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1 HEJIb 1 3AJAYU OCBOEHMUSA JUCHUIIJTINHBI

1. [emstMu OCBOCHMS JUCHUTILIMHEI SIBJISIOTCS :

- OCBOCHHME OYIYIIMM CIICIIHAINCTOM TCOPETHYCCKUX OCHOB M COBPEMEHHBIX (PH3HMYECKHX
METO 0B aHAJIM3a COCTaBa U CTPYKTYPHI Pa3JIMUYHbIX MAaTEPUAJIOB;

- TpUOOpETEeHHE TMPAKTHUYECKHX HABBIKOB (DM3MUYECKHMX METOJOB aHalIW3a Pa3IMYHbIX
MaTepuajioB — KPUCTAIUIOB, KPUCTAJUIMYECKUX TUIEHOK, CTEKOJ, CTPOUTEIbHBIX MaTEepUajoB U
Ap;

- OIIpeNIeTICHHE ONTHMAJBHBIX U Hanbomee 3PPEKTUBHBIX METOIOB aHAIN3a U BO3MOYKHOCTH
UX UCTIOIB30BAHUS B IKCIIEPTU3€E MATEPHAJIOB, BEIIECTB U U3/CIUH.

3aa4yu OCBOCHUE M CLIUILIMHBIL:

- PacKpbITh POJIb U MECTO (PU3UKO-XUMHUECKUX METO 0B UCCIIEI0BaHMs B pab0Te XUMHKA

- M3Y4YUThb OCHOBHBIE OKCIEPUMEHTaJbHblE 3aKOHOMEPHOCTH  (PU3MKO-XMMUYECKHX
METOIOB MCCJICIOBAHHUS U YCTaHOBJIEHHUS CTPYKTYypbl BEIIECTB OpPraHUYECKOHM H
HEOPraHWYECKON MPUPOABI

- UCHOJb30BaThb METOJOJIOTUIO IPUMEHEHUS (PU3HKO-XUMUYECKUX METOJOB MCCIIEN0BAaHUS
COeIMHEHUN

2. MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII

Jlannas yyeOHasi MUCUMIUIMHA BKJItoYeHa B pazaen bl. Jucuummuael (Mogynu) yueOHOTO
pabouero mmiana OIIOIl mo HampaBienutro moarotopku OakanaBpoB 04.03.01 Xumwus u
OTHOCHTCS K BapHaTHBHOW ero dactu (oOs3aTenbHas 4Yacth). JucruruimHa OasupyeTcs Ha
3HAaHUAX W YMEHHSX, BBIPAOOTAHHBIX TIPU TMPOXOXKIECHUH TMPEAMIECTBYIONUX KYpPCOB
(HeopraHmyeckass XHMUS, OpraHWYecKas XuMHs W JAp.), yrayomser QyHIaMeHTaIbHYIO
€CTECTBEHHO-HAaY4YHYIO TOJITOTOBKY CIIELUAINCTOB, 3aKJIaAbIBaeT 0a3zy AJis psja MOCIENYIOUNX
CHeIrabHBIX KYPCOB Y XUMHUKOB.

3HaHUsA, TMOJy4YEeHHbIE B XOA€ HW3YYEHUA JUCHUIUIMHBI  «DPU3MYEeCKHe  METOMAbI
WCCIICZIOBAHUS» MOTYT OBITh HCIIONH30BaHBI TPH HAMMMCAHUY KBATM(UKAIIMOHHBIX 0aKaIaBpCKUX
pabot o HanpasneHuto 04.03.01 — Xumus ¥ MOATOTOBKE K MOCTYIJIEHUIO B MArUCTPATYpPy IO
npoUITI0 MOATOTOBKH XUMUS OKpY’KaIOIIEH cpebl, XUMUYECKast IKCIEPTH3a U IKOJIOTHYecKast
0€30IacHOCTb.

JlucuunianHa OCBaMBaeTCs OJHOBPEMEHHO C TaKMMHU JUCHMIUIMHAMHM KakK: KOJUIOHMHAs
XUMHSI, KPUCTAIDIOXUMHUS H JIP.

3. HEPEYUEHb IVTAHUPYEMBbIX PE3YJbTATOB OBYYEHUS 1O AUCHUIIJIMHE,
COOTHECEHBIX C IINTAHUPYEMbBIMMU PE3YJIBTATAMHU OCBOEHUA
OBPA3OBATEJIbHOM ITPOT'PAMMBbBI

N3yuenne aucnumimabl «PU3HYECKHE METOAbI HcclienoBaHusl » B pamkax ocBoeHust OIIOII
04.03.01 - Xumus HarpaBiaeHO Ha GOPMHUPOBAHUE Y O0yUYAIOLIMXCS CIASTYIOLIMX KOMIIETEHIIHH:

Ne Hunexc Conepxanue B pesynbrare u3yueHus yaeOHON TUCIATUIMHBI 00yJaroIHecs
n/m KOMIICTE KOMIICTCHIIN JOJIKHBI:
HIIMN (I/IJ'H/I (S lIaCTI/I) 3HaThb YMETH BJIaACTH
1 nK-1 CnocobHOCTh MPUHLIUIBI OILICHUBATh MOATOTOBKOK
BBIIIONMHATE moa0opa METOI0B JOCTOBEPHOCTH Marepuaia I
CTaHAapTHbIC aHamm3a ISt pe3yabTaToB aHaIM3a | MPOBENCHUS
OHCPALIH 11O SKCIIEPTH3BI IOBEPXHOCTH U XUMHMYECKOM
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MpeUIaracMbIM
METOIUKAM

MOBEPXHOCTH
MaTepraos,
Oasupyromrecs Ha
3HAHHUU

e IIIECTBYIOLIUX
JICIIUTLIVH:
HEOpraHuyYecKas
XUMUS, PU3HKA

BO3MOKHOCTH UX
HCII0JIb30BaHM B
XUMHYECKOU
SKCIIEPTU3E
MaTepruanoB U
W3JIEJMH Ha UX
OCHOBE

OKCTIIEPTU3HI
MOBEPXHOCTH C
Y4eTOoM
ocobeHHoCTElH
ero (pu3nKo-
XUMHAYECKUAX
CBOWCTB

OBILIAA TPYAOEMKOCTD JUCHUIIJIMHBI

O0beM TUCHUILTHHBI B 3a4eTHBIX equHunax (scero) 3 3ET

ITo Bunam yuedHoii padorsl (B yacax): 108

KonuuectBo yacoB
(bopma oOyueHust ovHas )
Bun yuebnoit paboTsl BCero no B 1.4. mo
IJIaHy cemMecTpam
8
1 2 3
KonTakTHast pabota 00ydJarIuxcs ¢ MpernogaBareaeM 70 70
AyIUTOpHBIE 3aHATHS: 70 70
Jlekun 28 28
[IpakTuyeckue U CEeMUHAPCKUE 3aHSTUS 56 56
JlabopaTopHbie paboTh (JIAOOPATOPHBIN MPAKTUKYM) - -
CamocrosiTenbHas pabota 24 24
Texyumii KOHTPOJIb (KOTMYECTBO U BHJI: KOHTPOJIBbHAS TECTUPOBaHUE, TECTUPOBAHHE,
paboTa, KOJUNIOKBUYM, pedepar) YCTHBIN ONPOC YCTHBIN OIIPOC
KypcoBas pabora HE HE
IpeyCMOTpEHa | MpPeayCMOTpeHa
Bupl mpoMeXxyTOUHOM aTTecTaluu (3K3aMeH, 3a4€T) 3auem 3auem
Bcero yacos 1o guclHUILUIMHE 108 108

Conepmarme AUCHUIIIMHBI. Pacnpeue.ﬂe}me YacoB nmo TeMaM M BHAaAM y'leﬁHOﬁ

padoThI:

dopma oOydeHus: _odHas

Bunabl yueOHbIX 3aHATHH
Ay/MTOpHBbIE 3aHATHS B T.4.
3ansitus B | CamocTosT
Ha3Banmue u pa3iesioB u TemMm Bcero NMPaKTHYECK |J1adopaTop
WHTEPAKTH| eJbHas
JIEKIIMM | Me 3aHATHS,| Hble .
CEeMUHAPBI a00ThbI DHOM padora
p p (popme
1 2 3 4 5 6 7
Tema 10630p  MeTom0B
(U3UKO-XUMUYECKOTO 12 2 4 - 4
aHaau3a oBEPXHOCTU
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Tema 2 dusnueckue OCHOBBI
COBPEMEHHBIX
CHEKTPOCKOMUYECKUX
METOMOB MCCIAEOOBAHUS U
JTUAaTHOCTUKH  TTOBEPXHOCTH.
MeTtonbl JEKTPOHHOU
CHEKTPOCKOIHH.

16

Tema 3  PentrenoBckas
(hOTORMEKTPOHHAS
CHEKTPOCKOMUS (PDIC).
®dusnyeckue MPUHIHIBI |
OCHOBBI METOJIA

10

Tema 4. Oxe-31eKTpOHHas
crniekrpockonus. duznyeckue
IPUHIMIIB U OCHOBBI METO/IA.

10

Tema 5. [IpumeHnenne
CHHXPOTPOHHOTO HW3IIy4EHUS
B yIbTpaprOIECTOBOM
(bOTO2IEKTPOHH O
CIIEKTPOCKOMUHU (YOIC).
MeTonn! HOHHOU
CHEKTPOCKOIHH.

12

Tema 6 JlecopOumoHHas
CIIEKTPOCKOIHSI

10

Tema 7.
CneKkTpoCcKon1uecKne
PEHTI€HOBCKHUE METO/]IbI
aHaIM3a

12

Tema 8. Macc-
CIIEKTPOMETPHSL.

12

Tema 9. Texuuka
SKCIEpUMEHTA

14

4

6

Hrtoro

108

28

56

24

5. COAEP KAHUME JUCHUIIJINHBI MOYJISA)

Tema 1. O630p MeTO010B (PU3UKO-XMMHYECKOI0 AHATHU3A MIOBEPXHOCTH

MeTtonbl uccienoBaHUS TMOBEPXHOCTH (0OmMKA 0030p M XapaKTEPUCTHKAa METOAOB aHaln3a
cocTosiHusI MOBepxHOCTH): CrHeKTpanibHbIe METOABI MCCIEIOBAHUS 3JIEMEHTAPHOTO COCTaBa U
AIIEKTPOHHOM CTPYKTYpBl TBEPABIX TEJI C HMCHOJIb30BAHUEM pA3JIUYHBIX SJIEKTPOMArHUTHBIX
W3JIy4YEHUH.

Tema 2. @u3n4ecKHe OCHOBBI COBPEMEHHBIX CMIEKTPOCKONMMYECKUX METO/10B HCCIeI0BAHUS
U INATHOCTUKH MOBEPXHOCTU. MeTOo/IbI 2JIEKTPOHHOI CIEKTPOCKOMMUH.

CreKTpOCKOIHUs IEKTPOMATHUTHBIX U3IY4eHHH. XapaKTepPUCTUIECKHE CIIEKTPhI SMUCCHH,
abcopOIMu ¥ (PIIFOOPECIICHIINH.

BropuuHas 3JeKTpOHHAsE SMHUCCHS - OCHOBAa COBPEMEHHBIX METOJIOB aHajH3a MOBEPXHOCTH.
DHepreTHuecKoe pachpenerneHne BTOPUYHBIX ANEKTPOHOB. CHEKTp BTOPHYHBIX SJIEKTPOHOB,
BO30YXK/Ia€MbIX DJIEKTPOHHBIM yIapoM. 3aBUCHMOCTH KO3 (DUIIMEHTOB BTOPHIHOM 3JIEKTPOHHOM
SMHUCCHU M YIPYroro OTPa)KEHUS OT PHEPryuu MEPBUYHBIX JIEKTPOoHOB. Heympyroe paccesHue
SJIGKTPOHOB M TIOBEPXHOCTHAS YYBCTBUTEIBHOCTh. PacmpeiesieHus 3JeKTPOHOB IO SHEPTHUSIM.
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OnexTpoHHBI cnekTp. [yObuna otOopa aHanuTuyeckod wuHQoOpMmanuu. XapakTepucTHKa
COCTOSIHMSI TIOBEPXHOCTH 00paslia: paclnpefelieHue 23JIEMEHTOB [0 TIJyOuHe, Haluuue
3arps3HEeHUH, OlleHKa IePOXOBATOCTH TOBEPXHOCTH.

Tema 3. PenrrenHoBckasi ¢orodiekTpoHHasi cHekrpockonuss (P®IC). dusuueckue
NPUHIUNBI 1 OCHOBBI MEeTO/1a

PentrenoBckas crnekTpockonus. PeHTreHoBckas (oTo3nekTpoHHas crektpockomnusa (DCXA),
anekTpoHHasg Oxe-cniektpockonus, Y®POC, JIDPIC. OOusnueckne npuHuunel POOC.
KauecTBeHHBII U KOMTMYECTBEHHBIN aHanmM3. YdeT 3apsaku nosepxHoctd B POIC (metansl,
MOJIYIPOBOAHUKA M AUANCKTPUKH). XUMHUUeckue casuru B PDD-cnektpax. Mopenu ans
MHTEpIpETallul XUMcIBUra. BTopuuHas cTpykrypa crekrpoB. [IMKM MIIa3MOHHBIX NOTEPb.
MynbTHIUIETHOE paciienicHue. PeHTreHoBckre cate/uuThl u ayxu. Caremutsl «shake-up» u
«shake-off». CrpykTypa BaJe€HTHOW 30HBL. ACHMMETPUS OCTOBHBIX YpPOBHEH METAaJIOB.
UyBCTBUTENBHOCTh K  MOBEPXHOCTHOMY  ciol0.  YrioBble dddektel.  Judpakuus
dotosnektpoHoB. POIC ¢ yrinoBeiM pazpemienneM. KonnuecTBEHHBIN 3JIEMEHTHBIA aHAU3 B
AJIEKTPOHHOM  cleKTpockonuu. AmnmapatypHoe odopmieHue wMerona. Hepaspymaronmii
KAueCTBEHHBIN U KOJIMYECTBEHHBIN JIEMEHTHBIN U (Pa30BbIi aHAJIM3bl TOBEPXHOCTH METAJIOB,
CIUIaBOB, MaTEPUAJIOB BBICOKMX TeXHOJIOruil. Mcnonp30BaHue MeTOAa Jis JIOKaJIbHOIO aHaJIn3a
noBepxHocTH. [Ipeaen 4yBCTBUTEIBHOCTH METOAa M OTHOCUTEIbHAs TOYHOCTH OIPEAENICHUs,
JIMAIa30H ONPEEsieMbIX 3JIEMEHTOB.

Tema 4. Oxe-3JIeKTPOHHAS cIeKTPocKkonus. Pu3nyecKkue NPUHIMIBI 1 OCHOBBI METO/1a.
@uznueckne NpUHIUIBE OXe-3JIEeKTPOHHON CIEKTPOCKONHUH. CHEKTp BTOPHYHBIX IEKTPOHOB,
BO30YK/1a€MbIX AJIEKTPOHHBIM YJapOM. OCHOBHBIE IIPOLIECCHl. DHEPrusl 0XkKe-3JIEKTPOHOB
cBobogHoro aroma (TeopeTHdeckui, MOTYIMIUPUYECKUA W OMIUPUYCCKHH PacUeThl).
DHepreTuyeckue ypoBHHU, ciBUTU U (opma Oxe-nmukoB. DHeprus OxKe-3JIEKTPOHOB B TBEPAOM
tene. Ceuenne moHmszanuu. Koadgdumrment odbpatHoro paccesHusi. I myomHa Beixoga. MeTossl
KOJINYECTBEHHOI0 aHaimn3a. Meros K03(pPUIMEHTOB OTHOCUTENbHON 4yBCTBUTENbHOCTH. DOC
Kak MeToJI aHaim3a coctaBa nopepxHoctu. Conocrasienne 0C u POOC.

Tema 5. IIpuMeHeHHMe  CHHXPOTPOHHOIO  M3Jy4YeHUss B  YJbTpaduoeTOBOM
¢porosriexkrponnoii cnekrpockonuu (YPIC). MeToabl HOHHOM CIIEKTPOCKONMUM.
dusnueckue HPUHLHIIBI yIbTpapuOIETOBON (OTORJIEKTPOHHOM CIIEKTPOCKOIIUH.
Hcnons3oBanue YOIC st nu3ydeHust 30HHONU CTpyKTyphl. IIpumenenne YOOC nis usydeHus
aZcOpOMpOBaHHBIX  MOJEKyl. Mcmonb3oBaHWE  CHHXPOTPOHHOTO — HM3Iy4YeHHS W €ro
npeumyiiectBa. COOTHOLIEHHE MEXAY SHEprueldl CHHXPOTPOHHOTO H3IY4YEeHHS M TIIyOMHOH
BbIX0J1a (OTORNIEKTpOoHOB. DOTOAIMUCCHUS U3 IBYX BBIPOXKIEHHBIX MO SHEPIUU CUCTEM YPOBHEH.
3aBUCHUMOCTb CEUEHMs IIOIJIOLIEHHUs OT 3Hepruu (oToHOB. PaccesHue MemJIEHHBIX HOHOB
(PMH). Crpykrypubie aedekTsl u ux mnposisieHus B PMU. PaccesiHue OBICTPBIX HOHOB.
Cratnueckass ©  auHamu4deckas  BtopuuHo-monnas  macc-criektpomerpusi  (BUMCO).
KonuuectBenHass uHTeprpeTanus MAaHHBIX MOcioiiHOro anamm3a. KammOpoBka ckopocTu
pacnbuienus. lllkama konnentpauuid. Paspermenue mo riyOune. DddexTsl, 00ycaoBIECHHBIE
WOHHOW OOMOApMPOBKOIA.

Tema 6. /lecopOumoHHasi CIEKTPOCKONHS

AncopOiusi Ha TOBEPXHOCTH TBEPABIX Ted. MolleKylisipHas W JUCCONMATHBHAS aJcopOLus.
HecopOuunonnasi cnektpockonus. TepmoaecopOuus. MMmynabcHas U TepMONpoOrpaMMupyeMast
necopOius. KadecTBeHHBIM aHaMM3 3aBUCUMOCTEH JIaBJICHHS OT BpPEMEHH. Y PaBHEHUE
Appennyca. M3otepma aacopobuuu Jlenrmiopa. Ilepexon yacTuil uyepe3 MOBEPXHOCTh pasiena
TBepabIX (pa3. OGopynoBaHUE U U3MEPEHUSI.

Tema 7. CIEeKTPOCKONMYECKUE PEHTT€HOBCKHE METO/IbI AHAJIN3a

MeTonbl  pEHTr€HOCTIEKTPAJIbHOTO aHalM3a: MO TEPBUYHBIM  CHEKTpaM  HUCIYCKaHUS
(PEHTreHOPMHUCCHOHHBIN  criekTpalnbHbli  POC), M0 BTOPUYHBIM CHEKTpaM HMCIYCKaHUS
(pertrenoduryopecteHTHbI aHanu3 PDA), mo criekTpaM MOTJIOMEHUs
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(pentrenoadcopOunonHbIii aHam3 PAA). OCHOBHbBIE CTaluM PEHTTEHOCIEKTPAILHOTO aHaIn3a.
Hctounuk BO30YXKIAEHHS PEHTIC€HOBCKOIO H3IydeHus. Pa3nokeHue U3IydeHUs B CHEKTP.
[IpenmymectBa ¢uyopecuieHTHOro aHanu3a. PeHTreHoBckuii kBanToMerp. KonmuecTBeHHBIN
aHAIM3 HAa OCHOBE METOAA TpajyupoBOYHOro rpaduka. OOpa3ipl cpaBHEeHUS. be3dTanoHHBIN
meron PDOA Ha ocHOBe TEOpeTHUECKOro pacuera (GpyHIaMEHTAIbHBIX (PU3NUYECKHX ITapaMeTpoB.
Pa3HoBUIHOCTH PEHTI€HOAMHUCCHOHHOT0 aHanm3a POA. PCMA kak MeToJ| JIOKaJIbHOTO aHaJln3a:
IUIOIIA/b AaHAJIM3UPYEMOr'0 y4acTKa M Macca aHaJIM3uPyeMOro BeIlecTBa.

Tema 8. Macc-cniekTpomMeTpus.

Honnzanust aToMOB M MoJieKyJd. MeTtoasl noHu3auuu. Tumbsl HoHOB. CyIIHOCTh METOJA Macc-
cnekrtpomeTpuu. IlpuHIMnuanpHas cxemMa Macc-CHEKTpOMETpa. MarHUTHBIE M JUHAMHYECKHE
Macc-CIEeKTPOMETPHI. CrieKTpoMeTpH OH -IIUKJIOTPOHHOTO pe3oHaHca. XpomaTo-macc-
CIEKTPOMETPUS.

Tema 9. TexHuka 3KcriepuMeHTa

Annapatypa POOC - u Oxe - skcriepuMeHTa: UCTOUHUKHN BO30YX/IEHUS, BaKyyMHasl cucTema,
aHaAJINU3aTOPbl 3JIEKTPOHOB, AETEKTOPHI, CUCTEMBbl ABTOMAaTHU3allMM IKCIEPUMEHTA, MPOrpPaMMbl
obpaborka pe3yinbraToB. BakyymHas cuctema. TpeGoBaHuss k Bakyymy. CHCTEMBI OUYHCTKU
noBepxHocTH. Tepmuueckas obpaboTka. Meroauka mMaTeMaTH4eckol 0oOpabOTKH CIEKTPOB B
POOC n Oxe-cneKTpoCKONUU U aHajdu3a 3KCHEepUMEHTalIbHBIX JaHHBIX. Crila)kuBaHUE LIyMa.
Boruntanue ¢ona. [uddepennupoanue u UHTErpupoBaHHE CHEKTpPOB. PasnoxxeHue Ha
AJIEMEHTAapHbIE COCTABJIAIOIIME. BpIuncieHne pa3HOCTHBIX CIIEKTPOB.

6. TEMbI IPAKTUYECKHNX 1 CEMAUHAPCKHUX 3AHATHI

6.1. Ilpakmuueckan padoma Nel. dusnyeckue cpoiicTBa cyjJbuaa KagMus U MeTOAbI
NOJy4eHHUs! IVIEHOK.
Llenpio aHHOM PabOTHI SBJISETCS OCBOGHHE TEXHOJOTHMHU U IMOJIyYEHHE MOJUKPHUCTATUINIECKUX
(doTONpOBOIANIMX IJICHOK Cylb(uAa KaaMmHs, JIETHPOBAHHOTO XJOPUIAOM MM, HaHECEHHE
OMHUYECKUX KOHTAaKTOB M HCCIEIOBAaHUE HEKOTOPHIX (POTOINEKTPUUECKUX CBOMCTB MOJTyYEHHBIX
($OoTOpE3UCTOB.
KoHTponsHbIE BOITPOCHL.
1. Meroznbl nony4eHus Moy poOBOAHUKOBBIX MJIEHOK.
2. Metons! aktuBarmu Cds.
3. Ponb TexHOMOrMUECKNX (haKTOPOB: TEMIIEpaTypa UCIIAPEHNUs, TEMIIEPATypa MOTOXKKH,
OCTaTOYHBIE T'a3bl, CKOPOCTh UCIAPEHHS U T.II. HA CTPYKTYPY U CTEXHOMETPHIO.
4. Posib MOJTOKKHY B 00pa30BaHUM IJICHOK.
Ilpakxmuueckasa pabomaNel
OHU3HYECKHE CBOHCTBA CYJIb®HIA KAIMHUA H METO/IbI ITOJIVYEHHA ITVIEHOK.

METOAUKA BBIITIOJIHEHUSA PABOTBI.

3arpy3uth (appopoBBIii WM KBAPLEBBIH TUTEIh UCXOAHBIM MaTepuanoMm B kommuectse 0.4-0.5
I. U IpOrpeTh ero B cymmibHoM mkady npu temmnepatype 100-150 °C s ynaneHus BIaru us3
MOPOIIKA, KOTOPBIA BCIEACTBUE MPUCYTCTBHS XJIOpUAA SBISETCS TUTPOCKOMUYHBIM. TwHrens
yCTaHABIMBAETCS B JIEpP)KaTEellb U CBEPXY B HErO OMyCKAaeTCs HarpeBaTelb. Takoe MOI0KeHUe
HarpeBaTeNss TPEMSTCTBYeT BHICKAKMBAHMIO YACTUI[ TMOPOLIKA MpH ucmapeHuu. I[loamoxxku
3akpermitoTess B "kapycenmu" mox yriom 25-30 K TOpPH3OHTY. 3areM yCTaHaBIMBACTCA
CTEKJISIHHBIN KOJIAaK.

[Tocne moctmkeHus B ycraHOBKe Bakyyma 5 10 MM pr. CT. momaeTcs HampspKeHUE Ha
ucrnaputenb. s TuTaHus UCIapuTells NPUMEHsIeTcs MoHmKatomuil Tpanchopmartop 12 B, 50 A
U pEryJupoBOYHBINA aBTOTpaHchopmaTop. HanpsokeHnue Ha mcnapuresne nosblmaercs "maramu”
yepe3 10 B ¢ BbIepKKOH B KaX10M MOJIOKEHUU B TeueHune 4-5 muH. 10 31auenus 100 B.
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[Tponecc npoaoynkaercs /10 MOJTHOI0 UCTIAPEHUS UCXOAHOT0 MOPOIIKA.

[Tocne okoHUaHuUs Mpoliecca HAMbUICHUS HANPSKEHHE MOCTENEHHO CHUYKAETCS JJIsl MEAJIEHHOTO

oxJaxaeHus cnupanu. Ilocne okoHYaHUS HaNbUIEHUS CIIEIYeT IPOU3BECTH OTKAYKy B TEUEHHE

10 MuH. 10 OXJaXXKAEHUs HarpeBaTess, IMOCIe Yero MOXKHO CHATHb KOJIMAakK, IMpelBapUTesIbHO

IIPOBEPUB NOJIOKEHNE BEHTUJIEW BaKyyMHOT O arperara.

[Tocne HambplUIeHUST HEOOXOAMMO B3BECHUTHh IOMJIOKKH C IUIGHKAMH M 1O BECy ONpPEeiIHuTh

paccuutath ee ToimuHYy. [lodydeHHOe 3HaueHHE CpPaBHUTH C pe3yJbTATOM H3MEpPEHUs Ha

MukpouHTeppepomerpe MU -5.

C nenpio ceHCHMOWIIM3ALMK TJIGHKHM HEOOXOAMMO OT)Kedb €€ Ha BO3JIyXe B IMe4d Mpu

temmeparype 550 °C B reuenue 10 MUHYT.

KoHTakThl K IJIEHKaM HaHOCATCA Maiikod ciiaBa Byna crnpuMmeHeHueM B kadecTBe (piroca

BOJHOM 3MYJIbCUHU MMOJMBUHUIIALETATHON CMOJIBI.

Ha nonyuennbIx oTopesucTopax BHIIOTHAIOTCS CIEIYIONINE U3MEPEHUS:

1. CHuMaeTcs TEMHOBAsl U CBETOBAsI BOJIbTAMIIEPHBIE XapAKTEPUCTUKHU IPU OCBEUIEHHOCTSIX

200 u 1500 nx u u3mMeHeHun HanpspkeHus ot 1 go 12 B.

2. Ompenensercss KpPATHOCTh M3MEHEHUS CONPOTHBIIEHUS TEMH./CBET MpPU HANpspKeHUH 12

B. u ocBemennoctsx 200 ik u 1500 nx.

3. Jlns Tex e OCBEIIEHHOCTEH pacCUNUThIBAETCS UHTEr pajibHasl YyBCTBUTEIbHOCTb.
3AJTAHUE

1. O3HaKOMHTBCSI C BAKYYMHOM U 2JIGKTPHUECKON CXeMaMU BaKyyMHOTo oTKkagHoro nocta BOII-

6.

2. [TonroToBUTH HCXOMHOE BEIIECTBO (€CIIM HET TOTOBOTO) M MOJJIOKKH.

3. IlpousBecTy HaMbUIEHUE U MPABUJIBHO BBIKIIOYUTH OTKAYHOM MOCT, JaB OCTBHITh HCIAPUTEIIO

U 11 y3MOHHOMY HACOCY.

4. I3mepuThb TONIIMHY TUIEHOK JIByMsI CIIOCOOaMH.

5. Hamasitb KOHTaKTHI.

6. [TIpoussectu uamepenus (1.- 3.).

Ilpakmuueckaa paooma Ne 2. U3MepeHHe NMJIOTHOCTH JAUCTOKAIUIA U 1e()eKTOB YNAKOBKH
B MOHOKPHCTAINIMYECKUX U IMUTAKCHAIBHBIX IJIeHKAX
Henbto nanHoi paOOTHI SABISETCS OCBOCHHE TEXHOJIOTMM U TMOJYyYEHUE MOJUKPHUCTATITMUYECKIX
(GOTONMPOBOAMMX TUICHOK CYJIbpHUAA KaaMUs, JISTHPOBAHHOTO XJIOPUIOM MEIU, HAaHECECHUE
OMUYECKUX KOHTAaKTOB M HCCIEOBAaHUE HEKOTOPHIX (POTOINEKTPUUECKUX CBOICTB MOTy4EeHHBIX
(hOoTOPE3UCTOB.
KOHTpOIIBHBIE BOIPOCHI.
1. CtpyKTypHO-4yBCTBUTEIJIbHBIE CBOICTBA MOy POBOJHUKOBBIX KPHCTAIIIOB.
2. ATOMHBIC HApyIICHHS CTPYKTYPHI Kprctauia. Knaccudukamnus 1eGekToB CTpyKTYpHI.
3. ToueuHble 1ePEKTHI.
4. Jlucrnokamuu, BUAbI JUcaoKauui. [IJI0THOCTh THCIOKAIIHM.
5. JleeKThl yIIaKkoBKH.
6. MeTobl HAOIIOICHUS TV CTIOKAIUH.
7. Brusinue TexHomoruueckux paxTopoB Ha Ae(EKTHl CTPYKTYPHI.

IIpakmuueckan pabomahe2
U3BMEPEHUE IUVIOTHOCTH /IHCIIOKAIIHH U JIEQEKTOB YIIAKOBKH B
MOHOKPHCTAJUIHYECKHUX U SITUTAKCHAJ/IBHBIX ITVIEHKAX.

METOJAUKA BBIITIOJIHEHUA PABOTbI
[TnoTHOCTE AMcIOKaUil U e(eKTOB YIAaKOBKH OIMpeeisieTcs MyTeM BU3yalbHOr 0 HaOI01eHUs
B Mukpockorie MMUM-6 niacTiHbI KpEMHUS, TOIBEPTHYTON CEIEKTUBHOMY TPaBJIEHUIO, U
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nojicyeTa uncia (Gpuryp TpaBiaeHUsI.
st BBIABIICHUS 1€EKTOB YITAaKOBKH MCIIOJIb3yETCS TPABUTEIb CIEAYIOIIEr0 COCTaBa:
50 r Cr,03 + 100 ma H20 + 150 mut HF
HanuaroT Bo ¢ropomnacToByto mocyay 40 M1 TpaBUTEIlsl; OMMYCKAIOT B YAIIKy C TPAaBHTEIEM
TUTACTUHY TaK, 4TOOBI BCS TOBEPXHOCTH ObLIa MOKPHITA TPABUTENIEM; TPABSAT TUIACTUHY B TEUCHUE
20 cex. mpu KOMHATHOW TeMIIepaType.
[To ucreuennn BpeMeHH TPaBICHUS TIIACTHHY U3BJICKAIOT MUHIIETOM ¢ (PTOPOIIIaCTOBBIM
HAaKOHEYHUKOM U3 TPaBUTEIIS, TIIATEILHO MPOMBIBAIOT BOJIOH, BHICYITUBAIOT (PHIIBTPOBATILHBIMHU
Oymaramu.
[TpocMOTp MOBEPXHOCTH TIACTHH BEAETCS C TOMOIIHIO METAIIOT pahuIecKoro MHKpOCKOma
MUM-6.

3AJJAHUE

1. O3nakomuthes ¢ onucanneM MUM-6.
2. Be10op mosieit uaMepeHus Mpou3BOIUTCs coryiacHo puc. 1 u tabnwmie 1.

Taoauna l.
Toukwu (ros) Paccrosinue ot nenTpa, MM
HU3MCPCHUA
Juamerp 30 40 52 60 76
IIJIACTUHBI
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

[Togcuer konmuecTBa Ne(EKTOB OCYIIECTBISIETCS IO BCEM IOJSIM IUIACTHHBL. B cimydae
OpPHEHTAlMM B KpHCTauiorpaduvyeckoM HampaBieununu yBeaumdenue Oepercs 210 (oObexkTHB
21x0.40; oxymsip 10 ); MOSCHUTD TIIIOCKOCTS.

B cny4yae opueHTanu#M IUIOCKOCTH TJIACTHUHBI B KpHcrajuiorpaduyeckom Hampapiexnuu [100]
yBenmuenue Oepercs 400 (oobektuB 40x0.65; okymsp 10 ). IIpocmarpuBaercs 17 moeit.
Kpaiinre Touku u3MepeHus 1ODKHBI OTCTOSATh Ha 4 MM OT Kpast IJIACTUHBI.

Crenyer c4MTaTh OJMHAKOBBIC IO pa3MepaM (PUTYPHI TPaBIICHHS:

quist opreHTaruu [111] B BUje 4e€TKO OYEepPUCHHBIX TEMHBIX TPEYTOJIbHUKOB, MPSMBIX OTPE3KOB U
V- 00pa3HbIX JUHUH.

s opueHtanumd  [100] B BHAE paBHOCTOPOHHHMX YETHIPEXYrOJBHUKOB  (KBaIpaTOB),
HEJIOCTPOCHHBIX YETHIPEXYT OJIbHIUKOB.

[TnoTHOCTE Ne(eKTOB YHMaKOBKH PAacCUMTHIBAETCS Kak cpenHee apudmernyeckoe u3 Bcex 17
u3MmepeHuid. CpegHee KOJIMYECTBO JE€(PEKTOB YINAKOBKH B IIOJIE€ 3PEHUS MHUKPOCKOIA,
YMHOXEHHBIN Ha IepecYeTHBI KOA()(UIMEHT, TaeT 3HAUYCHHE INIOTHOCTH Je()eKTOB Ha CM°.
[Tepecuernbrii kodpduiueHT , rae S - MIOMAAb MOJs 3PEHUS MUKPOCKOIA; OHA 3aBUCUT OT
BBIOOpa OOBEKTHBA, OKYJISpa M OMPENESIeTCs C MOMOIIBI0 O0BEKT - MUKpomeTpa, S = D
OOBEKT - MHUKPOMETpP YCTaHABIMBACTCS HA CTOJMK MHUKPOCKONA «BBICTYIIOM» BHHU3 H
onpenenstor D.

Hanpumep N = 82 nenenusm, nena nenenus = 0,01 mm. Torma D = 820,01 = 0,82 mm = 0,082
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CM.

= = = =210 cMm
Cpennee konuuectBo fAepeKToB P B IpoCcTpaHCTBEHHBIX MOJISIX, HAIPUMEDP, PABHO:
p_ 2+0+3+1+0+0+4+7+O+O+4+5+3+0+7+O+O_2_10XX

17

=30 p10m = 42100 ]
17

[110THOCTE IHCIOKAIM ONpeensieTcs TakKe ¢ MOMOIIBI0 MeTautorpauueckoro MUKpocKomna
10 HAaOJIOJIEHUIO U MO/ICUETY AMCIOKAIIMOHHBIX SIMOK TpaBiieHUs. /{7151 MX BBISBIICHUS
HCIIOJIb3YETCS Ta K€ TEXHOJIOTHS U TPaBUTENb TOr'O K€ COCTaBa, YTO U JIJIs BHIABICHUS 1€(PEKTOB
YIIaKOBKH, TOJIBKO BpeMSs TPaBJIEHUS YBEINYNBACTCS 10 2 MUH.

CrnenyeT MoACYUTHIBATD:

J1st opueHTauuu [111] - TeMHBIE TpeXTrpaHHbIE TUPAMUJIBI C BEPIIMHOMN B 1ieHTpe. JInHuM
CKOJIb)KEHHSI, PEICTABIISIONINE PSJl TEMHBIX TPEYT OJIbHUKOB, PACIIOJIOKEHHBIX B HAIIPABJICHUH
[110], BxoasT B 00MIHMii IOACYET CPEIHEH IIIOTHOCTH JUCIOKAIUIN 110 TUIACTHHE.

qui opueHTanuu [100] - TeMHbIE BBITAHYTbIE YETBIPEXYTOJIbHbIE JTU00 OKPYTJIble (PUTYPBI
TpaBIICHUS.

[TpocmaTpuBatotcs 17 monei, nexalmuyx Ha ABYX B3aUMHO MEPHEHAUKYISPHBIX THHHIX,
MPOXOMSIINX Yepe3 TOUKU U3MEPEHUs, TPU ITOM TOYKH HA ITUX JIMHUSAX JOJDKHBI HAXOIUTCS HA
OJIMHAKOBOM PAaCCTOSHUU OT LIEHTpa IUIaCTUHBI (CM. pUCYHOK). KpaiiHue Touku nusmMepenus
JIOJDKHBI OTCTOATH Ha 4 MM OT Kpas oOpasiua. [InmoTHOoCTh [ucinokanuii pacCHUTHIBAETCS Kak
cpennee apudmernyeckoe u3 17 uzmepenuit. CpeaHee KOJIMUECTBO AUCIOKAIUHN B TIONI € 3PEHUS
MHUKPOCKOIA, YMHOKEHHOE Ha TIepeCYeTHBIN K0 (D PUIMEHT, 1aeT 3HaYeHHEe IIIOTHOCTH
nucnokanuii Ha cM”. [1py u3MepeHusx 3amnoHseTcs Tabaua:

-R 0 R1= R2 = R3 = R4 =

0

90

180

270

N

[MTorpemHocTh MeTona - 50%

IlIpakmuueckaa paboma Ne3. PeHTreHoBCcKast GOTOIEKTPOHHAS CIIEKTPOCKOIHSA -

Llenb paboThl: mprOOpeTEeHHE HABBIKOB PabOThI ¢ PO -CriekTpoMETpOM B YCIOBUSIX PEAILHOTO
TEXHOJIOTMUECKOT0 Ipollecca 1 MPOBEACHU (PU3MUYECKUX U CCIe0BaHUH 00BEKTOB; 3HAKOMCTBO
C COBPEMEHHBIMH ITPOrPAMMHBIMH CPECTBAMH MaTEMaTHUECKOH 00pabOTKH CHEKTPaIbHbIX
JIMHUAN

KOHTpoOnbHBIE BONPOCHI.

1. VYecrpoiictBo anekTporHoro cnektpomerpa 9C-3201, npuHIUNIBI pabOThl U yCTPOUCTBO
OCHOBHBIX y3JIOB U OJIOKOB CIIEKTPOMETPA

2. lloaroroBka BaKyyMHOH CHCTEMBI K pa0oTe, MOJArOTOBKAa 00OpPA3LOB K 3KCIEPUMEHTY,

3HAKOMCTBO C CHUCTeMOW cOopa W 00paboTKM MHGOPMALUU U MPOTPaMMON YIpaBICHUS
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KOHTposuiepoM P®D-cnekTpomerpa, pernameHTbl 3anucu P®D-criekTpa, uUCCIEI0BaHUE
TEXHOJIOTMUYECKUX MPUCTABOK JIJI1 OCYIIECTBICHUS HArpeBa 00pasLioB U aIcOPOLIMH Ira30B.
3. TlonydeHue u uccien0BaHUE BBICOKOIO BaKyyMa.
4. VccnenoBanue ¢porodddexra ¢ ocTOBHBIX ypoBHEH B POIC.
5. OOpaboTka sKcnepuMeHTaJdbHbIX pe3yibTaToB Ha I[IK, 3HakoMcTBO € mporpaMMHBIMU
cpeactBamu (Origin), MareMaTH4ecKue MPOIEaypsl 00padOTKH (DOTOINEKTPOHHBIX JHHHUHA Ha
KOMITBIOTEPE C MOMOIIIBI0 porpamMmubix cperacts (Origin 8.0)
6. Onpenenenue 3apsaKu MOBEPXHOCTH 00 IydaeMbIX 00pa3iioB (KAIMOPOBKa CIIEKTPOB).
7. OrmpeneneHrue XUMHYECKOTO CABUTAa JJIEKTPOHHBIX YPOBHEH aTOMOB B Pa3IMYHBIX
XUMHUYECKUX OKPYKECHUSX.
8. MneHTHduKAIMS COCTOSIHHIA SJIEMEHTOB B IIOBEPXHOCTHOM CJIOE€ BEIIECTBA.
9. Ananu3 cniuH-opOUTaNBHOTO pacuiernenus B POD-cnekTpax.
10. KonnuectBenHslit ananu3 qaHaeix POOC. Onpenenenue cTpykTypoi popMyIibl BElIecTBa.
11. UnTepnperanus naHHbix POOC B KOHKPETHBIX XUMHUKO - M (PU3MKO-MaTEpHAIOBEIY €CKUX
3a/1ayax.

Ilpakmuueckaa padoma Ned4. Oxe-371eKTPOHHASA CHIEKTPOCKOINS
Heab padoThl: - IprHOOpETEHNE MPAKTUYECKUX HABBIKOB 00paboTku PDD - 1 Oxe-CriekTpos,
KaJTMOPOBKHU CIEKTPOB, BBHIIIOJHEHUS Ka4€CTBEHHOT'O M KOJIMYECTBEHHOT'0 aHAIN3a JAHHBIX
P®OC u D0C, xumuueckoit HTepnpeTanuu JaHHbIX POD - u Oxe-CneKTpOoCKONuy;

3aKPCIINICHUC TCOPCTHICCKUX 3HaHPII>i, INOJIY4YCHHBIX B XOA€ 06y‘leHI/I$I.

1. Ananu3 conytcrByromux Oxe-cekTpoB B POOC.

2. O6paboTka FKcrepruMeHTalbHbIX pe3yibraToB Ha [1K (Origin 8.0).

3. OnpeneneHue 3apsiiK| MOBEPXHOCTH 00IydaeMbIX 00pa3ioB (KaanOpOBKa CIICKTPOB).
4. Omnpenenenrie XUMHUECKOro caBura Oxe-IMHUI aTOMOB B Pa3JIMYHBIX XUMUYECKHX
OKPYXCHHSX.

5. UnenTtuukanns coCTOSHUIN 3JIEMEHTOB B TOBEPXHOCTHOM CJIO€ BEI[ECTBA.

6. Pacuer mogudunpoBanHoro napameTrpa Baruepa.

7. DKcIiepUMEHTaJIbHBIN yUeT SHEpPruu pefakcaluy B MOJHOM XUMUYECKOM CIIBHTE.

8. Hutepnperanus naHnHbIX OKe-CIIEKTPOCKONMHH B KOHKPETHBIX XUMHKO - U (PH3HKO-
MaTepHaJOBEAYECKUX 3aauax.

Ilpakmuueckan paooma No5.

AHOJHOE OKHCJIEHHE IIJIAHAPHOT0 KpeMHHUA (MoJIy4eHre MAN-CTPYKTYP)

Ilenbto naHHOM paboOTHI SIBJISIETCSI U3yUYEHUE OCHOBHBIX 3aKOHOMEpPHOCTEN Ipoliecca aHOAHOIO
OKHCJICHUS TUIAHAPHOI'O KPEMHHUS.

KoHTposnbHbIE BONPOCHI.

1. CyurHocTh nporecca aHOAHOTO OKUCIIEHUSI KPEMHHUS, OCHOBHBIE TPECTaBICHUS O
MeXaHH3Me Mpolecca. 3anucaTh U 00BbSICHUTh YpaBHEHUS peakilys Ha TPAHUIIAX OKCUJ KPEMHUS
- DJIEKTPOJIUT U OKCHUJ KPEMHUS - KpeMHHI. UTO ABISIETCS OKUCIUTEIEM?

2. XapaKTepUCTHKa peKUMOB aHOJJHOr 0 oKuciieHus. Yem onpenenstorcst ontumyM j B I'C
pexxuMe U "npenenbHoe" HanpsbKeHue?

3. OOBACHUTH Pa3NUYMs PSKUMOB aHOHOTO OKHCIIEHUS N-KPEMHHUSI U P-KPEMHHSL.

4. Bo3MOXXHOCTb KOHTPOJISl [TapaMEeTPOB U IPaHUIIbl pa3jiena B Mpolecce pocTa.

5. BausiHue cBOiCTB 00pa3iia ¥ BHEITHUX YCIOBHIA Ha TIPOI[ECC AaHOAHOT O OKHMCIICHHS (CBET,
TeMIIepaTypa, COCTOSIHHE TOBEPXHOCTH, IPUMECH B DJIEKTPOJIUTE).

6. CpaBHUTENIbHAS XapaKTEPUCTUKA METOI0B MOJTYYCHUS TUAIEKTPHUUECKUX MOKPBITUH.
IIpenmyiiecTBa 1 HEAOCTATKN AHOJHOTO OKUCIIEHHS KPEMHUS.
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Ilpakmuueckaa paoomahNe3
AHO/JHOE OKHCIIEHHUE IVTAHAPHOI'O KPEMHHUA (IIOJIYYEHHE MJ]I1-
CTPYKTYP).

IMOPAAOK BBIITOJTHEHUA PABOTbBI U OBPABOTKA PE3YJIbTATOB

1. 3yunTh OCHOBHBIC 3aKOHOMEPHOCTH TPOIIECCa AaHOJHOTO OKHCIICHHUS.

2. IlpousBectu 06pabOTKyY MIACTUH KPEMHHUS:

00€3>KUPUTD B YEThIpexxJiopucToM yrieposae (5 - 10 mus.);

npoTpaBuTh B TpaButelie cocraba HF + HNO3z + CH3COOH - 30 cek;

MPOMBITH AUCTUIUTMPOBAHHOMN BO0I 5 - 6 pas;

npousBecty cymky B mkady npu 105 - 110 °C B teuenue 20 - 25 MuH.

3. Ipurororuts smnexkrpoaut: 0.1 KNO3z B stunenrimkone {M(KNO3) = 62}. CobpaTth
YCTaHOBKY JUJII aHOJMPOBAHMSA IO cxeme puc.l.

4. Ilpon3BecTy aHOTHOE OKHMCIICHHE KPEMHUS B TaIbBAHOCTATHY€CKOM PEXHME IPU TUIOTHOCTH
Toka j = 7 mA/cm? B Teuenue 15 mun. (IIpu pacdere MOJHOrO TOKA YUECTh, YTO OKUCIAIOTCA 00€
CTOpOHBI acTuHbl). CHATH 3aBucuMocTh U(t) mo Toukam ¢ marom 30 cek.

5. OnpenenuTh TOMIUHY BBIPOCIIETr0 OKKCTA 10 HHTepdepeHnnoHHo! mKkaje. CuuTaTh, 4TO
TOJIIMHA HAYaJIbHOTO (€CTECTBEHHOr0) OKCHIHOro cinost 20 A,

6. ITo momyuennoii 3apucumoctr U(t) orpenenuts 3G GEeKTHBHYIO CKOPOCTh POCTa OKCHUTHOTO
CIIOSI, OLICHUTH YIEITbHOE COMPOTUBIICHUE IJICHKH OKHMCIIA, pACYUTATh KO3 PHUIIHEHT
ucnosib3oBanus Toka K.

7. IIpon3BecTy aHOHOE OKUCICHUE KpeMHUs Npu nojcBeTke (ocBemennocts = 600 - 700
JIIOKC), OMPEIeIUTh TOJIIMUHY OKHCJIa, KaK OMUCAHO B MI. 4 U 5.

8. [MoiycyxuM BaTHBIM TaMIIOHOM, CMOYCHHBIM B ci1aboMm pactsope (1:100 H2O:HF),
OCTOPOYKHO CHSITh OKCHUJHBIN CIIOM C THUIbHOW CTOPOHBI IUTACTHHBI. MHOTOKpPaTHO MPOMBITH
oOpaszerl B TUCTHILTUPOBaHHOM Bojie. [IpousBectu cymky B mkady B Tedenue 40 MuH npu
t=(100-120) °C.

9. [IpoBepuTh HAIMYKE TUDIIEKTPUIECKOTO CIIOS MO Xapakrepuorpady. B nampHeiiniem HaHecTH
Ha OKHMCEJI METAJTHUECKUE AIIEKTPOIbI (cepedpo) MEeTOoI0M BaKyyMHOT'0 UcTiapeHusi. ThUTbHYIO
CTOPOHY IUIACTHHBI OTIUM(OBATh, TPOTEPETh CIUPTOM U cHATH C - U - XapakTepucTuku
nonydeHHbIX M/III- cTpykTyp.

NHTEPOEPEHIIMOHHAS HIKAJIA

Bexenbrit 500 A

Kopuunessiit 700 A

®duroaeToBEIi 1000 A
Tomy6oit 1200 A
CaerJio - rony0oi 1500 A
MeTananyecKui 1700 A
CBeTJI0 - 30JI0TUCTBIH 2000 A
30I0TUCTHIN 2200 A
OpanxeBbIi 2500 A
KpacHo - puoneTosblit 2700 A
®duoneroBo - roy0oit 3000 A

IIpakTnueckas padboraNe6. U3mepeHne TONMMHBI ANMUTAKCHATBHBIX CJ10€B H KOHTPOJIb
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napaMeTpoB 11 Py3HOHHBIX CTPYKTYP

[{ens paGOTHI: MO3HAKOMUTHCS C OCHOBHBIMH METOAAMH OIpeleJIeHHs TITyOHHBI 3ajeranus pn-
MEPEeXOA0B M TOJIIMHBI SMUTAKCHAIBHBIX CIOEB, OTPa0OTaTh TEXHOJOTHUIO WX BBISBICHUS
METOZ0M XUMUYECKOTO OKpaIIMBaHUS.

KoHTponbHBIE BOITPOCHI.

1. YTo Takoe rOMOIMHUTAKCUAIIBHBIC M IeTePOSMUTAKCHATIBHBIC CTPYKTYPbI?

2. ITo kak¥uM OCHOBHBIM TIapaMeTpaM OCYIIECTRISIETCS KOHTPOIb TU(P(Y3UOHHBIX CIOEB U
AMUTAKCUAIIBHBIX CTPYKTYP?

3. Jokasare cripaBeyIMBOCTh ypaBHeHuil. (6.3)...(6.4).

4, UTo BBl TOHUMAETE MOJT TEPMUHOM «/1€(PEKTHI YITAaKOBKH)?

5. MOXHO 71 METOAOM MH(PAKPAaCHOW CIIEKTPOCKONHMH ONPENETIUTh TyOuHy 3aieranus pn-
nepexona’?

6. Kakue TpeGoBaHUS NPEIBABIAIOTCS K MTOUIOKKE U AMTUTAKCHAIBHOMY CJIOO NTPU HCIIOIb30BaHUH

MH(PAKPACHON CIIEKTPOCKOIHH ?

IIpakTHyeckas paéoraNed.
HU3MEPEHHUE TOJIIITUHBI JITHTAKCHAJIBHBIX CJ/IOEB H KOHTPOJIb
HHAPAMETPOB JIH®®Y3HOHHBIX CTPYKTYP
[{ens paGOTHI: MO3HAKOMUTHCSA C OCHOBHBIMH METOJaMH OIpe/eleHns MIyOHHbI 3ajeranus pn-
MEPeXOA0B M TOJIIMHBI SMUTAKCHAIBHBIX CIIOEB, OTPa0OTaTh TEXHOJOTHUIO WX BBISBICHUS
METOJIOM XMMHUYECKOI0 OKpaIlliBaHUs.
O6opynoBaHWe W MNPUHANICKHOCTH: YCTAHOBKU UL HM3TOTOBJICHUS CHEPHUUECKOTO H
Kocoro uumda, MUKPOCKOI C MHUKpoMmeTpuueckord Hacaakoi MOB-1-13, peakTuBbl as
XUMHYECKOT0 OKpAaIlIMBaHUSI.
BBenenue
B wuccrnenoBarenbCkoli M NMPOU3BOACTBEHHOM IPAKTUKE MCIOJIB3YETCSI HECKOIBKO METOHOB
M3MEPEHUS TOJIIIMHBI SMTUTAKCUATIBHBIX U TU(P(Y3MOHHBIX CIIOEB, KOTOPBIE TOJPA3ALISIIOTCI Ha
HEpa3pylmalIie W pa3pylalmue MeTonbl KOHTposs. [lepBwlii M3 HUX BKIIOYaeT B cels
nH(]paKpacHYIO CIEKTPOMETPUIO U IJUIUTICOMETPHIO, BTOPO - METOABI KOCOTO U C(HEepUIECKOro
nutda.
Bri6op Merona, ero MeTpoJIoTHYecKue MoKa3aTeau U JUana3oH MPUMEHUMOCTH OMpPEIeNsIoTCs
HenbIM  pAioM  (aKTOpPOB, YUMUTHIBAIOIIMX CBOMCTBa OOBEKTa KOHTPOJS, BO3MOXXHOCTD
peamu3aliid Ha HEM (U3WYECKOTr0 TPUHIUIA HM3MEPEHHH M CTENEHBI0 pa3pyIIaroIiero
BO3CHCTBHS HAa U3MEPSEMBbIi 0Opa3el.
Jlns BO3HUKHOBEHUS MHTEPQEPEHIIUU MPU Hepa3pyIIAIoNMX METOAaX KOHTPOJs HEO0OXOAUMO,
4yTOOBI Majarollee U3IydyeHUue OTPakajJoch HE TOJHKO OT MOBEPXHOCTU AMUTAKCHAIBHOTO CIIOS,
HO W OT TPAaHUIBl C TOMJIOXKKOW. DTO 3HAYUT, YTO DMHUTAKCUAIBHBIA CIOM JODKEH OBITH
MPO3PAaYHBIM B UCIOJIB3YEMOM MHTEPBAJE IJIMH BOJH, KOTOPBIMA JIJIT KPEMHHUS JIEKHUT B MPEenax
2 - 25 MKM, a ONTHYECKHE IIOCTOSIHHBIE SIUTAKCHATIBHOTO CJOS B pPaccCMaTpPHBAEMOM
CHEKTpaJbHOM JAMana3oHe JOJDKHBI OTJIMYAThCA OT ONTHYECKUX MOCTOSHHBIX MOMJIOXKKHU. Bcee
9TH YCIOBHUS BBIOJHIIOTCSA, €CIM AMUTAKCUAIBHBIA CIOW COACPKUT MAJyI0 KOHIIEHTPAIUIO
CBOOOJHBIX HOCHUTENICH (BHICOKOOMHBIN SIUTAKCHAIBHBIA CIIOH, £>0.09 OM-cM), a momIOKKa
cuibHO sermpoBana Ha (*~ >0.015 Owm-cm). Toabko B ITOM Cilydae IPOHHKIIHE depe3
AMUTAKCUANILHBIN CJIOW HMH(PaKpacHbIE Jydd OTPa3ATCS OT MOBEPXHOCTH pas3zesa IJICHKa-
MOJJIOXKKA.
Jlyuu, oTpaskeHHBIE OT TIOBEPXHOCTH MU TAKCHATILHOTO CJIOS U ITOBEPXHOCTH pa3jiesia MIeHKa-
MOJIJIOKKA, UHTEPPEpUPYIOT, U 10 00pa3oBaBIICHCS HHTEPPEPEHIIMOHHON KapTUHE CYISIT O
TOJIIIMHE AU TAKCUAJIBHOTO CIIOS.
B crty cBOMX MPUHIIMITHAIBHBIX 0COOCHHOCTEH NHTEPEPEHITMOHHBIE METO Bl H3MEPECHHUS
TOJIIIMHBI SMUTAKCHATIBHBIX CIOEB B TOMO3IUTAKCUHATIBHBIX CTPYKTYpax MPUMEHHMBI TOJIBKO JIJIs
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KOHTPOJISL CTPYKTYP € CHJIBHO JIETMPOBaHHOM MOJIOKKON UM CO CKPBITHIM JU((HY3HOHHBIM
cioeM. [ToaTomy B psizie ciiydaeB, HapuUMep, IPH KOHTPOJIE CTPYKTYp nn’*, PP uim pn-THra,
BO3HUKAET HEOOXOIUMOCTh MPUMEHEHUs O0s1ee TPYJ0EMKHIX U Pa3pyllalOIUX METO/I0B,
peayCMaTPUBAIOLINX OKpaIIMBaHKUE HLTU(A.

Kontpoas napamerpoB au¢@y3uoHHbIX M INUTAKCHATBHBIX CTPYKTYP METOA0M
OKpalmuBaHus uinga

Kontpone aud¢y3noHHBIX CIOEB NPOBOJAUTCSH, B OCHOBHOM, IO TakKMM IMapameTpaM, Kak
riyOuHa 3ajneraHusi COPMUPOBAHHOTO pN-Tepexo/a, MPOBOAUMOCTh MOBEPXHOCTHOT'O CJOS U
MOBEPXHOCTHAs! KOHLIEHTPAIMs aTOMOB ITPUMECH.

KoHTponb smuTakcHaNbHBIX CIOEB MPOBOJUTCSA, B OCHOBHOM, IO TOJIIMHE SMHUTAKCHAIBLHOTO
Cllosi, ero O0bEeMHOM MPOBOAMMOCTH M YPOBHIO JerHpoBaHHs. B HacTosmeil pabore Oyayt
pPaccMOTpPEHBI pa3pylIalolie U Hepa3pyatone METOAbl KOHTPOJIS TOJIIIHHBI MUTAKCUATBHBIX
IIJICHOK.

[Ipouenypa mogoOHBIX U3MEPEHHI MOXKET OBITh MpEACTaBleHA KaK MPOCTHIMU H3MEPEHUSIMHU
JUHEHHBIX pa3MepoB Je(PEKTOB Ha IUIAHAPHOM CTOPOHE IJIACTUHBI, TaK M TOCIEI0BATEIbHBIM
BBITIOJIHEHUEM psiga onepanuid. Tak, Ha o0pasie cO CTOPOHBI SMUTAKCHATIBHOTO WU
T Gy3UOHHOTO CJIOS U3TOTaBIMBaeTcs kocoil mu chepudeckuid numud. [losepxHocts numda
XUMHYECKH OKpAIIMBAETCS AJIsI BU3yalIM3allMd TpaHULlbl PN-iepexoja WIM SMUTAKCHAIbHOIO
CJI0Sl C MOJJIOKKOM, ¥ TI0/1 MUKPOCKOIIOM OIPEAEISI0TCS Pa3Mepbl COOTBETCTBYIOIIMX YYACTKOB,
MO3BOJIIOIUX PACCUUTHIBATh TOIIMHBI HHTEPECYIOLIUX CIOEB.

MeToa okpammMBaHus nUIA(pa

Jng  XUMHYECKOro OKpallMBaHMsI MCIOJb3YIOT HECKOJIBKO XHMHUYECKMX COCTaBOB, B
3aBHCHMOCTHU OT TUIIA U3MEPSEMON SMUTAKCUAIBHON CTPYKTYPHI.

st KpeMHUEBBIX CTPYKTYpP Np— U pPn— TUIOB PEKOMEHIYETCSI TPABUTENb, KOTOPHIM IOTOBUTCS
nyTeM 100aBiieHUs BOCbMHU Kamenb a30THOM kuciorsl (HNO3) B 50 mul miaBUKOBON KHCIIOTHI
(HF). HenoctatkoM JaHHOTO pacTBOpa SIBISIETCS €ro HEAOATOBEYHOCTh. T paBUTEIh HEOOXOAUMO
0o0HOBIATH yepe3 10-15 nueil.

Jnst usmepeHus: TOMMHBI O4eHb TOHKUX (~0.1MKM) KpEMHHEBBIX SMUTAKCHATIBHBIX CJIOEB CO
CTPYKTYpOW PN-TUIAa MOXET OBITh HCIOJb30BaH METOJ aHOAHOro okucieHus. Kocoit wmm
cepuueckuil 1IIM( H3rOTaBIMBAIOT MOJMPOBKOM aiMa3HoOM myapoil. OOpaseny ¢ KOChIM
IUTH(GOM  CITY)KHT aHOIOM JJIEKTPOJMTHYCCKOM BaHHBI C 3sekTpoiuToMm (pactBop HNO3);
30JI0Tasi UJIM TJIATUHOBAsI IJIACTMHA — KaTOJOM. Bpems okucieHust coctaBisieT 1 MUHYTY MpH
mwiotHocTH Toka 50 MA/cm?. Ha moBepxHOCTH KOCOro numMa BO3HMKAET SPKO OKpAaIleHHAs
OKHCHasl IJICHKA C Pe3KMM U3MEHEHHUEM LIBETa Ha TpaHulle PN-iepexoza.

Jlyii  KpEMHHEBBIX CTPYKTYp NN*- u pp*-Tuma cienyer HCIonb30BaTh cMech u3 30 M
TUTABUKOBON KUCHOThI U 15 M mepekucu Bomopoma H»O,. st 3THX K€ CTPYKTYpP MOXKHO
MPUMEHSTh TPABUTENb, MONYYCHHBIH no0aBieHueM dethipex kameiab HNO3z m nByx kamens
pactBopa azotHokuciaoro cepeopa AgNOsze 10 w1 TIaBUKOBOWM  KUCIOTHL —PactBop
A30THOKHUCJIOTO cepedpa MPHUToTaBIMBACTCS MyTeM pacTBopeHus 2-X rpammMoB AgNO3z B 100 mu
BOJIBL.

Jlnst monydeHHs JIydIied KOHTPACTHOCTH SIUTAKCHAIBHOW CTPYKTYpbl 0Opasen co Iuimdom
npeaBaputeabHo oKuCIIOT B 50%-nom pactBope HNOs wim B TpaBuTeEne, COCTOSIIEM U3
44 HNO3+14.HF+54.H20. 3aTemM npuMeHsI0T KaTOJHOE UMITYJILCHOE Oca)KJieHue meau u3 15%-
Horo pactBopa CuSOsmyTeM MHOTOKpaTHOro paspsiaa KoHjaeHcatopa eMkoctbio 0,1...4 Mk®D
npu Hanpsokerun 100...200 B ¥ mIoTHOCTH ToKa B umIynbee 1 A/cm?,

Metoa kocoro uuivga u maposoro unimga

[IpuHnMnUanbHAsE cXeMa YCTPOWCTBA, MCIOIAb3YEeMOro JJisg IOJYy4YeHHUs Kocoro Iuinda,
npeacTaBiieHa Ha puc. .
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Puc. 1. Yerpo#icTBO I M3TOTOBIEHHUS KOCOTO IIIuda.

K mmmmaapryeckoMy mTOKY 1 O CKOMIEHHBIM TOPIIOM MPUKpEIUIeTcss HeOoMbIIoi (hparMenT 2
AQHaJM3UPYEMOM IJIACTUHBI KpeMHUs. /[y e€ 3akpensieHns IITOK NpeiBapUTEIbHO HarpeBaeTcs
Ha JJIEKTPOITUTKE NMpuOam3uTenbHo g0 70-80°C, m Ha CKOIIEHHOM TOPIIE CO3/1aeTCs TOHKAas
IieHKka napaduHa, BOCKAa WM JAPYroro pacTBopa Ha MX ocHoBe. KpemHueBas miuactuHa 2
KJIaJIeTCs Ha CKOILEHHBIM TOpEel HITOKa B 00JIACTM MAaKCUMAaJIbHOM €ro BBICOTHI IJIAHAPHOM
IUIOCKOCTBIO HapyXKy U cierka npuxumaercs. Ilocie ocTeiBaHMsSI NJIaCTHHA OKa3bIBAETCS
HAaJ&KHO NPUKPEINIEHHOM K TOKY. IIITOK BMecTe C IIaCTUHOW BCTABIIETCS B HAIIPABIIOLIYIO
BTYyJIKY 3 C pacIIMPeHHbBIM OCHOBaHHMEM, M BCS KOHCTPYKIHs YyCTaHaBIMBaeTcs Ha
NpeABapUTENIbHO CMOYEHHOEe NuM(poBaIbHOEe CTeKIO0 4 ¢  HeOONbIIMM  KOJIUYECTBOM
numdnopomka. IloaroroBka kocoro mnumda OCYIIEeCTBIACTCS IUIABHBIM, HO OBICTPBIM
nepeMelIeHneM BTYJIKUA IO CTEKJIy C BOJHOM cycmneH3ueil nummdnopoika. Ilepemeniats mrok
IIPU 3TOM KEJIATEJIbHO 10 BOCBMEPKE, TaK KaK MpU 3TOM 0oJiee paBHOMEPHO COLUIN(OBBIBAETCS
TOPELl HAIIPaBJISAIOIIEH BTYJIKH.

[Tocne moaroToBKM Kocoro nuimga MTOK U3BJIEKAETCS U3 HANPABIIAIONICH BTYJIKH, IIPOTrPEBAETCS
Ha IUITKE, U OT HEro OTAEeJsIeTcs KPEMHMEBAs IUIACTMHKA, HA KOTOPOW IMOCIE NMPOMBIBKH U
OKpamMBaHuUs OUH(a ompeaesseTcs TOMIUHA h uceneayemMoro cinos, HanpuMep, pPn-mepexoza:
h=2Ftgasl a [pad] (1)

rae L — paccTosiHue OT Kpast nutrda 0 BeISIBICHHON rpaHuIlbl (PN-mepexosa).

[Ipumenenne Merona Kocoro mumda CTAaHOBUTCS 3aTPYAHUTENBHBIM, KOTJa HEO00XOIUMO
HOJTY4YUTh MHPOpPMAIUI0 00 OAHOPOIHOCTU TOJIIMHBI 1O BCEH IUIOMIAMU SHUTAKCHAJIbHOM
CTPYKTYpbl. Jlnst 3Tol nenu Haubosiee ynoOHO HPUMEHSTh chepudeckuil mud, KOTOpbIH
HOJTY4MJI Haubosiee MU POKOe paclpocTpaHEHUE.

[TpuMeHsieTcs HECKOJIbKO BapUAHTOB YCTAHOBOK JJIsl M3TOTOBJEHMS cepruecKux IIIHQOB,
OTJIMYAOIUXCA YCTPOWCTBOM IpHUBOJA BpalleHus mumdyromero mapa. Hamnyummm oGpazom
3apeKOMeH I0Basa ce0sl KOHCTPYKIIHSI IPUBO/IA, IPEACTABIICHHAS HA PHCYHKE 2.

OTa KOHCTPYKLMs YCTpaHseT OueHHs Iuapa, MO3BOJSET IOBBICUTh KayecTBO IUIM(OBKU
IIOBEPXHOCTH U TEM CaMbIM YMEHBUIUTH IOTPEIIHOCTh U3MEPEHUS TOJILIMHBI JIMUTAKCUAIBHOIO
CII0Sl WJIM TJTyOMHBI 3ajIeraHus pn-lepexoa.

Chepuuecknii numdoBanbHUK 5 nuamerpom 25...100 MM ycTaHaBiauBaeTcsi B KOHMYECKOM
rHe3ze onopsl 4 U (GUKCUPYETCS B 3TOM MOJIOKEHUU C MMOMOILBIO NMPYKUHHOTO yCTpoicTBa 7.
[InudoBabHUK KUHEMATUYECKU CBSI3aH C MOMOIIBIO MTOBOJIKA 3 C MIPUBOAOM 2, IPUBOISAIIUMCS
BO BpauieHue asurareneM 1. CoenMHeHNEe MOBOAKA C IPUBOJOM OCYLIECTBIIIETCS TOCPENCTBOM
TEJIECKOIIMYECKOT 0 IIapHUPA.

dopma A Crpannna 14u3 35




MuHUCTEpCTBO HAyKH H BEICIIEro oOpazoBanust PO

. o ®dopma
Y IbSHOBCKUI rOCYAapCTBEHHbIH YHUBEPCUTET

@ - PaGouast mporpamMma o AUCIHILIHHE

I PhHLud
Il‘a"h ﬂrpcm}}ﬂ

Puc. 2. KoHcTpyKuus npuBoja BpalieHUs UG YIOMEro
mapa

[Tpu BpameHuyn npuBoja HUIM(OBAIBLHUK COBEPILAET KOJeOaTenbHOE NBUIKEHUE, 0OecreunBas
BBICOKOE€ KAaYE€CTBO MEXAHMUYECKOW MOJMPOBKU MOBEPXHOCTH U IPABUIIBHYIO T'€OMETPUUYECKYIO
¢dopmy mumda. OTa KOHCTPYKLUMsS MPUBOJA LIMPOKO MCIOJIb3YETCd B IPOMBIIIIEHHBIX
yCTaHOBKaX, MPeAHa3HAYEHHBIX AJI1 U3TOTOBJIEHUS chepruueckux numdos.

[Tpu ucnonp3oBanuu chepuueckoro numda (cM. puc. 6.2) TonmnpHa h AMUTAKCHAIBLHOTO CII0S U
riyOuHa 3aJeraHus pn-mepexoaa OnpeaesioTCs M0 ypaBHEHUIO

h= R~ i _ RE - £
4 4 (2a)
Jus Tgmmx CJIOEB M MAJIBIX NOI'PYKeHUI
new
40 (6.2b)

3neck R(D) — paauyc (nuamerp) mapa;
din d2 — BHYTpEHHUI U BHEIIHUIN JUAMETP KOJIbIIa BCKPBITOTO CETMEHTa, COOTBETCTBEHHO,
{ — nnuHa XOopabl KOHTYpa chepuieckoro numda, usmepsemas ¢ IOMOIIbI0 MUKPOCKOMA.

Puc. 4. K BeiBoay ypaBHenus (6).

R — panmyc mapa;

dind,—BHYTpeHHHH W BHCIIHUN AHAMETP
KOJIbIIa BCKPBITOTO CErMEHTa, COOTBETCTBEHHO;
h — TonamuHa >OUTaKCHATbHOTO CIIOS MU
rinybuHa 3ajmeraHusi Pn-mepexoja.

B cpaBennmBocTH ypaBHEHUS (2a) Eerko yOeauThCsl, BOCIOIB30BABIINCH CBOMCTBOM
nepecekarmuxcs xopa (puc. 4): a xb= cxf.
JlelicTBUTENBHO, U3 IPUBEAECHHOTO PUCYHKA CIENYET:
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d
—= =gi2k-g)
4 (6.6)
Lo o )
——=lg—AJZR-(g-4)
4 (7)
VuutsiBas, 4to g<R, u3 (6.6) momyaum
2
g-R-.jr?-%
4.6

C npyroii croponsl ypaBaeHue (7) ¢ yueToM (6) U MOTOKUTEIbHBIX 3HaUeHUH d MOXET OBITh
MPEACTABICHO KaK

2 2
h=g— R+ (R—g)2+d—2—d—l

£ 4 (9)
HOCJ’Ie,HYIOIIII/Iﬁ yueT (68) MMPUBOJUT K KOHCUHOMY PE3YJIbTATy IJIA h (ypaBHeHI/Ie 2a)
OTMeTI/IM, YTO METOABI KOCOI'o U C(bepI/I‘leCKOFO I_I_IJ'II/I(i)a ABJIAIOTCA CANMHCTBCHHBIMU,
MO3BOJAOIHUMU ONIPCACIIATL TOIIIUHY KaXXA0T'0 CJIOA B MHOT OCJIOMHBIX 3IIMTaKCHAJIBHBIX
CTPYKTYypax u O6CCHC‘-II/IBaIOH_II/IMI/I BO3MOXHOCTb UBMCPCHUA TOJIIUHBI paCCMAaTPpUBACMbIX
CJI0EB B O4YEeHB MMPoKuX npeaenax (ot 0.1Mkm u Gonee) Kak B TOMOINUTAKCHAIBHBIX, TaK U
reTEPOINUTAKCUATIBHBIX CTPYKTYypax.

CnyqaﬁHaﬂ NOrp€HOCTb U3MEPCHUA TOJIIUHBI SIIMTAKCHUAJIbHBIX CJIIOCB U FJIY6I/IHI>I 3aJICraHus

PN-TIepexo0B METO0M KOCOTO IITH(a COOTBETCTBYeT 3Hadenuio 9 = T (0.15h + 0.5mxm) ¢
JIOBEPUTEIILHON BeposATHOCTBIO 0.99 B aquanaszone ToammH h=1...25Mkm.
[Tpu ucnosnp30BaHNM METO/A CHEPUIECKOro HUTH (a A1 TOMO3IMUTAKCHAJIBHBIX KPEMHHEBBIX

CTPYKTYp pN-THIa ciydaiinas morpemnocts & =1 (2...12)% g anana3oHa TonmmH h=
0.5...20 mxM nipu noBeputensHOM BepositHocTh 0.95.

OnpenesieHue TOJIUHBI AMUTAKCHAIBHOTO CJ1051 10 pa3MepaMm J1e)eKTOB YIAKOBKH
[TosiBnenue neheKToB yIMakoBKH B AMHUTAKCHAIBHBIX CIOSX BBI3BIBACTCS TJIABHBIM 00pa3zom
CTPYKTYPHBIMHU JIe(PEKTaMH WIJIM MEXaHUYECKHUMH TTOBPEXKICHUSIMHU MOBEPXHOCTH TOJIOKKH.
[TpucyTcTByIommMe Ha TOMJIOXKKE TIOCTOPOHHHME TPUMECH U JIOKaJbHbIE HaIpsDKEHUS,
BO3HUKAIOIIME B MPOIECCE POCTa SMUTAKCHAIBHOTO CIIOs, TaKXKE€ HECYT OTBETCTBEHHOCTH 3a
MOsIBJIEHUE /1€(DEKTOB YIaKOBKHU.

B crosix, BeIpalieHHbIX Ha MOJIOKKaX 0€3 MEXaHWYECKUX MOBPEKICHUN MTOBEPXHOCTH, TJIABHON
NPUYUHON TIOSABJICHUS J1€(PEKTOB YIAKOBKH SIBJISIFOTCS, OYEBUIHO, IMOCTOPOHHUE ITPUMECH,
MMEIOIMEecS Ha MOBEPXHOCTU MOMJIOKKH /10 Hauaja pocTa UM MONaJaronue Ha TOBEPXHOCTh B
mporecce pocta. DTH HECOBEPIIEHCTBA SBJSIOTCS OAHMM M3 OCHOBHBIX BHUIOB Je(eKToB
KPUCTAJUTMYECKON CTPYKTYPBI, BCTPEYAIONIUXCS B SMUTAKCUATIBHBIX CIOSX, U OKa3bIBAIOT CaMOe
HEMOCPEICTBEHHOE BJIMSHUE HA MPHUTOAHOCTH SIUTAKCUATIBHBIX IJIEHOK IJIsl MPaKTUYECKUX
LEJIEH.

OObIYHO BU3yaslbHOE HaOu0IeHUE 1€(DEKTOB YIAaKOBKM CTaHOBUTCS BO3MOKHBIM TOJIBKO I1OCIIE
TpaBJIEHUS BBIPALLEHHOHN IIJIEHKU B COOTBETCTBYIOIIEM TpaBuTeine. [Ipu Takom TpaBieHUH MecTa
nepeceyeHus AePEeKTOB YHIAKOBKH, OOJIAJAONIMX MOBBIIMICHHOW JHEpPrueil, ¢ MOBEPXHOCTHIO
AMHUTAKCUAILHOW TJIEHKU TPaBATCS MHTEHCHBHEE, 4YeM Oe3le(eKTHbIE YYaCTKH, U BBISBIISIOTCS
MO3TOMY B BHUJE IOJIOCOK HMJIM 3aMKHYTBHIX reoMerpuueckux ¢uryp. Tak, Ha mockoctu {111}
OHHU TPEJCTaBJICHbl B BUJE YETKUX KOHTYPOB PaBHOCTOPOHHHUX TpeyroibHUKOB. Ha mimockoctu
{110} — B Bujie paBHOOEAPEHHBIX TPEYTrOJBHUKOB, a Ha MiockocTr {100} — B BUIE KBaIPaTOB.
JlebekT ymakoBKM — 3TO ABYMEPHBIA nedexT, mis oOpa3oBaHUS KOTOPOrO HEOOXOIUMO
yaanuTh (ecnu qedeKT BAKAHCHOHHOTO TUTIA) WM BCTaBUTH (eci JeeKT MEeKY3eIbHOro THIIA)
ATOMHYIO <«OKCTPAIOJyIJIOCKOCTh) MEXAY IIOTHOYIMakoBaHHbIMU MiockocTsivu {111}. B
cryyae KyOMYecKOH CTpYyKTyphl ajaMasa il co3/laHus AedeKkTa TaKoro TUMa HEeoOXOIHMMO
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U3BJIEYb MJIM BCTaBUTh JBE aTOMHbBIE IMIIOCKOCTU. OTMETUM, 4TO /1e()EeKThl YIAaKOBKU B KPEMHUU
BCErJa UMEIOT MEXY3EIbHYIO IPUPOY.

JledexThl ynmakoBKU B KPEMHUHU BCET/a JeKaT B INIOCKOCTIX {111} u nepecexaroT moBEpXHOCTh
IJIACTHHBI BJI0JIb HanpapyieHuid <110>. imenHo mosToMy (opma aedeKToB, yriibl HAKJIOHA K
MOBEPXHOCTH KPUCTAJUIa U YIJIbI, KOTOPbIE OHU 00Pa3yIOT APYT € APYroM (€CIu OHU He
KOMILIAHAPHBI), 3aBUCAT OT OPUEHTALIUN TOBEPXHOCTH IJIACTUHBI.

Ha pucynke 3 mokaszana ¢urypa TpaBJIeHHs, COOTBETCTBYSIIAs BBIXOIY OJHOTO U3 1e()hEeKTOB
YIIaKOBKH Ha MOBEPXHOCTH nockoctu (111).

ol
' - / nnockocTe (111)
b LN 7
h |+ 27 =7""77> anuTaKcKanbHeli croi
. noAnoHKa

Puc. 3.00pa3oBanue nepekToB ynakoBKH B
IMUTAKCHAJIBHOM CJIOC, BBHIPALICHHOM Ha MOJJIOXKE B
HanpaBiaenunu {111}

Tommunay ey h onpenenstor no popmynam:
f=+2i 30 = 081615 qng nnockocrn {111} (3)

i = 1130 = 0.581L g nmockoctu {110} (4)
h=A112L=0704L 1ng nnockoctu {100} (5)

rae L — nnmHa cTopoHBI AedeKTa yakoBKH, U3MEpEeHHas Ha MOBEPXHOCTH IJICHKH.
B 3aBuCHMOCTH OT OpHEHTaLUU OJI0KKHU BU PUTYp TpaBlieHHs, 00pa30BaHHbBIX B MECTaX
BBIXO/1a IE(EKTOB yIIAaKOBKH, U3MEHSETCS, HO B JIIOOOM CITydae C IOMOIIbIO MPOCTHIX
reOMETPUYECKUX COOTHOIIEHUI MOYXKHO YCTAHOBUTH CBSI3b MEXY Pa3MEPOM OTAEIbHBIX
3IIEMEHTOB 3THX (UTYP U TOJIIMHONW SMUTAKCUATIBHOTO CIIOS.
[Tpu mprMeHEeHHH O CaHHOTO METO/1a ONPEeesIEHUs TOJIIINHBI AU TaKCHATbHBIX CIIOEB 0C000€
BHHUMaHUe oOpaliaeTcs Ha UCIoIb30BaHue 1e(PEeKTOB YIaKOBKH, 00Pa3yOIIKUXCs JIUIIb Ha
IpaHUIE MEXKAY CIOEM U MOAIOKKON, MOCKOIbKY 1e(eKThl YIaKOBKU MOTYT BOSHUKATh U B
o0beMe MUTAKCHATBLHOTO clog. OTINYUTH epBbIe 1e(EeKThl OT BTOPBIX MPOCTO — HAUOOIBIINE
10 pa3mepam (purypsl OyayT COOTBETCTBOBATH Ae(PeEKTaM, 3apOIUBILIUMCS Ha TPAHUIIE MEXITY
CJIOEM U TIOJJIOKKOM.
W3mepeHust TONMIMHBI AMTUTaKCHABHBIX CIO0EB 3TUM METOJIOM OOBIYHO JAAIOT Pe3yIbTaThl,
XOPOILLIO COrJIACYIOIIMECS C BBIIIE PACCMOTPEHHBIMU METO/IaMH.

IMopsinok npoBenenusi padoThI
1. Ha cOOTBETCTBYIOIIMX YCTAHOBKAX 10 OMMCAHHOW B pasnene 1.2 MeToauke mpuroToBUTh
KOCOM U chepruecKuil Ui Qol.
BHUMAHHUE!
[Tpu BemonHeHUU cdepudeckoro mnuMda HE paspenraeTcs H3MEHSITh IOJOKEHHE TalKh
¢dukcaTopa 6 puc.2 Bo u30exaHue NOBPEXKACHUs 00pabaThIBaeMO MJIACTUHBI.
2. OgHUM U3 IPEAJIOKEHHBIX MTPENojaBaTeIeM METO/I0B, ONMCaHHbIX B pasjene 1.1, mpoussectu
OKpalmMBaHue HUIM(pa U 1O COOTBETCTBYIOIIMM YPaBHEHHUSM PAaCCUUTATh  TOJILIUHY
AMUTAKCHAJIBHBIX MIJICHOK (ITyOMHY 3ajeranust PN-Iepexo0B).
3. Ha BplgaHHO#M mpemnojaBaTeneM IJIaCTHHE HAWTH NeQEeKThl YMAaKOBKH U IO UX pa3Mepam
OIPENENUTH TONIIMHY AMUTAKCHAILHON MJICHKH.
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Ilpaxkmuueckan padoma Ne7. Ilosrydenue pP-n nepexoaa meroaoM audpPy3uu u uzyueHue ero
CBOJNCTB

Lenb paboTHI: MOMYYUTh HA KPEMHUU P - N Iiepexoa MeToaoM 1uddy3nun U U3y4uTh CBOWCTBA
MOJYYEHHOU CTPYKTYPbI: ONPENEIUTh IITYONHY 3aJeraHus p - N epexo/ia U MOBEPXHOCTHOE
CONPOTHBIICHHE.

KOHTpOnbHBIE BONPOCHI.

1. SIBnenue nuddys3un. Mexanusmsl AU hy3un.

2. TpeboBanus k quddy3aHTy, HCIOIB3YEMOMY JIJIsl K3MEHEHHS CBOMCTB MOMYPOBOIHUKA (1,
U,).

3. Buabl muddysun (neneHue mno xapakrepy UCTOYHHUKA).

4. Metoas! nuddys3un (yCcTaHOBKH, anmapaTypa).

5. Pacuer rimyOuHEBI 3ameranus p - N nmepexosa.

6. Koadhdunmentsr nuddysun u pactBopumoctu (3aemenTsl |, [ u V rpymm).

7. Ocobennocty 1udPpy3un NpuMecu B KPEMHUU U T€PMaHUU.

IIpakTnueckas padora NeS

IIOJIVYEHHE p-n IIEPEXO/]A METOJOM JH®®Y3HH H H3YYEHHE EI'O
CBOJICTB

OCHOBHBIMH TTapaMeTpaMu MOTy4aeMbIX TU()PY3HOHHBIX CIOEB SBIISIOTCS:

1. compoTtuBieHuE CIOs;

2. T1iyOWHa, Ha KOTOPOH 00paszyercs P - n mepexo/;

3. KOHIIEHTpAaIHs MPUMECceH Ha MTOBEPXHOCTH.
ConpoTHBIIEHUE CII0S U3MEPSIETCS YETHIPEX30H10BBIM METOIOM. DTOT METOJ] YHUBEPCAJIEH,
MPUMEHUM KaK K 00b€MHBIM MOHOKPHCTAJIJIaM, TaK U K CIIOUCTBIM CTPYKTypaM. B ciyuae. ecnu
CIIOM UMEIOT Pa3HbIA TUI MPOBOJIUMOCTH, 00Pa3yIOIIHIACS P - N IEPEX0]] U30IUPYET "MOIITOKKY"
ot "crmos", ¥ IS pacyeTa MOXKHO HCIIONb30BaTh (DOPMYITY AJIsE OMHOPOIHOTO CIOS:
p=(U/1)-(n/In2) (do = 4,53-(U/)-do = 4,53-Rs-do [Om-cMm],
rae
p - yAelnbHOE conpoTuBiaeHue cnos (OM-cm);
do - TonmwHa cinos (cM);
Rs - moBepxHOcTHOE conpoTuBiaeHUE (OMm);
U - pa3HOCTb MOTEHINAJIOB MKy BHYTPEeHHUMU 30H1aMU (BonbT);
| - TOK, mponyckaemMblif MEX/1y BHEIIHUMU 30H1aMu (Ammep).
I'myOuny oOpa3oBaHus P - N Iepexoia MOKHO ONPEAEIUTH 110 OKPAIIMBAaHUIO IAPOBOro HUIH(a:

. _(D2-d3) 1
’ 4 2R
rie
D - BHemnwMi nuamerp numda;
d - BHYTpEHHUIT JMaMeTp OKPALICHHOTO CJI0s;
R - paguyc mapa, UCIIOIb3yeMOro AJisi U3rOTOBJICHUS MU }A.
Ha ocHOBaHMM N3MEPEHHBIX BEJIMYUH COMPOTUBIICHUS CJIOS U TIIYOHHBI 3aJIETaHus P - N
nepexo/ia ONpPeAeysIIoT KOHI[GHTPALUIO IPUMECH Ha TTOBEepXHOCTH Ns , OJIB3ysSICh TEOPETUIECKU

paccuuTaHHBIMU I'pauKaMH U TaOIMLAMU JIJIsL 33JaHHOT O 3aKOHA PaCIpeAesICHUs
mubGyHaupyromei mpuMecH.

HOPAJOK BBIIIOJIHEHUSA PABOTbBI

1. [Tomy4yuTs OT mpenoaBaTes MIACTUHY KPEMHHUS.
2. Ecim nnactiHa KpeMHUS TIOJMPOBAHA C JIBYX CTOPOH, TO Mpou3BecTH UM (oBKY Si ¢ onHON
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CTOPOHBI BJIAYKHBIM METOJIOM C TIOMOMIBIO TTopoinka M-14 (umu M-20).

3. I[IpomMBbITH B MBUIBHON BOJ€, B AUCTUUIMPOBAHHON BOAE, 00€3)KUPUTH B YETHIPEXXJIOPUCTOM
yriepone, BeicymuTh B mkady (T=100-120 °C, t = 5-10 mun).

4. InudoBaHHYIO CTOPOHY IUIACTUHBI YBJIAXHHUTH (MOKPBITh TOHKHUM CIOEM) IKHUAKUM
nuddyszantom {HzBOsz+ AI(NO3)3 B Boze}.

5. [TonoXuTh MIIACTUHY KPEMHHS Ha KBapLEBYIO MOJCTABKY, BCE IOMECTUTD B MIPEIBAPUTEIHLHO
Harperyto 10 T=1200 °C neus.

6. Boiiepkath B meuu NpH JaHHOM TeMIIepaType B T€UeHHE HECKOJIbKUX YacoB (2-4 daca, Bpems
YTOYHHTH Y MpEnogaBaTes).

7. BeikmounTs neub. [Tocne oxmakaeHus BHIHYTh U3 TIeYH KBapIEBYIO MOJICTABKY ¢ 00pa3IOM.

8. ITommdoBaTh HUKHIOIO CTOPOHY 00pasiia, Ha KOTOPYIO He HAHOCHIH TU( (y3aHTa, BIAKHBIM
cnocobom ¢ momomplo nopomka M-10 mim M-14 Ha crekne Ha TonmuHy 30 MKM, a Takxke
OOKOBBIE TTOBEPXHOCTH 00OpasIia.

9. IIporpaBuTh oOpasem B pa3daBieHHOW (TopoBogoponnoit kuciore (HF) B mocyne wus
dToponaacTa WM MOJUATUIIEHA NPU KOMHATHOW TeMIepaType B TEUEHHE 5 MUH. ISl CHATUS
okucia. (CoOmomaiite TexHMKy Oe3zomacHocTH npu pabore c kucinoroi!) Ilpomeite B
JUCTUJUIMPOBAHHOU BOJIE. BBICYIINT.

10. IIpoBepuTh THI MPOBOAMMOCTH IBYX MOBEPXHOCTEH TEPMO3OHAOM; YOEIUTHCSA, YTO OHH
UMEIOT Pa3HbIi TUII TPOBOJAUMOCTH.

11. 3MepuTh YeThIPEX30HJOBBIM METOJOM COMPOTHBIICHUE CIIOSI.

12. Caenatp mapoBoi nui@, OKpacUTh €ro U OMPEAEIUTh TIIyOHHY Iepexoa.

13. TIpoBeputh HaaMuKe P - n mepexona nmo BAX Ha ocuuiorpade.

Ilpakmuueckaa padoma Ne8. OnpenesieHne KOIPPUUMEHTA MOBEPXHOCTHOI0 HATSKEHHSA
JKMIKOCTH C IOMOIIBI0 TOPCHOHHBIX BECOB

[lenb paGoOTHI: O3HAKOMIICHHE C SIBJICHUEM IMOBEPXHOCTHOTO HATSIKEHUS KHUIKOCTEH, H3ydeHUe
pabOTBl TOPCHOHHBIX BECOB; H3MepeHHue KOd(D(MUIIMEHTOB TOBEPXHOCTHOTO  HATSHKCHHS
MBUIBHBIX PaCTBOPOB PA3IUYHON KOHLIEHTPALMU.

KoHTponbHBIE BOITPOCHI.

1. B 4ém nprunHa BO3HUKHOBEHUS CHJI TIOBEPXHOCTHOT'O HATSKCHUS?

2. [ToyeMy >KMAKOCTBH, MpegoCTaBieHHas camMod cebe, OymeT mHpuHHMATh QopMy ¢
MUHUMAaJIbHOM MTOBEPXHOCTHIO?

3. [lpuBenuTe nBa ompeneneHus Kod(pduimeHTa MOBEPXHOCTHOIO HATSDKEHUs. B Kakux
eIUHHIIAX OH U3MepseTcs?

4. Byner nm Bo3pacTaTh WiM yObIBaTh CBOOOAHAs DHEPrusl INPH H30TEPMUUYECKOM

YBEJIMYCHUHM TUIONIQJM TOBEPXHOCTHOro cjosi? IlpuBecTd BhIpaKEHUE IS HM3MCHEHHS
CBOOOTHOM SHEPIUH.

5. Kak Bimser mpumech Ha KO3(Q(UIUEHT MOBEPXHOCTHOrO HaTshkeHus? IlpuBeaute
IPUMEPBI.
6. Kak Biuser noBbliieHue TeMnepaTypbl Ha KO3(QQHUIMEHT MOBEPXHOCTHOI'O HATSHKEHUS?

[Tpu kakoli TemnepaType Ko3(OPHUIIMEHT MOBEPXHOCTHOTO HATSHKEHUsST 0OpamaeTcs B HyJb?

Ilpakmuueckaa padbora Ne6
OIIPEJIEJIEHHUE KOS ®PHIHUEHTA IIOBEPXHOCTHOI' O HATAKEHHUA
/KH/IKOCTH C IIOMOLLIBIO TOPCHOHHBIX BECOB
Ilenv pabompl: 03HAKOMIIEHUE C SIBJICHMEM MOBEPXHOCTHOTO HATSKEHUS KHUJIKOCTEH,
u3ydeHue pabdOThl TOPCHOHHBIX BECOB; H3MepeHHue KOI(PPUIHMEHTOB TOBEPXHOCTHOTO
HATSDKEHUS MBUIBHBIX PACTBOPOB PAa3IMUYHON KOHLIEHTPALIUH.
Ilpubopvr u 060pyoosanue: TOPCUOHHBIE BECBHI, MEpPHBIM CTakaH, COCYIbl C
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HCCIIEyEMBIMH KHIKOCTSIMH, TOHKOE KOJIBIIO.
Teopemuueckoe 6sedenue
C TOYKHM 3peHus MOJEKYJISIPHOHW TEOpPUM IMOTEHIHaIbHAs APHEPIrUsi MUKPOCKOMUYECKHUX
TEJ CKJIAJBIBACTCS W3 SHEPIHMH B3aUMOJICHCTBUSA €ro Mojekyn (0e3 yuéra cui Tspkectr). Cuitbl
MEXMOJIEKYJIIPHOTO CIIENJICHHS OBICTPO YOBIBAIOT C PACCTOSIHHEM - UX JICUCTBHE MPAKTHYCCKU

npekparaercs Ha paccrosamsix mopsiaka 1077 em . [ToTeHIMAaTbHAs SHEPrHs KaXKIOH MOICKYIIbI
3aBUCHUT IMOATOMY TOJILKO OT €€ B3aUMOJEUCTBUS C OJMKANUIITMMH COCEISIMH.

Mornekyiibl, U3 KOTOPBIX COCTOUT TE€JI0, MOKHO Pa3/iesIuTh Ha JABa Kjacca: «BHYTPEHHUE»
MOJIEKYJIbI, T.€. MOJIEKYJIbI, UMEIOLIME MONHBIA HA0Op cocenel, U MOJIEKYJIbl, HaXOoAsIIuecs Ha
MOBEPXHOCTH, T.€. MOJEKYJbl C HEMOJHBIM HabopoM coceaeil. [loTeHUMaIbHYIO SHEPruio
«BHYTPEHHHUX)» MOJIEKYJ IPUMEM 3a HadyaJlo OTCYéTa SHEPruu (KOTOPYI0 MOXHO, KaK M3BECTHO,
OTCYHTBHIBATH OT JIIOOOr0 YpOBHsI). PaccMOTpuM Teneps «HapyKHbIE» MOJIEKYIbl. «BHYTpeHHHE»
MOJIEKYJIbI BCETJa MOXKHO CHENaTh «HAPYXHBIMH», YAAJIUB OT HUX YacThb COCEHEH; JJIS 3TOTO
MPUXOAUTCS COBEPIIUTH paboTy. IloTeHUManbHAsT SHEPrusi «HAPYKHBIX» MOJIEKYJ TO3TOMY
MOJIOKHUTENbHA. BenuunHa 5TON »HEpPruM, €CTECTBEHHO, 3aBUCUT OT YHCIA «HAPYKHBIX)
MOJIEKYJI, T.€. OT IUIOINAAM IOBEPXHOCTU. DTa SHEPrusl HOCUT Ha3BAHHE IOBEPXHOCTHOU

snepruu. O603HauuM 3Ty sHepruto yepes E, a nnomans mosepxuocru uepes S. Torna,
COTJIACHO CKa3aHHOMY,

E =cS. 1)

KoadpdunueHt nponopuroHaibHOCTH MEXKIY SHEPrHel U MIIoLaiblo MOBEPXHOCTH O
HOCUT Ha3BaHuE K03((pUllMEeHTa MOBEPXHOCTHOI'O HATsDKEeHUs. Bennuuna storo koa¢gduurenta
3aBHCUT OT pojia o0enx cpel, o0pa3yromux noBepxHocts. Kak HerpyaHo yoeautbcs, G uMeeT
pasMEpHOCTb SHEPruu, NENEHHOM Ha IUIOMIAAb WM, YTO TO K€ CaMoe, pa3MEpHOCTb CHJIBL,
Jen€éHHOM Ha JuMHY. Hanmuyue moBEpXHOCTHOW SHEPrHHM CUJIBHO CKa3bIBAETCS HA MOBEIACHUM
xuakocteil. B wactHocTH, dopMa, KOTOPYIO MPUHUMAET KUJIKOCTb, COOTBETCTBYET MUHUMYMY
MOTEHIMAIBHOM SHEPruu, CKJIAJbIBAIOIIENHCS M3 DSHEPruu IOBEPXHOCTHOIO HATSDKEHUS M
MOTEHIMAIBbHOM 3Hepruu B mojie TskecTd. CTpemiieHne K MUHUMYMY MOTEHIIMAIbHON SHEPrUH
IPUBOAUT K TOMY, UTO IIOBEPXHOCTb JKUIAKOCTH CTPEMHUTCS COKPATHTHCS, T.€. OBEPXHOCTHBIH
CIIoi BezieT ce0st OT00HO YyIpYTroi MIEHKE.

ITpu pacuérax BMECTO SHEPIHH ITOBEPXHOCTHOI'O HATSKEHUSI HEPEKO MOJIb3YIOTCS «CHIION
MOBEPXHOCTHOI'O HATSXKEHUS», KOTOpasi BBOAUTCS CIEAYIOLMM 00pa3oM. st n30TepMuuecKoro
YBeNU4YeHHs] MOBEPXHOCTH KMAKOCTM Ha Bemmumuy OS HeoOXommmo 3aTpaTuTh SHEpPruio
dE = odS =oldx, rne |- nmmma HexoTOpoli MBICTEHHOH IMHMM HAa MOBEPXHOCTH
KUJKOCTH, NPU 3TOM YBEIMYEHUE MOBEPXHOCTH MPOUCXOIUT BCIEIACTBUE €€ «PACTSHKEHUS» Ha

BCIIMYUHY dX B MNCPHCHAUKYJIAPHOM 9TOW JIUHUH HallpaBJICHUHU. Torga cuna IMOBECPXHOCTHOI'O
HaTsOKCHHA paBHA:

F=-__=-06___ ¢l @)
Ox Oox

e 3HaK MHHYC YKa3blBa€T Ha TO, YTO CHJa HampaBjeHa B CTOPOHY, IPOTHUBOMOJIOKHYIO
cvemenuto OX. Takum oOpasom, cuny F  MoXHO TpakToBaTh Kak HEKOTOPYIO CHIY
ITIOCTOSIHHOM ITOIOHHOM IUIOTHOCTH O , KOTOpasi AEHCTBYET NEPIEHIUKYISPHO IPOU3BOJBHOU
JUHUU U CTPEMHTCS «CTSHYTH» pa3feiCHHbIC dTON JMHUEH ydacTku >kujakoctu. Koaddurument
MOBEPXHOCTHOTO HATSHKEHUS O PaBEeH, TaKUM OOpa3oM, CHJIE TOBEPXHOCTHOTO HATSKCHWSI,

OTHECEHHOM K €IMHULIE JIMHBI.

Onucanue 3KcnepumeHmanbHoOUl yCmaHo8Ku

N3MepuTenbsHBIM 3JIEMEHTOM B TOPCHOHHBIX BecCax SBJIIETCS CHOUpaJbHAas MOMEHTHas
NpYy’)KHHA, HATSDKEHUEM KOTOPOW NIpU 3aKpYYMBAHWUM YPABHOBELIMBAETCS B3BELIMBAEMBII
oOpasel. Yron 3akpy4rBaHUsT MOMEHTHOM MPYXUHBI MPOMOPIIMOHATIEH Macce B3BEIIMBAEMOTO
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o0Opaslia, TOITOMYy IIIKaja BECOB MPOrpajydpoBaHa B eaAMHHUIAX Macchbl. OOmmi BuUJ
HKCIEPUMEHTAIbHON yCTaHOBKH IpeJicTaBJieH Ha puc. 1.

Ha ocu BecoB 1 3akperuieHsl BHYTPEHHHUH KOHEL] MOMEHTHOW IPYKMHBI, KOPOMBICIIO C
KPIOYKOM 7 W KOHTpOJIbHAsI cTpesika 6 (yka3aTeiab I'OPU30HTAJIBHOTO IMOJIOKEHUS KOpOMBICIA
BECOB). BHemHuil KOHEI] MOMEHTHOW NPYKUHBI JKECTKO CKpEIJIeH CO CcTpenko 4,
MOKa3bIBAIONICH pe3yJIbTaThl B3BEIIMBAaHUS 1O IKame iudpepbdraata BecoB 1. Co cTpenkoii Takxke
KECTKO CKpEIlJIeH MOBOJOK C PyYKOM 3 JUIg 3aKpy4yHMBaHHUS MOMEHTHOH NpyXHUHBI. YTOOBI
YCTAaHOBUTh  KOPOMBICJIO B  HYJIEBOE  IIOJIOKEHUE, HCIOJIb3YeTCs  JONOJIHUTENIbHAS
(TapupoBOYHasi) cOHUpajbHas TMpPYKWHA, MOMEHT KOTOPOH pEryJupyercss TapupOBOYHOMN
TOJIOBKOM 5. MexaHH3M BECOB 3aKJ0UeH B Qymispe Kopryca. TpeHOXKHHUK KOpIlyca UMeeT JBa
YCTAaHOBOUHBIX BHMHTa M C(EpUUYECKUN YPOBEHb Js YCTAaHOBKM BECOB B BEPTUKAJIbHOE
nojoxkeHue. Bechl cHaOeHBI appeTUpOM, NMPEAHA3HAUYEHHBIM IS 3aKpEIUICHUS MOJBHYKHOU
YacTU MEXaHHU3Ma BECOB, IPUBOJUMBIM B ACHCTBHE PhIYArom 2.

ToHkoe KOJBIO 8, HW3rOTOBIEHHOE M3 MaTepuajia, KOTOPBIH XOpOIIO CMadyHuBaeTcs
HCCIENYEMON KUIKOCTBIO, IMOABEIIMBACTCS Ha KprO4oK Kopombicaa 7. IlomBecka komibpna
OCYIIECTBJISETCSl TaKUM 00pa3oM, 4TOObI €ro och Oblia BepTHKaibHa. Konblio omyckaercs B
MepHBII cocya 9 ¢ uccnenyemoil xkuakocteio 10. [Ipu 3TOM KHUJIKOCTh HAUYMHAET MTOJHUMATHCS
[0 CTEHKaM KOJbI[a, @ CaMO KOJIbLIO HECKOJIbKO BTATMBAETCS BHYTPb XKUIKOCTH. IToCKOIBKY
BHEIIHSS. U BHYTPEHHSA CTEHKU KOJbI[A CMAYMBAIOTCS JKUJIKOCTBIO, TO «BTATMBAHHUE» KOJbLA
BHYTPb >KMJIKOCTH OCYUIECTBIISIETCSI CHUJIAMU MOBEPXHOCTHOI'O HATSDKEHHUSI, JEUCTBYIOIIMMH KaK
BJIOJIb BHEIIHEW OKPYKHOCTU KOJblla, TaK U BHYTpeHHeW. B pesynbraTe o0uias 1imMHa

Puc. 1. Cxema 3KCIIepUMEHTAIHFHON YCTaHOBKHU:
1 — xopIyC TOPCHOHHBIX BECOB; 2 — pblYar appeTupa; 3 — MOBOJIOK; 4 — CTPEIIKa;
5 — TaprpoBOYHAs TOJOBKA; 6 - KOHTPOJIBLHAS CTPENKA; { — KOPOMBICIIO; 8 — KOJIBIIO;
9 — mepHsIi cocym; 10 — uccnemyemas XUAKOCTh

nepuMeTpa cMaunBanus omuska k 2 - 21TR , rae R — paguyc konbua.
C nomorpko (2) Hakijiem, 9TO CHJla HOBEPXHOCTHOTO HaTskeHus F pasma

F =4nRc. (3)
[ToBopoT MOBOAKA 3 BECOB IPOTHB YaCOBOW CTPEJKH MPHUBOAMUT K OTPHIBY KOJIBIIA OT
MOBCPXHOCTU BOJBI. HpI/I 9TOM B MOMCHT OTpbIBa CTPCJIKa 4 TOPCUOHHBIX BECOB IMOKAa3bIBACT
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3HaYEHHE MAacChl, COOTBETCTBYIOLEE CYMME CHJ TSHKECTH U IOBEPXHOCTHOTO HATSKEHUS.
[Mocnenusist Beruucisiercs mo gopmyse (3).

Ilopsiok BBINOTHEHUS PadOThI

1. TmarenbHO NPOMBITH KOJBLO CIUPTOM, YTOOBI YAAIUTh C €r0 MOBEPXHOCTU CllydaliHbIE
3arps3HeHus, oco0eHHo xup. Ilocne MpOMBIBKM HYXHO JaTh MPOCOXHYTh CHUPTY, TaK KaK OH
caM BIIMSIET Ha BEJIMYMHY MOBEPXHOCTHOTO HATsKEHHsS BOAbL. Hu B KoeM ciiyyae He cleqyer
IpUKacaThbcs K KOJbIY HalbIIaMH.

2. HamomauTh MEpHBIH COCyA AMCTUIUIMPOBAHHOM BOMOH. [loaBECHTH KOJBII0O Ha KPIOUOK
KOopoMmbIcia BecoB. ONMyCTUTh KOJIBLIO B BOoAy. Bo Bpems ombiTa Hajo cIeAuTh 3a TEM, YTOOBI
HWKHHUM 00pe3 KoJIblia KOCHYJICS BOJIbI BCEMH KpasMH OAHOBPEMEHHO.

3. BpaieHnemM ycTaHOBOYHBIX BUHTOB YCTAaHOBHUTH BECHI [0 YPOBHIO; MEPEABUIKEHHEM phluara
apperupa 2 BOpPaBO OCBOOOJUTE KOPOMBICIO. 3aTeM IEpEeABM)KEHHEM MOBOJAKAa 3 yCTaHOBHUTH
OTCUETHYIO CTpENKY 4 Ha HyJieBOoe JieleHue mkanel nudepbiata. Bpamenuem TapupoBoYHOM
TOJIOBKA 5 COBMECTHUTE KOHTPOJBHYIO CTpENKy 6 ¢ KOHTPOJNBHBIM MITpUXOM mHpepdiara.
JlanHas npouenypa HeoOXoaAUMa I UCKIFOYEHHS] HEU3BECTHON CHJIbI TSDKECTH KOJIbLIA.

4. TloBopaumBasi NMOBOAOK 3 MPOTHB YacCOBOW CTPENKH, OCTOPOXKHO OTOPBATh KOJBLO OT
MIOBEPXHOCTH BOJbl. 3alIMCaTh 1OKa3aHUE BECOB (B €AMHMIIAX Macchl). [loBTOpUTH n3MepeHus He
meHee 10 pa3. Haiitu cpenHee 3HaueHHE M, YMHOXas €ro Ha BEIWYMHY YCKOPEHMS CHIIBI
okectr g = 9,81 M/c?, onpenenuTe BETMUYMHY CHIIBI TOBEPXHOCTHOrO HATsHKEHUs F B MOMeHT

OTpBIBA. 3aMKCaTh PE3yIbTAThI B TAOJHILY.
5. Cnuth BOIYy M3 MEPHOrO COCyla M J00aBUTh TyJa TaKOE€ € KOJIMYECTBO MBUIBHOTO
pacTBOpa U3BECTHOM KOHIeHTpauuu C . [IpoBectn u3amepeHust B COOTBETCTBUM C 1. 3 JAHHOI'O
paznena. [IoBTOpuTh U3MEpeHUst sl BCEX UCCIEAYEMbIX PACTBOPOB B MOPSIIKE BO3PACTAHUS UX
KOHLEHTPALINH.

Taonuua 1

Homep

H3Mep KoHuenTpamus pacteopa ¢ ,% | M,.r | Am,.,r | F yH | 6 ,MH/™M | AG ,MH/Mm

O6paboTKa pe3yIbTaToOB

1. CornacHo ¢opmyite (3) paccunTaiite KO3PPUIUESHT MOBEPXHOCTHOTO HATSIKCHHUS
MCCIIEyEMBIX JKHAKOCTEH. 3Hauenune paauyca Konblia R ykaszano Ha paGodem mecre.

2. [Tocrpoiite rpaduik 3aBUCHMOCTH KO3(DHUIIMEHTa TOBEPXHOCTHOIO HATSIKEHHS G OT
KOHILIEHTpAIMH C MBLILHOT'O PacTBOpA.

3. OrneHnTe MOrpeIrHOCTH PE3yIbTATOB U3MEPEHHIA.

Ilpakmuueckan paboma Ne 9. U3mepeHune Kod(PpPUIEEHTA MOBEPXHOCTHOTO HATSIKEHUSI
MeTO0M KANNJLISIPHO-TPABUTALUMOHHBIX BOJIH

Llenb paOoThI: U3ydeHHE MOBEPXHOCTHBIX KANWUISPHO-TPABUTALIMOHHBIX BOJIH, U3MEpPEHHE
KO3 PHIHEHTa TOBEPXHOCTHOTO HATSYKEHUS BOJIBI.

KOHTpoOsbHBIE BONPOCHI.

1. Uro Takoe moBepXxHOCTHOEe HaTshkeHHEe? OOBSICHUTE TNPUYMHY TOSBICHUS CHII
MOBEPXHOCTHOI'O HATSKEHHUSL.

2. Kaxk BbIpaxkaeTcst mOBEpXHOCTHASI SHEPT U KUJIKOCTH?

3. [ToyeMy >XUAKOCTB, TPEAOCTABICHHAsA caMoil cebe, OyneT mpuHuUMaTh Gopmy ¢
MUHUMAaJIbHOU MTOBEPXHOCTBHIO?

4. Uro Ttakoe KO3((UIMEHT TMOBEPXHOCTHOro HatTskeHua? Kak oH 3aBuUcHUT OT
TemnepaTypsbl?

5. Kak Bnmsier mpumech Ha K03(pPUIMEHT MOBEPXHOCTHOTrO HaTshkeHHs. llpuBenure
IPUMEPBI.
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6. Hamumure u o6bsacaute popmyny Jlammaca st ©u306ITOUHOTO AaBICHUS UCKPUBIEHHOM
MOBEPXHOCTH KUIKOCTH.
7. Kakue BoJIHBI Ha3bIBAIOT KAMHJUISIPHO-TPABUTALIMOHHBIMU.
8. Beisenute hopmyiy (7) st CKOPOCTH KalMILIPHO-TPaBUTAIIMOHHOM BOJIHEL [TocTpoiite
rpaduk 3aBucumocty V(A ) u npoananusupyiite eé.
9. ITokaxure, dYTO IIOIpeIIHOCTh AC =0 —0O 0, BO3HHKAWOMAsA TIpPH TOJIHL30BAHUH
npubmmkEéaHON hopmystoit (8), onpenensieTcst COOTHOMIEHHEM

Ds _ |

s =

0 1

10. IlepeuncnuTe OCHOBHBIE HCTOUHHUKY ITOTPEHIHOCTEN JAHHOIO METO/1a U3MEPEHUM.

Ilpakmuueckasa padora Ne 7

UIMEPEHUE KOS®DPUIIHEHTA IIOBEPXHOCTHOI' O HATAKEHUA METO/{OM
KAITWUVIAPHO-I'PABUTALIHOHHBIX BOJIH

Ileny pabomwvi: WN3y4eHHE TIOBEPXHOCTHBIX KallWUIIPHO-TPABUTALMOHHBIX BOJIH,
u3MepeHre Kod((uiueHTa MoBepXHOCTHOIO HATSKEHUS BOJIBI.

Ilpuboput u o6opyoosanue:. ycranoska ®I1B-02M.

TeopeTnveckoe BBeJIeHHE

B sxunkoii (daze Ha MOJEKyIbl BEHIECTBA JEHCTBYIOT CHJIBI MPUTSIKEHUS CO CTOPOHBI
OKPYXKaIOMIUX MOJEKYJd. OTH CHJIBI OBICTpO YOBIBAIOT C pacCTOSHUEM — UX JACWCTBHE
IpaKTUYECKH Ipekpamaercs Ha paccrosuuu 107 cm. IloTeHmuanbHas >HEprus Kasmoi
MOJIEKYJIbI 3aBUCUT MOITOMY TOJBKO OT €€ B3aMMOACHCTBHs ¢ Ommkaimmmu coceasmu. Korma
MOJIEKyJla HaXOAWUTCS B TIIyOMHE KHAKOCTH, TO 3TH CUJIBI JIEWCTBYIOT BO BCE CTOPOHBI M B
CpEeIHEM YPaBHOBELIMBAIOTCA. MOJIEKybl, HAXOAAIMECS HA MOBEPXHOCTH, UMEIOT HEMOJIHBIN
Habop coceneil U MOITOMY HCIBITHIBAIOT JCHCTBHE PAaBHOACHCTBYIOIIEH CHIIbI, HallpaBICHHOM
BHYTPb JKUJIKOCTH. BBIXOJ MOJIEKyJIbI Ha TMOBEPXHOCTh TPeOyeT coBepIIeHUs pabOoThl MPOTUB
ATOW CUJIBI M TMTO3TOMY COINPOBOXKJIAETCS YBEJIMYEHUEM MOTEHIIMATbHOW 3HEPruu MOJIEKYIIHI (32
CYET KUHETUIECKOM ).

Jna yBenuueHus cBOOOJHON NMOBEPXHOCTH >KMJKOCTH YacCTh MOJIEKYJ JOJIKHA MEperTH
u3 00bEMa B MOBEPXHOCTHBIN CJIOH, a JJIS 9TOr0 HEOOXOAMMO COBEPILIUTH HEKOTOPYIO paboTy.
3HAUNUT, TOBEPXHOCTHBIA CIOW JKUIKOCTH OO0JajaeT OMOJHUTEIbHOW IOTeHLHAaIbHOU
sHEepruel. JTa 3HEprusi HOCUT Ha3BaHUE MOBEPXHOCTHOW »Hepruu. COriacHo CKa3aHHOMY, €€
BEJIMYMHA MPOIOPIHMOHAIBHA YUCIY “MOBEPXHOCTHBIX MOJIEKYJ, TO €CTh IJIOIIAIN
IOBEPXHOCTH S

E=cS

Kordpdpunment G naszpiBaeTcss Kod(hHuUIMEHTOM MOBEpXHOCTHOro HaTshkeHus. [lo cmbicny oH
paBeH IOBEPXHOCTHON S3HEPruu, NpUXOAsAIIelcsd Ha €AMHUIY IUIO@Au IMoBepxHOCcTU. Ero
BEIMYMHA 3aBUCUT OT CBOMCTB JKMJIKOCTH, a TAKXK€ OT TEMIIEPATYpPbl: C POCTOM TEMIIEpaTypbl O
YMEHbILAETCS, CTPEMSCh K HYJIIO IIPU KPUTUYECKOIN TeMIiepaType, Korja Hc4e3aeT IpaHulia
MEXY KHUIKOCTHIO U €€ HACHIIIEHHBIM ITapOM.

®opma, KOTOPYI MPUHUMAET KHJKOCTh, COOTBETCTBYET MUHUMYMY MOTEHIIUAIbHOU
sHepruu. Ilo3TOMy NOBEPXHOCTH >KMJIKOCTH CTPEMHUTCS COKPATUTHCSA, YTO IPOSBISIETCS B
BO3HUKHOBEHMM CHJI TIOBEPXHOCTHOI'O HATSKEHMs, KacaTelIbHBIX K NoBepxHocTU. DopmMalibHO
3TY CWJIYy MOXHO BBECTH ClEAyloImuM ob0pa3oM. Jljis HM30TEpMHYECKOTO YBEIMYEHUs
MOBEPXHOCTH  KMAKOCTH Ha  BeouuuHy S~ HeoOXOAMMO  3aTpaTHTh  SHEPIHIO
dE =odS =cl -dx . 3necy | — nnuna HekoTopoil MMHUM (peanbHOM MM MBICIEHHON) Ha
TMOBEPXHOCTU SKUKOCTH, a dX - e «pacTsKeHHe» B IepNeHUKYIIpHOM K Hell HampaBlIeHUH.
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Torz[a CHhJia IOBCPXHOCTHOT'O HATAXKCHU S,

OE as
F=——="0—=-0l,
ox dx

IZle 3HaK «—» YKa3blBaeT Ha TO, YTO CHJIa HaIpaBiieHa MPOTHBOIOIOXKHO cMenleHuto. OTcrona
BUIHO, YTO KOI(P(UIMEHT MOBEPXHOCTHOTO HATSKCHHUS paBEH CHJIE [OBEPXHOCTHOIO
HATSHKEHUS, OTHECECHHOU K €IMHHULIC JJIVHBIL.

Cusnpl TMOBEPXHOCTHOTO HATSDKEHUS BBI3BIBAIOT  JONOJHUTEIBHOE JABJICHUE 0]
WCKPUBIIEHHON TOBEPXHOCTHIO JKHUJIKOCTU. B ciyuae cdepruyeckoii MOBEpXHOCTH ATO JaBJICHHE
CBA3aHO C paauycoM eé kpuBu3Hbl R dopmynoii Jlannaca:

2
AP = =2

R
Eciu MOBEPXHOCTD KUIKOCTU BBINYKJIas (LEHTP KPUBU3HBI HAXOAUTCS BHYTPH KHUIKOCTH), TO
R >0 u AP > 0. B cinyuae Boruyroii nosepxuoctu R < 0 u AP <0.
®opmyuna Jlanaca, 0606 IEHHAs HA HOBerHO?}TIi JH0601171 @RopMm, BBITJISIUT TaK:

AP =c| — +—|,
Rl RZ

rae R, u Rz — pamuychl KpUBU3HBI ABYX B3aMMHO TIEPIEHANKYISAPHBIX HOPMAIbHBIX CEUEHHUI

MOBEPXHOCTH B MHTEpECyoIIel Hac Touke. [IpaBuiio 3HAKOB A HUX TO *Ke, YTO OBLIO
IIPUBEJICHO BBIILIE.

Kanunnapno-epasumayuonsvie 80.1Hb1

B nanHoit paGoTe KOI(P(GUIHUEHT MOBEPXHOCTHOTO HATSHKCHUS OMPEIENIeTCS IMyTeM
WU3MEPEHUs CKOPOCTH PACIPOCTPAHCHUS KAUJIJISIPHO-TPABUTAIIMOHHOM BOJIHBI 10 MTOBEPXHOCTH
KUJKOCTH. DTO — OJIMH U3 HAaMOOJIee TOUYHBIX METOA OB OIPEICIICHHUS C.

B crokoWHOM COCTOSSHMHM TMOBEPXHOCTH J>KHAKOCTH B JOCTATOYHO OOJIBIIOM COCYIE
SBJISIETCS TUIOCKOK. Ecin kakyro-1ub0 4acTUIly )KMJIKOCTH 3aCTaBUTh COBEPIATh KOJEOATEIbHOE
JBIDKEHUE, TO 110 MOBEPXHOCTHU XKHIAKOCTH OYJIET paclpOCTPAHITHCS BOJHA, 00pa3yrOIascs Mo
NEMCTBHEM JBYX CHJI: CHUJIBI TSDKECTH W CHIIBI MMOBEPXHOCTHOrO HaTsDKeHHS. OO0 9TH CHIIBI
BO3BpAl[AalOT HAa MECTO BBIBEIEHHYIO M3 PABHOBECUS KHUAKOCTh, CTpPEMsiCh clenaTh €&
MOBEPXHOCTh IIOCKOM, BO30YKIas TeM caMbIM KojebaTenbHOe IBMKEeHHE. [loBepXHOCTHBIE
BOJIHBI TAKOT'O THIA MOJTYYUIN Ha3BaHHUE KallUJUIIPHO-TPaBUTAI[HOHHBIX.

OrpaHuuuMcs PacCMOTPEHUEM KaNWUISIPHO-TPABUTALIMOHHBIX BOJH C aMIUIMTY]IOH,
MaJIoi 110 CPaBHEHMIO ¢ JUIMHON BOIHBI A. Takike OyaeM CUMTATh KUAKOCTH TJIyOOKOii (TO €CTh
rIyOMHA )KUIKOCTH 3HAYUTENILHO OOJIBIIE NJTUHBI BOJTHBI).

Jnsa pacu€ra CKOPOCTH pACHpOCTPAaHEHHUS BOJHBI BOCHOJB3YEMCS CIEAYIOLINM
pe3yNbTaTOM, BBITCKAIOMIMM W3 YPAaBHEHMM THAPOJAMHAMUKH UACATbHOW HEC)KMMAaeMOi
KUAKOCTH. MOXKHO MOKa3aTh, 4TO B Oeryiiell CHHYCOHWJANbHON BOJHE MAajod aMILTHUTYIbI
KaKJas YacTUIAa JKUJIKOCTH [IBIXKETCS IO OKPYKHOCTH, PACHOJIOKEHHOW B BEPTUKAIBHOU
IUIOCKOCTH, MIPOXO/SIICH yepe3 HalpaBJIeHUE PACIPOCTPAHECHUS BOJIHBL. AMILTUTYAA KOJleOaHHi

(TO ecTh pafidyc OKPYXKHOCTU I ) MaJjia [0 CPaBHEHHIO C A OHA MAKCHMallbHA Ha IIOBEPXHOCTH
1 yOBbIBa€T 10 MEpe YAaJICHUsI OT HEee BIIyOb KUIKOCTH.
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Puc.1. K BbIBOY CKOPOCTH MOBEPXHOCTHOMN BOJIHBI

[TycTs BosHA pacpocTpaHsieTcs CO CKOPOCThIO V BIOJb OCH X, HANPaBICHHOM IO
MOBEPXHOCTH KUAKOCTHU (cM. pHC. 1). CKOpOCTh ABUKEHUS YACTHUIIBI )KUJKOCTH 1O OKPYKHOCTU

0003HaUYUM U , CJIEMOBATEILHO

v
u=2mnrv = 27”"% (1)

rae VvV - yacrora KOJICOQHHIA. PaCCMOTpI/IM SABJICHUEC B CUCTEME OTCUETA, PABHOMEPHO

JBUKYIIEHCS BIOJIb OCH X €O CKOPOCThIo V . [y HabmogaTens B 9TOH cucTeMe OBEpXHOCTh
YKUJIKOCTH OYJIET Ka3aThCs 3aTBEP/ICBIICH, HMefomeﬁZ(bopMy CUHYCOH/IbI, YypaBHEHUE KOTOPOIl
T

y=r sinT X (2)

YacTuipl HOBEPXHOCTH KUJIKOCTH OyyT YXOAUTH OT HAOII0AATENs, ABUTAsICh 110 3TON
CHHYCOW/IC; IPU ITOM CKOPOCTh YaCTHIIbI BO BIauHe Oyaer paBHa (V + U ), a Ha rpeOHE BOJHBI
— (v — u) (cm. puc. 1). PaccmarpuBasi y4acTok CHHYCOHIbI AB kak JTHHHIO TOKA, IPUMEHUM K
Hell ypaBHeHue [l. beprymm:

P +Q(v—u)2+2pgr _p, +Q(v+u)2

4 9 2
WIn
2pvu = 2pgr + P, — P, (3)
JaBnenus xunkocty B Toukax A u B no ¢popmyse Jlamiaca paBHbI COOTBETCTBEHHO
P, =P, +cK, P,=P,—cK 4)

rae PO — JaBJIeHUE BOJIU3M HEBO3MYILEHHON MOBEPXHOCTH, a K — KpuBHM3HA CHHYCOHMIBI B
Toukax A u B:

d? 4 2r
K =2 =20 (5)
d2x A
U3 (3) c yu€rom (1), (4) u (5) momyqaem popMyIy AJisi CKOPOCTH PacCHpOCTpaHEHUS
KalWUIIPHO-TPAaBUTAIIMOHHOM BOJHBI (Tak Ha3biBaeMoi (ha30BOil CKOPOCTH):
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(6)

DTa CKOPOCTh 3aBHCUT OT JUIMHBI BOJHBI A, TO €CTh KalWLIAPHO-TPABUTALIMOHHBIE BOJIHBI
obmamarot aucnepcueii. [lepBoe cmaraemoe 1Mo KOpHEM OTpa)kaeT BKJIAJl CHIIBI TSDKECTH, a
BTOPOE — CHJI TOBEPXHOCTHOT'0 HaTsDKeHHs. 13 (6) ciaeqyer, 4To CKOPOCTh BOJHBI BEJTUKA ITPU

MaJbIX 7\,, 3aTEM OHa IpU YBECIINYCHUU }\, YMCHBIIACTCA, JOCTUTasd HGKOTOpOﬁ MUHAMAaILHON

BEIMUHMHBI V. , ¥ Jlaliee BHOBb pacTeT. 3HaueHne A = A, cooTBeTcTBYyIomEe V, i, ,

pasrpaHNUYMBAET 00JIACTH TAK HA3BIBAEMBIX IPABUTAIMOHHBIX BOMH (A >> A1) oT ob6nacTu
KamuapHeIX BosH ( A << A1), B 06pa30BaHAN KOTOPHIX OCHOBHYIO POJIb HIPAET
ITIOBEPXHOCTHOE HATKEHUE KUIKOCTH.

Bripaxkas V uepes A 1 yactoty V (V = AV ), HOJIyuuM BhIpakKeHHeE s
K03 (h(uLIeHTa TOBEPXHOCTHOT'O HATSKECHHUS:

Ay ? \Zg
=P on " Pure (7)

Takum 06pa30M, HU3MCPHUB JIJIMHY BOJIHbI 7\, , 3Has IIJIOTHOCTB XUAKOCTHU p 1 4aCToTy

KoseOaHui V , MOXKHO 110 Gopmyiie (7) onpeneauTh Ko3(hPHUIreHT MOBEpXHOCTHOT'O HATSKCHHMS.
SIcHO, 4TO JUTMHA BOJIHBI JIOJDKHA TIPU ATOM JIKATh B 00JIACTH KaITMJUTSPHBIX BOJIH, JIJISI KOTOPBIX
peo0JIaJaroIInM SIBJISIETCS BKJIAJI CUJI TOBEPXHOCTHOTO HATSDKEHHUSL. J[JIsl KanmMJUIIPHBIX BOJIH
K03 (pDUIIMEHT TOBEPXHOCTHOI'O HATSKEHHSI MOKHO BBIYHUCIISATH 110 MPHOJIMKEHHON GopMyie

P
C = 3,2
0 o AV (8)

Pe3ynbTar Oy/IeT TeM TOYHee, UeM JIydllle BHITOTHEHO HEPaBEHCTBO A << A1.

JlnvHa KanmuJuIipHBIX TOBEPXHOCTHBIX BOJIH MaJa, IO3TOMY HaOI0aTh 3TH BOJIHBIL, a
TeM OoJsiee U3MEPUTDH UX JUTMHY 3aTPYAHUTENbHO. UTOOBI 3TO clienaTh, KapTuHa Oerymx BOJIH
“ocTaHaBIMBAETCA € IOMOUIbIO CTPOOOCKOMMYECKOro (MpephIBUCTOr0) ocBelieHus. Kaptuna
OyZeT Ka3aThCsl HEMOIBM)KHOM, €CIIM 32 UHTEPBaJ BpEMEHH MEXIy MpephIBaHUSAMH BOJIHA
yCIIeBAET CMECTUTLCS HA A, MM Ha Ies1oe 9ucio A . JIjis 3TOro 4acToTa OcBeleHus J0KHA
COBIIaJaTh C YaCTOTOM BUOpaTopa, BO30yKAat0LIEero KoyeOanus Uil ObITh B LIE€JI0€ YHUCIIO pa3
MEHBIIIE €r0 YaCTOTHI.

Onucanue 3KkcnepumenmanbHoOll yCMaHO6KU

Jis onpenenenus kod(pHUIMEHTa MOBEPXHOCTHOTO HATSHKEHUS BOJbI HCIOJb3YETCs
HKCIIEpUMEHTaJIbHAsl YCTAHOBKA U1 M3y4€EHUs BOJHOBBIX SIBJIEHUH Ha oBepxHoCTH Boa bl PIIB-
02M, oOmuii BUI KOTOPOH MOKa3aH Ha puc. 2.
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I'IYCKT YACTOTA+ 1 YACTQOTA- —

O . O . O .

Puc. 2. OOmuii Buz sKcriepuMeHTainbHoi ycranosku OIIB 02M:

1 — u3MepHTENEHOE YCTPOUCTBO; 2 — IUACKOIT, 3 — 3KpaH; 4 — UCTOUYHUK CBETA; 5 — BAaHHA;
6 — HaKOHEYHUK BHOpaTopa; 7 — peryJIupoOBOYHbII BUHT.

[IpyHiun nefcTBUs yCTAHOBKM OCHOBAH HAa OCBEUIEHUM MOJYJIMPOBAaHHBIM CBETOM
BOJIHOBOM KapTUHBI HA TOBEPXHOCTH BOJIbI.

VYcTaHOBKa COCTOUT M3 AMACKONA M U3MEPUTENIBHOIO yCTPOMCTBA. /[nackon BBIIIOJIHEH B
BHJIC LITaTHBA, HUKHEE OCHOBAHHME KOTOPOrO CIYXKHUT JKpaHOM. B BepxHel wactu auackona
HAXOJUTCS MCTOYHHUK CBETa, CBETOBOM IOTOK OT KOTOPOIO0 MOIYJIUPYETCsl OOTIOpaTOpOM,
NPUBOJUMBIM B JBUKEHUE AJIEKTpoJBUraTereM. Ban nBurarens uepe3 KCLEHTPUK MPUBOAUT B
IBIDKCHHE KOJEOMIommiicss BUOpaTOp, HAKOHEYHUK KOTOPOro BO30YXKJaeT BOJHBI Ha
MOBEPXHOCTH BOAbI. BuOpaTop npmxumaercs K 3KCHEHTPUKY MPYKUHOM, HATSXKEHUE KOTOPOU
MOKHO PEryJupoBaTh IPU NOMOIIM BUHTA 7 C LENbI0 YCTPAHEHUS MEXAHWYECKUX PE30HAHCOB
CHUCTEMBI U MOJy4EeHHUsI YETKOW BOJIHOBOM KapTUHBI. BoHOBAst KapTUHA NIPOELUPYETCs HA IKpaH,
/i€ ¥ IPOBOSATCS HEOOXOAUMBIE U3MEPEHHUS.

Yactota mnpepbpiBaHUN CBETOBOrO MOTOKA, COBIAJAIOIIAs C YacTOTOM BO30YXIAaeMbIX
BUOpPAaTOpPOM BOJIH, pPETUCTPHUpYyeTCs (POTOAATYMKOM M HUHAWIUPYETCS CBETOBBIM TaldJIo
U3MEPUTEIBHOr0 ycTporcTea. Ha mepennell nmaHenmm U3MEpUTEIBHOIO YCTPOHCTBA PAa3MEIEHBI
CJIEIYIOIME OpraHbl YIIPaBIECHUS:

- kHomnKa «Ilyck» — 115 mycka U OCTaHOBKH (IIyTeM MOBTOPHOI'O Ha)KaTHs) TBUTATENs;
- kHONkM «Yactora+» u «Hacrora—» — 111 U3MEHEHMS YaCTOThI BPAIEHUS JIBUTaTENs
(4acToThl BO30YK/1a€MOU BOJIHBI).
Ha mnepenneil maHemu HAaxXOAATCA  TakyKe CBETOMMOMABI, MHIULHUPYIOLIME COOTBETCTB YOI
pexuM paboTsl U LudpoBoe TabsIo YaCTOTOMEpA.

Ilopaook evinonnenus padomut

1. HakoHeuHuk KoOHMYECKOH (OpMBI MPOTEPETh CIUPTOM, MPOCYIIUTh M 3aKaTh B
IIaHTOBBIN pazbeM BUOpaTopa.
2. 3amuTh AUCTUJUTMPOBAHHYIO BOJIY B BaHHY TaK, YTOObl HAKOHEYHHK OBUI YAaCTHYHO

norpy>k€H B BoAy. [Ipu HamosHeHWHM BaHHBI U JajbHEWIIeH paboTe HE MOTPYyKaTh MAJbILI B
Boay. [lomMHHMTE, 4TO Make HE3HAYUTEIHHOE 3arps3HEHUE CIOCOOHO CYIIECTBEHHO H3MEHHTH
BEJIMYMHY MOBEPXHOCTHOTO HATSHKEHUS.

3. [TonoXXHUTh Ha OCHOBAaHUE MITATHBA JIMCT OyMaru WJIM MUJTMMETPOBKH M 3aKPENHTh €€ C
MTOMOLLBIO IIPUKHUMOB.
4. [TonKII0YUTh CETEeBOM IIHYp W3MEPUTEIBHOIO YCTPOMCTBA K CETM M BKJIIOYMTH

YCTaHOBKY BbIKJItoUaTeneM «CeTh)» Ha 3aJHell MaHean U3MepuTeabHOro ycrpoicrsa. [Ipu aTom
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BKJIFOUMTCSI OCBETHTENbHAs JIaMIla JIMACKONA M JJEKTPOJABUIATeNlb, a Ha WHIUKATOPE
yacToToMepa nosiBuTcs 3HadeHue 4actothl (30...60 ). BeIKITOUNTE 1BUTATENh, HAXKAB KHOIKY
«Ilyck» u mporpeTh yCTaHOBKY B T€UEHHE 2-3 MUH.

5. [Tociie mporpeBa BKJIFOYHTH JBUraTeib, HaxkaB KHonKy «I[lyck». Ha nucte Oymaru Oynet
HAOIIIOIaThCSl KAPTHHA KPYT'OBBIX BOJH. [Ipy HEyCTOWYMBON MM MCKA)KEHHON KapTHHE CIeNyeT
U3MEHUTh YPOBEHb BOJBI B BaHHE U, €CIM HEOOXOAMMO, OTPEryJMpOBaTh BHICOTY yCTAHOBKH
HakoHe4yHuKa. Ecim npu Haxkatum KHonku «llyck» naBHUrarens He BKIIKOYAETCS, TO HYKHO
BBIKJIIOUNUTH JIBUTATElb W OCHaOUTh MNPWKUMHYIO TPY)KUHY BHUHTOM 7  (BBINOJHSETCS
71a00PaHTOM WJIH MPENOJaBaTEIIEM ).

6. Onpenenuts AJIMHY BOJHBL [ 3TOro M3MEpUTh JUHEHKOW MM MO MUJUIMMETPOBOU
Oymare pacctosuue L, cOOTBETCTBYIOIIEE N MEPUOIaM BOJHOBOW KapTHHBI PaccuuTtarh

JUIMHY BOJHBL 10 (hOpPMYIIE A =", rme k — 3,5 - yBenmuenue nuackoma. V3mepenwus
nk

TIOBTOPUTH 3—5 pa3, pacCuMTaTh CpeJHEe 3HAUEHHE A M 3aHECTH ero B Tabmuily. 3ammcath

TaK)Xe 3HAYCHUE YaCTOTHI, U1l KOTOPOTO MPOBECHBI H3MEPEHHUSI.

7. W3mensisi vactory koJjeOaHuii BuOpatopa kHomkamu «Yacrotat» u «Yacrora—»,

MOBTOPUTh U3MEPEHUS I1. 6 JIJIsl pa3jIMYHBIX 3HAYCHUN YacTOThl (HE MEHee 5-TH), IPU KOTOPBIX

Ha0II0AaeTCs JOCTATOYHO Y€TKasl M CTaOMIIbHAS BOTHOBas KapTuHa (B untepaie ~40...80 'm).

8. BoixmrounTs aBuratenb, HaxaB KHONKY «Ilyck» M OTKIIOYUTH NUTaHUE YCTAaHOBKHU
BbIKTIOUateneM «Cerby.
9. [Tocne okoH4aHus pabOTHI U OTKJIIOYEHHUSI YCTPOHCTBA OT CETH CIIUTH BOAY M3 BaHHBI U
MPOTEPETh €€ HACYXO0 XJIOMYaTOOyMaKHON TKaHbIO.
Taoéauna
1
I;:;:[ee;)' v, To | A, MM o ,MH/Mm _2, c? A3, MM G0 ,MH/M AG ,MH/Mm
A%
Oopabomka pe3yromamos
1. Jnst kaxaoro u3aMepeHus paccuutaite mo gopmyse (7) kodphUreHT HOBEPXHOCTHOTO
HATSDKEHUS, HalliuTe ero cpeiHee 3HaueHUe U OL[CHUTE MOTPEIIHOCTH.
2. [TpoBepbTe, ABNAIOTCA JIM HAOMIOJaeMble BOJHBI KallWJUIAPHBIMU. [IJIs1 3TOr0, NCHONIB3YS

dopmyiy (7), monyuuTe BHIpaXKeHHE IS JIMHEI BOJHBI A, COOTBETCTBYIOIIEH MUHMMAIBHOI
CKOPOCTH TOBEPXHOCTHOW BOJIHBL. VIcmosb3ys MmoslyueHHOe B paboTe 3HaueHHe O , OLEHUTE
3HAUeHHE A, ¥ CHeNaiiTe BEIBOJEI.

3. Ouennre K03(GHUIMEHT MOBEPXHOCTHOIO HATSDKCHUS 1O MpUOImkeHHoN (opmyie (8).

Jlns 3TOro noctpoiite rpaduk, n3odpaxkas mo ocu abeuuce Benuuuny 1/V 2, a no ocu opaunat

— A3. IIposepbTe, NeXaT MU TOUYKM HA OJHON MpsAMOiL. {71 mpsAMonuHeiiHOro yuacTka rpaduka
MPOBEIUTE HAWIYYIIYIO MPSAMYIO, HaauTe €€ yriioBodH KO3((HUIIMEHT W ONpEeneuTe C

nomotpio (8) 3HaueHue G .

4. O1eHUTE pacXOXKACHUE PE3yJIbTATOB PACUETOB MO TOUYHOM (7) u mpubmkenHoi (8)
dbopmyam.

7. JIABOPATOPHBIE PABOTBI, IPAKTUKYMBbI

He npenycmMoTpeHbl yueOHBIM TJIAHOM
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8. TEMATHUKA KYPCOBBIX, KOHTPOJIbBHBIX PABOT, PE®GEPATOB

He npenycMoTpeHbl yueOHbBIM MJIAHOM

9. MIEPEYEHBb BOIIPOCOB K 3AYETY

1. TlonstTe o ¢usnueckux MeToAax HccienoBaHUS. BzanmonelcTBrue 31€KTPOMArHUTHOTO
U3My4YeHHs] ¢ BemiecTBOM. JlMdpakuuoOHHBIE U CHEKTpOCKomuyeckue Meronsl. I[lpsmas u
oOpaTHas 3aJlayu METO/a.

2. Monekynspuas crnekrpockonus. OOJacTH SJIEKTPOMAarHUTHOT'O CHEKTpa M IPOIIECCHI,
IPOMCXOAIIME IPU MOIVIOLIEHUN U U3ITyUEHHH.

3. PagnanuionHsle 1 HepaauallMOHHbIE Mepexoabl. YacToTa U sHeprus nepexoja. 3aceléHHOCTh
sHepreTuyeckux ypoBHed. OmHodoToHHBIe nepexonbl. IllupuHa TUHUM U (QakTOphl, Ha Hee
BIIMSIOINME. XapaKTEPUCTUIECKOE BPEMS METO/IA U €r0 CBSI3b C TUIIOM M3y4aeMoro Ipolecca.

4. JIByx(doroHHble mnepexonabl. PaneeBckoe M koMOMHAIMOHHOE paccessHue cBera. [IpaBuia
otOopa Jy1st OJHO- U IBYX(OTOHHBIX ITEPEXO/IOB.

5. IHTEHCUBHOCTB CIIEKTpaJIbHbBIX JIMHUH MOTJIOIIEHUS U UCITyCKaHUSL.

6. Metonbl konebatenbHOl crnekTpockonuu. MudpakpacHas (MK) cnektpockornus. IIpoctoe
rapMOHUYECKOE JBUKEHHME aTOMOB B MoJekyse. CuioBble MOCTOsiHHbIE. KBaHTOBOMEXaHHUuE-
CKUA TOAXOA K OINHUCAHUIO KOJeOaTeIbHbIX YacToT, Y4€T aHrapMoHHYHOCTH. KpuBbie
noreHuuanbHo sHepruu. Kosebartenphbie ypoBHH. [IpaBuna otbopa B UK cmekTpockomnuu.
Knaccuueckas 3a- gada o KojeOaHHMSIX MHOTOaTOMHBIX MoJjekys. HopmanbHble konebaHwus.
O6eptonbl. CoctaBHBIE M Pa3HOCTHBIE 4yacTOThl. Pe3onanc ®depmu. MHTEHCHBHOCTH MOJ0OC
KOJIeOATENFHBIX CIIEKTPOB.

7. TloHsATHE O HOPMABHO-KOOPAWHATHOM aHanm3e. B3aumoneiictBue konebanuit. [Ipobrema
HEOJHO3HAYHOCTU IPH HAXOXAEHUHM CHJIOBOrO MOJS MoJseKyisl. Mcnonp3oBaHue m3zoronuue-
CKHX Pa3HOBUJIHOCTEN MOJIEKYIL.

8. Konuenus rpynnoBbix kojaeOanuit u e€ orpannueHus. CuMmMeTpus KonebaHui.

9. Ilpumenenne MK crnekTpockonuu.

10. AGcopOrroHHast ANEKTPOHHAS CIIEKTPOCKOMMSI MHOTOATOMHBIX MOJIEKYJ. XapaKTepUCTUKU
AIIEKTPOHHBIX COCTOSHHI: KBaHTOBBIE YHCIIA, MYJIBTUILIETHOCTh, cuMMerpusi. Kinaccupukarms
AIEKTPOHHBIX ITepexo0B. Kpurepuu OTHECEHHUs IEPEXOI0B K TOMY WM HHOMY THIy. [lepexonsl
C IEPEHOCOM 3apsja.

11. OcHOBHBIE XapaKTEPUCTHKHU IOJOCHI MOTJIOUIEHHS: MONYIIUPHHA, (HAKTOP acCHMMETpUH,
UHTerpajibHasi MHTEHCUBHOCTh. Cuna ocmwstopa. IlpaBuna ortbopa. Paspemiennbie u
3amnpeleHHble nepexonsl. [IpudnHbl cHATUSA 3ampera.

12. Konnenmwust XxpoMopOpOB U ayKCOXPOMOB.

13. IlpumeHeHue 31eKTPOHHON aOCOPOIMOHHON CIIEKTPOCKOIHN

14. SAnepubiii mMarHutHbI pe3onanc (SAIMP). Mopens Bparmiaromerocs 3apsijaa. MarHUTHBIR
MOMEHT siipa M YIJIOBOM MOMEHT KOJMYECTBA JABUXKEHHUS. [ MPOMAarHUTHOE OTHOIICHHE.
[lepexoapl Mexay 3eeMaHOBCKMMH ypoBHAMH. OcHoBHOe ypaBHeHue SAMP. Jlapmoposa
npeneccusi. Cxema sxcnepumenta IMP. Croco0Obl jocTuxkeHus yciaoBuil pesoHanca. OCHOBHbIE
y31bl ciekTpomeTpa AMP. XapakTtep o0pa31oB, pacTBOPUTEIH.

15. 3acenéHHoCTh 3¢eMaHOBCKUX YpOBHEH. CIUH-pemETOYHAS U CIIMH-CIIMHOBAs pelaKcaliysl.
16. Xumuueckuil cnBUr. BiusHue 3MEKTPOHHOM TUIOTHOCTH, MarHUTHO-AaHU30TPOITHBIX TPYII,
Cpenbl HAa XUMUYECKHE CIBUTH POTOHOB. ASIS-DddekThI.

17. Cnun-cnunoBoe B3aumojeiictBue (CCB). Koncranta CCB. CriekTpsl mepBOoro mopska.
Yucio KOMIIOHEHT MYJIBTUILIETOB, paclpeiesleHne MHTEHCUBHOCTEH. 3aBUCMMOCTh KOHCTaHT
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CCB or uncna u xapakrepa CBs3ei MEXy B3aUMOACHCTBYIOIMMH ITPOTOHAMHM, OT F€OMETPHUYE -

CKHUX IapaMeTpOB MOJIEKYII.

18. CnocoObl ynpomeHusi CIOXKHBIX CHEKTpoB. JIBoifHOM pe3oHaHc u ero Buabl. IIugrt-

peareHThbl.

19. TIlpumenenue wmerona SIMP:

CTPYKTYpPHBIM ~ aHaIu3,

pacyér TEepMOIUHAMHUYECKUX

napaMeTpoB, H3yU4eHUE KHHETUKH KOH(OPMAIMOHHBIX NIEPEX0/I0B U OOMEHHBIX pEaKIuid, U Ap.
“Dddext nepeqaun HaceimeHus . 2D-CnekTpockomnus.

10 CAMOCTOSATEJBHASA PABOTA OBYYAIOLIUXCH

Copepxanue, TpeOOBaHUS, YCIOBHUS U MOPSAOK OpraHU3allid CaMOCTOSITEIbHOMN
paboThl O0yyarommxcsi ¢ y4eToM (OopMbl OOyUYEHHs OTNpPENeNsieTcs B COOTBETCTBHH C

«[lomoxenueM 00

OpraHu3aluu

CaMOCTOSTEILHOM!

paboTHI

00y4aroIIMNXCs,

yTBEepKACHHBIM YueHbsIM coBeToM Yal'Y (mporokos Ne 8/268 or 26.03.19 r.).
dopma o0yueHHsI: OUHASI.

HazBanmue pa3aesioB 1 TeM Bun camocrosiTesIbHOIM padoThI O0bem B ®opma
gacax KOHTPOJIsI
Tema 1. O630p MeTOOB [TpopaboTka y4eOHOro Marepuaga ¢ TECTHPOBAHKE
@HgﬂKQ-XHMquCKoro HCIIOJIb30BAHUECM peCypcCoB yqe6Ho- BO BpEMA
aHAIN3a [TOBEPXHOCTH METOANYECKOTO MW HMH()OPMAIIMOHHOTO ayJTUTOPHBIX
oOecreveHus JUCLIUIIIHHBL 4 3aHTHI;
IToAroToBKa K YCTHOMY OIPOCY. BKJIIOUCHHE
IToaroroBka K ciaye 3ayeTa. BOIIPOCOB  Ha
3auere
Tema 2. ®usnueckue | [IpopaboTka y4ebHOro Marepuaiga ¢ TECTHPOBAHHE
OCHOBBEI COBPEMEHHBIX HCIIOJIb30BAHUECM peCypCoB y‘IC6HO- BO BpeMA
CIIEKTPOCKOITIYECKHIX METOANYECKOrO0 U HH()OPMAIIMOHHOTO ayJUTOPHBIX
METOJI0B HCCIICIOBAHMIS H obecreueHus TUCLIUIIHHEL 2 3aHATHIA,
JMATHOCTHKH TTOBEPXHOCTH. [ToaroToBKa K yCTHOMY OIMPOCY. BKJIFOUEHHUE
.. | TlonroroBka k ciaye 3avera. BOIPOCOB  Ha
MeTobl 3JIEKTPOHHON
3a4ere
CIIEKTPOCKOMHUH.
Tema 3. Penrrenosckas | [IpopaboTka y4eOHOro wMarepuana c TECTUPOBAHHE
(I)OTOBJICKTpOHHaSI HCIIOJIb30BAHHUEM  PECYPCOB y‘IC6HO' BO BpeEMs
ciekrpockormsi  (P®DC). | METOIUUECKOrO | WH(POPMAITUOHHOTO ayJIUTOPHBIX
dusHuecKye IPUHLAIL 1 oOecreueHus TUCLUIIIHHBIL. 4 3aHSTHI;
OCHOBEI METOZa IMoaroroBka K yCTHOMY OIMPOCY. BKJIFOUCHHE
ITonroroBka Kk ciaye 3adeTa. BOIPOCOB  Ha
3aueTe
Tema 4. Oxe-asekrponnas | [Ipopaborka yueOHOro Mmarepuana c TECTUPOBAHHE
CIIEKTPOCKOIIHS. HCIIOJIb30BAHUECM peCypcCoB yqe6Ho- BO BpEMA
OU3HYCCKHE PUHLHAIBI U | MCTOIMUECKOro K WH(POPMAITUOHHOTO ayJTUTOPHBIX
OCHOBBI METOJIA. obecreueHus JUCLUIIHHEL 2 3aHSTHIA,
[ToaroToBKa K YCTHOMY OIPOCY. BKJIFOUEHHUE
IToaroroBka K caaye 3ayera. BOIPOCOB  Ha
3ayere
Tema 5. Ilpumenenue | IIpopaborka yueGHOro Mmarepuana c TECTUPOBAHHE
CHHXPOTPOHHOT'O UCIOJNE30BaHUEM  PECYpPCOB  y4eOHO- BO BpeMst
M3ITyqeHHS B | METOIMYECKOr0 M HMH(POPMAIMOHHOTO AY/ITOPHBIX
yILTPadHONETOBO oOecreveHus JUCLIUIIHHEL ) 3aHSTHIL;
(hOTOTEKTPOHHOI IToaroToBka K yCTHOMY OIPOCY. BKJIIOUCHHE
criekTpockommn  (Y®IC). IToaroroBka k caaye 3adeTa. BONPOCOB  Ha
. 3ayere
MeTtonasl HOHHOM
CIIEKTPOCKONUHU
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Tema 7. | llpopaboTka yueOHOro Marepuaga C TECTUPOBAHHE

CIIEKTPOCKOIMYIECKHE UCIOJNE30BaHUEM  PECYpPCOB  y4eOHO- BO BpeMst

PEHTI€HOBCKHE METO/IBI | METOMMYECKOTO M MH(OPMALMOHHOTO ayJUTOPHBIX

aHaIM3a obecredyeHus TUCIUTUINHEL 2 3aHSATHIA,
[ToaroToBKa K yCTHOMY OIMPOCY. BKJIFOUYCHUE
ITonrororka k ciaye 3adeTa. BOIIPOCOB  Ha

3aueTe

Tema 8. Macc- IIpopaGoTka ydeOHOro Marepuaga ¢ TECTUPOBAHHE

CIIEKTPOMETPHSI. WCIONTb30BAaHMEM  PECypcoB  y4eOHO- BO BpeMs
METOJIMYECKOr0 M HH(POPMAIIMOHHOI'O ayIUTOPHBIX
o0ecreyeHus TUCIUTUINHBL 2 3aHSATHIA,
ITonroroBka K yCTHOMY OITPOCY. BKJIIOUCHHE

IToxroroBka Kk cijade 3adera.

BOMPOCOB  Ha
3ayere

Tema 9. Texnuka IIpopaboTtka y4eOHOro wMmarepuana ¢ TECTUPOBAHHE
SKCIIEPUMEHTA UCIOJNIb30BaHUEM  PECYpPCOB  Y4eOHO- BO BpeMsl
METOJIMYECKOT0 H  HMH(OPMAIIMOHHOTO ayIUTOPHBIX
o0ecredeHus TUCTIUTUINHBL 4 3aHATHUI;
IlonroroBka K yCTHOMY OITPOCY. BKJIFOUEHUE
IlonroroBka k ciaye 3aueTa. BOIIPOCOB  Ha
3a4ere

11 YYEBHO-METOAUYECKOE U UTH®OPMAIIMOHHOE OBECIIEYEHHUE
JAUCHUITIINHBI
a) Cnimcok peKoMeHyeMoii JINTepaTypbl

OcHoBHAA :

1.

dusndeckre METOABl UCCICIOBAHUS U WX NPAKTHYECKOE MPUMCHEHHUE B XUMHUYCCKOM
aHaJM3e : M3/IaHhe BTOpPOE, epepaboTaHHOE U JIOMOIHEeHHoe. YueOHoe mocodbue / H. T'.
SAperies, 0. H. Mensenes, M. . Tokapes [u ap.]. — Mocksa : IIpomereii, 2015. —
196 c. — ISBN 978-5-9906134-6-1. — Tekct : 2yeKTpoHHBIH // DIeKTpOHHO-
OoubmmoreuHas cucrema IPR BOOKS [caiiT]. — URL:
https://www.iprbookshop.ru/58227.html

2. Jlyxos, B. B. ®usnyeckue MeToAbl UCCIEOBaHUS B XUMUHU : ydeOHoe mocobue / B. B.
Jlykos, U. H. llepbakoB. — Pocto-Ha-Ilony : U3matensctBo FOxkHOrO (henepanbuoro
yauBepcutera, 2016. — 216 ¢. — ISBN 978-5-9275-2023-7. — Texkcr : 51eKTpOHHBIH //
DOnexTpoHHo-OnOMMoreunas  cucrema IPR - BOOKS [caiiT]. —  URL:
https://www.iprbookshop.ru/78713.html

JlonmoHuTEIbHASA

1.®Ousuveckre METOABl KCCIENOBAaHUA U HMX MPAKTUYECKOE MPUMEHEHUE B
XMMHUYECKOM aHajlu3e . H3JaHue BTOpoe, mNepepaboTaHHOE U AOMOJIHEHHOE.
VYueoOnoe nmocobue / H. I'. SApsimes, 0. H. Mensenes, M. U. Tokapes [u ap.]. —
Mocksa : IIpomereii, 2015. — 196 ¢. — ISBN 978-5-9906134-6-1. — Tekcr :
aNeKTpOoHHbIH /| DnexrporHo-Oubmuoreynas cuctrema IPR BOOKS : [caiit]. —
URL: https://www.iprbookshop.ru/58227.html

2.Kanpiruna, O. H. ®usnueckue METOJbI HCCIEIOBAHHUS BEIICCTB . ydeOHOE
nocobue / O. H. Kanbiruna, A. I'. UerBepukosa, B. JI. Bepaunckuii. — OpenOypr
: OpenOyprckuit rocynapctBennbiii yausepeuter, ObC ACB, 2014. — 141 ¢c. —
Tekct : anexkTpoHHbIit // DnextpoHHO-OMOMMoTeunas cucrema IPR BOOKS :
[caitT]. — URL.: https://www.iprbookshop.ru/33663.html

y4eOHO-MeTOoAuYecKast
1. T'apgomckuit O. H. ®usmueckre METOAbl HCCIEIOBAHUA: METOIWYECKHE YyKa3zaHus IS
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CaMOCTOSTCIbHON paboThl OakanaBpoB HampasieHuss moarotoBku 04.03.01 Xumus / O. H.
Iapgomckuil. - YiesHoBck @ Yal'V, 2019. - 18 c. - Heony6nukoBanubsiii pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/10876 . - Pesxxum goctyna: DbC Yal'V. - Tekcr :

3JIEKTPOHHBIN.

6) nporpaMMHOe obecreyeHue
Microsoft Office

2. OC Windows Professional

3. Antunnaruatr BY3

B) [IpodeccroHabHbIe 6a3bl JAHHBIX, UHGOPMAIMOHHO-CIIPABOYHbIE CUCTEMBI

1. D/IeKTPOHHO-0HOINOTEYHbIE CHCTEMBI:

[udporoii obpazoBarenbHbIil pecypc IPRsSmart : anekTpoHHO-0MOIMOTEYHAS cMcTEMa
: caiir / OOO Komnanus «Ai Ilm Ap Memua». - Capartos, [2023]. — URL:
http://www.iprbookshop.ru. — Pexxum goctyma: st 3aperucTpup. Mojb30BaTeNei. -
TekcT :2JIEKTPOHHBIN.
OGpasosatenbuas nnardopma FOPAWT : o6pa3oBaTenbHEIH pecype, 3IeKTPOHHAS
oubimorexka : caiitr / OO0 DiexktponHoe m3aatenbctBo «FOPAMT». — Mocksa,
[2023]. - URL.: https://urait.ru. — Pexxum goctyna: ais 3aperucTpup. MoJIb30BaTeleH. -
TeKcT : 3JIeKTPOHHBIM.
basza manHbIX «DnexTpoHHas 6ubmmoreka TexHumdeckoro BY3a (ObC «KoncynbraHT
CTYZICHTa») : JEKTpOHHO-0nOIoTeuHas cuctema : cait / OOO «Ilommurexpecypey. —
Mocksa, [2023]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum
JIOCTyTa: JJs3apErucTpUp. MoJab30BaTesiel. — TEKCT : 3J1eKTPOHHBIN.
OBC Jlanp : snekTpoHHO-OMOMMoTeyHas cucrema : cait / OO0 DBC «Jlanpy. —
Cankrt-IlerepOypr, [2023]. — URL: https://e.lanbook.com. — Pexum nocrtyma: mms
3aperucTpup. nonp3oBaTenaei. — TeKCT : 3JIeKTPOHHBIN.
OBC Znanium.com : 3JeKTpOHHO-OMOiMoTeuHas cucrema : caiit / OOO

«3Hannym». - MockBa, [2023]. - URL: http://znanium.com . — Pexum jgoctyma @ Al 3aperucTpup.

I10JIb30BATENEN. - TEKCT : AJIEKTPOHHBIN.

2. KoncyabranrIliaroc [DekTpoHHbIl pecypc]: cipaBouHas mpasoBas cucrema. / OO0
«Koncynbrant [Timocy - Dnekrpon. aaH. - Mocksa : Koncynbrantllimoc, [2023].

3. ba3bl JaHHBIX MEPUOAUYECKUX U3TAHUMN:
eLIBRARY.RU: nayunas osnektpoHHas Oubmmoreka : caiitr / OOO «Hayunas
DnekrponHas bubmmoreka». — Mocksa, [2023]. — URL: http://elibrary.ru. — Pexum
JOCTYTA /Il aBTOPHU3. TOJIb3oBaTenell. — TeKCT : 3JIeKTPOHHBIH
OnextponHass 6ubmmoreka «M3matenbckoro noma «I'pedeHnukoB» (Grebinnikon) :
anektponHas 6ubmmoreka /| OO0 Ul «['pebennukoB». — Mocksa, [2023]. — URL:

https://id2.action-media.ru/Personal/Products. — Pexum poctyma :@ aias aBTOpH3.
I10JIb30BATENEH.
— TekcrT : 2IeKTPOHHBIH.
4. denepanbHass  rocyaapcrBeHHass uHpopmanuoHHas cucrtema «HaunmonanbHas
3J1eKTPOHHAs 0U0JIMOTEKa) : JIeKTpoHHas oubnmoreka : caiit / ®I'BY PI'b. — Mocksa, [2023].
— URL: https://n36.pd. — Pexxum mocryma : mis monb3oBareneil HaydHoil Oubmmorexku. — Tekct :

JJIEKTPOHHBIH.
5. Poceniickoe o0pazopanme : denepanbubiii mopran / yapemurens LAY «OUITO».
— URL: http://www.edu.ru. — TekcT : 3IeKTpOHHBIH.

6. JaekTpoHHass OuOaMoTeuyHast cuctema Yal'V | Monyns «DnekTpoHHass OMOIHOTEKa»
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ABUC Mera-ITPO / OO0 «Jlata Dxcmpecc». — URL: http:/lib.ulsu. ru/Meanro/Web
Pexxum noctyna : 1u1st monp3oBaresniell Hay4Hoi OubianoTeku. —TeKCT : 3JeKTPOHHBII.

CorunacoBano
Havanpnuk YnpapieHus ”HQOpMaIMOHHBIX W/
TEXHOJIOTHM U TEJIEKOMM YHUKAINI ILIT. Bypaun 15.05. 2023
// ’
10 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-

HUCCJEJOBATEJIBCKOMN PABOTHI

YuebHas aymutopust 212 nns mpoBeaeHHs JEKIUH, TPYNIOBBIX W WHAWBUIYaTHHBIX
KOHCYJIbTallMil, TEKyIIero KOHTPOJsI M HIPOMEXKYTOYHOM arrectanuu (¢ HabopoMm
JEMOHCTPAIlMOHHOTO 000py/nOBaHusl sl OOecleueHuss TeMaTHYeCKUX WIUIIOCTpaluil B
COOTBETCTBMM ¢ pabouell mnporpaMmol AUCUUIIIMHBI). [lomelneHne yKOMILIEKTOBaHO
CIeHMaTN3UPOBAHHON Mebenbio Ha 24 MOocajloYHBIX MECT M TEXHUYECKUMHU CPEACTBAMH:
9KpaH HACTEHHBIH, JOCKa ayauTopHas. Pabouee mecro mpenomaBatens, WI-FI, unTepner.
ITmomans 42,93 xB.M.

VYuebnas aynutopus 216 a1 npoBeaeHus, 3aHATHI 1a00paTOPHOr 0 THIA, IPYIIIOBBIX U
UHAMBUAYAIbHBIX KOHCYJBTAIlMH, TEKYIIEro KOHTPOJII W HPOMEXKYTOYHOH aTrecranuu (c
Ha0OpOM  JIEMOHCTPAIMOHHOI'O  OOOpyIOBaHMsS  JUIsI  OOecredeHus TEMATUYECKUX
WUIIOCTpalluid B COOTBETCTBUM ¢ paboueil mnporpamMmoil muciuiuidbel). [lomemienue
YKOMIUIEKTOBAHO CIICIHMAIM3UPOBAHHON MeOenbio Ha 16 1mocajouHbIX MECT U TEXHHYECKHUMHU
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CpeIncTBaMu: KpaH HACTEHHBIHN, T0cKa aynutopHas. Pabouee mecro mpemonaBatesns, WI-FI,
nHTepHeT. [lmomane 42,93 kB.Mm.

VYyeOHast aymuTOpHs 7151 CaMOCTOSITENIbHON paboThl cTyaeHToB 230 ¢ nocrynom k ObC.
JUIL  CaMOCTOSTeNIbHOM pabotel  crymentoB, WIi-Fi ¢ gocrymom k DOHOC, DOBC.
KomnbroTepHbIii  KllacC yKOMIUIEKTOBaHHBIA  CIIEIMATM3UPOBAHHOW MebOenplo Ha 32
MOCaJOYHBIX MECT M TEXHMYECKUMH cperctBamu oOydeHust (16 mepcoHanbHBIX
KOMIIBIOTEPOB) ¢ fJoctynoM k cetu «Mutepuer», JUOC, OBC. ITnomans 93,51 kB.M.

YuTanbHblil 3a)1 HaydHOM Oubnuoreku (ayautopus 237) ¢ 30HOU I CaMOCTOATEIbHON
pabdote, Wi-Fi ¢ gocrymom k DOHOC, DBC. Ayautopusi YKOMIUIEKTOBaHA
crienuanu3upoBanHoil Mmebenpto Ha 80 mocamoYHBIX MECT M OCHAIIeHa KOMITbIOTEPHOMH

TEXHUKOH ¢ foctynoM k cetn «MuTepHeT», DUOC, ObC, 3xpanom u npoexropoM. [lnomansb
220,39 kB.M.

11 CHEIUAJIBHBIE YCJIOBUA JAJISA OBYYAIOIIIUXCS C
OI'PAHUYEHHBIMU BO3MOKHOCTAMMHU 310POBbBS (OB3) U
NHBAJIMJ10B

OOyuarommecs ¢ OB3 M uHBamuabpl NPOXOIAT MPAKTUKY COBMECTHO C JPYTUMHU
oOyuaromumucs (B y4eOHOH TIpymne) WIM HMHIMBUAYaJIbHO (MO JIMYHOMY 3asiBJICHHIO
oOyJaromierocs).

Omnpenenenue MecT NMPOXOXKAEHHsS MPakTHKU i1 oOyuaroumxca ¢ OB3 u uHBammuos
OCYILIECTBIISIETCSI C YUETOM COCTOSIHUS 37J0pOBbSl U TPeOOBAaHUM K MX JIOCTYIHOCTHU JJIsl TaHHOM
Kareropuu oOydarommuxcs. [Ipu ompeneneHun MecT U yCJIOBUH (C yu€TOM HO30JIOTMYECKON
rpynmbl W TPyNNbl  MHBAJMIHOCTH  OOydYarolerocsi) MpOXOXKJEHUs  ydyeOHOH U
IIPOM3BOACTBEHHON NPAaKTUK U1 JAaHHOM KAaTE€rOpUM JIML[ Y4YUTBHIBAIOTCS WHJUBUIyaJbHBIE
O0COOEHHOCTH OOYyYalOMIMXCs, a TaKKe PEKOMEHJALUU MEIUKO-COIUATbHOW HKCHEePTU3H,
OTpa’KEHHbIE B MHAMBUAYAJIbHON MIpOrpaMMe peaObuIMTalli, OTHOCUTEIBHO PEKOMEHI0BAaHHBIX
YCIIOBUM U BUJIOB TPY/Ja.

[Ipu ompeneneHun Mecta MpakTHKU g oOydatronmxcs ¢ OB3 u mHBamuaoB ocoboe
BHUMaHUE yJessieTcss 0€30MacHOCTH TpyJa M OCHAIIeHHI0 (000pyIOBaHUIO) pabovero mecra.
PaGoune MecTa Ha MPAaKTUKY MPEIOCTABISIOTCS NPOQHIFHONW OpraHu3aluel B COOTBETCTBHH
CO CJIEIYIOIIUMHU TPEOOBAHUSAMU:

—  aaa od0yvaomuxcsi ¢ OB3 u MHBaANA0B MO 3pEHHI0 - CJAOOBMASIIMX: OCHALICHUE
criequanbHoro pabodero Mecta OOIIMM M MECTHBIM OCBELIEHHEM, O0eCHedHBaAIONIIM
OecIpensaTCTBEHHOE HAXOXACHHE YKa3aHHBIM JIMIIOM CBOEro pabodyero Mecra U BBINOJIHEHUE
MHAUBUAYAJIBHOIO 3a/1aHUS; HaJMUKEe BUICOYBEIUUUTENEH, JIYI;

—  aaa ob0yyawmuxes ¢ OB3 M MHBAJIMIOB 1O 3pEeHHMI0O - CJIENbIX: OCHAIICHUE
CreuaibHOro pabdoyero Mecta THU(IOTEXHUYECKMMU OPUEHTHpaMM M YCTpOWCTBaAMH, C
BO3MOXKHOCTBIO HCIOJb30BAaHUS KPYIHOIo peibedHO-KOHTpacTHOro mpudra u mpudra
bpaitns, aKyCTHUECKUMU HaBUTAL[MOHHBIMU CpEACTBAMH, o0ecrneunBaroMU
OeclpensaTCTBEHHOE HAaXOXKACHHE YKa3aHHBIM JIMIIOM CBOETO pabodyero Mecra U BBIIOJHEHHE
UHAUBUAYAIbHOTO 331aHMUS;

—  pasa odyvyaoummuxes ¢ OB3 u mHBaNuMI0B MO Cayxy - cJaa0oC/bIMIANIMX: OCHAIICHHE
(oOopynoBaHue)  cHenUaJbHOro  pabodyero MecTa 3BYKOYCHIJIMBAIOLIEH — ammaparypoi,
TenedoHaMU I cIabOoCTbIIANINX;

—  aas odyyaromuxcs ¢ OB3 u MHBaIuA0B MO CIyXY - IVIyXHX: OCHAIICHUE CIIELUAIbHOIO
pabouero MecTta BH3yaJbHBIMU WHIUKATOpPaMH{, MpPeoOpasyloIIMMU 3BYKOBBIE CHUTHAlbl B
CBETOBBIC, pEUYEBbIE€ CUTHAJBI B TEKCTOBYIO O€rymiyro CTpoKy, A OecHpensTCTBEHHOTro
HaXOXKJEHUS yKa3aHHBIM JIMIIOM CBOEro pabdo4yero MecTa W BBINOJHEHHUS HWHIUBHIYaIbHOIO
3aJlaHus;

— pasa odyvaromuxes ¢ OB3 u umHBaauaoB ¢ HapymeHueMmM (QYHKIHMH ONOpPHO-
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JABUTaTEJBHOI0 ammapara: o0opy/lOBaHHE, 00ECIIEUNBAIOIIEE PEATU3ALUI0 IPrOHOMUUECKUX
IPUHLKIIOB (MaKCHMaJIbHO yI0OHOE JUIsl MHBAJIUA PACIIONOKEHHE IEMEHTOB, COCTABIISIIOIINX
pabouee MecTO); MEXaHM3Mbl M YCTPOWCTBA, MO3BOJISIONIME H3MEHSTHh BBICOTY M HAKJIOH
pabouell TOBEPXHOCTH, MOJIOKEHUE CHICHbS pabO4ero CTyja MO BHICOTE W HAKJOHY, YIroll
HAaKJIOHA CIMHKM pabodero CTysa; OCHAIlEHUE CIELUAJIbHBIM CHIEHbEM, 00ECHeYMBaOLINM
KOMITEHCAIIUIO YCHIIUS TIPH BCTaBaHWH, CIEIUATbHBIMU MTPUCIOCOOICHUSIMH TSl YIIPABICHUS U
00CITy’KMBaHUS 3TOr0 000py10BaHUSI.

VYcioBusi OpraHu3allid M MPOXOXKAEHHUS MPAKTUKH, MOATOTOBKM OTYETHBIX MaTEpHalioB,
MPOBEACHUS TEKYIIEro KOHTPOJIS U MTPOMEXYTOUHOM aTTecTalluy 10 MPaKTHKE 00eCneunBaroTCs
B COOTBETCTBHUHM CO CIEAYIOIUMHU TPEOOBaAaHUSAMMU:

— OOwbem, Temn, (OpMBI BHIIOJHEHUS WHAMBUAYAIBHOTO 3a/laHds Ha MEpUOJ TNMPAKTUKU
YCTaHABIMBAIOTCA HMHAWBHUIYATbHO U KaXJO0ro oO0ydaroIlerocsi yKa3aHHBIX KaTeropuil. B
3aBHCHMOCTH OT HO30JIOTUM MaKCHMaJbHO CHIKAIOTCS MPOTUBOMOKA3aHHbIE (3pUTEJbHEIE,
3BYKOBBIE, MBIIIEYHBIE U JIp.) HArpy3Ku.

—  VYuebHble M Y4eOHO-METOAMYECKHME MaTepuaibl IO TNPAKTHKE MPEICTaBISIIOTCS B
pa3nuyHbIX (hopMax Tak, 4ToObl oOydwarommecs ¢ OB3 u uMHBaIMIbl ¢ HapyLICHUSAMHU CIyXa
noJyyand MHQPOPMAIHMIO BU3YaJbHO (JOKYMEHTAIMS MO MPAKTUKE MeYaTaeTcs YBEIUYEHHBIM
mpu(TOM; MPENOCTABIAIOTCA BHUIEOMATEpPHAlbl W HATJSAHBIE MaTepUalbl IO COIEP)KAHUIO
IPAaKTUKH), C HAPYLIEHUSMHU 3pEHUSI — ayAMaJIbHO (HAalpuUMep, C UCIOJIb30BAHUEM IPOrpPaMM -
CHHTE3aTOPOB PEYM) HIIM C TOMOIIBI0 TU(DIONH(DOPMAITMOHHBIX YCTPOUCTB.

—  @opma mpoBeNeHUs TEKYLIEro KOHTPOJIS YCHEeBAaeMOCTH M MPOMEXKYTOYHOM aTrTecTaruu
g obywaromuxcsi ¢ OB3 uM MHBamMAOB yCTaHABIMBAETCS C Y4YETOM WHIUBUIYaJTbHBIX
ncuxo(u3n4eckux 0coOeHHOCTeH (YyCTHO, MUChbMEHHO, MPU MOMOIIM KOMIIbIOTEpa, B (hopme
tectupoBanuss U T.a1.). Ilpu  HeoOxoaumoctu  oOydarliemycs  NpEaoCTaBiIseTCs
JIOTIOJIHUTENBHOE BPEeMsI JIJIsl TOATOTOBKH OTBETA M (MJIM) 3alIUTHl OTYETA.

PazpaboTunk: noreHT JI.A. bormanoBa
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a) CnucoK peKoMeHyeMoil JTuTepaTypsbl

OcHoBHas :

1. ®usnueckre METOMBI UCCICOBAHUS M UX MPAKTUYCCKOE MPUMEHEHUE B XUMHYECKOM
aHalM3e @ W3JIaHue BTOpOE, TepepadoTaHHOE WM JOINOJHEHHOoe. YueOHoe mocodwe / H. T.
SApeimes, FO. H. Mensenes, M. U. Tokapes [u np.]. — Mocksa : [Ipomereit, 2015. — 196 ¢. —
ISBN 978-5-9906134-6-1. — TekcT : 35eKTpOHHBIH // DIeKTpOHHO-01bOMIMoTeunas cuctema [PR
BOOKS : [caiiT]. — URL.:_https://www.iprbookshop.ru/58227.html

2. Jlykos, B. B. ®u3nueckne MeToAbl HCCIICIOBAHUS B XUMHH : ydeOHOe ocobue / B. B.

JlykoB, . H. llepbakoB. — PocroB-Ha-[ony : M3marensctBo HOxHOTO (enepanbHOTO
yauBepcuteta, 2016. — 216 ¢. — ISBN 978-5-9275-2023-7. — TekcTt : 37eKTpOHHBINA //
DIIeKTPOHHO-OUOIMOTEUHAS cucrema [IPR  BOOKS : [caiiT]. — URL:
https://www.iprbookshop.ru/78713.html

JlomostHUTEIbHAS

1.®u3nveckue METOIbl UCCICAOBAHHUS U MX NMPAKTHYECKOEC MPUMEHEHHE B XUMHYECKOM
aHaJIM3e : W3JaHHE BTOpPOE, MepepadOTaHHOE W JOTOJHEHHOoe. YueOHoe mocobue / H. T.
Speimes, FO. H. Measenes, M. U. Tokapes [u np.]. — Mocksa : [Ipomereit, 2015. — 196 ¢c. —
ISBN 978-5-9906134-6-1. — TekcT : 31eKTpOHHBIN // DNeKTpoHHO-O0nbimoTreunas cucrema [PR
BOOKS : [caiit]. — URL.: https://www.iprbookshop.ru/58227.html

2.Kanpiruna, O. H. ®usndeckne METOIbI UCCIICIOBAHUS BEHIeCTB : yueOHoe mocodue / O.

H. Kanwirmna, A. I'. YerBepukoBa, B. JI. bepaunckuii. — Openbypr OpeHOyprckuii
rocynapcTBeHnblii yausepcuter, ObC ACB, 2014. — 141 c¢. — TekcT : 3MeKTpOHHBIN //
DNeKTPOHHO-OMOINOTeYHAs cucrema IPR  BOOKS : [caiiT]. — URL:

https://www.iprbookshop.ru/33663.html

yueOHO-MeTOoAnYecKasn

1. I'agomckuit O. H. ®usnueckue MeTonabl UCCIEIOBAHUSA: METOAMYECKHE YKa3aHUS IS
CaMOCTOSITENILHON paboThl OakanmaBpoB HamparieHus moarotoBku 04.03.01 Xwumus / O. H.
Iagomckuit. - VYipsHosck : Yul'V, 2019. - 18 c. - HeonybnukoBanHblii pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/10876 . - Pexum noctyma: 9bC Yul'V. - Tekcr :
AIEKTPOHHBIN.

CornacoBaHo:
Crnenmanuct Benynmid Hb Yul'Y / CraponsHukosa JI.P. _|29.08.2024
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B) IIpodeccuonanbHbie 6a3bl JaHHBIX, HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DJ1eKTPOHHO-0HOIHOTEYHbIE CUCTEMbI:

1.1. Hudposoii obpasoBarenbHbii pecypc IPRsmart : smexTpoHHO-OMOIMOTEUHAS
cucTema : cait /

OO0 Kowmnanus «Au Ilm Ap Meaua». - Capatos, [2024]. — URL:
http://www.iprbookshop.ru. — Pexwm

JIOCTyNa: JUIsl 3apETUCTPUP. MTOIb30BaTENEH. - TEKCT : JIIEKTPOHHBIM.

1.2. O6pazoBatenbhas mwiathopma FOPAUT : oGpaszoBaTenbHblil pecype, eKTPOHHAS
oubnuoreka :

caiit / OO0 Drnekrponnoe m3marenbctBo IOPAMT. — Mocksa, [2024]. - URL:
https://urait.ru. — Pexum

JOCTyMa: JIJIsl 3apPETUCTPUP. MOJIb3oBarTeneil. - TeKCT : 3JeKTPOHHBIH.

1.3. ba3a pgaHHbIXx «OnekTpoHHas Oubmmoreka TtexHuueckoro BVY3a (OBC
«KoHCynbTaHT CTyIEHTaY) :

IIEKTPOHHO-O0MOIMoTeuHas cuctema : caidit / OO0 IMomutexpecypc. — Mocksa, [2024].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum mocryma: s
3apPErUCTPUP. MOJIb30BaTENEH. — TEKCT : JIEKTPOHHBIN.

1.4. KoncynbTaHT Bpaua. DIEKTPOHHASI MEAUIIMHCKAst OMOIroTeKa : 6a3a JaHHBIX : CANUT
/ OO0 Beicmas nkoja OpraHu3aliy ¥ yIpaBJIeHHs 3ApaBoOXpaHeHneM - KoMIUIeKCHBIH
MEIUIUHCKUI KoHcanThHr. — MockBa, [2024]. — URL: https://www.rosmedlib.ru. —
Pexxum noctyna: s 3apeructpup. moiab3oBaTtenei. — TEeKCT : 3JIEKTPOHHBIM.

1.5. bospias MeTMIIMHCKAsE OMOJIMOTEKA © AJICKTPOHHO-OMOIMOTEYHAs CUCTEMA : CAMT /
OO0O bykan. — Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum
JOCTyMa: JIJIsl 3apETUCTPUP. Mosib3oBareneil. — TeKCT : 3IeKTPOHHBIN.

1.6. OBC Jlans : anmekTpoHHO-O0uOHoTeuHas cucrema : caiit / OO0 DBC Jlanb. — CaHKT-
[MerepOypr, [2024]. — URL: https://e.lanbook.com. — Pexxum nocTyma: [uist 3aperucTpup.
IIOJIb30BaTeNe. — TEKCT : AIEKTPOHHBIN.

1.7. 3BC Znanium.com : 31eKTpoHHO-01OIMoTeYHast cucteMma : caiit / OO0 3HaHHyM.
- Mocksa, [2024]. - URL: http://znanium.com . — Pexwum goctyna : Juist 3aperucTpup.
noJib3oBarenei. - TeKcT : AIeKTPOHHBIN.

2. KoncyasrantIliawc [ DnekTpoHHBIHM pecypc|: cipaBodyHas nmpaBoBas cuctema. /000
«KoncynpranT [Tmrocy - DnekTpoH. naH. - Mocksa : Koncynbsrantllntoc, [2024].

3. eLIBRARY.RU: Hnayunas snekrtponHHas OuOmmoteka : caiit / OOO «Hayunas
Onektponnas bubnmoreka». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexxum
JIOCTyNA : JUIsl aBTOPHU3. MOJIb30BATENIeH. — TEKCT : 3JIEKTPOHHBIN

4. @enepanbHas rocyaapcrpeHnasi nHpopmannonnas cucrema «HannonanabHas
JJIEKTPOHHAsE OMOJMOTEeKa» : dJeKTpoHHas OuOnmoreka : caiitr / ®I'BY PI'b. —
Mocksa, [2024]. — URL: https://36.pd. — Pexxum noctymna : ans mosb3oBaTeneit
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