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1. IEJIA OCBOEHUS TUCIUIIINHBI

Llenblo OCBOEHHMS JUCIMIUIMHBEI KOJUIOMIHAS XUMHS SBIISETCS: yriiyOneHue 3HaHMM B
obmacTy crenuUYECKUX CBOUCTE AHCHEPCHBIX CHCTEM, KOTOPBIE BXOSAT, KaK COCTaBHAA YacThb
BO MHOrHE TEXHONOIMYECKHE TPOLECCENsl M MIMPOKO HCIONB3YIOTCH IIpH HONY4YEeHUH
Pa3IMYHBIX MaTepPHAIOB, OCHOBHBIC CBOWCTBA KOTOPEHIX 33BUCAT OT JHUCIEPCHOCTH, OPUPOIEI
TIOBEPXHOCTH H CBA3AHEI C 3aKOHOMEPHOCTSIMHU CTPYKTYpPOOGPa30BaHMS.

3anaun: W3yYeHHE SBJICHHN NPUCYIIHX IUCIEPCHBIM CHCTEMaM, HCCIEeIOBaHHE (PHU3HKO-
XAMHIECKHX CBOHCTB U 3aKOHOMEPHOCTEH U UX H3MEHEHHUH B KOJLIOMTHBIX pacTBOpax.

2. MECTO JUCHOUILIMHBI B CTPYKTYPE OIIOII BO
JMcnunnHa KOJUTONIHOH XUMUM U3y4aeTcs B 00s13aTenbHON YacT y4e6HOro miana.

HpepeKBH3HTBI AHCHUIIIIMHBL: HEOpraHu4deckas XUMHA, OpraHu4deCKas XHUMHL, d)HBHKa,
MaTeéMaTHKa, C]_)H3I/I‘:ICCKEU{ XUMHS.

3. IVIAHUPYEMBIE PE3YJIbTATHI OBYUEHMUSI 10 JUCHUILINHE
ITnanupyemble pesynbTaTsl OOYYEHHS MO AUCHHUILIHHE, COOTHECEHHEIE C IUIaHUPYEMBIMH
pesynbTatamu ocBoerus OITOIT

Kon [Inanupyemsle pe3ynsraTel 06y4eHHs 0 Haumenosanue
bopmupyembIx AUCLMILIHHE, B COOTBETCTBUH C HHIHUKATOPOM OLIEHOYHOT'O CpPeICTBa
KOMIIETEHIIHH JOCTHIKEHHS] KOMIIETEHIHH )

Wumuxarop PesynbraTer 06yuenus
JOCTHIKEHHUS 10 JUCLUIIIHHE
KOMIIETEHIIHHU
ITK-6 Cnocoben | ITK-6.1. 3naer ocHOBEI | 3naem: NpaBuia
IIPOU3BOIUTH bu3uKo-xuMHUECKUX IPUEMKH, METOIBI
n1abopaTopHBIE | METONOB HCCIIENOBAHHS | 0TOOpDA M MOATOTOBKH
HCCIEIOBAHUS, | OOBEKTOB OKpYXKaloLIeH | Ipod U XHUMHYECKHX
aHaITU3El Cpensl; 00pa3loB K aHAIU3Y, UIs
O0TOOpaHHBIX ITK-6.2. YMeeT | OLleHKH 3KOIOTHYECKOro
npo% A | IPOU3BOIUTE COCTOSIHHS 0OBEKTOB;
o0pasioB Ui | nabopartopHble Yueem: IPOBOIUTE
OLIEHKH HCCIIe/IOBaHMsA, 3aMepHL, | 1abopaTopHble Tectsl, Bommpocs!
SKOIIOTHYECKOro | aHANM3bl  OTOOPAHHBIX | HCCIENOBAHUS, AHAIU3EI
COCTOSIHUS NPUPOAHBIX  00pas3loB; | OTOOpaHHBIX nNpo6 u
00BEKTOB. paccUuTHIBATH 00pasioB
IIPEIEIBHO Braoeem: 6a30BBIMU
JOIyCTUMBIE HaBBIKAMH
konuentpamuu  (IIJIK) | ucromszoBanus
BpEIHEIX BEIIECTB | COBPEMEHHOH
TEXHOT'€HHOT'O annaparypsl npu
XapakTepa; paboTaTh Ha | IPOBEJEHAH  HAYYHBIX
AHATUTHYECKOM HCCIIEJOBAHUIA;
1abopaTopHOM MeTonaMH Oe30rmacHoro
obopynoBaHuH; oOpalreHus c
TIK-6.3. Bnaneer | xuMuueckumu
METOJaMH NPOBEICHHUs | MATEPHATAMH C YYETOM
9KOJIOTHYECKOI 0O uxX busnueckux U
MOHHUTOPHHTA. XHMHYECKHX CBOMCTB.




4. OBBEM U CTPYKTYPA JUCIUIIJIUHE]
TpynoemMkoCTh MUCIMIUTHAEET COCTABIIAET 4 3aUeTHBIX exuum, 144 YacoB
TemaTuuecknii miian
®opma obyuenus - ouHas

Ne HaumeHoBaHue TeM Konrakrhas pa6ora Dopmsl
n/n pasaenos 00yyaroIKXCst ¢ TEKYILIEro
JIHACLMTIIMHBI @ neparoruyeckum pabortHukom | CamocrosTte KOHTpOJA
g JIbHas YCNEBAaEMOCTH,
E = pabota ¢dopma
2|2 2 3 i TIPOMEXKYTOYHOI
S| 5 S a .S E arrecrauuu
g = | Eaf E_| ¥3S
T |5 |Eg BE| 5§58
= |E§ S8 | &8
1. Beenenune. Conepxanue | 7 1 2 - 1
H 3a7a4H Kypca.
2. MonexynspHo- 7| 2-4 10 6 1
KHHETHYECKHE u

ONTHYECKHE  CBOMCTBa
IHCIIEPCHBIX CHCTEM.

3. Tepmoaunamuka 7 5-6 6 8 1 PeliTuar
MOBEPXHOCTHBIX KOHTPOTb
ABJICHHH. Nel

4. AncopOuust Ha | 7 | 7-10 10 10 2
MOBEPXHOCTH  pasiena
das. KannnnapHere
ABJICHHUA.

5. DNeKTpOKHHETHYECKHE 7 | 11-13 | 10 10 2 Peiitunr
ABJIEHHS B JMCMEPCHBIX KOHTpONb
CHCTEMaX. Ne2

6. VeroitunBocTs 7 | 14-15 8 10 1
JIHCIEPCHBIX CHCTEM,

7 OcHoBBI ¢usuko- | 7 | 16-18 | 8§ 10 1 Peiitunr
XHMHYECKOH MeXaHHKH KOHTPOJIb
JHCIIEPCHBIX CHCTEM. Ne3

Beero 3a 7 cemectp 54 54 9 Ox3amen (27

yac.)

Hanuuawe B pucumnnune KIT/KP

Hroro nmo mucumninne 54 54 9 Ox3amen (27 gac.)

Conepmanﬂe JeKIHOHHBIX 3aHATHH MO AUCHHIIJIHHE

Pazpen 1. Beenenne. Coaeprkanne u 3a7a49m Kypea.
Tema 1 Ilonamue 0 KOANOUOHBIX CUCTIEMAX U ONpedeneHUe KOTNOUOHOT XUMUY KaK HAayKu.

Conepxanme Tembl Kommommsas Xumus - Hayka O (PM3HKO-XHMHYECKHX CBOHCTBAX
AMCHIEPCHBIX CUCTEM H MOBEPXHOCTHBIX sBJICHHAX. J[McIepcHBle CHCTEMBI KaK OCOOBIH Kace
TeTEPOreHHBIX CHCTeM. Bospacranne poiu ecTeCTBEHHBIX IPAHMI[ paszierna 1o MEpe yBEeIUYEHHUS
CTENEHH PA3APOOTICHHOCTH OJHOM HIM HECKONLKHX (a3 TeTepOreHHON CHCTEMEL Meps1
pasapobIeHHOCTH AUCTIepCHOM (asbl.

Krnaccnukaums IMCTIEPCHBIX CHCTEM MO arperaTHOMY COCTOSHHIO ¢a3, no ¢dopme u
pasMepam JacTUIl THCIICPCHOH (a3bl, WX KOHIEHTPALKH U 110 APYTUM [IPH3HAKAM.

CXoneTBo ¥ pasnHune KOpIyCKyISpHBIX BBICOKOIUCIIEPCHBIX CHCTEM C pacTBOPAMH
BBICOKOMOJIEKY IAPHBIX BeIECTB. CrIOCOOH! MOTyYeHNUs IUCTIEPCHBIX CHCTEM.




Paznen 2. Mostexy/1sipHO-KHHETHYECKHE H ONTHYECKHE CBOHCTBA THCIIEPCHBIX CHCTEM.
Tema 1. Tennoeoe ogudicenue MonEKYI U BPOYHOBCKOE OBUICEHUE.

Conepixanme TeMbl. IloHsiTie 0 GPOYHOBCKOM IBHIKCHHH YacTHIl TMCTIEDCHOM (asbl u
KHHCTHYCCKUX ~ CBOHMCTBAX  JHCHEPCHBIX  cucTeM.  OmpeneneHHe  KOPMYCKYISPHBIX
BBICOKOIMCTIEPCHBIX CHCTEM KaK pacTBOpOB, rie "pacTBOpHTENeM" CIIyKHT JHMCIEPCHOHHAS
cpea, a B KadecTBE "paCTBOPEHHOTrO BEmIeCTBA" BBICTYHAeT jucriepcHas ¢asa. CrocoGsl
BBIP@KSHUS KOHIEHTPAIK YaCTHI] JUCIIEPCHOM (asbl.

Huddysus wactun gucmepcHoM dasel. [lomsTwe o rpaguenTe KOHILIEHTPAIIHH,
i (Y3HOHHOM IMOTOKE, OBEPXHOCTHOM IUIOTHOCTH I y3HOHHOTO IOTOKA YACTHIL. 3aKOHEI
mapdysuu Puka. Tepmoaunamuyeckoe onucanne nudpdysun. YpasHeHue mis ko3 dunuenTa
nady3HoHHOH mpoBogMMOCTH cpenbl. O6GOCHOBaHHE 3aKOHOB (DHKA. YpaBHenue mis
ko3 prrenTa 1uddy3uu JacTull B BI3KOH cpejie.

Teopust GpOYHOBCKOrO ABWIKEHUS JAaCTHI JMCIEPCHON (asbl. YpaBHEHMe VI cpenHel
KBaIPaTHYHOH IIPOEKIIUU CMEIIEHUS YACTHIL.

Tema 2. Ceoumenmayuonno — ougpgpysroe pasnosecue.

Conepxanne Tembl. CenMMEHTAanuMs 4YacTHIl JMCIEPCHOH (a3bl B MOJE 3EMHOTO
TIPUTSDKEHUS ¥ B IICHTPOOKHOM ToIIe. 3aKOHBI ABMKEHUS OTIENBHOM YacTHIBI B BA3KOM cpele
MOJ MNEHCTBHEM BHEIIHETO0 CHJIOBOro Iomns. I[IOHATHE O CEeJUMEHTAIMOHHOM IIOTOKE H
NOBEPXHOCTHOH IUIOTHOCTH CEIUMEHTAIIMOHHOTO MTOTOKA YACTHIL.

CemumenTanmonno-1udysnonnoe paBHOBECHE B KOPIYCKYNSPHO - JHCIEPCHBIX
cucremax. ITOHATHE O KWHETHYECKOH yCTOMYMBOCTH 3THX CHCTEM. 3aKOHBI PaCHpeNeNeHHS
KOHIEHTPAllMM YacTHI[ IUCHEPCHOH (askl B TPOCTPAHCTBE IPH CENMMEHTALHOHHO-
Tu(Y3HOHHOM DABHOBECHM B TIDAaBHTAIHOHHOM IIOJIE€ 3eMJIM M LEHTPOGEXHOM IOJe.
Onpenenenne Macchl H pa3MepoB YaCTHIL ¢ TIOMOIIBIO ITHX 3aKOHOB.

CenmMeHTANHOHHbIN aHANM3 KOPITYCKY/SPHO-IUCIEPCHBIX CHCTeM. PacueT pammyca
YacTHIBl 1O 3aKOHY €€ [BIJKEHHS B BSI3KOH Cpele B IIOJ€ 3€MHOTO NPUTSHKEHHS H
IEHTPOOSXKHOM 1oNe. MeTOAB OmpeleNeHns CKOPOCTH [BWXKEHHS 4YacTHII B CIIydae
MOHONHCIIEPCHOH CHCTEMBI, B TOM YHCIIE METOJ HAaKOTIeHHs ocamka. OmnpeneleHne paauycoB
9acTHIl MOJMANCIIEPCHON CHCTEMBI M IOCTPOCHUE KPUBOH pacIpesieieH:st 9acTHIl 110 pajuycaM
C MIOMOIIBIO METOAA HAKOIUICHUS 0CalIKa.

Tema 3. Onmuueckue ceoticmea 30.1eil u MemoObl UX UCCIEOOBAHU.

Conepxanue Tembl. Paccesnme cBera (u3mydeHus) KOPIYCKYJISPHO-HCIIEPCHEIMHA
CHCTEMaMH, €ro IPUYHHBL VY IeTpaMUKpOCKOTHYIECKU METOx H3y4YECHHUS
BBICOKOICIIEPCHBIXCHCTEM.

KonmdecTBeHHbIE XapaKTEPUCTHKH SBICHHS DACCESHHS W3IydeHHs [HCIepPCHBIMH
CHCTEMaMHM: IIOTOK, IIOBEPXHOCTHAS IUIOTHOCTH IIOTOKAa (WHTEHCHBHOCTH) PACCESHHOTO
H3JIy4eHHsS, KOI(D(UIMEHT paccesHHs Cpeisl U Ip. 3aKOHOMEDHOCTH CBETOPACCESHHUS
CHCTEMaMH C HEMOIJIOIAOIMMHE YacTHIIaMu aAucriepcHor (aspl. Cirydail 09eHs MENKHX YacTHI
chepraeckoii GopMbL. Y paBHeHus Panes 118 HHTEHCHBHOCTH M [OTOKA PACCESTHHOTO H3JIyUeHHS
1 kodbduumenta paccesnus. CucTembl ¢ 0ojiee KpymHBIMH 4YacTHIaMH. OCOGEHHOCTH
CBETOPACCESHUS CHCTEMAaMH C MOTJIOIMAOIMIMH JaCTHIAMHU JTUCIIEPCHOM (asbl.

Hegenomerpudeckuit u (oTOMETpHUYECKHil METOIB! HCCIENOBAHUS KOPIYCKYISPHO-
JucrepcHbIX chueteM. OnpeseneHne KOHICHTPAINH, pa3Mepa U GOPMBI YACTHIL ¢ OMOIIb THX
METOJIOB.



Paznen 3. TepMoauHAMHKA NOBEPXHOCTHBLIX SIBJICHMI.
Tema 1. Tepmoounamuyecxue @pyuxyuu NOBEPXHOCHIHO20 CN0S.

Conepxanne Temsl. TepmoaMHAMHYECKOe ONMHCAHUE I€TCPOr€HHBIX CHCTEM C YYETOM
CCTECTBCHHBIX IPaHHUIl pasziena mo Metony I'ub6ca. Iloustue o pasmensromeii IIOBEPXHOCTH, €&
MaKpOCKOIMIECKHX CBOMCTBaX. [loBepXHOCTHOe HATSKEHHE H  IUIOMAND pasnessomeit
TIOBEPXHOCTH KaK COIPSDKCHHBIE CBOMCTBA, OTBETCTBEHHBIE 3a MEXaHHIECKOE B3aHMOJICHCTBHE C
OKpY>Xaromei cpenoif. OyHnaMeHTaIbHbIe ypaBHenus ['nub6ca mis paspensiomeit IIOBEPXHOCTH
U npuieraromux kK Heil ¢as. CpoGonmas smeprus paspessromieit TIOBEPXHOCTH (U30BITOYHAS
CBOOOIHAS 3HEPTUs WM IOBEPXHOCTHAs CBOGOXHAS OHEPrus), ypaBHEHHE Ul TIONHOTO &
madbepennuana.

Yenosust $a3oBoro paBHOBeCHS TPH HATHYUH WCKPUBJICHHON ¥ IITOCKOM T'paHHUIEI
paszmena. [lonarue o6 ancopbuuu. Komuuecrsennas Mepa ancopbuun. Konuuectennas mepa
azicopOLH KOMIIOHEHTOB B MeToze [ u66ca. Ancopbumonnoe ypaBHenue I'ub0ca mis obmero u
HaCTHOTO NOJNOXKEHUA PAsAC/LIOMICH MOBEPXHOCTH. AHAIM3 YPaBHEHHS C YYETOM IPHUPOZIEI
COCYIIECTBYIOIIUX bas. IToBepXHOCTHO-aKTHBHEIE, NOBEPXHOCTHO-UHAKTHBHEIE |
MOBEPXHOCTHO-UHAN(DDEPEHTHEIE BEIECTRA.

Tema 2. Ilogepxnocmnuas suepeus. Aenenue cmavuearnus

Conepixanne TeMbl. YdeHHE O OBEPXHOCTHOM HATSHKEHHUH M METOIbI €r0 OIIpeNieIeHHUs.
Bo3HHKHOBEHHE MOBEPXHOCTHOIO HATSDKEHHS, KAK CIENCTBHE CYIIECTBOBAHMS BHYTpEHHEro
AABICHAS, T.C. CHIEl BTATUBAIOICH MONEKYIbl BHYTPh JKHAKOCTH ¥ HATPABICHHOMN
NEPOEHMKYIIPHO TOBEPXHOCTH. YienbHas CBOGOJHAs 3HEPrHUsl MOBEPXHOCTH. BIHsHue
BHYTPEHHETO [ABJICHHS U TEMIICPATyphl Ha MOBEPXHOCTHOE HATSIKEHHE JKUIKOCTH.

PacTexam#e KUIKOCTH WIH COOMPAHHE €€ B KATUTIO HA IOBEPXHOCTH TBEPJBIX U JKUIKHX
Ten. CMmauWBaHMe M HeCMauuWBaHHE TBEPAOLO TEMa IKHIKOCTBIO. Mepa cmaumBaHus,
OmpeAcisAeMas KaK yrojl MeEXIY TBEPJOH TOBEPXHOCTBI0 M KacaTelbHOM B TOYKE
CONPUKOCHOBEHHSA Tpex (a3. Pabora koreswm (BeqwmumHa HeoOXomMMas s paspbiBa
OHOPONHOK 00BeMHOM (asel) M pabora anaresud (BeIMUMHA HEOGXOMMMAS JUIS pa3peiBa
MeX(asHOro HOBEPXHOCTHOTO CIIOS).

TepMonuHaMudecKuil BEIBOX yCIIOBHSL CAMOTIPOM3BOIBHOTO PACTEKAHMS KHIAKOCTH HITH
cobupaHHs €€ B Kallno. Brimsnue 106aBOK MOBEPXHOCTHO-aKTHBHBIX BEMECTB K KHIKOH daze u
IpeBapUTENIbHON 00pabOTKU MOBEPXHOCTH TBEPAOrO Tela HA CMAYMBACMOCTD. IIpumeHneHue
ABJICHHA CMAYHBAHUS MM HE CMaYUBaHUs B TeXHHKe. DoTamus, Kak Iponecc H36UpaTensHOro
cMauuBaHus. OCHOBHBIE BUIBI BIoTanuy (eHHas, MacieHas | IUIEHOYHAsT ).

Pazpen 4. Ancopduus Ha noBepxuocTu pasaena das. Kanunnapueie ssiaenns.
Tema 1. Adcopbyus na zpanuye scudxocms — 2as.

Conepxanne Tembl. AncopOuusi Ha TpaHHIE pasiena JKHAKOCT - ras; e€ aHaimms ¢
IOMOWIBIO aICOPOLHOHHOIO ypaBHeHHs: ['mGGca. XapakTep 3aBHCHMOCTH IIOBEPXHOCTHOI'O
HaTDKCHUA OT KOHLEHTPALMK PAaCTBOPEHHOIO BEIECTBA B HKHAKOM (ase s MOBEPXHOCTHO-
AKTHBHBIX, IMOBEPXHOCTHO-WHAKTHUBHBIX M IIOBEPXHOCTHO-WHAH(D(EPEHTHEIX BemecTs. Bun
COOTBETCTBYIOLIMX M30TEPM ancopOuin. Omnpenenenne NpenenbHON BeTMYHHEI TOBEPXHOCTHOI
KOHUECHTPAMH PaCTBOPCHHOrO BemlecTsa. CTpoeHHe NOBEPXHOCTHOrO Cios. Pacuer pasmepos
MOJICKYIl ~PaCTBOPEHHOTO BEIIECTBA II0 BEIMYHHE €r0 MpEeJENbHOM MOBEPXHOCTHOM
KOHI[EHTpaIlHH.



Tema 2. Teopus adcopbyuu 2a306 u napos meepdwimu menamu.

Conepxanne Temel. Azncopbums Ha rpaHune pasnena TBEpAOE TeNO - ras; ee
0COOCHHOCTH. Pa3/IiuHbIe KOMHYECTBEHHEIE MepEI ancopOuuy KOMIIOHEHTa ra30B0# (ha3kl, CBI3b
MEXIy HHMH, HX IKCIICPHMEHTalbHOE ompenenenue. M3oTepMsl amcopOumu, ux XapakTep B
33BHCHMOCTH OT NPHPOABI M YHCIa KOMIIOHEHTOB TrasoBoii Gassl M Ipupoms! azcopbeHTa.
Hunamuka mponecca ancopouuu. IToHsTHE 0 Temiore a[copOIMy, OPHPOae aNCOPOIHOHHBIX
CHNI, (U3MYECKOH M XHMHYECKOH ancopbuum. Teopust MonOMONeKynsipHO# amcopGiwm
JIoHr™MIOpa, OCHOBHOE ypaBHEHHE TEODHH, HEJOCTATOYHOCTE J3HTMIOPDOBCKOH  Moenu
ancopbumu, e namsHeifmee passutHe. [lomsTue o TIOJTUMOJIEKYISIPHO#M ancopbuuu. Teopus
ancopbuuu Bpynayspa, Ommera u Temrepa, ocHoBHOE YPaBHEHHE TEOPHH.

Tema 3. Aocopbyus na epanuye meepooe meno — HeuUOKOCH®.

Conmepxanne Temel. AncopOuus Ha rpaHuue pasjena TBEPJIOE TEJIO - XHUIKOCTb, €8
ocobennocTH. Monexynspras ancopOuust. Brusuue [IPUPOJBI PACTBOPHUTEINS H afcopOeHTa Ha
aZIcOpOLHIO PaCTBOPEHHOrO BellecTBa. [IpaBHIO BHIPABHHBAHHS nojsipocTelt  PeGumpepa.
KomirdecTBeHHBIE  3aKOHOMEPHOCTH — MOJIEKYISPHOM agcopbuuu. HonHast  amcop6uus.
M3buparenpHas ancopOums HoHOB. O6GMeHHAs ancopOums. 3aKOHOMEPHOCTH HOHHOM
ancopburu. O6pasoBaHue ABOMHOIO MEKTPHYECKOTO CJI0s Ha I'PaHUIEe pa3liena TBEPOro Tela ¢
JKHIKOCTBIO B PE3yIbTaTe H30HpaTeNnbHON ancopOLiy HOHOB | ero CTPOCHHE.

Tema 4. Kanunnapnas konoencayus.

Cozepxanue Tembl. BrmsHHe KpHBU3HEI IpanmIbl pasjena Ha PaBHOBECHBIE CBOMCTBA
COCYIIECTBYIOMMX (a3s. 3aBMCHMOCT JaBICHHs HACHIIEHHOrO Napa Haj XHIKOCTBIO HIIH
TBEPABIM TEJIOM OT KPHBU3HBI I'DaHHMIIBI pasiena. Kanummapras xomnencamus. CBssh MexIy
PacTBOPHMOCTBIO ~ TBEPIOr0 MIM JKHAKOTO BEIIECTBA B JKHAKOCTH M  KPHBH3HOM
COOTBETCTBYIOIIEH IPaHuLE pa3zera.

Paznen 5. DnekTpokuHeTHYecKHe SBIEHNS B UCHEPCHBIX CHCTEMAX.
Tema 1. Ilonamue 06 31eKMPOKUHEMUYECKUX SGNCHUSX.

Conepxanne Tembl. OOwme mpencraBieHust 06 ONEKTPOKUHETHYECKHX SBIICHUSX.
Onextpodopes, MEKTPOOCMOC, OTEHIHAT TeUYCHHS, TTOTEHIHAT CEIMMEHTALMH, CIIOCOOBI MX
Habmonenus. [IpakTHYeCKoe UCIOIb30BAHNE ITHX SBICHMU. IIpuuriner 06pa3oBanms 3apsaaa Ha
KOJUIOHMZHBIX 49acTUlaX nHo30Jied. (akTopel, BIHSIOMHE HA MOIBIKHOCTH HYacTHIl B
SJIEKTpHYecKOM Tone. SPdekT penakcamud U 3HEKT 371eKTpohOpeTHIECKOro TOPMO>KEHHSI.
[lonstne o mumenmax. MuuemispHas Teopus crpoeHust HOGOOGHEIX 30mel. O6paszoBaHus
MHIEILT 30714 ¢ OTPHLATENIEHO H IOIOKHUTEIBHO 3apsSHKeHHBIME YaCTHIIAMH.

Tema 2. Teopus 0601iHO20 21eKMpUtecKo20 ClOA.

Conepxanme Templ. CTpoeHHE ABOHHOTO 3/EKTPHYIECKOTO CIIOSL. Teopus I'ensmronsua u
€€ HeZIOCTaTOYHOCTD [T OOBSICHEHHS JIEKTPOKUHETHISCKUX SBICHHMIL. Teopus I'yu — Usnimena.
Ilonsitue 06 muddy3HOM C10€ IPOTHBOMOHOB U €r0 BO3HMKHOBEHH. [Ipuauns! pacxoxaeHus
SKCIIEPUMCHTAIIEHO M TEOPETHYECKH HalICHHBIX 3HAYEHHH eMKOCTH JBOHHOTO 3EKTPHYECKOTO
CIIOSL UCXOAs M3 NpeioxkeHHoH monenn. Topus Illtepna. Cxema nBOiHOrO SJIEKTPUYECKOTO
cnost 1o IlltepHy u majeHye B HeM BIEKTPHYECKOr0 MOTEHIHANA. BIHsHNe BATCHTHOCTH HOHOB
Ha TOJNIMHHY AU(QY3HOrO €IOA M YHCIO NPOTHBOMOHOB B aiCOPOLIMOHHOM CIIOE. Crpoenue
ABOMHOTO 3JIEKTPHUYECKOTO CJIOS TS ChepUUECKUX JACTHIL.

Tema 3. Dnexmpoxunemuyeckuil nomenyuan u e2o onpedencnue.
Conepranne Tembl. [IoHATHE O MIOCKOCTH CKOMBKEHHS H 3IeKTPOKHHETHIECKOM IOTEHIHAIe.
YpaBHEHHE Uil CKOPOCTH OTHOCHTENBHOTO JIBIKEHHS (a3 TOA JelCTBHEM MOCTOSHHOLO
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NEKTPHYECKOTrO MOJIA. Pacuer >neKTPOKMHETHYECKOTO HOTEHIMANA HA OCHOBE ONBITHEIX
JAQHHBIX MO 3ITEKTPO(Ope3sy HIM 3IeKTpoocMocy. Bimsiaue IPUPOABI W KOHUEHTPALUH
SNICKTPOJIUTOB HA SMEKTPOKUHETHYCCKHI NOTEHLUMAT M CKOPOCTh OTHOCHTEIBHOTO JBHYKEHHS
$a3 Teopus 9SNEKTPOKMHETHYECKHX SIBICHHMIL. ONEKTPOKMHETHIECKAN ITOTEHIMAN, Kak
XapaKTCPUCTHKA SICKTPUICCKUX CBOMCTB paccMaTpHBaeMOW TIpaHMIB! pasjena. Brmsaue
Pa3sTHYHBIX (AKTOPOB (BBENCHHE B CHCTEMY 3JIEKTPOIMTOB, M3MEHEHHE pH, xoHuenTpamuu
pacTBoOpa, TeMIEePaTyphl) Ha 3NEKTPOKUHETHYECKUIT TOTEHIHAL.

Pazjen 6. YcroiiunBocTs AHCIIEPCHBIX creTeM.
Tema 1. Ocnoeneie nonosicenus yemoiiyusocmu u Koazynayuu KOATOUOHbIX cUcmeM

Cozepxanne Templ. O6mue mpencTaBIeHHs 06 yCTONYHBOCTH MHUCTIEPCHBIX CHCTEM.
ArperaTiBHas U CeUMEHTALMOHHAS YCTONYHBOCT. Koarynsims u pexpucrammmsanus gactun
JUCTIEPCHOH (asbl Kak IpPOSBICHHE AarperaTMBHON HeyCTOWYMBOCTH JOUCIIEPCHBIX CHCTEM.
Tepmonunamuyeckoe 060CHOBaHME arperaTHBHOM HEYCTOHMYHMBOCTH.

CrabummsupoBaHHbIE (3aTOPMOKEHHBIE) COCTOSHHIS AHCHEepCHBIX cHcTeM. Crabmimsamus mo
OTHOIICHHUIO K KOAry/sIuH. AHAIH3 SBICHHUS KOATYJISAIHUK C TO3UIHIA 5((MEKTHBHBIX JBOMHBIX
CTOJIKHOBEHHM YaCTHII UCIIEPCHOM (haBH,

Kpusble moreHImManbHON sHeprHM  B3aWMOeiCTBHS AByX dacTul. IloHatue o
NOTEHIMANEHOM Oapbepe, OBICTPO M MeMNEHHOH KoaryJIsiuH. DakTOphl, ONpeNENsIONIHe
BEIMYMHY MOTEHIHANBHOTO Oaphepa.

Koarymsuus wactun nucnepcroit dassr B rHIpo30IsX Toj geiicTBHeM 3JIEKTPOJIUTOB.
IlpaBuna xoarynsmum smextponutamu. OcoGble SIBIEHHS, HaGMIOIAEMbIE IIPH  KOATyJISAIHH
SNICKTPOUTAMH: IPUBBIKAHHE, HENPABHIIBHBIE DSIBI, CHHEPrH3M, AHTArOHU3M, KOJUIOMIHAS
3amuTa, ceHcuOumsauus. COBpeMEHHBIE NpPEJCTABICHHS O MEXAHH3ME KOAryIHPYIOMIEro
AEHCTBHA MeKTPOMMTOB. Koarymsmms mox melicTBHEM —mepeMemMBaHu, yIbTpa3ByKa,
HarpeBaHus, 3aMOPaKMBAHHMSA U IPYTHX (GaKTOpOB.

Tema 2. Kunemuxa xoazynayuu.

Conepxanne Tembr. CKOPOCTH KOAryIsIHH, e BHIpaKeHHe gepes 4ucio 3¢ eKTHBHBIX
ABOMHBIX CTOJNKHOBEHMH YaCTHI[ JUCIEPCHOH (aspl VcciemoBaHMe 3aBHCHMOCTH CKOPOCTH
KOAryJAlK OT KOHIICHTpalyy d/1eKTponuTa. KiHeTrka GbIcTpoit Koary s MOHOIHCIIEPCHBIX
cucreM 10 CMOJyXOBCKOMY H IOJHMAMCIEDCHBIX CHCTEM TIO Mronnepy. OcHoBHEIE
KHHETHYIECKUE YPaBHCHHS, UX aHamu3. Kunerrnka MeuienHo#H koaryisiuuu. [Topor koary/simy.

Paspen 7. OcHOBBI PH3HKO-XUMHYECKOIT MeXaHUKH AHCIEPCHBIX CHCTEM.
Tema 1. Cmpyxmypno — mexanuyeckue ceoticmea OUCNEPCHBIX CUCTEM.

Comepxanme Tembl. OOmme mpexacTaBIeHUs o CTPYKTYPUPOBAaHHEIX CHCTEMAX.
JlUCIepcHOHHBIE  CHCTEMBI €O  CTPYKTYPHOM  CETKOi, 00pa3oBaHHON  3jIeMeHTaMH
IucnepcHoHHOM (Qas3sl (remm). Koarynsanuonssle wu KOH/ICHCALMOHO-KPHCTAUIH3aIHOHHBIS
CTPYKTYphl 10 PeOunpmepy. KoHIEHTpHpOBaHHBIE SMYJTBECHH W TIEHBI KaK obpatneHHBIE
CTPYKTYPHPOBAaHHBIC CHCTEMBI, I/Ie CTPYKTYpHAs CeTKa 06pasoBaHa AUCIEPCHOM CPeIoi.

VYIpyromnacTH4eckKue M pEOIOrHYecKHe CBOWCTBA CTPYKTYPUPOBAHHBIX CHCTEM, HX
CBA3b C OCOOCHHOCTSMH CTPYKTYp. SIBieHue THKcOTponuu. Biusiaue 106aBoK OBEPXHOCTHO-
AKTHBHBIX BEIECTB Ha IIPOYHOCTh CTPYKTYPHPOBAHHBIX CHCTEM.

Tema 2. Baszkocmb JHCUOKUX OUCKEPCHBIX CUCMEM.
Conepxanme Templ. OCHOBHbIE MOHATHA O BS3KOCTH H MEXAHH3ME TEYeHHS OOBIUHBIX
HHU3KOMOJIEKYJIPHBIX JKHAKOCTEH (Boza, cimpt, Genson u T.1.). JlamunapHoe u TypOyJIeHTHOE
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ABIXKCHHE OJKHIKOCTH. YCJIOBHS IIepeXoga JAMHHAPHOTO IBIOKEHHS B TypOyJIeHTHOE
Onpenenernne Bsiskoctu no HeioTomy. Koaddunuent BsiskocTu 1 ero 3aBHCHMOCTS OT IPUPOIBI
KUIKOCTH. XapaKTEePHCTHKA MOABMKHOCTH IKHUIKOCTH (TeKy4ecTb) MOJ BIMSHHEM BHELIHHX
BO3JEHCTBHH. Binsinue Temmepatyps! Ha Bewunny Bsi3kocTH. MeToms! OIIpENIEIIEHHUS BSI3KOCTH
KUJIKOCTEH: METOJ NaNaromero IIApHKA, METOJ HCTEYeHMS IKHIKOCTH 4Yepe3 Kammup,
OIPENCTIEHNE C IOMOIIBIO POTALMOHHOIO BHCKO3UMETpA. 3aBHCUMOCTS 3 ()EKTHBHON BI3KOCTH
KOJLTOHZHBIX CHCTEM OT CKOPOCTH UX TedeHHs. CTpyKTypHAs BSI3KOCTh

Tema 3. Vnpyeonnacmuueckue c6oticmea KomOUOHbIX CUCTIEM.

Coznepxanne TeMsl. YIIpyrocTh W 31aCTHYHOCTD KOaryJIILIMOHHBIX CTPYKTYp. Ilpomecc
penakcanuyn u ero npuyunHsl. [lepexon ynpyroi nedopmanuu B IIIaCTHYeCKyI0. Mexanuueckue
CBOHCTBA TBEPAOOOPA3HBIX MHKDOTETEPOTCHHBIX H  KOIUIOHIHBIX CHCTEM, o00Iamaromux
MCTHHHOH YNPYTOCTBIO (T€lH, KOHIGHTPHPOBAHHEIE PACTBOPHI MBI, BBICOKOMOJIEKY ISPHEIE
BCIICCTBA M HMX KOHLCHTPHPOBAHHBIC pacTBOPhl). CBsi3b 0cOGOM BHYTpeHHe: CTPYKTYPEI
HVCIIEPCHOM CHCTEMBI C €€ CIOCOOHOCTBIO BO3BPAIIATHECH K NepBOHaYaIbHOM dopMe mocie
IpEKpalleHus NeHCTBHS nepopmupyromeil cuibl. OmpefeneHre MeXaHHYECKHX CBONCTE
CTPYKTYPUPOBAHHBIX JUCIEPCHEIX CHCTEM, OOHApPY)KHBAIOIIMX YIPYrOCTh. VICIONb30BaHKE
METO/1a TAHICHIMATBHOTO CMEIIEHHS IIIACTHHKH M METO/IA 3aKPyYHBAHHS [IMTHHIDA.

COJEPKAHUE JIABOPATOPHBIX 3AHSTHI 11O JAUCHUTIIMHE

Pa3zpesn 2. Moseky 1sipHO-KHHeTHYeCKHE H ONITHYECKHE CBOICTBA AHCHEPCHBIX CHCTEM.
Tema 1. Ceoumenmayuonno — ougpgpysnoe pasnosecue.

Comepxanue  maGoparopHoif  paGorer.  UccnenoBaHme — KUHETHKU OCaXKIACHUS
TOTMAMCIIEPCHOH CYCIICH3HH C MOMOIIBIO TOPCHOHHBIX BECOB, MOCTPOECHUE HUHTErpalbHON H
I bepeHIHATEHON KPUBBIX paclpeeNeHHs, OlpeeeHue JAHMCIEPCHOHHBIX XapaKTePHCTHK
CYCIIEH3HH.

Pa3zpen 3. TepmoaquHaMuKka moBepXHOCTHBIX SIBJICHMIT
Tema 1. Ilosepxnocmuas snepaus. Henenue cvmayusanus

Conepxanue nabopatoproii pabotsl. M3yuenre cMaunBanms TIOJIMMEPHEBIX MaTepHallOB
KUIKOCTAMH M OLCHKA /I HUX padOThl aAresun. MisMepeHue KpaeBbIX YIJIOB CMAYHBAHHS opH
Pa3sIMYHBIX KOHIEHTPAMAX PAaCTBOPOB IOBEPXHOCTHO aKTHBHBIX BEILECTB.

Paznen 4. AncopGuusi Ha HOBepXHOCTH pa3neia ¢as. Kannaaspusle spiaenus.

Tema 1. Aocopbyus na zpanuye scudxocms — 2as.

Conepxanne maGoparopHoit paGorel. KomuuecTBeHHOE H3YyYE€HHE IOBEPXHOCTHOTO
HATsDKEHMA M 3aKOHOMEPHOCTCH ajcopOUMH HAa TpaHHIE DPacTBOP — BO3AYX; CpaBHEHHE
TIOBEPXHOCTHOH AKTHBHOCTH DAasiMYHBIX IIOBEPXHOCTHO-AKTHBHEIX BEIIECTB, OIIpeneneHme
OCHOBHBIX XapaKTEPHCTHK aJICOPOIIMOHHOTrO CIIOS.

Tema 2. Adcopbyus na epanuye meepdoe meno — HCuOKOCH®.

Conepxanne naGopaTtoproii pabotel. H3yuenue ancopObluH TOBEPXHOCTHO-aKTHBHOTO
BCIIECTBA W3 BOJHOTO PAcTBOpA Ha TBEPAOM ancopOeHTe M pacyeT yHENBHOM MOBEPXHOCTH
ancopOenTa.



Pa3zpen 5. JnekTpokMHeTHYECKHE SIBJICHAN B AHCIEPCHBIX CHCTEMAX.

Tema 1. Ilonsmue 06 31eKMPOKUHEMUYECKUX ABTEHUIX.

Conepxanue nabopaTopHOM paboThl. M3yueHHE OCHOBHBIX METOJIOB [ONy4YEHHUS] H
crabmimsanuy TMoQOGHEIX MHCNEpCHBIX cucTeM. OnpeneneHne 3apsa YacTHIl M COCTABJICHHE
bopmyT MuIEIUT; HaGIIOIeHrE SBIICHUS ONATEeCIEHIIUH B 30JIsIX.

Tema 2. Snexmpoxunemuyeckuti NOMeHyuan u e2o0 onpeoenenue.
Conepxanne naboparopHoii paGoTel. O3HAKOMHTBCS C 3IEKTPHYECKHMH CBOMCTBAMH

AHCHEPCHBIX CHCTEM, H3MEPHUTEL CKOPOCTh IBMXKEHHS YaCTHIL IIpH 31161{'1'1:)0(1)0]3636; pacCcUHuTaTh
3JI€IC1"p0KHHC’I'H‘1€CKBﬁ' NIOTEHIIHUAJL.

Pazmen 6. YeToluHBOCTE AUCHIEPCHBIX CHCTEM.

Tema 1. Ocnognble nonodiceHUs YCMOULUBOCIU U KOA2YAAYUYU KOLIOUOHBIX CUCHIEM
Conmepxanue maGopatopHoif paGoTsl. M3ydeHWe KoaryqalHu W  crTaGHIM3aIuu

JUCNIEPCHBIX CHCTEM; ONpEICICHNE IIOPOTOB KOArylIslMM PasIMYHBIMA 3IEKTPOIMTAMH,

OmpeJieICHHe 3alllHTHOrO Yucia cTabunmsaropa.

Tema 2. Kunemuxka xoazynayuu.
Conepxanre nabGopaTopHoif paGorel. OmpeneneHHe KUHETHYECKHX [1apaMeTpoB
KOaryJsiiH JTaTeKCa JIEKTPOIMTAMHU TYPOUIUMETPHUECKHM METOIOM.

Pasznen 7. OcHOBBI pUINKO-XHMHYIECKOH MEXaHHKH HCIIEPCHBIX CHCTEM.
Tema 1. Cmpyrkmypro — mexanudeckue c60iicmea OUCnepCHbIX CUCTEM.

Conepxanue naGoparopHoli paGoTsl. M3ydeHme MMIEIIO06pa3oBaHHS B pacTBopax
NIOBEPXHOCTHO aKTUBHBIX BEIIECTB M €ro BIMSHHA Ha CBOMCTBAa pacTBOpa. MCHOIB3ys
ypaBHCHHE OHHINTEiHA DPACCYMTATh 3HAYEHHS MApAMETpa, XapaKTEepPU3YIOEro MPOLEce
CTPYKTYPHPOBAHHS CHCTEMEL.

Tema 2. Bsazkocmb JHCUOKUX OUCNEPCHBIX CUCTEM.

Conepxanne nabopartopro#i pabGoTel. M3ydeHwe CTPYKTYpHO-MEXAHHYECKHX CBOWCTB
AWCIEPCHOH CHCTEMBI METOAOM BHCKO3MMeTpuH. ONpeaenuTs BpeMs WHCTEYeHHs BCeX
IIPATOTOBJICHHBIX PAaCTBOPOB M PACTBOPHTEINS, IONB3YSACh KAMIULIPHBIM BHCKO3HMETPOM.
BErMUCIHTE OTHOCHTENBHYIO M IPUBEICHHYIO BSI3KOCTH IS K&KIOTO PacTBOPA.



5. OHEHOYHBIE CPEJACTBA JUISl TEKYIIEI'O KOHTPOJIS YCIIEBAEMOCTH,
IMPOMEKYTOYHOH ATTECTAILIMM 110 U'TOTAM OCBOEHMS
JAUCHUTIIUHBI 1 YYEBHO - METOJAUMYECKOE OBECIIEYEHUE
CAMOCTOSTEJBHOM PABOTHI CTYIEHTOB

Texymuii KOHTPOJIb YCIIEBAEMOCTH:
Peitunr-xonTpos 1

BOIIPOC 1.2.1. Kakoe u3 nonodicenuil, xapaxmepusyrouux MONEKYNAPHO-KUHEMULECKUEC
CB0UCMBA OUCNEPCHBIX CUCEM, He COOMBEMCMEYem SKCHEPUMEHMANbHOIM OAHHBIM?
OTBETHI:
1. CreneHs naWCHEPCHOCTH — 3TO BelMYMHA, OOpaTHAs JTHHEHHOMY pa3Mepy YaCTHI]
IHCIIEPCHOM (ha3br.
2. Ilo cremeHW IMCIEPCHOCTH BCE CHCTEMEI KIACCU(HMIMPYIOTCS Ha TpyOOaMCIIEpCHEIE,
MHKpOTCTCPOIrCHHBIC, HMCTUHHO—KO/UIOMIHBIC, MOJEKYNSIPHBIE X MOHOOMCIEPCHBIE —
HCTHHHBIE PAaCTBODBL.
3. K MoJeKyIsIpHO—KHMHETHYIECKAM CBOMCTBAM JHUCIEPCHBIX CHCTEM OTHOCSTCS O6poyHOBCKOE
nBIKeHHE, TP y3Hs, 0CMOC U CeTUMEHTALHUS.
4. BpoyHOBCKOE IBHKEHHE HMMEET MOJEKYISPHO — KHHETHYECKYIO IPUPONY U SBIAETCS
CIIEACTBHEM TEIIOBOTO ABHIKEHHS MOJIEKYIL.
5. SIBnenue nuddy3un CBONCTBEHHO BCEM CHCTEMAaM OT MOJIEKYTIAPHEIX 0 IPyOOIUCIIEPCHEIX.
CkopocTb mporecca 3aBUCHT OT BEIMYHHEL X (POPMBI YACTHI] AUCIIEPCHOH ¢azb1; mponece uaer
TeM OBICTpee, YeM BEIIIE TeMIIepaTypa U KPYIHee YaCTHI[bL.
6. IlockoneKky paBHOMEPHOE pacIpefelieHue BemecTBa—assl 110 BCceMy 00BeMy pactBOpa
Haubonee BeposTHO, mpouecc AUGQY3MM HAET C YBEIHYEHHEM SHTPOIIMM U SBJISETCS
CaMOIIPOH3BOIBHBIM.
7. Ilon KOHUEHTpauye#l TUCIEPCHOM CHCTEMBI ClEAYEeT CUHTATH YHCIO KMHETHUECKHX CIUHHL
— KOJUIOMJHBIX YaCTHIl B €IMHHUIE 00beMa CHCTEMBI, T.€. YHCICHHYIO KOHIEHTPALHIO YACTHI]
JHUCIEPCHOM a3kl
8. OCOGEHHOCTb OCMOTHYECKOrO [MaBICHHS KOUIOMJHEIX DACTBOPOB 110 CPaBHEHHUIO C
HUCTHHHBIMH PaCTBOPaMH — €r0 MaJloe 3HAYeHHUE U HEIIOCTOSIHCTBO.
9. Mayoe ocMOTHYECKOe HaBlI€HHE TO00H KONTOMIHON CHCTEMBI OOBSCHSETCS TEM, 4YTO
Onaronaps 6obIIOl Macce YacTUI AUCTIEPCHOH (ha3bl [P OJIMHAKOBOW BECOBOM KOHLIEHTPALUH
GHCICHHAY KOHIEHTPAlMsA KO/UIOMAHOIO pPAacTBOpPA BCErJa 3HAYMTENHLHO MEHBINE, YeM
HCTHHHOTO.

BOIIPOC 1.2.2. Ilpoananusupyime ymesepoicoenus, xapakmepusylowue 0OpoyHo6ckoe
osudicenue. Kaxoe u3z nux owuboyno?
OTBETHI:
1. Xaotudeckoe NBMXXEHHE YACTHUBI AMCIEPCHOM (asbl OXBATHIBACT OIIpe/IeNIeHHbIH 06BeM
IIPOCTPAHCTBA, BO3PACTAIOMIME BO BPeMEHH. B ropH3oHTaNbHOM IUIOCKOCTH OH COOTBETCTBYET
BO3pacTaloLleH IIIOIa/ 1, IPONOPIHOHATBHOM KBAAPATy CPEIHErO CABHIA.
2. Jlna ceprdecKolf HacTHUBI pamMyca r 3HAYCHHE KBajpaTa CpeIHEr0 C/IBHTa OpSIMO
NPONIOPLMOHANBHO ~ abCOMOTHOH —TeMIepaType M BpeMeHH HaOMONEHWS M  OOPATHO
IPOIIOPIHOHAIEHO CONIPOTUBIICHUIO CPEIEI.
3. BpoyHOBCcKOe MBHIKEHHE CBOWCTBEHHO IOOBIM YACTHIAM Kak OPraHMYecKOro, Tak Hu
HEOPraHW4eCKOro MNpoUCXOXAeHHsA. OHO NpOABISETCS TeM MHTEHCHBHEE, 4YeM OOJIbIIe
TeMIIEpaTypa U MEHbIIIE BA3KOCTh CPEIEL.
4. Korza xommonnHas 9YacTHIa IOZHEMAETCS B OPOYHOBCKOM MBHIKEHHH, NOTEHIHAIBHAS
SHEPrHs CHCTEMBI BO3PACTACT, M TEIUIOTA OKPYKAIOWIEH Cpelbl IPeBPAIaeTCs B MEXaHHIECKYIO
palboTy B OTCYTCTBHH Ha4albHOM Pa3HOCTH TEMIIEPATYP.
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5. BpoyHOBCKOE IBHIKEHHE — peaybHBIN OIBIT, TMOKa3bIBAFOIIWM, HE3aBUCHMO OT KakoH OBLI TO
HH OBLIO MOJIEKYJISPHON TEOPHH, YTO BEYHbI BUTATETh BTOPOTO POJA IOCTOSHHO “nedicTByer”,
XOTS M HE MOKET OBITH IPaKTHYECKH MCIOIL30BaH.

BOIIPOC 1.2.3. Paccuumaiime omnowenue snavenuii cpednezo cosuza yacmuy ¢ paouycamu
r1=2-10° mur;=8107 m npu ux GPOYHOBCKOM OBUIICEHUU 30 PABHbIE OMPE3KU BPEMEHL.
OTBETHI:

1.6,25-10°

2.2,5:10°

3.5,0-107

4.2,0-10

5.4,0-10

BOIIPOC 1.2.4. Kakoe u3z ykasauuvix senenusi He XApaKmepHo Onf UCMUHHO—
KONNOUOHBIX cucmem?
OTBETAI:
1. Konnonassle pacTBOPBI CIIOCOGHBI PacCEHBATh CBET HIIM ONANECIHPOBATE, UTO yKa3bIBaeT Ha
UX HEOJHOPOIHOCTS.
2. KomnoumHo — JUCIEPCHBIE CHCTEMBI CIIOCOOHEI K Auanusy, T.€. OHU MOTYT OBITH OYMILEHBI
OT Pa3sNUYHBIX IPUMECEH KPUCTAUTHYECKHX BELIECTB.
3. HacTuup! qucnepcHo# hasel MOTyT 06/1aaTh SMEKTPHUECKHM 3aPSIOM, HO3TOMY KOJITIOHIHEIE
pacTBOpEI OOHAPY KHUBAIOT SIBJIEHHE 3JIEKTPOJIHN3A.
4. J1ist KOJUIOM/IHBIX CHCTEM XapakTepHa BecbMa Me UIeHHas Tudy3us.
5. BemmunHa 0CMOTAYECKOTO JABICHHUS WIS KOUIOUAHBIX PACTBOPOB XapaKTEepU3yeTCsT MaJIbIM
3HaYEHUEM U HETIOCTOSIHCTBOM.
6. Kommoumnple CHCTeMBl OTIMYAIOTCS AarperaTHBHON HEYCTOMYMBOCTBIO H  CIIOCOGHEI
KOaryJMpoBaTh IO/ BIMAHUEM BHEIIHHX BO3JEHCTBHIA.

BOITPOC 1.3.1. Hsyyume nonooicenus, xapaxmepuzyiowue memoowi nonyyenus
Oucnepcubix cucmem. Kaxoe us nux nedocmamouno obocroeanno?

OTBETHI:
1. Kommomimele  CHCTEMBI, 3aHMMAIOIIME  NPOMEXYTOYHOE  TIOJOIKEHHE MENITY
rpyOOAMCIIEPCHBIMY H MONEKYJIAPHBIMH, MOTYT OBITH IOIYYEeHBI JUG0 00BeUHEHEEM MOJIEKY T
WM MOHOB B arperarel, MO0 B pe3ybTare TUCTIEPrUPOBAHMS GONBIIAX YACTHII 10 TPEOYEMBIX
pa3MepoB.
2. JluceprupoBaHHe — 95TO H3MENbYEHHE TBEPHBIX MM JKHAKMX Tel B UHEPTHOH, He
B3aUMOJECHCTBYIOIIEH C H3MENbYAEMBIM BEIIECTBOM, CPEJie.
3. B OpoTHBONONOKHOCT DPACTBOPEHMIO IHCIIEPIHPOBAHHE MPOXONHT, KaK IpPABHIO, He
CaMOITPOU3BOJIBHO, A C 3aTPaTON BHENIHEH paboTEL
4. B OTZENBHBEIX CIy4asX TBEPAOE TEIO MM JKHIKOCTH MOIYT —CaMONPOM3BONBHO
AHUCIEPTHPOBATECA B XKHJKOH cpefe ¢ o6pasoBaHMEM KOJUIOHIHON WM MHKPOT€TEepOreHHOI
THO(UIBHON CUCTEMEL.
5. Tlpumep dusmyeckolt KoHeHCaHH — 06pa3oBaHUe TyMaHa: [PH [NOHHKEHHH TEMIIEpaTyphl
BO3ZyXa NAaBICHHE BOIJHOIO Ilapa CTAHOBUTCS BBIIE DPABHOBECHOrO M B Ta3oBoil (ase
BO3HHKAET HOBast XKHIKas (aza.
6. MeTox XMMUYECKOH KOHIEHCAIUH 3aKIIOYaeTcs B 06pa3oBaHiy HOBOM (asbl B TOMOTEHHOI
Cpezie B pe3yJibTaTe H3MEHEHHS COCTABA CPE/IbL.

BOIIPOC 1.3.2. Haiimu omuowenue cxopocmeii ocedanus kaneiex 6005SHo20 myMaHa,
ecnu ux paoukcel pagrvl coomeememeenno: r1=10"m u r,=10"%u
OTBETBI:
1.10°
2.10*
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3.10°
4.10°
5.10°*

BOIIPOC 1.3.2. B xaxom u3 npugedennwvx npumepos 6euyecmeo oucnepcroll ¢azer —
meepooe meilo, a 6euecmeo OUCNEPCUOHHOT cpedbl — HCUOKOCTIb?
OTBETBI:

1. IBIMEL, HBLIH, CMOT

2. MBUIBHEIE IIEHEBI, SMYIIECHH
3. THAPO30JH, OPraHO30JIH

4. yrons, CHIIHKareib

5. CIINIaBBI, CHTAILIBI

6. He(TB, MOJIOKO

7. MHHEpAJIbI: OMal, JKEMUYT.

BOIIPOC 1.3.4. Kaxoe u3 ypasnenuil ne credyem ucnons3oeams s onpeodenenus
MONEKYNAPHO-KUHETNUYECKUX CBOUCME KONNOUOHO-OUucnepeublx cucmem? O1BETHI:
l. p=cRT

2.dm= —DAiCidr
dx
B M e DAE
3znrN ,
4. Ax* =2Dr1
_RT
67nrN

TZIe ¢ — MOJIsUIbHAs: KOHUCHTPALHMS; P — OCMOTHYEeCKOe nasienue; D - koaddumment maddysum.

BOIIPOC 1.3.5. Haiimu ommnowenue ocmomuueckux Oaenrenuii s IBYX THApO30Jei
CCPHHUCTOTO MBIIbAKA OJMHAKOBOK KOHLEHTPALMY, HO PA3IHYHON IUCIEPCHOCTH C PaIHyCaMH
cheprUecKUX MOHOYACTHI[ COOTBETCTREHHO 1= 310 M 1 1,=6-10"m.

OTBETHI:

1.3,8-10°

2.8-10°

3.0.7

4.5,0

5.11,0

Peiitunr-xouTpomns 2

BOIIPOC  2.1.1.  Osuakomvmecv ¢  noaosuceHusmu, Xapaxmepusyouumu
noeepxHocmueie saerenus. Kaxoe us nux — neyoosiemeopumensno?
OTBETBI:

1. IToBEpXHOCTHBIMH HAa3BIBACTCS TOHKHH TPEXMEPHBIH CIIOM, oOpasyromuiics Ha TOBEPXHOCTH
KOHTaKTHPYIOWHKX (a3 ¥ MMEIOIIHH KOHEYHBIE Pa3MepBL.

2. Ha rpamune pasjena >KHAKOCTh — ra3 paBHONGHCTBYIOIIAS CHII MEXMOJIEKYIISIPHOTO
B3aNMO/ICHCTBHS HANPaBJIeHa HOPMAILHO K MOBEPXHOCTH B CTOPOHY JKUIKOM (hasbL.

3. PaGora, coBepmaemas B M30TEPMHYECKHX YCIOBHSAX B IPOLECCE IIEPEBOJa MOJIEKYIBl U3
00BeMHOM (a3bl B IMOBEPXHOCTHBIA CIIOM, paBHA YBEIMYECHHIO CBOGOIHOMN IIOBEPXHOCTHOIH
JHEprus.

4. IloBepxHOCTHAst 3HEPTHA — 5TO paboTa pasphiBa CBA3eH HpH APOGIEHHH TBEPABIX TeI,
CBsI3aHHAsI C YBEJIMYEHHUEM IOBEPXHOCTH pasielia.
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5. BHyTpeHHee naBieHue — 3T0 CHIa, ¢ KOTOPO#M MOBEPXHOCTHEIN CIIOH BO3JICHCTBYET Ha 00BEM
(da3sL

BOIIPOC 2.1.2. Hzyyume onpedenenus, Xapaxkmepusyloujue npupooy noeepxHoCmMHO20
Hamaicenus. Kaxoe us nux mpe6yem ymounenus?
OTBETHI:
1. PaGora 00pa3soBanysi eJUHMIBI MOBEPXHOCTH, COBEpIIacMasi MPOTHB CHJ BHYTPEHHETO
JaBJICHUS, HA3BIBAETCS TIOBEPXHOCTHBIM HATSDKEHHEM.
2. BemwumHa G - TOBEPXHOCTHOE HATSKEHHE —  SBISETCS K03 dunuerTOM
TPOIOPIHOHATBEHOCTH MEX1y paboToH, 3aTpadeHHON HA W3MEHEHWe IUTOIIAIH IIOBEPXHOCTH H
9THM H3MEHEHHEM ILIOIIAIH.
3. CorniacHo 3KCIEpHMEHTANILHBIM JAHHBIM TIOBEPXHOCTHOE HATSIKCHHE THHEHHO YMEHBIIAETCS
C POCTOM TEMIIEPATyPBI BILIOTh /10 KPHTHYECKOIL.
4. Belmauna G XapaKTepH3yeT MeXMOJIEKYIIAPHOE CLEILIEHHE, NOJIIPHOCTB JKUAKOCTH M CBS3aHA
C AMIONBHBIM MOMEHTOM, HOJIIPH3YEMOCTEIO BELECTBA U IUIEKTPHYECKOH IPOHHIAEMOCTHIO.
3. Bce yTBepkaeHus cripaBeIIBEL

BOIIPOC 2.1.3. B kaxom ciyuae nepexod x credyowemy @pazmenmy 6wv18600a
ypasnenue adcopbyuu I ubbca nedocmamouno 060CcHo8aHO?
OTBET:
1. V3smenenne cBOGOIHOM SHEPTHH TOBEPXHOCTHOTO CIIOS:

dF = odA+ Ado + ) pdn, + > ndu, (1)

2. Ilo ananoruu ¢ ypasHenuem ['u66ca-Jlorema:

Ado+ ndu, =0 )

3. Orpasn4mBasCh TONBKO H30TEPMHUECKMMH TIPOLECCAMHE U paszenus 0be 9acTH ypaBHeHus (2)
Ha A,. monyunm, do=-) I'dy,

4. Ilnn OunapHo#f cmcrema (uHmekc | — pacTBOpHTENH, 2 — PacTBOPEHHOE BEIECTBO
do =-Idy, —I'ydu,
5. Tax xax du = RTdIna, nonyckas 3aMeHy aKTHBHOCTH Ha KOHIEHTPAIMIO 1715 pa30aBieHHbIX
PacTBOPOB, otyuuM [ = ——c—-@-—

RT dc

BOIIPOC 2.1.4. [lna xaxux us npusedennuvix Gewjecms 6 cnyHae 600HbIX Pacmeopos
eenuyuna do/dc 6onvuie Hyna?
1. HeopraHuYecKue 3MEKTPOITUTEI
2. OpraHHYEeCKHE KUCIOTHI
3. criupTHI
4. 6enxu
5. cnoxHBIE 3GHUPEL

BOIIPOC 2.2.1. IIpoananusupyime ypasnenus, xapakmepusyioujue noGepxXHOCMHoe
HamadiCcenue U noeepxnocmuyio suepeuro. Kaxoe us Hux mpebyemca OONOTHUMENLHO
VmMOYHUmMb?

OTBETHEI:
1. Aw = oAA4

dG
.95

dA T,P.n,
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3. U=J—T[£]
ar ),
4, £=consr
daT

dr
2 dA V.T,n

BOIIPOC 2.2.2. Hzyyume nonosicenus, Xapakmepusylowue npupooy aocopbyuoHHbIX

cun. Kaxoe u3 nux ne coomsemcmesyem cospemennuim npeocmaegieHuam?

OTBETBI:

1. AnCOpONHMOHHBEIMH HA3HIBAIOTCS CHIIBI MEXMOJIEKYJIAPHOTO  B3aUMOJCHCTBHS MEXIy
MOJIEKyJIaMH HJTH aTOMaMH, HaXOSIIMMHUCS B PasHBIX (asax.

2. Kak cmmsl ocoforo poza ancopbUMOHHBIE CHIB  0OIANAiOT OPHEHTAHOHHBIM,
HHIYKIIHOHHBIM H JHCIIEPCUOHHBIM B3aHMOIEHCTBHEM.

3. Jlnsd mOHWMaHHS TPHPOABI aJCOPOLMOHHBIX CHII HEOOXOMMO YYHUTBHIBATH, YTO B aKTe
aicopOHMH MOJIeKy/a ancopbara B3auMOJEHCTBYET He C OJHHM, a CO BCEMH OmnKxadmmuMu
aToMaMH aficopOeHTa, T.€. ¢ 00bEMOM.

4. TomiuHEa afcOPOUHOHHBIX CIOEB MOXET JOCTHaTh THICST aHICTPeM, 3TOT (PaKT yKasbeIBaeT
Ha TabHOJIECHCTBHE aACOPOLHOHHBIX CHIL.

5. Teopms MEXMOJEKYIADHBIX CHI IIOKA3bBAET, UTO BCe TPH KOMIIOHEHTHl SHEpPruu
TNIPUTSDKEHUS: OPHEHTANMOHHAY, MHAYKIHOHHAS M JMCNEPCHOHHAS COCTAaBJSIONIHE OGPATHO
IPONOPIHOHAIBHE] IIIECTOH CTENIeHH PaCCTOSHUS.

BOIIPOC 2.2.3. Kaxas us npusedennvix 3sagucumocmeil Hazwieaemcs u3omepmo
aocopboyuu?
OTBETHI:
1.a=fT)
2.a=1(P)
3.P=£T)
4.P=1(a)
3. T=1(P)

BOIIPOC 2.2.4. Hzyuume xpusvie, npedcmasisiowue 3a6UCUMOCTb KoMuYecmea
adcopbupyemozo eewjecmea (opounama) om OdeneHus 8 2a3060il Qasze (abcyucca) Ons
MmedkcghasHoll noeepxrnocmu pasdena meepdoe meno — 2a3. Kaxas uz KpUeblx xapakmepra OJis
meopuu aocopbyuu FIT?

OTBETHI:

BOIIPOC 2.2.5. IIpoananusupyiime ypasuenus, onucwiéaiouue aocopbyuto Ha meepdoil
U JHCUOKOU nosepxrHocmu pazdena ¢asz. Karxoe uz nux sensemcs IMRUpUYECcKUM?

OTBETHI:
1. al+kP)=a,, kP k — xoHcTanTa
2. lga =lgb+llgP b, n — KOHCTaHTEI
n
ke
3.=l, C — KOHIEHTpaIHs
1+ ke
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A, kP /P,
4. a= - Ps — nasnenune Haceimennoro mapa

1-2 hsg-nd
P P

5 &

S.a=K.P K; — xoncranTa I'enpu

Peiitunr-koaTpoms 3

BOIIPOC 3.1.1. Hzyuume nonooicenus, xXapaxmepusyloujue aocopbyuio Ha mexrchasnoil
noeepxxocmu meepooe meno — 2as. Kaxoe u3 nux ne coznacyemes ¢ ucxoOHsimu noioNceHusmu
meopuu aocopoyuu Jlenemopa?

OTBETHI:

1. Ancopbums Momekyn ancopOTHBA IPOHCXOMMT HA AKTHBHBIX LEHTPax, HaxOASIIMXCA Ha
NIOBEPXHOCTH TBEPIOIO acopOeHTa.

2. AncopOupOBaHHBIE MOJIEKYIB! YAEPKUBAIOTCS AKTHBHBIMHU LIEHTPaMH TOJNBKO B TEYEHHE
ONPEAENICHHOTr0 BPEMEHH, KOTOPOE HE 3aBHCHT OT TEMIIEPATYPBL

3. TloBepxHOCTHas KOHLEHTpamMs ancopOTHBa NpOTIOpPIHOHAlbHA JaBJICHHIO ra3a u
KOHLICHTPAIMA CBOOOIHBIX aKTHBHBIX [[EHTPOB.

4. Bemexnctue marmoro pammyca nelcTBHS anCOPOLMOHHBIX CHI M HX CIIOCOOHOCTH K
HACBIIICHHIO  TIOBEPXHOCTH ~ a[COPOEHTA MOXET OBITh  3alONHEHA TONBKO  OJHHM
MOHOMOJIEKYIIPHBIM CIIOeM aIcopOTHBA.

5. AzcopOHpOBaHHBIE Ha COCEIHHX AKTHBHBIX LHEHTPAaX MOJIEKYJBl anacopOTuBa He
B32UMOJIEHCTBYIOT MEKIY COOOIA.

6. AzncopOnus NpencTaBiseTcs KakK KBa3HXUMHYECKAS peakuus MeXIy MOJEKYJIoH rasa u
aKTHBHBIM IICHTPOM, B P€3yIIbTaTe KOTOPOH 06pasyeTcs ancopOHpOBaHHBIN KOMILIEKC.

BOIIPC 3.1.2. Kakyro uz npusedennvix eenuyun onpeoensem 4ACMHAS NPOUIEOOHAS OM
MePMOOUHAMUYECKO20 NOMEHYUANA NO NIOWAOU?

dG
dA TiPe

OTBETHI:

1. xumErgeckuit moTeHnMAT

2. BHYTpEHHSS SHEPIUs

3. HOBEPXHOCTHOE HATSHKEHHE
4. IOBEPXHOCTHAS aKTUBHOCTH
5. cBobOIHAS 3HEPIHsL.

BOIIPOC 3.1.3. Ilpoananusupyiime credyiowue ucxodusie nonoxcenus meopuu
monexynapuoi  aocopbyuu Ilonsnu. Kaxoe uz mnux ne coomeemcmeyem COBpPeMeHHbIM
meopemuiecKuM U SKCHePUMEHMATbHbIM OaHHbIM?

OTBETHBI:

1. AncopOums 06yCIIOBIMBAETCS TOMBKO (BHIHUECKAMH Ban-nep-paanscoseivu  cumamu. Ha
TIOBEPXHOCTH a/ICOPOEHTA HET aKTHBHBIX LIEHTPOB.

2. AncopOuMOHHBIE CHIIBI JEHCTBYIOT Ha PAaCCTOSHHS, NIPEBBINIAONIHAE Pa3sMEpPhl OTAEIBHBIX
MoJeKy 1 ancopbTusa. Obpasyercs ancopOUUOHHBINA 00BEM.

3. Kaxmas Touka BHYTpH aaCcOpOIHOHHOTO 0OBEMa XapaKTepU3YETCS OINpeeeHHBIM
3HaYCHHEM afCOPOLIMOHHOIO MOTEHIHAIIA.
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4. AncopOUMOHHBIH TTOTEHIHAT MPENCTaBIseT COO0M H30TEPMUUYECKYIO paboTy CXKATHS rasa
(mapa) mpu mepeBozie €ro U3 06BEMHOM (asbl B 00IACTH MOBEPXHOCTHOTO CJIOS C JABJICHHEM,
OTIMYHBIM OT PAaBHOBECHOTO.
5. [lefictBiHe anaCOPOLMOHHBIX CHI TIO MOpe YyHaleHHs OT MexX(asHOH NOBEPXHOCTH
YMEHBIIAETCS ¥ Ha HEKOTOPOM PACCTOSHHU PAaBHO HYIIIO.
6. 3aBHCHMOCTB aJCOPOLMOHHOrO IOTEHIMANa OT aiCcOpPOLUMOHHOTO 00BeMa HOCHT HA3BaHHE
XapaKTepHCTHYECKON KPHBOM.

BOIIPOC 3.1.4. Kakoii u3 nepeyuciennvix 3KCRePUMEHMANLHBIX MEmoO08 He
no3eonsem onpeoenams N0BePXHOCMHOE HAMAHCeHue?
OTBETHI:
1. MeTon MakcHMaIbHOTO JaBIeHHUS ITy3bIpbKa (MeTon Pebunsiepa)
2. Meton nepemenieHus MIapHKa B IUCIIEPCHOHHOM cpefie
3. CranarMoMeTpU4ecKuil METOI OTPhIBA KAIlIM JKHIKOCTH
4. TeH3UMETPUUECKUIN METO OTPLIBA KOJIBIA
5. Meton Kanmu/UIIPHOTO MOIHATHS KHIKOCTH.

BOIIPOC 3.1.5. Hzyuume nonooicenus, xapaxmepusyiowue adcopbyuio Ha mexcgasnoi

nosepxHocmu meepooe meno — 2as (nap). Kaxoe u3z Hux cyujecmeeHHo omiuyaemcs om
OCHOBHBIX NONOJNCEHUN MeOPUU NONUMONEKYIAPHOU adcopbyuu napos Bpynayspa — Dmmemma
— Tennepa?

OTBETBI:

1. Ha mnoBepxHOCTH TBEpAOro ancopOeHTa HMEIOTCS HEPABHOLEHHBI B JHEPreTHYECKOM
OTHOIICHHS aKTHBHEIE LEHTPHIL.

2. Ancopbuust MuOTOCIORHA. Kakias MoneKyna mepBoro Ci1osi CIly)KUT HEHTPOM IS aACOPOLHH
BTOPOTO H MOCIEAYIOIINX CIIOEB.

3. TlepBeii cnoit ancopGTuBa oOpasyercst B pesyibrare AeHcTBHS BaH-Iep-BaalbCOBBIX CHIL,
HOCNIEIYIOLIHE — B Pe3yJIbTaTe KOMIIEHCAIHH.

4. AncopbuposanHas (a3a mpeICTaBIAETCS KaK COBOKYIHOCT aCOPOHPOBAHHBIX KOMILIEKCOB
— MOJIEKYJIAPHBIX IIETI04eK, KOTOPHIE SHEPreTHIECKH HE B3aUMOJICHCTBYIOT APYT C APYTOM.

5. Temnotsl aficopOiuK €IMHUYHOIO H ABOMHOIO KOMIUIEKCOB IPHOIH3HTENLHO OWHAKOBEI H
PaBHEI TEILIOTE OOBEMHOM KOHIEHCALIUH.

6. AZcopOuHIO MOIEKYN Iapa MOXHO PacCMATPHBATh KAK CEPHIO KBA3MXUMHYECKHX DeaKIii
obpa3oBanus aICOPOLUOHHBIX KOMIIJIEKCOB.

7. Ilpn 3HAaYeHHSX NABICHWsS B ra3oBo# (ase, JaneKkux OT JaBIeHHs] HACHNIEHHOTO Mapa,
obpasyeTcss MOHOMOJIEKYISIPHEIN CIIOH.

8. Ilpm yBenumueHMM [JaBIeHHs B Tra30BOM (ase UMCIO CBOGOIHBIX AKTHBHBIX IIEHTPOB
COKpAMIAETCsl, 4 YMCII0 KPAaTHBIX KOMILIEKCOB PACTeT.

9. ObbemHasi KOH/JEHCAUHA Tapa NPOMCXOHUT IIPH JOCTHXEHUM NaBICHHH, PAaBHBIX HABJIECHHIO
HACBIIEHHOTO I1apa IPH JaHHOM TeMIleparype

10. Ilpenmonaraercs, 4TO TUIOMAb, NPHXOAINASCS HAa OIHY MONEKYNy ancopOTHBa B
IIOBEPXHOCTHOM CJIO€, - TIOCTOSIHHAS BEIHYHHA. JTO JaeT BO3MOXKHOCTH BEIMHCIIATH BENTHYHHY
YIAEIBHOM IIOBEPXHOCTH a1cOpOeHTa.

IIpome:kyTOYHAHA aTTeCTALMS 10 HTOrAM OCBOEHHS HCIUILTHHBI
(KOHTpPOJIBLHBIE BOIPOCHI K IK3aMeEHY)

1. Crpykrypa nucmepcHbix — cucteM. JlucmepcHas — (asa, AECIIepCHOHHAsS cpena.
KomiuecTBeHHBIE XapaKTEPUCTHKU JUCIIEPCHOCTH

2. Kraccupuxauus TUCTIEPCHBIX CHCTEM: IO arperaTHOMY COCTOSHHIO JMCIIEPCHOI tha3sl u
JMCTICPCHOHHON CPEbI, 0 KOHIEHTPAIHMH, N0 XapaKTepy B3auMOIEHCTBHS THCIEPCHON
(a3bl ¢ TUCTIEPCHOHHOI CPeIOi.

3. Ilonsrue o MUOGUIBHBIX 1 THOGOGHBIX AUCIIEPCHEIX cucTeMax. OCOBGEHHOCTH KOMLIOMIHOTO
COCTOSIHUS BEIIECTBA.
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10

11.

12,

13.

14.

15.

16.

17

18.

19.

20

Cycnensnu u ux cpoiictea. [Tonydyenue. ArperaTuBHas ycToHUMBOCTD M onpenensomue eé
axropsl. CenrMeHTAMOHHELH aHATH3 cycreH3uit. [TacThL.

OMyJbCHH, IEHBI B UX cBOMcTBA. [lomyuenue. THIEI SMyIbCHiL. Y CTORYHBOCT SMYJIBCHH B
NeH ¥ e€ HapymeHue. @akTOpsl YCTOMYMBOCTH OMYJIbCHH ® mneH. CBOMCTBA
KOHLEHTPUPOBaHHBIX ¥ BBICOKOKOHIIEHTPHPOBAHHEIX SMYITBCHIA.

Merozb1 OTy4eHUs U OYHCTKA KOJUIOMIHBIX PACTBOPOB.

MoexynApHO-KHHETHYECKHE U ONTHYECKHE CBOMCTBA KOJLUTOMIHBIX CHCTEM. BpoyHoBckoe
ABmKeHWe (ypaBHenwe Oimmreiina), mauddysus (ypaBHeHus @uka), OCMOTHYECKOE
napnenue. Vix B3auMoCBs3b.

Cemumventanms. CenMMeHTAUMOHHAS YCTOMYMBOCTD M CeMMEHTAIHOHHOE paBHOBECHE.
Lentpudyra u e€ npuMeHeHHE IS HCCIENOBAHMS KOJLUTOMTHBIX CHCTEM.

PaccenBanue u moriomenne ceera. YpasHeHue Panes. YIBTpaMHKPOCKOIHS U 3/IEKTPOHHAS
MHUKPOCKOIIHsI KOJUIOMIHBIX cicTeM. OnpeneneHne HOpMEI, pasMEpOB W MACChl KOJLTOMIHEIX
YaCTHIIL.

TepmouHamMuKa HOBEPXHOCTHBIX siBiIeHHMi. TepMouHAMUKA TIOBEPXHOCTHOTO  CJIOS.
IloBepxHocTHas 3meprus [uG6ca M TOBEPXHOCTHOE HaTs keHHe. MeTOmb! OIIpEACTICHHUS
TIOBEPXHOCTHOTO HATSKEHHA. 3aBHCHMOCTB IIOBEPXHOCTHOrO HATSDKEHHS OT TEMIIEPATypEL.
Ces3p moBepxHOCTHOU 3Hepruu ['mbb6ca u NIOBEPXHOCTHOM SHTanbnuu. Kpaesodt yron
CMa4quBaHHs. TepMOMHAMUYICKNE yCIOBHS CMAYMBAHHS M pacTekaHus. [ MapodwIEHOCTD 1
rupoGo6HOCTE TOBEPXHOCTH TBEPIBIX TEIL.

Ancopbuus MOBepXHOCTHO-aKTUBHBIX BEIIECTB (IIAB). Tepmonuuamuxka ancopbuun. Bemsoy
ypaBHeHus ['n06ca. TIoBepXHOCTHO-aKTHBHBIE U IOBEPXHOCTHO-HHAKTHBHEIE BEIECTRA.
Vi3orepMa MOBEPXHOCTHOrO HaTsOKeHMS. YpaBHeHwe IIIMIIKOBCKOTO. IToBepxHOCTHAsS
akTHBHOCTE. IIpamio [lroxno-TpayGe. Vpasnenue Jlenrmiopa s MOHOMOJIEKYISPHOM
azicopbuuu..

Opwuenranus monekyn ITAB B nosepxuoctHoM cnoe. OmpefiereHue IIOIIA M, 3aHHMaeMOH
Mosiekyno# [IAB B nackimennom ancopbunontom cioe. Ancop6rus [TIAB u3 pacTBOpPOB Ha
IIOBEPXHOCTH TBEPHIBIX TeIL

Ilpupona S/1eKTpUYECKUX SBICHHH B JMCIEPCHBIX CHCTeMaxX. MeXaHH3M BO3HHKHOBEHHS
SJICKTPHHECKOrO 3apsifa Ha rpaHune pasgena aByX ¢as. CrpoeHue IBOHHOrO
9JIEKTPUYECKOTO CIIOSI.

Munenna, cTpoeHde MHIELIBI rupoobHOro 3oms. 3apsm u SIEKTPOKHHETHIECKHL
MOTEHIMAN KOJJIOMIHON YaCTHIIEL. SIBIeHue iepe3apsiiki KOUTOMIHBIX YaCTHII.
ONEKTPOKMHETHYECKHE SIBIEHUS. Dnektpodopes. CBsi3b 3NEKTPO(OPETHIECKON CKOPOCTH
KOJUTOMHBIX YaCTHIl C HX 3JEKTPOKMHETHYECKUM IOTeHIManoM (ypasHenue ['ensMrombia-
CMOITyXOBCKOT0). QnexTpodopernyeckas [OBHKHOCTE. 3NeKTPooCMOC.
DIEKTPOOCMOTHYECKHH METO/] H3MEPEHHUS 3 IeKTPOKHHETHUECKOTO TIOTEHIHAA.
YCTONYMBOCTE M KOAryJALHs KONIOMIHBIX cucTeM. CeNMMEHTAlMOHHAS H arperaTHBHas
YCTOHYHBOCTB KOJUIOUIHBIX CHCTEM. ATPEralisi i CeliMEeHTalHsl YaCTHII TUCIIEPCHOH dassL
Koarymsimust 1 daxropel, eé BempBaromue. Memiennas u 6GuicTpas koaryisnua. Ilopor
Koaryysuuy, ero ompenencHue. [Ipasumo Ilynsue—Tapau. Koarynsmus 3omeit cMecamu
3MEKTPONUTOB. [IpaBuiio anIMTHBHOCTH, aHTATOHM3M ¥ CHHEPIU3M HOHOB.

BsizkocTs pacTBOpoB. OTKIIOHEHHE CBOMCTE pacTBOPOB OT 3aKOHOB HBIOTOHA. VYpaBHenue
bunrava. ITpaaunbl aHOMANBHON BS3KOCTH PACTBOPOB MONMMEPOB. MeToms! HU3MEPEHMUsI
BSI3KOCTH PacTBOPOB

21. @aKTopsI yCTOHIHBOCTH pacTBOpOB. TUKCOTpomHUs cTyRHel U Treeii. Cunepesuc.
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Kourpoaupyionmue nporpamMmer 11s camMocrosiTenHol paboTeI cTyaeHTOB
(Tecrosble 3ananus)

KOHTPOJIMPYIOIIASA ITIPOTPAMMA 4.1.

BOITPOC 4.1.1. Ipoananuzupyiime HUJICENpUBedeHHbIe HONOJMCeHUS,
Xapakmepusyiowue mexanusm 00pasosanus 060lHO20 siekmpuyeckozo cnos, Haiidume
NOJ0JICEHUe, A6NAIOUfeeCs TUOO HeGePHBIM, TUBO cnopHbim!

OTBETHI:

1. Omextpuyeckme sBneHus Ha MexdazHbIX NOBEPXHOCTAX — CJCACTBHE U3OBITOUYHOMN
TMOBEPXHOCTHOH SHEPIUH — PE3yIBTAT B3AUMO/IEHCTBHS COIPHKACAIOTIEXCS a3 Mexmay coboi.
2. Coenmduyeckas ancopouus HOHOB — [EPeXo U3 XKUAKOH (pasbl B MOBEPXHOCTHBIN CIIOM
4acTHIl NHCTIEPCHON (assl — CONpPOBOKHAETCS IepepacipeseieHneM 3apsAn0B B o0nacTu
[IOBEPXHOCTHOTO CIIOS.

3. Ecnu MexdasHas moBepxHOCTB 00pasoBaHa BEINECTBAMH, HE CIHOCOGHBIMH OOMEHHBATLCS
3apianaMy, TO [JBOWHOM DJIEKTPHUYECKMH CIOH MOKET oOpasoBaTbCs B  pe3ysbTare
OPHEHTHPOBAHHUS MOJISIPHBIX MOJIEKYI.

4. Ilepexon HOHOB HIIM SMEKTPOHOB U3 OJHOM (asbl B APYTYIO Ha rPpaHUIlEe pa3jielia Ha3bIBAeTCs
NOBEPXHOCTHOM IHCCONMAIIHEA,

5. AncopOuusi HOHOTEHHOTO NOBEPXHOCTHO—AKTHBHOTO BEIECTBA MOJKET IPOUCXOIUTH Ha
TPaHHl® NIByX HECMCINHBAIOIUXCA KUAKOCTEH, Hanpumep, BoaB! U Gensona. Ionspuas rpymnmna
MOJIEKYJIBI  IIOBEPXHOCTHO —  aKTHBHOTO BEIIECTBa, OOpallleHHas K BOJe, Oyner
AHCCOLMUPOBATE; B pe3y IbTaTe AUCCOLUAIMH MeK(a3Has IOBEPXHOCTH HPHOOPETAET 3apsi.

6. Ecnu B cucTteMy Metamn — Boja 106aBHTH XJIOPHCTBIM HATPHUi, TO 3a CYeT M3GUpaTeNLHOMN
ancopOLUiK aHHOHOB XJIOpa HA METalle NOSBHTCH H3OBITOYHBLN OTPULATENIbHBIA 3apsi, B
Onmsnesxaiem cioe pacTBopa GyeT H3GBITOYHBIH MOT0KUTEILHELH 3apsi/l U3 HOHOB HATpHS.

7. Ilpu KOHTaKTe MeTamIa ¢ ra3oBol (hazoil IPOHCXOMUT IIEPEeX0/I 3JIEKTPOHOB OT METaIa K
rasy. MexdasHas HOBEPXHOCTE 3apsiKaeTcs.

BOIIPOC 4.1.2. Hszyyume nonoowcenus, Xapakmepusylowue Mexanusm o00pazoeanus
08011020 CNIOS UOHOG HA NpUMepe 06PA30BAHUS 3015 cynogpama b6apus. Kaxoe us nux mpe6yem
YMoyHeHus?

OTBETHI:

1. Ilpu cnuBaHMHM BOXHBIX PACTBOPOB XJIOPHAA Oapus u cynedara Hatpus obpasyercs 30ib
cynbedara Gapus.

2. B 3aBHCHMOCTH OT YyCIOBHIf (KOHIIEHTpaIHsi KOMIIOHEHTOB, TEMIIEPaTypel U IPYIHX)
00pasyrorcs MEKpoKpucTauuky BaSO, Gombiuei 1y MeHbIIeH JUCIIEPCHOCTH.

3. Ecim ncxofiHble KOMIIOHEHTH! B3ATHI HE B CTPOTO CTEXHOMETPUYECKMX COOTHOIIEHHSIX, TO
HOHBI Oapust UM CyIb(aT-HOHBI MOTYT OKa3aThCs B 3HAYMTEIIHHOM H3GLITKE.

4. Ilpu u36bITKe, HAIPEMEp HOHOB GAPHS, OHY HAYHYT IIEPEXOTUTH U3 PACTBOPA B TBEPAYIO dasy
¥ 3aHMMATh BaKaHTHBIE MECTa, IOCTPauBas KPHCTaUTHYECKYIO PEIIETKY.

5. Ilpu stom TBepras aza mpHOOPETAET MOMOKUTETHHbIA 3apAn, JKUIKas — OTPHIATe/IbHEIH.
H30srTounble CynbhaT-HOHEI BCIENCTBHE KyJIOHOBCKOTO B3aMMOJECHCTBHS IMOATAHYTCS M3
pacTBopa K aacopOMpOBaHHLIM Ha MOBEPXHOCTH HOHAM Gapuss — obpasyercs mBOMHON crioit
HOHOB.

6. Wousl Gapus, BRI3BIBAIOMINE B IAHHOM ClIy9ac BO3SHMKHOBEHHE MeX(a3sHOTO IOTEHIMAIIA,
Ha3BIBAOTCS MOTEHIHUAIONPEIEIIIONTHMH.

7. Cynbdar-HOHEI, KOHUEHTPHPYIOIIHECS B pacTBOpe OKOJIO 3apsKEHHOH ITOBEPXHOCTH
KPHCTaJUIOB CyibbaTa 6apus HasbIBAKOTCS IPOTHBOMOHAMH.

BOIIPOC 4.1.3. Kaxoe usz onpedenenui, Xapakmepusylowux NeKmpoKuHemu4ecKue
AGNEHUS, MOJCHO CHUMAMb NPOMUBOPEYUCHIM?

OTBETHI:
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1. SlBneHme mnepeHOca IKUIKOCTM 1OX JeHCTBHEM BHEIIHEro QJIEKTPHYECKOTO  IIOJIS,
Ha0mozaeMoe B KalWULIPHO—IIOPUCTBIX TelNax, a Takke B ONMHOYHBIX KalHJUISIpax,
Ha3bIBAE€TCs AIIEKTPOOCMOCOM.

2. Tlepememenme wyacTuy IHCHEPCHO dbaser B oneKTpHYECKOM mONE OTHOCHTEIBHO
AVCIIEPCHOHHOH CPEe/bI Ha3BIBACTCS IIEKTPOGOPE3OM.

3. BO3HUMKHOBEHHE Pa3HOCTH MOTEHIIHATOB MKy IByMs CTOPOHAMHM IHOPHCTOM auadparMel
IpH NIPONMyCKaHWM 4E€pe3 Hee BOABI JHOO MEXIy KOHIAMH OJMHOYHOIO Kaluuisipa IpH
NPOTEKAHMM Yepe3 Hero BObl Ha3bIBAETCs IOTEHITHAIOM TEYCHHS.

4. TlosBeHWEe pa3sHOCTH MOTEHIHAIOB MEKIy IBYMS 3JE€KTPOAAMHU, PaCIOJIOKEHHBLIMH Ha
Pa3HOi BBICOTE COCyZa, B KOTOPOM OCEIaeT (mepemernaercs) cycreHsus MEIIKOIUCIIEPCHOTO
KBapIa, Ha3kIBACTCS MOTEHI[HATIOM OCE/JaHus UITH IOTEHIHATIOM CEIUMEHTALHH.

5. DNneKTpOKUHETHYECKHUE SIBICHUS NPOABIIIOTCS TEM Cl1abee, 4eM Melbye YaCTHIEI JHCIIEPCHOMH
(haspl, 1 BCUE3AIOT COBCEM NPH TIEPEBOze JHCTIIEPCHOH CHCTEMBI B MOJIEKYJISIPHBI pacTBOp.

6. IlpuumHAa  SIEKTPOKMHETHYECKHX  SBICHME  3aK/OYaeTcs B CYyIOECTBOBAaHUH
IIPOTHBOTIOJIOKHEIX 3apsI0B TBEPIOH U XKHAKOU (a3 CHCTEMEL.

7. PasHOMMEHHOCTH 3apsi0oB (a3 NPHBOIHT B Cllyqae HENOJIBHIKHOIO IIOPHCTOr0 Tena B
SJIEKTPHYECKOM IT0JI€ K EPEMEIICHHUIO [OIBHKXHBIX IPOTUBOUOHOB BMECTE ¢ SKHIKOM dazoii.

8. CymHOCTs 3/IEKTPOKMHETHYECKHX SBIEHHH 3aKovaeTcs B NEPEABIKCHHN YaCTHII
MUCIEPCHOH a3kl M JUCIEPCHOHHOHW Cpemsl MpH NPUTIOXKEHUM K CHCTEME pa3sHOCTH
TIOTEHIHATIOB HJIH, HA000POT, B BO3HUKHOBEHHUIO PA3HOCTH MOTEHIHAIOB IPH OTHOCHTEJIBEHOM
IepeMEIeHUH (Ba3sl U Cpesl.

KOHTPOJIMPYIOIIAS ITPOTPAMMA 4.2.

BOIIPOC 4.2.1. IIpoananuzupyiime paccyscoenus o NpUpoOe 31eKMpOKUHEMUYEeCcKo20

ROMeHyuana u ykaxcume ouuboynoe?

OTBETHI:

1. DneKkTpoKUHETHYECKHH MOTEHIHAT — 3TO QIIEKTPUYCCKHM MMOTEHIIHAN, OTCUHTHIBAEMBIH OT
TPaHHIBI CKOJBXCHHS 10 YPOBHS B JKHAKOH (hase, HOCTATOYHO yIaleHHOTo oT MexdasHo
IPaHMILI pa3fiena.

2. I'paHnNa CKOJIBXKECHHS YCTAHABIMBACTCS TIPH OTHOCHTENHHOM NepeMeIeHun (a3, HampuMep
IPH T€YEHUH JKUAKOCTH BJOIb TBEPAOH OBEPXHOCTH.

3. HeBO3MOXXHO yKas3aThk TOYHOE TIOJI0KEHHE T'PaHHUIE] CKOTBKECHHUS.

4. C 10CTaTOYHOM YBEPEHHOCTHIO MOYKHO TIPEATIONOKATE, YTO NEPBBIA CIIOM HOHOB M IIEPBEIf
CJIOH MOIEKYII BOJBIL, CMaYHBAIOIIUX TBEPAYIO (asy He MEPEMEIAOTCSl OTHOCUTEIBHO TBEPOH
base! npu TeYCHUY KHUIKOCTH.

5. DNeKTPOKHHETHIECKUI ITOTEHINAT BO3HHKAET [IPH OTHOCHTEIBHOM nepemenieHus a3 mox
AEHCTBHEM IIPUIIOKEHHOTO 3IEKTPHIECKOrO MO,

BOIIPOC 4.2.2. Paccmompume nonocenus, OnuUCHI8aloWue Mexanusm o0b6pazoeanus
0601020 3nexkmpuyeckozo cnos uonos. Kaxoe uz mux NPOMUBOPEYUM IKCHEPUMEHMANLHBIM
OaHHbIM?

OTBETHI:

1. Ha rpannne Boma — TBepasIi Homuy cepebpa B BOZy OyyT MepeXOMTh MPEeUMYIIECTBEHHO
HOHBI cepedpa, TaK Kak OHM GoJiee THApaTHPOBAHEL

2. TosepxHOCTH ioauna cepebpa GyzeT UMeTh HEKOTOPBIA U30BITOK HOHOB HOZa, KOTOPEIA CO
CTOPOHEI BOJIbI OyIeT HEHTpanu30BaH H3OLITKOM HOHOB cepeGpa B TIPUJIETAIOIEM CIIOE.

3. DToT mpomecc mpHBENET K BO3HAKHOBEHHUIO MeK(a3sHOTO CKayka MNOTEHIHAIOB,
IPENATCTBYIOMIEr0 JalbHEHIIEMY IePEX01y HOHOB.

4. JlBoiiHO#t croli WOHOB o6Gpasyercs He CaMOIPOU3BOIBHO, & B PE3yNbTATe YMEHBIICHHS
SHEPIHH IIOBEPXHOCTHOTO CIIOSL.

5. B pesymprate mpomecca mepexoma HOHOB yCTaHABIMBAETCS PaBHOBECHE, KOTOPOMY
COOTBETCTBYET ONPEEIEHHOE 3HAYEHHE CKAYKA MOTEHIIHAIOB.
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BOIIPOC 4.2.3. Kaxoe uz senenui Habnooaemces, eciu JHCUOKOCTMb 100 GnusHUEM
PAsHOCMU NOMEHYUAN06 NepeMeyaemcs yepes nopucmyio HENOOBUIICHYIO MeMBPAHY K 00HOMY
u3 31exmpooos?

1. DnexTponus

2. anexktpodopes
3. anexTpoocMoc
4. a¢pdext Kpunke
5. addexrt opua
6. aneKTpoIHams.

KOHTPOJIMPYIOIIAS ITPOT'PAMMA 4.3.

BOIIPOC  4.3.1. IIpoananusupyiime nonoscenus Xapaxmepusylowue cmpoenue
0601H020  anekmpuyeckozo cnos. Kaxoe us mux we coznacyemcs ¢ COBpPeMEHHbIMU
MeopemuYeCKUMU U IKCNePUMEHMANbHBIMU OAHHBIMUL?

OTBETHI:

1. JIBo#HO! >IEKTpHYECKHit CITIOH COCTOMT W3 HOHOB OZHO 3HAKa, OTHOCHUTEIBLHO MPOYHO
CBASAHHBIX C JHCHOEPCHOH (as3ol, W OSKBHUBAJIGHTHOrO KOJMYECTBA MIPOTHBOIOJIOMKHO
3apsDKCHHBIX KOHOB, HAXOAIIMXCs B IUCIIEPCHOHHOM cpe/ie BOIU3H Mex(a3HON MOBEPXHOCTH.
2. 3apam Ha IIOBEPXHOCTH TBEPAOH nmucHepcHOM Gassl B mepBoM NpUOIHKEHHH
paccMaTpUBaeTCs Kak MOBEPXHOCTHEIN 3apsl.

3. JIBoitHOM 3/eKTpuYecKuii ¢roit o0pa3syeTcsl B pe3yJibTaTe H30HpaTenbHON aCOPOIHH OJHOTO
U3 HOHOB, IPUCYTCTBYIOIMX B IUCIIEPCHOHHOI cpere.

4. JIBOMHO# SNeKTpUYecKHH ciol Ha MeK(Qa3HOH TIpaHMIE TBEPAOE TENO — IKHIKOCT
TIPENICTABIIACTCS KaK IVIOCKHH KOH/CHCATOP, ONHa OGKIIAIKa KOTOPOTO CBA3aHA C MIOBEPXHOCTHIO
TBEPZOTO Tela, a [pyras, HECYINasi MPOTHBOIONOXKHbIA 3apsil, HAXOOATCS B KHAKOCTH BOIM3H
IOBEPXHOCTH.

5. BerlenCTBHE TEIUIOBOTO IBHIKEHHS HOHOB IIPOTHBOMOHEI pacCesHbl B KHIKOM (ase He
HEKOTOPOM PaCCTOSHHH.

BOIIPOC 4.3.2. Ilpu xaxux suauenusx NEKMPOKUHEMUYECKO20 NOMeHYUana 6
MUNIUBONLINAX OUCNEPCHASL CUCIEMA MOICEM CHUMAMbCS yemouuugou?

OTBETHI:

1.0...30
2.0...50
3.0...100
4.30...70
5.50...100

BOITPOC 4.3.3. Kaxoe uz ypasuenui coomeemcmeyem meopuu cmpoeHus 080UH020
SNIEKMPUecKo20 cnos, npeonodicennou Lllmeprom?

g
l.o=——
4nd
Fzg
= -—
¢, =¢, exp[ RT J
3. £ =4nnQ0c /el
D_+zFp
4. = s e
c_=¢, exp[ T J
5. E=4mnU/eH

BOIIPOC 4.3.4. H3yyume onpedenenus, Xapakmepusylouwjue cmpykmypy Muyennoy
{m[Fe(OH),]-nFe’ -3(n—x)CI™}3xCI"
Kaxoe uz nux nemouno?
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OTBETHI:

1. m — ynCI0 HeHTpATBHBIX MOTEKyYT, 0Gpa3yIOHX arperarsl

2. n — 9HCII0 MOTEHUMATO6PA3YIOMMX HOHOB

3. 3(n-X) — YMCII0 IPOTHBOMOHOB, HAXOALIHUXCS BOJIH3H IIOBEPXHOCTH

4. X — 9HCII0 IPOTHBOMHOB, PACCESHHBIX B KHIKOK (base Ha HEKOTOPOM pacCTOSHUH OT TPaHHUIIBI
paszena

5. (n-X)+X — 9HCII0 HOHOB, HAXOISAIINXCS B i dy3nOHHOM clIoe.

YCTOMYUBOCTD U KOAT'Y JISIIUA TUCIIEPCHBIX CUCTEM

KOHTPOJINPYIOIIAS IIPOTPAMMA 5.1.

BOITPOC 5.1.1. Cpeou ymeepoicoenui, Xapakmepusyiouux ycmouiueocmos OUCHepcHuix

cucmem, Havoume HemoyHoe.

OTBETBI:

1. YCcToM9IHBOCTE MMCTIEPCHBIX CHCTEM XapaKTepH3yeTCst HEM3MEHHOCTBIO BO BPEMEHH PasMEpOB
HACTHI{ IMCTIEPCHOH (asbl ¥ COXPAHEHHEM HX PABHOMEPHOTIO paclipeieneHus B IUCIIEPCHOHHOM
cpeze.

2. Bee ucnepeHbIe CHCTEMBI TEPMOIMHAMUYESCKH He YCTOHYUBEL.

3. Kunetuyeckodf HasbIBaeTCs yCTOWYMBOCTE JWCIEPCHONH CHUCTEMBI IO OTHOUICHHIOD K
TPaBUTAIMOHHOMY HIIM HEHTPOOEIKHOMY TOJISIM.

4. Koarynsanus — mpomecc cliumanus 9acTui AUCTIEPCHOM (asel B Gosee KpymHEIE arperars.,
IPUBOIAIIMK K IOTEPE KUHETHYECKOH YCTOMYHBOCTH, paspeneHui0 (a3 M, Kak CIENCTBUE, K
PaspylIeHHIO CHCTEMEL.

5. ATIperaTMBHOM yCTONYMBOCTBIO HA3HIBAETCS CIOCOGHOCTE CHUCTEMBI IIPOTHBOCTOSITE
YKPYIHEHHIO JaCTHIl JUCIIEPCHOHN (hasbl.

6. Koarymarer, obpasyrommecs B Pe3yIbTaTe arperaldy YacTvl] JUCIEPCHOM a3kl
IPEJICTaBIIIOT COOOM OCAagKH pasIu4HON CTPYKTYpPBI: DBIXJIBIE, IUIOTHBIE XJIONBEBMIHEIC,
BOJIOKHHCTBIE, KPHCTAIIONONOOHEIE.

BONIPOC 5.1.2. Hsyuume nonoocenus PA3vACHAIOWUe NpUpody YCmouuueocmu

KOLIOUOHbIX cucmem. Kaxoe us nux owubouno?

OTBETHI:

1. Ha 67M3KOM PacCTOSHHUM MEXIY KOIIOMIHBIMH HaCTHLAMH JEHCTBYIOT MEKMOJIEKYIISPHEIE
BaH-/I€P-BAaIbCOBBIE CHJIBL.

2. Hanuuwe TBOMHOTO 3IEKTPHYECKOrO CIIOS Ha NOBEPXHOCTH KOJUIOMIHBIX YACTHI[ HCKITIOYAeT
B3aHMOICHCTBHE MEKIY HHUMH.

3. YCTOHYMBOCTE MUCTIEPCHBIX CHCTEM 00yCJIOBIIEHa COOTHOIICHHEM MEXMOJIEKYJIIPHBIX CHII
OPHTSOKEHUS H JIEKTPHYECKUX CHJI OTTAIKHUBAHUS.

4. BO3MOXHOCTH CyINECTBOBAHUS IOMCIEPCHOMW CHCTEMBI 00YCIOBIEHA HATHYHEM HEKOTOPOro
SHEPreTHYECKOro  (MOTEHUMATBLHOr0)  (apbepa,  KOTOpHIA NpensaTCTBYeT  COMMKEHUIO
KOJIJIOMIHBIX YaCTHI U UX CIHUIAHHIO.

5. Kunetnyeckas yCTOWYMBOCTB OIpenensercs pasmMepamu YacTHII.

BOIIPOC 5.1.3. Kakxoe uz nepeuucnennvix 6osdeiicmeuii ne mooicem 6b136aMb

Koazynayuio 2udpo3ona?

1. Usmenenne TemmepaTypsl

2. MeXaHHYeCKHe BO3eHCTRHS

3. moGaB/IeHne IIOBEPXHOCTHO-AKTHBHBIX BEIIECTB
4. BBEJICHHE 3JIEKTPOIUTOR

5. 3IEKTPOMAarHHUTHOE H3JIy4eHHe.

BOIIPOC 5.1.4. Onpederums xoncmanmy CKOpOCMU  KOQ2ylsayuu, eciu 6 O0OHOM
Kybuueckom mempe 3015 UCXOOHOE KOAUYECMEO yacmuy pasno 510", a 8pems NoN0BUHHOU
Koazynayuu cocmaensem 10 c?

OTBETHI:
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KOHTPOJIMPYIOIIAS IIPOTPAMMA 5.2.

BOIIPOC 5.2.1. Hzyuume nonoxcenus, Xapaxkmepusyloujue cywHocms cmabunusayuu

oucnepcHvix cucmem. Kaxoe uz nux npomueopeyuco?

OTBETHI:

1. Ha mex¢asnoit nosepxuoctu paszmena $asa — cpema oGpasyeTcst MOBEPXHOCTHBIA CIIOH H3
MOJIeKyJT cTabuinusaropa.

2. Tlonmas ¢ukcanus IucHepcHOH cHCTEMbI O0yCIIOBITMBAETCS TEM, YTO BBICOKOBS3KMIL
CTaOHIIH3MPYFOIIHUIA CIIOH HE BEIIABIHBACTCS IIPH CTOIKHOBEHMH YacTHUIl JUCIIEPCHOM (a3l

3. CrabuwmusupyromumMu CBOMCTBAMA 067IaNArOT afiCOPOLUOHHEIE CIIOM OPHEHTHPOBAHHBIX
TIOBEPXHOCTHO—AKTHBHBIX BELIECTB: GENTKU, MBLIA H APYTHE.

4. IIpo4HOCTE aNCOPOLMOHHOrO ClIOSI HapacTaeT ¢ yBemuueHueM pH cpensl u moBmmmenmem
KOHIIEHTpAL[{s MOBEPXHOCTHO-aKTUBHOTO BEIIECTBA.

5. Ilpemen mOBBINIEHHS CTAOHIBHOCTH AMCIEPCHBIX CHUCTEM — 00pa3soBaHHE CIUIOMIHBIX
IIPOCTPAHCTBEHHBIX CTPYKTYp-Telei.

BOIIPOC 5.2.2. Koazyrayus xonnoudmsix cucmem mosicem NPOUCXO00UMb ROO GIUAHUEM
paoa gaxmopos. Kaxoii us nepeyucnenmuvix parxmopos umeem nausaxicnetiee meopemuueckoe
U Npakmuyeckoe sHavenue?

1. Crapenwue cucTeMbl

2. U3MeHEeHHE KOHICHTPALUH THCTIEPCHOM (azkl
3. MEXaHWYECKUEe BO3IeHCTBHS

4. U3MEHEHHE TEMIIEPATyPHI

5. mobasnenue 3JIEKTPOJIUTOB

6. neiicTBHE CBeTA.

KOHTPOJIMPYIOILAS ITIPOTPAMMA 5.3.

BOIIPOC 5.3.1. Ipoananusupyiime NONOJICeHUs,  Xapakmepusyiowue Oelicmeue
ONeKMpoIUmoe Ha 30nb. Kaxoe wuz mnux mne ommocumcs i NPAsUIaM  Koazynsyuy
1eKmponumamu?

OTBETHI:

1. Koarymapyromum neiictBHeM 061a1ar0T He BCE HOHBI SJIEKTPOJIATA, @ TOJBKO T€, KOTOpEIe
MMEIOT 3apsiZl IPOTHBOIIONIOXKHEIN 110 3HAKY 3apsAAy KOJUTOMIHON YACTHIIEL

2. Tnsa Havana Koaryasiuy He06XOIuMO PEBBICHTE HEKOTOPYIO MUHUMAILHYIO KOHIIEHTPALIHIO
3JIEKTPOJIHUTA B 30JI€.

3. Ilopor Koarymsiiuu -— 93TO BeJIHYHHS, XapaKTepH3yIolas YCTOMYMBOCTL 30JIS K
JJIEKTPOIIUTAM.

4. Koarymupyromas cuia MoHa TeM Bonbire, yem Gosbmme ero BaJICHTHOCTh, ¥ BO3PACTaET ¢
YBEIIHYEHHEM PaguyCca HOHA IIPH OJMHAKOBOM BAJTEHTHOCTH.

5. Koarynsuus 3011 Ipoucxout B pesyisrare u3MeHeHHs KOHIIEHTPAIMH TUCIEPCHOM (a3l U
IPHBOIHT K 00Pa30BaHHIO 0CAZIKOB — KOAryJIATOB

BOIIPOC 5.3.2. Hsyuume npeonoceiiku, na ocuosanuu KOMOpbvIX pazsusaromcs
npeocmasienus o Koazyisyuu konnoudos. Kaxas uz nux ne Yuumwviganace Cmonyxoeckum 0Jis
nocmpoenus. meopuu 6vicmpoii Koazyrayuu?
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OTBETHI:

I. Mexny uyactumamwu AMCHEPCHOH (assl JNEHCTBYIOT —CHIIBI NPUTSDKCHAS W CHUIBI
SJIEKTPOCTATHYECKOI0 OTTA/IKMBAHHS.

2. Tlpu cOmmwxeHus yvacTum MHUCHEPCHOH a3kl B IpoLEcce OGPOYHOBCKOTO NBHIKEHHS Ha
IOCTAaTOYHO OIM3KKE PACCTOSHHS YaCTHIIL] CIMBAIOTCs, 00pa3ys arperar.

3. CKOpOCTB KOary/smuu onpenenseTcs YacTHaHON KOHIICHTPAIMEH IO H TeMIIEpaTypoii.

4. Ilpu CTONKHOBEHHSIX MEPBHYHBIX YACTHII 00pasyloTcsl CHauama BTOPHYHEIE, a 3aTeM
TPETUYHEIE H D0J1ee CIOKHBIE.

5. CKOpOCTb arperaTupoBaHMs CyIIECTBEHHO 3aBHCHT OT NPHPOIBI CHJI, AEHCTBYIOMMX MEXKIY
9acTHI[AMHU TUCTIEPCHOM (ha3kl.

CTPYKTYPOOBPA?OBAHI/IE H CTPYKTYPHO-MEXAHUYECKHE
CBOUCTBA JUCHEPCHBIX CUCTEM

KOHTPOJIMPYIOIIASI IIPOTPAMMA 6.1.

BOIIPOC 6.1.1. Kaxoe us yrkazammvix ceoiicme wue CE6A3AHO HENnocpeodCcmeenHo co
CMPYKMYPOti QUCHePCHOT cucmempl?
OTBETHI:
1. amacTHyHOCTE
2. TeKy4eCTh
3. BA3KOCTB
4. cMaYHBaEMOCTh
5. IUIACTHYHOCTH
6. IPOYHOCTE.

BOIIPOC 6.1.2. Kaxoe us nonosicenui, XApaKmepusylouux cmpykmypet OUCHEepCHbIX
cucmem, A6/15emes HegepHvim?
OTBETHI:
1. CtpykTypa — 510 mpocTpascTBeHHEIT KapKac — ceTka, 00pa3oBaHHBIN CBS3SMH aTOMOB,
HOHOB, MOJIEKY T, MUIIEJLI, KPHCTAJUIMYECKUX OTPOCTKOB M YACTHIL KOJLIOMIHEIX pasmepos.
2. B KOWIOMIHBIX ¥ MHKPOreTEPOreHHBIX CHCTEMAX Pa3Iu4a0T TUKCOTPOITHO —O6paTUMELE,
HIIH KOAryJAIHOHHBIC CTPYKTYPEL, B HEOOPaTHMO —pa3pyIHaloliaecs], Him KOH/ICHCAIlHOHHO-
KPHCTAJUIM3allHOHHBIE CTPYKTYPEL
3. Koarynsmmonsast cTpykrypa oGpasyercs cremieHuem IICPBUYHBIX YacCTHIl IUCIIEPCHOM a3kl
BaH-/Iep-BaaIbCOBLIMH CUIIAMHU.
4. KonzencarmonHasi CTpyKTypa BO3HMKaeT B pe3ynbTaTte 00pa3sOBaHUs MPOYHBIX XHMHYECKHX
CBA3€H MEX/y YaCTHLIAMH JUCIIEPCHOM bassl.
5. Kpucrammsanuonssie cTpyKTypsI (hopMHUpYIOTCS B IIpOLIECCE BEIKPHCTATIH30BBIBAHES HOBOM
(hassl BcleICTBYE CpAITHBAHHS KPHCTATHKOB,
5. IIpOYHOCTH  KOAryISAIHOHHBIX CTPYKTYP  3HQYHTENBHO  MpEBBINAET MPOYHOCTH
KOHJICHCALlMOHHBIX ¥ KPUCTALUIM3AIIHOHHBIX.
6. l'eneobpazoBanre — 3TO BO3HHKHOBEHUE TIIPOCTPaHCTBEHHON CETKM W3 YaCTHI AUCTIEPCHOM
hassl, B neTiAX KOTOPOit HAXOHUTCS Cpea.
7. Crnenuduaeckoe CBOMCTBO KOAry/IANMOHHBIX CTPYKTYP — CIIOCOOHOCTB CaMOMPOH3BOIBHO
BOCCTAHAB/IMBATE CBA3SH MEXKY YaCTHUAMH, Pa3pyIICHHEIE TIPH MEXaHUYECKOM BO3IECHCTBUM Ha
CHCTEMY.
8. ChHepesuc — siBlleHHE CaMOIPOU3BOTBHOIO YMCHBUICHHS Pa3MepOB Iellsl IPH COXPAHEHHH
€f0 CIPYKTYpel C ONHOBDEMEHHBIM BBIICICHHEM M3 HEro AUCMIEPCHOHHOR  Cpenpl,
COIEpIKaLIEHCS B ITETIISX.



KOHTPOJIMPYIOUIASI IIPOTPAMMA 6.2.

BOITPOC 6.2.1. Cpedu nonoocenuii, XApaKmepusyowux cmpyKmypst u ceoiicmea
KONIOUOHBIX CUCEM HaLiOume ouuboynoe?
OTBETHI:
1. O6pasoBanue CTPYKTYp B KOJUIOMIHBIX CHCTEMAX — PE3YIBTAT CUCILIEHHUS, CPACTAHUS YACTHIL
JUCNIEPCHOM (a3sl MO/ BIHSHUEM TSHCTBYIOIMX MEXIY HUMH (DH3HYECKHX HITH XHMHYECKHX
CHIL
2. Ilpomecc o6pasoBanus CTPYKTYPBL M CBOMCTBA CTPYKTYDHPOBAaHHBIX CHCTEM 3aBHCST OT
CBOHCTB IIOBEPXHOCTH YACTHIL JUCIIEPCHOM (baspl, ee HEOTHOPOHOCTH, XUMHYECKOrO CTPOEHHS,
(GOpPMEI B ApYTHX.
3. OCHOBHEIE THIIBI CTPYKTYP: KOAryJIAHOHHbIC, KOH/ICHCAIIHOHHbIE H KPHCTAILTH3ANHOHHELE;
PasIIMHUE  ONPENICISICTCA MNPHPOJOH CHUT CHEIUICHHS, NeHCTBYIONHMX MEXIY 4YacTHUIaMU
JHUCIIEPCHOM (haskl.
4. Crpyktypa, obpasyiomascs B PE3yIpTaTe CpacTaHUsA KOJUIOMOHBIX YaCTHI B CIUIOIIHON
IPOCTPAaHCTBEHHBIM KapKac-CeTKy IOA AeicTBHEM Bau-nep-aanbcoBeIx cun  mHassmaercs
KOHIEHCALlHOHHOM,
5. KoarynsumoHHbBIE CTPYKTYpbl BO3HHKAOT B pesynbTare NOHM)KEHHS arperaTHBHON
YCTOHYHBOCTH JUCTIEPCHON CHCTEMEI ITYTEM CHEIUTeHHS IEPBHYHBIX YaCTHUI JUCTIEPCHOM a3kl B
IIPOCTPAHCTBEHHEBIE KAPKACHL.
6. Eciu o6beMHBIH Kapkac—ceTka dbopmupyercs 3a cuer xuMIYecKUX CBS3eEH aTOMOB, MOJIEKYT
WA KPHCTALTAYIECKHX CPOCTKOB, & MUCNIEPCHOHHAS Cpela 3aKTIoueHa B sueiikax KapKaca, TO
CTPYKTypa CHCTEMBI HA3BIBACTCSI KOHICHCAHOHHO—KPHCTAIUTH3AIHOHHOIA.
7. Cnenuduaeckoe CBOWCTBO KOATYISIHOHHBIX CTPYKTYp — THKCOTPOOHS — CIOCOOHOCTEH
CamOIpOH3BOJIHO BOCCTAHABIMBATHCS MOCIIE IPEKPALIEHHS MEXAHHYECKOTO BO3IEHCTRHS.
8. XapakTepHOe CBOMCTBO THKCOTPONIHBIX CTPYKTYP — 3JIaCTHYHOCTH. [IIacTHYHBIE Tena
HEOOPAaTHMO H3MEHSIOT pPasMepsl B GOPMY [0 NEHCTBHEM BHEIIHIX CHJI; IIOCJIE NPEeKpalIeHUs
BO3ICHCTBHS U3MEHEHHUS OCTAIOTCS.

BOIIPOC  6.2.2. IIpoananusupyiime onpedenenus, xapakmepusylowue ceoiicmea
CMPYKMyp u Haiioume ouuboynoe?
OTBETBI:
1. OOpasoBanue CTPYKTypEl, OXBaThBaromel Bech 06BEM JAUCTIEPCHOM CHCTEMBI, BO3MOXHO
TOJIBKO NpH OINpPECNICHHON KOHLEHTPALUH YaCTHI] MUCTIepCHOH  (a3bl, OCTATOYHOM s
IOCTPOCHHUS LIETBHOTO KapKaca.
2. Cps3b MEXIy BS3KOCTBIO KOJUIOMIHOM CHCTEMBI H COJCPIKaHUEM IMCTIEPCHOH (haspl
OnHChIBACTCS ypaBHEHHEM 77 =17,(1+-K-¢), rae m u 1y — BA3KOCTH CHCTEMBI W cpener; K —
KOHCTaHTa, ompenesnsiemMas GpopMoi gacTuu; ¢ — oGbeMHas KOs mucrepcHo# daser B 06beMe
CHCTEMEL.

au
3. TedyeHHe BA3KMX Tel OMHCHIBAETCH 3aKOHOM P — nEx—, rae P — manpsokenwe cusura; U —

JIMHEHHAs CKOPOCT TEYEHHS; X — KOOPAMHATA, HOPMATbHAS K IOTOKY; 1| — BA3KOCTH CPEJIBL.
4. BS3KOCTb [HCIIEPCHBIX CHCTEM — HENOCTOSHHAS BeludnHa, Ee 3HAYCHHE 3aBUCHT OT
YCIIOBHH ONPEMIENEHHUS, OT CKOPOCTH TEUCHHUSI.
5. BS3KOCTh TeNla OTIMYAIOTCA OT IMJIACTHYHBIX TEM, UTO TEKYT NpH JOOBIX HANpPSKEHHSX.
Hanudwe cTpykTypsr n3MensieT xapakTep TeyeHus.

BOIIPOC 6.2.3. Ha xaxom us zpagpuros Npeocmasnena XapakxmepHas 3a6UCUMOCTb
6AZKOCHIU OM HANPAJICEHUA COBUA ONISL CBAZHO-OUCNEPCHOT CMPYKMYPUPOBAHHOT cucmemul?

OBETHI:
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DOHJI ONEHOYHBIX CPEJCTB s NIPOBEICHUS aTTECTAIIMH
KOMIIETEHIMH 00y9aromuXcs 0 JUCIUILTHHE oopmiseTes oTmen

YPOBHS CHOPMHPOBAHHOCTH
BHBIM JIOKYMEHTOM.

6. YYEBHO - METOJJHYECKOE ¥l HH®OPMAIMOHHOE OBECIEYEHIE
AUCHUTLINHBI

6.1.

Kauroo6ecneuennocers

Hanmerosanue nuteparyper: aTop,
Ha3BaHHe, BUI U3aHH,
M3[aTeNBECTBO

lNon uzmanus

KHUTOOBECITIEYEHHOCTh

Konuvectso sk3emnispos
M31aHuii B Oubnnorexe Bal'V B
coorBetcTBUH ¢ OI'OC BO

Hanuuwne B snekrponHoi
oubmmnorexe Bal'V

1

2

3

4

OcHosHas nureparypa*

1. Borouxwii C.C. Kypc kostouaHoit
XMMHHE: yueGHuK 2-€ U3, - M.
Xumus, 1976. - 512 c.

1976

102

2.@punpuxcoepr I.A. Kypc
KOTOMHOM Xumun: yueGruk. — J1.:,

2010.-416 c.

2010

86

3. Mapkos B. ®. Mackaepa JI. H.
Bpychuusina JI. A. Anekceepa T. A.
Konnonnnas xumus: npumepsi u
3agauu: YgebHoe nocobue - 2-¢
u3n., crep. - M.:@munra, H3n-so

| Ypan. yu-ta, 2017. - 188 c.

2017

http://znanium.com/catalog/
product/948402

4.Onpmescknii  M.B., Hopodeesa
H.B. Konnounnas XHMHUS.
IToBepxHOCTHBIE SIBIIGHUS u
JOUCHEPCHBIE CHCTeMEIl. PeliTuHropas
CHCTEMA OpraHW3alMH W OLIEHKH
CamocCTOATENIbHOM paboThl cTymeHTa/
Vueb. nocobue. Bnl'V, Brnagumup. —
2003. -70 c.

2003

http://dspace.www1.vlsu.ru/
handle/123456789/562

5.IlpaktHueckue paboTel MO
KOJUTOMAHOH xumuu. Lunsesa JI.IT.,
Cynakopa H.H., Benoycoga B.H.,
MuHakoga T.C., MamonTos I".B.
YuebHoe nocobue. 2015. 244 ctp.

2015

https://e.lanbook.com/book/
68308

HononuutensHas nutepatypa

TpakTHKYM 10 KONIOHMIHOMN XUMUK:
YueGHo-MeToIMYECKOE TTOCOOHE -

M.:MIIT'V, 2012. - 110 c.

1.Ponun B.B. ®usuueckas u 2013 10

KOJIMoMHas XuMus: YaeOHOE

noco6ue. — CTaBponoss:

AI'PYC, 2013. — 156 c.

2. Kupugenko O. A. 2012 http://znanium.com/catalog/

product/757805
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3. ®panuesa H. H. Besruna [O. A. 2013 http://znanium.com/catalog/
Pomauenko E. C. Bonocosa E. B. product/514197
Konnoupnas xumun: yuebroe
noco6ue. - Crasponons: [Taparpad,
2013.-52c.

6.2. Ilepuomuyeckue M3gaHUS

. Boja: xumus u sxonorus.

. CopbuuonHBIE H XpOMAaTOrpad)HYecKne IPOLECCHL.

. Environ Technol.

- Bocrouno — Esponelickuii sxypHa nepe1oBbIX TEXHOIOI Ui

e O O

6.3. HUnrepner — pecypesnl

. https://ru.wikipedia.org/wiki/
. http://www.chemport.ru/

. http://www.xumuk.ru/

. http://elibrary.ru/

. http://sci-hub.org/

7. MATEPHUAJIBHO - TEXHUYECKOE OBECHEYEHME J{UCHUATLIAHBI

IIHSI peain3anmuu JIAHHOMN JTUCIUTUIHHE] HMEIOTCS CIICIIHNAIEHBIE TIOMCIIEHHUS IS IPOBEICHUS

L T o S B

3aHATHH JeKyuoniozo muna, 3auamuii 1a60pamopHo20 munda, 2pynnoeeix u UHOUBUOY ANLHBLX
KOHCYIlbmayutl, MeKywe20 KOHMPONs U NPOMEICYMOUHOU ammecmayiii. JlabopatopHbie u
JIEKIMOHHBIC 3aHSTHS IIPOBOAATCA B ayl. 331-1 «Du3udeckast U KOJUIOWIHAS XUMU.

Ilepeyens HCHONBE3YeMOro JMIEH3HOHHOTO IPOrpaMMHOro obecmedenus Windows 7,
Microsoft Office 2010.

Pabouyro nporpammy coctaBmn _.X.H. npod. Kyxtun B.A. ;{f:’,«‘%;w//
(®HO, noanmcs)

Penensenr

(mpencrasuTens paboTonaress) renepanbhbii upekrop OO0 «BMT» k.1.1. TTosopos A.A.
(Mecto paboTsl, fomkHocTs, @UO, NoANKCE)
IIporpamma paccmoTpena u o100pena Ha 3acejaHud Kadeapbl XHMHH
ITporoxon Ne 71 or 1904 907/ rona G o
3asenyromuii Kagenpoit I.X.H. npod. Kyxtuu B.A. 4& ) #tet?
(®HO, noanu
Pabo4as nmporpamMma paccMoTpeHa 1 0/100peHa Ha 3ace/laHHH YIeOHO-METOUIECKON KOMUCCHH
Hanpasienus: 04.03.01«Xumus»

IIporoxon Ne /0 ot 4.0 402 rona P
ITpencenarens xkomuccuu j.x.H. opod.Kyxtun B.A... f&/’i"/f/m‘?’
(PHO, nonnucs) /
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JIUCT NEPEYTBEPKIEHUS
PABOYEH ITPOI'PAMMBI TV CIIUILIAHEI

PaGouas nporpamma onoGpena ralV22/2023 yaeGumii ron
IIpotokon 3acemanus kadenpsr No 17 orl% 06. 2011 ronma

BaBeI[)JIOm;[/Iﬁ Ka(l)e;[poﬁé’;/’;d; — W Méﬂ Q / //

Paboyas nporpamma ono6pena Ha y4eOHBIH roj

IIpotoxon 3acenanus xabeaps: No oT roma

3asenyrommuii xadenpoit

Pabouas nporpamma ono6pera Ha y4eOHBI#i roz

IIpoToxon 3acenanus xahemps: No OT romga

3asenyromuit kadenpoit




JIMCT PETMCTPALIMHA U3MEHEHUIA
B paboyyio NporpamMMy JAMCLHMIIHHbI
KOJUTOHTHAS XHMHS

00pasoBaTe/bHOM Nporpammsl HanpasieHus noarotosku 04.03.01 «Xumus)

«XMMHYECKHI aHAIN3, XUMUUECKAs H 3KOJIOTHYECKast 9KCIIEPTU3a OOBEKTOB OKPYIKAIOIIEH CpeabD)

OaxanaBpuar

Homep Buecens! u3MeHeHus B yacTu/pasaesnb Hcnonnurens OcHoBanue

H3MEHEeHUS paboueii mporpamMmel OHO (HoMep 1 naTa npoTokona
3acenanus kadeapsr)

3aB. kadenpoii /
Ioonuce DHO
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