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Mertoauueckue yka3aHus 10 OpraHu3aluy MPaKTUYECKUX 3aHATUN CTYJIEHTOB MO
mucuurimHe OIT 04 «MatepuanoBenenue» paszpabotranbl Ha ocHoBe DenepanbHOTO
rOCyapCTBEHHOTO  00pa30BaTeIbHOIO  CTaHAapTa CPEeAHero  MNpogecCHOHAIBHOIO
obpazoBanust 1o mnpodeccun 13.01.10 DAEKTpOMOHTEp MO PEMOHTY U OOCIYKHBAHHUIO
ANEKTPOOOOpyIoBaHus ([0  OTpacisiM), YTBEPXKIECHHOTO TMpHUKa3oM MHUHHCTEpCTBA
obpazoBanusi u Hayku Poccuiickoit ®emepanuun ot 02.08.2013 roma, Ne
802,3apeructpupoBanHbiM MunucrepctsoMm roctuimn Poccniickon ®enepannn20 asrycra
2013 r., peructparmoHHbiii Ne29611, ¢ u3MeHEHUsIMH, BHECEHHBIMH MUHUCTEPCTBOM
obpazoBanmsi u Hayku Poccmiickoit @Pemepanuu ot 17 wmapra 2015 1., Ne247,
3aperucTpupoBaHHbIME MuHHCTEpCTBOM ocTulinK Poccuiickoit ®enepannnO3anpens 2015
r., peructpamoHubiii Ne 36, ¢ yuerom Ilpukaza Ne 796 ot 01.09.2022 2. «O BHeceHuun
n3menenuit B ®I'OC CIIO»:
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Be/leHHne

[Ipuctynas K BBIIOJHEHUIO NMPAKTUYECKOW pabOThI, CTYJEHT JOJDKEH BHUMATEIIBHO
OPOYMTATh LI€JIb M 3aa4d 3aHATHs, O3HAKOMMTHCS C TpeOOBaHUSMM K YpoBHIO Barmei
IOJIFOTOBKU B COOTBETCTBUU C (heZiepaIbHbIMU TOCYJaPCTBEHHBIMH CTaHAAPTaMH, KPAaTKUMU
TEOPETUUYECKUMHU U Y4€OHO - METOIMYECKUMU MaTepHallaMu 110 TEME NPAKTUYECKOU paboTHI,
OTBETUTH Ha BONPOCHI JJIS 3aKPEIJICHUS] TEOPETUYECKOI0 MaTepuania.

Hannuue monoXuTenbHOM OLEHKH MO MPAKTUYECKUM paboTam HEOOXOJUMO s
MOJTy4eHusl IomycKa K nuddepeHmpoBaHHOMY, IOATOMY B CITy4ae OTCYTCTBUS Ha YPOKE 10
000U IPUYUHE WU TIOTYYCHUS HEYAOBIECTBOPUTEIBHOMN OLIEHKU 32 MPAKTHYECKYI0 paboTy
Bl 10mKHBI HANTH BpEMS [IJIS €€ BBITIOJIHEHUS WIIM NIEPECAAYH.

Buumanue! Ecnu B npoiiecce moAroTOBKY K MPAKTHUECKUM pabOTaM MpH PEIICHUN
3ama4 y Bac BO3HHMKAalOT BOIPOCHI, Pa3pelIUTb KOTOPBIE CAMOCTOSATEIBHO HE YAACTCH,
HEOO0XO0MMO 00paTUTHCS K MPENO/IaBaTENIO TS OTYUYEHHS pa3bsICHEHUHN WM yKa3aHUH.
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IosicHUTENLHAA 3aNNCKA

MeTonuyeckue ykKazaHus TpeaHA3HAYeHbl B KAueCTBE METOAMYECKOTO IMOCOOHUS IMpHU
npoBefeHnH mpakTruueckux padot no OI1.04 Marepuanoseaenue ans npodeccun 13.01.10
«DJIEKTPOMOHTEP IO PEMOHTY U 00CITY’KUBAHUIO IEKTPOOOOPYIOBAHUSY.

[TpakTrueckue pabOThl NPOBOAATCS MOCIE U3YUEHHUS] COOTBETCTBYIOLIUX Pa3esioB U
TEM JUCLUUIUIMHBI. BbinonHeHne oOydyarolUMMUCS NPAaKTUYECKUX padbOT MO3BOJSET UM
IIOHATB, I'/I€ ¥ KOT'/1a U3y4aeMbl€ TEOPETUUECKUE IIOJIOKEHUS, ¥ TPAKTUYECKHE YMEHHS MOTYT
OBITh MCIIOJIb30BaHbl B OyAYIIEH MPAKTUUECKON JEATEIBHOCTH.

Heanb:

- (opmupoBaHME TPAKTUYECKUX YMEHHUM, HEOOXOOUMBIX B IOCIEAYIOLIEH
npodeccHoHaTbHON M YIEeOHOU e TeTLHOCTH.

3agaun:

- 0000LIUTh, CUCTEMATU3UPOBATH, YIIyOUTh, 3aKPEIUTH IOJTYYEHHBIE TEOPETUUYECKUE
3HAHMS 10 KOHKPETHBIM TEMaM JUCHUIUIMH 001Ienpo(ecCuOHaNbHOrO [UKJIA;

- popMupOBaTH YMEHHMS IPUMEHSTH MOJYyYECHHbBIE 3HAHUS HA MPAKTHKE;

- BbIpa0OTaTh MPH PEIICHUH MOCTABJICHHBIX 33J1a4 TaKUX MPOPECCUOHATBHO 3HAYMMBIX
Ka4eCTB, KAK CAMOCTOATEIIHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPUYECKAsI HHUIIMATUBA.

Ha npaktuueckux 3aHATHsX  oOydaroliuecs  OBJIAQJEBAlOT  MEPBOHAYAIBHBIMU
npo(hecCHOHATBHBIMA YMEHUSIMU M HaBbIKaMH, KOTOpbIE B JaJIbHEHUIIEM 3aKpEIUISIOTCS U
COBEpULICHCTBYIOTCSA B ITpoLiecce Y4eOHOM U MPOU3BOICTBEHHOM MPAKTUKH.

OcBoeHue  OUCLUMIUIMHBI  SIBISETCS  YacThIO  OCBOEHHS  OCHOBHOTO  BHJA
po(hecCUOHATIBHON JESATENIbHOCTH U COOTBETCTBYOMUX 001mux (OK) koMmeTeHImii:

B pe3ynbTaTe BBINOJHEHUS MPAKTUUYECKUX PaldOT, MPETyCMOTPEHHBIX MPOrpaMMOil
OI1.04 «MatepuanoBeaeHne», 00y4aroUUiics J0KEH yMeTh:

-OIpe/IeNIATh CBOMCTBA U KJIACCU(PUIMPOBATh MATEpUaJIbl, IPUMEHSIEMbIE B IPOU3BOCTBE,
10 COCTaBY, HA3HAYEHUIO U CIIOCOOY IPUTOTOBIICHMUSL.

1. monOupaTh OCHOBHBIE KOHCTPYKLIIMOHHBIE MAaTEPHUAIIBI CO CXOTHBIMH KOA(D(DULIMEHTAMU
TEIJIOBOTO PaCIIMPEHUS

2. pa3nuyaTh OCHOBHBIE KOHCTPYKIIMOHHBIE MaTepuaibl MO (U3MKO-MEXaHUYECKUM H
TEXHOJIOTHYECKUM CBOMCTBaM

B pe3ynbraTe ocBoeHUS yUCOHOM NUCITUIIIMHBI O0YyJIarONIUNCS TOTKEH 3HATD:

1. BUBI, CBOMCTBA U 00JACTH MPUMEHEHUS] OCHOBHBIX KOHCTPYKIIMOHHBIX MAaTE€pPUAJIOB,
UCIIOJIb3yEMbIX B IIPOU3BOJICTBE.

BU/IbI POKJIAJIOYHBIX U YIUIOTHUTEIHHBIX MAaTEPHAJIOB.

BU/JIbI XUMHUUYECKON U TEPMHUYECKON 00padOTKU cTajei.

KJIaCCU(DMKAITHIO ¥ CBOMCTBA METAJIJIOB U CIUTABOB, OCHOBHBIX 3aIlIUTHBIX MATEPHAJIOB,
KOMITO3UIIMOHHBIX MaTepPUAIIOB.

METO/Ibl U3MEPEHHUS MTapaMeTPOB U ONIPEICICHUS CBOHCTB MaTePHAIIOB.

OCHOBHBIC CBEJICHUS O KPUCTATU3AINH U CTPYKTYPE PacIlIaBOB.

OCHOBHBIE CBOIMCTBA MOJIMMEPOB U UX UCIIOIH30BaHHUE.

criocoObl TEpMOOOPAOOTKH U 3AITUTHI

W
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O npoBefieHUH MPAKTUYECKON pabOThl 00yUYarOIIMMCs COOOIAeTCs 3a0J1arOBPEMEHHO:
KOI/Ia MPEACTOUT NpakTHyeckas paboTa, KaKhe BOIMPOCHl HYKHO MOBTOPUTH, UYTOOBI €€
BBIMIOJHUTD. [I[pocMaTpuBaroTces 3a1aHnsi, OrOBApUBAETCS €€ 00bEeM U BPEeMsl €€ BBITIOJTHEHHS.
Kputepuu onieHKH cOOOIIAIOTCS MEPE BHITOTHEHUEM KaXKI0M MPaKTUYECKON paboThI.

[lepen BBIMOTHEHUMEM NPAKTUYECKON pabOTHl MOBTOPAIOTCS NpaBUiIa TEXHUKH
oe3onacHocTU. [Ipy BBINOJIHEHHH MPAKTHYECKOW pabOThl 00yYaromuics NpUAepKUBAETCS
CJIEIYIOLLErO aJlrOpUTMa:

1. 3anucate Aaty, TeMy U 1EeIb PaOOTHI.

2. O3nakomuThcs ¢ 3YH, npaBuiamMu v yCJIOBUSIMU BBIIIOJHEHUS IPAKTUYECKOTO 3a/1aHHS.

3. IloBTOpUTHh TEOpeTHUYECKHE 3aJaHusi, HEOOXOJUMBIE NJisi PAaIlMOHAIBHON paldoThl U
JIPYTUX MPAKTUYECKUX ICUCTBUM.

4. BbIOJIHUTE paboTy MO NPEIOKEHHOMY aJTOPUTMY JIEHCTBUM.

5. O6001muUTh pe3yNbTaThl padOThI, CHOPMYITUPOBATH BHIBOJIBI 11O paboTe.

6. JlaTh OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

O0BbeM MOXKET K0JIe0aThCsl, B 3aBUCUMOCTH OT Pa0OTHI: TEKCTHI JOJKHBI ObITh HalleyaTaHbl
14 keriem Times New Roman, gepes 1,5 unTepBana, moyis CTpaHUIl: BEpXHEe, HIDKHEE - 2
cM, JieBoe - 3 cM, mpaBoe -1,5 cMm, ab3al, oTcTyn - 1,5 cM; Bce MpUIIOKEHUsI K paboTe He
BXOJST B €€ 00beM. BO3MOXKEH M pyKONMCHBIN BapuaHT 0opMIiIeHUs padoT.

PaboTa nomxHa ObITh BBINIOTHEHA TPAMOTHO, C COOIIOJIEHUEM KYJIbTYPbI U3JI0KEHHUS.

O0s13aTeNbHO TOKHBI UMEThCS CCHUIKM Ha MCIOJb30BaHHYIO JINTEPATYPY.

JlomxHa OBITH COOJIIOJIEHA MOCJENOBATEIbHOCTh HamMcaHusi OuOIMorpaduuecKoro
anmnapara.

2. KOHTPOJIb 1 OIEHKA

[TpenMeToM OLIEHKM OCBOEHHS AMCLUMILUIMHBI SIBISIIOTCS YMEHHS, 3HaHMs, oOuue
KOMITETEHLIUH, CHOCOOHOCTh MPUMEHSTh X B MPAKTHUECKOU ACSITEIbBHOCTU U TOBCEAHEBHOMN
KHU3HU.

Kpurepuu oueHkH nNpakTH4ecKux pador

Oyenka «5» - paboTa BBITNIOJIHEHA B TIOJIHOM 00beMe U 0e3 3aMeUaHmil.

Oyenka «4» - paboTa BBINOJHEHA IPABUIILHO C YYETOM 2-3 HECYIIECTBEHHBIX OLIMOOK
UCITPaBJIEHHBIX CAMOCTOATENBLHO MO TPEOOBAHUIO NIPETIOABATEIS.

Oyenka «3» - paOoTa BBINOJHEHA MPABWJIBHO HE MEHEE YeM Ha MOJIOBUHY WIIU
JIOTyIIIeHa CYIIECTBEHHAs OUINOKa.

Oyenka «2» - nomyiieHbl Be (u Oosee) CylmecTBeHHbIE OMMOKH B X0J;i¢ PabOThI,
KOTOpbIE O0yYaIOLIUeCs] HE MOXKET UCIPABUTh JaXke MO TPeOOBAHMIO MPenogaBaTelis Win
paboTa HE BBINIOJIHCH



IIpakTnueckass padora Ne 1. Menp, xapakTepucTuka, cBoiicTBa. OOIas XxapakTepuCTUKa
CIUUIAaBOB MEJIH.

Bpems pa6oTnl: 4 yaca.

Hean padoTei: N3yueHne 0CHOBHBIX XapaKTEPUCTUK MEJIH.

IIpakTH4yeckue 3a1aHus
3apanme 1. 3anI0JHUTH TPOITYCKHU:

1. Meap Cu — MeTai1 po30BaTO-KpacHOTO 1IBETA, IJIOTHOCTh MEIU , TeMIlepaTypa

TUTaBJICHUS ,  KpUCTaJUIM4YecKas  pelieTka U

noJU(OPMUYECKUX MTPEBPALLICHUH.

2. MexaHn4eckue CBOMCTBA MEJIN:

3.13-3a qUCTasi MEIb KaK KOHCTPYKLIMOHHBIN MaTeprai He
npumensercsa. OKOJI0 MOJOBUHBI IPOU3BOAUMON MEIU UCIIOJIb3YETCS

4, BpCI[HBIMI/I MMPpUMCCAMHU, CHHKAIOIMUMHU MCXaHUYCCKHUC U TCXHOJOTHUCCKHC CBOMCTBA
MCaHU )51 cC CIIJIaBOB, SABJIAIOTCA

5. nst mpoBOAOB MPUMEHSIOT AIEKTPOJIUTHYECKYIO MEAb ciieayronmx mapok (I'oct
869 2001):
6.TexHonornueckre CBOMCTBA MEIU

3ananue 2. Hamucars onpeaeieHus:
JlaTyns 310 —
[Ipocras natyHs — 310
CnoxHas 1aTyHb — 3TO

3ananue 3. 3an0JHUTH TaOJIHITY:

Mapka PacmudpoBka mapku | O6nacTh
TIPUMEHEHUS
I B-T 2 B-T
JI96 JI90
JI70 JI68
JIA77-2 JIAXK60-1-1
JIAHKM175-2- JIMiA57-1-1
2.5-0.5-0.5
JIC60-1 JIC59-3
JI60 JIH65-5
JITI40M137K3 JIT[16K4K2
JITT40A8 JITI382K2

OOyuaromuiics BRIOMPAET BapUaHT COTJACHO CIHCKA B JKypHasie: | BapuHaHT BBIMOJIHSIOT
oOyyJaroruecs: Mol HeYETHBIMA HOMEpaMHu, 2 BapUaHT — MOl YeTHHIMA HOMEPAMH B CITUCKE.



3aganme 4. OTBETUTH HA BOIPOCHI:
bpon3a -310
ITo TJIaBHOMY JIETUPYIOIIEMY AIIEMEHTY pa3IuyaroT OpOH3HI:

3amanue 5. 3anosHuTe TaOIUILY:

Mapka Pacumpposka mapku | O0nacTh
PUMEHEHUS
1 B-T 2 B-T
BpAX9-4 BbpAXHI10-4-4
bpKMi3-1 bpOI19-4
bpO®P4-0.25 bpO®6.5-0.25
bpO31112C5 bpO4114C17
bpA9XK4H4Mul | bpA9XK3u3Mu
3
bpCy3H2I13C20 | bpA112XK6H6

O6yqa}om1/1ﬁc;1 BI:I6HpaeT BapHaHT COI'NIaCHO CIIMCKa B XXYPHAJIC: 1 BapHUaHT BBIIIOJHAIOT
06y11a101uHec51 Mo HCUCTHBIMHU HOMCPAMU, 2 BapHaHT — 110 YCTHBIMHX HOMCpaMHU B CITMCKC

3aganmue 6.
OTBeTHTH HA BONIPOCHI TECTA, Pe3YJIbTATHI 3AaHECTH B TA0JIMIY:
1 2 3 4 5 6 7 8 9 10

1. CnyiaBaMu MeIu | APYTHX JIEMEHTOB SIBJISIIOTCS

a) TaTyHb, OPOH3a.

0) MaHraHWH, HEN3UITKLOEP, KOHCTAHTaH, MEIbXHOP, MOHETHBIE CILJIABHI.

B) MaHTaHUH, HEU3UIHOEP, KOHCTAHTAH, MEJIbXUOP, MOHETHBIE CIIABHI, JIATYHb, OpOH3a.
T') TOJIBKO MOHETHBIE CTLJIaBbI

2. B npakTHKe NPpUMEHSIETCS JIATYHb C COAEP:KAHMEM IIMHKA [10...
a) 30 %
0) 35 %
B) 40 %
r) 45 %.

3. PaciupoBars Mmapky ciuiasa — JI80:

a) naTyHb eopMupoBaHHas, npoctas, cojaepxxkanue meau 20 %, uunka 80 %.
0) natyHp nedopmMupoBaHHasi, mpocTas, coaepxkanne meau 80 %, nunka 20 %.
B) JIaTyHb JAedOpMHUPOBaHHAs, CIIOXKHas, coaepxkanue mean 80 %, muaka 20 %.
T) JIaTyHb JUTEWHas, mpocTasi, coaepxanue Mmeau 80 %, uunka 20 %.

4. PacmiugposBars mapky ciiiaBa — JIAYKS9-1-1:



a) 1aTyHb eopMUpoBaHHas, CIOXKHAs, cojepkanue meau 39 %, amomunus — 1%; xxenesa
—1 %; nunaka — 59 %.

0) naryHb nedhopMHUpPOBaHHAs, CIOXKHAs, coaepxanue meau 59 %, amomunus — 1%;
)kene3a — 1 %; nunka — 39 %.

B) JIaTyHb JIMTCHAs, CJI0KHAs, cojepkanue meau 59 %, amomunus — 1%; xxene3a — 1 %;
nuaKa — 39 %.

r') JaTyHb aeopMUpOBaHHAs, MPOCTas, coaepkanue mean 59 %, amomuaus — 1%; xenesa
— 1 %; nunka — 39 %.

5. Pacuugposars mapky ciuiasa — JIL16K4:

a) TaTyHb JIUTEHHas, CJI0KHas, coaepxkanue rmuaka — 80 %, kpemuawnst — 4 %, mean — 20 %.
0) matyHs neopmMupyemas, CIoxKHas1, coaepxkanue uuuka — 16 %, kpemuus — 4 %, menu —
80 %.

B) JIATYHb JIUTEIHAs, MpocTasi, cojiepkanue muHka — 16 %, kpemuus — 4 %, menu — 80 %.
') JaTyHb JUTEHAas, CIOXKHAas, collepkaHue MHKa — 16 %, kpemuus — 4 %, meau — 80 %.

6.11o cnoco0y nmepepadoTKU pa3jIuvyaIOT:
a) nuTerHble U 1eopmMupyemMbie OpOH3bI
0) 0JIOBSIHHBIC U O€30JIOBIHHBIE OPOH3bBI
B) CJIOXHBIE U IPOCTHIE OPOH3BI.

7.Pacuundposars mapky ciiaa — bpCy3HI3C20D:

a) OpoH3a nuteitHas, cypema — 3 %, aukens — 1%, nusak — 3 %, ceunen — 20 %, gocdop —
1%, mean — 72 %.

0) 6pon3za nepopmupyemas, cyppma — 3 %, HuKeTs — 1 %, 1uak — 3 %, cBuret — 20 %,
docdop — 1 %, menp — 72 %.

B) OpoH3a nuteitHas, cyppMa — 3 %, Hukenb — 1 %, nuak — 3 %, cBunen — 20 %, dbocdop —
1 %.

8.Pacumm¢ppoBars mapky ciiiaBa — bpOIl 8-4:

a) OpoH3a nurteiHas, oj0Bo — 8 %, muHK — 4%, Menpb — 88 %.

0) O6pon3a nedopmupyemas, 01080 — 8 %, nuHK — 4 %, meas — 88 .
B) OpoHn3a nedopmupyemas, 01080 — 8 %, nuHk — 4%.

9.B mapke OpoH3bl OykBa @ 0003HAUYAET CJCAYHOIINNA JETHPYIOLIUIA 3JIEMEHT:
a) BaHAOUU

0) ¢prop

B) pocop

10.ITo I'OCT 859-2001 meanb BbIMyCKAaETCA B BUAE KATOA0B, CJINTKOB, 101y (padpuxkaros,
NPYTKOB CJIEAYIONUX MAPOK:

a)M00A, MOOBK, MOA

0) M0, M1, M2,M2P, M3, M3P, M4, AM®.

B) BCE MEPEUHCICHHOE BEPHO



KoHTpoJibHBIE BOPOCHI:

1.HazoBuTe cBOMCTBA YUCTOM MEIM U 00JIACTH €€ MPUMECHEHUS.

2. Kakue crnaBbI IIBETHBIX CIIJIABOB HA OCHOBE MEJIH ?

3. JlaiiTe xapaKTEpUCTUKY ITPOCTHIM U CJIOKHBIM JIATYHSIM.

4. JaiiTe XapaKTEPUCTUKY OJIOBSIHHBIM U 0€30JI0BSIHHBIM OpOH3aM.

IIpuioxenue
IIpaBuiia MApKUPOBKH CILIABOB MeaH

MeIM JCJIATCH

ITo XMMHUYECKOMY COCTaBYy CIJIaBbI

.JIaTYHI) — CIlNIaB MCIH1 N TMHKa

bpon3a — cruiaB meau u Apyrux

AJIEMEHTOB
I1o TeXHOJIOTHYEeCKUM CBOMCTBAM 110 TeXHOJIOTHYEeCKUM CBOMCTBAM
Hedpopmupyembie JIuTelHbIe Hedpopmupyembie JIuTeHbIC
CILIABBI CILIABBI CILIABBI CILIABBI
JlaTyHb npocras — IIpaBuaa: IIpaBuaa: IIpaBuia:
CILIAB MeIM M LIUHKA 1. B mapke OykBa | 1. I[lpu mapxuposke | 1. [Ipu
l.TompKO «JI» o3Hauaer , nehopMupyeMbIX MAapKHUPOBKE
ne(opMHUpYEMBIN CIIaB | YTO 3TO CIUIAB - | OPOH3 Ha IEPBOM | JIMTEMHBIX OpOH3
2. B mapke OykBa «JI» | naryns MecTe CTaBsTCS | HA TIEPBOM MeECTE
O3HAyaer , 2. Jlanee uzaet | Oykssl bp CTaBATCS
4TO 3TO CIUIAB - JIATYHb | OyKBEHHOE 2. Hanee uayt | OykBsl bp
3. Iludpa mnoka3piBaeT | 0603HAUECHHE 3arnaBHbie  OykBbl, | 2.[lanee -
COJep)KaHue MeOu B | OCHOBHOTO 0003HaYAIOIINE OyKBEHHOE
LEJIBIX MPOLEHTAX JETUPYIOIIETO JIETUPYIOIINE M300paKeHUE
4. IlmHK B Mapke He | sneMenTa (I[HMHK) — | BJIeMEHTBI JIETUPYIOITUX
[IPOITUCHIBAETCH, I, wu cumegom | 3. Jlazee wuudpsl | 2JIEMEHTOB, u
HaxoauTcd 1o Gopmyne: | uudpa, 03HAyaroT JTOJIO | CeAOM - HUQPBHI,
100- coneprkanre MENN= | yKa3bIBAIOIIAs €rO | JeTHPYIOMIHX YKa3bIBAIOIINE WX
% coziepKaHne B | 5]IEMEHTOB B ILIEJbIX | COJAEPKAHUE B
Mapxu:JI196, LEJIbIX MPOIEHTAX | MPOIEHTaX B  TOM | LEIBIX IPOLICHTaX.
JI90(Tommax), JIZS, | 3. Hanee — | mocaemoBaTenbHOCTH | 3. . Menp B Mapke
JI80(mommyromnax), JI70, | 6GykBenHoE , KaK pAacIoJOKEHHI | IUTEUHbIX OpOH3
J168, J163, J160 n300pakeHue OYKBEI. HC
[Tpumep: JI96 JETUPYIOIINX [udpsr MPONUCKHIBAETCS, a
Jlarynp ~ mpocTas | 3IeMEHTOB, U | pacnoJIOKE€Hbl 4Yepe3 | HAXOAUTCS o
nedhopmupyemas caeroM - 1HUQPBL, | THpe! dbopmyre:




Mens — 96 %
[Muuk 100-
96=4 %
JIaTyHb  CJIOKHAsT —
CIUIaB MeAW, IMHKA W
JAPYTHX 3JIEMEHTOB
1. B mapke OykBa «JI»
03HAYaeT , YTO ATO CILJIaB
- TaTyHb
2. anee
3arjaBHBIC
0003HaYaroIue
JIETUPYIOUTUE DJIEMEHThI
3.IlepBoie 1uppel 3a
OykBaMu O3HAYaroT
JOJIF0 MEIU B LEJBIX
MPOIIEHTAX
4. Hanee Pl
O3HAYalT J0JTIO
JIETHPYIONTUX DJIICMEHTOB
B IIEJBIX TPOICHTaX B
TOU
MOCJIEA0BaTEIbLHOCTH,
KaK PaCIOJIOKCHBI
OYKBBI.
Hudper  pacnosioxeHsbl
yepe3 Tupe!
5. lluak B Mapke He
MIPOTHUCHIBACTCA,
HaxoJUTCA 1o hopMyie:
100- coxeprkanue Menu-

UJIyT
OYKBBHI,

np.oaemMerTel= (%)
Mapxu: JIAT77-2,
JIAYK60-1-1,

JIAHKM1175-2-2,5-0,5-
0,5
Hpumep: JIAHKMu75-
2-2,5-0,5-0,5
JlaTtynp CJI0’KHAas
nedhopmupyemas
Mens — 75 %
AIOMUHHN —
2%
Hukens - 2,5
%

YKa3bIBAIOIUE HX
CoJIepKaHue B
IEJBIX MPOIIEHTAX.
4.  ConepxaHue
MEIW  HaXOJHUTCA
o opMmyiie:

100- coneprkanue

4, Menp B Mapke
neopMupyeMbIx
OpoH3 HE
NPOMUCHIBACTCSA, A
HAXOIUTCS 1o
dbopmyre:

100- comepxanue

OMHKa —

AP.2JICMCHTOB =

COACPKAHUC

IOp.2JEMEHTOB =
%

Mapku:
JII40M13K,
JIT40M13A,
JI38M12C2;
JIII30A3, JII[16K4

U JIp.

IIpumep:
JIII30A3
[Munk -
30 %
Anmtomunuii — 3 %
Mens — 100-
30-3=67 %

%

Mapku:  bpOd6,5-
0.4; bpOl114-3;
bpOIIC4-4-2,5

IIpumep: bpOD6,5-
0,4
bponza
nedpopmupyemMas
OnoBo  —
6,5 %
®ochop —
0,4 %
Menp
0,4=93,1 %

100-6,5-

100- conepxaHue
TIP.AJIEMEHTOB =

%

4. Haorma Ha
ITOCJIETHEM MECTE
MapKu CTOUT
oykea JI, d4ro
O3HA4YaeT , 4YTO

CILIaB JIUTEUHBIN

Mapku:
bpOSII5CS,
bpO10I1110,
bpA9OMu2JI u np.
IIpumep:
bpon3za nurennas

AJIIOMUHUN —
9%

Mapraner — 2
%

Menp 100-9-
2=89 %




Kpemuuit  —
0,5%
Mapranen —
0,5%
Huak 100-75-2-2,5-0,5-
0,5=195%
Jlernpyommue 3jieMeHTbI: A — ATIOMUHUN K-xene3o
Mu-mapraserg
K — kpemHuit C-cBuHenl
O-o010BO
M- MBIIIBSIK H- Hukenp
II- uaK
Cy-cypbma D-hocdhop
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IIpakTuyeckas padora 2.

Tema: N3yuenue AUdIeKTPUUYECKUX MATEPHAIIOB IO 00pa3am

Bpems padoTsl 2 yaca

Leab padoThl: U3ydeHHE NUAIECKTPUUECKUX CBONCTB DJIECKTPOTEXHUUYECKUX MATEPHAIOB U
METOJIMKHU UX U3MEPCHHS, - TPUMEHEHUE TCOPETUICCKUX 3HAHUN HA TTPAKTHKE
Teopernueckue cBeieHus

CBOWCTBO W  KA4eCTBO  DJJIGKTPOTEXHHYCCKHMX  MAaTEPHANIOB, OMNPEICIAIONNX WX
TEXHOJIOTHYHOCTh

TIPY U3TOTOBJICHUH PA3JIMYHBIX BUIOB JICKTPOTEXHUIECKOTO O0OPYTIOBAHMSI U IX TIOBEICHUE
BOKCILTyaTalllH, OIIECHUBAIOTCS PSIIOM TTapaMeTPOB.

JIMDIeKTpUUEeCKMMH MaTepHalaMi Ha3bIBAIOT KJIACC DJIEKTPOTEXHHMYECKUX MaTEPHUAJIOB,
MpeIHA3HAYCHHBIX JJI UCTIOIB30BAHMS UX JUAJICKTPUUECKUX CBOMCTB (OKa3bIBATh OOJIBIIIOE
COTPOTHUBIIEHUE TIPOXOKIEHHUIO AJICKTPUIECKOTO TOKA M CIIOCOOHOCTH TOJIIPU30BAThCS.

IIpakTnyeckune 3agaHus

3ananme 1 Pemenue 3amau 1. [lpoOuBHOE HampspkeHHWe mapoB auamerpoMm 12,5 cm mpu
pacctostHu Mexay 3anada Ne 1 Hlaper auametpom d=12,5 cM npu pacCcTOSHUN MEXTy HUMH
l cM ¥ HOPMaJIbHBIX YCJIOBHUSIX HUMEIOT TMpoOuBHOe HampspkeHnue Unp. Kak uzmeHuTCs
npoOuBHOE HampsbkeHue npu Temieparype t, °C u armochepHOM JaBJICHUU P, MM PT. CT.
BapuanTsl 3a1anuii

No Unip, B t, °C p, mm. pt. cT otBeThI 1 30,1 -15 720 2 30,2 - -10 730 530,55 734 6 30,6 10
735



HaiiT u3amMeHeHue npoOMBHOTO HANPSKEHUS.

3apaua 2. Crapenue uzonsauuu kiacca E mpoucxoauT mon neicTBueM ABYX (PaKTOPOB:
TEMIIEpaTypbl W YAaCTUYHBIX pa3psioB, T. €. TEIUIOBOE M AJIEKTPUUECKOE CTapeHHe
IPOUCXOAUT OJHOBpeMeHHO. Pabouee Hampspkenune wuzonsiuuu U=35 kB, nHanpsbkeHue
BO3HUKHOBEHUS YacTUUYHBIX pazpanoB Uup=15 kB. U3onsamus paccuntana Ha CPOK CIY>KOBI
TH=25 JIeT IPU OTCYTCTBUMYACTUYHBIX PA3PsI0B U IPU HOMUHAIBHOM paboyeil TeMiepaTtype
ta=120°C. OnpenenuTs pacyeTHBIA CPOK CIIYy>KObI m3oJsiuu npu temmneparype t=130°C u
HAJIMYUHA YaCTUYHBIX pa3psaaoB. Pemenne. Cpok ciry>kObI H30JISIMH MTPU HATHIUH TETIOBOTO
crapeHus paBeH Popmyna tH= Cpok CIy>KObl M30JALMU MPU AIEKTPUUECKOM CTApPEHUU:
®opmyna 1= Cpok CIyKObI U3OJSIITUUTIPH OJTHOBPEMEHHOM JCHCTBUN JIBYX MEXaHHU3MOB
craperus: Gopmyna 1= [Ipumedanue: A — MOCTOSTHHAS, 3aBUCSINAsT OT CBOMCTB W30JISINH,
IPY HOPMAJTBHBIX YCIIOBUSAX paBHast roj1/(kB.) n, rae n — mokasaTenb CTENeHU, 3aBUCSIIINN OT
KOHCTPYKTHUBHBIX 0COOCHHOCTEH M3O0JISIINH U POJIaICHCTBYIOIIETO HANpsKeHUs (n=4...8 pu
HaMpPsHKEHUW TPOMBIIIEHHON 4acTOThl U n=9...12 npu nocTossHHOM HamnpsbkeHuu). Kiacc
narpeBocroiikoctd Y A E B F H C Haubonsimas pabouas temneparypa, °C 90 105 120 130
155 180 bonee 180 Tepmonunamuueckast temneparypa, K 363 378 393 403 428 453

13

IIpakTnuyeckas padora Ne 3
Tema «Onpeaenenne TUIIEKTPUIECKUX CBOMCTB 3J1EKTPOTEXHUYECKHX MaTEPHAJIOB)

Heab padoTsi:

- U3y4YECHUE JUAIEKTPUUECKUX CBOMCTB AJIEKTPOTEXHUUECKUX MATEPUAIIOB U METOJIMKHU UX
U3MEPEHUS,

- MPUMEHEHNUE TEOPETUYECKUX 3HAHUM Ha MPAKTHUKE.

- YME€Th NPOU3BOJUTH PACUEThI, YMEHHE MOJIb30BATHCS CIIPABOYHBIMU JaHHBIMHU.

- COTJIaCHO MPOU3BEICHHBIM pacueTaM YMETh ONPEACNISITh COOTBETCTBYIOT JIM MaTepuall
CBOUM JIUDJIEKTPUYECKHUM CBOMCTBAM.

Bpems pabortsl: 4 yaca.

IIpakTueckue 3aaHusl.

1. Pemienue 3amad no BapuaHTam.

2. OTBeTUTH HA BOIIPOCHI TECTA.

3. Odopmienne mpakTHIECKOM pabOTHI.

4. OTBETUTH HA KOHTPOJIbHBIE BOIPOCHL.

Kparkue teopernueckue cBegeHus. CBOWCTBO W KA4eCTBO  AJIEKTPOTEXHUYECKUX
MAaTEPUATIOB, ONPEACIAIOIIMX MX TEXHOJOTHMYHOCTh MPU HM3TOTOBICHUU PA3ITUYHBIX


http://mash-xxl.info/info/416760

BUJIOB  DJICKTPOTEXHUYECKOTO OOOpYJOBAaHMS MU UX TOBEJEHHE B JKCIUTyaTallWH,
OLICHUBAIOTCS PSJAOM MapaMETPOB. :
JAM3JIeKTPUYeCKUMHU MAaTePUAaIaMH Ha3bIBAIOT KJIACC AJEKTPOTEXHUUYECKHUX MaTEpHUaioB,
NpeHa3HAYCHHBIX JIJI UCIIOIB30BAHUS UX TUDJICKTPUUYECKUX CBOMCTB (OKa3bIBATh OOJIBIIIOE
COTNPOTHUBRJICHUE TTPOXOKACHHUIO JICKTPHUUIECKOTO TOKA M CLIOCOOHOCTD IMOJISIPU30BAThCS

3ananme 1
Pemenue 3agau
IIpumep pemenusi 3agaum Nel

1. ITpoOuBHOE HaNpsKEHUE MIAPOB AUAMETPOM 12,5 cM IIpH pacCTOSIHUM MEXAy Iiapamu |
CM M HOpMaJIbHBIX ycinoBHsX paBHO Unip = 31,7 kB. Kak n3amMenurcsa npoOMBHOE HaNpsKEHHE
npu temieparype t = 27°C, atmocepHoM naBiaeHUN p=739 MM PT. CT. U OTHOCUTEIHHOM
mIoTHocTH 0=0,95.

Pemenune. OTHOCUTENBHAS IJIOTHOCTh BO3/yXa NPHU YKA3aHHBIX aTMOC(EPHBIX YCIOBHUAX
OyJner paBHa:

6= (273+20)* 739/ (273+27)*760=0,95

Ecnu oTHOCHUTENBHAS TITIOTHOCTH JIGKUT B Tipeaenax 0,95...1,05, To mpoOuBHOE
HaIpspKeHUE HaljeM 1o hopmyiie:
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Unp= Unp* 6=31,7*0,95=30.105 xB.
[IpumeyaHue: Mpyu HOPMAIBHBIX YCIIOBUAX OKpyx)aromei to cpeast =20 °C, po =760 MM pT.C
Bapuanrtsl 3axanuid, 3agaya Ne 1
[aper nuametrpom d=12,5 cM npu pacCTOSTHUU MEXKITY HUMU | CM U HOpMAaJIb-HBIXYCITOBHUSX

uMeroT mpodOuBHOoe Hampspkenwe Unp. Kak u3MeHHTCS NpoOMBHOE HAIPSIKEHUE TPH
temriepatype t, °C u armocepHOM JAaBICHUH P, MM PT. CT.

Ne Unp, t, p, OTBeTEI
B °C MM. pPT. CT Unp, kB
1 30,1 -15 720
2 30,2 -10 730
3 30,3 -5 732
4 30,7 12 736


http://mash-xxl.info/info/416760
http://mash-xxl.info/info/525230
http://mash-xxl.info/info/562969

HaiiT n3meHnenue npoOMBHOTO HAMPSHKEHUS.

IIpumep pemrenus 3axaqyu Ne2.

Crapenue nzonsiiuu kinacca E mpoucxoaut noa aeicTBreM ABYX (PaKTOpOB: TeMIlEpaTyphl U
YaCTUYHBIX pa3psiioB, T. €. TEIUVIOBOE U BJIEKTPUUYECKOE CTApEHHE MPOUCXOIUT
oaHoBpemMeHHO. Pabouee Hanpspkenue uzomsiuuu U=100 kB, HanpsbkeHue BOSHUKHOBEHHUS
yacTU4HbIX pa3psanoB Uup=36 kB. M3onsuus paccuntana Ha CPoOK CIyKObI T,=25 NeT npu
OTCYTCTBUM YaCTUYHBIX Pa3psioB U NMPU HOMHUHAIBHOW paboueit Ttemmnepatype t,=120°C.
OnpenenuTh pacdyeTHBI CPOK CIYyKObl m3omsuu npu temmneparype t=130°C u Hanuuuu
YaCTUYHBIX Pa3psiOB.

Pemenue. Cpok CityObI U30JISIIUN TTPU HATMYUHU TETJIOBOTO CTAPEHUS PaBEH



130—1"{}

.2 E =252 =25-2"1=125net

Cpok ci1y>kObl U30JISILIUU TIPU JIEKTPUUECKOM CTAPECHUM:

A 6-10°
(U= y4p)® (100 —36)°

T, = —93,75rona

CpOK CJIy}K6I>I HU30JI0UU IIpU OAHOBPCMCHHOM I[CﬁCTBHH ABYX MCXaHU3MOB
CTapCHUA:

[Ipumeuanne: A — MOCTOSIHHAS, 3aBUCSIIAsS OT CBOMCTB M3OJALIMU, NMPU HOPMAJIb- HBIX
yCJOBUSX paBHas roja/(kB) n, rae n — mokasaTenb CTENEHH, 3aBUCSIIINI OT KOHCTPYKTUBHBIX
0COOCHHOCTEH M30JISIIIMU U pojia JACUCTBYIOIIETro HampsikeHus (n=4...8 npu HanpsLKEHUU
IPOMBIIUIEHHON YacTOTHI U n=9...12 npu NOCTOSHHOM HaIPSIKEHUN ).

Kiacc Y A E B F H C
HarpeBOCTOMN- KOCTH
HauOombias 90 105 120 130 155 180  bonee
pabouas 180

temneparypa, °C
Tepmomunamuuecka 363 378 393 403 428 453  bonee
g Temneparypa, K 453
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Bapuanrtsl 3aganuii 3agaya Ne 2

CrapeHue U30JAMM TPOUCXOJIUT TOJ JACHUCTBUEM JABYX (DaKTOpOB: TEMIEpaTyphl U
YaCTUYHBIX Pa3psIOB, T. €. TEIIIOBOE U AIEKTPUUECKOE CTAPEHUE MPOUCXOINUT OJTHOBPEMEHHO
pu paboueM HanpspKeHUH U307y U, HanpsyKeHUH BO3ZHUKHOBEHUS YaCTUYHBIX Pa3psiioB
Uup. M3onsmus paccunTaHa Ha CPOK CIY>KOBI TH MPU OTCYTCTBUM YACTUYHBIX Pa3psoB U
IpY HOMUHAJILHOM paboueil TeMiepaTtype tH.

Ne Kiacc Tuy t, t U, Uup, Try T, T,
HAarpeBoC  Troj °C °C B B  orBer otTBeT OTBET



30 130 120 35 15

20 110 100 220 110
15 170 160 380 220
45 160 150 04 0,23

A~ WDNBE
Q< P> w3

3aganue Ne 2

OTBeTUTH HA BOIIPOCHI TECTA
KOHTpOJILHbIe BOIIPOCHI.

1. JlaiiTe ompenencHne, YTO Ha3bIBACTCS JUAIICKTPUISCKUMHU MaTepHaaaMu’?

OteT: JIMdjIeKTPUUYECKMMHM MATepHAJaMHM Ha3bIBAIOT KJIACC 3JIeKTPOTEXHUYECKHX
MaTepuaJsioB, NPeIHAZHAYEHHBIX JJIS UCIO0JIb30BAHUS UX JUIIEKTPUYECKUX CBOWCTB

2. Ilo arperaTHOMY COCTOSIHUIO TUAJICKTPUUECKUE MaTepUalIbl TIOAPA3ACIISIIOT:

... OTBeT: (’KUAKHE, TBEPIbIE, TA3000pa3HbIe)

3. BepHo nu yTBepKaeHHE, YTO COBOJI, COBTOI-2, CoBTou -10 — Heroprouune BemecTBa’?
Otger: [da
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TecT
Onpenesienue TUIIEKTPUYECKHUX CBOMCTB 3JIEKTPOTEXHUYECKHUX MATEPHUAJIOB

1) BosokHHCThIE MaTepHalibl 00J1a1aI0T:


http://mash-xxl.info/info/562969

a) Hau0oJIbIIeH 3JIEKTPONPOBOIHOCTHIO;
0) MEHBIIIEH IEKTPOIPOBOTHOCTHIO;

B) HAMMEHBILIEH JIEKTPOIPOBOJHOCTHIO.

2) Crekia 00J1aJa1oT:

a) HauOOJIbILIEH IEKTPONPOBOHOCTHIO;
0) MeHbIIIel 3JIEKTPONPOBOIHOCTHIO;

B) HaMEHbBIIEH

3) lomuctupod, sHTaph, mapaduH 00IaTAFOT:
a) HanOOJIBIIICH AIEKTPOIPOBOTHOCTHIO; JIEKTPOTIPOBOTHOCTHIO;
0) MEHBIIIEH AIEKTPONPOBOIHOCTHIO;

B) HAUMEHbIEH 3JIEKTPONPOBOAHOCTBIO.

4) TIpo06oii TU3NEKTPUKOB WIIM HAPYUIEHHEM €r0 3JIEKTPUUYECKON IPOYHOCTH HA3bIBAETCS
NOTeps UM CBOMCTB 3JIEKTPOU3OJIIIMOHHOIO MaTepurasa noji AeCTBUEM:

a) IeKTPUYECKOr 0 MOJIs;

0) MarHUTHOTO TIOJIS;

B) KakK 3JIEKTPUYECKOT0, TAK 1 MAarHUTHOTO TTOJIS;

5) TpanchopMaTopHOE MACIO MPUMEHSIETCS:

a) IJM 3aJIMBKH TPaHC(OPMATOPOB; MACJSIHBIX BBICOKOBOJIBTHBIX BbIKJIKYATEJICH,
MAaCJIOHATNIOJTHEHHBIX BBOJI0OB, PEAKTOPOB, PEOCTATOB M JIP. ANNAPATOB;

0) 7151 TPONUTKH OYMa)KHBIX KOHJICHCATOPOB;

B) B POM3BOJICTBE CUJIOBBIX JICKTPUYECKUX KaOeei.

6) KonpeHncaTopHoe Macyio MpUMEHSIETCHL.

a) JIJIs 3aJTUBKHU TpaHC()HOPMATOPOB; MACIISTHBIX BBICOKOBOJIBTHBIX BBIKITIOYATEIICH,
MacCJIOHAMOJIHEHHBIX BBOJIOB, PEaKTOPOB, PEOCTATOB M JIP. alIIapaToB;

0) JuIst TPONUTKHA OyMa)XHBIX KOHJIEHCATOPOB;

B) B IIPOU3BOJICTBE CHIIOBBIX AJICKTPUUCCKHUX KaOeei.

7) KaGenpHOE Maciio mpuMeHseTCsl.

a) JIJIsl 3aJTUBKHU TPaHC(HOPMATOPOB; MACTISTHBIX BBICOKOBOJIBTHBIX BBIKITIOUATENICH,
MacCJIOHAMOJHEHHBIX BBOJIOB, PEaKTOPOB, PEOCTATOB U JIP. allapaTos;

0) JUTst IPOTUTKM OYMa>KHBIX KOHJIEHCATOPOB;

B) B IPOU3BOACTBE CHJIOBBIX JJIEKTPUYECKUX KaleJIe.

8) Kunkue CUHTETUUYECKUE AUIICKTPUKHU COBOJI, COBTOJI OTPAHUUYEHBI B IPUMECHECHUU:
a) TOKCUYHOCTH, COJAEPKUT XJIOP;

0) n3-3a 00JIbIIOM BSI3KOCTH;

B) M3-3a BBICOKOM TeMIepaTyphl BCIBIIIKH MapoB.

9) Henoctatkamu He(TSHBIX MacCe SBISICTCS:
a) rOpr4ecTh;
0) HeBBICOKAs TEeMINEPATYPhl BCIIBINIKY MAPOB.
B) Masasi JUAJIEKTpUUYECKasi MPOHUIIAEMOCTb;
I') TOKCUYHOCTb, COAEPIKUT XJIOP.
10) [Tonumepuzaiusi-3To IpoLecc COCAUHEHUS MOJIEKYI:



a) HCX0AHOTr0 (MOHOMEPHOI'0) BellecTBA;
0) HECKOIBKMX (MOHOMEPHBIX ) BEIIECTB;
B) MYHKTHI (a) u (0)

Kpurepuu oieHOK NpU BBINOJTHEHUH MPAKTHYECKUX padoT.
[Tpaktrnueckas pabora Ne3
2-¢ 3a71auu BHIMOJIHEHHI BepHO + 10, 9, 8 mpaBUIBHBIX OTBETA HA TECT OLIEHKA
5 «OTIIMYHO»
2-¢ 3a7]aud BBITIOJIHEHBI BEpHO + 7, 6, 5 MpaBUIIbHBIX OTBETA HA TECT OIIEHKA 4 «XOPOILIO)
2-¢ 3a71aua BHIMOJTHEHBI BepHO +4,3 oneHka 3 «yAOBIETBOPUTEIHLHO
2-¢ 3a71aua BBIMIOJIHEHBI BEPHO + 2, 1 OTBETa Ha TECT «HEYOBJIECTBOPUTEIHHOY

[IpakTrdeckast paboTa IMEET BaXXHOE 3HAUYEHHUE TpU padoTe W AKCIUTyaTallud TeXHUYECKUX
cucteM. HecoOmrogeHne npaBmiIbHBIX apaMeTPOB MPUBOJUT K CEPHE3HBIM MOCIIEICTBUSIM.
Baxxno nipu pabote ¢ 31eKTpo0OOPYAOBAHUEM HCIOJB30BATh JUIIEKTPUUECKUE KOBPUKH,
nepyaTku, OOTHI.

CTylleH HOJKEH 3HATh 3JIEKTPOU3O0JISIIUOHHBIE U JUAJIEKTPUUECKHE CBOMCTBA, YTO MPH
AKCILTyaTalli 000pYAOBaHMS BaXKHO U 0OecreurnBaeT 0€30MacHOCTh  TPY/a.



IpakTnueckasi padora 4,5
TBépable, :KUIAKHE U Ta3000pa3Hble JUITCKTPUKH.
Ieab padoThl: U3ydeHHE OCHOBHBIC CBOMCTBA M XapAKTECPUCTUKH TUDJICKTPUKOB,
MIPUMEHSIEMBIX B JICKTPOIHEPTETUKE.

IHopsinok padoTsI
1. U3yuuts conepxaHue METOJNYECKUX YKA3aHHUM
2. OTBETUTH Ha BOMPOCHI
3. Odopmurs oTueT B paboueii TeTpaau

MeToanyeckue yKazaHus
DIIEKTPOU3OJSIIUOHHBIMU MaTE€pUaIaMHU, WIN IUDJICKTPUKAMU, HA3bIBAIOT TAKNE
MaTepualibl, ¢ MOMOUIBIO KOTOPBIX OCYHIECTBIISIIOT H3OJSLUIO, T. €. MPEMSITCTBYIOT
yTEUKE SJIEKTPUYECKOTO TOKa MEXKIYy KaKUMH-TUOO TOKOMPOBOISIIMMHU YACTSIMU,
HaXOJSIIUMUCA O] Pa3HBIMU 3JIEKTPUUECKUMHU MMOTEHIHANIAMU. J{M3JIEKTPUKA UMEIOT
OYeHb OO0JBIIOE DBJEKTPUUYECKOe compoTuBieHue. Ilo xumuueckoMy cocTaBy
JTUAJIEKTPUKU JIENISAT HAa OpraHuyeckre M Heopranudeckue. OCHOBHBIM 3JIEMEHTOB B
MOJIEKYJIaX BCEX OPraHUYECKUX IUAJIEKTPUKOB ABIISIETCS yriiepoAd. B Heoprannueckux
JTUAJIEKTpUKaX — yraepojna HeT. HawuOonblield HarpeBOCTOMKOCTBIO — 00JagaroT
HEOPTaHUYECKUE TUAICKTPUKHU (CII0/1a, KEpaMuKa U JIp.).
[Io cnocoOy mojydeHusi pa3audyaroT €CTECTBEHHbIC (MPUPOAHBIE) U CUHTETUYECKHUE
TURNEKTpUKU. CHHTETHYECKHE AUAICKTPUKH MOTYT OBITh CO3[aHbl C 3a/IaHHBIM
KOMIUIEKCOM DJIEKTPUUECKUX U (PUBHKO-XUMUYECKUX CBONCTB, MO3TOMY OHHU IIUPOKO
MPUMEHSIIOTCS B DJIEKTPOTEXHHUKE.

[To cTpoeHuto MoJekyn NUATAEKTPUKH NIEISAT Ha HEMOJIApHbIE (HEUTpajbHBIC) U
noJsipHble. HelTpanbHble AUAIEKTPUKHA COCTOST U3 AIEKTPUUECKU HEMTPAJIbHBIX aTOMOB U
MOJIEKYJI, KOTOpbIE 10 BO3ACHCTBUS Ha HHUX OJJEKTPUYECKOTO TOJII HE 001alaroT
ANEKTPUYECKUMHU CBOMCTBaMHU. HEeWTpanbHBIMU IUAJIEKTPUKAMU SIBIISIFOTCS: MOJHMATUIICH,
dropormact-4 u gap. Cpenu HEUTPANIbHBIX BBIJACISIIOT HMOHHBIE KPUCTAJUIMYECKHE
TUAJIEKTPUKU (CII0Ja, KBapl M Jp.), B KOTOPBIX KaxJas Iapa HOHOB COCTaBJISET
ANEKTPUYECKH HEUTpalibHYIO YacTUIly. OHBI pacnosiaralorcs B y3J1aX KPUCTALUTMYECKON
pemieTku. Kaxx1plil MOH HAXOAUTCS B KOJI€0ATEIbHOM TEIJIOBOM JIBUKEHUH OKOJIO LIEHTpa
pPaBHOBECHSI- y3/1a KpUCTAIIMYECKOU pemieTku. [lonsipHble, Wi JunoJIbHbIE, TUAIEKTPUKA
COCTOAT U3 MOJISIPHBIX MOJeKyn-aumnonei. [locnennue BcieacTBUE aCUMMETPUU CBOETO
CTpPOEHHUA 00J1a1al0T HAYAJIbHBIM AJIEKTPUUYECKUM MOMEHTOM €III€ /10 BO3JIECUCTBUS HA HUX
CWJIBl DJIEKTpUYecKoro mojia. K MOJsSpHBIM AMAIEKTPUKAM OTHOCSTCS OaKemurT,
noMuBUHWIXI0pUI U 1p. [lo cpaBHEHUIO C HEUTPATbHBIMU JUAJIEKTPUKAMH TOJISIPHBIC
UMEIOT 00Jiee BBHICOKHME 3HAUCHUS TUAJICKTPUUECKOU MPOHUIIAEMOCTH, aTAaKKe HEMHOTO
MOBBIIIEHHYIO MPOBOJIUMOCTb.

[To arperaTHOMY COCTOSTHUIO AMAJIEKTPUKH OBIBAIOT Ta3000pa3HBIMU, KUIKAMU
u TBepapiMu. CaMoil OOJBIION SIBISETCA TPYINa TBEPIABIX JIUAJIECKTPUKOB.



OJIEKTpUYECKHE CBOWMCTBA  DJIEKTPOM3OJSILIMOHHBIX MAaTEPUAIOB  OLEHUBAKOT C
IIOMOIIBIO BEIMYHH, HAa3bIBAEMBIX JJIEKTPUUYECKUMU XapaKTEPUCTUKAMM.

K HuM oOTHOcATCA: yaenbHOE OOBEMHOE CONpPOTUBIIEHHUE, YIEIbHOE
IIOBEPXHOCTHOE CONPOTHUBJICHUE, AUICKTPUUYECKAs] IPOHULIAEMOCTD, TEMIIEPATYPHBIN
KOA(POUIUEHT AUDIEKTPUUECKON MPOHULIAEMOCTH, TAHI'€HC yria AUAJIEKTPUUYECKHUX
IIOTEPH U AIEKTPUUECKask IPOYHOCTh MaTeprala.

VYaensHOe O0OBEMHOE CONPOTHUBIEHUE - BEJIMYMHA, JAONIAs BO3MOXKHOCTH
OLICHUTBH JJIEKTPUUYECKOE CONPOTUBIICHUE MaTepuaja IPU NPOTEKAHWHM 4Yepe3 HETO
MOCTOSIHHOT'O TOKa. BennunHa, oOpaTHas yAelIbHOMY OOBEMHOMY COINPOTHBIIECHHUIO,
Ha3bIBAECTCS YACIBHOM OOBEMHON MNPOBOAUMOCTBIO. YIETBbHOE IOBEPXHOCTHOE
COIIPOTUBJICHUE
- BEJIMYMHA, O3BOJIIONIAs OLUEHUTH JIEKTPUYECKOE CONPOTHUBIIEHUE MAaTepHUaia Ipu
IIPOTEKAHUU IMOCTOSIHHOTO TOKA 10 €r0 MMOBEPXHOCTU MEXIY JIEKTpoaaMu. BennunHa,
oOpaTHas yAEIbHOMY IIOBEPXHOCTHOMY COIPOTHUBIICHUIO, Ha3bIBA€TCS YIEIbHON
IIOBEPXHOCTHOU MPOBOAMMOCTBIO.

TemnepaTypHblii KO3(PPUIUEHT YAEIBHOTO 3JIEKTPUUYECKOTO CONPOTUBIICHUS -
BEIMYMHA, ONPEIECIAIMAs] W3MEHEHHE YACIBHOIO CONPOTUBIEHUS MaTepHalla C
U3MEHEHUEM ero TeMiepaTypsl. C MOBBIIIEHUEM TEMIEPATYPHI Y BCEX AUIICKTPUKOB
AIIEKTPUYECKOE COIPOTHUBIICHHE YMEHBIIAETCS, CJIEN0BATEIBHO, UX TEMIIEpAaTypPHBII
KO3(Q(PUIIMEHT  YIENbHOTO  CONPOTHUBICHHS  MMEET  OTPUUATEIbHBIA  3HAK.
JupnekTpuueckas MPOHUIIAEMOCTD - BETUYMHA, TTO3BOJISIIONIAs] OEHUTh CIIOCOOHOCTh
MaTepyala CO3[aBaTh JJIEKTPUYECKYIO €MKOCTb. OTHOCUTENBbHAS IUIICKTPUYECKAs
MPOHUIIAEMOCTh BXOJIUT B BEJIMUYMHY a0COJIFOTHOW JUAIIEKTPUUECKON TPOHUIIAEMOCTH.
TemnepaTypHblii KO3(DPUIIMEHT IUANEKTPUUECKOW NPOHUIAEMOCTH - BEJIMYMHA,
JAoIAasl  BO3MOXHOCTb  OLICHUTh  XapakTep MW3MEHEHHsS  JUAJIEKTPUUYECKOU
IIPOHULIAEMOCTH, 4, CJIEJOBAaTEIbHO, M €MKOCTM H30JSIUU C H3MCHEHUEM
TeMIiepaTypbl. TaHreHC yriia IU3JEKTPUYECKHUX MOTEPH - BEIMYHMHA, ONPENEIISIOMAs
NOTEPH MOIIHOCTH B IUAJIEKTPUKE, pabOTAIOIIEM MpU
NIEPEMEHHOM HAIIPSDKEHUU.

DnexTpuyeckas MPOYHOCTh - BEIMUYMHA, TO3BOJIAIONIAs OLEHUTh CIIOCOOHOCTh
JUAJIEKTPUKA IPOTUBOCTOSATH PA3pPYLICHUIO €ro J3JEKTPUYECKUM HAIPSIKEHUEM.
MexaHuueckass IPOYHOCTh  AJIEKTPOM3OSALMOHHBIX W JAPYrMX  MaTepHaIOB
OLICHUBAECTCS MPHU MOMOLIM CIEAYIOIHNX XAapAaKTEPUCTUK: TMPENesl NPOYHOCTH
MaTeprajia MpHU PACTSKEHUN, OTHOCUTEIIBHOE YJUIMHEHHUE IIPU PACTSIKEHUH, NPENEIN
IIPOYHOCTH MaTepuasa Ipu CKATHH, IPEIEI MPOYHOCTH MaTepurasa Mpyu CTaTUYECKOM
u3rube, yaenbHas yJapHas BA3KOCTb, COPOTUBIIEHUE PACKAJIBIBAHUIO.

K (u3uko-xuMU4ecKuM  XapaKTepUCTUKaM  JIUAJIEKTPUKOB  OTHOCATCS:
KHCJIOTHOE€ 4YHUCJIO, BA3KOCTh, BoaOmormomaemocts. KwucimotHoe wyucno - 310
KOJMYECTBO MWJUIMTPAMMOB €IKOT0 Kallhs, HEOoOXOAMMOe i HeUTpalu3aluu
CBOOOJHBIX KHUCIOT, coiepxkammxcs B | T nuonektpuka. KucinotHoe wymcio
ONpENENSETCS Yy JKUIKUX JUDJIEKTPUKOB, KOMIIAYHJOB M JIAKOB. OJTa BEIUYMHA
MO3BOJIIET OLICHUTh KOJIMYECTBO CBOOOJHBIX KUCIIOT B IUAJIEKTPUKE, a 3HAUUT, CTECIICHb
UX BO3JCHCTBUS Ha OpraHudeckue wmarepuanbl. Hamuune CBOOOJHBIX KHCIOT
YXYALIAET  3JIEKTPOU3O0JSILUOHHBIE  CBOMCTBA JAMAJIEKTPUKOB. Bs3kocTh, win
KO3(P(GUIIMEHT BHYTPEHHETO TPEHUS, MJAaeT BO3MOXHOCTh OLEHUTh TEKYy4eCTh



AIEKTPOU3OJIALIMOHHBIX JKUJKOCTEH (Macen, JIakoB M JAp.). Bs3kocth ObiBaer
KMHEMaTU4eCKo W ycioBHOW. BopjomorionaemMoctb - 3TO KOJUYECTBO BOJIbI,
MOTJIOIIEHHON JTUAJIEKTPUKOM IOCie MPeObIBAHMS €ro B JTUCTUUIMPOBAHHON BOJE B
TeueHue cytok mnpu temmeparype 20° C u Bbime. BeanunHa BoIOMOTIIONIAEMOCTH
yKa3bIBaeT HA MOPUCTOCTh MaTepUaia U HAJIMYUE B HEM BOJIOPACTBOPUMBIX BEILIECTB.
C yBenMUYEHHEM 3TOr0 MOKa3aTensl 3JIEKTPOU3OJSAIMOHHBIE CBOMCTBA JUAJIEKTPUKOB
YXYIIAIOTCSL.

K TennoBeIM XapakTepuUCTUKaM JURJIEKTPUKOB OTHOCSTCA: TeMIepaTypa
MJIABJICHUSI, TEMIIEpaTypa pa3MsirdeHus, TeMIepaTypa KamienaJeHus, TeMrepaTrypa
BCIBIIIKU MAPOB, TEIJIOCTOMKOCTD IJIACTMACC, TEPMOIIIACTUYHOCTD (TETIOCTOMKOCTH)
JIAKOB, HATPEBOCTOUKOCTB, MOPO30CTOUKOCT.

Bonbiioe  nmpuMeHeHWE B DJIGKTPOTEXHHUKE  MOJYYUIM  IUJICHOYHBIC
AIEKTPOU3OJSLIMOHHBIE MaTepuaibl, H3roTaBIMBaeMble U3 TmoauMmepoB. K HuMm
OTHOCSATCS TUICHKH U JICHTHI. [I71eHKH BBIMYCKaIOT TOIMHON 5-250 MKM, a JieHTHI - 0,2-
3,0 MM. BricokomonuMepHble TUICHKH W JIEHThI OTIMYAIOTCS OOJBIION THOKOCTHIO,
MEXaHUYECKON MPOYHOCTHIO M XOPOIIMMH BJIEKTPOU3OJALNOHHBIMU CBOWCTBAMHU.
[TonucTupolibHbIE TIIEHKUBBITYCKAtOT TOMIUMHON 20-100 MKkM u mmpunon 8-250 MM.
TonmuHa TOJMATHIICHOBBIX IUIEHOK 00bIYHO cocTaBisgeT 30-200 MM, a mmpuna 230-
1500 mwm. [Tnenku u3 ¢proporuiacta-4 U3roTaBIMBAIOT TOMIUHOMN 5-40 MKM U IIMPUHOMN
10-200 mMm. Takxe w©u3 HTOrO0 MaTepuana BBITYCKAIOT HEOPUEHTHUPOBAHHBIC U
OpUEHTUPOBaHHBIE IJIEHKU. Hanboliee BHICOKMMU MEXaHUYECKUMU U AJIEKTPUUECKUMU
XapaKkTepUCTUKaMH 00J1aal0T OPUEHTUPOBAHHBIEC (PTOPOIIIACTOBBIE TIIICHKH.

[TonusTunentepedTanaTHpie (JIABCAHOBBIE) MJICHKU BBIMTYCKAIOT TOJIIUHON 25-
100 mxM u mmpunon 50-650 Mm. [1oMMXJIIOPBUHWIIOBBIE IUIEHKHA W3TOTaBIMBAIOT W3
BUHUILIACTA U U3 TIACTUPUIIMPOBAHHOTO MOJIUXJIOPBUHUIIA. Bolblie MexaHnYecKou
MIPOYHOCTHIO, HO MEHBIIIEH TMOKOCThIO 00JIAIAt0T IUICHKU U3 BUHUILIAcTa. [IneHku u3
BUHHILIACTA UMEIOT ToauHy 100 MKkM 1 OoJiee, a TUICHKH U3 TUIACTU(UIIMPOBAHHOTO
nosimxjopBuHuia - 20-200 mxm. TpuareTar 1eumtoIo3HbIe (TpUaleTaTHbIe) TUICHKU
W3TOTABJIMBAIOT HE TUIACTU(HUIIMPOBAHHBIMHU (KECTKUMH), OKPAIIEHHBIMUA B TOyOOH
I[BET, C1a00 TIaCTU(PUIIUPOBAHHBIMU (OECIIBETHBIMH) U MJIACTU(DUIIMPOBAHHBIMHU

(okpameHHbiIMd B cuHHME 1BeT). Ilocnmemnme oOnamaroT 3HAYUTEIBLHOM
ruOkocThio. TpualieTaTHble MIIEHKU BBIMyCKatoT TodmmHo 25, 40 u 70 MKM
mupuHod 500 M. TI1€HKORJIEKTPOKAPTOH - THOKUH 3AIEKTPOU3OJISLIMOHHBIN
MaTepuall, COCTOSIIMN U3 HU30JSIIUOHHOTO KapTOHA, OKJIIEEHHOIO C OJHOW CTOPOHBI
JIABCAHOBOW TUIEHKOW. [ [IIEHKOAIEKTPOKAPTOH HA JITABCAHOBOU IJIEHKE UMEET TOIIIUHY
0,27 u 0,32 mm. Ero BeimyckaroT B pysioHax mupuHoit 500 mMm. ITnenkoacoectokapToH
- TUOKHMI JJICKTPOU3OJISIIIMOHHBIN MaTepuas, COCTOSIIHI W3 JJaBCAHOBOW IJICHKU
TONIMUHON 50 MKM, OKJIEEHHOMU C IByX CTOPOH acOecTtoBoi Oymaroi TosmuuHon 0,12
MM. [InerkoacbectokapToH BoimyckaroT B aucTax 400 x 400 MM (He MeHee) TONIIUHON
0,3 mm.

Bomnpocsi no padore
1. Ha3zoBute npumepsbl UCMIOIB30BAHUS JUAIEKTPUKOB B IHEPTETUKE?
2. Kakue Matepuanbl OTHOCAT K JUAICKTPUKAM ?
3. UTo moHUMAIOT MO/ YACIbHBIM 0O bEMHBIM COTIPOTUBICHUEM ?



4. Yto Takoe KJ1acC HarpeBOCTOMKOCTH?
5. UTto Takoe KMCIOTHOE YUCIIO?



IIpakTH4yeckas padora 6
XapakTepucTHKH MATHUTHBIX MATEPHAJIOB

Heab padoThl: U3YYUTH XapaKTEPUCTUKA MArHUTHBIX MaTEPHAIIOB
Bpewms pabotsl 4 gaca.
IHopsinok padoThI

1. N3yuuTs 3a1aHuE

2. OTBETUTH HA MMOCTABJICHHBIE BOIIPOCHI

3. OdbopMuUTh OTYET B paboueii TeTpaju.

Teopernveckue cBeaeHUs
K OCHOBHBIM MarHMTHBIM XapaKTEPUCTHKAM MATEPHUATIOB OTHOCATCS MACHUMHASA
BOCNPUUMHUUBOCTb, MACHUMHAS UHOVKYUSL U MACHUMHASL NPOHUYAEMOCHb.
MarauTHasi BOCIPMUMYHMBOCTDb — BEJIMUYMHA, XaPAKTEPU3YIOIIAS CBS3b Hamar-
HUYEHHOCTHU BEIIECTBA J ¢ HANPSXKEHHOCTHIO MATHUTHOTO TOJIs H.:

k = J/H. (5.1)
Vpasuenue (6.1) He pacripocTpaHseTcs Ha peppoOMarHeTHKH.

MaruuTtHasi BOCHpUUMYUBOCTb MOXKET OBITh KaK MOJIOKUTEIBLHOM, TaK U OTPHUILIA-
TenbHOU. OTpUIIATETbHON MAarHUTHOM BOCITPUUMYHBOCTHIO 00JIa/Ial0T TUAMarHeTUKU
(OHM HaAMarHUYUBAIOTCS MPOTHUB TIOJIS) MOJOKHUTEIHPHON — MapaMarHeTHKU U Geppo-
MarHeTUKH, (OHM HaMarHUIUBAIOTCS T10 TIOJTIO).

MarnutHas BOCHPHUMMYHUBOCTh XapaKTEepU3yeT CIIOCOOHOCTh BEIIECTB K Hamar-
HUYMBAHUIO MOJI ACHCTBUEM MarHUTHOTO 110J1sl. OHa onpeaessieTCsl, FIIaBHBIM 00pa3oM,
cojJiepKaHreM (peppOMarHUTHBIX BKIIOUEHHM, a TaKkKe UX (POpMOi, pa3MepoM U pacto-
JI0OKEHUEM OTHOCHUTENBHO IPYT Apyra. MarHuTHas BOCIPUMMYUBOCTH OJTHOTO U TOTO
’Ke BEIIIECTBA MEHSCTCS B 3aBUCUMOCTH OT BEJIMUYMHBI MAarHUTHOT'O MOJIS ¥ €T'0 MarHuT-
HOU MPEJILICTOPUH, TaK KaK B MPOIECCE HAMArHUUUBAHUA B (pepPOMATHUTHBIX BKIIFOYE-
HUSIX MOTYT TMPOUCXOJUTH OOpatuMbie M HeoOpaTuMmble sBieHUsA. C ydeTom
MOCJIEAHETOPA3TUYAOT 0OPAMUMYIO U HEOOPAMUMYIO MACHUMHYIO 80CHPUUMYUBOCND.

Macnumnana undykuyus B — cpenHee pe3ylbTUPYIOLIEE MATHUTHOE T10JIE BELe-
CTBa, TPEACTaBJSAIONICe COOOH CpelHee 3HaueHHEe CYMMAapHOW HaIpsHKEHHOCTH
MHUKPOCKOTIMYECKUX MAarHUTHBIX IOJIeH, CO3JaHHBIX OTACIBHBIMU DJCKTPOHAMHU U
JTPYTUMURJIEMEHTapHBIMU YacTUliaMu, Ti:

B - :uO(H + ‘]) ' (52)

re uo=# - 107 'n/ M — MarauTHAs MOCTOSHHAS.

MarHuTHasi IPOHULAEMOCTb|l — BEJIMYMHA, MOKA3bIBAIOIAs], BO CKOJIBKO Pa3
yBEIMYUBAeTCsl (YMEHBIIIAETCS]) MAarHUTHAsE UHAYKIMS B BEIIECTBE MPU BO3ACHUCTBUU
MAarHUTHOIO MOJISI HANPSKEHHOCTBIO H.

MarauTtHass TpPOHUIIAEMOCTh (EPPOMArHETUKOB CJIOXKHO 3aBUCHUT oOT H.
Pasznnuaror (puc. 1) nauanvuyro macnumnyio nponuyaemocms U, A3MEPSIEMYIO B OUECHb



cjia- ObIX MAarHUTHBIX MOJISAX — MPHU 3HAYEHUSX HAMPSKEHHOCTH MAarHUTHOTrO moist H,
OJIM3- KUX K HYJIIO, U MAKCUMATLHYIO MACHUMHYIO NPOHUYAEMOCHb [Uy,.

Pucynok 5 .1 — KpuBas HaMmarHn4uBaHus

-5
[TapameTpamu MarHuTHOW NPOHUIIAEMOCTH SIBIIAKOTCS: OMHOCUMENbHASL MACHUMHASL
NPOHUYAEMOCMb L. U AOCONIOMHAS MACHUMHASL NpoHUYyaemocms, I'H/M:
Ha = Ho M. (5.3)
Mexay  BeJIMYMHAMM  MArHUTHOM  BOCIPUMMYHUBOCTA W MAarHUTHOM
MIPOHHUIIAEMOCTH CYIIECTBYET 3aBUCUMOCTb:

kK=u-1 (5.4)
['paduueckoe n300pakeHre 3aBUCUMOCTH HAMAarHMYE€HHOCTH (eppOMarHeTUKaoT
HaMPsHKEHHOCTH BHEIITHETO MarHuTHOTO noJis Ha3bIBACTCS Kpueoii

Hamazcnuuueanusa(cMm. puc. 1). KpuBble  HaMarHMYMBaHHS  OMNPEACIAIOT
XapaKTepUCTUKA MArHUTHBIXMATEPHAJIOB U CIIyKaT JJIsI paCU€TOB MArHUTHBIX LENen
AJIEKTPOMArHUTOB, MAarHUTHBIX ITyCKaTelel, pejae U APYruX 3IEKTPOTEXHUYECKHUX
YCTPOMCTB U pHUOOPOB.

Kpussie HaMarHUYUBaHUS (heppoMarHuTHBIX MaTepuaoB npu
NepeMarHuuMBaHu  OOpa3ylOT  HemJjl  MAZHUMHO20  2ucmepe3suca(ecin
MepBOHAYAJILHO HE HAMAarHUYEHHOE BEIIECTBO HAMATHUTUTH JI0 HACHIIICHUS, a 3aTeM
YMEHbIIIATh U CHOBA YBEJIMYMBATH HAMPSIKEHHOCTh MArHUTHOTO TMOJISl. TO U3MEHEHHE
WHIYKIMU He OyAeT clieloBaTh HaudajdbHOWM KpuBOH). Ilnomanp meTiam MarHUTHOTO
rucTepesuca npornopiuoHaibHa YHEPTUH, TEPSEMON B 00pasiie Ha €ro HarpeBaHUe 3a
OJIMH UUKJ U3MEHEHUs Nojs (eucmepesuchvie nomepu). XapakTe€pHBIMU TOYKAMHU
MAarHUTHOIO  THUCTEpE3UCa  SBJSIOTCS KOIPYUMUBHAA CUAA W OCMAmMOYHas
HAMACHUYEHHOCMb.

KospuutuBHas cuia [, — 3Ha4eHHEe HAIPSHKEHHOCTH MAarHUTHOTO TOJISI, B KO-
TOpoM (eppOMarHUTHBIM 00pasell, MepBOHAYAIbHO HAMAarHMYEHHBIN 10 HACBIIICHNUS,
MOJHOCTBIO Pa3MarHM4MBaETCS.

KOC—)pLII/ITI/IBHaH CHjia, B OTJIMYHNC OT HAMAarHM4€HHOCTHU HACBIIICHUA, ABJISICTCIA



CTPYKTYPHO UYBCTBUTEJbHBIM CBOMCTBOM. Hanmnuue B oOpas3uax npumecei U Ipyrux
ne(hEeKTOB KPUCTANIMYECKON PEIIETKU 3aTPYAHSIET ABUKEHUE TPAHULl MAaTHUTHBIX J10-
MEHOB M TEM CaMbIM IMOBBIIIAET KOIPLUTUBHYIO CHITY. UHCThIE METAJUIbI, a TAKXKE TBEP-
JIbI€ PacTBOPBI, HE MPETEPIEBAIOIINE YIOPAIOUCHHS, KaK IIPABUIIO, XapaKTEPU3YIOTCS
HU3KOM KOAPUHUTHUBHOW cuiio. [IpuMeHeHne miuacTu4eckoil AeopMaluyi MOBBIIIAET
KOAPLUUTUBHYIO CHIIy 3TUX METAJUIOB M CIUIaBOB, HO MO a0COJIIOTHON BEIMYMHE OHA
OCTAETCs HEBBICOKOM.

VY craBoB € T€TEPOreHHOM CTPYKTYPOU KO3PUUTUBHAS CHUJIA TOBBILICHHAS: IPU
TOM TeM OO0JIbIlle, YEM BBIIIE AUCIIEPCHOCTh CTPYKTYPhL. POCT KOIPIUTUBHON CHIIBI
0COOCHHO 3HAUMTEJECH MPU BBICOKOW JUCIIEPCHOCTH (PeppPOMArHUTHON (a3bl, Kaxkaas
YaCTHLIA KOTOPOM SIBISAETCS OJHOAOMEHHOM M aHM30TpONHOW. KospuutuBHyIO crity
TAaK)K€ YBEJIMYMBAET POCT MHUKPOHANPSIKEHWH M IUIOTHOCTU JHUCIOKalUWW, Kak,
HaIlpUMED, B CIy4ae 3aKaJKy CTaJIN Ha MapTEHCUT.

OcTaToyHasi HAMAarHMYEHHOCTb B, — BEJIMYMHA HAMATHUYEHHOCTH, KOTOPYIO
dbeppo- uiu peppUMarHUTHBIN MaTepral UMEET IIPHU HAMPSKEHHOCTH BHEIIHETO IO,
pPaBHOM HYIJIIO.

OcraTouHass HAMarHMYEHHOCTh  OOYCIIOBJICHA  3aJ€PKKOHW  HU3MEHEHUs
HAMAarHUYEHHOCTH TMPU YMEHBIICHUH HANPSHKEHHOCTH (MOCIE  MPEAbIIyIIEero
HaMarHu4uBaHusl 00pasiia) u3-3a BIMSHUS MarHUTHOW aHU3O0TPOIIUU U CTPYKTYPHBIX
HEOHOpOHOCTEN 00pa3ia. Hanbosee ycToHYMBONM OCTaTOUHOW HAMArHUYEHHOCTHIO
o0nafaroT Marepuangbl C BBICOKOM KOIpUUTHBHOW cuiiod. Ilpu HarpeBanuu
(dbeppOMarHuTHLIX MaTepUalioB BHIIIE TEMIEpaTyphl, MpeBblnatomeit Touky Kropu,
OHM TEpSAIOT OCTAaTOYHYK0 HAMarHM4eHHOCTb. K  yMEHBUIEHUIO OCTaTOYHOM
HAMarHUYEHHOCTH MPUBOJISAT TAK)KE€ MEXAHUYECKUE COTPSACEHUS U BUOpaIIUH.

Bce marepuansl mo BeIMYMHAM MarHUTHBIX BOCIIPUUMUYKBOCTH U MPOHUIIAEMOCTH
nenarcs Ha geppomacnumnvie u > 1, k > 0), napamaenumnvie (u >1, k> 0) u
ouamaenumuwle (L < 1, k <0).

BenuurHa MarHUTHOW BOCHPUMMYMBOCTH JUIsl Tapa- HW JAUAMarHUTHBIX
MatepuanoB odeHb mana (10%...10°); mis GeppoMarHUTHEIX MaTrepuanoB (METALIOB
MEPEXOIHBIX TPYINN) — OT HECKOJbKUX IECATKOB JI0 THICAY €IWHUI, MPUYEM OHA
CWJIBHO Y CJIOKHBIM 00pa30oM 3aBHCHUT OT HAMPSHKEHHOCTH HaMarHUYUBAIOIIETO TOJIS.

[lo BemWuWMHE  MAarHUTHOM  TNPOHUIIAEMOCTH  CYIIECTBYET  JICJICHUE
AIEKTPOTEXHUUYECKUX MATEPUATIOB HA HEMACHUMHbIEe N MASHUMHbLE.

HemarauTHble MaTepHabl napa-, aua- U crabodeppomMarHuTHbBIE
MAaTEPHUAIbIC MATHUTHOM MPOHULIAEMOCThIO MeHee 1,5. K HemMarnuTHbeIM MaTepuanam
OTHOCHUTCSI OOJIBIIIMHCTBO METAUIOB M CIUIABOB (B TOM YHCJIE€ HEKOTOPHIC CTaJN),
MOJIUMEPBI, IEPEBO, CTEKIIO U T.1I.

MarHuTHble MaTepHaJbl KIACCUDUIMPYIOT 10 uUx ¢husuueckol npupooe M
genUdUHE KOIPYUMUBHOU CUJIBL.

ITo ¢usmyeckoi Mpupojie MarHUTHBIC MaTepUAlIbl IETAT (OTpaciieBoe JeIeHHUE)
Ha TpU TPYIIBL: MemaiiudyecKkue Mamepuansl, HemMemauiuvyeckue mamepuanvl W
Mazenumoousnekmpuxu.

K HemeTalmuyeckuM MAarHUTHBIM MaTepHallaM OTHOCSTCS @eppumbl  —
dbeppuUMarHuTHbIE MaTepHaibl, MOJy4aeMble M3 MOPOIIKOOOpPA3HOW CMECH OKCHJIOB
HEKOTOPBIX MEPEXOAHBIX METANIOB M OKCHUJA >Kelie3a IyTeM IPECCOBAHUS C



NOCJIEAYIOMM crekaHueM. [lo MarHuTHBIM cBoOWCTBaM (DeppUThl aHATOTHYHbI
dbeppomarHeTukam.

MarauToan3aeKTPpUKH— KOMIO3UIIMOHHBIE MaTtepuainbl, cocrosmue u3 70...80
% mOpOomKOOOPa3HOTO MAarHUTHOTO Matepuaina (dheppo- win GeppuMarHeTuka) u
30...20 % mudnekTpuuecKoro Marepuaia (Hampumep, TMOJUCTUPOJIA, PE3UHBI U Jp.).
MarauTo M IeKTPUKA TPUMEHSIOTCS B TMPUOOPOCTPOCHUH (ITOCTOSTHHBIC MArHUTHI,
AIIACTUYHBIE TEPMETU3ATOPHI I PA3bEMHBIX COSTUHEHUH U JIp.).

®eppuThl 1 MarHuTOAUAIECKTPUKHA OTIIHYAIOTCS OT METAJUTMUECKIX MarHUTHBIX
MaTepHaJIOB BBICOKMMH 3HAUYCHUSIMU OOBEMHOTO YIEIBHOTO COMPOTUBIECHUSA (po =
10...108 Om'M), 4TO pe3KO CHMKAeT MOTEPH HA BUXPEBBIE TOKU. DTO IO3BOJSET
MCITI0JIb30BATh JIAHHBIE MAaTEpPHAJIbl B TEXHUKE BBICOKHX YacToT. Kpome Toro, hepputhbl
00Ja1at0T CTa0MIBHOCTBIO CBOMX MAarHUTHBIX XapaKTEPUCTHK B ITUPOKOM JHAMA30HE
4acToT.

[To BenmuyMHE KOAPIUTUBHOMN CUJIBI MAaTHUTHBIE MaTepUaIbl JIEIATCS Ha
MaTepHabI:

MacHumHo-maeKue — He 6oaee 4 A/M;

MasHUmHo-meepovle {macHumno-xcecmkue) — ooinee 4 A/Mm.

Maznumno-mazkue mamepuanpl HAMATHUYUBAIOTCS 1O HACHIIICHUA W
MIePEeMarHMYUBAIOTCS B OTHOCUTEIBHO C1a0bIX MAarHUTHBIX TOJISX HAMPSHKEHHOCTHI0 H
~ 8...800 A/m (~0,1...10 D). IIpu Temneparypax Hrke Touku Kropu 3TH mMaTepuansl
CIIOHTAHHO HaMarHWYeHbI, HO BHEITHE HE MPOSBJISIOT MAarHUTHBIX CBOMCTB, TaK Kak
COCTOSIT U3 XaOTUYECKH OPUEHTUPOBAHHBIX HAMArHUUEHHBIX JI0 HACKIIICHUS JOMEHOB.
MarauTHOMSTKHE MaTepuaibl 00JIalal0T OTHOCUTEIBbHO OOJBIIMMH 3HAYCHUSIMU
MarHUTHOM MIPOHUIIAEMOCTH, MaJIOM KOAPLUUTUBHONU CHIION U OTHOCUTEIHHO OOJIBIIION
WHIYKIMEH HaChIEHUss. OTH MaTepuaibl OTIWYAIOTCS MAJbIMUA TOTEPSMU Ha
TUCTEPE3UC ¥ BUXPEBbIE TOKU HA OJIUH ITUKJ HAMarHUYUBaHUSI.

K MarHuTHO-MATKMM MaTepuajiaM OTHOCSTCS: YHCTO€ (IIEKTPOMATrHUTHOE)
KeJe30, JIMCTOBas DJIGKTPOTEXHUYECKas CTallb, JKENe30-apMKO, MEepMauion
(>kene30HUKe- JICBBIC CILIaBhl) U JIP.; METAJUTMYECKUE CTEKJIa U HEKOTOphIe (heppuThl. K
MarHuTHO-  MSTKUM  MaTepuajlaM  CHEIUAIbHOTO  Ha3HAYCHWS  OTHOCSTCS
TEPMOMArHUTHBIE CIUTABBIM MAarHUTOCTPHUKIITMOHHBIC MATEPHAJIBI.

MarsuTHo-MATKHE  MaTepuaibl  MPUMEHSIOTCS I W3TOTOBJICHHS
MarHUTONPOBOAA  TPAaHC(HOPMATOPOB, DJICKTPUUYCCKUX MAIlMH ©  aIlapaTos,
MarHUTHBIX DKPaHOB W JIp., TAe TpeOyercss ObICTpoe HaMarHMYMBAaHUE C MaJIbIMU
MOTEPSMH  DHEPruu. TepMOMAarHUTHBIE MaTepUalbl CIYKAaT I KOMIICHCAIIUU
TEMIIepaTypPHbIX U3MEHEHUI MarHUTHBIX TTOTOKOB B MAarHUTHBIX CUCTEMaX MpUOOPOB,
a MarHUTOCTPUKIIMOHHBIE MaTepuaibl — IS MPeoOpa3oBaHUS SJIECKTPOMATHUTHOMN
OHEPTUU B MEXAHUYECKYIO.

MarHuTHoO-TBep/ble MaTepuajbl HAMATHWUYMBAIOTCS JO HACBHIIICHUS U
MePEeMarHMYUBAIOTCS B CPABHUTEIHLHO CUIIbHBIX MATHUTHBIX TTOJISIX, HATIPSHKEHHOCTHIO
B THICSYM U JAECATKU ThicIY A/M. OHU OTJIMYAIOTCS MIMPOKON THCTEPE3UCHOM METIEH,
TO eCThb O00JaJaloT OOJIBIIONW KOAIPIMTUBHOM CHJIOW M OOJBIION OCTATOYHOM
WHAYKIMEH. DT MaTepuaibl, Oyaydyd HaMarHUYCHHBIMH, MOTYT JUITMTEIILHOE BPEMs
COXpaHATh COOOIIEHHYI0 MM DHEPIHi0, TO €CTh MOTYT CJIYXKHUTh HCTOYHHUKAMHU
MTOCTOSTHHOTO MAarHUTHOTO TIOJIA. MarHuTHO-TBEpJbIE MaTepHajbl OICHUBAIOT CIIe



BEJIMYMHON MaKCUMaJIbHOM ynienbHO# 3Heprun W, (3Hepruu, co3iaBaeMoil MarHuToMm
B BO3IYIIHOM 3a30p€ B PEKUME HAMArHUYMWBAHUSA MEXAY MOJIOCAMU MarHuTa u
OTHECEHHOM K enuHuLe 00bebMa MarauTa): W, = = BH/ 2, I/ M°.

K MeraminyeckuM MarHUTHO-TBEPJBIM MaTepuaiaM OTHOCSTCS JIETHPOBAaHHBIE
CTaJv, 3aKaJMBacMble Ha MAPTEHCHT; CIICITUAIbHbIE cIiaBbl Ha ocHOBe Fe-Ni-Al u Fe-
Ni-Co, JTIerupoBaHHBIX MEIbIO, TATAHOM, HHOOMEM U Jp. Bobioe 3HaueHNE B TEXHUKE
nproOpeEH MOPOIIKOBBIE CIUIAaBbI U (PeppUTHl. B KauecTBe MarHUTHO-TBEP/BIX MaTe-
pPHAJIOB UCIIOJIb3YIOTCS TAKXKE MAZHUMONAACMbL N MAZHUM0I]IACMbL U3 TTOPOUIKOB
CIUTaBOB U (DEPPUTOB CO CBSI3KOW U3 IJIACTMACC U PE3UHBI.

MarHuTHO-TBEp/IbIE MATEPUAIIBI TPUMEHSIFOTCS 111 U3TOTOBJICHUS MOCTOSHHBIX
MAarHUTOB.

Bomnpocsl no padore
1. Kakue maTepualibl OTHOCST K MAarHUTHBIM?
2. UTO MOHUMAIOT MOJI MAarHUTHOM MPOHUIIAEMOCTHIO?
3. HazoBute mapameTpbl MarHUTHOTO TOJIS
4. YV Kakux MaTeprasioB OOJIbLIE OCTATOYHAS MHAYKIMS: Y MAarHUTO-TBEPIbIX WU
MAariuTo-MATrKnux MaTCpI/IaJ'IOB?
HazoBute IMPHUMCPLI IPUMCHCHU A MArHUTHBIX MAaTCPHAJIOB
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IIpakTHyeckas padora 7.
IHorynpoBoAHUKOBBIE MaTEePHAJIbI.
ey padoThI: M3ydyEeHHE CBOMCTB MOJYITPOBOJHUKOBBIX MATEPHAIIOB
Bpems paborsi: 4 yaca

IHopsimok padoTsbI

1. O3HaKOMUTKCS C COIEP)KAHUEM METOJIMUECKUX yKa3aHUN

2. OTBeTUTH HA MTOCTABIIEHHBIE BOIPOCHI

3. OdopMuth oT4ET B paboueit TeTpaIu.

MeToauyeckue yKazaHusl

[TomynpoBOJIHUKM 3aHUMAIOT OCO0OE€ MECTO B 3JEKTPO- M PaTUOTEXHHUYECKHX
MaTepHuanax, 3aHMMas MPOMEKYTOUHOE MOJIOKEHHUE MO 3IEKTPUUECKON MPOBOJAUMOCTU U
PALY IPYTHUX CBOMCTB MEXKTY MPOBOAHUKAMH U JTUAJICKTPHUKAMHU.

Nx npoBoaumocts Haxoautes B ipegenax 1000 - 1000 Omxm ipu 180 C. B otiinune
OT METAJUIOB YJelbHasi MPOBOJAUMOCTb MOJYNPOBOAHUKOB, TAKXKE KAK U AUJIEKTPUKOB, C
YBEIMYECHUEM TEMIIEPATYPbl YMEHBIIAETCS.

JIJ1st TOSTynIpOBOAHUKOB XapakTepHa CUJIbHAs 3aBUCMMOCTD T OT BUJA U KOJIMYECTBA
colepxamuxcs npuMmecerd. Hanpumep, npyu BBEIEHUM B XMMHUYECKU YUCTBIA F€pMaHUU
(Ge) 0,001% wmpimbska ero yaeabHas IpoBOIMMOCTh yBennuuBaercs B 10 pas.

[ToynpOBOTHUKYM YyBCTBUTENBHBI K PA3JIMYHOTO POJIa BHEITHUM BO3JICHCTBHSIM -

CBETY, OOJIYUCHUIO SECPHBIMH YACTUIIAMH, JIEKTPOMATHUTHBIM TTOJIEM, IaBJIICHUIO U JIP.

N3BecTHO MHOTO BEIIECTB, 00JIaAFOIIHMX MOJTYITPOBOIHUKOBBIMUA CBOMCTBAMH.

HaubGonee u3BecTHB repMaHuii, KpEMHHUI, CEIEH, TEJUTyp, Oop, yriepon, Gocdop, cepa,
CypbMa, MBIIIbSIK, CEPOE 0JIOBO, MO/ U APYTHE€ MHOTO3JIEMEHTHBIE COSTUHEHUS.

Crneur(puyHOCTh CBOWCTB MOJYNPOBOAHUKOBBIX MATEPUAIOB 00yCIOBUIIA IMPOKOE
MPUMEHEHUE WX TIPU U3TOTOBIICHUH CAMBIX Pa3IUYHBIX MOJYIPOBOIHUKOBBIX TPHOOPOB -
JMOJIOB, TPaH3UCTOPOB, TUPUCTOPOB, (HOTOIMOAOB, CBETOJUOIOB, MOIYINPOBOJIHUKOBBIX
Ja3epoB, JaTYUKOB JABJICHUN, MarHUTHBIX IMIOJEH, TeMmIeparyp, HU3JIy4YeHHH U T.II



VM cnonp30BaHue MOTYIPOBOHUKOB BBI3BAIO KOPEHHBIC IPEOOPA30BaHMS B PAIUOTEXHUKE,
KHOCpHETHKE, aBTOMATHKE, OJJIEKTPOTEXHHUKE, TelieMexaHuke. [loynpoBoHUKOBAs
DJICKTPOHMKA  OTKpbUIAa  HOBBIE IYTH  MHKPOMHUHHUATIOPH3AIMH  DJICKTPOHHOTO
000opyIOBaHUS.

Tok TpPOBOJMMOCTH B TPOBOJHHUKAX ONPEICISICTCS HAIPaBICHHBIM JIBH)KCHHUEM
OTPOMHOTO KOJIMYECTBA CBOOOJHBIX JJIGKTPOHOB. B TOIYNpOBOTHUKAX CBOOOIHBIX
9JICKTPOHOB MHOTO. OTO OOBSICHICTCI TEM, YTO BaJCHTHBIC OJICKTPOHBI B
MIOJTYIIPOBOTHUKAX CBSI3aHBI CO CBOMMH aTOMaMH, T.C. HE SBJIAIOTCS CBOOOTHBIMU. TOK B
TIOJIYTIPOBOJIHUKAX MOJKET BO3HUKATh M MU3MEHATHCS B IMUPOKUX MpEesiaX TOJIbKO MO/
BJIMSIHAEM BHEITHHMX BO3JICHCTBUI - HArPEeBaHUs, OOJYUCHHS WM BBEIICHUEM HEKOTOPBIX
npuMeceid. DTO yBEIIMYUBACT YHEPTHUIO BAJICHTHBIX AJIEKTPOHOB, MTO3BOJISIET UM OTPHIBATHCS

OT CBOHMX aTOMOB H IIO[ I[CﬁCTBPIE?M IMPUITOKCHHOT'O HAIIPAXKCHUSA HAIIPABJICHHO
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[IEpEMEIATBCS, T.€. CTAHOBUTBHCSA HOCHUTEIIMU TOKa. UeM Bellle TeMmIieparypa
MOJTyTIPOBOIHUKA WUJI MHTEHCHUBHEE BHEIITHEE O0Iy4eHHe, TeM OOJIbIlIe B HEM CBOOOTHBIX
AJIEKTPOHOB U TE€M OOJIbIIE TOK. ATOMBI TMOJYINPOBOAHHMKA, MOTEPSIBIINE SJICKTPOHBI,
IIPEBPAILIAIOTCS B MOJOKUTENBHBIE HOHBI, KOTOPBIE HE MOTYT IEPEMEILATHCS.

Mecto Ha BHemHeW o000J0YKEe aToMa, MOKHHYTOE »SJIEKTPOHOM, HAa3bIBAIOT
«IBIPKOW». DTy IBIPKY MOXKET 3aHATh APYrOoMl SJEKTPOH, MOKWHYBIIWKW CBOE€ MECTO B
cocenHeM arome. B pesynbrare Ha BHEIIHEH 000JIOYKE COCEAHETr0 aroMa MOSBUTCS
JbIPKA,T.€. OH IPEBPATUTCA B MOJIOKUTEIbHBIA NOH. [Ipy MPpUII0)KEHNH K TOTyTIPOBOIHUKY
AIEKTPUUECKOTO HAMpPSHKEHUST 3JIEKTPOHBI OYAYyT IMEepeMelaTbcs OT OJHUX aTOMOB K
JPYTUM B OJIHOM HaIpaBJICHUH, & JBIPKHU B IPYTroM (MPOTUBOMIOIOKHOM).

JIBIpKY IPUHATO CYUTATH MOJOKUTEIIBHO 3apSIAKEHHON YaCTULIEH C 3aPsAI0M, PABHBIM
3apsay 3J€KTpoHa. Takoe MpelCTaBlIEHUE YNPOIIAET, B OOJbIIMHCTBE CIIy4aeB, aHAIHU3
IIPOLIECCOB, MPOUCXOIAIINX B KPUCTAIIIE NMOJYNpPOBOAHMKA. Kaxkymeecsa nepemenieHne
OBIPOK B  HANPABJICHUW, IPOTUBOIOJIOKHOM JBHUKEHUIO DJIEKTPOHOB, HAa3bIBAIOT
JBIPOYHBIM TOKOM [71.

DIIEKTPONPOBOIUMOCTH MOJYITPOBOJHUKA, 00yCJIOBJICHHBIE JIBUKECHUEM
AIIEKTPOHOB U ABIPOK, Ha3bIBAIOT COOTBETCTBEHHO AJIEKTPOHHOM U ABIPOYHOM.

B 4ncTtOoM nONYNPOBOJHUKE KOHLEHTpALUs JSJIEKTPOHOB N3 U AbIpok Np
OJIMHAKOBBI, U JJIEKTPOIMPOBOJHOCTh TAKOTO IMOJIYNPOBOJHUKA HA3bIBAIOT COOCTBEHHOM.
OO6muii Tok | Takoro moIynpoBOJHUKA PABEH

I=D+lo. (6.1)
Ho T.Kx. NOABUKHOCTH 3JIEKTPOHOB OO0JIBIIIE, YEM JIBIPOK, TO [5>13.

[Tox moaBMXKHOCTEIO 3apsza M NOHMMArOT OTHOLIEHHE CKOPOCTH MEPEMEICHUS
HocuTeld V K HaNPsSyKEHHOCTH 3JIEKTPUYECKOTo 1oJist E B MOIyIpoOBOIHUKE T.€.

M»>=V3/E ; Ma=V1/E.

Takum 00pa3oM, MOJBUKHOCTH MOKA3bIBAET, KAKOW MyTh MPOXOJIUT 3a 1C 2JIEKTpOH
WM JIbIpKa Npu HanpspkeHHocTH E=1B/cm.

VYuuthiBas 3T0, COOCTBEHHBIN TOK MOIYITPOBOIHUKA PABEH
E,” Ms>+Mn)e I=N
T.k. Va=M>» E; N=N»>=Npx; e-3aps dJeKTpoHa.

JIyist co3paHusi TOJTYIPOBOJHUKOBBIX MPUOOPOB TPEOYIOTCS MOIYIIPOBOIHUKOBBIC
MaTepuanbl, O0JaJallIhe  MPEUMYIIECTBEHHO  AJEKTPOHHOW WM  JIBIPOYHOM
POBOAMMOCTBIO. JlJIsI TIONMy4YEHHs] TaKMX MAaTEpUaioB B TINATEJIBHO OYMWILECHHBIN
TOJyNPOBOJHUK (KOHIEeHTpanus npumeceit <1011%) BBoxar cooTBeTcTBYIOIYIO 100aBKY
- JIESTUPYIOLLYIO TPUMECh.
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Pucynok 6.1 O6pa3oBanue 1m/mpoBOJHUKA C IIEKTPOHHON TPOBOAUMOCTBIO.

Jlerupytomue = NMPUMECH,  BAJICHTHOCTh  KOTOPBIX  BBIINIE  BaJCHTHOCTH
MOJTyTIPOBOTHUKA, CHA0XKAIOT €r0 CBOOOAHBIMU 3JICKTPOHAMH U HA3bIBAIOTCS IOHOPAMH, OT
JATUHCKOTO «JI0HApe» - JapUTh, OTAABaTh.

[Ipumecu, mMerONIME MEHBIIYI0 BAJICHTHOCTh Y€M MOIYNPOBOJHUK, 00JIanaroT
CIOCOOHOCTBIO 3aXBaTHIBATh U YJEPKUBATH €T0 AJICKTPOHBI, OT JIATUHCKOTO «AKIICTITapd) -
MoJIy4aTh, OpaTh.

YroObl MOJIYyYHUTh  MOJYHNPOBOJHUK, OOJIAJalOUIMi  TOJNBKO  BJIEKTPOHHOM
IPOBOJMMOCTBIO, B HEI'O BBOJAST aTOMBI BEILIECTBA, UMEIOIIETO BAJIEHTHOCTh HA €IUHUILY
OOJIbIIIe BAJIGHTHOCTH MOJIYIIPOBOHUKA. Hanmpumep, B repMaHuii, BaIECHTHOCTh KOTOPOTO
4, BBOJST JOHOPCKYIO mpuMech — cypbMy (Sb) unu docdop (P), BaeHTHOCTh KOTOPBIX
paBHa 5 (puc.6.1).
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UYeTplpe 3JIEKTPOHA Ka)XIOTO W3 aTOMOB BBEICHHOW INPHUMECH YCTAaHABIMBAIOT
YEeThIpe KOBAJICHTHBIE (TTapHbIE) CBSI3U C COOTBETCTBYIOUIMMHU aroMaMu repmanus. [1aTbrit
octaeTcst 0e3 TakoW CBsI3U, CJEIOBATEIbHO, MEPEXOJUT B CBOOOJHOE COCTOSIHUE W TOA
NEUCTBUEM TMPWIOKEHHOTO HANPSHKEHUWS MNPUHUMAET ydacTHe B  00pa3oBaHUU
AIEKTPOHHOTO TOKA.

Ecim B monynmpoBOJHUKE SIEKTPOHHBIM TOK OOJBINE JBIPOYHOTO, TaKOH
HOJIyIPOBOJHUK  HA3bIBAIOT O3JEKTPOHHBIM, WM MOJXYOPOBOAHMKOM N-TMna (Ot
JATUHCKOTO «HETaTUBYC)» - OTPULIATEIIbHBIN).

[Ipu BBeIeHNY B TepMaHUii aKIIENTOPHOM MPUMECH, HAITpUMep, 6opa, Kax bl U3 ee
aTOMOB YCTAaHOBUT TPU KOBAJICHTHBIE CBSA3U C COCEHUMHU aTOMAMM F€pMaHusl, a JUIsl CBS3H
C YEeTBEPThIM aTOMOM TepMaHHs aToM Oopa 3JeKTpoHa He uMmeeT. Takum o0Opazom,
HECKOJIBKO aTOMOB I'epMaHusi Oy1yT UMETh 10 OTHOMY 3JIEKTPOHY 0€3 KOBAJICHTHOM CBS3H.
[Ipu 3TOM nOCTATOUYHO HEOONBIIMX BHEUIHUX 3JIEKTPUUYECKUX BO3JACUCTBUM, YTOOBI ATH
AJIEKTPOHBI MOKUHYJIM CBOM MECTa, 00pa30BaB JbIPKH Y aTOMOB repmanusi(puc.6.2).
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Puc. 6.2 O6pa3zoBanue n/IpoBOJHUKA C ABIPOYHOMN MPOBOAUMOCTHIO.

‘ R.J . PucyHnoxk 6.3 BonbT-
aMIIepHas XapaKTepHCTUKA
R q TIOJTyTIPOBOHNKA
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OcBoOoauBIINECs 3JIEKTPOHBI 2, 4, 6 aTOMOB I'eépMaHUsl NPUCOEIUHSAIOTCS K
aToMaM 0opa ¥ IO3TOMY HE MOTYT CO3/1aTh TOK B ITOJIyIpoBOAHKKE. OOpa3oBaBIIMECS
y aTOMOB TepMaHusl AbIPKU 1, 3, 5 MO3BOJIAIOT MEPEUTH HA HUX BJIEKTPOHAM OT
COCEJTHMX aTOMOB, TJI€, B CBOIO OUepe/ib, 00pa3yroTCsl IbIPKH.

T.e. kaxzaas BO3HHKAIOLIAs JbIpKa OyJIeT MNepexoauTh OT OJHOI0 aroMma
TEPMaHUSK IPYrOMY, OT HETO K cieayomemMy u T.4. [lox neicTBueM npuitoKEHHOTO
HaIIpSDKEHUS 3TO JIB)KEHUE JBIPOK YIIOPSAOYMBACTCA, T.€. B IOJIYNPOBOIHUKE
BO3HUKAECT MPHUMECHBIM JBIPOYHBIA TOK. TakKoW IOJYyNPOBOJHHMK HAa3bIBACTCS
JBIPOYHBIM, WIH P-TUIA (OT JTATHHCKOTOKIIO3UTUBYCH—I10JIOKUTEIbHBIN.

Ilog nelicTBMEM NPUIIOKEHHOIO  HANPSDKEHUS  OJJEKTPOHBI U JABIPKH
IIEPEMEILAIOTCS B IIOJIYIIPOBOAHUKE, BCTPEUast Pa3IMYHOIO POJIA IIPENATCTBUSA, TEPSIOT
4acCTh DHEPTUHU U OTKIIOHAIOTCSA OT CBOETO IIYTH, T.€. IPOUCXOAUT PACCETHUE HOCUTEIIEU
3apsiia, BhI3bIBAEMOE, TJIABHBIM 00pa3oM, pa3InYHbIMU 3aTrPSA3HAIOIIUMU PUMECSIMHU.
UeM yuie MoiaynpoBOJHUK, TEM MEHBUIE PACCEIHHE HOCUTENIEW 3apsla U BBIIIEC
HOJIBUYKHOCTb 3JIEKTPOHOB U JIBIPOK, CJEI0BATENIbHO, IOJYNPOBOJHUK 00JIagaeT
O0JBIIeH YAETbHOW MPOBOIUMOCTBIO.

Panee orMeuanoch, 4TO MOJYHNPOBOAHUKUA OONANAIOT PSIOM CIEHHPUUECKUX
CBOMCTB. OJTHUM M3 TAKHUX CBOWCTB SBJISECTCS HEJIMHEWMHOCTH BOJBT - aAMIEPHOMU
XapaKTEepPUCTHKU, T.e. MNpu yBeauueHud U, NOpWIOKEHHOro K  oOpasiy
MOJIyIPOBOJHUKA, TOK YEPE3 HETO pacTeT ObicTpee (puc.6.3).

‘-—7

n 0

Pucynox 6.4
CummMmeTrpuyHas BOJBT  —
aMIIepHasl XapaKTEPUCTUKA
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OnHoBpeMeHH 5 eTCs AJIEKTPUUECKOE COMPOTUBIICHHUE
oOpasua. ITo CBOUC n . TOJTYTIPOBOJHUKOBBIX pa3psaHUKaX
B JIMHUSAX DJEKTPOI 3l . Ilpy HOMUHAIBHOM HaANPSHKEHUH
pa3psAIHUK UMEET OY 1 jenpomnyckaet Tok ¢ JIDII Ha 3emuro.
[Ipu ynmape MmoJHU _ [ O4YeHb OOJBIIMM HaIPSKEHUEM,
DIIEKTPHYECKOE COTL. 300 29 .U Bmenbwaercs,
1 OH OTBOJMT TOK C i 2 3 HampspKCHUE CHIIKACTCS 10 HOPMBI,
00JIbII0E COMPOTHBI i [BA€TCA U OH HE IPOITYCKAET TOK C
JIMHUU Ha 3EMJIIO. 2

IIpn wn3meHen 3 ‘0K B IOJIyIPOBOJHHUKE MPOTEKAET B
oOpar- HOM Hampar s MK 4 My K€ 3aKOHY. IJTO O3HA4aeT, 4TO

IMOJYIIPOBOOHHUK UMCC1 viumme 1 prtny v suiabpl ~ amucPHYIO XapaKTCPUCTUKY (pI/IC64) Ecmu
XKC€ OJHa 4YacCTb HOHprOBOI[HhKa HMCCT OJJICKTPOHHYIO IIPOBOAMMOCTBL, a Apyrasa -—
AbIPOYHYIO, TO Ha TIpaHUOC MCKIAY HHMH O6p33yeTCSI CHCHI/I(l)I/I‘IeCKaH o01acTp —
C-)JICKTpOHHO'I[BIpO‘IHIJﬁ nepexon (p-n HCpCXO}I), I/IMCIOH_[I/Iﬁ HCCUMMCTPUYHYIO BOJIBT -
aAMITEPHYIO XapaKTepUCTHKY (pHc. 6.4).
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[Ipy NIOTHOM KOHTAKTE DSJEKTPOHHOTO U JBIPOYHOTO TOJYIPOBOIHUKOB
oOpa3yeTcst cucTema JByX 00JIacTel, OfHa U3 KOTOPBIX OyAeT UMETh JICKTPOHHYIO, a
apyrasi — IBIPOYHYI0 MPOBOAUMOCTh. [IpM 3TOM 3JIEKTpOHBI U3 N-001acTH OyIyT
mudGyHaIupoBaTh B p-0071aCTh, T/I€ X KOHIIEHTpaIusa Maita. OJHOBPEMEHHO ABIPKU U3
p-obmactu OynyT nuddyHIupoBaTh B N-00JaCTh, TAE UX KOHIICHTPAIUS TAaKKe Maja.
B3anmuas quddy3ust I5IpOK U 3JIEKTPOHOB YMEHBIITUT KOHIICHTPAITUIO JJICKTPOHOB B
N-00J1aCTH U ABIPOK B P-00JIaCTH.
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Takum 00pa3om, enie 10 MNOJAKIIOYEHHUS K 3JEKTPOJAM HCTOYHMKA BHEIIHErO
HaIpsHDKEHUS Ha TpaHUIEe MEXIY p- U N-00JacTsIMU MOJYNPOBOAHHMKA OOpa3yeTcs
NBOW- HOM DJIEKTPUYECKHH clol. B pe3ynbraTte 3TOro MOSBUTCS MECTHOE
AIEKTPUYECKOE MOJICHANIPSKEHHOCTHIO E0, HanpaBiIeHHOE B CTOPOHY OTPHULIATEIBHBIX
3apsIOB B IBOMHOM DJIEKTPUYECKOM CIIOE.

[Ipy npunoKeHNN K TAKOM CUCTEME BHEIIHETO HAIIPSKEHUs, €CiM EBH coBIamaerc
HaNpsHKEHHOCThI0 EO MECTHOTO 3JIeKTpUYEecKOro moJisi, 3JIEKTPOHBI B N-00JIaCTH U
IBIpKA B p-oOsiacTu OyAyT NepeMeliaThCsi OT TpaHULbl pasfena K 3JIeKTpojam
(puc.6.7a).

IIpy 3TOM pacmMpsIOTCS 30HBI, 3aHATHIE IEKTPOHAMHU B IOJYIIPOBOJHUKE P-
TUNIA W JBIPKAMH B TOJYHPOBOJHUKE N-TUIA. OJIEKTPUYECKOE CONPOTHUBIICHUE
nepexo/ia 3HauuTEIbHO BO3PACTAET, T.K. 00pa3yeTcst 3auparouiii CIoi U p-n Nepexo
He OyneTr mpomyckaTh TOK. DakTUYeCKH 4epe3 Mepexoa OyAeT MPOXOAWTh OYEHb
MaJjblii TOK, OOYCJIOBJICHHBI MEpEMEIIEHUEM HE OCHOBHBIX HOCUTENEH 3apsioB U
Ha3bIBa€MbIH 00paTHBIM TOKOM [00p.
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Pucynoxk 6.7 IIporeccel B p-N nepexoie Npu pa3audHON MOJISIPHOCTH BHEITHETO
HaIPsHKCHUS.

B cnyudae, korma EBH HamnpaBnena HaBcTpeuy Eo (puc.6.7 0), mecTHOe
ANIEKTPUUECKOE TMOJ€ 3aMETHO OcCHadisiercs, ¢ DJJIEKTPOHbI U3 Nn-00JaCTH
MOJIYNPOBOJHUKA U JABIPKU U3 P-00JACTH HAYMHAIOT MEPEMENIATHCS K P-N MEPEXOay;
BCJIEZICTBUE 3TOTO 3AMMUPAIOIINNA CIOU CY)KAETCs, €ro IEKTPUUECKOE COMPOTUBIICHUE
PE3KO0 yMeHbIaeTcsi. BAToM cityuae p-n nepexoj nponyckaeT TOK, KOTOPbI Ha3bIBAIOT
npsiMbIM I1p, a ero HampaBJIeHUE — MPSIMBIM WA PONYCKHBIM. ClielyeT UMETh B BUAY
yto, Inp>lo6p, U YTO COMPOTHUBJICHUE P-N MEepexoaa, CMEIIEHHOTO B MPSIMOM
HaIpaBJICHUN MEHBIIE, YeM CMEeIIeHHOTo B oOpaTHoM. [Ipu yBenuueHun mpsiMOro
HaIpsDKeHUST TOK 4Yepe3 MEepexo] PE3KO BO3pacTaeT Mo JUMHEWHOMY 3akoHy. Korna
MPWIOKEHO OOpaTHOE HaIpsKEHUE, TO BHAYaJle TOK Yepe3 MEepexoj MpPaKTUYECKU
OTCYTCTBYET; MPU TOBBINICHUN HANPSDKEHHS TOSBISIETCS OOpaTHBIA TOK, KOTOPBIN
BHAUaJIe PacTeT JIMHEHHO, 3aT€M YBEIMYUBAETCS MPaKTHYEeCKU MO 3akoHy Oma, a
HaynHasi ¢ HekoToporo UoOp pe3ko BoO3pacTaer, B PE3ysbTaTe 4Yero MPOUCXOIUT
IEKTPUUECKHUI TPOOOIi Mepexo/ia U ero pa3pyiieHrne BCISACTBUE TEMIOBOrO MPooos.

CBOICTBO p-n Tmepexoja MPOMmyckaTh TOK TOJIBKO B OJHOM HalpaBJiICHUU
HCIIOJIB3YIOT B TTOJYTIPOBOJHUKOBBIX BBIMPSIMUTEIISX.

[TonynpoBoIHUKOBEIE MaTepHUabl 00JAAI0T U PSIIOM JAPYTUX CHEIUDUUIESCKUX
CBOWCTB:

[Ton neiicTBueM cBeTa yJeidbHas MPOBOJUMOCTh HEKOTOPBIX MMOJIYMPOBOIHUKOB
(cesieHa) MOXKET PE3KO U3MEHSTHCS. ITO OOBSCHIETCS TEM, YTO CBETOBOE M3ITyUYCHUE

onpeneneHHon JHbl BOTHBI (400-700 HM.) cOOOIIaeT 3EKTPOHAM TOTYTIPOBOJHUKA
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DHEPTHUIO, JOCTATOYHYIO JJISI TOTO, YTOOBI OHU CTAJIM CBOOOIHBIMH. DJIEKTPUUECKOE
COIIPOTUBIICHUE TMOJIYMPOBOJHUKA TPU 3TOM PE3KO YMEHBbLIAeTCs. DTO CBOMCTBO
UCIIONB3YIOT B (JOTOPE3UCTOPAX.
1.Ilpy YaCTMYHOM OCBSIIEHUH TOJYNIPOBOJHMUKA CBETOM, KOIJIa Ha €ro
MOBEPXHOCTH MMEIOTCS OCBEIIIEHHAS W HEOCBEIICHHAS 30HBI MEKIY HUMH, BOSHHKAECT
doto- DJIC. ITOT 3 (DHeKT UCTOIB3YETCS TIPU CO3AaHUN COJIHEUHBIX OaTapei u Apyrux
UCTOYHUKOB SHEPTHUU.
2.Hexotoppie  monynpoBOIHUKH  (Si) pe3Ko M3MEHSIIOT  JJIEKTPUUECKOE
COINPOTHUBIIEHUE TOJ JEHCTBUEM OKa3blBAEMOI'O HAa HUX JABJICHUS (TEH30PE3UCTHBHBIM
3¢ ¢eKT). DTO sABIECHUE UCTIOIB3YIOT IIPU U3FOTOBICHUN UYBCTBUTEIBHBIX U3MEPHUTENEH
JIaBJICHUS - TEH30PE3UCTOPOB.
3.Hanuune B momMynpoBOAHMKAaX JABYX Y4YacTKOB C pPa3HBIMH TeMIIepaTypamu
BBI3BIBACT MEPEMEIIEHUE CBOOOTHBIX 3apsI0B OT HATPETOTO y4acTKa K XoJloaHOMY. Tak,
€CIId HOCUTEISIMHA 3apsiIoB SIBJISIIOTCSL DJICKTPOHBI, OHM, TMEPEMENIasich K XOJIOTHOMY
YUacTKy 3apspKaloT €ro OTpuIaTeldbHO. Harperbiit y4acTok, MOTEpsSiB 3JIEKTPOHBI,
3apspKaeTcs MOJIOKUTETbHO. B pe3ynpTaTe MEXIy HAarpeTbiM W XOJOJHBIM y4acTKOM
NOJIyIPOBOJHUKA BO3HHMKaeT TepMo-D/C. IToT apdext ucnonb3yercs Mpu CO3IaHUH
TEPMOAJIEMEHTOB U TEPMOTE€HEPATOPOB, CIIOCOOHBIX MpPEBpaIlaTh TEIUIOBYIO SHEPTHUIO B
AIIEKTPUYECKYIO.

Bomnpocsi no padore

L

HazoBure 0cCHOBHOE CBOMCTBO P-N nepexoxna?

Kax BAusI0T mprMecH Ha 3JE€KTPONPOBOAHOCTD NOJYIPOBOAHUKOB?

3. Kak m3aMeHuTCs 37eKTPONPOBOTHOCT MOIYTPOBOIHUKOB MPH TOBBIIICHUN
TEMIIEPATYPHI?

YTo Takoe akuenTopHas NpUMech?

5. HazoBuTe noaynpoBOAHUKOBBIE IPUOOPHI.

N

>
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Ipunoxenue
IIpaBus1a MAPKHUPOBKH CILIABOB ME/IM.

CIIJIaBbI ME€AM ACJIATCH

ITo XMMHUYECKOMY COCTaBY

.HaTyHb — CIlIaB MCIU M TMHKAa

bpon3a — cruiaB meau u Apyrux

AIIEMEHTOB
I1o TeXHOJIOTHYECKUM CBOMCTBAM 110 TeXHOJIOTHYECKMM CBOMCTBAM
Hedpopmupyembie JluTeHbIe Hedpopmupyembie JIuTeHbIe

CILIABBI CILIABBI CILIABBI CILIABBI

Jlatrynb npocras — | [IpaBuia: IIpaBuia: IIpaBuaa:

CILJIAB MEIH U 1. B wmapke | 1. [Ipu mapkuposke | 1. IIpu

HMHKA OykBa «JI» | nepopmupyembix MapKUpPOBKE

1.Tonpko O3HAYaeT, OpOH3 Ha IIEPBOM | JINTEHHBIX

nedopMupyembIi YTO 3TO CIUIAB - | MECTE cTaBATcs | OpoH3 Ha

CriaB JaTyHb oykBel bp IIEPBOM  MECTE

2. B mapke OykBa «JI» | 2. [Tanee  wumer | 2.  Jlamee  WOyT | CTaBATCS

03HA4YacT , YTO 3TO | OyKBEHHOE 3arjgaBHble  OYKBBI, | OyKBBI Bp

CIIJIaB - JIATYHb o0003HaYeHUE 0003HavaroIIue 2. lanee -

3. lludpa nokaspIBaeT | 0CHOBHOIO JETUPYIoNIne OyKBEHHOE

COJICP)KaHWC MCIIH B | IETHPYIOLIETO | 3JIEMEHTHI n300paxeHue

[EIBIX TPOIECHTAX DJIEMEHTA 3. Janee mudpsl | IETHPYIOMINAX

4. Iluak B mapke He | (umHK) — I, ¥ | o3HagaroT TIOJIFO | DJIEMEHTOB, U

MIPOIMKCHIBAETCA, crenoM 1udpa, | JIerHpyroImx CleaoM -

HaxXoauTcs 10 | yKa3bIBAOIIAs AJIEMEHTOB B IICJIBIX HI/I(I)pBI,

@opMyne: cro IIpOLCHTAaX B TOU YKa3bIBarOIIrue

100- CONCPIKAHUEC | COACPIKAHUE B | MOCIEAOBATECIBHOCT | UX COACpPIKAHUC

Mean=__ % LEJbIX ", KaK | B LEJbIX

Mapku: JI96, | mporienTax PacIOJI0KEHBI IPOLICHTAX.

JI90(tommnak),  JI85,| 3. [lamee — | GyKBBL 3. . Memsr B

JI80(rmomyrommnax), OyKBEHHOE [udper Mapke

JI70, J168, J163, JI60 | uzobpakeHue PacIOJIOKCHBI JINTENHBIX

[Tpumep: JI96 JETHPYIOLIIUX | yepe3 THpe! OpoH3 HE

JlatryHp mpocras | smemMeHTOB, U |4, Menp B MapKe | IPONMCHIBAETCH,
nedopmupyemas CIeA0M - | nehopmMupyeMbIx a HaxOJUTCS TIO
Menps — 96 | uudpsl, OpoH3 He | hopmyie:

% yKas3blBaIoOIIUE | mponmuchiBaeTes, a | 100-

Iuax 100- | ux comeprkaHue | HAXOMUTCS 10 | coJiep KaHue
96=4 % B LETBIX | hopMyIIe:

MPOLICHTAX.




JIaTyHb CJ0KHasA —
CIJIAaB MeAH, IHHKA
U IPYTUX 3JIEMEHTOB
1. B mapke OykBa «JI»
O3Ha4aeT , 4YTO 3TO
CIUIaB - JIATYHb

2. Hanee UIyT
3arjgaBHblE  OYKBBI,
0003HavaroIme
JIETUPYIOLIUE
AIIEMEHTHI

3.IlepBeiec 1UdpH 3a
OykBaMH  O3Ha4yaroT
JOJII0 MEIU B LIEJBIX
poLEHTax

4. JHanee uudpsl
O3HAyYaroT JIOJIEO
JETUPYIOIINX

OJICMCHTOB B IICJIBIX

MpPOLIEHTaX B  TOM
MOCJIETIOBATEILHOCTH,
KaK  PacCIIOJI0KEHBI
OYKBBI.

Hudper
PacIoJIOKCHBI Yepe3
Tupe!

5. llunk B mapke He
IIPOMMCHIBACTCS,
HaXOJIUTCS o
dbopmyie:

100- colepKaHue

MEJH- JIP. DJIEMEHTBI=
%

Mapku:
JIAXK60-1-1,
JIAHKM1175-2-2,5-
0,5-0,5

IMpumep:
JIAHKM175-2-2,5-
0,5-0,5

JIAT7-2,

JlaTtyHb CJI0KHAas
nedhopmupyemas
Menp — 75

%

4. ConepxxaHue
Meau
HaXOJIUTCS
bopmyie:
100-
coaepIKaHue
[IMHKA —
COACPIKAHNUC

Ip.2JIEMEHTOB =
%

Mapxku:
JI40Mm3K,
JII40M13A,
JI38M12C2;
JIII30A3,
JIL16K4 u np.
IIpumep:
JIII30A3

110

Huak - 30 %

AmroMuHuN — 3
%

Menb —
100-30-3=67 %

100- conepxanue

AP.3JIEMCHTOB =

Jp.2JIEMEHTOB =
%

Mapku:
0,4,
bpOI1C4-4-2,5

IMpumep:
bpO®6,5-0,4
bpon3za
nedopmupyemas
Onoso
6,5 %

bpO®6,5-
bpOl114-3;

dochop —

0,4 %
Menb
0,4=93,1 %

100-6,5-

%

4. Huorma Ha
IIOCJIETHEM
MECTE MapKu
crout OykBa JI,
YTO O3HAYaeT ,
YTO CILIaB
JINTCUHBIN

Mapxku:
bpOSII5C3,
bpO10I1110,
bpAOM2JI n
Ap.
HHpumep:
bponsa
JINTEeHHas

AmoMuHNN
-9%

Mapranen
-2%

Menp 100-
9-2=89 %




AmmomuHun — 2%

Hukenp -
2,5%

Kpemunii —
0,5%

Mapranen
-0,5%

Huax  100-75-2-2,5-
0,5-0,5=19,5%

Jlerupymouue 3JieMeHTbI: A — AIFOMUHUN K-xene3o
Mu-mapraserg

K — xpemuanit C-cBunen
0-oso0BO

M- MBIIIBSK H- Hukenb
I1- uuHK

Cy-cyppma d-docdop
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