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1 HEJIb 1 3AJAYHN OCBOEHUSA JUCIIUIIJIMHBI

1. IlenssmMu 0CBOEHUS AUCLUILIIMHBI SBIISIOTCS:

- OCBOCHHE OyIyIIMM CIIEHUAIMCTOM TEOPETHYECKHX OCHOB M COBPEMEHHBIX (PH3UUYECKUX
METO/I0B aHaJIM3a COCTAaBA U CTPYKTYPhl pa3IN4HbIX MaTepUasOB;

- TpUOOpETeHHE NPAKTUYECKUX HABBHIKOB (M3MYECKUX METOJOB aHAIU3a pPa3IUIHBIX
MaTepUaJIOB — KPUCTAJIOB, KPUCTAIIMYECKUX IUIEHOK, CTEKOJI, CTPOUTEJbHBIX MaTepUalioB U
Ap;

- olpesiesieHNe ONTUMAaIbHBIX U HanOosiee 3((HEKTUBHBIX METOJIOB aHAJIM3a U BO3MOXHOCTHU
UX HUCIIOJIb30BaHMsI B OKCIIEPTU3E MaTEpUANIOB, BEIIECTB U U3JIEIHH.

3amaun 0OCBOCHUE JTUCIUTIIMHEIL:

- PacKpBITh POJIb U MECTO (DU3UKO-XUMHUUIECKHUX METOJIOB UCCIIEAOBAHUS B pab0Te XUMUKA

- UW3YYUTh OCHOBHBIE OJKCIEPUMEHTAJIbHBIE 3aKOHOMEPHOCTH  (PU3UKO-XUMHUYECKUX
METOJIOB HCCJICJIOBAaHUSI W YCTAaHOBJICHHUS CTPYKTYpPHl BEIIECTB OpPraHUYECKON U
HEOPraHN4YECKOU IPUPOIbI

- HCIIOJIH30BaTh METOJIOJOTHIO PUMEHEHUS (PU3NKO-XUMHUECKIUX METOJO0B UCCIEIOBAHUS
COeqUHEHNN

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

JlanHas yueOHas AUCHMIUIMHA BKIOYeHa B pasznen bl. ducnumimmabsl (MOIynau) ydeOHOTO
pabouero mrana OIIOIl mo nHanpaeneruro mnoarotoBku OakamaBpoB 04.03.01 Xumusa wu
OTHOCHUTCS K BapuaTuBHOM ero vactu (0Os3arenbHas 4acTh). JlucuuruinHa Oasupyercs Ha
3HAHMUSX W YMEHMSX, BBIPAOOTAaHHBIX TPU MPOXOKICHUH MPEIIIECTBYIONINX KYpPCOB
(HeopraHuWYecKass XUMHUS, OpraHWuYecKas XUMHs U Jp.), YrIyonser ¢yHIaMEHTAIbHYIO
€CTECTBEHHO-HAYYHYIO TIOJATOTOBKY CIICLIUAIMCTOB, 3aKJIaJbIBaeT 0a3y i psiia MOCIEAYIOIUX
CHEIHAIbHBIX KYPCOB Y XMMHKOB.

3HaHUA, TIOJy4YE€HHbIE B XOJI€ HW3YYEHHUS JUCUUIUIMHBI «DHU3WYECKHEe METOJIbI
HCCIIEIOBAHUS» MOTYT ObITh MCIOJIB30BaHBI IPU HAMKMCAHUN KBATH(PUKAITMOHHBIX OaKalaBpCKUX
pabot no HampasieHuto 04.03.01 — XuMus ¥ MOATOTOBKE K MOCTYIUICHUIO B MarkuCTpaTypy Io
MPOQUITIO0 MOATOTOBKH XUMHS OKpPY)KAIOILIEH Cpellbl, XMMUYecKasi SKCIIepTHU3a U IKOJIOTHYecKast
0€301acHOCTb.

JlucuuminHa OCBaWBaeTCs OJHOBPEMEHHO C TaKMMU JUCHMIUIMHAMHU KakK: KOJUIOHMIHAS
XUMHSI, KPUCTAIUIOXUMHUS U JIP.

3. IEPEYEHbD INTAHUPYEMbIX PE3YJIbTATOB ObYYEHUA 11O JUCHUIIJIMHE,
COOTHECEHBIX C INTAHUPYEMbBIMMU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM MPOTPAMMBI

Nzyuenne nuctuminHbl «Puznyeckre METOJbl MCCleoBaHUS » B pamkax ocBoeHus OIIOII
04.03.01 - Xumus HampaBieHO Ha (GOpPMUPOBAHUE Y 0OYUAIOIIUXCS CIEAYIOINX KOMITETeHIINH:

Ne Wunexc Coneprxanne B pesynbrate n3ydeHust yaeOHOH JUCIUILIMHBI 00yJaromrecs
m/m | KOMIIETE KOMIIETECHITUHN JOJIKHBI:
HIUU (mmm ee gacT) 3HATh YMETh BJIAJIETh
1 MK-1 | CnocobHOCTE MPUHIUIIBI OLICHHUBATh MOJIrOTOBKOM
BBIIIOJIHATD monoopa METO/I0B JIOCTOBEPHOCTH Marepualia s
CTaHNapTHBIC aHanmu3a Juis PE3YJIbTAaTOB aHAJIM3a | IPOBEICHUS
onepanuuv 1mo o
SKCIIEPTU3bI MIOBEPXHOCTH U XUMUYECKOU
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npeajiaracMbIM
METOAWKaAM

IMOBCPXHOCTHU
MaTepualioB,

3HaHHUH

JUCIUTIINH:

XUMHs1, PU3HKa

Oasupyromuecs: Ha
MPEALIECTBYIOIIUX

HCEOpPraHnvccKasd

BO3MOKHOCTE MX
HCITOJIb30BaHUS B
XUMHUYECKON
JKCIIEPTHU3E
MaTepHaJioB U
W3S Ha UX
OCHOBE

9KCIEPTU3BI
MOBEPXHOCTH C
y4eToM
0COOEHHOCTEMH
ero ¢usuko-
XUMHUYECCKUX
CBOICTB

OBLIAA TPYIOEMKOCTD INCHUTIJIMHBI

4.1. O6beM QUCHUILUIHHBI B 3a4eTHBIX equHuuax (Bcero) 3 3ET

4.2. Tlo Bugam yueOHOii pa6oThI (B yacax): 108

KommuectBo yacos
(dbopma oOyueHnuss odvHas )

Bun yue6Hoit paboThl BCEro no B 1.4. mo
IUIaHY cemMecTpam
8
1 2 3
KonTtakTHas paboTa oOydarommxcs ¢ npenogaBaTeaeM 70 70
AyIUTOPHBIC 3aHATHSA: 70 70
Jlexkun 28 28
[IpakTrueckre ¥ CeMUHAPCKUE 3aHATHUS 42 42
JlabopaTopHbie paboThI (1a00PATOPHBIN MPAKTHKYM) - -
CamocrostenpHas padbora 38 38
Texyiuit KOHTPOJIb (KOJIMYECTBO U BUA: KOHTPOJIbHAS TECTUPOBaHUE, TECTHUPOBaHUE,
paboTa, KOJUIOKBHYM, pedepar) YCTHBIH OIpoc YCTHBIH OIpoC
Kypcosast pabota HE HE
IpelycCMOTPEeHa | MpeaycMOTpeHa
Bu el npoMexyToyHOM aTTecTalnu (9K3aMeH, 3a4eT) 3auem 3auem
Bcero yacos o gUCHUAILINHE 108 108
®opma A Crpannra 3u3 36




MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanus PO
VIbSHOBCKHI TOCY/1apCTBEHHbIH YHUBEPCUTET

Dopma

@ - Pabouast mporpaMma 1o JUCHHUILINHE

4.3. Conep:xxanue aucuMnnHbl. PacnpenesieHne 4acoB 1mo temMaM M BHJAaM y4eOHOMH

padoThI:

®opma oOydeHus _ovHas

Ha3Banue u pa3aejioB u TeM

Bcero

Bunbl yueOHBIX 3aHATHI

AyIuTOpHBIE 3aHATHS

JEeKINH

NPaKTHYeCcK
ue 3aHATHS,
CeMHHApPBbI

Jabopartop
HbIE
padoThI

B T.4.

3aHATHS B

MHTEPAKTH
BHOH

dopme

CamocrosiT
eJIbHasA
pa6ota

1

4

5

6

7

Tema 100630p  MeTOIOB
(U3UKO-XMMHUYECKOTO
aHaJIM3a MOBEPXHOCTU

12

4

Tema 2 ®Ou3UUECKHE OCHOBBI
COBPEMEHHBIX
CHEKTPOCKOMUYECKUX
METOJIOB HCCIIEIOBAaHHS U
JTUATHOCTUKU  TTOBEPXHOCTH.
Meronsl ANEKTPOHHON
CIIEKTPOCKOITHH.

16

Tema 3 PeHrtreHoBckas
(hoTodNEeKTpOHHAS
CIEKTPOCKOMHUS (PDDC).
Ouznyeckue MNPUHIUMNBI U
OCHOBBI METO/1a

10

Tema 4. Oxe-dIeKTpOHHAS
cnektpockonusi. duznueckue
MIPUHIIUIIBI K OCHOBBI METOIA.

10

Tema 5. [Ipumenenue
CUHXPOTPOHHOI'O H3JIy4EHHUS
B yIabTpaguOIETOBOM
(OTOANEKTPOHHOU
CHEKTPOCKOIUHU
Metoasl
CHEKTPOCKOITUH.

(YOIC).

HOHHOU

12

Tema 6  JlecopOrmonHas
CHEKTPOCKOMUS

10

Tema 7.
CriekTpoCcKOM4YeCcKre
PEHTT€HOBCKHE
aHanmmsa

METOIbI

12

Tema 8. Macc-

CIICKTPOMCTpPU .

12

Tema 9.
IKCIIEPUMEHTA

Texuuka

14

HUroro

108

28

42

38
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5. COJEP’KAHUE JUCUUILIMHBI (MOY.JIS)

Tema 1. O630p MeT010B (PU3UKO-XUMHYECKOT0 AHAIHU3A MOBEPXHOCTH

MeTonpl MCCIeIOBAaHUS MMOBEPXHOCTH (0OImMi 0030p M XapaKTePUCTHKAa METOJO0B aHaIH3a
COCTOSIHUSL MOBEpXHOCTH): CHeKTpalibHbIe METOJbl HCCIIEIOBAHMS 3JIEMEHTApHOIO COCTaBa U
BHeKTpOHHOﬁ CTPYKTYpblI TBCPAbIX TCJI C HCHOJB30BAHUCM PaA3JIUYHBIX SJICKTPOMArHUTHBIX
W3JTyYEHHUM.

Tema 2. ®u3uvecKkre OCHOBBI COBPEMEHHBIX CIEKTPOCKONMNYECKUX METO/I0B MCCJIeJ0BAHUSA
U THATHOCTHKH MOBEPXHOCTH. MeTOobI DJIEKTPOHHON CIIEKTPOCKONMIH.

CrieKTpoCKONHUs 3IEKTPOMArHUTHBIX U3Yy4eHUNH. XapaKTepUCTHUECKUE CIEKTPbl AMUCCHH,
abcopO1uu u GIFOOPECIICHITHH.

BropuuHnas sneKTpoHHas 3MHCCHS - OCHOBAa COBPEMEHHBIX METOJIOB aHalli3a MOBEPXHOCTH.
DHepreTuyeckoe paclpesielieHue BTOPUYHBIX 3JEKTPOHOB. CHEKTp BTOPUYHBIX 3JIEKTPOHOB,
BO30YXKIaeMbIX 3JIEKTPOHHBIM yaapoM. 3aBUCUMOCTh KO3 (UIIMEHTOB BTOPUYHOM AJIEKTPOHHOM
SMHUCCHH U YOPYTOro OTpa’keHHs OT SHEPruu MEepBUYHBIX AMMEKTpoHOB. Heynpyroe paccesHue
AJIEKTPOHOB M TOBEPXHOCTHAsI YyBCTBUTEIHHOCTh. PacripeneneHusi 3J€KTPOHOB MO 3HEPTHUSM.
OnexTpoHHBIM crektp. [nyOuHa otOopa aHaiuTH4ecKoW uHGpopManuu. XapaKkTepHCTHKA
COCTOSIHUSI TIOBEPXHOCTH o0Opasla: pachnpefesieHue d3JIEMEHTOB [0 TIyOuWHe, Haluyue
3arpsi3HEHUH, OlleHKa [IepOXOBATOCTH MIOBEPXHOCTH.

Tema 3. PenrreHoBckasi ¢orodiexkrpoHHass crnekrpockonusi (P®IC). dPusuveckue
NPUHUMIIBI U OCHOBBI METO/AA

PentrenoBckast crnekTpockonus. PeHTreHoBckass ¢oTodnekTpoHHas crekTpockornus (DCXA),
anektpoHHass Oxke-cnektpockonusg, YOIC, [JDPIC. O@usmyeckne npuHuunsl PDOIC.
KadecTBeHHBIM ¥ KOJTMYECTBEHHBIM aHAIN3. YUeT 3apsaku MoBepxXxHOCTH B POIC (Mmetamsl,
MOJIYIIPOBOJAHUKHA M JUAJICKTPUKH). XUMHUUYECKHe caBurd B PDD-cmekrpax. Mogemu st
WHTEpIpeTaluu XUMcABUTa. BropuyHas cTpykrypa crnekTpoB. I[IMKM MUIa3MOHHBIX HOTEPH.
MynbTHIUIETHOE pacuierienne. PentreHoBckue catemutbl U Ayxu. Caremutsl «shake-up» u
«shake-offy. CrpykTypa BaJieHTHOW 30HBI. ACHMMETPHS OCTOBHBIX YPOBHEH METAJUIOB.
UyBCTBUTEIBHOCTh K  IMOBEPXHOCTHOMY  CJOI0.  YrjioBble  addektel. Audpakuus
dhotornekTpoHoB. POOC ¢ yrioBsIM pasperieHrueM. KondecTBEeHHBIM AJIEMEHTHBIA aHAN3 B
ANIEKTPOHHOU  CIIEKTpOCKONMUU. ArmmaparypHoe odopmieHue wmetona. Hepaspymarommii
KaueCTBEHHBIH M KOJMYECTBEHHBIN 3JIEMEHTHBIA U (Pa30BBIA aHATU3bl TOBEPXHOCTH METAIJIOB,
CIUIaBOB, MaTEPHAJIOB BBICOKUX TEXHOJOrUH. Vcnonb30BaHue MeTo1a AJis JOKaJIbHOTO aHalIn3a
noBepxHOCTU. lIpenen 4yBCTBUTEIBHOCTH METOJAa U OTHOCUTEIbHAs TOYHOCTh OIPENEICHUS,
JMana30H ONPENEIsIEMbIX 3JIEMEHTOB.

Tema 4. OQ:ke-3J1eKTPOHHAA CHIEKTPOCcKoNus. Pu3nvecKkue NPUHIMIIBI U OCHOBBI METO/AA.
®usnueckre NpUHUUNBL OXe-37IeKTPOHHON CHEeKTPOCKONUU. CHEKTp BTOPUYHBIX AJIEKTPOHOB,
BO30Y)KIA€MbIX DJEKTPOHHBIM yJapOM: OCHOBHBIE IPOLIECCHl. DHEPrusi OXKe-3IeKTPOHOB
cBoOomHOro aroma (Teopernueckuil, NOTYSIMIMPUYECKUH M OSMIMPUYECKUN pacueThl).
DHepreTuyeckre ypoBHH, cABUTH M (popma Osxe-nukoB. DHeprusi Oke-3IeKTPOHOB B TBEPJIOM
tene. Ceuenne monumzanuu. Kosddunuent obpatHoro paccesnus. ['my6una Beixona. Metombl
KOJIMYECTBEHHOI'O aHaiM3a. MeToJl Ko3(pPUINEHTOB OTHOCUTENBHON 4yyBCTBUTENbHOCTH. DOC
KaK MeToJ| aHanu3a cocrasa nosepxnoctu. Conocrasnenne 0C u POSC.

Tema 5. IlpumeHeHMe  CHHXPOTPOHHOIO  HM3JIy4YeHHd B  YJbTpadHoIeTOBOM
(¢porozrnexrponnoii cnekrpockonuu (Y®IC). Meroabl HOHHOMH CIIEKTPOCKOIUH.
duznyeckue IIPUHLIAIIBI yABTpapHOIETOBOM (OTO37EKTPOHHOM CHEKTPOCKOIINH.
Hcnonb3oBanne YOIC nns usydeHus 30HHON cTpykTypsl. [Ipumenenne YOIC ains nzyueHus
aZicopOMpPOBaHHBIX  MOJIeKysl.  Vcnonbp3oBaHME  CHHXPOTPOHHOTO  M3JIy4eHHS U €ro
npeumymiectBa. COOTHOIIEHHE MEXAYy HSHEpPruedl CHHXPOTPOHHOTO H3IY4YEHUS U TIIyOWHOM
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BbIxos1a (poToanekTpoHOB. DOoTOAIMHCCHUS U3 ABYX BBIPOKIACHHBIX MO YHEPTUU CUCTEM YPOBHEHL.
3aBHCHMOCTh CEYEHHsS TOTJIOUICHUs OT dSHepruu (OTOHOB. PaccesHue MeUIEHHBIX HOHOB
(PMN). CrpykrypHbie nedextsl u ux mposiBieHuss B PMU. Paccesnue OBICTPBIX HOHOB.
Cratuueckass ©  JuHaMmuueckas  BropuuHo-uonHas  Macc-criektpomerpusi  (BUMC).
KonnuectBeHHass WHTEpHpeTanusi AaHHBIX IOCIOHHOTO aHanm3a. KammOpoBKa CKOpOCTH
pacubiieHus. [llkama koHmeHTpanmii. Paspemenne mo riayowHe. D¢¢eKTbl, 00yCIOBICHHBIC
HMOHHOU 60MOapAUPOBKOM.

Tema 6. /lecopOunoHHAs ClIEKTPOCKONMS

AncopOuusi Ha TOBEPXHOCTH TBEpAbIX Teld. MonekyispHas M JAUCCOIMaTHBHAs aacopOLus.
HecopbOunonHas crnekrpockomnus. Tepmonecopbuus. MMnynbcHas U TepMonporpaMmMupyemast
necopouus. KauecTBeHHBIH aHanM3 3aBUCUMOCTEH JaBJIEHHS OT BPEMEHU. YpaBHEHUE
Appenunyca. U3zorepma ancopbuun Jlenrmropa. Ilepexon yacTuiy yepe3 moBEpXHOCTh paszjelna
TBEepAbIX (pa3. O0opynoBaHUE U U3MEPEHHUSL.

Tema 7. CieKTPOCKONMYECKHE PEHTT€HOBCKHE METO/IbI aHAJIM3a

MeTopl  PEHTIEHOCHEKTPAJIbHOTO — aHaju3a: [0 TEPBUYHBIM  CIEKTpaM  MCITyCKaHHs
(pEeHTreHOAMHUCCHOHHBIN  criekTpasibHbl  POC), M0 BTOPUYHBIM CHEKTpaM HCIyCKaHHS
(peHTreHo hIyopeceHTHBIN aHau3 P®A), o CIIEKTpam MOTJIOLIEHUSI
(pentrenoabcopOuronnbiii ananu3 PAA). OcHOBHbIE CTaAMM PEHTI€HOCHEKTPATILHOTO aHaIHN3a.
HcTounnk BO30YXKIEHHS PEHTIC€HOBCKOTO W3NydeHUs. PasnokeHue H3JIydyeHuss B CIEKT).
[IpeumymectBa ¢uryopecieHTHOTO aHanu3a. PeHTreHoBckuit KBaHTOMETp. KosimuecTBEHHBIN
aHaJIU3 Ha OCHOBE METoJa I'paAyMpoBOYHOro rpaduxa. OOpasubl cpaBHeHHUS. be3sTanoHHBIM
MeToq POA Ha OCHOBE TEOPETHYECKOTO pacuera GyHIaMEHTAIBHBIX (DU3UUCCKUX MapaMeTpPOB.
Pa3zHOBUIHOCTH peHTreHOAMUCCHOHHOTO aHanu3a POA. PCMA kak MeToJ1 JIOKaJIbHOTO aHaIu3a:
IIJIOIIA/Ib AHATM3UPYEMOT0 Y4acTKa U Macca aHaJIU3UPyEeMOro BEIIECTBA.

Tema 8. Macc-cneKTpoMeTpusi.

HNonuzanusi aToMOB ¥ MOJIEKYJ. MeToasl noHu3auuu. Tumnbsl HOHOB. CyIIHOCTh METOJIa MaccC-
cnekrpomerpud. [IpuHnunumansHas cxema Macc-CIeKTpoMeTpa. MarHuTHble M JUHAMUYECKUE
MacC-CIIEKTPOMETPBIL. CreKTpOMEeTpUOH-IIUKIIOTPOHHOTO pe30oHaHca. Xpomato-Macc-
CHEKTPOMETPHUSL.

Tema 9. Texnnka 3KkcnepuMeHTa

Amnmapatypa POOC - u Oxe - dKCIIepUMEHTa: UCTOYHHKH BO30YXKICHHS, BAKyyMHAasl CUCTEMa,
AQHAJIM3aTOPbl DJIEKTPOHOB, JIETEKTOPBI, CUCTEMbl aBTOMATH3aLUU 3KCIEPUMEHTA, MPOTPaMMBbl
oOpaboTka pe3ynabTaToB. BakyymHuas cuctema. TpeGoBanusi k Bakyymy. CHCTEMBI OYHMCTKH
nmoBepxHOCTU. Tepmuueckass oOpaboTka. MeTonuka mMaTeMaTHuyecKoil oOpabOTKU CIIEKTPOB B
P®3C u Oxe-cieKTpOCKONUM U aHAJIM3a SKCIIEPUMEHTANbHBIX AaHHBIX. CrilaKMBaHHE IIyMa.
Boruntanue ¢ona. JuddepennupoBanue M HUHTETPUPOBAHUE CHEKTpoB. PasznoxeHue Ha
3JIEeMEHTapHbIEC COCTABIAOIINE. BbIUNCIEHNE Pa3HOCTHBIX CIIEKTPOB.

6. TEMbI IPAKTUUYECKHUX U CEMUHAPCKUX 3AHATUA

6.1. Ilpakmuueckasa paboma Nel. Puznveckue CBOHCTBA Cyab(HuIa KAAMHA W METOIbI
MOJTy4YeHHs IUICHOK.

Ienbto naHHOW pabOTHI ABISETCS OCBOCHUE TEXHOJOTMM M MOJyYeHHE MOJMKPUCTAIUTMYECKHX
(GOoTONPOBOAIMUX IUICHOK Cynb(uaa KaaMus, JETHPOBAHHOIO XJIOPUIOM MeEAM, HAaHECEHUe
OMUYECKHX KOHTAKTOB M MCCIIEJOBAHUE HEKOTOPHIX (POTOINEKTPHUECKUX CBOWCTB MOTYUYEHHBIX
(hOTOPE3UCTOB.

KoHTponpHBIE BOITPOCHI.

1. MeToibl mosty4yeHus MOJIyIPOBOAHUKOBBIX MJICHOK.

2. Metons! aktuBarmu CdsS.
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3. Ponb TexHONOTMYECKUX (PaKTOPOB: TEMIIEpATypa UCIIAPSHIS, TEMIIEpPATypa MO II0KKH,
OCTaTOYHBIE I'a3bl, CKOPOCTh UCTIAPEHUS U T.II. HA CTPYKTYPY U CTEXUOMETPHIO.
4. Ponb MOI05KKU B 00pa30BaHUU TUICHOK.
Ilpakmuueckasa paoomahol
OH3HYECKHE CBOHCTBA CYJIb®HIA KAJJMHUA H METO/IbI ITOJIYYEHHA ITVIEHOK.

METOIUKA BBIIIOJIHEHUSA PABOTBI.
3arpy3uth (pappopoBbIi WM KBAPLEBBIH TUTeIh UCXOIHBIM MaTepraioM B kommdectBe 0.4-0.5
T. ¥ MIPOTPETH €ro B CymmiabHOM mmkady npu Temmeparype 100-150 °C anst yaaneHus Biard u3
MOPOILIKA, KOTOPHINA BCIEJICTBUE MPUCYTCTBUS XJIOpUJA SIBISETCS TMIPOCKONUYHBIM. Turens
YCTaHABIIMBAETCS B JIEp)KAaTelIb U CBEPXY B HEro OMYCKAETCsS HarpeBaTesb. Takoe IMOJIOKEHHE
HarpeBaressl MpPEMsTCTBYET BBICKAKMBAHUIO YAcTUI[ TMOpoIIKa Npu ucnapeHuu. Ilomnoxku
3akperuisitoTcss B "kapycenmu" moa yriom 25-30 K TOPU3OHTY. 3aTeM YCTaHABJIMBAETCS
CTEKJISTHHBIN KOJITIAK.
[locne npoctmxkeHus B ycraHoBke Bakyyma 5 10 MM pr. cT. mojaercs HampshkKeHHE Ha
ucnapuresb. [ nuTaHus ucnapurestsi IpuMeHsieTcs MoHwkKamui Tpanchopmarop 12 B, 50 A
U PETyJIMPOBOYHBIN aBTOTpaHchopmaTop. HanmpspkeHue Ha wicmapuTtesne moBbImaercs "maramu’
yepe3 10 B ¢ BeIACpKKOM B KaXKAOM MOJIOKEHUH B TeueHue 4-5 muH. 110 3Hadyenus 100 B.
[Ipouecc mpoaomkaercs A0 NOTHOTO UCTIAPEHUS UCXOJHOTO MOPOIIIKA.
[Tocne okoHYaHMs Tpolecca HANbUICHHS HAPsDKEHUE MOCTETIEHHO CHIDKAETCS JUIsl MEAJIEHHOTO
oxynaxaeHus cnupaiu. [locne okoHUaHUS HaNbUIEHUS CIEeNyeT MPOU3BECTH OTKAYKy B TEUEHHUE
10 MuH. U1 OXJIAXKJIEHUs HArpeBarelis, MOCIe Yero MOXHO CHATh KOJIMAK, MPEIBAPUTEIBHO
MIPOBEPUB MOJIOKEHUE BEHTUJIEN BAKYyMHOI'O arperara.
[locne nHambUieHHS HEOOXOAMMO B3BECUTH MOJUIOKKH C IJICHKAMH W IO BECY ONPEIENUTh
paccuuTath €€ ToMuuHy. [lomydeHHOe 3HayeHWe CpaBHUTh C PE3yIbTaTOM H3MEpPEHUs Ha
Mukpounteppepomerpe MUI-5.
C unenpio ceHcHMOWNM3AIMM IUIGHKH HEOOXOIMMO OT)KEYb €€ Ha BO3AyXe B IeYd MpH
temmneparype 550 °C B Teuenne 10 MuHyT.
KoHTakThl K IUIeHKaM HaHOCATCS Naiikoil cmiaBa Byna cnpumenenueM B kadecTBe (iroca
BOJIHOM 3MYJIbCUU NOJIMBUHUIALIETATHOU CMOJIBI.
Ha nonyueHHBIX OTOpE3UCTOPaX BHIMOIHIIOTCS CIEAYIOUIUE H3MEPECHHUS:
1. CHHMaeTCsi TEMHOBAsI M CBETOBAsI BOJIbTAMIIEPHBIE XaPAKTEPUCTUKH ITPU OCBELIEHHOCTSIX
200 u 1500 51k 1 u3mMeHeHuu Hanpsbkenus ot 1 qo 12 B.
2. Omnpenensercs KpaTHOCTh U3MEHEHHUS! COMPOTHUBIICHUS TEMH./CBET MPU HANpsHKeHUH 12
B. n ocBemennoctax 200 ax u 1500 ax.
3. JIst TeX e OCBEIIEHHOCTENW PacCUMTHIBAECTCSI MHTETpaibHasl YyBCTBUTEIBHOCTb.

3AJJAHUE

1. O3HaKOMHUTBCS C BaKyyMHOW M JJIEKTPUUECKOM CXeMaMU BaKyyMHOIO OTKa4yHOI'O IOCTa
BOII-6.
2. [loAroTOBUTH UCXOJHOE BELIECTBO (€CJIHU HET FOTOBOTO) U MOJIOKKH.
3. IIpou3BecTH HaNbUIEHHE U MPABUJIBHO BBIKIIOUUTH OTKAYHOM MOCT, JaB OCTBITh UCHAPUTEIIO
u 1 Hy3MOHHOMY Hacocy.
4. I3MepuTh TONIIUHY IJICHOK JBYMS CIIOCOOaMH.
5. HanasATh KOHTaKTHI.
6. ITpoussectu u3mepenus ( 1.- 3.).
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Ilpakmuueckaa paooma Ne 2. U3MepeHne MJIOTHOCTH TUCIOKAUMNA U Ne(eKTOB YIAKOBKH
B MOHOKPHMCTA/LUINYECKHX H AMUTAKCHAJIbHBIX IUIEHKAX
Lenpto naHHOW pabOTHI SBISETCS OCBOCHUE TEXHOJIOTHM M MOJYYEHUE MOJUKPHCTATTMYECKUX
(bOoTONPOBOIAIIMX TUICHOK Cydb(uaa KaaMHUs, JETHUPOBAHHOTO XJIOPUIOM MEIH, HAaHECEHUE
OMHYECKHX KOHTAaKTOB M HMCCIIECJOBAHUE HEKOTOPHIX (POTOITEKTPHUECKUX CBOWCTB TMOTYUYECHHBIX
(hOTOPE3UCTOB.
KoHTponsHbIE BOIIPOCHL.
1. CTpyKTYpHO-4yBCTBUTEIbHBIE CBOICTBA MOIYIPOBOJHUKOBBIX KPUCTAILIIOB.
2. ATOMHBIE HApYIICHUs CTPYKTYpHI Kpuctasuia. Kiaccudukanus neekroB CTpyKTypHI.
3. Toueunble neeKTHI.
4. Jlucinoxkanuu, BUILI AUCIOKAIui. [ITOTHOCTH THCTOKAITU.
5. JleexTsl yrnakoBKH.
6. MeTtoapl HAOIIOAEHUS JUCIOKALIHIA.
7. BnusiHue TeXHOJIOTHYECKUX (PaKTOPOB HA JEPEKTHI CTPYKTYPHI.

Ilpakmuueckasn paﬁomgM'Z
HU3BMEPEHHUE IVIOTHOCTH THC/IIOKAIITUH U JIE@QEKTOB YIIAKOBKH B
MOHOKPUCTA/UTHYECKHX H DITUHTAKCHA/IBHBIX IIVIEHKAX.

METOIUKA BBIITIOJITHEHUSA PABOTHBI
[TmoTHOCTH MUcTOKaIuii U AeEKTOB YITAKOBKH OMPEACIISIETCS MyTeM BU3YATbHOTO HAOIOICHUS
B Mukpockonne MUM-6 miiacTuHbl KpEMHHS, TOJABEPTHYTON CEIEKTUBHOMY TPABJICHUIO, U
nojcyeTa yucna (puryp TpaBiaeHHUsI.
Jn1s BoIsiBIEHUS 1e()eKTOB YIIaKOBKHU MCIOIb3YETCs TPABUTEIb CIEIYIOLIEr0 COCTaBa:
50 r Cr203 + 100 M H20 + 150 mn HF
HanusaroT Bo droporactoByto nocyay 40 Mi1 TpaBUTEINS; OMYCKAIOT B YAIIKy C TPABUTEIEM
IJIACTHUHY TaK, YTOOBI BCS MOBEPXHOCTDH OblIa MOKPHITA TPABUTEIEM; TPABAT IUIACTUHY B TEUCHUE
20 cek. mpu KOMHATHOW TemImepaType.
[To ucteueHnn BpeMeHU TpaBICHUS IIACTHHY U3BJICKAIOT MUHIIETOM € (PTOPOTIIACTOBBIM
HAKOHEYHHKOM U3 TPABUTEJS, TIIATEIBHO MPOMBIBAIOT BOJOM, BBICYIIUBAIOT (PHIBTPOBAILHBIMU
Oymaramu.
[IpocMOTp MOBEPXHOCTH IUIACTUH BEAETCS C TIOMOIIBIO METAIUIOrpaduuecKoro MUKpOCKOa
MUM-6.

3AJJAHUE

1. O3HakoMuThCs ¢ onucanuem MUM-6.

2. Be16op nosieit u3aMepeHus MpOU3BOIUTCS coTJIacHO puc. 1 u Tabmuie 1.
Tao6aunua 1.
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Touku (Tmost) Paccrosinue ot eHTpa, MM

HU3MEpPEHUs

Huamerp 30 40 52 60 76

IIaCTHHBI

5 0 0 0 0 0

4,6,13, 14 55 7,9 9,5 111 14,0
3,7,12,15 8,2 11,6 14,5 17,0 21,6
2,8,11, 16 9,7 14,0 18,1 21,4 27,0
1,9, 10, 17 11,0 15,8 21,2 25,0 31,8

[Toacuet xonmyecTBa 1eEKTOB OCYLIECTBISETCS 110 BCEM MOJISM IUIacTUHBL. B ciiyuae
OpHEHTAINH B KpUCTaIorpapuueckoM Hamnpaiienun yBeianueHue oepercst 210 (00bekTuB
21x0.40; okymsip 10 ); MOSICHUTB TUTOCKOCTS.

B cnydae opueHTanny mI0CKOCTH MJIACTHHBI B KpUcTauiorpadudyeckoM Hampasienuu [100]
yBenudeHue o6epercs 400 (o0wvexktuB 40x0.65; oxymsap 10 ). [IpocmarpuBaetcs 17 mosiei.
KpaithHue Toukn n3MepeHus TOJKHBI OTCTOATHh Ha 4 MM OT Kpasi IIJIaCTUHBI.

Crnenyet cuuTaTth OJJUHAKOBBIE MO pazMepaM (pUrypsl TpaBICHHUS:

Ju1st opueHTauuu [111] B BUIe 4€TKO OUE€pUYEHHBIX TEMHBIX TPEYTOJIbHUKOB, IPSAMBIX OTPE3KOB U
V- 00pa3HbIX JIMHHMA.

it opuenTanuu [ 100] B BUEe paBHOCTOPOHHHUX YE€THIPEXYTrOJIBHUKOB (KBAJAPaTOB),
HEJOCTPOEHHBIX YEThIPEXYTOJIbHUKOB.

[TnoTHOCTH NeeKTOB YIAaKOBKH PaCCUUTHIBACTCS KaK cpefHee apudMeTHieckoe u3 Bcex 17
n3mepenuit. CpeqHee KOJIMYECTBO A€(DEKTOB yIIaKOBKHU B MOJIE 3PEHUS MUKPOCKOIIA,
YMHO>KEHHBIH Ha TepecueTHbIH Kod(pGUIHEHT, JaeT 3HaYeH e IIOTHOCTH Je(eKToB Ha cM°,
[lepecueTHsiit KO3 UIIUMEHT , T/A€ S - MIIOMIAb M0JI 3PEHUS MUKPOCKOIIA; OHA 3aBUCHUT OT
BbIOOpa 00BEKTUBA, OKYJISIPA U OIPEEIIAETCS C IOMOIIbIO 0OBEKT - MUKpOMeTpa, S =D .
OOBEKT - MUKPOMETP YCTaHABIMBAETCS HA CTOJIMK MUKPOCKOIA «BBICTYIIOM» BHU3 U
onpeneistor D.

Hanpumep N = 82 nenenusam, niena aenenus = 0,01 mm. Tormga D = 82:0,01 = 0,82 mm = 0,082
CM.

= = = =210 cMm
Cpennee komuuecTBO Ae(eKTOB P B IPOCTPAaHCTBEHHBIX MOJISX, HAIPHUMED, PABHO:

p_ 2+O+3+1+0+0+4+7+0+0+4+5+3+0+7+O+0'2_10XX
17

=30 510 = 4,2.10% ]
17

[TnoTHOCTH TUCTOKALMI ONpeIeNeTCs TAKKe ¢ OMOILBIO METAUIOrpapuyeckoro MUKpPOCKOIa
10 HAOJIOACHUIO U MOACYETY JUCIOKAIIMOHHBIX IMOK TpaBiieHHs. s UX BBISBICHHUS
UCTIOJb3YEeTCA Ta K€ TEXHOJIOTHS U TPAaBUTENb TOTO e COCTaBa, YTO U JUIS BBISBJICHUS JIEPEKTOB
YIIAaKOBKH, TOJIBKO BPEMsI TPABJICHUS YBEJINYUBAETCS 10 2 MUH.

Crnenyer noaCUNTHIBATh:

Ui opueHranuu [111] - TemMHbIE TpeXrpaHHbIE TUPAaMU/BI C BEPIINHON B LIeHTpe. JInHun
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CKOJIbJKEHUS, PECTABIIAIONINE PsII TEMHBIX TPEYTOJIbHUKOB, PACIOJOKEHHBIX B HAIPABICHUU
[110], BXoasAT B 0OIIHIA MOACYET CPEAHEH TUIOTHOCTH AUCIOKAIUH TI0 TIACTHUHE.

muist opueHtany [ 100] - TeMHbIE BBITSHYTBIE YEThIPEXyTOJIbHBIE JTUOO0 OKpPYTIIbie (PUryphI
TpaBJICHHUS.

[IpocmarpuBatorcs 17 noneil, nexanux Ha ABYX B3aUMHO IEPIEHIUKYIISPHBIX JIMHUSAX,
MPOXOIALINX YePE3 TOUKH U3MEPEHUS, IPU 3TOM TOUKHU HA 3TUX JIMHMSX JOJDKHBI HAXOAUTCS Ha
OJINHAKOBOM PAcCCTOSIHUU OT LIEHTPA IJIACTUHBI (CM. pUCyHOK). KpaliHue Touku u3MepeHus
JOJIKHBI OTCTOSITh Ha 4 MM OT Kpas oOpa3ua. IIoTHOCTh AucIOKalMi pacCUnThIBAeTCSA KaK
cpennee apupmernyeckoe u3 17 m3mepennid. CpeaHee KOJIMIECTBO JUCIOKALUKN B M0JIE 3pCHUS
MHUKPOCKOTIa, YMHOKEHHOE Ha MepecueTHbI KOAPGUIUMEHT, JaeT 3HaU€HUE TUIOTHOCTH
auciaokanuii Ha e, [Tpu u3MepeHusx 3anoHseTcs TabuIa:

-R 0 R1= R2 = R3 = R4 =

0

90

180

270

N

[TorpemnocTs MeTona - 50%

Ilpakmuueckan paooma Ne3. PenTreHoBckasi GOT03J1eKTPOHHAS CIIEKTPOCKONMS -

[ens paboThl: mMpHOOpETEHHE HABBIKOB PAO0OTHI ¢ PDD-crieKTpoMEeTPOM B YCIOBHSIX PEATHHOTO
TEXHOJIOTHYECKOI0 MpoLecca U MpoBeieHus] (GU3NYECKUX UCCIeI0BaHUN 0OBbEKTOB; 3HAKOMCTBO
C COBpEMEHHBIMU IPOTPaMMHBIMH CPEJICTBAMU MaTeMaTH4eCKOH 00pabOTKU CHEKTPaIbHBIX
JIMHUI

KoHTposbHbIe BOPOCHI.

1. VYcrpoiictBo anekTpoHHOTrO criektpomerpa DC-3201, mpuHOmMmIbl paboOThl M yCTPOHCTBO
OCHOBHBIX y3JI0B U OJIOKOB CIIEKTPOMETpA

2. lloarotoBka BaKyyMHOH CHCTEMBI K paboTe, MOArOTOBKAa 0OpaslloB K HKCIEPUMEHTY,
3HAKOMCTBO C CHCTeMOU cOopa U 00paboTku HHPOpPMAIMU W TPOTPAMMOM yIpaBICHUS
KoHTposuiepoM P®D-cnekrpomerpa, pernamenTtsl 3amucu PdD-cmekTpa, wucclieqoBaHue
TEXHOJIOTHYECKHX MPUCTABOK I OCYIIECTBICHUS HarpeBa 00pas3IoB U afcopOLIUU Ta30B.

3. IMonyuenue u ucciaen0BaHne BEICOKOTO BaKyyMa.

4. Uccnenoanue Gporoddpdexra ¢ ocToBHBIX ypoBHEH B POOC.

5. OOpaboTka SKCHEpUMEHTATIBHBIX pe3yiabTaroB Ha [IK, 3HakKoMCTBO ¢ mpoOrpaMMHBIMU
cpeactBamu (Origin), MaTeMaTHYECKUE HpOLEeaypbl 00pabOTKH (POTOZIEKTPOHHBIX JUHUN Ha
KOMIIBIOTEPE ¢ MOMOIIBIO ITporpaMMHBIX cpeacTB (Origin 8.0)

6. Onpenenenue 3apsaKu TOBEPXHOCTH 00IydaeMbIXx 00pa3IoB (KaluOpoBKa CIIEKTPOB).

7. OrmpeneneHue XUMHUYECKOTO CIBUIA DJEKTPOHHBIX YPOBHEH aTOMOB B pa3iIMYHBIX
XUMHUYECKUX OKPY>KEHUSX.

8. Unentudukanusi COCTOSAHUIN 2I€MEHTOB B TIOBEPXHOCTHOM CJIO€ BEIIECTBA.

9. Ananu3 cniuH-opOUTANBHOTO paciierieHus B POD-cnekTpax.

10. KonmnuectBeHHsiit ananus ganHbeix POOC. OnpeneneHue cTpykTypoid GopMyIibl BElIecTBa.
11. Untepnperanus naHHbIX PODC B KOHKPETHBIX XUMHUKO - U (PU3MKO-MAaTEpPHUATOBEAUECKUX
3aavax.
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Ilpakmuueckan paboma Ne4. Oixe-371eKTPOHHASL CHIEKTPOCKONMS
Leuas padoThl: - npuoOpeTeHNE MPAKTUYECKUX HABBIKOB 00paboTku PDD - 1 Oxe-CreKTpos,
KaJTHMOPOBKH CIIEKTPOB, BHITIOJHEHHS KAYECTBEHHOTO U KOJTMYECTBEHHOTO aHAIN3a JaHHBIX
P®OC n 50C, xumnueckoil nuTepnperanuu JaHHbIx POD - u Oxe-crieKTpoCcKoInu;

3aKperieHNe TEOPETUYECKUX 3HAHUM, TIOTyY€HHBIX B X01€ 00yJYeHUSI.

1. Ananus conyrcrByrouux Oxe-cnekTpoB B POOC.

2. O6paboTka sKcriepuMeHTaIbHBIX pe3ynbraToB Ha [IK (Origin 8.0).

3. OnpeneneHue 3apsaIKy MOBEPXHOCTU 00JydaeMbIX 00pa3iioB (KaJTuOpOBKa CIIEKTPOB).

4. Omnpenenenne XuMUYecKoro capura Ojke-TMHUH aTOMOB B PAa3JIMYHBIX XUMHYECKUX
OKPYXCHHSIX.

5. Unentudukanust COCTOSHUN 3JIEMEHTOB B IOBEPXHOCTHOM CJIO€ BEIIECTBA.

6. Pacuetr mogudunmpoBanHoro napamerpa Baruepa.

7. DKCIIepUMEHTAIBHBIN YUET SHEPTHH PEJIAaKCAIIH B TTOJTHOM XUMHUYECKOM CIIBHTE.

8. Wurepnperanust maHHBIX (KE-CHEKTPOCKONMH B KOHKPETHBIX XHMHUKO - W (HU3UKO-
MaTepHAIOBETYECKUX 3a/1auaXx.

Ilpakmuueckaa paboma Ne5.

AHOJHOE OKHCJICHHE IIJIAHAPHOI0 KPeMHHUH (MoJIy4eHHe MAN-CTPYKTYP)

enbto maHHOM pabOTHI SBISETCS M3yYEHHE OCHOBHBIX 3aKOHOMEPHOCTEH Ipoliecca aHOAHOTO
OKHCJICHUS IIJITaHAPHOTO KPEMHUSI.

KonTpoJibHBIE BOTIPOCHI.

1. CymHOoCTh mporecca aHOJHOTO OKUCIIEHUS! KPEMHUS, OCHOBHBIE IPEACTABICHUS O
MeXaHH3Me Mpoliecca. 3anucath U 00bSICHUTh YPaBHEHUS PEaKIUsl Ha TPaHUIaX OKCU KPEMHUS
- DIIGKTPOJIUT U OKCHUJT KPEMHUS - KpeMHUN. YUTO SIBISETCS OKUCTUTENEM?

2. XapakTepuCcTHKa PSKUMOB aHOTHOTO OKucaeHus. YeM onpenenstorcs ontumyM j B ['C
pexxume u "mpenenbHoe" HanpsHKeHue?

3. OOBSICHUTD pa3INuUs PEKUMOB AaHOJHOTO OKUCIICHUS N-KPEMHHUS U P-KPEMHHUSL.

4. Bo3MOXHOCTbh KOHTPOJISI HAPAMETPOB U I'PAHULIBI Pa3/ielia B IPOLECCE POCTA.

5. Bousinue cBoiicTB 0Opa3ia v BHEITHUX YCIOBUI HA MPOLIECC aHOJHOTO OKUCIICHUS (CBET,
TeMIIepaTypa, COCTOSTHUE MIOBEPXHOCTH, TPUMECH B AJIEKTPOJIUTE).

6. CpaBHUTEIbHAS XapAKTEPUCTHUKA METOI0B MOJTYYEHUS TUNIEKTPUUECKUX TOKPBITUH.
[IpeumyiecTBa 1 HEAOCTATKH AHOJHOTO OKUCIICHHS] KPEMHUSL.

Ilpakmuueckan pabomaNeS
AHO/IHOE OKHCIIEHHUE IVIAHAPHOI'O KPEMHHUA (110JIYYEHHUE M/II1-
CTPYKTYP).

HHOPAAOK BBIIIOJIHEHUSA PABOTBI U OBPABOTKA PE3YJIbTATOB

1. U3y4nTh OCHOBHBIE 3aKOHOMEPHOCTH ITPOLIECCA AHOJHOTO OKUCIICHHUS.

2. [IpouzBectn 06pabOTKY MIACTUH KPEMHUS:

00€3XUPUTH B YETHIPEXXJIOPUCTOM yriepoje (5 - 10 MuH.);

npotpaButh B TpaBurene coctaa HF + HNOs + CH3COOH - 30 cek;

IIPOMBITh TUCTHILIMPOBAHHOM BOJOM 5 - 6 pas;

npou3BecTH cyuky B mkady npu 105 - 110 °C B Teuenune 20 - 25 MuH.

3. [IpurotoButs smekrponut: 0.1 KNO3 B atmnenrnukone {M(KNOz) = 62}. CobOpatb
YCTaHOBKY JJIs1 aHOAUPOBAHUS 110 cxeMe puc. 1.

4. IIpon3BecTH aHOTHOE OKUCIIEHNE KPEMHUS B FaJIbBAaHOCTATHYECKOM PEXUME MPU TUIOTHOCTH
ToKa j = 7 mA/cm? B Tedenue 15 mun. (IIpu pacyere HOJTHOIO TOKA YIECTh, YTO OKUCISIOTCS 06
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CTOpOHBI 1acTuHbl). CHATH 3aBUcuMOCTh U(t) o Toukam c marom 30 cek.

5. OnpeaenuTsd TOJIKHY BBIPOCHIETO OKHCIA 10 MHTep(hepeHIMOHHOMN mKane. CuuTarh, 4To
TOJIIMHA HAYAIBHOTO (€CTECTBEHHOT0) OKCUAHOTO ciiost 20 A.

6. ITo nomydennoii 3aBucumoct U(t) onpeaenuts 3PEeKTUBHYIO CKOPOCTh POCTa OKCHIHOTO
CIIOS1, OIICHUTH YZIEIbHOE COMPOTUBIICHHE TUIEHKU OKUCIIA, PACUUTATh KOAPPHUIIUEHT
HCIIOJIb30BaHUs TOKa K.

7. IIpou3BecTr aHOJHOE OKUCIIEHUE KPEMHHUS ITPH TOJICBETKE (ocBemeHHoCTh = 600 - 700
JIFOKC), OTIPEAETUTh TOIIUHY OKUCIIA, KaK OMCAHo B IIl. 4 U 5.

8. [TosmycyxuMm BaTHBIM TaAMIIOHOM, CMOYEHHBIM B ciiabom pactBope (1:100 H2O:HF),
OCTOPOKHO CHATH OKCHJIHBIM CJIOM € TBUILHOM CTOPOHBI IIJTACTUHBL. MHOTOKPAaTHO IPOMBITh
oOpasen B AUCTUIUIMPOBaHHOM BoJie. [IpousBecTu cymiky B mkady B TedeHure 40 MUH IIpH
t=(100-120) °C.

9. [IpoBepuTh HATMUKME TUDIEKTPUUECKOTO CJI0s IO Xapakrepuorpady. B nanpHeiem HaHecTH
Ha OKHCeJl MeTAJITTNYECKHE AEKTPOAbI (cepedpo) METOIOM BaKyyMHOTO UCIIapeHUs. ThIIbHYIO
CTOPOHY IUTACTUHBI OTULIN(OBATH, IPOTEPETh CIUPTOM U CHATH C - U - XapaKTepUCTUKH
nosydeHHbIXx M/I1- cTpykTyp.

NHTEPOEPEHIHMOHHAS IIKAJIA

bexenbrit 500 A

Kopuunesblit 700 A

®duUOIETOBBII 1000 A
Tony6oii 1200 A
CaeT10 - royooit 1500 A
MeTannndeckuii 1700 A
CBeTJ10 - 30JI0TUCTHII 2000 A
3070 TUCTBIH 2200 A
OpanxeBbIi 2500 A
KpacHo - ¢puoneroBbrit 2700 A
®duroJIeTOBO - TOTYO0H 3000 A

IpakTuyeckas padoraNe6. U3mMepeHue TOJIMHBI ANMUTAKCHAIbHBIX CJIOEB U KOHTPOJIb
napamerpoB 11U y3MOHHBIX CTPYKTYP

HeJ’IL pa6OTBIZ IO3HAKOMHUTBLCA C OCHOBHBIMH MCTOJaMHU OIIPCACICHUA FJ'IY6I/IHI>I 3aJICTraHuA
pn-miepexoa0B U TOJIIHWHBI 3MNUTAKCHAIBHBIX CJIOCB, OTpa6OT8.TI> TCXHOJIOTHIKO HUX BBIABJIICHUA
MCTOAOM XUMHNYCCKOI'O OKpalllMBaAHH.

KOHTpOJIbeIe BOIIPOCHI.

1. UTo Takoe TOMOAIUTAKCHAIILHBIE U TE€TePOIMUTAKCHALHBIE CTPYKTYPHI?

2. [lo xakuM OCHOBHBIM MapaMeTpaM OCYIIECTBIAETCS KOHTPOIb AU(PY3HOHHBIX CIIOEB U
AMUTAKCHAIBHBIX CTPYKTYpP?

3. Jlokazath cripaBeuIMBOCTh ypaBHeHUH. (6.3)...(6.4).

4. UTto BBI MOHUMAETE TTOJT TEPMUHOM <« EKTHI YITAKOBKI»?

5. MokHO 11 METOJOM HWH(PAKPACHOW CIEKTPOCKOIUU ONPEAEINTh TIYyOWHY 3ajeraHus pn-
nepexonaa?

6. Kaxkue TpeOboBaHUs MPEIBSIBISIOTCS K MOUIOKKE U SIMUTAKCHAIILHOMY CIIOF) TIPH HCIIOIB30BaHUHU

WH(PAKPACHON CIIEKTPOCKOIHH?

IIpakTnueckas padoraNe6.
HU3MEPEHHUE TOJIIITUHBI SITHTAKCHA/IBHBIX CJIOEB H KOHTPO.Ib
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HAPAMETPOB /IH®®Y3HOHHBIX CTPYKTYP
[{enp pabGoOTHI: MO3HAKOMUTHCS C OCHOBHBIMHU METOJIAMHU OIPEIEICHHS TIyOUHBI 3ajeraHus
pN-mepexoJ0B U TOJIIMHBI SMUTAKCHAIBHBIX CIOEB, OTPA0OTATh TEXHOJIOTHIO WX BBISIBICHHUS
METOJIOM XUMHUYECKOTO OKpPAIITUBAHUS.
ObGopynoBaHWe W NPUHAAICKHOCTU': YCTAHOBKH IS HM3TOTOBIICHUS CEPUICCKOTO U
Kocoro muiuda, MHUKPOCKON € MHUKpoMeTpudeckod Hacaakoi MOB-1-13, peaktuBbl st
XUMHUYECKOTO OKpPAITUBAHMUS.
BBenenue
B wuccienoBatenbCkoil M MpPOU3BOJACTBEHHOM MPAKTUKE HCIOJIB3YETCS HECKOJBKO METOJOB
W3MEPEHUS TOJIIMHBI AMUTAKCUATBHBIX U TU(PPY3HOHHBIX CIIOEB, KOTOPHIE MOIPA3ALISIIOTCS Ha
HEpa3pylIaIIUe W pa3pyliaronme MeToabl KOHTposs. [lepBbiii M3 HUX BKIIOYaeT B ceOs
MH(PaKpaCHYIO CIIEKTPOMETPHUIO U JUTHUIICOMETPHUIO, BTOPOM - METOJIBI KOCOTO M C(hepruyecKoro
nutrda.
Br16op meTona, ero MeTposIornueckue mokazaTelid U AUarna3oH MPUMEHUMOCTH ONPEIEIISIFOTCS
LHEeTBIM  PSAIOM  (DAKTOPOB, YUMUTHIBAIOIIUX CBOWCTBA OOBEKTa KOHTPOJIS, BO3MOXKHOCTH
peanu3anui Ha HEM (U3UYECKOTO TMPHUHIMIA H3MEPEHUH U CTEMEHBIO Pa3pYIIAIOIIETO
BO3JICUCTBUS HA U3MEPSEMBIN 00pasell.
JI1si BO3HUKHOBEHHSI MHTEP(EpEHIINN TIPH HEPa3pYIIAIINX METOJaX KOHTPOJS HEOOXO0IMMO,
9TOOBI TAJAIOIIEe U3TYUCHHE OTPAXKAIOCh HE TOJBKO OT MOBEPXHOCTH DIMHTAKCHATBLHOTO CIOS,
HO M OT TPaHUIBl C TOMJIOXKKOW. DTO 3HAUWT, YTO DSMHUTAKCHAIBHBIA CJIOW JOJDKEH OBITh
MPO3pavYHbIM B UCTOJI3YEMOM MHTEPBAJIC JUTMH BOJIH, KOTOPBIN JUIsl KPEMHUS JIGKUT B Mpeesiax
2 - 25 MKM, a ONTHYECKHE TMOCTOSHHBbIE OSIUTAKCUAJIBHOTO CJIOSA B paccMaTpUBaeMOM
CHEKTPaJIbHOM JUaNa3oHEe JOJDKHBI OTIMYAThCS OT ONTHUYECKHX IMOCTOSHHBIX IMOJUIOKKH. Bce
9TH YCIOBHUS BBINOJHAIOTCS, €CINM SMUTAKCHAIBHBIA CIOW COACPKUT MAIYH KOHIEHTPALUIO

CBOOOJIHBIX HOCHUTENICH (BHICOKOOMHBIN SMHUTAKCHATIBHBIN CIIOM, #>0.09 OM-cM), a TTOJIOKKA

cunbHO JsermpoBaHa Ha (£ >0.015 Owm-cm). Tombpko B 9TOM clydae MHPOHHKIIHE depe3
SMUTAKCUAIIbHBIN CJI0M HMHQpaKpacHble JIydd OTpa3aTcs OT IMOBEPXHOCTU pasjeia IIeHKa-
MTOJUIOXKKA.

Jlyuu, oTpa)k€HHBIE OT MOBEPXHOCTU AMUTAKCUAIIBHOTO CJI0sI U OBEPXHOCTH pa3jiesia IIeHKa-
MOJI0KKa, HHTEP(hEpUPYIOT, U 10 00pa3oBaBiIeics HHTEP(HEPEHIIMOHHONW KapTHHE CYIAT O
TOJILMHE MUTAKCUAIBHOTO CIIOSI.

B cuny cBoux mpuUHIMNUATIBHBIX 0COOEHHOCTEN UHTEP(EPEHIIMOHHBIE METO Il U3MEPEHUS
TOJILMHBI STUTAKCUAIBHBIX CJIO€B B TOMOSIUTAKCHAIBHBIX CTPYKTYPaxX MPUMEHHUMBI TOJIBKO JUIS
KOHTPOJISI CTPYKTYP C CHJIBHO JIETUPOBAHHOM MOIOKKOM MITH CO CKPBITHIM AU(PPY3MOHHBIM
cioeMm. [ToaToMy B psizie ClIydaeB, HAPUMED, IPH KOHTPOJIE CTPYKTYp nn*, pp i pn-Tuia,
BO3HHMKAET HEOOXOIUMOCTh MIPUMEHEHHUS 00Jiee TPYJOEMKHUX U pa3pyIlIaoIIuX METOIOB,
MpelycCMaTPUBAIOIIUX OKpallIBaHue Nuinda.

KonTtpoJus napamerpoB 1u(pPy3M0OHHBIX H IMUTAKCHAIBHBIX CTPYKTYP METOI0M
OoKpamuBaHuda nuinga

KonTpons audQy3MoOHHBIX CIOEB MPOBOJUTCS, B OCHOBHOM, MO TaKHUM TapaMeTpaM, Kak
riyOuHa 3aneranus c(OpMHPOBAHHOTO pPn-NEpexojia, MPOBOJUMOCTh MOBEPXHOCTHOTO CIOS U
MMOBEPXHOCTHASI KOHIEHTPALIMSI aTOMOB ITPUMECH.

KoHTponb snuTakcuasbHbIX CIOEB MPOBOAMUTCS, B OCHOBHOM, IO TOJIIHMHE 3MHUTAKCHUAIBHOTO
Cllosl, €ro 00ObeMHON MPOBOJAMMOCTH M YpPOBHIO JerupoBaHus. B Hacrosmelr pabote OymayT
PaccMOTpPEHBI pa3pylIAIINE U HEPA3PYIIAOIINE METOAbI KOHTPOJISL TOJIILUHBI SITUTAKCUATBHBIX
MIJICHOK.

[Ipouenypa momoOHBIX H3MEPEHUN MOXKET OBITh MpEACTaBlieHA KaK MPOCTBIMU H3MEPEHUSIMU
JTUHEHHBIX pa3MepoB NeEeKTOB Ha TUTAHAPHOW CTOPOHE TUIACTHUHBI, TaK M MOCIEI0BATEIHHBIM
BBITIONIHEHHEM psifa omnepanuil. Tak, Ha oOpas3ie co CTOPOHBI SIMUTAKCUATHHOTO HIIU
i dy3HOHHOTO CJI0sI M3rOTaBIUBaeTCs Koco i chepuueckuit muud. [loBepxaocts mmuda
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XUMUYECKH OKPAIIUBACTCS JUIsl BU3yaJlU3allMM TPAHULBI pn-miepexojia WM SMUTAKCHAIBHOTO
CJI0S C MOAJIOKKOM, U M0/ MUKPOCKOIIOM OIIPEAEISAIOTCS pa3Mepbl COOTBETCTBYIOIIMX YYaCTKOB,
II03BOJISIFOIIMX PACCUUTHIBAThH TOJIIIMHBI UHTEPECYIOIINX CIIOEB.

Metox okpammBaHus nLIAga

Jist  XMMHUYECKOro OKpAalIMBaHMUSI HCIOJB3YIOT HECKOJbKO XHMHYECKHX COCTaBOB, B
3aBUCHUMOCTH OT THIIA U3MEPSIEMOM MUTAKCUATBHOU CTPYKTYPHI.

JI71si KpEMHHEBBIX CTPYKTYP Np— U pn— THUIIOB PEKOMEHIYETCS TPaBUTENb, KOTOPBIM TOTOBUTCS
myTeM J00aBJICHUS BOChMH Kareib a30THOW KuCioThl (HNO3) B 50 M1 TUTaBHKOBON KUCIIOTHI
(HF). HegocraTtkom 1aHHOTO pacTBOpa SBISETCS €r0 HEJOJITOBEYHOCTh. TpaBUTEIb HEOOXOAUMO
o6HOBIIATH uepe3 10-15 nHei.

Jlist m3MepeHust TOJIUHBI OYeHb TOHKUX (~0.1MKM) KpEMHHUEBBIX DMHUTAKCHAIBHBIX CJIOEB CO
CTPYKTYpOHl pn-TUna MOXeT OBITh HCHOJIb30BaH METOJ aHOAHOro okucieHus. Kocoil umm
chepudeckuil nuM¢ WrOTABIMBAIOT TOJUPOBKON anMasHoi myapoi. OOpaselr ¢ KOChIM
nutioM CIY)KUT aHOJOM 3JIEKTPOJUTHYCCKOW BaHHBI ¢ anekrposutoMm (pactBop HNO3);
30JI0Tasi WM TUIATUHOBAS TUIACTUHA — KaTOJO0M. BpeMsi okucieHust coctaBisieT 1| MUHYTY Npu
mIoTHOCTH Toka 50 MA/cM?. Ha mOBepXHOCTH Kocoro mumida BO3HHKAET APKO OKpAIIeHHAs
OKHCHas IJIEHKA C Pe3KUM M3MEHEHHUEM I[BeTa Ha TpaHuIle pn-nepexoaa.

JIis KpEMHHEBBIX CTPYKTYp Nn'- W pp'-THIa CJENyeT WCIOJb30BaTh cMech u3 30 M
TUTABUKOBOM KHUCIOTHI M 15 M mepekucu Bojgopoaa HoOpz. JIins 3TUX ke CTPYKTYpP MOXKHO
MPUMEHSTh TpPaBHUTENb, TOJYYCHHBIH no0aBieHHeM deThipeX kamenmb HNOs u aByx Kamenb
pacTtBopa a3oTHOKHCIOTO cepeopa AgNOszB 10 My [JIaBUKOBOW KHCIOTHL. PacTBop
A30THOKHCIIOTO cepelpa MPUTOTABIUBACTCS IMyTeM pacTBopeHus 2-X rpamMmoB AgNO3z B 100 mu
BOJIBI.

Jlnst moJsrydeHus JIydiield KOHTPACTHOCTH SIHUTAKCHAIbHOW CTPYKTYpHl oOpaserr co mutudom
npeaBapuTesbHO OKUCISIIOT B 50%-HOM pactBope HNO3 wim B TpaBuTeEne, COCTOSILEM M3
44, HNO3+14.HF+54.H20. 3aTeM npuMeHsIOT KaTOJHOE UMITYJIbCHOE OCa)kieHne Meau u3 15%-
Horo pactBopa CuSOsmyTeM MHOTOKpaTHOTO pa3psiga KoHaeHcatopa eMmkocteio 0,1...4 MDD
npu Hanpsbkenuu 100...200 B 1 mioTHOCTH ToKa B mMmyibce 1 A/cm?,

Metoa kocoro mvinga u mapoBoro nuinga

[IpuHnunuaneHas cxema YCTPOMCTBa, HCHOJIB3YEeMOIrO i MOJY4eHHUS KOCOTO muHda,
npejcTaBieHa Ha puc.l.

i

Puc. 1. YcTpolicTBO ISt H3TOTOBJIEHHUS KOCOTo muuda.

K munusapuyeckoMy mMTOKY 1 CO CKOIIEHHBIM TOPILIOM MPHUKPETIISETCS HEOONbIION GpparMeHT 2
aQHAIM3UPYEMOM MIACTUHBI KpeMHus. 1 €€ 3aKpemieHus IITOK MPEABAPUTENBHO HAarpeBaeTcCs
Ha AJIEKTPOIUIMTKe Mpubau3uTenbHo A0 70-80°C, u Ha CKOLIEHHOM TOpIIE CO3MAeTCs TOHKas
IJIeHKa mapaduHa, BOCKa WU APYroro pacTBopa Ha WX OCHOBe. KpeMHueBas miuacTuHa 2
KIIAJEeTCsS Ha CKOIICHHBIM TOpEell MITOKa B OONACTH MaKCUMAJIBHON €ro BBICOTHI IUIaHAPHOU
MJIOCKOCTBIO HApyXy M clerka npuxkumaercs. [locne ocThiBaHUs IUTACTMHA OKAa3bIBAETCS
HaJIe)KHO MPUKPEIUIEHHO K ITOKY. [IITOK BMecTe ¢ MIaCTUHOM BCTAaBISETCS B HAINIPABJISIOLIYIO
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BTYJKY 3 C pacIIMpEeHHbIM OCHOBaHMEM, M BCS KOHCTPYKIMS YCTaHABJIMBAETCA Ha
NPEIBApUTENIFHO CMOYEHHOE HUuIM(OBaIbHOE CTEKIO0 4 ¢ HEOONBUIMM  KOJHYECTBOM
numgnopomka. IloaroroBka kocoro mumga OCYIIECTBISAETCS IJIAaBHBIM, HO OBICTPBIM
NepeMeIIeHueM BTYIIKH M0 CTEKIIy ¢ BOAHOH cycmensuel mumdrnopomka. [lepememars mrok
IIPU 3TOM JKEJIATENILHO TI0 BOCBMEPKE, TaK KakK IMPH 3TOM 00Jiee paBHOMEPHO COILIH(OBBIBACTCS
TOpEL HAIIPABJISAIOLIEH BTYJIKHU.

[Tocne moaroToBKH Kocoro 1uiMga MTOK U3BJIEKAETCA U3 HAPaBIISAIOLIEH BTYJIKH, IPOrpeBaeTcs
Ha IUJIMTKE, U OT HEro OTAEJSETCS KpEeMHHUEBas IUIACTUHKA, Ha KOTOPOH MOCe INPOMBIBKU U
OKpamuBaHus nuimda omnpeensercs ToMIrHa h uceciaegyemMoro cios, HanpuMep, pn-epexoja:
h=ftga=l o [pad] 1)

rae { — paccTostHEe OT Kpasi nutida 0 BBISIBICHHOM IpaHUIlbl (pn-niepexoa).

[Ipumenenne Merona KOCOro HUIM(a CTaHOBUTCS 3aTPYAHUTENbHBIM, KOrJa HE00X0AUMO
MOJIy4uTh WH(pOpPMaLMI0O 00 OJHOPOAHOCTH TOJIIMHBI MO BCEH IUIOMAAM SHMUTAKCHAIbHON
CTpyKTyphl. s 3Toi 1enu Haubolsiee YIOOHO HPUMEHSTH chepuuecKuil 1ug, KOTOPbII
MoJTy4ns1 HauboJiee MUPOKOE paclpoCcTpaHEeHHeE.

[IpumeHsieTcsi HECKOJIbKO BapHUaHTOB YCTAHOBOK JUISl M3TOTOBJIEHHS ChepUyecKuX MIIU(OB,
OTJIMYAIOIIMXCS YCTPOWCTBOM IPHUBOJIA BpalleHus luudyromero mapa. Haumydymum oOpasom
3apeKoOMeH0Baa ce0st KOHCTPYKITUS PUBO/IA, TPECTABIICHHAS HA PUCYHKE 2.

OTa KOHCTPYKUHUS YCTpaHseT OueHus Iuapa, IMO3BOJSET MOBBICUTh KayeCTBO MIIM(POBKHU
MTOBEPXHOCTH U TEM CAMbIM YMEHBIIUTH MOTPEHIHOCTh U3MEPEHUSI TOJIIMHBI SMUTAKCHAILHOTO
CJI0Sl WM TJIyOUHBI 3aJIeTaHus pn-Iepexoaa.

Cdepuuecknii numdoBaapbHuK S auamerpoMm 25...100 MM ycTaHaBIMBAeTCS B KOHHYECKOM
rHe3/1e onopsl 4 U GUKCUPYETCS] B 3TOM TOJIOXKCHUHU C TMIOMOIIBIO MPYKHHHOTO yCTpoicTBa 7.
HInudoBanbHUK KHHEMAaTHUYECKU CBSI3aH C MOMOIIBIO MOBOAKA 3 C IPUBOJOM 2, MIPUBOIAIINMCS
BO BpaieHue asurarenem 1. CoequHeHHe MOBOJKA C MPUBOJIOM OCYIIECTBISETCS OCPEICTBOM
TEJECKOMMYECKOT0 apHUpa.

Iﬂ"\h ﬂrpdxﬂl}ﬂ

Puc. 2. KoHCTpyKIOusg NpuBOAa BpameHU IIIHQYOMIIETro
mapa

[Ipu BpameHuu nmprBoja NUIM(OBAIBFHUK COBEpIIaeT KosebaTenbHOE ABIKEHHE, oOecreunuBast
BBICOKO€ KaueCTBO MEXaHWYECKOM IMOJIMPOBKU MOBEPXHOCTH U IPABHIIBHYI0 T'€OMETPUYECKYIO
¢opmy mmda. OTa KOHCTPYKUMS HpPHUBOJA MIMPOKO MCIIOJB3YETCS B IMPOMBIIIICHHBIX
yCTaHOBKax, MpeHa3Haue€HHbIX Il U3TOTOBICHUS ChepuiecKux nuidoB.

I[Tpu ucnonb3oBaHuu chepudeckoro nummda (cM. puc. 6.2) TonmuHa h AMUTAKCHATBHOTO CIIOS U
riIyOMHa 3ajieraHus pn-nepexoaa ONnpeeNsaoTcs 0 ypaBHEHUIO

‘f_ﬁ_ Rz_d_g

4 4 (2a)

h=.R:—
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JIJ1si TOHKHX CJI0€B M MAJIBIX MOTPY KeHU i
2
gt ‘f—
47 (6.2b)
3neck R(D) — paauyc (tuamerp) miapa;
din d2 — BHYTpEHHUI M BHEIIHHUI IMAMETP KOJIbIIa BCKPBITOTO CETMEHTA, COOTBETCTBEHHO,
¢ — mrHA XOp bl KOHTYpa chepryeckoro numda, uamepsieMas ¢ TOMOIIBI0 MUKPOCKOTIA.

.
e R
g
‘ :

dy
Puc. 4. K BeiBOAYy ypaBHeHU (6).
R — panuyc mapa;
di d2 — BHYTpEeHHHH W BHEHIHUN JHAMETP
KOJIbI]a BCKPBITOIO CETMEHTA, COOTBETCTBEHHO;
h — TonmmuHa SMUTAKCUATBHOTO CIOS HIH
rnyOuHa 3alieTaHus pn-mepexona.

B cnipaBennmuBocTH ypaBHEHHS (22) JETKO YOSIUTHCS, BOCTIOJIB30BABIIHNCH CBOHCTBOM
nepecekaroimuxcs xopa (puc. 4): axb= cxf.
JIeliCTBUTENBHO, U3 TPUBEICHHOTO PUCYHKA CIEIYET:

42
—2 = g(2R-g)

4 (6.6)

dr
— =(g-B2R~-(g- %)
()

VYuuteiBas, 4to g<R, u3 (6.6) nomyuum
d;

4.0
C npyroii ctopons! ypaBaeHue (7) ¢ yueTtoM (6) U MOJIOKHUTEIbHBIX 3HaUeHHH d MOXKET ObITh
MPEJICTABICHO KaK

g=R-.|R*-

4 _di

4 4 (9)
[Mocneyronuii yuer (6.8) MpUBOIUT K KOHEUHOMY pe3yabTaty s h (ypaBHeHue 2a).
OTMeTHM, YTO METOJIbI KOCOTO U cheprueckoro nutuga SBISIOTCS eAMHCTBEHHBIMH,
MTO3BOJISIFOIIIMMHU OTIPEEIISATH TOJMIIMHY KaKIOTO CIIOSI B MHOTOCJIOWHBIX AIUTAKCHATBHBIX
CTPYKTYypax U 00eCreqrBarONIMMHI BO3MOKHOCTb U3MEPEHHS TOJIIMHBI PAaCCMATPUBAEMBIX
CJI0€B B OY€Hb MHUPOKUX mpenenax (ot 0.1MkM u 6osiee) Kak B TOMOAMHUTAKCHAIBHBIX, TaK U

TreTCPOINUTAKCUAIIBHBIX CTPYKTYpax.
CnyqaﬁHaﬂ NOrp€IHOCTE U3MCPCHUA TOJIIUHBI GIIUTAKCHAJIBHBIX CJIOCB U T, J'IY6I/IHBI 3aJICTaHuA

h=g-R+.J(R—g+

pPN-TIepexoI0B METOI0M KOCOTO ILTH(a COOTBETCTBYET 3HaueHui0 & = X (0.15h + 0.5MKxM) ¢
JOBEpHUTEIbHOM BeposTHOCThIO 0.99 B muanazone TommuuH h=1...25MKM.
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[Tpu ncnonp3oBanuu MeTo1a chepruecKoro nuMda st FTOMO3MUTAKCHATIBHBIX KPEMHHUEBBIX

CTPYKTYp PN-THIIA CIydaifHast orpemnocTs & = £ (2...12)% ans quanasona Toimme h=
0.5...20 mxM npu goBeputenbHOl BepositHocTh 0.95.

OnpeneneHue TOJMUHBI IMUTAKCHAIBHOTO CJI0s1 0 pa3MepaM /ieeKTOB YIaKOBKH
[TosiBnenne neeKTOB YIMAaKOBKH B AMHUTAKCHAIBHBIX CJIOSIX BBI3BIBACTCS TJIABHBIM 00pa3oM
CTPYKTYpHBIMH Je(DeKTaMH WM MEXaHWYCCKUMHU TMOBPESKICHUSIMHU TMOBEPXHOCTH TIOJIOKKH.
[IpucyrcTByromue Ha TOUIOKKE TOCTOPOHHHE TMPUMECH W JIOKAJTbHBIC HANPSDKCHUS,
BO3HHUKAIOIIME B MPOIIECCE POCTa AMHUTAKCHAIBLHOTO CIIOS, TAK)KE HECYT OTBETCTBEHHOCTH 3a
MosIBIIEHUE IEPEKTOB YIAKOBKH.

B cnosix, BeIpalieHHBIX HA MOJIOKKAX 03 MEXaHUYECKUX IMOBPEXKICHUH TIOBEPXHOCTH, TIIaBHOU
MPUYMHON TIOSIBJICHUS J1e(DEKTOB YIAKOBKH SIBJISIOTCS, OYEBHJIHO, TIOCTOPOHHHE IPUMECH,
MMEIOIINECS Ha TOBEPXHOCTH IMOJJIOKKH JI0 Havyaia pocTa WK TOMAIaloNIie Ha TIOBEPXHOCTh B
mporiecce pocra. OTH HECOBEPIIECHCTBA SBISIOTCS OIHUM W3 OCHOBHBIX BHJOB Je(EKTOB
KPUCTALTUYECKONU CTPYKTYPBI, BCTPEUAIONTUXCS B AMHUTAKCHATBHBIX CIIOSX, H OKa3bIBAIOT CaMOe
HEMOCPEJCTBCHHOE BJIMSIHHE Ha MPUTOJHOCTh SIMUTAKCHAIBHBIX TUICHOK I TPAKTHYECKUX
eJen.

OObIuHO BH3yalbHOE HAOMIOeHHE 1e(DEKTOB YITAKOBKH CTAHOBUTCS BO3MOKHBIM TOJBKO TIOCIE
TPaBJICHHS BBIPAIICHHON TUIEHKH B COOTBETCTBYIOMIEM TpaBuTele. [Ipu TakoM TpaBJICHHH MecTa
nepecedeHs] Ae()EeKTOB YIMAaKOBKU, OOJANArOIIMX TOBBIIMIEHHON SHEpPTruei, C TMOBEPXHOCTHIO
AMUTAKCUAILHON IUICHKH TPABATCS WHTCHCHBHEE, 4eM Oe3Je()eKTHBIC YJIaCTKH, W BBISBIIIOTCS
M03TOMY B BHJIE MOJIOCOK WJIM 3aMKHYTBIX reoMerpuueckux ¢uryp. Tak, Ha miockoctu {111}
OHM TIPECTaBIEHBI B BHUJIE YETKMX KOHTYPOB PaBHOCTOPOHHUX TpeyrosibHUKOB. Ha miockoctu
{110} — B Buae paBHOOEIPEHHBIX TPEYTOJILHUKOB, a Ha TIockocTh {100} — B BHJE KBaapaToOB.
JlebekT ynmakoBKM — 3TO JBYMEPHBIM aedexT, g oOpa3oBaHHs KOTOPOTO HEOOXOIUMO
yaauTh (eciu AeeKT BaKaHCHOHHOTO THTIA) WM BCTaBUTH (€CIH Ae(eKT MEXY3eIbHOTO THTIA)
ATOMHYIO <OKCTPAIOJIYIIJIOCKOCTh» MEXIYy IUIOTHOYIMaKOBAaHHBIMU IuIockocTsamu {111}. B
ciydae KyOMUYeCKOM CTPYKTyphl aiMasza I CO3/JaHus JnedexkTa Takoro TUMa HEOO0XO0IUMO
W3BJIEYb UM BCTABUTH JIBE ATOMHBIE IJIOCKOCTH. OTMETHM, YTO 1e()eKThl YIIaKOBKU B KPEMHUU
BCEr/Ia UMEIOT MEXKY3€eIbHYIO IPUPOTY.

JleexThl ymakoBKY B KPEMHUU BCer/a Jiexkar B IJIocKocTsaX {111} u mepecekaroT moBepxXHOCTh
IJIACTUHBI BAOJL HanpasieHuit <110>. Imenno noaromy gopma nedeKToB, yribl HAaKJIoHa K
MMOBEPXHOCTU KPUCTAJLJIA U YIJIbl, KOTOPbIE OHU 00Pa3yIoT APYT ¢ APYroM (eciu OHU He
KOMILJIaHAPHBI), 3aBUCAT OT OPUEHTALIMH TOBEPXHOCTHU IIACTHUHBI.

Ha pucynke 3 nokaszana ¢urypa TpaBieHHs], COOTBETCTBYsIILAsl BHIXOAY OJTHOTO U3 1e(heKTOB
YIaKOBKU Ha MOBEPXHOCTH Mmiiockocty (111).

L
| , B o SR / nnockocTe (111)

t W A

h |-~ 7=""=1> aNUTaKCHankHLIR Cov
. MOANORKE

Puc. 3. Ob6pazoBanue neeKTOB YIaKOBKH B
SMUTAKCHUAJIBHOM CJIO€, BEIPALNICHHOM Ha IMOAJOXKE B
HampaBieHun {111}.

Tommuuny nineHku h onpenensror no popmyaam:
A=nl2f 3L = 08161 1ng mnockocrn {111} (3)

b= 1735 = 0,521/, ans mockoctr {110} (4)
A=AJ1720=0704L s mwiockoctu {100} (5)
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rae L — nnuHa cTopoHsb! JedekTa yakoBKY, U3MEpEeHHas Ha MOBEPXHOCTH TJICHKH.
B 3aBucumMocCTH OT OpUEHTAINH MOJIOKKH BHU]T GUTYD TpaBJICHUS, 0Opa30BaHHBIX B MECTAX
BbIX0/1a 1e()EKTOB YIIAKOBKH, U3MEHSETCS, HO B JIIOOOM Cllydae ¢ IOMOIIBIO POCTHIX
F€OMETPUUECKUX COOTHOIIEHUN MOYKHO YCTAaHOBHUTH CBSI3b MEX]Y Pa3MEPOM OTACIbHBIX
AJIEMEHTOB ATUX (PUTYP U TOJIIMHOMN SMUTAKCUATIBHOIO CJIOS.
[Ipu npuMeHEeHNN ONTMCAaHHOT'O METO/Ia OIPEIEIEHMSI TOIIMHBI SIUTAKCHAJIBHBIX CI0EB 0C000€
BHHMMaHUE 00OpalllaeTcsi Ha UCI0JIb30BAHNE JEPEKTOB YIaKOBKU, 00pa3yloIKXCs JTUIIb Ha
TPaHUIIE MEXK]TY CIIOEM U TIOJIOKKOM, MTOCKOJILKY Te(DeKThI YITAaKOBKU MOT'YT BO3HUKATh U B
00BeEMe MUTAKCHATLHOTO ¢0sL. OTIIMYUTH MEePBBIC TEPEKTHI OT BTOPBIX MPOCTO — HAUOOJIBIIIHE
o pazMepam GUrypsl OyayT COOTBETCTBOBATH JleeKTaM, 3apOIUBIIUMCS Ha TPAHUIIE MEXKTY
CJIOEM H MOUIOKKOM.
N3mepenust TOJMIIUHBI SNMUTAKCUATBHBIX CIIOEB 3TUM METOJIOM OOBIYHO JAIOT Pe3yIbTaThl,
XOPOIIO COTJIACYIOLIUECS C BBILIE pACCMOTPEHHBIMU METOJaMHU.

IHopsinok npoBeaeHusi padoTbl
1. Ha cooTBeTcTBYIOIIMX YCTAaHOBKax IO ONMUCAHHOW B pasnene 1.2 MEeToauKe NPUTOTOBUTH
KOCOH U chepruiecKuil UTHQBHI.
BHUMAHHE!
[Ipu BemMOMHEHUN cdepuueckoro nutMda HE pa3pemaeTcs HW3MEHSITh IOJIOKCHHE TalKu
¢ukcatopa 6 puc.2 Bo n30ekaHNe TIOBPEKICHUS 00padaThIBa€MO# MIIACTUHEI.
2. O1HUM U3 TPEUIOKEHHBIX MPENOoaaBaTeIeM METOA0B, ONMCAHHBIX B pa3aene 1.1, mpoussectu
OKpammMBaHue MmuIMda ¢ TO COOTBETCTBYIOIIMM YPaBHEHHUSIM  PACCUUTATh  TOJIIUHY
AMUTAKCHAJIBHBIX TUICHOK (TTyOMHY 3aJIeTaHus PNn-TIEPEeX0/I0B).
3. Ha BeiganHOW mpemnonaBatesieM IJIaCTHHE HAWTH JedEeKThl YIMaKOBKM W IO HUX pa3Mepam
ONPENETUTH TOJIIMHY SNUTAKCUAIBHOW TJIEHKH.

Ilpakmuueckan paboma Ne7. IlosrydyeHue p-n nepexoaa MeToaoM Ju(pPpy3uu U u3ydyeHue ero
CBOIiCTB

Lesb paboOTHI: MOJNYYUTh HA KPEMHUH P - N IIepexoa MeToIoM auddy3uu 1 U3yduTh CBOICTBA
MOJIyYCHHOM CTPYKTYPBI: ONPENCIUTD TIIyOUHY 3aJIeTaHus P - N epexo/ia U MOBEPXHOCTHOE
COTIPOTHUBJICHUE.

KoHTpospHBIE BOITPOCHI.

1. SIBnenue nuddysun. Mexanuzmel 1uddysun.

2. TpeboBanus k nuddy3aHTy, UCIIOIB3YEMOMY IS U3MEHEHHSI CBOMCTB TIOJIYIIPOBOTHHKA (1,
U,).

3. Bunsl nuddysuu (nenenue no xapakrepy UCTOUHUKA).

4. Metonsl nuddy3uu (YyCTaHOBKH, anmaparypa).

5. Pacuer riryOMHBI 3aJIeTaHus P - N Iepexoia.

6. Koapdpunmentsr nuddysun u pactsopumoctu (3nemenTst I, 1T u V rpynm).

7. Ocobennoctu auddy3un MpUMecH B KPEMHHH U T€pPMaHUH.

IIpakTuuyeckas padora Ne7
IOJIYYEHHUE p-n IIEPEXO/IA METO/IOM TU®®Y3HHU H U3YYEHHUE EI'O
CBOHCTB

OCHOBHBIMH TIapaMeTPaMHU MOTy4aeMbIX U] PY3MOHHBIX CIOEB SBISIOTCS:
1. conpoTHBIEHHUE CIIOS;
2. TimyOuHa, Ha KOTOPOM 00pasyercs p - N Mepexo/;
3. KOHIIEHTpaIHs MPUMeCeii Ha MTOBEPXHOCTH.
ConpoTHUBIEHHUE CIIOSI U3MEPSETCS YETBIPEX30HI0BBIM METOJIOM. DTOT METO/]I YHUBEPCAJIEH,
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MPUMEHUM KaK K 00beMHBIM MOHOKPHUCTAJUIaM, TaK U K CIIOUCTBIM CTpYKTypam. B ciydae. eciau
CJIOM UMEIOT Pa3HBIN THIT TPOBOAUMOCTH, 00PA3YIOIIHIACS P - N IEPEX0]] H30JUPYET "MOATOKKY"
ot "cnos", U s pacyeTa MOYKHO MCTIOIB30BaTh GOPMYIY JUISl OJTHOPOTHOTO CIIOS:
p=U/1)(x/In2) (do =4,53-(U/)-do = 4,53-Rs-do [Om-cmMm],
rne
p - YACIbHOE conpoTuiieHue cios (Om-cm);
do - TommmHa cnos (cm);
Rs - moBepxHocTHOE compoTuiieHue (Om);
U - pa3HOCTh NOTEHLMATIOB MEX/1y BHYTPEHHUMHU 30H1amMu (BoibT);
| - Tok, mpormyckaemMblii MKy BHEIIHUMHU 30HAaMHU (AmIep).
I'myOuny 06pazoBaHus p - n Mepexo/1a MOKHO OIPENIENUTD 110 OKPATUBAHUIO 1apOBOTo Hutnda:
J (D> -d*) 1

0~ "Ap
4 2R
rne
D - Baemamit nuamertp numda;
d - BHyTpEeHHHI TUAMETpP OKPAIICHHOTO CIIOS;
R - pagnyc mapa, UCIoJIb3yeMoTo JUTsi U3TOTOBIICHHS TUTH(A.
Ha ocHOBaHWYM M3MEPEHHBIX BEIMYHH COMPOTHBIICHHS CIIOS M TITyOHHBI 3aJIETaHUs P - N
nepexo1a OTMPEICISIFOT KOHIICHTPAIHIO IPUMECH Ha TIOBEPXHOCTH N , TOJIB3YSICh TEOPETHYECKH
paccYMTaHHBIMU TpaduKaMu U TaOIUIIAMHU IS 33TAHHOTO 3aKOHA PACTIPEICIICHHS
muhGYHIUPYIOMEH MPUMECH.

MHOPAIAOK BBIITOJTHEHUSA PABOTbI

1. ITosy4uuTh OT MpenogaBaTesis IIaCTUHY KPEMHHSL.

2. Ecnu mimactiHa KpeMHHUSI TTOJIMPOBAHa C JIBYX CTOPOH, TO TIPOU3BECTH NUIM(OBKY Si C OHOM
CTOPOHBI BIIAYKHBIM METOJIOM C TIOMOIIBI0 mopoika M-14 (umm M-20).

3. IIpoMbITh B MBUIbHO BOJIE, B TUCTHJUIMPOBAHHOU BOJE, 00€3KUPUTH B YETHIPEXXIJIOPUCTOM
yriepoje, Beicymuth B mkady (T=100-120 °C, t = 5-10 mun).

4. llnudoBaHHYIO CTOPOHY IUIACTHHBI YBIAXHUTH (MOKPBHITH TOHKUM CIIOEM) JKUAKUM
maddyzaarom {HzBOs+ AI(NO3)s B Boze}.

5. Ilon0KuTh MIACTHHY KPEMHUSI Ha KBapLIEBYIO MOJICTABKY, BCE MIOMECTUTh B IIPEIBAPUTEIHHO
Harpertyto 10 T=1200 °C neus.

6. BeinepkaTh B ey MpH JaHHOW TeMIlepaType B TEUEHHE HECKOJIbKUX 4acoB (2-4 yaca, Bpems
YTOYHHTD Y MPENOoaaBaTes).

7. BoikimounTs neys. [locie oxmaxkaeHus: BIHYTh U3 MEYH KBapLIEBYIO MOJICTABKY C 00pa3ioM.
8. [NommdoBath HUKHIO CTOPOHY 00pa3iia, Ha KOTOPYIO He HaHOcUIu nuddy3anTa, BIaKHBIM
croco6oM ¢ momoipio nopomka M-10 unmu M-14 Ha crekie Ha TonmuHy 30 MKM, a Takxke
OOKOBBIE IOBEPXHOCTH 00pasIia.

9. TlpotpaButh oOpaszer; B pazbaBieHHoit ¢ropoBomopoanoit kuciore (HF) B mocyme wu3
¢dbToporuiacTa MM MOJUATUICHA NIPU KOMHATHON TeMIleparype B T€UEHHE 5 MHH. AJISl CHSTHUS
okucna. (CoOmronaiite TexHUKY Oe3omacHocTH mpu pabore ¢ kucioroit!) IIpomeiTe B
TUCTUIUTMPOBAHHOM BoJe. BBICYIIHUTE.

10. IIpoBepuTh TUI MPOBOJUMOCTU JIBYX MOBEPXHOCTEH TEPMO30HAOM; YOETUTHCS, YTO OHU
HMMEIOT Pa3HbIM TUI TPOBOJAUMOCTH.

11. U3mepuTh 4€ThIPEX30HI0BBIM METOJIOM COTIPOTHBIIEHUE CIIOSI.

12. Cnenatp mapoBoi U@, OKPACUTh €ro M ONPEACTUTh TyOuHY Mepexoa.

13. IIpoBeputh Hanuuue p - n nepexonaa no BAX nHa octuiiorpade.
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Ilpakmuueckaa padoma Ne8. Onpenenenne kK03QGUINEHTA MOBEPXHOCTHOIO HATSKEHUS
JKHIKOCTH € MOMOIIbI0 TOPCHOHHBIX BECOB

Lenb pa®oOTHI: 03HAKOMJICHHE C SIBICHHEM MOBEPXHOCTHOTO HATSHKCHUS KHUIKOCTEH, M3y4eHUE
pabOTBl TOPCHOHHBIX BECOB; HW3MEpEeHHE KOI(PPUIMEHTOB MMOBEPXHOCTHOTO HATSIKCHHS
MBUIBHBIX PACTBOPOB PA3IMYHON KOHIIEHTPAIIHH.

KoHTponsHbIE BOIIPOCHL.

1. B uém npruunHa BO3HUKHOBEHHUS CUJI TIOBEPXHOCTHOTO HATSKEHUS?

2. [louemy >XMAKOCTB, TMpenOCTaBICHHAs caMoil cebe, Oyaer npuHUMATh (OpMY C
MHUHUMAJIbHOU MOBEPXHOCTHIO?

3. [IpuBeaute nBa ompeneneHuss KOAIPQPHUIMEHTa MOBEPXHOCTHOTO HATsDKEHUsA. B kakux
eANHUIAX OH U3MEpsIeTCs?

4. byner nm Bo3pacraTh WM yObIBaTh CBOOOJHAs DSHEPIrUs IPU H30TEPMUUYECKOM

YBCIWUCHUHN IUIOMIAAW TTOBCPXHOCTHOI'O cios? HpI/IBCCTI/I BBIPAXCHUC [JII HN3MCHCHUA
CBOOOJHOM PHEPIUH.

5. Kak Bausier mpumech Ha KOA(POUIMEHT MOBEpXHOCTHOro HaTsbkeHus? Ilpusenute
MIPUMEPHI.
6. Kak Bnuser noBbllieHre TeMrepaTrypbl Ha KO3((UIHUEHT MOBEPXHOCTHOTO HATSDKEHUA?

[Ipu xakoit Temnepatype k03(h(UIHUEHT TOBEPXHOCTHOTO HATSHKEHUS 00OpaliaeTcs B Hyb?

Ilpakmuueckaa padora Ne§
OIIPEJIEJIEHUE KOS ®®UIIHEHTA IIOBEPXHOCTHOI'O HATA?’KEHUA
KHJIKOCTH C IIOMOIIbIO TOPCHOHHbIX BECOB

Ilenv pabompl: 03HAKOMIIEHHE C SIBIIEHHEM IOBEPXHOCTHOTO HATSKEHHS KHUIKOCTEH,
n3ydeHue paboThl TOPCHOHHBIX BECOB; M3MEpPeHHE KOADOUIIMEHTOB TMOBEPXHOCTHOTO
HaTSKEHHS] MBUIbHBIX PACTBOPOB PA3IUYHON KOHIIEHTPALIUH.

Ilpuooper u o060pyooeanue: TOPCUOHHBIE BEChl, MEpPHBIM CTaKaH, COCYAbl C
UCCIIETyEMbIMU KUJIKOCTSIMHU, TOHKOE KOJIBIIO.

Teopemuueckoe esedenue

C TOYKHM 3peHHus MOJIEKYJISPHON TEOpPUHU MOTECHUHUANbHAsI YHEPIUsl MUKPOCKOMUYECKHX
TEeJ CKJIAJbIBACTCA U3 DHEPIMH B3aUMOJICHCTBUS ero MoJiekyn (6e3 yuéra cui Tspkectu). Cuibl
MEXMOJIEKYJSIPHOTO CLEIJICHHUsI ObICTPO YOBIBAIOT C PACCTOSIHUEM - UX JICHCTBUE MPAKTHUECKU

MIpCKpalacTCsa Ha PACCTOSAHUAX IMOPAAKA 10_7 CM . HOTeHHI/IaHBHaﬂ OHCPIrusa Ka)KI[Oﬁ MOJICKYJIBI
3aBHUCUT IIO2TOMY TOJIBKO OT €€ B3aHMO,Z[eI>’ICTBH$I ¢ OJKalIuMu COCCaAMMU.

MOJ'IeKy.]'ILI, N3 KOTOPBIX COCTOUT TCJIO, MOJKHO PA3JACIMTh Ha JBa KylacCa: «KBHYTPCHHHUC»
MOJICKYJIBI, T.C. MOJICKYJIbI, HMCIOIINC OJIHBIN Ha6op COCCHCﬁ, N MOJICKYJIbI, HAXOAAIIHUECA Ha
MOBEPXHOCTHU, T.C. MOJICKYJIbBI € HCIOJHBIM Ha60pOM COCCHCﬁ. HOTGHI_II/IaHBHYI'O OHCPI'UIo
«BHYTPCHHHUX)» MOJICKYJI IPUMEM 3a HAYAJIO oTCcU€Ta OQHCPIun (KOTOPYIO MOXXHO, KaK HU3BCCTHO,
OTCUYUTBIBATE OT JIFOOOT0 ypOBHH). PaCCMOTpI/IM TCIICPb «HAPYKHBIC» MOJICKYIIbI. ((BHYTpeHHI/Ie))
MOJICKYJIbI BCCrla MOKHO CHACIIATh «HAPYXKHBIMWY», YIAJIMB OT HUX YaCTb COCC,I[CI\/’I; IJ11 OTOTO
MMPpUXOOUTCSA COBCPUIIUTH pa60Ty. HOTCHHI/IaHLHaﬂ OHEPTUA «HAPYXKHBIX» MOJICKYIl IMO3TOMY
HoJIOKUTEIbHA. BennunHa »ToH OHEPruu, C€CTCCTBCHHO, 3aBUCUT OT YHUCIIAa «HAPYKHBIX»
MOJICKYJI, T.C. OT IUIOIIaAu TIOBECPXHOCTH. Ota OHEpIrUsl HOCUT HA3BAHUC HOBerHOCTHOﬁ
OHCPTrUHU. O06o3HaYNM OTY OSHEPIUI0 YCpEe3 E, a IJiomajb IMOBEPXHOCTU YCPE3 S Tor,ua,
COT'JIACHO CKa3aHHOMY,

E=0S. (1)

KoaddunmeHT npornopioHaaIbHOCTH MEXIY SHEPTUed W IUIOMAIBI0 MOBEPXHOCTH O
HOCHUT Ha3BaHHEC KOE)(I)(I)I/IL[I/ICHTEI NMOBCPXHOCTHOT'O HATSKCHUA. Beanunna sToro KOB(I)(l)I/II_II/IeHTa
3aBUCUT OT poJa 00eux cpen, O6pa3YIOLLII/IX MOBCPXHOCTD. Kak HETPYAHO Y6CI[I/ITBC$I, O HMeEeT

®opma A Crpannna 20u3 36



MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanus PO

o o Dopma
VYIIbSHOBCKUI TOCY1apCTBEHHBII YHUBEPCUTET

@ - Pabouast mporpaMma 1o JUCHHUILINHE

Pa3MEPHOCTb JHEPIHH, ACIEHHOW HAa IUIOIAAb WJIHM, YTO TO K€ CaMO€, Pa3sMEpPHOCTb CHIIBI,
JNen€HHOW Ha JuIMHYy. Hanuume moBEpXHOCTHOM 3HEPIHMM CHIIBHO CKa3bIBAETCS HA MOBEIACHUU
XKHUIKOCTeW. B wactHOCTH, popMa, KOTOPYIO MPUHUMAET >KUJKOCTh, COOTBETCTBYET MHHUMYM Y
IIOTEHIMAJIBbHOM DSHEPIUM, CKIAIbIBAIOLICHCA W3 DHEPrUM IMOBEPXHOCTHOIO HATSKEHHS U
MIOTEHIMAJIBHONW SHEPIUM B NoJie TsbkecTu. CTpeMileHHe K MUHUMYMY MTOTEHIIMAIbHON dHEpruu
IIPUBOJUT K TOMY, YTO IOBEPXHOCTb KUIKOCTU CTPEMUTCA COKPATUTHCH, T.€. MOBEPXHOCTHBIN
cII0ii BeneT ceds mo100HO ynpyroi mi€Hke.

[Ipu pacuérax BMECTO SHEPIrUH IMOBEPXHOCTHOTO HATSKEHUS HEPEIKO IOJIb3YIOTCS «CHIION
MOBEPXHOCTHOTO HATSHKCHUS», KOTOpasi BBOJUTCS CIEIYIOMUM 00pa3oM. J{Jisi H30TepMUYecKOTro
yBENMUYEHHs TIOBEPXHOCTH JKHAKOCTH Ha BemmumHy (S HeoOXomwMmo 3aTpaTHTh JHEPIHIO

dE = GdS = Gldx, rac I— JJINHA HGKOTOpOI\/JI MBICIICHHOM JIMHMH Ha IMOBEPXHOCTHU

KUJKOCTH, IIPH 3TOM YBEIMYEHHE MOBEPXHOCTU IIPOUCXOJUT BCIEICTBHUE €€ «PACTSKEHUS» Ha
semuurHy (X B mepmeHauKyIsSpHOM >TOi JTHHHM HampaBIeHHH. TOTja cHiia TOBEPXHOCTHOTO
HAaTsKECHUSI paBHA:

= = — = — l, 2
ox G&x © @

r7e 3HAK MUHYC YyKa3blBaeT Ha TO, YTO CHJIa HAMpaBJI€HAa B CTOPOHY, MPOTHUBOIOJIOXKHYIO
cvemernmio OX. Takum o6pasoM, cmny F  MoXHO TpakToBaTh Kak HEKOTOPYIO CHITY
MOCTOSIHHOM TMOTOHHOM IIOTHOCTH G, KOTOpasi JEHCTBYET MEPIEHAUKYISIPHO MPOU3BOJIBHOMN
JIUHUU U CTPEMUTCS «CTSHYTH» pa3/ielEHHbIC 3TON JUHUEH ydacTku >kunkoctu. Kosaddurnment
MMOBEPXHOCTHOTO HATsDKEHUST G pPaBeH, TaKUM o0pa3oM, CUJie TOBEPXHOCTHOTO HATSHKEHHS,
OTHECEHHOW K €AVHUIIE IJIUHBI.

Onucanue IkcnepumenmanbHoll yCmano8Ku

W3mepuTenbHbIM 3JIEMEHTOM B TOPCHOHHBIX BeCaxX SIBIISIETCS CHUPAIbHAsT MOMEHTHas
MPY)KHWHA, HATSDKEHHMEM KOTOPOM NIpH 3aKpyYMBAaHUM YPAaBHOBEIIMBACTCS B3BEIIMBACMBIN
oOpazen. Yron 3akpydyuBaHUsST MOMEHTHOM HPYKHMHBI MPOMOPIHMOHAIEH Macce B3BELIMBAEMOTO
oOpa3la, MO’TOMY IIIKajla BECOB MpOrpajyupoBaHa B eAMHULAX Macchl. OOmmii Buj
AKCIEPUMEHTAJIbLHONW YCTAaHOBKHU IpE/ICTaBjeH Ha puc. 1.

Ha ocu BecoB | 3akpersieHbl BHYTPEHHHUH KOHEL, MOMEHTHOM IPYXXUHBI, KOPOMBICIO C
KPIOYKOM 7 M KOHTPOJbHAs CTpeika 6 (ykasaTeslb FOPU30HTAIBHOTO MOJIOKEHHUS KOpPOMBICIA
BeCOB). BHemHui KOHEII MOMEHTHOW TIPYKHHBI KECTKO CKPEIUIEH CO CTpeiKon 4,
MOKa3bIBAIOIIECH pe3ysIbTaThl B3BEUIMBaHU 10 1Kaje nudepodnara BecoB 1. Co cTpenkoi Takxke
KECTKO CKpeIUIeH IMOBOJOK C Py4ykod 3 Ui 3aKpydHMBaHUS MOMEHTHOW MpPYXHHBI. UTOOBI
YCTAHOBUTb  KOPOMBICIIO B  HYJIEBO€  IIOJIOXKEHHE, HCIOJIb3YyeTCSd  JOIMOJHUTEIbHAsS
(TapupoBOYHAs) CcHUpadbHAs TPY)KWHA, MOMEHT KOTOPOM peryiupyercss TapUpOBOYHOM
roJIOBKOM 5. MexaHu3M BecOB 3aKJIIOYEH B Qymisgpe Kopiyca. TpeHOKHHUK KOpITyca UMEeT JBa
YCTaHOBOYHBIX BHHTa M CQEpUYECKUN YpOBEHb HJs YCTAaHOBKM BECOB B BEpPTUKAIbHOE
noJyiokeHue. Bechl cHaOXKeHBbI appeTUpoM, MpeAHa3HAUEHHBIM JUIS 3aKPETICHHS IMOABHXKHOM
YaCTH MEXaHM3Ma BECOB, IPUBOJIMMBIM B JCHCTBUE pblYarom 2.
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ToHkoe KonpIO &, M3rOTOBIEHHOE U3 MaTepualla, KOTOpBIM XOpOIIO CMadyuBaeTcs
UCCIIEyEMON JKUAKOCTHIO, IOJBEIIMBAECTCA Ha KprOYoK Kopombicia 7. IloznBecka kosibLia
OCYIIECTBIISICTCS TaKUM 00pa3oM, 4TOObI €ro och ObuIa BepTHKaidbHA. KONbBLO omyckaeTcs B
MepHBIH cocyn 9 ¢ uccnenyemoi Kuakocteio 10. [Ipu 3TOM XUAKOCTH HAUMHAET MOAHUMATHCS
[0 CTEHKaM KOJIblla, a CaMO KOJBII0O HECKOJBbKO BTSATHBAETCS BHYTPH JKUIKOCTU. [IOCKOJIBKY
BHEIIHSS M BHYTPEHHSS CTEHKH KOJbIlAa CMAaYUBAIOTCS JKUJIKOCTBIO, TO «BTATUBAHME» KOJbIA
BHYTPb KUIAKOCTH OCYIIECTBISICTCS CUJIAMU TIOBEPXHOCTHOTO HATSIKEHUS, JEHCTBYIOUIUMU KaK
BJIOJIb BHEIIHEH OKPYXHOCTH KOJbIIAa, TaK W BHYyTpeHHeW. B pesynpraTe oOmas mivHa

Puc. 1. Cxema 3KCIIEpUMEHTAIbHON YCTAaHOBKU:
1 — KopITyCc TOPCHOHHBIX BECOB; 2 — phIYar appeTHpa; 3 — MOBOJIOK; 4 — CTpeIiKa;
5 — TapupoBOYHAs TOJOBKA; 6 - KOHTPOJIBHAS CTPEJKa; 7 — KOPOMBICIIO; § — KOJIBIIO;
9 — mepHbIit cocyn; 10 — uccnenyemas KUAKOCTh

nepuMeTpa cMaunBanus onuska k 2 - 2mR, rone R— pammyc xonbua.

C nomompio (2) HaiiieM, 4To Cula TIOBEPXHOCTHOTO HaTsKeHuss F pasma

F =4nRo. (3)

[ToBopoT moBoJKa 3 BECOB MPOTHB YaCOBOW CTPENKH MPUBOJIUT K OTPHIBY KOJbIAa OT
MOBEPXHOCTU BOABL [Ipy 3TOM B MOMEHT OTpbIBa CcTpeika 4 TOPCHOHHBIX BECOB IMOKA3bIBACT
3HaYEHUE MAacCChl, COOTBETCTBYIOLIEE CyMME€ CHJ TSDKECTH W TOBEPXHOCTHOTO HATSXKEHUS.
[Tocnenuss Beruucsiercs mno gopmysne (3).
Ilopsinok BbINOTHEHHUSI PA0OTHI
1. TmaTtenbHO TPOMBITH KOJBIO CHUPTOM, YTOOBI YAAIUTh C €0 MOBEPXHOCTH ClydaiiHbIe
3arpsizHeHus, 0cooeHHo xup. [locne MPOMBIBKH HY)KHO JaTh MPOCOXHYThH CIHUPTY, TaK Kak OH
caMm BIIMAET HAa BETUYMHY MMOBEPXHOCTHOTO HATSHKEHHUS BOJbL. Hu B KoeM ciyyae He cieqyer
MIPUKACATHCS K KOJIBILY MaibIlaMH.
2. HamomHUTh MEpHBIM cOoCyl AMCTUIUIMPOBAHHOW BOJOW. [loJBEeCHTH KOJBIIO Ha KPIOYOK
KOpOMBICHTa BecoB. OMyCTUTH KOJBIIO B BOMy. Bo Bpems ombiTa HAago CIEIUTH 32 TEM, YTOOBI
HIKHUN 00pe3 KOJIbIa KOCHYJICS BOJBI BCEMU KpasMH OJHOBPEMEHHO.
3. Bpaienuem ycTaHOBOYHBIX BUHTOB YCTAaHOBUTH BECHI [0 YPOBHIO; TIEPEIBUIKEHIEM phluara
appeTrpa 2 BOpaBO OCBOOOJUTE KOPOMBICIO. 3aTeM MEpEeIBUKEHHEM IMOBOJAKA 3 yCTaHOBUTH
OTCU€THYIO CTpeJKy 4 Ha HyleBoe JelieHHe HIKanbl mudepoOiata. BpameHueM TapupoBOYHOM
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TOJOBKH 5 COBMECTHTE KOHTPOJIBHYIO CTPEIKy 6 C KOHTPOJIBHBIM IITPUXOM Iudepodiara.
JlanHast npouetypa HEOOX0AUMA ISl UCKIIIOUEHUS] HEM3BECTHON CUIIBI TSDKECTH KOJIbLIA.

4. IloBopauuBasi MOBOJOK 3 IPOTUB YACOBOM CTPEIKH, OCTOPOKHO OTOPBATH KOJIBLIO OT
MMOBEPXHOCTH BOJIbI. 3anucarh MokKa3zaHue BeCOB (B eAMHHIIAX Macchl). [loBTOpUTh U3MepeHus He
meHee 10 pa3. Haiitu cpenHee 3HadeHHE M, YMHOXas €ro Ha BEJIUYMHY YCKOPEHMSI CHIIbI
Tsokectd g = 9,81 M/c?, OTIpe/ie/TiTe BETMYHHY CHIIBI TIOBEPXHOCTHOTO HaTskeHus I B MomeHT

OTpBIBA. 3aMKCATh PE3YIbTATHI B TAOIUILY.
5. Cnuth BOLy W3 MEPHOTO cOCyla W JOOABUTh TyAa TaKO€ XK€ KOJIMYECTBO MBLILHOTO
pacTBOpa M3BECTHOM KOHIICHTpamuu C . [IpoBecTH M3MepeHHsl B COOTBETCTBHH C II. 3 JAHHOTO
paznena. [IoBTOpHUTE U3MEPEHHUS JJIs BCEX MCCIEAYEMBIX PACTBOPOB B MOPSIKE BO3PACTAHUS HX
KOHIICHTPAIINH.

Tabauua 1

Howmep

u3Mep. Koruentpamus pactsopa € ,% | M.~ Amcp | F.mH | o,MHM | Ao ,mH/m

O6paboTKa pe3ynbTaTOB

1. CornacHo dopmyne (3) paccumrtaiite KOAIQPHUIIMEHT TOBEPXHOCTHOTO HATSHKECHHS
HCCIIEyEMBIX JKHAKOCTEN. 3HaueHne paaryca koabla R ykazano na paGouem mecre.

2. [TocTpoiite rpadux 3aBUcHMOCTH KO3(h(UIHEHTa MOBEPXHOCTHOTO HATSDKEHUS G OT
KOHLIEHTPALlMU C MBUIBLHOTO PacTBOpa.

3. O1ieHUTE MOTPENIHOCTH PE3YJIbTATOB U3MEPEHHUIA.

Ilpakmuueckaa paboma Ne 9. WU3mepenune kod3pduIIUEeHTA MOBEPXHOCTHOIO HATSIZKEHUSI
MeTOA0M KANUJJISIPHO-TPABUTAIIMOHHBIX BOJIH

Lenp paboThl: H3y4YeHHE MOBEPXHOCTHBIX KaNUJUISIPHO-TPABUTAIIMOHHBIX BOJH, H3MEpEHUE
ko3¢ duImeHTa MOBEPXHOCTHOTO HATSKEHUS BOIbI.

KoHTposbHbIe BOPOCHI.

1. Yro Takoe NOBEepXHOCTHOE HaTspkeHue? OOBSICHUTE MPUYMHY MOSIBJIEHUS CHUII
ITOBEPXHOCTHOTO HATSDKEHUS.

2. Kak BeIpakaeTcs MOBEPXHOCTHAS YHEPIHUs JKUIKOCTU?

3. [Touemy >KHMIKOCTb, TPEAOCTABJICHHAas camMoil cebe, OymeT mnpuHUMATh (GopMy C
MHUHHUMAaJIbHOU MOBEPXHOCTHIO?

4. Yro Takoe KkO3(pPULIUEHT MOBEpXHOCTHOro HaTskeHus? Kak OH 3aBUCHT OT
TeMneparypbl?

S. Kak Bnuser npumech Ha KO3(p(UIIMEHT MOBEPXHOCTHOrO HaTsDKeHus. llpuBenute
IIPUMEDBI.

6. Hanumure u o6bsicaure popmyny Jlamnaca s n30bITOYHOTO J1aBIEHUS HUCKPUBIEHHON
IIOBEPXHOCTHU KHUJIKOCTH.

7. Kakue BOJIHBI HAa3bIBAIOT KAIUJUIAPHO-TPABUTALIMOHHBIMH.

8. BriBenute dpopmyiny (7) U1 CKOPOCTH KaNWJUIpHO-TpaBUTAMOHHON BosHBL [locTpoiite

rpaduk 3aBucumoctu U(A) u npoananusupyiite eé.

9. [Tokaxxure, 9Yro TOrpemwHOCTs AOC = O — O,, BO3HMKAaKOWias I[PH [OJb30BAHUH
npubimxéHHoOM popmynoit (8), ompenensercst COOTHOLIEHUEM
2
Ds |
<« 12
S 0 I 1
10. [lepeuncante OCHOBHbIE HCTOYHUKH MOTPEUTHOCTEN JAHHOTO METOa U3MEPEHUH.
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Ilpakmuueckasa padora Ne 9

HUIMEPEHUE KOS®®UIIUEHTA IIOBEPXHOCTHOI' O HATA’KEHUA METO/IOM
KAITVIAPHO-I'PABUTAIITUOHHBIX BOJIH

Ilenv pabdomer: w3yyeHUE TOBEPXHOCTHBIX KaNWUIAPHO-TPABUTALIMOHHBIX BOJIH,
n3MepeHue Ko3pUIUEHTA TOBEPXHOCTHOTO HATSXKEHUSI BOJIBI.

Ilpuéopel u o6opyoosanue: yctanoska ®I1B-02M.
Teopernueckoe BBeeHHE

B xuakoii ¢aze Ha MOJIEKyJBbl BEUIECTBA JIEHCTBYIOT CHJIBI MPUTSDKEHHUS CO CTOPOHBI
OKPY)KAIOIIUX MOJEKYJd. OTH CHJIbl OBICTPO YOBIBAIOT C pAcCTOSIHUEM — HX JeHCTBHE
NpaKkTHYecKd Tpekpamaercs Ha paccrosauu 107 cm. IloTeHunuanbHas SHeprus Kakaoi
MOJIEKYJIBI 3aBHCHUT MOATOMY TOJIBKO OT €€ B3auMoJeHcTBUs ¢ Omkaimmmu coceasmu. Korma
MOJIEKYJIa HaXOAMTCS B TIyOMHE >KHJAKOCTH, TO 3TH CHJIBl JIEHCTBYIOT BO BCE CTOPOHBI U B
CpEHEM YpaBHOBEIIHMBAIOTCS. MOJIEKYIbl, HAXOAUIUECS] HA MOBEPXHOCTH, UMEIOT HETOJHbIN
Habop cocenell M MO3TOMY MCIBITHIBAIOT JEMCTBUE PABHOJCHCTBYIOUIEH CUIIbI, HAIpPaBIEHHOU
BHYTPh JKHJKOCTH. BBIXOJ MOJIEKY/Bl Ha MOBEPXHOCTHh TPeOyeT COBEpIIEHHUS pabOThI MPOTHUB
9TOM CUJIBI U TIOSTOMY COIPOBOXKIAETCS yBEIMYEHHEM MOTEHIMAIbHON 3HEPTUH MOJIEKYIbI (32
CYET KHHETUYECKOM ).

Jlis yBenuueHus: cBOOOIHOM MOBEPXHOCTH KUJIKOCTH YaCTh MOJIEKYI JTOJDKHA MepelTH
13 00bEMa B TIOBEPXHOCTHBIN CJIOH, a JJIl 3TOr0 HEOOXOJMMO COBEPIIMTH HEKOTOPYIO padoTy.
3HAYHUT, TOBEPXHOCTHBIA CJIOW JKHUJIKOCTH O0JaJaeT JOTIOJIHUTEIBHONW TOTCHIIMAIBHON
SHEpruen. JTa PHEPrusi HOCUT Ha3BaHUE MOBEPXHOCTHOM »Hepruu. CoryIacHO CKa3zaHHOMY, €€
BEJIMYMHA MPONOPIIMOHATIBHA YHUCIY “NOBEPXHOCTHBIX MOJIEKYJ, TO €CTh IUIOIIaAN
OBEPXHOCTH S

E=0S

Kosddunument o HazbiBaercs kKo3(h(GUIMEHTOM MOBEPXHOCTHOTO HaTskeHUs. [lo cMbiciy oH
paBEH MOBEPXHOCTHOM HHEPrUH, NMPHUXOIAIICHCS Ha €IWHHUIY IUIOMAAW MOBEPXHOCTH. Ero
BEJINYMHA 3aBUCHUT OT CBOWCTB ’KMJIKOCTH, a TAKXKE OT TEMIIEPATyphl: C POCTOM TEMIIEPATYpPbl O
YMEHBIIAETCSA, CTPEMACh K HYIIO IPH KPUTHYECKON TeMmmeparype, Korja Mc4e3aeT rpaHuLa
MEXKy )KUJKOCTBIO U €€ HACBIIIEHHBIM IIapOM.

dopma, KOTOPYHO NPUHUMAET KUAKOCTb, COOTBETCTBYET MUHUMYMY MOTEHIMAIbHOU
sHepruu. Ilo3TOMy MOBEPXHOCTh MKUJAKOCTU CTPEMUTCS COKpPATUTHCSA, 4YTO MPOSIBIAETCS B
BO3HMKHOBEHHMH CHJI MTOBEPXHOCTHOT'O HATSKEHHUS, KacaTelIbHbIX K MOBEpXHOCTH. DopmanbHO
3Ty CHJIYy MOXHO BBECTH CleaylomuM o0pazoM. Jlis M30TepMHUYECKOTO YBEIUYCHUS
MOBEPXHOCTH  KMAKOCTM Ha  BenmuuHy (S HeoOXOJUMO  3aTpaTUTh  DHEPTHIO
dE = odS = ol-dx. 3necy | — pmuna HexoTOpoit THHUM (peabHOM MM MBICIEHHOH) Ha

IIOBCPXHOCTU KHUIKOCTH, A dx - eé «PACTAKCHHUEC» B IICPIICHAUKYIIIDHOM K Hel HaIlpaBJICHUMU.
Torpa cuna MMOBCPXHOCTHOI'O HATSIKCHUSA

F:—@z—aﬁz—al,
ox dx
TAC 3HAK «—» YKa3bIBAC€T HA TO, YTO CHJIA HAIIPABJICHA IMPOTHBOIIOJIOKHO CMCUIICHUIO. OTCIOI[a
BHJHO, YTO KOS(l)(I)I/II_II/ICHT IMOBCPXHOCTHOTO HATAKCHHUA PABCH CUIIC JTMOBCPXHOCTHOTI'O
HaTAXKCHUA, OTHECEHHOM K CAUMHUIC TJIMHBI.
Cuitel NMOBEPXHOCTHOTO HATSKCHUA  BBI3BIBAKOT JOIOJHHUTCIBHOC JABJICHUC TI0J
HCKpHBJ’IéHHOﬁ MOBCPXHOCTHIO KUIAKOCTH. B cJy4dac C(I)CquCCKOﬁ MOBCPXHOCTHU OTO HABJICHUC

CBSAI3aHO ¢ paauycoM eé kpuBusHbl R popmyroii Jlamnaca:
20
AP = —
R

Ecau MOBEPXHOCTH KUAKOCTH BBIITYKJIASA (I_leHTp KPHUBU3HBI HAXOAUTCS BHYTPU )KI/I)IKOCTI/I), TO
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R >0 u AP > 0. B ciyuae Borayroii nosepxaoctu R <O u AP < 0.
dopmyna Jlammaca, 0600mEHHAS HA TOBEPXHOCTH JIFOO0H ()OPMBI, BBITIISINT TaK:

AP =0 L+L ,
Rl R2

rne R, u R, — paguycsl KpHBU3HBI IBYX B3aMMHO IIEPICHAMKY/ISAPHBIX HOPMAIbHBIX CCUCHUN

[IOBEPXHOCTH B HUHTepecyrolell Hac Touke. [IpaBuiio 3HaKoOB [ HMX TO JK€, 4TO OBLIO
IIPUBEJICHO BBIIIIE.

Kanunnaprno-epasumayuonnvie 601l

B nmanHo# paboTe KOA(pGUIHUEHT MOBEPXHOCTHOTO HATSHKEHUS OMPEACNACTCS IyTeM
M3MEPEHUS] CKOPOCTH PacCIpOCTpaHEHHUsl KaMMUIIPHO-TPABUTAIIMOHHON BOJIHBI TIO MIOBEPXHOCTH
KHUJKOCTU. ITO — OJMH U3 HanboJiee TOUHBIX METOJIOB OTIPE/ICIICHHS G.

B crnokoitHOM COCTOSSHUM TIOBEPXHOCTh KHAKOCTH B JOCTATOYHO OOJIBIIIOM COCY/IE
SIBJISIETCS TIOCKOM. Ecin kakyro-1100 4acTHIly )KHIKOCTH 3aCTaBUTh COBEPIIATH KOJIeOaTEIIbHOE
JBKEHUE, TO 1O TIOBEPXHOCTH KHUJIKOCTH OyJIET paclpOCTPAHITHCS BOJHA, 00pa3yrONIasics Mo/
NEHUCTBUEM JIBYX CHJI: CHJIBI TSDKECTH M CHJIBI TOBEPXHOCTHOTO HaTspKeHHs. O0e STH CHIIBI
BO3BpAIllalOT HAa MECTO BBIBEJACHHYIO W3 DPABHOBECHUS KHUIKOCTh, CTPEMsICh cJelaTh €&
MOBEPXHOCTh TUIOCKOM, BO30OYKIas TeM caMbIM KojebarenbHoe nBikeHHe. [[oBepXHOCTHBIC
BOJIHBI TAKOTO THTIA TIOTYYHIIN Ha3BaHUE KATWJUISIPHO-TPABUTAIMOHHBIX.

OrpaHnuuMcsi PacCMOTPEHHUEM KalWUISIPHO-TPABUTAIMOHHBIX BOJH C aMIUTATYJIOH,
MaJloi 10 CPaBHEHUIO ¢ JUIMHOM BOJIHBI A . Takxke OyeM CUMTATh KMIKOCTh ITyOOKOH (TO €CTh
TTyOMHA KUIAKOCTH 3HAYUTEIHHO OOJIbIIE JJTUHBI BOJTHBI).

Jlnst  pacu€ra CKOpPOCTH PacHpOCTPAaHEHHS BOJHBI BOCIOJIB3YEMCS  CIEAYIOIINM
pe3ynbTaTOM, BBITEKAOIIMM W3 YyPaBHCHHWH THAPOJMHAMUKHA HACATLHOW HEC)KUMACMOM
XKUJIKOCTH. MOXHO TIOKa3aTh, YTO B O€rymieil CHHYCOMIAIbHOW BOJHE MajlOW aMILIATYIbI
KaKJlasg YacTUIla JKUAKOCTH ABWXKETCS IO OKPYKHOCTH, PACIOJOXKEHHOW B BEPTUKAIBHOU
IJIOCKOCTH, TIPOXOIAIICH Yepe3 HalpaBJICHUE PAaCIIPOCTPAHCHHsI BOTHBI. AMIIUTY1a KOJIeOaHUH
(TO ecTh pagMyc OKPY:KHOCTH 1) Masa [0 CPaBHEHHUIO C A ; OHa MaKCUMAaJlbHA HA MOBEPXHOCTH
1 yOBIBaeT 10 Mepe YAAICHUsI OT Hee BIiIyOb KHUIKOCTH.

=
v :_:
y

RN
-

Puc.1. K BBIBOJly CKOPOCTH TOBEPXHOCTHOM BOJIHBI

il
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[TycTh BOJTHA pacpoOCTPaHSIETCS] CO CKOPOCThIO U BIOJIb OCU X, HAMIPaBJICHHOM 10
IIOBEPXHOCTHU KUAKOCTH (cM. puc. 1). CKOpOCTh ABUIKEHUS YaCTHULIbI XKUAKOCTU IO OKPYKHOCTHU
0003HaYUM U , CIIEI0BATEILHO

u=2rrv= 27rr% (1)

rJie V - 4acToTa KoJieOanuii. PaccMoTpuM sIBJICHHE B CHCTEME OTCYETa, PABHOMEPHO
JBUKYIIEHCS BI0JIb OCU X CO CKOPOCTbIO U . [yt HabmrogaTesns B 3TOM CUCTEME OBEPXHOCTD
KUJKOCTH OY/IeT Ka3aThCsl 3aTBEPICBIICH, MMEOIIEH (OpMy CHHYCOUIBI, YPaBHEHUE KOTOPOKH

y:rsin%{x (2

YacTuiisl MOBEPXHOCTH KHUAKOCTH OYAYT YXOIUTH OT HAOIIOIATENIS, TBUTASCH TI0 TOH
CHUHYCOM/IE; IPU 3TOM CKOPOCTb YacTHUIIbI BO BIIaJMHe OyaeT paBHa (U + W), a Ha rpeOHE BOJIHBI
— (v —u) (cm. puc. 1). PaccmarpuBast ygacTok CMHYCOUAbI AB Kak JTHHHIO TOKa, TPUMEHUM K
Hell ypaBHenue [1. bepnymm:

P, +§(v— u)’ +2pgr = P, +§(v+ u)’
NI
2pvu =2pgr + P, — P, (3)
JlaBnenus »uakoctu B Toukax A u B mo dopmyse Jlamiaca paBHBI COOTBETCTBEHHO
P,=P,+0K, P,=P -0K 4)

rae By — nasnenne B6au3n HeBo3MyIeHHOH noBepxHOCTH, a K — KpuBHU3HA CHHYCOMIBI B
ToukaxXx A u B:

d’ 47°r
R ©)
d“x A
N3 (3) c yu€rom (1), (4) u (5) momyqaem Gopmyiny JUIsi CKOPOCTH PACIIPOCTPAHEHUS
KallWLUISIPHO-TPABUTAIIMOHHOM BOJIHBI (TaK Ha3bIBAeMOU (a30BOM CKOPOCTH):
A 2no
v= 92,2759 (6)
2 pA

Ota CKOPOCTB 3aBUCHUT OT JJIMHbI BOJIHBI 7\. , TO €CTb KalTWJJIAPHO-I'PABUTAIMOHHBIC BOJIHBI
O6J'Ia,Z[aIOT ,Z[I/ICHCpCI/Ieﬁ. HCpBOC CcJ1aracMocC 1o KOpHeM oTpaXacT BKJIaJ CHJIbI TAXKCCTH, a
BTOPOC — CHJI IIOBECPXHOCTHOI'O HATAXKCHHA. U3 (6) CJICAYCT, UYTO CKOPOCTDb BOJIHBI BCJIIMKA IIPU
MaJIbIX }L , 3dTCM OHa IIpH YBCIIMYCHUHN }L YMCHBIIACTCA, NOCTUT AL HCKOTOpOﬁ MUHUMaJbHON

BEJIMYUHBI U " JaJIcC BHOBb pacCTCT. 3HaucHUE /1 = /11 , COOTBCTCTBYIOLIICC v

min ° min !

pasrpaHUYMBAET OONACTD TaK HA3BIBAEMBIX TPABUTAIMOHHBIX BosH (A >> A,) ot o6nactu

xanmuuspHbIX BodH (A << A, ), B 06pazoBaHuK KOTOPBIX OCHOBHYIO POJIb MTPAET

HOBerHOCTHOC HaTsOKECHUEC X XUIKOCTH.
Bripaxas U uepe3 A uuyactoty V (U = AV), N0dy4uM BBIpaKEHHE IS
KO3(1)(1)I/H_[I/ICHT8. HOBerHOCTHOFO HaATsAKCHUA .
3..2 2
v A°g
o=p —p
2
27 4

Takum o6pa30M, HU3MCPUB JIMHY BOJIHBI ﬂ, , 3Had IJIOTHOCTB ) KHUAKOCTHU p H 4aCTOTy

(7)

KosiebaHui V , MOXKHO 10 ¢opmyiie (7) onpeaenuTb KodQpPUIUEHT MOBEPXHOCTHOTO HATSHKEHUS.
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SIcHO, YTO ATIMHA BOJIHBI JOJDKHA MIPH ATOM JIEKATh B 00JaCTH KaIMJUISIPHBIX BOJIH, ISl KOTOPBIX
peoOIaIatoIUM SBISIETCS BKIIA CHJI TIOBEPXHOCTHOTO HATSKEHH. JlJ1sl KanmMIUIAPHBIX BOJIH
KOA(PHUIUEHT MOBEPXHOCTHOTO HATSHKEHUSI MOKHO BBIYHCIIATD MO MPUOIMKEHHOU (hopmyIte

o, ~ éﬂfv? (8)

Pe3ynbrar Gy/IeT TeM TOUHEE, 9eM JIyHIIIEe BBIIOJIHEHO HepaBeHeTBo A << A, .

JUIvHa KanuJuIIpHBIX IOBEPXHOCTHBIX BOJH MaJjla, I0ATOMY Ha0Jt01aTh 3TU BOJIHBI, a
TeM 0oJiee U3MEPHTH UX JUTHHY 3aTPyIHUTENBbHO. UTOOBI 9TO cAenaTh, KapTUHA OeTyIINX BOIH
“ocTaHaBIMBAETCS C IMOMOIIBIO CTPOOOCKONMUYECKOTO (IIPephIBUCTOr0) ocBemienus. Kaptuna
OyZeT Ka3aThCsl HETOABMKHOM, €CIIN 32 MHTEPBAJl BPEMEHU MEX/ly ITPEphIBAaHUSMU BOJIHA
YCIIEBAET CMECTHTHCS Ha A MM Ha 1enoe uucao A . JJJis 3Toro 4acTora OCBEIeH s T0JDKHA
COBII/IaTh C YAaCTOTOI BHOpaTopa, BO30YXAarolIero KojeOaHus uiK ObITh B LIEJI0€ YUCIIO pa3
MEHBIIE €0 YaCTOTHI.

Onucanue skcnepumenmanbHoll yCmanoeKu

Jnst onpenenenns kodhdUIEHTa TOBEPXHOCTHOTO HATSDKEHHS BOJBI  MCIOJIB3YETCS
AKCIEPUMEHTAIbHAS YCTAHOBKA JIJI1 M3YY€HUS BOJHOBBIX SIBIICHUI Ha MOBEpPXHOCTH BOAbI DIIB-
02M, o6muii BUJ KOTOpO NOKa3aH Ha puc. 2.

My

I'IE/CK_| YACTOTA+ - Ldl/ﬂ\CTOTA-_l

Q . O . O .

Puc. 2. OOmuit BUA SKCIepuMeHTanbHoN ycranosku @I1B 02M:
1 — u3MepuTeNBEHOE YCTPOUCTBO; 2 — OHACKOIL; 3 — 3KpaH; 4 — ICTOYHHK CBETa; 5 — BaHHA;
6 — HaKOHEUHHK BUOpaTopa; 7 — PeryJMpOBOYHBIN BUHT.

[IpuHuMn fAEHCTBUS YCTAaHOBKM OCHOBAH Ha OCBEIIEHUM MOAYIMPOBAHHBIM CBETOM
BOJIHOBOH KapTHUHBI HA TOBEPXHOCTHU BOJIBI.

VYcTraHOBKa COCTOMT M3 JUACKONA U U3MEPHUTEIBHOTO YCTpoiicTBa. J[nackom BHINOJIHEH B
BHJIE IITATHBA, HWKHEE OCHOBAaHHE KOTOPOTO CIYXKUT 3KpaHOM. B BepxHell wacTu nmackomna
HaXOJUTCSl MCTOYHUK CBETa, CBETOBOM MOTOK OT KOTOPOTO MOJAYIHPYETCS OOTIOpaTopom,
IIPUBOJUMBIM B JBHKEHHME IEKTPOJABHUraTesieM. Bayl qBurarens depes SKCLEHTPUK IMPUBOJIUT B
JBIDKEHUE KoJeONouniics BUOpaTop, HAKOHEUYHUK KOTOPOTO BO30Y)KJIaeT BOJHBI Ha
MIOBEPXHOCTU BOJBI. BuOparop mpmkumaercss K SKCUEHTPUKY NMPYKHHOM, HaTSHKEHUE KOTOPOM
MO>KHO PETYIUPOBATH MPU MOMOIIM BUHTA 7 C LIENbI YCTPAaHEHMS] MEXAaHUYECKHX PE30HAHCOB
CUCTEMBI U NOJYy4EHHs YETKON BOJIHOBOM KapTHHBL. BOoIHOBAsI KapTHHA IpOEUpPYETCs HA dKpaH,
IJie ¥ IPOBOJIATCS HEOOXOAMMbIE U3MEPEHHUSI.

Yacrora mpepblBaHUI CBETOBOTO IOTOKA, COBMAJAIOIIas C YacTOTOH BO30YXKIaeMbIX
BUOpPAaTOPOM BOJIH, pETrUCTpUpyeTcs (POTOJATUYMKOM M HUHAUIMPYETCS CBETOBBIM Tabio
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U3MEPUTENIBLHOIO ycTpoicTBa. Ha nepenHel nmaHenu M3MEPUTENBHOIO YCTPOMCTBA Pa3MELCHBI
CJIEYIOIME OPraHbl yIIPABICHUS:
- kHonKa «IIyck» — 1uid mycka 1 0OCTaHOBKU (ILyT€M ITOBTOPHOI'O HA)KaTHsl) IBUTATENS;
- kHonku «Yacrota+» u «HacTtora—» — 111 U3MEHEHUS YaCTOTHI BPAILICHUS IBUTATENsS
(4acToThl BO30YX/1a€MOI1 BOJIHBI).
Ha nepenneil maHenu HaxXoAATCs TaKKE CBETOAMO[bI, MHIUIMPYIOLIUE COOTBETCTBYIOIIMMA
peXUM paboThl U IU(POBOE TAOIO YaCTOTOMEpA.

Ilopsaook evinonnenus padomot

1. HakoHeunuk koHMYeCKON QoOpMbl NPOTEPETh CIUPTOM, NPOCYIIMTh U 3aXaTb B
[IaHTOBBIN pa3beM BHOpaTopa.
2. 3anuTh NUCTHWIIMPOBAHHYIO BOJAY B BaHHY TaK, YTOObl HAKOHEYHHMK OBLT YaCTUYHO

norpyk€H B Bojay. [Ipyu HamoJdHEeHWW BaHHBI U JaibHEWIeH paboTe HE MOrpyXaTh MaJbIbl B
Boay. [loMHuUTE, 4TO Jake HE3HAUUTEIBHOE 3arpsi3HEHHE CIOCOOHO CYHIECTBEHHO W3MEHUTh
BEJIMYMHY MOBEPXHOCTHOTO HATSKEHUS.

3. [TonoxuTh Ha OCHOBaHKE IITATHUBA JUCT OyMaru WM MIIJIUMETPOBKU U 3aKPEMUTH €€ C
ITOMOIIIBIO TPHKMMOB.
4. [TonkmrounTe CEeTeBOM IIHYp W3MEpPUTEIBHOTO YCTPOMCTBA K CETH M BKIIOYUTH

YCTaHOBKY BbIKIIouareneM «CeTb» Ha 3aJHel MaHean U3MepuTenbHOro ycrpoicrsa. [lpu stom
BKJIFOUUTCS OCBETHTENbHAs JIaMIla JUackoma U JJIeKTpOABUIaTelb, a Ha HWHIUKATOpe
gacToToMepa nosiBUTCs 3HaueHue 4actoTsl (30...60 I'n). BeikimrounTs qBUTaTesb, Ha’kaB KHOIKY
«Tyck» 1 mporpeTh yCTAHOBKY B T€YEHHUE 2-3 MUH.

5. [Tocne nmporpeBa BKIIIOUUTH JBUTATENh, HAaB KHONKY «Ilyck». Ha mucte 6ymaru Oynaer
HaOIOAAaThCSl KapTHHA KPYTOBBIX BOJIH. [Ipr HEyCTOMUMBON WIIM MCKKEHHOW KapTHHE CIEAyeT
W3MEHHUTh YPOBEHb BOJBI B BaHHE M, €CIM HEOOXOAWMO, OTPETyIUpPOBATH BHICOTY YCTaHOBKHU
HakoHeuyHHMKa. Eciam npm Haxatnu kHonku «llyck» naBurartens He BKIIIOYAETCA, TO HYXHO
BBIKJIIOYUTH JIBUTaTeb W OCJIA0UTh MPWKUMHYIO TMPYXKHUHY BHHTOM 7 (BBIIIOJIHAETCS
Ja00paHTOM WITH MPETOAABATEIIEM ).

6. OnpenenuTh AIMHY BOJHBL. {15 3TOr0 M3MEpPUTh JIMHEHKOW WM 10 MHJUIUMETPOBOM
Oymare paccrosHue L, coOTBeTcTBylollee 7l IIepHOJaM BOIHOBOM KapTuHbI. Paccuurarh

L

JUIMHY BOJHEL 1o Qopmyne A = —, rae k= 3,5 - yBenuueHue auackona. M3mepenus
n

HOBTOPUTH 3—5 pa3s, paccuuTaTh CpejHee 3HaueHHe A M 3aHeCTH ero B TabnMIly. 3amucarhb
TaKKe 3HAYCHUE YaCTOTHI, JIJIs1 KOTOPOTO MPOBEICHBI H3MEPECHUSI.
7. W3mensis uvactoTy konebanuii BuOparopa kHonmkamu «Yacrtota+» u «Yacrota—»,
MMOBTOPHUTH M3MEPEHUS I1. 6 JUIsl pa3IMYHbIX 3HAYCHHH YacTOThI (HE MeHee 5-TH), NPU KOTOPBIX
HaOMroAaeTCs J0CTaTOYHO Y€TKAs M cTa0MiIbHas BOJIHOBas kapTuHa (B uHTepBasie ~ 40...80 I'm).
8. Boikmounth nBUraTens, HakaB KHONKY «llyck» M OTKIIOYMTH MUTAaHHE YCTaHOBKH
BEIKTIOYaTeneM «CeThby.
9. [Tocne oxoHuaHus pabOTHI M OTKIIOYEHHS YCTPOICTBA OT CETH CIUTh BOJY W3 BaHHBI U
MPOTEPETh €€ HACYXO XJIOMYaTOOYMaKHON TKaHBIO.

Taoauma

1
Homep v,Tu | A,mm | o,MHM | —

2 3 3
,C o,.MHM | Ao ,mH/M
u3Mep. 2 A7, MM 0 , MH/

Oopabomka pe3ynrbmamos
1. Jlnist KaX0ro u3MepeHus paccuutaite no gopmyne (7) KodpPHUIUEHT MOBEPXHOCTHOTO
HaTSDKEHUS, HalInTe ero cpefHee 3HaueHUe U OLEHUTE TOIPEIIHOCTH.
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2. HpOBepBTe, SABJIAOTCA JIU Ha6JIIOIIaCMBI€ BOJIHBI KalTUWJIJIAPHBIMU. I[HSI 9TOro, MCIIOJIb3Yyd

dbopmymy (7), nomyduTe BhIpaXKEHUE JUIA JUIMHBI BOJHBI A, , COOTBETCTBYIOLIEH MHUHAMAILHOM
CKOPOCTH TIOBEPXHOCTHOUW BOJIHBL. MCHoJb3ysl MOJydeHHOE B pabOTe 3HAYCHHWE O, OIICHHUTE
3HaueHue A, m caenaiite BHIBOJIBL.

3. Onenute KOAIPPUITMEHT OBEPXHOCTHOTO HATSDKEHUS 10 NMpHOImKkeHHOH (opmyne (8).

. 2
Jlist sToro mocTpoiite rpaduk, n3o0pakas 1o ocu abermee Benmuudy 1/ V7, a o ocn opamHaT

3 . . o
— A°. IlpoBepbTe, J€XKAT M TOUYKA HA OJHOMN MpAMOiA. J[yis IPSIMOJIMHEHHOTO y4acTKa rpapuka
MIPOBEIUTE HAWIYUIIYI0 NpAMYIO, HaiauTe e€ yrioBod Ko3((UIMEHT U ONpeAenuTe C

noMoIkko (8) 3HaUeHHE O .

4, OneHuTe pacxoXKJIeHHUE PEe3yabTaTOB pacdyeToB Mo To4HOW (7) um mpubamxeHHOU (&)
dhopmynam.

7. JABOPATOPHBIE PABOTbBI, IPAKTUKYMBbI

He npenycMoTpeHbl y4eOHBIM MJIaHOM
8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PEOEPATOB

He npenycMoTpeHbl y4eOHBIM MJIaHOM

9. HIEPEYEHbD BOITPOCOB K 3AYETY

1. Tlonstne o ¢usznyecKux METOAax HCCielIoBaHUA. B3aumonencTBUE 3IIEKTPOMArHUTHOTO
U3NydyeHus: ¢ BeulecTBOM. JludpakiHOHHBIE U CHEKTpocKomnmuyeckue MeTonsl. [lpsmas u
oOparHast 3a1a4il METOa.

2. MounekynspHas cnektpockonusi. OOnacTd 3MEKTPOMATHUTHOTO CHEKTpa U IPOLECCHI,
MPOUCXOISAIINE IPU MOTJIOMIEHUH U U3ITYYCHHUH.

3. PagnanuoHHbIe ¥ HepaJguallMOHHbIE NIepexoabl. HacToTa U 3Heprus nepexona. 3acea€HHOCTh
sHepreTrueckux ypoBHew. OmHodorTonnsie mnepexoabl. lllupuna nunuu u QaxkTopsl, Ha Hee
BIIKSIOIIME. XapaKTEPUCTUUECKOE BPEMsI METO/IA U €T0 CBSA3b C TUIIOM M3y4aeMOro Ipoliecca.

4. JIByxpoToHHBIE Tepexobl. PanmeeBckoe M KOMOWHAIMOHHOE paccesHue cBeTa. lIpaBuia
otOopa AJis OJIHO- U ABYX(OTOHHBIX MEPEXOOB.

5. IHTeHCUBHOCTD CHIEKTPAbHBIX JIMHUH MOTJIOUICHHS U UCITYCKAHMUS.

6. Meroapl koneOarenbHOU criekrpockonuu. Mudpakpacuas (MK) crmekrpockonms. IIpoctoe
rapMOHHMYECKOE JBM)KEHHE aTOMOB B MoJiekyse. CuiioBble MOCTOsiHHbIE. KBaHTOBOMexaHUue-
CKUW TOJAXOJ K OINHCAHUIO KOJEeOaTeNbHBIX YacTOT, Y4YET aHrapMOHHYHOCTH. KpuBbie
noTeHuuansHou SHeprun. KonebatenbHbie ypoBHU. [IpaBuna orbopa B MK cmekrpockomnuu.
Knaccuueckast 3a- maya o KolieOaHMSIX MHOTOATOMHBIX MoOJeKyld. HopMmanbHble KoneOaHus.
O6eptonbl. CocTaBHbIE U Pa3HOCTHBIE 4YacTOThl. Pe3onHanc ®epmu. MHTEHCHBHOCTH MOJOC
KoJieOaTeNbHBIX CIIEKTPOB.

7. Tlonste 0 HOpMalIbHO-KOOPAMHATHOM aHanu3e. B3aummopevcTBue konebanuu. I[IpoGrema
HEOJIHO3HAYHOCTH MPU HAXO0XKJACHUU CUJIOBOTO MOJISI MOJEKyibl. Mcnonb3oBaHME H30TONMYE-
CKHMX Pa3HOBUJIHOCTEU MOJIEKYIL.

8. Konneniust rpynmnoBbIX KoJieOaHUH U e€ orpanndeHusi. CHMMETpus KOJIeOaHUH.

9. Ilpumenenne UK crekrpockonumn.
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10. ABcopOuMoOHHAs >IEKTPOHHASI CIIEKTPOCKONHS MHOTOATOMHBIX MOJIEKYN. XapaKTepPHUCTUKU
AIIEKTPOHHBIX COCTOSIHUW: KBAaHTOBBIE YMCIIA, MYJIBTUILUIETHOCTh, cUMMeTpus. Kiaccudukamnms
JIEKTPOHHBIX NepexoA0B. Kputepuu oTHeceHUs epexoq0B K TOMY Ui HHOMY TuIty. [lepexosl
C IIEPEHOCOM 3apsja.

11. OcHOBHBIE XapaKTEpUCTUKU IMOJIOCHI IOTJIOUICHUS: MOJNYIIHpPUHA, (PAKTOP aCUMMETPUH,
HMHTETpaJibHasT MHTEHCUBHOCTh. Cwmia ocmwuiaropa. [lpaBunma orGopa. Paspemiennbie u
3arnpelieHHble nepexobl. [[puunHbl cCHATHUS 3ampera.

12. Konmeniwst XxpoMo(pOpPOB B ayKCOXPOMOB.

13. [IpumeneHue 31EKTPOHHOU a0COPOIIMOHHOU CIIEKTPOCKOITHHI

14. SAnepusii mMarHuTHBIM pe3oHaHc (SIMP). Mogens Bpamaromerocst 3apsaa. MarHUTHBIM
MOMEHT $Jpa M YIJIIOBOM MOMEHT KOJIMYECTBa JBMKEHHS. [MpOMarHUTHOE OTHOULICHHE.
[lepexonpl Mexay 3eeMaHOBCKUMHU YpoBHsMH. OcHoBHoe ypaBHenue SMP. Jlapmoposa
npeneccus. Cxema skcriepumenTa SIMP. CriocoObl ocTHKeHusl yciaoBUK pe3oHaHca. OCHOBHbBIE
y31b1 ciekTpomeTpa AIMP. Xapakrep 00pa3iioB, paCTBOPUTEIH.

15. 3acen€HHOCTh 3eeMaHOBCKUX ypoBHEW. CIIMH-penI€ToYHas U CIUH-CIIMHOBAs pejlaKkcalusl.
16. XuMuueckuu cIBUT. BnusiHue 31€KTPOHHOM IJIOTHOCTH, MarHUTHO-aHW30TPONHBIX TPYIIIL,
Cpelbl Ha XUMHUYECKUe CABUTY MPOTOHOB. ASIS-OddekTsl.

17. Cnun-cniunoBoe B3aumozenctsue (CCB). Koncranta CCB. CnekTpsl mepBOTO MOpsiKa.
Uucno KOMIIOHEHT MYJIbTHUIUIETOB, paclpeiefieHHe WHTEHCUBHOCTEH. 3aBUCHUMOCTb KOHCTaHT
CCB ot uncna 1 XxapakTepa CBSI3ed MEX1y B3aUMOJEUCTBYIOIIMMHU POTOHAMH, OT F€OMEeTpHUYe-
CKHUX [apaMeTpOB MOJIEKYIL.

18. CrmocoObl ympoIIeHUsI CIOXKHBIX CHEKTpoB. JIBoWHOW pe3oHaHc u ero Buubl. udrt-
peareHTsl.

19. Ilpumenenne meroma AMP: cTpyKTypHBIM aHaiv3, PacdyeT TEPMOAMHAMUYECKUX Mapa-
METpPOB, M3y4YE€HUE KHUHETUKH KOH(OPMAIMOHHBIX MEPEeXO0J0B M OOMEHHBIX pEaKIHUH, W Jp.
“Oddexrt nepenaun HaceimeHus . 2D-CrneKTpocKomus.

10 CAMOCTOSATEJBbHASA PABOTA OBYYAIOIIIUXCS
Conepxanue, TpeOOBaHMSI, YCIOBHS M TMOPSIOK OpraHU3allMid CaMOCTOSTEIbHOM
paboTel 00ydarmuxcsi ¢ yderoM (Gopmbl oOydeHHs OINpeeNseTcs B COOTBETCTBUU C
«IlonoxxeHueM 00  OpraHu3alMd  CaMOCTOATENIBHOM  paboThl  OOYYaIOIIUXCS,
yTBEPkKACHHBIM YueHbIM coBeToM Yil'Y (mpotokon Ne 8/268 ot 26.03.19 1.).
dopma o0yueHus: OUHas.

Ha3zpanue pa3nesioB u TeMm Bua camocrosiTe/ibHOI padoThI Oo6bem B ®opma
yacax KOHTPOJIs
Tema 1. O030p meronoB | [Ipopaborka yueOHOro Marepuana c 6 TECTUPOBAaHUE
@HSHKO-XHMH‘I@CKOFO HCIIOJIB30BAHUCM pecypcoB y‘l66HO- BO BpeEMA
aHaJIN3a OBEPXHOCTH METOJIMYECKOTO W HWH()OPMAIMOHHOTO ayTUTOPHBIX
obecrieueHus JUCITUTUTHHEL. 3aHATUH;
IToaroroBka K yCTHOMY OIIPOCY. BKJIIOUEHHE
IloaroroBka K ciaye 3ayera. BOIIPOCOB Ha
3a4ere
Tema 2. O®usnueckue | [Ipopaborka yueOHOro Martepuana cC 4 TECTUPOBaHUE
OCHOBBI COBPEMEHHBIX HCIIOJIB30BAHHEM pecypcoB yqe6Ho— BO BpeM:A
CIIEKTPOCKOINYECKIX METOJMYECKOr0 W HH(OPMAIMOHHOTO ayJITOPHBIX
METOJIOB HCCIEIOBAHUS 1 obecrieueHus JUCITUTUIHHEIL. 3aHSATUH;
JMATHOCTHKH TOBEPXHOCTH. IToaroroBka K yCTHOMY OIIPOCY. BKJIIOUECHUE
.. | IlogroroBka Kk ciade 3ayera. BOIIPOCOB Ha
Metoasl DIIEKTPOHHOM
3a4ere
CIIEKTPOCKOITHH.
Tema 3. Penrrenosckag | [Ipopaborka ydeOHOro wmarepuana c 4 TECTUPOBaHUE
WCTIONIb30BAaHUEM  PECypcoB  y4eOHO- BO BpeMsl
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(hoTORIEKTpOHHAS METOJMYECKOr0 W HMH(OPMAIMOHHOTO ayJIMTOPHBIX
CIIEKTPOCKOIINA (P®3C). obOecrieueHus JUCHUILINHEL 3aHSTUM;
DU3HYeCKHe TPUHIHIB 1 [TonroroBka K yCTHOMY ONpOCY. BKJIFOUCHHE
OCHOBBI METOJIA IToaroroBka k ciaye 3a4era. BOIIPOCOB Ha
3a4ere
Tema 4. Osxe-anektponHas | IIpopaborka ydeOHOro matepuana ¢ 4 TECTUPOBAHHUE
CIIEKTPOCKOIIHS. UCIOJb30BAHUEM  PECYpCOB  yueOHO- BO BpeMs
dusndYecKHe NPUHLHUIB ¥ | METOMMHUECKOTO U UHGOPMAITHOHHOTO ayJIMTOPHBIX
OCHOBBI METOJIA. obecrieyeHus JUCITUILIHHEIL. 3aHSATHH;
[ToxroroBka K yCTHOMY OIPOCY. BKJIFOUEHHE
IToaroroBka k ciaye 3a4era. BOIIPOCOB Ha
3a4ere
Tema 5. [Mpumenenune | [Ipopaborka yuebHOro Marepuana ¢ 4 TEeCTUPOBaHUE
CUHXPOTPOHHOTO HCIIONIb30BAHUEM  PECYPCOB  y4ueOHO- BO BpeMs
M3y 4eHHUS B | Meroaudeckoro ¥ MHGOPMALMOHHOIO ay/ITOPHBIX
yIBTpadroIeTOBOI obecrieueHus JUCITUILIHHEIL. 3aHSATHIH;
(boTODTERTPOHHOI gOJIFOTOBKa K YCTHOMY OITPOCY. BKJIFOYEHHE
cnextpockoran  (YOIC), OJIrOTOBKA K CAade 3a4eTa. BOIIPOCOB Ha
. 3a4ere
MeTtoast HOHHOM
CIIEKTPOCKOTIN U
Tema 7. | [IpopaboTka y4eOHOrO MaTepuama C 4 TeCTUPOBaHNE
CHGKTpOCKOHI/I‘—IeCKI/Ie HCIIOJIb30BAHUEM pecypcoB y‘ICGHO- BO BpeEMA
PEHTIEHOBCKHE METO/[bI | MCTOIMYECKOro  u HHGOPMAITIOHHOTO ayTUTOPHBIX
AHAIIN3A obOecreueHHUs TUCIUILINHBI. 3aHSATUH;
IToaroToBKa K yCTHOMY OITPOCY. BKJIIOUCHUE
IlogroroBka K caade 3ayera. BOIIPOCOB Ha
3a4ere
Tema 8. Macc- [IpopaGorka yueOHOro Marepuajga C 4 TECTUPOBAaHUE
CIIEKTPOMETPHSL. HCIIOJIB30BAHHEM pecypcoB yqe6Ho- BO BpEMA
METOANYECKOT0 ¥ HWH(POPMAIHOHHOTO ayJIMTOPHBIX
o0ecreueHHUS TUCIUILINHBL. 3aHATUH;
[TonroroBka K ycTHOMY OIpPOCY. BKJIIOUCHUE
IlogroroBka K caade 3ayera. BOITPOCOB Ha
3a4ere
Tema 9. Texunka [MpopaboTka y4eOHOro wmarepuana ¢ 4 TECTHPOBAHUE
3KCIIEpUMEHTA HCITIOJIB30BAHUEM pecypcoB yqe6H0— BO BpeEMA
METOJIMYECKOTO W HWH()OPMAIMOHHOTO ayJIMTOPHBIX
o0ecreUeHHUS TUCIUILINHEI. 3aHATUH;
[TonroroBka K ycTHOMY OIpOCY. BKJIIOUCHUE

ITogroroBska k cgade 3adera.

BOIIPOCOB  HA
3ageTe

11 YYEBHO-METOJANYECKOE 1 TH®OPMAIIMOHHOE

OBECIIEYEHUEINCHUIIJINHBI

a) CniMcoK peKoMeHIyeMoil JJUTepaTyphbl

OcHoBHAA :

1. dusuyeckne MeTOIBl UCCICNOBAHHA U MX NPAKTHYECKOE NMPHUMEHEHHE B XUMHYECKOM
aHaJM3e : U3JaHue BTOpoe, nepepaboTaHHOE U J0NoJHEeHHoe. YueOHoe nocobue / H. I
Apenues, 0. H. Mensenes, M. U. Tokapes [u ap.]. — Mocksa : IIpomereis, 2015. —

196 c. —
onbnuoTeyHas

ISBN 978-5-9906134-6-1. —
cucremMa

Texcr

IPR BOOKS

https://www.iprbookshop.ru/58227.html
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2. Jlykos, B. B. ®u3nueckue METObI UCCIEIOBAaHUS B XUMHH : yueOHOe mocodue / B. B.

Jlykos, U. H. llep6akoB. — Poctos-Ha-/lony : U3matensctBo KOxHOTO (enepanbHOTO
yHuBepcureta, 2016. — 216 ¢. — ISBN 978-5-9275-2023-7. — TekcT : 3neKTpOHHBIH //
OnektpoHHO-Oubnnoreunas cucrema [PR BOOKS :  [caiit]. —  URL:
https://www.iprbookshop.ru/78713.html

JlomostHuTEABHAS

l.®du3nueckne METOAbl HCCICIOBAHUS W HMX NPAKTHYECKOE MPHUMCHCHHE B
XMMHUYECKOM aHaJIM3e :@ W3JaHue BTOpOE, MepepadOTaHHOE W JOIMOJHEHHOE.
Yuebnoe nocodue / H. I'. Apermes, FO. H. Measenes, M. 1. Tokapes [u ap.]. —
Mocksa : IIpomereit, 2015. — 196 ¢. — ISBN 978-5-9906134-6-1. — Tekcr
ANEKTPOHHBIN // DnexkTpoHHO-O0mOmmoreunas cucrema IPR BOOKS : [caift]. —
URL: https://www.iprbookshop.ru/58227.html
2.Kanpirmaa, O. H. ®uswyeckne METOABI WCCIICIOBAHUS BEHIECTB : Yy4eOHOE
nocobue / O. H. Kanbiruna, A. I'. YetBepukosa, B. JI. bepaunckuii. — OpenOypr
: OpenOyprckuii rocynapcrBeHHblit yauBepcuretr, ObC ACB, 2014. — 141 ¢. —
TexkcT : amexkTpoHHbIN // DnekTpoHHO-OMOMMoTeuHast cucrema IPR BOOKS :
[caiiT]. — URL.: https://www.iprbookshop.ru/33663.html

y4eOHO-MeTOoAnYeCKas

1. Tagomckuit O. H. ®uszmyeckre METOIbl HMCCIECAOBAHUS : METOJIWYECKUE YKa3aHUs IS

CaMOCTOSITEIFHOW paboThl OakanaBpoB HampasieHus moarotoBku 04.03.01 Xwuwmus / O. H.

lagomckuit. - YassHoBek : Yal'V, 2019. - 18 c. - Heony6nukoBanusiii pecypc. - URL:

http://lib.ulsu.ru/MegaPro/Download/MObject/10876 . - Pexwum mocryma: DbC Val'V. - Tekcr :

3IEKTPOHHBIMN.

CorJiacoBaHo:

Hauvaneuuk otnena HB Yal'V  / OkyneBa U.A./ //4—/// 10.06.2020

JIO/KHOCTB COTPY/IHHKA Hay4YHOI OMOIHOTEKH OHUO Aouncs
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MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanus PO
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VYIIbSHOBCKUI TOCY1apCTBEHHBII YHUBEPCUTET

@ - Pabouast mporpaMma 1o JUCHHUILINHE

0) mporpaMMHoOe odecrieueHHne
1. Microsoft Office
2. OC Windows Professional
3. Awxtumiaruar BY3

B) IIpodeccuonaibHbie 6a3bl JaHHBIX, HTHPOPMALMOHHO-CIIPABOYHbIE CHCTEMbI

1. D1eKTpOHHO-OMOINOTEYHBIE CUCTEMBI:

1.1. IPRbooks : anekrpoHHO-0MONMMOTEYHAs cucTeMa : calT / rpynna komnanuil A [1u
Ap Memua. - Capatos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum moctyma: mis
3apEruCcTPUp. MOJIb30BaTeNEH. - TEKCT : ANEKTPOHHBIN.

1.2. IOPAUT : snekTpoHHO-OMGmMOTeuHas cuctema : cailt / OOO DiekTpoHHOE
usnarenscteo FOPAMT. — Mocksa, [2021]. - URL: https://urait.ru. — Pesxxum poctyma: s
3apEruCcTPUp. MOJIb30BaTeNEH. - TEKCT : AIEKTPOHHBIN.

1.3. KoHcynpTaHT CTyIdeHTa : DJIEKTPOHHO-OmOmmoTeuHas cucrema : cait / OOO
[Tomutexpecypc. — Mockpa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pexxum noctyma: st 3apeructpup. nojiab3oBareneil. — TEeKCT : 3JeKTPOHHBIM.

1.4. KoHcynbTaHT Bpaya : 2JIEKTpOHHO-O0MOIMoTeuHas cucrema : cailt / OOO Beiciias
IIKOJIA OPraHu3alMi W  YIOPaBJICHUA 3ApaBOOXpaHEHHEM-KOMIUIEKCHBIA  MEIUIIMHCKHAN
KoHcanTHHr. — MockBa, [2021]. — URL: https://www.rosmedlib.ru. — Pexum moctyma: mis
3apEerucTpUp. MoJib3oBaresend. — TeKCT : AEeKTPOHHBIN.

1.5. bonpirast MmenuuuHCKas OMOIMOTEKA : AJIEKTPOHHO-OMOIMOTEYHAS CHCTEMa © CalT /
OOO byxkar. — Tomck, [2021]. — URL.: https://www.books-up.ru/ru/library/ . — Pexxum mocryma:
JUISL 3apETUCTPUP. MOJb30BaTeNeh. — TEKCT : 3IIEKTPOHHBIM.

1.6. Jlanp : snexkTpoHHO-OMONMHMoTeuHas cucrema : caut / OOO DbC Jlawp. — CaHKT-
ITerepOypr, [2021]. — URL: https://e.lanbook.com. — Pexxum goctyma: s 3aperucTpup.
0JIb30BaTene. — TEKCT : 3JEeKTPOHHBIN.

1.7. Znanium.com : 3meKTpoHHO-OMONIMOTEUHas cuctemMa : cabt / OOO 3HaHUyM. -
Mocksa, [2021]. - URL: http://znanium.com . — Pexum mocTyma : Ui 3aperdcTpHp.
oJb30BarTesnel. - TeKCT : 3IeKTPOHHBI.

1.8. Clinical Collection : KoJIeKuus Ii MEIUIMHCKAX YHUBEPCUTETOB, KIWHUK,
MEIUIIMHCKUX OnOINOTEK /l EBSCOhost : [mopTau]. — URL.:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
e97828f9f7e1%40sessionmgrl02 . — Pesxxum Joctyma : Jjisi aBTOpU3. MoJib3oBaTeneil. — Teker :
3JIEKTPOHHBIM.

1.9. Pycckuil s3bIK Kak WHOCTPAHHBIA : AIIEKTPOHHO-O0pA30BaTENbHBIA pecypec A
MHOCTpaHHBIX cTyaeHTOB : callT / OO0 Komnanus «Aii [lu Ap Meauna». — Capatos, [2021]. —
URL: https://ros-edu.ru. — Pexum moctyma: sl 3aperucTpup. mosib3oBareneid. — Teker :
JJIEKTPOHHBIN.

2. KoncyabsrantIlimioc [DnekTpoHHBIN pecypce]: cripaBoyHas npaBoBas cucrema. /000
«Koncynprant [lmroc» - OnekrpoH. nas. - Mocksa : Koncynerantlimroc, [2021].

3. ba3bl JaHHBIX NEPUOANYECKUX U3TaHUI:

3.1. ba3a naHHBIX MEPHOJMUYECKUX M3JaHMU : 31eKTpoHHbIe XypHaisl / OO0 UBUC. -
Mocksa, [2021]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexxum poctyma : uis
ABTOPU3. MOJIB30BATENEN. — TEKCT : 2JIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayunas snekTpoHHas OubOnuoteka : caiit / OOO Hayunas
OnekrponHas bubmuoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pexxum nocryna : amst
aBTOPU3. MOJIB30BATENIEN. — TEKCT : 2JIEKTPOHHBIN

3.3. «Grebennikony : anextponnas oubnuoreka / U/ I'pebennunkoB. — MockBsa, [2021]. —
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MuHHCTEpPCTBO HAYKU U BEICIIEro oopa3oBanus PO @
VYIIbSHOBCKUI TOCY1apCTBEHHBII YHUBEPCUTET opma
@ - PaGovast mporpamMma o QUCIHILIHHE
URL:  https://id2.action-media.ru/Personal/Products. — Pexum poctyma : Jyis aBTOPHS.
[10J1b30BaTeNeH. — TEKCT : AJEKTPOHHBIN.

4. HaunuonajabHasi JJIeKTPOHHAs OuUOJMOTeKAa : DOJICKTpPOHHAas OubIMOTEeKa
denepanbHas rocyaapcTBeHHas WHGOPMAMOHHAs CHCTEMa : caiiT / MUHHCTEPCTBO KYJIbTYPHI
P® ; PI'b. — Mockga, [2021]. — URL: https://H36.pd. — Pexum mocTyna : ajisi moJIb30BaTENCH
Hay4yHOU OMOIMoTeKU. — TEKCT : 37EKTPOHHBIM.

5. SMART Imagebase I EBSCOhost : [mopTan]. — URL:

https://ebsco.smartimagebase.com/?TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum poctyma : yisi aBTOPH3.
noJsib3oBareneil. — M3o0pakeHue : 3JeKTpOHHBIE.

6. ®enepanbHble HHPOPMALHOHHO-00pa30BaTe/bHbIE MOPTAJIbI:

6.1. EnnHoe OKHO JiocTyma K 00pa3oBaTelbHBIM pecypcam : QenepalbHbIi mopran /
yupeautens ®I'AOY A0 HPT'OIl m UT. — URL: http://window.edu.ru/ . — Tekcr :
JJIEKTPOHHBIH.

6.2. Poccwuiickoe oOpazoBanme : (enepanbHbId moptan / yuapeaurear OIAOY IO
LIPT'OIT u UT. — URL.: http://www.edu.ru. — TeKkcT : 3IeKTPOHHBIIA.

7. O6pa3oBarenbHblie pecypebl Yal'y:

7.1. Dnexrponnass O6ubmmoreka Ynl'Y : momyne ABUC Mera-ITPO / OO0 «Jlata
Dkempece». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum moctyma : s mojb3oBaresieit
HayyHOU OnOInoTeKu. — TEKCT : 37eKTPOHHBIM.

Cornacosano: s
3am.Hau. YUTuT Knoukosa A.B. / //77// / 14.06.2020
Jlomknocts corpynnka YU TuT ®HO MO/UTHCH

JlonKHOCTb coTpyaHuKa YUTuT [ol7]6] nognucb narta
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10 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-
HCCJEJOBATEJbCKOM PABOTHI

YueOHas aymutopusi 212 uis mpoBENCHHS JIEKIUH, TPYNIOBBIX M WHIAWBHUIYaTbHBIX
KOHCYJbTAllMM, TEKyILEero KOHTPOJS U HIPOMEXKYTOYHOM arrectauuu (c  HaboOpoMm
JEMOHCTPAIIMOHHOTO O000OPYIOBaHUS JJIsi OOCCIICYCHHUS TEMAaTUYCCKHX WIUTFOCTPAIlUi B
COOTBETCTBMU C pabodeil mnporpaMMor AMCHUIUIMHBI). [loMmemenne yKOMILJIEKTOBAHO
CHCIMAM3UPOBAHHON MEOCNIbI0 Ha 24 TOCaJOYHBIX MECT W TEXHHYECKUMHU CPEICTBAMH:
9KpaH HACTEHHBIM, JMocka ayauTopHas. Pabouee mecro npenomasatens, WI-FI, untepner.
ITnomans 42,93 kB.M.

VYuebnas aymutopus 216 s mpoBeaeHus, 3aHATHIA J1a00paTOPHOTO THIIA, TPYITIOBBIX U
WHIUBUAYATBHBIX KOHCYJBTAIIUH, TEKYIIEro KOHTPOJSI M MPOMEKYTOYHOH aTTecTtanuu (C
Ha0OpOM  JIEMOHCTPAIMOHHOTO  OOOpyAOBaHUS i OOecleueHUss  TEeMaTHYeCKHX
WUIIOCTpAlliii B COOTBETCTBUMM € pabouell mporpaMmoil aucturuimHel). Ilomemnienue
YKOMIUIEKTOBAHO CIICIUATN3UPOBAHHON MeOelbio Ha 16 Mmoca0oYHbIX MECT U TeXHUYCCKHUMHU
CpencTBaMu: dKpaH HACTCHHBIN, IOCKa ayauTopHas. Pabouee mecto mpenogasarens, WI-FI,
naTepHeT. [Inomans 42,93 kB.M.

YdueOHas ayauToOpHst T CaMOCTOSTEIbHONU paboThl cTyaeHToB 230 ¢ moctynom k OBC.
JUI  CaMOCTOsATENbHOW pabotel  cryaentoB, WIi-Fi ¢  goctymom k DUOC, DBC.
KommbroTepHblii  Kilacc YKOMIUIEKTOBAHHBIM — CIIEIMATU3MPOBAHHON Mebenpto Ha 32
MOCAJOYHBIX MECT W TEXHHYECKMMH cpeacTtBamu oOydenus (16 mepcoHambHBIX
KOMIIBIOTEPOB) C ocTynoM k cetn «MuTepreTy, DUOC, DBC. ITnomanp 93,51 kB.M.

YwuranbHbIH 3a1 HaydHOU OMONMHoTekH (ayauTopus 237) ¢ 30HOM I CAMOCTOSTEIBHOM
pabore, Wi-Fi ¢ gmocrymom k DOUHOC, DBC. Ayauropus YKOMILICKTOBaHA
crienuaau3upoBaHHol Mebenpto Ha 80 TMOCAamOYHBIX MECT M OCHAIIeHa KOMITBIOTEPHOU
TEXHUKOU ¢ nocTynoMm Kk cetu «Muateprety, DMOC, DbC, sxpanom u npoektopoM. Ilnomanp
220,39 kB.M.

11 CIIEIMAJIBHBIE YCJIOBUA AJISA OBYYAIOIIUXCA C
OI'PAHUYEHHBIMHA BO3MOKHOCTAMMU 3/10POBbS (OB3) U
HNHBAJINI0B

O6yuatomuecs ¢ OB3 u WHBaMMABI TPOXOAAT TPAKTHKY COBMECTHO C JPYTHMH
oOyuaromumucst (B ydeOHOW Tpylie) WIM HWHAUBHIYadbHO (IO JUYHOMY 3asBIICHUIO
oOyuarorierocs).

OmnpeneneHne MecT NPOXOXKIACHUS NpPaKTUKU At oOywatomuxcs ¢ OB3 u uHBammuos
OCYIIECTBIISICTCS C YUETOM COCTOSIHMSI 30POBbs M TPeOOBAHUIN K MX JOCTYIMHOCTH JUISl JAHHOM
Kateropun oOyuaromuxcs. [Ipu onpeneneHun Mect u ycinoBuil (¢ y4éTOM HO30JIOTMYECKOM
Ipylnbl M TPYNNbl  MHBAIMAHOCTH — OOyyarollerocs) IMPOXOXKICHUsS  ydyeOHOH M
IIPOM3BO/ICTBEHHON MpaKTUK /s JAHHOM KaTeropHM JIMIl YYMTHIBAIOTCS WHAMBH]yalbHbIE
0COOEHHOCTH OOyyaroIuxcs, a TakXkKe pPEKOMEHJIAIMM MEANKO-COIMAIbHON 3KCIePTU3bI,
OTpa)KE€HHbIE B MHAMBUYAJIbHOM MporpaMMme peabuINTaluu, OTHOCUTENFHO PEKOMEHI0BAaHHbBIX
YCJIOBHI U BUJIOB TpYy/a.

IIpu ompeneneHun Mmecta HpakTUKU i oOywaromuxcs ¢ OB3 u mHBanuaoB ocoboe
BHUMaHME yjenseTcss 0e30MacHOCTU TpyJa M OCHalleHHIo (000pyaoBaHUIO) pabodero mecra.
Paboune MecTa Ha MPAKTUKY MPEIOCTABIAIOTCS NPOGHUIBHONW OpraHu3aleld B COOTBETCTBUH
CO CJIEIYIOIIMMH TPEOOBAHUSAMMU:

—  aasa odyvyarommxcess ¢ OB3 u uHBaAJINAOB 1O 3peHHMIO - CIA00BHASINIMX: OCHAIICHHE
CIeLUaNbHOTO paboyero wmecra OOIMKMM H MECTHBIM OCBEIIEHHEM, O00eCreunBaIOIINM
OecnpensTCTBEHHOE HAaXOXKJICHHE YKa3aHHBIM JIMIIOM CBOETO PabO4Yero MecTa W BBINOJIHEHHE
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WHIMBUIYAIBHOTO 33/IaHUS; HAJTMYUE BUJICOYBEITUUUTEINCH, JIyIT;

— paa ob0yyawummxes ¢ OB3 u uHBaIWI0B 1O 3peHHI0 - CJENbIX: OCHAIICHHUE
CIEUUANIBHOTO pabouero Mecta TH(PIOTEXHUYECKUMU OPHEHTHPAMH W YCTPOWCTBAMH, C
BO3MOKHOCTBIO HCIIOJIB30BaHUSI KPYITHOTO pelbepHO-KOHTpacTHOro mpudpra u mpudra
Bpaiins, aKyCTHYECKUMHU HaBUTAITUOHHBIMHU CpeIcTBaMH, o0ecreynBaroImuMu
OecHpensTCTBEHHOE HAXOXKJICHHE YKa3aHHBIM JIMIIOM CBOETO PabOYero MeCTa W BBINOJIHEHHE
WHIMBHUYAIBHOTO 33/1aHUS;

—  naa odyvaoumxess ¢ OB3 u MHBATHAOB MO CJIYXY - CJA0OCHABINIALIMX: OCHAIEHUE
(oOopymoBaHue) crenuaabHOro pabodero Mecra 3BYKOYCHJIMBAIOIICH — ammapaTypo,
TenedoHaMu TS CJIa00CIIBIIIAIINX;

— s odyvyaommxcsi ¢ OB3 u uHBaJIMI0B MO CJYXY - IVIyXHX: OCHAIICHUE CHEIHAIHHOTO
pabouero mecra BU3YaJbHBIMH WHAWKATOpaMH, NpPeoOpa3ylOMMMU 3BYKOBBIE CHTHAIBI B
CBETOBBIC, pPEUYEBBIC CHUTHAIBI B TEKCTOBYIO OETYIIYIO CTPOKY, IS OecCHpensiTCTBEHHOTO
HAXOXXJCHHUS YKAa3aHHBIM JIMIIOM CBOETO pabouero Mecra W BBINMOJHEHHS WHAWBUIYAIBHOTO
3aJJaHuUs;

— aaa ob0ywaromuxes ¢ OB3 u uHBaAMI0B ¢ HapyumieHHeM (YHKUMIi ONOPHO-
ABUTATEJIBHOI0 ammapara: o0opyaoBaHHe, 00eCTIeuMBarOIIee Pean3alnio IPrOHOMHYECKIX
MPUHIMTIOB (MaKCHUMaIbHO YyI0OHOE IS HHBAJM/IA PACIIONOKEHUE AIEMEHTOB, COCTABIISIOMINX
paboduee MecTO); MEXaHHW3MbI M YCTPOWCTBA, TO3BOJISIFOIIME HW3MEHSTH BBICOTY W HAKJIOH
paboueii TTOBEPXHOCTH, TMOJIOKEHHE CHACHBS PabOYero CTylna MO BBICOTE M HAKJIOHY, Yroj
HAKJIOHA CIIMHKKA Pa0boyero CTyia; OCHANICHHWE CIECIUATBHBIM CHICHBEM, 00ECIeUHBaIONINM
KOMIIEHCAIMIO YCWIIUS MIPU BCTABaHUU, CIIEUATbHBIMU MPUCIOCOOIEHUSMU 7Sl YIIPABICHUS U
00CITy>)KMBaHUS 3TOTO 000PYIOBAHUS.

VYcrnoBust opraHuMzalMi M MPOXOXKICHHS MPAKTHUKH, IOATOTOBKM OTYETHBIX MAaTepuasoB,
MIPOBEJICHUS TEKYIEro KOHTPOJIS M MPOMEKYTOYHON aTTECTAlUHU 0 MPAaKTHKE 00ecTeynBaloTCs
B COOTBETCTBUU CO CJEIYIOIIUMH TPEOOBAHUSMHU:

— OObem, Temr, (QOpMBbI BBIMOJHEHUS HWHIUBUIYaJIbHOTO 3aJaHHsl Ha TEPUOJ MPAKTHUKH
YCTaHABIMBAIOTCA WHAMBUAYAJIBHO JUIS KaXJOro oOydarollerocs yka3aHHBIX Kareropuil. B
3aBUCHMOCTH OT HO30JIOTMM MAaKCHMAaJIbHO CHIDKAIOTCS IPOTHUBOINOKA3aHHBIE (3pUTEINIbHEIE,
3BYKOBBI€, MBIIICYHBIEC U JIP.) HArPY3KU.

—  VYyeOHple M Yy4eOHO-METOOMYECKHE MaTepHalibl MO0 MpPaKTHKE MPEICTaBISIOTCS B
pas3nuuHbIX Gopmax Tak, 4ToObl oOyuatouruecs ¢ OB3 u MHBaNMIbBl ¢ HApYLICHUSIMU CIyXa
nosydyanu UHGOPMaIMI0 BU3YaJbHO (JIOKYMEHTAIUsl MO MPAKTHKE MEYaTaeTcsl YBEIWYCHHBIM
mpudToM; MPEeAOCTaBISAIOTCS BHAEOMATEpUANbl U HArJSAHbIE MaTepHallbl MO COACPIKAHUIO
MIPAKTUKHU), C HAPYIICHUSIMHU 3PEHUS — ayAuajbHO (HampuMep, C MCIOJb30BaHUEM MPOTpPaMM-
CHUHTE3aTOPOB PEYH) WM C TOMOIIbIO TH(HIOMH(POPMAITUOHHBIX YCTPOMCTB.

—  @®opMma npoBeleHUsI TEKYIIEro KOHTPOJS YCHEBAEMOCTH M MPOMEXKYTOYHOW aTTeCTalNH
g obydaromuxcss ¢ OB3 u MHBaNUIOB YCTaHAaBIMBAETCS C YYETOM HWHIMBHUAYaJTbHBIX
MCUX0(U3HUECKUX OCOOCHHOCTEH (YCTHO, MHCHbMEHHO, MPU MOMOIIM KOMIIbIOTEpa, B (opme
tecTupoBaHus u  T.1.). Ilpu HeoOxomumocTu  oOydaromemycs NPEOCTaBIISIETCS
JOTIOTHUTEIHHOE BPEMS JJIsl IOJTOTOBKY OTBETA U (WMJIN) 3aIIUTHI OTYETA.

PazpaboTuunku: npodeccop O.H. 'agomckmii
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MHuUHHCTEpCTBO HAyKH H BEICIIEro oOpa3oBanus PO Dopma
Y I1bSTHOBCKMI TOCY1apCTBEHHbIH YHUBEPCUTET
@ - Pabouast nporpamMma JMCLUIUINHBI

JUCT USMEHEHUI
Ne n/m Coaepxanne DUO 3aBeaymoniero Moanucs Jara
U3MEHEeHH s MU kadenpoii, peajnsyromei
CCBLIKA Ha AUCUUILIMHY/BBINMYCKAIOIIEi
npujaaraemMbli kadeapoi
TeKCT U3MEHEHHs
1 Buecenue Llponwy O.1O. : 31.08.2022
W3MEHEHUH B II.I1. B)
[IpodeccnonansHbie
0a3nl JaHHBIX,
WHPOPMALTUOHHO-
CIPaBOYHEIE
cuctemsl 1. 11
«YuebHo-
METOAMYECKOE U
nH(pOpMAITHOHHOE
oOecrieueHue
JUCLIUIIJIMHED) C
odopmireHuEM
npuiioxeHus 1

Ilpunooicenue 1
IIpogheccuonanvhuvle 6a3vl OAHHBIX, UHPOPMAYUOHHO-CNPABOYUHBLE CUCTHEMDBL

1. Dy1eKTPOHHO-0UOJINOTEYHbIE CHCTEMBbI:

1.1. ludposoit oOpazoBarenbHbIil pecypc [PRsmart : anekrponHo-OubnuoTeuHas cucrema :
caiit / OOO Kommnanus «Aii [Tu Ap Menuay. - Caparos, [2022]. — URL: http://www.iprbookshop.ru.
— PexxuM moctyna: 1uis 3aperucTpup. mojap30BaTenei. - TeKCT : 31eKTPOHHBIM.

1.2. O6pasoarensHas rmiarpopma FOPAMT : oGpasoBaTenbHblil pecypc, SIEKTPOHHAs
oubnmoreka : caiit / OO0 DnextponHoe m3narenscTBo FOPAUMT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pesxxum goctyma: st 3aperucTpup. moab30Baresie. - TEeKCT : AJIeKTPOHHBIN.

1.3. ba3a nanHbIX «3JnekTpoHHas Oubnmoreka TexHuueckoro BY3a (OBC «KoncynbraHT
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