJIOMY BHAY KOHTPOJS MPEACTABICHbl MaTE€pUaIbl JUIs
CaMOCTOSITENTLHON paObOThI U PEKOMEHIAIINH 110 OPTAHU3AIMH OTICIHHBIX €€ BUOB.

METOAUYECKHUE PEKOMEHJALHNMH 110 ITIOATI'OTOBKE
KO BCEM BUJIAM TEKYIIET'O KOHTPOJIA

IToBTOpeHUEe MaTepuaJia JeKIHii 1 CAMOCTOATEIbHOE H3yUeHHe Kypca

JlexiMOHHBIN MaTepual Mo JUCHUUILIMHE U3JIaraeTcsl B BUJI€ YCTHBIX JIEKIMI ITpernoiaBaTens
BO BpeMs ayauTOpHBIX 3aHaATHi. CamocrosiTerpbHas paboTa CTyJeHTa BO BpeMs JICKIIMOHHBIX
ayJIUTOPHBIX 3aHITHH 3aKJII0UYAETCA B BEJICHUM 3anuceld (KOHCIEKTa JIEKIUiA).

KoHcneKT Jiek1nii, BBIMOJHIEMBIN BO BPEMSI AyIUTOPHBIX 3aHATUIN, JOTOJIHIETCA CTYJEHTOM
IIPU CAMOCTOSITEJIbHOM BHEAYJUTOPHOM HM3YYEHHH HEKOTOPBIX TeM Kypca. (CaMocTosTenbHOE
M3YyYECHHUE TEM KypCa OCYIIECTBISECTCS HA OCHOBE CIIMCKA OCHOBHOM U IONOJIHUTEIBHOM JTIUTEPATypPhI
K JUCLMILINHE.

[lepedyeHr OCHOBHOM M JOTIOJTHUTEIHHOM y4eOHOM TUTEepaTyphl, HEOOXOAMMOM ISl OCBOCHUS
JTUCIUILTAHBI IPUBEAEH B pabodeil mporpaMMe JUCIUTIITNHBL.
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PexomeHnnyemble 3amaHMs UIS  CaMOCTOSTENIBHOW BHEAYIMTOPHOM paldOThl CTYyIEHTA,
HalpaBJICHHbIE Ha TIOBTOPEHUE MaTepUaa JIEKIMHA U CaMOCTOSITEIbHOE U3yUEHUE TEM Kypca:
0J151 0671A0€HUS SHAHUAMU.
— KOHCIIEKTHPOBAaHUE TEKCTa,
— YTEHHUE OCHOBHOW U JIOIIOJHUTEIBLHOM JINTEPATypHI;
— COCTaBJICHUE IJIaHA TEKCTA;
— paboTa co cI0BapsIMH, CIPABOYHUKAMHU U HOPMATUBHBIMU JOKYMEHTaMH;
— TPOCMOTP O0YYAIOIIUX BUICO3AMUCEH.
0711 3aKpenjieHus U CUCIeMamu3ayuy 3HAHUU:
— paboTa ¢ KOHCIIEKTOM JICKITUH;
— MOBTOpHAas paboTa HaJ y4eOHBIM MAaTEpHUAJIOM;
— COCTaBJIeHHE TAaOIUIL U1 CUCTEMaTH3aIMK y4eOHOro MaTepuaa,;
— H3Yy4YE€HHME HOPMAaTUBHBIX MaTEpUasOB;
— COCTAaBJICHHE IJIaHA U TE3UCOB OTBETA HA BOIPOCHI Il CAMOIIPOBEPKH;
— OTBETHI Ha BOIIPOCHI JIJIs1 CAMOIIPOBEPKU;
— cocTaBiieHHe OUOIMOorpauuecKruX CIUCKOB 110 U3y4aeMbIM TEMaM.
0715 pOPMUPOBAHUS HABLIKOS U YMEHUIL!
— BBINOJIHEHHE PUCYHKOB, CX€M, 3CKU30B 000PYI0BaHMS;
— pedaexcuBHBIN aHaMKU3 NPO(HECCHOHATBEHBIX YMEHUH.
TemaTnueckuil MiaH W3y4YeHHs] AUCLUUIUIMHBI M COJEpXKAHME YYEOHOW JUCIUIUTUHBI
IIPUBEJCHBI B pabouell mporpaMme JUCHUITINHBI.
Bomnpocs! i caMmonpoBepKy MpUBEIEHbl YIeOHON TUTEpaType Mo JUCUUIUIMHE U MOTYT
OBITh NPEAJIOKEHBI IpPENnoJaBaTeIeM Ha JEKIHUOHHBIX ayAMTOPHBIX 3aHATHSX IOCIE HM3Y4EeHUs
Ka)KJI0! TEMBI.

IoaroroBka K NPaAKTHYECKUM 3aHATUAM M JIa00OPATOPHBIM padoTam

Ilpakmuueckue 3auamus TO ITUCUUIUIMHE BBICTYHNAIOT CPEICTBOM (OPMHUPOBAHUSA Y
CTYICHTOB CHCTEMbl HHTEIPUPOBAHHBIX YMEHUH W HAaBBIKOB, HEOOXOIMMBIX [JIsI OCBOCHHUS
npodeccCHOHABHBIX KOMITETEHIUHM, a TaKk)Ke YMEHUW OmNpenenaTh, pa3pabaThiBaTh M MPUMEHATH
ONTUMAaJIbHbIE METO/IbI PelIeHUs TPO(ECCHOHATBFHBIX 3aau.

Ha npakTruecknx 3aHATUSIX TPOUCXOJIUT 3aKPETICHUE TEOPETUUECKUX 3HAHUH, MOTYyYEHHBIX
B XOJIe JIEKIIMI, OCBaBAIOTCS METOJUKHU W AJITOPUTMBI PELIEHUs TUIOBBIX 3a/1ay 1Mo olpasiy U
BapUAHTHBIX 3a/Jay, pa3OuparoTcs TNpUMEpPhl NPUMEHEHUS TEOPETUYECKUX 3HAHUW Ui
MIPAKTUYECKOTO0 HCIOJIb30BAHUS, BBINOJIHAIOTCS JOKJIAAbl C IPE3EHTAlMed M0 ONpeneCHHBIM
y4eOHO-TIPAKTHYECKUM, y4eOHO-HUCCIIEAOBATENILCKUM MM HAYYHBIM TeMaM C TOCIEIYIOUIMM HUX
00CYXJICHHEM.

Pexomennyemble 3amaHMs UIS CaMOCTOSTENIBHOW BHEAYIUTOPHOM paldOThl CTYyIEHTA,
HaIlpaBJICHHBIE HAa MOJATOTOBKY K MPAKTUYECKUM 3aHATHUSIM:

0J15 081A0€HUA SHAHUAMU!

— YTEHUE OCHOBHOM M JIOTIOJIHUTEIBHOM JIUTEPATYPHI;
— paboTa co cloBapsIMH, CIIPaBOYHUKAMU U HOPMATUBHBIMU JJOKYMEHTaMHU;
— MPOCMOTp 00yyaroluX BHUI€03aUCEH.
07151 3aKpenienusl U CUCmeMamu3ayuy 3SHaHuiL:
— paboTa ¢ KOHCIIEKTOM JICKIIHIA;
OTBETHI Ha BOIIPOCHI JUIsl CAMOIIPOBEPKH;
MOATOTOBKA IMyOJUYHBIX BBICTYIUICHHIA,
cocTaByieHHE OUOIMOTrpadUueCKuX CIIUCKOB 0 U3y4aeMbIM TEMaM.
07151 hOpMUPOBAHUS HABLIKOB U YMEHUIL:
— peuleHue 3a/1a4 1o oopasily U BapuaTHBHBIX 337ay,
— BBINOJIHEHHE PHUCYHKOB, CXEM, 3CKU30B 000PYI0BaHMUS;



— pedaexcuBHBIN aHaMKU3 MPO(HECCHOHATBHBIX YMEHUH.

Temarndecknil IUTaH W3y4YCHUS JUCHUIUIMHBI M COJICP)KAHWE YYEOHOW JMCIMIUINHBI
NpUBEJCHBI B paboueil mporpaMme TUCIHUILIINHBI.

Jlabopamopnvle 3anamus TO ITUCHUIUIMHE BBICTYNAIOT CPEACTBOM (OPMHUPOBAHUS Yy
CTY/ICHTOB HaBBIKOB pabOTHI C MCIOJIB30BAaHUEM JIADOPATOPHOTO 000PYIOBaHUS, TUIAHUPOBAHUS U
BBIIIOJTHEHUSI  OKCIEPUMEHTOB, OQOPMIICHUS OTYETHOW JOKYMEHTAIlMM IO  BBINOJIHEHHIO
1a00paTOpHBIX PadOoT.

PexomenayeMble 3amaHusi IS CaMOCTOSTEIBLHON BHEAyAUTOPHON pabOThI CTYJEHTA,
HaIpaBJICHHBIEC Ha MOATOTOBKY K JIA0OPATOPHBIM 3aHSATHSIM:

07151 0871A0€HUS SHAHUAMU.

— U3y4YeHHE METOAUMK pabOThl C UCIOJb30BAHUEM pA3IUYHBIX BHJOB U THUIIOB
1a00paTOPHOTO 000PYAOBAHMS;
— HM3YYCHHE MPaBWI OE30MAaCHOM IKCIUTyaTalluy JaO0paTOPHOTO 000PYI0BaHHUS;
— pabota co ciaoBapsAMH, CIIPAaBOYHUKAMH U HOPMATUBHBIMH JOKYMEHTAMH.
0J1 3aKpenieHusi U CUCTeMAamu3ayuy 3HAHull
— COCTaBJICHHE IJIaHA TIPOBEICHUS SKCIIEPUMEHTA;
— COCTaBJIEHHE OTUETHOHN TOKYMEHTALIUU TI0 Pe3yJIbTaTaM YKCIIEPUMEHTUPOBAHMS;
— aHamUTHYecKas 00paboTKa pe3yabTaToOB SKCIIEPUMEHTOB.
071 pOpMUPOBAHUS HABLIKOS U YMEHUIL!
— BBINOJIHEHHE PHUCYHKOB, CXEM, 3CKU30B 000PYI0BaHMS;
— o¢opmiieHHE OTYETHON JOKYMEHTAIIUU IO BHITTOJIHEHHIO JTJAOOPAaTOPHBIX PadoT.

IToaroroBka u HanMcaHUe KOHTPOJIbHON PadoThI

Koumponvnasa  paboma — WHIUBUAyaJdbHAas JEATENBHOCTh  OOy4aromierocss 1o
KOHIIEHTPUPOBAHHOMY  BBIPQOKCHHUIO HAKOIUICHHOTO 3HAHHS, OOECIEeUYnBAaET BO3MOXKHOCTH
OJIHOBPEMEHHOI paboThI BceM 00ydaronmmcs 3a GUKCUPOBAHHOE BPEMS 110 OHOTUITHBIM 33/1aHUSM,
9TO MO3BOJISIET TPEIMOAaBaTENI0 OICHUTHh BceX oOydarommxcs. KoHTponbpHas pabora sBisieTcs
CPEZICTBOM MPOBEPKU YMEHUN NPUMEHSATH MOJIYUEHHBIE 3HAHUS ISl pELICHUS 33]1a4 ONPECICHHOTO
THUIIA 110 TEME WIH pa3zieny.

PexomenayeMble 3amaHusi IS CaMOCTOSTEIBLHON BHEAyAUTOPHON pabOThI CTYJEHTA,
HaIpaBJICHHbIC HA TIOJITOTOBKY K KOHTPOJILHOM padore:

07151 0811A0€HUSL BHAHUAMU:

— YTEHHUE OCHOBHOM U JIOIIOJHUTEIBLHOM JINTEPATYypHI;
— paboTa co cloBapsIMH, CIIPABOYHUKAMU U HOPMATHBHBIMU JOKYMEHTaMH.
07151 3aKpenienus U CUCeMamu3ayuy 3SHaHUuiL:
— paboTa ¢ KOHCIIEKTOM JICKITUH;
— OTBETHI Ha BOIPOCHI 11 CAMOIIPOBEPKH.
07151 hOpMUPOBAHUS HABLIKOB U YMEHUIL:
— peleHue 3a7a4 mo oopasily ¥ BApUaTUBHBIX 33724,
— BBINIOJIHEHUE PUCYHKOB, CXEM, 3CKU30B 000PYIOBaHMUS;
— odopMieHHE OTYETHON TOKYMEHTAIIMHU IO BBHIOJHEHUIO KOHTPOJIbHOM pabOTHI.

KonTponbHast pabota MOXeT ObITh BBHITIOJHEHA B BUJIE JOKJIaJa C IPe3eHTAIHEH.

Hoknao ¢ npesenmayuetl — 3T0 MyOIUIHOE BBICTYIUICHHUE IO MPEACTABICHUIO TTOTYyYECHHBIX
pe3yIbTATOB 3HAHHWM TIO OMNPEACIICHHONW Y4eOHO-TIPAKTUYECKOH, yueOHO-HCCIIeIOBATEIHCKON WITH
Hay4HOU TEME.

[Ipn moAroToBKe JOKIana ¢ MPE3CHTANMEH OO0ydYaroIIMiCs JOHKEH MPOAEMOHCTPUPOBATH
YMEHHE CaMOCTOSITEIbHOTO HW3Yy4Y€HHUS OTIEIbHBIX BOIPOCOB, CTPYKTYPUPOBAHMS OCHOBHBIX
MOJIOKEHUH paccMaTpUBaeMBbIX MpoOsieM, MyOJIMYHOTO BBICTYIUICHHUS, MO3ULMOHUPOBAHUS cels
nepesl KOJJICKTHBOM, HABBIKM PAa0bOTHI ¢ OHOIMOrpaMuecKuMU HCTOYHMKAMHU M O(POPMIICHHS
Hay4HBIX TEKCTOB.



B xoz1e moroToBKM K JOKIJIATy ¢ Ipe3eHTannel 00ydarmeMycst He0OX0aUMO:
BBIOPATh TEMY U OTIPENEIIHUTH 1IeTh BBICTYIUICHUS,
— OCYIIECTBHUTH COOp MaTepuaia K BBICTYILIICHUIO,
OpPTraHU30BaTh PadOTy C UCTOUYHUKAMHU;
— ~BO BpCMA HU3YYCHUSA HCTOUYHHUKOB CJICAYCT 3allMCBIBATH BOIIPOCHI, BO3HUKAIOUINUC I10
MCPC O3HAKOMIJICHUA, KIIFOUCBBIC CJIOBA, MBICIIU, CYXICHUA, IPCACTABIIATE HATTIAAHBIC
MPUMEPHI U3 MPAKTHKH;
- C(bOpMy.HI/IpOBaTB BO3MOJHBIC BOIIPOCHI IO TCMC OOKJIaAa, MOATOTOBHUTL TE3HCHI
OTBC€TOB Ha HUX,
— o0paboTarh MaTepuay M TMPEICTaBUTh €r0 B BHJE 3aKOHYCHHOTO JOKJIaJa u
MIPE3CHTAIHH.
[Ipu BBIMOTHEHUH KOHTPOIHHOU pabOThI B BUIE OKIA/A C IPE3CHTANEH CaMOCTOSTEIbHAS
paboTa cTyaeHTa BKIIOYaeT B ceOsl:
0J15 081A0€HUS SHAHUAMU!
— YTEHWE OCHOBHOE U JIOTIOJIHUTEIILHOW JINTEPATYPHI 110 33aHHOW TeME JOKIIaa,
— COCTaBJICHUE IJIaHa JOKJIaaa,
— paboTa co cI0BapsIMH, CIPABOYHUKAMHU U HOPMATUBHBIMU JOKYMEHTaMH;
— MPOCMOTP 0OyYaIOIIUX BHUIC03AMUCEN O TEME JOKIaaa
0J1A 3aKpenieHus U CUCIeMamu3ayuy 3HAHUI:
— COCTaBJICHUE IJIaHA ¥ TE3MCOB MPE3EHTAIINH 110 TEME JIOKIIA/Ia;
— COCTaBJICHUE MTPE3CHTAINY;
— cocTaBlieHne OMOIMOrpauIecKOro CIUCKA 10 TEME JI0KJIaa;
— MNOATOTOBKA K HYG.HI/I‘-IHOMy BBICTYIIJICHHUIO,
— COCTaBJICHHUC BO3MOKHBIX BOIIPOCOB IO TEMC NOKJIa/la U OTBCTOB Ha HUX.
0718 (hOpMUPOBAHUA HABLIKOG U YMEHUIL.
— TyOJIMYHOE BBICTYILICHUE;
— BBINOJIHEHHE PHCYHKOB, CXEM, 3CKU30B 000PYI0BaHMS,
— pedaekcuBHBIN aHAIM3 TPO()ECCHOHATTLHBIX YMEHUM.
BapuaHThl KOHTPOJBHBIX PabOT W TEMBI JOKJIAJOB MPHUBEICHBI B KOMILUICKTE OICHOYHBIX
CpPEICTB AUCLUAIIIIAHBI.

IoaroroBKa K BHINOJHEHUIO H HANIUCAHUIO KYPCOBOM padoThl (IIP0eKTA)

Kypcosas paboma (npoexm) — popma KOHTPOJIS TS IEMOHCTPAIUH 00y4JaIOITUMCs YMEHUI
pabotatb ¢ O00BEKTaMH  U3YYEHHUS, KPUTHUECKUMHU  HCTOYHUKAMHU, CIPABOYHOH H
SHIMKIIOTIEIMYECKON JIUTEPATYPOH, JOTMYHO ¥ TPAMOTHO U3JIaraTb COOCTBEHHbIE YMO3aKITIOUEHUS U
BBIBOJIbI, OOOCHOBBIBaTh W CTPOUTH ANpPUOPHYIO MOJETh H3y4aeMOoro oObeKTa WM Tpoliecca,
CO3J1aBaTh COJEPKATEIbHYIO IPE3EHTAINIO BHITIOJTHEHHONW PaOOTHI.

[Ipy BBITOMHEHUH W 3alIUTe KYpCOBOM pabOThI (MpPOEKTa) OIEHUBACTCS YMEHHUE
CaMOCTOSITENIbHON pabOThI C 00BEKTAaMH U3YUEHUS, CIPABOYHOM JIUTEPATYPOM, IOTUIHO U TPAMOTHO
u3JlaraTb COOCTBEHHbIE YMO3AKIIOUEHHS U BBIBOJIbI, 00OCHOBBIBATH BHIOPAHHYIO TEXHOJIOTHUECKYIO
CXEMY U NPHUHATHII TUI U KOJIUYECTBO 00OPYJIOBAHUS, CO3/]aBaTh COJACPKATEIbHYIO MPE3CHTALIUIO
BBITIOJTHCHHOU PaOOTHI (MIOSICHUTENbHYIO 3alTUCKY U TpaduuecKuii MmaTepuann).

Pexomennyemble 3amaHMs UIS CaMOCTOSTENIBHOW BHEAYIUTOPHOM paldOThl CTYyIEHTA,
HaIpaBJIEHHBIC HA MMOJITOTOBKY K KypCOBOM paboTe (MPOEKTY):

0715 0811A0€HUS SHAHUAMU

— YTEHUE OCHOBHOMW M JIOTOJIHUTEIbHOM JIUTEPATYPHI;
— paboTa co cioBapsiIMH, CIPAaBOYHUKAMU U HOPMATUBHBIMU JOKYMEHTAMH;
— COCTaBJICHHE IJIaHA BBIITOJIHEHHS KYPCOBOU pabOTHI (IIPOEKTa);
— COCTaBJIEHHE CITUCKA MCIIOJIb30BAaHHBIX UCTOYHUKOB.
07151 3aKpenienus U CUCeMamu3ayuy 3SHaHUuiL



— pabora y4ueOHO-METOJMYECKMMHU MaTepualaMd IO BBIMOJIHEHUIO KYpCOBOW pabOTHI
(mpoekTa);
— U3y4YeHHE OCHOBHBIX METOJMK pacuéTa TEXHOJOTMYECKHX CXEM, BBIOOpa W pacuéra
000pynOBaHUS;
— TOJTrOTOBKA TE3MCOB OTBETOB HA BOMPOCHI 110 TEMATHUKE KyPCOBOM pabOTHI (ITPOEKTA).
0718 (PopMUPOBAHUS HABLIKOG U YMEHUIL.
— peuleHue 3a1a4 1o oopasily U BapuaTHBHBIX 3ajay,
— BBINOJIHEHHE PHUCYHKOB, CXEM, KOMIOHOBOYHBIX YEPTEKEH;
— o(opmieHne TEKCTOBON U rpaduyecKoit TOKyMEHTAlIHH.
TemaTuka KypcoBBIX pPa0OT (IIPOEKTOB) MPHUBEICHBI B KOMIUJIEKTE OIEHOYHBIX CPEICTB
JUCLUIUIAHBL.

METOAUYECKHE PEKOMEHJAIIUHN
ITO IOATI'OTOBKE K IPOME’)KYTOYHOU ATTECTALIUHN

IHoaroroBka Kk 3a4éty

3auéT Mo AMCUUILIIMHE MOXKET OBITh MPOBEAEH B BHUJIE TECTa WM BKJIIOYATh B ceOs 3alUTy
KOHTPOJILHOM pabOThI (IOKJIA]] ¢ IPE3CHTAIHECH).

Tecm — 3TO cucTteMa CTaHAAPTU3UPOBAHHBIX 3aJaHHM, MO3BOJSAIONIAS aBTOMATH3UPOBATH
IpoIelypy U3MEPEHUs YPOBHS 3HAHUM U YMEHHI 00y4aromerocs.

[Ipu camocTOSTENbHON MOArOTOBKE K 3a4€Ty, MPOBOJMMOMY B BHUJAE TECTa, CTYIEHTY
HE00X0AUMO:

— mnpopaborath WHGOOPMAIMOHHBIM Marepuan (KOHCIEKT JIEeKIHi, ydeOHOoe Mmocooue,

y4eOHMK) MO JUCLUUIUIMHE; MPOKOHCYIBTUPOBATHCS € MPENoJaBaTesieM IO BOIPOCY
BBIOOpA JOTOTHUTEIHFHON YUCOHON JTUTEPATYPHI;

— BBUICHUTH  YCJIOBUS  TPOBEIEHHS  TeCTa: KOJMYECTBO  BOINPOCOB B  TECTE,
MPOAOIDKUTEIHLHOCTD BBITIOJIHEHUS TECTA, CUCTEMY OIICHKH Pe3yJIbTaToB U T. 11.;

— npucTymnas K paboTe ¢ TECTOM, HY>)KHO BHUMATEIbHO M /10 KOHIIA MMPOYUTATh BOMPOC U
MpeJiaraeMble BApUAHTHI OTBETOB, BBIOPATh MPAaBUIIbHBIE (MX MOXKET OBITh HECKOJIBKO), Ha
OTIENPHOM JIUCTKE OTBETOB BIHUCATh IU(PY BOIpoca U OYKBBI, COOTBETCTBYIOILUE
MPaBWJIbHBIM OTBETaM.

B nporiecce BhIMOTHEHHS TECTa PEKOMEHIYETCSl TPUMEHSATh HECKOJIBKO IMOAX0/I0B B PELICHUN
3amanuii. Takas crTpaTerus MO3BOJSET MAaKCHUMallbHO THOKO ONEpHUpOBaTh METOJAaMH peIIeHHS,
HAXo/s KaXAbll pa3 ONTUMAIbHBIA BapuaHT. He HYXHO TpaTUTh CIUIIKOM MHOT'O BPEMEHH Ha
TPYIHBINA BOIPOC, a Cpa3y NEPEXOJUTh K APYTUM TECTOBBIM 33JaHUSIM, K TPYJHOMY BOIIPOCY MOKHO
oOpatuThcst B KoHIEe. HeoOXoauMo OCTaBUTH BpeMsi IUIsl MPOBEPKH OTBETOB, YTOOBI M30exkaTh
MEXaHUYECKUX OLIHOOK.

3ayér TaKkKe MOXKET NPOXOAUTh B BHJE 3alIUTHl KOHTPOJIBHOW pabOThl (HOKIax C
npeseHTaipenn). MeToauueckine pPEeKOMEHJAIMK 10 [MOJArOTOBKE M BBIMOJHEHUIO [OKJIana ¢
npe3eHTaluel npuBeaeHs! B . «I1oAroToBka 1 HarMcaHue KOHTPOJIBHOM paboThI».

IHoaroroBka K 3K3aMeHy

[IpomexxyTouHasi aTTecTalysi 1O HTOraM OCBOCHHS IUCIMIUIMHBI MPOBOAMTCA B (hopme
IK3aMEHa.

Buner Ha 3K3aMeH BKIIIOYAET B c€0s TEOPETHUECKUE BOTIPOCH M IPAKTUKO-OPUEHTHPOBAHHBIE
3a7aHusl.

Teopemuueckuii 6onpoc — WHAMBUAYyalbHas JEATENbHOCTh  OOydYaromerocss Mo
KOHIICHTPHPOBAaHHOMY  BBIPDAKCHUIO HAKOIUIGHHOTO 3HAHWS, O0ECHEeYMBAaET BO3MOXKHOCTD
OJTHOBPEMEHHOM pabOTHI BceM 00yUaroMes 3a GUKCUPOBAHHOE BPEMs 110 OJTHOTUITHBIM 3a/IaHHSIM,
YTO MO3BOJISET MPETIOABATEIIO OICHUTH BCEX 00YJAIOIINXCH.



Ilpakmuxo-opuenmupogannoe 3adanue — CpPEICTBO MPOBEPKH yMEHUN NPUMEHSTH
MOJTyYEHHBIE 3HAHUS [T pELLeHHs 3a]1a4 ONPEIEIIEHHOTO TUIIA MO ONPEIEIEHHON TEME.
[Ipu caMOCTOATENBHOM MOATOTOBKE K AK3aMEHY CTYACHTY HEOOXO0AUMO:

MOJTYYHUTh MEPEYCHb TEOPETUIECCKUX BOMIPOCOB K IK3aAMEHY;

npopaboTaTh MPOICHHBIN MaTeprall (KOHCIIEKT JISKIIHA, yaeOHOe mocooue, yIeOHHUK)
0 TUCIUTUTMHE, TIPU HEOOXOJUMOCTH U3YUUTh JOMOIHUTEIbHBIC HICTOYHHKH,
COCTaBHTD TUTAHBI U TE3UCHI OTBETOB HA BOTIPOCHI,

popadoTaTh BCE THITHI MPAKTHKO-OPHECHTUPOBAHHBIX 3aaHUH;

COCTAaBHTbH AITOPUTM PEUICHHUS OCHOBHBIX THIIOB 33734,

BBISICHUTB YCIIOBHSI TIPOBEICHUSI SK3aMEHA. KOJMYECTBO TEOPETHUECKUX BOIPOCOB U
MPAKTUKO-OPUEHTHPOBAHHBIX 3aJaHul B HK3aMEHAIIHOHHOM ounere,
MPOJOIKUTENFHOCTh M (hOpMY TPOBEIEHUsST dK3amMeHa (YCTHBIM WM THCHMEHHBIN),
CHCTEMY OIIEHKH PE3yJIbTAaTOB U T. 11.;

npuctynas K paboTe ¢ 3K3aMEHAIMOHHBIM OUJIETOM, HY’)KHO BHUMATEIHHO MPOYUTATh
TEOPETHYECKHE BOTIPOCHI M YCIOBUS IPAKTUKO-OPUEHTHPOBAHHOTO 33 IaHHS,;

MIPU yCJIOBHH TPOBEACHHS YCTHOTO PK3aMEHA COCTaBUTH IJIaH U TE3UChI OTBETOB Ha
TEOPETUYECKHE  BOMPOCHI, KPAaTKO  M3JIOKHTH  XOJ  pEIICHHs  MPaKTUKO-
OPHEHTUPOBAHHOTO 3a/IaHUS;

P yCJIOBHUH TMPOBEACHUS MIUCHMEHHOTO SK3aMEHA J1aTh MMOTHBIE TUChMEHHBIC OTBETHI
Ha TEOPETUYECKUE BOMPOCHI, U3IIOKUTh XOJ PEUICHUS MPAKTUKO-OPUECHTHPOBAHHOTO
3aJJaHHs C YUCIICHHBIM PAacYETOM UCKOMBIX BEJINYHH.
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BBenenue

JlaHHBIE METOAMYECKHE YKa3aHWs pa3paboTaHbl B IOMOINb IS  BBITTOJHCHHS
KOHTPOJILHOM paboThI 10 Kypcy «Duznka 3emin.

B MeTtomMueckux peKOMEHIAIMSAX COJEPKUTCA: IEPEeYeHb BOIPOCOB KOHTPOJIBHOM
paboThl, METOJAMYECKHE PEKOMEHJAIMUA IO BBIMOJHEHUIO KOHTPOJBHOM pPabOThI, MepeueHb
PEKOMEHTyeMbIX YU4eOHBIX M3AaHUI, HHTEPHET-PECYPCOB, JOIIOTHUTEIBHONW JTUTEPATYPHI.

BaumarenpbHo — mpounTaiiTe  3aJaHWe  KOHTPOJIBHOM  pabOThl,  MOJTOTOBBTE
PEKOMEHIyEMYIO BaM JIUTEpaTypy (TP HEOOXOIUMOCTH ), 03HAKOMBTECh C PEKOMEHAAIUSAMU 10
BBITIOJIHEHHUIO PAOOTHI, C KPUTEPHUSIMU OIIECHUBAHUS PAOOTHI.

[Ipexxae yeM caTh BBHIMOJTHEHHYIO KOHTPOJIBHYIO pa0OTy MpernogaBaTellio Ha IPOBEPKY,
BBITIOJIHUTE CAMOOLIEHKY 10 3aIaHHBIM KPUTEPHSIM.

KonrtponbHas pabora sBisercs oO0s3aTeNbHOM JUIsl KaXaoro oOydaromierocs |
orpezenseTcss y4eOHbIM MiaHoM. Hanmnuue MmonoXUTEeIbHOW OICHKH 10 KOHTPOJIBHON padoTe
HEO0OXOUMO IS MTOTY4YEHHUS TPOMEKYTOUHOM aTTeCTalllK 10 AUCHUTIINHE «DHu3uka 3eMiny.

1. 3agaHus AJ1s1 KOHTPOJIbHOI PadoTHI
Bapuanr 1

Z[aﬁTe OIIPECACIICHUS CICAYIOIMIUM ITOHATUAM: CHJIA TSAKECTHU, CUJIA TATOTCHUA, YCKOPCHUC
CHIJIBI TAXKCCTH, FpaBHTaHHOHHLIﬁ MOTEHIMANI. YKaXXUTe Ha OTJIMYHUTEIIbHEIE 0COOEHHOCTHU CHJIBI
TAXCCTH U CUJIBI TATOTCHUA.

Bapuanr 2

Jlnst uccnenoBaHus BHYTPEHHETO CTPOCHMSI 3€MIIM HMCTOJB3YIOT Pa3IMUHBIE METOJIBI.
[lepeuncnure 3TU METO/IBI U IANTE UM CPABHUTEIIbHYIO XapaKTEPUCTHUKY.

Bapwanr 3

OnumuTe CymHOCTh PaJuOU30TOIHOTO METOJa OIpeesieHUs] abCOM0THOIO BO3pacTta
TOPHBIX OPoa?

Bapuanr 4

3eMHOII MarHETU3M 06y0HOBJI€H I[CﬁCTBHGM MOCTOAHHBIX UCTOYHUKOB, PACIIOJIOKCHHBIX
BHYTpPHU 3eman u HUCIIBITBIBAIOIIUX JIMIIb MCAJICHHBIC BCKOBBLIC HM3MCHCHHA (Bapnaum/l) n



BHEITHUX (TIEPEMEHHBIX) UCTOYHUKOB, PACIIOIOKEHHBIX B MarHutochepe 3emiin u noHochepe.
UT0 3TO 32 UCTOYHHKK F€OMArHUTHOTO TOJIA M TTOYEMY pa3iinyaloT OCHOBHOE (TyiaBHOE ~99%) 1
nepeMeHHoe (~1%) reoMarHuTHbIE 110JIsA7

Bapuanr 5

Jlisa uccienoBaHUS BHYTPEHHErO CTPOEHHUS 3eMJIM HCHOJb3YIOT Pa3IM4HbIE METO/IBI.
[lepeuucnure 3T METOIbI U JANTE UM CPABHUTEIBHYIO XapaKTEPUCTHKY.

BapuanT 6

3emiist HeceT Ha ce0e OTpULaTeNbHBbIH d1eKTpuuecKuit 3apsan. OTKyaa U Kak 0epercs 3TOT
Ha 3emse 3ToT 3apsa? Kakue comyTcTByrolnMe SIBICHHS HMMEIOT MECTO MpH 00pa3oBaHUU
3JIEKTPUYECKOTO 3apsa 3emin?

Bapuant 7

C kaxoil IMHEeNHON CKOPOCThIO (B METpax B CEKYHAy) ABMxkeTcs ExarepunOypr, mmpora
kotoporo 56° 51/,

Bapuanr 8

Ecnu 3emitio mpeicTaBUTh r100ycOM ¢ MAMETPOM B 3 M, KaK BBIPA3HUTCS TOT/IA CKATHE
Semn?

BapuanT 9

0] I‘J'IY6I/IHHOM CTPOCHUU 3eMin CyIAT IO MPOAOJIBHBIM U IMOIICPCYHBIM CENCMUYECKUM
BOJIHAM, KOTOPELIC, paCIPOCTPAHAACH BHYTPU 3CMJ'II/I, HCIBITBIBAIOT MPEIIOMIICHUEC, OTPAKCHUEC U
3aTyXaHUC, YTO CBUACTCIBCTBYCT O PACCIIOCHOCTH 3emMin. C(l)opMyanyﬁTe OCHOBHBIC 3aKOHBEI,
OIMMCBIBAIOIHNEC YKA3aHHBIC ITPOLECCHI.

Bapuanr 10

TemnnoBoif TOTOK B TOuKe MOBepXHOCTH 3emmu coctasaser 0.071 Br/m® . Kakoit
TEIUIOBOM TMOTOK IMOCTYMAaeT ¢ MOBEPXHOCTH MAHTHH, €Clid KO3(P(PUIMEHT TerionpoBOAHOCTH
MOpPOJI 3€MHOHM KOpBI 37leCh cocTaBiseT B cpenHem 2.5 Bt1/(MK), a e€ mommuocts -—40 km?
Temneparypusiit rpagueHt —2° /100 m.

Bapuanr 11

Jlig Toro 4YTroOBl CTpeiKa KOMIlaca, YCTAHAaBIWBAsACh B IUIOCKOCTH MAarHUTHOTO
MepHJIMaHa, HAaXOIWIach B TO K€ BpPEeMs B TOPU3OHTAJIbHOM COCTOSIHMM, Ha FOKHYIO HWIIH
CEBEPHYIO YacCThb CTPEJIKM MPUKPEIUIAIOT YypaBHOBEIIMBAIOMIMKA TIpy3. C Kakoil CTOpPOHBI
HEOOXOIUMO MPUKPENHTh TPY3 K CTPElke KOMIAca B JBYX MCCIeAyeMbIX Toukax (gomrota 0°,
mmporta 20 u mupora -40)? B kakyto cTopoHy (K HEHTPY MJIHM OT LIEHTPa CTPEJIKH) HEOOXOJMMO
NIEPEMECTUTh TI'Py3 JJs IOJb30BaHUS B HACTOSALIEM IOy, €CIM IOCIEIHUI pa3 KOMIacoM
MoJIb30BaIUCh B 1975 roay?



Bapuant 12

OxapakTepu3yiTe KapTbl 3JieMeHTOB reomarautHoro nons (Z,H, T, dT, dH, dZ) snoxu
2015 rona.

BapuanT 13

CunTtasi CKOPOCTb U3MEHEHUS AIEMEHTOB T€OMarHUTHOT'O T0JIsl OCTOsIHHOMW ¢ 1975 rona,
ONpe/ieIUTe 3HAYEHMsl 3JIEMEHTOB MAarHMTHOIO NOJs Uil Tekyuwero rojga. Hauepture B
IUIOCKOCTM ~MAarHUTHOIO MEpHJAMaHa IOJHBIM BEKTOp TIeomarHuTHoro mois T, ero
ropusonTanbHyto (H) u BeprukanpHyto (Z) cocraBistomue. [lokaxure Ha HOCTPOSHHOU
BEKTOPHOW JMarpaMMe HakjoHeHue [. B ueM mNpUHIMIMAIBHO OTIMYAIOTCS BEKTOPHBIE
JarpaMMbl TEOMarHUTHOT'O TI0JIS1 B CEBEPHBIX U F0XKHBIX IIUPOTaX?

Bapuant 14

Paccunraiite sHepruro, BbIACIAIONIYIOCS B 3eMile 3a CYET paJMOAaKTHBHOIO pachajaa B
teueHue roga. Pycckuit yu€nsiii B.J. BepHanckuii cuutan paJuoreHHYIO SHEPIHMI0 OCHOBHOM
s sBosrouuu  3emnu. IIpaB 5nm oH, ecnn 3emiid €XKEroJlHO H3JIy4aeT B KOCMHUYECKOE
npoctpancTBo nopsaaka 9,2-1020/x, a morepu €€ Ha TEKTOHO-MarMaTU4eCKUE IPOLECCHI
cocTaBIsA0T 0Ko10 1,26-1020 Tx/roa?

Bapwuant 15

OHpeI[eJ'II/ITe OQHCPIrurl0 MIPUIKMBHOI'O TOPMOKCHHA 3CMJ'II/I, BBIJACIIMBIIYIOCH 3a IICPUO eé
JKHU3HHU, €CJIN YTIJIOBasA CKOPOCTH BPAIICHUA 3emin 3a 3TO BpEMA YMCHBIINWJIACH B 2 pasa. 3a cuér
4ero MPOUCXOoaUT 3aMCAJICHUC BpalllCHUA 3emin?

Bapuanr 16

OL[GHI/ITC CPCOHIOI0 INIOTHOCTD CJIOCB 3eMIIH: 36MHOM KOpPbI, MAHTHHU U AApa. CpaBHI/ITe
(¢10) CpeHHeﬁ IJIOTHOCTBIO BCIICCTBA 3emin. I11O0THOCTH KaKux MHHCPAJIIOB OHU COOTBCTCTBYIOT?
HpennomHTe COCTaB sapa.

2. MeToauyecKkue peKOMEH/ 1AM 10 BbINMOJHEHHI0 KOHTPOJIbHOM padoThl

Kontponbaast paboTta sBIsSETCSs WHIWBUAYATHHOM CaMOCTOSITEILHO BBIMTOJHEHHOMN
paboToii cTyeHTa.

KonTponbHas padoTa 10KHA COEpKaTh CIEAYIOIINUE CTPYKTYPHBIE SJIEMEHTHI:

1. TUTYNBHBIN JTUCT;

2. COZIepKAHUE;

3. OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

4. CIMCOK MCTOJIb30BaHHBIX HCTOYHUKOB;

5. mpuIiokeHus (Tpu He0OXOTUMOCTH ).

KonuyecTBO HMCTOYHUKOB B CIHCKE OIpPEAENIeTcsl CTYAEHTOM CaMOCTOSITENbHO,
pekoMeHayemoe koiudectBo ot S5 go 10. Ilpm 3ToM B cmmcke o00s3aTENbHO HOJKHBI
HpI/ICyTCTBOBaTL HCTOYHHUKH, U3JaHHBIC B IIOCJICIHHUC 5 JICT.



2.1 O¢gopmiieHre KOHTPOJILHOH PadoThI

[Ipu BBIMOJIHEHHH KOHTPOJBHOH paboTBl HEOOXOAMMO COONMIOAATH  CIEAYIOIINE
TpeOOBaHUS:

—  TEKCT pacroJjaraercsi Ha OJHOM cTopoHe Jucta 6enoii Oymaru ¢popmara A-4,

—  pasmep mpudra - 14 Times New Roman, 1iset — 4epHbIii;

—  MEXAYCTPOYHBIH MHTEpPBAJ — IOJIYTOPHBII;

—  TOJIS Ha CTPaHHIE — pa3Mep JIeBOTO MO — 2 CM, NTPaBoOro — 1 ¢M, BEPXHETO - 2 CM,

HWKHETO — 2 CM;

—  TEKCT JIOJDKEH OBITh OT(OPMATUPOBAH IO IIUPUHE JIUCTA;

—  Ha IepBOU cTpaHHIle HEOOXOIMMO H3JIOKHTH IUJIaH (ColiepKanue) pedepara;

— B KOHIIe pab0ThI HEOOXOAUMO YKa3aTh HCTOUYHUKH UCIIOJIB30BAHHOM JTUTEPATYPHI.

CHHUCOK MCIIOJIB30BAHHBIX MCTOYHUKOB JIOJDKEH (OPMUPOBATHCS B al()aBUTHOM IOPSIKE
1o (haMIINU aBTOPOB.

BkiroueHHas B CIIMCOK JIUTEpAaTypa HyMEPYETCsl CIUIOLIHBIM IOPSAKOM OT IEPBOTO JI0
nocjeqHero HasBaHusA. [lo KakaoMmMy JHMTEpaTypHOMY HMCTOYHHKY YKas3bIBaeTcs: aBTOp (WiIu
rpymmna aBTOpPOB), MOJHOE HAa3BaHHE KHUTU WU CTaTbU, MECTO U HAUMEHOBAHUE M3]aTEIbCTBA
(Ui KHUT W OpOIIIOpP), TOJN W3IAAHUS, JUIS KYPHAIBHBIX CTaTed yKa3bIBaeTCS HAMMEHOBaHHE
XKypHaJia, rof Belirycka u Homep. [To cOopHUKaM TpynoB (cTaTeil) yKa3bIBaeTCs aBTOpP CTAaThH, €e
Ha3BaHHUE W Jlajee Ha3BaHWE KHUTU (COOpHUKA) M €€ BBIXOJHBIC NaHHbIE. Ha Mcronb30BaHHbIE
MCTOYHHKH B TEKCTE PaOOTHI IOJKHBI OBITH CCBUTKU

2.2 KpuTepuu olleHKH KOHTPOJIbHO# padoThI

Cpok cliaur roTOBOM KOHTPOJIBHOW paboThl ONpesensieTcs: yTBep KIeHHbIM rpadukom. B
Clly4ae OTpPUILIATEIbHOIO 3aKIIYEeHMs] IpenojaBaTeNsi CTyAEHT o00si3aH JopaboTaTh WK
nepepadoTaTh KOHTPOJIBHYIO paboTy. Cpok JO0pabOTKH KOHTPOJIBHOIN paboThl yCTaHABIMBAETCS
MIPETNO/IaBaTeNIeM C YU€TOM CYIIHOCTH 3aMEYaHui 1 00bemMa HE0OXO0AUMON JJOPaOOTKH.

KonTtponbHast paboTa OLleHHUBAETCs 0 CHCTEME:

Onenka "OTIIMYHO" BBICTABJISIETCSI 3a KOHTPOJbHYIO paboTy, KOTOpas HOCHUT
UCCIIEIOBATEeIbCKUI  XapakTep,  CONEPKUT  TPaMOTHO  M3JOXKEHHBIM  Marepuan, ¢
COOTBETCTBYIOIIUMH 000CHOBAaHHBIMH BBIBOJIAMH.

Ouenka "xopomio" BBICTaBISE€TCA 3a TPAMOTHO BBIMOJHEHHYIO BO BCEX OTHOIICHHSX
KOHTPOJIbHYIO paboTy IMpH HaJIMYUU HEOOJbIIMX HEJOYETOB B €ro COJIEpPKaHUU WIIU
o(opMIIeHHH.

Onenka '"yIOBIETBOPUTENBHO" BBICTABISIETCS 3a KOHTPOJIBHYIO paboTy, KOTOpas
YJIOBJIETBOPSIET BCEM NPEABSABISIEMbIM TPeOOBaHUAM, HO OTIIMYAETCS TTOBEPXHOCHOCTHIO, B HEH
IPOCMATPUBAETCS  HEMOCIEN0BAaTENbHOCTh  M3JIOKEHHMs ~ MaTepuana,  I[pelCTaBJICHbI
HEOOOCHOBAaHHBIE BHIBOJIBI.

Onenka "HEyAOBIETBOPUTEIHHO" BBICTABISETCS 32 KOHTPOJIbHYIO paboTy, KOTopas He
HOCUT MCCIIEJIOBATENILCKOTO XapakTepa, He COJEPXKHUT aHaJlu3a MCTOYHUKOB M MOJXOJOB IO
BBIOPaHHOM TeMe, BBIBOJIBI HOCST JICKJIAPATUBHBINA XapaKkTep.

OOyuaronuiicsi, He MPEICTaBUBIIUI B YCTAaHOBJIEHHBIH CPOK TOTOBYIO KOHTPOJIBHYIO
paboTy, KoTopas Oblla OIICHEHa Ha «HEYAOBJIETBOPUTENIbHO», CUYHUTAETCS HMEIOIUM
aKaJeMUYECKYIO 33J0JDKEHHOCTh U HE JIOMYCKAeTCs K cllaue IK3aMeHa U 3aueTa.



3. CocTaBieHue riaoccapus

BeimonHuTe m0oa00p M CHCTEMAaTHU3allii TEPMHHOB, HETIOHSATHBIX CJIOB U BBIPAXKCHUH,
BCTPEUAIOLINXCS MPU BBHIOIHEHUH KOHTPOJIbHOM paboThl. PacronoXuTk mociie OCHOBHOM 4acTu
KOHTPOJILHOM padOThl HA3BaHWE W 3HAYEHHWE TEPMHUHOB, CJOB M TOHATHHA B andaBUTHOM
MOPSIZIKE.

Pomp crynmeHTa: mpouuTarh Marepua’l HMCTOYHUKA, BHIOpaTh TJIaBHBIE TEPMUHBI,
HEMOHSTHBIE CJIOBA; MOJ00paTh K HUM M 3aIMCaTh OCHOBHBIC OMpEAENICHUSI WIH paciiudpoBKy
NOHATUH; KPUTHYECKH OCMBICIUTH MOJOOpAaHHBIE OIpENCICHUs] W  TONBITaThCI — UX
MoudupoBarth (yIpoCcTUTh B IJIAHE YCTPaHEHHS H30BITOUHOCTH U TIOBTOPEHUH.

4.PexoMeHiyeMasi JJUTEPATYPbI AJI51 BHINOJHEHUSI KOHTPOJIbHOW padoThl

OcHoBHast TuTeparypa

1. Marnuukuii B.A. Bayrpennee ctpoenue u ¢pusuka 3emun / B.A.Marauukuii. - M. : Henpa,
2006 - 390 c TaBpunoB B.Il. ®usumka 3emnm: yueOHWK s By3oB.M.. Hempa —
buznecuentp, 2008. — 287 c.

2. TlaBnoB A. H. I'eopusuka. Obmmii kypc o npupoae 3emnn: Yuebuuk / ITaBmos A. H. -
Cankr-IlerepOypr: Poccuiickuit roCyJapCTBEHHbIN THIPO-METEOPOJIOTHUSCKU I
yauBepcutet,2006, ISBN 5-86813-175-4.-454. http://www.iprbookshop.ru/12484

3. Anekcee A. C. Metoasl pemieHuss OpSMbIX M OOpaTHBIX 3373y CEHCMOJIOTHH,

DIIEKTPOMAarHeTH3Ma U OKCIEPUMEHTAJIbHBIE HCCIECAOBAaHUS B NpoOJIeMax H3y4eHUs
reoOIMHaMUYECKUX TPOIECCOB B Kope W BepxHedl MaHTum 3emumn/ AnekceeB A. C.-
HoBocubupck: Cubupckoe otmenenne PAH,2010, ISBN 978-5-7692-1135-5.-310
http://www.iprbookshop.ru/15806
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1. Opnenok B. B. ['Mo0anbHbI ByJIKaHW3M M OKeaHU3aIMs 3eMd U 1utaneT: Monorpadwust /

Opnenox B. B.- Kamununrpan:Poccuiickuii rocynapcTBEHHBIH YHUBEPCUTET UM.
Nmmanywnna KanTa, 2010, ISBN 978-5-9971- 0022-3.-196.
http://www.iprbookshop.ru/7358

2. TlaBnoB A. H. I'eopusuka. Tema 3 dusznueckue moaenu 3eminn. Tema 4 ['eodpuznueckue
nomsi: Koncmekr mexkuuii / IlaBmoB A. H. - Cankr-IlerepOypr: Poccuiickuit
roCy1apCTBEHHBIN TUpO- METEOPOJIOTUYECKUI YHUBEPCUTET, 2004.-69.
http://www.iprbookshop.ru/17906

Ascrok 10.H. IlpunusHele cuibl u npupoanslie nponeccsl. M.: OU®D3 PAH, 1996, 188 c.
Moru K. Ilpenckazanue 3emuerpsicennii / [lep. ¢ aara. M.: Mup, 1988, 382 c.
Mouceenko Y.U., CmbicioB A.A. Temnepatypa 3emubix Heap. JI.: Heapa, 1986, 180 c.
Opnenok B.B. ®usuka n quaamuka BHenrHUX reocdep. M.: Hemnpa, 1985, 183 c.
[Tapxuncon Y. Beenenune B reomarnetusm / Ilep. ¢ anri. M.: Mup, 1986, 528 c.
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[Tetpodpusuka-3T0 oAHAa M3 Hayk O 3emie, u3ydaromas (U3MYEeKHe CBOMCTBA
MHUHEPAJIOB, TOPHBIX NOPOA U pya. Llenbro nzyyeHus

NeTPOPU3NYECKUX XAPAKTEPUCTHUK SIBIISIETCS YCTAHOBJICHUE COCTAaBa,

CTPYKTYPBI M COCTOSIHHS TOPOJ, ocoOeHHocTer muddepeHnmannmu Gu3ndecKux
CBOMCTB TOPHBIX OPOJ, OKOJIOPYIHBIX 30H H IOJE3HBIX UCKOITAEMBIX

IIPU PELICHNUM 3aaa4 MOMCKOB U pa3Beaku MILIM, reonornueckoro kapTupoBaHusl,
T€OTEKTOHHUKH, T€OAUHAMUKH, NHKEHEPHOU I€0JIOTMH T'€0JIOTHH.

[letpodusnueckue uccienoBaHUS  MO3BOJIAIOT  OOOCHOBaTh  BO3MOXKHOCTb
IPUMEHEHUSI OTIEJIbHBIX T€0(U3NYECKUX METOJIOB U KOMIUIEKCA Te0()U3nUeCKUX
uccienoBanuii. Hapsiny ¢ aTum netpodusuka mo3BossieT pemars MMUPOKUN Kiace
3aJ1a4 IPUKIAJTHOIO U TEOPETUYECKOTO XapaKTepa,

OT U3YYEHUS COCTaBa U T€HE3UCA PYAHBIX U aKLIECCOPHBIX MUHEPAIIOB

(MarHuTHasi MMHEpAJOTHs, NeTpou3nKa MOITyIPOBOJHUKOBBIX MUHEPAJIOB)

710 OIIPOOOBAHMUS TOJIE3HBIX UCKOMAEMbIX (CKBa)KMHHAS U IIAXTHAas re0(pU3UKa), OT
cTpaTUrpaguu 0CaJouHbIX KOMILIEKCOB (TTaJI€OMarHUTOJIOT S )

J10 IPOTHO3UPOBAHUS COCTOSIHUS BEUIECTBA B TNTYOMHHBIX YACTIX 3€MIIH
(3KCnIeprMEHTaNIbHAS U TEOpETHYECKast NETpOHU3UKA).

CoBpeMeHHas neTpou3rka u3ydaet Iupokuil cnektp dusnvyeckux

CBOMCTB MUHEPAJIOB, TOPHBIX MOPOJI U MOJE3HBIX UCKOMAEMBbIX:

KOJUIEKTOPCKHE (MMOPUCTOCTh, IPOHUIIAEMOCTh, BJIQXKHOCTb, BIAarOEMKOCTh, He(pTE -
Y Fa30HACBIIIEHHOCTD ), INIOTHOCTHBIE, MATHUTHBIE (MATHUTHAs! BOCIIPUUMYHUBOCTb,
OCTaTOYHAsl HAMAarHWYE€HHOCTh, TEMIEpaTypa

Kropmn), anexrpudeckue (Y 1eapHOE CONMPOTUBIICHHUE, TUIICKTPUUECKAs
MIPOHUIIAEMOCTD, BbI3BaHHAS TOJIsIpu3aius, TudPpy3noHHO-acOpOITMOHHAS
aKTUBHOCTB, TepMa—2[[C), TeraoBbIe (TEMIOEMKOCTh, TEIJIONMPOBOI—

HOCTB), siiepHO(pH3NYECKHE (€CTECTBEHHAS PAIMOAKTUBHOCTh, CEUCHUS
B3aMMO/ICHCTBUS U TTapaMeTphl IepeHoca U3NIydeHul), ynpyrue (ynpyrue

MOJTYJIU, CKOPOCTH PACIIPOCTPAHEHHUS YIIPYTUX BOJIH).

Kypc nerpodusuku B YI'TT A unraercs Ha 5 cemecTpe, oniepekas uiu
napajieIbHO ¢ OCHOBHBIMH METOJIaMU Pa3BeI0YHOM Treodu3nku. Mambrii

o0BeM gacoB (0k010 40 TEKIIMOHHBIX) HE TTO3BOJISIET TOJIPOOHO U3JI0KUTh

BCE TPAJAMIIMOHHBIE Pa3/Aeiibl TETPOGU3NKU, OOBIYHO pacCMaTPUBAEMBIC B
yaeOHukax. [loaTromy aBTOp paccMaTpuBaeT (hU3MYECKHE CBOWCTBA, JIC)KAITUE B
OCHOBE I'PaBUPA3BEIIKU, MATHUTOPA3BEAKH, JIEKTPOPA3BEIKH,



ceiicMopa3Beaku. | TaBHOE BHUMaHUE yensieTcs (pakTopam, Onpeaestonim
neTpopuznyecKue XapakTePUCTUKN TOPHBIX MOPOJ, CBA3SIM (PU3UUYECKHUX

CBOMCTB ¢ meTporpaguueckuMu Xapakrtepuctukamu. [lerpodusnueckue mopaenu
MECTOPOKACHUM MOJE3HBIX HCKOTTIAEMBIX PACCMOTPEHBI Ha OTACIIbHBIX

npuMepax, METOJUKHU U anmnaparypa neTpo@Uu3n4ecKux MCCIEA0BAHUN BBHIHECEHBI
Ha J1a00paTOPHBINA MPAKTUKYM U Y4€OHO-METOANYECKYIO MPAKTUKY,

1. CTATUCTUYECKAS ITPUPOJA ®U3NUYECKNX CBONCTB
Korna craButcs 3agaya u3yueHust KaKUX—In00 GU3NIECKUX CBOHCTB

(HanpuMep, IUIOTHOCTH  WJIM  MAarHUTHOW  BOCHPUHMMYMBOCTH)  MAacCHBa
MarMaTU4eCKUX WIH ONPEIEIEHHOTO TOPU30HTA OCATOUHBIX TOPHBIX MOPOI, TO

U3 3TUX 00BEKTOB (0OOHAXKEHUH, TOPHBIX BBIPAOOTOK, KEpHA OYpOBBIX

CKBa)KMH) OTOMpPAeTCsl HEKOTOPOE KOJIMUYECTBO 00pa3loB, Y KOTOPBIX HU3MEPSIOTCS
cooTBeTCTByOIEe PU3NUecKue XapakTepucTuku. [Ipm 3TOM OKas3bIBaeTCs, 4TO
U3MEpPEHHbIE 3HAYEHMSI Y pa3HbIX 00pa31loB PA3IUYHBL.

OTH pa3nuuus HE CBSA3aHbl C IOTPEHIHOCTSIMH HM3MEPEHMM, a €CThb PE3yJIbTar
BapualMii  (U3MYECKUX CBOMCTB M3Y4YEHHBIX 00pa3LoB, T.€. CIEJICTBUE
HEOJTHOPOJHOCTH 00BEKTa HCClIe0oBaHU. J{e10 B TOM, YTO (OpMUPOBAHKE TOPHBIX
1nopoJ1 (M COOTBETCTBEHHO MX (PU3NYECKUX CBOMCTB)

IPOUCXOJUT IO/ BO3ACHCTBUEM OOJBIIOTO YKciaa (PaKTOPOB BHYTPEHHUX U
BHelIHUX. Hanpumep, npu 00pa3zoBaHUM MacCMBOB MarMaTHYE€CKUX MOPOJ COCTaB
U CTPYKTypa OyAeT OnpeAessaTcs TAKUMU TJIaBHBIMU (DAKTOpaMHU:

1.I3MeHeHreM riyOMHBI KpUCTAJUIM3alUK PacIiaBa.

2.HeoHOpOAHOCTBIO paclpeiesiCHUs TaBJICHUS U TEMIIEPATYPHI B IIpe-

JieJIaX MarMaTU4ecKoro Tena.

3.®pakiMOHHON U TpaBUTAIMOHHON qudepeHnnanmei.

4 .IlepeMeninBaHuEM pacIliaBa.

S.BaauMoercTBUEM MarMbl C BMEIIAIOMIMMU IIOPOJAMH PA3JIMYHOIO COCTaBa.

Kaxx b1l 13 nmepeurcieHHbIX (DaKTOPOB B CBOIO OYEPE/Ib SIBISCTCS CI0KHOU
byHKIIHEH OT KOOpAMHAT U BpeMeHH. Pe3ynbratom OyaeT HEOTHOPOTHOCTh
COCTaBa, pa3Mepa 3epeH, CTPYKTYpPbl U TEKCTYpHI B Mpejiesax MacCuBa

U KaK CJIEJICTBUE, HEOTHOPOIHOCTh (PU3MUECKUX CBOMCTB. MHOroo0Opasue
JNEeUCTBYIOIUX (HaKTOPOB, MX HEOMPEICICHHOCTh BO BPEMEHHM U IMPOCTPAHCTBE
MO3BOJIIIOT PACCMATPUBATh UX KaK ClIydyalHbIe COOBITHS, a (U3UUECKUE

CBOMCTBA — KaK CIy4ailHbIe BEJITUYMHBI, K KOTOPHIM MOKET ObITh MPUMEHEH
amnrmapar MaTeMaTUYECKOU CTaTUCTUKH.

[Ipu oOpa3oBaHuM oOCagOYHBIX (HampuMmep, OOJOMOYHBIX) TMOPOJ TJIABHBIMU
dbakTopamu SBISIOTCS:

1. BemecTBeHHbII COCTaB MOPOJ MCTOYHUKA CHOCA, XAPAaKTEp U CTENEHb HMX
BBIBETPUBAHUSA



2.Y,Z[8,JICHHOCTB OacceiiHa OCaIKOHAaKOIIJICHHUA, FJIY6PIH3. Cro, TIMAPOINHAMHNYCCKHUC
XAPAKTCPUCTHUKMU.

3.XMMUYECKUH COCTaB M CTENEHb MHHEpAIU3alUd BOJ, OKHUCIUTEIbHO-
BOCCTAHOBUTENILHLIN nToTeHIMaI, PH u T.1.

B nmporecce @opmupoBaHus TOPOABI 3TH (PaKTOPHI U3MEHSIOTCS B CBSI3U

C U3MEHEHMSIMU HCTOYHHUKOB CHOCa, TJIyOWH, THUIPOJAUHAMUYECKUX U
TUAPOXUMUYECKUX YCIIOBUM, UTO IPUBOAUT K U3MEHEHHUSIM COCTaBa 00JIOMKOB,
pPa3MEpOB U CTETIEHU OTCOPTUPOBAHHOCTH 3€PEH, KOJUUECTBA U TUIIA IIEMEHTA U T.]I.
Bo3uukaeT nepBuuHas HEOJJHOPOIHOCTh (PU3HUIECKUX

CBOMCTB.

Ha nepBu4Hyr0 HEOAHOPOAHOCTH MOXKET HAKJIAIBIBATHCSA BTOPUYHAS,
CBSI3aHHAs C IpoLEccaMH NpeoOpa3oBaHuUs: BBIBETPUBAHUEM, TPEUIMHOBATOCTHIO,
MeTaMOp(PU3MOM, TPUBHOCOM U BBIHOCOM BEILIECTBA U T.J.

VYuuTeiBasi, 4TO CTyJA€HTaM OYIET YMUTAThCs CHeluaibHbIi Kypc "Teopernueckue
OCHOBBI 00pabOTKHU Pe3yIbTaTOB re0(hU3NIECKUX U3MEPEHUM",

HIDKE TPUBOASATCA TOJIBKO CaMbl€ AJIEMEHTApPHBIE CBEJCHUS MO CTAaTUCTUYECKOU
00paboTKe pe3yabTaTOB U3YYeHUST (PU3NUECKUX CBOMCTB TOPHBIX

OpOJI, HEOOXOUMBIE JIJIsi TOHUMAaHUS TIOCIEYIOIINX Pa3/eoB.

[Ipeamnonoxum, 4T0 MbI UMeeM M u3MepeHnit HEKOTOPOTro (PU3NIECKOTO
napameTpa X, Cpe/id KOTOPBIX MPUCYTCTBYIOT MaKCUMalIbHOE Xmax © MUHUMAJTHHOE
Xmin 3Hauenus. Pa3o0bem Bech Auana3zoH H3MEpPEHHBIX 3HAUCHUN

Ha I1 MHTEPBAJIOB C MIMPUHOMN Kaxaoro AX:

AX = Xmax — Xmin) /1, (1.1)

KonudecTBo HHTEPBATIOB T CBsA3aHO ¢ 00beMOM BbIOOPKU N 1 0OBIYHO
onpenensiercs popmynoin Ctapaxeca:

n=33xlgN+1
rzie N OKpPyIJIeTcs /10 LeJI0ro Yncia.

[Toncunraem Ni-uucio nusmepenuii, napamerp X KOTOPBIX MOMAAET B

1-#t uaTtepain (1=1,2...n). Ctpoutcs rpaduk 3aBucumoct N; v

(Ni/N)*100? ot X. B ka’I0M HHTEPBAJIE PACCYNTAHHOE 3HAUCHUE U300PaKAETCS B
BHJI€ OTPE3Ka FOPU3OHTAIBHON JIuHUM (ructorpamma). Ha pucynke 1.1 npuBenen
npumep rucrorpammbl A N=40, n=5.
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Puc.1.1. I'mcrorpamma pacnpenenenus napamerpa X

['mcrorpamma cofepKuUT B ceOe BCE CTAaTUCTUUYECKUE XAPAKTEPUCTUKH OOBEKTa
uccnenoBanus. B vacrnoctu, BemmunHa (Ni/N)*100%

MPECTABIISAECT BEPOSITHOCTH (B %) 1151 JAHHOTO 0OBEKTa CYIIECTBOBAHUS

3Ha4YeHUU napamerpa X B npenenax 1-ro uarepsana. [Ipu noctpoenun

peaIbHBIX TUCTOIPaMM HE CJEIyeT aOCOJIIOTU3UPOBATh MOJTYYEHHBIH pe3ysbTar.
Jlesio B TOM, YTO MbI BCEI/1a UMEEM JIEJIO C OTPAHMYEHHBIMU BHIOOPKAMU U KaXKI0€
3HayeHue Nj OJIy4eHO C MOTPEIIHOCThI0, BEPOSITHOE

3HAYCHUE KOTOPOM MpUOJMIKEHHO OIleHHMBaeTcsa Kak +./N; (Ha puc. MOKa3aHO
CTpEJIKaMHM).

[Ipu HEorpaHnueHHOM BoO3pacTannu o0beMa BeIOOpkH (N — ~), 9ucio
MHTEPBAJIOB (N) Takke CTPEMUTCS K OECKOHEUHOCTH, a IupuHa natepBaia (AX)
HYJIIO ¥ MBI TIOJTy9aeM HEMPEPHIBHYIO KPUBYIO pacIpeIesieHus,

KOTOPYKO wacto Ha3pBaloT BapuanuoHHOW  KpuBoil.  [IpuGnrmkeHHO
BapUAIMOHHYIO KPUBYIO MOKHO TMOJIYYUTh MYTEM BHU3YaJbHOTO CIUIAKUBAHUS
TUCTOTPaMMBbl TakuM 00pa3oM, dYTOOBI IUIOMIAJM MEXKIYy OChIO alcuucce u
TUCTOTPAaMMOM H OCBhIO a0CIMCC W BapUAIMOHHOW KpPUBOW OBLIM pPaBHBI
(M300paskeHO MyHKTHPHOM JIMHUECH).

OnbiT U3yuenust pu3nueckux CBOMCTB MOKAa3bIBAET, YTO YACTO pacHpeeeHUs UX
IIOJYUHSETCA JBYM 3aKOHaM: HOPMaJlbHOMY U JOTHOopmaibHOomy — IIPU
HOpMAaJIbHOM 3aKOHE KpuBas pactpenenacHus P(X) onucbBacTCsl BBIpaXKEHUEM:
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F(X) =

rac MX—MOI[& ImapamMeTpa UM 3HAYCHUC €TO B MAKCUMYMC pPACIIPCACICHHA
(I[J'IH HOPMAJIBHOI'O 3aKOHAa COBIIAJIACT CO CPCAHUM 3HAYCHUECM IIapaMeTpa.

MX =X =25 k=(1,2..N).

0-CPEIHEKBAIPATHIHOE OTKIOHEHHE (0 2—Ha3bIBAIOT CTAHAAPTOM).
HopmaiibHOMY 3aKOHYy NOAYMHAETCS OOBIYHO pPacHpeleleHUe IJIOTHOCTH,
IIOPUCTOCTH, CKOPOCTH MpOAOJBHBIX BOJMH. Ha pwuc.l.2 npusenen mnpumep
HOPMAaJIBbHOTO PaCIpeaeIeHus ¢ ABYMsl pa3IMYHbIMU 3HAYCHUSAMHU CTaHAAPTA.

 F(X)

Puc.1.2. HopmanbHoe pacnpenenenue mapamerpa X

KpuBass xapakrtepusyercs CUMMETPUEH OTHOCHUTEIBHO MOJABI M IOJHOCTBIO
onpexaensercs AsyMs BesmunHaMu MX 1 0. JIOrTHOpMaJIbHBIN 3aKOH
COOTBETCTBYET CIIy4aro, KOIJla HOPMaJIbHOMY 3aKOHY MOJYHUHSETCS Jiorapudm
napametrpa (logX). DTomMy 3aKkoHY OOBIYHO TIOJUUHSETCS pacHpe/eiiCHHIe
MarHUTHOM BOCHPUMMYMBOCTH, YIEIBHOTO 3JIEKTPHUYECKOTO CONPOTUBIICHHUS,
He(TeHACBHIIICHHOCTH. JJI1 TMPaKkTUYecKOro MOCTPOEHUS TUCTOTpaMM  HIIU
BAPUALIMOHHBIX KPUBBIX B MPEANOI0KEHUU CYIIIECTBOBAHUS JIOT-

HOPMAJIBHOTO 3aKOHA U3MEPEHHBIM 3HAYCHUSAM Xy BBIYMCIISIIOTCS 3HaueHus logXy,
KOTOpbIE 00pabaThIBAIOTCS CIIOCOOOM, OMTMCAHHBIM BBIIIIC.

4F(X) AF (X)
7" i
s /, \~/“\
/ \ \
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Puc.1.3.I1lpumepsl peasibHbIX KPUBBIX pacipeeacHus

PeanbHbie KPHUBBIC pACIIPCACIICHUA 9aCTO OTIIMYAIOTCA OT TCOPCTHICCKUX

OHI/I MOI'yT 6I>ITI> ACUMMCTPHUYIHBIMHA U JAKC UMCTD JIBA U 60J'I€€ MAaKCHUMYMOB (pI/IC
1.3).

B nepBomMy ciiyuae mosiBISIFOTCS HOBBIE XapaKTEPUCTUKH pacipeeneHus (o1Ha Uiu
Oonee), HapUMEp TapaMeTp acUMMETpuH. B 1r000M cirydae BBIOOPKH CUHUTAIOTCS
CTaTUCTUYECKU OJMHAKOBbIMU eciu Bce (!) craTtucruueckue mapameTpbl HX
OJIMHAKOBBI. ACUMMETPHsI OOBIYHO CBSI3aHA CO

BTOPUYHBIMH TIPOIIECCAMH U3MEHEHUS (DU3UIECKUX CBOMCTB B PE3yJIbTATE
BBIBETPUBAHUSI, PETUOHATIBHOTO WJIU JIOKAIBHOTO MeTamop(usma u T.11.

Bropoii cnyyail cBUIETEIBCTBYET O HEOHOPOIHOCTH BHIOOPKU; B

OJIHY TPYIITYy 00bEIMHEHBI PA3JINYHBIC 0 KAKUM—IIU0O0 XapaKTepUCTUKAM
nopozbl  (BO3pacT, YCJIoBUSI 00pa3oBaHMs, MHHEPAJIbHBIM COCTaB, CTPYKTYpa,
CTENEHb M3MEHEHUS U T.1.). HeoOXxoaumbl MOMOJHUTENBHBIE UCCICIOBAHUS IS
pazzeneHus: BHIOOPKHU.

Ba)xHBIM ClI€ICTBHEM M3 M3JI0KEHHOTO SIBJIIETCS TO, YTO BCE METPOPU3UUYECKUE
3aBUCUMOCTH HE (DYHKI[MOHAJIbHBIE, & CTATUCTHUYECKHUE,

TO €CTh BBINOJHAKOTCA B CPEAHEM C ONPEACIEHHON BEPOATHOCTHIO OTKIOHEHUS OT
cpennero. [IpuMep Takoi 3aBUCUMOCTH ITPUBENEH Ha puc.l.4.

6 b Vp(kM/cek)
5

[/.

Puc.1.4. 3aBUCUMOCTb CKOPOCTH TIPOJ0JIbHBIX BOJIH (VD)

ot k03 Punmenta nopucroctu (K;)(+ - skcriepuMeHTATbHBIC 3HAUCHUS )
2.KOJUIEKTOPCKUE CBOMCTBA

DTa rpyIra CBOMCTB HE SIBJIETCS B CTPOTOM CMbICIIE (PU3NYECKUMU
CBOMCTBAMH, T.K. HETIOCPECTBEHHO HE OINPEAEIAeT CIIOCOOHOCTH FOPHBIX



MOPOJT B3aUMOJCHCTBOBATh ¢ (DM3WYECKUMH TOJISIMH WJIM CO3/1aBaTh (pu3nyecKue
noJsist. Ckopee KOJUIEKTOPCKHE CBOMCTBA XapaKTEpPU3YIOT (DU3UUYECKOE COCTOSTHUE
cpenbl. B Toxke BpeMsi KOJUIEKTOPCKUE CBOMCTBA BIUSIOT

Ha apyrue dusznyeckue CBOMCTBA ( IMJIOTHOCTHBIC, dJEKTPUYECKUE. YTIpyTue) u
OTIPEEIISIIOT KOPPENSALUOHHBIE CBS3U MEXKy HUMH. C Ipyroi CTOPOHBI,

KOJJIEKTOPCKHE CBOMCTBA, TAKHE KaK OPUCTOCTh, IPOHUIIAEMOCTb.

BOJIO-, HE()Te- U ra30HACHUIACHHOCTh. 3TO BKHEHIIINE XapaKTEePUCTUKU PEIICHHBIX
MECTOPOKACHUI YIJIEBOJOPOAOB U MOA3EMHBIX BOJ, OINPEACIAIONIME 3amachl U
YCIIOBHSI JKCIUTyaTallMM 3THUX MECTOPOXKIECHHA cBeeHuss (0 KOJUIEKTOPCKHUX
CBOMCTBAaX MOTYT OBbITh MOJYYEHBI Yepe3 TIOTHOCTHBIC, IIEKTPUUECKUE U YIIPYTHE
cBoiictBa. [loaTOMy KOJIIEKTOpCKHE

CBOICTBa pacCMaTpUBAIOTCS BO BCEX YUEOHUKAX U Kypcax NeTpOo(U3UKH.

2. 1. IIOPUCTOCTD

[TopucTocThio Ha3bIBAE€TCS COBOKYITHOCTD ITPOCTPAHCTBA B TOPHOM

1opoJie, He 3aHATOro TBepAoH (a3oi. OHO 3aMONHEHO ra3aMi, KHUAKOCTAMU (BoJa,
HepTh) WO UX cMecsIMH. KoIMYecTBEHHO MOPUCTOCTh BBIPAXKAIOT Yepe3
koahurrenTs! nopucroctu K: otHomenue oobema mnop (Vrop) k

o0beMy ropHoi nmopozs! (Vr.im.) B nporeHTax. O0mmii 00bemM ropHou 1mo-

pOJIbI paBeH cyMMe 00BbEMOB TI0p ¥ TBePOH Pasel (V. = Viop + Vi g). [Ipu

BCEM ITOM BBIJICTISIOT:

a) Koaddunument obmeit mopucroctu (K;) — oTHOImIEHHE 00beMa BeexX
nop (V1op) Kk 00beMy MOPOIBI:

Ky = (Viop/Ven) * 100%, (2.1)

6) Koaddurment orkpseitoit mopucrocts (Ky ) .- OTHOIICHHE 00BEMA
OTKPBITHIX 1Op (V0.1op) K 00beMy OPOABL:

OTKpBITHIMU MTOPAMH HA3bIBAIOTCS MOPHI, COOOUIAIOLIUECS MEXKIAY COOOM.
B) Koaddunment auaamudeckoit mopuctoctH (K ;) - oTHOIICHUE
obobema quHaMUUeCKUX 0P (V; nop) K 00BEMY TTOPOJIBIL.

Koy = Vinop/Ven) * 100%. (2. 3)



JTMHAMUYECKUMU [TOPaMU HA3bIBAIOTCSA MOPHI, IO KOTOPHIM MPOUCXOIUT
JBI)KCHUE KUIKOCTEH WM Ta30B MPU HAJIMYWU IpaueHTa-aBICHHUS.

YacTh OTKPBITHIX ITOP MOKET OBITH MPE/ICTaBICHA TYIMKOBBIMU ITOPAMU UJTH
BOJIOH, MPOYHO CBS3aHHOM C IMTOBEPXHOCTHIO TBEPAOH (ha3bl, U HE yIaCTBYET
B [IEPEHOCE KUJKOCTeH min razoB. OueBuiHo, 4yTo K11 > Ki.o0) K. .

2.1.1. Knaccuduxarus mop.

1) I[To mpOMCXOXICHUIO TOPHI TOAPA3ICISAIOTCS HAa TEPBUYHBIE W BTOPUYHBIC.
[lepBuuHbie BO3HUKAIOT TIpH  OOpa30BaHWM TOPOABI U  TMPEACTABICHBI
CTPYKTYPHBIMH ITOPaAMHU — MPOMEKYTKAMH MEKTy YaCTHUIIaMUA 00JIOMOYHBIX ,,0-
pon  (rpy00OOJIOMOYHBIX,  TECYAHUCTHIX,  AJICBPUTOBBIX,  TJIUHUCTHIX),
MEXKPUCTAUIMYECKUMHU TPOMEKYTKAMU MarMaTHuecKuXx W MeTamopduuecKkux
nopoAd u T. . [Ipy ymioTHEeHUU IIeMEHTalluU, IEPEKPUCTAILTU3AINH, METa-
MopdusmMe popma u pazmepsl IEPBUYHBIX TTOP MOTYT MEHAThCS. BTropuunbie

MOPbI 00Pa3yIOTCA MPHU MOCIETYIONINX BO3/IEUCTBUAX HA MOPOIbI MPOIIECCOB
BBIBETPUBAHUS, BBINIECIAYNBAHUSA, KPUCTAUIM3AIMN, TEKTOHUYECKUX HArpy3oKk U
T.JI.

2) Ilo ¢dopme mnopel MOryt OBITH OJM3KMMH K POMOO3JAJBHBIM (PBIXJbIE
OTCOPTHUPOBAHHBIE  OOJIOMOYHBIE  OCAJOYHbIE  TOPOABI),  ONM3KHUMH K
TeTpadAPUu4YecKuM (Te K€, HO YIUNIOTHEHHBIE MOPO/Ibl), IeJeBUAHBIM (TTOpoaa
COCTOMT M3 IUIACTMHYATBIX MHHEPAJOB: CIIOJbI, TJIMHBI), B BUAEC KAHAJbIEB
NEPEMEHHOTO ce4yeHHsl (TUIOXO OTCOPTHPOBAHHBbIE OOJIOMOYHBIE TOPOJBI),
TpeluleHOBUAHbIE (MarMaTHuecKue, MeTaMmoppuiecKkue, MIOTHIE oca-

JIOYHBIE TIOPOJIbI, UCIBITABIINE BO3JIEHCTBUE CHUIIBHBIX TEKTOHUYECKHX HArpy30kK),
KaBepPHOBHU/HbIE (KapOOHATHBIE MTOPObI, MOABEPTIIMECS MTPOLIEcCaM
pacTBOPEHMSI U BhIIIETAYUBAHUS), My3bIpYAThIE (MArMaTH4YECKHUE ITOPOIbI),
siuercThie (M3BECTKOBBIC M KPEMHHUCTHIC Ty(bl), KAHAJOBHIAHBbIE (JIECCHI).

3) 1o pa3mepam BBIIEISIOT &) CBePXKANULISAPHBIE - () ()EKTUBHBIN

(cpennuit) MMaMeTp cedeHus nop d, 4 6osee 0,1 Mm. (rpy6006I0MOYHBIE

MOPO/IbI TUTIA TAJICYHUKOB U TPaBUS, KPYITHO— U CPEIHE3EPHUCTHIC MECKH,
OOJIUTOBBIE U3BECTHSIKH, BBIIIEIIOUEHHBIE KapOOHATHI). B CBEpXKaMMIIISIPHBIX
nopax J10Jisi BOJIbI, CBSI3aHHOW € IOBEPXHOCTHIO TBEPAOH (a3bl, HE BEIHKa,

BOJ/Ia B OCHOBHOM CBOOO/IHAasl M IEPEMEILAETCS [0 3aKOHAM THIPOIMHAMUKHY. 0)
Kanunspusie - 3pdexTuHbIi quametp nop d, g, 1*104-1*10" M.
(MENKO3epHHUCThIE, MEHEEe OTCOPTUPOBAHHBIE, CLIEMEHTUPOBAHHBIE MTOPOJIH:
MEJIKO3EPHHUCTBIC TIECKH U TIECUYAHUKH, HEKOTOPhIE KapOOHATHBIE ITOPO/IbI)-



B KanmisspHbIx nopax 0oJiee BBICOKOE COIEpKaHHUE CBSI3aHHOW BOJbI 1
BO3MOYKEH €€ MOAbEM B CHUITY TOBEPXHOCTHOTO HATsDKEeHMS. B) CyOKanuisipHbIe -
d3_¢_<1*10'4 MM. (TJIMHBI, MHKPOKPHCTAUIMYECKUE HU3BECTHSAKH, TY(QBbI).
[IpakTryecku Bcs BO/IA MEPOBOTO IPOCTPAHCTBA CBSI3aHA HA MMOBEPXHOCTHU TBEPAOH
¢a3bl, IepeMeIeHus BOJIbl MOYTH HET.

2.1.2. IOPUCTOCTDB OBJIOMOYHbBIX OCAAOYHbBIX
["OPHBIX ITOPO/]

OCHOBHBIMU  (DaKTOpPAMH OIPEIESISIOIUMHI  MTOPUCTOCTh OOJOMOYHBIX ITOPOJT
sBIsitoTCs: 1) dopma m pasmep 00JIOMKOB, 2) CTENEHb OTCOPTUPOBAHHOCTH 3)
CTEIICHb YIUIOTHCHUS M IEMEHTAITUH.

1) Biiusaue @opmbl 1 pazMepa 4acTull WIUTIOCTPUPYETCS TaOJIULICH, B
KoTopoi npuseneHbl 3HaueHust K (%) 111 HCKyCCTBEHHBIX MOPO/I:

Tabmuma 1
Pazmep KBapn KBapn Oproknas Cmrona
yacTull (MM.) | OKaTaHHBIN OCTpPOYT. OCTpPOYT.
2-1 33 38 45 80
0.5-0.25 33 41 49 72
0.1-0.06 39 45 52 68

OTtMmeyaeTcst Manoe BIUsSIHUE pa3Mepa YacTHIl U CYIIECTBEHHO O0JIb-
miee (opMbl (MOPUCTOCTh BO3pacTaeT B 2-2.5 pasa npu nepexoie ot
M30METPUYHBIX 3€PEH K TIaCTUHYATHIM).

2) CremneHb OTCOPTHUPOBAHHOCTH XapaKTEPHU3YeT pachpeqeraeHrue 0O0JIOMKOB IO
pa3MepaM U KOJIMYECTBEHHO BBhIpakaeTcs uepe3 KodppuimeHt
OTCOPTHPOBAHHOCTH G

_ dcp_z Viéd;

Gy .

, (2.4)

cp

riae V; — 06'beMHOe cosiepikaHre 4acTUIl AnaMeTpa d; B Opoje,
6d;—oTKJIOHEeHUE OT cpeaHero auameTpa 1-i rpynmsl, '

dcp— CpeIHUHN AUaMEeTp YacCTHII.



Koaddumment orcopTupoBaHHOCTH MeHsETCS OT | (XOpOIIo OTCOPTUPOBAHHAS
nopoja, Bce 4acTUIbl ofgHOro pasmepe) 10 0 (TI0Xo OTCOPTHUpOBAHHAS MOPOJA.
pa3Mephl YacTUI PABHOMEPHO PACIPEICICH OT O 10 dypgy)-

MPUCYTCTBUE B IOPOJIE YACTHUIL PA3HOTO pa3Mepa MPUBOJIUT K TOMY, UTO

MEJIKME YaCTUIIbl 3aMOJHAIOT MPOMEKYTKHM MEXAY KPYNHBIMU U YMEHBIICHUE
ko3 puumenra Gy (yXyauUIeHHE OTCOPTUPOBAHHOCTH) BEAET K YMEHBIIECHHIO

ko3 dulreHTa TOPUCTOCTH.

Ha puc.2.1 npuBeneH npumep Takoil 3aBUCUMOCTH.

Kn (%)
¢
40
20 4
10-
Y -
2
1 T T — QGf
0 0.5 1

Puc.2.1. 3aBucumocTh k03¢ HUIIEeHTa TOPUCTOCTH OT
Koa(dpuIeHTa OTCOPTUPOBAHHOCTH MMECUAHUKOB
Y alieBpPOJIUTOB TyNMAa3MHCKOM TIOIIAAN

M3MeHeHne OTCOPTUPOBAHHOCTH MOXKET MPUBOJIUTH K M3MEHEHHE TTOPUCTOCTH Ha
MOpSIIOK. B CBSI3M C 3TUM HMHTEPECHO PACCMOTPETh H3MEHEHHE IMOPHUCTOCTH
NecYaHO—TJIMHUCTHIX 00pa30BaHMUI B 3aBUCIMOCTH OT

coctasa (puc.2,2). .
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Puc.2.2. 3aBucumoctb kod3(duimeHta MNOpUCTOCTH OT rauHuctoct (P1)
MeCYaHO—TJIMHUCTBIX OTJIOKEHUH (TEOPETHUECKasi 3aBUCUMOCTD )

[Tonoxum, 4To MecyaHasi v TJIIMHUCTasT (pakivK MPeCTaBICHbI OJHOPOIHBIMU MO
pa3MepaM dYacTUIlaMU Kaxkjaas (TecyaHas KpPYIMHBIMU, TJIMHHUCTAasi MEJIKHUMH).
KoadduimeHTs! mopucTocTH Kaxkaoi ppakiiuu 0KoJIo

40%. I1pu yBenmmuenun riuaMcTOCTH (P1) B mopose OyaeT mporucxoauTh
YMEHBIIICHUE TMOPUCTOCTH B PE3yJibTaTe€ YACTUYHOTO 3arOJHEHHS TIUHUCTHIMU
YacTULIAMHU TIPOMEXKYTKOB MEXKy KpynHbIM necunHkamu. [Ipu goctmxenun 40%
TJIMHUCTOCTH BCE ATH MPOMEKYTKH (TIOPBI) OYTyT 3aMI0JTHEHBI

TJIMHUCTBIM MaTepralioM (MUHUMAaJIbHAs OTCOPTUPOBAHHOCTH), a K1 paBeH
0.4*0.4=0.16  (16%). [Ilpu  nmajgbHEWIIEM  YBEIWMYCHUH  TJIMHUCTOCTH
OTCOPTHUPOBAHHOCTH U KOA(P(MUIIMEHT MOPUCTOCTU OYIyT BO3PACTATh.

3) Ilox meiicTBUEM Harpy3KH BBILIETEKAIIUX TOPOJ IEPBUUHBIE PHIXJIbIE

OCaJIK{ YIJIOTHAIOTCS, YTO MPUBOJUT K YMEHBIIICHHIO UX TOPUCTOCTH. B

HayvaJie YIJIOTHEHUE CBI3aHO C MEPEMEIEHINEM OTAEIbHBIX YaCcTHUIl B 0oJiee
KOMIAKTHBIM UX B3aUMHBIM PACIOJIOKEHUEM. 3aTeM MPOUCXOIUT YaCTUIHOE
pa3pyllieHHe U CIIMBAaHUE 00JIOMKOB (YXYAILIEHUE OTCOPTUPOBAHHOCTH).

DTOT mpoliece UAET MPH Harpy3Kax, MPEBHIIAIONINX HECKOIBKO THICSY

kr/cM2. Haubomnee CUIIbHO YIUIOTHSAIOTCS TIIMHBL, KOA()PUIIMEHT NOPUCTOCTH
KOTOPBIX O] HATPYy3KOH MOKeT MeHAThes oT 50%. no 5%. B pesynbrate

JUIT MHOTHX pPaillOHOB, CIIOKEHHBIX OOJIOMOYHBIMHU TOPOAAMH, HaOJII0JaeTCs
KOppessiMoHHas cBsi3b K v riyOuHBI 3aeraHus HOPOIbI:
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PHC.Z,B. 3aBucumocTh K1 oT riryOuHsl 3aneranus H;
+-TJIMHBI, A- aJI€BPOJIUTHI

KH(H) = Kn(o) * exp(—,BH), (25)

riae K, (0) — xosdduimeHT nopructocTr BOJU3M OBEPXHOCTH,

f - KOHCTaHTa, 3aBHUCsIIas oT Tuma otiaoxenuit (£=0.05).

VYpaBuenus tuma (2.5) MO3BOJSIOT MPOTHO3MPOBATH W3MEHEHHS MOPUCTOCTH C
rJIyOMHOM, YTO OYeHb BAKHO MPU HHTEPIPETAIUU PE3YJIbTaTOB Ire0(PU3HMUSCKUX
ChEMOK, T.K. BEJINYMHA TIOPUCTOCTHU OMPEILIIACT PSI IPYTUX

(U3NUIECKUX CBOWCTB: IJIOTHOCTh, VAEIbHOE 3JCKTPUYECKOE COMPOTHUBIICHHE,
CKOPOCTh YIPYTHUX BOJIH.

[Ipoiiecc ieMeHTalMK 3aKIF0YAETCS B BBINAICHUHA BTOPUYHBIX MUHEPA-

J0B (kapOoHaThI, onaj, MIMHUCTbIE MUHEPAbl U T.J1.) B IOPOBOM MPOCTPAHCTBE U3
MOPOBBIX BOJ. B pe3ynbrare mopucTocTh YMEHBIIAETCS

BILJIOTH /10 HECKOJIBKUX MPOLEHTOB.

B 3akiroueHue npuBeneM JaHHBIC TI0 IIOPHUCTOCTH HEKOTOPHIX THIIOB
00JIOMOYHBIX TTOPO/I.

Tabmuma 2

ITopona Kn(%)

ITpenemnsr Hawubonee BeposiTHbIE




ITecku 5-55 20-35
[Tecuanuku 0.5-40 5-30
Jlecchl 40-55 40-55
ANEeBpPONUTHI 1-40 3-25
10505031 1-75 20-50
ApruyuTsl 1-30 1.5-15

HpI/IBC,Z[eHHI)Ie B Ta6J'II/IIl€ JAaHHBIC ITIO3BOJIAIOT CACIATH CJICAYIOIIHNC OCHOBHBIC
BBIBOJBI:

1) 06;10MOYHBIE TIOPOBI OOBIYHO XAPAKTEPU3YIOTCS CpeTHEH
(Kn=10-15 %), nmossimenHoi (Kn=15-20 %) u Beicokoii (Ki>20 %) mopucTocThio.

2) naMamna3oHbl 3HAYEHUH KOA(DPUIMEHTOB MOPHUCTOCTH PA3IMYHBIX THIIOB
00JIOMOYHBIX TTOPOJT B 3HAYUTEIBLHOMN CTENEHU nepeKkphiBatoTcs. Crienyer
NOJIYEPKHYTh, YTO JaHHbIE Ta0.2 0000MIAI0T CBEEHUS O MOPUCTOCTU MOPOJ BCE
CTpaHbl B LEJIOM. B KOHKpETHBIX palloHaX, y KOHKPETHBIX IJIACTOB JHAaIa30H
kosebanus K MoxxeT ObITh CylecTBEHHO yke. Hampumep,

IJIACThI — KOJUIEKTOPBI AB,_5 0IHOTO 13 HEPTAHBIX pailoHOB TromMeHCKoN 001acTh
UMCIOT Kn=20-30 %

2.1.3. TIOPUCTOCTb KAPBOHATHBIX OCAZJOYHBIX 'OPHBIX TTOPO /I

NIePBUYHBIC KApOOHATHBIE OCAJIKH (M3BECTKOBBIE U JJOJIOMUTOBBIC WITHI)

uMeroT BbIcOKyIo mopuctocTh (Krm=60-80 %). [1o Mmepe ux yrioTHeHUs MIOPUCTOCTh
pesko ymenbinaercs (Kn=0.5—15 %). B nanpueiimem nossisieTcs

BTOPHUYHAS MOPUCTOCTH, o0ycoBIIEHHAS NepeKpUCTAILTU3AIUEH,
TPEIIMHOBATOCTHIO M BBINICIIAYUBAHUEM KapOOHATHBIX TMOPOJ. XapaKTepHas
0COOEHHOCTh KapOOHATHBIX MTOPO/T - HEPABHOMEPHOCTH PACIIPEIETICHUS HOPUCTOCTU
B ripoctpancTie. [loaToMy. mpu n3yueHnne kapOOHATHBIX KOJJIEKTOPOB
HE00X0AMMO OTOMPATh - OOJIBIIOE KOJMYECTBO OOPA3IOB C PA3TUYHBIX HHTEPBAJIOB
10 TTyOWHE Y TUIOIIA 1. 3HAYCHUS TOPUCTOCTH OCHOBHBIX THIIOB

KapOOHATHBIX TTOPOJ] MPUBEICHBI B Ta0IuUIIE 3.

Ta0Omura 3

[Topona Km(%)

IIpEIEIIbI HaunGornee BeposiTHBIC

M3BecTKOBBIN WiT 65-85 -




U3BecTHIKH 0.5-48 1.5-15

N3BecTKOBBIN Ty (D 20-30 -
Men 10-55 40-50
J1010MUTEI 0.1-37 3-20

2. 1.4 TIOPUCTOCTb TMIPOXMMUYECKUX OCAJOYHHX TI'OPHBIX
ITOPON.
B otnnuume oT ABYX NMpEabIAYIINX IPYIII IOPOJ, TUAPOXUMHUYECKUE

OCaJIKM XapaKTePU3YIOTCS MOHMKCHHBIMH ¥ HU3KUMU 3HAYCHUSIMHU KOA() (PUITEHTOB
nopuctoctu. Tak y anruaputroB Kn=0.2—15 % y runcos 1-25 %,

VY kamenuou coau 0-5 %.

2.1.5 IIOPUTOCTb MAI'MATUYECKHNX W METAMOPOUYECKUX
['OPHBIX ITOPO/]

Jlns 3TOM Kateropuu nopoj XapakTepHa HU3Kasi MOPUCTOCTh. VIcKoueHne
COCTABJISIIOT KAWHOTUIIHBIE 3()(PYy3UBBI, KOTOPBIE B CUILYy OCOOEHHOCTH 00pa30BaHUs
(OBICTpOE OCTBHIBAHME, HE TTOJIHBIN OTXO/1 JIETYUYUX

KOMITOHEHT), MOTYT MMETh MOBBIIICHHYIO U BBICOKYIO MOPUCTOCTh. Tabmuua 4
WUTIOCTPUPYET 3HAUeHUsT Kod(duiireHTa oO0IIel MOPUCTOCTH MAarMaTH4eCKUX U
MeTaMOp(PUUYECKUX TOPO/I.

Tabnuma 4
ITopona Kn(%)
[Ipenesnsr
['panuTsl 0.3-4
I'a66po 0.3-3
[InpokceHut 0.2-2
bazanbT 0.5-40
Jlnabas 0.2-3
[Topdupur 0.4-6
[meiic 0.2-6




Crnanery XJIOpUT. 0.2-1

Amdpudomut 0.1-6

JAHHBIC OTHOCSATCS K HEBBIBETPENBIM IOpojaM. B mporecce BbIBETPHBAHUS
MTOPUCTOCTH BO3pacTaeT (00pa3oBaHNE BTOPUIHON MTOPUCTOCTH)
1 Moxet pocturath 20 - 40 %.

pyras o0COOEHHOCTb JaHHOM TpPYIIbI IOPOJ COCTOMT B CYLIECTBEHHOM
npeobaaHuK 3aKPHITOW TOPUCTOCTH HaJl OTKPBITOM.

2.1.6 IIOPUCTOCTDb 'MAPOTEPMAJIBHO U3BMEHEHHBIX ITOPO/1

K rugporepmanbHO N3MEHEHHBIM IIOPOJIaM ITPUYPOUYEHBI MECTOPOKACHUS

PYAHBIX IOJE3HBIX UCKOMAEMbIX. MHOIOYMCIIEHHBIE UCCIIEN0BAHUS [TOKA3AIIN.

YTO 30HBI PA3BUTHUSA ITUX IOPOJ XapPAKTEPU3YIOTCS MOBBILICHHBIMU 3HAYCHUSAMHU
IIOPUCTOCTH 110 CPABHEHUIO C HEU3MEHEHHBIMH ,I10poAamMu. BeposaTHo

ATO CBA3aHO C TEM, YTO THAPOTEPMAJbHBIE PACTBOPHI MOTYT NEPEMEIIATHCS B
cpellax C MOBBIIIEHHON MOPUCTOCTHIO M MPOHUIAEMOCThIO. Takum 00pa3oM, 30HbI
MOBBIILIEHHON TOPUCTOCTH SIBJSIOTCS CBOEOOPa3HbIM UHIUKATOPOM

TUAPOTEPMAIIBHBIX IIPOLIECCOB U, KOCBEHHO, MPU3HAKOM OPYICHEHUS.
Ha pucynke 2.4 npuBenaeH NpUMEp pACHPENENICHUS IOPUCTOCTH B panioHE
MEITHOKOJIYEJAaHHOTO OPYICHEHUS.



g

£
-
1
+

\ 2 "
{
\ o
\ -
N i
O \ . + / ©
/
N S SR
o o\ . ’/ &
o+ 4 4
o o \ ’
\ V4 ) o

Puc.2.4. Pactipenenenue ko3gppuiiieHTa OTKPHITOM MOPUCTOCTH
Ha MecTopoxaeHnn Aben-Ca3 (bamkupus)
<2  _pynmHoe Teno
/' + / -Km.o=0.5-3 %
/ %/ -Kn.o<0.2%

2.2. BIAXKHOCTbD. BJIATOEMKOCTD

BiiaxHOCTB OnpeaessieTcs, Kak KOJUYEeCTBO BOJbI B TOPHOM MTOPOJE,
a BJIAr0eMKOCTb, KaK CIIOCOOHOCTh TOPHOW TOPOABI yIEpKUBaTh BoAy. Boma B
TOPHBIX MOPOJAX MOXKET MPUCYTCTBOBATh B PA3JIMYHBIX BUAAX:

a) IIlpoyHo cBsi3aHHasi BOJA - CJIOU BOJbI TOJIIIMHOM B HECKOJBKO MOJIEKYII
HEIMOCPEACTBEHHO NMPUMBIKAOIINI K CTEHKE ITEPOBOT0 KaHaja. JTa

BoJa cuiiamu Ban-nep—Baanbca npodHo cBs3aHa ¢ TBep10i (a3oi moposbl,

He moxeTt nepememaTthcsi, 00JagaeT aHOMaJIbHBIMU (PU3MUECKUMH CBOMCTBAMU

(utotHOCTH 110 2 T/cM3, Temmeparypa 3amep3aHus A0 -78 C°, moBbIIIEHHAS
BA3KOCTb, IJI0Xasi PACTBOPUMOCTD COJIEH).



0) PoIxJI0 cBsI3aHHAsI BO/IA - HEITOCPEICTBEHHO NIPUMBIKAET K CJIOIO

MIPOYHO CBS3aHHOM BOJIBI, MEHEE MPOYHO CBsA3aHa ¢ TBep 1o (azoii. B

YaCTHOCTH, 00pa3zyeTcs B yrilax Mmop B CHIIY MMOBEPXHOCTHOTO HATSKEHUS
(cTbikoBast Boja). ToIMHA CIOSI PBIXJIO CBSI3aHHOM BOJBI COCTAaBJISIET JECATKHU U
0oJiee MOJIEKYJI, OHa UMEET MOBBIIICHHYIO IJIOTHOCTh U MMOHMKEHHYIO TEMIIEpaTypy
3aMep3aHUsl.

B) CBOOOHAs BoJA - OOBIYHAS BOAA, KOTOPAsi CBOOOIHO MEPEMENIAETCS B TIOPOBOM
IIPOCTPAHCTBE IO 3aKOHAM THAPOANHAMUKH.

BBII[GJ'IHIOT HECKOJIbKO THUIIOB BJIAIrOCMKOCTH.

a) MammHaJbHasi THIpockonuyeckasi BjaaroeMkoctb (W,;) - MakcumalibHOE
KOJIMYECTBO MapooOpa3HoOM Biiaru (B MPOLIEHTaxX K BeCy aOCOIIOTHO CYyXO0U Opobl),
KOTOpO€ CIIOCOOHA MOTJIOTUTD MOPOia U3 BO3IyXa

BIAXXHOCTHIO 94%. DTa BIIaroeMKOCTh BKIIIOUAET B ¢€0s1 TPOYHO CBSA3AHHYIO

Y 4aCTh PBIXJIO CBA3AHHOMN BOJBI.

0) KanmaasipHasi BJIaroeMKOCTb — TIOJIHO€ KOJHYECTBO BOJBI, KOTOPOE
MPUCYTCTBYET B MOPOE B CUILY SIBJICHUS KaIWIUIIPHOTO MOIBEMA.

B) [losiHas1 BJIAr0eMKOCTh - MAKCUMaJIbHOE KOJUYECTBO CBSI3aHHOU U
CBOOOJIHOM BOJIbI, KOTOPOE MOKET MPUCYTCTBOBATh B TOPHOU MOPOJIE.

CooTHOLIEHUE MEXIy CBSI3aHHOM M CBOOOJHON BOJOW MpPH MOJHOM 3aMOJIHEHUH
IIEPOBOTO IIPOCTPAHCTBA OIPEIEIACTCS CEYEHHUEM IIOPOBBIX KAaHAJIOB U COCTABOM
TBepA0H (a3bl mopoabl. OTHOCUTEIBHOE KOJTUYECTBO

cBOOO/IHON BOJABI YMEHBIIAETCS C YMEHBUICHHUEM CEUYEHHUs MOp U YBEIUYEHUEM
COJZIEpKaHMs TJIMHUCTBIX MUHEPAJIOB. B cilyyae YMCTHIX ITIMH B HOpax
IPUCYTCTBYET TOJBKO CBSI3aHHAs BOJA, @ B Ipy0000IOMOYHBIX MTOPOIbI
(raneyHuKH, KPYITHO3EPHUCTHIE MIECKH) TOYTH BCS BOJIa IIPEICTaBJICHA

CBOOOIHOIA.

JIBOMHOM AIEKTPUYECKUH CIION.

[ToBepxHOCTB TBEP10H (ha3bl IEPOBOTO MPOCTPAHCTBA AICOPOUPYET

MOHBI OJTHOTO 3HaKa U3 MOPOBBIX PACTBOPOB. DTH HOHBI YIECPKUBAIOTCS Ha

Hen cunamMu Ban—naep—Baanbca, co3naBas Cl10M HE KOMIIEHCUPOBAHHBIX 3apsi0B
(cno¥t MOTeHIMAT-ONPENCIISIONINX UOHOB). B pe3ysbrare 3JIeKTpOCTaTUYECKOTO
B3aMMOJICUCTBUS U3 IEPOBOTO pacTBOpa K HeMy OyAyT

HPUTSTUBATHCS HOHBI IPOTHBOIIOIOKHOTO 3HaKa (CJIOW MPOTUBOUHOB).

YTO B COBOKYITHOCTH CO3Ja€T ABOWHOW JIEKTpUYECKUU ciou. IIpoTrnBOMOHBI
00pa3yloT CIO0XKHYIO HPOCTPAHCTBEHHYIO CTpPYKTypy. Ha paccrostHum mnopsaka
pa3mepa MOJIEKYJIbl IPOTUBOMOHBI IIPOYHO YIAEPKUBACTCS CUIIAMU
AIIEKTPOCTATUYECKOTO B3aMMOJICHCTBUS M HE MOTYT IMEpeMeliaThecs, 0o0pasys
IJIOTHYIO 4aCTh ABOMHOIO €JI0s. JlanbIie OT MOBEPXHOCTH TBEPIAOH



¢da3pl UX KOHIIEHTPAIUS YOBIBAET M OHU HE CTOJIb CHJIBHO CBSI3aHBI C TTOTCHITUAI-
OTIPEEIISIONIUM CII0eM. JTa 00J1acTh Ha3bIBaeTCs AUPHY3UOHHOM

YacThIO JBOMHOTO CJIOSl U MOKET MEPEMEIIATHCS MPU JBUKEHUHU KUIKOCTH B
MOPOBOM IIPOCTPAHCTBE MIPUMEPHAS CTPYKTYpa IBOMHOTO CJI0S MPUBEICHA

Ha puc. 2.5.

a) 6) Q
© @ © o
p000 /)
000000 -
[ClelolClelelo B M

Puc.2.5. CtpoeHue 1BOMHOIO 3JIEKTPUUECKOTO cJos (a)
U pacrpenescHue 3apsaaa Q B nmpeaenax JBoHHOTO ciios (0)

OO6unactb, 3aHsATast JBOMHBIM CI0E€M, TPUMEPHO COOTBETCTBYET UITU
HECKOJILKO OOJIBIIE CIIOSI MPOYHO U PHIXJIO CBSI3aHHOM BOJIBI.

2. 3. [IPOHUITAEMOCTD

[IpoHnIIaeMOCThIO HA3BIBAETCS CIOCOOHOCTh TOPHOW TMOPOJBI  TPOIYCKATh
KUKOCTH, Ta3bl MM UX CMECH MPU HAIMYWU TPAUEHTA JaBICHUS.
BrinenstoT ¢puzndeckyro win abCoM0THYIO U (Da30BYIO MPOHUIIAEMOCTH.

2.3. 1. DUSNYECKASA ITPOHUITAIIOCTD

DTO CIOCOOHOCTH TOPHBIX TIOPOJT MPOITYCKATh OTHOPOTHBIE KUIKOCTH
unu  rtasel.  llpencraBum cebe TpyOKy, B KOTOpPYIO TIOMEIIEH 0Opasell
nunHaApruyYeckoi ¢popmsl (Puc.2.0). Ha BepxHeli rpanu obpasia nasienue Pq

. AP
Ha HWKHEU Py, ['pagueHT naBieHus paBeH — e A= P, — P,, L-nnuna
oOpasia. Yepes HIKHIO TPaHUIly OYJET BBITEKATh KUIKOCTh. PACKOJ KOTOPOH



pasen Q (cm?/cex). O603HAYMM ILIOIAb IONEPEYHOTO CeueHus 00pasna uepes S u
BBeJIeM yaenbHbIN pacxon V=Q/S (pacxoxa uepe3 eIuHUILY TUIOIIAIH TOTIEPEIHOTO
ceuenust). COOTHOIICHUE MEXAY dTUMH BETHIMHAMHU OTHCHIBAIOTCS 3aKOHOM

Hapcu: V' mOpsMO  MPOMOPIMOHANICH TPAaTUCHTY JaBJICHUS W 0OpaTHO

IPOIOPIIMOHAJICH BA3KOCTH (UL).
P1-P3

V = Kyp —L—(26)

e B

|

Q
Puc.2.6. K onpenenenunto
K03 duneHTa TPOHUIIAEMOCTH

Koaddumment nponoprnuoHabHOCTA B 3TOM ypaBHEHWHM (KIJ) Ha3bIBaeTCA
KO3 PUIIMEHTOM MPOHUIIAEMOCTH, OH SIBJIAETCS] KOJIMYECTBEHHO XapaKTePUCTUKON
¢busuueckoit mponunaemoctd. Enununenr Kmnp B cucreme CHU  ciy)kut wr.
CymectByer BHE cuCTeMHass eauHuna - Jlapcw, KoTropas COOTBETCTBET
MIPOHUIIAEMOCTH TOPO/JIbI, Y KOTOPOU YAENbHBIA pacXo]l BOIU paBeH 1 cM3/cek npu
rpaguente gapiaeHus 1 atm/cm. 1m?2 =~ 1+ 102 ] wmm 1~ 1% 10712 M2 =
1 mxMm2,

Japcu kpyriHas equHuIa, OOBIYHO JJIS XapaKTEPUCTHUKU MTPOHUIIAEMOCTH

TOPHBIX ITOPOJ] UCIIONB3YIOT ThICAYHYIO noimo Japcu — 1M, 1 mJI=1 dpm?

2.3.2. CBS3b KOPPOUIIMEHTA OUNYECKOU HHPOHUIIAEMOCTH C
KOSOOUIMEHTOM ITOPUCTOCTU U CTPYKTYPOU IIOPOBOI'O
[TPOCTPAHCTBA

Jlns mpocTenenn MOAENH CTPOSHHUSI IEPOBOTO IPOCTPAHCTBA B BUJIE
TpyOUaThIX KanmWUIsIpoB (pHC.2.7) BBIBEIEHO IPOCTOE COOTHOILIEHUE -

Puc.2.7. K nosicaenuto ¢popmynnsl Kozenn—Kapmana

dbopmyna Kozenu-Kapmana



np qu, «T2af '\

I'ne Ky — k03¢ duimesT [uHaMruIecKoi TOPUCTOCTH.

S¢ — yZenbHas MOBEPXHOCTh TOPOBOTO NMPOCTPaHCTBA ( IUIOIIA/(b IOBEPXHOCTH
1Op B €AMHUIIE 00hEMa TOPHOM TTOPO/IBI.

T=L,/L -ynenbHas U3BHUIMCTOCTD ITOPOBBIX KaHAJIOB (OTHOIIIEHUE CPEIHCH ITHHBI
nepoBoro kaHaia Lk B nmpenenax obpasia, K JiauHe oopasia L. .

f - HEeKOTOPBIN MapameTp, 3aBUCAIIHIA OT (HOPMBI CEUCHUS IIOPOBOTO KaHAIA
(Jiexxut B mpenenax oT 2 1o 3).

(IMpexynpexnenue. B mureparype B popmysax Tumna 2.7 9acTo UCIIOIB3YIOT
ob6o3Hauenne K uimm TepMuH MOPUCTOCTh BMECTO TUHAMUYECKON TTOPUCTOCTH
HEO0OXOMMO TIPEACTABIISATH, YTO IBIDKCHHE (DITFOMI0B BO3MOYKHO TOJIBKO TT0

JTMHAMUYECKUM MOpaM. )

U3 dhopmyisl 2.7 crneayeT cuiibHas 3aBUCHMOCTh K03((GHUIIMEHTa IPOHNUIIAEMOCTH
OT K03(UIMEeHTa TOPUCTOCTU (TPEThSI CTEHEHB) H CTPYKTYPHI IEPOBOTO
IPOCTPAHCTBA, KOTOpas AJsL AaHHOW MOoJeH onpenensercs seanauHamu T u S,
Ha puc. 2.8 npuBenens! npumMeps! 3aBucuMocti Ky, ot Ky (3KcriepuMenTanbsHble
JaHHBIE)

Knp, M~ (1)
1000 - -1 ]
AL
100 = 0 oj_‘“
y o/ ®
10— / :
0
i / A/ 4
1 /
e A
1
(;J,'J't z Kn.an,%

0 10 20 30 40
Puc.2.8. 3aBucumocTh k03¢ HUIMEeHTa IPOHUIIAEMOCTU OT KO3 PHUIIUECHTA
JTUHAMUAYECKON TOPUCTOCTH 1 - mecyaHuk, HUKHUN BUIIBKOKC, 2 — MTeCYaHUK c1abo
CLIEMEHTUPOBAHHBIH, 3 - TECYaHUK TOHKO3EPHUCTHII

JIuHelHbIM BU 3aBUCUMOCTEN B MOJTYJIOrapu(MUYECKOM MaciiTadbe u
YTOJI HAKJIOHA MTOATBEPKIAIOT 3aBUCUMOCTD Ky, OT TpeThel cTeneHun
K- Cmenienre TuHui B TOPU30HTAIBHOM HAMNpaBICHUN 00YCIOBIECHO
BJIUSTHUEM CTPYKTYPHI IOPOBOIO MPOCTPaHCTBA. BennuuHa y1epHOM 1o-



HHEM ITOPOBBIX KaHAJIOB, M BO3PACTACT C YMEHBIIEHUEM CeYCHHS. Y 00JIOMOYHBIX
HIOPO/J] CEYEHHE KaHAIIOB CBI3aHO C pa3MepoM 3epeH. Hanpumep B cirydae
OTCOPTHPOBAHHOM MTOPOJIBI C H30METPUYHBEIMH 00JIOMKAMHM CO CPE-

HUM auamerpoM d:

Se = 3.6/d (2.8)
Takum 00pa3om, yMEHbIIIEHUE pa3Mepa BEPEH MPUBOIUT K YMEHBIIICHUIO
MIPOHUIIAEMOCTH. DTO OOBSACHSAET HEITPOHHUIIAEMOCTh TJTHH (TOHKOAUCTIEPCHBIS
MOPOJIBI), XOTS KOAD(DHUIMEHT MOPUCTOCTH Y HUX COCTABJISET ACCSITKU MPOIICHTOB.
Puc. 2.9 nmoctpupyet mogo0HyI0 3aBUCUMOCTb.
Knp, @M (M)
100

10

7
0.1 d, MM
0 0.04 0.08 0.12 0.16 0.20

Puc. 2.9, 3aBucumocts k03 duUlIMeHTa MTPOHUIIAEMOCTH OT CPEIHETO
JMaMeTpa U 3epeH MecuaHO—aeBPUTOBO—TIIMHUCTBIX MTOPOJT

B ciydae TpemMHHON MOPUCTOCTH NPOHULIAEMOCTD ONPEIEISAETCS
IpUOIMKEHHBIM BBIPAKEHUEM:

K, = 8.45 b? (2.9)
rae b — cpenHuil pa3mep MomnepeyHoro ceueH sl TPEIIUH (PACKPBHITOCTh TPEIIWH )
B MKM,
Kot - koadunmenT tpenHoit nopuctoctu B %.
[To BennunHe KO3 (pPUIIMEHTA TPOHUIIAEMOCTH BCE TOPOABI MOAPA3AEISAIOTCS Ha

TPH TPYIIIIHL:

1. IlpoHuaembie — rpy0000IOMOYHbBIE TOPOBI (TATIEYHUKH, TPABUN),
XOpOIIO OTCOPTHPOBAHHbBIE, CJIA00 CLIEMEHTHPOBAHHBIE IECUaHO—AaJIeBPUTOBBIE
MIOPO/Ibl, KABEPHO3HBIE U TPEIIUHOBATHIE KAPOOHATHBIE MOPObI, TPEIIMHOBATHIC
MarmMaTU4ecKue MopoIbl, ITO MOPOAbI C BBICOKUM KOA(PUITUEHTOM
nopuctoctu (20-40%). cBepXKanWJUIAPHBIMHU M KalTUJUISIPHBIMU TTIOPAMH,
CYLIECTBEHHBIM IpeobiiajaHieM CBOOOHOW BOBI B TIOPOBOM MTPOCTPAHCTBE,
Ko>(puiuenT npoHuaeMocTs uX JeKuT B mpeaenax 10 - 10° gpm? (m]1).



2.ITonynpoHunaeMmble — MEHEE OTCOPTUPOBAHHBIE TIECYAHO-AJIEBPUTOBO-
TJIMHUCTBIC TIOPOJIbI, MEJIKOTPEIIIMHHBIC MEJIOBUIHBIC KapOOHATHBIE TTOPO/IHI.
MIOPOBOE MTPOCTPAHCTBO TMPECTABICHO CYOKAMMLIIPHBIMU TIOpaMHu, peobiamaaer
cBszaHHas Boja. Knp B npenenax 0,1-10 ¢m? (mJ1).

3. [IpakTHYecKH HENMPOHHUIIAEMbI€ - TJINHBI, APTUUIUTHI, CUIIBHO
CIICMEHTHUPOBAHHBIC TIECUAHUKHU M aJICBPOJIUTHI, HCBBIBETPEIIbIC KPUCTAJUITMICCKHE
kapOOHATHBIE U MarMaTtudeckue nmopoasl. Kp < 01 ¢m? (m]1).

2.3.3. PA30OBAA ITPOHULIAEMOCTD

DT0 CIOCOOHOCTHh TOPHOM TOPO/IBI, HACKIIIIEHHON HEOTHOPOIHOM KUIKOCTHIO HITH
CMECHIO JKUIKOCTEH U Ta30B, MPOIYCKATh Ty WU UHYIO a3y NPy HATHIUN
rpaaueHTa aaBiaeHus. J{ms oObIYHBIX B TOPHBIX Topoaax (a3 (Bona, HedTh, ra3)
KOJIMYECTBEHHO (Pa3oBasi MPOHUIIAEMOCTh XapaKkTepu3yeTcs KodhduimeHTaMmu
dazoBoit mpouuriaemMoctu st Boasl (Knp.B), Hedtu (Knp.H) u raza (Kmp.r),
KOTOPBIE SBISIOTCS K0P PUIIMEHTaMU MTPOTIOPIIMOHAIIBHOCTH B aHAJTIOTax
ypaBHeHus Jlapcu:

AP AP AP

L L L
Vg =K gy =K Ir =K ,(2.10
B np.B Iy, H np.H Ly r np.r Ly ( )

rae Vg, Vy, Vr - ynenbHble pacxoabl BOJIbl, HE()TH 1 ra3a COOTBETCTBEHHO.

YacTo nucnonb3yroT KodhPUIIMEHTH 0THOCUTEIbHOM (a30BOil MPOHUIIAEMOCTH,
KOTOPBIE OTPEEIISIIOT KaK OTHOIIeHHE K03 duiinenTa pazoBoil mpoOHUIIAEMOCTH K
Koa(hpuIeHTy abCoMOTHON MPOHUIIAEMOCTH B MporieHTax. Hampumep,

ko3 dunreHT oTHOCUTENIbHOM Da30BOI MPOHUIIAEMOCTH BOJIBI (Rnp.B) 3aMUILIETCS:

Kups = (‘;“:;) 100 %.

da3oBas MPOHHUIIAEMOCTH OTIMYACTCS PSAIOM OCOOCHHOCTEH, KOTOPHIE MBI
MPOWJUTIOCTPUPYEM MMPUMEPOM JIBYX(a3zHOM cMecH Boaa-HEDTh

(Puc.2.10). Ha puc. IIpeacraBieHbl 3aBUCUMOCTH KOIDOUITUEHTOB OTHOCUTEILHON
dasopoit mporntaeMoctd (Kyyp 5, Kyp ) OT cooTHOmeHus (as.

[Tocneanee BrIpaxeHo yepe3 KOADPUIIMEHT B0 HACBIILIEHHOCTH ITOPOBOTO
npoctpancTBa (Kg) — oTHOIICHHE 00beMa BOJIBI B IOPOBOM MPOCTPAHCTBE

K 00bemy mop. [lomaraem, 94To Bce MOPOBOE MPOCTPAHCTBO 3AMOTHEHO CMECHIO
Boga—He(DTh, caeaoBaTebHO KOG GUIIMEHT HePTEHACHIIIIEHHOCTH

Kuy=1 -Kg. OtmeTum:

1) I'padpuiku 3aBUCUMOCTEN UMEIOT B 11€JI0M BOTHYTOCTh BHU3, T.€.



K pk

20 40 60 80 100

Puc.2.10. 3aBucumoctb K03 PUIHUEHTOB OTHOCUTEIBHOM
nponunaemoctu 1o Boje (Kmp.B) u nedtu (Kmp.H) ot
COOTHOIIIEHHS (pa3 B cMecH BoJa HE(PTh

cymma Kmp.B+kIIp.u<100. Cmecu GunbTpyroTcs Xyxe, 4eM OJHOPOIHbIE
KUJKOCTH.

2) [Ipu onpeneneHHOM COOTHOIIEHUH (ha3 BO3MOXKEH PacXo/l KaKoM-In00 OHOM
dassl (mpu K < 20% Bona He dunbTpyeTcs yepe3 nopoay, a npu Kg > 80%; He
OunbTpyeTcs HeTh).

3. ITJIOTHOCTHHE CBOUCTBA

Dta rpyIa CBOMCTB ONpeeNsieT BO3MOXHOCTh MPUMEHEHHUS psijia FeoPU3NYECKUX
MeTonoB. Hanpumep, rpaBupas3Beku U1l U3yYEHHS T€OJOTHUYECKUX CTPYKTYP,
MOMCKOB U Pa3BEJKH MOJIE3HBIX UCKOMAEMBIX, SACPHO-TEO(QU3NIECKUUX METOIOB
(raMMa—TaMMa-KapoTax) JJIsl paCwICHEHUs Pa3pe30B CKBaXKUH.

3.1. OCHOBHBLIE ITOHATHA U OIPEIIITHUA

II1oTHOCTH - 3TO Macca eaMHUILIBEI 00bEMa BellecTBa. Y AeJdbHbIN Bec -
BEC €IUHMIIBI 00beMa BemecTBa. [1o onpeneaeHnto mIoTHOCTH (6):

5§="31
_V’( ')



VY nenbHbIH Bec (A):

A—P 3.2
_V’ (')

rae m, P, V - cooTBETCTBEHHO Macca, Bec 1 00beM BellecTBa. Tak

kak P=mg (g- yckopeHHe CHIIBI TSHKECTH ), TO TUNIOTHOCTH 3TO KOHCTAHTa a
YAEIbHBIN BEC 3aBUCUT OT CHJIBI TSKECTU. B cucteme cu enuHuiein
IUIOTHOCTH sABISETCS Kr/M° yaenbHoro Beca - H/m3. B cucreme CI'C
€MHUIIa MacChl — TpaMM (T'), BHECUCTEMHAsI €IMHUIA Beca rpaMMcuiia
(I') emuanns! 06bema - cv®. IlnotHocty B cucteme CI'C (r/em®) n
yAENBHBIN BeC BO BHECUCTEMHBIX eauHuax (I'/cM®) unciIeHHo coBIanaroT
Ha MOBEPXHOCTH 3eMJu ¢ TOUYHOCTHIO 70 0.2-0.4% (U3MeHEeHus yIeTbHOTO
BECa CBA3aHbI C UBMEHEHUSAMH YCKOPEHUS CUJIBI TSIKECTHU 110 TOBEPXHOCTH
3emun).

[ToHSATHS TIIOTHOCTH U YJEIBHBIN BEC, CTPOTO TOBOPSI, IPUMEHUMBI

JUTSL OTHOPOAHBIX cpefl. JlJiss HEOAHOPOIHBIX Cpejl BBOASATCS yCPETHEHHBIC
XapaKTePUCTHKU — 00BbEMHAs IIOTHOCTH (&) M 00beMHBIH Bec (d), KoTophie
onpenenstoTcs Takxe mo @opmynam (3.1 u 3.2). Cnenyer uMeTh B

BUTy, YTO MPHU OTIPEICTICHUN 00 BEMHBIX ITApaMETPOB pa3Mep N3y4aeMOTO
00BbEKTa JOJDKEH ObITh MHOT'O OOJIBIIIE pa3MepPOB HEOTHOPOIHOCTEH.
CooTHoIllIeHNE MEXTy €AUHUIIAMU B PA3TUYHBIX CUCTEMAaX:

1r/em® =1000 xr/m3, 1T/cm =9810 H/S.

M crons3yroT Tak e MOHATHE MIUHePaJIbHas INIOTHOCTH (§,,) — Macca
eAUHULIBI 00beMa TBepAoH (a3bl MUHEpAJIa UM TOPHOU mopoibl. CrenyeT
OTMETUTH, YTO Hapsay ¢ cucremoit CH B iureparype npu onucaHuu
IJIOTHOCTHBIX CBOMCTB IIMPOKO Hcnogb3yercs U cucrema CI'C, koTopyro Mbl
OyzZeM HUCIIONIb30BaTh MPH JajdbHEHIEeM U3I0XKeHH MaTtepraia. Kpome Toro
OOIIETPUHSATHIM SIBJISIETCS UCIOIb30BAaHNE TEPMUHOB IIJIOTHOCTD U yIEIbHbBIN
BEC BMECTO 00beMHas INIOTHOCTh M OOBEMHBIH BeC.

3. 2 INIOTHOCTH MMHEPAJIOB

[110THOCTH MUHEPATIOB ONPEAENSAETCI XUMUUECKUM COCTaBOM, CTPOCHHEM
AIIEKTPOHHBIX 000JI0UYEK aTOMOB, COCTABJISIFOLIUX PA3JIMYHbIE MUHEPAJIbL. a TAKKE
YCIIOBUSIMHU MX 00pa3oBaHusl. ITU (HaKTOPbI OMPENETSAIOT COOTHOLIEHUE B
MHHEpPAJIaX aTOMOB C Pa3JIMYHBIMUA aTOMHBIMHA MacCaMH, XapaKTep
KPUCTAJUTNYECKOU CBA3M, KOHCTUTYLHIO KPUCTAJIOB. bospmas yacthb
NOpOoA000Pa3yIOIIMX MUHEPATIOB UMEET MOHHYIO MM KOBAJIEHTHYIO



(GopMy KpUCTaIIMUECKOH CBA3H, COCTOAT M3 aTOMOB C HU3KUMH CPEJHUMH
aTOMHBIMH MacCaMM M UMEIOT IUIOTHOCTh Topszaka 2.2 — 3.5 r/em®,

Cpeay pyIHBIX MHUHEPAJIOB IPe00IaaaeT HOHHO-METAJINYECKas U KOBAJIETHO-
MeTaJuTHdeckas (hopMa CBS3H, YACTO IPUCYTCTBYIOT DJIEMEHTHI C

BBICOKMMH aTOMHBIMHU Maccamu, UYTO 00ycaaBiInBaeT NOBbILIEHUE IIIOTHOCTH
10 3.5 — 7.5r/cm®.

CpenHsst aToMHas Macca OCHOBHBIX IOPO1000pa3yIONIUM MUHEPATIOB

(kBapil, MOJEBBIC MITATHI, TUIATMOKIIA3bl, KAPOOHATHI) MOYTH MOCTOSTHHA U
HECKOJILKO TIOBBIMIACTCS B MUPOKCEHAX M JKEJIE3UCTHIX OJTMBUHAX. B CBs3M

C 3THUM TJIaBHBIM (PaKTOPOM OTIPEIEIISIONIUM TJIOTHOCTh STUX MHUHEPAJIOB SBJISIETCS
MJIOTHOCTH YITAKOBKHA aTOMOB B KPUCTAJUTMUECKON perieTke. Hanmpumep kapkacHbie
CTPYKTYPBI CHIIUKATOB (KBapIl, TOJICBBIC AT, TIIATMOKIIAa3bl) 00YCIIaBIMBAIOT
HU3KYIO TUIOTHOCTG. Y 1ETOYEUHbIX CHUJIMKATOB (MMMPOKCEHBI) INIOTHOCTD BBIIIIE.
Emie Bhilie IOTHOCTH MUHEPAJIOB C OCTPOBHOM CTPYKTYpo# (0JMBUHBI). J{7st
OPOA000pa3yIOIIMX MUHEPAJTIOB XapaKTEePHbI ABJICHUS H30Moppuzma u
nojumopdgusma. Mzomopdusm 3T0 u3BMEHEHHE cocTaBa 0e3 U3MEHEHUs
CTPYKTYPBbI KPUCTAJUTMUECKOM perieTKu. L{enpie rpymnsl MUHEpanoB
MarMaTU4ecKUX U MeTaMop(OUuecKuX mopo/ (Tiaruokiassl, aMmpuooIbl,
MUPOKCEHBI, OJIMBUHBI, TPAHATHI) 00Pa3yIOT

HETpepbIBHBIE N30MOp(HBIC psAaAbl. Hampumep miarnokra3oBbiid psijl HAUMHACTCS C
ans6uTa (NaAl;Siz0g) ¢ mnotHOCTHIO 2.611/cM® 1M 3aKaHUMBAETCS AHOPTUTOM
(CaAlSiz0s) ¢ mnotHOCTRIO 2.761/cM. CooTHOMIeHNE Mexay NA u Ca B psny
MOKET OBITh JIFOOBIM, IIPH 3TOM 00pa3yeTcsi HEMPEPBIBHBIN Psii MUHEPAJIOB
(omurokiias, aHJ1e3uH, 1a0paiop, OUTOBHUT) C MPOMEXKYTOUHBIMU 3HAYCHUSMU
MJIOTHOCTH. Y BEJIMYEHUE TJIOTHOCTH OT alibOMTa KAHOPTUTY CBSI3aHO ¢ OoJiee
BBICOKOM aroMHOU Maccor Ca (40) o cpaBaenuto ¢ Na (23). B Toxxe Bpems npu
3amemennu Na B ans6ute Ha K nmeem munepan optoxiaz (KA151308) c
MeHbIIeH MmIoTHOCTRIO (2.57), X0Tst atomHas Mmacca K (39) Beirre, uem Na. 3to
CBSI3aHO C OOJIBIITUM MOHHBIM paguycoM K, uTo o0ycnaBiuBaeT MeHee IJIOTHYIO
MIPOCTPAHCTBEHHYIO EMaKOBKY aToMOB. [lonmmopdusm - 310 u3meHeHue
CTPYKTYPBI KPUCTAJUTMUECKOM pEeIIeTKH 0e3 u3MeHeHus coctaBa. Kimaccuueckum
mpuMepoM nosimMophr3Ma SBISIOTCS MUHEPalbl rpaduT (TIoTHOCTH 2.2) U anmas
(utotHOCTH 3.52). O6a MuHEpaia UMEIOT oAMHaKoBhIN cocTaB (C), HO

rpaduT UMEET PHIXJIYIO CIIOUCTYIO CTPYKTYPY KPUCTAITMYECKOMN PEIISTKH, a
anMas Kyondeckyto neHTporpannyto. [Tomumopdusm ocoOeHHO XapaKTepeH

JUTSI MUHEPAJIOB METaMOP(PUIECKUX TOPHBIX TIOPO/I.

[110THOCTH HEKOTOPBHIX MUHEPAJIOB MPUBEICHA B TAOIHIIE 5.



Tabmuma 5

Munepain CocraB 5( r )
cm3
Kgapn SiO, 2.65
AnpOuT Na[AlSizOg] 2.61
AHOpTHUT Ca[Al,Si,Og] 2.76
Oproxna3 K[AISi3Og] 2.57
Hedenun Na[AlSiO4] 2.62
PoroBas oOMaHka NaCa,(Mg,Fe)s(Fe, Al)* 3.25
(OH,F)zAlzsiaozz
IInpokcensr:
ABTHT Ca(Mg,Fe,AD[(Si,Al),0¢] 3.4
['enenOeprut CaFe[Si,0¢] 3.55
OrupuH NaFe[Si,O¢] 3.53
OnuBuH (Mg,Fe),SiO4 3.35
MyCKOBHT KAI;[AISi3010][OH]2 2.85
buotur K(Mg,Fe)s[SizAlO4][OH,F]. | 3.05
CeprniecHTCHUT Mgs[Si2010][OH]s 2.55
Kangpuur CaCO0Os 2.715
Marues3ur MgCOQOs3 2.96
JlomoMut CaMg[CO3]; 2.87
baput BaSO, 4.5
['uric CaS0,*2H,0 2.3
AHTHIpUT CaS0O, 2.96
Maruertur FesO4 5.11
NnpMmeHuT FeTiO; 4.79
XpoMut FeCr,04 4.2
[Tuput FeS, 5.1
XanbKOUPUT CuFeS; 4.2
Cdanepur ZnS 3.95
["anmenuT PbS 7.57
[upkoH ZrSiOy 4.68

HpI/IBe,)IeHBI Cp€aAHNEC 3HAUCHUS ITIJIOTHOCTHU Han0oJIee YUCTHIX pa3HOBH)1HOCTeﬁ

MUHEPAJIOB. MOXKHO C/IeJIaTh CJIECIYIONINE BBIBOIBI:

1)IInoTHOCTH OCHOBHBIX TOPOA00OPA3YIOIINX MUHEPAIOB HUXKE TIIOTHOCTH

PYAHBIX.




2) TeMHOIBETHBIE TOPOI000pa3yIOIEe MUHEPAIbI (TUPOKCEHBI, OJIUBUHBI.
pOTOBbIe OOMaHKH) UMEIOT 00JIe€ BHICOKYIO MIIOTHOCTH 110 CPABHEHHUIO CO
CBETJIBIMH MUHEpajaMu (KBapll, OJIEBbIE MIMAThI, TUIArMOKIIA3bI)

3.3 INIOTHOCTDB I'OPHBIX TIOPO

OO6uiee BbIpakeHuUe ISl TVNIOTHOCTU TOPHOM MOPOJAbI MOXKHO 3aMKCcaTh B
BUJIC:

6_mT+m>K+m
Ve Vg + VL

-, (3.3)

riae Mr— macca TBepioH (a3bl, My— Macca Kuakou (paspl. Mr- macca
razoBoi ¢azbl mopobl, V1, Vi, Vr— 00beMbl TBEPIOH, KUIKONU U Ta30BOM
¢da3. Cymma 00beMOB KUJIKOM U Ta30BOH (ha3 paBHA 00BEMY OPOBOTO
npocTpaHcTBa. Macca TBepao# ¢a3bl paBHA CyMME MAacC CIIAraroifx MOopoy
MUHEPAJIOB, & MacChl )KUJIKOH M Ta30BOH (pa3 cocpeoTOYCHBI B TOPOBOM
npoctpancTBe. Toraa Beipaxenue (3.3) MoxHO npeodpazoBats k BUJY:

§=(1-K) Z 5.V; + Z KK, Oy + 6,6, (3.4)

rae Ki koaddunment nopucrocty, 6; u V; - MUHEpanbHas MJIOTHOCTh U 00bEMHOE
CoJiep)KaHue B TBepJoi (haze i—To MUHEpaa, O, MIIOTHOCTh K—H JKUIKOCTH.
Kyxx—00BbeMHOe coepkanne K—i )KUJIKOCTH B TIOPOBOM MPOCTPAHCTBE, Op-
IJIOTHOCTH Ta3a, Kr- 00beMHOE cosiepskaHue raza B TOpoBOM npocTpancTse. M3 3.4
CJIEIIYET, YTO TIOTHOCTh TOPHOM MOPOIbI 3aBUCUT OT MUHEPAJILHOTO COCTaBa.
3aMoJHEHUS TOPOBOTO MPOCTpaHCTBA. DAKTOPOB MOXKET OBITH PA3TUYHOM.

3.3.1 MAI'MATHUYECKUE ITOPO/IbI

OO1mMM 711 MarMaTUYeCKUX MOPOJI SBJIAETCA UX 00pa30BaHUE MTyTEM

OCTBIBAaHUSI MAarMaTUYECKOTO paciiaBa. Kiaccudukaius STUX MOpoJ; OCHOBaHA Ha
JIByX OCHOBHBIX IIPU3HaKaX: a) ycJaoBHs oOpa3oBanus, 0) coctas. [1o ycioBusm
oOpa30oBaHus BBIJEISIOT; 1) HHTPY3HBHBIE -TTOPOIbI, 00Pa30BABIINECS MPU
MEJJICHHOM OCTBIBAaHWH PACIlJiaBa HAa 3HAUUTEIHHOU TITyOMHE MPU HU3KOM
TerooOMeHe ¢ BMelarmuMu nopogamu. [Ipu stom



MIEPBUYHBIN pacCIliaB TEPSET OOJBINYIO YaCTh JETYUYNX KOMIIOHEHTOB (SKUIKas U
razoBas (a3er). DOPMHUPYIOTCS HU3KOMOPUCTHIC TOTHOKPHUCTATUINISCKUE TIOPOIBI
(cm. Tab Ned). 2) ¢ dy3uBHbIe — TOPOIbI, 0OpA30BABIINECS MTPU OBICTPOM
OCTHIBaHHWH PaCIlyiaBa B MIPUIMIOBEPXHOCTHBIX YCIOBHUAX (Ha TOBEPXHOCTH, MO
BOJIOH, Ha MaJIbIX TTyOMHAX). PacriaB He ycrieBaeT TepsATh 3HAUUTEIHHYIO YacTh
aeryunx. DopMHPYIOTCS MOPHUCTHIE MTOPOBI CO CTEKIOBATON MIIM YACTUYHO
KpUCTAILTNYECKOH CTpyKTypoi. Cpennt 3¢ (y3uBOB BEICTAIOT KAHHOTHITHBIE —
CPaBHUTEIIHHO MOJIOJIBIC TTIOPOJIBI B 3HAYUTEIILHON CTEIICHU COXPaHUBIITHE CBOM
MIEPBUYHBINA OOJIMK ¥ MAJe€0THITHbIE — IPEBHHE ITOPO/IbI, TOABEPTIITUECS
3HAYNTEIHLHBIM H3MEHECHUSM (IITUPOKO U3BECTHO 3€JICHOKAMEHHOE H3MEHCHUE
3¢ ()y3UBOB) MUHEPATLHOTO COCTaBa M CTPYKTYPHI. B 4aCTHOCTH TUTTHYHBIMHU
SIBJIIETCSI YMEHBIIICHHUE TOPUCTOCTH C 00pa30BaHUEM MHHIaJICKAMEHHBIX

CTPYKTYD.

CocraB omnpenensercs coaepkanneM SiO; 1 HOMEPOM IUTarHOKIa30B
(cootHomenue Ca u Na). HopmanbHbIii (111€7109H03eMEeNbHbIN) Pl
MarMaTU4YeCKUX MOPO]I MPEACTABICH BCEMHU Pa3HOBUIHOCTIAMH OT KUCIBIX
(comeprkanue SiO; okono 70%), 10 ynbTpaoCHOBHBIX (conepkanue SiO; 0koIIo
40%). lllenounoi psia npeacTaBiIeH OrpaHUYEHHBIM HA00POM MOPOJI TUTIA
CHOHHMTOB C COCTaBOM, COOTBETCTBYIOLIUM CPEAHUM -OCHOBHBIM MOPOJIAM.

Tabnuua 6
IMTopona . [Mopona T
0 (—3) 0 (—3)

I'panut 2.57 Cuenur 2.62
(daHepo30eBCKUi Cuenur 2.66
I'panut 2.59 He(EeTUHOBBIM
JOKEMOpHUICKUI Jlunaput 2.35
['panoguoput 2.69 KBapuieBslii 2.60
Juoput kBapueBbld | 2.75 nopdup
Huoput 2.81 AHJe3UT 2.49
["'a66po 2.95 Aunnesnr-i 2.73
[InpokceHnut 3.2 nopgupur
[TepugoTut 3.2 bazanbt 2.54

Junaba3 2.79

B 1a6. 6 mpuBeaeHbl cpeHUE 3HAUYCHUS TIOTHOCTH OCHOBHBIX THUIIOB
MarmaTudeckux nopos. I1o aTuM naHHbBIM cocTaBieHa quarpamma (puc. 3.1)
3aBUCUMOCTH CPEJIHEH TUIOTHOCTU OT COCTaBa MarMaTu4eckux mnopoj. Cocran
BhIpaXkeH uepe3 coaepkanue SiO,. B HIKHEH 9acTu TuarpaMMbl IPUBEICHBI
HA3BaHUS UHTPY3UBHBIX, KAMHOTUITHBIX () PY3UBHBIX U MAJICOTHITHBIX

3¢ Py3UBHBIX MTOPOJT COOTBETCTBYIOIIEIO COCTABA.
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Puc.3.1. 3aBucuMOCTh CpeIHEH METKOCTH MarMaTHYECKHUX IOPOJI OT cocTaBa. (+
WHTPY3UBHHE TTOPOJIbI MIEJTOYHO3EMETLHOTO PsI/Ia, X HHTPY3UBHBIC TOPO/IBI
IIEJI0YHOTO psija, O KaHOTHUITHBIC 3 y3uBbI, A maneoTumHbie 3G y3uBbI).

CnenaeM OCHOBHBIE BEIBOJ:

1.M13 TaGauiisl U AUarpaMMebl CIIeyeT 3aKOHOMEPHOE BO3paCcTaHUE
TUTOTHOCTH TIO MEPE YBEIMUEHUSI OCHOBHOCTH (YMEHBIIICHUSI COJICPIKaHUS
Si03), yTo 00YCIOBICHO BO3pACTAHUEM KOJUYECTBA MIIOTHBIX TEMHOIIBETHBIX
MUHEPAJIOB.

2. PazHuna B cpeJHUX IJIOTHOCTSIX MEXAY COCEHUMH IPyHIIaMU 10 OCHOBHOCTH
cocrassier okono +0.1 r/cM®. T.e. ABIgETCA 3HAYUMO (HapUMED, TO3BOJISIET
pa3AeIsSITh 3TU MOPOJIbI IO YPOBHIO TPABUTAIITMOHHOTO TOJIST HAJl HUMH).

3.I'paduku 3aBUCUMOCTH TJIOTHOCTH OT COCTaBa MHTPY3UBHBIX M MAIEOTUHBIX
3¢ y3UBHBIX TTOPOJ] MPAKTUIECKU COBNAAArOT. [IprunHa 3Toro — 6JI1M30CTh
COCTaBOB U IMMOPUCTOCTH. VICKITFOUEHHE COCTABIISIOT ITOPOJIbI OCHOBHOTO



MOHHOT'O COCTaBa. MPUUUHBI 3TOTO OYAYT paCCMOTPEHBI HIDKE.

4. bpocaercs B J1a3a CyIIECTBEHHO MEHBIINE TIIOTHOCTH KalHOTUITHBIX
3¢ dy3uBoB. [IpnunHa — BBICOKasi TOPUCTOCTb.

BeposATHBIE OTKIIOHEHHS OT CPEHNX 3HAYCHUHN B KaXKIOW IPYIINE

MHTPY3UBHBIX U MAJEOTUNHBIX 3G (y3uBHBIX mopox cocTausior 0.1T/cm3, y
KalHOTUNHEIX 3 Qy3uBoB 0.15r/cM3, DTH OTKIIOHEHHMS CBA3aHEI C BIUSHUEM JBYX
OCHOBHBIX (h)aKTOPOB;

1. B xaxnoit nerporpaduueckoit rpymie 0ObeAMHEHBI M0 CYTH Pa3InyHbIe
nopobl. Hammpumep. cpeaiy rpaHUTOB BBIIEISIOT AISICKUTOBBIE, MyCKOBUTOBBIC,
JBYCIIOJIIHbIE, POrOBOOOMAHKOBBIE U T.A. TakuM o0pa3om, B Ipesieax Ipymibl
BO3MO>KHBI BapHallii COCTaBa OpPO1000pa3yonX, MUHEPAJIOB U,
CJIEI0BaTENbHO, IVIOTHOCTU. Tak, cpeau nopoa tumna rabopo ecTb U aHOPTO3UTHI
(coctosar Ha 90-95%. U3 mIarnoknaza — nabpangopa) ¢ IWIOTHOCTEIO 2.69 r/em®, u
OJIMBUHOBOE Tab0po (m1aruoknas u 10 20 % onuBHHA) ¢ IIOTHOCTHIO 3.07r/cM?,

2.JTro6as mopoaa, KpoMe MOpPoI000Pa3yIONINX, CONEPIKUT U aKIIECCOPHBIC
(BTOpOCTETIeHHBIE) MUHEpaNbl. B kucibix mopoaax 3to anatut (8 = 3.19), uupkon
(6 = 4.7), maraeturt (6 = 5.1), wibmenur (6 = 4.79). B mopogax 0CHOBHOTO
COCTaBa 3TO MarHeTHUT, TUTaHOMarHeTuT (8 = 4.72), cynsduasl (6 = 4.7 — 4.9).
B ynbTpaoCHOBHBIX - MAarHETUT, TATAHOMArHeTUT. KoM4ecTBO aKIiecCOpHBIX
MUHEPATIOB MOKET MEHATHCS OT THICSYHBIX J0JIEH MPOILIEHTA 10 HECKOIBKUX
MPOIEHTOB, YTO ¥ MPUBOAUT K BapHAIHSIM TUIOTHOCTH JIJIS psAia pailOHOB
YCTaHOBJICHO YBEIMYCHHUE CONCP KAHUS aKIIECCOPHBIX MUHEPAJIOB B PYAOHOCHBIX
MarMaTU4eCKUX KOMIUIEKCAX, YTO MOXKET CIIYKUTh TOMCKOBBIM MPU3HAKOM.

[Ipotieccol aBTOMeTaMopdu3Ma (CeprneHTHHU3ANS, aMPpUOOTU3aIIHS)
Oxa3bIBalOT CYIIECTBEHHOE BIUSHUE HA JIOTHOCTh MarMaTHUECKUX MOPO/I.

[Tpu cepnieHTUHU3ALMA MAaCCUBOB YJIbTPAOCHOBHBIX MTOPOJI MUPOKCEHBI U OJINBUH
peoOpasyroTcsl B CEPIIEHTUH — MHUHEpa, COJIepKaluil THAPOKCUIBHYIO
IpyImy. ¢ IIOTHOCTBIO 2.55 r/cm®. Ha puc. 3.2 npejcrapieH rpaduk
3aBHCHMOCTH TJIOTHOCTH OT CTETIEHU ceprieHTuHu3anuu. Hamemno
CepIIEHTUHU3UPOBAHHBIEC MTOPOBI UMEIOT TUIOTHOCTH, COOTBETCTBYIOT KHUCIIBIM
MarMaTU4ecKuM MopoJiaM, 3TO OOCTOATEIHCTBO MPUXOAUTCS YUUTHIBATH MIPH
WHTEPIIPETAINN JAaHHBIX TPABUPA3BEAKH. JATBHEHUINH mporecc MeTamop puzma
CBsI3aH C KapOOHATU3ALMEH, TP KOTOPOH TUIOTHOCTH BO3pAcTaeT.

AmMdubonmzanus xapakTepHa JJis TOPOJ] OCHOBHOT'O COCTaBa U MPOSBIISICTCS B
npeo0pa3oBaHUU MUPOKCEHA B aM(DUOO0ITBI U TUIArMOKIIA3bI C BBIICICHUEM
XJIOpUTA, SIIU0TA, CEPUITUTA — MUHEPAIOB C MEHBIIIEH TIJIOTHOCTHIO.



2.8
!
2. 64
|

2.4}

| HHHE

L

T |

| KYHUBUPO- | HUTH
| BaHHHe |

I I

I i

R i

|He uameHe- |cepneHT- | cepnenTH- | KApGOHATH- | KApGOHa- |

| 3MpOBaHHHE | TUTH |

| cepneHTU- |

| HUTH
1

Puc 3.2. I3MeHeHne MI0THOCTH YABTPAOCHOBHBIX MEPE]
MOPOJI B TIPOIECCe CEPIICHTUHU3ALUN U KapOOHATH3allUU

Takum 006pazom, aMmPpuOOTU3AIIKS COTPOBOXKIACTCS YMEHBIIICHUEM

m1oTHocTH. OOpaTuTe BHUMAHKE, 4TO Ha PHUC. 3.1 TIIOTHOCTH Mana3oH

MEHbIIIE IOTHOCTH UX UHTPY3UBHOTO aHajora — radbopo. /{uaba3 sto nopoja,
IpeTepIieBIIas MeTaMophUIECKHe U3MEHEHUS, U €€ TUIOTHOCTh COOTBETCTBYET
ampudonmuzupoBanHomMy radopo. I[Iporeccsl 1okanbHOro MmeTaMmopdurzmMa
(MeTacoMaTo3a) MOTYT COTIPOBOXKIATHCS KaK YMEHBIIIEHUEM, TaK U YBEIIMUYCHUEM
TJIOTHOCTH. B Tabnmiie 7 mpuBeIeHB! JaHHBIC 110 N3MEHECHHIO TUIOTHOCTH JIJIS
TUTTAYHBIX TTPOIIECCOB.

Tabnuma 7
r r
[Topona 5 (CM_3) Iporecc 5 (CM_3) He
I'panonuoput 2.65 Cepunutuzamus 2.55
I'panonuoput 2.67 XnopuTH3anus 2.61
[Hopdpupur 2.76 OxkBapiieBaHue 2.65
Jluoput 2.8 AnpOuTH3aLus 2.63
['panut 2.6 ['pelizennzanms 2.77
[Hopdpupur 2.7 OnuA0TH3aLHUS 2.85




JIokabHbIC MI3BMEHEHUS IIOTHOCTHU HCIOJIb3YIOTCA KaK MMOMCKOBBIM IMPHU3HAK, TaK
KaK ITPpOHICCChI py,ZIOO6pa3OBaHI/I}I COIIPOBOXKAAKOTCA JTOKAJIbHBIM MCTACOMATO30M.

3.3.2. OCAIOYHHE I'OPHBIE ITOPO/IbI

OBJIOMOYHBIE OCAJOYHBIE I'OPHBIE ITOPO/IbI
B taGnuiie 8 mpuBeeHbl 3HAUCHHSI MUHEPATLHOMN MIIOTHOCTH
(mnotHOCTH TBepAoK Paza) OCHOBHBIX TUIIOB OOJIOMOYHBIX OPOJI.

T T T
HOpOHa 6cp (@) 6min (ﬁ) 6max (ﬁ)
Ilecuanmnk 2.67 2.58 2.76
AneBpoauT 2.69 2.62 2.76
Apruiaut 2.68 2.69 2.78
I'muna 2.68 2.58 2.78

OtMeTuM OJIM3KHE 3HAYCHHSI Oap, M3 Yero CIeayeT 3aBUCUMOCTh

IUIOTHOCTH B OCHOBHOM OT IIOPUCTOCTH M XapaKTepa 3al0JHSHHUS TTOPOBOTO
npocTpaHcTBa. J{J1s1 BOAOHACHIIIEHHBIX U Ta30HACKIIIICHHBIX MTOPOJI IIOTHOCTh
(6B, Or) COOTBETCTBCHHO paBHa:

0g = (1 —Kpdr+Kgdr (3.5
6r = (1 — K)oy (3.6)

rae Kp - koaddurment nopuctocTy, d1- MIOTHOCTH TBEPAOH (ha3bl,

IJIOTHOCTH BOABL. Y UUTHIBAsSI HOCTOSSHCTBO MUHEPAIIbHOM MJIOTHOCTH, B

OO6oux ciry4yasx UMeeM JIMHEWHYIO 3aBUCUMOCTD TIJIOTHOCTH OT MTOPUCTOCTH.

Ha puc. 3.3 npuBeieHbI 3aBUCUMOCTH, PACCUUTAHHEIE It 57=2.68r/cM®
pe3yJbTaThl U3yUEHHUS TJIOTHOCTH PealibHbIX OpoJl. PacueTHbie u
AKCTIIEPUMEHTAIbHbBIE JJaHHBIE JJOCTAaTOUYHO Oyn3ku. M3menenue nopucrocty Ha 1%
MPUBOAUT K M3MEHEHMIO IIOTHOCTH Ha Ha 0.03 u 0.02 r/cM®, COOTBETCTBEHHO TS
ra30HACHIIIEHHBIX Y BOJOHACKIIICHHBIX TTOPOJ. DT HUGPHI MOJE3HO 3alIOMHUTD
MOCKOJIbKY OHU OTPECISAIOT TpeOOBaHMS K TOYHOCTH U3MEPEHUS IJIOTHOCTH
reopu3NYeCKUMH MeToAaMu (raMMa—TamMMa KapoTax, aKyCTHUYECKUM KapoTax) ¢
LEJIbI0 OLICHKH MOPUCTOCTU KOJIJIEKTOPOB.
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Puc. 3.3. 3aBUCUMOCTB TUIOTHOCTH OOJIOMOYHBIX OCAJOUYHBIX TTOPOJT OT
MIOPUCTOCTH, &) pacyer, 0) IKCIePUMEHTAIBHBIC JAHHBIC IS IECUYaHO-TIIMHUCTBIX
OTJIOKECHUH. - BOJIOHACBIIIICHHBIC - Ta30HACHIICHHBIC

Kak ormeuanoce panee, B pe3yJIbTaTe YIIJIOTHEHUS 10 HATPY3KOU
BBIIIEIICKAIIUX CIOEB MMPOUCXOJUT 3aKOHOMEPHOE YMEHBIICHUE TOPUCTOCTH
00s10MOuHBIX TTOpoJI. Ecu B Beipaxkenuu 3.5 u 3.6 moACTaBUTh 3HAYCHUS
MOPUCTOCTH U3 2.5, TO MOJYIUM 3aBUCUMOCTbD INIOTHOCTH OT TJTyOUHBI 3aJIeTraHus:

6r(H) = 61(1 — Kp(0) * exp(—=0.45H)) (3.7)
rae Kip (0) - mopucrocts Ha moBepxHocTH, H — riryOnHa B KM.

Tabnuma 9

Ilopona 5 (CM%) TIPEIEIIBI ) (#) Haub. BEpOAT.
1017051031 1.20-2.40 -

ApruuThl 1.70-2.90 2.30-2.40

ITecku 1.30-2.00 1.50-1.70

[Tecuanuku 2.00-2.90 2.50-2.65

ATNEBpOIUTHI 1.80-2.80 2.30-2.50

Konrnomepatsr 2.10-3.00 -




B Ta6J'II/II_[e 9 MMPUBCACHBI 3BHAYCHU IIJIOTHOCTHU 00JJOMOYHBIX 0CaaA0YHBIX IMOPOA.
OcHOBHBIC BBIBO/JbI.

1) [InoTHOCTH 0OJIOMOYHBIX OCaAOYHBIX TOPHBIX MOPOJ (BEPOSTHBIC 3HAYCHUS)
HUKE TUIOTHOCTH MarMaTU4eCKUX MOpoI.

2) [InoTHOCTH MEHSIETCS B IMMPOKUX MpeJieaxX. YTO CBSI3aHO C IIUPOKUM
JTMAna30HOM BO3MOKHBIX 3HAYE€HUHU TTOPUCTOCTH.

3) NHTepBabl MIOTHOCTH OCHOBHBIX THIIOB OOJIOMOYHBIX TIOPOJT B 3HAYUTEIIHBHON
CTENIEHU NEPEKPHIBAOTCS.

KAPEOHATHBIE OCA/IOYHHE ITOPO/IbI
B 126.10 npuBeaeHb! 3HaUCHUS MUHEPATBHOM MJIOTHOCTH KapOOHATHBIX TOPO/I.

Tabmauma 10
T T T
Hopoaa 5cp (Cﬁ) 6min (Cﬁ) 6max (CF)
Men 2.69 2.56 2.80
H3BecTHSK 2.72 2.62 2.80
Jonomurt 2.80 2.76 2.88
Mepreinb 2.70 2.58 2.80

OTMeuaroTcsl 3HaYMMBbIE PAa3Indusl CPeAHUX MIOTHOCTEN. [103TOMY MIIOTHOCTH
KapOOHATHBIX TIOPOJI OYJIET ONPEEIATHLCS MUHEPATHHBIM COCTABOM, TOPUCTOCTHIO
1 XapaKTepOM 3aroJIHEHHS IEPOBOro MpocTpancTBa. [IpeacraBienus o MIOTHOCTH
ATUX MOPOJ WILTIOCTpUpPYIOTCs Tab. 11.

Taomuma. 11
T
ITopona 0 (CM%) npeaebl o) (ﬁ) HauoO. BEpOSIT.
H3BecTHIKH 1.80-2.90 2.60-2.70
JlonoMuThI 1.90-3.00 2.60-2.80
Mepreau 1.50-2.80 2.20-2.40

Jns 5TOM rpynbl HOPOJA OCTAKOTCS CIPABEIIMBBIM ITYHKTHI 2 U 3 BBIBOJIOB,

KOTOPBIE MOJYYCHBI JIJIs1 00JIOMOYHBIX MOPOJ. [[0OMOJHUTENHHO OTMETUM Oo0Jiee
BBICOKYIO TUIOTHOCTh U3BECTHSIKOB U JOJIOMUTOB, KOTOpasi 0J1M3Ka K MJIOTHOCTH
KHUCJIBIX U CPEAHUX MArMaTUYECKUX MMOPOJ.



[TMAPOXUMHNYECKUE OCAJJOYHbLIE ITOPOADBI ,

Jlj1g 5TUX OpOJ XapaKkTepHa HU3Kasi HOPUCTOCTh, U UX IUIOTHOCTh B OCHOBHOM
OIIPENENAETCS] MUHEPAIbHBIM COCTaBOM. [IJTIOTHOCTH TUIICOB JIEKUT B Npeaeax
2.10 — 2.50 r/cm®, anruapuTos 2.50—2.90 r/cm?, kamennoii comu 2.15 — 2.30
r/cm?. TIpuBenEM IpUMEP COOTHOIIEHHUS TNIOTHOCTEN 0CaJI0UHbIX KOMILIEKCOB C
BBITEKAIOLUIUMHU U3 3TOT0 0COOEHHOCTSIMU reodusndeckux nosueit. Cpeau
CTPYKTYP, BMEIIAIOIINX YTIEBOJOPOJAHOE ChIPhE. CYIIECTBYIOT TaK HA3bIBAEMBbIE
JUATTUPOBBIE CTPYKTYPHI I CTPYKTYpPHI MpoThikanus. OHU 00pa3yroTcs B
pe3ynbrare BbKUMaHus ("BeripiBaHusA") CONSHBIX KYIIOJIOB CKBO3b TOJIL

O6JIOMO‘-IHBIX 0Caa0YHBIX ITOPOJ. CooTHOILIIEHNE IJIOTHOCTEN IMPHUBCACHO HA PUC.
3.4 a).

a) Ag 6) Ag
| I

Puc. 3.4. XapakTep pacnpeneneHus INIOTHOCTH U YCKOPEHUE CUIIbI TSDKECTH Hajl
COJISTHO-KYTIOJIbHBIMH CTPYKTYypamu (N> MecuaHO-TIIMHUCTBIC OTJIOKEHHS, + -
KaMEeHHast CoJlb, ¥ — aHTUAPHUTH, =~ - IPUPAIIEHUEYCKOPEHHUS CHIIBI TSDKECTH,
i HE(TEHOCHOCTH)

[TnotHOCTH KaMeHHOM comu (2.20 1/cM®) MeHBbIIe IIOTHOCTH NeCYaHO-TIMHUCTHIX
oroxkennd (2.35 r/cm®). D10 0OyCIaBIMBAET HEAOCTATOK MACC CONISTHOTO KYIIOJIaM
HaJ| CTPYKTypoi HaOmogaeTcst YMeHsbInenue cubl TsoxecT (Kpusas Ag,puc.3.4.
a)). OqHako, BO3MOXKHO 1 00Jiee CI0KHOE CTPOSHHUE COJISTHBIX KYTOJoB (puc.3.4.
0)). B BepxHeit yacTu Kymnosia o0pazyercsi MOKpPBIIIKa CI0KEHHAs! aHTHAPUTaMU
("xamenHas muisna’) ¢ mWIOTHOCTHIO 2.60 r/em®,



N30BITOK Macc MOKPBIIIKA MOXKET MTPEBOCXOUTH IEHCTBUE HEIOCTaTKa Mace
COJITHOTO KYIIOJIa, M HaJl CTPYKTYpPOU HaOJII01aeTCsl YBEIMUEHHUE CUIIBI TSDKECTH.
Bo3moxxHO cuTyanus 6anaHca 3Tux IByX (hakTOpOB, U HaJl CTPYKTYpOil
CYLIECTBEHHOI'O U3MEHEHUS IPaBUTALMOHHOTO T0JIs HE OyJIeT.

3.3.3. METAMOP®UYECKHUE ITOPO/IbI

MeTtamopduieckre mopoasl 00pa3yroTcs B pe3ysibTaTe perHOHaILHOTO
(OXBaTHIBAIOILETO 3HAYUTEIBHBIE TUIOMIAIN U 00bEMBI TOPO) MPEOOPa30BAHUS
MarmMaTU4YeCKuX U OCaI0OUHBIX MOPOJ MO/ AEHCTBUEM BBICOKOM TEMIIEPATYPHI U
naBieHus. B ocHOBY kiaccu@ukanuu MeTaMopPUUECKUX HOPOJ MOJIOKEHBI
ycioBus ((arus) Mmeramopduszma, CTPyKTYPHO-TEKCTYPHbIE OCOOCHHOCTH U
COCTaB NMOPOJbl. B nmopsiike Bo3pacTaHusi TEpPMOAMHAMUYECKUX

YCIIOBUU BBIJCISIIOT CIEAYIOUINE (Palliu: 3€JIEHbIX CIaHLIEB. AIHI0T-
amM(puO0IUTOBYI0, aMPHOOIUTOBYIO, IPAHYJIUTOBYIO, SKJIOTUTOBYI0. B HayabHbII
3Tal PErHOHAIILHOTO METaMOp(PH3Ma NPOUCXOUT YIIJIOTHEHUE EPBUYHBIX
OCaJIOYHBIX MOPOJI B PE3yIbTaTe YMEHbBILIECHHS IOPUCTOCTH MO/ I€UCTBUEM
naBiieHus (KatareHesa). B aruio 3e1eHbIX cllaHeB HAOII01aeTCs HEKOTOPOE
pa3yIUIOTHEHHUE NCXOJIHBIX MArMaTUYECKHUX U TIOJIBEPrHYTHIX KaTareHe3y
OCaJIOUHBIX MOPOJI B pe3yibTaTe 00pa30BaHUs MUHEPAJIOB, COAEPKALIUX
KPUCTAJUIM3AMOHHYIO U KOHCTUTYLUHOHHYIO0 BoAy. JlanbHelunii MeraMmophusm
COMPOBOXK/IAETCS YBETUUEHUEM TUIOTHOCTH 32 CUET MOJIUMOP(HBIX
npeobpazoBaHnu MUHepaioB. OOpa3yoTcs HOBblE MUHEPAJIbI C YIIIIOTHEHHBIMU
KPUCTAIMYECKUMHU PEIIeTKAMU. JaHHbIE O TUIOTHOCTU METaMOP(PUUECKUX TTOPOJT
[TpuBenenst B Tadauie 12. [1pu o61iemM 3akoOHOMEPHOM BO3pacTaHUU
IUIOTHOCTH C YBEJIMUEHUEM CTENIEHU MeTaMop(du3Ma, B peienax KaKaon
OTMEYAIOTCs CYIIECTBEHHbIE KOJI€OaHUsI IJIOTHOCTH, YTO OTPAXKaeT

BJIMSIHAE MUHEPAIBHOTO COCTaBa Mopod. IHTEpeCHO OTMETUTB, YTO NpHU

TaK Ha3bIBAEMOM yJbTpameTamopusMe (IpOTeKaeT B YCIOBUIX OTHOCUTEIBHO
MOHM)KEHHOTO JIaBJICHUS U BBICOKUX TEMIIEPATYP, COMTPOBOKIAETCS MOJHON
NEepPEeKPUCTAILTU3AIMEN 1 YaCTUYHBIM pacIljIaBJICHUEM NOPO) OTMEYAIOTCS
CyIIECTBEHHOE YMEHbIIeHHE mIoTHOCTH. Tak ampudoauTsr (3.0 r/cmd)
npeoOpasyloTes B MeTacoMaTuueckue rpanutsl (2.6 r/em®). Tlponecc
IPaHUTU3AIMHN COMPOBOXKIAETCA KPEMHUI-KaINEBbIM METACOMATO30M C
npeoOpa3oBaHUEM TUIOTHBIX MUHEpaoB (aMmduOOIIbI, rpaHaThl, OMOTUT) B MEHEE
MJIOTHBIE (KBapILl, MUKPOKJIUH).



Taomuma 12

T T T
o Hopora 0 (55) | Smin (535) | Smar (535)
3eneHbIX Ounut 2.45 2.40 2.70
CJIQHIIEB Crnanerr:
KBapueso- 2.57 2.50 2.64
CEpPULIMTOBBIN
KpeMHuctoIit 2.60 2.58 2.62
XJTOPUTOBBII 2.76 2.72 2.80
CrarogucTeli 2.65 2.60 2.75
OnuaoT- Crnanerng
aMm(puOoIUTOBAST | KPUCTATIIUYECKUIA'
broTnToBEIM 2.63 2.62 2.63
PorosooOMaHnkoBbIi | 2.77 2.75 2.80
Ksaprut 2.64 2.62 2.65
Mpamop 2.70 2.68 2.72

AmMdubonuToBas | ['Heiic:

buoTuToBHII 2.63 2.60 2.68

AMPuO0TI0BBIH 2.78 2.75 2.82

AMPuboIUT:

[TonepommaroBerii | 2.87 2.80 2.95

['panaToBbIit 3.10 3.00 3.20
I'panynuroBas ['panynut 2.72 2.60 2.85

TUIIEPCTEHOBBIN

Crnanen 3.05 2.90 3.25
DKJIIOTUTOBAs OKJIOTUT - 3.20 3.40

3.3.4. BJIMAHUE BEIBETPUBAHIMA HA IVDIOTHOCTD I'OPHBIX ITOPO/I.

[Iportieccrl TunepreHesa B pe3yinbTaTe XUMUUECKOTO U MEXaHUYECKOTO
BBIBETPUBAHUS MTPUBOAAT K CYIIECTBEHHOMY U3MEHEHHIO COCTaBa M COCTOSHUS
nopon. OOpa3yeTcsi BTOpHYHas IOPUCTOCTh B PE3YJIbTATe PACTPECKUBAHUS U
BhITIIENIaunBanHusl, kotopas pocturaet 20-30%.



OO6pazyromirecs: KOpbl BEIBETPUBAHUS TNIMHUCTO-CIIOAUCTOTO U XJIOPUTO-
TIOJPOCIIOIUCTOTO COCTAaBa C TUAPOOKUCIAMU Kele3a, 00JIOMKaMu KBapla,
MHUKPOKIIMHA, OMOTUTa UMEIOT HOHMKEHHYIO IIOTHOCTE mopsika 2.1-2.5 r/em®,

Bonpocwel ona camonposepku:

1. Kaxue npuuurst co30arom Heo0OHOPOOHOCMb (YU3UYECKUL CBOUCE OPHBIX
nopoo?

2. Kak cmposamcsa ecucmozpammul pacnpeoeieHus u3uieckutl coucms
2OPHbBIX NOPOO?

3. Tunwvl nopucmocmu.

4. Kaxue gpakmopwi onpedensarom nopucmocms 00J10MOYHbIX NOPOO?

5. Hazosume epynnvl nopoo ¢ HU3KOU U NOBbIULEHHOU NOPUCTNOCTIBIO.

6. Kax uzmensemcs nopucmocms ¢ enyouHou?

7. Ymo maxoe 6nrasxicnocms u 61a20eMKOCmb?

8. B kakom suoe npucymcmayem 600a 8 20pHbiX NOPoOax?

9. Kakumu ocobennocmsamu obraoaem cea3anHas 600a?

10. Ymo makoe nponuyaemocmo?

11. Omauuue pusuueckoii nponuyaemocmu om ¢hazoeou?

12. Kak kraccuguyupyromes nopoost no npoHuyaemocmu?

13. Kak obpasyemcsi 0801HOU d1eKMPUYecKul Ciou?

14. Kaxum napamempom xapaxmepuzyemcs HegpmeHnacvluyeHHocms?

15. Umo makoe niomnocmo u MunepaibHas NiOMHOCMb ?

16. Om uezo 3asucum nrommocms MuHepanos?

17. Hazoeume ocrnoguvie ghakmopwl, onpeodensoujue nIomHOCmb
MaA2Mamuyeckux (UHpY3UHbIX U 2 @Y3usHbIX) U 0CAOOUHBIX (00IOMOUHDBIX,
KapOOHAMHBIX U 2UOPOXUMUYECKUX) NOPOO.

18.Paccuumatime niomuocms 6000HACHIYEHHO20 U 2A30HACHIUEHHO20
neycyanuxa ¢ ko3gpuyuenmom nopucmocmu 25%.

Jlureparypa:

1. B.M. Jlo6psiaun, B.1O. Benaenbmreiin, J.A. KoxeBuukos. [lerpodusuka:
VYueOnuk ais By30B. -M: Henpa, 1991.
2. B.H. Kobpanosga. Ilerpodusuka: Yuebnuk m1s By30B -M: Henpa, 1986.
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- PaCIIMPEHUEM MEKITYHAPOIHBIX SKOHOMUYECKUX U TOPTOBBIX CBS3EH.



B 3Tux ycioBHUsX B 3KOHOMUYECKU PA3BUTHIX CTpaHax yAESIOT OrPOMHOE BHHUMa-
HUE€ CTaHJApPTU3AIMU KaK Ba)KHEUILIEMY HAIPABJICHUIO COBEPIIEHCTBOBAHUS TEXHUYECKO-
ro YpOBHSl M KauyecTBa MPOAYKIMHU HAa BCEX CTAAUAX €€ )KM3HEHHOIO IMKJIA - HAay4YHbIC
pa3paboTKu, TPOEKTHUPOBAHUE, MPOU3BOJICTBO, YIAKOBKa W MAapKUPOBKA, XpaHEHUE,
TPAHCIIOPTUPOBKA, peanu3alus, SKCIUTyaTalus, yTHIN3aLns.

CrannapTu3aiys OXBaThIBAaET pa3pabOTKy M MPUMEHEHUE HOPM, MPaBUJI, KOTOPHIE
OTpaXKaroT JACHCTBUE OOBEKTUBHBIX TEXHUKO-DKOHOMHYECKUX 3aKOHOB U OKa3bIBAIOT B
rOCy/IapCTBEHHOM M MUPOBOM MacIITabax CyIIeCTBEHHOE TO3UTUBHOE BIIHSHHE:

- pa3BUTHE BCEX OTPACIEN SIKOHOMHUKH;

- COBEPIICHCTBOBAHUE YIIPABIICHUS SKOHOMUKOW U MPEANPUATHIMH,

- YBEJIMYEHHE POMBILIIEHHOTO MPOU3BoACTBa U pocT BBII;

- yIpaBieHUE KaueCTBOM MPOAYKIINHU, KBaTU(UKALIUEH TIEpCOHAA;

- YIIyYIlI€HHE UCTIOIb30BAHMS OCHOBHBIX (POHIOB, IPUPOAHBIX OOTaTCTB;

- pa3paboOTKy M BHEIPEHHUE dHEProcOEperarwlux, pecypcocOeperarwmmx, MaaooT-
XOJIHBIX TEXHOJIOTUH;

- COCTOSIHUE OKPYXAIOIIEH CPEIbI;

- paCUIMPEHNUE MEKIYHAPOAHBIX IKOHOMUYECKUX CBSI3€H U TOPTOBIIH.

3aKOHOJIATEIbHY0 OCHOBY CTaHaapTu3auuu B Poccuiickoit denepanuu cocTasis-
10T (efiepaibHbIE 3aKOHBI:

- «O 3amuTe paB norpedutenei» ot 07.02.92;

- «O0 obecmeuennu enuHCTBA M3MepeHuin» Ne 102-D3 ot 26.06.2008;

- «O TeXHHYECKOM perynupoBaHum» ot 27.12.02;

- OTPACJIEBOr0 XapaKTepa B 4YACTH, KaCAIOLIENCS CTAHAAPTU3ALNH.

JlanpHelIee pa3BUTHE YKOHOMUKM Poccum CBSI3aHO C pa3BUTHUEM MPOMBIIIJIEHHOTO
IIPOU3BOJICTBA, PACIIMPEHUEM MEKIYHAPOIHOW TOPIOBIM U YKOHOMHUYECKOTO COTPYIAHHU-
YECTBA, YBEJIMYEHNEM KOJIMYECTBA U TEXHUUYECKOTO COBEPILIEHCTBA TOBAPOB, PACIIUPEHHU-
€M CIEKTpa U MOBBIIIEHUEM KadecTBa YCIyr Ha 0aze IIMPOKOT0 MPUMEHEHUs MEeXIyHa-
POAHBIX U HALIMOHAJIBHBIX CTAHJIaPTOB.



Cmanoapmuzayus - NESTENbHOCTH MO YCTAHOBICHHUIO IPABHII U XapaKTEPUCTHK
B LIEJIAX UX JOOPOBOJBLHOIO MHOTOKPATHOT'O MCIOJIb30BaHMs, HAIIpaBJeHHAs HAa TOCTHXKeE-
HUE YIOPSII0YEHHOCTH B cdepax MPOU3BOACTBA U OOpaIeHUs] MPOAYKIIMU U TOBBIIICHUE
KOHKYPEHTOCTIOCOOHOCTH MPOYKIIUU, PAOOT WIIH YCIYT.

1 IIpaBoBbIe OCHOBBI CTAHAAPTH3ANH

OtHomieHust B 00J1aCTH CTaHAAPTU3AIMU PETYIUPYIOT U 00€CTIEUNBAIOT 3aKOHO/Ia-
TEJIbHBIC, HOPMATUBHBIEC U IpyTrHUe aKThl PO:

- ®enepasibHbIN 3aKOH «O TEXHUYECKOM PETYIUPOBAHUI;

- 3aK0H P® «O 3ammre npas norpeOUTeneiny;

- ®enepanbhblil 3ak0H PO «O6 obecrieueHNH eTUHCTBA U3MEPEHUN»;

- (heepanbHBIC 3aKOHBI OTPACIEBOTO XapaKTepa;

- ykasel [Ipesunenta PO;

- HOpPMaTUBHBIE aKThI (IOCTAaHOBIEHUS, pacniopsbkenust) [IpaBurensctBa PO;

- IIOJ3aKOHHBIC AKTHI, HAIIPaBJICHHBIC HA PEUICHUE COLMAIBHO - SKOHOMUYECKUX
3a/1a4, IpelyCMaTPUBAIOIMX HCIIOJIb30BAHNE CTAHIaPTU3ALINY;

- IPUKAa3bl HAIMOHAJIBLHOTO opraHa P® no crangapTU3anuu.

B nemax ycwieHHsl poiy CTaHIAapTU3alHUKA B HAYYHO-TEXHUYECKOM IIporpecce, Io-
BBIIICHUS Ka4yeCcTBa MPOAYKIMH, SKOHOMUU MATEPUAIBHO - YHEPreTUYECKUX PECYPCOB B
P® neiictByet cucmema Crangaptuzauuu B Poccuiickoit @enepanuu.

Cucrema — KOMIUIEKC B3aUMOYBSI3aHHBIX MPABUII U TIOJIOKEHUH, OMTPEIEIISIOIIHX:

- LIEJIM ¥ 33]]a4M CTaHJIapTU3aLUH;

- CTPYKTYpY OpraHoB, MOJIpa3/IeJIeHUI MO CTaHAapTU3AIMH, UX MpaBa U 00s13aHHO-
CTH;

- OpraHu3alMI0 U METOAMKY MPOBEACHUS padOT MO CTaHJapTH3alMU BO BCEX OT-
pacisx;

- TIOPSI0K pa3pabOTKH, OHOpMIICHUS, U3JaHUs, BHEIPEHUS CTaHIAPTOB U JAPYroi
HOPMAaTHUBHO-TEXHUUYECKOHN JTOKyMEHTAlUU, (POPMbI KOHTPOJISL UX COOITIOECHUS.

['OCT P 1.0-2004 Cranpaptuzauust B Poccuiickoit @enepauuu. OCHOBHBIE MOJIO-
KEHUS.

I'OCT P 1.2-2004 Cranpaptuzauusi B Poccuiickoit ®@enepanuu. CTaHaapThl HaIU-
oHanbHble Poccuiickoit deneparuu. [IpaBuna pa3spaboTku, yTBEpKACHHS, OOHOBJICHUS U
OTMEHBI.

I'OCT P 1.4 -2004 Crannaptsl opranuzaiuid. OOume mojaoKeHus.

I'OCT P 1.5 -2004 Crannaptuzanusi B Poccuiickoit @eneparuu. CtangapThl HallU-
oHanbHble Poccuiickoit @enepanuu. [IpaBuna nmoctpoeHus, u3noxeHus, ohopmieHUs U
0003HauEHUS.

I'OCT P 1.8 -2004 Cranpaptuzanusi B Poccuiickoit deaeparuu. CTaHaapThl MEX-
rocyaapctBennsie. [IpaBuna nposenenus B Poccuiickoii @enepanuu padoT 1o pa3padoT-
K€, IPUMEHEHUI0, OOHOBJICHUIO U MIPEKPALICHUIO MPUMEHEHUS

I'OCT P 1.10 -2004 Crannaptuzanus B Poccuiickoit deneparnuu. [IpaBuna cran-
JapTU3alliyd U PEKOMEHJaluu Mo cTaHaapTuzanuu. [lopsnok pa3paboTku, yTBEpKACHUS,
WU3MEHEHMS, IEPECMOTPA U OTMEHBI.

I'OCT P 1.12-2004 Cranpaptuszauuss B Poccuiickoit ®enepanuu. TepmuHbl 1
OnpeeIeHus.



2 OCHOBHbIC MOHATHSA

T'apmonuszayus cmanoapma — NPUBEICHUE €TO COACP>KAaHUS B COOTBETCTBUE C JIPY-
I'MM CTaHJapTOM (PErHOHANIbHBIM, MEXITYHAPOIHBIM).

T'ocyoapcmeennvii cmanoapm ('OCT P) — HauuMoHanbHBIA CTaHIAPT, TPUHSATHINA
dbenepaibHbIM OpPraHoM HCIOJTHUTENbHON BiacTu P® mo cranaapTu3aliu Ui CTPOU-
TEJIBbCTRY.

Knaccugpuxkamop — 1OKyMEHT, coAepKallluii CUCTEMAaTU3UPOBAaHHBINA NEpEeYeHb KO-
JI0OB ¥ HAaMMEHOBaHUH 00BEKTOB KJIACCU(UKALNUN U KIACCU(PHUIIMPOBAHHBIX TPYIITUPOBOK,
pa3paOOTaHHBIN U YTBEPKAEHHBIA B YCTAHOBJICHHOM MOPAIKE, 00s3aTENbHBIN IS TPH-
MEHEHUS Ha Pa3TUIHBIX YPOBHSX.

Meowcoynapoonwvlii cmandapm — CTaHAapT, OPUHIATHIA MEXIYHApPOIHON OpraHusa-
HAEHN TTO CTaHIAPTU3ALUU.

Memoouueckue uncmpykyuu (MU) — HOpMAaTHBHBIE JOKYMEHTBHI METOJIUYECKOTO
coliepkaHusi, pa3pabOoTaHHbIE OPraHU3aIUSIMHU, IOJIBEIOMCTBEHHBIMU HAIIMOHAJIHLHOMY
opraHy 1o cTaHAapTU3AIUH.

Hayuonanvnoui cmanoapm — cTaniapT, yTBEPKIEHHBIN HAIIMOHAIBHBIM OPTaHOM
M0 CTaH/IapTU3AIIMH.

Hopmamuenwiii 0oxymenm — JOKYMEHT, YCTaHaBIMBAIOIIMNA TMpaBuiia, o0OIIue
MPUHIUIBI UM XapaKTEPUCTUKH, KACAIOIINECs Pa3IMYHBIX BUIOB JACSITEILHOCTH WU UX
pe3yJIbTaTOB, IOI3aKOHHBIN aKT, NPUHATHIN [IpaBurenscTtBom PO.

Obnacms cmanoapmu3ayuu — COBOKYITHOCTb OOBEKTOB CTaHAAPTU3ALIUH.

Obvexm cmanoapmu3zayuyu — NPOAYKIMS, padoTa, IpoLecc WK yCiIyra, s KOTo-
poil pa3pabaTeiBatoT TpeOOBAHMS, XapAKTEPUCTUKHU, TApAMETPhI WM MPABUIIA.

IIpasuna (I1P) — HOpMaTUBHBIA TOKYMEHT, YCTAaHABIMBAIOLIUN 00s13aTEIbHbIE IS
MPUMEHEHHUsI OPTaHU3AIMOHHBIC WJIM OOIIETEXHUYECKUE TOJOKEHUS, MOPSIKU, METOMIBI
BBITIOJIHEHUS padoT, B TOM unciie Mexrocyaapcrsernsie ([IMI).

IIpoexm cmanoapma — nipeayiaraeMblii pa3padOTYMKOM MTPOEKT HOPMATUBHOTO J10-
KyMEHTa, MpeAHa3HAYCHHBIA JJIi MUPOKOTO OOCYXKICHHS, TOJIOCOBAHUS M TIPUHSTHS B
KauecTBE CTaHJapTa.

Pecuonanvuwiii cmanoapm — cTannapT, IPUHATHIA PETHOHATILHON OpraHU3aIfei mo
CTaHAAPTU3AIUU U TOCTYIMHBIA ITUPOKOMY KPYTY MOJIB30BATEIEH.

Pezcnamenm — NOKyMeHT, coliepKaliil 00s13aTeIbHbBIE PABOBBIE HOPMBI, IPUHSATHIN
OpraHOM MCIOJHUTENBHON BIACTH.

Pexomenoayuu (P) — HOpMaTUBHBIN JOKYMEHT, COJIepKaliuii JOOPOBOIBHBIC IS
NPUMEHEHHUsSI OPTaHU3AIMOHHBIC WJIM OOIIETEXHUYECKUE TOJOKEHUS, MOPSIKH, METOMIBI
BBITIOJTHEHUS PadoOT, B TOM UMCIIe MeXrocyaapcTBeHHnbie (PMI).

Pyrosooswue ookymenmor (PJ1) — HOpMaTUBHBIE JOKYMEHTBI METOJAMYECKOIO CO-
JepKaHus, pa3pabOoTaHHBIE OpraHU3aIMsAMH, MMOABEIOMCTBEHHBIMUA HAIMOHATLHOMY Op-
ra”y 1o CTaHJAapTU3AIHH.

Cmanoapm - TOKYMEHT, B KOTOPOM B IIENIAX JIOOPOBOJIBHOTO MHOTOKPATHOTO HC-
MOJIb30BAHUSI YCTAHABIMBAIOTCA XaPAKTEPUCTUKUA MPOIYKIIMU, TIPABUIIA OCYIIECTBICHUS
MPOIIECCOB MPOU3BO/ICTBA, SKCILUTyaTaIlMU, XPAHEHHUS, IEPEBO3KU, peaTu3allii U yTUITN3a-
IUU TPOAYKIIMH, YCIOBHUS BBITIOJHEHUS paboT win okazaHus yciayr. CTaHaapT MOXET CO-



JepKaTh TpeOOBaHUS K TEPMHUHOJOTHUN, MAPKUPOBKE, STUKETKAM M MIpaBUjIaM X HaHECe-
HUSL.

Cmanoapm nayyno-mexnuyeckux, unocenepuwix oouwecms (CTO) - cranmapt, pas-
paboTaHHBIN 00IIECTBEHHBIM 00BETMHEHUEM.

Texnuueckue ycnosus (TY) - HOpMaTUBHBIN JOKYMEHT, YCTaHABIMBAIOIIUN TEXHU-
yeckue TpeOOBaHUsI, KOTOPBIM JOJIKHA YIOBIETBOPATH MPOAYKIIHS, MPOIECC UIH YCIyTa.

Texnuueckuti pecnamenm (TP) — MIOKyMEHT, cojiepKallluii TEXHUUECKHUE TPEOOBaHHUS
HETMOCPEICTBEHHO WJIM MyTEM CCBUIKH Ha CTaHAAPT, TEXHUYECKUE YCIOBHS, JIMOO MyTEM
BKJTFOUCHHS COJICPIKAHMSI 3TUX JIOKYMEHTOB.

3 IIeJIH, NMPUHIMIIBI, 3a1a494 CTAaHAAPTU3AllNU

CranmapTu3anus Kak JEATebHOCTh 110 YCTaHOBJIEHUIO MTPaBUJ U XapAaKTEPHUCTHK B
cdepax Ipou3BOACTBA U 0OpaIIeHUs MPOAYKIIMH UMEET OOIIME U KOHKPETHBIE LEIH.

CranpapTu3zanys OCyIIECTBISICTCS 6 Yelsix:

- TIOBBILICHHE YPOBHS 0€30MaCHOCTH U3HU U 3[0POBbS IPpaXKAaH, UMylIecTBa (Hu-
3UYECKUX U IOPUAMUYECKUX JIMILI, TOCYAAPCTBEHHOTO U MYHULIMIIATBHOIO UMYIIECTBA, 00b-
€KTOB C Yy4€TOM PUCKA BO3HUKHOBEHMS YpPE3BBIUANHBIX CUTYalUl MPUPOJHOTO U TEXHO-
TEHHOT'O XapaKTepa, MOBBIIIEHUE YPOBHS SKOJIOTMYECKON O€30MacHOCTH, O€30MacHOCTH
YKW3HU U 3I0POBbA )KUBOTHBIX U PACTEHUI;

- o0ecrnieueHre KOHKYPEHTOCIIOCOOHOCTH M KadecTBa MPOAYKIMHU (padoT, yciyr),
€MHCTBA MU3MEPEHUI, PAMOHAIIBHOIO MCIOJIb30BaHUSI PECYPCOB, B3aMMO3aMEHSIEMOCTH
TEXHUYECKUX CPEJCTB (MalIMH U 000PYJOBaHUS, UX COCTABHBIX YaCTEH, KOMIUIEKTYIOLIUX
U3JIETUN U MaTepUaIIOB), TEXHUYECKON U MH(POPMALIMOHHON COBMECTUMOCTH, COIOCTABU-
MOCTH pe3yJIbTaTOB UCCIAEAOBAHUN (MCIIBITAHUMN) U U3MEPEHUM, TEXHUYECKUX U DKOHOMHU-
KO-CTaTUCTUYECKUX JaHHBIX, MPOBEACHUS aHaIW3a XapaKTEPUCTUK MPOIyKUUU (pador,
yCIIyT), UCIIOJIHEHUS! TOCYAapCTBEHHBIX 3aKa30B, I0OPOBOJIBHOTO MOATBEPKIECHUS COOT-
BETCTBHUSI MPOAYKIINH (paboT, yCIyT);

- co/ielicTBHE COOMIOACHUIO TPEOOBAHUHN TEXHUUECKUX PETIIaMEHTOB;

- CO3JlaHUE CHUCTEM KJIacCU(PHUKAIMU M KOAUPOBAHMSI TEXHUKO-DKOHOMUYECKOW U
COIMaNIbHONW WMH(OpMAIMK, CUCTEM KaTajJoru3aiuu NpoAyKIuu (paboT, yCiIyr), CHCTEM
oOecrnieyeHns KayecTBa NMpOaAyKUuu (paboT, yciyr), CUCTEM MOUCKA U MEepeAayvu TaHHBIX,
COJICUCTBHUE MPOBECHUIO PA0OT M0 YHU(DUKAIIUH.

Konkpemuvie yenu cmanoapmusayuu OTHOCST K:

- onpeieI€HHOM 00J1acTh MaTepHaIbHOM, HEMaTeprualibHON JeITeIbHOCTH,

- OTpAaciii MPOU3BOACTBA NPOAYKIIUHU, OKA3aHUS YCIIYT;

- IpeANpUSITHIO, PUPME;

- BUJY MPOYKIIUH.

4 IlpuHOMNIBI CTAHAAPTH3ANUHT

CranaapTH3alnio OCYIIECTBISIOT B COOTBETCTBUU C NPUHYUNAMU

- TOOPOBOJIBHOTO TPUMEHEHHUS CTaHaPTOB;

- MaKCHUMAJIGHOTO Y4€Ta TpH pa3paboTKe CTaHIapTOB 3aKOHHBIX MHTEPECOB 3aWH-
TEPECOBAHHBIX JIUIL;



- IPUMEHEHUSI MEXKTyHAPOIHOTO CTaHIapTa KaK OCHOBBHI Pa3pabOTKH HAIMOHATh-
HOTO CTaHJapTa, 3a UCKIIFOYCHUEM CITydaeB, KOTJa 3TO HEBO3MOXXHO BCIIEIACTBUE HECOOT-
BETCTBHS TPEOOBAHUIN MEKIyHAPOIHBIX CTAHIAPTOB KIMMATHYCCKUM U reorpaduuecKumM
ocoOeHHOCTIM P®, TexHMUYeCKMM W (HMJIM) TEXHOJOTHYECKUM OCOOCHHOCTSAM WA TIO
WHBIM OCHOBAaHHSM, JIN00 P®D BhICTyIIaa IPOTHB MPHUHITHS MEKIYHAPOIHOTO CTaHAapTa
WJIA OTAEIBHOTO €70 MOJIOKEHHUS

- HEJIOIyCTUMOCTH CO3JaHMS MPEHATCTBUN MPOM3BOACTBY U OOpAICHUIO MPOTYK-
ITUH, BBIMIOJTHEHUIO Pa0OT M OKa3aHUIO YCIyT B OOJBINCH CTETIEHH, YeM 3TO MHHHMAJIBHO
HEO0OXOMMO JTsI BBITIOJTHEHUS TIEJIeH CTaHIapTH3aIHH;

- HEJIOIMYCTUMOCTH YCTAaHOBJICHHS TaKMX CTAaHAAPTOB, KOTOPBIC IPOTUBOPEYAT TpE-
ooBaHusMm TP;

- oOecrieueHusl YCIOBHH JIs1 €IMHOOOPAa3HOTO MPUMEHEHHS CTaHIapTOB.

5/I0KyMeHTBI B 00JIACTH CTAHIAPTH3ANUH

K ookymenmam no cmanoapmuzayuu, ncnonb3yembiM B PD, oTHOCST:

- HAIIMOHAJIbHBIE CTAHAAPTHI;

- paBWJia CTaHAAPTU3ALINH;

- HOPMBI U PEKOMEHAAINHN B 00JIaCTH CTaHIapTU3AIINH;

- TNPUMEHSIEMbIE B YCTAaHOBJIICHHOM TMOpPsAKe KiaccuuKaiuu, OOIIEpPOCCUUCKHE
KJIacCU(UKATOPHI TEXHUKO-3KOHOMUYECKON U COIMalIbHOW MH(pOpMAITNY;

- CTAaHJapThl OpPTaHU3AIUN;

-CBO/IbI ITPABHUIL.

Obvexmamu HalMOHAJIBHBIX CTAHIAPTOB MOTYT OBITh:

- XapaKTePUCTUKU MPOIYKIIUH;

- MpaBuJIa BBIMIOJIHEHUS] TEXHUYECKUX IOKYMEHTOB;

- MpaBuia OCYLIECTBICHUS MPOIIECCOB MOCTAHOBKM Ha MPOMU3BOJICTBO, XPAHEHHS,
MEPEBO30K, PeAIN3alliy, YTUIN3alUY;

- IpaBUJIa OKa3aHUsI YCIIYT, BBIMOJTHEHUS PaboT;

- TEPMHUHOJIOTHS B PA3JIMUHBIX 00JIACTIX JACATEIHHOCTH;

- TpeOOBaHMs K MAPKUPOBKE MPOIYKIIMH U Taphl, CIOCO0AM yITaKOBKH;

- TIPUHIIAITBI, HOPMBI, TIpaBUjia B 00JACTH OpraHU3alUU JEITEIbHOCTH MPEANpHUs-
THM.

OObeKTaMu CTaHIAPTOB OpraHu3aIil MOTYT OBITh:

- XapaKTEPUCTUKU MPOIYKIIUH;

- IPUHIIMIIBI, HOPMBI, TIPABWJIa B 00JIACTH Pa3IMYHBIX CTOPOH ACATEILHOCTU MPE/I-
MPUSATHUSI, OpPraHU3ALUH.

Baxnernmme, nepcrieKTUBHbIE 3aJ1a4l CTAaHAAPTU3 AL

- o0ecrieyeHne B3aUMOIIOHUMAHUSI MEXIY pa3padOTUYMKOM, MU3TOTOBUTEIEM, IMPO-
JIABIIOM U 3aKa3YMKOM, TIOKYyIIaTesieM, TOTpeOuTeNeM;

- YCTaHOBJICHHE ONTHUMAIbHBIX TPEOOBAaHWUN K HOMEHKJIAType, Ka4eCTBY MPOMYK-
IIUU B MHTEpEcax MOTpeOuTesl, TOCY1apCTBa;

- ompejelicHne TPeOOBaHUN IO COBMECTUMOCTH (KOHCTPYKTHBHOM, SJEKTpUYE-
CKOM, D3JIEKTPOMArHUTHOHN, MPOrpaMMHON, WH(GOPMAIMOHHON) M B3aUMO3aMEHSIEMOCTH
MPOAYKIUU;



- yHU(UKAIKMSI HA OCHOBE NMPUMEHEHUS MapaMeTPUIECKUX U TUIIOPA3MEPHBIX Psi-
0B, 0a30BbIX KOHCTPYKIMH, KOHCTPYKTUBHO-YHU(UIHUPOBAHHBIX Y3JIOB, OJIOYHO-
MOJYJIbHBIX COCTaBHBIX YaCTEeH U3/CIINN;

- HOPMaTUBHOE OOECIEUEHHE MEKTOCYJapCTBEHHBIX U HAIIMOHAJIBHBIX COLUAIBLHO
- DKOHOMHYECKHX U HAY4YHO - TEXHUYECKUX MPOEKTOB, HHPPACTPYKTYPHBIX KOMIIIEKCOB
(TpaHcmopTt, CBs3b, MH(POPMAIMOHHBIE CUCTEMBI, 000OPOHA CTPAHbI, OXpaHa OKPYkKaIoIeh
cpenbl, 0e30MacHOCTb HACeIeHUs);

- OIIpEIeNIEHNE METPOJIOTMYECKUX HOPM, IIPABUIL, ITOJIOKEHUM, TPEOOBAHUIA;

- yCTaHOBJICHHE TpeOOBaHUN K COBPEMEHHBIM PECYpCcOCOEperaronuM U MajooT-
XOJIHBIM T€XHOJIOTHUSIM;

- CO3JIaHKE U BEJICHUE CUCTEM KJIaCCHU(PUKAIIUHU, KOTUPOBAHUS;

- pa3palboTKa, BHEIPEHUE U BEACHUE CUCTEM KaTaJIOIM3aluu JIJIsl 00eCIeueHHsI 10~
TpebuTeneit nupopmaluend 0 HOMEHKJIATYpPE U TEXHUUECKUX XapaKTepUCTHUKAX TOBAapOB,
YCIIyT, IPOLIECCOB;

- COIEHCTBUE BBIMOJHEHUIO 3aKOHOAATENbCTBA PD cpencTBaMu TEXHUYECKOTO pe-
I'yJIUPOBaHUS.

B 3aBucHMOCTH OT TOTO, YYaCTHUKH KaKOTO reorpaduyeckoro, SKOHOMUYECKOTO,
MOJUTUYECKOTO PETHOHA MUpPa MPUHUMAIOT CTAaHAAPT, PA3IMYalOT YPOBHHU CTaHIApTU3a-
107078

- MeNCOYHAPOOHDIIL;

- PECUOHATLHBIU;

- HAYUOHALHDIU,

- AOMUHUCMPAMUBHO-MEPPUMOPUATILHBILL.

B MupoBoM cooOiiecTBe MMEET MECTO TEHJCHIIUS TapMOHU3AIUUA HAIIMOHAIBHBIX
CTaHJIapTOB C MEXIAYHAPOAHBIMU CTaHAApPTaAMH, KOTOpasi OTBEUAET MHTEpEecaM IKOHOMH-
YECKH PAa3BUTHIX U PA3BUBAIOIINXCS CTPaH.

S HanuoHnauabHbIi opran Poccuiickoit @enepanuu 1mo CraHaapTU3anuu

HanwmonanpHBIN Opran 1o cranmaptuzanuu — Poccmanoapm (panee Dedepanvroe
acenmcmeo Poccutickoii @edepayuu no mexuuueckoMy pe2yiuposaHuro u Mempoiocuu, d
0o 2004 2. 'occmanoapm P®), Bxopsiiee B cocTaB MUHUCTEPCTBA MTPOMBIIIUIEHHOCTH U
sHepreTuku PD, - ABiseTCs OpraHoM rocy1apCTBEHHOM UCITOJIHUTEIBHOM BIACTH 110 TEX-
HUYECKOMY PETYJIMPOBAHUIO, OCYIICCTBISIIOIIUM MEKOTPACIEBYI0 KOOPAWHAIIMIO U
(GYHKIIMOHATIBHOE PETYIMPOBAHUE B 00JIACTH TEXHUYECKOTO PETYJIMPOBAHUS, CTaHIAPTH-
3aI1H, OIEHKH COOTBETCTBHUS, METPOJIOTHH.

B crpyxrypy Poccmanoapma BXOJAT yIpaBICHUS:

- METPOJIOTHH B HaJ[30Pa;

- TEXHUYCCKOTO PETYJIMPOBAHUS U CTAaHIAPTH3AIUY;

- pa3BuTHS, THGOPMAIIMOHHOTO 00€CTICUEeHUS U aKKPEAUTAIIHH;

- DKOHOMUKH, OF0JPKETHOTO TUTAHUPOBAHUS U TOCCOOCTBEHHOCTH;

- MEKIyHApOIHOTO ¥ PETHOHAILHOTO COTPYIHHYECTBA.

OcHOBHBIC HAMpaBJICHUS JEATETLHOCTH HAIIMOHAILHOTO OpraHa MO CTaHJIapTH3a-
1107078

- HAYYHO-TEXHUYECKOE;



- OpPTaHU3AIMOHHOE;

- IPEACTaBUTEIBCKOE.

Koopaunanuio paboT no TEXHUYECKOMY PEryJIupOBaHUIO, CTAaHIApPTU3AIUH, OLICHKE
COOTBETCTBUSI B 00JIACTU CTPOUTENHCTBA, APXUTEKTYPhI, MPOU3BOJICTBA CTPOUTEIIbHBIX
MaTepUaJioB M B JKAJIUIIHO-KOMMYHAJIbHOM XO34MCTBE OCYIIECTBIsICT Dedepanvroe
acenmcmaso Poccutickoti pedepayuu no cmpoumenvcmay u JKKX (no 2004 r. I'occtpoit
PD).

OcHOBHBIE (PYHKITUY HAITMOHAIBHOTO OpraHa Mo CTaHIapTU3AIINHN:

- YTBEPKJICHUE HAIIMOHATIBHBIX CTAHIAPTOB;

- IPUHATHE TIPOTPaMM pa3pabOTKHA HAIIMOHAIBHBIX CTAHAAPTOB;

- o0ecrneyeHne COOTBETCTBUS HAIIMOHAIBHOM CUCTEMBI CTaHIAPTU3AIMHA HHTEpPECam
HYKOHOMHKH, COCTOSTHUIO MaTePUATbHO-TEXHUUECKON Oa3Hl,

- COAICHCTBUE HAYYHO-TEXHUUECKOMY TIPOTPECCy;

- OCYIIECTBIICHUE YYETa HAIMOHAJIBHBIX CTAHAAPTOB, MPABUJ CTAHIAPTU3AIINH,
HOPM U PEKOMEHaIni, o0ecredeHre uX JOCTYITHOCTH 3aNHTEPECOBAHHBIM JIUIAM;

- coznanue Texunuecknx komutetoB (TK) mo crangapTuzanum u KOOpAUHAILIUAA UX
NEeSATEeIbHOCTH;

- OpraHu3aIys omyOJIMKOBAaHUS HAIMOHAIBHBIX CTAHAAPTOB, UX PACIIPOCTPAHEHUE;

- yyacTue B paboTe, peJcTaBICHUE MIpaB U 3aliuTa HHTepecoB PO B MexyHapoI-
HBIX OpTraHU3AIMIX [IPU CO3TAHUN MEXKTYHAPOIHBIX CTAaHIApTOB;

- YTBEPKJICHHE 3HaKa COOTBETCTBUS HAITMOHAIBHBIM CTaHIAPTaAM.

HanmonansHOMY OpraHy 1Mo CTaHAapTH3AIIUN MTPEI0CTaBIICHBI MPaBa:

- KOOpIWHAIIMU JEeATEIbHOCTH TOCYMApCTBEHHBIX OPraHOB YIPABJICHUS, Kacaro-
IICHCS TEXHUYECKOTO PEeTyJINPOBAHMs, CTAaHIAPTU3AIIUH, OIICHKH COOTBETCTBHS, METPOJIO-
TUH;

- TIPOBEJIEHUS TOCYIApCTBEHHOIO KOHTPOJs (Haa3opa) 3a coOnoaeHrueM TpedoBa-
Hum TP;

- TIPUHSITHS MEp TIO 3alPENICHUIO BBITYCKA M Peai3aIii MPOYKIIUU, U3TOTOBJICH-
HOI ¢ HapymieHuem Tpedbopanuii TP;

- opra"u3anuu npohecCUOHATBHOM MOJATOTOBKU U MEPENOATrOTOBKU KaJpoB B 00-
JIACTH TEXHUYECKOTO PETYIUPOBAHMUS;

- U3JaHUSl HAYYHO-TEXHUYECKUX JKYPHAJIOB, CIIPABOYHUKOB U JPYTOM JIUTEPATYpPHI
10 BOMPOCAM TEXHUUYECKOTO PEryJTUPOBAHUS U YIIPABICHUS KAU€CTBOM.

TK - mocrosiHHbI pabouuii opran Poccmanoapma B 00JIaCTH CTaHIApTU3AINU,
crienMan3upoBaHHbIi 1o o0bekTaM. B TK Ha maputeTHBIX Hauajnax u JT0OpOBOJBHON OC-
HOBE BXOJIAT MPEICTABUTEIIH:

- (hemepaIbHBIX OPraHOB MCTIOJHUTEIHLHOM BIIACTH;

- HayYHBIX OpPTaHU3aIlUN, TPOCKTHO-KOHCTPYKTOPCKUX YUPEIKICHUN;

- MPOU3BOCTBEHHBIX MPEATPUITHH, PrpM;

- NH)KEHEPHBIX U HAyYHBIX 00IIECTB;

- 00BbEIMHEHUI TIPEANPUHUMATENICH U OOIIECTB 10 3aIUTE MPaB MOTPEOUTENCH.

OcHosuble ¢pynkiun TK:

- OmpeJeseHNe KOHIENIUN pa3BUTHS CTaHIAPTH3AINN;

- COCTaBJICHUE TIPOEKTOB HOBBIX CTaHJIAPTOB U OOHOBJICHUE JEHCTBYIOIINX;



- OKa3aHHE HAay4YHO-METOAMYECKON MOMOIIM OpTraHu3alusiM, pa3padaThIBarOIINM
CTaHAApThl U MPUMEHSIOITUM HOPMATHUBHbBIE JJOKYMEHTHI;

- IPUBJICUCHHUE K JIEATEILHOCTH MO CTaHIAPTU3AI[MU COI030B MPEANPUHUMATENCH U
00111eCTB TOTpEeOUTEIICH;

- NPOBEJICHWE TapMOHM3AIMU OTEYECTBEHHBIX CTAHJIAPTOB C MEXIYHAPOIHBIMU
CTaHJapTaMH;

- IOITOTOBKa OOOCHOBAHHBIX Mo3uliii PO s ronocoBaHus Mo MPOEKTaM CTaH-
JAPTOB B MEXKTyHAPOIHBIX OPTaHU3AIHSIX;

- IPOBEJCHUE U ydyacThe B padoTe 3aceTaHUil MEXTyHAPOIHBIX OpPTaHU3ALMNA TO
CTaHAapTHU3ALUH.

3acenanus TK no crangapTusanuu sSBISIOTCS OTKPBITBIMH.

Marepuanbl 3acenaHnuii TOJJIeKaT OMyOJUKOBAHUIO B aHAIOTOBOU (opMe (CIeru-
aJIbHbIE TIEYATHBIC U3JaHUs, CPEACTBA MACCOBOM MH(OPMALMKU) U 3JIEKTPOHHO-IIU(PPOBOU
dbopme (1udpoBsie HHGOPMAITMOHHBIE CUCTEMBI OOIIETrO IMOJb30BaHMS), JOCTYITHBI IS
3aMHTEPECOBAHHBIX JIUII.

6 I'ocynapcTBeHHbBII KOHTPOJIb (HAA30pP) 32 c00JII0leHueM TPeOOBaHU TeXHHU-
YeCKHUX perjiaMeHToB

['ocynapcTBeHHBIN KOHTPOJIb (HaA30p) 3a cobmoaeHnemM TP ocymiecTBisoT:

- (penepanbHbIe OpPraHbl HCIOJHUTEIBHON BIIACTH;

- OpraHbl UCIIOJHUTENBHOM BlIacTU CYObEKTOB PD;

- TOCYJApCTBEHHBIE YUPEKICHHUSI, YIOJHOMOYEHHBIE B COOTBETCTBUU C 3aKOHOZA-
TeIbCTBOM P®D;

- IOJDKHOCTHBIE JIMIIA OPTaHOB TOCYJaPCTBEHHOTO KOHTPOJI (HaaA30pa);

- TOCYJAPCTBEHHBIE MHCIIEKTOPBI. [ JTaBHBINA rOCYIapCTBEHHBIN MHCIIEKTOP — PYKO-
BOJUTENb Poccmanoapma.

[NocynapcTBeHHBIN KOHTPOJIb (HAA30p) JOJKHOCTHBIC JIMIA OCYIIECTBISIOT MyTEM
MPOBEJECHHUS IIJIAHOBBIX M BHEIUIAHOBBIX MPOBEPOK. [Ipu cocTaBieHNH MIaHOB YYUTHIBA-
I0T:

- LIEJIEBBIE 33JJaHUS U IPUOPUTETHBIC HAMPABICHUS ITPOBEPOK;

- “HGOPMAITHIO TOTpeOrTeNeH, HATHINEe PeKIaMaIlHii;

- CBEJICHUS PEECTPOB O MPOIYKIUH, MTPOLIeAIIeii cepTUHUKALIUIO.

OOBEeKTBI TOCYTApCTBEHHOTO KOHTPOJIS (Haa30pa):

- HPOJYKIIHS;

- MPOLECCHl NMPOU3BOACTBA, IKCIUTYaTAllMU, XPAaHEHUS, IEPEBO3KH, pPEANN3alNU U
YTHUIN3ALMH.

[IpoBenenue mpoBepoOK OpraHbl TOCYIAPCTBEHHOIO KOHTPOJIS (HAA30pa) OCYIIECTB-
JSIOT ¢ MPUMEHEHHEM MPaBUJI U METOJOB MCCIICNOBAaHUN (UCHBITAHUN) U HU3MEPEHUH,
pa3pabOTaHHBIX B COOTBETCTBYIOMUX TP.

Opransl rocy1apCTBEHHOTO KOHTPOJIS (Ha130pa) UMEIOT MPaBo:

- TpeOOBaTh OT M3rOTOBUTENS (MPOAABIA) MPEABIBICHUS JCKIapaIiii O COOTBET-
CTBUHU WK cepTuduKata cooTBETCTBUA TpeOoBanusM TP, ecnu nmpuMeHEeHHe TakuX JOKY-
MEHTOB NPETYCMOTPEHO COOTBETCTBYIOIMM TP;
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- OCYIIECTBIISITh MEPOTIPUSITHSI TOCYAAPCTBEHHOTO KOHTPOJsS (Ham30pa) 3a coOIro-
nenueM TpeboBanuii TP B mopsike, yCTaHOBIEHHOM 3aKOHOIATEIbCTBOM,

- IPUHUMATh MOTMBHUPOBAHHOE PEIIEHUE O 3alpeTe mnepeaayr NpoAyKIIMU Ha pea-
JN3aLIUI0, TIOJTHOM WUJIM YaCTHUYHOM (B 3aBHCHMOCTU OT XapakTepa OOHapy>KEHHBIX Hapy-
HIEHUI) TPUOCTAHOBJICHUU MPOIIECCOB MPOU3BOJCTBA, IKCIUTyaTallud, XpaHEHUs, INepe-
BO3KH, peasiu3aliy, YyTUIU3AlNH, €CIM UHBIMA MEPAMHU HEBO3MOXHO YCTPAHUThH HApYIIIe-
Hus TpeboBanuii TP;

- IPUOCTAHOBUTH WJIU MPEKPATUTH JEHCTBUE JIEKJIapallii O COOTBETCTBUU WJIHU CEp-
TU(UKATa COOTBETCTBUS;

- IIPUBJIEKATh U3TOTOBUTENS (MCIIOJHUTENS, MPOIABIA) K OTBETCTBEHHOCTH, MPEIy-
CMOTPEHHOM 3aKoHOAaTeabcTBOM P® (eciiv HapylleHHs] NTpUBENN K NPUYMHEHUIO Bpeaa
3IOPOBBIO YEJIOBEKA, TO K BUHOBHBIM MOXXET OBITH NMPUMEHEHO YTOJOBHOE HaKaszaHUE,
npeaycMoTpeHHoe ctatheit 238 YK PO);

- IPUHUMATh WHBIE MPEAYCMOTPEHHBIE 3aKOHOATENbCTBOM P®D Mephl B LEsAX He-
JOIYLIEHUS Bpeaa.

Opransl rocy1apcTBEHHOIO KOHTPOJIS (HaA30pa) 00s13aHbI:

- IPOBOJUTH B XOAE€ MEPONPUITUN IO TOCYAAPCTBEHHOMY KOHTPOIIO (HAA30py)
Pa3bIACHUTEIIbHYIO PabOTy O TEXHHUYECKOM PETyJIMPOBAHHMH, WH(POPMUPOBATH HU3TOTOBU-
Tens (mpoaasia) o cymecTByomux TP;

- cOOJII0JaTh KOMMEPUECKYIO WU UHYIO OXPaHSIEMYIO 3aKOHOM TailHy;

- cOOMIOaTh MOPSIIOK OCYIIECTBICHHUSI MEPOIPUSATUN 1O FOCYJApCTBEHHOMY KOH-
TpoJito (Haa30py) U 0OpMIIEHUS PE3YJIbTaTOB MPOBEPOK;

- IPUHUMATh HA OCHOBAaHUHU PE3YyJbTATOB MMPOBEPOK MEPHI MO YCTPAHEHUIO MOCIE/I-
CTBUI HapyleHuit TpedoBanuii TP;

- HanpaBJIsTh UHPOPMALIMIO O HECOOTBETCTBUU MPOAYKIMH TpeboBanusim TP u3ro-
TOBUTEIIIO (MPOJIABITY), TOKYIATEIIO (MIOTPEOUTEITIO).

Takum oOpa3zoM, B 3aBUCUMOCTH OT XapakTepa HapyIIeHUH W3roToBUTEIEM (IIPO-
naBiioM) TpeboBanuii TP opran rocynapcTBEeHHOTO KOHTPOJis (Haa30pa) NMpUHUMAET pe-
HICHUE!

- BBIJIATh NIPEANUCAHUS 00 YCTpAaHEHUW HAPYIICHUS;

- 3aIPETUTD MOTHOCTHIO WJIM YACTUYHO TIepeiavy MPOAYKIIMU B OOpaIlieHHeE;

- IPUOCTAHOBUThH WJIM MPEKPATUTH JACHUCTBHUE AEKIApallMi O COOTBETCTBUU UJIU CEp-
TU(HUKATa COOTBETCTBHUS.

3a Hapymienue TpeboBanuid TP, HeucnongHeHuWe NpennucaHui opraHa rocyaap-
CTBEHHOT'O KOHTpOJISI (HaA30pa) M3TOTOBUTENb (MCIOJHUTENb, POJABEI]) HECET OTBET-
CTBEHHOCTb B COOTBETCTBUH C 3aKOHOAATEILCTBOM PD.

Ecnu B pe3ynbraTe HECOOTBETCTBUSI MPOAYKIMK TpeboBanusiM TP npuuunHén Bpen
YKU3HU WM 3[I0POBBIO TPa)KJaH, UMYLIECTBY (PU3HUECKUX WU IOPUAUYECKUX JIUI, TOCY-
JApCTBEHHOMY WJIM MyHUIIMIIAJIbHOMY UMYLIECTBY, OKpYXaIollel cpesie, >KU3HU UM 3710~
POBBIO JKMBOTHBIX U PACTEHUN WJIM BO3HHKJIA Yrpo3a MPUUYMHEHHS TAKOTO Bpeaa, TO BHU-
HOBHBIN 00s13aH BO3MECTUTh MPUUNHEHHBIN BPEI U MPUHATH MEPHI B LEISAX HEJAOMYIICHUS
Takoro Bpena. O0sS3aHHOCTh BO3MECTUTh MPUYNHEHHBIN BpPEI HE MOXKET ObITh OTpaHUYCHA
JIOTOBOPOM WJIM 3asIBJIEHUEM OJHOW U3 CTOPOH.

N3rotoButenb (MCMOJHUATEND, NPOAABEL), KOTOPOMY CTaJI0 U3BECTHO O HECOOTBET-
CTBUU BBIMYIIEHHOW B OOpaleHne mpoaykiuu tpedoBanusM TP, o6s3aH cooOmmTh 00
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ATOM B OPTaH rOCYJIapCTBEHHOTO KOHTPOJIS (Haa30pa) B TEUCHHE JECATU JTHEH C MOMEHTA
MOJIy4eHHS TaKOW HHGOpMALIIH.

JIuna, KOTOpble HE UMEIOT OTHOLIEHUSI K U3TOTOBJICHUIO U PEAIU3AIUU MPOIYKIIUU
(mpuoOperarenb, MOTPEOUTENH), BIIpaBe HANpPaBiATh MHGOPMAIUIO O HECOOTBETCTBUHU
npoayKiuu TpedoBanusiM TP B opran rocygapcTBEHHOTO KOHTPOJIA (Haa30pa) JIMYHO WU
MUCHbMEHHO (MHIUBUAYAIbHO WM KOJUICKTHBHO).

N3rotoButens (MpojiaBel]) B T€UEHUE JECITH JTHEW ¢ MOMEHTA MOJydyeHUust uH op-
Mallid 0 HECOOTBETCTBHM MPOAYyKIuu TpeboBanusM TP o0s3aH mpoBecTH MPOBEPKY H0-
CTOBEPHOCTHU MoiydeHHON nHpopMmaruu. [Ipyn moaTBep Xk IeHHH JOCTOBEPHOCTH TOJTydCH-
HOM WH(pOPMAIIMA W3TOTOBUTENH (IIPOIaBeIl) 00sI3aH:

- pa3paboTarh MPOTpaMMy MEPONPHUATHN MO TMPEIOTBPAIICHUIO TPUYUHCHUS BpE-
na. [IporpamMma opKHA BKITIOYATH B C€0sT MEPOIIPUATHS 10 HHPOPMUPOBAHUIO TIPHOOpeE-
TaTeJs O HATMYUH YIPO3bl TPUUYUHECHHSI BPEIa;

- YCTPaHUTb HEJOCTATKH, MPU HEOOXOIUMOCTH OOBSIBUTH OT3BIB IMPOMYKIIHH.
YcrpaHeHue HEJJOCTaTKOB, OT3BIB MPOIYKIIUU, TIOCTABKA MPOIYKIIMU K MECTY YCTPaHECHHUS
HEJIOCTaTKOB M OOPATHO OCYIIECTBISET U3TOTOBUTEND (IIPOJIaBell);

- HE3aMEeIJIUTEIbHO MPUOCTAHOBUTH MPOM3BOJCTBO M PEATM3AMI0 MPOIYKIIHH,
OTO3BaTh MPOAYKIMIO U BO3MECTUTh IpHOOpeTaTeNto (MoTpeduresnto) yObITKA B Ciiydae
HEBO3MOKHOCTH YCTPaHUTh MPUYMHBI MPUYUHEHUS BpE/Ia.

B ciiydae HEBBINMOTHEHUS! U3TOTOBUTENEM (ITPOJIABIIOM) MTPOTPAMMBI MEPOIIPUSTHI
0 MPEAOTBPANICHUIO TPUYMHECHHSI Bpela OpraH rocyJapCTBEHHOTO KOHTPOJS (Ham30pa),
a TaK)Ke WHBIC JINIIA BIPAaBE OOPATUTHCA B CYJl C UCKOM O NPUHYOUMETbHOM OM3blée Npo-
Oykyuu ¢ pvinka. [Ipu yIOBIECTBOPEHHH WCKa CyZ OOS3BIBACT OTBETYHMKA COBEPIIHTH
onpeeIEHHBIC TCUCTBHUS MO OT3BIBY MPOMYKIIMK C PHIHKA W JOBECTH PEIICHHE Cyla HE
MO3IHEE OJHOTO MECSIIa CO JIHS €T0 BCTYIICHUS B CHIJIY J0 CBEACHUS MpUoOpeTaTens ye-
pe3 cpelicTBa MacCOBOM MH(OPMAIIUU UITU UHBIM CITOCOOOM.

B ciyuae ecnu oTBETYMK (M3rOTOBUTENH, MTPOJIABEI]) HE MCIIOJIHUT PEIICHUE CY/a B
YCTaHOBJICHHBIH CPOK, UCTell (IpuolOperaTenb, MOTPEOUTENb) BIPABE COBEPIIUTH ITH
JIEUCTBUS 32 CUET OTBETUMKA C B3ICKAHUEM C HETO PACXOOB.

Opran mno cepTuUKANMA, aKKPEAUTOBAHHAs HCHbITaTeNIbHAs JabopaTopus
(LIeHTp), AOHKHOCTHBIE JIUIIA, SKCIIEPTHI HECYT OTBETCTBEHHOCTh 32 BBIITYCK B OOpaliieHue
MPOAYKIIMH, HE COOTBETCTBYIOIIEH TpeboBaHusiM TP, B COOTBETCTBHHM C 3aKOHOJIATEIIb-
ctBOoM P® u 10roBOpOM O MIPOBEACHHUH CEPTUDUKAIUH.

7 HaumoHa/ibHAsA CUCTEMA CTAHAAPTH3 AU

OCHOBY HallMOHAJILHOW CUCTEMBI CTaHaapTu3anuu PO cocTaBisioT:

- HaIlMOHAJIbHBIE CTAHAAPTHI;

- obmepoccuiickue KiaacCu(PuKaTopbl TEXHUKO-IPKOHOMHUYECKON M COIMAIbHON WH-
dbopmarnuu, npaBuiia uX pa3padOTKH U TPUMEHEHUS.

Hayuonanvnvle cmanoapmol:

- pa3pabaThIBAIOTCS B MOPSIIKE, YCTAHOBICHHOM 3aKOHOAAaTeIbCTBOM PD;

- YTBEPXKAAIOTCS HAIIMOHAIBHBIM OPraHOM IO CTaHJAPTU3ALMU B COOTBETCTBUU C
paBUIaMHu, HOPMaMH, PEKOMEHIANMSIMHU B 00JIACTH CTaHIapTU3AIINH;

- MPUMEHSIOTCS Ha TOOPOBOJILHOM OCHOBE.
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HanmonanpHbie CTaHAApTHI MPUMEHSIOTCS PaBHBIM 00pa3oM W B PaBHON Mepe
HE3aBUCUMO OT:

- CTpaHbl U MECTa MPOUCXOXKACHUS TIPOAYKIIUU, OCYIIECTBICHUS MPOIIECCOB PO 3-
BOJICTBA, SKCILTyaTalluu, XpAaHEHHUs], IEPEBO3KH, pean3allii U YTUIN3alUK, BBITTOJHEHHUS
paboT 1 OKa3aHUs YCIYT;

- BHJIOB WJIM OCOOEHHOCTEH CENOK U JIUII, SIBISIOIIUXCS U3TOTOBUTEISIMU, UCIIOJ-
HUTEJSIMU, IPOAaBIaAMU, TPUOOPETATEIISIMH.

[IpuMeHeHre HAIMOHATLHOTO CTAaHIApPTa MOATBEPXKIACTCS 3HAKOM COOTBETCTBUS
HAITMOHATPHOMY CTaHIAPTY.

Obwepoccutickue Kiaccu@ukamopwi:

- pa3pabaThIBAIOTCS, MPUHUMAIOTCSI, BBOJISATCS B JICHCTBUE, BEAYTCS W MIPUMEHSIOT-
¢4 B IOpsIKE, ycTaHOBIEHHOM [IpaBurensctBom PD;

- COJZIEPKAT TEXHUKO-DKOHOMHYECKYIO ¥ COMMATbHYI0 HH(POPMAIIHIO, B TOM YHCIIC B
00JIaCTH TIPOTHO3UPOBAHMSI, CTATUCTUYECKOTO y4€Ta, OAHKOBCKOW JEATEIbHOCTH, HAJO-
r000JIOKEHN,

- BKJIIOYAIOT HMH(OpMaIKI0O B OOJACTH MEXBEJOMCTBEHHOTO WH(OPMAIMOHHOTO
oOMeHa, co3ianns HHPOPMAITMOHHBIX CUCTEM U PECYPCOB.

HanuonanbpHblii Opran mo craHgapTH3alMy pa3padaThiBaeT W YTBEPXKIAET MPO-
rpaMMy pa3paOOTKH HAIMOHAJIBHBIX CTaHAApTOB, 00ECIEYUBAET JOCTYMHOCTh MPOrpam-
MBI 3aMHTEPECOBAHHBIM JIUIAM.

Tlopsiook paspabomku u ymeepicoeHus HAYUOHATbHbIX CMAHOAPMO8 YCTaHOBJICH
3aKOHOAATEeILCTBOM PO,

Pa3paboTurikomM HAITMOHAIEHOTO CTaHAApTa MOYKET OBITh JTF000E JTUTIO.

YBenomienne o pa3paboTKe HAIMOHAIBHOTO CTAHAApTa HAMpPaBISIETCS B HAIMO-
HaJIBHBIA OPTaH 10 CTAaHAAPTH3AIMU U MTyOJIMKYeTCs B TTeYaTHOM M3JaHuU (heepasbHOTO
opraHa MCIOJIHUTEILHON BIACTH MO TEXHUYECKOMY PETYJIMPOBAHHIO U B WH(POpPMAIIMOH-
HOM cHucTeMe OOIIero MoJIb30BaHUSI B AJIEKTPOHHO-IU(POBOM (opMme. YBemomieHue
JIOJDKHO CcoJiepKaTh MH(DOPMAIHMI0O O UMEIOIIUXCS B MPOEKTE HAIIMOHAIBLHOTO CTaHIapTa
MOJIOKEHUSX, OTJIMYAIOIIUXCS OT TIOJIOKEHUI COOTBETCTBYIONTUX MEKIYHAPOIHBIX CTaH-
JTapTOB.

PazpaboTunk mopabaThiBaeT MPOEKT HAIMOHAIBHOTO CTaHAApTa ¢ y4ETOM IMONTY-
YEHHBIX B MUCbMEHHOW (popMe 3aMeudaHuii, MPOBOJUT MyOJIUYHOE OOCYKJICHHUE MPOCKTa,
COCTaBJISIET MEepPEUYCHb 3aMEUYaHUl W PE3YJIbTATOB UX OOCYXKJEHUs, MyOJUKYEeT yBeIoMIIe-
HUE O 3aBEepIICHUHN 00CYykaeHUs. CPOK MyOJIMYHOTO 0OCYKJICHHS MPOEKTa HAIlMOHAIBHO-
rO CTaHJapTa He MOXKET ObITh MEHEE IBYX MECSIICB.

[TpoekT HaMOHATBHOTO CTaHJAPTa OJHOBPEMEHHO C MEPEYHEM 3aMCUaHHUU TIPe]I-
CTaBJISIETCSA Pa3pabOTUYNKOM B TEXHUUYCCKHHA KOMHUTET IO CTaHIApTH3AIlUH, KOTOPBIA Op-
TaHU3YET MPOBEACHUE IKCIICPTU3BI IPOCKTA, TOTOBUT MOTHBUPOBAHHOE MPEIIOKCHUE 00
YTBEP)KJICHUHM WM OTKJIOHCHHWH IMPOCKTAa, MPeaaéT MmepedcHb 3aMEYaHWH M Pe3yJIbTaThl
AKCIIEPTU3HI B HAITMOHAIBHBINA OPTaH MO CTaHIAPTU3AIIHH.

HannonanpHbI Opran 1o cTaHAapTH3aIlMd HA OCHOBAHWU JOKYMEHTOB, MIPEICTAB-
JICHHBIX TEXHUYECKHUM KOMHTETOM, IIPUHUMAET PEIICHHE 00 YTBEP)KICHUN WM OTKJIOHE-
HUU HAIIMOHAJILHOTO CTaHAapTa. YBeAoMJieHHe 00 yTBEp>KIEHWU HAI[MOHAJIBLHOTO CTaH-
JapTa MOJJICKHUT OIMMyOJIMKOBAHUIO B TIEYATHOM HM3JaHUU HAIMOHAIBHOTO OpPraHa 1Mo CTaH-
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JapTu3aliud ¥ MHPOPMAIMOHHON cuUcTeMe OOLIero IMOJIb30BaHUS B 3JIEKTPOHHO-
udpoBoil popMe B Te€UEHUE OJTHOTO MECSIIA.

PaboThl MO HaIMOHANBHOM CTaHIAPTH3ALMU TOJI PYKOBOACTBOM Poccmandapma
BEIIYT:

- HayyHO-HuccaeaoBaTeabckue nuetutytel (HUN);

- KOHCTPYKTOPCKHUE OI0PO, OMBITHO-3KCIIEpUMeEHTaNbHbIE 0a3bl HUU;

- (henepanbHbIE, pETUOHANIBHBIC, 00JACTHBIC IIEHTPHI IO CTAHAAPTU3AIMU U METPO-
gorun (IMC), o ceprudukamuun (POCTECT, r. Mocksa, YPAJITECT, r. Exarepun-
oypr);

- KOHCTPYKTOPCKO-TEXHOJIOTUYECKUE, HAYUYHO-UCCIEN0BATEIbCKUE MTOIPA3ICIICHUS
(oTmensl, 610po, TaOOpATOPHH, TPYIIIBI) IO CTAHJAPTU3AINH HA MPEATPHUSITHSX.

HWW nanmonansHoro oprana P® no cranmapruzanuu:

BHUHUKH — Bcepoccuiickuiit HU knaccudpukanyu, TEpMUHOJIOTUA U HHPOpMa-
IIUM 110 CTAaHJAPTU3ALMUHU U Ka4eCTBY, I. MOCKBa;

BHUU Cmanoapm — Beepoccutickuit HUU cranpaptuzamuu, r. Mocksa;

BHUUC — Beepoccuiickuit HUU ceptudukanuu, r. Mocksa;

BHUUHMAIIl — Bceepoccutickuit HUW cranmaptuzanuu v cepTuduUKanuu B Ma-
LHIMHOCTPOECHUH, T. MOCKBA;

BHUUMC — Beepoccuiickuit HU meTtposnorudeckoit ciryx0sl, . MoCkBa;

BHUI[CMB — BcepoCCHUCKHI HAy4YHO-UCCIIEIOBATEILCKUNA LIEHTP CTaHJIapTHU3a-
U, THQOPMALIMH, CEpTU(DUKALIUU ChIPbs, MaTEPUAJIOB, BEIIECTB, I'. MOCKBa;

BHUUM um. ][ U Menoeneesa — Bcepoccuiickuii HUM metponorun, r. CaHKT-
[TeTepOypr;

VHUUM — Ypansckuit HUU metponoruu, r. ExatepunOypr.

B cTpykTypy HanmoHnanpHOrO oprasa P® no cranmaptusanny BXOAST ONBITHBIE 3a-
BOJbI, U3/1aTEIBCTBO, TUIIOTpaduu, Mara3uHbl, yueOHble 3aBefeHus. Ha 0aze teppuropu-
aNbHBIX TIpencTaBuTeNbCcTB HarmonansHoro oprana P® mo crammaptuzaruu paboTaror
OpraHbl MO OILIEHKE COOTBETCTBHUS MPOIYKIIMH M YCIYT, UCIBITATEIbHBIC JTA0OpATOPUH,
[OBEPOYHbIE U KATMOPOBOYHBIE LIEHTPBI.

ITonpasnenenus Mo CTaHAAPTU3ALNUUA HA NPEANPUATUAX OCYLIECTBIIAIOT CIEAYIOLINE
byHKINH:

- COCTaBJISIIOT TOJIOBBIE U MEPCIEKTUBHBIE MJIaHbl paOOT MO TOCYJapCTBEHHON U OT-
paciieBO CTaHIAPTU3ALMH, [IEPENAIOT UX B TOJIOBHYIO OPTaHU3ALHIO 110 CTAaHAAPTU3ALUH;

- TPOBOJAT pabOThl MO CTaHAAPTU3AUUHU, YHU(PUKAIMU TPOJYKUUA U TEXHO-
JIOTUYECKOM OCHACTKH;

- OMNPEAEIISIIOT TEXHUKO-DKOHOMHYECKYIO 3(h)(PEKTUBHOCTh BHEAPEHHUS CTaHAAPTOB B
IIPOEKTUPOBAHKUE U POU3BOICTBO;

- OCYIIECTBIISIIOT CUCTEMATUYECKUI KOHTPOJIb BHEIPEHUS U COOJIIOICHUS CTaHIap-
TOB, TEXHUYECKUX YCIOBUM MPU MPOEKTUPOBAHUU U ITPOU3BOJICTBE MPOAYKIUU;

- MIEpPEeCMaTPUBAIOT YCTapeBIue, pa3padaThIBalOT HOBBIC CTAHIAPTHI MPEAPUSITHIA
Y TEXHUYECKUE YCIIOBHUS.

Jlpyrue cyObeKThl X03iCTBEHHOM AESITeNbHOCTH (HAyYHO-TEXHHUUECKHUE 00IEeCcTBa,
UH)XKEHEpHbIE 00IIeCTBa) CO3AA0T B CBOEH CTPYKTYype ClelHaIbHble MOApPA3ICICHUs, 3a-
HUMaroIecs: pa3paboTKOM HOPMAaTUBHO-TEXHUYECKOW JOKYMEHTAIMH IO CTaHAapTU3a-
UK U YIPABICHUIO KAYE€CTBOM.
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CoBepIlIeHCTBOBAHKE CTAaHAAPTU3ALNYU HA IPEANPUITUSAX TTO3BOJISIET:

- VIYYIIUTh OPTaHU3AIUIO U KYJIBTYpPY IPOU3BOJICTBA;

- YBEJIMYUTH MPOU3BOJUTEIBHOCTh O0OPYAOBAHUS U MPOU3BOJUTEIBHOCTh TpyAa
NepCcoHana;

- VIYYIIUTh KAYECTBO KOHCTPYKTOPCKOM IOKYMEHTAIUH;

- IOBBICUTH KaueCTBO, CHU3UTh CE0ECTOMMOCTD MPOIYKIINH;

- COKpaTUTh HOMEHKJIATypy MaTepHasioB, 0JIyhadpUKaTOB, KOMIUIEKTYIOIIUX.

B 3aBucuMOCTH OT TOTO, yYaCTHHUKH KaKOTO CyOBEKTa IeATEIHHOCTH pa3padaThi-
BAIOT U MPUHUMAIOT CTAHIAPT, PAa3IMYAIOT Kame2opuu CTaHJapTOB:

- cmanodapmsl mexcoynapoounsie (M1CO);

- cmandapmel cocyoapcmeennvie (I'OCT P);

- mexnuyeckue yciosus (TY);

- cmanoapmul 00WecCmeeHHbIX 00beOUHEeHUU, HAYYHO-TNEXHUYECKUX U UHIHCEHEPHBIX
oowecms (CTO).

Meodwcoynapoonwvii cmanoapm — CTaHIAPT, KOTOPBIN pa3padaThIBaeT U BBITYCKAET
MEKIyHApOIHAsl OpraHu3alus 10 CTaHJapTU3aluU C LEIbI0 COJICUCTBUS B3aUMHOMY CO-
TPYIHUYECTBY B MHTEIUICKTYyaIbHOM, HAYYHO-TEXHUYECKOM, SKOHOMUYECKON JEATEIIbHO-
CTH, B 00JIaCTH OXpaHbl OKPY>KaIoIIeH cpenbl U B Toprosiie. Hanmpumep, ocHoBomomararo-
mmii crangapt MCO 14001 «Cuctemsl yrpaBieHusi B 00JaCTH OXpaHbl OKpY’Karolen
cpeasl. PykoBoactBo nmo nmpumeHenuto». Crtangaptel MCO HMEOT peKOMEHIaTelbHbIN
xapakrep. Hanmonansnseiii opran PO no cranpapTuzanum J0NMyCKaeT MPUMEHEHUE CTaH-
naproB MCO:

- B kayectBe 'OCT P 6e3 n3MeHeHul B TEKCTE;

- C JOTOJIHEHUSIMU, YUUTBHIBAOIIUMU POCCUNCKUE TpeOOBaHMS, HAMpPUMEP, TOCY-
napctBeHHbl ctangapt ['OCT P/MCO 14001 «Cucrembl ynpaBiieHUSI KAYECTBOM OKpY-
x)arotieit cpeapl. O0mue TpeOoBaHU U PEKOMEH AU 110 UCTIOIb30BAHUIOY.

Hayuonanvuouii cmanoapm — crangapt pazpabaTbiBaeMblil 1711 BCEX MPEATNPUATHH,
OpraHu3aINMi, YIPEKIECHUN CTpaHbl HE3aBUCUMO OT ()OPM COOCTBEHHOCTH M TIOTYMHEHUS,
IpaXKJIaH 3aHUMAIOIIMXCS WHIUBUAYAIBHOW TPYIOBOM NESITEIbHOCTHIO, MUHHUCTEPCTB
(BE€IOMCTB), OPraHOB MECTHOTO M TOCynapcTBeHHOTo ynpasienus PO. Pazpabotky [OCT
P Benyr TK mno cramgaptuzanuu B coctaBe Poccmanoapma. Ilocne yrBepxaeHus Poc-
cmaHoapma TPUCBAUBAIOT UHJIEKC, B KOTOPOM YyKa3aH HOMEP U TOJ[ YTBEPKICHUS WU
nepecMoTpa - YeThIpe mocaeanue mudpsl (Hanpumep, rocyaapctBeHubi ctanaapt ['OCT
P 51685-2000 Ha reomeTprueCKUe pa3Mephl JKEIC3HOA0POKHBIX PEITHCOB).

Obvexmamu I'OCT P sBnsroTcs:

- OPraHU3aIMOHHO-METOIMUECKUE U OOIIETEXHUYECKUE OOBEKTHI;

- COBMECTUMBIE MMPOTPAMMHBIE U TEXHHUYECKUE CPEeACTBAa HHGOPMAIIMOHHBIX TEXHO-
JIOTUH,

- CTIPAaBOYHbBIC MaTepUAJIb, KJIACCU(PUKAIUS U KOJIUPOBAHUE MH(DOPMALINH;

- COCTaBJIAIONIME DJIEMEHTbl KPYHHBIX HAPOJHO-XO3SIMCTBEHHBIX KOMIIJIEKCOB
(TpaHCIIOpT, YHEPTOCUCTEMA, CBSI3h, 000POHA, OXpaHa OKPY>KAIOIIECH CPeIbl);

- COJIepXaHU€ TOCYJApPCTBEHHBIX  HAYyYHO-TEXHUYECKUX UM  COIMAJIbHO-
SKOHOMHYECKHUX 1EJEBBIX MPOrPaMM U MIPOEKTOB;

- IPOJYKIMS JJIsl YAOBJIETBOPEHUSI BHYTPEHHUX NOTPEOHOCTEN HACEIEHUS U TIOCTa-
BOK Ha 3KCIIOPT;
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- TOCTHDKEHUSI HAYKU U TEXHUKH, O3BOJISIONINE MIPEANPHUATHIO, TOCYIapCTBY 0Oec-
NEYUTh KOHKYPEHTOCIIOCOOHOCTh NMPOTYKIIH;

- CCTEMa KOHCTPYKTOPCKOM M TEXHOJIOIMUECKON JOKYMEHTAllMU, JOKYMEHTalus B
o0JacTy ynpaBieHUs U OpraHU3alluy IPOU3BOACTBA.

Texnuueckue ycnoeus — HOPMATUBHBIN JOKYMEHT, KOTOPBIA COAECPKHUT TEXHUYE-
CKHE TpeOOBaHHUS, OINPENEIAIONINE [TOKA3aTeNN KauyecTBa MPOIYKIUU B COOTBETCTBUM C
YCIOBUSIMU €€ SKCILUTyaTallud, 0OCIyKMBaHUA, peMOHTa. TY pa3pabaThIBalOT U IpHUMe-
HSIIOT CYOBEKTBl XO3SHCTBEHHOW AEATEILHOCTH HE3aBUCUMO OT (POPM COOCTBEHHOCTH U
nomunnenus, korga 'OCT u OCT co3nmaBath HemernecooOpa3HO, WM HEOOXOIUMO J10-
MOJIHUTh WM Y>KECTOYUTh YCTaHOBJICHHbIE UMHU TpeOOBaHUs (HampuMmep, HOPMATUBHBIN
nokyMeHT TY 14-2P-351-2001 na Texnuueckue TpeOOBaHMs B OTHOLICHUH CTaJIbHBIX KO-
Je1] i aBTOMOOMIIBHBIX, OAIIEHHBIX KPaHOB U JIpyrux mamuH). OobektoM TY Moxer
OBITh MPOAYKIIMS PA30BOW MOCTABKH, BBITyCKAaeMasi MaJIbIMU MApTUSAMH, a TaKKe MPOU3-
BEJICHUS XyJI0’KECTBEHHBIX NPOMBICIOB. B ciyyae, korna Ha TY HET cChUIOK B KOHTpak-
Tax WM I0TOBOpax, TY cunTaeTcsi HE HOPMAaTUBHBIM, a TEXHUYECKUM JOKYMEHTOM.

Cmanoapmel 0bwecmeennvlx 00beOUHeHUl, HAYyYHO-MEXHUYECKUX U UHIHCEHEPHBIX
0bujecme — HOPMaTUBHBIE IOKYMEHTBI, KOTOPBIE COJIEPKAT TPEOOBAHUS K MPUHIUIIHAIIb-
HO HOBBIM BHUJAaM NPOAYKLIHMH, METOAAM H3MEPEHHM, HETPAJAUIIMOHHBIM TEXHOJIOTUSIM U
OpUHLKIIAM yrpaBieHus npou3BoacTBoM. CTO pa3pabaThiBalOT M yTBEpKIAKOT OOIIe-
CTBEHHbIE OOBEAMHEHHUS C LENbIO PACIPOCTPAHEHUS NEPCIIEKTUBHBIX PE3yJIbTaTOB Hayy-
HO-TeXHUYECKUX HccienoBanuii (Hampumep, crangapr CTO ACUM 20-93 Acconmarum
«YepMmeTcTaHmapT» Ha COpTaMEHT MpoduiIeld ABYTaBPOBBIX IIMPOKOIMOJIOYHBIX OAOK C
napayuIeTbHBIMUA TPAHSAMU TOJIOK).

B 3aBucuMocTH OT XapakTepa OOBEKTOB CTaHAAPTH3AIMHN PA3NUYAIOT 8UObI CTaH-
JapTOB:

- cmanoapmusl 0CHOBONOAAAIOUjUe,;

- cmaHoapmul Ha NPOOYKYUIO, YCIy2u,

- cmaHoapmsl Ha NPoYeccyl;

- cmaHOapmol Ha MemoObl KORMPOJs (UCNLIMAHUU, USMEPEHULl, AHAU3A).

Ocnogononazarowue cmanoapmul — CTaHIAPTHI, KOTOPbIE YCTAHABIMBAIOT OpraHU-
3allMOHHbIEC MPUHIIMIbI, OJIOKEHUS, TpeOOBaHUs, IPaBUia U HOPMBbI, UMEIOIIKE OOIIHIA
XapakTep, ¢ LEJbI0 COACHCTBUS B3aUMOINOHUMAHHUIO, B3aUMOJCHCTBUIO U TEXHUYECKOMY
€IMHCTBY B Pa3JIMYHbIX 00JIACTAX HAYKH, TEXHUKHU U MPOU3BoAcTBAa. OCHOBOIONATAIONIIE
CTaHAapThl OOBEIUHSIOT B3aMMOCBS3aHHBIE CTaHAAPTHI, UMEIOIINE OONIYIO IEJIEBYIO
HaIpaBJICHHOCTh, UMeI0T KoMmIuiekcHbIN Xapaktep (ECKII, ECTU).

Cmanoapmsl Ha nPoOyKyuio, yciyeu — CTAaHAAPTHI, KOTOPHIE YCTAaHABIMBAIOT Tpe-
OoBaHUs K TpynnaM OJHOPOAHON MPOIYKIIUH, YCIYT WM KOHKPETHOW MPOAYKIIMH, YCITy-
ram (cTaHzapThl OOIIMX TEXHUYECKUX TPEOOBAHU, TApaMETPOB U Pa3MEpPOB, THIIOB KOH-
CTPYKIIMH, COPTAMEHTA, TIPABUJI IPUEMKH).

Cmanoapmol Ha pabomul (npoyeccyl) — CTaHAAPTHI, KOTOPHIC YCTAHABIMBAIOT TPE-
OOBaHUs K KOHKPETHBIM BUIaM paldoT (MpOIIECCOB), OCYIIECTBIIIEMbIM Ha Pa3HbIX CTau-
X JKU3HEHHOTO IUKJIa MPOAYKLUHUHU: pa3padoTKa, MPOCKTUPOBAHUE, NMPOU3BOJICTBO, KC-
IuTyaTalus, noTpedjieHue, XxpaHeHne, TPaHCIIOPTHUPOBaHUE, OOCITYy)KUBaHUE, PEMOHT, YTH-
U3,
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Oco0oe MecTo 3aHUMAIOT IKOJIOTUYECKHE TPEOOBaHMUs, KOTOPbIE BKIIOYAIOT: YCIIO-
BUSI IPUMEHEHMSI TIOTEHIIMAIBHO OTACHBIX JIJISI OKPY/KAIOIICH Cpeabl MaTepHalioB, mapa-
METPBI OYCTHOTO 000PYI0BaHUs, TIPaBHiia BEIOPOCOB B aTMOC(hEpy U CTOYHBIC BOJIBI.

Cmanoapmul Ha MemoObl KOHMPOJIS (UCNLIMAHUL, USMEPEeHUll, AHAIU3A) -
CTaHJAPThI, KOTOPBIC YCTAHABJIMBAIOT MOPSIOK 0TOOPA MpoO (00pa3IoB) I UCIIBITAHHH,
METOJIbI KOHTPOJIS (MCIBITAHUHM, M3MEPEHHUU, aHajn3a) XapaKTEPUCTUK OIpeneIEHHON
IPYIITBI TPOAYKIIMH C IEJbI0 00eCTIeUnTh SIMHCTBO OIIEHKH MOKa3aresei kauecTBa. Kpu-
TEepUH OOBEKTUBHOCTH METO]1a KOHTPOJISI — CXOJIMMOCTh M BOCIIPOU3BOJIMMOCTD PE3yibTa-
ToB. CTaHAapTU3aIUH TOJIekKAT: CPEJCTBA KOHTPOJIS, OPSAAOK MOATOTOBKH M MPOBEJIE-
HUSL KOHTPOJISI, IpaBuiia 00pabOTKHU pe3ybTaTOB, AOIYCTUMAs MOTPEIIHOCTh MeToAa. B
CTaHAapTaxX MpPEIyCMOTPEHbI pa3UYHbIC BUJAbl HCIBITAHUI: MOBCEIHEBHBIC, THIIOBLIC,
NEPUOANYECKHUE.

8 Me:xknyHapoaHble, periOHAJIbHbIE OPraHU3ALUH [0 CTAHAAPTU3AIUU

I'maBHas MexxayHapoaHas opranusanus mo crangaptuzanuu MCO co3nana B 1946r.
CCCP Obu1 0JHUM U3 OCHOBATEJIECH OpraHu3allyy, SBJISIETCS TMOCTOSHHBIM YJIEHOM PYKO-
Bogsux opraHoB. P® Bxonut B MCO kak npaBonpuemunk CCCP.

ens aestenbHoctu MCO:

- COJICUCTBHE Pa3BUTHIO CTAHJIAPTU3ALUU B MUPOBOM MaciiTade g oOJerdeHus
MEXKIyHApPOIHOTO TOBApOOOMEHA U B3aMMOIIOMOIIH, PACIIUPEHUE COTPYIHUYECTBA B 00-
JIACTH MHTEIJIEKTYyalbHOW, HAYYHOU, TEXHUYECKON U SKOHOMUYECKOU JIESITETbHOCTH.

[Ipaktnueckas nestenpHocTh MCO HanpasieHa Ha:

- o0JIeryeHre KOOpIMHAIIMY U YHU(UKAIIMA HallMOHAJIBHBIX CTAH/IAPTOB;

- IOJITOTOBKY PEKOMEHIAlNi HAIlMOHAIBLHBIM OpTraHU3alUsIM IO CTaHAapTU3aIUu;

- pa3pabotky cranaaptos MCO;

- OpranuzaIo ooMeHa nHpopMaluel B 00J1acTi CTaHJapTU3AIUN;

- COTPYAHUYECTBO C APYTUMH MEXIYHAPOIHBIMUA OpraHU3alUsIMH MO CTaH1apTU3a-
IIUU ¥ CMEXHBIM MpobiieMaM (cepTr(UKAIINSI, METPOJIOTHS).

O6bexThl crannaptuzanuu MCO:

- OCHOBOIIOJIArarolre CTaH1apThl;

- MAIlIMHOCTPOEHHE, XUMHS;

- HEMETaJUIMYECKUE MaTepHUabl, PyJibl, METAJUIbI,

- nHGOpMAIMOHHAs TEXHUKA;

- CEJIbCKOE XO3SMCTBO;

- CTPOUTENBCTBO, CIICIIUaIbHAS TEXHUKA;

- OXpaHa 3/I0pOBbs, MEIUIINHA,

- OKpYyXarolas cpea;

- YIIaKOBKa ¥ TPAHCTIOPTUPOBKA TOBAPOB.

Opranmzaruonso B UCO Bxoaat pykoBoasiue U pabodyue opraHsbl.

PykoBopsmue opransl - ['enepanbaas accambines, Coser, komutetsl CoBeta, Tex-
HHUYECKHue OI0po.

Paboune opranbl - TEXHUYECKHE KOMUTETHI, TIOJIKOMUTETHI, TEXHUIECKNE KOHCYJIb-
TaTUBHBIE TPYIIIHI.
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Coger pykoBoaut padotoirt UCO B mepepbiBax Mexay ceccusiMu | eHepanbHOU ac-
cam6iien. Pemenue npuHumaeTcs: 00bIIMHCTBOM Tros10coB uieHoB Coseta. CoBety MCO
MOAYHUHSIOTCS KOMUTETBL:

- [IJIAKO — TexHu4deckoe 0ropo Mo MIaHUPOBAHUIO U OPTaHU3AIUU PAOOTHI;

- CTAKO — XOMHTET MO U3YyYECHUIO HAYYHBIX PUHIIMIIOB CTaHIaPTU3AIUY;

- KACKO — KOMHUTET MO OLIEHKE COOTBETCTBUS MTPOAYKIIUH, YCIIYT;

- UHOKO — xoMuUTeT M0 Hay4HO-TEXHUYECKON MH(pOpMallUU, B paMKaX KOTOPOIO
dbynkimonupyet uHpopmaimonnas cucrema MCOHET o noxkyMmeHTax B 0OJacCTH CTaH-
JapTU3alliY - CTaHJapTaX, CIPaBOYHUKAX, yUeOHOM JUTEepaType;

- JIEBKO — KOMUTET 1O OKa3aHUIO MOMOIIY Pa3BUBAIOIIUMCS CTPaHAM;

- KOIIOJIKO — xoMUTET 1O 3alMTEe HHTEPECOB NOTPEOUTENEH;

- PEMKO — KOMHTET 110 CTaHAApTHBIM o0pa3iaM (dTajoHaM).

ITo cBoemy coaepxanuto Tonbko 20% crangaptoB MCO OTHOCATCS K KOHKPETHOU
npoaykiuu. OcTaabHble HOPMATUBHBIE TOKYMEHTHI KacatoTcsl TpeOOBaHUN O€30MacHOCTH,
B3aMMO3aMEHAEMOCTH, TEXHUYECKON U MHPOPMAIIMOHHON COBMECTUMOCTH, METOJIOB HC-
NBITAHUM, IPYTUX OOIIMX U METOJUYECKUX BOIIPOCOB.

Mexnaynaponnbie crannaptel MCO, xoTopeix pazpadoraHo 6omee 10 Twic., He
UMEIOT cTaTyca oOs3aTenbHbIX. Kaxknast cTpaHa — y4acTHHMIIA BIpaBe peliaTh BOMPOC O
MPUMEHEHUU MEKTYHAPOIHBIX CTAHAPTOB B 3aBUCUMOCTHU OT CTEIICHH YYaCTHS CTPaHbI B
MEKIYHAPOIHOM PA3JEICHUN TPYAa, COCTOSIHAS S3KOHOMUKHU U BHEUIHEW TOProsiu. B PO
IIPUHATO OKOJIO MOJ0BUHBI cTanaapTos MCO.

['maBHas MexayHapoaHasi opraHu3alus MO CTaHAApPTU3ALUU U CepTUPUKAIIU B
00JIaCTH 3JNEKTPOTEXHUKU MexayHapoaHas ajekTpoTrexHudeckas komuccuss MOK co-
3nana B 1906 1. Poccus yuactByeT B pabore MOK ¢ 1921 r. OpranuzainuoHHas CTpyKTypa
M3K Bo MHOrom ananornusna ctpykrype MCO.

OcHoBHas uenp aesrenpHoctn MOK:

— COJEUCTBUE MEXKIYHAPOJAHOMY COTPYAHUYECTBY IO CTAHAAPTH3ALHUH U CMEXK-
HBIM C Hell mpolOyieMaMu (UCTIBITAHUS, OIIEHKAa COOTBETCTBHSI) B 00JIACTH AIEKTPOTEXHUKH,
PAINOTEXHUKH, TPOU3BOJCTBA JIICKTPOTEXHUYECKUX MaTepuajoB MyTEM pa3pabOTKu
MEKTyHAPOIHBIX CTAaHJAAPTOB U APYTUX JTIOKYMEHTOB.

O6mwekThI cTanmapTu3anun MOK:

- MaTepHUabl sl AIEKTPOTEXHUUECKON MTPOMBIILICHHOCTH;

- QIIEKTPOTEXHUUECKOE, IIEKTPOIHEPreTHIeCKoe 000py0BaHNUE;

- U3JIEJIUS AJICKTPOHHON TPOMBIIIJIEHHOCTH, AJIEKTPOUHCTPYMEHT;

- 000pyI0BaHKE JIJIsl CITYTHUKOB CBSI3H;

- TEPMHUHOJIOTHSI.

MDK pazpaborano Oosnee 2 Thic. ctaHgapToB. B P® npunsTo 6ojee MOI0BUHBI
cranaapToB MOK

Mexaynapoansie ctanaptel MOK MOXHO pa3aenuTh Ha 1Ba BUAA!

- O0IIEeTeXHUYECKHE, HOCAIIME OOIIEeOTPacIeBON XapakTep, - HOPMATUBHBIE JOKY-
MEHTBI Ha TEPMUHOJIOTHIO, CTAHIAPTHBIE HAMPSKEHUSI U YaCTOThI, BUABI 1 METOJIbI UCIIbI-
TaHHUH, TpeOOBaHMS 110 0€30TACHOCTH;

- Ha KOHKPETHBIE BUJBI MPOAYKIIUH OT OBITOBBIX 3JIEKTPONPUOOPOB 10 CITyTHUKOB
CBSI3U
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Hekoropsie BuaBI pabOT MO MEXIyHAPOIHOW CTAaHAAPTU3ANMHA M CEPTHU(PUKAIIH
BenyT coBmecTHO MCO u MOK, a nupextussl umeroT ungaekec MCO/MOK, nanpumep, Py-
koBoJicTBO 2 MCO/MDBK «O061111e TepMUHBI U ONIPEICNICHHS B 001aCTH CTaHIapTHU3AIuU U
CMEKHBIX BUJIOB JICATEIIBHOCTH.

Baxneiimieli uensto npu pazpabotke crannaproB MCO/MOK sBasiercst paspaboTka
CTaHJapTOB B 00JlacTH 0€30MacHOCTH, pa3paboTKa CTaHIAPTOB, COACPIKAIIUX HAPAIY C
TEXHUYECKUMHU TpeOOBaHUAMHU, TpeOoBaHUs 10 Oe3onacHocTu. Hopmbl Ge30macHOCTH 3a-
BUCST OT YPOBHS COLUAIBHO-3KOHOMHYECKOTO Pa3BUTUS U 0Opa30BaHHOCTH OOIIECTBA.

B chepy nesrenprocTn MOK BXOIUT MOWCK METOAOB 3aIUTHI OT PA3IHMYHBIX BHU-
JIOB OITACHOCTEH:

- TPaBMOOIIACHOCTh, OMACHOCTh MOPAXKEHUS AIEKTPUUECKUM TOKOM;

- TEXHUUYECKasl OMAaCHOCTb, MOKapPO- U B3PIBOONIACHOCTS;

- XUMHUYECKas U OUOJIOTHUYECKask OMaCHOCTb;

- OIACHOCTh M3IIy4YeHHUU (3BYKOBBbIE, MH(ppaKpacHbIC, pauovyacTOTHbIC, YIbTpadu-
0JIETOBbIE, HOHU3HUPYIOILIUE, PaTUAlIMOHHBIE).

Oco0Obiii cTatyc umeeT MeXTyHApOAHBIA CHEIUATbHBI KOMUTET O PaJuoIroMe-
xam (CHUCIIP), koTOphIif 3aHUMAETCS CTaHAApPTU3aAlMEd METOJ0B M3MEPEHUS PaJUOIo-
MeX, U3Ty4aeMbIX JIEKTPOHHBIMU U JJIEKTPOTEXHUUECKUMU IpUOOpamu.

Opranu3aimoHHO-METOANYECKYI0 U MPAKTUYECKYI0 pabOoTy MO CTaHIApPTU3ALUU U
OIIeHKe cOOTBeTCTBUA BO B3aumoercteuu ¢ MCO, MOK B cBoux reorpaduueckux paino-
Hax ¥ 00JIaCTAX JAEATeIbHOCTU BEAYT:

- EBpomneiickas saxonomuyeckas komuccusi OOH (EDK OOH);

- [IponoBoabCTBEHHAA U cenbcKoxo3sicTBeHHAs opranuzanus OOH (OAO);

- Bcemupnas opranuszanus 3apasooxpanenus (BO3);

- «Konekc AnmmenTtapuycy» - KOMHUCCHS TIO pa3pabOTKe CTaHIapTOB Ha MPOJIOBOJIb-
CTBUE;

- EBporneiicknii komutet 1o cranaaptusanuu (CEH);

- EBponeiickuii komutet 1o ctanaaptusanuu B dnekrporexuuke (CEHIJIEK);

- EBponeiickuii MHCTUTYT MO cTaHapTU3auu B obnactu annektpocsssu (ETCN);

- MexxckanaunaBckas opranuzaius o crannaptusanuu (MHCTA);

- Mexxnynapoanas accouuanus crpan KOro-Boctounoit Azun (ACEAH);

- [Tanamepukanckuii komurtet crangapToB (KOITAHT).

Crannmaptuzanus, ceprudukanus u metposiorus B pamkax CHI' ocymectBisieTcs B
COOTBETCTBUHU C MEXIPABUTEIbCTBEHHBIM coriamieHueM «CoraiieHue O MPOBEACHUU
COTJIACOBAaHHOM MOJIMTUKU B 00JIACTH CTaHAAPTU3AIIUUA, METPOJIOTUH U CEPTUDUKAIIUN» OT
1992 r. IlepcniexktuBHasi npuopurteTHasa 3amada MexrocynapctBenHoro Cosera CHI' -
pasButue corpyaandectsa ¢ MCO, MOK, CEH.

AKTHUBHOE€ ydacThe B paboTe MEXKIyHApOJHBIX U PETHOHAJBHBIX OpPTaHU3aIMi IO
CTaHJapTU3allMi TMPUHUMAIOT HAIlMOHAJBHBIC OpTraHU3allMUd SKOHOMHMYECKU Pa3BUTHIX
roCyJ1apCTB.

HanmonanpHast opranusanus o cTaHaapTU3aIliyd U CMEKHBIM ¢ Hel mpoliemMaM B
CHIA — HarwonanbHblii UHCTUTYT cTaHaapToB u TexHojoruu (NIST) — HempaBuTes-
CTBEHHAasi HEKOMMEpUECKass OpraHu3alus, YTBEPKIAollas HalMOHAJbHBIE CTaHAAPTHI,
KOOPIMHUPYIOIIasi pabOThI MO pa3pabOTKe ¥ MPUMEHEHHUIO CTAaHJAPTOB B TOCYIapPCTBEH-
HOM U YaCTHOM CEKTOpax S’KOHOMHKHU.
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®enepanpHble crannapTel B CIIA pa3zpabaThIBatoT:

- AMepHKaHCKOE 00IIEeCTBO M0 UCIbITaHUuAM U MaTtepranaM (ASTM);

- AMepHKaHCKOe 0011ecTBO 1Mo KoHTpouto kauectBa (ASQC);

- AMEpHKaHCKOE 00IeCTBO HHXKEHEPOB — MexaHuKoB (ASME);

- O01IeCTBO MHXKEHEPOB — aBTOMoOMIIecTpoutene (SAE);

- UHCTUTYT MHXKEHEPOB MO 3JIeKTpoTexHuKe U 3ekTponrke (IEEE) u npyrue opra-
HU3ALUA U PUPMBI.

OcHoBHbIE 3a/1a4H Pa3paOOTKU U BHEIPEHHs HAIlMOHAJIbHBIX cTaHaapToB B CLIA -
KOHOMHSI SHEPTrOpecypcoB, 3alUTa OKpYXKaloIIel cpenbl, odecrieueHne 0e30MacHOCTH
JIOJIEW U YCIIOBUAW IPOU3BOJICTBA.

HannonansHast opranu3anus 0o CTaHAApTH3aUUMU U CMEKHBIM C HEW mpoliemMaM B
bputannu — bpuranckuii uHCTUTYT cTangapToB (BSI) — He3aBucuMas opranuzanusi, Ko-
OPJIMHUPYIOIIAS AEATEIBHOCTD MO CTaHAAPTU3ALUHU, YIPABICHUIO KAYECTBOM U cepTudu-
Kaluu, HHPOPMALIMOHHOMY OOCITYKMBAHUIO U MAapKETUHTY, CO3JaHHasi JUIsl yJIOBJIETBO-
peHust MmoTpeOHOCTell OOIIECTB HHKEHEPOB-MEXAHUKOB, HWHXKEHEPOB-CYJIOCTPOUTENEH,
WHXEHEPOB-3JIEKTPUKOB U MHKEHEPOB-METALTyproB. [IpruopuTeTHbIle HanmpaBieHUs Ies-
tenabHOCTH BS| — cTanmapTuzanus B 3JIeKTPOTEXHUKE, aBTOMATU3AIMK, UHPOPMAITMOHHOM
TEXHUKE, CTPOUTEIbCTBE, XUMHUH, 3APaBOOXPAHEHUHU, MAIIMHOCTpOCHHH. COBPEMEHHOE
HarpaBjeHue - o0ecrieyeHue 0e30MacCHOCTH MHBAJIWAOB, TEXHUYECKasl MOMOIIL OpUTaH-
CKHM (pUpMaM — IKCIIOPTEPAM.

Hanmonanenas opranusanus no cranaaptusanuu Bo @panuun — Opaniry3ckas ac-
commarusi o cranpaptuzanuu (ANFOR) — opranmzanus, KOOpAHHUPYIOIIAS JIESTEIb-
HOCTh MO CTaHJApTHU3ALMH, CEPTUPUKALNN, METPOJIOTUH, YIPABICHUIO KauecTBOM. [Ipu-
OpPUTETHBIE HAIIPaBJICHUS JEATEILHOCTH B MEKIYHAPOIHOW CTaHAAPTU3ALMHU — UH(OpMa-
LMOHHBIE TEXHOJIOTUH, B €BPOMNEICKON CTAHAAPTU3ALMH - TPAHCHIOPT M TEJIEKOMMYHHKA-
LMY, B HAIIMOHAJILHON CTaHIapTU3alUUA — 3KOJIOTHS, 0€30MaCHOCTh, arpoNpOMBIIIIEHHOE
IPOM3BOICTBO, a TaKXe chepa yCiIyrT.

HannonanbHas opranu3zamus 1o ctanaaptuzanuu B ['epmannn — HeMenkuii MHCTH-
Tyt cragaaptoB (DIN). [dearensnocts DIN ¢unancupyercss Ha 0OCHOBE JOTOBOPOB C 3a-
WHTEPECOBAHHBIMU CTOPOHAMM — 3aKa3UYMKaMU HOPMATHBHBIX JOKYMEHTOB W JOTALMSIMU
Cco cTOpoHbI rocyaapctBa. Oco0oe BHUMaHME YAENAETCS CTaHAApTU3alMU B 00JACTH
oOecrnieueHns 0€30MaCHOCTU TOBApOB U YCIYT, 3alUThl OKPY’KAIOLIEH Cpelbl, CO3MaHHIO
OCHOBoTONarammmx cranaaptoB. Kpome crangaptuzanuu DIN 3anuMaercs npobiemamu
OIICHKH COOTBETCTBHSI M MH(POPMALIMOHHOIO O0OECIEUEHUsl CTaHAAPTU3ALMKU U cepTUdu-
KaIuu.

HaunonanbHas opranusaums 1o crangaptuzauuu B AnoHun — ANOHCKUNA KOMUTET
npombIuieHHbIX cTaHaaptoB (JISC) - koHCynbTaTHBHBIN OpraH Tpu MHHHCTEPCTBE
BHEIIIHEH TOProBiW U MpoMmblluieHHOCTH. [earenbHocTh JISC punancupyeT mpaButesnb-
ctBO fAnonuu. Ha ocHOBaHMM 3aKOHA O MPOMBIIIJICHHOW CTaHAApTU3AlMU B SIIOHUM TIpO-
U3BOJIUTCA CepTU(UKAIINA TPOMBIIICHHON MPOIYKIIMA Ha COOTBETCTBUE HAIMOHAIHHO-
My cTaHAapty. Pa3peiienue Ha Bbitady cepTudUKaTa U IPaBO MaPKUPOBKU 3HAKOM COOT-
BETCTBUA CTAHAAPTY AAET MUHUCTP OTPACIH IO Pe3yJbTaTaM UHCIEKIIMOHHOTO KOHTPOJIS
KauecTBa JaHHOU MPOIYKIIMU U aTTECTALUK MPENPUATHS.

[IpuopuTeTHbIEe HaMpaBieHUs CTaHAAPTU3ALUMN B SNOHUU — YYET UHTEPECOB 3apy-
OEXHBIX MapTHEPOB, MPUJAHUE OTKPHITOTO XapakTepa MH(pOpMAIMH O CTaHAapTU3ALIUH,
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rapMOHU3AIMS SIMOHCKUX HAIIMOHAJIBHBIX CTAHJAPTOB C MEXKIYHAPOJAHBIMU CTaH/IAPTAMH,
yHOpOUIEHUE MPOILeaAyp CepTUPUKALMK, PACIPOCTPAHEHUE CTaHAAPTU3AIMKU Ha MPOAYK-
U0 TPEINPUSTUNR YacTHOrO cekTopa. boiblioe BHUMaHUE yAENSeTCs CTaHIapTam,
HaIlpaBJICHHBIM Ha 3alIUTy OKpYKaloLIeH Cpeibl, pelIeHHe COLMAIbHBIX TPO0JIeM, CO3/1a-
HUE YCIIOBUM NJIsi CIPAaBEAJIMBONM KOHKYPEHIIMHU, COXPAHEHHE JUAEPCTBA B 00JIaCTU CTaH-
JapTU3aluu B A3MaTCKO-THX00KEaHCKOM PErHOHE.

9 UndopmannoHHoe odecrneyeHHe CTAHIAPTU3AIUMN

HannonansHOMY Oprany mo craHaaptuszauuu — Poccmanoapmy - NPegOCTABIEHO
UCKITIOUYUTEITLHOE MPABO OMYOIMKOBaHUS O(GUIIHATIEHON HHPOPMAITIH:

- peecTpa OPOIYKIMHU U YCIYT, CEPTUPUIMPOBAHHBIX U MAPKUPOBAHHBIX 3HAKAMHU
COOTBETCTBUS U OOpallleHHs Ha PBIHKE;

- POCCHICKHX, MEXIYHAPOIHBIX, PETHOHAJIbHBIX, HAlMOHAJIBHBIX HOPMATHBHBIX
JIOKYMEHTOB.

Hammonanpnbiii opran P® no crangaptuzanuu Benér Pedepanvubiili hOHO cmaH-
0apmog — COBOKYITHOCTh HOPMATHBHBIX JOKYMEHTOB IO CTaHAApTU3AIlMU, METPOJIOTHH,
OIICHKE COOTBETCTBUS. B (hoH BXOIAT:

- HopMaTuBHbIE akThl PD 1o crangapTuzamnmum, cepTuduxanum, METPOIOTHY;

- TOCYIApPCTBEHHBIE PEECTPHI;

- TOCYIApCTBEHHBIE CTAHJAPThI, UX MTPOCKTHI;

- MpaBuUJia, PEKOMEHJAIUU B 00JIACTU CTaHIApTU3AIIUH;

- CTaHJApThl OTpaciied, MPEeINpUITHI, HAYYHO-TEXHUUECKUX W HH)XEHEPHBIX 00-
IIECTB, OOIIECTBEHHBIX OpTraHU3allni;

- obmepoccuiickue KiacCu(PUKaTopbl TEXHUKO-IPKOHOMHUYECKON U COIMAIbHON WH-
bopmanuu;

- MEXyHapOIHbIE JOTOBOPbI, HOPMATUBHBIE IOKYMEHTBI, TPUHATHIE MEXIYHAPOI-
HBIMH, PErMOHANILHBIMU, HAITMOHAJIbHBIMU OpTaHU3aIUSIMH 3apYOeKHBIX CTpPaH.

['onoBHast opranuzanusi M0 UHPOPMAIMOHHOMY OOECIEYCHHUIO CTAaHIAPTH3AIUU -
BHUUWKMU - Bceepoccuiickuit HUW knaccudukaum, TepMUHOIOTHH U WHGOPMAIIHH TI0
crangaptuzanuu U kauectsy. BHUNKU coBmectHo ¢ apyrumu HUW u IMC Benér aB-
TOMATU3UPOBAHHBIN OAHK OTEUYECTBEHHBIX, MEXIYHAPOJIHBIX, PETHOHAIIBHBIX, 3apPyOexK-
HBIX CTaHAAPTOB U HOPMATUBHBIX IOKYMEHTOB IO YIIPABJICHUIO KAYE€CTBOM.

BHUUKMU ucnonuser yHKIIUIO HAITMOHATIBLHOTO IIEHTPa MEXIyHapOoIHOU UH(OP-
MarmoHHou cetu no crangaptuzaun MCOHET, pykoBOACTBO JIESITEIbHOCTHIO KOTOPOU
ocyuiectBisier Komurer no nHdopmanmonusiM cucremam u yciayram MHOKO, Bxons-
muu B Coet MUCO.

Pa3BuTtne MHPOPMAITMOHHBIX TEXHOJIOTHMH IMOBBICHIIO aKTyaJIbHOCTh KilaccU(pUKa-
uui 1 KogupoBaHus uHpopmauuu. B PO coznana Eounas cucmema xknaccuguxayuu u
KOOUPOBAHUSL MexHUKo-sKonomudecxou u coyuanvrou ungpopmayuu (ECKK), odbekramu
KOTOPOU BBICTYINAIOT:

- cTaTUCTUYECKast HHPOpMAIIUs;

- MaKpPOIKOHOMUYECKasA, ((GUHAHCOBAsI, MPABOOXPAHUTEIbHAS ACSITEIBHOCTD;

- OaHKOBCKOE J1e710, OyXraiTepcKuil yueT;

- CTaHAapTHU3aLIUs, OLICHKA COOTBETCTBUSL;
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- IPOU3BOCTBO MPOAYKIIMH, IPEIOCTABICHUE YCIYT;

- TOPrOBJIsl, TAMOYKEHHOE JIEJIO;

- BHEIIIHEOKOHOMHYECKASI 1EATEIBHOCTD.

Cocrasisromue ECKK:

- ob1epoccuiickue Kinaccu(pukaTopbl TEXHUKO-IKOHOMUYECKOW U COLMAIbHON UH-
(dopMaruu, cpeacTBa UX BEICHUS;

- HOpMaTUBHbIE, METOJINYECKUE JOKYMEHTHI 110 UX pa3paboTKe, BEACHUIO U pUMe-
HEHHIO.

Hannonansheiii opran P® no cranpaptuszanuu npussit 6osee 20, B cTaauu BHE-
peHHst HaxosaTcs Ooiee 25 001mEepOCCUiCKUX KiacCu(UKaTopoB, TapMOHU3UPOBAHHBIX C
MEXKIyHApOJAHBIMHU CTaHJApTaMU U KilacCu(pUKaIIMU.

JleiicTByto1ME OOIIEPOCCUNCKHE KITACCU(UKATOPHI:

- OKIIO — npennpusATrii U OpraHu3aluim;

- OKOI'Y — opranoB rocyjapCTBEHHOM BJIACTH U yIPABIICHHUS;

- OKOP — 5)KOHOMUYECKHUX PallOHOB;

- OK/{I] — BUAOB 3KOHOMHUYECKOU ACATENBHOCTH, IPOLYKIIUU U YCIIYT;

- OKCO — cnenualibHOCTEH MO 00pa30BaHMIO;

- OK3 — 3ausruii;

- OKV/[ — ynpaBlIeHUECKOW JOKYMEHTALUH;

- OKII — nponykuuu;

- OKC — crannapTos;

- OKIIATP — npodeccuii paboyux, TOJKHOCTEHN CITy>KaIlUX, TApUPHBIX pa3psiioB;

- OKO® — ocHOBHBIX (hOHJIOB;

- ECKJ] — u3nenuii 1 KOHCTPYKTOPCKUX JTOKYMEHTOB B MAaIIMHOCTPOEHUU;

- OKEH — enuHnL H3MEpPEHNUS;

- OKCBHK — cniennanbHOCTE!N BbICIIEH HAyYHOU KBATU(UKALIIH.

HannonanbsHbie cTanmapThl, o01iepoccuiickue kiaccudukaTopsl U nHGopManus oo
UX pa3paboTKe AOKHA ObITh JOCTYIHA 3aMHTEPECOBaHHBIM JullaM. M31aTenscTBO HAlLM-
OHaJIbHOrO opra”a P® no crangapTyu3alny BBITYCKAET IIUPOKUNM CIIEKTP HAMMEHOBAHUU
NeYaTHOW MPOIYKLUHH — CTAHIAPThl, HOPMAaTUBHBIE JOKYMEHTHI, CIIPABOYHUKH, KYPHAJIbI
C NPUJIOKEHUSIMH, yueOHas TuTeparypa.

10 PaGoThl mo cTaHAAPTH3ALMH

PaboThI, BRIMOMHSAEMBIC NMPU CTaHAAPTU3AINMH, B YCIOBHIX COBPEMEHHOTO IPOM3-
BOJICTBA CIIOCOOCTBYIOT:

- COBEPIIICHCTBOBAHUIO OPTaHU3AIMH B YIIPABJICHUS TIPOU3BOJICTBOM;

- TIOBBIIIICHHUIO TTPOU3BOJIUTEILHOCTH 000PYAOBaHUS U TICPCOHAIA;

- YIYYIIEHUIO TTPOCKTUPOBAHUS W U3TOTOBJICHUS MTPOIYKIIUHA, OCOOCHHO TIPH KPYTI-
HOCEPUITHOM, MAaCCOBOM MPOU3BO/ICTBE;

- YCKOPEHUIO pa3pabOoTKH HAYKOEMKHX, MAJIOOTXOIHBIX TEXHOJIOTHIA,

- TIOBBITIICHUIO CTAOMJIBHOCTH KauecTBa TOBAPOB, padOT U yCIIYT;

- JKOHOMHH PECYPCOB BCEX BUIOB — MAaTEPUATBHBIX, YHEPTETUIECKUX, BDEMEHHBIX,
JFOJICKHX;

- Pa3BUTHIO OE30TXOAHBIX TEXHOJIOTUH M 3aITUTE OKPYKAIOMIEH CPEJIbI.
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OcHoBHBIE pa0OTHI (METOMBI CTAHAAPTU3AINH), BBIMOJIHSIEMBIC MPU CTaHIAPTH3A-
UU:

- cucTeMaru3anusi 00bEKTOB, SBICHUM WU TTOHSITHH,

- KOJIMpOBaHUE U KJaccuUKaIs TEXHUKO-3KOHOMUYECKON HH(pOpMAITNH;

- yHU(UKAIUSA U CUMIUTU(UKAIMS JeTallel, COOPOUHBIX €/IMHULI, y3JI0B, arperaTos,
MalIuH, NpUOOPOB;

- TUMH3AIUS KOHCTPYKIIUN U3JEINI 1 TEXHOJIOTMYECKHUX MPOIIECCOB;

- arperaTupoOBaHUE MAIIIMH U APYTUX U3IETUI.

Cucmemamuszayusi 00ekmos, A61eHull uiu NOHAMUL — PACIOI0KEeHNE 00OBEKTOB B
oTpeIeIEHHOM TOPSIIKE M TMOCJIEI0BATEILHOCTH, 00pa3yrome 4ETKYI0 CUCTEMY, yI00-
HYIO JUIs TToyih30BaHus. [Ipocteitmue hopMbl cHCTEeMaTH3aIMd — PACIIONIOKEHHUE OO0BEK-
TOB B aJI()aBUTHOM WJIM XPOHOJOTUIECKOM TTOPSIIKAX.

Koouposanue — npucBoeHre mo onpeneNéHHbIM MpaBuiiaM OOBEKTY KOJa, B BHUJIE
couetanus 1upp u O6yks. Koabl obecnieunBaroT uaeHTUPUKALNUSI OOBEKTOB C TTOMOIIBIO
MUHHUMAJILHOTO KOJIMYECTBA 3HAKOB. ABTOMAaTHU3UPOBAHHbBIE CUCTEMbI YIIPaBJICHUS OTpac-
JSIMU TIPOMBIIIJIEHHOCTH C MPUMEHEHUE BBIUUCIUTEIHHOW TEXHUKHU TMO3BOJISIOT 00pabda-
THIBaTh OOJBIION 00BEM MHGOpPMAIINH, 3aKOAUPOBAHHON B JNECATUYHBIX ITU(MPOBBIX KO-
Jax.

Knaccugurayua — pazneneHne MHOXKECTBa OOBEKTOB Ha KIacCHU(DUKAIMOHHBIC
IPYNIUPOBKHU MO CXOJICTBY WUJIM PA3JIMUUIO HA OCHOBE OINPECIEHHBIX MPU3HAKOB B COOT-
BETCTBHH C MMPUHATHIMH TIPABUIIAMH.

Haubonbliee mpuMeHeHNE MONTYUYUI uepapxuyeckul MeTo]] Kiiaccu(pukaiuu, B Ko-
TOPOM MCXOJIHOE€ MHOXKECTBO OOBEKTOB MOCJIEIOBATEILHO pa3/ieisieTcs Ha TOJAMHOXKECTBA
(k1accel, TPyHMbl, BUABI) O MPUHIUIY OT oOmero Kk 4actHoMy. OCHOBHasl CJIOKHOCTb
MpU MIOCTPOCHUU KJIacCU(UKAIIUKU — BBIOOP CHUCTEMBI MPU3HAKOB, OMPEICICHUE MOpsIKa
ux cienoBanus. Mepapxudeckas kinaccudukainus JOrM4Ha, MPOCTa, HO IJIOXO MOAAAETCs
aBTOMATU3UPOBAHHOI 00paboTKe.

@Dacemnublii METO, KIacCUPUKAIIMK TTOAPA3ACISICT 00BEKThl HA HE3aBUCUMBIE TIOJI-
MHOKECTBa, 00JIafatonue OnpeaeaEHHbBIMU MTPU3HAKAMU, HEOOXOJUMBIMH ISl PEIICHUS
KOHKpEeTHbIX 3anad. [Ipuniun nocrpoenus (aceTHor kiaccuuKaiuu — OT YaCTHOTO K
obmemy. Takas kimaccudukaius XopoIio NoaaaéTcs aBTOMaTU3UPOBAHHON 00paboTKe.

[Topsimok mpoBeneHus: padboT Mo Kiaccu(puKauy U KOJUPOBaHUIO HHPOpMAIIHH pe-
riamMeHTrpoBan  ExmHoi  cuctemol  kimaccuuKanMd WM KOJUPOBAHHUS — TEXHHUKO-
skoHoMHuueckoit nHpopman ECKK TOH. Ha ocnoBe Enunoil cucteMbl pa3padaTbiBaioT
kiaccudukaTopbl (00IIEpOCCUICKUM, oTpaciieBoi, mpeanpusatus). Knaccudukarop mno
CTaTyCy NpHUPaBHEH CTAHJIAPTy COOTBETCTBYIOIIETO YPOBHSI.

Vuugukayus — npuBeneHre 00BbEKTOB OJMHAKOBOTO (DYHKIIMOHAJIHLHOTO Ha3HaYe-
HUS K €IMHOO0OPA3HI0 MO YCTAHOBJICHHOMY MPU3HAKY W PAIlMOHAIBLHOE COKPAIICHUE YHC-
J1a 3TUX 00BEKTOB. YHUDUKALUS (3aBOJICKas, OTpAcIeBasi, MEKOTpAcjeBasl) yCTaHABINBA-
€T MUHIUMAJIBHO HEOOXO0JIMMOE HO JIOCTATOYHOE YKCIIO THUIIOB, BUIOB, TUTIOPA3MEPOB, U3-
Jeauii, COOPOYHBIX €AUHUII M AeTajeH, 00J1a1afoNuX BRICOKMM KaueCTBOM M ITOJTHOM B3a-
MMO3aMEHSIEMOCTBIO.

Cumniughuxayus — bopma cTaHIapTU3ALNNUN, TP KOTOPOH YMEHBIIIAIOT KOJTUYECTBO
TUTIOB W3JEIUN 70 BEJIMYWHBI, JTOCTATOYHOW ISl YIOBJIETBOPEHHUS CYIICCTBYIOIINX B
JTAHHOE BpeMs TOTPEOHOCTEM.
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Tunuzayus koncmpykyuu usoenut — pa3padoTKa U yCTAHOBJICHHE THIOBBIX KOH-
CTPYKIIMH, COJepKaIllUX KOHCTPYKTUBHBIE MapaMeTpbl oOIIue JUIsl U3eanii, COOPOUHBIX
CJIUHUILL, JeTaJICH.

Tunuzayus mexHono2uuecKuUx npoyeccos — pa3padoTKa U YCTAHOBJICHHE TEXHOJO-
THYECKOro IMpoliecca, sl MPOU3BOJICTBA OJJHOTUITHBIX JI€Taneil uir cOOPKU OJHOTHUITHBIX
COCTaBHBIX YaCTEU WJIK U3JIECIIUM.

Aepecamuposanue — cO3laHi€ MAIllUH, 000PYI0BaHUs, IPUOOPOB U JAPYrUX HU3e-
Ui 13 YHUGUITMPOBAHHBIX CTAHAAPTHBIX arperatoB (aBTOHOMHBIX COOPOYHBIX €IMHUII),
YCTAaHABJIMBAEMbIX B M3JICTUU B PA3IUYHOM UYKCII€ U KOMOWHANUAX. M3 MUHUMaIbHOTO
4yycIa TUIOPAa3MEPOB ABTOHOMHBIX arperaroB CTPEMSTCS CO3/aThb MAKCHUMAJIBHOE YHUCIIO
KOMIIOHOBOK 000pY/10BaHUSI.

Ipunyunel, oNpenesAOIIMEe COBPEMEHHYI) HAYYHO-TEXHHUYECKYIO OPraHU3aLHUIO
paboT Mo CTaHAAPTU3ALIUU:

- cucmemMHoCmu,

- obecneyeruss QYHKYUOHANbHOU 63AUMO3AMEHAEMOCMU CMAHOAPMUIUPYEMBIX U3-
oenuil;

- HAYYHO-UCCIe008aMENbCKUIL;

- nPeonoYmuUmenbHOCmu;

- NPO2PeCcCUsBHOCMU U ONMUMUZAYUYU CMAHOAPMOS;

- 83AUMOYBA3KU CMAHOAPMOS;

- MUHUMATBbHO20 YOeNbHO20 paAcxo0d Mamepuaos.

Ipunyun cucmemnocmu - IPUMEHEHUE COBOKYITHOCTH B3aWMOCBSI3aHHBIX JJIEMEH-
TOB, (YHKIIMOHHUPOBAHUE KOTOPBIX MPUBOJUT K BHITOJHEHUIO TTOCTaBJIEHHOM 11€JIM C MaK-
CUMaJbHON 3 (PEKTUBHOCTHIO M HAUMEHBIIMMU 3aTpaTamu. HayyHo-TeXHMUYECKHIl mpo-
rpecc BbI3BaJl HEOOXOAMMOCTh CHCTEMHOTO MOJXO0Jla K IMpOLecCy MPOU3BOJCTBA, BKIIIO-
Yalolero TpyA JoJeH, cpeactsa (00opyaoBaHUE, OCHACTKA, HHCTPYMEHT, CPEACTBA KOH-
TPOJIS) U IPEIMETHI Tpyia (MPOAYKIHUS HA CTAAUSAX €€ CO3JaHUs U UCTIOJIb30BaHHUS ).

Ipunyun obecneyenusi QyHKYUOHANILHOU 83AUMO3AMEHAEMOCMU CMAHOAPMUIUD)-
emblx uzoenuu — o0ecreyeHne B3auMO3aMEHSIEMOCTH MO AKCILTyaTal[MOHHBIM IOKa3aTe-
asM. [IpuHIMD SBISETCS TJIABHBIM MPHU KOMILJIEKCHON M ONEepeKaronlel CTaHIapTU3alun
1591 (017178

Hayuno-uccnedosamenvckuti npunyun paspabomxu cmaHoapmog — TPOBEACHUE
CHEIUATIBHBIX TEOPETHYECKUX, IKCIIEPUMEHTAIBHBIX M OMBITHO-KOHCTPYKTOPCKHUX padoT
JUIS1 TIOATOTOBKYU IIPOEKTOB CTAHIAPTOB.

IIpunyun npeonoumumenbHocmuy — YCTAHOBJIEHHE HECKOJIBKUX PSAIOB 3HAYEHUU
CTaHJIAPTU3UPYEMBIX IMapaMETPOB, YTOOBI MPU UX BHIOOPE MIEPBBIN PsiJl MPEANOUYECTh BTO-
pomy, BTOpoil — TpetbeMy. [lIupokoe npuMeHeHne MOJYYUIn PsiAbl MPEAOUYTUTEIbHBIX
YHCeJl, TIOCTPOCHHBIE 0 MPUHLMIY reoMeTpudecko nporpeccuu. [IpuHuun sasisiercs
TEOPETUYECKOW 0a30il COBPEMEHHOW CTaHJapTU3alUU, MO3BOJIIET MOBBICUTH YPOBEHb
B3aMMO3aMEHSIEMOCTH, YMEHBIIUTh HOMEHKJIATYypy THUIIOPa3MEpPOB 3aroTOBOK, JIE€TaJCH,
u3nienuit, co3naétr ycioBus d(PPEKTUBHON CIENUATU3ANNA U KOOTIEPUPOBAHUS B TIPO-
MBIIIUIEHHOCTH.

IIpunyun npoepeccusnocmu u onmuMu3ayuY CMaHoapmos — COOTBETCTBUE MTOKa3a-
TeJe, HOPM, XapaKTEPUCTHUK W TPeOOBAaHWUN B CTaHAApTaX MHUPOBOMY YPOBHIO HAYKH,
TEXHUKH, MMPOU3BOJICTBA, YUET MPOTPECCHUBHBIX TEHICHIIMN PAa3BUTHS CTAHIAPTU3HUPYE-
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MBIX 00beKkTOB. [IpHHIIKIIa TO3BOJSET MONIYyYaTh B MPOU3BOACTBE MAKCUMAJIbHBIA 3KOHO-
MUYecKkuil 3QPEKT Mpu MUHUMAIBHBIX 3aTpaTax.

Ipunyun 63aumoyesasxu cmanoapmos — y4€T BCeX OCHOBHBIX 3JIEMEHTOB ((akTo-
POB), BIUSIOIIMX HA KOHEUHBIM 00BEKT cTangaptuzanuu. [Ipu ctangaptuzanuu paccMmart-
PHUBAIOT CUCTEMY XapaKTEPUCTUK U TPEOOBAHUI K KOMIUIEKCY B3aMMOCBSI3aHHBIX MaTepHU-
albHBIX M HEMAaTEpUAIIbHBIX AJIEMEHTOB. BTOpOCTENEHHBIE 3JIEMEHTHI, HE3HAUYUTEIIHHO
BIIUSIIOIINE HA OOBEKT, HE YUUTHIBAIOT.

Ilpunyun MuHUMATLHO20 YOETbHO20 pacxoo0a Mamepuanros — MUHHUMHU3AUUNS
yIETBHOTO pacxoja MaTepuanoB, Moay(padprUKaTOB, CTOUMOCTh KOTOPBIX B MAIIMHOCTPO-
eann coctaBisgeT 40...80% oT koHeuHO# cebecTouMOCTH MpoayKiuu. CTaHaapTH3aIUs
3aroTOBOK, U3EJIHI MO3BOJIAET MOIYYUTh SKOHOMHUIO MATEPUAJIOB 32 CUET PAllMOHAIBHBIX
CXEM M KOMIIOHOBOK MAIlIMH, COBEPIIEHCTBA METOJOB pacyéra JeTajiedl Ha MPOYHOCTH,
MPUMEHEHUSI YKOHOMUYHBIX TMpoduiield, CBAPHBIX KOHCTPYKIUM, JIUTHIX 3arOTOBOK,
MJIaCTMACC, KOMIIO3UIIMOHHBIX MAaTEPUAJIOB.

Memoowvl cmanoapmuzayuu:

- Npo2peccusHas CMaHoapmu3ayus;

- KOMNAEKCHAsL CMAaHO0apmu3ayus,

- onepexcarwas CmaHoapmu3ayusl.

IIpoepeccusnas cmanoapmuzayus (I1IC) — crangaptuszaius, KOTopas OCHOBaHA Ha
UCIIOJIb30BAaHUU TEXHUYECKUX MPOTHO30B, MATEHTOB, N300pETEHUH, MEPEIOBbIX HAYYHO-
TEXHUYECKUX U ONBITHO-KOHCTPYKTOPCKHUX Pa3padOTOK.

Komnnexcnaa cmanoapmusayusa (KC) — crangaptuzanus, npyu KOTOPOM OCYIIECTB-
JSIOT 1LIeJIEHANPABIEHHOE U MJIAaHOMEPHOE YCTAHOBJIEHUE W MPUMEHEHHE CUCTEMBbl B3au-
MOYBSI3aHHBIX TPEOOBaHUI KaK K OOBEKTY B LIEJIOM M €r0 3JeMEHTaM, Tak U K MaTepuaib-
HbIM U HEMaTepualdbHbIM (haKTOpam, BIUSIOMIUM Ha OOBEKT, C LEIbI0 00eCrneyeHus oI-
TUMAJILHOTO pelIeHusi KoHKpeTHOoU npobsembl. CymHocth KC - cucremaTu3zanus, onTu-
MU3AIMs U YBSA3Ka BCEX B3aUMOJEHCTBYIOMUX (haKTOPOB (B Mpoiiecce MPOSKTUPOBAHUSA,
MIPOU3BOJICTBA, IKCIUTyaTaIlMH ), 00ECIIEUYNBAIOIINX YKOHOMUYECKU ONITUMAJIbHBINA YPOBEHb
KayecTBa MPOAYKLUHU B TpeOyeMble CPOKH.

Onepeorcarowas cmanoapmuzayus (OC) — yCcTaHOBJIECHHE TOBBIIMICHHBIX IO OTHO-
IICHUIO K JOCTUTHYTOMY Ha MPaKTHKE YPOBHIO HOPM, TPEOOBaHMM K OOBEKTaM CTaHIap-
TU3AIH, KOTOPbIE, COTJIACHO TEXHUYECKUM MPOTHO3aM, OyIyT ONTUMAJILHBIMU B TOCIIE-
nyromiee rianupyemoe Bpemsi. OC OTHOCST K U3JIETHI0, ITOKA3aTENSIM €r0 KayecTBa, Cpel-
CTBaM MPOMU3BOJCTBA, METOAAM HUCHbITaHUs, KOHTpossi. OC — ocHOBa MPOEKTUPOBAHMS
HOBOMH, 00JIee COBEPIIIEHHON TEXHUKH.

B kauecTtBe mpumepa KOMIUJIEKCHOM CTaHAAPTU3AIMM MOXHO NpuBecTH Meowcom-
pacnegyro cucmemy o0OWemexHuyeckux cmanoapmos, HalpaBJICHHYIO0 Ha PEIICHUE KPYII-
HBIX HAPOJHO-XO35MCTBEHHBIX 3a7a4, ooecniedeHue 3(h(HEeKTUBHOCTU MPOU3BOJICTBA BBICO-
KOKQue€CTBEHHOW MPOIYKIIUH.

B 4ucne npouynx B MEKOTPACIEBYIO CUCTEMY BXOJAT:

- ECK/[ — enunas cucremMa KOHCTPYKTOPCKOM JJOKYMEHTALINH;

- ECT/[ — enuHasi cucteMa TEXHOJIOTUYECKOM TOKYMEHTAIIUH;

- CIIKII — cucteMa nokasaTeseil kKauecTBa IpOIyKIINH;

- VCJ[ — yanunupoBaHHbIe CUCTEMBI IOKYMEHTAIINH;

-CUBH]] - cucrema nHpopMamoHHO-OuOIHOrpaduyecKoil TOKyMEeHTalluu;
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- ['CH — rocynapcTBEHHasl cucTeMa 00ecredeHus! €IMHCTBA U3MEPEHUI;

- EC3KC — enunas cuctemMa 3alluThl OT KOPPO3UU U CTApEHUSI MAaTEPUAJIOB U U37e-
JIMU;

- CIaHoapmsl HA MOBAPLL, NOCMABTISIEMble HA IKCNOPM,

- CCHT — cuctema ctan1apToB 0€30MaCHOCTH TPY/a;

- ECTIII] — enuHas cuctemMa TEXHOJOTHYECKOW MOATOTOBKH MPOU3BOJICTBA;

- paspabomka u NOCMAaHo8Ka NPOOYKYUU Ha NPOU3800CMEBO,

- cucmema cmaHoapmos 8 061acmu OXpanvl NPUPOObl U YIyUUleHUs UCHOTb308AHUSL
NPUPOOHBIX PECypPCos,

- ECIIJ] — enuHas cucteMa MporpaMMHOM IOKYMEHTalNH;

- ECI'VKII — enuHas cucTeMa rocy1apCTBEHHOIO YIPABJIEHUS KauyeCTBOM MPOAYK-
11Y;

- CIIJIC — cucrema NpOEKTHON TOKYMEHTALUN JIJIsI CTPOUTEIBCTBA;

- ECCII — enuHas cuctemMa CTaHJapTOB IPUOOPOCTPOCHUS.

ECK/]I — cucrema, ycTaHaBIMBaromas sl BCEX OpraHU3aldi U NpeIIpUATUN €I1-
HBI MOPSI0K OPTaHU3AlMU MPOEKTUPOBAHUS, €IMHBIE MpaBUja BBIIOJHEHUS U 0OpM-
JICHUS YEPTEKEU M BEIEHUS YEPTEKHOIO XO35AMCTBA. DTUM CTaHAAPTaM IIPUCBOEH KJacc
2, varipumep 'OCT 2.001-93.

Ocnosnsle 3agaun ECKJI:

- IIOBBIIICHUE IPOU3BOJUTENBHOCTH TPYJa KOHCTPYKTOPOB;

- YIIyYIIEHHE Ka4eCTBa YEPTEKHON TOKYMEHTALUH;

- o0JieryeHre B3auMoOOMeHa KOHCTPYKTOPCKOM JTOKYMEHTAMEH MEXI1y OpraHu3a-
USMU,

- yriiyOsieHue yHuUKaum npu pa3paboTKe MPOESKTOB U3ICIINA;

- ynpouieHue popM KOHCTPYKTOPCKHX JOKYMEHTOB, TpapuuecKuX H300pakeHUI,
BHECEHHSI B HUX U3MEHEHUMH;

- MEXaHM3alMsl U aBTOMaTH3alusl 00pa0OTKH TEXHUYECKUX JOKYMEHTOB;

-3(ppexTruBHOE XpaHEHHUE, YUET TOKYMEHTOB, COKPAIIEHUE X 00BHEMOB,;

- YCKOpEHHE 000poTa IOKYMEHTOB.

I'maBHbIE nepcnieKTUBHBIE HarpaBiieHus pazsutusi ECK/:

- TMOJIHOE JTOKYMEHTAJIbHOE OOEeCreueHnue CUCTEM aBTOMAaTH3alMM MPOEKTHO- KOH-
CTPYKTOPCKHX PaboT;

- JIOKyMEHTaJIbHOE€ O0ecleueHUue aBTOMATHU3MPOBAHHBIX CHUCTEM YIIPABJICHUS Ha
roCyAapCTBEHHOM, OTPACIE€BOM YPOBHSX U Ha MPEINPUATHUSX;

- co3/laHue OOIIEeroCyIapCTBEHHON CEeTH BBIYMCIUTEIBHBIX IIEHTPOB Ha 6aze DBM
yeTBEPTOro (cBepxMuHUATIOpHBIEe DBM Ha OONBIIMX MHTErpajbHBIX CXEMaX) U MSTOrO
(Ha OCHOBE CBETOBBIX U ONTHUYECKUX SIBJICHHI ) TOKOJICHUIA.

Cucrema ECK/] mupoko uCnonb30BaHa B COBPEMEHHBIX YCIOBUAX IIPU:

- pa3paboTKe aBTOMaTUYECKUX CUCTEM YIPaBJIEHUS IPOU3BOJICTBOM;

- CO37JaHUM U MPUMEHEHUU MAIIMHHBIX HOCHUTEJIeH MH(OpMAIMK B KaueCTBE IOpH-
JUYECKH MPEAYCMOTPEHHBIX (POPM MPEACTABICHUS JOKYMEHTAINH;

- IPUMEHEHUH JEHCTBYIONIUX KJIaCCU(UKATOPOB U CUCTEM JOKYMEHTAIUU;

- BHEAPECHUM CTAHJIAPTHBIX MporpamMMm cOopa, XpaHEHHUsd, nepefaadun u oOpaboTKu
uHpOpMaIuu B OOIIETOCYAapCTBEHHON aBTOMAaTU3MPOBAHHOM CHCTEME.
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ECT/] — cucrema, ycTaHaBIMBAIOIIAs 111 BCEX OpraHU3alMUi U IPEeANpPUATUNA e11-
HbI€ B3aMMOCBS3aHHbIE IIPAaBUJIa, HOPMBI U TOJOXKEHUS BBIIOJIHEHUS, O)OPMIICHUS, KOM-
IUIEKTallUd U OOpalieHusl, yHU(UKALUU U CTaHAAPTU3ALUU TEXHOJIOTUYECKON JTOKyMEH-
Taluu. DTUM CTaHJapTam npucBoeH kinace 3, Hanpumep 'OCT 3.1103-84.

ECT/I pemaer uHpopMallMOHHbIE U OPraHU3allMOHHbIE 3a/]a4u:

- IIUPOKOTO BHEAPEHUS TUIOBBIX TEXHOJOTMYECKHX IPOLIECCOB, OCHOBAHHBIX HA
TEXHOJIOTMUECKOM KJIacCU(PUKATOpE eTanel MalIMHOCTPOEHUS U IPUOOPOB;

- COKpaIlleHus1 00bEMa, YIOpsI0UeHUsT HOMEHKIATYPbI, YCTAaHOBJICHUSI TIPABHII CO-
CTaBJICHUS TEXHOJOTMYECKON JOKYMEHTALINH;

- pa3pabOTKU CUCTEM HOPMATUBOB OCHOBHOI'O IIPOM3BOJICTBA U YUETa;

- IOBBIIICHUS] B KOHEYHOM UTOT'€ MPOU3BOJUTEIBHOCTH TPY/1a TEXHOJIOTOB.

ECCII — cuctema, mpu3BaHHasi yHU(PUIUPOBATH U COTIACOBBIBATH MO MPHHIIUITY
arperaTUpOBaHUs MAPAMETPhl U XapPaKTEPUCTUKU MPUOOPOB M YCTPOMCTB, BXOIALIUX B
CUCTEMY aBTOMAaTHYECKOTO KOHTPOJIS, PETYJIUPOBAHUSA U YNPABICHHUS CIOKHBIMUA TEXHO-
JorudyeckuMu nporeccamu. OJHOBPEMEHHO CHUCTEMa OOECHeUMBAET (PYHKIMOHAIbHYIO,
UH(POPMAILIMOHHYIO, KOHCTPYKTUBHYIO, SKCILTyaTallHOHHYIO COBMECTHMOCTH YKa3aHHBIX
npuOOPOB ¥ TEXHUUECKUX CPEJCTB.

CoBMECTUMOCTh TEXHMUYECKUX CPEJCTB — OOECIEUEHUE COTIACOBAaHHOW COBMECT-
HOW palOTHI 3TUX CPEJICTB B MPEAYCMOTPEHHOM COUYETAaHUHM, B PEKOMEHyEMOM JHaria-
30HE€ HOPMHPYEMBIX MapaMeTpoB (IHEPrOHOCUTENH, MPUCOCAUHUTEIbHbIE U radapuTHO-
YCTAaHOBOYHBIE pa3Mephl, 3prOHOMUYECKHUE TPEOOBAHUS).

[loBbIIeHHE TpeOOBaHMI MOTPEOUTENS K TEXHUYECKOMY YPOBHIO U KayeCTBY MPO-
DYKIUU, HEOOXOUMOCTh JTaJbHEHIIIEro COBEPIUICHCTBOBAHUS KauyeCTBA ONPEEsIOT ypo-
BEHb U CI0)KHOCTh padOoT MO CTaHAApTU3ALMH, IOUCK COBEPIIEHCTBOBAHUE HOBBIX 3P dek-
TUBHBIX (DOPM pa3paOOTKU CTaHIAPTOB HA MPOAYKIUIO U YCIYTH C YYETOM MEXIyHApOI-
HOTO pa3lieJieHusl TpyAa, KOONepUpOoBaHUsl U 0COOCHHOCTEN TOBApOOOMEHA B CTPAHE M 3a
pyoexxom.

Cucmema ynpaenenusi Kauecmeom — COBOKYIIHOCTh OPraHM3aLMOHHON CTPYKTYpBI
U MIPOLEAYP, IPOLECCOB, PECYPCOB, OTBETCTBEHHOCTH paOOTHUKOB, HAIIPABJIEHHAs HA T10-
BbIILIEHHWE KayecTBa mpoaykuuu (pabot, yciyr). Ha ocHOBaHMM MHpPOBOrO OIBITA IO
ynpasieHuto kauecTBoOM B P® npunsatel ctangaptel 'OCT P UCO cepun 9000. B ocHoBe
3THX, a TaK)K€ BHOBb pa3pabaThIBa€MbIX MEXAYHAPOIHBIX CTAaHAAPTOB, MOJIOKEHbI IPHUH-
IIUIIBI YTIPABICHUS Ka4eCTBOM:

- OPHEHTAIMs Ha 3aIPOChl U TPeOOBaHUS IOTPEOUTENS;

- IOBBIIICHUE POJIM PYKOBOJUTENSI B OpTaHU3ALMK YIIPaBICHUS Kaue€CTBOM;

- BOBJICYUEHUE MHUIIMATUBBI U OTBETCTBEHHOCTH MEPCOHAIIA;

- pa3paboTka mnpolecca JOCTUKEHHUS KeTaeMoro pe3yJsbTaTa;

- IPUMEHEHHE CUCTEMHOTO aHau3a JJisl MOBbIIEHUS 3()PEKTUBHOCTU PYHKIIMOHU-
POBaHUsI CUCTEMbI B3aUMOCBSI3aHHBIX MPOIIECCOB;

- popmupoBaHuEe NOTPEOHOCTH Yy MEPCOHANA OCTOSIHHOTO YIIYUILIEHUS TPOIYKIUH,
IIPOLIECCOB U CUCTEMBI B LIEJIOM;

- IPUHSTHE PEIlIeHUI Ha OCHOBE cOOpa M aHaju3a JaHHbIX U HHPOpMAIIH;

- IOCTAHOBKA B3aMMOBBITOJHBIX OTHOLUIEHUH C MOCTaBIIUKAMMU.

Hanuuue ceptudukara cuctemMbl KadecTBa SBISETCS HEOOXOIUMBIM, XOTS U HE J0-
CTaTOYHBIM, YCIOBUEM BbIXOJa MPOAYKIMU HA MEXITYHAPOIHBIN PBIHOK.
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3AK/IIOYEHUE

[TIpomeiennocts Poccuiickon depepanuy KOHIA BOCBMUIECATBHIX TOJIOB IPO-
nuioro crojetus oocmyxuBainy 80...100 ThIC. CTaHAAPTOB, B TO BpeMs KaK HEOOXOIUMOE
U JIOCTaTOYHOE KOJIMYECTBO CTAaHAAPTOB cocTaBisuio 1...2 Thic. M30bITOUHAS cTaHIapTH-
3aIMs yCIIOXKHsIa pa3paboTKy HOBBIX BUIOB MPOJYKIIMM U COBPEMEHHBIX pecypcochOepe-
rarolux, MaJoOTXOJHbIX, IKOJIOIMYECKH YUCThIX TeXHOJIOrni. CyllecTBYIOIasi B CTpaHe
CHUCTeMa CTaHJAAPTU3alMU B YCJIOBUAX CTAHOBJICHUS PHIHOYHBIX OTHOLICHWM IIPEBPATH-
Jach B NPEMSTCTBUE PA3BUTHA NMPOU3BOICTBA HOBBIX BHUJOB TOBApOB. 3aKOH Poccuiickoii
®enepannu «O cTaHAApTU3ALKUN» COBMECTHO € 3aKOHOM «O 3ammre mpaB moTpeduTe-
aei» 6onee 10 ner sABIsICA 3aKOHOATEIBHON OCHOBOW CTaHmapTu3anuu. B Havane nBa-
JIATh MEPBOTO BEKA B CTpaHE Ha3pesia HE0OXOAUMOCTh COBEPILIEHCTBOBAHUS OCHOB TOCY-
JApPCTBEHHOM CTaHIapTU3ALMH.

®enepanpHbIil 3aK0H «O TEXHUYECKOM PETYIMPOBAHUM MPU3HAJ YTPATUBLIUM CH-
7y 3akoH 0 «CraHgapTH3aluu» W NPEIOCTaBUI HOBBIE BO3MOYKHOCTH IO JajbHEHIIEMY
COBEpUICHCTBOBAHUIO CTAHJAPTU3ALMU U OLIEHKU COOTBETCTBHS TOBAPOB M YCIYT 00s13a-
TEJbHBIM TPEOOBAHUSAM CTaHIAPTOB. 3aKOH «(O TEXHUYECKOM PEryJIUPOBAaHUU» ONpeie-
JIWJT IPUOPUTETHBIE LN CTaHJAPTU3ALIUN — [TOBBIILIEHUE YPOBHS O€30MACHOCTH TPakJ1aH
U MMYLIECTBA, SKOJOIMYECKOH O€30MacHOCTH, OE30MACHOCTH >KUBOTHBIX, PAaCTCHHM, a
TaKk)ke 00ecleuyeHrne HayYHO-TEXHUYECKOI0 NpOorpecca M MOBBIIIEHUE KOHKYPEHTOCIIO-
COOHOCTH IPOAYKUHUHU, PabOT, YCIYT.

JlanpHeliee pa3BUTHE CTAaHAAPTU3ALMH, IMUPOKOE NMPUMEHEHUE NPOIPECCUBHOM,
KOMILJIEKCHOM M ONEpeKarollel CTaHIapTU3aLUUU SIBISIIOTCA HEOOXOJUMBIMU U OIpefe-
JSIOIMMHU YCIOBHSIMU POCTa HALIMOHAIBHOT'O BAJIOBOTO MPOIYKTa, POCTa 011aroCOCTOSHHUS
rpakIaH, yCIEIIHON MHTErpaluyd 3KOHOMUKM POocCcMy B MHUpPOBYIO SKOHOMHYECKYIO CH-
CTEMY, PACIIMPEHHsS MEKIYHAPOAHOIO SKOHOMHYECKOIO M HAyYHO-TEXHHUYECKOIO CO-
TPYAHUYECTBA, pocTa 00bEMA U COBEPIICHCTBOBAHUS CTPYKTYPhl MEKIYHAPOJHOTO TOBA-
pooOMeHa B MHTEpecax HaceJIeHHUs U roCyAapCcTBa.
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IMPUJIOXKEHUE A

Tabmumna 1 - ITepeueHs CHCTEM MeKIOCYIapCTBEHHBIX U I'OCY1apPCTBEHHBIX

CTaHIapTOB
AdGpepnatrypa B | [lIudp B | Kareropua
HanmeHoBaHHEe cHCTEM 0003HaUEHHH 0bo3Ha- cTaHIap-
CcTaHJapTa YeHHH TOB
1 2 3 3!
['ocymapcTBeHHAas CHCTEMa CTaHIapTH3AHH . _ .
yAap AAPTIHSE rCC 1. TOCT P
PD
Enmnad cucTeMa KOHCTPYKTOPCKOH - .
A PYKIOP ECK]] 2. TOCT
JOKYMEeHTaI[HH
EmmHadg cHcTeMa TeXHOTOTHIecKOH . .
! ECT]I 3. roCT
JOKYMEeHTallHH
(CHcTeMa [IOKa3aTelneil kauecTBa MPOIYKIIHH CIIKII 4. TOCT
i - i IoCT
VHHDHITHPOBAHHAA CHCTEMA JOKYMEHTAIIHH YCIO 6. )
IOCTP
CHcTeMa HH(pOPMaLIHOHHO- . - .
CHcTeMa HEOpMaIT CUBI TOCT
OGubaHorpaduieckoi JOKyMeHTaIlHH
['ocymapcTBeHHas cCHCTeMa 00ecIIeueHHA . T'oCT
. . I'cH 8. .
€IHHCTBA H3MEPEHHH ITOCTP
EnmHag cucTeMa 3al0HTEL OT KOPPO3HH H e .
A am PP EC3KC 9. TOCT
CTapeHHA
. ~ . - TOoCT
CHcTeMa cTaHZapTOB 0€30IIaCHOCTH TPYIa CCBT 12. .
I'OCTP
IoCT
Penporpacdus - 13. .
porpad TOCT P
EmmHadg cucTeMa TeXHOTOTHIecKOH . '
A ECTITI 14. TOCT
IIOATOTOBKH IIPOH3BOCTBA
Cucrema pa3padOTKH H NOCTAHOBKH CPIITI 15 ToCT
[IPOIVKITHH Ha IPOH3BOICTBO I'OCTP
CHcTeMa CTaHZAPTOB B 00/1aCTH 0XPaHBI rOCT
[IPHPOJIBI H YIVUIIIEHHA HCIIOIb30BaHHA - 17. -
PHI Y TOCT P
IIPHPOJHEBIX PECYPCOB
Ennnad cHcTeMa MporpaMMHBIX JOKYMEHTOB ECIIIO 19. TOCT
CHcTeMa IPOEKTHOH JOKYMEHTALHH 110 , . .
am Y CIIZIC 21 TOCT P
CTPOHTEIBCTBY
be3omnacHOCTE B Upe3BRIYAHHBIX CHTYAITHAX - 22. TOCTP
PacueThl H HCIIBITAHHA Ha IPOYHOCTH - 25. TOCT
HanexHocTh B TEXHHEKE - 27. TOCT
CHcTeMa CTaHZAPTOB 3PrOHOMHYECKHX
TpeOOBAHHH H 3PrOHOMHYECKOTO - 29, ToCT
obecrieueHHA
ITHOopManHOHHAA TEXHOIOTHA - 34, I'OCTP
CucreMa ceptuduxanuu TOCT P - 40. I'OCTP
CucTema akkpeguTauHu B PO - 51. I'OCTP
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INPUJIO’)KEHUE b

Ta6mmma b.1 - HopMaTtuBHBIE TOKYMEHTHI IO CTaHIAPTH3ALUN

Haumenosanmue go-

MIPOIIETYPHI), METOJIBI (CTIOCOOBI, TIPH-
€MbI) BBIMIOJTHEHHS pabOT COOTBET-
CTBYIOIIMX HaNpaBJIeHUH, a TaKkxke 005-
3aresbHble TPeOOBaHUS K 0(hOPMIICHHUIO

pe3yJabTAaTOB ATHX PadboT

Onpenesienune Oobo3HaueHnue Cdepa neiictBust
KYMeHTa
1 2 3 | 4
HannonanbHelii Cranpapt, OpUHATHINA .
1 AapT, Tip T'OCTP Poccuiickas @enepanus
crangapt PO @A PocrexperynupoBaHus
Pervonanbheiil ctan-  |Ctangapt, npuHATbId peruoHaisHo  [['OCT, CtpaHbl — YJIEHBI pe-
JapT OpraHu3alMen 1Mo CTaHIAPTU3ALUT CT COB TMOHA
Cranpapt, npussaThii Mexrocyaap-
Aapt, 1ip yaap CtpaHbl — YJICHBI
., |cTBeHHBIM COBETOM IO CTaHJapTH3a-
MexrocynapCcTBEHHBIN MexrocynapcTBEHHOTO
I[UU, METPOJIOTUU B CePTHPHUKAITUN
cTaHaapT (sSBISETCS o coera (MI'C) u (unn)
i MeXrocyiapcTBeHHOW Hay4HO- IoCT .
CTaH/IapTOM PETuo- o . MexrocynapcTBEHHOM
TEXHUUYECKON KOMHCCHUEN IO cTaHAap- .
HAJIBHOTO THIIA) MBI, TEXHIMECKOMY HOPMIPOBA Hay4YHO-TEXHUYECKOMI
’ Y HOpMHP xomuccun (MHTKC)
HUIO U CEpTU(DUKALNN B CTPOUTEIILCTBE
1CO CtpaHbl — YJICHBI U
MexayHapoaHblii Cranpapt, OpUHATBIA MEKIyHAPOAHOU MBK’ YJICHBI-
CTaHIapT OpraHu3aluen o CTaHJapTU3aLNUN ; koppecnonieHTsl UCO
NCO/M3K
u MOK
O6mepoccuiickuit
KJIaccu(puKaTop Tex- OKYMEHT, NpUHAThIA ['occTaniapTom .
¢ p . Hoxy - P Aap OK Poccwuiickas ®enepanus
HUKO-3KOHOMUYeckor |Poccun mm ['occtpoem Poccrn
UHpOpMaLUu
Cranpapt, OpUHSTBIA TOCYAapCTBEH-
HBIM OpPraHOM aBJICHMS B IIpejesiax .
p yrp peil B oxHOM mim HECKOJIb-
Cranpapt otpaciu €ro KoMmrnereHuuu npumenuTenbHo k- (OCT
KHX OTpACIsX
MPOIYKIIUU, pabOTaM U yCIIyram OT-
pacieBoro 3HaYeHus
Cranaapt, IpUHATHIA NPEATPUATHEM
Cranpapt npeanpus- AapT, TP pep Ha nannom npennpus-
- MPUMEHUTEIBHO K BHYTpeHHUM npo-  (CTII -
JTYKIMH, padoTaM U yclyram.
Craggapt, IPUHATHINA HAYYHO- Ha npuxnunmansHo HO-
Cranaapt nayuno- TeXHI/I‘ISCI’(I/II\I;I) WUHKEHE g;M o0rre BbIE ]l:I/II[bI MPOAYKIIMHI
TEXHIHCCKOTO, HHAE™ o o\ v i : UM 06IIl:l)eCTBeHHI)IM CTO MIPOLIECCHI li:n yI/I Me’
HEPHOT'0 00IIIeCTBa YT P > YOI,
00BbeTMHEHUEM TO/bI UCTIBITAHUI
JlokymeHT B 0071aCTH CTaHAApTU3AINH,
METPOJIOTHH, CEPTUDHUKAINH, AKKPEIU-
TalllH, YCTAaHABIUBAIOIINHA 0053aTeIb-
HbIE /I IPUMEHEHHUS OpraHu3auoH-
HO- TEXHUYECKUE U (UJIN) OOLETEeXHU-
[IpaBuia YeCKHE MOJI0KEHUs, nopaaku (npasuia |[1P Poccuiickas @enepanus
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[Tponomxenne Tabnuupl 5.2 HopmaTtuBHbIE JOKYMEHTHI 110 CTaHIAPTU3ALUT

1 | 2 | 3 | 4

JlokymMeHT, pa3paboTaHHBIN Ha KOH-
TexHuuyeckue ycinoBUs [KPETHYIO NPOAYKIMIO (U3aenue, Mmarte- |TY
pua, BEIIecTBO)

Ha koHKpeTHOE u3enue, MmaTepu-
ajl, BEIICCTBO

JIOKyMEeHT B 00JIacTH CTaHAapTH3AIUH,
METPOJIOTHH, CePTUPUKAINH, AKKPEIU-
TaIu, COACPKAIIUN JOOPOBOJILHEBIE
JUTSI IPUMEHEHHS] OpraHUu3alnOHHO-
TEXHUYECKUE U (MIIN) OOIIeTeXHUYe-
PexoMmenmanuu CKHE TOJIOKEHHUsI, TOpsAKY (paBuna P Poccuiickas @enepanus
MpOLIeIypPbl), METOIbI (CIIOCOObI, IPH-
€MbI) BBITTOJTHEHUS pabOT COOTBET-
CTBYIOIIIMX HAIIPABJICHUM, a TAKXKE pe-
KOMEHyeMbI€ MpaBuiia 0(OPMICHHUS
pe3yJabTAaTOB ATUX PadOT

[IpaBuia no Mexrocy-
JapcTBeHHOM cranaap- |Cwm. «IIpaBuna» [IMI'
TU3ALNHU

Crpanbl — unensl MI'C u (nm)
MHKTC

Pexomennanuu no
MexrocyaapctBeHHOM |CM. «PexkoMeHanum» PMI'
CTaHJapTU3aLUU

Crpanbl — unensl MI'C u (nm)
MHKTC

JIoKyMeHT, coeprkalmii 00s3aTelb-
Pernament HBIE IPABOBBIE HOPMBI U IIPUHSATHIN Op- Cdepa nelicTBus periameHTa
raHaMU BJIACTU

Bce neiictyromue B Poccuiickon denepanum rocy1apCTBEHHBIE, MEKIOCYJaPCTBEHHBIE, PETHO-
HaJbHBIC, HALIMOHAJIBHBIE CTAHAAPTHI APYIMX CTPAaH BHOCATCS B €KETOJHO IEPEU3IaBACMBbIi yKa3aTelb
«HanuoHabHBIE CTaHAAPTHI.

Haumonanensle cranaaptsl (TOCT P) paspabaTeiBatoTcss Ha HPOIYKIHMIO, PabOThl U YCIYyTH,
MMEIOIINE MEXOTPACIEBOE 3HAYEHWE, W HE JIOJDKHBI MPOTUBOPEYNUTH 3aKOHOJATENbCTBY Poccuiickoi
denepanuu.

HannonaneHbIE CTaHAAPTHI TOJKHBI COIEPKATH!

. TpeOOBaHUS K MPOAYKIHMH, padoTaM M yciyraM Mo MX Oe30MacHOCTH AJS OKpYy’Karollen
Cpe.bl, )KU3HHU, 3/I0pOBbS U MMYILECTBA, TPEOOBAaHUS TEXHHUKH O€30IIaCHOCTU U MPOW3BOJICTBEHHOU ca-

HUTaApHU;

. TpeOOBaHUS MO0 TEXHUYECKOW 1 MHPOPMAIIMOHHON COBMECTUMOCTH, a TaKXe B3auMo3aMe-

HACMOCTH NPOAYKIHH,

. OCHOBHbIE MOTPEOUTENbCKUE (IKCIUTyaTallUOHHBIE) XapaKTEPUCTUKU TPOAYKLIUU, METObI
UX KOHTPOJIS, TPeOOBAHUS K YIMAKOBKE, MAaPKHUPOBKE, TPAHCIOPTUPOBAHUIO, XPAHEHUIO, IPUMEHEHHIO U

YTWIM3ALUU TPOTYKLINH;

. MpaBUJia U HOPMBI, O0ECTICUNBAIOIINE TEXHUYECKOEe U MH(POPMAIIMOHHOE €IUHCTBO TPH
pa3paboTKe, MPOU3BOCTBE, UCIIOJIB30BAHUHU (IKCILTyaTalli) MPOAYKIIMH, BBITIOJHEHUHA padOT M OKa3a-
HUU YCIYT, B TOM 4YHCJe MpaBuia oGopMIECHUS TEXHUIECKOW JOKYMEHTAIUH, JOMYCKA U TOCaaKu, 00-
niye mpaBmiia o0ecreueHnsl KauecTBa MPOAYKIIUU, paboT U yCIyT, COXpAaHEHUS W PAIMOHAIIEHOTO HC-
MOJIb30BaHUS BCEX BUOB PECYpCOB, TEPMHUHBI U UX OMpPEAEIECHUS, YCIOBHBIE 0003HAUYEHHU S, METPOJIOT -
YECKHe W APYTrue OOIIETeXHWYECKUE W OpPraHU3allMOHHO-TEXHUYECKUE MpaBWia U HOPMBL. B rocymap-
CTBEHHBIX CTaHJApTaX COJEPIKATCS KaK OOsI3aTENIbHBIC IS BBIMOJTHEHUS TPEOOBAHUS K OOBEKTY CTaH-

JapTusanuu, Tak 1 pPECKOMCHIATCIIbHBIC.
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5 INPUJIO’)KEHUE B
Tabmuua B.1 OBHIEPOCCUNCKHUE KIIACCUPUKATOPBI

Kox Hamvenopare OK AoGG6peBuatypa | I'ommnpu- | Jlara BBe-

OK uartust OK | genus OK

001 | O6mepoccuiickmii knaccupukarop cragaapros | OKC 1993 01.01.95

002 | O6mepoccuiickuii Ki1accupuKaTop ycayr OKYH 1993 01.01.94
HACEJICHHIO

003 | O6mepoccuiickuii KacCu(UKaTOp OPraHOB OKOory 1993 01.01.96
rOCYJapCTBEHHOM BIIACTH U YIPABJICHUS

004 | O6mepoccuiickuii knaccudukarop BuaoB 3ko- | OKJII 1993 01.01.94
HOMUYECKOH JICATEIIbHOCTH, IPOIYKIIUU
yeayr

005 | O6mepoccuiickuii knaccudukarop npoaykuu | OKII 1993 01.07.94

006 | O6mepoccuiickuii knaccupukarop uHbpopma- OKHMC3H 1993 01.01.94
[IUH 110 COIMATIBHOM 3aIUTe HACETCHUS

007 | O6mepoccuiickmii kiaccudpukarop npeanpusi- | OKIIO 1993 01.07.94
TUW U OpraHU3alun

009 | OGmepoccuiickuii knaccupukarop crneuans- | OKCO 1993 01.07.94
HOCTEW 10 00pa30BaHUIO

010 | OGmepoccuiickuii kaaccupuKaTop 3aHATUN OK3 1993 01.01.95

011 | OGmepoccuiickuii knaccupukarop ynpasien- | OKVY]] 1993 01.07.94
YEeCKOH IOKyMEHTaluu

012 | O6mepoccuiickmii knaccudukarop uznenmuii 1 | Kiraccugukarop | 1993 01.07.94
KOHCTPYKTOPCKHUX IOKYMEHTOB ECKJ]

013 | OGmepoccuiickuii knaccupukatop ocHOBHEIX | OKO® 1994 01.01.96
dhonI0B

014 | O6mepoccuiickuii KIIaCCU(PUKATOP BATIOT OKB 1994 01.07.95

015 Ob6mepoccuiickuii KiacCu(UKaTOp €AMHHIL OKEU 1994 01.01.96
U3MEpEHUs
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016

017

018

019

020

021

022

023

024

025

026

027

028

029

Oobmepoccuiickuii kiaccudukarop npodeccuit
paboYHX, JODKHOCTEH CITyKAIIUX U Tapu(HBIX
pazpsiIoB

Oo6mepoccuiickuii knaccuukaTop crienuanb-
HOCTEH BBICIICH HayYHOW KBaJTH(HUKAIIUN

O6mepoccuiickuii kiaccupukaTop nHbopma-
IIUHU O HACEJIICHUHU

Oobmepoccuiickuii Kiaccupukarop 00bHEKTOB
aIMIHHACTPATHBHO-TEPPUTOPUAIIEHOTO JICIICHHS

Ob6mepoccuiickuii KiaccupuKaTop aeTaieu,
M3rOTABIMBAEMBIX CBAPKOM, MTAKOM, CKIIEHBa-
HUEM U TEPMUYECKOHN pPEe3KOn

TexHonornueckuit KaccuPpuKaTop aeraieit
MaIIMHOCTPOEHUS ¥ IPUOOPOCTPOEHUS

OO01epoccuicKnuit TEXHOJIOTUYECKU KIIacCH-
(buKaTop COOPOUYHBIX €IUHUI MAIIMHOCTPOCHHUS
1 IpUOOPOCTPOCHHUS

Oo6mepoccuiickuiil ki1accupukaTop HauaIbHOTO
po¢ecCHOHATLHOTO 00pa30BaHMs

OO61epoccuiickuii KitacCU(pUKaTOp IKOHOMUYE-
CKHX PETMOHOB

Oomepoccuiickuii kaccuukaTop cTpaH Mupa

Oo6mepoccuiickuii kiaccuduxarop HHPopma-
1M1 00 00IIepOCCUNCKUX KIaccuuKaTopax

O6mepoccuiickuii kinaccupukatop ¢hopm coo-
CTBEHHOCTHU

Oobmepoccuiickuii ki1accuukaTrop opraHuza-
LIMOHHO-TIPaBOBBIX (hopM

Oo6uepoccuiickuii kiaccupukaTop BUAOB KO-
HOMHYECKOH JIESTEITbHOCTH
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OKTIJITP

OKCBHK

OKHMH

OKATO

OK/|

TK]

OTKCE

OKHIIO

OKOP

OKCM

OKOK

OK®C

OKOIl®

OKB3

1994

1994

1995

1995

1995

1995

1995

1995

1995

1995

1995

1999

1999

2001

01.01.96

01.07.95

01.07.96

01.01.97

01.07.96

01.01.96

01.01.97

01.07.96

01.01.97

01.07.96

01.07.96

01.01.2000

01.01.2000

01.01.2003
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JlesITenbHOCTh 10 YCTaHOBJICHUIO TPEOOBAHUN K KauecTBY MPOAYKILIHHU, YCIYT, IpoIeccaMm HxX
NPOM3BOJICTBA U PEeATH3alMM OCHOBAHA Ha CUCTEMaX CTaH/IapTU3ALUH, OLIEHKA COOTBETCTBUSI.

B ycnoBusix rocyapcTBEHHOTO YIpaBlIeHUSI SKOHOMHUKOM B Mpoliecce YIpaBlIeHUs KauyeCTBOM
Y4aCTBOBAJIM C OAHOHM CTOPOHBI - TOCYAAPCTBO B JIMIE MPEANPHUITUN, BBITYCKAIOIUX MPOIYKIUIO U
OKa3bIBAIOUIUX YCIYTH, COBMECTHO C KOHTPOJUPYIOIIUMU U PErYIHPYIOIIMMHA OpraHaMu, a ¢ APyroi —
NoTpeOUTENu.

B cocTaBe opranoB, KOHTPOJIUPYIOIIHUX AEATEIBHOCTh NPEANPUATUN [0 KaUECTBY MPOIYKIIHH,
BXOJIMJT OTJIEJIBI TEXHUYECKOTO KOHTPOJIS MPEAIPUATHIA, BEIOMCTBEHHbIE KOMUCCHH, OPTaHbl BHEBE-
JIOMCTBEHHOT'O KOHTpOJIs. [ 1aBHas 3ajaya KOHTPOJIUPYIOIIMX OPraHOB — MPEAOTBpallleHHue BHITyCKa
OPEANPUATHSIMUA MPOAYKIUHU WU YCIYT, HE COOTBETCTBYIOIIUX TPEOOBAHUSAM CTaHJAPTOB U TEXHUYE-
CKUX YCJIOBUH, YTBEPKIAEHHBIM 00pa3iiaM, MOJIOKEHUSIM MPOEKTHO - KOHCTPYKTOPCKOM U TEXHOJIOTHU-
4eCKOH TOKYMEHTAIlUH, YCIOBHUSIM ITOCTABKH U JIOTOBOPOB.

B neBsiHOCTBIX rojlax MPOLUIOro BeKa B XOJ€ CTaHOBJIEHUS B PoccUM SKOHOMHKHU PBHIHOYHOTO
THUIIA MTOJIYYMIN PAa3BUTHE CYIIECTBEHHBIE MTPOIECCHI:

- MOSIBJICHHUE MTPOU3BOIUTENEH MPOIYKIIMH U YCIYT HETOCYapCTBEHHBIX (POpM COOCTBEHHOCTH;

- YBEJIMYEHUE HOMEHKIIATYPhl B 00bEMa TOBApOB U yCIYT;

- paciMpeHre BHYTPEHHEr0 U MEKIYHAPOIHOTO TOBAPOOOMEHA;

- YCUJIEHUE BHYTPEHHEN U MEKTYHAPOJHON KOHKYPEHIIMHU IIPOU3BOAUTEIICH TOBAPOB U YCIIYT;

- BOBHUKHOBEHHE pealbHbIX MEPCIEKTHB BCTYIIeHUs Poccun B MEXIyHApOIHbIE S5KOHOMUYE-
CKHe€ U TOoprosele opranuzanuu — Esponeiickuii Coro3, BTO.

Hazpannble mporeccsl B COYETaHUU ¢ MUPOBBIM TEXHHYECKUM IPOrPECcCOM MPUBEIH K HE0O0-
XOJMMOCTH HM3MEHEHHUS! CHUCTEMBI OIEHKH W YIPABJICHUS KadyeCTBOM NPOAYKIHH M yciayr. B arux
ycnoBusax 3¢ (HeKTUBHBIM CIOCOOOM rapaHTUU KadyecTBa, IIMPOKO MPUMEHSEMbIM B MUPOBOM MpaKTH-
Ke, SIBUJIOCH IMOJITBEPKICHUE COOTBETCTBUS TPEOOBAHUSAM CTAHAAPTOB TPEThEW CTOPOHOU, HE3aBHCH-
MO OT U3rOTOBUTENS (MPOJIaBLa) U MOTpeOuTeNs (MOKynaTens), - CepTUQHUKAIUS.

CraHOBJIEHHE PHIHOYHOW IKOHOMHKH OBUIO IMMOAJEPXKAHO 3aKOHOAATENIBHO OCHOBOIOJArao-
My OenepanbHbiMu 3aKkoHaMu Pocculickon Penepanuu:

- «O 3amure npaB norpedureneit» ot 07.02.92;

- «O crangaptuzauun» ot 10.06.93;

- «O ceptudukanuu npoaykiuu u ycayr» ot 10.06.93.

JlanbHeliee pa3BUTHE SKOHOMHUKM Poccunm moTpeboBaio COBEPIIEHCTBOBAHUS IPOLECCOB
CTaHJAPTHU3AIMH U OIICHKH COOTBETCTBHUSA. JJOCTMKEHHIO STOW IENIM MPU3BaH COCOOCTBOBATH (here-
panbHbIN 3aKOH «O TEXHUYECKOM peryaupoBaHum» ot 27.12.02.
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Iloomeepowcoenue coomsemcmesus — TOKYMEHTAIBHOE YIOCTOBEPEHUE COOTBETCTBHSI MPOIYK-
1[UH, Tpoliecca, padoThl, YCIYTH NPEAbsIBIsIeMbIM K HUM TpeOoBaHusAM. O1HOM U3 HOpM OLIEHKH COOT-
BETCTBHUS SIBISICTCS OOIICTIPU3HAHHBINA B MUPOBOH MPAKTHKE CIIOCO0 - cepmughuxayusi coomeemcmeust.

Cepmughuxayus (nat.) — «crenaHo BepHo». UToObl yOeAUTHCS B TOM, YTO MPOIYKIUS «CIeIaHa
BEPHOY, B Ipoliecce cepTUu(UKamu He0OX0IMMO OTBETUTH Ha BOIIPOCHI:

- KakuM TpeOOBaHUSIM MPOIYKIUS, poliecc, padoTa, ycayra JOKHBI COOTBETCTBOBATH?

- KaK IyTéM MO>KHO MOJTYYHUTh JI0KA3aTeIhCTBA 3TOTO COOTBETCTBHUS ?

1 OcHOBHBIC MOHATHSA

Axkpeoumayus — opunraTbHOE MPU3HAHKE KOMIIETCHTHOCTH (PU3UYECKOTO WITH IOPUINYECKO-
'O JIMIIA BBIIOJIHATH PA0OTHI B 00JIACTH OLIEHKH COOTBETCTBHUS.

Hexnapuposanue coomeemcmsusi — GopMa TOJITBEPKICHUS COOTBETCTBHS MPOIYKIIUU TPeOO-
BaHusiM TP.

lexnapayus o coomeemcmeuu — NOKYMEHT, YIOCTOBEPSIONINI COOTBETCTBUE MPOIYKIIUU Tpe-
6oBanusim TP.

3aasumeny — (puzmUecKOe WM IOPUIMYECKOE JIMII0, OCYLIECTBISIONIEE 00s3aTeNbHOE IOJI-
TBEP>KJIEHUE COOTBETCTBUSI.

3nak obpawenus na pvinke — 0003HaUCHUE, HHPOPMHUPYIOIIEE TPUOOPETATENSI O COOTBETCTBUU
npoaykuuu TpedoBanusm TP.

3nak coomeemcmesuss — 0003HaUCHHUE, HHDOPMHPYIOIIIEe MPUOOPETATEIS O COOTBETCTBUH IPO-
TYKIIMH TPeOOBAaHUSAM CUCTEMBI T0OPOBOJILHOM cepTH(UKALIUU WM HAIIMOHATHHOMY CTaHJIAPTY.

Hoenmughuxayus npooykyuu — yCTAaHOBJICHUE TOXIACCTBEHHOCTH XapaKTEPUCTHK MPOTYKIIUU
e€ CyIIeCTBEHHBIM MPU3HAKAM.

Opean no cepmugurayuu — OPUIAYECKOE U0 WU WHAUBHIYATBHBIA MPEANPUHUMATEID,
AKKpETUTOBAHHBIE B YCTAHOBICHHOM IOPSJIKE JUIS BHIIOTHEHUS padoT MO cepTHU(HUKAIUY.

Oyenkxa coomeemcmeusi — TPSMOE UM KOCBEHHOE OMpeJeseHrne COOM0eHs] TpeOOBaHUM,
MPEIbSABISEMBIX K OOBEKTY.

Iloomeeporcoenue coomseemcmeus — JOKYMEHTAJIbHOE yIOCTOBEPEHHE COOTBETCTBUS MPOJIYK-
1IuHU, 00bEKTOB, IpoIreccoB TpeboBaHUsAM TP, monoxkeHusIM CTaHIapTOB, YCIOBUSM JOTOBOPOB.

Ilpuobpemamens — vopuIUYECKOE WU (HUINIECKOE JTUIIO0, TTOTYUAIOIee TOBAP UIH YCIYTY JUIs
MIPOU3BOJICTBEHHBIX, OBITOBBIX WM JTHYHBIX I[EJIEH.

Cepmugpuxayuss — Hpopma OCYIIECTBISIEMOTO OPraHOM IO CEPTU(PUKAIINK TTOATBEPKIACHUS CO-
OTBETCTBUSI 00beKTa TpeboBaHUsIM TP, monoxkeHusIM CTaHAApTOB WK YCIOBHSIM IOTOBOPOB.

Cepmughuxam coomeemcmeuss — JOKYMEHT, YIOCTOBEPSIOIINNA COOTBETCTBUE 00BeKTa Tpebo-
BaHUsM TP, MOJI0XKEHUSIM CTaHIapTOB, YCIOBUSIM JJOTOBOPOB.

Cucmema cepmugpuxayuu — COBOKYITHOCTh TPABUJI MPOBEACHUS CePTU(DUKAIINN, YIACTHHUKOB
ceptuduxanyu, npaBui GyHKIIHOHUPOBAHUS CUCTEMBI.

Cxema cepmuguxayuu — COCTaB, MOPSIOK U MOCIEI0BATEILHOCTD JEHCTBUIA TPEThEH CTOPOHBI
10 OLIEHKE COOTBETCTBUS MPOIYKIMH, YCIYT, CHCTEM KauecTBa.

dopma noomeepaircoenus coomeemcmeus — ONPENENEHHBIN MOPAIOK JOKYMEHTAIBHOIO Y/0-
CTOBEpPEHUSI COOTBETCTBUS MPOAYKIIUU WU UHBIX OOBEKTOB, BHIIIOJIHEHUS pa0OT UM OKa3aHUS YCIYT
TpeboBanusM TP, moioKeHUsIM CTaHIaPTOB, YCIOBHIM JIOTOBOPOB.

2 ey, npuHUMIIBLI U GOPMBI NOATBEPKACHUS COOTBETCTBHS

[TonTBeprkeHNEe COOTBETCTBUS OCYIISCTBIISIIOT B YeisiX:

- YIOCTOBEPEHUSI COOTBETCTBUS MPOAYKIIUU, TIPOIIECCOB MTPOU3BOJICTBA, IKCILTyaTalluu, XpaHe-
HUS, IEPEBO3KH, Peaiu3alii U YTHIIU3alH, padoT, yCIyTr WIK HHBIX 00BeKTOB TpeboBanusimM TP,
CTaH/IapTOB U YCIOBUSIM JIOTOBOPOB;

- COZICHCTBUS MPUOOpETATEIM B KOMIIETCHTHOM BBIOOpE MTPOIYKIIMH, PadOT, YCIIYT;
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- MIOBBIIIEHUS! KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMH, pabOT, YCIYT Ha POCCHICKOM M MEXY-
HapOJHOM PBIHKAX;

- CO3/1aHUs YCIOBUI U1 oOecrieueHust CBOOOIHOTO MEepEeMEIEHHUs TOBAPOB 110 TEPPUTOPHH
PO;

- OCYILIECTBIICHUS MEXIYHAPOIHOIO0 SKOHOMUYECKOT O, HAYYHO - TEXHHUYECKOr0 COTPYIHUYE-
CTBa M MEXIYHAapOJHOW TOPrOBIIU.

IToaTBepKI€HHE COOTBETCTBUSA OCYILECTBIIIOT HA OCHOBE NPUHYUNOG:.

- JOCTYITHOCTH MH(OpPMAIMK O MOPSAKE OCYIIECTBICHUS IOATBEPKIEHHSI COOTBETCTBUS 3aUH-
TEPECOBAHHBIM JIMLIAM;

- HEIOIIyCTUMOCTH ITPUMEHEHUS 0053aTeJIbHOTO MOITBEPHKIEHUS COOTBETCTBUS K 00BEKTaM, B
OTHOLIEHUH KOTOPBIX HE YCTaHOBJIEHBI TpeOoBanus TP;

- yCTaHOBJICHMS ITepeyHst HopM U cxeM 0043aTeIbHOr0 MOATBEPKACHUS COOTBETCTBHS B OT-
HOILICHUU OIPEACIIEHHBIX BUAOB POAYKIMHU B COOTBETCTBYIOLIEM TP;

- YMEHBUICHHUS CPOKOB OCYILECTBIICHUS 00s13aTEIbHOI0 OATBEPXKACHUS U 3aTpaT 3asiBUTEIIS;

- HEJIOIYCTUMOCTH IPUHYKJIEHHUS K OCYIIECTBICHUIO JOOPOBOIBHOIO OITBEPKICHUS COOT-
BETCTBHUS, B TOM UHUCIIE B ONPEEIEHHON cucTeMe JOOPOBOIBHOM cepTU(UKaLny;

- 3aIIUThl UMYIIECTBEHHBIX HHTEPECOB 3asIBUTEINICH;

- coOIII0/IeHUs] KOMMEpPUYECKON TalHbl B OTHOILIEHUH CBEIECHUH, ITOJyYEHHBIX IIPU OCYIIeCTBIIe-
HUU ITOATBEPKICHUS COOTBETCTBU;

- HEeIOIYCTUMOCTH MTOJIMEHBI 00513aTEIbHOIO OATBEPXKACHHUS COOTBETCTBUS 100POBOJIBHOM
ceptudukanuei.

[TonTBepxeHNe COOTBETCTBUS IPUMEHSETCS PaBHBIM 00pa30M M B paBHOI Mepe He3aBUCHMO
OT:

- CTpaHbl WINA MECTa MPOUCXOKAEHHS MPOAYKLIMH, OCYLECTBICHUS ITPOLIECCOB MPOU3BO/CTBA,
AKCIUTyaTalliH, XpaHEHUs, IEPEBO3KH, pealI3allui U YTUIM3AL1H, BHIIOJHEHUS padOT U OKa3aHUs
yCIyr,

- BUJIOB WJIM OCOOEHHOCTEH CIIENOK U JIMII, KOTOPBIE ABJISIOTCS U3TOTOBUTENISIMU, UCTIOJTHUTE-
JSIMM, TIPOJIaBLIAMH, TpUOOpeTaTeNsiMI, KOHEUHBIMU MOTPEOUTEISIMH.

[ToaTBepk1eHHE COOTBETCTBUA HA Tepputopun PO umeer xapakmep:

- 000pOBOILHYLIL;

- 00513amenbHbll.

Jlo6pOBOJIbHOE MOTBEPHKAEHUE COOTBETCTBUS OCYILIECTBIISIIOT B hopme:

- 000p0BOILHOL cepmupurayul.

O06s3arenbHOE MOATBEPKAECHUE COOTBETCTBUS OCYILECTBIISAIOT B hopmax:

- NPUHAMUS 0eKIapayuu 0 COOMEemcmeuu;

- 00s3amenvHolU cepmugurayul.

[Topsanox npumeHeHus: GopM 00s3aTETBLHOTO MOATBEPIK/ICHUS YyCTaHABIUBAET (efepanbHbIN
3aK0H «O TEXHUYECKOM PETYJIUPOBAHUN.

3 1o0poBoIbHOE MMOATBEP KACHHE COOTBETCTBHS.

Jlo6poBOIbHOE OATBEPIKIEHHE COOTBETCTBHSI OCYIIECTBIISICTCS IO MHULIMATHUBE 3asBUTENS HA
YCIIOBUSX JIOTOBOpa MEXY 3asBUTEIEM U OpraHoM Io cepTudukanuu B popme 100OpOBOIBHOU cep-
tuukanyy. JJoOpoBoIbHOE MOATBEPKAECHUE COOTBETCTBHUS OCYILECTBIISETCS Il YCTaHOBIICHUS CO-
OTBCTCTBHUA TOBapa, yCIyru Tpe6OBaHI/I${M HAallMOHAJIbHBIX CTAaHAAPTOB, CTAHAAPTOB OpFaHI/ISaHI/II\/’I, CHu-
CTeM J0OpOBOJIBHOM cepTU(UKALIUY, YCIOBUAM JOTOBOPOB.

Opran no 706pOBOJILHON cepTUHUKALINU:

- OCYILECTBIJIAECT MOATBEP)KICHHE COOTBETCTBUS OOBEKTOB TOOPOBOJIHHOIO MOITBEPIKICHHS
COOTBETCTBHUS;

- ohopMIISIE€T U BBIIAET CEPTUPHUKATHI COOTBETCTBUS HA O0BEKTHI, MPOLIEAIHE T00POBOIBHYIO
cepTudUKaIuIo;
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- TIPEOCTABIISECT 3asBUTEISIM MIPABO HA MPUMEHEHHE 3HaKa COOTBETCTBUS, MPEAYCMOTPEHHOTO
COOTBETCTBYIOIICH CHCTEMOU T0OPOBOIBHOM CepTUDUKAINN;

- IPUOCTAHABJIMBACT WJIU MPEKPAIIAeT ACHCTBHE BbIIAHHBIX UM CEPTH(PHUKATOB COOTBETCTBHSL.

Cuctema 100pOBOJIBHOM CepTH(PHKALMU MOXKET ObITh CO3/JaHA FOPUAMYECKUMH JIMLAMHU WU
WH/IMBUYaJIbHBIMU TIpeAnpuHUMaTessiMu. CrcremMa JoOpOBOJIBHON cepTH(UKALINN YCTaHABITUBACT:

- Iepe4eHb 00BEKTOB JOOPOBOJIBHOM cepTU(UKALIMK U UX XapAKTEPUCTHUK;

- IpaBUJIa BBITIOJIHEHUS paboT 1o cepTudukanuy;

- IOPAZ0K OIJIaThI paboT 0 cepTUUKALIH;

- BO3MOKHOCTh IPUMEHEHUS 3HaKa COOTBETCTBHUL.

Cuctema 10OpOBOJIBHON CepTU(UKALMKN IPOXOIUT PErHCTPALUIO B (eiepaIbHOM OpraHe Io
TEXHUYECKOMY PETYJIHPOBAHUIO, KOTOPHII BeNET €IUHBINA PEeecTp 3aperuCTPUPOBAHHBIX CHUCTEM J00-
POBOJIBHOW CEpTUDHUKALMH.

Cuctembl 10OPOBOJIBHON CEPTH(PHUKAIINN XapaAKTEPHBI:

- aKTUBHOM pOJIBIO 3asBUTEN (BBIOMpaeT TpeOoBaHMs K 00BEKTY, METO/bI IPOBEPKH, CTaHAAP-
TBI ¥ IPYT€ HOPMATUBHBIE JIOKYMEHTBI, CHCTEMY U CXEMY CepTH(HKAIINN);

- caMOOpraHu3aluell CUCTeMbl (CO3J4aHUE CHCTEMbI BO3MOXHO JIIOOBIM CYOBEKTOM XO3sii-
CTBEHHOM JICSITEIBHOCTH, IOPUAMYCCKAM HIH (UIUUSCKUM JIUIIOM);

- OTKPBITOCTHIO, BO3MOXHOCTBIO JUISl 3aMHTEPECOBAHHBIX CTOPOH O3HAKOMHTHCS C COCTAaBOM
YYaCTHHUKOB, TIPAaBUJIAMH U TIPOLEIypaMH CepTUDUKAIIH;

- CaMOCTOSITEJIbHOCTBIO, HEBMEILATEIbCTBOM (DeJlepalIbHbIX U MECTHBIX OPraHOB BJIACTH, 00-
MIECTBEHHBIX CTPYKTYP B JCSITEIBHOCTh CUCTEMBI.

OOBeKThl, CepTUPUIHUPOBAHHBIE B CUCTEME 10OPOBOJIbHON CepTU(UKALMH, MOTYT ObITh Map-
KAPOBAHBI 3HAKOM COOMEemcmeus CUcTeMbl. [IpriMeHeHHe 3Haka COOTBETCTBHUS HALMOHATBHOMY
CTaHJApPTy OCYILECTBIIAETCS 3asiBUTEJIEM Ha J0OPOBOJILHOM OCHOBE JIFOOBIM YIOOHBIM JUIsl HErO CIO-
coboM (tumorpadckoit meyaTpio, TOHKOTUIEHOYHBIME TEXHOJIOTUSIMH, TOJIOrpapUuecKUuMI H300paxe-
HUSIMH), MecTe (Ha TOBape, YIaKOBKE, TEXHUYECKOI 1 COMPOBOAUTENBHOM TOKyMEHTALUHU, peKIaMe) B
MOpSI/IKE, YCTAaHOBJICHHOM HAI[MOHAIBHBIM OPTaHOM IO CTaHIAPTU3ALNH.

3HaK COOTBETCTBUS:

- yoexxmaet npuobperaTesi, MOTPeOUTeNs B HaIJIKAIIeM KauecTBe U 0€30MacCHOCTH TOBapa,
yCIIyTH;

- IOMOTaeT OpraHaM TOCHA30pa MPUHSTH PEIIEHHE O BO3MOKHOCTH PEaM3aliy TOBapa;

- IBJISIETCA JJISl CTPaXOBBIX KOMIIAHUN rapaHThell 6€301MacHOCTH ToBapa.

B P® peiictBytor 6onee cra cucteM JOOPOBOJIBHOM CepTU(UKALKU, B TOM YHUCIE CHCTEMBbI
CepTU(HKAINH:

- B OM3HECe U TOPTOBIIE;

- IPOAYKIIUU MALIMHOCTPOEHUS ¥ TPUOOPOCTPOCHUS «AOpPHUCH;

- BEIIECTB ¥ MaTEPUAIOB TI0 XUMHUYECKOMY COCTaBY;

- 0aHKOBCKMX TE€XHOJIOTUH;

- CPE/ICTB U cUCTeM B chepe HHPpopMaTH3aLY;

- 00BEKTOB U YCIIYT;

- CUCTEM KadecTBa u Mpou3BoAcTB Poccrannapra,

- CPEACTB U3MEPEHUI;

- MOPCKOM TEXHUKH;

- HHTEJUIEKTYaJIbHOI COOCTBEHHOCTH;

- YCITyT CBSI3W,

- ycIyT MH(OPMAITMOHHBIX TEXHOJIOTUH U CUCTEM KauecTBa MPEANPHUITUH;

- IPOTPaMMHBIX CPEACTB, IPUMEHIEMBIX B 0053aTEITbHOM MEIUIITHCKOM CTPaXOBAaHUH.

4 O0s3aTe/IbHOE MOATBEPKIAEHNE COOTBETCTBUS

O0s3arenbHOE MOATBEPXKICHUE COOTBETCTBUS MPOBOJUTCS B CIIydasiX, YCTAHOBJIEHHBIX COOT-
BeTcTBYIOIIMM TP. OOBeKkToM 00s3aT€IBLHOTO MOATBEPXKIECHUS COOTBETCTBUS MOXET OBITh TOJBKO
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IPOAYKIIMS, BBITyCKaeMasi B oOpaiienue Ha teppuropun PO. @opma u cxemsl ycranapnusatoTest TP ¢
y4€TOM CTENEHU pHCKa He JOCTHXKEHUS ero enel. Jlexkiaapanus o COOTBETCTBUU U cepTU(UKAT COOT-
BETCTBHS UMEIOT PABHYIO IOPUIMYECKYIO CHITy Ha Bcell Tepputopun PO HezaBUCHMO OT cxem 00s13a-
TEJIBHOTO HOATBEPKJIEHHsI COOTBETCTBUS. PaboThI 110 00513aTEIbBHOMY OATBEPAKIEHUIO COOTBETCTBUS
oryiauuBaet 3asButTenb. CTouMocTh padoT yctanasiuBaet [IpaBurensctso PO.

JlexnapupoBaHue COOTBETCTBUS OCYILECTBIIAIOT 110 OHOMY U3 6APUAHINOE.

- IPUHATHUE JIEKIapalii O COOTBETCTBUU Ha OCHOBAHUU COOCTBEHHBIX JIOKA3aTEIIbCTB;

- IPUHATHE AEKJIapalyui O COOTBETCTBHMM HAa OCHOBAaHUU COOCTBEHHBIX J0KA3aTENILCTB U J0Ka-
3aTeNbCTB, MOMYYCHHBIX C YYaCTHEM OpraHa 1o cepTU(UKANUKN U (UIH) aKKPEAUTOBAHHON HCIIBITA-
TEILHOM JJa00PaTOPHH (TPETHEH CTOPOHBI).

3asBUTEIIEM MOXKET OBITh IOPUANYECKOE WIN (PU3MUYECKOE JIUIIO, SBISIOIIEECS YaCTHBIM IMPe/I-
IIPUHUMATEJIEM, H3TOTOBUTEIIEM, IIPOIABLIOM, MIPEACTABUTEIEM HHOCTPAHHOIO U3TOTOBUTENS HA OCHO-
BaHUU JIOTOBOpPA C HUM, KPYT 3asBUTENIEH ycTaHaBIMBaeT cooTBeTcTBYyOmUi TP. Cxemy aexnapupo-
BaHUE COOTBETCTBMs C y4acTHEM TpeTbel cTOpoHbl TP ycraHaBimmBaeT, eciau OTCYTCTBUE TPEThEH
CTOPOHBI HE NPUBOJIUT K JOCTHKEHMIO LEJIE MOATBEPKIACHUS COOTBETCTBUS.

[Ipu pexknapupoBaHUM COOTBETCTBUS Ha OCHOBAHHUU COOCTBEHHBIX JO0KA3aTEJIbCTB 3asBUTEIb
CaMOCTOSITENIFHO (POPMHPYET JOKa3aTeIbHBIE MAaTEPHAIIbI, B KAYECTBE KOTOPBIX UCIIONB3YET TEXHUYE-
CKYIO JIOKYMEHTAIIUIO, pe3yJIbTaTbl COOCTBEHHBIX MCIBITAHUHN, MCCIEOBAaHUN U (WIK) Jpyrue J0KY-
MeHThl. COoCcTaB JI0Ka3aTeabHbIX MAaTEPHAIOB OIpeaeseT cooTBeTcTByrommil TP.

[Ipu nexyiapupoBaHUM COOTBETCTBUS HAa OCHOBAaHMM COOCTBEHHBIX JI0KAa3aTeJIbCTB U MOIYyYEH-
HBIX C Y4aCTHEM TPEThEHl CTOPOHBI JOKA3aTeNIbCTB 3asBUTEJb [10 CBOEMY BBIOOPY B JOIOJIHEHUE K
COOCTBEHHBIM JI0Ka3aTeIbCTBAM BKIIFOUACT:

- IPOTOKOJIbI MCCIECAOBAHUMN, UCIIBITAHUN U MU3MEPEHUH, IPOBEAEHHBIX B HUCIIBITATEILHOU JIa-
O6oparopud (LIEHTpE);

- cepTU(UKAT CUCTEMbI Ka4yeCTBa, B OTHOIIEHUH KOTOPOTO MPEAYCMOTPEH KOHTPOIIb (HAA30D)
oprasa 1o ceptuduxanuu.

Jlexnapanusi 0 COOTBETCTBUU O(POPMIISIETCS HA PYCCKOM SI3BIKE U COJIEPIKHUT:

- HAMMEHOBAHUE U YKa3aHUE MECTOHAXO0KICHHUS 3asIBUTEILS;

- HAMMEHOBAHUE U YKa3aHWE MECTOHAXO0KICHHsI U3TOTOBUTENS IPOLYKLIH;

- nHpopManno 00 00BEKTe MOATBEPAKIEHUS COOTBETCTBHUS;

- HauMeHoBaHue TP, Ha cooTBeTcTBHE TpeOOBAHUSAM KOTOPOTO MOATBEPIKAAETCS MPOAYKIINS;

- YKa3aHUE CXEMBI IEKJIApUPOBAHUSA COOTBETCTBUS;

- 3asBJICHHE-ACKJIapalii0 U3rOTOBUTENS, MPOAaBla O 0€30MacHOCTH MPOAYKLUUHU HpU €€ HcC-
MIOJIb30BAHNUU B COOTBETCTBUH C LIEJIEBBIM HA3HAYEHUEM;

- CBEJEHUS O IMPOBEIEHHBIX HCCIEAOBAHUAX, UCTIBITAHUIX U U3MEPEHUSX, CEpTUPUKATE CH-
CTEMbI Ka4eCTBa, a TAKXKE JOKYMEHTaX, IOCIY)XUBIIUX OCHOBAHHMEM IS IOATBEPKIEHUS COOTBET-
CTBUS IpoAyKuuu TpedoBanusim TP;

- YKa3aHUe CpOKa JACUCTBUSA AEKIIapalii O COOTBETCTBUU;

- UHBIE CBEJICHUS, IIPEAYCMOTPEHHBIE COOTBETCTBYIOINM TP.

Cpoxk nelicTBHs JEKIapaluyd O COOTBETCTBUU ONpeAeiseT cooTBeTcTByomuid TP. ®opmy ne-
KJIapalluy yTBepKaaeT ¢efepaibHblii OpraH UCIOJHUTENBHON BIACTH MO TEXHUYECKOMY PEryJInpoBa-
Huto. OQopMileHHas: 0 YCTaHOBJIEHHBIM MpaBMIIaM JAEKJIapalus MOUIEKHUT perucTpanuu denepaib-
HBIM OPraHOM HCIOJIHUTEIBbHOM BIIACTH IO TEXHUYECKOMY PETYIMPOBAHMIO B TeUueHHE TpEX aHe. [1o-
PSIOK BEJCHMS peecTpa JeKJIapaluidi 0 COOTBETCTBUH, (OpMY NpPEICTaBICHUS CBEICHHUHA B peecTp,
NopsA0K oriaTel onpenensaet [IpaBurensctBo PO.

Jlexnapanuss 0 COOTBETCTBUM U JOKA3aTENIbHbIC JOKYMEHTBI XPAHATCS Y 3asBUTENS B TCUCHUE
TPEX JIET ¢ MOMEHTa OKOHYAHUS CPOKa NEUCTBUS JeKiapauu. BTopol sKk3eMIuisip Aekiapaluuu Xpa-
HUTCA B (eiepaibHOM OpTraHe MCIOTHUTEIBHOM BIACTH MO TEXHUYECKOMY PEryIHPOBAHUIO.

Jlo BcTymieHus B cuiny coorBercTByromero TP IlpaBurensctBo PD onpenenser u €xXerogHo
JIONIOJTHSAET HOMEHKJIATypy (IepeueHb) OTICIbHBIX BUIOB TOBAPOB M YCIIYT, B OTHOLUICHUH KOTOPBIX
pacrpocTpaHsIeTcs BO3MOXKHOCTh NPUHATHUS JEKIapalil O COOTBETCTBUU BMECTO 00s3aTEIbHOM cep-
TU(UKAIIHH.



B HOMEHKIAaTypy BXOZAT:

- IPOYKLIUS PE3UHOTEXHUYECKAS;

- puOOPHI U arnmapaThl ONTHYECKUE;

- IOALLUITHUKY;

- CaJI0BO-OTrOPOJHBIA HHBEHTAPh;

- MPOAYKIIUS AePEeBOOOPaOOTKH;

- IPOAYKIMA JIETKOW U TEKCTWJIBHON ITPOMBIIUICHHOCTH;

- IPOLYKLMS IHUILEBON MPOMBIIUIEHHOCTH, )KUBOTHOBOJICTBA, PACTCHUEBOICTBA;

- MEULIMHCKUE U3JENHNS.

O0s3arenbHOE MOATBEPXKAEHUE COOTBETCTBUSA B (hopMe oOs3aTenpHON cepTudUKanuu ocy-
IIECTBIIIET OpraH Mo 00sA3aTenbHOl cepTU(HUKAIMM Ha OCHOBAaHUM JOTOBopa C 3asBuTeseM. CxeMbl
ceptudUKaIMu ycTaHaBiuBaeT cooTBeTcTBYtomuid TP. CoorBeTcTBHE NpoayKiuu TpebopaHusiMm TP
MOJTBEPXKIAET CepTU(UKAT COOTBETCTBHSL, BBITAHHBIN 3asBUTEII0 OPTaHOM IO CEPTH(HUKAIIHH.

Ceptugukar cooTBETCTBHSI 0OPMIISETCS HA PyCCKOM SI3bIKE U COIEPIKUT:

- HAMMEHOBAaHUE U YKa3aHUE MECTOHAXOXKACHUS 3asiBUTEIS;

- HAMMEHOBAHME U YKa3aHUE MECTOHAXOXKICHMSI U3TOTOBUTENS IPOAYKLIUU;

- HAMEHOBAaHUE U YKa3aHME MECTOHAXO0XKJIEHUS OpraHa IO CepTHU(HMKAILMH, BbIJIABLIETO CEp-
TU(PUKAT COOTBETCTBHUS;

- nHpOpMaHIO 00 00BEKTE CePTHPUKAIUY;

- HaumeHoBaHue TP, Ha cooTBeTCTBHE TPEOOBAHUSAM KOTOPOIO IPOBOAMIACH CEPTUDUKALINS;

- 3asjBJICHUE OpraHa 1o 00s3aTeIbHOW CepTU(UKAIMH O COOTBETCTBUH INPOIYKIUHU, YCIYTH
HpEeIbsBIAEMBbIM K HEH TpeOOBaHUM;

- nH(GOPMAIIHIO O MPOBEJAEHHBIX HCCIIEIOBAHUSAX, UCTIBITAHUAX, U3MEPECHHUSX;

- UH(opMaIHIO 0 TOKYMEHTAaX, NPEACTABICHHBIX 3asBUTENIEM B KaUeCTBE JJOKA3aTeIbCTB COOT-
BETCTBUS NpoAyKuuu TpedoBanusm TP;

- yKa3aHHe CpoKa JEeHCTBUS cepTu(UKaTa COOTBETCTBHUS.

Cpoxk nelictBust ceptudukara omnpeaenser coorserctytomuii TP. dopmy ceptudukara cooT-
BETCTBUS YTBEP)KIAeT (eiepaabHbIi OpraH UCIOJIHUTEIBHONW BIACTH MO TEXHUYECKOMY peryinpoBa-
HUIO.

O0s3arenbHyI0 CepTU(UKALIUIO OCYIIECTBISIET OpraH Mo CepTU(HUKAIMH, AKKPEIUTOBAaHHbIHN B
HopsiIKe, ycTaHOBIeHHOM IIpaButensctBom PO.

Opran 1o 00s13aTenbHON cepTU(UKaLUN:

- NIPUBJIEKAECT HA JOTOBOPHOW OCHOBE ISl IIPOBEICHUS MCCIENOBAaHUM, UCTIBITAHUNA U U3Mepe-
HUI ucHbITaTeNbHbIe JabopaTopun (LEHTPHI), AKKPEAUTOBAHHBIE B MOPsAJKE, ycTaHOBIEHHOM [IpaBu-
TeIbCTBOM PD;

- IPOBOJUT aHAIM3 JOKYMEHTOB, IPUHUMAET pelleHne, opopMIIsieT U BbIIAET cepTH(UKAT CO-
OTBETCTBUSI, JIUIIEH3UIO HA TPUMEHEHHE 3HaKa OOpalleHs Ha PhIHKE;

- BeZIET peecTp BbIJIAaHHBIX UM CEPTHU(PUKATOB COOTBETCTBHS;

- OCYIIECTBJISIET WHCIEKIIMOHHBIA KOHTPOJb 3a O0OBEKTaMU CepTH(HUKALUHU, €CIU KOHTPOJIb
NPEIYCMOTPEH CXeMOW 0053aTeIbHON CepTU(HHUKAIINH, JOTOBOPOM;

- nH(QOPMUPYET OpPTraHbl rOCYAAPCTBEHHOTO0 KOHTPOJIS (Ha/A30pa) O MPOIYKIMH, TOCTYIHBIIEH
Ha cepTU(UKALUIO, HO HE TpoILeAei eg;

- IPUOCTAaHABIMBAET UJIU MPEKpaIIaeT AeHCTBUE BBIIAHHOTO UM cepTHU(UKAaTa COOTBETCTBHS;

- obecrieynBaeT MpeCTaBIeHUE 3asBUTENISAM HH(OpMAIMK O TIOPSIIKE MPOBEJACHUS 00s13aTeNb-
HOM cepTU(UKAIIY;

- YCTaHaBJIMBAaE€T CTOMMOCTh padOoT Mo cepTHU(HKALUK HA OCHOBAaHWM yTBepkIEHHOHU IIpaBu-
TenbCcTBOM P® MeToauKu onpeaeneHuss CTOMMOCTH padoT.

@DenepalbHbII OpraH UCIOJHUTEIBHON BJIACTH 110 TEXHUYECKOMY PEryJIUPOBAaHUIO BEAET enU-
HBI peecTp BBbIIAHHBIX cepTU(UKATOB cOoOTBeTCTBUS. llopsaok BeneHus eAuHOro peecrpa, popmy
IIPEIOCTABIIEHUS CBEACHUN B pEECTp, MOPSIOK OIUIaThl ycraHaBinusaeT [IpaBurenscteo PO.

AKKpeauTOBaHHAsI UCTIBITaTeNIbHAs JabopaTopus (1eHTp) 0hOpMIISIET Pe3yabTaThl UCCIIEA0BA-
HUH, UCTIBITAHUN ¥ U3MEPEHUI IPOTOKOJIAMH, HA OCHOBAaHUHM KOTOPBIX OpraH Mo cepTU(UKALUN TpH-
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HUMAET pellIeHHEe O BbIaue MM OTKa3e B Bbljaue cepTU(UKaTa COOTBETCTBUSA. AKKpEIUTOBAHHAS Jia-
O6opartopusi (1IeHTp) o0s3aHa 00ECTIEUNTh JOCTOBEPHOCTh PE3YJbTaTOB MCCIIECIOBAHUM, UCTIBITAHUA U
U3MEPECHUM.

ITpoxykuus, cooTBeTCTBUE KOTOPOH TpeGoBaHusM TP moATBEp:KAEHO B YCTAHOBJIEHHOM I10-
psiiKe, MOXKET OBITh MApKHPOBAHA 3HAKOM 0Opaujenus Ha puvinke. VI300pakeHNe 3HaKa yCTaHABIMBAET
ITpaButenscTBo PD. 3HaK He ABIAETCS CIIENHATIBHO 3AIIUIIEHHBIM 3HAKOM U HAHOCUTCS 3asBUTEIIEM B
UH(POPMALMOHHBIX IETAX JTFOBIM YIOOHBIM JJIS1 HETO CLIOCOOOM.

3asgBuTeNb B 001aCTH 00513aTEIBLHOIO OATBEPKICHHSI COOTBETCTBUSL UMEET IPABO:

- BBIOMpaTh POPMY M CXEMY MOJTBEPHKAECHUS COOTBETCTBHS, MPEIYCMOTPEHHBIE ISl OIpe/e-
JNEHHBIX BUIOB IPOAYKIIMHA COOTBETCTBYIOIIUM TP;

- 0OpaImaThCst JUIs OCYIIECTBICHUS 0053aTeNbHON cepTU(UKALUU B JIF0OOOH OpraH mo ceprudu-
Kalluy, 00JacTh aKKpeIUTALMM KOTOPOrO paclpoCTpaHSAeTCs Ha NPEIbABISEMYIO K cepTUdUKanuu
NPOIYKIHIO;

- oOpamarbcs B Oprad 1o akKpeAUTalUH C jKalo0aMu Ha HeNpaBOMEpHbIE JEHCTBUS OpPraHOB
0 CePTH(UKAIUNH, HCITBITATEIIHLHBIX JJA00OpATOPHil (IIEHTPOB).

3asBUTEIb B 00JIACTH 0053aTEIbHOIO MMOATBEPKICHHUS COOTBETCTBUS 00513aH:

- obecrieynBaTh COOTBETCTBUE MPOIYKIIMK TpeOoBaHUSIM TP;

- BBIIYCKATh B OOpalleHle NpOoayKIHIO, MOUIeXkKAIyI0 00s13aTeIbHOMY ITOATBEPKICHUIO COOT-
BETCTBUS, TOJIBKO I1OCJIE OITBEPKICHUS COOTBETCTBUS;

- YKa3plBaTh B CONPOBOJUTEIILHON TEXHUYECKOW NOKYMEHTALMM U IPU MAapPKUPOBKE IPOAYK-
LIMU CBEJICHUS O cepTU(HUKATEe WIN AEKIapalii COOTBETCTBUS;

- NIPEIbSABIATh B OpPraHbl TOCYJapCTBEHHOTO KOHTPOJIs (Haa3opa) 3a cobiroaeHueM TpeboBa-
Huil TP, a Takke JpyruM 3aMHTEPECOBAHHBIM JIMIAM JOKYMEHTBI, CBUJETEIIbCTBYIOIINE O MOATBEP-
KJIEHUU COOTBETCTBUSA — JIEKJIapalllIo, CepTU(PHUKAT COOTBETCTBUS MIIM UX KOIIUU;

- IPUOCTAHABIIMBATh WJIM MPEKpALaTh PEATU3alUI0 NPOAYKLHHU, €CIM UCTEK CPOK NEUCTBUS,
IPUOCTAHOBJICHO WM MPEKPALIEHO EHCTBHE ACKJIapaluu, cepTUu(drKaTra COOTBETCTBHUS;

- U3BEIIATh OPraH Mo CepTUPUKAIUN 00 U3MEHEHUSX, BHOCUMBIX B TEXHHUUECKYIO IOKYyMEHTa-
U0 MJTM TeXHOJIOTHYECKHE MPOLIECCHl TPOU3BOJICTBA CEPTUDUIIMPOBAHHON MPOAYKIIH;

- MIPUOCTaHABIMBATh MPOU3BOJCTBO MPOIYKIMH, KOTOpasl MpolUIa MOATBEPKIEHUE COOTBET-
CTBHMSI U HE YAOBJIETBOpsieT TpeOoBaHUsAM TP Ha OCHOBaHMM pELIEHUH OPraHOB I'OCYIapCTBEHHOI'O
KOHTpOJIA (Haa30pa).

ITpu BBO3e Ha Tepputopuio PD mpoaykuuu, mojuiexaiieil 00g3areIbHOMY MOATBEPXKICHHIO
COOTBETCTBUS, 3aBUTEIb OJHOBPEMEHHO C TaAMOXKEHHOH JeKiiapanueil nepenaér B TaMOKEHHBIE Op-
raHbl JEKJIapaluio O COOTBETCTBUU MM cepTu(uKaT cooTBeTcTBUs. [lomyueHHble 3a npenenaMu Tep-
puropun P® 10KyMEHTHI O MOATBEPKIACHUHA COOTBETCTBHS, IIPOTOKOJIbI UCCIIETOBAHNUM, UCIIBITAHUN U
U3MEPEHUH MPOJYKLIUU MOTYT OBITh MPU3HAHBI B COOTBETCTBUU C MEKAYHAPOIHBIMU 10roBopamMu PO.

B P® neilcTBYIOT HECKOIBKO JIECATKOB CaMOCTOSITENBHBIX CHUCTEM 0053aTeIbHOTO MOATBEP-
MKJIEHUS] COOTBETCTBHSI, B TOM UHCIIE CUCTEMBbI 0053aTEIIbHON CepTUDUKALIIN:

- aBUALIMOHHOW TEXHUKH U 00BEKTOB I'Pak1aHCKOM aBHAIINH;

- IOCYJBI;

- JIECOIIPOMBIIIEHHON ITPOIYKIINH;

- TOBapOB JETCKOTO aCCOPTUMEHTA;

- 3J1eKTpo00OpyAOBaHNUs HA COOTBETCTBHE CTaHAApTaM 0€3011acCHOCTH;

- METAJUIOPEXKYIIIETo, 1epeBOo00padaTHIBAIOIIETO U CIECAPHO-MOHTAKHOTO HHCTPYMEHTA;

- METAJTI000Pa0aTHIBAIOIINX CTAHKOB;

- CEIIbCKOXO0351CTBEHHON TEXHHUKHU;

- TPAHCTIOPTHBIX CPE/ICTB U MPUILIETIOB;

- TEXHUYECKHUX CPEJCTB Ha 3JIEKTPOMarHUTHYI0 COBMECTHMOCTD;

- He(pTerpOIyKTOB;

- IALIEBBIX IPOAYKTOB U MPOJOBOJILCTBEHHOTO ChIPbS;

- XUMUYECKOW MPOTYKIINH;

- «DIEKTPOCBA3bY.



10

JIOKyMeHTBI 00 aKKpeIWTallid, BBIAAHHBIE OpraHaM IO CEePTH(HUKAIMU U aKKPEAUTOBAHHBIM
UCIIBITATEIbHBIM JJa00paTOpusM (LIEHTpaM) 10 BCTYIUICHHS B CHITy (eaepalibHOro 3akoHa «O TeXHHU-
YECKOM PETYJIMPOBAHUNY», & TAKXKE JOKYMEHTHI, TTOATBEPKIAIOIINE COOTBETCTBUE (CepTU(HUKAT COOT-
BETCTBUS, JIEKJIapalrs O COOTBETCTBHM) CUMTAIOTCS JEUCTBUTEIbHBIMU 0 OKOHYAHUSI CPOKa, ycTa-
HOBJICHHOTO B HUX.

Homenknarypa npoaykuuu , HoJUIesKaux 00s13aTeIbHOMY MOATBEPKACHUIO COOTBETCTBUS U
MOJITBEPK/ICHUE COOTBETCTBHUSI KOTOPOW OCYIIECTBISIETCS B (DOpME TPUHSATHUS JICKIAPAIMHA O COOTBET-
ctBun, onpeneneHo [IpaBurensctBoM Poccuiickoit denepanuu B mocraHoBieHun ot 1 aexadps 2009
r. Ne 982 «O0 yTBep>KACHUU €IUHOTO MEePEeyHs MPOAYKINH, TOJIeKalIel o0s3aTensHol cepTuduka-
MU, U €JUHOr0 MepevHs MPOAYKLHHU, MOATBEPHKIACHUE COOTBETCTBUS KOTOPOW OCYLIECTBISETCA B
dbopMe IPUHATHS JEKIAPAIUU O COOTBETCTBUN.

[Ipumep nepeuns npuseeH B Tadumie 1.

Tabmma 1 MWHO®OPMALIUA O TIPOAYKIIMU, TIOJJIEXAIIEN OBSA3ATEJILHOMY
TIOATBEPXJIEHUIO COOTBETCTBUS (B ®OPME OBSI3ATEJILHOM CEPTU®UKAIINN) B
CUCTEME CEPTUOUKAILIMU I'OCT P, C YKASAHUEM HOPMATHBHBIX JJOKYMEHTOB,
YCTAHABJIUBAIOIMX OBS3ATEIBHBIE TPEFOBAHMA *

Koa no3nnmnu O0o3Hauenune IHoaTBep:xkaaeMsble Tpe-
HaumenoBanue o0LeKkTa o0LeKTa 1mo onpeaessiloniero | 00BaHus onpeaeasone-
OK 005-93 | HOPpMATHBHOIO 10- | TO0 HOPMATHBHOIO J10-
[OKII] KyMEHTAa KYMEHTa
1 2 3 4
0110 DnexTposneprus

DnexTpuueckas YHEprus B 01 1000 I'oOCT ITm. 5.2 (B wactu npe-
ANEKTPUUYECKUX CETAX 0O0IIEero 13109-97 JIETIbHO JI0MYCKAaEeMBbIX
Ha3HAYEHUS IEPEMEHHOTO 3HaueHui), 5.6
TpexdazHoro u oHOPA3HOTO
Toka yactoToit 50 I'y

0251 HedrenponykTsl cBeTIIbIe. AJTBTEPHATUBHBIE BUIbI TOIJIMBA
DTaHOJILHOE MOTOPHOE 02 5141 I'oCTP I1. 4.1
TOILIUBO ISl aBTOMOOUIIb- 52201-2004
HBIX JIBUTaTeJIeN ¢ MPUHY-
JUTEIBHBIM 32)KUTaHUEM.
bensanonsl

0253 Macna cma3ounble (He(TSHbIE)
Macna aBuarioHHbIe 02 5311 Irocrt I1.2.2
21743-76

S YuacTHUKH cucTeMbl cepTHHUKALNT

Cuctema cepTH(QHKAIMKA — COBOKYITHOCTh YYaCTHUKOB, OCYIIECTBIISIONUX CEPTUPHUKAIMIO 1O
IIpaBUjIaM, YCTaHOBJIEHHBIM B 3TOM CHCTEME.

B cucremy ceptudukanum BXoIsT:

- HallMOHAJIbHBIN OpraH 1no cepTuuKaluy;

! B mannom nokymente yuteHbl nsmenenus B [locranosnenue Ipasutensctea P® or 01.12.2009 Ne 982, BHecenusie Ilo-
ctanoBneHussMH [IpaButensctBa PD ot 17.03.2010 Ne 149, o1 20.10.2010 Ne 848, ot 13.11.2010 Ne 906.
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- LEHTPAJIbHBIM OpraH MO0 CepTHPHUKAIINH;

- OpraH 1o cepTu(UKAINH,

- cHIbITaTeNIbHas Jadoparopus (LEHTP);

- COBET MO cepTudUKaImy,

- HayYHO-METOJANYECKH EHTP 10 cepTH(UKaLny;

- KOMHCCHS IO aleJUIALUAM;

- 3aBUTENIN CEPTUPHUKAINH.

Hayuonanvnoui opean no cepmugpuxayuu - deaepaibHblii OpraH UCHOJHUTENBHON BIIACTH -
®enepanbHoe areHTCTBO PD 110 TEXHUYECKOMY PETYIMPOBAHUIO U METPOJIOTUH, OCYIIECTBIISIOIINN
OpraHu3aIuio padoT Mo 00s13aTeNbHON cepTU(UKALIMY B COOTBETCTBUU C 3aKOHOJATEIIbHBIMU aKTaMH.

Llenmpanvnviil opean no cepmugpuxkayuu — QGenepaabHblii OpraH HCIOJHUTENFHON BIIACTH,
OCYIIECTBISIONIUI pa3pabOTKy CUCTEM, IPABUJI, MOPSAKOB CEpTUDUKALINYA OJTHOPOAHON MPOAYKLIHH.

Opean no cepmugpurayuy — pernoHaIbHBIN OpPraH, MPOBOISIINN CEPTHPHUKAIINIO, CO3TaHHBIN
Ha 06a3e opraHu3alyii, UMEIOIUX CTaTyC IPUINYECKOTO JIMIA U SBISIOLIUIICS TpeThel cTopoHoi. Oc-
HOBHBIE (DYHKIIMM OpraHa:

- opmupoBanue u akTyanuzamus GoHIa HOPMATUBHBIX TOKYMEHTOB;

- pa3paboTKa ¥ BEJJCHHE OPTaHU3aAIMOHHO-METOAMYECKIX JOKYMEHTOB;

- IpUEM U PaCCMOTPEHHE 3asBOK Ha CepTU(DUKAIIHIO;

- OIpe/IeNIEHUE UCIIBITATEIbHON JIa0OpaTOPUH, OpraHa IO OLIEHKE CUCTEMbl KauecTBa, POBEP-
K€ MIPOU3BOJICTBA;

- opopmiieHHE W BbIaya cepTu(uUKaTa yCTaHOBIEHHOW (oOpMbI, peructpanus B l'ocymap-
CTBEHHOM PEECTpE;

- IPU3HAHUE 3apyOEIKHBIX CEPTUPUKATOB;

- OpraHu3alys UHCIEKIIMOHHOTO KOHTPOJISI TPOIYKIINH, CUCTEMbI KaUeCTBa;

- OTMEHA WJIM TPUOCTAHOBJICHUE JCHCTBUS CEPTU(PUKATOB IO PE3yJIbTaTaM HHCIEKIIMOHHOTO
KOHTPOJIS;

3asBUTENN JIOJDKHBI UMETh OECHPENsTCTBEHHBIN MOCTYI K MHGOpMaIu 00 yciyrax oprasa,
npaBUiIax cepTH(UKALNU, pe3yabTaTax MCIBITAaHUN U cepTUUKAILMM, UCKIIIOUash MH(POpMaIUo KOH-
(bUIEHIIMATBFHOTO XapaKTepa WU COJIEPIKAIIYI0 KOMMEPUECKYIO TaillHy.

Hcnvimamenvnas nabopamopus (yewmp) — OpraHu3alysl, UMEOLIas CTaTyc HOPUAMYECKOTO
JuIa, SIBISIOMIAACS TPETbe CTOPOHOM M OCYLIECTBIISIOIIAs JUIS Iiesiel cepTU(PUKAIMN HCTIBITAaHUS
KOHKPETHOT'O BUAA MPOAYKIMH WX KOHKPETHBIE BUIbI UCIIBITAHUH ¢ 0(hOpMIIEHHEM MPOTOKOJIOB.

Cosem no cepmugpuxayuu — Opras, pa3palaThIBAIONIMNA PEKOMEHJAIMU MO0 (HOPMUPOBAHUIO
€IMHOM TMOJMTUKU cepTU(UKALMK, TOBBILIEHUIO 3((EKTUBHOCTH PaboOT, paclpoCTpaHEHHUI0 UH(OP-
MaIiH O JIeATEIbHOCTH CUCTEMBL. B cocTaB coBeTa BXOJAT MPEACTABUTENN LIEHTPAJIILHOTO OpraHa o
ceprudukanyy, OerepaibHOro areHTCTBa MO0 TEXHUYECKOMY PEryJIMPOBAHUIO U METPOJIOTMU, MUHH-
CTEpCTB, BEJAOMCTB, CIy»KO, areHTCTB, W3TOTOBUTEJIEH MPOIYKIMH, UCIBITATEIbHBIX JIaOOpaTOPHii,
0O0I1eCTBEHHBIX OpraHU3aIHil.

Hayuno-memoouueckuii yenmp no cepmughuxayuu — U€HTP, CO3JaHHBIN MIPU LIEHTPAIBHOM Op-
raHe 1o cepTU(UKAINU U OCYIIECTBISIOMUN CHCTEMHBIE UCCIIEI0OBaHMsI, pa3padaThIBAOIU METOIH-
YeCKHe U MPAKTHUYECKHE PEKOMEHIAIMH JUIsl BEJIEHUS TEXHUKO-3KOHOMHUYECKOIO aHaju3a paboT Mo
CepTHU(HKAINH.

Komuccus no anennsayusam — KOMHUCCHSI, pacCCMaTpUBAIOIasi B YCTAHOBJICHHBIA CPOK KajloOBbI,
MOJaHHbIE TI0 pe3yabTaTaM cepTU(UKALIUH, U3BEIIAET MOJaTeNs U OpraH M0 cepTU(UKALUN O TPUHSI-
ToM pemeHn. Komuccuo co31aér HeHTpalbHbIM OpraH 1o cepTu(UKauu A1 pacCMOTPEHUS Kalio0
U PpeIIeHHUs] CIIOPHBIX BOIPOCOB. B paboTe KomHccuMU y4acTBYIOT mpejactaButenn depepaibHOro
areHrcTBa PO Mo TeXHUYECKOMY PEryJlMpPOBAHUIO U METPOJIOTMH, MUHUCTEPCTB, BEIOMCTB, CIYyKO,
areHTCTB, OPTaHOB MO CEpTHU(HKAIMU, UCTIBITATENbHBIX Ja00paTOpUid, U3TOTOBUTENECH CEpTUPHUIUPY-
€MOH IPOIYKIHH.

3aasumenu cepmughuxkayuu — N3rOTOBUTENIN MPOIYKLUHU, UCTIOTHUTENN paboT, MPOIaBIbl, 00-
paTHUBIIHECS B OpraH Mo cepTUUKALNU. 3aBUTEIN 00S3aHbI:
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- HampaBJIATh 3a5BKY Ha MPOBEJICHHUE CEPTH(PHUKALNHU, TPEIOCTABIATH MPOAYKIHIO, HEOOXOAH-
MYI0 HOPMAaTHBHYIO, TCXHHYECKYIO U HHYIO JOKYMEHTAIUIO;

- obecnieunBaTh COOTBETCTBHUE PEANM3YEMON MPOIYKIMHU TPEOOBAHUSM HOPMATHBHBIX IOKY-
MEHTOB;

- MAapKHPOBATh MPOAYKIIMIO 3HAKOM OOpPAICHUs Ha PHIHKE;

- o0ecrieunBaTh OECIPENATCTBEHHOE BHIMOJIHEHUE IOJHOMOYHMM JOKHOCTHBIMU JIMIIAMU Op-
TaHOB MO CepTH(HUKAINN U UHCIEKIIHOHHOMY KOHTPOJIIO;

- IPUOCTaHABIUBATh WM IPEKpaIlaTh Pealn3alnio MPOIYKIIUHU, €CJIM OHAa HE OTBeYaeT Tpedo-
BaHUSM HOPMAaTUBHBIX JOKYMEHTOB.

IIpaBa ¥ 00s13aHHOCTH 3asBUTEII PErVIAMEHTUPOBaHBI (hefepabHbIM 3aKOHOM «O TeXHHue-
CKOM pEryJIupOBaHUN.

6 CxeMbl cepTHGHKATUM NPOAYKIMU U YCJIYT

Cxema cepTu(dUKaLMU NMPOSYKLHUU — IE€PEUCHb MEPONPUATHH U IOCIEeN0BATEIbHOCTb ACH-
CTBUHM TpPEThEl CTOPOHBI MO OLIEHKE COOTBETCTBUS PAa3IMYHbIX BUJOB MPOIYKIIMH WU yciyr. Mepo-
HOpUATUS 00BEACHBI B TPU TPYIIIBL:

- UCIIBITAHUSI B UCIIBITATEIbHON 1a00paToOpuu;

- IpOBEpKa MPOU3BOICTBA (CUCTEMBI KAUECTBA);

- MHCTIEKIIMOHHBIN KOHTPOJIb CEPTHPHUIUPOBAHHON MPOIYKIIMU (CUCTEMBI Ka4eCTBa).

Cpenu MeponpUsITUIA:

- cIBITaHKUs 00pa3iia WK NapTHH MPOAYKIUH,

- QHAJIU3 COCTOSIHUS IIPOU3BOJICTBA, CUCTEMBI KaUeCTBa,

- pacCMOTpEeHHE JeKIapalui O COOTBETCTBUHY;

- pacCMOTpEeHHE JONOJHUTEIbHBIX JOKYMEHTOB, ITOJYUYCHHBIX 3asBUTEIEM MOMUMO cepTUdU-
Kaluu (IPOTOKOJIBI MTPUEMOYHBIX MCTIBITAHUHN, THTHEHUYECKAN cepTU(UKAT, BETEPHHAPHBIN cepTH(U-
KaT, cCepTU(HKAT NOXKapHOU 0€30MaCHOCTH, CePTUDUKATHI WM JAEKIapalii CyOIOCTaBIIMKOB, CEPTH-
(HUKaThI IPOUCXOXKICHUS, TIPOTOKOJIBI UCTIBITAHHI B 3apYOEKHBIX JIAOOPATOPHUSIX).

Cucrema cepTuduKaiy NpoJyKIUU IpeaycMaTpiuBaeT HECKOIbKO cxeM. BbIOop cxeMbl 3aBH-
CHUT. OT BUJA MPOIYKIIMH; OCOOEHHOCTE!N MPOU3BOJICTBA, UCIIBITAHUMN, TIOCTABKH, UCIOJIB30BaHUS TIPO-
OYKLIUU; TpeOyeMoro ypoBHs J10Ka3aTebHOCTH; BO3MOXHBIX 3aTpaT 3asButens. CxeMy yCcTaHaBIMBa-
er TP.

Cxemsbl cepTUhUKAIMK TPOIYKIMH, TpUMeHsieMble B PD, pa3paboTaHHble C yU€TOM PEeKOMEH-
narii MICO/MOK u ipakTiky oaTBepkaeHus coorserctBus EC, mpuBeneHs! B Ta0I. 2.

Cxewmsl 1...8 nonHocTbi0 cooTBeTCTBYIOT pekoMenaauusm NCO/M3BK. B poccuiickoii npak-
THUKE JTOMOJIHUTEIHLHO MPUMEHSIOT MOIU(UIIMPOBAaHHBIE CXeMbI 2a, 3a, 4a, a Takke cxemsl 9...10a,
OCHOBaHHbBIE Ha JEKJIapaliui U3TOTOBUTEIIS.

CoBpeMEHHBIM aKTyaJbHBIM HANPaBICHUEM Pa3BUTHS CEPTUPHUKAIUN B POCCHUIICKOM U MHUpO-
BOM MpaKTHKe sABJsETCS cepTUUKanms ycayr (cM. Tabn.3.1).

O6bexkTamu cepTUPUKAIUH B cPepe YCIYT MOT'YT ObITh:

- yciyrH, paboThl,

- OpraHu3aluu, NPeJOCTaBISIONINE YCIYTH, BBIOIHSIONINE PaOOThI;

- IEPCOHAJI, IPEJOCTABIIAIONIUI YCITyTH, BBIMOIHSAIOUINN paboThI;

- IPOU3BOJICTBEHHBIN MTPOIIECC;

- CUCTEMA YIIPABJICHUS KAUECTBOM.

Cxembl, OTHOCSIINECS K CepTU(PHUKAINH YCIYT U pabOT, BKIIIOYAIOT:

- OLIEHKY MacTepCTBa UCIIOJIHUTEIS, ITPOLIECCA OKa3aHUs YCIYyTH;

- aTTeCTalMIO MPEANPUATHUS, CEPTUDUKALINIO CUCTEMbI KaUECTBa;

- IPOBEPKY PE3YyJIbTATOB OKA3aHUS YCIYTH;

- UHCIIEKIIMOHHBIA KOHTPOJIb 32 CEPTUPUIMPOBAHHBIMU yCIyraMHu.
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Tabmuna 2 - Cxembl cepTuhUKAINUN TPOAYKIIMH

Ne Hcnbrtanus IIpoBepka npous3BoACTBa MHCneKMOHHBIA KOHTPOJIb
CXEMBI | B UCIIBITATEIIbHBIX JIA00- (cucTemMbl KauecTBa) cepTUhUIUPOBAHHON MPOAYKIUH (CH-
paTopusix CTEMBbI Ka4eCTBa)
1 HcnpiTanue THIOBOro 00-
pasia npoayKIuu -- --
la To xe AHanu3 cocTosIHUA --
IPOM3BOJICTBA
2 To xe -- HcnpiTanus 006pa3iioB IpoAyKLHUH,
B3ATHIX y IPOJIaBla
2a To xe AHanu3 coCTOsIHUA To xe
IIPOU3BOJICTBA
3 To xe -- HcnpiTanus 006pa3iioB IpoAyKLUH,
B3STHIX Y H3TOTOBUTEIIS
3a To xe AHanIu3 COCTOSIHUS To xe
MIPOU3BOJICTBA
4 To xe -- HcnpiTanus 00pa3oB IpoIyKIIHH,
B3STHIX Y MPOJIABIIA
4a To xe AHanIu3 COCTOSIHUS HcnpiTanus 00pa3noB IpoTyKIIHH,
MIPOU3BOJICTBA B3STHIX Y H3TOTOBUTEIS
) To xe CepTudukanus npous- KoHTponb cTaOUIBHOCTH yCIOBHIA
BOJICTBA WJIM CUCTEMBI MPOM3BOJICTBA WK (HYHKIITHOHUPOBA-
Ka4yecTBa HUS CUCTEMBI KaueCTBa
6 Paccmotpenue neknapa- | Ceprudukanus cuctembl | KoHTponb crabmibHOCTH (PyHKIIHO-
IIUU O COOTBETCTBHHU Ka4yecTBa HUPOBAHHS CUCTEMBI Ka4eCTBa
7 Ucnbrtanus -- --
TIAPTHH TTPOTYKITHH
8 HcnpiTanus Kaxaoro 00- -- --
pasua
9 Paccmotpenue neknapa-
IIUM O COOTBETCTBHHU -- --
9a To xe AHanIu3 COCTOSIHUS --
IPOM3BOJICTBA
10 To xe -- WcnpiTanusa o0pa3nos, B3ATHIX y U3-
TOTOBUTEIIS WM MTPOJABIA
10a To xe AHanm3 CoCTOSTHUSA To xe

IMPOU3BOJCTBA

OcobeHHOCTH YCIIYT Kak 00beKTa cepTu(hUKauu:
- CyOBEKTUBHOCTh MPOBEPKH pe3yNbTaTa yCIayru (Harnpumep, IpuuEcKku);
- HEBO3MOXXHOCTh MCIBITAaHUM pe3yibTaTa YCIYr'd (HCIBITAHUN CIOXHON OBITOBOW TEXHUKH

MOCJIE PEMOHTA [0 YCTAHOBJIEHHBIM KECTKUM MpaBUIaM HCTIBITAaHUH);

- HCHOCpe,Z[CTBCHHHﬁ KOHTAKT HCIIOJHUTCIIA U HOTpC6I/ITCJ'I}I yCiayru Tpe6yeT OLICHKU MacCTEp-

CTBa UCIIOTHUTEISI C YIETOM dTUKH OOIIeHUS (YCIyrd KOCMETUYECKOT0 KaOMHETA);

[IECTBEHHOE MMUTAHHUE).

- OpCAOCTABJICHUC YCIYI'U U eé HOTpC6HCHI/Ie MMpOUCXOAUT OAHOBPEMCHHO (HapI/IKMaXCPCKI/IC

YCIyTH);
- HCKOTOPBIC XapaKTCPUCTUKHU YCIIYT 3aBUCAT OT pCruoHa (TpchnopTHoe O6CJ’Iy)KI/IBaHI/Ie, 00-

Cxemsl cepTudukanum ycnyr, npuMmensiemsie B PO, npuseaens! B Tabi. 3.




Tabmuua 3 -CxeMbl cepTUPUKAIIIH YCTYT
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No Ouenka Ouenka Atrtecra- | Ceprtuduka- | Beibopounas | MHcnekmuoHHBIN
cxe- MacTep- | Ipouecca | Ius Open- st MpOBEpKa KOHTPOJIb
MBI CTBa C- | OKa3aHUs | MPHUATHS | CHCTEMBI Ka- pe3ynbTarta

IIOJIHUTE- ycayru 4yecTBa yclyru
sl
1 Ouenka Bri6opounas IIpoBepka
MacTep- -- -- -- IpoBepKa pe3yNIbTaTOB
CTBa yCIyTu
2 Orenka Bri6opounas Kontposb
-- mporecca -- -- IIpOBEpKa CTaOUIIBHOCTHU
nporecca
OKa3aHus yCIyru
3 Bri6opounas Bri6opounas
-- -- -- -- IpOBEpKa IIPOBEPKa pe3yJib-
TaTa yCIyrHl
4 ATtTecra- Brei6opounas To xe
-- -- s -- IpOBEpKa
3) Ceptuduxa- KonTpons
-- -- -- s -- CcTaOUIBbHOCTHU
(GyHKIMOHUPOBA-
HUS CHICTEMBI

7 Ilopsinok 00513aTE€JILHOTO MOATBEP KIEHUSI COOTBETCTBUS

[Topsimok MOATBEPKAECHUSI COOTBETCTBUS Ha MpuMepe HauOojiee CIOKHOW MpOLEenyphl MOj-
TBEP)KACHUSI COOTBETCTBUS B (pOpMe 00s3aTENBHON cepTU(UKAIIMN MOXKHO NPEICTABUTH B BUIE dTa-
TIOB:

- MoJ1ava 3asBKU Ha CEPTU(PUKALIHIO;

- OLICHKA COOTBETCTBUS MPOIYKINHU (YCIIYT), CUCTEMBI KauecTBa, NEPCOHANA;

- aHaJIU3 JOKYMEHTOB;

- IPUHATHUE PEILIEHUS,

- ohopMIIEHHE U Bbl1aya cepTU(UKaTa COOTBETCTBUS,

- oopMIIEHHE U BblJjaua JIMIEH3UH Ha IPUMEHEHHUE 3HaKa 0OpallleHHsI Ha PhIHKE;

- MHCTIEKIITHOHHBIN KOHTPOJIb.

- MEPONPUATHS 110 pe3yabTaTaM HHCIIEKLIMOHHOTO KOHTPOJIS.

Ilooaua 3asexku Hna cepmughuxayuro — 3asBUTEIb BBIOMpAET OpraH Mo cepTUUKALNUA U
HanpaBIsgeT 3as1BKy YCTaHOBJIEHHOW (Gopmbl. IIpu oTcyTcTBUU OpraHa mo cepTH(QHUKAIMU 3asiBUTENb
MOJKET 00paTUTHCS B TEPPUTOpUATILHBINA opraH denepanbHOi c1yxk0bl PO 1o TeXHMYECKOMY peryiu-
POBaHUIO U METPOJIOTUH WJIM WHOW OpraH MCIOJHUTEIbHOM BiacTH. Oprad mno cepTuduKanuy B Tede-
HUE OJTHOTO Mecslla COOOIIAeT 3asBUTENIO CBOE pelIeHHEe, B KOTOPOM YKa3aHbl yCJIOBHs cepTH(UKa-
IIUHM — CXe€Ma, HAUMEHOBaHHE UCTIBITATEILHOM J1aO0PaTOPUH, TEPeYeHb HOPMATUBHBIX JOKYMEHTOB, Ha
COOTBETCTBHUE KOTOPHIM OYZET IpoBeeHa cepTUhUKALINS.

Oyenka coomeemcmeusi — IMeeT 0COOEHHOCTH B 3aBUCUMOCTH OT 00BEKTa (CXeMBbI) cepTudu-
Kauuu. s mpoAyKIMHM — aKKpeAUTOBAaHHAs HCHBITAaTeNbHAsl J1TabopaTopHsl OCYLIECTBISIET OTOOp U
UICHTU(DHUKAIMIO 00pa310B U3/ENUH, TPOBOAUT UCIIBITAaHUS, OPOPMIIET U NepeaaéT MPOTOKOJIBI pe-
3yJIbTaTOB MCIIBITAHUM 3asBUTEIIO U B OpraH 1o ceprudukanuu. Ecam cxema npenycmarpuBaeT mpo-
BEPKY MPOU3BOJICTBA, CUCTEMBI Ka4yeCcTBa KOMHUCCHs OpraHa Mo cepTU(UKAIMH MPOBOAUT 3TH MEpO-
npusTus u opopmisieT ux akramu. s yeayr (padbot) opraH 1o cepTU(dUKAIUN TPOBOJIUT MEPOTIPH -
THUS1, COOTBETCTBYIOILIME IIPUHATON CXEME.
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Ananuz 0okymenmos — MPOTOKOJBI UCTIBITAHUHN, aKThl OLEHKH MPOU3BOJICTBA, CHCTEMBbI Kaue-
CTBa, KBAIM(UKALMU NEPCOHATA U HMHBbIE TOKYMEHTHI, IPEJCTABICHHbIEC 3asBUTENEM, MOJBEPratoTCs
aHau3y, s OATOTOBKY PEIICHUsI O COOTBETCTBUH NMPOAYKLUH (ycayr) TpedoBanusm TP.

IIpunamue pewenuss — Ha OCHOBAHWU aHAIM3a JOKYMEHTOB, IIOAIOTOBJICHHBIX OPraHOM IIO
cepTU(UKAINH, UCIIBITATeILHON JIa00paTOpUeH U MpeICTaBICHHBIC 3asiBUTEIEM, KCIIEPT COCTABIISIET
3aKJIIOYEHUE, OpraH I0 CepTHU(QUKALMU NPUHUMACT PELICHHE O COOTBETCTBUHU IPOAYKLHUH (YCIIYT)
TpeboBanusim TP.

Ocgopmnenue u evioaua cepmugpukama coomeemcmeus, IUYeH3uu Ha npumMeHenue 3HaKa oo-
pawjenus Ha pbihKe — €CIH PelIeHUe TI0JI0KUTEIbHOE, OpraH Mo cepTUHUKAIMH 0(POPMIIIET U BBIIAET
CepTU(UKAT COOTBETCTBUS, JIMLEH3UIO HAa NMPUMEHEHHE 3HaKa OOpallleHHs Ha PbIHKE, PErMCTPUPYET
BbIIaHHbIE TOKYMEHTHI B ['ocyaapcTBeHHOM peecTpe. Ecnu penienue oTpuuarenbHoe, Oprald 1o cep-
TUGUKAMM BBIAAET OTKA3 C yKazaHueM npuurH. Popma cepTudukaTa COOTBETCTBUS, CPOK €ro Jeil-
CTBHSI OIPEACTISIOTCS IPABUIIAMH CUCTEMBI CEPTU(DUKAIIIH.

B ceprudukare cooTBETCTBUS NPOAYKIMH YKa3aHbI:

- peTUCTpaIMOHHBIN HOMEp, CPOK AeicTBus cepTudukara (3...5 ner);

- HAUMEHOBaHME OpraHa 110 cepTU(UKaLMK, BbIABLIETO CePTUDUKAT;

- HauMeHoBaHue npoaykiuu, koa no OKII;

- 3asBJICHHE O COOTBETCTBUHU MPOIYKIIMH IPEIbIBIAEMbIM TPEOOBAHUSM;

- HOpMaTHBHBIE JOKYMEHTHI, HA COOTBETCTBHE KOTOPHIM BBIIaH CEPTH(UKAT;

- NIPOTOKOJIBI UCCIIEJOBAHUM, aKThI IIPOBEPKHU IPOU3BOJACTBA U MHBIE JOKYMEHThI, HA OCHOBa-
HUU KOTOPBIX BbIJAH CEPTU(PHUKAT COOTBETCTBHUSI;

- IOJITUCH KCIepTa, PYKOBOIUTENS OpraHa 1o cepTu(uKaIum.

Hncnexyuonnulii KOHMpos — MPOBOAUT OpraH, BBIJABUIMM cepTU(PHUKAT COOTBETCTBUS, €CIIU
MHCIIEKIIMOHHBIN KOHTPOJIb NPEAYCMOTPEH cxeMol cepTudukanuu. KoHTposib NpoXoauT B BUJE IUIa-
HOBBIX (OJIMH pa3 B roJl B TEYCHUE CPOKa JCHCTBHS cepTH(]HKaTa) M BHEIUIAHOBBIX (IIPH MOCTYILICHHN
pexyiaMalvii, Ipyu BHECEHUU CYILECTBEHHbIX M3MEHEHMH B KOHCTPYKLUIO U37eNusi) NpoBepok. B un-
CHEKLMOHHYI0O KOMHUCCHUIO BXOJST NMPEACTaBUTEIN TEPPUTOpUATILHOTO opraHa denepalibHON ClTy:KObI
P® no TexHMueCKOMY peryJupoBaHHIO U METPOJIOTHH, OOIIECTB MOTpeOUTeNel U Ipyrux 3auHTepe-
COBaHHBIX opraHu3anuil. MHCOEKIMOHHBIH KOHTPOJIb BKIIOYAET aHAJIU3 MH(POpPMAIUH, OJTYyYEHHOU B
XO0/JI€ TIPOBEPOK.

[To pesynpTaTaM MHCHEKIMOHHOIO KOHTPOJIS SKCIEPT OpraHa Mo CepTU(UKALUU COCTABIISET
aKT ¥ IPUHUMAET pELICHUE:

- 0 IPOJIOJKEHUU JEUCTBUA cepTU(PUKATa COOTBETCTBUS;

- 0 IPHOCTAHOBJIEHUH UM OTMEHE JIEHCTBHSI cepTU(UKAaTa COOTBETCTBHUS.

OtmeHa nieficTBUS cepTU(UKaTa COOTBETCTBUS NMPOUCXOIUT IMPU HECOOTBETCTBUU MPOAYKLIUN
(yciyru) Tpe6oBanusim TP, mpu u3MeHeHUU HOPMAaTUBHOT'O IOKYMEHTA Ha IPEAMET CepTH(PHUKAIIHH.

Meponpusmus no pezyibmamam UHCNEKYUOHHO20 KOHMPOJA - TMPOBOIUT HU3TOTOBHUTENb HA
OCHOBAHMU TpeINUcaHus 00 ycTpaHEeHUM HapylieHui TpeboBanuii TP, BEITaHHOM OpraHoM rocyziap-
CTBEHHOT'O KOHTPOJISI (Ha130pa).

Obs3arenbHOE TIOATBEPIKICHHE COOTBETCTBHS MPOIYKIIMU B GOpPME JIEKIapUPOBAaHUS COOTBET-
CTBUS, NOOPOBOJIbHAS cepTU(UKAIUSA MPOXOAIT MO YHpouleHHOW mporenype. IIpu n1o0poBosiabHOM
CepTU(UKAIMHM CUCTEMY JOOPOBOJBHOM, a TpU €€ OTCYTCTBUHM CHCTEMY 00s3aTeNnbHON cepTuduka-
L[UU, CXeMy CepTHU(QHUKAIUU BbIOMpAET 3asBUTENb. [IpyU MONOXKUTEIHLHOM pEIIEHUU OpraHa Mo IMoJ-
TBEPKJACHUIO COOTBETCTBUS 3asBUTENb MOJIY4aeT JOKYMEHTHl YCTAaHOBICHHON (OPMBI - AEKJIapaluio
COOTBETCTBUS, CEpTU(UKAT COOTBETCTBUA. YKa3aHHbIE JOKYMEHThl MUMEIOT OJMHAKOBYIO HOpUIUYE-
CKYIO CHILY.

8 Opranusanusi 1esiTeJbHOCTH OPraHOB N0 CepTHHUKALUH
KayecTBO cepTuduKanuy TOBApOB U YCIYT ONpPEIENseT BbICOKAash KOMIIETEHTHOCTh M HE3aBU-

CUMOCTb OPTaHOB IO CEPTHU(PHUKAIMHU, a TAK)KE CIOCOOHOCTH YIOBJIETBOPSTH 3alpPOCHI 3asiBUTENIECH U
JPYTUX 3aUHTEPECOBAHHBIX JIMII.
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JleaTenbHOCTh OpraHa 1Mo cepTU(UKAINN JOJKHA OBITH:

- OTKPBITOW B MH(GOPMAIIMOHHOM 00€CTICUCHUH;

- JOCTYITHOW B OPTaHU3AI[MIOHHOM ¥ (JMHAHCOBOM OTHOIICHUSX;

- AHTUJUCKPUMUHAIIMOHHOM 1O Mpu3HaKaM (GopMbl COOCTBEHHOCTH U CTPAHbI HAXOXKICHUS U3-
roTOBUTEIIA (ITOCTABIIUKA).

B agMuHHCTpaTUBHYIO CTPYKTYPY OpraHa 1o cepTuuKaiuy BXOIsT:

- HCTIOJTHUTEJBHBIN TUPEKTOP;

- KOOPJIMHAIIMOHHBIH (YIIPaBISIOUINil) COBET;

- HAOJIFOJaTeILHBIA COBET;

- KOMHCCHS IO CepTU(PUKAILUY;

- KOMHUCCHS IO OLIEHKE CHCTEMBbI Ka4eCTBa;

- aneJuIALUOHHAs] KOMUCCHUS;

- HCTIBITaTeIbHAs JIabopaTopusl.

Hcnonnumenwvuoiii oupekmop - pyKOBOJIUT TeKylleil paboToii oprana mo cepruduxaiuu B 00-
JACTU aKKPEIUTALNH.

Koopounayuonnwiti (ynpasnarowuil) cosem - odecrieunBaeT AEITEIbHOCTh OpraHa Mo CepTHU-
¢ukann. OCHOBHBIE (YHKIIMU KOOPIUHAMOHHOTO COBETA!

- (opmupoBaHUE ¥ KOHTPOJIb peau3aliy MOJTUTUKH, OTPEACIISIONIeH A1eITeIbHOCTh OPraHa;

- KOHTPOJIb CTOMMOCTH Pa0OT O CePTH(PHUKAIINH;

- OmnpeJeNieHre B HEOOXOJUMBIX CIydasX COCTaBa HEITAaTHBIX CIEHUAINCTOB, IPUBIEKAEMbIX
Ha JIOTOBOPHBIX YCIIOBUSX JUISA BBIIOJIHEHHS paboT Mo cepTUUKAIIH;

- OpraHm3alysi B3auMOJICHCTBHI C HAIIMOHATILHBIM OPTaHOM IO CepTU(UKALNY U APYTUMHU Op-
TaHW3aLUsIMH, 3aHUMAIOIIMMUCS BOIIPOCAMH OIICHKH COOTBETCTBUSI.

B KoOpauHAIIMOHHBIN COBET BXOMAST MPEACTABUTENIHN BCEX 3aUHTEPECOBAHHBIX CTPYKTYp - MU-
HUCTEPCTB, CIyXKO, areHTCTB, MPO(PECCHOHANBHBIX acCOIMAINi, OaHKOB, CTPAXOBbIX KOMITAHHH, TPO-
MBIIUICHHBIX PEANPUSATHI, HAyUYHbIX U y4eOHBIX OpraHU3aIuil.

Habnwoamenvhulti cosem — OCyIIeCTBIAET OOIMNM HAI30pP 32 JACSITEIBHOCTHIO OpraHa 1o cep-
TU(UKAIMH, COCTOUT U3 MPEJICTABUTEIEeH OpraHu3aIiy yupeIuTens.

Komuccuu no cepmugurayuu u oyenke cucmemvl Kkauecmea - U3y4arOT OTUETHI HKCIIEPTOB,
IPOBOJUBIINX OLIEHKY COOTBETCTBMS, U IPUHUMAIOT PELICHUs O BblJJaue WIM OTKAa3e B BbIAAYE CEPTH-
¢ukara cooTBeTcTBUS (CM. IpU.1).

Anennayuonnas xomuccusi - pacCMaTpUBaeT Kajo0bl, MOCTYNHUBIINE OT 3asBUTENIEH Ha JAeH-
CTBHSI M pEIICHUS OpTaHa 1Mo cepTUHUKAIMHA. B KOMUCCHIO BXOIAT CHEIMAIHUCTHI B 00J1aCTH cepTU(hu-
Kallu¥, HE3aBUCHMBIEC IOPUCTBI.

Hcnveimamenvhasa nabopamopus — NIpOBOANUT UCIBITaHUS U 0POPMIIIET TPOTOKOJIBI UCIIBITAHUN
HOPOAYKIMH (CM. MPHUIL.2), MOXKET BXOJIUTh B COCTaB OpraHa 1o cepTU(HUKAIMHU WX ObITh CaMOCTOS-
TEJIbHON OpraHu3alHei.

AKKpeaMTaIMI0 OPraHOB MO CEpTU(UKALMKY U UCHBITATENbHBIX JIAbopaTopuil (LIEHTPOB) OCY-
HIECTBIISIOT B TEISX:

- MOJTBEPXKACHUS KOMIIETEHTHOCTH OPraHOB MO CepTH(HKAIMU U MCIIBITaTeNbHBIX JabopaTo-
puil (LLEHTPOB), BBHIMTOJIHAIOMUX PaObOTy MO MOATBEPKACHUIO COOTBETCTBHUS;

- obecrieyeHus: TOBEpHs U3rOTOBUTEINEH, TIPOJIABIIOB U MpuoOpeTaTeneil K JesTeIbHOCTH opra-
HOB I10 cepTU(UKALMU U aKKPEAUTOBAHHBIX UCIBITATENIbHBIX Ja0opaTopuil (LIEHTPOB);

- CO3JJaHMs YCIIOBHH JUUIsl IPU3HAHUS PE3YJIbTAaTOB JAESTEILHOCTH OPTraHOB MO CEPTHUPHUKAIMU U
AKKPEIUTOBAHHBIX HCIBITATENFHBIX Ta0opaToOpHii (LIEHTPOB).

AKKpeMTaIMI0 OPTaHOB MO CEPTU(UKAIMM U UCIIBITATENbHBIX JabopaTopuil (IIEHTPOB), BBI-
TIOJTHSFOIINX PaOOTHI IO MOATBEPKACHUIO COOTBETCTBUS, OCYIIECTBIISIIOT HA OCHOBE TIPUHITUIIOB!

- OTKPBITOCTH U JIOCTYITHOCTH MPaBWJI aKKPEAUTALIH;

- KOMIIETEHTHOCTH 1 HE3aBHCHUMOCTH OPTaHOB, OCYIIECTBIISIONINX aKKPEIUTAIIHIO;

- HEJIONMYCTUMOCTH OTPaHUYEHUsI KOHKYPEHIIMM U CO3JaHMs MPEMSTCTBUI MOJIb30BAHUIO YCITY-
raMy OpraHOB 1O CepTU(DUKAIINN U aKKPEIUTOBAHHBIX MCIBITATEIBHBIX JabopaTopuii (IIEHTPOB);

- oOecrieueHus paBHBIX YCJIOBUH JIMLIAM, TPETEHAYIOIIMM Ha MOJTyYeHHE aKKpeAUTAIIH;



17

- HEJOIYCTUMOCTH COBMEILIEHUS MOJHOMOYMM Ha aKKPEAUTALUIO U MOJATBEPKICHUE COOTBET-
CTBUS;

- HEJIOIYCTUMOCTH YCTAHOBJICHUS IPEIEIIOB JEHCTBUS JOKYMEHTOB 00 aKKpeIuTaluHu Ha OT-
JI€IbHBIX TEPPUTOPUSIX.

AKKpeUTaII0 OPTaHOB 1O CEPTU(UKAIMHM M HCIIBITATENBHBIX J1a0opaTopuil (LIEHTPOB), BBI-
MOJIHAIOMIUX PA0OTHI MO MOATBEPIKACHUIO COOTBETCTBHS, OCYIIECTBISIOT B MOPSJIKE, YCTAHOBICHHBIM
IIpaBurenscTBoM PO.

VcnpiTanus NpoayKIUy B IENSX OLEHKH COOTBETCTBHUS OCYIIECTBIISAIOT UCIBITATENIbHbIE J1a00-
paropuu. McnbiTarenbHas 1a00paTopust MOXKET OBITh CAMOCTOSTEIILHOM OpraHu3amueii, 4acThlo opra-
Ha [0 cepTU(UKAIUU UK Ipyroi opranuzanud. OCHOBHbIE TpeOOBaHUS, IPEIABSBISEMbIE K HCIIBITA-
TETHHBIM JIA00PATOPUSIM (IIEHTPaM):

- 00J1afjaHKe CTaTyCOM FOPUINYECKOTO JTUIIA;

- o0ecrieyeHre UCTBITAHUN KBATM(UIIMPOBAHHBIM IEPCOHAIOM, 000pyIOBaHHEM, METOIUKA-
MU;

- UCKJIIOYEHHE BO3MOXKHOCTH OKa3aHUs JIABJICHHUS Ha COTPYJHHKOB C IENbI0 (hanbcudukanuu
pEe3ynbTAaTOB UCIBITAHUIA;

- IPEIOCTABJICHUE PE3YIBTATOB HCIIBITAHUI B BUJIE TPOTOKOJIOB YCTAaHOBJICHHOH (DOPMBI;

- cO0JII0/IEHNEe Mep CEKPETHOCTH KOH(PUACHIINATbHONU HH(OPMALIMY U 3aIUTHI PaB cOOCTBEH-
HOCTH.

Ceenenusi o ToBape (HaAEKHOCTH, SKOHOMHYHOCTH, TEXHHYECKUX MapaMmerpax) C LEeJbIo
CPaBHEHMsI aHAJIOTUYHBIX TOBAPOB PA3JIMYHBIX IMPOU3BOAUTENECH MOMYYaIOT 110 PE3yIbTaTaM CPABHU-
MEIbHLIX UCNbIMAHUL, TTPOBOAUMBIX B aKKPEIUTOBAHHBIX HCIBITATENBHBIX JIaOopaTopusX. AHAIu3
Pe3yJIbTaTOB MYOJIMKYIOT B CIIEUAbHBIX U3/IaHUSX.

[Tonyuyennsle 3a npenenamu TeppuTopur PO NOKYMEHTHI O MOATBEPKIECHUU COOTBETCTBUS,
3HaKU COOTBETCTBHUSI, IPOTOKOJIbI UCCAEAOBAHNUN (MCIIBITAHUN) U U3MEPEHUM MPOJYKIIMH MOTYT OBITh
MIPU3HAHBI B COOTBETCTBUM C MEXAYHapoAHbIMU AoroBopamMu P®. IIpu oTCcyTCcTBUM Takoro A0oroBopa
TOBapbl, BBO3UMbIE Ha TeppuToprio PD, mpoxoasT mpoueaypy NOATBEPKIEHUS COOTBETCTBUS Ha 00-
IIMX OCHOBAHUSX.

Opran no cepTuuKanmy U €ro J0JKHOCTHOE JIMI0, HApYIIMUBILIKE MPaBUiia BBIIIOJIHEHUS pa-
00T 1o cepTU(UKALINH, €CIM TAaKOE HapyIlIeHHEe MOBJIEKIIO 32 cOOO0M BBIMYCK B OOpallleHue MpoIyKIINH,
HE COOTBETCTBYIOLIEH TpeboBaHusM TP, HECYT OTBETCTBEHHOCTb B COOTBETCTBUHU C 3aKOHOJATEIIb-
cTBOM PO.

AKKpenuTOBaHHAs UCTIbITaTeNbHAs JabopaTopus (LEHTP), SKCIEPTHI 3a IPEJOCTABICHUE HE10-
CTOBEPHBIX WJIK HEOOBEKTUBHBIX PE3yIbTaTOB UCCIEJOBAHUHN (MCIBITAHUNA) U3MEPEHUI HECYT OTBET-
CTBEHHOCTbH B COOTBETCTBHH C 3aKOHOAATEIHCTBOM PD.

Qunancuposanue pabom B 00JaCTH TEXHUYECKOTO PEryJUPOBAHHUS OCYLIECTBISAIOT 33 CYET
OIO)KETHBIX CPEJCTB, KOTOPbIE UIYT Ha!

- IPOBEJICHUE TOCYIapCTBEHHOT0 KOHTPOJIS (HaA30pa) 3a coboeHneM TpedboBanmii TP;

- coznanue u Benenue denepanbHoro nudpopmannonHoro pouaa TP u crannapTos;

- peanu3anuio NporpaMmsel pazpadbotku TP, HAIlMOHATBHBIX CTAHJAPTOB, a TAKXKE NMPOBEJCHUE
sKcnepTus npoekToB TP u crangapToB;

- pa3paboTKy 00IIepOCCUICKUX KIacCU(hUKATOPOB;

- YIUIaTy B3HOCOB B MEXAyHApOJAHbIE OPTaHU3AlMU [0 CTaHIapTU3ALINY.

CpenctBa B (hefepalibHBINA OFO/KET MOCTYIAIOT B BUJIE:

- CPE/ICTB, OJYUYEHHBIX OT 3asiBUTENEH 3a IpoBeJieHHe paboT MO OLIEHKE COOTBETCTBHUS;

- mTpadoB, HAKIAABIBAEMbIX OpraHaMH T'OCYAapCTBEHHOTO KOHTPOJIA (Haa30pa) Ha IOpHIuYe-
CKUX U (PU3NYECKHX JIULI;

- CPENICTB, BBIPYUYEHHBIX OT paCIpOCTPAHEHUS CTAHIapPTOB, KaTaJIOIrOB, CIIPABOYHUKOB.

Pacmmpenue MexIyHapoJHOTO OOIECTBEHHOTO ABM)KEHUS B 3aIIMTY MpaB yelOBEeKa U BO3-
pacTraHre KOHKYpEHTHOH O0pbObl Ha TOBAPHOM PHIHKE MPUBEIH K MOBBIIIEHUIO BHUMAHUS K COLIMATb-
HOM JIOSJIBHOCTH.
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Coyuanvuas 10sA1bHOCMb — CTENICHb BBHITIOJIHEHUS (GUPMOIi TpeOoBaHUN KOHBeHIIMH MexayHa-
ponnoi opranuzaruu Tpyaa (MOT) u OOH B oTHOIIEHHH HCTIOIB30BaHUS ACTCKOTO TPY/a, TPUHYIH-
TENBHOTO TpyAa, obecriedeHusi 6€30MacCHOCTH U TUTHUEHBI paboT, pabovero BpeMeHU M BO3HATPaXK/Ie-
HUS, COOJIOIEHNUsI CBOOOIbI aCCOIMAIINY U MTPaB 3aKII0YCHHS KOJUIEKTUBHBIX JOTOBOPOB.

[MpunsaT mexxaynapoaasiid ctanaapt SA 8000, kotopslit 6a3upyercs Ha Beeobmelt aexmaparm
npaB 4enoBeka, Konsennnn OOH o npaBax peO&HKka, pekoMeHIanusx Mex1yHapoJHOW OpraHu3aIiuu
tpyaa (MOT), cranmaprax MUCO. IIpousBoauTean TOBApOB 3aMHTEPECOBAHBI B MPOBEJACHUU HE3aBH-
cuMoro ayauTa, ceprudukamnuu o TpedoBannto SA 8000 ¢ menbro mosydeHus cepTudukaTa COOTBET-
CTBUS COLIUATLHON JOSITLHOCTH.

3AKVIIOYEHUE

Boccranosnenne B Havane ABaquaTh MEPBOTO BEKa HAIMOHAIBHOI'O IPOMBIIUIEHHOIO MOTEH-
nuana Poccutickon denepanuu, pocT MOCTaBOK 110 UMIIOPTY, PaCIIMPEHHUE CIIMCKA CTPaH NapTHEPOB B
MEXIYHapOJAHON TOPrOBJIE MPUBEHU K JIABUHOOOPA3HOMY yBEJIMYEHHIO 00bEMA, paCIIMPEHUI0 HOMEH-
KJIATypbl TOBApPOB U YCIYT, MOJJIEKAIINX 00s13aTeIbHON OIICHKE COOTBETCTBUS. [10 OmbITy MHpPOBOM
NpakTUKU U naHHbIM DenepanbHoro arenrcrBa Poccuiickoit @enepanuu U 0 TEXHUUECKOMY perysu-
POBAaHUIO M METPOJIOTHH OOBEM TMOTCHIMAIBHO OMACHOW MPOJYKIWH, MOJJIekKAIIeH 00s3aTenbHOMI
ceprudukammu, gocturaet 80...90% ot obmero o0bEMa 1 KIMEET TCHICHIIMIO POCTA.

[Ipaktuka ceprudukanyy B PO BbIsIBUIA P/l CYIIECTBEHHBIX HEOCTATKOB:

- Hea((PEeKTUBHOCTH OPTaHU3AIMOHHBIX TPUHILIUIIOB CEPTU(HUKALINN;

- 3aBBIIIEHHYI0 HOMEHKJIATYPY TOBApOB U yCIYT, MOJUIekKAIIUX 0053aTeIbHON cepTUUKAIH;

- HEOOOCHOBAHHBIN BBIOOP CIIOKHBIX CXEM CepTUDUKALINU;

- HEPaBHOMEPHOE TEPPUTOPHAILHOE Pa3MELICHHE OPTaHOB IO CePTU(UKANNU M HCIBITATENb-
HBIX JJabopaTopui;

- neuIUT KBaH(PUIMPOBAHHBIX KaJPOB.

[lepeuncnennsie GakTOpbl MPUBETN K HEOMPaBJAHHBIM MaTepPHAIbLHBIM, BpEMEHHBIM, (DUHAH-
COBBIM H JIIOJICKMM 3aTpaTaM Ha OpraHM3al{I0 U OCYILECTBICHHE MpOoLeayp 00sA3aTeIbHOr0 MOITBEp-
KJECHUS COOTBETCTBUS.

B nauane nBamnate neporo Beka B Poccuiickoit deneparun Hazpena HEOOXOAMMOCTh COBEP-
LIEHCTBOBAHUS U ONTUMU3ALNN NPOLEYp MOATBEPKACHUS COOTBETCTBHSI, YBEIUUEHHUS J10JIM TOBAPOB
U YCIIYT, JUIsl KOTOPBIX 00s13aTeNbHast cepTU(dUKAIUs MOXKET ObITh 3aMEHEHa MEHee 3aTpaTHON popMoit
MOATBEPKJIEHUS COOTBETCTBUS - JEKIAPUPOBAHUEM COOTBETCTBUS.

®OenepanbHblil 3ak0H «O TEXHHUYECKOM PEryJIHMpOBAaHUU» IMPENOCTABUII HOBBIE BO3MOKHOCTH
10 JaJibHEeHIeMy COBEPIIEHCTBOBAHUIO OLIEHKH COOTBETCTBHS TOBApOB M YCIYr 00S3aTENIbHBIM Tpe-
0OOBaHUSM CTaHAAPTOB.

JlanbHelilee COBEpIIEHCTBOBAHUE MPOLIEAYP OLIEHKH COOTBETCTBUS SABISETCS HEOOXOAUMBIM U
OTIPEEIISAIONIMM YCIIOBUEM POCTA HAIMOHAJIBHOTO BaJOBOIO MPOJYKTA, YCIEIIHOW MHTErpanuu KO-
HOMMKHM Poccuy B MUPOBYHO 9KOHOMHMUYECKYIO CUCTEMY, PACIIMPEHHS MEXIYHAPOIHOTO SKOHOMHYE-
CKOTO U HAy4YHO-TEXHHYECKOTO COTPYAHHYECTBA, POCTa 00bEMA U COBEPIIEHCTBOBAHMS CTPYKTYpPHI
MEXyHApOJIHOTO TOBApOOOMEHA B MHTEpecax Halllero rocy1apcTaa.
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KOHTPOJIBHBIE BOITPOCHI

1. Ienu, NpUHIMIIBI TOATBEP>KACHUS COOTBETCTBHSL.

2. XapakTtep, pOpMbI MOATBEPIKACHUS COOTBETCTBHSL.

3. oOpoBoIbHOE MTOITBEPKIEHUE COOTBETCTBUSI.

4. O0s13aTenbHOE MOATBEPIKIACHUE COOTBETCTBHS 110 (pOopMe JeKIIapupOBaHHUS.
5. O0s3arenbHOE MOATBEPKACHUE COOTBETCTBUA 1O (hopMe cepTudukanuu.
6. YyaCTHUKH CHCTEMBI CepTHU(HUKAITIH.

7. CxeMbl cepTU(UKAITUH TPOIYKIIUH.

8. Cxembl cepTHUKAIINK YCIYT.

9. Ilopsitok 00s13aTETHLHOTO MOATBEPKICHUS COOTBETCTBUS.

10. Opranuzanus AeITEITbHOCTA OPTaHOB IO CEPTU(HUKAIUH.

11. lenu, NPUHLIMIBI AKKPEIUTAIIMNA OPTAHOB IO CEPTUDUKAIIH.

12. ®unancupoBaHue padOT MO CEPTUPUKAIINH.
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[MTPMJIOXKEHHME A

OOPMA CEPTUOPUKATA COOTBETCTBUMA HA TTPOAYKIHMIO

I'OCCTAHIAPT POCCHUH
CUCTEMA CEPTUOUKAIIMU I'OCT P

CEPTUDOUKAT COOTBETCTBUA
No

Cpok nieiicTBus ¢ 1o

Opran no ceptudukanuu

YAOCTOBEPSET, YTO JOJDKHBIM 00pa3oM HIASHTU(PHUIIUPOBAHHAS 3asIBUTEIIEM po-
JTYKIIHS

ko K-OKII

W3TOTOBUTEIH (MMPOJABEII)

koa TH BO/J]

COOTBCTCTBYCT Tpe6OBaHI/I$IM HOPMATUBHBIX JOKYMCHTOB

cepTu(dUKaT BbIJJaH HA OCHOBAHUU

JOTIOJTHUTENbHAs HHGOpMAIIUs

PykoBonurens oprana
M.IL TIO/IITHCh WHUIHATBL, paMuTHst
Dkcnept

noAnucCh HWHUIIUAIBI, (I)aMI/IJ'II/IH

Ceprudukar nMeeT IpUIMYECKYIO CHITY Ha Bcell Tepputopun Poccuiickoit deneparyu
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[MTPMJIOXXKEHUE b

®OPMA TTPOTOKOJIA UCIIBITAHUN

HcnbrTatenbHas nabopatopust

Peructpaunonnsiii Homep POCC RU

FOpunnueckuii anpec

Perucrparnmonnsiit Homep mpoObI (00pasiia)

I[MTPOTOKOJI
UCTIBITaHHM P00 (00pa3IoB)
OT 200 1.

3ASBUTEJIb

HanmenoBanue rnpoObI (00pasiia)

JlaTa BbIpaOOTKH

N3roroBurennb

Bennunna naptumn

JlaTa nomyuenus oopasna

Harta u Mmecto oTO0pa rnpoo

Jlata npoBeeHUS UCTIBITAHU

JononxuTenbHas nHGOpMAIIUs

[Ipo6a (oOpa3elr) ucmbpITaHA HA COOTBETCTBUE

PE3VJILTATHI UCITBITAHUI

Ne n/m | HaumenoBaHue Pesynbprar Hopmupyemsbie | H/I Ha meToas!
roKasaresuen VICIIBITAHU I1I0Ka3aTeJIn VCIIBITAHUN
1.
2.
3.

HcnpiTanue nposenu:

MOAMHCH (d. 1. 0.

TOJIITUCH (d.1.0.)
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Tunsl pacnpenejieHui
PaznnyaroT AucKpeTHBIE W HETIPEPhIBHBIE BEPOSITHOCTHBIE pacipeeneHus. J{uckpeTHoe pacrpenenenre
XapaKTEePU3yeTCsl TEM, YTO OHO COCPEIOTOUYCHO B KOHEUHOM HIIM CYETHOM umciie Touek. HempepbiBHOE
pacmpeneneHue "pazmMazaHo’ 0 HEKOTOPOMY BEIIECTBEHHOMY UHTEPBAIY.
XapakTepucTHUKHU pacnpenejeHui
BeposiTHOCTHOE pacmpeselieHre MOXET OBITh ONFCAaHO HECKOIBKHMH JKBHBAJIEHTHBIMH CIIOCOOAMH.
3/1ech MPUBEEHBI TUITH HEKOTOPBIC U3 HUX.

@Oyukuua pacnpeaenenusi. OnpeneneHa ans JO00TO BEIIECTBEHHOTO pacmpeneienus. s
CITy4aifHO¥ BenmmunHbI X ee (pyHKIMEH pactpeeieHus Ha3pIBaeTCs

Fy@)=PX <z) —wzzcmw
InoTHocTh pacnpenenenus. OnpeseneHa Js HENPEPHIBHBIX pacrpeneneHuid. [Ipencrapnser
c000#1 MPOM3BOIAHYIO OT (YYHKITUH PaCTIPEIETICHIS:
Fylz)= F.;;":Z:', -z S
DyHKIUS BEPOSTHOCTH. AJILTCPHATUBHBIA CIOCOO OMUCAHMS JUCKPETHBIX PaCIpeICICHUN.
Ecnu pacnipenenenue cirydaiiHOM BeIMYMHBI X COCPEIOTOUCHO B KOHEYHOM WJIM CYETHOM YHCIIE TOYCK X1,

X240y Xny... TO €r0 MOXKHO OIKMCaTh BEPOSTHOCTAMH TPHHATHS CIy4dailHOM BenwmduHOW X
COOTBETCTBYIOIINX 3HAYEHU:

3HaueHue X1 X2 .o Xn oo

BepostHOCTE P1 P2 ... Pn ...
31ech Pk = f(Xk) = P(X = Xk), k:1,2,...,n,...

IHapameTpsbl pacnpenenenuii
OnwieM HEKOTOPBIE TapaMeTPhl PacIpeaeIICHuUS.

MartemaTndeckoe oxxunanue (cpeanee sHadenue) EX ciydaiinoii Benuuunbl X. [Ipencrasnser
co00i1 nHTETpaN BUaa

EX = fmzdFX (2)

Jlis  HenpepbhIBHOW CIy4alHOW BEJIMYMHBI MOXET OBITh BBIPAKEHO TAKXKE Yepe3 IJIOTHOCTh ee
pacnpeneneHus

EX = fmzfx (z)dz

a JUIsl TUCKPETHOM CITyYailHOM BEIMYHHBI - Yepe3 PYHKIIUIO BEPOSTHOCTH:

EX:ZHF&
":' .

Jucnepcus (paccesinue) CIIyIaifHONH BETUIHHBI X IMEET BHU]I
DY =E(X-EXN?

B knaccuyeckux MeTogax TEOPHM PUCKA JTUCIEPCHUS YacTO MCIOJIb30BAJIaCh B KAUECTBE MEpPbI PHUCKA,
U3MEPUTENISI PUCKOBAHHOCTHU MTPOEKTOB.
CranapTHOe OTKJIOHEHHE CITyJYalfHON BEIMYUHEI X 33/1a€TCS BRIPAKCHUEM

X )= DX
AcCUMMeTPHUS pacpeeseHus CIIyIaifHON BETUIHHBI X!
E(X -EX)
A X = ':73—}":'
7 ()

XapakTepu3yeT pasiuuue "XBOCTOB" pacIpelleieHUs; aCHMMETPUS TOJIOKHUTENbHA TIPU 0oJiee TSHKEIOM
MpaBOM XBOCTE, W OTpHUIATEIbHA TpuU Oojiee THKEIOM JIEBOM XBOCTE. J[Is CHMMETpPUYHBIX
pacmpenencHuit acummeTpus pasHa 0.

OCTpPOBEPUINHHOCTH PACIIPEICTICHHS CITYYaiiHON BETUINHBI X:

Ei X -EX
i =——— " -3
£ 70

XapakTEepPHU3yeT TsHKECTh "XBOCTOB" pacrmpeneieHUs; ITOJIOXKHUTEIbHBIE 3HAYEHUS O3TOTO IapameTpa
COOTBETCTBYIOT paclpeelieHHsIM ¢ 00Jiee TSDKEJIBIMHA XBOCTAMH, YeM Y HOPMAIBHOTO PacIpeIeIeHusI.


http://anov.narod.ru/glossary.htm#RiskMeasure

Menananoii a = med(X) pacrpeneneHus CirydaiHOM BeIHIMHBI X HA3bIBAETCSI KOPEHb YPAaBHEHHS
1
F.la)==
X
2

Mennana sBiseTCS CpelHEH XapaKTepPHCTUKON paclpeneleHns B TOM CMBICIE, 4To X C paBHBIMHU
BEPOSITHOCTAMHU MPUHUMAET 3HAUCHHUS, JICXKAIIKE CTIpaBa U ciieBa oT a. [IpenMyriecTBOM MeAuaHbI epe
MaTEeMaTHYECKUM OXXKHIAaHHEM SBJISCTCA TOT (DaKT, YTO MaTeMaTHYEeCKOE OXKHJAHHUE MOXKET OBITh
HEOTIpEe/IeTICHHBIM, €CITH 33JafoIluii ero WHTerpal (B AMCKPETHOM CiIydae - pSA) pacxXOAWTCs, Kak,
HampuMep, B ciy4dae pacupeneneHuss Komm. HemoctaTkomM MenuaHbBl SIBISIETCS €€ BO3MOXKHAS
HEOJHO3HAYHOCTh JJIA JUCKPETHBIX pacmpeneicHuil. MeanaHa CHMMETPUYHOTO paclpeaesieHUs
COBIAJIaeT C €ro CPeAHNM 3HAUeHHEM (eCITH ITOCIIeTHEE CYIIECTBYET).

Mopoii pactpezneneHusl Ha3bIBaeTCs HamboJiee BEPOATHOE 3HAUEHWE CITyYailHOW BEITMYWHBL: B
HEIPEPHIBHOM Cllydae - TOUYKAa MAKCUMyMa IJIOTHOCTH pacHpeleficHus, B TUCKPETHOM Clydyae - TOUKa
MakcuMyma (YHKIUM BEpPOSITHOCTH. Moja pacnpeieiicHusi MOXET OBITh HEOJHO3HAYHOH, U
WCTIOJIB30BaHME ITOTO TTapaMeTpa B TEOPHH PHCKA OTPAaHHUYEHO.

Jlpyrue xapakTepucTHKH pacipeneJaeHui
BeposiTHOCTHOE pacipeneneHne MOXKET ObITh OIIMCAHO U IPYTUMH XapakTepucTukamu. Cpeau HuX:
XapakrepucTudeckas pynkuus. OnpeneneHa A IPOU3BOJIbHBIX PacHpeIeIeHHM.

w5 (2) = Bexp(izX) = [ explizn)dFy (x)

3nech | - MHMMas equHUIA. [ HeMPEePHIBHOTO pacHpeeliCHNs] XapaKTePUCTHICCKYI0 QYHKIIMIO MOKHO
TaK>Ke BBIPA3UTh Yepe3 IUNIOTHOCTh PACIPEICIICHMUS

o
4 2) = [ explizm) £z (M
a JUTsl JUCKPETHOTO pachpeesicHus - uepe3 (QYHKIIHMIO BEPOSITHOCTH

sy (2) = > expliza, ) py,
&

- <z <o,

, < F 'G:'DD,

-


http://anov.narod.ru/distr/cauchy.htm
http://anov.narod.ru/distr/params.htm#Density#Density
http://anov.narod.ru/distr/params.htm#discrDensity#discrDensity

HopmanbHoe pacnipenesnenne

Onucanne
HopmairbHBIM Ha3bIBaeTCS BEIIECTBEHHOE HETIPEPHIBHOE PACTIPEICIICHUE ¢ INIOTHOCTHIO PacIIpecIICHUs

2
_ 1 (I - ..ﬂﬁl
Jx) = ———emp| - —F—
W& e 27
, tne u u o>0 - mapamerpbl pacmpeseieHus. CTaHIAPTHBIM

Ha3BIBAETCS HOPMAIBHOE pacipeneicHue ¢ mapamerpamMu u=0u o = 1.
Ha cnemyromeM pucyHKe IMOKa3aHbl rpaUKd IUIOTHOCTH pachpeneneHus (MpUBsS3aH K JICBOH OcH
opauHaT) ¥ QYHKIMHU pacnpeieneHus (MPUBA3aH K MPpaBoi ocu opanHaT) ¢ napamerpamu u=0, ¢ = 1.

HopmaneHoe pacnpepeneHue

1)
Flx)

XapaKTepUCTUKH
B crnenyromein Tabnuie mnpuBeneHs! (GOPMYINBI Ui BBIYUCICHHSA XapaKTEPUCTHUK HOPMAaIbHOTO
pacrnpeneneHus.

II;10THOCTH pacupeaeneHus fixy= ! EXp| — (x- 'ﬂzlz
N2 e 2o

DyHKIUA pacupeieeHus ™ Fix= Ji Fltide

MareMaTH4ecKkoe OKUIaHNS n

CrannapTHOE OTKIOHEHHE c

Jlucnepcus o?

AcumMmmerpus 0

OCTpPOBEPUINHHOCTD 0

Menuana n)

Mona u

Xapaktepuctuyeckas QyHKIUSL ¢(z) = exp(izp - 2°6%/2)

* DYHKIMA HOPMAJIBHOTO pacipe/ieNieHUs Yepe3 dlIeMeHTapHbIe QYHKIMH HE BBIPaKaeTCs.

MogaeanpoBaHue

IIpocreiinii MeTOJ; BOCIPOMU3BEICHUS 3HAYEHUM CIydallHOM BEJMYMHBI C 3aJIlaHHBIM HOPMAaJbHbIM

pacnpezeneHueM st HCIOIb30BaHus B MeTo1ax MonTe Kapio cocTouT U3 cienyromumx maros:
[onyunts 12 He3zaBucumbix 3HadeHuil Ui, ..., Ui ciaydyallHOH BeNWYMHBI C PaBHOMEPHBIM

pacnpenenenueM Ha otpeske [0,1].
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Beruucmure N = (U + ... + U - 6). Benmmuumaa N xopomo mpuOIMKaeT BEIUYHHY CO
CTaHIAPTHHIM HOPMAaIbHBIM pacmupezneneHueM (¢ mapamerpamu P = 0, ¢ = 1). IlpeoOpa3oBanHas
BenuurHa 6N + [ aeT )KeJIaeMbli pe3yJIbTarT.



Pacnpenenenue CTbi0eHTa

Onucanue

Pacmipenenenrem CThIOZIEHTA C N CTETIEHSIMHU CBOOOBI HA3BIBACTCS PACIIPE/IEIICHNE CITydYaifHON BETMYUHBI
t=&/ (& + ... + &))", 1)

rae &, &1, ... & - HE3aBUCUMBIE CTaHIAPTHBIE HOPMaJbHBIE CIIyYallHbIE BETUYHHBL. JTO pacIpenesieHue

HENPEPHIBHO, €T0 MJIOTHOCTH M 3HAYCHUS MapaMeTPOB MPUBEACHBI HIKE B TaOJIHIIE.

Ha cnenyromem pucyHke mokazaHbl rpaduKd IUIOTHOCTH paclpeaeieHusi (NpuBsSi3aH K JIEBOH OCH

opauHaT) M GYHKIIUW pacupesnenacHus (IpuBsI3aH K IpaBoi ocu opauHaT) CThIONEHTA ¢ TPEMS CTEIICHAMU

CcBOOOJIBI.

PacnpeaeneHue CTeOAeHTa, h=3

0.40
0.35 1
0.30
0.25 4

0.20 1

015 o
0.10 o
0.05 1

0.00
-3.0 2.0 -1.0 0.0 1.0 20 3.0

XapaKTepUCTUKH
B cnenyromeil tabnuie mnpuBeneHbl (QOPMYIBI JUIS BBIYHMCIEHHUS XapaKTEPUCTHK PpaclpenesIeHHs
CrbroneHTa.

o N2
IInoTHOCTH pacmpeneneuus  f(x) = Ln+1)/2) [1 + x_]

Jmnl (i 2) "

Marematuyeckoe oxkumanue 0, (n > 1)

CranpaptHoe otkinonenne  (n/(n-2))*2, (n > 2)

[lucniepcust n/(n-2), (n>2)
Acummerpust 0,(n>3)
Mennana 0

Mogma 0

MoneaupoBanue
BocnponsBenenre 3HaueHWil ciaydaiiHOW BenW4uHBI ¢ pacnpenesnieHueM CTBIOAEGHTa C N CTENCHAMH
cB00OOIbI TpOU3BOAMTCS 1O popmyste (1).

Ta6auna pynkuuii pacnpenenenuss CTboaeHTa

®Oynkuun pacnpenenenuss CTbIOIeHTa
B crenyromieii Tabnuie npuBeneHs! 3HaueHus QpyHKIMHU pacnpexneieHus: CtoroneHta Fn(X) ¢ n crenensamu
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CBOOOTBI JUTsI HEKOTOPHIX 3HAUYEHUH apryMeHTa X B auamna3oHe oT 0 mo 20. B 3aroyioBkax CTpoOK yKa3zaHO
3HAYCHUE apTyMEHTa X, a B 3aroJIOBKaxX CTOJOIIOB - KOJIMYECTBO CTereHel cBobosl n. Tak, Hampumep,

Fs(0.9) = 0.795.
JI7Ist OTpHIATENIBHBIX X MOJKHO BBIYMCIHTE 3HaYeHHE GyHKIMH 110 hopmyiie Fn(X) = 1 - Fy(-x). Hampumep,
Fi0(-1.2) =1 - F10(1.2) =1 - 0.871 = 0.129.
x 1 2 5 10 20 50
0 0.500 0.500 0.500 0.500 0.500 0.500
0.1 0.532 0.535 0.538 0.539 0.539 0.540
0.2 0.563 0.570 0.575 0.577 0.578 0.579
0.3 0.593 0.604 0.612 0.615 0.616 0.617
0.4 0.621 0.636 0.647 0.651 0.653 0.655
0.5 0.648 0.667 0.681 0.686 0.689 0.690
0.6 0.672 0.695 0.713 0.719 0.722 0.724
0.7 0.694 0.722 0.742 0.750 0.754 0.756
0.8 0.715 0.746 0.770 0.779 0.783 0.786
0.9 0.733 0.768 0.795 0.805 0.811 0.814
1 0.750 0.789 0.818 0.830 0.835 0.839
1.2 0.779 0.823 0.858 0.871 0.878 0.882
1.4 0.803 0.852 0.890 0.904 0.912 0.916
1.6 0.822 0.875 0.915 0.930 0.937 0.942
1.8 0.839 0.893 0.934 0.949 0.957 0.961
2 0.852 0.908 0.949 0.963 0.970 0.975
2.5 0.879 0.935 0.973 0.984 0.989 0.992
3 0.898 0.952 0.985 0.993 0.996 0.998
3.50.911 0.964 0.991 0.997 0.999 1.000
4 0.922 0.971 0.995 0.999 1.000 1.000
4.5 0.930 0.977 0.997 0.999 1.000 1.000
5 0.937 0.981 0.998 1.000 1.000 1.000
6 0.947 0.987 0.999 1.000 1.000 1.000
7 0.955 0.990 1.000 1.000 1.000 1.000
8 0.960 0.992 1.000 1.000 1.000 1.000
9 0.965 0.994 1.000 1.000 1.000 1.000
10 0.968 0.995 1.000 1.000 1.000 1.000
12 0.974 0.997 1.000 1.000 1.000 1.000
14 0.977 0.997 1.000 1.000 1.000 1.000
16 0.980 0.998 1.000 1.000 1.000 1.000
18 0.982 0.998 1.000 1.000 1.000 1.000
20 0.984 0.999 1.000 1.000 1.000 1.000



Tadanna GpyHKIMH HOPMAJIBLHOTO pacnpeeeHus

@OyHKIUSA CTAHAAPTHOTO0 HOPMAJIBHOI0 pacnpeejeHus

B cnenytomeit Tabnwie mpuBeneHs 3Ha4YEHUS (DYHKIMH CTaHJAPTHOTO HOPMAJBFHOTO pacHlpeieseHUs
®(.) nnsa 3HaueHwit aprymeHta B uHTepBasie oT 0 mo 4 ¢ marom 0.01. Kaxkaelidi 37eMEHT MaTpuilsl
npencraBisier 3HadeHne (QyHKuM @ B TOYKE X, pPaBHOH CyMME 3aroJioBKOB CTPOKHM M CTOJIOIA.
Hampumep, mis maxoxzaeaus 3HadeHus @ B Touke (.26, HOCTaTOYHO B3ATH YHCIIO W3 CTpok:u 0.2 u
cronbua 0.06, To ectb, ®(0.26) = 0.6026. Ananmoruuno, ®(2.31) = ©(2.3 +0.01) = 0.9896.

JlJis oTpUIIaTENBHBIX X MOYKHO BBIYHCIUTH 3HaueHue GpyHkiuu no popmyne O(x) =1 - O(-x). Hanpumep,

®(-1.67) = 1 - d(1.67) = 1 - 0.9525 = 0.0475.

3HaueHus PyHKIMH HOpPMaJIbHOTO pactpenenenns O, ¢ mapaMeTrpamu |, G BRIUUCISIOTCS IO opMyIie

Dy o(x) = O((x - W) / o).

0.00 001 002 003 004 005 0.06 0.07 0.08 0.09
0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.30.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319
1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767
2.00.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
2.4 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
2.50.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
2.7 0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
2.8 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981
2.9 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
3.0 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990
3.1 0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993
3.2 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995
3.3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997



3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998
3.50.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998 0.9998
3.6 0.9998 0.9998 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.7 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.8 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
3.9 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000



PaBHOMepHOe pacnipenesieHne

Onucanue

TOBOpAT, 4TO ClyyaifHasi BEIMYHHA <L MMeeT paBHOMEPHOE PacIpeseeH e Ha oTpeske [a,b], ecau oHa
HeMnpepbIBHA, MPUHUMAET 3HAYCHUS TOIHKO Ha OTpe3ke [a,b], a TUIOTHOCTH ee pachpe/eieHns TOCTOsTHHA
Ha oTpe3ke [a,b], m paBHa 0 BHE 3TOTO OTpE3Ka.

Ha cnenyromeM pucyHKe moka3aHbl IpadMku ILIOTHOCTH (NPUBS3aH K JIGBOH BEPTUKAIBHOW OCH
opaunat) U QyHKiMK (MpUBsA3aH K MPABOM OCH OPIMHAT) PAaBHOMEPHOTO pAaCHpeieeHHs Ha OTPE3Ke

[0,2].

PagHOMERHDE pacMpesensHte

05+ ---- 1

ool _Miﬂ
=Fix)

.
|
1
i
0 2

XapaKTepUCTUKH
B cnenyromeit Tabnuue npuBeneHsl (HOpMyJBl U BBIYMCIEHHS XapaKTEPUCTHK PAaBHOMEPHOTO
pacrnpeneneHus.

(b—a) " xe[a.b]

II10THOCTE paclpeneneHus JFix)=
0,x¢[ab]
Ox<a
DyHKIUA pacupeieieHus Floy=dix—-a)llb-a),x=ab]
1,x>d
MaremMaTn4yeckoe 0KHIaHUe (a+b)/2
CraHmapTHOE OTKJIIOHEHHE (b-a)/2 y@
Jlucnepcus (b-a)?/12
AcumMmmerpus 0
OcCTpOBEPIIMHHOCTD -6/5
MogaeanpoBaHue

MonenupoBanne 3Ha4YeHUH cirydaiiHoi BenndauHbl U ¢ paBHOMEpPHBIM pactperneneHiueM Ha otpeske [0,1]
JOCTYITHO B OOJBIIMHCTBE COBPEMEHHBIX CHCTEM INporpammupoBaHus. Hampumep, B si3ike VBA oty
porb BeimonHseT ¢pyHkuus Rnd(), a B si3p1kax [lackans u denbdu - pynkuus random.
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JlorHopMaJibHOE pacnpenesieHne

Onucanue

I'oBopsr, uto ciydaiinas BedwmdnHa X MMEET JIOTHOPMAJIbHOE paciipeielieHue ¢ mapaMeTpaMu |, G, €CITH
X = exp(Y), rme Y uMeeT HOpMalbHOE paclpeneicHue ¢ mapamerpamu W, o. CiydaiiHas BEJIHYHHA C
JIOTHOPMAJIBHBIM PaCpPE/ICIICHUEM SBISCTCS HENPEPHIBHOW, W MPHHUMAET TOJBKO TMOJOKHUTEILHBIC
3aaueHws. [ padyku mIoTHOCTH (MPUBS3aH K JEBOW BEPTUKAIBHOW OcH OpauHaT) M GYHKIMH (TIPUBS3aH K
MpaBoOil OCH OpJIMHAT) JIOTHOPMAJIBHOTO pacmpenencHus ¢ mapamerpamu |1 = 0, o = 0.7 npuBeneH Ha
CIICAYIOIIEM PUCYHKE.

NornopmansHOoe pacnpeseneHue

T
F 0

XapaKTepUCTUKH
B cnenmyromeit Tabnuue npuBeneHbl (GOpMYIBl UL BBIYMCICHHS XapaKTEPUCTHK JIOTHOPMAJIbHOTO
pacrpeneneHus.

1 (nx- @
m.'EMJEXP 2

II;10THOCTE pacupeliencHus Fixm=

DYHKIMS paCIPENCICHUASL™ Hix = Ji Flede

1
MaremaTnueckoe OKUIaHNE (48 [ At 5 7

1
CraHmapTHOE OTKJIIOHEHHE EXp[,fa.'+ 5 e ~flexp 7 j— 1j

Jlucriepcust X (2;;.' + :(EXp (172 )— 1)
Acummerpus (EXp(ﬂg:l‘l‘EHiEXpEﬁgj—lj
Moza EXp (.ﬂ: - )

* DyHKIMA JTOTHOPMAJIBHOTO pactpenenenus F uepes snemenTapHble pyHKIMK He Beipaxkaetcs. s
NPUOIMXKEHHOT O BBIYHCIICHHSI (DYHKIMHU 3TOTO pacHpeeeH s ¢ HapaMeTpamMu (L, G MOXKHO
BOCIIOJNIL30BaThest popmynont F(x) = @y q(In x), e O, - QyHKIMS HOPMATBEHOTO PACTIPE/ICIICHUS C
napaMeTpamH [, G, Coco0 BEIYUCIIEHUS KOTOPOil OMMCAH 3/1ECh.

MogaeanpoBaHue

MonenupoBanne 3HaYeHUH CIy9aiHOW BEITMYMHBI C JIOTHOPMAJBHBIM pacIpeesieHueM (C mapaMeTpaMu
i, o) npooaurcs mo Gopmyine X = exp(Y), rme Y uMMeeT HOPMAIbHOE paclpeaciieHHe C TEMH K€
napaMerpamMu. MoiennpoBaHue HOPMaJIbHBIX BETMYMH OIUCAHO 3/IECh.
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IToxa3areabHoe pacnpeaejieHue

Onucanue

I'oBopsr, uto cnyuaitHas BennuuHa X UMEeT NMOKa3aTeabHOe paciipenenienre ¢ mapameTpom A > 0, eciu
OHa HETpephIBHA, TPUHUMAET TOJBKO TOJOXKUTEIbHBIC 3HAYCHUS, U MMEET TUIOTHOCTh PaclpeleIICHUs
f(x) = Ae™ mpu 0 < x < oo,

Ha cnenyrommem prcyHKe MOKa3aHbl TpayKy IIIOTHOCTH (TIPHUBS3aH K JICBOW BEPTUKAIBEHOW OCH OPJIUHAT)
1 GyHKIH (IPUBS3aH K MPABOW OCH OPIMHAT) MTOKA3aTEIBHOTO PaCIpeIelIeH s C TapaMeTpoM 4 = 1.

NokazaTensHoe pacnpeneneHue

i)
Fr=)

XapaKkTepUCTUKHU
B cnenyromeilt Tabnuie mnpuBeAeHbl (HOPMYJBI Ul BBIYHCICHHS XapaKTEPUCTHK I10Ka3aTEIbHOrO
pacrpeneneHus.

[I;moTHOCTE pacipeaencHus fx) = le™
DyHKIMS pacnpeieacHus Fx)=1-e*
MaTtemMaTu4ecKoe 0XHUIaHNE 1/4
CraHnapTHOE OTKJIIOHEHHE 1/
Jlucniepcus 1/72
AcuMmmeTpus 2
OCTpPOBEPIINHHOCT 6

Menuana In(2) / A
Mona 0
MogaeanpoBaHue

MoenupoBaHie 3HAYEHUH CITy4aifHOM BEIHYNHBI C MOKA3aTeIbHBIM paclpeaelieHreM (C mapaMeTpom )
npoBoautcs mo dopmyne -(In U) / A, rne U umeer paBHOMepHOE pacmupeseiieHue Ha oTpeske [0,1].
MopenupoBaHue paBHOMEPHBIX CIIyYalHBIX BEJIMYUH OMHUCAHO 3]1ECh.
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I'amma pacnpenesienne

Onucanue
l'oBopsr, uTo ciyvaiiHas BenmduHa X MMEET raMMma pacrpenenenue ¢ napamerpamu o > 0, f > 0, ecnu
OHa HENpEephIBHA, MPUHUMAET TOJBHKO IMOJIOKUTENbHBIE 3HAYEHHS, U UMEET IUIOTHOCTHh paclpeaeleHIs

1
S
F®) = e
55e)
Ha crnemyromiem pucyHke noka3aHsl rpaduKi IIIOTHOCTH (TIPUBSA3AH K JIEBOW BEPTUKAIBHOI OCH OpJMHAT)
u GyHKIMH (TIpUBS3aH K MPaBO OCH OPIMHAT) TaMMa paclpeeieHus ¢ mapameTpamu o =2, f = 2.

Mauwa pacnpepenedue

()
Fixl

XapaKTepUCTUKH
B cnenyromeit Tabnuie npuBeneHbl GOPMYIIBI AJ1s1 BBIYUCIICHHS XapaKTEPUCTUK raMMa pacipeaesIeHusl.

[110THOCTB pacnpeneneHus Jx) = ——— He S
A (e)

DVHKIUS pacipeaeieHus™ Fixi= Ji Tt

MaTtemMaTuyecKoe OXHUIaHNE off

CraHgapTHOE OTKIOHEHUE v

Jlucnepcus ap?

Acummerpus 2 q,IG’

* DyHKIMA TaMMa paclipe/ielIeHHs Yepe3 AJIeMEeHTapHbIe (PYHKIIUHN HE BBIPAKACTCH.
MoneaupoBanue
MonenupoBaHue 3HaYCHHI CIIy4allHOW BEITMYMHBI C TaMMa paclipe/ieieHueM (C rmapamerpamu o, [3) mpu

[3

25
HeJIbIX 3HAueHUsIX o > 0 mpoBomutest mo Gpopmyne =1 e
MOKa3aTeNIbHBIX CIIYYalHbIX BEJIMYUH ¢ iapamerpom 1/B.

F.k=1

E ERRER |

T
- HE3aBUCUMBIC pC€aiu3alin
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MNPEANUCJIOBHUE

CymiectByroniye y4eOHMKH U y4yeOHbIE TIOCOOMSI MO paccMaTpUBaeMoOM
TUCIUIUIMHE OMyOJMKOBaHBI Oojiee 15 neT Hazag W HE COOTBETCTBYIOT HOBBIM
yueOHbIM TporpammaM. OHHM HamMcaHbl AJIEKTPOpPa3BEAUMKAMHU, B ITHX Yy4eOHBIX
U3JIaHUAX TpeoliailaeT ONMMCAHME AJIEKTpUUeckux mnosiei. Kak mpaBuiio, B HUX He
paccMaTpHUBAETCS TEIJIOBOE MOJIE, KOJUYECTBO U3MEPEHUIN U MPUIIOKEHUI B T€OJIOTUN
U reo@u3rKe KOTOPOTO O4YeHb ObICTPO pacTeT. OO0yyeHue CTyACHTOB CHEIMaIbHOCTH
«['eopuznueckre METOJBI HCCIEIOBAHHUS CKBAXHH» TpPeOyeT pPaBHOTO OCBEUICHHS
TEOpPUU BCEX MMOJIEH, MPUMEHAEMBIX B T€0(U3HKE.

JlanHoe mocoOue B 3HAYUTENBHON CTENEHM OTpa)kaeT CoJep)KaHue Kypca
OBuunnukoBa WM. K, y xoroporo yuwmics asrop. C 05aroapHOCTbIO aBTOpP
BcriomuHaeT Berpeun ¢ E. I'. bymaxom, aBTOpoM OJHOro M3 y4eOHHUKOB IO TEOPUHU
nois. OnHako 3a 0TOOp Marepuaia yueOHOro mocoOus MOJHOCTHIO OTBEUYAET aBTOP.
®opmyibl B yueOHOM nocobun npusonarcs B enununax CI'CO u CI'CM, uHorna B
€AMHMIIAX, UCIIOJIb3YEMBIX B IPAKTUYECKOMN JESITEIIBHOCTH.

beicTpoe pa3BUTHE KOMIIBIOTEPHBIX TEXHOJIOTMI OKAa3bIBAa€T BIIMSIHUE Ha BCE
CTOPOHBI HAlIEW »XWU3HM, B TOM YHUCJIE HAa OCBOCHHE TEOPETUYECKHUX JHMCLMILIMH.
[Tostomy B mocoOuMM NOPHUBOJATCS NPUMEPHl pEIICHUs 3aJad C  IOMOIIbBIO
MaTEMaTUYECKUX MAKETOB.

Breipaxkato cBoro Omaromapuocts M. B. T'opmeeBoii 3a momomib B paboTe.
bnarogapro taxxke cryaentos rpynn ['IC-09 u PD-09.

3amedanusi TIPOIIy HaAMpaBlsATh 1o azapecy: 620144, r. ExarepunOypr, yiI.

Kyii6wmmesa, 1. 30, YITY, dakynerer reosoruu u reopusuku, kadeapa reopu3nku.



BEKTOPHOE I1OJIE

[Ipy BHECEHMHM MaTepHAIBLHOTO OOBEKTA B HEKOTOPOE TMPOCTPAHCTBO OH
HAaYMHACT OKA3bIBATh BIIMSHUE HA OKPYXKAIOIINE €T0 OOBEKTHI, KOTOPOE MPOSIBIISIETCS B
NEHCTBUM MEXaHWYECKUX (TMOHACPOMOTOPHBIX) WM WHBIX cwiI. [Ipm paccMmoTpeHun
bu3MYeCKUX SIBICHUN YHAOOHO CUMTATh, YTO CHUJIBI, BO3JCHCTBYIONIHME Ha OOBEKT,
CYIIECTBYIOT HE3aBUCUMO OT TOTO, BHOCHM MBI €T0 B I10JI€ WJIK HET. MBI TOBOPUM, YTO
OOBEKTHl CO3JAIOT MOJE M  SABJIAIOTCS HCTOYHUKAMHM (PU3WYECKOTro moiid. 3amaya
OTIPEICICHNUS] CHJIOBOTO TIOJISI COCTOWT B OMNPEACICHUH  BEKTOPHON BEJIMYHHBI,
XapaKTepU3YIOIIEeH CUITy B KaXJI0W TOUKE.

JIJisi KaueCTBEHHOTO0 M KOJUYECTBEHHOTO OMNHMCAHUS TMOJEH BBOISAT CHCTEMY
KOOPJIMHAT W HWCIOJB3YIOT CKAaJSIPhl, BEKTOPHI, TCH30Pbl W WHBIE MaTEMaTHYCCKUC
00BEKTBI M CTPYKTyphl. Hambosnee wyacto wucnone3yror jgekaproByio (X,Y,Z),
nunHapuyeckyio (R,d,72) u chepuueckyro (R,d, ®) cuctemMbl KOOpIUHAT.

BekTopoMm B anrebpe Ha3bIBAIOT yHOPsI0UYCHHYIO TpouKy uncen: {X,Y,Z}. NUnoe
OTIpe/IeICHNEe BEKTOpa — HaIpaBJICHHBIA OTpe30K. [[Is XapaKTepHUCTHKH BEKTOpa
HEOOXOJIMMO YKa3bIBaTh €r0 JJIMHY W HampaBlIeHHE JIMOO TPH TPOEKIMH Ha OCHU
KoopauHAT. BekTop B IeKapTOBOM CHCTEME KOOPAMHAT ONMPEACISIOT MPOSKIMIMU Ha

coorsercTBytouye ocu {ay,ay,a,}. B ranpueiimem sexrops Oyaem obo3Hauats 4, a

, A, {ax,ay,az}.

—

Paauyc-Bektopom R Ha3oBeM BekTOp, Hadano HaxoauTcs B Touke O C
MCTOYHUKOM TOJs, KOOpAMHATHI (Xg,Yo,Zg), @ KOHEI B TOYKE HAOIIOJCHUS C
xoopmuHaTaMu (X,Y,Z), T. e. R{X—Xy,Y—Yo.Z—2p} (puc. 1). JIna Bexropos

OIIpCACIACHbI OIICpaluKu  CJIOJKCHHUA, BbIYMTAaHUAI, CKAJLIPHOTO  IIPOU3BCACHUA,

BCKTOPHOTI'O IIPOU3BCACHUS U APYTHC.



C f’-*'f;.l‘,-z)

O (X 30 55%,)

Puc. 1. K onpenenenuto noHsITUs paguyca-BeKTopa

Onepaunﬂ CJIOKCHUS BCKTOPOB:

a+b=i(ay+by)+J(aj+b;)+k(a, +b,), ‘a+5‘:\/a2 +2abcosg+b?

rac @ — yroja Mexxay BCKTOpaMu.

Bpruntanne BEKTOpOB

a-b =T(a, ~be)+ (@, —by) +K(a, ~b,), [a-b] =/a? ~2abcosg +b?
YMHOkKEHHE BEKTOPa HA YUCJIO:
ab ={aby,aby,ab,}.
CxkansipHOE IPOU3BENCHUE IBYX BEKTOPOB:
(ab)=ayby +ayby +a,b,.

BeKTopHoe IMPOU3BCACHNEC ABYX BEKTOPOB OIPCACIIAIOT BHIPAKCHUCM

- —

i ] k
axb =la, ay a, ZT(abe —a,by) - j(ab, —ab,)+ k(ayby —ayby).
by by b,

Yroa Mex1y BEKTOpaMHu:
ayby +ayby +a,b,

¢ =aArCCos———e e ————"
\/ax+ay+az\/bx+by+bz

BBIUNCINM CKaSIPHOE U BEKTOPHOE pom3BeneHus ekropos §(1,3,4), d(2,6,5),

f(y?,Inz,sinx), ﬁ(ex,%,z):

(gd) =2+18+20=40, gxd =97 +3], () = y2e* + "2 4 zsinx,
y



fxh=7(z Inz—ﬂ)—J(y z—e*sinx)+k(y—e*Inz).
y

HpH TCOPCTUUCCKUX paCC}/)KI[EEHHﬁ N BBIYUCIICHUAX 9aCTO BCKTOPHLIC YPABHCHUA

3aIlIMCBIBAIOT B IIPOCKIOHUAX Ha OCH KOOpPIHWHAT. HpOGKHI/II/I BCKTOPHOI'O YpaBHCHUA

= pRAV
_j =

Ha OCH KOOpAHWHAT UMCIOT BU:

_ J‘P(X—Xo)dv J’(y YO)dV
v R Y,
B Hactosimee Bpems MaTeMaTHYeCKHE OIEpallid ¢ BEKTOpaMH YIA00HO
IIPOBOJIMTH C TIOMOIIBIO MaTeMaTndeckux nmakeroB Matlab u npyrux.
[Tpu m3ydeHnn HU3UIECKUX TOJICH YCTAaHABIMBAIOT COOTHOIICHHS MEXIY IBYMS
BEKTOpPHBIMM BeiaumdynHaMu. Kak mpaBmiio, KO3()PUIMEHT MPONOPIHHOHAIBHOCTH
SABIISICTCS] (PU3NYECKUM IMapaMeTpoM cpeabl (TUIOTHOCTh, CKOPOCTh PaCIpOCTPaHEHUS

BOJIH, BJIGKTpOHpOBO,Z[HOCTB). Takue (1)I/I3I/I‘-ICCKI/IC [MapaMCTpbl I'OPHBIX IIOPOJ YaCTO

3aBHCAT OT HAIIPaBJICHMUA. BzaumocBs3s B MaTpUiHOM BHUAC IIPUHUMACT BUI:

Kin Ko K
Q=|Ky Ky KygD: Q=KD.
Ks1 Kz Kgg

JleBsTh K03(PPUIIMEHTOB, 3alMCaHHBIE B BUJIC MAaTPUIIbl B MATEMATUKE, Ha3bIBAIOT
TEH30pOM BTOpOIo Mopsaka. HampaBieHuss BEKTOPOB B JIEBOW M IPABOM 4YaCTAX B
BBIIICIPUBEICHHBIX YPABHEHUAX HE COBNaAaroT. CKasipHbIE BEJIMYMHBI HA3BIBAIOT
TEH30pOM HyJIeBOro mnopsjaka. Hampumep, mioTHOCTh siBisieTcs KodhduimeHToM
MPOTMOPIIMOHATIEHOCTH MEXITy 00beMOM U Maccoil. KoMIOHEHThI TeH30pa 3aBHUCST OT
BBIOOpa  CHUCTEMBI  KoopauHAT. TeH3opaMM  BTOPOTO  TOpPSIAKA  SIBJISIFOTCS
ANEKTPONPOBOIHOCTh U MAarHUTHASI BOCIIPUUMYHUBOCTb.

[Ipu pemienun 3agay TEOPUU MOJIEH YACTO BCTPEYACTCS MHTETPAJl OJTHOTO THUIIA,
KOTOPBIM MMEET TI'€OMETPUYECKYIO HHTEPIPETALNI0 — TEJECHBbI YroJi. TenecHbIn
yrona €2, moa KOTOPHIM BUIHA U3 TOYkU HaOmoneHus 0 MOBEpXHOCTh S, ONMPENeIsoT
dbopmyon (puc. 2):

j@ds,



TJIe 0L — YTOJI MEXKIY paglyCoOM-BEKTOPOM U BHEIIHEH HOpManbio N1 K MOBEPXHOCTH S,

JUJIS1 KOTOPOU BBIYMCIISIETCS] TEJECHBIN YTOl.

Puc. 2. K onpenenenuto MOHITHS TEIECHOTO yria: ....(a), ....(0)

TenecHslil yro, 1moj KOTOPbIM BUJIHO BCE IPOCTPAHCTBO, paBeH 4m. TenecHsIl
yTOJI, TOA KOTOPBIM BHJHA HEKOTOpas IMOBEPXHOCTbh, ONMPEACISIOT IO AHAJIOTHH C
IUIOCKAM YIJIOM. B HEKOTOpBIX cCily4yasX TEJECHBIM YIroJI OIPENesercs JErKo.
TenecHslid yromn, mMoj KOTOPHIM BHUAHA TIpaHb Kyb0a M3 €ro LEHTpa, paBeH
Q=4n/6=2n/3. TenecHslii yroa, noJ KOTOPbIM BHJAHA W3 LEHTpPA TPaHb
MIEHTAroOH0ICKadIpa Ui poMOoI0AeKadIpa, paBeH Q = 4rn/12 = /3. U3 chepuueckoit
TPUTOHOMETPUM H3BECTHO, YTO TPEXIPAHHBIA YroJl paBeH CyMMe OOpa3yIoLIUX €ro
JBYTPAaHHBIX YIJIOB MUHYC 7. CieoBaTeNbHO, TEJIECHBIM YroJl, MoJ KOTOPBIM BUIHO
OCHOBaHHWE  IHpPaMHABl B BHMJAE  BBIIYKIOIO  MHOIOYIOJIBHMKA  PaBEH

n n
Q=Y A-n(n-2)=21-> (n—A), TA¢ Aj — IBYIpaHHbIC YIIIbI TUPAMHU/EI, N — YHUCIIO

i=1 i=1

CTOPOH MHOT'OYI'OJIbHHKA. K.’:DK)IOC ciaaracMoc B IOCJICAHEM BbIPA)KCHUH BbIYUCIIAIOT!

R Fix Tiv1x + iy Fivay + iz Mz
n-A = arccosﬁ—arccos — y s J s —
Hiti+ \/(rix * iy +1iz )(ri+1x + iy iz )
i j k i i k
=] X=X Y=Yi I7hl g = (X=X Y- Via Z-Zig)
X. — X =V,
T VitV O Xis1 =X Vi~ 0

st 11000M MOBEPXHOCTH MOXHO BBIMOJHUTH TPUAHTYISIUIO (pa3OueHue Ha

TPEYTOJIbHUKM) W BBIYHMCINTH TEJIECHBIM Yrojl KaK CyMMY YIVIOB BHUAMMOCTH BCEX



TpeyrojabHUKoB. [lomydeHHas ¢opmyna MO3BOJSET BBHIYUCIUTH (DU3MUECKHE MO,
HallpyuMep  TIPaBUTALIMOHHOE  MOJIE  TOPU30HTAJIbHOM  IUIAQCTUHKA B BHUJE

MHOT'OYT'OJIbHHUKA g = koQ), TIC k— I'paBUTAIUOHHAA ITOCTOAHHA.

Tenecuslit yron npu BepirHe cpepuueckoro TpeyronbHuka A4ABC onpenenstor

no popmysne Jlronmnbe:

| l-a I-b I—cj
2 2 2 )

tg = (tg g——19——149

rae a,b,¢c — mmHel cTopoH chepuueckoro Tpeyroibuuka, 21 =a+b+c. Ecnu paguyc

cdepsl paBeH 1:

(vu]]
>

o X
xC | ¢—arccos

X‘C

xC

d

los]]
| p>

a = arccos » b =arccos

(ov]]
(@N
os )]
>

Brerauciaum TeaecHbIM yroji, moJa KOTOPbIM M3 BCPHIMHBI BHUIAHO OCHOBAHHC

5

\ A

npsiIMOTo KoHyca (puc. 3, a):

2r 2 hrdr 1 1
SR o

OToT HHTCI'paJl MOKHO BBIYHUCIINTL C IIOMOIIIBIO MAaTCMATHYCCKHUX ITAKCTOB, AJIA

9TOT'0 JOCTATOYHO BBIYUCIIUTH BHYTpeHHHfI HHTCTpaI:

L

2 12:\3/2 '
(r? +h?) h? 12
OCTEU'IOCB JIMIIb IIOACTABUTDH HpeI[eJ'IBI )41 YMHO)KI/ITB Ha BeJ'II/ILII/IHy HepBOFO

uHTerpaia 2m u h.

It

[/ #

(1,1)

a 0

Puc. 3.K BBIYHCIIEHHIO TEJIECHOTO yTIila IPH BEPIIUHE MPSIMOT0 KOHYCA (a), MUPKYJISAIIUNA

BEKTOpa 1Mo KOHTYPY (0)



Hupkyasinumeil BeKTOpa MO KOHTYpPY L Ha3pIBalOT MHTErpan mo 3aMKHYTOMY

KOHTYpY OT MPOEKIIMU BEKTOpa Ha KacaTeabHYIo K L:

§ALdL.
L

BpraucnuM  mUpKysnsanua - BEKTOpa ,&{ —2y 2

, . B kadectBe KOHTYypa
x? +1 y2 +1

unterpupoBanus C (puc. 3, 6) BeIOepeM MpsSMOYTOJILHUK ¢ BepimHamu (-1,-1),

(1,-1), (1,2), (-1,2):

Loodx b 2dy %+ o2dx b 2dy '
iA'dl =le2 +1+J.ly2 +1+J.1x2 +1+I1y2 +1:8arctgx|_l =4z

JANOPOEPEHIIUAJBHBIE OITEPATOPBI

I'paguenTom ckanspaoro mosis f Ha3pBarOT BeKTOp grad f :

(V) - af - af e af .
B IIEKapTOBOU cucTtemMe KoopauHar grad f =i —+ j—+k —;
OX oy 0z
B IIJIMHIPHYECKON CUCTeME KoopauHar grad f = A S SO
o' r2op? oz "
. of . 1lof - 1 o -
B cpepuueckoi cucTeme KoopauHat grad f =—i +=—i, +———1i .
or r oo rsiné op

I'panueHT XapakTepu3yeT U3MEHYMBOCTD MOJISI B MaJIOM OKPECTHOCTH TOYKH, €ro
MOXHO Ha3BaTb BEKTOPOM IPOCTPAHCTBEHHOW CKOpocTH moiid. OH XapakTepusyer
MOBEJICHUE T10Jisi BOJMWM3M BBIOpaHHOW TOYKWU. HampaBneHue TpagueHTa ecTh
HalpaBJICHUE HanboJiee OBICTPOro Bo3pacTaHus 1oJjs (puc. 4), a ero BeJIMUMHA paBHA
MAaKCHUMaJIbHOMY 3HAUYE€HHUIO MPOU3BOAHOM M3 BCEX BO3MOXKHBIX 3HAUYCHUU B JAHHOM
TOuke. ['pagueHT He 3aBUCUT OT BBIOPAHHON CHUCTEMbI KOOpAWHAT (MHBAPHUAHT),
pou3BOAHAS (DYHKIIMH TI0 JIFOOOMY HAINpaBJICHUIO PaBHA MPOEKIIUU TPAIUCHTA HA ITO

HaIpaBJICHUE:

ou
—=g¢rad, U
al graaq,

Boruucnum rpaaueHT QyHKIuU, oOpaTHOU pajnyCy-BEKTOPY % :



gradlzfi(lj+ii(1j+l2[1j=—TX_X°+]y_y°+IZZ_Z° .
R X\ R ay R R R3 R3 R3

Te >xe BBIUKCIICHHS MOKHO OCYIIECTBUTH C IMOMOIIBIO makera Mathematica:

1 | X—x0 .
D , — )
{((x—x0)2+(y—y0)2+(z—zO)2)1’2 X_ (= x0)2 + (Y — y0)? + (z— 20)2)°/2

5 1 yl=- y-y0 ;
L(x=x0)2 +(y—=y0)? +(z-20))"2 7 | (x=Xx0)% +(y - y0)? + (z—-20)?)*'?
D_ 1 sl z-120 _
(x=x0)2+(y-y0)2 +(z-202)2" | ((x=x0)% +(y—y0)? +(z - 20)?)*?

¥
\.\\: _"/_ f,_,
P A \
A\ \
NN \
B

Puc. 4. K onpenenenuto nousatus rpaauenta (a). ['pagux ckanspHoit pynkuu (6) u riaH ee
rpagueHTa (B)

Breruncium BepTHKaHBHBIﬁ I'padluCHT I'paBUTAlIMOHHOI'O ITOJIA 3eMJ'II/I, cauTas €€

kM .
mrapom. [lose mapa g = — BepTukanpHbIl rpaieHT HAIIPABJIEH PaAUAIIbHO:

r

-11 24
59 _ kM _ 667x10x5976x10% oo .

or rs (6.367 x10%)3
Hpe):[en OTHOLLICHUS HOBerHOCTHOFO I/IHTCFpaJ'Ia HOpMaHBHOfI II0 OTHOILICHHUIKO K

MOBEPXHOCTU S COCTABISIIOUIEH BEKTOpa K O00bEMY OJTOW MOBEPXHOCTH, MpHU

ffands
CTPEMJICHUM IIOCJICAHEr0 K HYJO [imy g S

HA3BIBAIOT PacxoaAuMoOCTbI0, UINU

AUBepreHmueit. PacxoquMocTs XxapakTepu3yeT INIOTHOCTh UCTOYHUKOB TOJIS.
PacxommmocTh BeKTOpa B JEKapTOBBIX KOOPAMHATAX MOYKET OBITH BBEIYHCIICHA TI0
bopmyie:
. - ©OE, OE, ¢E
divE=—"2+—L4+

ox oy o1

B nunuaaprdeckoi cucteMe KOOpAUHAT IUBEPTEeHIIUS




- oD
divD =1 6(rD,)+ "’+raDZ
r{ or op 0z

B chepuueckoii cucteme KOOpAMHAT PaCXOIMMOCTh OIpe/ieieHa BEIPAKECHUEM
- g 1 - [
dvD=——|sinéd

o(r’D,)
r’sin@ or

O (sineD,)+1°
+I—(SIn +r
00 0 o

BbIunciuM TUBEPTEHITNIO TPAIUCHTa CKAIAPHON (yHKIuH f:

2 2 2
divorad f =divi & 4Tk Ty 00 T
OX oy oz ox° oy 0z
o> 0% o°
rae A=divgrad = v + o + P oneparop Jlamnaca (Janiacuan).

VYpasuenne AU=0 Ha3bpBatoT ypaBHeHueM Jlammaca.
[Ipenen oTHOIIEHUS UHTErpajia MO 3aMKHYTOMY KOHTYPY OT MPOEKIHU BEKTOpa
MOJIsl Ha KacaTellbHYK0 K KOHTYpPY K IUIOIIAAW, OXBAThIBAEMOW KOHTYpPOM, IpH

CTPCMJICHNHA MOCJIETHEH K HYIIIO:

Ha3bIBAIOT BUXPEM HJIK POTOPOM BEKTOPA.

OTOT mpenes Ha3plBalOT TAKXKE IUIOTHOCTBIO LMPKYJIsUMK BekTopa. Ha puc. 5
NpUBEICHBI 6 MJIAHOB BEKTOPOB IMOJIEH CO 3HAYEHHMEM HX PACXOAMMOCTH W BHXps. B
KOKJIOM Cllydae NPHUBEACH KOHTYpP, KOTOPBIM IO3BOJISIET OLIEHUTHh PacXOAUMOCTh U
BUXDb.

Potop He 3aBHCHT OT BBIOOpa CHCTEMbl KOOpPAMHAT. BUXpb U JUBEpreHLMs-
VWHBAPUAHTHI TOJISI OTHOCUTEIBHO CUCTEMBI KOOpJAMHAT. BUXpbh U POTOpP BEKTOPHOTO
10JI1 OJTHO3HAYHO ONPEIEIISIIOT MOJIE ¢ TOYHOCTBIO JJO MOCTOSTHHOTO CJIaraeMoro. 910
CBOMCTBO JBYX AuddepeHInanbHbIX ONepaToOpoB MO3BONMIO MaKCcBely BCEro
YETBIPbMSI YPABHEHUSIMH ONTUCATh AJIEKTPOMAarHUTHOE T0JIE.

Buxpb BekTOpa B IE€KapTOBBIX KOOPAMHATAX UMEET BU:

k

2 - 8EZ aEy = 8EZ _aEy K aEy OE
oz oy oz : oXx oz ox oy
EZ

rotE =

M o =

i
o
oy
Ey

X



B c(heprUeCKNX KOOpaUHATAX:

= o(rg d(sin OE
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Puc. 5. JluBepreHuus U BUXphb Pa3IMYHbIX BEKTOPHBIX I10JIEH



Bprancinm BenuuuHy rotrot A:
rotrot A=grad div A—AA.

['pamueHT, pacXoAMMOCTh W BHXPb YacTO HAa3bIBAIOT MPOCTPAHCTBEHHBIMH

HPOU3BOIHBIMHU.

Omnepatopom TDamuabTOHa  Ha3bpiBalOT  TUGGEPCHIUAIBHBIA  ONEPATOP
(omeparop HabIa):

vaiZijo

ox "oy

Huddepenunanpuple  oneparopsl  MO3BOJSIOT  KOMIIAKTHO  3aIllMCHIBATH

1RO,
0z

YpaBHEHMUS, OMUCHIBAIOIINE (PU3UUECKUE TTOJISA:

Q —AC + DAC —div(CV) = % — YpaBHEHUE IIEPEHOCA PAJTMOAKTUBHOIO ras3a;

oT .
AT + F = CPE — YPAaBHCHUC paCIIPCACICHNUA TCMIICPATYPHI,

2
AU — iz aatLZJ + b% +CU =-F — tenerpadHple ypaBHEHUS;
a

-1 0%, 1 =
U, -—— prr Y F. — ypaBHEHHE pacHpOCTpPaHEHHUS NPOJOJBHBIX BOJH H
v pv
p p

JpyTHe.

OmnpeneneHHylo B 00JIacTH 3aJaHUsl YPAaBHEHMs JIEUCTBUTENbHYIO (DYHKITHIO,
HETMPEPBIBHYI0O BMECT€ CO CBOMMH YaCTHBIMH TPOU3BOJHBIMU, BXOMSIIUMH B
ypaBHEHUE, U OOPAIAIONIYI0 €r0 B TOXIECTBO, HA3BIBAIOT PETYJSIPHBIM PEIICHHUEM.
Pemenus, mnepecraromme OBITh PETYJSIPHBIMH B HM30JUPOBAHHBIX TOYKAX WIIN
MHOKECTBaX 0C000T0 BHJIa, HA3BIBAOT (PyH/IAMECHTAILHBIMHU.

[Ipu mpoBeneHun npeoOpa3oBaHuil Juisl pemeHus 3amaaun auddepeHnanbHbIe
OTIepaToOpbl HAJI0 BOCIPUHHUMATH TaK K€, KaK TAOJHMIy YMHOXCHHS WM TaOJHUILy

CJIOKCHUA, T.C. KaK (1)0pMEU'IBHOC IMPaBUJIO COOTBETCTBUA OJJHOT'O BBIPAXKCHUA APYTI'OMY.

3AIAUU

1. Haiinure rpaguent gynxuuii 1/R3 u 1/R.

2. Jlokaxute ToxaectBo div Ax B = (B, rot A) — (A, rot B).



3. Bprumcnute TenecHBId yroi, MoJ KOTOPBIM W3 BEPIIMHBI MHPAMHIBI BBICOTON 2a
BUJIHO €€ OCHOBAaHME, €CIM OCHOBaHHE MHUpPAaMHIBl — KBaJpaT cO CTOpoHOH a. Pemienue
IIPOBEIUTE ABYMSI CIIOCOOAMHU.

4. BblYMCITHTE TENECHBIA yroJ MpPU BEpIIUHE MOPSMOTO KOHyca BBICOTOH 3 H

JAUaMETPOM OCHOBAHHA a.

5. Berumciante pacxoauMocTh rpaauenta yukimu U = x3y22 .

—

6. Berauciaure TUBEpPreHIInio BEKTOpoB R 1 A= Xyl + yzj + xzk .

7. Halimure MMPKYISALKIO BEKTOpa A=Yyi IO OKpYXHOCTH X = aCost, y=a+asint,
nexarntero B mwiockoctu XOY, z=0.

8. Haiinure rotrot A.

—

9. Haiinure BUXph BekTopa R.

10. Joxaxwure, uto rot A+ rot B = rot (A+ B).

—

11. BeruriciuTe BUXpPh BEKTOPHOTO MPOM3BEACHUS pagnyc-BeKTopa R ¥ MOCTOSHHOTO

—

BekTopa A.
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Puc. 6. Bexropnsie moss: ....

12. Ouennrte BUXpb U paCXOAUMOCTh BEKTOPHBIX IOJIEH IPEACTABICHHBIX HA PUC. 6.

HAIIPAXKEHHOCTDB BEKTOPHOI'O ITOJIA

B Teopernueckux  pacCykIE€HHMSX  pacCMaTpPUBAIOT  HUACATU3UPOBAHHBIC

HWCTOYHMKH 1OJIsI (pUC. 7):

1. To4euHblil MCTOYHHMK — 3apsij] B TOUKE, 00bEM KOTOPOU paBeH HOJO. Takoe

npuOIMKEHUE yIOOHO TMPU PACCMOTPEHUM TOJS HA PACCTOSHHUSIX BO MHOTO pa3

MIPEBOCXOAIINX COOCTBEHHBIE pa3Mephbl HICTOYHUKA ( CM. pHC. 7, a, 0).
2.

JIMHeHHBIN HCTOYHMK — 3apsi], pACIPENEICHHBIN BAOJb HEKOTOPOW JINHUM.

HJ'IOHI&I[I; IIOIICPCYHOro CCUYCHHUA HNCTOYHHKA paBHAa HOJILO. Hctounuk IIPpUHATO

XapaKTepU30BaTh JIMHEMHON IUIOTHOCTBIO 3apsifa ¥, KOTOpas paBHa 3apsly, JUHUH

JUTAHOU 1.

3.

IToBepXHOCTHBIM MCTOYHUK — 3apsiji, PACHpEICIICHHBIM [0 HEKOTOPOHU

MOBEPXHOCTH. TOJNIIMHA TOBEPXHOCTH paBHa HOMIO. VICTOYHHMK XapaKTEpU3yIOT

MOBEPXHOCTHOM IJIOTHOCTBIO 3apsIOB, T.€. 3apsA0M ydacTKa MOBEPXHOCTH IUIOIIA/Ib
KOTOpOro paBHa 1.



4. OObeMHBI MCTOYHHUK — 3aps], PACHPEIEICHHBII B HEKOTOPOM YacTu
IIPOCTPAHCTBA, OIPAHUYEHHOM HEKOTOPOM 3aMKHYTOM NOBEPXHOCTBIO. MCTOYHHKY
IPUIHCHIBAIOT O0BEMHYIO IIJIOTHOCTb 3aps/a.

B reodusnke u3amepsroTcs pa3iuyHble XapaKTEPUCTHKU (DU3MUECKHUX MOJICH: B
MarHuTOpa3BeAKE MOJYJb BEKTOpa MWHAYKIUMM TIe€OMarHuTHoro mnoins 7, B
IpaBUpa3BeKe — HANPSKEHHOCTh IPABUTALIMOHHOIO MOJA (, B 3JIEKTpopa3Benke (Ipu
U3MEPEHUH €CTeCTBEHHOro mnois) — noreHuuan U. Ilostromy HeoOXoaumMo 3HATh
CBOMCTBA M OCOOCHHOCTH KaXJIOM W3 H3MEPSAEMBbIX XapaKTEPUCTUK MO JUIs
Pa3JIMYHBIX UCTOYHUKOB.

Hanps:;KeHHOCTbI0 TPABUTALIMOHHOTO U 3JIEKTPUYECKOTO MOJIEW HA3BIBAIOT CHUITY,
C KOTOpOM ITI0JI€ AEHCTBYET HA €AUHUYHYIO MAcCy WM €IUHUYHBIN ITOJIOKUTEIIbHBIN
3apsia. 3aKOHBI U3MEHECHUS HaIpsSKEHHOCTH IrPaBUTALIMOHHOTO 151
IIEKTPOCTATUYECKOIO MOJIEH TOYEYHBIX MCTOYHUKOB YCTAHOBJICHBI OIBITHBIM ITyTEM
Kasenaumem u Kynonom. X maremaTudeckas 3alyich OJMHAKOBA C TOYHOCTBIO JI0
0003Ha4YEHHUI:

&Q g :kM WA B BEKTOPHOU (hopme E:@, *:kM_SR.
R

SR 9T R R3
HanpaBnenune BekTOpa HaNpsKEHHOCTH TOYEYHOTO HMCTOYHUKA PaJHaIbHOE.
[IpuHsaTO cuutath, yto eciu £>0, TO BEKTOp HampaBjeH OT UCTOYHUKA, eciu E<(, To
BEKTOPbl HAINpaBJIE€Hbl K HCTOYHHUKY Tons. OIHAKO MEXAy HCTOYHUKAMH
I'PABUTALIMOHHOTO U DJIEKTPUYECKOTO MOJIEH CYIIECTBEHHOE Pa3JIMuKe: HE CYIECTBYET
TEJ C OTPULATEIBbHOM Maccod. BeKTop HanpsyKEHHOCTH TI'PAaBUTALMOHHOIO ITOJIS
BCErJla HANpaBJeH K HMCTOYHHUKY. Ha OCHOBE 3THMX pE3yJabTaTOB MOYKHO IMOJIYYUTh
3aKOHBI U3MEHEHUSI HANIPSKEHHOCTH IOJISI JIMHEHHOTO, TOBEPXHOCTHOTO U 0ObEMHOTO
UCTOYHMKA. JIJIg 3TOro JOCTATOYHO Pa30UTh U3y4aeMbld OOBEKT Ha dJEMEHTapHbIC
VCTOYHUKU U IPOUHTETPUPOBATH BBIPAKEHUE I TOYEYHOTO UCTOUYHMKA.
Teopetnueckue paccyxIeHUS TPOBOAAT B BEKTOPHOM (opMe, BBIYUCICHUS
OCYUIECTBJISIIOT B CKaJIspHOW ¢opme, T.e. HCHOJB3YIOT 3aluCh YpaBHEHUU B

NPOEKIMSIX Ha OCH KoopAuHAT. B jgexkapToBod cucTemMe MPOEKIHH BEKTOpa

HaIpsHKCHHOCTHU Ha OCH KOOPAWHAT
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OKCNEepUMEHTAIBHBIM IIyTEM YCTAHOBJIEH NPUHLIMII CYNEPIO3ZUIUM: BEKTOP
HaIIPpAKCHHOCTU COBOKYIITHOCTH TOYCYHBLIX HMCTOYHHUKOB PAaBCH BCKTOpHOfI CyMMC
BCKTOPOB HAIIPAKCHHOCTU OTACIbHBIX HCTOYHHUKOB (pI/IC. 7, B, I‘):

Ezgfﬁgﬂ
i1 R?

CBolicTBa HaIIPAKCHHOCTH BCKTOPHOTO IT0JII TOUCYHOT'O UCTOYHHUKA!

1. HaprI)KCHHOCTB I10JIAA TOYCYHOTI'O HCTOYHHKA HerepBIBHa BHC NCTOYHHKA.

2. HpI/I CTPCMJICHUHM TOYKH BBIYHUCIICHHA K 6GCKOHC‘-IHOCTI/I HAIIPSAKCHHOCTD
IIOJIs1 CTPEMHUTBHCA K HYJIIO!

limg_,., E=0.
3. Ilpm HeorpaHnyeHHOM MPUOIMKEHUH K MUCTOYHHKY HAMPSKEHHOCTH TOJS

HCOI'PAaHUYCHHO BO3PACTACT.
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Puc. 7. BeKTopH HaIPsAKCHHOCTH ITOJIA TOYCUYHBIX HCTOYHHKOB: IMOJOXKXHUTCIBHOI'O TOYCUYHOI'O

3apsiia (a); oTpuaTeIbHOrOo 3apsiaa (0); AByX pa3HOMMEHHBIX 3apsiioB (B, I)

HanpsizkeHHOCTH  MOJISE  JIMHEMHBIX, IOBEPXHOCTHBIX M 00bEeMHBIX
UCTOYHMKOB. /[l ompeneneHus monedl 3TUX OOBEKTOB MX pa30MBaIOT Ha
AJIEMEHTAPHBIE UICTOYHUKH M Ha OCHOBE NPHUHIMIA CYNEPHIO3ULIUN UHTETPUPOBAHUEM
NOJIy4aroT (POpMYJIbl BHIYUCIICHHS] BEKTOPOB HAMPSXKEHHOCTH MoJieH (puc. 8).

HaHp}I)KeHHOCTB 0JIs1 IMHEMHOTO UCTOYHHUKA OMHCHIBACTCS BBIPAKCHUAMMU !

E:!X%dl, EX=IXXF;X°d|, E, =[x 2220l E, =[x,

3 R3 R3

| | |
/i€  — JIMHEWHas MIOTHOCTh 3apsiA0B (JIUIIOJIEH, Macc). DTa BEIMUYUHA YHUCIICHHO

paBHa 3apsAy JJMHUW €IUHUYHON JUTUHBI (Macce JIMHUM JITTMHOM 1).

el

n
R A
% ds
aq . aq

a 0 B

oA
D



Puc. 8. K onpenenenuto 00beMHOTO (2), TOBEPXHOCTHOTO (0) M TMHEHHOTO (B) HICTOYHUKOB

CBoiicTBa HAPSIKEHHOCTH TOJIS JIMHEHHOTO HCTOYHUKA PACCMOTPUM Ha MPUMEpE
koibla (puc. 9). Ilone BbuMcIUM Ha ocu Kojbla. M3 cUMMeTpuu 3agadyul ClEyeT,

qTo BGKTOp H&Hpﬂ)KGHHOCTI/I B TOYKax OCHU AHUCKA HaHpaBJIeH BOOJIb 3TOI>1 OoCH, T.C.
E=E,:

2

_ I rde B 1

S S YV ——

HaHpH)KCHHOCTB MOJISI IMHEHHOTO MCTOYHHKA CTPEMHUTCS K HOJIIO IIPpU YAAJICHHUN

z

oT wuctouyHuka. OnHa BCIOAY KOHCYHA H HCIPCPBIBHA BHC HCTOYHHKA, a IIPHU

NPUOJIMKEHUN K UICTOUHUKY CTPEMUTHCS K OECKOHEUHOCTH.

¥ WA

Puc. 9. JIuneiHbIN HCTOUYHHUK KOJIBIIEBON (POPMBI

HampskeHHOCTh TTOBEPXHOCTHOTO HMCTOYHWKA C IIOTHOCTHIO ITOBEPXHOCTHBIX

3apsiioB (Macc, AUMOJIeH) G UMEET BUJL:
E = [oruds.
S R

CBoiicTBa HAMPSHKEHHOCTH TIOJISI TIOBEPXHOCTHOTO MCTOYHMKA TIOJIS PACCMOTPUM
Ha TpUMepe NHCKa pajnyca @ C IUIOTHOCTHIO TMOBEPXHOCTHBIX 3apsnoB o. [lose
BBIYHMCIIUM Ha ocu jucka (puc. 10). Hauano monsipHO# cucTeMbl KOOPIWHAT IIOMECTUM
B IICHTpe IucKa. Mcxoas M3 CHMMETPHHU 3a/Ja4d BEKTOP HAIPSIKEHHOCTH B TOYKAX,

MpUHAJJISKAIINX OCH JIMCKa, HAMIpaBJieH BIOJb ocH Z, T.e. E=E;:



E— J'd J'[ (2= 2o)rdr /2:—2n\/22+r2‘8

z2—17) +r2]3

HanpsbkeHHOCTh TTIOBEpXHOCTHOTO TIOJIS BHE MCTOYHHMKA BCIOJY KOHEYHA, a TpU
MEPECEUCHUH MMTOBEPXHOCTH HCTOYHMKA €€ HOPMaJIbHASI COCTABJIAIONIAS TEPIUT Pa3pPhIB
4nc. B ocTanbHOW YacTH MPOCTPAHCTBA HAMPSHKEHHOCTH TOJISI HEMPEpPhIBHA, a MpHU
ylIaJeHUH OT HCTOYHUKA CTPEMHUTCS K HOMIO (cM. puc. 10, a).

CBoiicTBa HANPSDKEHHOCTH TIOJII OOBEMHBIX MCTOYHUKOB TOJS PACCMOTPUM Ha
IpUMepe BEPTHUKAIBHOTO KpyroBoro Iwmuapa (cMm. puc. 10, 6) BeicoTori 2h u
paanuycoM OCHOBaHUSA a. BBIYHCIMM HaNpsODKEeHHOCTh TMMOJST HAa OCH  IMJIMHIIpA.
Pemenne mpoBeneM B IMIMHAPUYCCKON CHCTEME KOOPAMHAT, KOTOpas OTBEYaeT
CUMMETpUM 3ajaur. Hawyano KoopJMHAT TOMECTUM B IEHTP LWIMHApA, OCh Z
HalpaBUM BJOJIb OCH MWIMHApA. M3 cHUMMETpuM 3amadd CIeIyeT, YTO BEKTOP

HaIIPAKCHHOCTHU Ha OCH MUWJIMHAPA HAIIPABJICH BAOJIb ATOM OCH:

=, =, faof "z I T
lr Jr(z—z)J3 \/r

+(z- zo)

Jlanee HeoOX0IMMO PacCMOTPETh JBa CIIydasi: JIJIsl TOUKH pacyeTa, HaXOIsIencs

BHYTpH IWIHHApPA (Z<h), ¥ U1 TOYKHM pacyera, pacioyioKeHHOW BHE UiauHIpa (2>h).

x
4
i
|

n 4 .
—_—
a 0

Puc. 10. K Beruncnenno Hanmpss>KeHHOCTH TIOJIS TMCKA (), BEPTHKATBLHOTO KPYTOBOTO

uHIpa (0)

B nepBowm cnyuae:

E= 2np(1/a2 +(z-h)?> +z+h—a*+(z+h)? —(z—h))=

2n(2h +ya’+(z-h)? —\a’ +(z+h)? )




Bo BTOopowMm ciyuae:

E =2npl\/a® +(z—-z,)* —|z—zo|J+27cp1/a2 +(z2-2,)? —|z—zO|J:
:an( —Jai+(z-h)?+z+h—-\a’>+(z+h)’ —h+z—a):

:zm@z+J#44z-m2—Ja?+a+hy)

HOJ'IY‘-ICHHLIﬁ pe3yiibTaT IIOKA3bIBACT, 4YTO HAIIPAKCHHOCTDL II0JIA 00BEMHOTO

MCTOYHHKA BCIOJY KOHEUHA, HEMIPEPbIBHA U MPU YJAJICHUH OT UCTOYHUKA CTPEMUTCS K
HYJIIO.

OOpamienne B OECKOHEYHOCTh U HapylUIEHHME HENPEpPbIBHOCTH  HOCAT
(dopMalIbHBIN XapaKTep M IMOIY4aloTCs TOJIBKO BCIIEICTBUE CHEIIAHHBIX TOMYIIEHUH,
YTO CYILECTBYIOT HEOOBEMHBIE HCTOYHUKH C OECKOHEYHO OOJIBINON MIIOTHOCTHIO.

Ha mnpakTuke O4Ye€Hb YacTO CTPOAT MOJEIH CPENbl, COCTOSIIHME U3
napajuleJienuneqoB. B 1ekapToBOM  CHCTEME  KOOPAMHAT — BBIYMCIUM  IIOJIE
IPSIMOYTOJIBHOTO — Napajulesienunena. BepTukanpHas  cocTaBirolias  BEKTOpA

Haps’KCHHOCTH IT10JIA:

F (z-12,)dz, B
=P _de"fdy()j (X=X + (Y= yo)? + (2 20)2)

dy,
d
pLXIJ(x Xo)2 + (¥ = ¥o)? +(2-2,)

= pja.ln(y_ Yo "'\/(X_Xo)2 +(y- yo)2 +(Z—ZO)2)dX =

— ol = xo)Inly = Yo+ J X=X+ (Y= yo) P+ (2—2)" J+

(Y= Yo = X+ (= 30 + (Y= Yo)? + (225" )

(x=%)(Y = Yo)
2 2 z)l | |
(2= 2 (X=%)% + (Y= ¥)2 +(2—2,)

—(z-1z,)arctg

IloTokoM BeKTOpa HANPSKEHHOCTH 4epe3 mnoBepxHocTh S (puc. 11 u 12)

HA30BCM BCIIMYNHY

N = [E,ds,
S



rac En — HOpMaJIbHasA COCTABJIAIOIIAA BCKTOPA HAIPAKCHHOCTH ITOJIAA K ITOBECPXHOCTH.
Ha3panue «moTok» 3aMMCTBOBAHO U3 r'MApOANNHAMUKH, T'AC 3Ta BCIMYHMHA HMCCT

SCHBIM pusnueckuii cMmbich (puc. 11, 6).

— —— & 5 - - —
— e i oL ——n
e ' — el
— i —T e
— —_— o = - -
N N=(1 Ncosa
a 0

Puc. 11. K onpenenenuro noHATUs TOTOKA

IToTox BCKTOpa HAIPAKCHHOCTH TOYCUHOI'O HMCTOYHHMKA 4YCPC3 ITOBEPXHOCTH S

MOJKHO 3aIlMCaThb B BUJC:

QcosadS
A
S

raie Q — TEJIECHBIM Yroy, MOJ KOTOPbIM BHJHA IMOBEPXHOCTb U3 TOYKH, TIJIE
pacrnoJiaraeTcsi MCTOYHUK.

Takum 00pa3oMm, TMOTOK HAMPSKEHHOCTH TOUYEYHOTO HCTOYHUKA uepes
OXBATHIBAIOIIYI0O €ro TMOBEPXHOCTh pPaBeH TMPOM3BENCHUIO 3apsiaa (Macchl) Ha
TEJIECHBIA yTOJ, TOJ KOTOPHIM BHJHA MOBEPXHOCTh W3 TOYKH, TJ€ pacroyaraercs
ucrtounuk. Korna mosne Bo30Oyxmaercss HE OJJHUM MCTOYHUKOM, IMOTOK BEKTOpPa uepes
MPOU3BOJIBHYIO 3aMKHYTYIO TOBEPXHOCTb PaBEH MNPOU3BEICHHIO 4m Ha BEIUUYUHY
3aps/a, pacroaoKEHHOTO BHYTPHU MOBEPXHOCTH.

Ecnu N>0, To BHyTpH 3aMKHYTO# OBEPXHOCTH S UMEIOTCSI HCTOYHUKHU TTOJISL.

Ecnu N<O, To BHYTpM 3aMKHYTON IOBEPXHOCTH €CTh IOTJIOTUTENIN IOTOKA
(HampuMep, NOTJIOTUTENH TeIIa).

Ecmm N=0, To BHYTpM 3aMKHYTOW TIOBEpPXHOCTH HET HMCTOYHUKOB, JHOO
MOIITHOCTh UMEIOIITUXCSI HCTOYHUKOB paBHA MOIITHOCTH TMOTJIOIICHUS ITOTOKA BEKTOPA.

Teopema I'aycca — OcTporpaackoro: moToKk BEKTOpa HANPSIKEHHOCTH MOJIA

yepe3 3aMKHYTYIO TOBEPXHOCTh, OXBATHIBAIOIIYI0O HCTOYHHUK, paBeH 4mQ, a uepes



MOBEPXHOCTh, HE OXBATHIBAIOIIYIO UCTOYHHUK PABEH HOJIO. Teopema cripaBeinBa Jjist
JTr00BIX UCTOYHHUKOB ToJisl. Teopema ["aycca — OcTporpaickoro MoXeT ObITh 3alicaHa
B nuddepeHnmnanbHon Gopme:

4np (B TOUKAX C UCTOYHUKAMHU)
DivE =
0 (B Toukax 06€3 UCTOYHUKOB).

IToTok BekTOpa uepe3 3aMKHYTYI0 MOBEPXHOCTh, OXBATHIBAIOUIYI0 HCTOYHUK,
PaBEH MOTOKY TOTO € BEKTOpa uepe3 chepy, 0XBaThIBAIOIIYIO TOT K€ UCTOYHUK (CM.

puc. 12).

a 0

Puc. 12. TIoTok BekTOpa 4epe3 3aMKHYTYIO IOBEPXHOCTh PABEH IIOTOKY TOT'O K€ BEKTOPA YEPE3

cohepy: ....

IIpu TeopeTHUECKUX pacCyKICHUAX ucCNoab3ytorcs ¢opmyaa [aycca -—
OcTporpaackoro:

[E.ds = [divEdv,
S \Y

¢opmyia I'puna:
[ E,di = [div Eds.
C S

Janubie (QopMysbl TO3BOJSIOT MPeoOpa3oBaTh IMOBEPXHOCTHBIM HMHTErpail B
00BEMHBI U HA0OOPOT, @ TMOBEPXHOCTHBIA HMHTErpaj mpeoOpa3oBaTh B KOHTYPHBIH

UHTErpal.



Brruncium noTok HanpsXKEHHOCTH TOYEUHOT0 UCTOYHMKA, HAXOIAIIETOCS Ha OCU
HUJIMH]pa Yepe3 OOKOBYIO MOBEPXHOCTh NUIMHJIpA. Hauano koopauHaT pacroiokum
B IICHTPE NWIMHIpPA, BBICOTY MHWIMHIpAa 0003HaumM 2h, pamuyc OcHOBaHUS — I,
TOYEYHBIM UCTOYHUK HAXOJUTCA HA PACCTOSIHUM @ OT IieHTpa uuinuHapa. [lotok yepes
OOKOBYIO MTOBEPXHOCTH ILIEJIMH]IPA PABEH MPOU3BEACHUIO 3apsia Ha pa3HOCTh MOJHOTO
TEJECHOro yria 4m U CyMMBI YIJIOB, TOJI KOTOPHIMM M3 HCTOYHHMKA BHJHBI 00a
OCHOBaHHUS KOHYca. BhIIlle TelecHbIi yroi, noji KOTOPhIM BUIHO OCHOBAHUE KOHYCa U3

CT0 BCPIINHLBI OBLI BEIUKCIICH (FJ'IaBa ((B@KTOpHOG HOJ'IC))). HOC—)TOMY MOJKCM 3alIiCaThb.

n(a—h) n(a+h) a—h a+h

@i Jri@eh) :Qn\ﬁ2+@—hf-+Jﬂ4{a+mz

N=Ql4n—7t+

3AZIAUMN

1.  BeIumucanTe MOTOK BEKTOpoB A= Xi +2yk 1 B =x?] —yk uepes cdepy ¢ meHTpoM
B Ha4ajle KOOPAUHAT U paguycom =1,

2. Bbluhciure NOTOK BEKTOpa HANPSIKEHHOCTH Yepe3 OOKOBYIO MOBEPXHOCTH
LMIMHPA, €CIM TI0JI€ 00YCIOBIEHO TOYEUHBIM 3apafoM Q=5, HaXOAAIMMCS Ha CEpeIuHE
OCH LIUITUH/IPA.

3. Bomumemute mnotok  Bektopa A= (X2 + YA +(y2+23)j+ (22 +x*)k  uepes
MOBEPXHOCTh Ky0a, orpannueHHoro miockoctsamu X=0, x=1, y=0, y=1, z=0, z=1.

4.  Omnpenenure HaNPSHKEHHOCTH TI0JIS, CO34aBAEMOr0 IIOJOBHMHOM IIapa paguycoM a
C TUIOTHOCTBIO P B TOYKAX, PACIONOKEHHBIX Ha pebpe W B IeHTpe chepudecKoi
IOBEPXHOCTH.

5. Omnpezenure HAMPsKEHHOCTH MOJIS IIIACTUHKU C TOBEPXHOCTHOM IJIOTHOCTBIO 5 B

BUjie poMOa Ha NepIeHANKYISIpEe, MPOXOAAIIEM Yepe3 ero HeHTp.

HHOTEHILUHAJI ITOJIA

IlycTh B KaXIOM TOYKE IMPOCTPAHCTBA CYILIECTBYET BEKTOpHOE moye £E.
[ToTeHIMaIOM MO HA30BEM CKAJSIPHYIO OJHO3Ha4Hyro ¢yHkiuo U(X,Yy,Z), yacTHas
MIPOU3BOIHASL KOTOPOH MO JIFOOOMY HaIpaBJIEHUIO, B3sITasi C 0OpAaTHBIM 3HAKOM, paBHA

COCTABJIIIOLIEN BEKTOPA HANPSLKEHHOCTH TOJISI IO 9TOMY HAIIPaBJICHHUIO:



i,

E =2,
al

Ecnu Takas QyHKIUS CyHIECTBYET, MOJIE Ha3bIBACTCA MOTCHIIMATLHBIM. BekTop

~-oU -o0U -oU
i—+

—+k—=—-gradU
J oy pe g
Ha30BeM I'paIMCHTOM TNOoTeHIMana. B cumBonmaeckoi popme:
E=-gradU, E, :—a—u, E, :—a—u, E, =—8—U.
OX oy 0z

]_IJ'ISI IIOTCHOUAJIBHOCTH IIOJIA HCO6XO,ZIHMO n AJ0CTAaTO4HO, YTOOBI MUPKYJIOUA

BEKTOpA MOJIA IO JII0OOMY KOHTYPY PaBHsUIACHh HYJIO:

fAdi=o0.

b
B CuJIOBBIX MOJIIX YMCIEHHOE 3HAYEHHWE HWHTErpalia jAdI paBHO paboTe 1o

a
MEPEMENICHHUIO €IMHUYHOTO UICTOYHUKA U3 TOUYKUA A B TOUKY B.
JuddepentnnanbHpli KPUTEPHI TOTEHITUATLHOCTH OIS
rotE =0.

Yrto0nI 10oJIe OBLIO MOTEHIMAIBHLEIM HEOOXOIUMO U JOCTATOYHO, YTOOBI BO BCEX
TOYKaX TUIOTHOCTh BUXPEBBIX HCTOYHUKOB IOJSl PaBHSJIACH HOJIO, TO €CTh IIOJIE
JOJIKHO OBITh O€3BUXPEBBIM.

®opmyaa Crokca. [upkynsius BeKTOpa MO KOHTYPY paBHa MHOTOKY BHXPS

BEKTOpA Yepe3 NPOU3BOJIBHYIO IOBEPXHOCTh, OTPAHUYEHHYIO ’TUM KOHTYPOM:

§A1dI=J'rotn,5\dS.
S

dopmyna mpuUMeHsieTCsl UIsl MpeoOpa3oBaHHs KOHTYPHOIO HHTerpajia K
MOBEPXHOCTHOMY HWHTErpaiy U Ha00OpOT.
[ToTeHunan TOYEYHOTO UCTOUYHUKA, KaK JIETKO MPOBEPUTH:

u-Q

R
HOTeHHI/IaJ'I TOYCYHOI'0O HCTOYHHKA B TOYKax, CBO60)IHBIX OT HCTOYHHKOB,
KOHCHYCH MW HCIIPCPBIBCH, a IpU YAAJICHHH OT HCTO CTPECMUTCA K HOJIIO O6paTHO
IMPOMOPHUOHAJIIBHO KBAAPATY paCCTOAHUA.

[loTenmnuan TMHENHOTrO0 UCTOUYHHUKA



:le

|
PaccMmoTpum CcBOICTBaA JIMHEMHOIO MCTOYHHMKA Ha mpumepe ctepkHs (puc. 13).

HOCKOHBKy 3ajJada 06J'IaI[aCT 0OCEBOH CHMMGTpHGﬁ, COBMCCTHM Ha4daJI0O KOOpAHWHAT C

OECHTPOM CTCPKHA, OCh Z HAIIpaBUM BIOJIb CTCPXKHI. Ero IMOTCHIUAJI ITPUMET BUI:

Urz,) = J- xdz, _ 1/r +(z+D*+z+1
’ NI+ (Z2-2,) 1/r +(z-1? T

Puc. 13. K BbruncCIeHHIO TOTEHIIMANIA CTEPXKHS I

HOTGHHI/IaJ'I CTCPKHs HAa OCHU Z BHC CTCPKHS UMCCT BUI:

z+1
xIn——-.
z—|

N3 3TOr0 BBIpAaXEHUS CIEIYET, YTO MPHU MPUOIMKEHUU K CTEPKHIO MOTEHIHAI
CTpEMHUTCS K OECKOHEYHOCTH. B oOcCTalbHBIX TOYKax MPOCTPaHCTBA MOTEHLHAT
KOHEUYEH, HEMPEPBIBEH, a MPU YAAIECHUN OT HCTOYHHUKA CTPEMUTCA K HOJIIO.

IloreHnMan NOBEPXHOCTHOIO MCTOYHMKA pAaCCMOTPUM Ha NpUMEpEe JUCKAa.

HOTeH]_II/Ia.]'I Ha OCH AUCKa OIIPCACINUTCA BbBIPAKCHUCM

¢ ordrd
u = [Srdree =2no(va® +2* |z
'([Vr +2° L)

[Torenuuan B 1ieHTpe AUCKa paBeH 2nca. [Ipu nmepeceueHnn MOBEPXHOCTU JUCKA
MOTEHIIUAJI OCTAETCA HEMPEPHIBHBIM U KOHEUHbIM. OIHAKO MPOU3BOJIHAS MMOTEHIIMANIA
[0 HOpMaJiM K JIUCKY TEPHUT pa3pbiB IMpHU NepecedueHuu aucka. [Ipu ynameHun ot
JIMCKa MOTEHIMAT CTPEMUTCS K HOMIO (puc. 14). DTu yTBEepkKAEHUS CIIPABEIJIUBBI IS

BCCX ITOBCPXHOCTHBIX HCTOYHHUKOB.



\ To4ye4HBIH
HCTOYHHK

1 1
-a g

Puc. 14. I'paduku n3MeHeHUs MOTEHIIMANIA JUCKA K TOYEYHOTO NCTOYHUKA

BekTopHble 1moisi NpUHATO M300pakaTh rpaduyueckd B BUAC MPOEKIUN BEKTOpPa

HANPSOKEHHOCTH Ha TOPU30HTAIBHYIO IIOCKOCTh (pHC. 15, a) miu B BHJIE IUIAHOB
M30JIMHUM BEJTUYUH IpoeKuuit (puc. 15, 0).
[Torennuan 00beMHOTO HCTOUYHHUKA PAaCCMOTPUM Ha mpumepe mapa (puc. 16). Bo

BHEIIIHEH MO OTHOIICHUIO K IIapy TOYKE MOTEHIMAJ IIapa paanycoM I ¢ 00beMHOI

INIOTHOCTBIO p HA paCCTOAHHMH OT LCHTpa IIapa L:

2 T a 2 a -
. redr T d(-2Lr cos®)do
U= Id(pjsmedej P =—pjrdrj ( ) _
0o 0 o2 +r2—2rLcos® Lo  o4/L%+r?—2rLcoso
2mp h 2mp | 4rpr®
= pj\/L2+r2+2rL—\/L2+r2—2rL rdr:—pMLJrr|—|L—r|)rdr: proj_
L 0 L 0 3
_4mpa®  Q
L L
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Puc. 15. Cnoco6s1 rpadudeckoro n300pakeHusl BEKTOPHOTO TIOJIS:

B BHJIC BEKTOPOB (a); M30JIMHUSMHU MTPOCKIINN BEKTOpa Ha BEPTUKAIB (0)



a R

L 4

a 0

Puc. 16. K BeIUUCIICHHIO TOTSHIIMAJIA ¥ HAMIPSHKCHHOCTH 1oJIs mapa (a). ['paduk 3aBucMMOCTH

HANPsDKEHHOCTH TPABUTAIMOHHOTO TIOJIS IIapa OT PACCTOSTHHS IO ero 1eHTpa (0)

ITonydeHHOE peleHre COBNAAACT ¢ MOTEHIMAIOM TOYEYHOI'O MCTOYHHKA C TEM
xe 3apsmoM Q. Ilpu BBIYMCIIEHMH TIOTEHIIMANAa BHYTPH Iapa MOCICIHUNA WHTETpal

HE00X0MMO pa30uTh Ha JIBa:

U :?iﬂz+ r|-|z- r|)rdr=@[:[(z+ r)rdr—_;[(z—r)rdr—j(r—z)rdr}:an(a2 —%J

z

Ha moBepxHocTH miapa ¥ BHE mapa 00a BBIPKEHHUS MPUHUMAIOT OJIMHAKOBBIC
3HaueHus. [loTeHuman mapa BCIOJY KOHEYEH, HENPEPBIBEH, MNpPU YIAJICHUU OT
MCTOYHUKA CTPEMUTCS K HOMIO. TakuMmu e CBOMCTBaMH 00JIalaeT  TOTCHITMAT
JIF000Tr0 00BEMHOT'0 UCTOYHHKA.

Haiinem  moreHmman  mossi, CO3aBaeMOro  TOYEUYHBIM  3apsjgoM  Q,
PACTIIOJIOKEHHBIM B CpEAE C AUDIICKTPUYECKON MMPOHUIIAEMOCTBIO €1 Ha PaCCTOSIHUM &
OT IUIOCKOW TPaHMUIBI pa3leya CO CPEAOr C IUIIEKTPUUECKOU MPOHULAEMOCTHIO €2
(puc. 17). 3amauy pemmMm METOJOM 3€pPKAIbHBIX H300paxkeHnid. CUMMETPUYIHO
OTHOCHUTEJILHO TpaHUIIbI pa3jiesa BBEJIeM BO BTOPOM cpelie GUKTUBHBIN UCTOUYHUK Q1.
ITorennuan B Touke 4

U1 =&+&_
&R g,R;

[ToTenmuan Bo BTOpoOUl cpene OyaeM UCKaTh Kak moje (uKTuBHOTO 3apsaa Q;

HaxoJsIIerocst Ha mecte 3apsiaa Q1
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Puc. 17. Toueunslii 3apsa BOJIM3M IUIOCKON T'paHMILIBI pa3zena AByX cpen (a). Ilnan n3onunuit

MOTEHITAIA B CpeJie C TUIOCKOW IpaHuIiel paszaena (0)

Ha miockoii rpanune paszzaena (R=a) BBINOJHAIOTCA YCIOBUS HENPEPHIBHOCTU

noteHuana U, =U,H CKa4yOK HOPMAaJIbHOW COCTaBJISIOIICH HANpPsKEHHOCTU ToJIst (
U, 0o

U
“Tan % on )

Q+Q, _Q,

& €

) Q_Q1:Q2'

Haxonum nBa HEM3BECTHBIX U3 ABYX YPABHECHUN:

g, —& 2¢
1% Q,=Q- 2

g, t&, g, t&,

Q1:Q




HOTGHHI/IaH oyt OonpeACIIMTCA II0CJIC IMOACTAHOBKH HaﬁI[CHHBIX BCJIMYHMH

(UKTUBHBIX 3aps0B B BHIIICTIPUBEICHHBIC YPAaBHEHUS:

U. - 2¢, 9

, =
g +¢e, R

€, —€
Bemnuuny k = 1—2%
€ +82

Ha3bIBAroT KOC—)(I)(i)I/IHI/IeHTOM OTPAXKCHHUA IIOJIA OT IUIOCKOM

2¢
I'paHUIlbl, a BEINYNHY 1-K = 2 _ Ha3bBIBAIOT KoacbcbI/IuI/IeHTOM IIPOXOXKICHUS.
€, +E€,

BUXPEBOE ITIOJIE

BGKTOpHOG moJjie E Ha3bIBAIOT COJICHOUAAJILHBIM (BI/IXpeBBIM), CCJIN ITOTOK IIOJIA

4Cpe3 3aMKHYTYIO IIOBEPXHOCTD, OI'PaHUYHNBAIOITYIO J'II-06y10 06J'IaCTB, PaBCH HOJIIO:

[E.ds=o0.
S

CuiioBble JTUHUM COJICHOMAAJIBHOI'O IIOJIA 3aMKHYTHI. B obmactu S He JOJIXKHO

OBITh MCTOYHMKOB IOTECHIUANBHBIX moneil. COoJeHOMIANbHOE IIONIE IOPOKIAETCS
BUXPEBBIMH UCTOYHHMKAMH C IUIOTHOCTHIO § =rotE . JluddepeHnuansupie ypaBHEHUS
COJICHOMIAJIBHOTO TIOJIS:
divE=0, rotE =g, divg=0.
[Ipou3BOJAEHOE BEKTOPHOE MOJIE MOYKET MMETh IMOTEHIHMAILHYI) U BHXPEBYIO

qacCTH:

=~ pdV qgdv
E =—qgrad| | — [+rot] | — |.
o 75 ool 7

HuddepennmansHbie XapakKTEPUCTHKU MPOU3BOJIBLHOTO BEKTOPA OMPEACIISIOT €ro

CTPYKTYpPY:

E = gradUd'LEde+ rot(fﬁdvj.
\% R \% R



YPABHEHMUE JIAIIVIACA

Omnepatopom Jlammaca Ha3biBatOT auddepeHIMalIbHbIA OnepaTop, KOTOPHIA B
JEKAPTOBBIX  KOOpAWHATAX TMPEACTABISIET COOOM CyMMy BTOPBIX  YaCTHBIX

MPOU3BOJIHBIX IO X, Y, Z:

Cox? o2 @’

HuddepenumanbHoe ypaBHEHHE B YACTHBIX IPOU3BOIHBIX BUAA

U U U

+ +
x> oy? oz

AU =div(gradU) = 0

Ha3bIBAIOT YPAaBHCHHCM Jlamnaca. YPaBHeHI/Ie Jlamnaca omnMchIBaeT CTaOIMOHAPHOC
TCIIZIOBOC  IIOJIC, IIOTCHHOHUAJIIBHOC TCUYCHHC IJKHUIAKOCTH, OJJICKTPUYCCKOC IIOJIC
IMOCTOSSHHOI'O TOKa, 3JICKTPOCTATHUYCCKOC I10JIC, MArHUTOCTATHUYCCKOC IIOJIC, IIPOLCCC

muby3un.

B cdepuueckux koopauHarax ypaBHenue Jlammnaca:

2
AU=%E(r28Uj+ 21 Q(Sineauj+ 5 12 8L2J=0.
re or or ) rcsing?d r<sin© 0 oo

HenpepbiBHYI0 (PYHKIUIO BMECTE CO CBOMMH MPOU3BOJHBIMHU B HEKOTOPOM
00J1acTH, YIOBJIETBOPAIONIYIO YpaBHEeHHIO Jlaruiaca, Ha3pIBalOT FapMOHUYECKON B 3TOU
ob6nactu. OCHOBHBIE CBOMCTBA TAPMOHUYECKHUX (DYHKITHIA:

- ecnu ¢yukius U rapmoHudeckass B oOnactu T, OrpaHUYEHHON HEKOTOpPOU
IIOBEPXHOCTBIO, TO CIPABENIIMBO PABEHCTBO:

> as-o,
5 on
rae S — nrobasi 3aMKHYTasi MIOBEPXHOCTb, LIETMKOM JieKalasi B oonactu T,
- ecniu ¢ynkuus U rapmonunueckast B oonactu 7, a M — Touka, jexaniasi BHyTpU

T, TO clipaBeJINBO:

U(M):iszds,
4TE D

rae D — cdepa c neaTpom B Touke M, nenukom Jiexariasi B ooiactu 7,



- econ gyskmus U, ompesneneHHas W HENMpepbIBHAsS B 3aMKHYTOW oOmactu 7,
yIoBJieTBOpsieT ypaBHeHUIO Jlammaca BHYyTpu 7, TO MaKCHMallbHO€ M MHHHMAaJIbHOE
3HaueHUs 3Ta QYHKIHMS MPUHUMAET HA TOBEPXHOCTH, OrpaHUYUBaroIIei oonacts 7

- €CJIM U3BECTHBI 3HaueHus rapmMoHumdeckoil ¢pynkiuuu U B obmactu 7, BO Bcex
TOYKaX OrpaHUYUBAIONIEH 3Ty 00JacTh MOBEPXHOCTH S, TO PpyHKIMSI U MOXeT ObITh
ompejesieHa B Jiro0oit Touke 7

- ecnu rapmoHmndeckas Gyukmus U, onmpenenenHas B obnactu 7', MpUHAMAET Ha
MOBEPXHOCTH, OTpaHUYMBAIONIEH 00JIaCTh, TOCTOSHHOE 3HAYEHHE, TO BCIOJy B ITOU
o0acTy OHA MPUHUMAET TO MOCTOSTHHOE 3HAYCHUE.

OpanM u3 criocoOoB pereHns ypaBHeHus Jlamnaca sBhsieTcst crocod pasaeneHus
nepemMeHHbIX (Meton @Dypwe). Vckomyro (GYHKIUIO TPEACTaBISIOT B BHJIE
npousBeaeHus QYHKIMMA, KaXK/1asd U3 KOTOPBIX 3aBUCUT TOJIBKO OT OAHOW MEPEMEHHOI:

U(xy,2) = X(X)Y(¥)Z(2), U(r,0,9) = R(NOO)D(p) , U(r,¢,2) = R(ND(9)Z(2)-

B nunuHapudeckux KoopaAnHATax ypaBHeHHe Jlarmaca umeeT BU:

10%R 10R 182<D 8%z
+ +—

—+= — 5 =0-
Rar2 Ror 2 0¢° oz

[Tocne moacranoBku GyHKIMH, peuioxeHHON Dyphe:
0°Z 2 R 1R n?
— :yZZ,a(D nd = 0,—8 R + v -= |R=0.
oz 0> or? r o
Pemenue nepBbIX IByX ypaBHEHHN:
Z=e" p=e"

TpeTbe ypaBHEHHE C TIOMOIIBIO MMOJICTAHOBKY MMPUBOAUTCA K ypaBHEHUIO becces:

2 2
u+lﬂ+ 1_h_ y:O
dx? xdx X2

Ero pemenuem siBnsercs munuHApudeckas QyHkuus beccenst mepBoro poja:

=3, 30001 § 19"

rae I' — ramma-dynkius, I'(1)=I(2)=1, I'(n+1)=n!.



beccenr @. B. mpu o0paboTke acTpOHOMHYECKHUX HAOMIOACHWI HCCIEI0Bal
WIMHApUYECKUe (PYHKUMK 11 BBIYMCICHHUS KOI(PPHUIIMEHTOB pa3joXKeHHUs B
TPUTOHOMETPHUECKUN s paauyc-BeKTopoB rmaHeT. DyHkius beccens ¢ poctom
apryMeHTa K0J1e0JIETCSI OTHOCUTEIIBHO OCH a0CIUCC C SKCIOHEHIIUAIBHO yOBIBAIOIIEH
amruatynoil. [IpeacraBnenue GyHKIINN, 0OpaTHOM PACCTOSHUIO C TTOMOIIBI0 (DYHKITHH

beccensa umeer BU:

— L [exp(-t2)3p(t)dt, 220,
r’+z2 o

— [exp(t2) 3o (t2)dt, 2 <0.

1
Jré+z2 o
YacTHOE pelIeHNE U 00Iee PElIeHUE TPETHErO yPaBHEHHS:

Z=eMNI(0r), U(r,e,2)= e [Chne I (m)ydy,
n=0 0

21 )
Te Cy (1) = o | & "do[U (r, @)n (yr)rdr.
2m | 0
[Ipyr HEKOTOPBIX CHENUATBHO MOJ0O0PaHHBIX 3aKOHAX M3MEHEHUS Y YpaBHEHHUE
Jlannaca umeer ananutuyeckoe pemenue. Hanpumep, Y. K. OBUMHHUKOB MPEIIOKUI
JIJISl OTTUCAHUSI 3aBUCUMOCTH 3JIEKTPOIPOBOJHOCTH OT TTYOMHBI UCIIOIb30BaTh 3aKOHBI:

cha(k + 2) 2 sha(k +2) )2
v=vO(—( )j ’Y:YO(—OL( )j s

chaz shaz RAL
KOTOPBIE MO3BOJISIIOT MOJYYUTh aHATMTUYECKUE pPellieHus1 ypaBHeHus Jlammaca.

Ilone eepmukanvno nonapuszoeannou c@epwt. Ilyctb B OIHOPOAHOU
M30TPONHON OECKOHEYHOM cpejie HaxOAWTCS PaBHOMEPHO MOJIsIpU30BaHHas cdepa,
T. €. Takas, 4TO CKAauOK MOTEHIMaja Ha rpaHuile cepbl ¢ BMEHIAIONIeH cpenoi
JMHENWHO MEHSETCS B 3aBHCUMOCTH OT IIyOuHBI. O003HaunM U; moTeHIMa mosi BO
BMEINIAIONIECH cpesie ¢ MPOBOAMMOCTBIO Y1, Uz — MOTEHIMaN moJis BHYTPU IIapa C
MIPOBOJIUMOCTBIO Y2, & — paguyc Imapa, 6 — yroj Mexy HampaBlICHUEM TOJIIPU3AIIH
W HampaplieHHeM ©3 IIeHTpa cdepbl Ha TOUYKy HaOmoJeHus. PaBHOMEpPHOCTH
MOJISIPU3AIMK  O0ECTIEUYMBACTCSl pACTpPE/ICICHHEM CKayka IOTEHIMala Ha TPaHMIIC

cepbl 1 BMEIIAIONICH CPpe/Ibl TI0 3aKOHY:



AU =AU cos0,
rae AU, — HauOousbmid ckayok norennuana U, —U, Ha rpanute chepsl.
VYpaBHenue Jlannaca B JaHHOM ClIy4ae UMEET BU/L:

02U 20U 1 0% ctgoou
—t——+—=—+——=0
o2 ror 2 00 r¢ 00
Penienue AOJIDKHO YAOBJICTBOPATH YCIIOBUAM:
oU,
or

U, -U, =AU(cos0, y4 =75 a;JZ,H]QH r=a,
r

U, >0 mpu r—>o,U,=0mnpu r=0.
Pemenne OyaeM HMCKaThb METOJIOM  pasieleHMs IEPEMEHHBIX, IoJjaras
U = f(r)coso.

[ToncraBum n30panHyto GyHKIMIO B ypaBHeHuUE Jlamiaca, moirydum:

2
cos0 ﬂ+§ﬂ_2i =0,
o ror r

OTKyJa

[Mpeacraum ¢yukuo f B Bume npowsseneHus f = r2q). Hame ypaBHeHue

npeoodpaszyeTcs:

2
Ero pemenue, kak Jierko yOeAUTHCS MOJICTAHOBKOM, °¢ —2C%r, Z_(P = C?r?,
or r

B
rae C — npou3BoJibHAs MOCTOsIHHA. Jlanee monyunm ¢ = Ard+B , f=ar+—,
r

rac AnB - IIPONU3BOJIbHBIC ITOCTOSAHHBIC. Pemenue HNCXOIHOTO YPABHCHUA!

U=(Ar +E)cose,
r2

ITocne paccMOTpeHUS TPAHUYHBIX YCIOBHUM:



U, :%cose, U, = Arcoso,
r

2
a 2 r
U1=——1&——AU0—?———,U2:—~—;ﬂ——AU0—uB6.
2Y1+72 r<cos@ 2y1+72 a
Ha puc. 24, 6 mnpenacraBineH rpaduk U3MEHEHHUS MOTEHIIMANA,

BEPTUKAJILHOM JIMHUM, TTPOXOSIIEH yepe3 IIEHTp 1apa.

o
) ]

a 0

BIOJIb

Puc. 24. OnHOopo1HO BEpTUKAIBHO NOIsspu30BaHHast chepa (a) u rpaduk ee noteHuuana (0)

Hamaznuuueanue 00HOpoOH020 wapa 00HOpPOoOHBIM nojem. Ilyctb B cpene ¢

ITOCTOSIHHOM MarHUTHOM NMPOHUIAEMOCTBIO [l1 HAXOJIUTCS 1Iap ¢ PaJnyCOM PaBHBIM a

U TOCTOSIHHOM MArHUTHOM MPOHUIIAEMOCThIO [p. HamarnuumBaroiiee mose Oyaem

CUMTATh OJHOPOIHBIM, €ro HaNpsHKEHHOCTh 0003HauuM Hy (puc. 24). Ilotennuman

MEPBUYHOIO MOJIA npeactaBuM B Buae Uy =—-Hpz =—-HRcos0.

s

a

151

15

Puc. 25. K onpeneneHno MarHuTHOro 1osis mapa



BBenem cdepuueckylo cucTeMy KOOpAWHAT C HadyajJoM B LEHTpe MIapa,
HOJISIPHYIO OCh HAaIlpaBUM I10 HaMarHU4YMBarouieMmy mnoiio. Perienue Oyaem uckath B

BHJIE CyMMBI IEPBUYHOTO TIOJISI M AHOMAJIBHOTO TOJIS, 00YCIOBIEHHOTO TIPHCYTCTBUEM
mapa: U(R,0)=Uq(R,0)+U,4(R,6). Bropoe cnaraemoe (aHOManbHas KOMIIOHEHTA
mons) BHE IMapa M BHYTPH IIapa MMEeT pasHOe aHAIMTHYECKOE MpeCTABICHHE.
AHOMajbHOE mMojie BHE Imapa o6o3HaunM Uq(R,0), a TOTeHIMan BHyTpU Iuapa —

U, (R,0) . Ha moBepxHocTH mapa (R=a) K0KHBI BBIOTHATHCS TPAHUYHBIC YCIOBUSL:

U1 :U 8U1 _ 6U2 .
HliaR U2 R

[Torenumanst U; u U, OyneM uckath B BUJIE:

= By P, (cos6 X
U, = Z% Uy = > A,R"P, (c0s6)-
n=0 R n=0
Koaddumuents A, u B, Halinem, ucnosnib3ys rpaHUYHbIC YCIOBUS (111 KPATKOCTH

apryMeHT MOJMHOMOB JlexaHipa npuBOAUTE HE Oyaem):

—~Hgacos0+ > A,R"P, =-H

n=0
pl[—Ho cos0— Z%} ( Hocos0+ ZnAna” p j
n=0 a n=0

OTU paBEHCTBA BBINOJHAIOTCSA TOJBKO B TOM Ciy4ae, eciid Kod()PHUIHMEHTHl IpU
nosvHoMax JlexaHapa ¢ OMHAKOBBIMM HOMEPAMH B JIEBOM M MPAaBOM YacTIX OyayT

PpaBHBI. yI[OBJ'IeTBOpI/ITI) 9TUM YCJIIOBUSAM MOXKHO TOJIBKO B TOM CJIydac, CCIIU:
1) An=Bn=0 ipu n #1;
2) Aia® =By,
OTKY/1a MOJTYYUM:

2B, —
Hl[HO +—j Ho(Ho—A), Ay =t2"EL B = E2-HL 53,
a Ho + 21 Ho + 24

Takum oOpa3om, MOTEHIMAJ HAMAarHWYEHHOTO IlIapa OMpEIeSieH BHYTPHU Iapa

bopmynon



U, =—Hgcos0+-2 "M o coso.
Ho + 21

BeKTOpBI HAIpsZKCHHOCTU MW MHAYKIOMW MArHUTHOI'O IIOJII BHYTPH IIapa
IIOCTOSIHHBI W HAIIPaBJICHBI [1APAJUICIBHO HaMarHU4MBAIOLIEMY IIOJIF0. DTO OTPakaeT
o0111ee MOJI0KEHHUE O TOM, YTO TeJia, OTPAaHUYECHHBIE TOBEPXHOCTSIMH BTOPOTO MOPS/IKA,
HaMarHW4YuBarTcs  (MOJIIPU3YIOTCS)  OJHOPOIHO, BCE  OCTaJbHBIE  Tela
HaMaronmimMBarOTCsa HCOAHOPOAHO, TO C€CThb HWX HAMAIrHUYCHHOCTb 3aBUCUT OT
KOOpJAHHAT.

Bre mapa norennuan:

Lo — Ly a3H0 coso
Ho+2u;  R?

U; =-HgcosO+

U COBIIAJAET C IIOJIEM MAarHUTHOTO IUIIOJA, PACIOJIOKEHHOIO B LICHTpE IIapa,
MAarHATHBIA MOMEHT M KOTOPOTO paBEH MATHUTHOMY MOMEHTY IIapa:
M= H2~TH a3Ho,
Mo + 2

a HAMaroHndc¢HHOCTb

j:i H2 —Hg H
4n py + 21

KommnoHneHThI HaNps’)KEHHOCTH I1OJIA:

(X=%0)(z-20) \ _q (Y= Yo)(z-2p)
RS T RS

2(2-20)* - (x=%)* (Y- ¥0)*
R5

X =3M

Z=M

[TosmydeHHOE 71 11apa pPelIeHUE TO3BOJISAET PACCMOTPETh 33/1a4y 0 CPEPUICCKOM
MarHMUTHOM 3KpaHe. [ToTeHInaa mpeIcTaBisioT B BHIE CYMMBbI TPEX IMOTCHIMAIOB: BO
BHEITHEW 00JacTH, BO BHYTpPEHHEW 001acT W B camMou cdepudeckoil 000J0UKe.
Pemenrie BO Bcex 00JacTsIX JOJKHO YAOBICTBOPATh ypaBHeHuto Jlammaca u

I'PaHUYHBIM YCJIOBHUSM. MarHuTHOE 10JIe BHYTPH CEPUIECKOTO dKpaHa

H - SmmaHo _
25 + 0017 ~10)/15 + (457 +50) /17




VYObIBaHHE WHTEHCMBHOCTH MArHUTHOTO TIOJsi BO BHYTpPEHHEH oOnactu
cepuueckoil 000JIOUKH OICHUBAIOT KOA((UIMEHTOM 3KPAHUPOBAHMS, KOTOPBIN
paBeH OTHOILICHHIO MHTEHCUBHOCTH TOJIS BHYTPU SKpaHa K MHTEHCUBHOCTHU IOJIS BO

BHCIIHCM IIPOCTPAHCTBC!

k= ! :
= “N2.3_ .3
1+2(M2 Dr;—n

S, rs

Okpanupytouui 3Qdpexkt TeM OoJibllie, YeM BBIIIE MAarHUTHAsl MPOHUIIAEMOCTD
KpaHa M €ro TOJIIMHA. ODTO BBIPAKEHHE HCIONb3YETCS MPH pacyeTe 3SKPaHOB
YCTPOMCTB, HYKIAIOLUXCSI B 3alUTE OT MAarHUTHBIX [MOMEX, HAIPUMEP B CKBRXKMHHBIX

npubdopax.

IHHOTEHIHUAJI IBYMEPHBIX TEJI

B reosnoruueckoil mpakTUKe 4acTO BCTPEUAIOTCS OOBEKTHI, pa3Mepbl KOTOPBIX IO
OJTHOMY HaIlpaBJICHHUIO HAMHOro OOJjbllle, YeM B JBYX JPYruX (Hampumep, Naiku).
[lone Takux OOBEKTOB B HAIpaBJICHUU MPOCTHPAHUS TNOYTH HE MeHsercs. Takue
OOBEKThl CUUTAIOT OECKOHEUYHBIMHU IO NMPOCTUPAHMIO, @ UX CEYCHHE MPEICTaBISIOT
UJCATM3UPOBAHHBIMU TPABUIBHBIMU T€OMETPUUYECKUMU (PUTypaMH U UX Ha3bIBAIOT
JBYMEPHBIMH TEJIAMHU.

[ToreHmman oqHOPOIHON OCCKOHEUHON HUTH C IMHEHHOM TUIOTHOCTBIO ¥
1
r

€ro Ha3bIBAIOT J'IOFapI/I(l)MI/IIICCKI/IM ITIOTCHIOMAJIOM.

B nBymMepHOM ciydae moj JIMHEHHBIM JIANOJIEM MOHUMAIOT JIMHUIO, COCTOSIIYIO
M3 OJIMHAKOBBIX JJIEMEHTApPHBIX JHIOJIEH, JU00 JBe OCCKOHEYHBIC JIMHUHM C
MJIOTHOCTBIO 3apsfOB PA3HOTO 3HAKa, PACMOJOKEHHBIX Ha OECKOHEYHO MajoM
pacctosiHuu (puc. 26). [loTeHnnan TMHEUHOTO AUIOJS, TUMOJIbHBIH MOMEHT KOTOPOTO
M.

U =m0
r



Puc. 25. K BeiBoty hopMyItbl TOTEHITHATIA JIMHEHHOTO JTUTIOJS

BekTopsl MArHMTHOW HHAYKHUHM B W JJieKTpu4yeckou mnojspusanuu P.
MarnuTHasi UHAYKIUSL SIBJISIETCSI OCHOBHOM CHJIOBOM XapaKTEPUCTUKOW MArHUTHOTO
noJist. HarpsikeHHOCTh MarHUTOCTaTUYECKOTO N0JIs1 H BBOAUTCS ypaBHEHUEM

B :1+4nxﬁ = uﬁ .

OCHOBHOE ypaBHEHHE, ONIMCHIBAIOIIEE MATHUTHOE TI0JIE:

divB=0.

JIuHuM BEKTOpa MAarHUTHOM HMHAYKIIMM BCErJa 3aMKHYThl, MAarHUTHOE IIOJIE
CoJIEeHOMJallbHOEe. B ciydyae MNpOCTPaHCTBEHHOM  HM3MEHYMBOCTHM  MAarHUTHOMU
IIPOHUIIAEMOCTH OTO YPAaBHEHHUE UMEET BUL:

div(ugradU) =0.
YpaBHEHUSI HENPEPHIBHOCTHU MMOTEHIHAIA 1 HOPMAJIbHOM COCTABJISIOIIEN BEKTOPA

MariuTHOM HMHAYKIOHWH Ha IIOBECPXHOCTHU pa3aciia:

oU, oJ,
— = = —_— U :U .
M1 on |2 %) on 1 2

BennunHa HanpsyKeHHOCTH MArHMTHOTO TOJi BHYTPU MarHeTuka H BBOJMTCS

COOTHOIIIEHHUEM
H=B-4nJ.

Takum o6pa3zoM, H — 3TO HE MOJIe U HE XapaKTEPUCTHKA IO, 3TO Pa3HOCTh
BEJIMYMH PA3HOW MPUPOBI — MOJS U BEIMYUHBI, XapaKTepU3yOLIEH YIOpsI104eHHOCTh
MarHUTHBIX MOMEHTOB. BeKTOp HaNpsHPKEeHHOCTHM MAarHUTHOTO TSl — YJIoOHas
KOHCTPYKIUSL [IJII TEOPETUYECKUX PACCYKICHUM. AHAJOTMYHO BBOAUTCS BEKTOP

AIEKTPUYECKON UHIYKIUHU:

B = E + 4P,



re P — BEKTOp 3JEKTPUUECKON MOJSpU3allnuy, peaibHas pu3ndeckas BeIHUnHa.

HAMATHUYUBAHMUE TEJ C BBICOKO MATHUTHOM
BOCHPUUMYNUBOCTHIO

PacnpeﬂeneHHe HaMarHm4€HHOCTH B T€JIaX C BbICOKMMH MAarHuTHBIMUA
CBOMCTBaMU CYICCTBCHHO 3aBUCHUT OT (I)OpMBI Tejaa. PacueT MarHMTHBIX IIOJIEH B
TAKUX ClIydadaX HCJb3s IIPOBOAWTH UCXOJA M3 IMMPHUHIOUIIA CYIICPIIO3UIINHN. Breruucnenus
oJjieu IIPOBOJAT, pClIasa YHMCICHHBIMHA MCTOJAMH HHTCI'PAJIbHBIC YPABHCHUA.

YpaBHEHUS BUIa
b
y(X) =] K(X, X0)y(X)dXg = @(x)-
a

rae Y(X) — uckomast GyHKIMsI, A — apaMeTp, Ha3bIBAlOT JMHEHHBIMUA HHTETPATbHBIMU

ypaBHeHussMu Ppearomapma BTOporo poaa. MiaTerpanbHoe ypaBHEHUE
b
Yo (X) = A[ K(%,X0) Yo (x)dxg =0
a

Ha3bIBAIOT COOTBETCTBYIOIIUM OJTHOPOJIHBIM HHTETPAIBHBIM YPAaBHEHUEM.
OO1ee peuieHre MHTErpanbHOro ypaBHeHHs dpearosbMa BTOPOro poja €cTb
cymMa:
K mHTerpansueiM ypaBHeHHsM Dpearosibma CBOIATCS HEKOTOPBIE 3a1a4l TEOPHUH
YIOPYTOCTH, HaIlpUMeEp:
F(X) = Yo (X) +o(x).

b
Ecim myis M >0 cripaBeyIiBO HEPABEHCTBO W <1/M u ”K(X, Xodxo‘ <M mpu
a

a<x<b, uHTErpaybHOEC ypaBHCHHE HMEET pemicHue F(x). Pemrenue MoxeT OBITH

HalJICHO METOJIOM TOCJIeIOBaTeIbHBIX NpuOMKeHuil. Mickomoe perieHne sBIseTcs

npecacioM 1oCiaca0oBaTCIIbHOCTU

b
Yo (X) = 0(X), @n(X) = 0(x) + 1 [ K(X,X9) Y1 (X)dXq -



O¢ddexT HEOAHOPOJHOTO  HAMArHMYMBAHUSA  JKENE30PYIAHBIX  Tel  MpHU
COBPEMEHHBIX CpEACTBaX HM3MEPEHMs] MarHUTHBIX MOJIeH HEOOXOAMMO YYHUTHIBATH,
€CJIM MX MarHuTHas BocnpuruM4uBOCTh npesbimaet 0,01 CU.

MarauTHBEIA HOTEHIIMA HAMAarHUHYEHHOTO TEJIa

U =jjgrad1dvo-
v r

HamaranueHHOCTB HCOOHOPOAHO HAMArHU4YCHHOI'O TCJIa PpaHCC OIIPCACIICHA
BBIPA)KCHUECM
H=B-4nJ.
HaprDKeHHOCTB MAaromuTHOrO 10JisI BHC TCJIa BbIPASUTCSA HMHTCIPAJIbHBIM

ypaBHEHHEM:
H=H, —igradj((p—l)ﬁ +\Tn)LdV0 :
41 v r3

BHemHee 1mone BXOOUT B JAaHHOE YPABHEHUE [BAXIbl: Kak oOIpeaesnseMas
BEJIMYMHA M B  TIOJBIHTETPAJIbHOE  BBIPAXKECHUE BEIWYMHA, ONPEACISIONIAs
WHIYIIMPOBAHHYI0 HAMarHMYeHHOCTb. BbIpakeHHe B  KPYIIbIX CKOOKax B
MOABIHTETPATLHOM  BBIPAKCHUM TPEACTABIACT COOOW CyMMy OCTaTOYHOW U
MHIYUMPOBAHHOW HAMAarHW4€HHOCTU. Ee  Ha3plBalOT BEKTOPOM CYMMApHOMU
HAMarHW4eHHOCTH. [IpoeKrio 3TOro BEKTOpa Ha BHELIHIOK HOPMajb K MOBEPXHOCTU
HAMAarHMYE€HHOTO Tejla 10 AHAJOTMHU C DJJEKTPUYECKMMM 3apsaJaMyd  Ha3bIBAOT

MJIOTHOCTHIO MATHUTHBIX 3apsAI0OB ITPOCTOTO CIIOA.
Omnpenenum u3 NOCIEAHEr0 ypaBHeHHs aHoMmanbHOe none Hy =H —Hg. Ecim

U3BECTHA IUIOTHOCTh MAarHUTHBIX 3apsAJ0B Ha IOBEPXHOCTH, MOYKHO BBIYHCIINTH
MarHUTHOE TI0JI€ TEOJIOTHYECKMX OOBEKTOB CIOXKHOW (HOpMBI, OrpaHUYEHHBIX
MOBEPXHOCThIO S. BepTHKaNbHYIO COCTaBISIOUIYI0O BEKTOpa aHOMAJIWKM MarHUTHOU

HHAYKOWH MOXHO BBIYHUCIINTD!:
o(1
Z(A)=100(J,(M)—| = |dS,
(8 =100f3,00) 2 (2

rae Jn(M) — mI0THOCTH MPOCTOro CJI0s B TOYKe M MOBEPXHOCTH S, N — HOpPMaJb K

IMOBCPXHOCTH. [InoTHOCTH 3apsAa0B OIIPCACIICTCA BbIPAKCHUCM



Ay o (1 Ay
3. (M) = 3 (N)——[ 2 |ds — To (M),
ntM) 2m(2+ 71 +%2) 5 n )5nM (r) 2n(2+ 71 +%2) on (M)

TJ€ Y1 U Y2 — MAarHUTHAas BOCIPUHUMYUBOCTH CpeIbl U 00BeKTa, Ay — H30BITOUHAS
MAarHuTHasi BOCIPUUMYHUBOCTD, 7o — HAMarHM4MBaroIiee moie.

YacTo MHTErpajbHbIE YPaBHEHUS PEIIAIOT YHMCICHHBIMU MeTonamu. [Ipu stom
nU3yJaeMblii 00beM pa3OMBacTCs HAa KOHEYHOE YHCIIO DJIEMEHTAPHBIX SYEEK, Yalle
BCEro MPSIMOYTOJIbHUKOB WJIM MPSIMOYTOJBHBIX MapajuIeCNuIe OB, a UHTETPaIbHOE
ypaBHEHUE AaNMNpPOKCUMHUPYIOT CHUCTEMOW JIMHEWHBIX alreOpandecKuX ypaBHCHHM
(CJIAY). Hns pemenust CJIAY cyiiecTByeT MHOTO METOOB, aallTUPOBAHHBIX K THITY

CHCTCMBEI.

YYET B3ANMHOI'O BJIMAAHUSA TEJI
C BLICOKO HAMATHUYEHHOCTBIO

Ecnu HeckonbKO Ten € BBICOKOM HAMarHWYEHHOCTHIO OJIM3KO PACMHOJIOKEHBI
OTHOCUTEIIBHO JIpyr Jpyra, TO HMX CYMMAapHOE€ IIOJIe HE€ PaBHO CyMME IIOJIEU

W30JINPOBAHHBIX TeNl Z,, +Z,,. [[puHIUII Cynepno3uuun HE BBINOJIHAECTCS. AJIITOPUTM

ydeTa B3auMHOTo BiusiHug paszpadoran HO. U. bnoxom. PaccmMoTpum ero Ha mpumepe
TOPU30HTANIBHBIX KPYTrOBBIX IUJIUHIAPOB, KOTOPbIE, KaK paHEE YIOMHUHAJOCh,
HaMarHMYHUBaAKOTCS OTHOPOIHO.

Hctounukom moJist OyJieM CUUTATh JIUHEUHBIM MarHUTHBIN UMOIb C MAarHUTHBIM
MoMeHTOM M, ynanmeHHbIi Ha paccTosHHE L OT HWIMHApAa B TOPU30HTAIHLHOM
HanpaBjiieHuH. [lomMecTuM Hayano KoopAuHAT Ha ocu IwiauHApa. [loTeHiman
KPYroBOTO UWJIMHApPA pPaguycoM & M MArHUTHOW MPOHUIIAEMOCTBIO |L B TMOJE
MarHMTHOTO JUMOJIS BHE UIMHApPa (puc. 27):

_ Mcosoe MRcos6
r R? + L2 + 2RLsin®

Ug

HOTeHHI/IaJ'I IIoJs1 BHYTpU HOUJIMHApPA 6yaeM HCKaTb B BHAC IIOJIA JIMHEHHOT'O

2 .
IUIIONS ¢ MOMEHTOM My, pacnonoxennoro B Touke (0,-1), rne | =a“/L:



Rcos0
0
RZ2 +12 + 2RIsin®

U,=M

Ilocne YAOBJICTBOPCHUA I'PAHUYIHBIX YCJIOBI/Iﬁ BHEIIHUM IIOTCHIOMAJI

B I\/I(u—l)aerOSO
(L+D(r’L? +a* +2a’Lrsin0)

U1:

ODTO aHOMAaJILHOE II0JIC coBImagact C IIOJIEM MArHuTHOI'O JIMHEHUHOT'O JAUIIOJIA,

CMCHICHHBIM B CTOpPOHY BHCHIHCTO HMCTOYHHKA (I[I/IHOJIH) OT OCH NIUIIMHApPpA HA

paccrosinue | = a? /L u MarHuTHBIM MOMeHTOM M 0= —M_ll) (puc. 27, a).

lza

L

Puc. 27. Topu3oHTaNbHBIA HUIMHIP B MATHUTHOM ToJie AUMOJs (). /IBa ropu30HTaIBHBIX

oqujinHApa B OJHOPOAHOM MArHUTHOM I10JIC (6)

[lycTh ABa TOPU3OHTAIBHBIX LMJIMHAPA PACIONOKEHb B MarHUTHOM ToJjie Zo Ha
paccrosHuu L mo ropuzoHtanu. Hadano koopaWHAT COBMECTMM C OCbIO IEPBOIO
nuuHapa (puc. 27, 6). Ecam numuHapsl M30MPOBAHBI OT BIMSIHUS IPYTUX TEJ, UX

I10JI€ COBIIAACT C IIOJIEM JIMHEHHBIX I[HHOJ'I@IZ C MAarHUTHBIMHM MOMCHTaMMU:

-1 —
M]_:Hl a]?ZO,Mzzuz
Hy+1 Ho +

BnusgHue nepBoro nuiMHApa Ha BTOPOMl MOKHO YUYECTh J0OAaBICEHUEM JIMHEMHOTO

MAarauTHOro AvIiojrsl, CMCIICHHOI'O OT OCH BTOPOI0 HNWJIMHAPA Ha PpPacCTOSHHC

I = a% / L ¢ MarauTHHIM MOMEHTOM

(2 ~D(y -DafaiHo
(1o +D(uy +DL

My =



Bnusinue BTOporo nuiauHApa Ha MEPBBIl MOXKHO Y4eCTh J0OABICHHUEM JIMHEHHOTO

MAarHATHOTO JUITIONS C TAKUM K€ MarHUTHBIM MOMEHTOM M,, =M, , CMEIIEHHOIO0 OT
2

OCH TIePBOTO LMJIMHAPA B HAIIPABJICHUN BTOPOTO IWJIMHJpa Ha paccrosiaue |, =af /L

. BepTI/IKaJ'IBHaH U TOPHU3O0HTAJIbHAA KOMIIOHCHTBI HAIIPSKCHHOCTH MAIrHUTHOI'O ITOJIA

B3aMMHOI'O BJIMSAHUA:

2 2
25— (x—lyp) Z(x—lyp)
Z]_:M12 ] H1=—2M12 ]
(2% + (x— ) %)? (22 +(x~13p)?)?
22 —(x—L—1p)? 2(X—lp1)

Zy =My y Hy=-2My

(2% +(x—L=13)%)? (2% +(x—L=1y)%)? |
CyMMapHO€ MarHMTHOE MOJI€ MOCJIE IEPBOM UTEPAILIUU
Ly =2g+Zoy+ 2oy +21+2>
HamaramuuBaromiee moje s 00OMX IMIMHIAPOB HM3MEHHUTCS. VI3MEHHTCS
HAMAarindyCHHOCTD O6OI/IX MUJINHIPOB. Hpouecc y4u€Ta B3aMMHOI'O BJIMAHHA MOKHO
aHAJIOTUYHBIM 00pa3oM MpOAOJDKUTH Janee. HMTepalMoHHBIM Tpoliecc OBICTPO
CXOOUTCH. Pacuetnl IMIOKAa3bIBAOT, 4YTO B 3aBHCHUMOCTH OT PAaCIIOJOXKCHHUA TCII
OTHOCUTEIIBHO JIpyT Jpyra CYMMapHOE€ IIOJE€ MOXET KaK YBEIWYMBATHCH, TaK U

YMCHBIIATHECA OTHOCHUTCIIbBHO CYMMBI nojeu HN30JIMPOBAHHLBIX TCII. HM3MeHeHue 1ois B

pe3yJibTaTe B3aMMHOTO BIIUSIHUS ABYX IIUJIUHIPOB MOXKET gocTurath 20 %.

3AJIAUN
1. BbluMCIUTE HANPSKEHHOCTh AHOMAIbHOIO MATHMTHOTO IIONS  KPYrOBOTO
TOPM3OHTAIILHOTO IMJIMHAPA C pagdycoM a M MAarHUTHOM BOCHPHHMMYMBOCTHIO |12,
HAXOJAIIErOCs B OJHOPOJHOM HM30TPOIHON Cpeje ¢ MAarHUTHOW BOCHPMUMYHBOCTBIO |12,
B030yK1aeMoro nojem Ho.
2. JlokaxwuTe, 9TO BEKTOpHOE Tonie A =2xzi + Y]+ X’k THOTeHUMANbHO, U HaliuTe
ero MOTEHIHAIL.

3. Jokaxwure, uyro ¢ynkuumsa U =exp(—ioax—ify—yz) dABugeTcs peUICHHEM

ypaBHeHus Jlamaca, eciu yz =+ BZ.

4.,  Beruuciaute 3¢@dEKT sKpaHUpOBaHUS IJis cepuueckorl 000NIOYKH ¢ =8 c¢M H

r=8,5 cM, M3rOTOBJIEHHOM N3 Matepuana ¢ y=5,14-10 ex. CI'CD.



IJEKTPUYECKOE ITOJIE HOCTOAHHOI'O TOKA

3axkon Oma B nuddepenumnanbuoi popme. [lycTe B HEKOTOPOM MPOCTPAHCTBE
C JJIEKTPOIIPOBOAHOCTBIO Y MpPOTEKaeT TOK (puc. 28). PaccMOTpUM LMIMHIP MaJbIX
pa3MepoB TakOW, B KOTOPOM OCh LIWJIMHJIpAa COBMNANAET C HAIPaBICHUEM IUIOTHOCTH
toka. Torma juis HUIMHIpPA MMEIOIIErO COMPOTHBICHHE R mpHW IUIOTHOCTH TOKa |,

CIIPpaBCAJINBbI COOTHOIIICHUS:

di =—3Y dr=ids, R=9 jgs oY i, Y T4,
vdS dl ol
dl___dSe i

—

Puc. 28. K BriBogy 3akoHa Oma

3akon Oma B nuddepennmanbHoi popMe YCTaHABIMBAET COOTHOIICHUSI MEXIY

(U3NYECKUMU XapaKTePUCTUKAMH B OECKOHEYHO MaJIoM 00BheMe, TEOPETUUYECKH — B
To4ke. B mpoeKkuusax Ha OCu KOOPAWHAT 3aKOH 3aliChIBAETCS:
iy =vEyx, Iy =YEy, i, =7vE;.

3akonbl Kupxroda B nuddepennuansuoii popme. Tok B HEKOTOpOM 00beMe

paB€H UBMCHCHUIO 3apAada B CIMHUIY BPCMCHMU !
1 a - . a
I'nds :—8—IpdV ) jdivi :—ja—pdv, divi=—F.
S tV Vv vV 8t 8’[

[lepgoe  BbIpakeHHME  Ha3bIBAlOT  MEepBbIM  3akoHOM  Kupxroda B
muddepenunansaoit popme. Bropoit 3akon Kupxroda B uHTerpanbHoit opme numeer
BU/I:

{Edl =0, fEjdi = [rot Eds, [rotEdS =0, rotE=0.
| | s S

3J’ICKTpI/I‘-IeCKO€ II0JIC IMMOCTOAHHOI'O TOKAa — IMMIOTCHIHUAJIBHOC 6G3BI/IXpeBOC ITOJIC.



3akon /:koyas — Jlenna B nud¢pepenuuanbuoii popme. /s 3nemMeHTapHOrO
oobema B (opme mmumHApa MouiHOCTE N ompezeneHa MO AKCIEPUMEHTAIbLHBIM
JAHHBIM:

1 dl 2d|

dN =R(dl)?, R==— dN——(dI) CdN =Li2av
y dS Y

ITocne HHTCTPUPOBAHWA ITOCIICIHCTO BBIPAKCHHA ITOJTYYHUM:

i2 )
N=—, N=pi
Y

[locnennee BbIpakeHne U ecTh 3akoH J[koyns — Jlenua B auddepeHunanbHoOMl
dbopwme.

. 0
Oﬁ'belll/IHeHHLII/I 3aKO0H NOCTOAHHOI'O TOKA. I[J'IH ITIOCTOSAHHOI'O TOKa 6_[1? =0.

Hcxons u3 nepsoro 3akoHa Kupxroda nomyunm:
divT:—g—i’, divyE =0, divgradU =0, AU =0,

rpaHI/I‘lHBIG YCIIOBUA TS IMOTCHOHAJIA ITOCTOAHHOI'O TOKA:

o, oU, OEy OE»;
- = » Bu —Bro =—>
ot ot ot ot
. . oU, oU,
| =1 y = .
nl n2: Y1 on Y2 n

DKCIEPUMEHTAILHO YCTAHOBJICHO, YTO TOK (YIOPSI0YCHHOE JBHKCHUE 3apsI0B)
CO3/1a€T MOCTOSTHHOE AEKTPUUYECKOE MOJI€ U MOCTOSHHOE MarHuTHoe moie. [lockombky
OTH TOJS TOCTOSHHBIE BO BPEMEHM U HE OKA3bIBAIOT BJIMSHUS JAPYT Ha JIpyra, MX
MO>KHO paccMaTpHUBaTh HE3aBUCUMO.

[Ipu pemennn 3amad  JIEKTPOMETPUH TOJB3YIOTCS TMOHATHEM TOYEYHOTO
HMCTOYHHUKA TOKA. DTO MIApOoOOpa3HbIii 00BEKT ¢ OECKOHEYHO MajbiM paauycoMm. [lpu
PaCIOJIOKEHUN TOUYCYHOTO UCTOYHHUKA TOKA B MPOCTPAHCTBE C HETo cTekaeT Tok |. Tok
B OJHOPOJHOW H30TPOITHOM Cpefie C DIIEKTPONPOBOTHOCTBIO Y OyAeT pacTeKaThCs

paauanbHO (BUXPh M PAacXOJUMOCTh BekTopa Toka paBHbl 0). IlnoTHOCTh TOKa Ha

ynanennun R Oynmer paBhHa i=1/ 47R2. HanpspkenHocTs mons  E = 1/4myR2, ee



HaIlpaBJIEHUE COBMAIAET C HAIIPABJIEHUEM BEKTOpPA IJIOTHOCTU TOoKa. [loTeHuman nosus
BBIYHCIIMM B COOTBETCTBUHU C €r0 ONPEIETICHUEM:
E=—gradU, U =1/4myR.

PaccMOoTpuM 10JI€ TOUYEYHOIO MCTOYHMKA TOKA B INPUCYTCTBUU BEPTUKAIBHOMN
TpaHMIIBI pa3ena cpell ¢ IPOBOJUMOCTBIO Y1 U V2 (pHC. 29). PaccTossHME HCTOYHUKA OT
IpaHuIpl 10 HUCTOYHHKA 0003HauuM 0. I'panuiy armochepsr (y=0) ¢ 3emHOMI
IOBEPXHOCTBIO OyJIeM YUYUTHIBaTh YABOCHHEM CHJIBI TOKA TOYEYHOTO MCTOYHUKA.
Pemmenne 3amaun HalileM METOAOM 3€pKalbHBIX H300pakeHUi. BnusHue rpanHuisi
paznena Oy/eM y4uThIBaTh BBEJIEHHEM (DUKTHUBHOIO UCTOYHHKA TOKA (M>), ¢ KOTOPOTO
CTeKaeT TOK 21z, pacroiaoKeHHOT0 3€pKajlbHO CUMMETPHUYHO OTHOCHTEIBHO PEATIBHOTO

uctounuka (Ms).

M,"

fj,r 1 "il" a

¥
z

Puc. 29. ToveuHbIii HCTOYHHK B MPHCYTCTBUU BEPTHKAIBHOW T'PAHHIIBI IBYX CPEJT

HOTeHI_II/IaJ'I TOYCYHOI'O HCTOYHHMKA.

I
= - :

U

[ToTreHuan 3aeKTPUUECKOro MoJisl TOKa B IEPBOM Cpejie:

I
Ul = ! + 1 )
2myi v 2myan

rIe r:\/x2+y2+22, r1=\/(2d—x)2+y2+22-

HOTGHHH&J’I BO BTOpOfI cpeac BbIYHUCINUM, ITIOMCCTUB B TOYKY C I[eI\/'ICTBI/ITeJII)HBIM

3apAa0M (bI/IKTI/IBHBII‘/JI HCTOYHHK TOKa, C KOTOPOro CTCKacT TOK |2:



u, -tz 1
27'E’Y2 r

Hcxonas u3 rpaHUYHBIX YCIOBUN ONpeenM HernsBecTHbIE |1 1 |y

Ui =Ujs, 711 . =7Y2 . npu :

O6o03HaunM R = \/ d? + y 2 +7% . Torna IOJIYYUM:

| I, P | d I, d I, d
+ = N T V55 =T2ao g
2y R 2my;r - 2myR T 2myg R 2my1 R 21y, R
I—ly=1,, 1t _ T2
11 12

HaXOI[I/IM SHAUYCHHUA HCU3BCCTHBIX U IMOACTABIIAICM B BBIPAKCHUA JJIA IIOTCHIIMAJIA:

| 14k
Uy =] (Hkﬂj, Uy = Ltk

T2ma(r C2my, r

THE  ky, = P27P1  gaspBator Kod(puuMeHTOM oTpaxkeHus Toka, (L—kpp) -
P1 P2
KO3 GUIUESHTOM TpONyCcKaHus Toka. [Ipumep pacuera MOTEHIMAJIA, BHIITOJIHEHHOTO C

nomonibio makera Mathcad, mpusenen na puc. 30. M310M KpHBOW B IEHTPAILHOU

JaCTH COOTBCTCTBYCT IIOJIOKCHHUIO KOHTAKTA.

B
5 x

N

N Yz

Puc. 30. I'paduk 3aBECHMOCTH MOTEHIIMAIA TOYEYHOTO HICTOYHUKA TOKA B TIPUCYTCTBHA

BCPTUKAJIBHOI'O KOHTAaKTa

MPOBOJAIINM AP B IIOJIE TOYEYHOI'O UICTOYHUKA TOKA

IIycte B cpene ¢ HOPOBOAMMOCTBEO Y1 HAXOAATCS IIap paguycoM a cC

IPOBOJUMOCTBIO Y2 M TOYEYHBIM MCTOYHUK TOKa (3a3€MJIEHHE), C KOTOpPOro B



OKpyXkaroryto cpeay crekaer Tok | (puc. 31). 3agauy Oynem pemats B chepudeckoin
CHUCTEME KOOPJMHAT, Hadajo KOTOPOW COBMECTHM C IIeHTpoM mapa. [loispHyio och
HalpaBUM OT Hadajga KOOpAWHAT K TOYCUYHOMY HCTOUYHUKY, PACIOJIOKEHHOMY BHE
mrapa. B Takoil cucreMe KOOpAWHAT pelieHne He OyeT 3aBUCETh OT MOJISIPHOTO yriia
¢ . TloTeHIuan moisi TOYEYHOTO MCTOYHMKA MOl 0003HaunM Uj, MOTEHIMAT MO,
BBI3BAHHOTO HAJMYHMEM IPOBOIIETo mapa, o6o3HaunM U,. [ToTeHmman cymmapHOro

I10JIA

Puc. 30. [llap B rosie TOYEUHOT0 UCTOYHUKA TOKA

[Torenumanst U; u Uy ynoBrneTBopsroT ypaBHeHUIO Jlamaca, a Ha rpaHulie mapa
BBITIOJTHSIFOTCSL  YCJIOBUSI HEMPEPHIBHOCTH TOTEHIMAlla U pa3pbiBa HOPMaJbHOU

COCTaBJ'IHIOH_Ieﬁ HAIIPAKCHHOCTH ITOJIA:
ou;  au,

U =U,, NS =

Paccrosaune Mexay HCTOYHUKOM TOKA M TOUKOM pacuera

R=\/r2+d2—2rdcose.

Bue mapa nmoTeHurall IpuMET BHUA:

Uy = ; + iw a<R,
4n°Ry n=0 I
rae Pn(cos0) — monuuomel Jlexanapa. [Tonmmaomsr Jlexxanapa MOTYT ObITh BBIYHCIICHBI
110 PEKYPPEHTHBIM COOTHOLICHHSIM:
Po(x) =1, PL(X)=X, (N+1)Py1(X) =(2n+1)XP, (X) —nP,_1(X).

BuyTpu mapa norenuuan



U, = + ZAnP (cosO)r" .

4TcRy n=0

Pasnoxxum Benumuuny 1/R B psin mo nmonunomam Jlexxanpa:

gl _1& n
npu r < — | P,(cos9),
p ! %iﬁn()

npu r<d = ! :%Z( j P, (cos0).

OT0 pasnokeHue UHOTAA IPUHUMAIOT 32 oNpezesieHre MoJTuHOMOB Jlexkanapa.
['parnuHbIe yCoBUS PUMYT B (I=a):

X B,P,(cosB) &

> = Y APy (cosB)a”,
n=0 a n=0
a\" (n+1)Bn a\" N1
13 G (5] IR 0st) =1 S 5]+ e coso)

['pannvHBIC yCIOBUS CHpaBeUIMBBI s Jiroboro yriaa 6. CremoBaTenbHO,
kod(dumreHTsl mpu moauHOMax JlekaHapa C OAMHAKOBBIMH WHIEKCAMH JIOJKHBI
ObITH paBHBI. OTCIOJA:

B

an+1

n n
- In (3) _(n+)By, _, In (Ej nAg "l
Anday, \ d an+2 Anday, \ d

Koaddummentsr A, u Bp paccuntsiBarotes cieayrommum oopa3om:

=A,a",

2n+l

A = | (v —v2)n g - | (v —y2)na
n — y = .
And "y o+ (MDY 4wy d™E nyp +(n+D)yg

HOTeHHI/IaH QJICKTPUYICCKOTO IIOJ TOKa, CTCKAOMECTOo € TOYCYHOI'O HMCTOYHHKA

BHE IIapa paBeH

- _ n n+1
U, = b 1+1Z (r1=v2)n (Ej (9) P, (cos6) |,
4y (v dpany, +(n+D)yd) \r

BHYTpPH 11apa OH OIIPCACIIACTCA BhIPAKCHUCM



0 _ n n+1
U, :L E.,.iz (v —v2)n (E) (LJ P, (cos0) |-
4y | r o dpgnya +(n+Dy\d) (a

3AJIAUN
1. Haiiaure noreHnuan GECKOHEYHOTO BEPTUKAIBHO MOJIIPU30BAHHOTO HWJIMHIPA C
pPagnuycoM a U 3JEKTPOMPOBOIHOCTHIO Y1, PACHIOI0KEHHOTO B OJJHOPOIHOM, N30JIMPOBAHHOM,

0e3rpaHUYHOMN Cpejie C AEKTPONPOBOAHOCTHIO V2.

OtBet: U, = 12 Auogcose,uzz_ " AUOLCOSG-
T1+7Y2 r T1+Y2 a

2. Bpruncnute KOA(PQGUIMEHTH OTPAKEHUS W TPOIMYCKAHUS JUIsi KOHTAKTa Cpel C

nposoaumocThio 108 1 1012 (Om-cm) 2.

MAI'HUTHOE I1OJIE TIOCTOSAHHOI'O TOKA

Bo3pmem mpoBomHMK ¢ TOKOM. Bbermenum sneMeHT Toka. 3akoH bumo — Casapa

OIIpCACIIACT HAIIPAKCHHOCTD MAaIrHUTHOT'O ITIOJIA (pHC. 32)

dH :ilzsina-
cR

DTO ypaBHEHHE B BEKTOPHOMU (popme mpruodpeTaeT BU:

Puc. 32. K onpeneneHno MarHUTHOTO TOJISI TOKa (a). M30MMHIM MarHUTHON HHIYKIIUU

JIMHEWHOTO TOKa (0).
OTcroz1a MarHUTHOE MOJIE TUHENHOT'O TOKA
i - L)
I CR3



g

AHaJOTHYHBIC BBIpAXKXCHHUA  IIOJIYUMM  [JId TOKOB C  IINIOTHOCTBIO K

PaCTCKAOIINUXCA 110 ITOBCPXHOCTH U B IIPOCTPAHCTBC!

R G R
I[J ] J'[J ]

HarnpsixeHHOCTB NOJIs B cpesie onpeaenuTcs (Gopmyioi:

H J‘[C“R] +I[JR]+I[jﬁ]
| CR3 CR3
IJI€ UHTETPUPOBAHUE MPOBOJUTCS II0 BCEM IPOBOJHMKAM C TOKOM. B MarpuuHOM

(dopme 3TU BBIpaXKEHHS IPUOOPETAIOT BU:

i i K

[]ﬁ] =| x j y Iz
X=Xo ¥Y—=Yo Z-1Zp

CocTaBisomye BEKTOpa MoJist IPUHUMAIOT BUL:

Jy(z=20)—J,(y- YO) i (Z—120)— j,(x=Xg)
Hy =] 3 j ; dv;
Y, cR cR
I (Y=Yo)— Jy (X=X
HZ:JJx(y Yo) 3Jy( O)dV
Vi CcR
3akon buo - Capapa B auddepennuaabHoii ¢opme YCTaHABIUBAECT

COOTHOIIIEHUE MEXay (U3NUYECKUMU BEIMYMHAMU B OECKOHEYHO MaJIoW 00J1acTH,
TEOPETUUYECKH — B TOUKE — 00JIACTH C HYJIEBHIM 00bEMOM. 3aKOH UMEET BUI:

4ch
C

rotH =

3aKOH KOHCTAaTUPYET, YTO MATHUTHOE MOJI€ CO3JAaeTCAd TOKaMU. MarnuTHoe moJie
SIBJISIETCS BUXPSIMHU TOKOB.
DTO ypaBHEHHE B MIPOCKIIMIX HA OCH KOOPJIMHAT:

- i - Ax
rot,H = Amy rot, H = Jy

L AT
’ I’OtZH = TEJZ .
c c

PaccMoTpumM MOTOKM BEKTOPOB JIEBOM M mpaBoi yacTu 3akoHa buo — CaBapa

4yepes3 MOBEPXHOCTH S:



4nrn ds.
C

[rotyHdS = |
S S

[Ipumenss gpopmyny Crokca

[rot AydS = { A
S S

noyryanM 3akoH bro — CaBapa B nHTErpaibHOM hopme:

4rl
fHdl =

3aKkOH B HHTErpaibHOM  (opMe yCTaHAaBIMBAET COOTHOLIEHUE  MEKIY

XapaKTepUCTUKAMU TIOJIA U Cpejibl B MakpooObeme. Bennuuny § H,dl mo anamoruu c

AIEKTPOABMKYIEH CHJION HA3bIBAIOT MAarHUTOABMKYILEN crnitor. 3akoH bruo — CaBapa
B MHTETPAJIbHOIN (JOopME MO3BOJSET HAXOIUThH TOK YEPE3 MATHUTHOE M0JI€ M HA0OOPOT.
Hailizem mojie Toka, MpPOTEKAIOMIETO C MOCTOSHHOM IUIOTHOCTBIO | MO TpyOe C
BHEIIHUM JHaMETPOM D W BHYTpEHHHM JIuaMeTpoM a. B cuiy mummHIpuyeckoiu
CUMMETPUHU CUJIOBBIE JIMHUM MAarHUTHOTO TOJS TPpyObl UMEIOT (HOpPMY OKPYKHOCTH.
CoBMecTHM KOHTYp paauyca R ¢ ogHO#M 13 cuinoBbix TuHUM. 3akoH buo — CaBapa s

ATOr0 KOHTYpa IOCIIe UHTErPUPOBAHUS IIPUMET BU:

2nRH =ﬂ, H =2—', H :2njﬂ.
C cR cr
OrneHrM BO3MOXKHYIO BETUYMHY TOKA, MPOTEKAIOIIET0 BO BHEIIHEM sIpe, €ClIU
OBl UM CO3/1aBaJIOCh MarHuTHOE Tojie 3emMir. HampspkeHHOCTh TMOJIs Ha JKBATOpe
cocrapisier mpubnusurensHo 0,5 O, panguyc 3emnn — npubauzutenso 640000000 cm,
ckopocTh cBeTa 3-10%° cm/cex. OTcrona BeMuMHa TOKa
1 05-3-10".6.4-10°

- 5 ~-1.6-10% A.
3.10 2

DTO OuYeHb OOJBIION TOK, HAJIMYME KOTOPOTO JIOJDKHO BBI3BIBATH BBIJEICHUE
OTPOMHOI'0 KOJIMYECTBA TEILJIA.

DKCIIEPUMEHTAIbHO YCTAHOBJICHO, YTO Ha MPOBOAHMK jumHOW dl ¢ Tokom |,
HAXOJSAIIANCA B MATHUTHOM TOJIE B, IEUCTBYET CUJia F=Idl xB. ITpousBenenue Idl

Ha3bIBAIOT 3JICMCHTOM TOKaAa.



bro n CaBap yCTaHOBMJIM COOTHOIIIEHHE JJISl AJIEMEHTA JINHEWHOIO TOKA:

dl:i _ Idl );R’
cR
OTKYIa
L cR

AHaJIOTUYHO IMOJIYYUM BBIPAKCHUA TJISI MATHUTHOTO ITOJIA ITOBCPXHOCTHOI'O TOKaA

C IUNIOTHOCTBIO |, 1 00BEMHOT'0 TOKA C INIOTHOCTHIO i

A=XRas, fi-jRay,
CR VCR
i j k
Iy iy i,
L X=Xy Y-Yo z-2
M A== 2 = Zlv,
cR
- Z—12¢)iy —(Y—Yo)i
WIIH B TIPOCKIIUSX HX:I( o)iy —(y yO)ZdV,
\V; CR3
- —Xg)i, —(z—12p)i - —Yo)iy —(X—Xp)i
Hy:I(X XO)lz 3(2 ZO)lde’ Hz:J‘(y YO)X 3( O)y
Vv CR Vv cR

BexTopHbIi MoOTeHIMAJ. 3aNIUIIEM BEKTOPBI:

A_ |d_V del L cldl
'R’

BulunciauM BUXPh BEKTOPa A 0OBEMHOIO TOKA!

. i 7 ok
rot A= Id_V_IQ i g_rj( (y- YO)—ly(Z—Zo))dV
v CRoylox oy oz cR3
oy i
cR cR cr

liy (z—20) =i, (y - yo) AV +R-I(iy(X_XO)_ix(y_ Yo) Vv |
Vi CR3 Vv CR3




AHaJOTHYHBIC BBIpAXKXCHHUA IIOJIYyYUM [OJIs1 BCKTOPOB A IMOBEPXHOCTHOI'O H
JIMHEMHOI'O TOKOB. BCKTOp A Ha3bIBAIOT BEKTOP-MOTCHIHAJIOM MAIHUTHOI'O IIOJIA.
Takoe Ha3BaHUE BBI3BAHO CXOACTBOM AHAJIUTHUYCCKOI'O BBIPAKCHHA COACPIKALICTO C A
C BBIPAXCHUSAMHU ITOTCHIIHMAJIA TOUYCYHOI'O, IIOBCPXHOCTHOI'O U 00BEMHOI'0 UCTOYHHKOB

QJICKTPHUYICCKOT'O U I'PAaBUTALITMOHHOI'O ITOJIA:

OI[HaKO BCKTOP-IIOTCHIHMAJI HC HMCCT SICHOI'O (1)H3H‘{€CKOI‘O HCTOJIKOBAHUA H
HCIIOJIB3YCTCA KakK y,u06Ha;1 BCIioOMOrarcijibHasd  BCINMYHHA. 210 ITO3BOJIACT
HaNpsOKCHHOCTh MAIrHUTHOI'O IIOJIA IMOCTOAHHOI'O TOKa MNPEACTABUTL B CICAYIOLICM

BHUAC:

qT0

BEKTOP-TIOTEHIMAI SBJISIETCS perennemM ypaBHeHus [lyaccona-Jlannaca:

~ Tl
AA = ——— B TOYKax C TOKaMHu,
C

AA =0 B TOUKaX 0€3 TOKOB.

B npoekuusax Ha 1eKapTOBbI OCH KOOPAUHAT YPABHEHHUE IPUMET BU/L:

R i, _ 4, . Ari.
AR =- =X, AAy:_—y’ AR, =- -z,

Tak ke, KaKk 1 JUIs MOTEHIIMAJIa, PaCXOAMMOCTh BEKTOP-TIOTeHIIMAa paBHa 0:
divA=0.
HatimeM BUXph BEKTOpa HANPSHKEHHOCTH MAarHUTHOTO ITOJISI IIOCTOSTHHOTO TOKa!
A

rot H =rotrot A=grad div A— AA=——
c

g

=  A4mi
dopmyia rot H=—— CBs3bIBACT HANPSHKEHHOCTh MArHUTHOIO TIOJS U
C

IUIOTHOCTh TOKa B TOYKE M SBJISICTCS 3alMChi0 3akoHa buo -— CaBapa B



muddepennnansHoil popme. MICTOUHUKOM MarHUTHOTO TOJISL SIBISIETCS MOCTOSTHHBIN
TOK. MarHuTHOE 10Jie TOKAa BUXPEBOE, CIIE0BATEIbHO — HEMOTEHIMAILHOE.

3akoH buo — CaBapa B HHTerpagpbHOW (opMe CBS3BIBAIOUIMM TOK U
HANPSHKEHHOCTh MAarHUTHOTO TOJIS,, UMEET BUJL:

Brruucimm MarHuTHOE 1moJie KoJIbIeBOro Toka. J[s pemeHus 3amaun BeIoepemM
UUWIMHAPUYECKYIO CHCTEMY KOOpJIMHAT, PaJuyC Kojblla 0003HauuM a. BeKTopHBIi

OTEHLIMAJ HIMECT TOJIBKO OJiHY KOMIIOHEHTY A (I, 2):

di | §c03(pdl _27% acospdo

A‘pcRc 2

R C (@ +r? +2% —2arcosg)?
Pemienne MokeT OBITH TIPEACTaBICHO B BHJEC JMHEHHOW KOMOWHAILIMU

QJUIUIITHYCCKUX MHTCTPAJIOB IICPBOI'O U BTOPOI'o poaa EuK:

a k2

4]
=— /= K—-E|
A“’ckL 2

/2 /2

» E = 1—k?sin? ¢@do-
I 0 1-k?sin? [0) I

MarnuTHast UHAYKIUS OTPEETUTCS CICTYIONTUM 00pa3oM:

e kzz%r, Lz\/(a+r)2+22, K =
L

P 2, .2, .2
B, =0, p oo _22l) | atartez
0z crL (a_r)2+22
_10(rAy) 21 KJraz—rz—zz
“roa ol? (a-r)%+2°
2na’l

Ha ocu kompma (r=0), B, = Ilo pesynpraramM H3MEPEHUI

c(a +2 )3/2

W3BECTHO MarHUTHOE 1oJIe Ha nmoatocax. IlociaenHee COOTHOIIIEHNE TTO3BOISET OLICHUTD
CUIy KoJiblleBoro Toka paaumycoM 1000 kM, OpOTEKarolmero B 3KBATOPUAIbHOMN
IJIOCKOCTH, KOTOpBI MOr Obl BO30yXJaTh reOMarHuTHoOe moJjie. BenwunHa TOKa
oreuBaerca B 10*° A. Dro ciaumkoM Gosblias BeIMYMHA. B KauecTBe MCTOYHUKA

T'C€OMAarduTHOIO I10JI4A HGO6XOI[I/IMO HCKaTb JAPYTocC SABJICHHUC.



IIpeueccusi MpoToHa B reOMarHUTHOM moJie. [IpoToH ob6imagaer MOMEHTOM
KOJIMYECTBA JIBJKEHUS P M MarHUTHbIM MOMEHTOM M (puc. 33, a). DTH BEKTOpHBIE
BEJIMYMHBI CBSI3aHbI 3aBUCUMOCTBIO:

M =+P,
ri€ Y — TUPOMarHUTHOE OTHOLIEHWE MpoTOoHAa. Ha mpoTOH B MAarHUTHOM IHOJIE C
MHAYKIUEW T 1eMCTBYET MOMEHT CHUJIBI:
N=MxT.
CKOpOCTh U3MEHEHHSI MOMEHTA KOJIMYECTBA ABMKEHUS IIPOTOHA!

P g = M xT .
dt

Hckmrouum BCIIMYUHY P u3 IMOCJICAHCTO YPABHCHUA, ITOJTYYHUM:

—

M N T
dt

[TockonbKy 3€MHOE€ MAarHUTHOE IOJE€ MOXKHO CUMUTAaTh BO BpeMs H3MEPEHHIM
INOCTOSIHHBIM, TO  mociie  AU(QQPepeHuupoBaHUs IO  BPEMEHH  MOJIYyYUM

mugdepeHranbHoe ypaBHEHHE BTOPOTO MOPSIKA:

a §)

Puc. 33. K BBIBO/Iy ypaBHEHUSI ITPELIECCHH MTPOTOHA B MATHUTHOM TI0JIE

Hcnonezyem Toxaectso [A[BC]]=B(AC)-C(AB), nomyuum



d2M
dt?

HanpaBum oce z mno Hampasienuto 7, torma T=T,. T,=Ty=0. IIpoexnuu

= y2{(MT)T -T?M}.

BEKTOPHOT'O YPAaBHEHHMS HA OCU KOOP/INHAT:

2
d?M, _o, d“M, IV
dt? dt?
Pemenne nepBoro ypaBHeHuss M = M cos® MPUBOAUT K BBIBOAY O HEU3MEHHOCTHU
yrima Mmexnay M wm 7. PemeHne BTOPOro YpaBHEHUS IO3BOJISIET IOJMYYUTh YACTOTY
cBOOO/IHOH sIIEpHON NPELECCUU — YacTOTYy BpallleHWs MarHUTHOIO MOMEHTa MpPOTOHA

BOKPYT BEKTOpa MarHUTHOW UHIyKUuH (puc. 33, 0):

o=yT.

3AZIAYN

1. Ha npoTHMBOMONOXKHBIX MOJIOCaX CIUIONIHOTO IIapa C 3JEKTPONPOBOJHOCTBIO Y
HaxXOoJATCS TOUEUHbIE 3a3eMiieHus. [lo ogHOMY M3 HUX MOABOAUTCA TOK |, a mo Apyromy —
otBoAUTCS. ONpenenuTh IIIOTHOCTh TOKA M OTEHI[Mal BHYTPU LIapa.

2. Beruuciaure 4acTOTy NpelecCHuy NPOTOHA B MAarHUTHOM I0JI€ B HAILIEM TOPOJIE, €CIIU
7=55000 uT.

3. Briuncnure HanmpsKEHHOCTh MAarHUTHOTO TOJISI HajJ O€CKOHEUYHOW TMJIOCKOCTHIO, IO
KOTOPOM MPOTEKAET TOK C MOCTOSHHOW TIOTHOCTHIO I. (Mcmonb3yiiTe GpopMmyity BeIYHCICHUS
TEJIECHOTO yTJa.)

4. Onpenenute MarHUTHOE TOJIE KOJBIEBOTO TOKA B IIEHTpE KoJiblia paaunycom a=10 cm

u Tokom 1=0,5 A.



INEPEMEHHOE 2JIEKTPOMATI'HUTHOE ITOJIE

Teoputo 3IE€KTPOMArHUTHOTO MOJS CO3/1aj BBIIAIOIIMNCSA MIOTIAHACKUM (U3UK
Jlxeitmc Knepk MakcBemn. OH TEOPETHYECKM [10Ka3ajd, YTO BCSKOE HU3MEHEHHE CO
BPEMEHEM MAarHUTHOIO TMOJs NPUBOAUT K  BO3HUKHOBEHHMIO IE€PEMEHHOIO
AJIEKTPUYECKOTO TOJI, a BCAKOE H3MEHEHUE CO BPEMEHEM DJIEKTPUYECKOIO IO
NOPOKIAET IEPEMEHHOE MArHUTHOE Moje. OTH MOPOXAAOIIHME JApYyr Jpyra
NEPEMEHHbIE  JJIEKTPUYECKUE U MarHuTHele Moyl OOpasylT  €AUHOE
AIIEKTPOMArHUTHOE MoJe. MICTOUHMKOM 31€KTPOMArHUTHOTO MOJIS CIY’KaT YCKOPEHHO
JBIKYIIHMECS JIEKTPUUECKUE 3apsabl. BOKpyr 3apsoB, IBHKYIIHUXCS C IIOCTOSIHHOM
CKOpOCTBbIO  (Hampumep, BOKPYI TPOBOJHUKA C MPOTEKAIOIIMM IO HEMY
AIEKTPUYECKUM TOKOM), CO3JAa€TCsl MOCTOSSHHOE MarHuTHoe moJie. HekoTopeie
rpaduyeckue cxeMbl 00pa30BaHUS M PACHPOCTPAHEHUS HJIEKTPOMATHUTHOIO OIS

NpUBEAECHBI Ha pUC. 34,

Puc. 34. CxemMbl 00pa3oBaHus U paclpOCTPAHEHUS AIEKTPOMArHUTHOW BOJIHBI

ITon »nEKTPOMAarHUTHBIM MOJIEM NMOHUMAKOT BHJ MAaTEPUU, XapaKTEPU3YHOLIUNCS
COBOKYITHOCTBIO B3aUMHO CBSI3aHHBIX M B3aMMHO OOYCIOBIMBAIOIIMUX JIPYT Jpyra

QJICKTPHUYCCKOI0O MW  MArduTHOI'O TIOJICH. 9JI€KTpOM3FHI’ITHO€ IIoJIC 06J1a1[aeT



XapaKTEPHBIMU JIJIs1 HETO AJEKTPUUYECKUMH U MAarHUTHBIMH CBOMCTBAMH, JOCTYITHBIMU
HaOJI0ICHUIO.

InekmpomazHumHaa 60JHA — PACIPOCTPAHAIONIEECS B  IPOCTPAHCTBE
anekTpoMarHutHoe mnoje (OMII).  BnepBble 3JIEKTPOMAarHUTHBIE BOJIHBI OBLIM
nonydensl I'. I'epiieM B ero ombiTaX, BbIIOJHCHHBIX B 1888 — 1889 rr. ( puc. 34).
Cuauana I'epuy Ob1 mpoTUBHHMKOM Teopun MakcBemia. llenbio ombITOB ObLIO
OMPOBEPKEHUE TUIMOTE3bl MakcBeia, a pe3yjabTaT OMNBITOB OKa3alcs OJIECTSIIUM
MOATBEPKACHUEM dTON TEOPHH.

JIBecTH neT Ha3aJ UCTOUYHUKOM DJIEKTPUYECKOIO TOJISI CYUTATUCH DJICKTPUUYECKUE
3apsifibl, @ ICTOYHUKOM MAarHUTHOTIO MOJIsi — MAarHUTHBIE 3apsiipl. Celluac yCTaHOBJICHO,
YTO M30JUPOBAHHBIX MArHUTHBIX IOJKOCOB HET, U MCTOYHMKOM MArHUTHOTO IOJIS
CUMTAIOT MOJEKYJsIpHble TOKM. HoO 10 CIIOXUBIICHCS TpaaullMk  CPEIHIOIO
MHTEHCUBHOCTh MarHUTHOTO IOJII B HAMarHUYEHHOM BEIIECTBE HA3bIBAIOT MAarHUTHOM
WHIYKIHUEN, a CPEOHIOI0 WHTEHCHUBHOCTH 3JIEKTPUYECKOrO TMOJS B JIUDIIEKTPUKE —
HaIpPsHKEHHOCTBIO AJIEKTPUUECKOTO OIS,

YpaBHenuss MakcBe/uIla OTPaXarT SKCIEPUMEHTAIIBHO  yCTaHOBJICHHBIE
byHIaMEHTAIbHBIE COOTHOIIEHUS MEXAY XapaKTePUCTHUKAMH DJICKTPUYECKOrO M
MarHUTHOTO TIOJIeH. 3aKOH COXpaHeHHMs 3apsiia — OAWH U3 (PYHIAMEHTAIbHBIX
3aKOHOB IMPUPOABI — BBITIOJHICTCS a0COTIOTHO TOYHO. [ToTHBIN 3aps TF000M CUCTEMBI

OCTaeTCsl HEU3MEHHBIM, €CJIU B HEe He JOOABJISIFOTCSI IOCTOPOHHUE 3apsiibl U3BHE:
0 -
P +divi =0,
ot

rac p — IJIOTHOCTD JJICKTPUYICCKUX 3apsAa0B.

MakcBei1 npejiokuil paccMaTpuBaTh MIOTHOCTh TOKAa KaK CyMMY IJIOTHOCTH

TOKa MPOBOJMMOCTH i M TJIOTHOCTA TOKAa CMEIICHUS — —, KOTOPbIM HE CBA3aH C
ot 4rn

MNSPEHOCOM 3apsaa. IImoTHOCTH TOKA CMCIICHUSA MOXXHO IIPEACTABIIATE KaK HU3SMCHCHHUC
BO BPEMCHH ODJICKTPHYCCKOI'O IIOJA MCKIY O6KJ'Ia)IKaMI/I KOHACHCATOpPa ("I&CTO JIIsL
KpaTKOCTHU CJIOBO «IIJIOTHOCTB» OIIYCKAKOT U TOBOPAT O TOKC). HepBoe YpaBHCHHC

MakcBemia npencrasisieT coboil 3akoH buo — CaBapa st mepeMeHHOro TOKa B



mupdepernuanpaon  Gopme. OHO oTimuaeTcs ot 3akoHa buo — CaBapa s

IMOCTOSSTHHOI'O TOKa Yy4€TOM TOKa CMCIIICHUSI:

MarsuTHoe I10J1e CO3aaCTCA ABIOKYHIUMHUCS OJICKTPUYCCKUMU 3apiAadaMHu U
MCHAIOIMMUMCA BO BPCMCHH JJICKTPUYCCKHUM II0JICM. MarsuTHbIe 3(1)(1)6KTBI TOKa
CMCHICHUA MW TOKa IIPOBOAUMOCTH OIWHAKOBEI. I[lonre mnomHOTO TOKa SBIISICTCS
COJICHONAAJIbHBIM:

di i+ 2P 0.
4

JlaHHOE ypaBHEHHE SBISAECTCS NEepBbIM 3akoHOM Kupxroda. BuxpsiMu MaraHuTHoOro
MOJIS SIBJIAFOTCA TOKM IPOBOJMMOCTH M TOKM CMEIIECHUS. JINHUU MOJHOTO TOKa HUTAE
HE HAUMHAIOTCS M HE KOHYAIOTCA, OHU 3aMKHYThie. B cTalnmoHapHOM mMoJjie TOK
CMEIEeHUs OTCYTCTBYET (paBeH 0).

Toku mNPOBOAUMOCTH U CMEHICHHS OJMHAKOBBIM 00pa3oM BO30YKIAIOT
MarHutHoe noje. Ho Tok mpoBOAMMOCTH — 3TO CMEIIEHUE 3apsiioB, a TOK CMEILCHUS
HE CONPOBOXKJIAETCS IBUKEHUEM YaCTHUIl, EMy OTBEYAET U3MEHEHUE AJIEKTPUUYECKOTO
noisi. TOK CMEIIeHUsI COMPOBOXKIAETCS BBIACICHUEM JIKOYJIEBAa TEIUIa, a TOK
CMEIIEHUs BBIJICJICHUEM JKOYJIeBa TeIUla HE COMpPOBOXIaeTcs. B audnexkTpukax c
MOJISIPU30BAHHBIMM  MOJIEKYJIJAMH TOKH CMEILIECHHS BbI3BIBAIOT BBIJEICHUE TeEIUIa,
CBSI3aHHOE C H3MEHEHHEM TMOJspU3alu. BbijerneHne Takoro Tersja OMUCHIBACTCS
3aKOHAMU, OTJIMYAIOIIUMHUCS OT 3aKOHOB J[koyia — JIeHna.

Bropoe ypaBHenune MakcBemia mpeacTaBisieT co00i 3aKOH JIEKTPOMAarHUTHOM
uHaykuuu Papanes B nuddepennmansaon Gopme:

rotE:—l@.

c ot
BI/IXpHMI/I BJIGKT]DI/IIIGCKOFO I10JI ABJJIAKOTCA UBMCHCHUS BO BpeMeHI/I MarduTHOI'O

nosist. [Tocie HeKOTOPBIX MPeoOpa3oBaHUN K3 HETO MOIYUHM:

ov | =
DJC=-"=, | E=—
A - 5



rne @ — wmarHuTHBIM MOTOK (D= .[ BdS). DJIC, BO3HHKAOmas B MPOBOLHHKE,

IIPONIOPLIMOHAJIBHA CKOPOCTH M3MEHEHMs MarHUTHOIO IIOTOKA 4epe3 KOHTYpP 3TOro
IIPOBOJHUKA. 3HAaK MHUHYC O3Hadaer, 4ro HanpasieHue OJIC u HampasieHHE
MarHMTHOrO MOTOKAa MPH €ro yBEJIWYEHUH OOpaszyroT JIEBOBUHTOBYIO cuctemy. llpu
BCSIKOM H3MEHEHMHM IIOTOKAa MAarHUTHOW MHIYKLIMH 4Y€pe3 NPOBOISAIIMM 3aMKHYTBIN
KOHTYP B HEM BO3HHKAIOT TOKH B TAaKOM HAIIPABJICHUM, YTO MArHUTHOE IIOJIE€ JTHUX
TOKOB CTPEMUTCS KOMIIEHCUPOBATh M3MEHEHHE MAarHUTHOro nortoka. J/C B KOHType

paBHa paboTe, COBEPIIAEMON 3JICKTPUUYCCKUM ITOJIEM IO MEPEMEIICHUI0 SIUHUYHOTO
3apsja mo 3aJaHHOMY 3aMKHYTOMY KOHTYpY (DC = J.Edl ).

DNEKTPUYECKOE TI0JIE€ CO3JAETCS HE TOJIBKO 3apsaMH, HO M MEHSIOUIUMCS BO
BPEMEHU MarHUTHBIM MOJIEM. BEKTOPBI JIEKTPUUECKOTO U MAarHUTHOTO TOJI B3aUMHO
NEPIECHINKYJAPHBL. 3akoH HHAyKIun Papanes — MakcBeiia NOKa3bIBa€T, 4TO
CWJIOBOM BEIMYMHOW, HapsAy C HANPSIKEHHOCTBIO 3JIEKTPUYECKOTO IOJISA, SABISETCS
MarHuTHas MHIYKLHS; UIMEHHO MHIYKLHS 3aCITy’)KMBAeT HA3BAaHUE «HAMPSKEHHOCTH
MarHUTHOTO MOJIS.

Tperbe u uerTBepTOe YypaHeHHs MakcBemia MNPEACTaBISAIOT cO00il 3amuch
TeopeMbl [ 'aycca s AJNEeKTpUYECKOro 1 MarHUTHOTO TOJIEH:

divD =4np.

[1510THOCTP MCTOYHUKOB DJIEKTPUUECKOTO ITOJIS paBHA IPOU3BEICHUIO TNIOTHOCTH
3apsAa0B Ha 4. JIMHUM 3NIEKTPUYECKOW MHIYKIIMM HAYMHAIOTCS U 3aKAHUMBAIOTCS HA
CBOOOJTHBIX 3apsiiax.

divB=0.

JIuHMM BEKTOpa MArHUTHOM MHAYKLIHMH 3aMKHYTBI, T.€. MAarHUTHOE I0J€
COJIEHOMAAJIbHOE. B mpupose He CylecTByeT MarHUTHBIX 3apsiaoB. MarHuTHoe moJie
YUCTO BUXPEBOE, OHO BO30YKIAETCS AIEKTPUUECKUMHU TOKaMHU.

JUIst BEKTOPOB JJIEKTPUYECKOW moJsipu3auud P W HaMarHudeHHocTH J He
CYILIECTBYET OOUIMX W BCErJa CHPaBEJIMBBIX 3aKOHOB WX IMOBEIEHHUSI, MOJOOHBIX

ypaBHeHUsIM Makcseruia.



3akoHBl MakcBenia 3amMChIBAIOT Takke B uHTerpanbHoi (dopme. Ilocme
WHTErpUPOBaHUs ypaBHEHUN MakcBeiia mo HEKOToOpoMy 00beMy V, OrpaHHuYEHHOMY
3aMKHYTOM TOBEPXHOCThIO S, mpumeHuMm Qopmyny [aycca — Octporpaackoro.
Boruncnum motoku U 3ameHuM ux 1o ¢opmyne Crokca. Ilocne BbiHeceHus
MIPOU3BOJIHBIX N0 BPEMEHM 3a 3HAK MHTErpana MHOJyduM ypaBHEHHs MakcBemia B

uHTerpanbHoil popme. [lepBoe ypaBHeHue MakcBeiia B MHTErpalibHOM dopme:

{DpdS = [qdV,
S \Y

NOTOK BEKTOpa 3JEKTPUUYECKON HHAYKIHMH 4Yepe3 0y 3aMKHYTYIO MOBEPXHOCTH
paBeH cyMMe CBOOOJHBIX 3apsI0B, HAXOASIINXCS BHYTPU 3TOM MOBEPXHOCTU. JlaHHOE
ypaBHEHUE sBisieTca o0oOmeHneM 3akoHa KyioHa Ha 0ObEMHO pacrpesesieHHbIE
3apsIbl U MPOU3BOJIBHOE JIEKTPUYECKOE MOJIE.

AHanOrnyHo MOJIy4YuM BTOPOE ypaBHEHUE MakcBeia:

rotE=—1%B

)
c ot
COCTaBHUM TIOTOKH OT 00EHX YacTeil 4epe3 HEKOTOPYIO IMTOBEPXHOCTh

[rot,EdS = —EQI B,dS.
S cotg

[Ipumenum k sieBoit yactu ypaBHeHus: hopmynny CTokca, MOTydnuM:

0
?E,dl_—aiBndS.

B mnpaBoit 4acTu CTOUT CKOpPOCTh HU3MEHEHMSI MArHUTHOTO TMOTOKAa uepes
MOBEPXHOCTh, OMUPAIONIYIOCS HAa KOHTYp. OTO BBIpOKEHHE OOO0OIIECHHE 3aKOHA

dapases Ha THO0YI0 YacTh MPOCTPAHCTBA,

§Bnds =0,
S

YUCJIO CWJIOBBIX JIMHUM, BXOISIIMX B HEKOTOPHIM 00BEM, PaBHO YHUCIY BBIXOJSIIUX
JINHUH.
J1J1st 4eTBepTOro YpaBHEHMsI HHTETpaibHAs (popMa UMEET BU/I:

§H,d|:jjnd5+§ands.
I S atS



B mpaBoii yactTu CTOUT CymMMa TOKOB IPOBOJMMOCTA W CMEIICHUS YeEpeE3
MOBEPXHOCTh S, CleBa — MHUPKYJSAIUS MAarHATHOTO ToJs. L[MpKymsius MarHUTHOTO
OJIs TI0 JIFDOOMY 3aMKHYTOMY KOHTYPY paBHA MOJHOMY TOKY, IIPOTEKAIOIIEMy depe3
3TOT KOHTYP.

C nomomplo ypaBHEHHMM MakcBeUla MOXHO HAaWTHM  HaNpsHKEHHOCTh
AIEKTPUYECKOTO MoJisi £ W HaNpsHKEHHOCTh MAarHUTHOTO MOJsg FH, €Cld U3BECTHBI
IUIOTHOCTh 3apsifioB P W IUIOTHOCTH Toka I. KoiwdecTBO HEHW3BECTHBIX, KOTOPBIC
HEOO0XOUMO ONPEACIINTD, MEeCTh (M0 3 KOMIIOHEHTHI IS Kak10T0 BekTopa E u H).

Haitnem oTHOIIEHHME TOKOB NPOBOAMMOCTH U cmemieHus. Ilycts 3agaHo

rapmonuueckoe noie E =Egsinot. Tox npoBoaumoctu pasen i=7vE =yEgsinot.

D E
Toxk CMCHICHUA PAaBCH 2— = ia— _to EO cosot . OtHomeHue AMIUIUTyd TOKOB, C

ot4r 4m ot 4An

Y4€TOM TOI'O, YTO CMHYC U KOCUHYC MCHbBIIIC CANMHUIIBI: iHP — ﬂ
iCM A0

Cucrema ypaBHGHI/Iﬁ MakcBeiia sBJISICTCS HOJ'IHOﬁ, N3 HCC MOJKHO OIIPCACIUTD
Bce cBoicTBa mojsg. Ona UrpacTt poJib OCHOBOIIOJAraromux aKCUOM I IMMOCTPOCHUS
BCcel TCOPUN MAKPOCKOIIMYCCKOro ICPEMCHHOI'0 JJICKTPOMArHUTHOI'O I10JIs. Ecnu
MAaTCpUAJIBHBIC TCJId, HAXOAAINMUCCA B II0JIC, HCIIOABUKHBI, TO B Ka)KI[Of/i TOYKC U, ¥V, €
OCTAarTCA IIOCTOAHHBIMH, B IIOJIC HCT IIOCTOAHHBIX MAIrHHUTOB U (bCppOMaFHeTI/IKOB,

noyiHas cucreMa auddepeHIuaibHbIX YPAaBHEHUNM KIACCUYECKON DIIEKTPOAMHAMUKU

UMEET BUL:
ITonnas cucrema ypaBHeHnii Makcsesna ['pannynbIEe yCI0BUA
- D i oE
rotH :£@+4T€I— ) Etl_EtZ :_J’
c ot C ot
- 10B
rOtE:——é—, Dnl—Dnz :47'[?0,
c ot
divB =0, By = Bpa
diV5:4TCp, Htl_th :4n|n )

— —

D =¢E = E +4nP, Hiy —Hip =0, ecin



—B—-4nJ, MMOBEPXHOCTHBIE TOKHU

1 =y(E+E;) OTCYTCTBYIOT
OTy cucTeMy JOMNOJHSIOT YpPAaBHEHHEM 3aBHUCHUMOCTH OSHEPrHHM TOJS  OT

HAIIPAKCHHOCTH II0JIsI, KOTOPOC ITIO3BOJEACT IMPOBCPUTH IPCAMICCTBYIOININUC YPABHCHUA

3KCHepI/IMeHTaJ'IBHO:

1 e 1 .=

W :—J'DEdV +—jBHdv.
8 8n
[Tocnennee ypaBHEHHE XapaKTepu3yeT MPeoOpa3zoBaHHME HHEPTHM B Ipolieccax,
- Cl[=-
KOTOpPBIE OIKCHIBAIOTCS YETHIPHMS ypaBHeHHsIMH MakcBemna. Benmnuuny S = 4—[EH
T

HA3bIBAIOT BEKTOpOM YMoBa — I[IOWHTMHra, €ro WCTOJIKOBBIBAIOT KaK IOTOK
AJEKTPOMArHUTHOM JHEPruM — KOJHWYECTBO SHEPrUM, MPOTEKAIOMICH B E€IUHUILY
BPEMEHH Yepe3 MEPNEHIUKYISPHYIO HAIPABICHUIO MOTOKA MOBEPXHOCTh €AWHUYHOU
mromaau. Hanpasnenne Bektopa YmoBa — IlolHTHHra, a Cleg0OBaTENbHO, H
HanpaBJICHUE MTOTOKA YHEPTUM B BOJIHE, COBIIAIACT C HAIIPABJICHUEM PaCIPOCTPAHCHUS
BOJIHBI. CKOPOCTh MEpEeAaYu SHEPTUM B M30TPOMHOM Cpele COBMANAET CO CKOPOCTHIO
pacnipocTpaHeHus BoJiHbl. CnpaBenjiiBa HHTerpaidbHas Teopema IloHTHHra:

DIIEKTPOMArHUTHAsT SHEPTHUsl BBITEKAET Yepe3 TMOBEPXHOCTh S M3 PAcCMATPHUBAEMOTO

oO0beMa V B KOIHMYECTBE §SndS eIUHUI] SHEPTUH B ceKyHAy. OO0beMHasi MIOTHOCTD
s

HHEPIUH ICKTPOMATHUTHOTO OISl MOXKET ObITh oreHeHa no gopmysne (CI'C):
S =c (E*+B?)/8m.

[InoTtHOCT, MarHuTHOM HHeprur B OMII paBHa MIIOTHOCTH 3IEKTPUUYECKOU
DHEPTHUH.

Ocnabnenrue HSHEPTUM DJICKTPUYECKOTO TMOJds FEp B BEIIECTBE OMKMCHIBACTCS
dbopmynon

E=Eoe™, k= 2nvBu?e,

rae B — kod(pGUIHUEHT MOTePh CPEebl, L — MAarHUTHAs MPOHUIIAEMOCTh, V — 4acToTa

OMII. Jlns Boasl npu Temmneparype 25 °C Ha yactoTe 3 MI'1 riTyGHHA IPOHUKHOBEHUS



1.4 cm, ans appa — 1.2 m. Hemertamnunueckue matepuaibl noiyrnpo3paunsl qis CBY
OMII, koTOpble MPOHUKAIOT B HUX HA 3HAYUTEIBHYIO ITyOUHY.

B npuBeeHHBIX BbIIIE YPABHEHUSX HE YUUTHIBACTCS CIIOCOO BO3OYXKIACHUS IMOJIS.
Toku ¥ 3apszibl MOTYT CO3JaBaThCsl XUMUUYECKUMU M MEXaHUYECKUMU Mpolieccamu, a
HE  TOJBKO  JJEKTPOMAarHUTHbIMA  cuiaMu. CuHiibl  HE3JEKTPOMATHUTHOTO
MIPOUCXOKJICHUSI Ha3bIBAIOT CTOPOHHUMH cwiamMd. C y4eTOM CTOPOHHHUX CHJ

ypaBHeHHsI MaKkcBeia 3aliChIBalOT:

m) rotE:—i%?, divB=0, divD=4nr(p+p,,)-

d

c

- 1éD -
rotH ==—+4x=(i +
c ot
[TomHoTy cucTteMbl  ypaBHeHHM  MakcBeiia  XapakTepuU3yeT  Teopema:

SIEKTPOMArHUTHOE mojie E(x,y,z,0), H(xy,z,0) B 1060l MoMeHT BpeMeHu t>0 B
mo0oi Touke 00beMa V, OrpaHMYEHHOIO 3aMKHYTOM IOBEPXHOCTLIO S, OJHO3HAYHO
ONpENENAETCS ypPaBHEHMAMHM MaKCBeIa, €CJIM W3BECTHBI HA4albHbIE 3HAYEHMS
E(x,y,2,0), H(x y,z,0) Bo BceM 00beme V u ambo mus E(x,y,z0), mubo i H(x,y,z,0)
W3BECTHBI TPAHMYHBIE 3HAYEHHMsS €ro TaHIE€HIUAIbHBIX  COCTABIAIONMX  Ha

MOBEPXHOCTH S B TEUCHHUE BCETro M3yuaeMoro npomexyTka Bpemenn (0,t).

BOJIHOBBIE YPABHEHUAA

[IprumeHnnm onepannio BUXps K IEPBOMY U BTOPOMY YpaBHEHUIO MakcBeiuia s

OJIHOPOJTHOM MU30TPOMHOM CPEAbI:

rot rotﬁz—lﬁroté, grad(divE) — AE _ MO o, AERO[LEE LT
c ot c ot cot{c ot c

rotrot A = Lroff &2 |+ 4ot 7, — AH =Eg(_—luj+4—mrotﬁ.
C ot C cot\ ¢ c

— 2-»
Al:l_4n;w8H _%8 I2-|:0
cc ot ¢ ot

2—> —
AE-HEOTE _AmMCE

[Tony4yenHble ypaBHEHUs HA3bIBAIOT TejerpadHbiMU. B Teopuu paccMarpuBaroT

YaCTHBIE ClTyyau TelerpadHbIX ypaBHEHUI:



1. BosmHOBast MOZIEIIb ITOJISI pACCMATPUBAETCA MIPU PACIIPOCTPAHEHUH 3JIEKTPO-

MarHuTHbIX BOJIH (DMB) B uzonsrope (y=0):

215 2E
- €guoH - ue 0°E
AH——;L—ZZO; AE—H—Z—ZZO
c” ot c” ot
2. KBazucranuoHapHas MoJIesib pacCMaTpUBAETCs 1JI1 OTHOCUTEIBHO MEJI-JIEHHO
MEHSIIOIIUXCSA BO BPEMEHU T0JIeH (MOXKHO MpeHeOpeyb BTOPOIl MPOU3BO/I-HOM 1O

BPEMEHU IO CPABHEHMIO C MIEPBOM):

Amy OH _ (= 4muoE _
c? ot c? ot

AH -

3. CranmoHapHasi MOAENb — MOJIE, HE 3aBUCAILICE OT BPEMEHU. DJIEKTPUUECKOE U
MarHMTHOE MOJIsl yAOBJIETBOPSIIOT ypaBHEeHMIo Jlamnaca:
AH =0, AE =0.
B npuioxeHusix yaiie BCero paccCMaTpyuBarOT rapMOHUYECKHE MOJIA, T.€. TAKUE

3aBHCHUMOCTB OT BPEMEHH KOTOPBIX OIMMCHIBAETCS:
E(x,y,z,t) =E(x,y,z)e ",
H(x y,z,t)=H(x y,z)e .

Jlu1s1 coKpatieHnst 3amuc o6o3HaunM E(X, y, z) = E . TenerpadHsie ypaBHeHUs

JIJISl TADMOHHUYECKOTO MOJIsl TPUOOPETAIOT BUI:

. 2 o - 2 4 .
AEe-iot _ HEOT goiot | ATHYO = ot _ g AE_MEQ g A0
c? c? c2 c2

Tocie aHaIOrHYHBIX mpeoOpasoBanuit mii H = H(X, Y, z) moxyunM ypaBHeHus

I'enpMrosansna:
AE +k“E =0,
AH +k?H =0,
rae k :% au+2\}ﬂi :%(n+i[3) — KOMIUIEKCHOE BOJHOBOE YHUCJIO CpPEIbl — YHUCIO

BOJIH, YKJIAJbIBAIOIIMXCS B OTPE30K 27 CaHTUMETpoB. PemieHus ypaBHEHUI

I'enpMmromnnsna:

E=Ee ™ +Ee™, H=Hpe ™ +Hye .



I[Ipu y=0 B wunmeampHOM mgudNIeKTpuKe =0, BOJHOBOE YHCIO CTAHOBUTCS
BCIIIECTBCHHBIM. ECM 3Ha4YeHWE Y OYEHb BEJIMKO, MOJE OYIyT OMPEACNISTh TOKH
IPOBOAMMOCTH. Ecim 37eKTpOonpoBOAHOCTh Malila WM OYCHb BEJIMKAa 4acToTa ®, TO
nosie OyzieT 00yCIOBIECHO TOKAMH CMEIICHUS.

BGJII/I‘II/IHI)I, N3 KOTOPBIX CKIaAbIBACTCA BOJITHOBOC YHCJI0, HA3bIBAIOT:

2 2
K09 (QUIMEHTOM MPETOMIIEHHUS — ) = \/(%) n [ﬂj +% ,
v

2 2
K02()(OUITMEHT MOTJIOIEHHA — 3 = (8?”) + (ﬂJ - %“ :
\

PaccMoTpuM, Kak MeHsieTcsl ¢ TIIyOMHOW MEepEeMEHHOE I0JIe€ B TOPU30HTAIBHOM
IUIACTHHE TOJIIMHOM h, Tok B KoTOpO# HampasiieH 1o ocu Ox. Ock 0z HampaBuM BHH3
(puc. 35). CuuraeM TOPU3OHTAIBHBIE pa3Mepbl IJJACTUHBI OECKOHEYHBIMH,
cienoBarenbHo, E u H 3aBucATr TOmbKO OT KoopauHaThel Z. Ilomyuyum BOJIHOBBIE

YPAaBHEHHUS B BUJIE:

2
0 Egz) KE@) =0, O OH@ 2 -o.
oz oz?
0 i
s \7
h € pn i
vZ

Puc. 35. 'opusoHTanbHas miacTuHa

Pelienue 3TUX ypaBHEHUN MOKET OBITh MPEICTABICHO B BUJE!
E(z) = Ae™ +Be ™, H(z) = Ae™® +B,e ™,
YTO MOKHO MPOBEPUTH NPsiMOM TosicTaHOBKOM. Koaddutimentsr 41, A2, B1, B Halinem
¢ momoinpto rpannyeix yenosuii E(0) = E(h), H(0)=—H(h).
A +By =AM+ Be ™ A+ B, =—A®N 4+ Be KN
W ckiounM JIMITHUE KOHCTAHThI U3 PELICHUS:

E= Al(e—i(cot—kz) +e—i(oot—k(h—z)))’ H = Az(e—i(wt—kz) +e—i(mt—k(h—z))).
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Bropoe ypaBuenue Maxkcseina rot E = oA B YCJIOBUSX 3374/ IPUMET BUI:
C

OB poH

oz ¢t

4TO IIO3BOJIACT UCKIIIOUNTH U3 PCHICHUA CIIC OAHY KOHCTAHTY

n+|[3 2+[32

B

e'®, rne ¢ =arctg”.
n

K py =B p g VI HPT
op

B HUTOI'C IIOCJIC OCTaBJICHUA BGHIGCTBGHHOP'I qacTu peHIeHI/ISI HOJIqu/IM JJIs1
IIJIACTHUHBI.

—® ey

—Pz “B(h-2)
E(z,t)=A/|e ° cosw(t——z)+e ¢ cos(t—n(h—z))
C C

—p2 n ~2p(h-2) n
e’ cosco(oat—cogz—(p)—e ¢ cos(mt—mg(h—z)—(p) '

2 2
H(z,t):Alnlu+B

Ecnmu paccmarpuBath TpOBOJSINEE MONIYIPOCTPAHCTBO, TO PEUICHHUE JJISI HErO

oyner (h — »o):
_fBZ n
E(z,t)=Ae ¢ cos(ot _(DE Z)

Jn? +B (::BZ
1l

H(z, t)=A————

n
cos(ot—o—z2—9) -
c

[Tomy4yeHHBIN pe3yabTaT MPUBOAUT K BBIBOAY, YTO aMIUIMTYAbI JJIEKTPUYECKOTO U

MarHUTHOTO TMOJeil yObIBalOT C TIIyOMHOM MO SKCIOHEHUMAaJbHOMY 3akoHy. Ha

rIyOuHEe 7=-C OHM yYOBIBAIOT B e pa3. DTa TiyOMHA HA3bIBACTCS IJIyOMHOI
(V)

NPOHUMKHOBEHUSI MOJsl, WIH CKHH-cJoeMm. [Iporeccel, mnpoucxoasmme B
MHKPOBOJIHOBOM TI€YM M TIIPU MCHOJIB30BAHMM COTOBOM CBSI3H, OIMCBIBAIOTCS
ypaBHeHUsMH MakcBemna. CXOXWid TPOLECC MPOUCXOAWT IIPU  Pa3orpeBAHUU
IIPOLYKTOB B MUKPOBOJIHOBOM IIEYH.

DNeKTpOMarHUTHBIM BOJIHAM MPUCYIIN CBOMCTBA!

- OTpaXEHHUE, IIPEIOMJIICHUE, IOIVIOLIEHUE IPU NMAJACHUN Ha TPaHULly pas3zesia

cpen (puc. 36);



£1

F a 2

Puc. 36. Cxema oTpakeHHS U TPEIOMIICHHS IIJIOCKOHM BOJIHBI

- CKOPOCTh pacnpocTtpaHeHust OMB B 0JJHOpPOJIHOM cpejie C TUDIIEKTPUIECKOM
MPOHUIIAEMOCTBIO € U MAarHUTHOW MPOHUIIAEMOCTBIO [l Ompejensercs 1no ¢opmyie
v=c/./en (3axoH Makcgeinna);

- uHTepdepeHuus, audpakius — orudaHue NPEMSITCTBUH, IUCIEPCUS —
3aBUCUMOCTB IapaMETPOB CpelIbl OT 4acToThl DOMB;

- OMB — nomnepeuHsie BOJIHBI, KojieOaHusi £ u B MpoUCXOAST B IUNIOCKOCTU
NEPHEHANKYJIIPHON HAINpPABICHUIO CKOPOCTH BOJHBI V, BEKTOppl £ W B cC
HaIpaBJIEHUEM PACIPOCTPAHEHUS BOJIHBI 00Pa3yl0T IPABOBUHTOBYIO CUCTEMY;

- OMB mnepeHOCAT JHEpPrur, Maccy, HO DJIEKTPUYECKHM 3apsil BOJHOM HE
IIEPEHOCUTCH.

Jlist u3nyyeHus UHTEHCUBHBIX DOMB Heo0Xxoauma J0CTaTOYHO BBICOKAs 4acTOTa
ANEKTPUUECKUX KOJEOaHWH M HE3aMKHYTas JJIEKTpUYecKas Uelb, MHTEHCUBHOCTb
QJIIEKTPOMAarHUTHBIX ~ BOJIH,  I[PONOPUMOHAIBHAS  YCKOPEHUIO  JBHXKYIIMXCS
SJIEKTPUYECKMX 3aPAI0B MIIM YETBEPTOI CTENEHH YaCTOTHI Koyiebanuii v*,

DJIEKTPOMArHUTHBIC BOJHBI XapaKTePU3YIOT UTMHOW BOJHBI (A) ¥ dacToTol (V),
KOTOpPBIE CBA3AHBI MEX]Ty COOON COOTHOLICHUEM:

A=cT =chv,
rae T — nepuoj KojieOaHuM.

Ilockoii BOTHOM Ha3bIBAIOT BOJHY, aMIUIATYyAa KOTOPOM 3aBUCUT TOJBKO OT
BPEMEHM M OJHOM U3 MPOCTPAHCTBEHHBIX KOOPAWHAT, HANpaBJIEHUE KOTOPOU
COBMAJACT C HAMPABICHUEM PACIPOCTPAHEHHUS BOJHBI. Y TUIOCKOW BOJHBI B JIFOOOU

MOMEHT BpPEMEHM BO BCEX TOYKax JIOOOW TUIOCKOCTH, MEpPHEeHIUKYISIPHON



HaIpaBJIICHUIO PACIPOCTPAHEHUS BOJHBI, BEeKTOpbl E W H UMEIOT OJWHAKOBBIE
3HAYCHUSI.

Ecnu Ha mytu pacnpocTtpaHeHust IIOCKMX OMB HaxoauTcs rpaHuna cpen ¢
pa3HBIMM  CBONCTBAMH, TMOSIBISIOTCS OTPaKCHHAsT MW MPEJIIOMJICHHAs  BOJIHBL.

KoaddummenT oTpakeHus npu najeHuu IIOCKOW BOJIHBI U3 BaKyyMa Ha IIPOBOJHUK
2
TR Ry R L
\% v

2
Vv v

IIpu v = 250 I'Tu o mean kodpduuueHT oTpaxkeHus paseH 98.5 %. Oto

r =

ITO3BOJIACT HpI/IMeHSITL MCTAJIIINYCCKUC HOBerHOCTI/I B KAQUYCCTBC BKpaHOB.
I{Hﬂ IINTIOCKUX BOJIH, KOI'Ja SHGKTpOMarHI/ITHoe I10JIC 3aBUCUT TOJIBKO OT OI[HOﬁ
KOOPJIMHATHI, YPABHEHHUS MOJIS:
0°E  0°E
;¢ 5 =0 — 2
ot 0z ot ozc =0

Pemenne 3tux ypaBHEeHU:

z z z z
E=E|t—-——|[+Ejt+—|, H=Hyt—— [+ Hy|t+—].
(=5 mlee ) memlee gl )

Ecnu B MomenT Bpemenu tp mosne E; mpuHuMaeT HekoTopoe 3HaUY€HHE, TO Yepes3
BpeMs t Ha ynaieHnn Ct oHO pUMeT To ke 3HadeHue. Pemenus E; u Hy mpencrasmser
cO00i TMJIOCKYI0 BOJHY, PAacIpOCTPAHSIONIYIOCS CO CKOPOCTBHIO C B TMOJIOKUTEIHHOM
HampaBieHun ocu 0z. Pemenus E; m H; mpencraBnsier co0oil TUIOCKYIO BOJIHY,
PacCIpOCTPaHSIONIYIOCS CO CKOPOCTHIO C B MPOTHBOIIOJIOKHOM HampaBieHun ocu 0Z.
Otnomienne amrumtyd E u H OT BpeMEHHM HE 3aBUCHUT, T.€. BEKTOPHI U3MEHSIOTCS

CUHXPOHHO.

3AIAUU

expi(wt — kR)
R

1. I[OKEDKI/ITG, qTo (bYHKHI/IH ABJILIETCA PCUHICHUEM BOJHOBOI'O

YpaBHEHUS.



2.  Bpruucnure K03(QQUIMEHT OTpakeHUS OT CKaJIbl HPU HOPMAIbHOM MaJCHUU
BOJIHBI, €CJTM XapaKTEPUCTHKH MOPO/I, CIaralmmx ckaity, € =5, W =1, yacrora mons v =10°
I'm, y=2-10% en. CI'CD.

3. HaiinuTe cocTaBisIONIIEe MATHUTHOTO TOJIS TUIOCKOW BOJIHBI, €CIIH 3JIEKTPUYECKOE

ITOJIC OIIPCACIICHO BBIPAKCHUCM

E_ E(t— yCcos P + zcowj
v

1 HanpasiieHo 1o ocu 0x. Bocmonp3yiitech BTOpBIM ypaBHEHHEM MakcBea).
4.  BpluucIMTE BOJIHOBOE YHMCIO CPelbl € e=p=1, v = 2:10° ex. CI'CD npu 4acrtore

mostst 10° I,



JJIEMEHTBI TEOPUH YIIPYTOCTHU

Pasmepsl 1 ¢opma Ten npu NPUIOKEHUM BHEIIHUX CHUJ MOTYT H3MEHSTHCS.
CBOMCTBO COMPOTUBISIEMOCTH M3MEHEHHIO (POpMBI U pa3MepoB Tel M BO3BpaTra K
IIPEKHEMY COCTOSHHIO IIOCJE IPEKPALICHUS BO3JACHCTBHS BHEIIHHUX CHJI Ha3bIBAKOT
yOpyroctero. Eciu mocne CHATHS Harpy3Kd NPOMCXOIUT IIOJHOE BOCCTaHOBIJICHHE
¢dbopMBbI U pa3MepoB Teja, TO €ro Ha3bIBAIOT WAcAIbHO ynpyruM. Jedopmanms Takoro
TeJla HE 3aBUCUT OT BPEMEHHM JEHCTBUS HArPy3KU U MPEALIECCTBYIOLIETO COCTOSHUA. Y
UACaNbHO YIPYTUuX Ten aedopMaiusi MPOUCXOIUT Oe3 TpPeHHs, €€ BEIMYHMHA OUYCHBb
MaJia, a 3aTpadyeHHast YHEPIUs MTOTHOCTBIO IIEPEXOAUT B HAKOIUICHHYIO B TEJIE YIIPYTYIO
DHEPIUIO.

['opHBIE TOPOBI BEPXHEN YACTU 3€MHOW KOPBI IIPU IEUCTBUN KPATKOBPEMEHHOU
Harpy3ku BeoyT ce0s Kak Xpynkue u ympyrue tena. OO0 uX BBICOKOM ympyroctu
CBUJETENBCTBYET CIIOCOOHOCTh TOPHBIX MOPOJ MEpelaBaTh CeCMUUYECKHE BOJHBL. O
XPYIIKOCTH TOPHBIX MOPOJ CBUAETEIBCTBYIOT OBCEMECTHO BCTPEUAOLIUECS PA3JIOMBI
pa3Horo nopsjaka. I'opHble MOpoAbl MPU MPUIOKEHUH HEOOJBIION HAarpy3KH MOXKHO
CUMTATh WAeaNbHO ynpyrumu. Mx nedopmanus moJHOCThIO oOpaTMMa, €€ BeIMYMHa
IpONOpLUUOHANIbHA TpUJIOKeHHOW Harpy3ke. [locine cHATug Harpy3ku nedopmanus
Hcye3aer.

Pe3ynbTaT MEXaHMYECKOrO BO3JECUCTBHS HA CPEAy NPHUHATO XapaKTEpHU30BAThH
CMENIeHUeM, HampsbkeHuemM U nedopmarmeit. [lpum  geiicTBUM  MeXaHUYECKHUX
HaIpsOKEHUM MPOMCXOJMUT CMEIIEHWE d4acThll cpefpl. CmenieHne 4acTUUbl MOYKHO
xapaktepu3oBaTh BekTopoM U(Ug, Vo, Wp). Ecnm MOXHO m0m00paTh CKAISPHYIO

GYHKIIHIO TaKyO YTO:

U=grad (pzr%+ Ta—(P+IZa—(p,
X

oy 0z
TO CKAJIAPHYIO (DYHKIIMIO Ha3bIBA€M MOTEHLIUATIOM (.
Brigenum B cpezne IUIOMIAAKy, OPUEHTUPOBKY KOTOPOM ONPEACIUM BEKTOPOM N,
NepIeHANKYJIpHBIM K cpene. JetictBue cubl dF, HanpaBieHHONW COOCHO ¢ HOPMAIIBIO
dF

K IUIOMIaAKe, Ha muiomiaaky dS XapakTepu3ylT BEKTOPOM HampsDKEHUs: P =£.



OpueHTUpPOBKA HANIPSKEHUS] MOKET OTJIMYATHCS OT N, TO3ITOMY MHJIEKC YKa3bIBaeT Ha
OPUEHTUPOBKY OTHOCUTEIBHO Tulomanku (puc. 37,a). Jasg Tpex B3auMHO
HePIEHANKYIJIIPHBIX TUIOMIAI0K [T TOU e cvitbl dF mosryunm:

df . df . dF

Py, PP T as

P~ s,

Xy
OTH BEKTOPHI IOJHOCTBIO XapaKTEPU3YHOT HAIPSHKEHUE B PAacCMATPUBAEMOU
Touke. [IOCKOJIBKY KaKIbIi HMX TpeX BEKTOPOB HMMEET TPU KOMIIOHEHTBI, TEH30p

Hal'[piDKeHHﬁ 3allMIICM:

Pxx Pxy Pxz
p= pyx pyy pyz !
Pzx Pzy Pz

r7ie MEePBBIM UHACKC YKa3bIBA€T HA HOPMAJIb K IUIOMIAJKE, a BTOPOM — Ha KOMIIOHEHTY
HanpspkeHus. Hanpumep, Pyy — KOMIIOHEHTa HAaNpPsKEHHS 110 OCH X Ha IUIOLIAJIKE C
HOPMAJIBIO IO OCH Y. BenW4uHBI Pyx, Pyy, P2z HA3BIBAIOT HOPMAIBHBIMUA HAPSKEHUSIMH,
Pxys Pxzy Pyxs Pyzs Pzxs Pzy HA3BIBAIOT KaCATEIBbHBIMH HANPSKEHUSIMH (TaHT€HIIMAILHBIMH).
B moboii  Touke nmedopmmpyeMol cpeapl MOXKHO yKazaThb TPH  B3aWMHO
MEePICHIUKYJIIPHBIX HAMpPaBJICHUS, TaKUX, KacaTelbHbIe HANpPSKEHUS K KOTOPHIM
OoTCYTCTBYIOT (paBHbI (). DTH HampaBJeHUs HA3bIBAIOT TJIABHBIMHU HAIMpPABJICHUSIMU, a
HaNpspKCHUST — TJABHBIMM HaNpsOKCHUSMH. Eciu  BbIOpaTh HampaBieHHs Ocei
KOOpJAMHAT COBIMAJAIONIME C TJaBHBIMU HaNpaBJICHUSIMH, TEH30pP HANPSKCHUI

IPUHUAMAET BULI:
Pyx O Ol |pp 0O O
0

= p, O

0
0 0 ps

0 0 pg
B osToM BbBIpa)XeHMH Pg = Py = P3. HampsbkeHusa ciykaT KOIWYECTBEHHOU

OLICHKOM BO3JEHCTBUS BHEIIHUX CUJI HA T€OJIOTHYECKYIO CPEY.
ITycTh TOuka A cMecTuiach B HalmpaBJIE€HWU KOOPAMHATHBIX Ooced Ha Ug, Vo, Wo.
Haxopsiascs BOM3u Touku A Touka B cMecTuTes Ha paccrosiaue (puc. 37, 0) Ug+dx,

Votdy, Wotdz. Mcrionb3ys pasnoxkeHue cMetieHust B psia Teinopa, moaydum:

u=ug +6—udx+a—udy+a—udz,
OX oz



V=V +%dx+@dy+@dz,

0z
u=uq +@dx+@dy+@dz.
OX oz
A
B
A
B
a 0

Puc. 37. K onpenenennio BeKTopa cMeIIeHus (a), TeH30pa HanpsHKeHui (0)

bespa3zmepHbie TPOU3BOAHBIE B 3TUX BBIPAKEHUAX UMEIOT CMBICII OTHOCUTEIBHBIX
cmernieHnil. OHU SBIISAIOTCS MEpOi U3MEHEHUsT (POPMBI M pa3MEPOB TeJI MO JEHCTBUEM

HanpspKeHu. X Ha3bIBalOT COCTaBISIONIMMU TeH30pa aedopManuu:

u v o
ox oy oz
o ovov),
ox oy oz
ow ow ow
ox oy oz

Ha puaronanu B Marpuie HaxXOTATCS OTHOCHUTENIBHBIE PpACTSKCHUS, BHE
JIMaroHajii — OTHOCHUTEJIbHBIE CABUTH. TeH30phI JedopMaliu HECUMMETPUYHBIE.

Bcerna B kaxaoil TOYkKe MOXHO BBIOpPAaTh TPU B3aUMHO MEPHEHAMKYIISPHBIX
HanpaBlICHUs, TAaKUX, YTO HAmpaBlICHHBIA OTPE30K MpH JedOopMaliu COXpaHSIET
HaIlpaBJIeHUE, a MEHSAETCA TOJIbKO €ro Beln4yuHa. Takue HampapiieHus U aepopManuu
Ha3bIBAIOT  IJaBHbIMM. (C)KaTHIO  COOTBETCTBYIOT  IOJIO)KHMTEJIBHBIE  TJIaBHBIE
nedopmaliii, pacTsHDKEHUIO  OTBEYAIOT — OTPHIIATENIbHbIE  3HAYEHUS  TJIaBHBIX

nedopmarimii.



CwmenieHue TOYEK CpeAbl MPUHATO PACKIablBaTh HAa TPU COCTABISIONIUE:
napajulebHBIA TEepeHOC, YUCTyI0 Aedopmanuio u BpameHue. [Ipunsaro pasmarath

TeH30p JAedopMalMi Ha CUMMETPUYHYIO M HECUMMETPHYHYIO 4YacTu. BBonsarcs

0003HaYEHMUS:
_au ov _ow _ _1{ou ov
P B Ty T P T T gy )
_ _1l(ou ow _ _1{ow ov
Pt o Tax ) T Taly Ta )

o, = LW _ov) E(a_u_a_ij_l v _au
*“oley az) Y 2lez ox) P 2lex ey

Tenzop uncroil neopmaiuu MOKHO MIPEICTABUTH:

€xx €xy &xz
€x €y €x

HOI[ ﬂCﬁCTBHGM BHCINHHUX CHJI TCJIO MOXCET HCIBITBIBATH KPYUCHHC.

AcuMMeTpUYHas 4acTh T€H30pa fedopmaruu

0 -w, -w,
-, 0 -y
—wWy —Wy 0
Bekrtop xpydenus
wW=rotU .

Ero kOMmnoHeHTHI;

1(ow ov 1(ou ow 1(ov ou
WX=E — = Wy =Z| | W= |-
oy oz 2\ 0z 0OX 2\ 0x oy

Toukn Ky6a, HaxoasAmuruecs Ha IIaBHBIX HAIIPaBJICHUAX, CMCIIAOTCA BAOJb 3THX
HaHpaBHeHHﬁ. CYMMa BCJINYHMH, CTOJAIIUX HA AuWaroHajlad, HC 3aBHCHT OT BBI60pa
CUCTCMbI KOOpAHMHAT, T.C. MABJLICTCA HWHBAPHUAHTOM. 3Ty CYMMY Ha3bIBAIOT

JUaTalue, oHa paBHa OTHOCHUTEJIIBHOMY H3MEHEHHI0 oObheMa. MHaue nuimatanuio

MOJKHO 3aIIMCaThb.



.- Ou oV ow
0=divU=—+—+—.

oXx oy oz

Ecnu CMCIOICHUC HMCCT TOJIBKO pPaaWaJIbBHYIO COCTAaBJIAIOIIYIO, TO B C(I)epI/I‘{eCKI/IX
KOooOpAuHaTax aujaaTanusa KMCECT BUO:

0= 2 + Gl :

ror

Jliist masioro o6beMa OAHOPOTHOM Cpeibl 0000IIeHHBIN 3aKkoH [ 'yka UMeeT BU:
Pxx =811€xx T 812€yy + Q13E 5 +2814Ey; + 281585 + 2816Ey
Pyy =@21€xx +8p2Eyy +823E5; + 28048y, + 28058 + 28p6Exy,
Pzz =8318xx T 8328yy +aA338, + 2"3134“3yz +2835€ 5 + 2a368xy’

Pyz =8g18xx T Agp€yy +Ay3Ey + 28448y, +28y58 7 + 284684y
Pz =8518XX+ 8gp€yy + 85385, + 2&548yz + 2855€ 54 + 23568xy’
Pxy =81EXX + 8gpEyy +8p3E4; + 2864 yz + 2865€ 5 + 2a668xy.
Matpuna k03 PUIKreHTOB ajj aHTUCUMMETPHUYHAs, T.€. aij = @i . KoappuireHTs
ajj Ha3BIBAIOT MOAYJIAMHU yIpyroctd. Hanpumep, aus u3secTHska ai; = 3500 H/m?,
Peakiua cpenpl Ha MEXaHMYECKUE BO3JICHCTBUSL 3aBUCUT OT CBOWMCTB CpEIIBI.
Yrpyrue cBoiicTBa cpenbl Mbl OyneM paccMaTpuBaTh B paMKaxX JIMHEHMHOTO 3aKOHA
['yka. Hanbonee mpoctoe BhIpaKeHHE 3aKOH MMEET B M30TPOMHBIX Cpelax, CBOMCTBA
KOTOPBIX HE 3aBUCAT OT HAMNPABICHUS. Y JIMHEHUE B 3TOM CJIy4ae MPOHOPIMOHATIBHO
JEVCTBYIOLIEMY HANPSKECHUIO:
I =lg@+ap):
rae a — KO3(pOUIUEHT JIWMHEHHOro pacTsbkeHus. Bemmuuny E =1/0 HaspBaior
MoxayJsieM FOHra, 4nucieHHO OHa paBHA HANPSHKEHUIO, PU KOTOPOM YJIJIMHEHHE PABHO
nepBoHavanbHOM JiuHe. Mopayne FOHra xapaktepusyeT CONpPOTHUBIICHUE YHPYroi
Cpelbl IEUCTBYIOIIENW CUJIC. Y IJIMHEHUE COIPOBOXKAACTCA U3MEHEHUEM IOTNEPEUHBIX
pa3zMepoB. ITO UBMEHEHHUE
d=do(1-pBp)
XapakTepu3yoT KoddduimenTom nomepedHoro cxarus fB. Mcnons3yroT koaddummert

ITyaccona ¢ =[/o . Bennuuny



. l-o
~ (1+0)(1-20)

Ha3bIBAIOT MOAYJICM OOHOCTOPOHHCEI'O CXKATHUA 6€3FpaHI/I‘{HOI‘O CJI0s1.

[Ipu nercTBUM KacaTeIbHBIX HANIPSKEHUM 3aKOH | 'yKa NMeeT CIeyromui BUA!

A p
h TPt
riae Y — KoahUIUEHT cIBUTA.
_E
2(1+0c)’

rae G =1/y — Moaynb caBura.
JIJis XapaKTepUCTHKH HAMPSHKCHHOTO COCTOSHHUS CpeAbl HCIOIB3YIOT TaKKe Yrol
y=p/G.

HanpspkenHoe cocTosiHHE XapaKkTepu3yloT KoHcTantamu Jlamd A u u. (Koncranry
( Has3pBalOT Moayidem casura). OHM cBsi3aHel ¢ MoxayiaeM FOHra, Momyinem

BCCCTOPOHHCTO CXKaTUA U K03(1)(1)I/II_II/I€HTOM HyaCCOHaZ

- Ec u= E ,E:u(37»+2u)’62 A K= E |
(1+o)(1-20) 2(1+ o) A+ 2(A+ 1) 3(1-20)

anyrne KOHCTAHTBI HC MOI'YT IIPpUMHHUMATb IIPOHU3BOJILHBIC  3HAYCHUA.

CnpaBenusbl orpaanuenus: A >0, 1 >0,0<6<0,5 E>0,K>0.

YIIPYT'UE BOJIHBI

PaccmoTtpum 3amady o nepenade IBMXKEHUN B yIIPYTOM TBEPAOM cpene. BriBenem
YpPaBHEHHE, OIMCBHIBAIOLIEE [BUXXKEHHME 4YacTULl TBEpAOW ynpyrou cpeasl. llon
JNEUCTBUEM BHEIIHUX CWJI, NPUJIOKEHHBIX K OrPaHUYEHHOM YacTH CpEnbl, HalpuMep
B3pbIBa, 4YacTHUIbl JBUTAlOTCS. B ympyroil cpeme dacTuipl KoieOIIOTCS BO3JE
noJyiokeHus: paBHoBecus. Konebanus mepearoTcss OT OJHOW YacTHIIbI CPEllbl APYyrou
YacTHUIIE C HEKOTOpOoM ckopocThbio. [Ipm 3TOM Hamo yduThIBaTh OOBEMHBIE CHJIBI
(MaccoBble CHJIBI), B MEpBYIO ouepeab cuibl uHepuuu. Cpemy OyaeM cyuTaTh
OJIHOPOJHOM M U30TPOITHOM, T.€. YIPYTUe XapaKTEepUCTUKU G, E U npyrue noctosiHHbIe

BCIINYHUHBI.



CraTtnueckoe paBHOBECHE B CpPEJE HACTYNAET MPU PABEHCTBE PE3YIbTUPYIOLIEH

JEHUCTBHUS BCEX CUJI HYJIIO U PABEHCTBE HYJIIO PE3YJIbTUPYIOLIEr0 MOMEHTA CHUIIL:

fx n apxx n prx n apxz -0,
OX oy 0z

0 0 0
fy N pxy + pyy 4 pzy ~0
OX oy 0z

fz+apxz +6pyz +apzz -0.
OX oy oz

Onpenenum aedopMalyio CIUIONIHOTO IIapa OT B3aUMHOTO MPUTSIKEHUS €ro
YacTHIL.

[IpumeMm pammyc mapa paBHbIM a. Ha kaxayro TOuky mapa JIeWCTBYeT cuia

r
F = —& , HaIlIpaBJICHHAA paauaJIbHO. YPEIBHCHI/IG PaBHOBCCHA IIPUMCT BUJI:

i(dur+2urJ_ pOr
dr\ dr r a(L +2w)

OGee perieHre JaHHOTO YpaBHEHUs U, = Cr . YacTHOE pellieHre BO3bMEM B BUJIC

Uy :C0r3. [loacTaBisisi yacTHOE pEIIEHHE B ypaBHEHHE PaBHOBECHUS, OIpPEACIUM
KOHCTaHTY:

c.___ P9
0= .
10a() + 2p)

Ha cB00O0HOI BHEIIHEN MOBEPXHOCTH IIapa HANPsDKEHUS paBHBI HYI0. B utore

peleHne NpuMeT BUJL:

U _ 1 pgar 5x+6u_ﬁ
C 100 +2u|3h+2n g2

S5\ +6u

nedopManms TpeACTaBIsIeT COOO0M
oL +6u

Buytpu cdepsr pagmyca r=a

YKOpOYEHHE, a BHE 3TOH cdephl aedopmariis — yIIHHCHHE.

B MUJIMHAPHUYICCKUX KOOPpAMHATAX YPABHCHUS PABHOBCCHUA UMCIOT BU/I:

Ry +laRB +aRZ + R =Ry +R=

0,
or r op oz r



oB
aBr+1 ;3+(9BZ+ZBIr
or r op oz r

+B =0,

oL
aZIr+1 l3+azz+ﬁ+Z:O.
or r op oz r

YpaBHeHUs paBHOBECHSI B C(PepUUIECKUX KOOPAMHATAX:

R, 1 aRBJr}aRa+2Rr_BB_Aa+RaCt9°‘+R

+ =0,
or rsina O r oo r
oB
8Br+ 1 B+188a+8a(3+20tgcx)+B:O’
or rsina o r da r
0 R, —Bg)ctg oo —3A
aAr+ l Aﬁ+laA°‘+( r~Bp)tga L +A=0.
or rsina 0 r da r

ypaBHCHHe PaBHOBCCHA B ICKAPTOBBIX KOOpAWMHATAX MOJKHO IICPCIINCATh B BUAC:!

f, +div py =0,
f, +div B, =0,
f, +div p, =0.

Ecnu x 5TUM ypaBHEHUAM 100aBUTH CUIIBI MHEPIIMH, TMOJTYYUM JaiaMOepOBCKHE

YCIOBUA JTUHAMHUYCCKOI'O PABHOBCCHA:

. o%u
fx+d|VpX—p¥201
. 0%y
fy+d|vpy—p¥=0,
. o°w
fz+d|VpZ—p¥:O-

[lmoTHOCTE Cpenbl cBsi3aHa C KOHcTaHTamMu JlaMd W CcO CKOpoCTIMU
pacupocTpaHeHus IPOAOJIBHOM U MONEPEUYHON YIIPYTMX BOJIH B HEU:

A+2
V%: lJ!VSZ M

p p

[IpomonpHass BOMHA — 3TO NOCTYNATENBHOE JBWKEHUE YaCTHI[ CPEAbl B
HaIpaBJICHUN paclpocTpaHeHus Kojebanwii. [lpu pacnpocTpaHeHHHd TPOIOIBHON

BOJIHBI IPOUCXOAHUT U3MCHCHUEC DJICMCHTAPHBIX 00BEMOB CpEAanl. HOHCpC‘IHa}I BOJIHA —



3TO MaJlble BpALIEHUs YacTUL[ CpPelbl B IJIOCKOCTH OPTOTOHAJIBHON HampaBICHUIO
pacnpocTpaHeHusi kojeOanmii. [Ipm 3>TOM mpoucXoauT W3MEHEHHE (POPMBI
3JIEMEHTapHBIX 00BEMOB 0€3 3MeHeHus1 00beMa. OTHOCUTENbHBIE U3MEHEHUS (DOPMBI
1 00beMa rOpHBIX MOPOJ MpHU MPOBEAEHUH ceiicMopa3Beaku He npesbimaeT 0,0001.

Boinonaum npeodpazoBaHus:

apxx + apxy n apxz .
OX oy 0z

div py =div(ipyy + Tpxy + lprz) =

Jns 3ammcu 3akoHa ['yka B M30TPONMHOM Cpelie JOCTATOYHO TOJIBKO KOHCTAaHT
Jlamnd:

Pxx = A0+ 20Exx, Pyy =AB+2ueyy, Py = A0+ 2ue,,

Pxy = 2MExy, Py, =2UEyz Pgx = 2HE 5 -
HI/IHaMI/II‘IeCKI/Ie YPaBHCHHUA IBHKCHHA U PaBHOBCCHA UMCIOT BHUI:

22u
fy +(k+p)—+uAu p—=0,
ot?

2,
fy +(7\.+p)—+uAV pa—=0,
oy ot

2
f, +(k+u)—+uAW pa—:O.
ot?

B omHOpOOHOM M M30TPONHOM Cpele BO3MOMKHO PA3AEIBHOE PAaCCMOTPEHHE
MEXaHUYECKUX NEPEMEIIECHU 4YacTUll B BUJIE NPOJOJIBHBIX M MOINEpPEYHBIX BOJH. B
TaKOM Cpelle BEKTOP CMEIICHUW MOXHO IIPEJICTABUTH B BHUJE CYMMbl BUXPEBOW HU
MOTEHUMAJIBHOM YacTW. bylaem cuurarth Cpeay U30TPONHOM, T.€. €€ MOXKHO
OXapaKTepH30BaTh IBYMsl ympyrumu moayismu Jlama, a Bekropsl cuibl F(fy, fy, ;) u
cmemennid U(U, V, W) IMeeT 1B COCTABJISAIONINE — MOTCHIUAIBHYIO U BUXPEBYIO:

F=F+F,, U=U;+ U,

Wcxons W3 ycnoBust cocTapieHus cymmbl BektopoB divU, =0, rotU; =0

.YpaBHeHHe ABWIKCHUS U PaBHOBCCHUA IOJISI CYMMBbI HOTGHHH&HBHOﬁ u BHXpeBOﬁ qaCTu

MOJTYYUM:

O+ wgraddivy +U,) + nAU; +02)_p§(01 +U,)+(E,+F,) =0.



IMockonmbky AA=graddivA—rotrotA, TO TIOCIe MepeHoca ClaraeMsix,
OTHOCSILIMXCS K pa3HbIM BEKTOPAaM B pa3HbIC YaCTU YPaBHECHUS
0?0, 1 %0, 1

N LN
p s p p otc P

I[JBI BBIIIOJIHCHHA PAaBCHCTBA J0OCTATO4YHO, YTOOBI npaBasi M JICBAasd YaCTHU
YPaBHCHUA ObLIN PaBHBI 0, TOrga € yd€ToM CBSA3HM KOHCTAHT Jlamp co CKOpPOCTAAMHU

pacpoOCTPAHEHHUS BOJIH MTOJTYYHM:

L1900, 1 -

AUl——Z 2 = — 2 F]_;
vp ot PV

- 1040, 1 -

Ap-=—% =7
vg ot pVg

HYCTB BCKTOp CMCHICHHA HAIIpaBJICH BJIOJb OI[HOﬁ N3 MPOCTPAHCTBCHHBIX

KOOpAWHAT, a €0 BCJIMYMHA 3aBUCUT TOJILKO OT BPpEMCHHU U TOM ke HpOCTpaHCTBeHHOﬁ

KOOpaUHATHI, HanpuMmep U = u(x,t)i . B aTom ciydae ¢ = .

OX

YpaBHEHHE NBUKECHUS
o%u

o .. =
(k+u))&dIVU + MAU + fX :py

B OTCYTCTBHU 00BbEMHBIX CHJI IMPUMCET BU:
o°u 1 0%

8x2 v% 8t2

0.

OO61iee penieHne 3Toro ypaBHEHUSI:
u=u t—i +U>y t+i ,
Vp Vp
rie Uy u Uy — MpOM3BOJBHBIE nBaxael Auddepenimpyemble ¢yakiuu. llepsoe
cllaraeMoe TpeICTaBiIsieT COO0H TIIOCKYIO MPOA0IBHYIO BOJIHY, PACIIPOCTPAHSIONIYIOCS
B TMOJOXUTeNbHOM HampaBieHuu Ox, a BTOpoe — TPOJOJBHYIO BOJHY,

pacpoCTpaHsIONIYIOCS B OTpUIIATEIbHOM HarpaBiaeHuu Ox.



Eciu BeKTOp CMeNIeHHsI 3aBUCHT OT MEPEMEHHOW X, a CMEIICHHE HAIPaBJICHO
Broms ocu Oy, T.e. U=u(X,t)], mpu OTCYICTBHH OOBEMHBIX CHI ypaBHEHHE
JBYDKEHHSI IPUMET BUI:

o%u 1 o%u

=0.
ox? v§ ot?

Pemenue B aTom ciaydac nmpecacTaBJIsICT c0o00H IIIOCKHE IMOIICPCUYHBIC BOJIHBI. ]_—[J'IH

CMCIICHUS, MCHAIOMICTOCA II0 TapMOHHWMYCCKOMY 3aKOHY, JIA IUIOCKOM  BOJIHBI

X
u=up cos{m(t _Vj + (po},

r7e (o — HadayibHas (aza, ®» — Kpyromas 4yacTtoTa, V — CKOPOCTb, OTBEYAOIIAsl TUITY

IMOJIYUHM:

BOJIHEI (Vp I Vs), Up — aMIDTATY/IA.
B ceiicmopasBenke ynpyrue KojieOaHus BO30YKIAIOT B3PHIBHBIMH UCTOYHUKAMHU.
OOBIYHO HAa PACCTOSHUM HECKOJIBKO JCCITKOB METPOB MOXKHO CUHTATh TaKOMH

HCTOYHHK C(i)epI/ILIGCKI/IM H3JIY4IaTCJICM. PaI[I/IaJ'IBHOG JaBJICHHUC

ou ou AU
Prr =A0+2u—=(A+2pn)—+2—.
or or r
bynem cuutath, 4TOo ChepuUecKUMi H3Iydaresib BO30YXKIAE€T TapMOHHYECKHE
Kojiebanus. B uaeanbHOM ciiydae cMenieHus: To4eK OyAyT UMETh TOJIBKO paJHalIbHYIO

COCTaBJISIONIYI0. Torma Ha yaaJleHuu I = Io:
i ou AU
Pe'® =| (A +2u) = + 2= \ .
0 ( M) ar r r=r,
CxansipHbIil TOTEHLIMA:

y2e
or r

I/ICHOJ'IBBYH I'paHUYHBIC YCJIOBHA, MOKXHO OIIPCACINTL CMCHICHHUC U CKaHHpHBIﬁ

IIOTCHIOHAJI:
. r-rgy
io(t——2) - .
U Poro 1+ 10) elo)(t—(r—ro)/Vp)’

rpB reBr V,



2 .
NS dio
e B=—> + V& -,
o ToVp
HepBoe cJiaracMmoc Y6LIB3,CT SHAYUTCIIbHO MCIJICHHCC, YCM BTOPOC ClIaracMoc.
HOBTOMy Ha YAAJICHUHU OT UCTOYHHUKA CMCHICHUC XapPAKTCPU3YIOT IICPBBIM CJIaraCMbIM:

e io(t—(r-r)/V,)

U=U0
r

PacnipocTpaneHne ynpyrux Kkosie0aHMil B Cpele CONPOBOXKIAETCS IEPEHOCOM

OHCPIUH. II;moTHOCTB TTIOTOKA HCpGHOCI/IMOﬁ OHCPIUHU OIIPCACIIACTCA BEKTOPOM YMmoBa:
S 1
Pl =>pVpw®A?,
2 p

rac Vp — CKOpPOCTb IIPOOOJBbHBIX BOJIH, P — INIOTHOCTH CPCAbI, (0 — MIUKIIMYCCKAA

4acToTa, A — aMIUIMTy1a KOJIeOaHU M.

3AJTIAYA
Omnpenenuth CMEIICHUS W HAaNpsDKEHUST B 3aMKHYTOM cdepuueckoil 00o0s0uke,
HArpy>KCHHON CHapy)XKM PaBHOMEPHO pacIlpeIeiCHHBIM daBieHrueM Pe (' =a) ¥ paBHOMEPHO

pacrpeieJICHHBIM JlaBjieHreM u3HyTpu Pi (I = b).
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3apanme 1. [IpesioMiieHue 3JIEKTPUYECKOro MOJIS HA TPaAHMIE pa3aesia.

3aKoH MMPCIIOMJICHHA II0JII HAa KOHTAKTC IBYX CpCA, pasindaromuxcs I10

YACIbHOMY COIIPOTUBJIICHUIO, BBITCKACT U3 I'PAHUYIHBIX YCHOBHﬁ H UMCCT BU:

189 _py (1.1)

tga, p,
I7i€ P1 ¥ Pz — YAETbHBIC CONTPOTUBIICHUS ITOPOJI 110 Pa3HbIe CTOPOHBI KOHTAKTA;
0y W 0Op — VIIbl, OOpa3oBaHHBIE BEKTOPAaMH IUIOTHOCTH ToKa (WIH
HAIPSHKEHHOCTH TI0JI) C HOPMAJIBIO K KOHTAKTYy B OSCKOHEYHO OJIM3KHUX TOYKAX
B CpeJie P1 U P2 COOTBETCTBEHHO.
Tak kak M30JWHUW TOTCHIMAJIAa OPTOTOHAIBHBI TOKOBBIM M CHJIOBBIM JIMHUSM, IS
HUX 3aKOH MPEJIOMJICHUS MMEET TakoH ke Bui, eciim B popmyse (1.1) B kauecTBe
VTJIOB 0 M O PUHAMATD YTJIbI, 00pa30BaHHbBIC W30JWHUCH TOTCHITHANIA C TPaHUIIEH
pazaena (puc.l.1).
3amanue
1. TIlo d¢parmenTam  JOBYX
- W30JIMHUA TIOTEHIIMAJa  OMpPEACIUTh
ey L-29 [OJIOXKEHHE KOHTAaKTa JABYX IIOPOJ
Pa3HOTO CONPOTHUBIICHUS.
2. OnpenenuTbs COOTHOIICHHE
YAEIBHBIX COMPOTHUBIEHUN TIOPOA IO

pa3HbIe CTOPOHBI KOHTAaKTa: HaWTH

2
4 3HAa4YCHMUA HCO6XOI[I/IMI)IX BCJINYHH,

Puc.1.1 Ilpenomienne 30€KTpUUECKOrO MO Hamucath Qopmyny B obmem BuTE,

Ha T'paHUlC IBYX Cpen: II0JICTABUTh B HEE YHCIIOBBIE 3HAYEHUS
1 — rpaumma pasgema; 2 — H30IMHHM u BBIYHCJINTh OTHOLIICHUE
noTCHIHAIa, 3 — TOKOBEIC (CI/IJ'IOBLIC) JIMHUH, COHpOTI/IBHCHI/Iﬁ (6OJ'IBH_ICFO K
4 — HOpMaJib K T'paHUIIC pa3jciia.

MEHBIIIEMY).

3. Iloctpouth cumgoBbie (TOKOBBIE) JIMHUH, MPOXOASANIUME dYepe3 TOYKHU
M3JI0Ma U30JIMHUH (110 00€ CTOPOHBI KOHTAKTA).
Jluteparypa no teme 3ananus: /4/, cc.12-13; /5/, cc.10-11.
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3ananme 2. Pacuer k03 puIHEeHTa YCTAHOBKH.

B Meronmax compotuBieHuii 3¢pdekTuBHOE (KaxkKylleecs) COMPOTHUBICHHE
cpedbl ompezenseTcs, Kak MpOW3BEJICHUE HOPMUPOBAHHON IO TOKY B MHUTAIOIIEH
JVWHUMA PA3HOCTH TOTEHIMAJIOB MEXAy mpueMHbiMHA 3a3emiieHusimu AU/l Ha

koap¢unment ycranoBku K. Koaddumuent K 3aBUcCHT OT Tuma yCTaHOBKH U €€

pasMmepoB. B omgHOpoaHON cpene Kaxylleecs CONMPOTHBICHHUE p, = K¥ paBHO

UCTUHHOMY YyIEIbHOMY COTPOTHBICHHUIO p W OT THIA W Pa3MEPOB YCTAaHOBKHU HE
3aBUCUT. B HEOJHOPOIHON cpele px 3aBUCUT OT MApaMETPOB YCTAaHOBKU M €&
MOJIOKEHUSI OTHOCUTEIBHO CIArarolIuX TIeOdJIEKTPUUYECKUNA pa3pe3 TI'eOJIOTMYECKHUX
TEJL.

B 3aBHCHMOCTH OT B3aMMHOTO PACIOJIOKEHUS MPUEMHBIX 3a3emieHuit M u N
MOXKET U3MEPATHCS pa3HOCTh MoTeHIHaIoB AU, moteniman U uiau HanmpsiKEHHOCTH
noyst E. [loTenmman m3mepsieTcss B TeX Ciydasx, Korja nmpuemMHoe 3a3emieHue N
OTHECEHO Ha OOJIBIIIOE pacCTOsSIHUE, PUHUMaeMoe 3a OeckoHeuHoe. HarnpsikeHHOCTh
MTOJISI MOXKET OBITh M3MEPEHa, €CITU pacCcTOsTHUE Mexay 3a3emieHussMd M u N paBHO
1 merpy (Wnm Jpyrol eAWHMIE JJIMHBI TPU HCIOJB30BAHUM HMHOW CHUCTEMBI
u3Mmepenuii). Ilpaktuyecku moxHO mepedtd or AU k E u mpu mrob6om pasmepe
JUHUHU, €CIM OH JIOCTATOYHO Majl IO CPABHEHUIO C PACCTOSHHEM JI0 TMHUTAIONTUX

3azemiuecHuii: E=AU/MN . Takum o00pa3om, B 3aBUCHMOCTH OT H3MEpsEMOW B

HpHeMHOﬁ JIMHUKU BCJIMYMHBI, KAXKYHICCCA COIIPOTHUBIICHUC MOKCT OBITH BBIYHMCIICHO

110 OJTHOM U3 CIEeAYIOIUX POpMYII:

pK=K&
|
U
pI(ZKT (2'1)
pK=K|E

KoadduimenTsl ycTaHOBOK B 3THX CIIydasix, €CTECTBEHHO, OYyT pa3HbIMU.
Jlis BbruncieHus Ko3(p@uIueHTa yCTaHOBKA BO BCEX CIIy4asiX HCIOIb3YeTCs

OJUH M TOT € IpuHUUI. Haxo HanmucaTh BBIpaXEHUE TSI U3MEPSIEMON B IIPUEMHOMN
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nuaun BennuuHel (AU, U unu E) B onHOpOAHOM cpefie ¢ yAEIbHBIM CONPOTUBIEHUEM
p. 3aTeM pEIIUTh MOJYYEHHOE YPABHEHUE OTHOCUTENBHO P U BBIIEIUTH OTHOLIEHUE
U3MepsAeMOl B MPUEMHOW JIMHUM BENWYMHBI K TOKy. OcTaBiieecs mociie 3TOro B
YPaBHEHUU JJIS P BBIPAKEHUE MPEACTABISIET cO00M popMyity aiis Beruucienus K.

He ocTanaBnuBasch Ha MPOCTEUIIINX YCTAHOBKAX, pACCMOTPEHHBIX B /4/, Korna
BCE 3a3eMJICHUS pACIIOJNIOXKEHBl Ha OJIHOM MPsMOM JIMHMM, PAaCCMOTPUM pacuer
K03 (UIIMeHTa YCTAaHOBKH JJIs1 HEKOTOPBIX 00JIee CII0KHBIX CIy4aeB.

a) Ycmanosxka c noepysicennviM numarowum  3a3emieHueM, UMepPeHUs]
8bINONHAECMCS 8 BePMUKAILHOU cKeaxcune (puc.2.1)
14:(1') Tak Kak ¥ NUTAIOLIEE 3a3eMIICHUE, U

IIpuCMHaA JIMHUA HaxXOOATCA HC Ha

H MMOBEPXHOCTH  3€MJIM, [JI1  y4deTa
MN =217
L CPaHULIBl pas3fena «3eMISI-BO3AYX» B
¥ |= o
b o e o
o f TOYKE,  SBJISAIOLICHCS  3€pPKaJbHBIM
£
+ M OTpaKCHUEM JNEUCTBUTEIBLHOTO
H ¥ O
IV UCTOYHUKA A, TIOMECTUM (PUKTUBHBIN
| ¥ HUCTOYHMK A' TaKoH K€ MOITHOCTH (CM.
Add)

uc.2.1). Temepp mone  MOXHO
Puc. 2.1. YcraHoBKa ¢ NOIpyXKEHHBIM p ) p

MUTAIONAM 333¢MJICHHEM W TPHEMHOM paccuyuThIBaTh, Kak B O€3rpaHUYHON

JUHUEH B COCEHEN CKBAKUHE cpede mpu ABYX HUCTOUHUKAX A u A

Paznocth IMIOTCHIOHUAJIOB MCIKAY ITPUCMHBIMHU 3a3CMJICHUAMHA

_pl(1 111
4r\AM =AM AN AN

(2.2)
_pl 1 . 1 ~ 1 ~ 1
Al P +(H-2z+0 JC+H+z—0 JP+H-Z-0f JCr(H+z+0)
PemuB ypaBHeHue (2.2) OTHOCUTENBHO P, MOTYUHM:
_ 4 9
p= 1 . 1 - 1 B 1
JCr(H-z+0) JCx(H+z-0) JC+H-z-0) JC+(H-z+0)
(2.3)
AU _ sy



Ecmm Tpebyercss HaliTH BbIpakeHHe Kod(pduimeHTa yCTaHOBKUA JIJIS
BBIYMCIICHUSI P, YEpe3 HANpPSOKCHHOCTh Mo E, Hamo Hammcath ypaBHEHHE
notennuaia U B uentpe muauu MN (Touka O)

_pol 1 " 1 - 2.4
e JU+H-2zP JL+H=+z) &4

[Tpoaud pepenuporas Beipaxkenue U 1o Z , Haitaem E;:

ou _ pl H-Z H+Z

AT _[L2+(H —z)z]% +[L2+(H +z)2]% | (3)

PemuB (2.5) OTHOCUTENBHO P, MOTYUUM:

4n E E
p= T

H+Z H-Z =K (2.6)
2 +(H+zp]? [2eH-zp]?

HC TpyAHO BHUACTH, YTO B 3TOM CJIydac KOB(i)(l)I/IIII/IGHT YCTAaHOBKH UMCCT PasMCPHOCTb

HE «M», a <M.

YroObl TOJYyYUTHh BBIpAXKEHHE KO3(D(UIIMEHTa YCTAaHOBKUA I  Ciydas
MU3MEPCHHUS TIOTCHITUANIA, HAJIO PELINTh OTHOCUTENBHO p ypaBHeHue (2.4).

Ecnmu mnuraromee 3a3emiieHMe WM TpUEMHAs JHHHS PAcIoyiaraloTcs Ha
MOBEPXHOCTH 3€MJIM, YUET IPAHULIbI pa3liena «3eMJIs-BO3yX» MPOU3BOJUTCS MyTEM
yJIBOEHUS TIOTEHIMAINA, T.€. B BbIpaykeHUH s U «4m» 3aMeHsIeTCsl Ha «27».

0) Yemanoska ¢ osyms numarowumu 3azemieHusMU 00OHO20 3HAKA DPA3HOU

mowHocmu (puc.2.2)

. I[Toremuman B TOuke M co3maercs
A(L) M A1) B(I) ! 8
x| ' ' TOKAMH,  CTEKalOmMMH C  JBYX
1 1 L : lr' :
e MMOJIOKUTEIbHBIX UCTOYHUKOB A U A' n

OTPULATCIIBHOT'O 3a3CEMJICHU B.
Puc. 2.2. YcraHoBka ¢ IByMs HNHUTAOIIMMHU

CymMma TOKOB MCTOYHMKOB A U
3a3€EMJICHUAMU OJJHOI'O 3HaKa

A' paBHa TOKY Ha 3a3emyieHUU B. BpIlpakeHue i MOTEHIMaIa yA00HO 3arucarh,
BBIPA3UB TOKH, CTEKAIOIIUE C 3a3eMIieHnil A u A' yepe3 Tok Ha 3a3emiieHnu B. B aTom

ciIy4dac nmoTcHuual



_pl / / _pl I/ / t | (2.7)

S 2n| AM AM BM | 2n| x L X r+L-x

PemmB ypaBHEHHE OTHOCUTEIBHO P, OJTYYHM:

o= 27 U
I%Jrl,%_ 1 |

X L-x r+L-x

—K=. (2.8)

Ecnu xaxyieecss CONpOTUBIEHUE BBIUUCIISIETCS YEPE3 Pa3HOCTh NOTEHLIMAJIOB
MEXIy npueMHbIMU 3azemieHusMd M u N, Hago Hamucarh BBIpaKEHUE IS
noTeHuanoB B Toukax M u N, B34Tb UX pa3HOCTh U , pELIMB MOJIYYEHHOE YPaBHEHNE
OTHOCUTEJIBHO P, HAUTH BBIpAKEHHE JJI1 KO3(P(ULIKUEHTAa YCTAHOBKH, KaK 3TO ObLIO
CEJIAHO B IIPEABIAYILIEM IIPUMEDPE.

Ecnu xaxy1ieecs: CONPOTUBIIEHUE BBIUMCISAETCS YEpPE3 HANPSKEHHOCTH IMOJI,
Hago npoaupepeHunpoBaTh BbIpaxkeHue (2.7) MO X W PElUTh IOJTYYEHHOE
ypaBHEHUE OTHOCHUTENLHO p. OTOPOCUB B TOJYYEHHOM pelleHHH OTHomeHue E/I,

HalJeM BbIpaKEHUE ISl KOO (ULIMEHTA YCTAaHOBKH.

3aganue

1. BeiBectr popmyity kordduiirienTa 3aJaHHOW YCTAaHOBKHU B 00ILIEM BH/IE.

2.IloacraButh B (opMyNly 3aJaHHBIE YMCIOBBIE 3HAUYECHHS IApaMETPOB
YCTAaHOBKM W  BBIYUCIHUTH BEIMYMHY KO3(Q(ULMEHTa YCTAaHOBKH. YKa3aTb
Pa3MEpPHOCTb.

Jlutepatypa o Teme 3aganus: /4/, cc.32-35; /5/, cc.32-35; /7/, cc.137-141; 12/,
c.32;/3/, c.106.

3ananue 3. IIpudan:keHHOE NOCTPOCHUE TPAPUKOB P, FJIEKTPONPOPUINPOBAHUSA.

I'paduku  kaxymerocss COMPOTUBICHUS TMpU NPOGUIUPOBAHUH  Yepe3
OJIMHOYHBIC KOHTAKTHI W ILJIACTHI MMEIOT MPOCTYI0 (OpPMY M HX HHTEPIpETaIvs
OOBIYHO HE BBI3BIBACT 3aTpyaHCHUU. ECM paccTosHHE MEXITy TaKHUMH dJIEMEHTaMHU

TCOJJICKTPUYICCKOTO pa3pe3a IMPECBbIIIACT pPasMCpP YCTAaHOBKU, KEDKI[BIﬁ H3 HHX
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mposiBiIsieTcss Ha Tpaduke, Kak OTHAENbHAs aHOMalMs, KOTOpas  JIETKO
MHTEpIpeTupyeTcs. Eciam ke B mpenenax yCTaHOBKHM MOTYT PAcCIOJIaraTtbes 1Ba WU
OoJiee sJIeMEHTa pas3pe3a, aHOMaJIMM OT HHUX HaKJIaJbIBAIOTCS OJHA HA JPYTYIO U
rpaduk p, MOXET CTaTh JOCTATOYHO CJOXHBIM JJIsi MHTepHperanuu. B mocnegnem
cllydae MOKHO HCIIOJIb30BaTh crioco0 moabdopa. Ho pemienue mpsimoil 3amaum asis
HECKOJIBKUX OJU3KO PACMHOJIOKEHHBIX TPAaHMI] pasfeia TPOMO3JIKO M peatbHO
OCYLIECTBUMO  TOJIBKO C  NPUMEHEHHEM  KOMIIBIOTEpA  NOpPU  HAIWYNAH
COOTBETCTBYIOIIMX  mporpamM.  Ilockonbky — uHTEpmperamusi  pe3yJbTaToB
ANEKTPONPOPUINPOBAHUA, KAK IPABUIIO, KAYECTBEHHAs] U CBOJUTCS K ONPEEIECHUIO
ITOJIOKEHUSI KOHTAaKTOB M OLEHKE COOTHOUIEHUS YJEIbHBIX COIPOTUBICHUW, NPH
PEIICHUH TIPSMOM 3a/1auyu MOYKHO OTPAaHUYMTHCS MoydeHueM (Gopmel rpadukos, 6e3
TOYHOTI'O KOJIMYECTBEHHOI'O ONpENEHeHUs Py. s 3Toro yaoOHO BOCHOIB30BATHCS
CHOCOOOM TMPUOIMKEHHOTO TOCTPOEHUS] TpaUKOB py,, OCHOBAaHHOM Ha CBS3HU

KaXXyHIeroc: COIIPOTUBIICHUA U IIJIOTHOCTHU TOKa:

Px = Pwmn !MN ’ (3.1)

Jomn

I Pvn — YACIBHOE COPOTUBIICHUE CPEJIbI MEXK Ty TPUEMHBIMU 3a3EMJICHUSIMU;
Jun — IDIOTHOCTH TOKA MEKTy PUEMHBIMU 3a3¢MJICHUSAMU;
Jomn — IUITIOTHOCTH TOKA MEX 1Y IMPUEMHBIMH 3a3¢MJICHUSIMH B OJHOPOIHOMN Cpee.
[TpuHIMT IPUOGAMKEHHOTO MOCTPOEHUS TPAPUKOB P, U €r0 IPUMEHEHUE HA TpPUMEPE
OJIMHOYHBIX TUIACTOB MOJPOOHO paccMOTpeHsl B /4/, cc.104-117 u /5/, cc.77-87. dns
WJUTFOCTPAIlH €r0 MCIIOJb30BaHUs B 00JIee CIIOKHBIX CIydasX PacCMOTPHUM IIpPHUMED,
KOrJja Ha HEOOJBIIIOM PAcCTOSSHUM OJWH OT JAPYroro pacrojararoTcsl JBa IJIacTa,
HMMEIOIIME MOBBIIIEHHOE U MOHMXXEHHOE conpoTuBieHue. [IycTh m1oxo mpoBoasIIIIHii
IJIaCT MMEET CPEJHION, T.€. HECKOJBbKO OOJBIIYI0 pa3Mepa MNPUEMHOW JIMHUU
MOIIIHOCTh, & XOPOILIO MPOBOAAIIMN IUJIACT MAJOMOUIHBIM, MMEKOIIUNA MOIIHOCTD,
MeHbIyto pazHoca MN (puc.3.1).

I'padpuxn  pi  KOMOMHMPOBAHHOTO M CHUMMETPUYHOTO MPO(UIUPOBAHUS

OTACIBHO HaJl KaXKJIBIM IJIACTOM, aHAJIOTHYHbIE TTPUBEACHHBIM Ha puc.3.17,au 3.22,a



* ‘.’i‘-”‘

Ry P P
oo 1
PB

Puc. 3.1. TI'paduku px >IEKTPONPOPUIUPOBAHUS HAJ BEPTUKAIBHBIM
IUIACTOM: @ — Tpauku px KOMOMHUPOBAHHOTO M CHMMETPHUYHOTO
npodUIMPOBaHUS HaJl IUI0XO0 MPOBOJSIIUM IIACTOM CpeJIHEN MOIIHOCTH; 6
— TO K€ HaJl XOpOILIO MPOBOJSALINM IJIACTOM MaJlO MOIIHOCTH; 68 — TO K€
Ha/l COMMKEHHBIMU TUIOXO M XOPOIIO MPOBOJAALIMM IJIacTaMH; 2 — Tpaduk
Px CPEAMHHOIO Tpajl€HTa HaJ [BYyMs IJacTaMH. MeENKMMHU IITpUXxamu

IIOKa3aHbI Fpa(i)I/IKI/I HUCTUHHBIX YACIbHBIX COHpOTI/IBHeHI/Iﬁ
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B /4/ m puc.2.15,a u 2.19,a B /5/, nokazansl Ha puc.3.1,a u 3.1,6. I'paduxu p, s
ciydas, Korga o0a IjjacTa pacIoJIOKEHBI psIoM, H300paxkeHsl Ha puc.3.1,B.
Paccmotpum ux nocrpoenue. [lycts yctanoBka AMN nepensuraercs cieBa Hampaso.
[loka paccTrositHME A0 IJIACTOB JOCTATOYHO BEJIMKO, OHU HE OKAa3bIBAIOT BIMUSHUE HA
pacTekaHue TOKa B IMPEIeTax YCTAHOBKH U Jyn= Jown . [103TOMYy, B COOTBETCTBHH C
(3.1), p« = pun=p1. [To Mepe npubIMKEeHNs K TI0X0 MPOBOJIAIIEMY IUIACTY MIIOTHOCTh
TOKAa HA YYacTKE PACIOJIOKEHHS MPUEMHON JMHUM YMEHBIIAETCSA, TaK KakK IJIacT
NPEMATCTBYET PACTCKAHHMIO TOKA. IIpM 3TOM jyn CTAHOBUTBCS MEHBIIE Jomn U P
MeHblIe pi.lloHMKEHHE pc TPOUCXOAUT O TEX MOpP, MOKA NMEPEIHUN NPHUEMHBIN
anekTpoa N He BCTaHET Ha KOHTAKT (Todka 1).

[Tpu nmepexosne MpUEeMHON JMHUU Yepe3 JIEBbIM KOHTAKT IUIacTa puy OBICTPO
BO3pACTaeT OT p; 10 P,. lIpu 3TOM B CHIy TPAaHMYHOI'O YCJIOBHUSI CKauyKOOOpPa3HOIro
MU3MCHCHHS Jyy HE TPOUCXOJHWT (YCTaHOBKA OPHEHTHPOBAaHA BKPECT KOHTAKTa,
TIOATOMY BEJIMYHHA Jyn OTIPEIEINIAETCS KOMIIOHEHTON TUIOTHOCTH TOKA, HOPMAJIBHOU K
KOHTaKTy). CiienoBaTenbHO, MOBEIEHHE p, HA 3TOM YYacTKE B OCHOBHOM
ONPENENSAETCS U3MEHEHHEM pyn. KOra KOHTaKT pacrnojiaracTcsi Mexx1y NpUEeMHBIMU
ANEKTPOJAaMH, KaKylIEecss CONPOTUBIIEHUE PACTET, MOKa 3a3emiieHne M He BCTaHET
Ha KOHTAKT (Touka 2).

Korma mnpuemHas nuHUS [epeMENIaeTcsl BHYTPH IUIACTA, Pun OCTAETCS
MOCTOSIHHBIM. Ho 1o Mepe npuOnmkeHust K MpaBoMy KOHTakTy IUiacTta, T.e. K Ooiee
MPOBOASAIICH Cpele 3a IUIACTOM, IPOUCXOIUT HEKOTOPOE VYBEIUUYCHHE juy |
Ka)XyIIeecsl COMPOTHUBICHHE MPOJOJIKAET PACTH, JOCTHras MaKCHUMalbHOW BeJu-
YuHBI, Koraa 37ekTpo i N HaxonuTcest Ha KoHTakTe (Touka 3). Tak Kak IIOTHOCTh TOKa
BHYTPH ILJIACTA MEHBIIIE Jo, Py HE JJOCTHTACT YACIBHOTO COMPOTHBIICHUS TLIACTA Ps.

IIpu nepexoae MpueMHON JIMHUU Yepe3 MPaBbld KOHTAKT IUIOXO IPOBOISAIIETO
miacta Puy YMEHBINAETCS OT P, 10 p1. Kaxymieecs CONPOTHBIEHHE IPU 3TOM
YMEHBIIIAETCSI, MOKa 3JIeKTpoa M He BcraeT Ha KOHTakT (Touka 4). Tak kak
IUIOTHOCTh TOKa 3a IUIACTOM MEHBIIE o BCJICJACTBHE SKPAaHUPYIOIIETO JCHCTBUS

IJIacTa, PyB ATOM TOYKE MEHBLIE Ps.
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Ecnmu Ob1 He OBLIIO TIPOBOJMIIETO TUIacTa, Mocie nepexona auHu MN uepes
mIacT HaOmromanack OBl TUIOMIAAKAa PABHBIX COMPOTHBICHHEM, TOKA MHUTAOIICE
3a3eMJICHUE M TMpUEeMHAas JIMHUA pasleneHsl miactom  (cMm.puc.3.1,a). B
paccMaTpuBaeMOM cCiiydae BCIICJICTBHE HATCKaHHWS TOKAa B MPOBOASIIMN IUIACT N
pPacTeT U COOTBETCTBEHHO YBEJIMYUBACTCS Py MOKa 3ieKTpoa N He BCTaHET Ha JIEBbIi
KOHTaKT MPOBOAsANIEro Iutacta (Touka S5). Eciu Obl He OBLIO 3KPaHUPYIOLIETO
JIEHUCTBUA TIJIaCTa BBICOKOTO COMPOTHBJICHHUS P, B 3TOH TOUYKE OBLIO ObI OOJIBIIE P4
(cm.puc.3.16). B HameMm ciydyae Kaxyieecs COMNPOTUBICHUE HMMEET MEHBIIYIO
BEJIMUUHY.

[Tocne nepexona anekrposa N uepes neBblii KOHTAKT MPOBOJIAIIETO IJIACTA 0
Mepe JBMKCHHS YCTAHOBKHU MIPOXOJIUT YMEHBIIICHUE Pun, TAK KaK MEXY TPUEMHBIMU
3a3eMJICHUSIMUA BKJIIOUaeTcsl Oosiee mpoBojsinas cpeaa. Ho HauMeHbllee 3HaYeHUE
Pvn, KOTJIa BECH IJIACT PACIOJIaraeTCsl MEXy MPUEMHBIMU 3a3€MJICHUSIMH (TOuKa 6),
octaercst OoJibllle, YeM pP3, TaK KakK IJIACT 3aHUMAET TOJbKO 4acTh uHTepBaia MN.
[ToaToMy KaKkyIlieecsi CONMPOTUBIEHHE B TOYKE 6 HWMEET IOCTATOYHO OOJBIIYIO
BennurHy. Tak kak MN/2 Gosbllle MOIITHOCTH IUIACTA, Ta TOYKA PacIojaracTcs
JieBee IJ1acTa.

[Ipn nanmpHeiIieM NEpeMeNIeHUd YCTAaHOBKHM, TOKa TIUIACT pacrojiaraetcs
BHYTpU TMPUEMHOW JUHUHU, Ppyy HE MeHseTcs. Ho mpu 3TOM MEXay NpUEeMHBIMU
3a3eMJICHUSIMA BMECTO yYacTKa BMeEIIAroIeld cpelbl Tepes IMIacTOM, UMEIOIIEro
BBICOKOE COINPOTHUBIIEHUE U BBICOKYIO IJIOTHOCTH TOKA, BKIIFOUAETCS YYACTOK CPEIbI
3a TJIACTOM C TE€M JKE€ CONPOTUBJICHUEM pP;, HO HU3KOW IJIOTHOCTBIO TOKAa H3-3a
SKPAHUPYIOIIET0 JICHCTBUS IiacTa. I109TOMY juyny YMCHBINAGTCA H HPOUCXOIUT
OBICTpOE YMEHBIIIEHUE P, JO TEX TOop, MoKa 3JIeKTpoja M He BcTaHeT Ha JICBBIH
KOHTAKT MPOBOJISAIIETO IJ1acTa (To4ka 7).

[Io mepe mnepememieHust snekrpoaa M yepe3 mpoBOASIIMIT IJIACT P
BO3pACTaET, IOCTUTast BETUYUHBI P, KOT/IA AJEKTPol M CTOUT Ha MpaBOM KOHTAKTe
miacta. [lpu >TOM MNPOUCXOAUT HEKOTOPBIM pocT p, (Touka 8). Ho wu3-3a

9KPAHUPYIOUICTO I[GﬁCTBHH IJI1aCTOB 3HAYCHUC Py B 9TOM CJIIydac 3HAYUTCIIbHO HUKC
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YPOBHS TUIOLIAJKK PABHBIX COMPOTHUBJICHUM I OJJMHOYHOTO IUacTa (CpaBHUTE C
puc.3.16).

[Ipu  panbHeiiieM  JBJKEHMM  YCTAHOBKM  THUTAIOIIEE  3a3eMJICHUE
MepeMeNnaeTcsl Yepe3 MI0X0 MPOBOASIIMMA IIACT U 3KpAHUPYIOUIEe JEeUCTBHUE I1acTa
yMeHbIIaeTcs. [Ipu 3TOM yBEIMUUBACTCS juy U KaXKYIIeecs COMPOTUBIICHHE PacTeT,
JOCTUrasi MaKCUMaJbHOW BEJIMYMHBI, KOTJa 3a3eMiieHHe A BCTA€T Ha IMpaBblid
KOHTAKT IUIOXO mpoBojdmiero Iacta (touka 9). Ilpoucxomutr «oOpaTHOE
AKpAHUPOBAHUEY, TUIACT KaK Obl OTpa)kaeT IMOJie, YBEIUYMBAsl €r0 MHTEHCUBHOCTD B
npaBoi yactu npoduis. Ho u3-3a 3xpaHupyroiero ASMCTBUSI NPOBOJSIIETO IIacTa
Px OCTAETCs MEHBIIIUM p; (CpaBHUTE C puc. 3.1a).

[To mepe ypaneHust 3J€eKTpojia A OT IJIOXO MPOBOMSIIETO IUJIACTA BIIMSIHUE
MOCJIEAHETO YMEHBIIIAETCSA U Py MOCTEIIEHHO MOHUXAETCS, BBIXOAS HA HOpPMaJIbHBIN
YPOBEHB IUIOMIAKH PaBHBIX CONMPOTHBJIEHUN I MPOBOAAIIEro macta. [lnomanka
3aKaHUYMBAETCA, KOrJa TMHTAIOlIee 3a3€MJICHHE BCTAa€T HAa JIEBbIH KOHTAKT
npoBoAsmiero miacra (touka 10).

[lpu mepexone MUTAIOMIETO 3a3eMJICHUS Yepe3 MPOBOMAIIMHA IUIACT jwn H,
COOTBETCTBEHHO, Px YMEHBIIAETCS, TaK KaK IJIACT KaKk Obl «OTCAChIBa€T» TOK OT
npaBoil yactu npoduis, rae pacnoynoxeHa guaus MN. MuHuMansHOe 3HaYEHUE Py
HAO0JII0aeTCsl, KOT/IAa dJIEKTPOl A CTOUT HA MPABOM KOHTAKTE MPOBOJAIIETO TUIacTa
(touka 11). Ilocne sToro, mo mepe ymajlieHUsi YCTaHOBKU OT IJIACTOB MOCTENEHHO
BOCCTAHABJIMBAETCSI HOPMAJIBHOE pACTEKAaHUE TOKAa M P, BBIXOJAUT HAa YPOBEHb
CONPOTUBJICHUSI BMENIAIOIIECH CPEJIbI Ps.

Tenepb paccMoTpuM Tpaduk pg I BCTPEUHOU TPEXDIEKTPOAHON yCTaHOBKHU
TaKoro ke pasmepa. bygem nepememniars yctanoBky MNB cripaBa naneBo (ymoOnee
paccMaTpuBaTh MOBEJICHHUE Py, KOTJIa MIPUEMHAs JIMHUS pacrojiaraeTcsl BOEpPeau 1o
X0y JBWXKEHUS YCTaHOBKW). [lpu mnpuOMMDKEeHHH K TMPOBOMASAIIEMY IIJIACTY
MPOUCXOIUT HATEKaHUE TOKA B IUIACT U jyy YBEIMYMBACTCS IO CPABHEHUIO C jomn. DTO
NPUBOJUT K YBEIMUYCHHUIO P, KOTOPOE CTAHOBHUTCS OOJIbIlIE P; U JIOCTUTAET

HauOO0JIbIIEH BEJIMYNHBI, KOT1a JJIEKTPOI M CTaHOBHTCS HA KOHTAKT (TOYKA a).
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[Ipu nepememenun 3azemiieHns M 1o 1acty 4actb uHTepBaida MN
3aMOJHAETCS MPOBOIAIIEN CPENON C YIEIbHBIM COIPOTHUBICHUEM pP3. ITO MPUBOIUT
K YMEHBIICHUIO P vy M KOKYIIETOCS COMPOTUBIICHUS, MTOKa AJIEKTPO M HE BCTaHET
HAa JIEBBIM KOHTAaKT W BECh IUIACT HE OKAXETCS B IpeJesiax MPUEMHOW JIMHUA
(Touka 0).

[Toka miact HaXOAUTCS BHYTPU MPUEMHOW JIMHUH, P yny HE MEHSETCA, HO IO
MEpe MEPEMEIICHUSI YCTAHOBKM BMECTO Y4YacTKa BMEIIAIOIICH Cpelbl CIpaBa OT
IJacTa C OTHOCUTEIBHO BBICOKMM YJICJIbHBIM CONPOTUBICHUEM W BBICOKOM
IUIOTHOCTBIO TOKA BKJIIOYAETCA YYAaCTOK CJIEBA OT INIACTa C TEM XK€ YACIbHBIM
COIPOTUBJIEHUEM M HHU3KOM IJIOTHOCTHIO TOKa. [loaTOMY p, MOHMMkKAETCS, AOCTUTas
HAaUMEHBIIIETO 3HA4YeHHUs, Korja 3JekTpoda N HaxoIuTcs Ha IIPaBOM KOHTAKTE
MIPOBOJIAIIETO T1acTa (TOYKa 6).

[To Mepe mepemertieHus 3aekTposa N OT mpaBoro KOHTakKTa IulacTa K JIEBOMY
MIPOUCXOJUT YBEJIMYECHUE P my U, COOTBETCTBEHHO, Py 10 TEX MOP, MOKA 3a3€MJICHUE
N He oKa)kKeTcs Ha JIEBOM KOHTAaKTe I1acTa (Touka 2).

[Ipu nanpHEMIIeM NEpEeMENICHUH YCTaHOBKM B CiIy4dae OJMHOYHOTO ILIacTa
HaOmro1anach Obl MUIONIAJKa PaBHBIX COMPOTUBIECHHM (cM.puc.3.1,0). HO Tak Kak B
HallleM CJIydae €CTh €IIe IUIOXO IMPOBOAAIIMN IUIACT, NMPU NPUOIIKEHUU K HEMY
IUIOTHOCTH TOKA jyn YMEHBIIAETCS U KaXyIIEeCs COMPOTUBJICHHUE MOHMKACTCS, ITOKa
AJIEKTpOa M He TOCTUTHET MPaBOro KOHTAKTa 3TOTO IiacTa (Touka o).

IIpy BXOJ€ NPHUEMHOM JIMHUM B IUIOXO MPOBOISIIMNA IUIACT IPOUCXOIUT
YBEJIIMYEHUE P wn OT P1 JI0 P2 U BO3PACTAHHUE KAXKYIIETOCS COMPOTUBIICHUS, MOKA
MpUeMHas JIMHUS TOJHOCThIO HE BBIMAET B IjacT (Touka e). [lpu mpubmmkeHuu K
JIEBOMY KOHTAaKTy IIJJacTa MPOUCXOAUT YBEIUYECHHE IIOTHOCTH TOKa 3a CYET
HaTEeKaHUs TOKa B O0Jiee MPOBOJIAIIYIO Cpely cieBa OT miacta. [Ipu aToM p, pacTter,
MOKa 3JIeKTpoa M He BCTAHET Ha JICBBIM KOHTAKT IIjIacTa (TOYKa J/c). KOTr/Aa IMpreMHas
nunus yctanoBku MNB pacnionaraercs BHyTpHU MJIOXO MPOBOASIIETO IIacTa, MEXKIY
HEM M TMUTAIOMUM 3a3€MJICHUEM HaxXOAUTCSA MPOBOMSIIIMKA IUIACT, CIIY>KAIIAK

MNB AMN
skpaHoM. [ToaTOMy HajJ MIACTOM P, MEHBIIE, YEM Py .
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[Ipy BbIXOAE NPUEMHOM JMHUMA W3 IUIOXO MPOBOMSIIETO IIIACTA P
YMEHBIIAETCS M, COOTBETCTBEHHO, MTOHMKAETCA Py, MOKa 31ekTpoa N He mocturaer
JIEBOTO KOHTAKTa TUIACTa (TOYKA 3). B 3TOM IOJIOKCHUU MEXY MPHEMHON JIMHUCH U
NUTAIOIUM 3a3eMJICHHEM pacrojaratorcss oba Iuiacta. [lostomy p, B Touke 3
3HAYNTEIBHO HM)KE YPOBHS IUIOIIAJKH PAaBHBIX CONPOTHBICHUN Ui OJMHOYHOIO
IUI0XO MPOBOJAIIETO I1acTa (cpaBHUTE € puc.3.1,a).

[Ipn nanpHENMIIEM NEPEMENICHWH YCTAHOBKM B HAIIEM CIly4ae MUTAOLINN
AJIEKTPOJI MEPEXOIUT Yepe3 Xopolo npooisauiuii miact. [Ipu 3tom HalOmomaercs
HOHWXKEeHUE Py (3kpaHHbI 3¢ dexT). Haumensiiero 3HaueHust p, TOCTUraeT, KOrjaa
IUTAIONIMI DJIEKTPOJ B pacrosiaraercss Ha JIEBOM KOHTAKTe IPOBOALIEIO IUIacTa
(TouKka u).

Janee, o Mepe yAaJIeHUs MATAOLIErO 3a3¢MJICHUS OT IIPOBOAALIETO IJ1aCTa Py
pPacTeT M BBIXOAUT HA YPOBEHH IUIOIIAJKN PABHBIX CONPOTHUBJIECHUN JJISI OAUHOYHOTO
IJIOXO TPOBOAAIIETO IuiacTta. Ilnmomanka paBHBIX CONPOTHBICHUM 3aKaHYMBAETCH,
KOT/Ia 3JICKTPO]] B BCTaeT Ha MPaBblif KOHTAKT IJIOXO MPOBOISIIETO IJIacTa (TOYKa K).

[Ipu mepexoze MUTAIOIIETO 3a3eMIICHHS Yepe3 TI0X0 MPOBOISAIINN TIIACT jun, @
C HEU U pi pacTyT. Ilocne mepexonma siekTpona B depe3 cepeauHy Iiacra Py
CTAaHOBUTCSL OOJIbIIIE CONPOTUBIICHMSI BMEINAIONIEH Cpellbl, JOCTUrasi HauOOJbIIEro
3HA4YEHUsS, KOTrJa MUTAIOLIEE 3a3€MIICHHME HAXOJIWUTCS HA JIEBOM KOHTAKTE IIJIOXO
npoBojsuiero miacta (touka ). Ilpu panbHelieM JIBUKEHUM YCTaHOBKU
IIOCTEIIEHHO BOCCTAHABJIMBAECTCS HOPMAJIBHOE PACTEKAaHWE TOKA U Py BBIXOAUT Ha
YPOBEHB YAENBHOTO CONPOTUBIIEHUS BMELIAIOIIEH CPEJIBI.

Kaxy1ieecss cOnpOTHUBIIEHUE JIsI CUMMETPUYHON YCTAHOBKM HAXOIUTCS, KaK
cpenHee apu(METHUYECKOE U3 Py, U3MEPEHHBIX BCTPEYHBIMHU TPEXDIECKTPOAHBIMU

yctaHoBkamu /4/, cc. 92-93, /5/, ¢.66.

AVN. | MNB
pfan _ P > Pe (32)

CpaBHI/IBaH Fpa(l)I/IKI/I Px I OJIMHOYHBIX IIJIACTOB U JIBYX COJIMIKEHHBIX TaKUX
KE€ IIIIaCTOB MOXHO BHIACTH, KaK aHOMAJIHM HCKaXArTCA BIWAHHUEM COCCOAHUX

o0bekTOB. B MeTonme KOMOMHUpOBAHHOTO NPOGUIUPOBAHUS TpadUKU P, JUIS
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yctaHoBok AMN m MNB Hang OAMHOYHBIM IUIACTOM BBICOKOTO COIPOTHBIICHHUS
(cm.puc.3.1, @) U Hax TaKUM K€ IUIACTOM B NPHUCYTCTBHHM MPOBOASAIIETO IUIACTA
(cm.puc.3.1, 6) no popme oanHakoBbl. Ho B ciydae nByX IMJIacTOB B MPUBEACHHOM
nmpuMepe nponaaaet oopaTHOe nepeceyeHne rpaguKoB. ITO YMEHbIIAET HAIEKHOCTD
UHTEPIpPETAlMU, TaK KaK TaKoH ke XapakTrep (OJHOBPEMEHHOE IMOBBIIICHUE Py JUIS
00erx YCTaHOBOK) MMEET aHOMaJiusl HaJ MPUMOBEPXHOCTHOM IJIOXO MPOBOASIIEH
HEOJHOPOIHOCTBIO.

Han npoBoasiiuM TuiacToM B ciiydae JBYX OOBEKTOB MpsSMOE IepeceyeHue
rpauKOB COXpPAHSAETCS, HO CMEUIAETCS B CTOPOHY IJIacTa BBICOKOTO COMPOTUBIICHUS.
3HaveHne p" MEXKTy MIACTAMH CHIBHO MOHHKEHBI 110 CPABHEHHIO CO CIydacM
oJHOTO Iacta (cpaBuuTe ¢ puc.3.1,0). B 1ienom rpaguku p, B 3TOH 4acTu mpoduis
0O0JIbIIIe TTIOXO0KM Ha aHOMAJIMIO OT KOHTaKTa (cM.puc.3.1, ).

AHOManMsiT HajJ  IUIOXO MPOBOMSIIMM  IUIACTOM B CUMMETPUYHOM
npoGUIMpPOBaHUU MaJi0 OTJIMYAETCS OT aHOMAJWU HaJ OJMHOYHBIM IIacToM. B
Clly4ae ABYX IJIACTOB TOJIbKO HEMHOTO YMEHBIIIAETCSI €€ MHTEHCUBHOCTH (cM.puc.3.1,
6). Ham MajoMOIIHBIM TPOBOAIIAM IUIACTOM aHOMAaJHMsS B O0OMX CIydasX HUMEeT
BECbMa Mallyl0 MHTEHCUBHOCTh (MeHee 20%). B peanbHbIX YCIOBHUSX aHOMAIUU
TaKOM HMHTEHCUBHOCTH 4Yallle BCErO BBIAEIUTh HE YyAAaeTcs. 3aMeTUM, 4YTO B
KOMOWHUPOBAaHHOM TPO(GUIMPOBAHUU HAJ TaKUM OJMHOYHBIM IIJIACTOM aHOMAJIWS
oueHb oTyeTnuBas (cMm.puc.3.1, 6).

Haumensbliee nckakeHHE aHOMAJIHMM OT COCEIHMX OOBEKTOB HAOJIOJAeTCs B
METO/I€ CPEMHHOTr0 rpagueHTa. B 3ToM ciyyae, eciii pa3HOC MUTAOIIUX 3JIEKTPOAOB
AB noctaTo4HO OOJIBIIONW, B CpeAHEH YacTHM YCTAaHOBKU IOJIE MOKHO TI0JIarath
oHOpoAHBIM. Ecniu ycTaHOBKAa OpHEHTUPOBAHA BKPECT MPOCTUPAHUS BEPTUKATBHBIX
IpaHMll paszfena, MpU TMEepexoJie 4Yepe3 HUX HM3MEHEHHs IUJIOTHOCTM TOKa He
MPOUCXOIUT M BO BCEX TOYKaX MPOGUIIS jun= | own. I103TOMY, cormacHo (3.1), p= pwmn,
T.€ KaXyLIEEeCs CONPOTUBIECHUE PABHO YAEIBHOMY CONPOTUBIIEHUIO TOW Cpenbl, B
KOTOpOHM pacrojiaraercsi npueMHas JuHus. Eciu pa3Hble y4acTKU Cpeibl MEXITY
MPUEMHBIMH 3JIEKTPOJIAMH PA3IUYAIOTCS MO YJAEIbHOMY CONPOTHUBJICHUIO, BEIUYMHA

p vmn HaXOOUTCS, KaK CpEeAHee B3BEUICHHOE 3HaueHue. Hampumep, mycTh y4yacTok
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JUTMHOM d MMeeT yJebHOe CONMPOTUBIICHUE Py, @ OCTaBINascs yacTh nHTepBasia MN -
COITPOTHUBIIEHUE P,. Torma

_ p,d +p2(|\/|N _d)'
MN MN

(3.3)

['paduk p, cpeAMHHOTO TPAJAMEHTA JJI PACCMATPUBAEMOTO T€03JIEKTPHUUECKOTO
paspese npuBeneH Ha puc.3.1,r. Kak BUOHO U3 pUCYHKA, B METOAE CPEAUHHOIO
rpaJlieHTa aHOMAaJUU HWMEIOT HECKOJBKO OOJBIIYI0 HWHTEHCUBHOCTh, YEM B
CUMMETPUIHOM TIPOGUIHPOBAHUH.

PaccMmoTpeHHbIl crioco0 MpUOIMKEHHOTO TMOCTPOEHUs TpaUKOB p, MOKHO
MPUMEHUTH U KOTJa KPYTOIAJaolIe TPaHULbI pa3/iesia IEPEKPBITHI CIOEM PBhIXJIbIX
oTioOKeHHil. B 3TOM ciydae xapaktep TpadHUKOB COXpaHSAETCA, TOJBKO OHHU

CTaHOBSATCS OoJIce CrJIa>KCHHBIMH, 4 THTCHCHUBHOCTD aHOMaJIN1 YMCHBIIACTCAI.

3aganue

1. Tloctpouth rpaduku p, [T BCTPEUHBIX TPEXDIEKTPOJHBIX YCTAHOBOK
(KOMOMHHMPOBAHHOTO MPOMOUIUPOBAHMS ))HA 3aJJaHHBIM T'€03JIEKTPUUECKUM Pa3pe3oM
C BEpTUKAJIBHBIMU TpaHUIlaMu pazjena. Crienure, yToObI MOJOKEHHUE XapaKTePHBIX
TOYeK rpa)uKOB COOTBETCTBOBAJIO pa3MepaM Balllel YCTaHOBKH.

2. Ilo rpadukaM pg Il BCTPEUHBIX TPEXIICKTPOJHBIX YCTAHOBOK MOCTPOUTH
rpaduK p, CAMMETPUYHOTO MPOGUITUPOBAHMUS.

3. IToctpouTts rpaduk p, CPEAMHHOTO IPAAUCHTA.

4. TlonpoOHO OMMINUTE XOJ PACCYXKJIEHUU, KOTOPHIMU BBl MOJIB30BAIMCH MPHU
MOCTPOCHUU TPaPuKOB p,. Onuimre XapakTepHbIC TMPU3HAKK aHOMAIMN Ha
UMCIOIIIUMHUCST B BallleM pa3pe3e O00beKTaMHU. YKaXHUTe, Kak 1o rpadukam py

OIIPCACIIACTCA IIOJTOKCHHUC I'PaHUll pa3acia.

Pexomenpanus o BBITIOJHEHUIO 3aIaHUS
[Ipexxne dYem MNPUCTYNUTH K TIOCTPOCHHUIO TpaduUKOB p, HA JUCTE
MUJUIMMETPOBKHA HAYEPTUTE TEOIEKTPUUYECKUM paspe3. Ham paspesoM mnokaxure

rpaguK UCTUHHBIX YIEIBHBIX CONMpoTHBICHHWH. Ha momocke Oymarum Hapucyiite B
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MacimTabe Bally TPEXAJICKTPOJHYI) YCTAHOBKY, OTMETHTE TOYKY 3alUCH — IEHTP
npuemHo suHUM (puc.3.2) Ilepememias cxeMy YCTaHOBKH BJIOJIb pa3pesa,
aHAIM3UPYWUTE TIOBENIEHUE Py, TOYHO OTMEUANTE MOJIOKEHUE XapaKTEPHBIX TOYEK
rpaduka, KoTopble HAOJIIOJAIOTCS, KOTJa KaKOH-IHOO 3JEKTPO pacroiaraetcs Ha

I'paHunC pa3aciia.

\T

Puc.3.2. [llabnon ans moctpoeHus rpaduka

Jlutepatypa no teme 3ananus: /4/, cc.92-93, cc.104-117; /5/, cc.66, cc.77-87.

3ananue 4. OnpeaesieHue THIIOB MHOIOCHAOMHBIX KpuBbIX BI3. Omnpexe-
JIeHHe CyMMAapHOH NMPOJ0JIbHOI MPOBOAUMOCTH S M yeJbHbIX CONPOTHBJIEHUI

BEPXHEro U HUZKHET0 CJIOECB.

KpuBbie 30HAMpPOBAHKS PA3INYAOTCS O YHUCIY CJIOEB B pa3pe3ax, KOTOPHIM
OHHM COOTBETCTBYIOT. Pa3nuyaroT IBYXCIOWHBIE, TPEXCIONHBIE U MHOTOCIOWHBIE (C
YHUCJIOM CJIOeB OoJiee Tpex) KpuBbIe. B ciydae HEOOXOAMMOCTH KOJHMYECTBO CIIOCB B
MHOTOCJIOMHBIX pa3pe3ax KOHKPETU3UPYIOT U, COOTBETCTBEHHO, BBIACIISIOT KPHUBBIC
YETBIPEXCIIONHBIE, TATUCIONHBIE U T.I.

bonee neranpHas kimaccuuKamus MPOU3BOIUTCS IO COOTHOIICHHIO YACIBHBIX
CONPOTUBJICHUH CJI0€B. [[ByXCIOMHBIE KPUBBIC TIO ITOMY MPU3HAKY MOTYT OBITh JBYX
TUMOB: KPUBBIE C BOCXOJSIICH BETBBIO (Py>p;) M KPUBBIE C HUCXOJSAIICH BETBBIO
(P2 <py)-

TpexcioliHble KpUBBIE MOTYT OBITh ueTbIpeX TUIOB. KpuBble ¢ Xopoiio
MPOBOASIIUM MPOMEKYTOUHBIM CIIOEM (p1>p, <p3) HA3BIBAIOTCS KPUBBIMHU THNA H.
OTU KpHUBBIE MUMEIOT MUHUMYM B cpeaHerd vactu. KpuBbiMu Thna K Ha3bIBalOT
KPUBBIE C MaKCUMyMOM, COOTBETCTBYIOIIME pa3pe3y ¢ IUIOXO MPOBOSIIUM
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MPOMEXYTOUHBIM  cioeM  (p1<p>ps). KpuBble Tuma Q xapakrepusyroTcs
MIOCTENICHHBIM YMCHBIIICHUEM P, TI0 MEpEe YBEIIMYCHUS pa3Mepa YCTaHOBKH AB/2. Ot
JBYXCIIOMHBIX KPUBBIX C HUCXOJSIIEH BETBBIO OHU OTJIMYAIOTCS] HAIMYUEM B CPEAHEN
YacTH KOJEHOOOpa3HOro ycrymna (He Bcerja 4eTKO BBIPaK€HHOTo). Takue KpuBbIE
COOTBETCTBYIOT Pa3pe3aM, B KOTOPBIX KaXIbIi HIKEJIEKAIIUNA CIIOH NMEET YIEIbHOE
CONPOTHUBJICHUE, MCHBIIIEE, YEM Y BBIIIEIEKAIIETO CIos (P1>p,>p3). B KpuBbIX THTA
A, HampoOTHUB, P, C yBenuueHueM AB/2 Bo3pactaer. Takue KpuBBIE COOTBETCTBYIOT
pa3pe3aM, B KOTOPbIX KaK/Iblil HIDKEIEKAIUI CI0M UMeeT 00Jiee BBICOKOE YAEIBbHOE
conpoTHBIIeHUE (P1<p2<pP3).

[Ipn ompeneneHnM TUNa MHOTOCIOMHBIX KPHUBBIX HX pPacCMaTpPUBAIOT, Kak
COBOKYIIHOCTh TPEXCIOMHBIX KpuBbIX. CHadajla BBIACIAETCS YYacTOK KPHUBO,
COOTBETCTBYIOIIIMM TPEM BEPXHHUM CIIOAM pa3pe3a U OINPEIEIAETCs €ro THI. 3aTeM
oTOpachIBaeTCsl MEPBBIA CIIOM, 10OABISAETCS Yy4aCTOK KpPHUBOM, COOTBETCTBYIOIIMN
YETBEPTOMY CJIOK0 M ONPENEIACTCS TUIl MOJYYUBIICHCS TPEXCIONHON KPUBOU U T.J.
€CIM 3alncaTh IO TOPSAKY CHMBOJBI BCEX TPEXCIOMHBIX KPHUBBIX, ITOJYYUTCS
Ha3BaHUE MHOTOCJIIONHOM KpuBOil. YHCII0 CHMBOJIOB B MIM(pPE MHOTOCIONHON KPUBOU
Ha JIBa MEHBIIIE YMCIIa CIOEB B paspese. [Ipumep ompeneneHus tuna nsATUCIONHON

KpUBOW npuBeeH Ha puc.4.1.

i KpuBaa QOHA Py — o0

100 -

10 1

AB/

b

S0 105 1005

Puc. 4.1. IIpumep onpeneneHus TUIIAa MHOTOCTIOHHONW KPUBOM

VY 1enbHOE CONPOTUBIICHUE BEPXHETO CIIOS P OMPEAENSETCS MO ACUMITOTE K
HayaJbHOM YacTU KPUBOW. AHAJIOTMYHO OIPENENAETCS YNEeIbHOE COMPOTUBIICHHE
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caMoro HWWXKHEro ciosi. Ecium 3TO compoTHBiieHHE MHOTO OOJIbLIE YIEIBHOTO
conpoTuBIeHUs Bbienexaniero cios (B 50-100 pa3 u Oosee), KpuBas BbIXOJUT Ha
ACUMIITOTY, HAKJIOHHYIO K OCSIM KOOpAMHAT MO yriaom 45°. B aToMm citydae yaenbHOe
COTIPOTUBIICHUE HIKHETO CJIOS TOJaraloT OECKOHEYHBIM. Y IETbHOE COMPOTHUBIICHUE
IPOMEXYTOUHBIX CJIOEB ONPEJEIUTh HENb3sl, MOXXHO TOJBKO JaThb HX TIpyOyro
OLICHKY.

B cinydae GECKOHEYHOrO CONMPOTHUBIICHHSI HHIKHETO CIIOS TOUYKA MEPECCYCHUS
aCUMITOTHl K KOHEYHON 4acTU KPUBOU ¢ ocbto AB/2 (npu p,=1) umeer koopauHaTy
ABI2=S, paBHyH cyMMapHOW NpPOBOJMMOCTH pa3pe3a (cm.puc.4.l). 3HadeHume S
MOHO ONpPEAeNuTh MO JI00oW Touke acuMntoTel. Hampumep, npu p,=10 Om'm
ABI2=10S, npu p=100 Om'Mm AB/2=100S (cMm.puc.4.1). HbIMH cCJIOBaMH, B3sB

J00YI0 TOYKY aCUMITOTHI, MOKHO HaTh S= AB/2 p,.

3aganue

1. Onpenenuth TUIT KaXI0M U3 3aJaHHBIX MHOTOCJIOMHBIX KPUBBIX.

2. Onpenenuth yaeiIbHOE COIMPOTUBIACHHE BEpXHEro (pi) W HIDKHEro (py)
cnoeB. CrenyeT yka3blBaTh KOHKpeTHOE 3HaueHue N s Baiiero cirydasi.

3. Jlmg KpuWBBIX, COOTBETCTBYIOIIMX pa3pe3aM ¢ OECKOHCYHBIM YJICIbHBIM
CONIPOTHUBJICHUEM HIDKHETO CJI0SI, ONIPEICTUTD MPOJAOJIbHYIO MPOBOJIUMOCTE S.

Jluteparypa mo Teme 3amanus: /3/,cc.280-286; /4/,cc.125-126, 133-146;
/6/,cc.120-124; /7/,cc.155-157.

3ananue S. Bb10Op HCTOYHMKA TOKA M pacyeT NUTAKMIUX 3a3eMJICHU.

[lenbto pabOTHI SIBJISICTCS TOJIYYEHHE HABBIKOB OIICHKM HEOOXOJMMBIX B
3aJIaHHBIX ~ YCJIOBHSIX TApaMeTpOB HMCTOYHWUKA TOKA, BHIOOpA TOJAXOJSIIETO
reHeparopa i 0aTapeMHOr0 UCTOYHHUKA U pacueTa MUTAIOIINX 336 MJICHUM.

B kadecTBe HMCXOAHBIX JAHHBIX B 3aJIaHUM YKa3bIBAIOTCS THII U pa3Mephl
AIEKTPOPa3BEAOUYHOMN YCTaHOBKH, oXujaemas BEJIMYMHA KaXXyILErocs

conpoTuBieHusi, yposenb nomex U, B MB/kM, xapakrep mouBel M €€ yAenbHOE
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COTIPOTUBIIEHUE Py, IPeANonaraeMast rryOrHa 3a0UBKU 3JEKTPOJAOB £ U UX AUAMETP.
[IpuMEHUTENBPHO K 3TUM YCJIOBHUSM MPEIIONAraeTcs ONPEACIUTh MUHUMAIbHOE
3HaYeHWe CWIbl TOKa |, B THUTarOmEd JIMHUM, OOECIEYMBAIOIIEE YBEPEHHOE
M3MEPEHHE Pa3HOCTU NOoTeHHHATOB AU Ha mpHeMHBIX 3JE€KTpoJax M BhIOpaTh THUI
UCTOYHMKA TOKAa. 3areM CIEAyeT OIPENEIUTbh MaKCHMAIBHO JIOIyCTHUMOE
CONPOTUBJIEHUE NUTarome JuHuM R,p, BBIOpaTh MOAXOIALIMI THUI IPOBOAA,
paccuuTaTh CONPOTUBJICHUE OJHOIO 3JEKTpoja. Eciu CONpoTHBIEHUE IMHUHU C
OIHHMM DJIEKTPOAOM HAa KaXIOM 3a3¢MJICHMM IIPEBBIIAET JOIYCTUMOE, HaJo
ONPEIEIUTh, CKOJIBKO 3JIEKTPOJIOB CIEAYET YCTAHABIMBATH HA KAXKJOM 3a3€MJICHUM.
IIpu sTOM yKa3aTh, Ha KakOM pAacCTOSHUM B 3a3eMJICHUM OyayT pacroyiaraTbCs
AJIEKTPOJBI M MPH pacyeTe COMPOTHUBJICHUS 3a3€MIICHHS Y4YeCTh KOIPPUIUEHT
UCIIONIb30BaHUs 3a3emiieHuid 1. llpu pacuere conmpoTHBIIEHHS OJHOTO 3JEKTPOJA

CICOyCT YUYUTHIBATDb KOB(b(bHHI/IeHT Ka4CCTBA KOHTAKTA JJICKTpOJa C II0YBOH C.

1. Onenka HeOOXOIUMOM CUJIBI TOKA M BBIOOP ero uctoununka. OrneHka J0myCcTUMOTO

COIIPOTUBJICHUA HI/ITaI-OIHCﬁ JIMHHU.

B peanbHbIX yCIOBUSIX H3MepsieMass Ha MPUEMHBIX SJEKTPOJAX pPa3sHOCTh
MOTEHIIMAJIOB CKJIAJILIBAETCS W3 TOJE3HOTO CHUTHAjda M CHUTHaja-moMexu. UToOwl
oOecrneunBanach TpeOyemas MHCTpYKIMEHN 1O 3JIEKTPOPa3BEAKE TOUHOCTh U3MEPEHUN
He xyxe 5%, nmone3nbi curHan AU nospkeH mpeBblmath nmomexy U, mo kpaiinei
Mepe B 20 pa3. U3 3TUX CONpOTUBICHUN U OLIECHUBAETCSI MUHUMAJILHO HEOOXO1uMast

CUJIa TOKA B MMATAIOLICH JTUHUU:

AU :'AB%zzou", (5.1)
IAB 2 ZOKUH 1 (52)
P

rae K- koo huimeHT ycTaHOBKHY.

ITon U, mnompazymeBaeTcs pa3HOCTb IOTEHIIMAJIOB, BbI3BaHHAs IIOMEXaMH, Ha
HWHTEpBaJie, paBHOM pa3Hocy npueMHbIX 31ekTpogoB MN. Eciu nmomexa 3agaHa Ha
WHTEpBaJie APYroil IJWHBI, Halo nepecuntaTh €€ Ha cBor pazmep MN. Hampumep,
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mycTh moMexa coctasisieT 10 mB/kwm, a pasaoc MN 50 m, T.e. 0,05 kM. OdeBuaHo, B
ATOM CITydae Ha MPUEMHBIX JJIEKTPo1ax OyaeT HabIt01aThes
U,=10-0, 05 =0,5 mB.
[Ipennonokum, 94T0 U3MEPEHUS BBITOIHAIOTCS CUMMETPUYHOM YCTaHOBKOM C
pasmepamu AB=500 M, MN=50 M. OxriaemMmoe KaxyIeecs CONpOTUBICHUE TOPSIKA
400 Om-m. [Jlnsa ol ycranoBku K=3886 M. HeoO6xoaumas cuia Toka

S 20-3886-05-10°°

S = 0097A =97 MA.
400

B manHOM mpumepe HeoOxoauMasi CHla TOKa UMEeT HEOOIbIIYIO0 BETMYUHY U B
Ka4eCTBE MKCTOYHMKA TOKa MOXHO MHCIIOJB30BaTh amnmaparypy, HMEOIIYIO
MaJIOMOIIHBIM T€HEepaTop WM OaTapero rajJbBaHUYECKHX 3JIEMEHTOB. PaccmoTpum
00a BapuaHTa.

Bapuanm 1. Jonyctum, mbl BeiOpanu ammapatypy OPA-B-3HAK. I'enepatop
ATOM amnmapatypbl MMEET MakCMMajbHyl0 MomHocTh P=40BA (3Ta amnmaparypa
IEPEMEHHOT0 TOKa, IO3TOMY MOIIHOCTh u3Mepsiercss He B Bt, a B BA).
MakcumanbHoe HanpsikeHue reneparopa 500 B. Ho Hamo mnpoBeputh, Kakoe
HaIpsKEHUE BO3MOKHO ITOTYYUTH IPH HAILIEW CHIIE TOKA:

u,, =lwe_ 0 _4pp
| 0097

Takum 00paszom, ciemyeT OpUEHTHUPOBATHCS Ha HANPSOKEHUE TeHepaTtopa He Ooliee

412 B. MakcumanbpHO AOIYCTUMOE CONPOTUBIICHUE MUTAOIIEH JIMHUN

Rupe = = —2 _ 4247 Om.
| 0097

Bapuanm 2. Mpl peunuid BBIIOJHATH PaOOTy Ha TIOCTOSHHOM TOKE H
UCIOJIb30BaTh OaTapeHbI HICTOYHUK MUTAHMS. BXOASIINUNA B KOMIUIEKT anmnaparypbl
OPA-II uCTOYHHUK TOKAa MOJKET JaTh MakcHMaJbHBIN TOK 20MA. CiaenoBaTeiabHO, OH
HE TOIXOOUT M TMpuaeTcs paboTaTh ¢ MOCTOPOHHUM HCTOYHHUKOM  TOKA.
CneunanbHble 3JeKTpopa3Beqounble Oarapen ['PMIL] B Hacrosimiee BpeMsi He
BeIMyckatoTcst. [loaTomy mpuaercs MOHTHpOBAaTh OaTapelo W3 HaXOISAIIMXCS B
IIPOU3BOJACTBE TAIbLBAHUYECKUX 3JIEMEHTOB. MMeromue mupokoe pacrupoCcTpaHEHUe

anemMeHThl 3336 (3T0 KBajpaTHbIE (POHAPHBIC AIIEMEHTHI, KOTOPhIE MPaBUIbHEE OBLIO
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Obl Ha3BaTh OarapesMH, TaK KaK OHHU COCTOSIT M3 3 3JIEMEHTOB) MMEIOT pabouee
HanpspkeHue 3,7B ¥ MO3BOJAIOT IONY4YUTh TOK cuiaor 10 350MA, d4ro Hac
ycrpauBaeT. CoOepem Oartapero u3 20 mociaenoBaTelnbHO BKIIIOUEHHBIX 3JIEMEHTOB.
Hampsoxenue takoii 6arapen Oynet 74 B. ConpoTuBiieHre MUTAIONIEH JTUHUN B TOM

ciiyJae

AB 138fi =E=i=763 Om.
| 0,097

R

barapes Oyzner umerh Maccy 0Oe3 yNMakOBOYHOIO fUIMKa 3 KI (BEC OAHOTO
anemenTa 150 r). EMkocTh BeIOpaHHBIX HaMu 31eMeHTOB 0,5A yac. [Ipu Hamem Toke
okosio 0,1 A emkocTu OaTraped XBAaTUT Ha 5 4acoB HENpepbIBHOW paboThl. Tak Kak
M3MEPEHHs Ha IOCTOSSHHOM TOKE BBIIOJIHSIOTCA MPU KPATKOBPEMEHHBIX BKJIFOYEHUSIX
TOKa B MUTAIOUIEW JMHUM, €MKOCTH Oarapeu XBaTUT Uid pabOThl B TEUYEHUE
HECKOJBKHX HezAenb. ECIM Ha HEKOTOPBIX YYacTKax CONPOTHUBIICHHE MUTAOLIEH
JUHUM OyJeT YMEHBIIATbCd W TOK OyJeT 3HAUYMTEIbHO YBEJIWYMBATBCS, IS

APKOHOMHUU Oarapeil cieayeT YMEHbIIUTh HampsbkeHue. Jjig 3Toro menecoodpasHo

caenath y 6arapen CeKIIMOHUPOBAHHBIC BHIBOIBI.
2. Pacuer 3a3zemiieHuii

[Tycth 3a3emieHust nenaroTcsd B MIEOCHUCTOW MECUaHO-TJIIMHUCTON MOYBE C
yACNbHBIM compoTuBieHueM p, =90 Om'M. M3-3a 1meOEHKM KayecTBO KOHTAKTa
AJIEKTPOJIa C IMOYBOM HE OUYEHb Xopoluee M KOIPPUIMEHT KauecTBa KOHTAKTa ¢
npuMeM paBHbBIM 4. DJEKTpOIbl MpeArnojaraercs 3aduBaTh Ha TIyOMHY (=25 cMm.
Huametrp saextposioB 2 cM (paguyc a=1 cm). Torga cCONpoOTHBIEHHE OIHOTO
ANEKTPOJa

R =0367.c-Prig2l _0367.4 20 19 0° _
/ a 0,25 ~ 0,01

898 OM.

[TuTtaromas JUHUS COCTOUT U3 JABYX 3a3€MJICHUN U COCTMHUTEIHHOTO MPOBO/IA.
B namem ciywae, xorja JJIMHA TWTAONMICH JMHUM HEBEJIMKA M CHJIA TOKA TOXE
HeOobIas 1e1ecoo0pa3Ho B3sITh JIETKUH MpoBoA. HecMoTps Ha ero QocTaToyHO
OOJBIIOE COMPOTUBJIIEHUE, MPU MaJOW JJMHE M Majoll Ccuje TOKa ToTeps
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HampspkeHuss B mpoBoje Oyaer HeOonbmoi. Boszemem  mposox I'TICMIIO ¢
conpotuBieHueM 50 OM/KkM. IIpn e nuraromen mauaun AB=500 M
conpoTuBieHue npoBoaa Ry,=25 Om. Ecnu kakgoe nuraromiee 3a3eMICHHE CIENIATh
U3 OJTHOTO JIEKTPOAA, CONPOTUBIICHUE MTUTAIOIIEH JINHUU

R = 2R, +R, =2-898+25=18210M.

B paccMoTpeHHOM BBIllIE nepgoM Gapuaume AOIMYCTUMOE COMPOTUBICHUE
nuTatomeid auHuM Obuto 4247 Owm. CrenoBarenbHO, NMpU paboOTe C amnmapatypou
OPA-B-3HAK nocTtaTo4HO Ka)J0€ NUTAIoIIee 3a3eMJICHUE JeJlaTh W3 OJHOTO
ANEKTPOAA.

Bo emopom eapuanme, mipu pabore ¢ OarapedHBIM HCTOYHHKOM TOKa,
CONPOTHUBJICHUE MUTAIONICH JIMHUM MO HAIUM pacyeTaM JOJDKHO OBITh HE OOJIbIIe
763 OM. B aTom citydae AJi1 yMEHbIIIEHUs COIPOTUBIICHUS JIMHUU 3a3eMJICHUS Oy1eM
yCTpauBaTh W3 HECKOJBKHX JJIEKTPOJOB Kaxjaoe. PaccuumraeM nmomyctumoe

COIIPOTUBJICHUC OAHOI'O 3a3CMJICHHUA:

Rs—R 763—-25
R, <—2 ™ _ =3690M
2
Korzaa B 3a3eMJIECHMH HECKOJIBKO 3JIEKTPOJOB, OHH OKa3bIBAKOT B3aHMMHOE BIIMSHHUE U
ux 3(QQPEeKTUBHOE CONPOTUBIICHUE YBEIMYMBAETCS TeM OoJbllle, YeM MEHBIIIE
paccrosHre 0 wMexay diekTpogaMu. DPPEKTUBHOE COMPOTHBICHUE KaXIOTO

QJICKTpOda B CUCTCMC 3a3CMJICHUA

Raacb. :_3’ (53)

d
rae n= -K03((PUITMEHT UCTIONB30BAHUS 3a3EMIICHUS.
d+/?

Bynem pacnonarath 3nekTpojabl Ha paccTosiHuu 4£ OAWH OT IPYroro, T.€. B HaIleM
cinydae Ha pacctosiuuu 1 M. Torna ko GuIMeHT HCOIB30BaHMS 3a3EMIICHUS

1

=102

b

D¢ heKTUBHOE CONMPOTUBIICHUE OJTHOTO JJICKTPOa B CUCTEME 3a3EMJICHHUS

R, 898

R, =—=—=1122 Om.
- n 08
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Torz[a KOJIMYICCTBO 3JICKTPOAOB B OAHOM 3a3CMJICHUU

R
S w220, (5.4)
R, — 369

3a3.

OprrJ'II/IB 9TO 4YHUCIIO, MOKHO IIPUHATH KOJUYCCTBO JJICKTPOJAOB B KaXXJIO0M

3a3CMJICHUH PABHbBIM 3.

Jlononnenue 1

[TpumepHoe 3HaueHHEe KOA(PUIMEeHTa KauecTBa KOHTAKTa JICKTPOIa CO CPEIor IS
Pa3TUYHBIX THUIIOB TIOYB:

Bonorucras nousa ¢=1,5

ITouBa necuyaHO-TIMHUCTAS WX ecYaHas BiaaKHas ¢=2

[TouBa mecyaHo-TIIMHUCTAS cyXas ¢=3

ITouBa nmecuanas cyxas c=4

ITouBa nmecyano-raIMHUCTAS CO MICOCHKON ¢=4

[Tousa mebenucras ¢=5

JlomosiHenue 2
®opmyna ais kodhuIreHTa JUMOJIbHON 3KBATOPUAILHON YCTAaHOBKH JOCTATOYHO
rpoMoszaka. IToatoMy yacto mpu pacuere Kod3(pPUUUEHTa YCTAaHOBKH MOJIb3YHOTCS
BBIPQXKEHUEM JUIsl HANPSDKEHHOCTH MOJIA MACAJBbHOIO AUIOJNSA, a 3aT€M BBOJST
“nomnpaBKy 3a HEJUIIOIBHOCTH .

Ecnu paccrosiHue Mex 1y HEHTPAMHU JIUTIOJIEN B SKBATOPUAIBHON YCTAHOBKE I,

_Ip-AB

E=E, 2mr

(5.5)

[Ipu KOHEYHOM pa3zMepe MPUEMHOTO JUIIOJIA, €ClIU Mojararh noje Ha uarepsasie MN
OTHOPOJHBIM,

Ip-AB

3

AU = MN. (5.6)

21r

PeiuB 3T0 ypaBHEHHE OTHOCUTENBHO P, HaiieM KO3(PPUIUMEHT YCTaHOBKHU:

AU 2w
P B MmN

(5.7)

25



K= 2mr? .
AB-MN

(5.8)

UtoObl yd4ecTh KOHEUHBIA pasmep aunojied (“HeAMNOJIbHOCTH ) HaAo
YMHOXHUTh 3TO BbIpakeHue Jyisi K Ha mompaBouHbld MHOXUTEIL. HoMorpamma st
OTIpE/ICJICHUS] TIOMPABKM 3a HEIUIOJIBLHOCTh TMpuBeAcHAa B MHCTpykmuu 110
aJIeKTpopasBeake /2/.

Ecmm AB<0,5r m MN< 0,2r, mompaBOYHBIA MHOXWUTEIh OTJIMYACTCA OT
equHunbl He Oojee, yemM Ha 10-11 mporenTtoB. Ilpu omnpeneneHun HEOOXOIUMOM
CUJIBI TOKa HAaIlu pacyeThl HOCAT OILICHOUYHBIA XapakTtep. [losTomy mompaBky 3a

HCOUIIOJIbHOCTH MOXXHO HC BBOJAHNTD.

3amanne
1. Ouenutrb HEOOXOAMMYIO B 3a/laHHBIX YCIIOBUSIX CHJIy TOKa B MHUTAIOLICH
JIMHHH.
2. BpiOpaTe moaxonasmuii CTOUYHUK ToKa. OIEHUTh MaKCHMAaJIbHO JOMYCTUMOE
CONIPOTHUBIJICHUE NTUTAIOIIECH JIMHUU.
3. Bemoanute pacuer 3azemuieHmid. OmnpenenuTh HEOOXOAUMOE KOJUYECTBO
AJIEKTPOJOB Ha NUTAIOIIUX 3a3EMIICHUSX.

4. BpiOpaTh MOAXOASIINNA THIT TPOBO/IA.

JlutepaTypa no Teme 3amanus: /1/; /4/, cc.49-58, 68; /6/, cc. 80-82, 84-89, 93-94; /7],
cc.103-105, 133-135; /8.
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3aganue 1. OneHKa HHTEHCUBHOCTH aHOM AU

€CTeCTBEHHOI0 10JIs PUJIbTPALMOHHON MPUPOIBI

Jlnst 1ByX TpexcioiHbIX pa3pe3oB | u |l ¢ mioxo mpoBoAsIIMM OCHOBaHUEM
3a7[aHbl MOIITHOCTHU Ny 1 N, ¥ yienbHbIe CONPOTUBIICHUS P U Py IBYX BEPXHUX CIIOCB.
[Io mpomMexyTOYHOMY CIJIOI0 MPOUCXOJUT (QUIbTpalus MHOA3eMHBIX BoA. /[lnuHa
yuacTka ¢uibTpanuu L. PasHOCTH MOTEHIMAIOB MEXIy €ro HayajioM M KOHIIOM B
000MX ClTy4asiX OIMHAKOBa. B KOTOpoM cityuae aHOMaJMs €CTECTBEHHOTO O OyAeT
oosbiie? OObSICHUTE, TOYEeMY (CaeTalTe HEOOXO0IUMbIE PACUETHI).

Bocnons3oBasunck popmyioit (6.2) B [2], OLleHUTE HANPSKEHHOCTH MOJIS Ha
INOBEPXHOCTU 3€MJIM, Mojaras JUIMHY Yy4acTka ¢uibTpauuu paBHod 1000 M, a
Pa3HOCTh MOTEHIIMAJIOB MEXIy €ro HadaJioM U KOHIIOM (BHYTPH CJIOsI) paBHOMU
500 MB. Onenure pa3HOCTh NMOTEHLMAJIOB, U3MEpPAEMYyI0 B mpueMHoi ysnHuu MN
mmmHOoN 50 M. OneHuTe pa3sHOCTh MOTEHIMAIOB MEXKy HayaJlOM M KOHLIOM Y4acTKa
(uIbTpallMK HA TOBEPXHOCTU 3€MJIM M CPABHUTE €€ C Pa3sHOCThbIO MOTEHIMAJIOB B

buIBTpyIOIIEM CIIOE.

Tabmuma 1
Bapuanrel 3aganus 1
Howmep Pazpes | Pazpes |l
BapHaHTa hy h, p1 Omnoka! hy h, p1 Omnoka!
Omnoka Omunbka
CBSI3H.D CBSI3H.)
1 2 3 4 S) 6 7 8 9
1 10 15 120 45 10 10 10 30
2 15 10 30 5 15 15 5 30
3 20 10 5 20 10 25 50 5
4 10 10 50 5 20 15 10 15
5 12 12 3 12 12 12 12 3
6 6 10 30 5 8 8 4 16
7 8 8 40 10 8 10 12 10
8 5 10 40 5 10 10 5 20
9 25 10 15 20 25 10 100 10
10 20 5 15 15 20 5 15 5




[Iponomxkenne Tadm.1

1 2 3 4 5 6 7 8 9
11 9 20 18 10 9 20 4,5 10
12 20 20 40 10 20 15 10 10
13 20 10 10 10 20 10 60 10
14 14 5 7 6 14 5 70 6
15 10 10 100 5 10 10 10 5
16 20 10 10 20 20 10 80 20
17 20 20 100 5 20 20 10 5
18 5 30 25 5 15 30 7,5 30
19 20 12 10 12 20 12 120 12
20 15 15 5 15 15 15 75 15
21 15 20 75 10 15 20 15 10
22 14 5 10 20 14 15 10 5
23 12 12 60 10 12 12 5 10
24 18 10 6 10 18 10 90 10
25 7 14 35 7 7 14 35 35
26 20 5 10 10 20 5 100 10
27 20 20 160 10 20 20 10 10
28 10 10 80 10 10 10 5 10
29 18 4,5 9 9 18 4,5 45 9
30 16 16 80 8 16 16 8 8
31 26 5 13 5 26 5 52 5
32 30 7 15 7 30 7 90 7
33 25 10 5 5 25 10 50 5
34 5 10 25 5 5 10 15 15
35 17 5 8,5 5 17 5 34 5
36 11 9 44 6 11 9 5,5 6
37 21 6 10,5 6 21 6 42 6
38 6 8 24 12 6 8 9 12
39 15 10 45 5 15 10 10 5
40 20 8 15 8 20 8 200 8
41 7 10 21 5 7 10 21 15
42 28 30 14 6 28 30 3,5 6




Oxonuanue Tadm. 1

1 2 3 4 5 6 7 8 9
43 28 16 7 16 28 16 112 16
44 9 17 90 8,5 9 17 9 8,5
45 17 15 68 5 17 15 8,5 5

HeoOxomumyio i BBIMOJMHEHUSA 3afaHusl WHGOPMAIUMIO CMOTpUTE B [2]

c.225-228, mmm [1] c. 41 - 42, unu [3] c. 45 - 46.

3aganme 2. Pacyer u conocraBjieHue MHTCHCUBHOCTH AHOMAJIMA 1), HAX

H30METPUYHBIMH 00bEeKTAMH NPH NMOBEPXHOCTHOM M 00bEMHOI MOJIAPU3ALUN

Paccuutath rpaduku Ham oOBEKTamMu, UMEKIMMUMU (HOpMy IIapa, B clydae
MOBEPXHOCTHOM W 00BEMHON mnossipuzanuu. B oboux ciydasx OOBEKTHl HMEIOT
OJIMHAKOBBIE pa3MephI U 3aJeTaloT Ha OAMHAKOBOU riryoune. J[s pacuera 1y, MOXKHO
ucrnoyib3oBath Qopmynsl (6.35) u (6.41) B [2]. B cinydae mnOBEpPXHOCTHOM
MOJISIpU3AIMN yACTBHOE CONMPOTUBIICHHE OOBEKTAa MOXHO MPHHITH PaBHBIM HYIIIO,
TaK Kak JJIT MACCHBHBIX PYJl OHO M3MepseTcs noassMu OM-Metpa. UToOBI paccunTaTh
AHOMAJIMIO OT OOBEMHO-TIOJSPHUIYIOIIETOCS OOBEKTa, MPEABAPUTEIHLHO OMPEICIUTE
ero MoJIAPU3yeMOoCTh 1o Gopmyiie (6.38) B [2]. Pacduersl BuIMONHUTE TS PO,
IPOXOJIAIIET0 Haa IEHTpPOM oObekTa. [nuHy nmpodusns BeiOepuTe Takoid, 4ToObl Ha
rpaduke ObUTM DKCTPEMYMBI MPOTUBOIIOJIOKHOTO 3HAKA MO 00€ CTOPOHBI OOBEKTA.
PaccunThiBaTh CclemyeT aHOMaJIbHBIC 3HAUCHUS My, a 3aTeM MPUOaBUTh K HHUM
MOJIAPU3YEMOCTh BMeMIarome cpeasl 1:=2 %. CpaBHUTE UHTEHCUBHOCTH aHOMAJIHIA
JUTS CITy4aeB TMOBEPXHOCTHOW M OOBEMHOMW TMOJSIPU3AINUA U OOBSCHUTE TMOJYYCHHOE
ux cooTHoleHue. Kpome rpadukos 1, mocrpoite rpaduk p, (£). s BeIYUCICHUIA
MOHO BOCIIOJIB30BaThCs popmynoit (5.17) B [2] unm dopmynoii (6.32), MONTOKUB B
nocieaaei A=0.

[Tpu BBIMOTHEHUHU PACUETOB BO BCEX CIIyYasiX HEOOXOAMMO YUE€CTh TPAHUILY
pasnena «3emisi — BO3IyX» (HEKOTOpbIe (JOPMYJIBI B TUTEPATYPE MPUBEICHBI JIJIS

0e3rpaHnyHOI cpefpl). OnuinuTe BUJ BceX rpauKoB.
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Bapuanrel 3aganus 2

Ta0mnuma 2

N a, h, P1, P2, v, A, & a, h, P1, P2, v, A,
S = M |[OMmM | OMmMm| % M S = M |[OMmM | OmMm| % M
S 2 S 2

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 100 | 160 | 200 60 12 0,3 24 | 100 | 160 | 400 | 200 12 0,3
2 50 | 75 | 100 25 15 0,25 25 90 | 135 | 300 90 10 0,2
3 75 | 150 | 150 60 10 0,2 26 70 | 105 | 200 80 9 0,25
4 100 | 170 | 300 | 100 7 0,15 27 60 | 120 | 250 75 10 0,2
5 80 | 120 | 250 50 20 0,4 28 80 | 120 | 150 60 14 0,3
6 70 | 110 | 120 30 16 0,35 29 50 | 100 | 100 35 12 | 0,25
7 90 | 145 | 200 65 9 0,1 30 75 | 150 | 200 60 13 0,2
8 60 | 90 | 140 56 8 0,2 31 90 | 155 | 300 75 17 0,3
9 55 | 90 | 180 65 6 0,25 32 80 | 135 | 250 75 16 | 0,25
10 | 110 | 180 | 200 60 11 0,15 33 70 | 120 | 400 | 100 15 0,2
11 | 100 | 175 | 100 20 13 0,3 34 60 | 90 | 120 40 11 | 0,15
12 | 80 | 145 | 160 48 12 0,25 35 50 | 100 | 100 35 14 | 0,25
13 | 75 | 150 | 300 75 18 0,35 36 | 100 | 150 | 400 | 160 12 0,2
14 | 100 | 150 | 400 80 16 0,25 37 80 | 130 | 350 | 140 10 0,2
15 | 70 | 120 | 350 | 175 | 20 0,2 38 90 | 155 | 300 90 12 | 0,25
16 | 80 | 130 | 500 | 250 | 10 0,1 39 70 | 120 | 200 80 13 0,3
17 | 60 | 90 | 250 75 12 0,25 40 60 | 95 | 150 60 15 | 0,25
18 | 90 | 180 | 400 | 120 | 14 0,3 41 50 | 75 | 100 35 14 0,2
19 | 100 | 165 | 200 80 12 0,2 42 80 | 145 | 180 60 13 | 0,25
20 | 50 | 80 | 250 50 10 0,15 43 75 | 135 | 300 | 120 18 0,3
21 | 60 | 100 | 300 | 120 9 0,2 44 90 | 145 | 250 | 100 16 0,2
22 | 70 | 140 | 200 80 12 0,25 45 | 100 | 165 | 300 | 120 15 | 0,15
23 | 80 | 135 | 100 35 20 0,35 46 50 | 90 | 200 80 14 0,2

[Tpumeuanwue. a - panuyc o0bekTa; h - riryOnHa HeHTpa 00BEKTa; Py - yACIBHOE CONPOTHBIICHUE

BMEIIAIOIIEH CpeNbl; P, - YAEIBHOE COMPOTHUBIICHUE OOBEKTA; U - COAEPKaHUE Py THON

BKPAIICHHOCTH B 00BEKTE; A - KOAQPHUIMEHT HOBEPXHOCTHOU MOJSIPU3ALMN 0OBEKTA.

HeoOxomuMyro JUtsi BBITIOJHEHHUS 3aqaHus WHGOpPMAIMIO cMOTpuTe B [2],

. 245 - 251; c. 182; c. 185 - 186.




3ananme 3. Pacuer KaxXyuerocst COnpoTuBJICHUS

Ha MOBEPXHOCTH aHI/I3OTpOHHOI7I Cpeabl

3amaHbl MPONOJBHOE pP;y M IONEPEYHOE P YIEIbHBIE CONPOTUBICHUS
aHU30TPOIHOM Cpelbl M YroJl MaJeHUs CIOUCTOCTH . Tpedyercs ompenenuThb
IIPOJOJIBHOE Py U TOMNEPEYHOE Py KAXKYLIUECA CONPOTHUBICHHUS U KaXKYyIIHKUCH
KO3 UIIUEHT aHU30TPONUH A,. CpaBHUTE MOTyUYEHHBIC PE3YIbTAThl CO 3HAUCHUSAMU
ITHX TMApaMEeTPOB NPU BEepTHKAIbHOM maneHuu ciouctoctd (oo = 90°). CpaBHuTte
OTHOWIEHUS Py/Pxn C OTHOIICHHEM pP¢pp. OOBACHUTE NPUUMHY pa3IUYuUs ITUX
OTHOILICHUH.

PaccuuTaiiTe 3HaYeHUs Ka)XKyIIETOCs COMPOTHUBICHUS MPU OPUEHTUPOBKE
yctaHoBkH oA yriioMm 30° u 60° k mpocTtupanuio ciiouctoct. [locTpoiite noaspHyto
auarpammy p.. Paccunmraiite OTHOLIEHHE OCEW HM30JIMHUU NOTEHIHAIA TOYEHYHOTO

ucrouHnka. Kak cooTHocsATca popMa MOISIPHON auUarpaMmbl P, U (opma U30IMHUU

IIOTCHIOMAJIa TOYCYHOI'O HCTOYHMKA?

Tabnuna 3
BapuanTs! 3a1anns 3
Homep Pt Pn o Homep pt Pn a
Bap. OM'Mm OMm'Mm rpaj. Bap. OMm'M OMm'M rpaj.

1 2 3 4 5 6 7 8

1 100 200 65 24 500 2500 35
2 300 500 50 25 75 750 30
3 200 800 70 26 120 500 65
4 50 300 45 27 220 880 70
5 150 1500 30 28 200 1000 60
6 500 2000 60 29 180 900 50
7 250 1250 50 30 250 2500 45
8 700 2100 75 31 50 250 35
9 80 400 40 32 65 400 75
10 120 600 55 33 80 600 40
11 75 450 45 34 90 400 50
12 30 300 25 35 170 850 55




OxoHuanue Ta01.3

1 2 3 4 5 6 l 8
13 60 540 35 36 220 660 70
14 100 500 40 37 500 1500 65
15 200 1200 50 38 350 1000 60
16 90 720 45 39 40 200 45
17 400 2000 60 40 60 360 50
18 350 3500 70 41 200 1800 30
19 600 3000 65 42 250 1500 40
20 100 300 60 43 800 2400 70
21 160 800 55 44 70 500 45
22 240 2400 40 45 110 900 30
23 400 2500 35

HeobOxoaumyro mJis BBINIOJMHEHUs 3a7aHusi UH(oOpMaiuioo cmotpute B [2], c.

292 -293 uc.288-289 mmu B [1],c. 177- 178.

3ananue 4. OueHka BJIUAHUSA AHM30TPONNH HA pe3yabTaThl BJ3

IIpennaraercs Tpu Tvna 3anaHusa. B mepBoM U TPETbEM THIIAX 110 pe3yJIbTaTam
UHTEepOpeTanun KpuBblXx BDO3 u 1naHHbIM 00 aHU30TPONMH TOPHBIX TMOPOJ
HEO0OXOJMMO OIpPEACIUTh UCTUHHBIE MOIIHOCTU cjioeB. Bo BTOpoM Tume 3amaHus
npeyiaraeTcsl ONPENeNUTh 3HAYeHHUS KOA(P(GUUIUEHTOB aHU3O0TPONHMHU CJIOEB IO
pe3ynbTaTaMm UHTepIpeTanuu KpuBbix BO3 u nanHbIM OypeHus.

1-u mun

[To 3amanHbIM MomHOCTSM h; w h, JBYX BEpXHHX CIIOEB TPEXCIOHHOTO
paspesa, omnpeaeiacHHbIM mpu wuHTeprnperaiud BD3 (hgs3), m kosdduimentam
AHU3O0TPOIIUU A1 U A, ONPEAEIUTh MCTUHHBIE MOUIHOCTH 3TUX cioeB. [locTpoutsb
KOJIOHKM IO JaHHbIM HHTepnperauuu BO3 W 1Mo uCOpaBIeHHBIM 3a BIIUSHHE

AHU30TPOIINH 3HAYCHUAM MOIIHOCTH.



2-11 mun

[Io 3amaHHBIM MOIIHOCTSM JIByX BEPXHHUX CJIOE€B TPEXCIOMHOrO pas3pesa,
ornpeneneHHbIM npu uHTepnpeTanud BO3 (Np33) ¥ UCTHUHHBIM MOIIHOCTSM CJIOCB
(Nycr.), TTIOJTyYEHHBIM TIO TAHHBIM OYPEHUS, ONIPEICIIUTh KOA(D(OUITUEHTHI aHU30TPOITNU
cinoeB. [locTponuTh KOJIOHKM [JI1 MCTUHHBIX MOIIHOCTEM CIIOEB W MOIIHOCTEM,
onpeaeaeHHbIX 1o BO3.

3-1i mun

[Io 3agaHHBIM MOIIHOCTSAM JBYX BEPXHUX CIIOEB TPEXCIOMHOTO paspes3a C
KPYTHIM TIaJICHUEM CIIaHIIEBATOCTH, ONpPeeIeHHbIM Tipu uHTepripeTaiui BO3 (hpys)
U Kaxylemycs KO3(QQUIMEHTY aHU30TPOIHUH A, ONpPENEIUTh UCTUHHBIE MOIIHOCTU
cinoeB. KoadduimeHnTsl aHU30TpONUU BCEX CIOEB M YIibl MMAJCHUS IMOJaraTh
ITocTpoUTh KOJIOHKHM [iJIi HCTUHHBIX MOIIHOCTEM CIIOEB H

OAHMHAKOBBIMH.

MOIIIHOCTEM, ONPENEIICHHBIX 110 BO3.

Tabnuua 4
BapuanTel 1-ro THnA 3axanus 4
Homep | hipss | Napx M A | Homep | hipx | hapss M A2
Bap. Bap.
1 25 110 1,3 1,7 25 130 400 1,6 2,3
4 60 300 1,25 1,9 28 90 450 1,3 1,7
7 100 500 1,5 2,0 31 120 500 1,4 1,8
10 150 600 1,4 1,6 34 60 250 1,5 2,5
13 50 250 1,5 2,5 37 100 700 1,8 1,4
16 120 350 1,8 1,3 40 140 800 1,45 1,7
19 80 200 1,3 2,2 43 80 300 1,6 2,4
22 70 150 2,0 1,5 46 150 500 1,8 1,4
Tabnuua 5
BapuanTs! 2-ro THna 3anaHus 4
Homep | hipa3 Niser h2px Nawer | Homep | Nipos P h2pa3 N2 er
Bap. Bap.
2 25 15 120 80 26 140 100 800 600
5 100 50 500 300 29 120 90 600 400
8 80 60 200 100 32 100 50 500 400




OxkoHuyanue TadI. 5

Homep | hips3 Niwer | hapas | Nouer | Homep | hipss Niner | 233 | Nouer
Bap. Bap.
11 120 80 400 200 35 80 60 400 200
14 150 100 600 450 38 60 50 300 200
17 60 40 250 100 41 150 120 600 300
20 50 40 300 200 44 120 60 500 400
23 70 50 150 100 47 60 120 700 350
Tabnuna 6
Bapuantsl 3-ro Tuna 3aganus 4
Homep hi B33 h2po3 A Homep hi B33 h2p A
BapHaHTa BapHaHTa
3 15 30 1,5 27 30 60 2,0
6 20 50 1,8 30 25 150 2,5
9 16 20 2,0 33 17 85 1,7
12 10 20 1,25 36 20 40 2,0
15 12 25 1,5 39 16 32 1,6
18 14 60 2,0 42 18 54 1,8
21 18 90 1,8 45 10 30 2,0
24 13 65 1,3 48 14 70 1,4

HeoOxoaumyro aJjig BBINOJIHEHUS 3aAaHusl UHGOpMAIMI0 cMOTpUTe B [2],

c. 294 - 296 win B [3], ¢. 173 - 174 (1-ii u 2-# Tumbl).
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33I[aHI/Ie 1. Onenka norJjaomeHust JHECPIMM U JJIMHbI BOJIHBI

AJNICKTPOMATHUTHOI'O ITOJIA B KBa3UINIPOBOJAHUKAX

VYcnoBus pacnpoCTpaHEHUs MEPEMEHHOIO 3JIEKTPOMArHUTHOIO TOJISI B CpEAe
OMPENENSAIOTCS KOMIUIEKCHOM  BEJIMYMHOM, HA3bIBAEMOW BOJHOBBIM  YHCIIOM.
BonHoBoe 4HClIO 3aBUCHUT OT (PU3MYECKUX CBOMCTB Cpeibl U 4acTOThl moiig. OHO

OIIPCACIISICTCS BBIPAKCHUCM

Q)]

K =0\pe = u(g+iyj:a+ib, (1.1)

riae  o=271f - yrioBas 4acToTa,
L - a0COJIFOTHAS MAaTHUTHAS! TPOHUIIAEMOCTb CPE/IbI;

Y - YACIBbHAA 3JICKTPOIIPOBOAHOCTb CPCABI,

E=¢+ |l - KOMIIICKCHAA JUIJICKTPUYICCKAA ITIPOHUIACMOCTD.

®
BemiectBeHHass ¢ w1 MHUMas D uWacTM BOJHOBOTO 4YHCIa WUMEIOT ONpEICICHHBIN
¢usnyeckuil cMmpici. BemniecTBeHHass 4acTh BOJHOBOIO 4YHCIIA OMNPENENAET JJIMHY
BOJIHBI U CKOPOCTb PacHnpoCTpaHEHUsl MOJig B Cpele, OT MHUMOM 4YacTH 3aBUCHUT
NOTJIOIIEHUE 3HEPIUM IOJIA CPEoMl U, CIEN0BATEIBHO, CKOPOCTh 3aTyXaHHs MOJIA
NP YJAJIEHUH OT UCTOYHHUKA.

[lormomenne 5SHEPruM ANEKTPOMATHUTHOTO IMOJSI  CPENOM  MPOUCXOAUT
BCJIEACTBUE TEIUIOBBIX IOTEPh BUXPEBBIX TOKOB, WHAYLUPOBAHHBIX MAarHUTHOW
cocTaBisifoliell mojis. MHuMasi 4acTh BOJIHOBOTO YHCIA MPEACTaBISET COOOM
K0>(Q(UIMEHT OTTIOMEHH s, KOTOPOe MPOUCXOIUT 110 3aKoHy ¢ (I — paccTosHHe,
€ — OCHOBaHWE HaTypaJbHOTO Jorapudma). M3-3a nornoueHus: SHepruu cpeaon npu
yIaNICHHH OT MCTOYHHKA IIONIE 3aTyXaeT B ¢ pa3 ObICTpee, YeM DTO IPOMCXOLHT
TOJIKO M3-3a T€OMETPUYECKOro (paKkTopa pacceMBaHUs dHEPruu (Kak MPOUCXOAMT B
NoJie TOCTOSHHOTO Toka). Exununeit usmepeHuss kod3(pQUUMEHTa MOTJIOIEHUS
SBJISIETCS Herep JeleHHbIid Ha MmeTp (H/m).

B 3aBucumoctr oT KOd(h(UIMEHTa TOTJOMEHUS HAXOAWTCS TIyOWHA



ITPOHHUKHOBCHMUS IIOJIsI B 3€MIIIO. I[JI}I e XapaKTCPUCTUKN BBCIACH IMapaMcCTp ) IB,

HA3bIBAE€MBbIil TIyOMHOW NPOHMKHOBEHMS WM TOJNIMUHOW CKUH-ciosi. OH paBeH
MOII[HOCTH CJI05I, B KOTOPOM 3a CUET MOTJIOLIEHUS SHEPTUH T10JIE€ OCTIA0IIAETCS B € pas.

KomruiekcHass ~ IHMBIEKTpUYECKas  MPOHULIAEMOCTb €  XapaKTEpU3yeT
CIIOCOOHOCTB CpEeibl MPOIYyCKaTh KaK TOKU MPOBOJMMOCTH, TaK U TOKH CMEIICHUS.
BemecTBeHHass 4acTh KOMIUIEKCHOW JHMAJIEKTPUYECKOM ITPOHHUIIAEMOCTH € OIIpe-
JeJIAeT CIIOCOOHOCTh CPEe/bl MPOIYCKATh TOKM CMEIIEHUSI, MHUMAsl 4acTh Y/ — TOKU
MpOBOJUMOCTH. OT COOTHOLIEHUS 3THUX YacT€d 3aBUCUT COOTHOIIEHHE MEXIY
TOKaMHU CMEIIEHUS U TOKaMH MpoBOAMMOCTU. Ecim  €>>y/®, MHUMON YacTbio
KOMILUIEKCHOW JTUAJIEKTPUYECKON MPOHUIIAEMOCTH MOXHO NpeHeOpedb, MoJioras
¢~g. JTO O3HAYAeT MPEHEOPEKEHHWE TOKAMU IMPOBOJMMOCTH, KOTOPBIE B JTAHHOM
Clly4yae OY€Hb MAJIbl U, CIIEJ0BATEIbHO, B CPEAE NMPAKTUYECKHA CYLIECTBYIOT TOJIBKO
TOKH cMelleHus. Takue cpenbl Ha3bIBAIOTCS Keaszuoudnekmpukamu. Tak Kak MpH
IIPOTEKAHUM TOKAa CMEIICHUS TEIUIOBBIX IIOTEPh HET, B KBa3HJIMDICKTPUKAX
KOX(QGUIUEHT TOIJIOMIEHU MOXHO IojaraTh pPaBHBIM  HYJIO. THUIHYHBIM
KBa3UAUDIEKTPUKOM SBISETCA BO3AYX.

Ecmu e<<y/®, MOXXHO mpeHeOpeUb BEIISCTBEHHON YacThIO €, MoJiaras TaKuM
o0pa3oM, 4TO B Cpele CYUIECTBYET TOJIbKO TOKH MPOBOJMMOCTU. Takue cpensl
Ha3bIBAIOTCS  K8A3UNPOGOOHUKamu. Tak Kak MHUMas 4acThb KOMIUIEKCHOU
TUAJIEKTPUYECKON TPOHUIAEMOCTH 3aBUCUT OT YaCTOTHI TOJIsA, OJTHA U Ta K€ Cpelia, B
3aBUCUMOCTH OT YacTOThl, MOET OBbIThb WM KBA3WUIPOBOJHUKOM, WIIU
KBa3UIMDJIEKTPUKOM, HWIIM 3aHUMATh MPOMEKYTOYHOE IIOJIOKEHUE MEXAY OTUMHU
KpallHUMU clly4assMH. B 3ByKOBOM JMamna3oHE 4YacTOT MPAKTUYECKH BCE TOPHBIE

IIOPOJALI ABJIAIOTCA KBA3UIIPOBOAHUKAMM.

3aganue
1. TTonp3ysich OOMMM BBIpaKEHUEM BOJHOBOTO uncia dopmyna (1.1), Haiitu
BBIDQKEHUSI  BEIIECTBEHHOM W  MHMMOM 4YaCT€  BOJIHOBOIO  4YMCla  JUIf

KBa3uUIIPOBOJHHUKA.



2. Jlns 3a1aHHBIX 3HAYEHUH 3JIEKTPOMAarHUTHBIX TAPaMETPOB CPEAbI U YaCTOTHI
HaWTH KO()PHUIIMEHTHI MOTIOMICHUS.

3. Onpenenurs, BO CKOJIBKO pa3 Ha 3aJaHHOM PacCTOSHUU I U3-3a MOIVIOLICHUS
PHEPIUM CpEeAOoM TMoJie 3aTyxaeT ObICTpee IO CpPaBHEHMIO CO CIy4yaeM, KOorjaa
3aTyXaHHe IPOUCXOAMT TOJIBKO 3a CYET FTEOMETPUUECKOIO PACCEIHUS SHEPTUU.

4. OnpenenuTh rTyONHY IPOHUKHOBEHUS MO (TOJILIUHY CKUH-CII05).

5. PaccunTaTh JUIMHY BOJHBI U CKOPOCTh pacrpocTpaneHus nosst. CpaBHUTh UX
CO CIIy4aeM, KOI/ia [oJie paclpoCTpaHsIeTcs B BAKyyMe (BO31yXe).

6. CnenaTp BBIBOJ, KaK 3aBHCAT pPAaCCUMTAHHBIE BEJIMYUHBI OT YIEIBHOIO

COIIPOTHUBJICHUA CPEAbl U HaCTOTHI I10JIA.

Jlutepatypa no teme 3aganus: [1], c. 8 — 12; [3], c. 52 — 56.

Tabnuua 1
Hcxoanbie 1aHHBIE K 32JaHUI0
Homep P, 1, r, Homep o} f, r, Homep P, 1, r,
Bap. | OmM | Ty M Bap. | OMM | Ty M Bap. | OMM | Ty M
1 100 156 | 100 8 2000 | 625 | 100 15 40 625 | 100
4,8 20 2,4 4,8
2 10 78 100 9 200 78 75 16 30 625 | 100
0,1 5 4,8
3 500 312 50 10 250 0,1 100 17 500 625 | 100
10 5 10
4 1000 | 625 | 150 11 5 156 50 18 750 321 | 150
10 0,3 9,8
5 20 156 50 12 250 625 | 100 19 1000 | 156 | 100
9,8 0,6 10
6 150 312 50 13 300 78 100 20 100 312 | 200
1,2 12 0,3
7 50 156 25 14 2500 | 312 | 200 21 20 78 100
1,2 20 1,2




Oxkonuyanue Ta0m. 1

Howmep P, 1, r, | Homep P, 1, r, | Homep P, 1, r,
Bap. | OmM | Iy M Bap. | OMM | Ty M Bap. | OMM | Ty M
22 1500 | 156 | 150 31 250 19,5 | 100 40 3 78 50
15 4 0,6
23 1500 | 312 | 100 32 45 312 70 41 4 125 75
7 0,6 0,6
24 10 39 150 33 25 625 | 100 42 12 312 | 100
0,3 2,4 0,3
25 5 78 100 34 200 156 | 150 43 900 156 | 100
0,15 4 9
26 800 125 | 200 35 750 312 | 100 44 1200 | 625 | 100
8 3 12
27 1200 | 125 | 200 36 4 78 100 45 60 1250 | 100
5 0,3 4,8
28 30 156 | 100 37 7 125 50 46 25 312 50
9,8 0,1 4,8
29 10 312 | 100 38 800 156 | 100 47 1000 78 100
0,3 4 6
30 1500 | 1250 | 100 39 75 125 50 48 1200 | 125 | 100
10 3 3

HpHMe‘{aHI/IC. HpI/IHHTB MAarouTHYHO IPOHUIACMOCTL CPEABI =|lp.

3ananue 2. [locTpoenue u MHTEpHpeTALMS KPUBOM

MATHUTOTC/IYPUIECCKOI0 30HAUPOBAHUA

B marautoremnypudeckoM 3oHaupoBaHun (MT3) u3ydaeTcsi €CTeCTBEHHOE
MEepEMEHHOE DJJIEKTPOMArHUTHOE Tojie. MAarHuTHy0 KOMITOHEHTY 0O0pa3yroT
BapuallMM MAarHUTHOTO TIOJISI 3eMJIM. OJIEKTPUYECKYI0 KOMIIOHEHTY O00pa3yroT
VHAYLUUPOBAaHHBIE MArHUTHBIMM BapvalWsIMHA BHUXPEBbIE TOKUM. B KaudecTtBe

dbyHIaMEeHTAIBHOM MOJIENIM, HA KOTOPOIl OCHOBBIBAETCSI MHTEPIIPETALIUS PE3YIHTATOB



MT3, npunumaercs mojenb TuxoHoBa — Kanbgpa. B 310l Mojenn MarHUTOTE-
JIYPUYECKOE TMOJIE ANIMPOKCUMHUPYETCS IUIOCKOM BOJHOW, PaCHpPOCTPAHSIOMIEHCS
BEPTUKAIBHO CBEPXY BHHU3, @ I€OICKTPUYECKUNA pa3pe3 MoJaaraeTcs ropu30HTaIbHO-
CIIOUCTBIM.

['myOuHa MPOHUKHOBEHUS MOJIA B 3€MJIK0 3aBHCHUT OT €ro 4yactoTsl. [loaTomy,
BBINOJIHSS M3MEPEHUS] NIPU Pa3HbIX YaCTOTAX, MOKHO IOJYyYUTh HH(MOpPMALNIO 00
ANEKTPUYECKUX CBOWCTBaX TOPHBIX MOPOJ Ha pa3IMYHON TIiyOWHE, aHaJIOTUYHO
TOMY, KaK 3TO JEJIAeTCs MPU AIIEKTPUYECKOM 30HIMPOBAHUU HA IOCTOSIHHOM TOKE.
Tonpko B OTAMYME OT 30HAMPOBAHUS Ha IOCTOSIHHOM TOKE, TIJe TIiyOuHa
HCCIICIOBAHMS  3aBUCHT OT pasMepa ycTraHoBkM, B MT3 mapamerpom,
KOHTPOJIUPYIOIIUM TIIyOMHY HCCIEAOBaHUS, SIBISIETCA 4acToTa (IEpUOJ) BapHalUi.
[IpakTruecku, YTOOBI MOMYYUTh PE3yJIbTAaThl M3MEPEHUI MPU PA3HBIX NEPHOJAX
BapUalyii, IIPOU3BOIAT HEIPEPBIBHYIO PETUCTPALMIO IOJII B TEYEHUE HEKOTOPOIO
BpPEMEHH, OOBIYHO HECKOJIBKO YaCOB.

Tak Kak HHTEHCUBHOCTb MAarHUTOTEIUIYPUYECKOTO TIOJISI  HEMPEPBIBHO
MEHSIETCsl, YTOObl MCKIIOYUTH BIUSHUE KOJIEOAHUI YpOBHS MOJIA HM3MEPSIOT 00e
KOMIIOHEHTBI — JJIEKTPUUYECKYI0 U MATHUTHYIO, @ 3aT€M BBIYMCISIOT UX OTHOLIEHUE,

Ha3bIBACMOC uMne()aHCOM:

rie E — HanpsyKeHHOCTh AIEKTPUUECKOTO OIS

H — HanpshkeHHOCTh MATHUTHOT'O HOJISI.
[Io w3MepeHHOMY  3HAYCHHUIO  HMIICJJAHCA  PACCUMTHIBAIOT  KaxKylleecs
compoTuBieHue, koropoe B MT3 0003Ha4arOT cuMBOJIOM pr. MMmenaHc, Kak u
HANPSDKEHHOCTH KOMIIOHEHT ITOJISI, KOMIUICKCHAss BenuduHa. [T BBIYUCIICHUS
KaXyIIErocss COMPOTHBIICHUS MOXKHO HCIOJb30BaTh MOJAYJIb HMMIICIAHCA WJIH €ro
dazy. Daza umnedarnca — 3TO Pa3HOCTh (a3 HAMPSHKEHHOCTEH SJIEKTPUUYECKOTO U

MAarduTHOTO MOJIEH.



N3mepeHre HaNpsyKEHHOCTH 3JIEKTPUYECKOrO IMOJS MPOU3BOAAT C MOMOIIBIO
IBYX B3aMMHO MEPHEHANKYJIAPHBIX 3a3€MJICHHBIX IPUEMHBIX JTUHUH. [ n3mepeHus
HAIPSHDKEHHOCTH MArHUTHOTO IOJISI MCHOJIB3YIOT JIBA MarHUTOMETPA, U3MEPSIOIIMX
TOPU30HTAJIBHYIO  COCTAaBISIIONIY0. OpHEHTHPOBKA MarHUTOMETPOB  JIOJKHA
COBIAJaTh C OPHUEHTUPOBKOM NPHUEMHBIX JIMHUN. Takasg MeTOIHMKa IO03BOJIAET
OIpEAEIUTh BEIMYUHY U HAlPaBJICHUE HATIPSKEHHOCTH B JIFOOOM MOMEHT BPEMEHHU.
Bbluncienns Kaxymerocs CONnpoTUBICHUS N0 aMIUIUTYAHBIM 3HAUeHUsIM E u
H nipousBoautcs no ¢popmyiie
pr=027]Z". (2.2)
JUis  BbIUMCIIEHMS MMIIEJaHca MO 3TOM  (opMysie  HalpsyKEHHOCTb
ANEKTPUYECKOro nmoiist £ BeIpaxkatoT B MB/KM, Haps>KEHHOCTh MArHUTHOTO TOJIS — B
HaHoTecnax. Tak Kak KpoMe TOpU30HTAJIBHOM CIOMCTOCTH OOBIYHO CYIIECTBYET U
HEOJHOPOJHOCTh CpElIbl B TOPU30HTAJIBHOM HANpPABJICHUHM, MOJYJb HMIIEIaHCA

3aBUCUT OT OPUCHTHUPOBKH I10JISI B MOMCHT U3MCPCHU . HOBTOMy IIPpXU BBIYHUCIICHUHU Py

OOBIYHO MCTIONB3YIOT dG(OEKTUBHBIA UMIENAHC |Z g |, UIMEIOIIMA CMBICT CPETHETO
TCOMETPUYECKOTO 3HAYCHHUS MOMYJS HWMIIEIAHCA IS PA3IMYHBIX OPUEHTHPOBOK
TOJIA.

[To BBIUMCIICHHBIM 3HAYEHUSIM P7 CTPOST KPUBYIO 30HIAUPOBAHUS B Jiorapud-
MuueckoM Macimrade. [To ocu abcuucc oTknaabiBaloT /7, MO OCU OpAUHAT - Pr.
IToctpoenue kpuBoit MT3, kak 3aBUCUMOCTU Pr7. OT ~/71 , @ HE OT T, BBI3BAHO TEM,

YTO TIyOWHA MCCIENOBAHUS MPOMOPIHUOHATHHO JT (em. [1, c. 29]). Kpusie MT3
KaueCTBEHHO MMEIOT BHUJ, MOAOOHBIN kpuBbM B3O3, m oOpasyior Te ke tunbl. Mx
VMHTEpHpETalysl B MPUHUMUIIE TaKKE aHAJIOIMYHA HMHTEpIpeTauuu Kpusblix BO3.
OTnvureM OT KpPUBBIX 30HAMPOBAHMS Ha IOCTOSHHOM TOKE SBIJISIETCS HaJIM4We
UHTEPPEPEHIIMOHHOTO 3KCTPEMyMa B HAaYaJbHOW YaCTU KPUBBIX (€CIM MU3MEpPEHUs
BBINIOJIHEHBI HAayMHasl C JOCTAaTOYHO MaJIbIX NMEpHoJ0B). Eciau OmopHBI TOPU30HT
UMEET OuYeHb OOJIbIIOE COMpOTHBICHHE, KpuBble MT3 Takke BXOASIT Ha

NPSMOJIMHENHYI0 acuMnToTy. Tonpko acumnrora kKpuBbix MT3 B 3TOM ciydae

oGpasyer ¢ ocbio ~/T yrom 63°25°, a He 45°, kak y KpuBbx B3,
8



B CJIydac BBICOKOI'O COIIPOTHUBJICHHA OIIOPHOTO TOPHU30HTA IIO0O ACHUMIITOTC

KPUBOW 30HAWPOBAHUS MOKHO ONPEAEIUTh CYMMAPHYIO ITPOAOJIBHYIO IIPOBOAUMOCTD
S HagomopHo# ToJIM. JJIE ATOrO acMMIITOTa MPOJAOJKAETCS A0 Oocu ~T | TpH

pr =1 Om:M ompenensercss KOOpAUHATA TOYKU IMEPECEUCHUS] aCUMITOTHI C OCBIO

N 5(1) (puc. 2.1). IlpogonpHas NpoBOAUMOCTh pa3pesa

S=356T . (2.3)

Bennuuny /7 MOKHO ONpPEAEIUTh U IIPU JIF0O0M IpyroM 3HaueHuu p,. Hampumep,

ecnu oHa ompexaeneHa npu pr=10 Omm (T 5(10) ), OpOAOJbHAs TPOBOJUMOCTb

HaI[OHOpHOﬁ TOJIIIHN
s =114,710) (2.4)

Pys OnM
30

o .

Py P20 Omev

10 \

[Py 23 OM-M

VT,

Puc. 2.1. IIpumep xpuBoit MT3 st pazpe3a ¢ 0eCKOHEUHO
OOJIBIIIM COTIPOTUBIIEHUEM HUKHETO CJIOS

Korna kpuBass MT3 uMeeT 4e€TKO BhIPaKEHHBI MUHUMYM U €0 KOOPJIUHATHI

OTPENICNISIOTCS JTOCTATOYHO TOYHO, MPUOIMKEHHOE 3HAYCHHE S MOXKHO HAWTH IO

dbopmyie



e Tyun U Pryun — 3HAYEHHS T U Py B TOUKE MUHUMYMA.

OTOT cnocod JaeT ynOBIETBOPUTENBHBIC PE3yJIbTaThl, €CIM OTHOCHTEIHHOE
BJIMSIHUE BBIIIEIEKAIUX CJIOEB Ha 00JacCTh MHUHHMyMa KpUBOH HEOOJbIIOE H
KOOPJIMHATBl TOYKHM MHUHUMYyMa OIPENEISIIOTCA IJIaBHBIM 00pa3oM MapameTpamu
IPOBOJALIETO CO0s. Takue yclIoBUS CYIIECTBYIOT, KOTJa MOIIHOCTH IPOBOJSAIIEIO
CJIOS 3HAYUTEJIBHO IPEBBIIIAECT MOIIHOCTh BBILIEJIEKALIEH TOJIIH, U B DTOW TOJIIIE
HET CJIOEB C BBICOKHM YJIEIbHBIM CONPOTHUBICHHEM. [Ipy moydeHr 3HaYUTENbHOU
pa3HUIBl MEXAY 3HAYCHUSAMH S, MOJyYEHHBIMH JIBYMs CIOCOOaMHU, NMPEANOUYTECHHUE
CJIeyeT OT/IaBaTh CIIOCOOY OMpeAeNeHHs S 0 aCUMIITOTE, Kak 0ojiee TOYHOMY.

Ecnu ecTe JaHHblE O CpPEeAHEM MPOJOJBHOM YJEIbHOM CONPOTUBIECHUU
HaJIOTIOPHOM TOJIIH Py ¢p, MOKHO OT ITPOJOJILHOM IPOBOJAUMOCTH IIEPENTH K IIyOnHE
710 OIIOPHOT'O TOPU30HTA:!

H:ptcp's- (26)

Korza MOIIHOCTE XOpOWIO MPOBOJSIIETO CJIOS JOCTAaTOYHO BEJIMKA, 32
INPUOIMKEHHOE 3HAYEHHE Pf o, MOJKHO IPUHATH BEIMYUHY Pr B TOYKE MUHHMYMA.
KoHeuHo, TOUHOCTh omnpeieseHus: TIIyOrHbI JO ONOPHOIO TOPU30HTA B ATOM Cllydae
Ooyner Hwmxe. IlorpemHocts ompegeneHuss H Oyner Tem Oofblie, 4eM MEHBIIE
OTHOCHUTEJIbHAsl MOILHOCTbh MPOBOJALIETO ciosi. bonblnas pasHulla 3HA4CHUN S,
MOJIYYEHHBIX JBYMS CITIOCOOAaMHU, KaK YK€ YKa3bIBajOCh, CBUAECTEIbCTBYET O CUIBLHOM
BIMSIHUM Ha KPUBYIO B O0JJACTM MHUHUMYyMa BbIIIEIEKaMX nopod. O4eBUAHO, B
ATOM CiIy4yae UCIOJIb30BaTh 3HAYEHHE Py B TOUYKE MUHUMYyMa ISl OLICHKU TITYyOUHBI
710 OIIOPHOT'O TOPU30HTA HE CIIEYET.

Paccmotpum nnTepnperanuto kpuBod M T3, npusenennoit Ha puc. 2.1. KpuBas
yeTeipexcioiinas tuna QH. Hauvanenas acumnrora kpupoit  pr =20 Omm
omnpenensieT yJeabHOEe COMpPOTHBJIEHUE TniepBoro ciod. KoHeuHas acuMmmnrora
HAKJIOHEHa MOoJ yrioM 63,5°, 4To yKa3bIBaeT Ha BecbMa OOJIbIIOE, MPAaKTHYECKU
OECKOHEYHOE YJIeTbHOE COIMPOTHUBICHUE HUKHErO CJ0si (OMOPHOTO TOPHU30HTA).
AcHMITOTa K KOHEYHOW BETBU KPUBOM MEPECEKAET OCh MEPUOJI0B Npu pr =1 OM-M B
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TOYKE C KOOPAWHATOM /T S(l) =4,4¢”. CrenoBaTebHO, MPOJONbHAS MPOBOJUMOCTD

HAaJIOIIOPHOW TOJIIU
S =356 /T =356-4,4=1566 Cm.

KpuBas IMeeT 4eTKHil MUHUMYM ¢ KoopauHatamu /T, =4,8¢” 1 pru=2,3 OM-M.

[IpononpHas NPOBOAMMOCTh, ONpEJEICHHAs IO KOOpPAMHATaM TOYKH MHUHUMYMa
kpuBoii MT3

$=520 |To. Jpro =520-5_ _1646 Cum.

J2,3

Takum 00pa3oMm, B paccMaTpUBacMOM Cllydae pa3HHIA B ONPEIACICHUH S JBYMS
crocooamu coctaBisieT 5,1 %.

[IpuHsAB 3HAUECHHE P, B TOUYKC MHHMMYMa 3a CpPEIAHEC IMPOJOIBHOE YACIBHOE
CONPOTHBIICHUEC HAJOMOPHON TOJIIH, OICHUM TJIyOWHY 3aJiecTaHHs OIIOPHOIO
TOPU30HTA:

H=pep'S = pram-S = 2,3:1566=3660 M.
3aganue

1. Tlo 3amanHbIM 3Ha4YeHUSAM |Z,p, | paccuyuTaTh 3HAYECHHSA KaKyLIETOCs

CONIPOTHUBJIEHUS Pr-

2. [Toctpouts kpuByto MT3 B norapudpmuyeckoM macirade co CTaHAAPTHBIM
moxayiem (62,5 mm). Omnpenenuts Tun kKpuBod MT3. Omnpeaenutb yleabHOE
CONPOTUBJIICHUE BEPXHETO M HUXKHEro cjoeB paspe3a. OOBACHUTH NPUUUHY
MOSIBJICHUS HEOOJIBIIOT0 AKCTPEMyMa MPU MaJIbIX 3HAYEHUSIX MEPHOA.

3. IlpoBectTn acumnToTy K KOHEUYHOM BeTBM KpuBo MT3 um omnpenenutsb
KOOpAMHATY €€ IMepeceueHust ¢ OChlo nepuofoB npu pr/=1 Om-M mmu p;/=10 Om-m.
Haiitu nponosbHyr0 npoBOAMMOCTH HAAONOpHOW Toamu. [IpoBoauTte acuMnToTy
HE00X0IMMO BO3MOXHO TOYHEE, TaK KaK OT 3TOr0 3aBUCUT TOYHOCTH ONpEAeTeHUs S.

Jlyume Bcero yroa 63°25°cTpouTs 10 €ro TaHr€HCY, KOTOPBIA paBeH 2.
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4. OnpenenuTb S MO0 Pryuy U Tyyy U CPABHUTH CO 3HAYCHHUEM, MOJTyYEHHBIM I10
acumnrore. OLEHUTh OTHOCUTEIBHOE PACXOXKACHHE PpEe3ybTATOB, IOJYYEHHBIX
STUMU JABYMsI CLIOCOOaMHU.

5. OueHuTs NpUMEPHYIO I'TyOMHY [0 OIIOPHOTO TOPH30HTA, IPUHSAB 33 Prep

3HAa4YCHUC P7 B TOYKC MUHUMYMaA.

Jlutepatypa no teme 3axanus: [1], c. 36, c. 42 - 43.

3ananue 3. IIpudan:keHHOE MOCTPOCHUE AHOMAJIMH

OT MPOBOAALIECTO 00beKTa B HHAYKTHUBHBIX ME€TOAAaX

B HU3KOYACTOTHBIX WHIAYKTHUBHBIX METOAAX HU3MEpSIETCS 3. J. C, HaBeJCHHas B
MIPUEMHOM  KOHType (MeTJie 3HAYUTENbHBIX pPa3MEpPOB WM  HEOOJbLION
MHOTOBUTKOBOM paMKe) TIEPEMEHHbBIM MAarHUTHBIM TMOJeM. MarHurHoe IoJie
CO3JaeTCsl TOKOM, IMPOITYCKAEMBIM IO JIPYyroMy KOHTYpY, — reHepaTtopHomy. [lorne,
CO3/1aBa€MOE TOKOM B T€HEPATOPHOM KOHTYpe, Ha3bIBaeTCs nepsuunvim (Hy). Eciu B
o0beMe, B KOTOPOM BO30YKIACHO IMEPBUYHOE T10JIC, HAXOAUTCS ITPOBOIAIINN OOBEKT,
B HEM BO30Y>KJ1aeTCsl BUXPEBOU TOK, CO3/Ial0NINil BTopruyHOe 1oie (H3). OTKIOHEeHUs
OT TIEPBUYHOTO TMOJS TPEACTABISAIOT COOOW aHOMAIHMH, MO KOTOPHIM MOHO
YCTAaHOBUTHh HaIMuuMe OOBEKTOB. Takue aHOMal MM Ha3bIBAIOTCS 6uxpesvimu. OHU
MMEIOT HauOoJblliee 3HAYEHHWE B PYIHON 3nekTpopas3Beake. Kpome BUXpEBBIX,
CYLIECTBYIOT WU APYrue TUMbl aHOManuii (cM. [2, ¢. 5 - 7]). Pe3ynabTaThl HU3KO-
YaCTOTHBIX METOJOB NPEICTABISAIOT B BUAE OTHOIICHUS H,/H;, TpenCcTaBIsIONIETo
co0olf HE YTO MHOE, KaK OTHOCHUTEIIbHYI0O MHTEHCUBHOCTH aHOMaiuu. OOBIYHO 3Ty
BEJIMYMHY U3MEPSIOT B IIPOIICHTAX.

Paccmorpum mexanu3m (OpMHUPOBAHUS BUXPEBOM aHOMAJIMHM Ha TPUMEpE
HAKJIOHHOTO MPOBOJSIIETO IUIACTa B OJHOPOAHOM MEPBUYHOM MArHMTHOM moJie H;.
[TycTe BepxHsisi KpOMKa IjIacTa pacrojiaraetcs Ha riryoune hy. JlnmuHa miacra 1o

nagenuto d paBHa 3,6h;, yron HakiaoHa 34°. Torma HIDKHAS KpPOMKa IUiacTa
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pacrionaraercst Ha riryoune h,=3h;. [lepBudnoe none H; opueHTHPYEM BEPTUKAIBHHO,
B paccMaTpuBaeMbli MOMEHT BpemeHu cHu3zy BBepx (puc. 3.1). Ilpaktuuecku
0JIM3KO€ K OJHOPOJHOMY BEPTUKAJIBHOE MIEPBUYHOE T0JIE CO3/1a€TCS B CPEIHEN YacTH
TEHEPATOPHOU IETIIN, JEKAIIEH HA IOBEPXHOCTH 3€MIIH.

B mpoBogsiiem miacte nepBUYHOE MOJIE BO30YXkAaeT BUXpeBOM TOK. Tak Kak
MOIIHOCTb IUIaCTa MaJla, BUXPEBOM TOK PAacTEKAETCs B IUIOCKOCTH IulacTa. B mepBoM
npuOIMKEHWH BHUXPEBbIE TOKM B IIACTE€ MOXKHO aNIpPOKCHMHPOBATH JABYMS

JIMHCHUHBIMHU TOKaMH, TCKYIIMUMHU BAOJIb KPOMOK ILIACTaA. HaHpaBJIGHI/IG TOKOB

Jr'fzz/H1 ,¥cIL. enl.
1- 2

NNADSINN LIS S ANIASINN ST S ANIAS N § o A NN SIS SRS INN S

Puc. 3.1. [Ipumep npubarkeHHOT0 MOCTpOeHUs rpaduka Haa Hy; HaJ HAKJIOHHBIM IJIACTOM:
1 — rpaduk H,, ot mnacta; 2 — rpadux H°, oT BepXHEro JHHEHHOT0 TOKa;

3 — TO e OT HIKHETO JTUHEHHOI0 TOKa

onpeensieTcs Mo MpaBuUily JIEBOro BUHTA. B HaileMm ciydyae BIIOJIb BEpXHEH KPOMKHU
iacTa TOK TE€YeT OT Hac, BIOJb HIDKHEM KpoMku — K HaM. [lomaras, 4yTto mo
MPOCTUPAHUIO JUIMHA IUIacTa JOCTAaTOYHO BEJIMKA, MOXKHO NpeHeOpeyb BIHUSHHUEM

TOKOB, TCKYIIHUX BAOJb OOKOBBIX KpOMOK KW pacCMaTpUBaATb aHOMAJIHWIO OT ILJIAaCTa,
13



KaKk CyMMY IIOJE€H OT JIMHEWHBIX TOKOB, COBMEIICHHBIX C BEPXHEW M HUWXKHEU
KPOMKaMH.

[lIo 3akony buo - CaBapa MarHMTHO€ TMOJI€ JUIMHHOTO JIMHEMHOTO TOKA
oruceiBaeTcs ypaBuenueM H=I/r, rne | — cuma Toka, I — paccTosiHHE OT TOKa [0

TOYKH H&6JIIOI[€HI/H>'I. [lonaras |:1, B HalICM CJIy4dac HAIIPAKCHHOCTb MArHUTHOI'O

MoJIg TOKa, TEKYIIEro Mo BepXHel kKpomke miacra, H B =]/ JX2 + hlz. [To mpaBuiy

IPAaBOr'0 BUHTA [10JI€ OPUEHTUPOBAHO 110 HAIIPABJICHUIO JIBUKEHUSI YACOBOM CTPEIIKH,
T. €. CIpaBa OT BEpPXHEH KPOMKH IUIacTa CBEPXY BHH3, CI€BAa — CHHU3Y BBEpX.
BepTukanbHasi KOMIIOHEHTA OJIsI BEpXHETO TOKa

HE=HBcosp=HBE X - * (3.1)

X2 +hf _X2+h1 |

rac B - yroj MCXKAYy HaIIpaBJICHHUCM H3 TOYKH H&6HIOI[€HPII>1 Ha BCPXHIOIO KPOMKY

miacta U ropusoHTanbio (cMm. puc. 3.1). I'padux HZB NEePEXOAUT Yepe3 HyJb Hal

BEpXHEH KPOMKOW IJIacTa M UMEET SKCTPEMYMBI, OTCTOSIIME OT TOYKU MEPEXOaa
gyepe3 HyJb Ha paccTosHue, paBHoe h;. Takum ke 00pa3oM MOXKHO IOCTPOMTH
rpaguK HaMpsHKEHHOCTH MArHUTHOTO TOJIA TOKa, TEKYIIEro MO HUXKHEH KpOMKe
riacta. [Tpu 3TOM Hao y4ecTh, YTO TIyOHHA 0 3TOro Toka h, B HaleM mpumepe B 3
paza Oosnbiiie. COOTBETCTBEHHO, B 3TO K€ YHCIIO Pa3 YMEHBUIAETCS U HAMIPSKEHHOCTb
noJis. MI3MeHsieTcst u HarpaBieHUE OIS, TaK KaKk TOK BJIOJIb HUKHEH KPOMKHM TUTacTa
HMMEET MPOTUBOIIOJI0XKHOE HanpaBjeHue (cM. puc. 3.1).

[IpocymmupoBaB HaNpsHKEHHOCTH MArHUTHOTO TIOJIST BEPXHETO W HUMKHETO
TOKOB, TMOJXYy4YUM TrpaduK HAMNPsHKEHHOCTH BTOPUYHOTO TMoJisi OT Twiacta. Jlis
HaKJIOHHOTO IulacTa aHoMmanus Hj, 3HakomepeMeHHas, C MEPEXOJ0M Yepe3 HYJb,
CMEILICHHBIM OTHOCHUTEJILHO BEpXHEW KPOMKH B CTOPOHY BOCCTaHMs Iutacta. Han
[JJaCTOM aHOMaJMsl OTpHUIIaTeNbHAs, CO CTOPOHBI BOCCTaHHMS IlacTa —
MOJIOXKUTEIIbHAS, UMEIOIIasi MEHbIITYI0 HHTEHCUBHOCTH (CM. puc. 3.1).

Takum ke 00pa3oM MOXHO HAWTH BHUJ AHOMAJIUA TOPU3OHTAIBLHOMN
cocTaBisironied mossa Hyy, a Takke Al ciydasi TOPU30HTAIbHOM WM HAKJIOHHOM

OPUEHTHUPOBKHU IIEPBUYHOI'O IOJIA.
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B MCTOJC INICPCXOJHBIX ITPOICCCOB, B KOTOPOM U3YUYACTCA HCYCTAHOBUBIICCCA

I10JI€C, B036Y)KI[GHHOG HMITYJIbCOM IIOCTOSSHHOI'O TOKa B FeHepaTOPHOﬁ IICTIIC,

aHOMaJIMSI UMEET TOYHO TaKOW K€ BHUJ, HO MMEET MPOTHBOMOJOXKHBIA 3HaK (CM.
[2, c. 76 -77]). IloaTomy miisg mocTpoeHust TpadukoB 3. A. €. €, UHAYUUPOBAHHON B

IIPUEMHON PAMKE, MOYKHO BOCIOJIB30BATHCS PACCMOTPEHHBIM NPHEMOM, W3MEHUB

TOJIBKO HAIIPpaBJICHUC JIMHEHHBIX TOKOB B KpOMKaXx I11acTa.

3aganue

1. AnnpokcUMHPOBATh BUXPEBBIE TOKHU, BO30YKIEHHBIE B MTPOBOISALIEM IJIACTE
C 3aJlaHHBIMU TIApAMETPAaMH, ABYMS JMHEHHBIMU TOKaMH, IPOTEKAIOIUMHU BJIOJIb
BEPXHEW M HWKHEW KPOMOK Itacta. OnpenennTs HallpaBJICHUE TOKOB MPH 3a1aHHOM
HAIIPaBJIICHUU IEPBUYHOTO ITOJIS.

2. Paccunrarp  BEpTUKAJIBHBIE W  TOPU30HTAIBHBIE  COCTABJISIOLIUE
HaIpPSHKEHHOCTH MarHUTHOIO MOJsl JUHEHHBIX TOKOB. Iloctpouts rpaduxu H, u H,
JIMHENHBIX TOKOB.

3. IlocTpouts rpaduku 1jisi BEPTUKAIBHOW M TOPU3OHTAILHON COCTABIISIONMIUX
aHOMAJIMM OT IUIACTA, BBIMOJHHUB TpadUUECKUM CIOCOOOM CJIOKEHHE IMOJel OT
JWHEWHBIX TOKOB. [Ipm moctpoenuun rpadukoB H,/H; TPHUHATH TEPBUYHOE TMOJIE
Hy=1. Ilox rpadukamMu moka3atb MOJIETb, ISl KOTOPOI BBITIOJIHAETCS pacueT, yKa3aB
HaIIpaBJICHUE JINHENHBIX TOKOB.

4. Tloctpouts rpaduk 3. . C., MHIYIIUPOBAHHOW B MPUEMHON paMKe B METO/IE
IIEPEXOIHBIX MPOLECCOB. [l 3TOr0 HaO TOJBKO U3MEHHUTH HAIIPABIICHUE JTUHEHUHBIX
TOKOB M, COOTBETCTBEHHO, U3MEHUTDH 3HAK AHOMAJINH.

5. Onucatp BUJ rpaUKOB AJIsi HU3KOYACTOTHOTO M HEYCTaHOBUBLIETOCS MOJIA,

OTMETHB UX XapaKTEepPHbIEe OCOOEHHOCTH.

Jlutepatypa no teme 3ananus: [2,¢c. 5—7,¢c.9—14,c.45,¢.48,¢. 76 - 77].
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HUcxoaHbple JaHHBIE K 33JaHUIO

Tabnuua 3

Homep | hy,™m d, m o Opuentup. | Homep | hy,™m d, m o OpueHTHp.

Bap. Hy Bap. Hy
1 2 3 4 5 6 7 8 9 10
1 20 80 20 Bepruk. 6 100 500 40 ["'opu30HT.
2 20 80 20 | I'opuzoHT. 7 20 80 30 Bepruk.
3 50 200 30 | Bepruk. 8 20 80 30 I'opuzoHT.
4 50 200 30 ["'opu3oHT. 9 50 200 40 Bepruk.
5 100 500 40 | Beptuk. 10 50 200 40 I'opuzoHT.
11 100 500 50 | Bepruk. 30 30 150 20 I'opuzoHT.
12 100 500 50 ["'opu3oHT. 31 100 600 40 Bepruk.
13 |30 150 30 | Bepruk. 32 100 600 40 I'opuzoHT.
14 130 150 30 | I'opusonr. 33 40 200 20 Bepruk.
15 50 250 20 Bepruk. 34 40 200 20 I'opu3zoHT.
16 |50 250 20 | 'opuzoHT. 35 50 300 60 Bepruk.
17 100 800 20 | Bepruxk. 36 50 300 60 lopusonr.
18 100 800 20 ["'opu3oHT. 37 40 300 40 Bepruk.
19 |20 150 60 | Bepruk. 38 40 300 40 I'opuzoHT.
20 |20 150 60 | ['opuzoHT. 39 60 250 45 Bepruk.
21 50 200 45 | Beptuk. 40 60 250 45 I'opusonr.
22 50 200 45 | T'opu3oHT. 41 75 300 30 Bepruk.
23 100 500 30 | Bepruk. 42 75 300 30 I'opuzoHT.
24 100 500 30 | l'opusoHT. 43 40 250 45 Bepruk.
25 30 200 45 | Beptuk. 44 40 250 45 I'opusonr.
26 |30 200 45 | T'opu3oHT. 45 75 250 25 Beptux.
27 40 250 30 | Beptuxk. 46 75 250 25 I'opusonr.
28 40 250 30 | 'opusoHT. 47 60 300 25 Bepruk.
29 |30 150 20 | Bepruk. 48 60 300 25 T'opuzoHT.
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3ananme 4. Onpenesienue ycJoBUil PUMEHEHUS

AUCTAHINUOHHOI0 MHAYKIIMOHHOTO 30HAUPOBaHUA

W3meHeHnne TIyOMHBI WCCJICNIOBAHWS B JAWCTAHIIMOHHBIX WHIYKITMOHHBIX
30HJIMPOBAHUSAX JIOCTUTACTCS MyTeM H3MEHEHMsSI PACCTOSHUS MEX]Yy HCTOYHHUKOM
MOJIE U TOYKOM M3MEpEeHUs, TaK K€, KaK MPHU 30HAUPOBAHUAX HA MOCTOSHHOM TOKE.
N3mepennss mpu BceX pa3Mepax YCTAaHOBKM BBITIOJNHSIOTCS Ha OJIHOM YacTOTe.
[IpeumytiecTBOM MHAYKIIMOHHBIX 30HAUPOBAHUM SIBISIETCS BO3MOXKHOCTb M3yUCHHUS
paspe3a moa 3kpaHamMu. Kpome TOro, Tak Kak HM3MEpPEHHE IOJIA BBIMOIHIECTCS
WHJIYKTUBHBIM CIOCOOOM, OTHaAgaeT HEOOXOAMMOCTh YCTPOMCTBA 3a3eMJICHUI.
[locnennee BaXXHO TIPU CIOXKHBIX YCIOBHMSX 3a3eMyieHHs (Mep3JoTa, Jief,
acabTOBBIE M OETOHHBIE TMOKPHITHSA, KaMEHHBbIE OChINK). Crocod BO30YXKIEHUS
MOJKET OBITH JIFOOBIM, HO OOBIYHO HUCTIOIB3YETCS TOXKE MHIYKTUBHBIN CIIOCO0.

MakcumanbHbli ~ pa3Mep  YCTAaHOBKM  JOJKEH OBITh  TakUM, YTOOBI
obecrnieunBanach He0OXouMasl ri1yOuHa ucciieioBanusi. OOBIYHO OH JOJDKEH OBITh B
4-6 pa3 Oonblie TIyOUHBI O OMOPHOTO TOpU30HTA. YacTtoTa moist AOJKHA OBITH
TaKoM, YTOOBI MPU CaMOM OOJIBIIIOM Pa3HOCE COOIOIANIUCH YCJIOBUS OJIMKHEU 30HHI,
TaK Kak 3a e€ mpeneraMy JUCTAaHIIMOHHOE 30HIUPOBAaHME HEBO3MOXKHO. B kadecTBe
yCclIoBUS ~ OJMMKHEW 30HBI B JIUCTAHIIMOHHOM  30HJIMPOBAaHUU  TMPUHUMAIOT

COOTHOIICHUC

r<0L.~316 /p,, /T, (4.1)

7€ Pop — CPEAHEE YACIBHOE COIPOTUBICHUE HAZOMOPHOM TOJIIIH.
Bocnons30BaBIMIMCH 3TUM COOTHOIIEHUEM MOKHO OMPEAETUTh MAKCUMAJIbHYIO
JONMYCTUMYIK) 4YacTOTy TpPU 3aJaHHOM pa3Mepe YCTAHOBKM WM MAaKCHUMAaJbHbIN

pa3sMep YCTaHOBKH, JOIYCTUMBIN MPU 3aT1aHHOW YaCTOTE.

3aganue
1. OmpenenuTh HEOOXOAMMBIH MAKCHUMAJIbHBIA pa3Mep YCTAaHOBKH IS

IMPOBCACHUA JUCTAHIIMOHHBIX MHAYKIMWOHHBIX BOHI[I/IpOBaHI/Iﬁ B 3aJaHHBIX T'COJJICK-
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TPUYECKUX YCIOBHSX.
2. a) onpenenuTh MaKCUMaJbHYI0 YacTOTy, MpPU KOTOPOW BO3MOKHBI
JTVCTAaHLIMOHHBIE 30HUPOBAHUS MPU 3TUX YCIOBUSX; 0) ONpPEIeINTh MAaKCUMaIbHYIO

IyOMHY, 10 KOTOPOM BO3MOXKHO U3yUYECHHE pa3pe3a MpU 3aJaHHON YacToTe.

Jluteparypa no teme 3apanusi: [1], c. 75 - 77; [3], c. 283 - 284.

Taonuua 4

HMcxoaHble JaHHBIC K 32]aHUIO

Homep | H,m P, f,Tu | Homep | H,™m P, f,T'u | Homep | H,m P, f,T'u
Bap. OM-M Bap. OM-M Bap. OM-M
1 a| 25 40 - 2 a 30 25 - 3 a 25 10 -
0 0 78 0 125
4 a| 50 75 - 5 a | 45 50 - 6 a 20 80 -
0 625 0 375 0 125
7 a | 100 250 - 8 a 80 120 - 9 a 40 25 -
0 1125 0 625 0 225
10 a | 60 90 - 11 a 20 50 - 12 a 15 75 -
0 1250 0 125 0 375
13 a| 75 50 - 14 a 30 45 - 15 a 35 50 -
0 375 0 78 0
16 a | 25 35 - 17 a 30 65 - 18 a 50 120 -
0 78 0 125 0 1125
19 a | 30 450 - 20 a | 40 1500 - 21 a 35 90 -
0 375 0 1125 0 78
22 a | 30 85 - 23 a | 45 110 - 24 a 15 50 -
0 0 2500 0 312
25 a | 20 800 - 26 a 70 55 - 27 a 65 180 -
0 640 0 640 0 1280
28 a | 15 65 - 29 a 25 120 - 30 a 55 85 -
0 312 0 78 0 1280
31 a| 20 65 - 32 a 55 70 - 33 a 80 650 -
0 156 0 640 0 2500
34 a| 60 160 - 35 a 20 25 - 36 a 30 15 -
0 1280 0 78 0 640
37 a| 15 10 - 38 a 25 20 - 39 a 40 65 -
0 78 0 640 0 1280
40 a | 40 180 - 41 a 50 60 - 42 a 70 120 -
0 78 0 640 0 1280
43 a | 65 120 - 44 a 35 30 - 45 a 45 40 -
0 2500 0 640 0 312
46 a | 35 40 - 47 a 50 800 - 48 a 15 15 -
0 1125 0 312 0 78
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