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BBEJAEHUE

HucuunnuHa «XUMHUS» OTHOCHTCS K (PU3UKO-MATEMATHUYECKOMY MOIYJIIIO
obsi3arenbHOM yactu Osioka 1 OIIOIT BO 6akanaBpuata mo Hampasienuto 26.03.02
«KopabnectpoeHne, OKEaHOTEXHMKA W CUCTEMOTEXHHUKAa OOBEKTOB MOPCKOMU
UHQGPACTPYKTYPBD»

[lenpi0 OCBOCHUS NUCHUILTUHBI «XUMHUS» SBIseTCs (GOPMHUpPOBAHUE 3HAHUMN
TEOPETUYECKMX OCHOB XMMHH U CBOMCTB XHMHUYECKHX 3JIEMEHTOB, COCAMHEHUU H
MaTepUajJoB Ha UX OCHOBE, MPUOOpPETEHHE HABBIKOB TOCTAHOBKM W IPOBEACHUS
7a00paTOPHBIX  UCCIIENOBAHMM; W  YMEHHMsS  HUCIOJb30BaTb WX B  CBOEH
npodeccuoHanbHOM eI TeIbHOCTH.

B pesynbraTe 0CBOSHUS AUCHUTUIMHBI O0YUYaIOUTUICS TOKEH:

3HaTh:

CBOMCTBA XMMHUYECKHX DSJEMEHTOB M WX COCAMHEHUN; METOIbI M CpEACTBa
XUMHUYECKOTO UCCIIE0OBAHNS BEIIECTB U UX MPEBPAILICHUH.

Ymersb:

OTIpEeAENATh (PU3NYECKUE M XUMHUYECKHE XapaKTEPUCTUKH HEOPTaHHMYECKUX
BEIIECTB M OPTaHUYECKHUX BEIIECTB.

Baagern:

HaBbIKAMH HU3YYEHHUs JIUTEPATypHbIX HCTOYHUKOB U  HCIIOJIb30BAHMS
XUMHUYECKUX 3HAHUH [ TOTy4eHHsI 1 00pabOTKU IKCIEPUMEHTAIbHBIX JaHHBIX

JJis yCTIeTHOTO OCBOCHUS JUCIMILTUHBI «XUMHUS», CTYIACHT JOJIKEH aKTUBHO
paboTaTh Ha JIEKIMOHHBIX W JIA0OPATOPHBIX 3aHATHUSAX, & TAK)KE OPTraHU30BBHIBATH
CaMOCTOSITENIbHYIO BHEAYTUTOPHYIO JI€ATEIbHOCTb.

JUig OLleHMBaHUS MOATAMHOTO (POPMHUPOBAHUS PE3YJHTATOB MPETYyCMOTPEHBI
KOHTPOJIbHBIE 33JaHMs], KOTOPble OOYYAIOIIMECS BBITOIHIIOT CAMOCTOSATENBHO MOCTe
MPOCIYIIUBAHUS JIEKIIMM M BBIIOJHEHHUS JlabopaTopHOM paboThl. llepeueHb
MPUMEPOB MO BBITMOJHEHNIO KOHTPOJIBHBIX 3a/IaHUi MPEAICTABICH B 3aKIIOYUTEIHHON
4acTHU y4eOHO-METOIMYECKOTO OCOOUSI.



1. COAEP KAHUME TEM JNCIHUIIVINHBI 1
METOINYECKHUE YKA3AHMUA 110 UX OCBOEHUIO

Tematuueckuii 1iaH JEeKIIMOHHBIX 3aHATUH (JI3) nmpencrarned B Tadmwmie 1

Tabmmma 1
O6beM (Tpy10eMKOCTh OCBOCHHS) U coaepkanue JI3
Howmep Kon-Bo vacos JI3
TeMbl | TeMbl JIGKIIMOHHOTO 3aHSITHS Ounas | 3aouHas
dopma | popma
1.1 BBenenue. OcHOBHBIE 3aKOHBI U IIOHSTUSI XUMHUHU 2 -
1.2 CrtpoeHue BemiecTna. 2 -
1.3 OO011e 3aKOHOMEPHOCTH XUMHUYECKUX MPOLIECCOB 4 1
1.4 JucnepcHsle cuctemsl. PacTBOpHI 4 1
1.5 KommnekcHbie coeTMHEHUS 2 0,5
1.6 OKUCIUTENBHO-BOCCTAHOBUTEIBHBIC PEAKIIUN 2 0,5
1.7 DIEKTPOXUMHUYECKHE MPOLECCHI 6 0,5
1.8 OOmme cBOMCTBA METAIOB 2 1
1.9 XUMHSI HEMETAIOB. DJIEMEHTBI OPraHUYECKON ) -
XUMUH
1.10 XHUMMYECKHE METObI aHAINU3a 4 -
Hroro 30 6

N3yuaTe Kypc «XUMUW» CIEyeT N0 TEMAM, TPEABAPUTEIBHO 03HAKOMHUBIIUCH
C COJEep’KaHMeM KaXIol u3 HUX B paboueil mporpamme. [Ipu 3TomM HeobXxoammo
BHHUKATh B CYIIHOCTh BOMPOCA, a HE MBITAThCS 3allOMHUTH OT/AENbHbIE (DaKThl U
aBiieHust. UTOOBI Jydliie 3allOMHUTh U YCBOUTh MaTepuai, HaJg0 B pabouyro TETpaib
3aHOCUTH (OPMYJIHUPOBKU U OMpPEACICHUS OCHOBHBIX 3aKOHOB U TMOHSITUN XHMUH,
3HAQYEHUSI HOBBIX HE3HAKOMBIX TEPMHHOB W Ha3BaHWH, (OPMYJIBI XUMHUYECKUX
COCIMHEHUN U YPAaBHEHUS PEaKIMi, MaTEMaTUUYECKUE 3aBUCMMOCTH U UX BBIBOJBI. B
T€X CIydasx, KOrjga MaTepuasl IMOANACTCS CUCTEMAaTU3alMM, CIIEAYET COCTABIATH
Ta0nuubl, rpaguk U cxeMbl. OHM OYeHb O00JIETYAIOT YCBOCHUE U 3alIOMUHAHUE
y4eOHOro marepuana. Takod KOHCIEKT Kypca OyJeT MOJE€3eH MPU MOATOTOBKE K
JKk3aMeHy. HM3yueHwe wmarepuasia 1O JIATEPATypHBIM HMCTOYHUKAM  JIOJIKHO
COITPOBOXK/IAThCS BHIIIOJIHEHUEM KOHTPOJIBHOTO 3aJaHUsI IO IPOUAEHHOU TEME.

Tema 1.1. BBenenue. OcHOBHBIE 3AKOHBI M IOHATHS XUMHUH
Bonpockl TeMbl

[IpenmeT xumuun

MecTo XuMUH Cpe/ii €CTECTBEHHOHAYYHBIX JUCHUILIUH
3aKOH COXpaHEHHUS MacChl U SHEPTUM.

Atom, monekyna. [IpocToe u ciio’kHOE BEeUecTBo.
5
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KomunuecTtBo BemectBa. MosnsipHas macca.

OTHoOcHUTeNbHAs aTOMHAs U MOJIEKYJISIpHAS. MACCHI.

3aKOH MOCTOSTHCTBA COCTaBa BEIIECTBA, 3aKOH ABOTapo.

3aKOH PKBHUBAJICHTOB.

OKBUBaJICHT. PacyeT »HKBHUBAJEHTHOM MacChl MJII MPOCTBIX M  CJIOKHBIX
BEIIIECTB.

Jluteparypa [1, 4, 6]

MeTtoanyeckue peKOMEeHAAUN

WN3yuass nmaHHBIA pa3faen pabodeil MporpamMMbl, CIEAYET O3HAKOMHUTBCS C

OCHOBHBIMHU TMOHATUSIMU ¥ TEPMHHOJIOTHEH, KOTOPBIE UCTIONIB3YET XUMHUS U YACHUTD, KAKON
CMBICJI MMEIOT INOHSTUS «aTOMHAas Macca», «MOJISIpHAs Maccay», «MOJEKYJSIpHas
Macca», «3KBUBAJIEHT», «IKBUBAJIECHTHAsA Macca», «MOJISIpPHAs Macca dKBUBAJICHTa», U
B KaKMX €JUHULIAX OHU U3MEPAIOTCA, IIOHATH CBSA3b MEXKIY BaJCHTHOCTBIO DJIEMEHTA
B JIJAHHOM COCIUHEHHMM, MOJIbHOM MAacCOW €ro aroMOB M €r0 MOJIIPHOM MAaccCou
SKBUBAJIEHTA. 3HAHHME SKBHUBAJICHTA HEOOXOJUMO NIPHU pacueTax KOHUEHTpaluu B

pacTBOpax Mmpu BBIYUCICHUAX, CBA3aHHBIX C XUMHWUUYCCKUMHU PCAKIIUAMMU.

AR o

Bomnpocs! 1151 cCaMOKOHTPOJISE

HazoBute 0CHOBHBIE pa3/ieiibl HAYKW XUMHUH.

CdopmynupyiiTe orpeaesieHue MaTepuu.

Kewm u xorja 0611 cpopMyIHpOBaH 3aKOH COXPAHEHHS MacChl BEIIECTBA?

UTo Ha3bIBAETCS YKBUBAJIEHTOM 3JIEMEHTA?

SBrnsieTcs 1M SKBUBAJIEHT OCTOSIHHON BETMYUHOM ?

Kak BBIYMCIUTE MOJSIPHYIO MacCy 53KBUBAJEHTa (IPKBUBAJICHTHYIO Maccy)
AJIEMEHTA B COCIMHEHUU U CJIOKHOTO BelecTBa?

ChopmynupyiiTe onpenesieHre 3aK0Ha IKBUBAJIEHTOB?

Tema 1.2. CTpoeHue BemiecTBa

Bonpocel TeMbl

Ctpoenue aroma. Mozaenu CTpoeHus aToMa.

KBanToBo-Mexannueckas mozenb aroMa. KBaHTOBBIE Uncia.

DJIeKTPOHHBIE KOH(DUTYypaIii aTOMOB 3JIeMeHTOB. COCTaBJIEHHUE DJICKTPOHHBIX
KOH(MUTYpaIUii U AIEKTPOHHO-Tpaduueckux Hopmys aTOMOB JIEMEHTOB.
Xumuyeckass cBs3b. OrmnpelieieHHe W XapaKTEPUCTUKH XUMHUYECKOW CBSI3H.
OCHOBHBIE YEPThl XUMHUYECKOU CBA3HU.

Buner cBsseii. CBoiictBa M OCOOEHHOCTH KOBAJEHTHOM CBS3U. 1UIIBI
KOBQJIGHTHON  CBsi3U. J[OHOpHO-akKIENTOPHBIM MEXaHU3M  OOpa30BaHUS
KOBAJICHTHOM CBSI3H.

Jlureparypa [1, 2, 4]

MeTtoauyeckue yKkasaHus

[Ipu m3yueHun 3TOro pasjena Hajo pa3o0paThbCs B AJIEKTPOHHOU CTPYKTYpe

aTOMOB, 3aBUCHUMOCTH CBOMCTB XHUMHMYECKHUX AJIEMEHTOB OT CTpOCHHUA UX aTOMOB, B
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3aKOHOMEPHOCTSIX 3alOJHEHUS JIEKTPOHHBIX 00O0JIOYEK aTOMOB C YYETOM YEThIPEX
KBAaHTOBBIX YHWCEJI, MPUHIMIIA HAUMEHbIIEH »Hepruu, npuHuuna I[laymu, npasBun
I'yana n KneukoBckoro.

Onucanve XUMHYECKOM CBSI3W B JIIOOOM MOJIEKYJIe €CTh IO CYIIECTBY
ONMCAaHUE PACHPENEICHUS] B HEH BJIEKTPOHHOM IUIOTHOCTH. Ilo xapakrepy 3TOro
pacupeneneHuss XUMUYECKUE CBA3U TPAJULIMOHHO IMOAPA3JEISIOT Ha KOBAJICHTHBIE,
HMOHHBIE, METAJUTMYECKUE CBS3U. M3yuuTe TUIIBI XUMUYECKOU CBSI3H.

N3yyast npoCTpaHCTBEHHYIO CTPYKTYPY MOJIEKYJIbl, 00paTUTEe BHUMAHUE Ha TO,
YTO OHA OMpEIEsAeTCS BUIOM THOPUAN3AIMK BAJICHTHBIX OpOUTaNiel EHTPaIbHOIO
aToMa M YHCIOM HE TOJACJICHHBIX OJJIEKTPOHHBIX IMap, COJEPKALIIUXCA B €ro
BAJICHTHOM JJIEKTPOHHOM CJIOE.

Bomnpocs! 111 cCaMOKOHTPOJISE

l. KakumMu d4eTbIppbMsi KBAHTOBBIMU YHCIAMH XapaKTEPU3YETCS COCTOSTHUE
anekTpoHa B aroMe? Kakoe 3HaueHWe OHM UMEIOT JJIs BHEUIHUX 3JIEKTPOHOB
aToMa aJfOMUHUSA?

2. Kakwne sneMeHTHl B mepuoanudeckon cucreme anemeHtoB .M. Menneneesa
OTHOCSITCA K -, p-, d-, U f- cemelicTBam?

3. Kakoii sHepreTrueckuil moaypoBeHb 3anoiHsercs cHavyana: 4s wiu 3d; 4f unm
6s? Ilouemy?

4. Kak o0bsicHsETCS IEpEMEHHAs BaJICHTHOCTh Y aTOMOB KPEMHHUSI, CEPBI, XJI0pa U
OTCYTCTBHE MIEPEMEHHOI BaJI€HTHOCTH Y aTOMOB KHCJIOpoJa U propa?

5. B yem 3akmiouaercs npunnun (3ampet) llaymu, npuHUIMI HauMEHBIICH
sHepruu, npasuiio ['ynaa?

6. CoBpeMeHHas (hopMyIHpoOBKa repuoaudeckoro 3akona J[.M. Menpaeneena.

7. Kak u3MEHsIeTCSl SHEprus HOHMW3alMu B rpynmnax (TJIaBHBIX M TMOOOYHBIX
MOATpyIIax) 1 nepuojaax. B kakux eIMHUIIAX OHA BhIpaKaeTcs?

8. UTo Takoe CpOACTBO K 3IIEKTpoHY? B Kakux eauHuiiax oHO BbIpaxkaercs? Kak
U3MEHSETCS] OKUCIIUTENIbHAS aKTUBHOCTh HEMETAJUIOB B MEPHOJIE U TpyNIe
nepuoaudeckor cucreMsl dneMeHToB JI.MI. MenaeneeBa ¢ yBenmyeHueM
MTOPSAAKOBOTO HOMEPA dJIEMEHTA?

9. Kak u3MeHseTCcsl OTHOCHUTENbHAS JIEKTPOOTPULATENBHOCTh P- AJIEMEHTOB I10
IIEpUOJy, B IpyNIle NEPUOANUYECKON cucTeMbl 3neMeHToB J[.M1. Menneneesa ¢
YBEIIMYEHHUEM TOPSIIKOBOTO HOMEpa 3JIeMEHTa?

10.Kakue MoJieKyJibl Ha3bIBAIOT TOJISIPHBIMM, M KaKWe HENoJIIpHbIMH? YTO
CIIY’KAT MEPOU MOJISIPHOCTH MOJIEKYII?

Tema 1. 3. O01mMe 3aKOHOMEPHOCTH XMMHUYECKHUX MPOLECCOB
Bonpock! TeMbl
1. Ckopocth xXuUMHUECKON peakuuu. @OakToOpbl, BIMUSIOINIME HA CKOPOCTh
XAMUYECKOU pEAKIINH.
2. BiusiHuE KOHILIEHTPAIIMU PearupyromlnX BeIecTB. 3aKOH JEHCTBYIOIIMX MacC.
7



AR S

Brnusinue Temnepatypsl Ha ckopocTh peakiuu. [IpaBuno Bant-I'odda.
Oco0eHHOCTH KMHETHKH TeTepOreHHbIX nporeccoB. Katanus. Katanuzaropsl.
OOpaTumble XUMHUECKHUE PEAKIIUH. Y CJIOBUS XMMHUECKOTO PABHOBECHS.
KoHcTanTta paBHOBecHs U €€ CBSI3b C TEPMOJUHAMUYECKMMH (YHKIUSMHU.
[Tpunnun Jle-1laTenbe.

Jlureparypa: [1, 2].

MeToanyeckue peKOMeHIaluu

OOpaTtuTe BHUMaHKE Ha TO, Kakue (PaKTOpbl BIMSIOT HA CKOPOCTh XUMUYECKOU

peakuuu. Pa3zbepurech B CYIIHOCTM 3aKOHa JEHCTBUSL MAacC, O3HAKOMBTECH C
npaBuiioM Baut-I'opda (3aBUCHMOCTH CKOPOCTHM XMMHMYECKOM peakiuu OT
TEMIIEPaTypPhI).

VscHUTE, TP KAKOM COOTHOUIEHUH CKOPOCTEN OOpaTHOM W MPAMOW peakuuu

YCTAHABIIMBACTCA XHUMHYCCKOC PABHOBCCHUC, N KAKHC (b&KTOpBI MOI'YT BBI3BATH €TO
CMCIICHHUC.

Bomnpocs! 1151 cCaMOKOHTPOJISE

Kak opmynupyercs 3akoH aeicTBus macc?

KakuM npaBuiioM MOXHO BOCHOJIB30BAaThCS ISl OOBSACHEHHS] 3aBUCUMOCTH
CKOPOCTH PEAKLIUH OT TEMIEPATYPHI?

Kakoii mpuHuumn gaet 00bsICHEHUE CMELEHUI0 XUMUYECKOTO paBHOBECHUS?

Tema 1.4. lucnepcHbie cucreMbl. PacTBopbl

b=

o oW

9.

Bonpocel TeMbl

PactBopsi: knaccudukaims, criocoobl BEIPAKEHUS] KOHIICHTPAIIUU.
Omnpenenenre pacTBOPOB, OCHOBHBIC TTPU3HAKH.

Knaccuduxkanus pacTBopoB.

MaccoBas 10151, MOJISIpHAsI, MOJISITbHASL, HOPMajIbHasl KOHIICHTPAIIHS, MOJIbHASI
TIOJISA, TUTP.

CBoiicTBa pacTBOPOB DJIEKTPOJIUTOB.

DIEKTPOIUTHYECKAS TUCCOITHAITHA.

CuibHBIE M clTa0ble 3JeKTPOUTHI. CTENeHb JUCCOIHAITHH.
KoncranTa quccornuanuu. 3akoH pazdaBienus OcTBaba.

Uto Ha3bIBAETCS TUIAPOITUZOM?

10.06paTuMBbIii THAPOIN3
11. Heobpatumslii ruiposin3

12. IIpuBeauTe mpuUMEpbI COJIEH, KOTOPHIE MOABEPrarOTCS THUAPOJIHU3Y, U COJIEH,

KOTOPBIC TUAPOJIN3Y HEC MMOAJICKAT

13. Ot kakux ¢GakTOpOB 3aBUCUT THAPOH3 comeit? [IpuBeauTe mpuMepsl.

Jlureparypa: [1,2, 3].
MeTtoanyeckue peKOMeHAAuu
Heo06xonumo HaydyuThCsl MPOU3BOJUTH PAcUeT KOHILIEHTPAIIUU PACTBOPEHHOIO

BCIICCTBA B PaCTBOPC HauoOoee PacipoCTpaHCHHBIMHA CHOCO6aMI/I, a TaKKeC
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OCYULIECTBJISTh NEPEXO] OT OJHOrO CIOCO0a BBIPAXKEHUSI KOHLEHTPAUUU K JIPYromy.
BaxxHo ycBOUTB, UTO TaKO€ CTEMEHb JUCCOLHUAIMH, OT KaKUX (PAKTOPOB OHA 3aBUCHT,
O0COOCHHOCTH TMCCOLIMALINY CHUIIBHBIX U CIa0BbIX MEKTPONUTOB. Pa3ouparbes u yMeTh
[MCaTh MOHHBIC M MOJEKYJSIPHBIE YPAaBHEHMsI PEaKIMil CTyNEHYaTOro M IIOJIHOTO
TUAPOJIA3A.

Bonpocsl 1151 CaMOKOHTPOJIS

JlaTh onpeneneHne 3eKTPOIUTUUECKOMN rucconranuei?

YTo Takoe CTEneHp NIEKTPOIUTUIECKON TUccouanun’?

Kakue 31eKTpoauThl Ha3pIBatOT CUIIBHBIMU U ci1a0biMu? [IpuBecTH mpuMepsl.
JlaiiTe onpezesieHne OCHOBAHUAM, KHCIIOTaM U COJISIM C TOYKH 3PEHUS TEOPUU
ANEKTPOIUTUUECKOIN THCCOMalnn

UTto Ha3bIBAETCS TUAPOIUZOM?

[IpuBenuTe mpuUMeEphl COJEM, KOTOPbIE MOJABEPrarOTCs TMIPOJIN3Y, U COJIEH,
KOTOPBIE THIPOJIU3Y HE NOJIEXKAT.

Ot xakux (GaxkTOpoB 3aBUCUT THIPOJIN3 coleil? [IpuBeante npumMepsl.

Kaxk BnusieT Ha THIPOIU3 COIM TEMIIEPATypa U KOHLIEHTpalus pacTBopa’?

NSk =

o o0

Tema 1.5. KommiekcHbie coefMHEHUSA
Bonpocel TeMbl
1. CocraB, CTpyKTypa U HOMEHKJIATypa KOMIUIEKCHBIX COEUHECHUMU.
2. Krnaccugukanus KOMIJIEKCHBIX COEUHEHUM.
Jlureparypa: [1,2,4].
MeTtoauyeckue peKOMEHAAlMU
I[Ipy ycBoeHMH D3TOM TEMBI HEOOXOJMMO YSACHUTh CMBICI ITOHSATHH
«KOMJIEKCOOOPa30BaTeliby, «KOOPJAMHAIMOHHOE YMCIIO», «JIUTaHIbD); HAYYUTbCS
OTpPENeNiaTh 3aps] IEHTPAIbHOTO HOHA, BHYTPEHHEW cQephl KOMIIJIEKCHOTO
COEIMHEHNS, a TAKKE YMETh OTJIMYATh KOMILJIEKCHBIE COJIM OT ABOMHBIX COJIEH.

Bomnpocs! 1151 caMOKOHTPOJIsE

1. Yrto Ha3bIBaeTCsI JOHOPHO-AKLIENTOPHON MU KOOPJAUHAIIMOHHOW CBA3bIO?

2. Kakoil arom wunm uOH sBisieTca JOoHOpoM B coenuHeHusx: K[BF,],
[ZH(NH3)4]C12?

3. Yro Ha3pIBaeTCSI KOHCTAHTOM HECTOMKOCTH KOMIIJIEKCHOTO HOHA?

Tema 1. 6. OKuCJIUTEIBHO-BOCCTAHOBUTEIbHbIC PEAKLIMH.
Bonpock! TeMbl
1. OnpeneneHue CTENEHU OKUCIEHUS.
2. DakTophl, ONPEACISIOIMINE OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIE CBOMICTBA
3JIEMEHTOB U UX COCJIMHCHUM.
3. Kiaccudukaiusi OKMCIUTETbHO-BOCCTAHOBUTENIBHBIX PEAKIIHIA.
4. CocTaBieHUE OKUCIHUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIU.
9



5. OmnpeneneHre HANpaBJICHUS NPOTEKAHUS OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIX

MPOLIECCOB.

Jlureparypa: [1,2].

MeTtoanyeckue peKOMeHAAUN

Nzyuas OKHCJINTEILHO-BOCCTAHOBUTEIbHBIC peaKInH, HEOOXOIUMO
pazoOpaTbCsi B MOHATUSAX «CTENEHb OKUCICHHS DJJIEMEHTa B COCAUHEHUN,
«OKHCJICHHE U BOCCTaHOBJIEHNE». HE00X0IMMO TTOHATh, KaKhe BEIIECTBA MOTYT OBITH
OKHCIIUTEISIMU, a KaKH€ BOCCTAHOBHUTEIIMHM M Kakhe 00JaIar0T OKHCIUTEIBHO-
BOCCTAaHOBHUTEILHON JIBOMCTBEHHOCThIO. HeoOxoaummo ycBOMTH JBa MeToAa
COCTaBJICHUS ypaBHEHUM OKHCJIUTEIILHO-BOCCTAHOBUTEIbHBIX PEaAKIIMIA:
AIIEKTPOHHOTO U AJIEKTPOHHO-MOHHOTO OaiaHca.

Hayuntbhca paznuuare TUIBI OKHUCIMTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIINM,
COCTAaBIISITh YpaBHEHUS, OIPEIICIIATh HAIpaBJICHUE OKHCJIMTEIBHO-
BOCCTAHOBHUTEIBHBIX PEAKIIMK, TOJIB3YSACh TAOJMYHBIMA 3HAUYCHHUSAMHU DJICKTPOJIHBIX
MOTEHIMAIIOB YJICKTPOXUMHUUYECKUX CUCTEM.

Bomnpocs! 1J1s1 cCaMOKOHTPOJISE

1. Kakue peakuuu Ha3bIBalOT OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIMU ?
2. Kakoii mporiecc Ha3pIBalOT OKHUCICHUEM, KAKOM — BOCCTAaHOBJICHUEM?
3. Kak MeHsieTCsl CTENeHb OKUCICHUSI BOCCTAHOBUTEIISI U OKUCIIMTENS B MPOIIECCE

MPOTEKAHUS OKHCIUTEIbHO-BOCCTAHOBUTEIBHON peakiuu?

Tema 1.7. DjieKTpOXMMHYECKHE PO ECCHI
Bonpocel TeMbl
1. DnextponBmxkymas cuia. JIBOMHON 3IEKTPUUECKUH CIIOM
2. DakTOphl, BIUSIONIME HA U3MEHEHHUE JIEKTPOJHOIO MOTECHIHMANA. Y PAaBHEHUE
HepHcra.
3. XuMHUYECKHE U KOHLEHTPALIMOHHBIE TAJIbBAHUYECKUE AJIEMEHTHI: KaTOAHBIN 1
aHoAHbIN npoueccsl, pacueT I/C.
4. Koppo3us: onpeneneHue, KiaccuuKausi KOPPO3UOHHBIX —pa3pyLICHUM,
KOPPO3HUOHHBIE CPEIBI.
DIIEKTPOXUMHYECKAsE KOPPO3HSL.
Koppo3ust B eCTeCTBEHHBIX YCIOBUSAX.
MeTo/b! 3alUTHl METAJJIOB U CIJIABOB OT KOPPO3UU
DIIEKTPOJIN3 BOAHBIX PACTBOPOB U PACILUIABOB AJEKTPOIUTOB.
. Onpenenenue, TUIBI, CYITHOCTh; KATOIHBIA U aHOHBIN MTPOIIECCHI.
0 KonnuectBeHHOE onMcaHue mpolnecca 3IeKTpoian3a: 3akoHsl dapanes.
Jlureparypa: [1,2, 3,4, 5, 6].
MeToauveckue peKOMEHIAlNU
[Ipu u3yyeHun JaHHON TEMBI HEOOXOJAMMO BCIIOMHUTH OMPEACIICHUS OHSATUI
OKHCIIUTENIb U BOCCTAHOBUTEND, @ TAKXKE MPOLECCOB OKUCIEHUS U BOCCTAHOBIICHMUS.
UeTko ysICHUTH HampaBJE€HUE MPOTEKAHUs Mpoliecca B TAJIbBAHUYECKOM AJIEMEHTE U
10
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npousBoauTh pacuer DJIC. Hayuutbes ucnosib3oBaTh ypaBHeHWEe HepHcTta miis
pelIeHUs MPAKTUYECKUX 3a/1a4.

Heobxoaumo HAYYUTHCS pas3nuyath cily4dau XUMHUYECKOMN u
ANEKTPOXUMUYECKON KOPPO3UHU; HAYUYHUTHCS ONHUCHIBATH MPOLIECCHI, MPOTEKAOIINE
IPU AJIEKTPOXUMUYECKOW KOPPO3HHM Ha KATOJHOW M aHOJHOM 30HAaX. 3HATh U YMETh
ONPENEATh 1€€CO00PA3HOCTh MHPUMEHEHHS] MMEIOIMIMXCS METOAOB 3aIllUTHl OT
KOPPO3UOHHBIX Pa3pylIEHUN B PA3IMUHBIX YCIOBUAX HKCIUTyaTAllMM METAJUIMYECKUX
KOHCTPYKIHH.

[Ipu paccMoTpeHHH TeMbl HEOOXOJUMO HAYYHUTHCS OINUCHIBATH MPOLIECCHl HA
KAaTOJIe M aHOJE IMpPHU DIIEKTPOJIU3E PACTBOPOB BJIEKTPOIUTOB. YSICHUTH Pa3HUILY
MEXAY NPOLECCOM JJIEKTPOJIM3 pacTBOpa M paciuiaBa JJIEKTPOJIMTA. Y METh
MIPUMEHSTH MPABWIO KaTOAa W MPABWIO aHOJA. 3HATh MAaTeMaTUYECKOE BHIPAKECHHE
3akoHOB Dapajnes U yMeTh IPUMEHSTh UX ISl pacueTa NPOIyKTOB AJIEKTPOIU3a
Bonpocsl AJ11 CAMOKOHTPOJIs
UTo Tako€ raJIbBAHUYECKUN ITIEMEHT?

Kakoi1 anektpos ABisieTcsl B ralbBAHUYECKOM 3JIEMEHTE AaHOIOM?

Kaxkol anexkTpon SBISE€TCS B TalbBAHUYECKOM AJIEMEHTE KaTOI0OM?

Kaxk paccuntsiBaercs 3/]C raibBaHUUECKOTO €MEHTa?

Kakue mporiecchl mMpoTekaroT Ha 3JEKTpoaax Npu paboTe raabBaHUYECKOIrO

dNeMEHTa?

Uto Takoe KOPPO3UsI METAILIOB?

Kakue meTonpl 3alIMThl METAJLUIOB OT KOPPO3UU U3BECTHBI?

Uto Takoe JIeKTPOIu3?

9. Kakwue nporeccbl UMEIOT MECTO TIPU JIEKTPOJIn3e?

10.Kakoii 3aps1 MMEIOT IIPU AJIEKTPOJIU3E: a) aHo/, 0) kaTton?

I11.Kakoi  3aKOH  YCTaHABIMBAET  3aBUCUMOCTh  MAacChl  BEIIECTBA,
00pa3oBaBIIETOCS TMPHU DJEKTPOJIM3E, OT BPEMEHHU, CHJIBI TOKAa M MPHUPOIBI
3AeKTpoauTa’?

M

S

Tema 1.8. O0mue cBoMiCTBa METAJLIIOB
Bonpocs! TeMbl
1. ®u3nyeckue CBOMCTBA METAJNIOB. XHMMHYSCKHE CBOMCTBA METAJIOB, HMX
BOCCTAaHOBHTEIbLHAS CIIOCOOHOCTb.
2. BzauMopeicTBHE pa3IUYHBIX METAVIOB C KHUCJIOPOJOM, BOJIOM, KUCIOTaMH,
1IeJI0YaMH.
3. IlpumeHenue meTamwioB. M3BiieueHre METaNIOB U3 PY/I.
Jlureparypa: [1,2,3].
MeToauveckue peKOMEHIAlNU
[Ipy wu3ydeHUM JaHHOW TEMBI CIIeIyeT HayWHATh C PacCMOTPEHUs
AJIEKTPOHHOTO CTpOeHMs aroMoB. OOpaTuTe BHUMaHHE Ha CBOMCTBA METAJLJIOB,
00J1aIafoIMX METAUIMICCKUMH, HEMETANIMYCCKUMHA U aM(GOTEPHBIMU CBOMCTBAMH,
11



Ha UX CpaBHUTEJIbHbIC XapaKTepUCTHKW B TMpeaerax IMepuoja U TPYIIIIbL.
[TocmoTpuTe, KakoW THI XHUMHYECKOW CBSI3W OOYCIABIMBAET CYIECTBOBAHHE
YCTOWYHMBOM KPHUCTAUIMYECKON CTPYKTyphl MeTaisioB. HeoOxoaumo pazobpaThes,
KaK HW3MEHAETCS BOCCTAHOBUTENbHAS AKTUBHOCTh METAJUIOB M OKHUCIUTEIbHAS
AKTUBHOCTh HOHOB METAJUIOB B DJIEKTPOXMMHYECKOM Py HANpPSDKEHUS CleBa
HaIpaBo. YSCHUTE, KaKU€ METauIbl MOTYT BBITECHSATH BOJOPOJ M3 BOJbI, BOJIHBIX
PacTBOPOB KUCIIOT.
Bonpocsl 1j11 CaMOKOHTPOJISA
1. DneMeHTBI KaKuX 3JEKTPOHHBIX CEMENCTB OTHOCATCS K METaJIam?
2. Tlouemy BO BCEX XUMHYECKUX PEAKIUAX IMPOCTHIE BEIIECTBA — METaJUIbI
ABJISIFOTCS BOCCTAHOBUTEISAIMU ?
3. Hanumwure ypaBHEHHS peakUuid B3aMMOICHUCTBHUS IIUHKA U MEIU C COJISTHOM,
CEPHOM M a30THOM KHUCIOTAMHU

Tema 1.9. XuMusi HeMeTaJI0B. DJIeMEHTbI OPraHUYeCKON XUMHHU

Bonpocsl TeMbl

OO6m1as xapakTepucTuka 6opa u yriaepoja

CrpoeHue aTOMOB, 3aKOHOMEPHOCTH U3MEHEHUSI CBOWCTB.

Meroasl noJIy4eHUs

XUMHUYECKHE CBOMCTBA: O0pa, yrieposa,

OcHOBHBIE (PU3HYECKHE U XUMUYECKUE XapAKTEPUCTUKHU YTIEBOAOPOIOB
[IpupoaHBIE HCTOYHUKHU YTIEBOAOPOIOB

Jlureparypa: [1, 3].

MeTtoauyeckue peKOMEHAalMU

N3ydyeHne CBOWCTB DJJIEMEHTOB KaXIOW TPyNIbl CHEAYET HAYUMHATH C
PACCMOTPEHHUSI DJIEKTPOHHOTO CTpOeHUs aTtoMoB. I[locMoTputre, Kak H3MEHSIOTCS
CBOMCTBAa D3JIEMEHTOB C W3MEHEHHEM pPAJAUYCOB aTOMOB, KaK W3MEHSIOTCA
MOHU3ALMOHHBIE TOTEHUMAAbl M  3JEKTPOOTPULATENBHOCTh C  YBEJINYEHUEM
MOPSIIKOBOTO HOMEpa dJEMEHTA. YSCHUTh Kakuhe YIJIEBOJOPOIbl  SIBJISIOTCS
MpeaesIbHBIMU.

A

Bomnpocs! 1J1s1 cCaMOKOHTPOJISE
1. Uto xapakTepHO i1 aTrOMOB THUIWYHBIX HEMETALNIOB — OTAa4a WU
MIPUCOEAUHEHUE IIIEKTPOHOB?
['ne B mepuoanyueckoi cucTeMe pacrtoioKEeHbl AIIEMEHThl — HEMETaJLJIbI?
OnpenenuTpb CTENEHb OKUCIEHUS YIiepoa B IIaBeJIeBOM Kuciaore?
Kax Ha3pIBaroOTCS COT OOPHOUM KUCTOTHI?
Ha3oBute Tumnsl yrieBogopo1oB?

ARl

Tema 1.10. Xumuuyeckue MeTOAbI AaHAJIN3A
Bonpockl TeMbl
1. Kakumu kaTnoHamu 00yCIIOBIIEHA )KECTKOCTh BOJIBI.
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2.

Meronapl omnpeseneHusi, MPUINHBI BOZHUKHOBEHUS W CIOCOOBI yCTPAaHCHUS
’)KECTKOCTHU BOJIBI.

Jlureparypa: [1,2].

MeTtoanyeckue peKOMeHAAUN

[Ipy wu3ydyeHMM [OaHHOM TEMBI HEOOXOJMMO pa3o0paTbcs, KaKue COJIU

XapaKkTepU3yIoT 00IIy10, BpEMEHHYIO U MOCTOSHHYIO dKECTKOCTh Bo/bl. HeoOxoamumo
YMETh IUCaTh YpPaBHEHUS pPEaKUWid, C NOMOIIBI KOTOPBIX MOXHO YCTPAHHTH
BPEMEHHYIO U TIOCTOSTHHYIO KECTKOCTb.

1.
2.

Bonpocsl 1j11 CaMOKOHTPOJISA
Kakumu criocoObl ycTpaHeHUs! AKECTKOCTH BOJIbI BaM U3BECTHBI?
Kakast ;kecTKOCTh yCTpaHsAeTCsl KUMsTYeHuEM?

2. METOIMYECKHUE YKA3AHWS 11O BBINTOJTHEHUIO KOHTPOJILHOM

PABOTbBI

2.1. OPOPMJIEHUE U BBIEOP BAPUAHTA KOHTPOJIbHOM PABOTHI

1.

PaboTra BBIIOIHSCTCS B IIKOJLHOM TCTpaau, Ha 00JI03KKE KOTOpOﬁ CIICOYyCT
YKa3aTb, HA3BAHUC AUCHHUILIIMHBI, (I)aMI/IJII/IIO, UM, OTYCCTBO CTYIACHTA, KOJ
CIICHNAJIbHOCTH, BAPpHUAHT

. Kontponbnass pabora pomkHa ObITh 0(GOpMIIEHA aKKypaTHO, YETKUM

MOYEpPKOM, O€3 TOMapPOK.

. HOMCpa BOIIPOCOB M 3aJ1a4 CJIICAYCT IICPCIIMCBIBATL B TOM IIOPAIAKC, B KaKOM

OHH YKa3aHbl B KOHTPOJIHLHOM padoTe.

. YciaoBus 3amay u BOIIPOCHI 3allMCBIBAIOTCA ITOJTHOCTBIO oe3 COKpaHlCHHﬁ.

OTBeThl  JOMKHBI  OBITh TOYHBIMH M 1O  BO3MOXHOCTH  KPaTKO
c(hopMyTUPOBAHHBIMH.

. BeimonHsiembie 3agaHus JOHKHBI OBITh KPATKO, HO YETKO 0OOCHOBAHBI.
. Ecam xonTponpHas pabora He 3auTeHa, He0OX0UMO UCIIPABUThH OIIHMOKHU B TOM

xe Terpanu. VcnpaBieHus cieqyeT BBIIOIHATH B KOHIIE TETpaau, a HE B
pPELEH3UPOBAaHHOM TEKCTE, MOCJEe Yero paboTa HalpaBisieTCs Ha MOBTOPHOE
pELEH3UPOBaHNE.

CTyAeHT BBINONHSAET BAapUAHT KOHTPOJIBHBIX 3aMaHuid (Tabmmma No 2),

0003HAYEHHBIN NBYMsI MOCIAEAHUMH MHdpamMu mudpa B 3a4eTHOM KHIDKKE WA
CTyJeHYeckoM Owiere, Hanpumep, mupp 1087 cooTBETCTBYEeT BapHaHTY
KOHTPOJIbHOUM paboTsl Ne 87.
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Taoauma 2
BAPUAHTBI KOHTPOJIbBHBIX 3AI[AHI/II71

Homep

Bapua Homepa 3a1a4, OTHOCAIIMXCSH K JAHHOMY 32/IaHUIO

HTA

01 1 21 |41 |61 |81 |101 |121 |141 |161 |181 |201 |221
02 2 |22 |42 |62 |82 102 122 (142 |162 | 182 |202 |222
03 3 |23 |43 |63 |83 |103 | 123 | 143 | 163 | 183 |203 |223
04 4 |24 (44 |64 |84 104 | 124 | 144 | 164 | 184 |204 |224
05 5 |25 |45 |65 |85 [105 | 125|145 |165 |185 [205 |225
06 6 |26 |46 |66 [86 |106 | 126 | 146 | 166 |186 |206 |226
07 7127 |47 |67 |87 | 107 | 127 | 147 | 167 | 187 |207 |227
08 8 |28 |48 |68 |88 |108 |128 | 148 | 168 | 188 |208 |228
09 9 129 149 |69 |89 |109 |129 | 149 | 169 |189 |209 |229
10 10 {30 |50 |70 |90 | 110 | 130|150 |170 |190 |210 |230
11 T (31 {51 |71 (91 111 |131 151 |171 |191 |211 |231
12 12 |32 |52 |72 (92 | 112 | 132|152 | 172 |192 |212 |232
13 13 (33 |53 |73 |93 | 113 | 133|153 |[173 |193 |213 |233
14 14 134 |54 |74 |94 | 114 134 | 154 | 174 | 194 |214 |234
15 15 |35 |55 |75 |95 | 115 | 135|155 | 175 | 195 |215 |235
16 16 (36 |56 |76 |96 |116 | 136|156 |176 |196 |216 |236
17 7 (37 |57 |77 |97 | 117 137 | 157 | 177 | 197 |217 |237
18 18 |38 |58 |78 |98 | 118 | 138 | 158 | 178 |[198 |218 |238
19 19 {39 |59 (79 (99 |119 | 139 | 159 | 179 |[199 |219 |239
20 20 (40 |60 |80 |100 | 120 | 140 | 160 | 180 |200 |220 |240
21 1 22 (43 |64 |85 | 106 |127 | 148 | 169 |190 |211 |222
22 2 |23 |44 |65 |8 |107 | 128 | 149 | 170 | 191 |212 |223
23 3 |24 |45 |66 |87 | 108 | 129 | 150 | 171 |192 |213 |224
24 4 |25 |46 |67 |88 | 109 | 130 | 151 | 172 | 193 |214 |225
25 S |26 |47 |68 |8 | 110 | 131|152 |173 |194 |215 |226
26 6 |27 |48 (69 (90 |I11 |[132|153 |174 |195 |216 |227
27 7 128 |49 |70 |91 | 112 [ 133|154 [175 |196 |217 |228
28 8 (29 |50 |71 |92 |113 | 134|155 |176 |197 |218 |229
29 9 30 |51 |72 |93 |114 [ 135|156 |177 |198 |219 |230
30 10 (31 |52 |73 |94 | 115 | 136|157 | 178 |199 |220 |231
31 11 (32 |43 |74 |95 |116 | 137|158 | 179 |200 |201 |232
32 12 {33 |54 |75 |96 | 117 | 138 | 159 | 180 | 181 |202 |233
33 13 |34 |55 |76 |97 |118 | 139 |160 | 161 |182 |203 |234
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Homep

Bapua Homepa 3a1a4, OTHOCAIIMXCH K TaHHOMY 3aJaHHIO

HTa

34 14 |35 |56 |77 |98 | 119 | 140 | 141 | 162 |[183 |204 |235
35 15 |36 |57 |78 |99 |120 |121 | 142 | 163 | 184 |205 |236
36 16 |37 |58 |79 | 100 | 101 |122 | 143 |164 |185 |206 |237
37 17 {38 |59 (80 |81 |102 |123 |144 | 165 |186 |207 |238
38 18 |39 |60 65 |8 | 107 | 128 | 145 | 166 | 187 |208 |239
39 19 140 |44 (66 |87 |108 | 129 | 146 | 167 | 188 |209 |240
40 20 |23 |45 |67 |88 | 109 |130 | 147 | 168 |189 |210 |221
41 2 |24 |46 |68 |89 | 110 |131 148 | 170 | 190 |201 |223
42 3 |25 |47 |69 (90 |111 |132 149 |171 |191 |202 |224
43 4 |26 (48 |70 |91 112 |133 150 |172 |192 |203 |225
44 S |27 |49 |71 |92 |113 | 134 | 151 |173 |193 [204 |226
45 6 |28 |50 |72 |93 |114 | 135|152 |174 |194 |205 |227
46 7 129 |51 (73 |94 | 115 | 136 | 153 | 175 |195 |206 |228
47 8 (30 |52 |74 |95 |116 | 137 | 154 | 176 |196 |207 |229
48 9 |31 |53 |75 (96 |117 | 138 | 155 |177 |197 |208 |230
49 10 |32 |54 (76 |97 |118 | 139 | 156 | 178 |198 |209 |231
50 11 |33 |55 (77 |98 |119 | 140 | 157 | 179 |[199 |210 |232
51 12 {34 |56 |78 |99 |120 |122 | 158 | 180 |200 |211 |233
52 13 |35 |57 |79 | 100 | 103 | 121 | 159 |169 |182 |212 |234
53 14 |36 |58 (80 |85 |104 | 123 |16 161 |[183 |213 |235
54 IS5 |37 |59 |61 |84 | 105 | 124 | 141 | 162 | 184 |214 |236
55 16 |38 |60 (62 |83 |106 | 125|143 | 163 |185 |215 |237
56 17 |33 |41 |63 |82 |101 | 126 | 142 | 164 |186 |216 |238
57 18 140 |42 |61 |81 |102 | 127|144 | 165 |187 |217 |239
58 19 |21 |43 |62 |87 | 103 | 128 | 145 | 166 | 188 |218 |240
59 20 |22 |41 |63 |88 |104 | 129 146 | 167 | 189 |219 |223
60 1 |24 |42 |64 |89 |105 | 130 | 147 | 168 |190 |220 |222
61 3 125 |43 |65 [90 [106 [131 [148 [169 [191 [201 |22]
62 4 126 144 |66 (91 107 |132 149 [ 170 |[192 [202 |222
63 5 127 |45 167 |92 |108 133|150 | 171 |193 |203 |223
64 6 |28 |46 |68 [93 |109 | 134 | 151 |172 |194 [204 |224
65 7 129 |47 |69 |94 | 110 | 135|152 | 173 |195 |205 |225
66 8 |30 |48 |70 |95 |111 |136 |153 |[174 |196 |206 |226
67 9 |31 (49 (71 (96 |112 | 137|154 | 175 |197 |207 |227
68 10 |32 |50 (72 |97 |113 | 138 | 155 | 176 |198 |208 |228
69 11 {33 |51 (73 |98 |114 | 139 | 156 | 177 |[199 |209 |229
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Homep

Bapna HOMepa 3agad, OTHOCHIIUXCH K IlaHHOMy 3aJaHUI0

HTa

70 12 [34 [52[74 [99 [115 [140 [157 [ 178 [200 [210 [230
71 13 [35 [53 75 [ 100 [116 |121 [ 158 | 179 [181 |211 |231
72 14 [36 |54 |76 |86 |[117 [122 159 | 180 |182 |212 |[232
73 15 [37 |55 |77 |85 [118 [123 160 | 162 [183 [213 |233
74 16 |38 |56 |78 [84 |[119 124 [142 | 161 |184 [214 |[234
75 17 [39 [57 [79 |83 [120 [125 | 141 | 163 |185 |215 |235
76 18 [40 |58 [80 |82 [101 |126 | 143 | 164 |186 |216 |236
77 19 [23 [59 [61 |81 [102 127 [144 | 165 [187 [217 |237
78 20 |21 |60 [62 [ 100 | 103 | 128 [ 145 | 166 | 188 |218 |238
79 4 122 [51 063 199 [104 129 [146 | 167 189 [219 |239
80 5 23 |52 |64 [98 | 105 | 130 147 [168 |190 |220 |240
81 6 |24 |53 |65 [97 |106 | 131 [148 [169 |191 |211 |231
82 7 125 [54 66 [96 |107 [132 149 [170 [192 |212 |232
83 8 |26 |55 |67 |95 [108 [ 133150 |[171 | 193 [213 |233
84 9 |27 |56 [68 [94 [109 |[134 [151 | 172 |194 [214 |234
85 10 [28 [57 |69 |93 [110 [135 152 |173 [195 |215 |235
86 11 [29 [58 [70 |92 [111 136 [ 153 | 174 [196 |216 |236
87 12 [30 [59 |71 |91 |112 |137 | 154 | 175 |[197 |217 |237
88 13 [31 |60 |72 |90 [113 [138 [ 155 | 176 |198 |218 |238
89 14 [32 |41 [73 [89 [114 [139 [ 156 | 177 [199 [219 |239
90 15 [33 [42 |74 |88 |[115 [140 [ 157 | 178 [200 220 |240
91 16 |34 |43 |75 |87 |116 |131 | 158 | 179 |181 |201 |221
92 17 [35 [44 |76 |86 [117 [132 159 | 180 [182 [202 |222
93 18 |36 |45 |77 |85 |118 | 133|160 | 161 |183 |203 |223
94 19 [37 |46 |78 |84 |119 | 134 | 141 | 162 | 184 |204 |224
95 20 |38 [47 [79 |83 |120 |135 142 | 163 |185 [205 |225
96 1 [39 [48 [80 |82 |110 |136 | 143 | 164 |186 |206 |226
97 2 |40 [49 |61 |81 |111 |137 | 144 | 165 |187 [207 |227
98 3 |24 [50 |62 [100 | 112 [138 | 145 | 166 |188 |208 |228
99 4 |25 [51 63 [99 [113 [139 [ 146 | 167 [189 [209 |229
00 5 |26 |52 |64 [98 | 114 | 140 [147 [168 | 190 |210 |230
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OdopmieHre TUTYIBHOTO JINCTa KOHTPOJIBHOU PabOTHI:
OEJIEPAJIBHOE ATEHTCTBO I10 PBIBOJIOBCTBY

®EJEPAJIBHOE TOCYIAPCTBEHHOE
BIO/UKETHOE OBPA3OBATEJIBHOE YUYPEX/IEHUE
BBICILIEI'O OBPA3OBAHU S
«KAJIMHUHI PAICKHI TOCYIAPCTBEHHbBIN TEXHUYECKUN
YHUBEPCUTET»

NHCTUTYT arpOMHXEHEPUH U TTUIIEBBIX CUCTEM
Kadenpa xumun

KoHntposnbHas padorta Kontponbhas pabota
JOMYIIIEHA K 3allUTe: 3allUILEeHa
JIOJDKHOCTD (3BaHUE), YU€Hasl CTENEHb JOJKHOCTH (3BaHUE),
y4eHasi CTEIIeHb

®amunua 1.0 @amunua U.O.
« _» 202 . « _» 202 r.

KoHnTtponbHas pabota
MO TUCUUTIITUHE
«XUMUSA»

[udp cryaenta
Bapuant Ne

PaboTy BBITIOJIHNI:
CTYIEHT TP.

damvumus 1.0.
« » 202 1.

Kanununrpan - 20
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2.2. METOJJUYECKHE YKA3AHUWSI 11O BHITOJTHEHUIO 3AJIAHUI
KOHTPOJIbHOM PABOTHI U TIPUMEPHI PEIIEHUSI 3ATAY

2.2.1 3akoH 3xBuBaJIeHTOB (3ananus Ne 1 -20)

MounsipHas Macca 5KBUBaJIeHTa BeliecTBa. MOoJSIpHBIIT 00beM HKBHUBAJICHTA
razo00pa3HOro BEIIeCTRA.

Eme no co3manusi aTOMHO-MOJEKYJISIPHOTO YYEHHUS ObLIO yCTaHOBJIEHO, YTO
IPOCTBIE U CIIOKHBIE BEHIECTBA BCTYNAIOT B XUMUYECKUE PEAKLIINH B ONPEIEICHHBIX
MaccoBbIxX cooTHomeHusX. B xonite XVIII Bexa ObUT OTKPHIT 3aKOH YKBUBAJICHTOB.

[Ipexxne yem chopMynHpoBaTh 3aKOH SKBUBAJIECHTOB, JIaJIUM OIPEICICHHE
MOHATUM: XUMHWYECKUM SKBUBAJICHT, 4YHUCIO SKBHUBAJICHTHOCTU (3apsIHOCTH),
MOJISIpHAsE Macca JKBUBAJICHTA, KOJMYECTBO BEIIECTBA HJKBUBAJICHTA, OO0BEM
HKBHUBAJICHTA ra3000pa3HOTO BEIIECTBRA.

XHUMUYECKHUI SKBUBAJIECHT — 3TO YCJIOBHAs, WJIM peajibHas 4acTUIA BEIIECTBA
(4JacTh MOJEKyJIbl, MOHAa M T. J.), KOTOpas B KHUCIOTHO-OCHOBHOM peaKIHUH
SKBUBAJICHTHA (PaBHOIIEHHA, TOXXJIECTBEHHA) MO CBOEMY XHMHUYECKOMY JCHCTBUIO
omHOMY KatHoHy Bojgopoja (1H') wmmm B OKHCIMTENBHO-BOCCTAHOBHUTEIBHON
peakuu OBP - ogHOMYy 351€eKkTpoHY (1€).

MousipHas Macca KBUBAJICHTa BEIIECTBA (9KBUBAJIEHTHAS Macca) — 3TO Macca
BEIIIECTBA KOJIMYECTBOM | MOJIb SKBUBAJICHTOB, paBHAs JICJICHUIO MOJISIPHOM MaccChl
BEIIECTBA HA YHCJIO SKBUBAJEHTHOCTH (PKBUBAJICHTHOE YHCIIO):

M»g(B-Ba) = M(B-Ba)/ z [r/MoJIb]| WK

m5(B-Ba) = M(B-Ba) / z [r/mMoIIB],

rae Msgg(B-Ba) — MoJIIpHasi Macca SKBUBAJICHTa BEIECTBA, I/MOJIb WU

m5(B-Ba) — MOJISIpHAs Macca SKBUBAJIEHTA BELIECTBA, I/MOJIb;

M(B-Ba) — MoJIsipHasi Macca BEIeCcTBa, I/MOJIb;

Z — YHCJIO SKBUBAICHTHOCTH (3KBUBAJIEHTHOE YHCIIO).

Uucno 3KBUBAJIEHTHOCTH (PKBUBAJICHTHOE YKCJIO) Z — MEPEMEHHasl BEJIMYMHA,
3aBUCSIIAS OT COCTaBa BEIIECTBA UM OT KOHKPETHOM peaklnu, B KOTOPOUl y4acTBYeT
JAHHOE BEILIECTBO.

Onpenenenue yuciaa YKBUBAJIECHTHOCTH

Z (atomMa dJeMEHTa B COCJUHEHHHM) = CTCIEHU OKHUCICHMS JJIEMEHTa B
BelecTne (C.0.).
Hanpumep: Uemy paBHSIETCS YUCIO SKBUBAJICHTHOCTH CEPbI B CIEAYIOIINX

COCIUHCHMSX:

1. H,S; 2. SO,; 3. SO;.

Z = C.0. — CTENEHb OKUCIICHHS DJIEMEHTAa B XMUMHYECKOM COCIUHCHHUHU. 1)
c.0.(8)=-2;Z=2;2)c.0.(S)=+4,Z=4;3)c.0.(S)=+6;Z=6.

Z (KHCIIOThI) = OCHOBHOCTHM KHCIJIOTHI B JaHHOW peakuuu, T. €. YHUCIY

3aMEIEHHBIX KaTHOHOB Bojopoaa (nH') Ha apyrue KaTHOHBL.
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Z (KMCIIO¥ CONM) = YMCITy 3aMelleHHBIX KaTHOHOB Bogopoaa (nH™).

Z (OCHOBaHMS) = KHUCJIOTHOCTU OCHOBAHHUS B JAHHON peakiuu, T. €. YUCIY
ruapokcu-uoHoB (nOH ), 3aMeleHHBIX HA KUCIOTHBIE OCTATKH.

Z (OCHOBHOHM conu) = uucay ruapokcua-uoHoB (n OH™), 3amenieHHBIX Ha
KHUCIIOTHBIE OCTATKHU.

Z (HOpMaJIbHOM (CpedHel) COJiM) = CyMMapHOMY IMOJOXKHUTEIbHOMY 3apsiiay
KaTHOHA.

Z (BemiecTBa, yyactBytomero B OBP) = yuciy npuHSTBIX 3JIEKTPOHOB OJHUM
MOJIEM OKHMCIIUTENS WA OTAAHHBIX OJJHUM MOJIEM BOCCTAHOBUTETS (Nne).

KonuyecTBo BeliecTBa 3KBHUBAJIEHTA Nokp(B-Ba) — KOJUYECTBO BEIIECTBA, B
KOTOPOM YaCTHIIAMH SIBIISTIOTCS SKBUBAJICHTHI. BhIpaskaeTcs B MOJISX, KaK M JH000€
KOJIMYECTBO BEIIECTBA.

N5kp.(B-Ba) = m(B-Ba) / Mygg (B-Ba) [MOJB] win

n>kp(B-Ba) = m(B-Ba) / my (B-Ba) [MOJIB].

MonsipHbiii 00bEM 3KBHUBAJIECHTOB Ta3000pa3HOTO BENIECTBA (SKBHUBAJICHTHBIM
00beM) Vg — 00bEM OJTHOT'O MOJIb-DKBHBAJICHTA rasa.

Vskg=Vm(raza)/ z [n/mons], rae Vy(raza) — mosisipHblil 00beM Ta3a, J (H.Y.).

3aK0H KBHUBAJIEHTOB — Macchl (00BEMBI) pearupyromux BEIIECTB OTHOCSATCA
MEXIy cOO00M KaKk UX MOJISIPHBIE MAacChl SKBUBAJECHTOB (KaK UX MOJSIPHBIE OOBEMBI
SKBUBAJICHTOB).  3alMChIBa€M  BBIPAXEHHUE  3aKOHA  SKBHUBAJIEHTOB  JUIsS
JIBYXKOMIIOHCHTHON CHUCTEMBI:

m; / my = Mokg .1/ Moka2;

V1 /Vy=Vokg1/ Voksa.

Ipumep 1.

[Ipn B3anMOIeHCTBUM § T IBYXBAJIEHTHOTO METala C KUCIOTON BBIACIHIIOCH
4,48 n Bogopoaa (H.y.). BBIUMCIHTH MOJSPHYIO Maccy SKBUBAJIE€HTAa M aTOMHYIO
Maccy MeTaa.

Pemenne:

1. 3annceiBaeM cxeMy B3aMMOJAECHCTBHS METajula C KACIOTOM:

Me + 2HAn — MeAn, + H,.

2. Bprumcnsiem MOJISIPHYIO MAacCy 3KBUBAJIEHTa Bojopojaa. M3 cxemsl peakunu

BUJIHO, uTO 1 Mok Bosoposa (H,) otnaer aBa anekTpoHa.

H,- 28 — 2H", orctona Vokg(H,) = Vi / Z. [1/Momb],

Z =ng, T. €. YUCIIy DJICKTPOHOB, OTJIAaHHBIX | MOJIb BOJIOPO/IA.

CnenosarenbHo, Z = 2, Vogp(H,) =22,4/2 = 11,2 n/moinb.

3. 3anucbiBaeM BbIPaKEHUE 3aKOHA SKBUBAJICHTOB:

m (Me) / Maip(Me) = V(Hy) / Voxp(Hy).

[ToncraBisiem uncioBbie 3HaueHus: 8/Myrp(Me) = 4,48/11,2, MmonsapHas Macca
SKBUBAJICHTa MeTajuia paBHseTcs Mogg(Me) = 8 x 11,2 / 4,48 = 20 r/monb. U3
YCJIOBUSL 3aJlaHUS M3BECTHO, YTO BAJICHTHOCTh MeETajyla paBHSAETCS JBYM.
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BanentHocte Mertamna ompenensiercs no ¢opmyne: B = M(Me) / My (Me),
cnenoBarenbHO MomsipHas macca metaia M(Me) = 20 x 2 =40 r/moub.

Anammsupys Ilepmogmueckyro cucremy onementoB JI. . Menneneesa,
HaXOJUM BO BTOpPOM TpYIIIE 3JEMEHT C MOJSApHOW Maccod 40. DTOT 3IEMEHT —
kaneuui (Ca).

Ipumep 2.

HexoTopoe komnuecTBO MeTaiuia, SKBUBAJIEHTHAs Macca KOToporo pasHa 20
I/MOJb, BBITECHAET M3 KHUCIOTHl 0,6 11 BOJOpOJA, M3MEPEHHOTO IPU HOPMAaJIbHBIX
ycioBuax. OnpenenuTs Maccy MeTala.

Pemienne

Tax xaxk umcno skBuBanmeHTHoctH z(H,;) = 2, a MomsapHblii o0BeM mpu
HOpMaJbHbIX ycnoBusx Vy(H;) = 22,4 1, To SkBUBaJICHTHBIN 00BEM BOJIOPO/1a

V5(Hy) = Vu(Hy) /z, Vs(Hy) 22,4/2=11,2 n.

[IpuMeHnsist BbIpak€HHE 3aKOHA 3KBUBAJIEHTOB, BEIYMCIISIEM MACCY METAILIA!
m(Me)/my(Me)= V(H,) / Va(H,) numm m(Me)/20=0,6/11,2;
m(Me)=20-0,6/11,2=1,07r.

[Ipumep 3. BbIUMCIUTH MOJIIPHBIE MAacChl 3KBHUBAJEHTa (IKBUBAJICHTHBIC
Mmacchl) Al(OH); B peakuusix, BEIpakaeMbIX YpaBHEHUSIMHU:

Al (OH); + HCI = Al (OH),C1 +H,0; (1)

Al (OH); + 3HCI = AICl; + 3H,0. (2)

Pemenne: DOkBHUBajeHTHass Macca CJIOKHOTO BEIIECTBA, TaK K€ Kak
SKBUBAJICHTHAsI Macca 3JIEMEHTa, — MEPEMEHHAs BEIMYMHA, MOKET UMETh Pa3JINYHbIC
3HAYEHUs U 3aBUCUT OT TOTO, B KAKOH peakliui 0OMeHa y4yacTBYET 3TO BELIECTBO.

Al (OH); + HCI = Al (OH),C1 +H,0; z=1; (1)

Al (OH); + 3HCI1 = AICI; + 3H,0. z=3. (2)

DOKBUBaJICHTHAs Macca OCHOBaHHUS paBHA ero MoJisipHoM macce (M), neneHHon
Ha YHCIIO SKBUBAJICHTHOCTH (Z), KOTOPOE PAaBHO YHCIY TUIPOKCUIBHBIX TPy,
3aMEIICHHBIX Ha KHUCIOTHBIE OcTaTku (aHuoHbI). CrenoBareibHO, SKBHUBAJICHTHAS
Macca ocHoBaHusA ms(Al(OH);) B peakuuu (1) paBHa ero mossspHOil Macce M(Al
(OH)3)/ 1, a B peakuuu (2) my(Al(OH); = M(AI(OH);) /3 [r/monb].

IIpumep 4.

st pactBopenust 16,8 T nByXBaJeHTHOro MmeTayia morpeboBanochk 14,7 T
CEepHOM KUCHOTHI. ONpeAenuTh SKBUBAJICHTHYIO U aTOMHYIO Maccy MeTaia i 00beM
BBIJICTTUBIIIETOCS] BOJI0poa (H.Y.)

Pemenue:

MBI MO)KEM ONpPENEINTh 3KBUBAIEHTHYIO MacCy METAJlIa, BOCIIOIb30BABILNCH
3aKOHOM 3KBHBAJIEHTOB. 3alMILIEM €r0 MaTEMAaTUYECKOE BbIPAKEHUE IPUMEHUTEIBHO

K JaHHOM 3ajauye:
m(Me) . m(H,50,)

m. (Me) N m.(H,50,7
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rae m(Me) u m(H,SO,4) — macchl MeTaiia U KUCIIOTHI, T; m,(Me) u m,(H,SOy)
— DKBHUBAJICHTHBIE MACChl METAJIJIA U KUCJIOTEL, I/MOJIb.

DKBHUBaJCHTHAs Macca KUCJIOThI OIIPCACIIACTCA CIICAYIOINUM OTHOIICHUCM:

M (KHCIOTEL)
m, (KMCI0TBI) = ———,
F4

riae M (KUCIOTBI) — MOJIIpHas Macca KHCIIOTBI, I/MOib;, Z — OCHOBHOCTB
KHCIIOTBI — YKCJIO 3aMEIIEHHBIX KaTHOHOB Bofopoaa (nH ).

[IpuMeHUTEIHPHO K JAaHHOM 3ajJa4e 3alHuIlIeM CXeMy IIpoliecca B3auMOACHCTBHS
MeTajiia ¢ cepHoi kucioroit: Me + H,SO, — MeSO, + H,, Mmetain 3amemiaer oba
aToMa BOJIOPOJIa, M OCHOBHOCTH KHCIIOTHI paBHseTcs JaByM. OTCOJa YHCIIO

YKBUBAJIEHTHOCTH Z = 2.

M(H,S0 98
% == 49(r/monn)

HOI[CT&BJ'I?IH SHAYCHUS B MATCMATUUCCKOC BBIPAKCHUC 3aKOHA 3KBHBAJICHTOB,
ImoJIydyacM 3HA4YCHHUC SKBHUBAJICHTHOM MacChl MeTaJljia:

m,(H,S0,) =

16,8 14,7 16,849
= orcrona m.(Me) = = h6é(r/Mons).
m,(Me) 49’ nam,(Me) 14,7 (r/ )
YToOBI ONpeaeTuTh aTOMHYIO MacCy MeTajlIa, BOCIOIb3YyeMCS (pOPMYJIOH:
Ap(Me)
m.(Me) =
-(Me) 5(Me)

rae A(Me) n B(Me) — 3T0 COOTBETCTBEHHO OTHOCHUTEJIbHAS aTOMHAs macca u
BAJICHTHOCTh METaJjlia.

Orcroga A,.(Me) =m,(Me) * B(Me) =56+ 2 = 112a.em.

[Tonp3ysiCh 3aKOHOM SKBHUBAJICHTOB, ONpEaeseM OOBEM BBIICIUBIICTOCS
BOJIOpPOJIA:

miMe) . V{sz

my(Me) v (H,)

rae V(H,) — o6bem Bogopoaa, I,

V,(H>) — 5KBUBaJICHTHBIM 00BEM BOJIOPOJIA, J1/MOJIb.

OKBUBAJICHTHBIN 00BEM BOJOPOJA NMPU HOPMAJIBHBIX YCIOBHSX paBeH 11,2
JI/MOJIb

V(sz =

m(Me) = V,(H,) 16,8+ 11,2
m,(Me) B 56

= 3,36(1).

2.2.2 Ctpoenne atoma (3aganus 21- 40)

IIpu pemieHnH BONPOCOB, CBSI3aHHBIX C JJIEKTPOHHOU CTPYKTYpOW aTOMOB,
CJIeIyeT UCXOJUTh U3 TOTO, YTO JI000E YCTOMYMBOE COCTOSIHHE DJIEKTPOHA B aTOME
XapaKTEPHU3yeTCsl ONPEAECICHHBIMA 3HAYEHUSIMA KBAaHTOBBIX YHWCEN: TJIABHOrO (n),
op6utanpHOro (1), MaruutHOTO (M) ¥ CIUHOBOTO (S). COCTOSTHUE AIEKTPOHA B aTOME,
OTBEYAIONIee ONPEEICHHbIM 3HAYEHUSM KBAHTOBBIX 4HMCEN h, |, m, Ha3bIBaeTcs
atomHoi opOutanpio (AO). YcroitunBoMmy (HEBO30YKIEHHOMY) COCTOSHUIO aTroMa
OTBEYAET TAaKOE pacrnpeneneHue 3JIeKTpoHOB 1Mo AQO, mpu KOTOPOM 3HEpPrus aroMa

21



MUHUMAaJbHA, TOATOMY AaTOMHbIE OpOHWTaNM  3amOJHSIOTCS  AJIEKTPOHAMH
MOCJIE0BATEIHLHO BO3PACTAHUIO UX SHEPTUN (MPUHIUIT HAMMEHbIIEH SHEPTUN).

[Ipumep 1. HamucaTh 570€KTpOHHYIO KOHQUTYpAIMIO aToMa 3JIEMEHTa C
MOPSAJIKOBBIM HOMEPOM 15 B OCHOBHOM M BO30YXJIEHHOM COCTOSIHUSIX. Mcmomnb3ys
ANEKTPOHHYIO KOH(UIYpalMi0 BHEIIHET0 U TMPEJBHEUIHET0 HSHEPreTHUYECKUX
YpOBHEH, ONpEAeIUTh MECTOMOJOXKEHHE JIIEMEHTAa B TMEPUOJUYECKON CHCTEMe
(rpymma, MOArpyIma, Mepuoj), ykazaTh €ro Ha3BaHue W cuMBOJ. Ompenenutb, K
KakoMy CEMEWCTBY MNPUHAIJICKUT JJIEMEHT. YKa3aTh 3HAYEHUs BaJIEHTHOCTEH W
CTENIEHEH OKUCIICHUS 3JIEMEHTOB B OCHOBHOM M BO30YKJIEHHOM COCTOSTHUSIX.

Pemenue: 1. [lopsakoBeiii HOMEp AyeMeHTa — 15 — yka3bIBaeT Ha KOJMYECTBO
MPOTOHOB B ApE aToMa 3JEMEHTa M, COOTBETCTBEHHO, AJIEKTPOHOB. Pacmpenensem
15 57EKTPOHOB MO SHEPreTUYECKUM YPOBHSIM U MOAYPOBHAM aTroMa, HCIOJIb3Ys
MPUHIMIT MUHUMAJIbHOW H»HEpruM M JBa mpaBuia KieukoBCKOTO. DIEKTPOHHYIO
KOH(QUTYypalMio aroMa H300pakaroT € TOMOILBIO 3JIEKTPOHHOHM U 3JIEKTPOHHO-
rpadguueckoil GopMyi1 (AIEKTPOHHO-TPAYUUECKUX CXEM).

OnekTponHas opmyia atoma OyJeT ciaeayrone:

5P 15 257 2p° 357 3p° coxpawenno [Ne]3s°3p’.

1. CocrtaBisieM 3JIEKTPOHHO-TPapUUECKyl0 CXEMY paclpeiesieHusl 3JIEKTPOHOB
[0 SHEPreTMYECKUM YpPOBHSAM M MOAYPOBHSIM aroma 3JEMEHTa, JJI 4Yero
npuMeHsieM npunyun (3anpem) Ilayau u npasuno I'ynoa.

OcHoBHOE (HEBO30YKJI€HHOE COCTOSIHUE)

3s | 3p 3d

l
B =3; cT.0k. = — 3143

JIIs  maHHOrO aromMa BO3MOJXKEH IIEpexoJl B BO30YKICHHOE COCTOSHUE,
MOCKOJIbKY UMEIOTCSI BaKaHTHBIC OpOUTaIIM Ha d-TIOIypOBHE BHEIIHETO YPOBHSI.
Bo30yxneHHoe cocTosiHue

3s | 3p 3d

B =5; cT.0k. = +5.

3. DJIEMEHT MPUHAICKUT p-cemelticma), MOCKOIbKY MOCIECIHUM 10 MTpaBuiaM
KiieukoBCKOr0 B aTOME 3TOTO 3JIEMEHTA 3aMOJHAETCS P-MI0lyPOBEHb.

4. B aroMe Tpu DHEPreTHYECKUX YPOBHS, COOTBETCTBEHHO 3JEMEHT
pacrojioXeH B mpembeM nepuode TepuoanyYecKkoil cucrembl. Ha BHemHem
DHEPreTUYECKOM YPOBHE COJEPKHUTCA TMSTh DJIEKTPOHOB, YTO YKa3blBaeT Ha
MPUHAAJICKHOCTh AJIEMEHTa K namoti epynne. llocnegHuM B atoMe 3amoJIHSETCS
BHEIIIHUN DHEPreTUYECKUN YPOBEHB, 3HAUUT, DJIEMEHT CTOUT B 2/A6HOU NOOZpynne.
PaccmarpuBaemsiii aTom siBisieTcst atoMmoM ocdopa u o603HavaeTcs CMMBOJIOM P.

5. BajeHTHble = BO3MOXHOCTM  aToMa  pP-2JIEMEHTA  ONPENECIISIOTCA
KOH(UTYypallreil BHEITHEr0 YHEPreTHYecKoro ypoBHs. B atome nmaHHOro 3jeMeHTa B
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OCHOBHOM COCTOSIHUM Ha BHEIIHEM YpPOBHE TPH HE CIHApEHHBIX »JJIEKTPOHA,
COOTBETCTBEHHO, 3HaueHue eanenmuocmu 3. BO3MOXHbBIE 3HAUEHUS cmenenell
oxucnenuss -3, +3. B BO30yXIE€HHOM COCTOSSHUM Ha BHEIIHEM YpPOBHE IISATh
AJIEKTPOHOB, ATO ONPEAECISAET 3HAUeHUe BATEHMHOCMU 5 U CmeneHb OKucieHus +35.

[Tpumep 2. HanucaTp 351€KTPOHHYIO KOH(UTYPAIUIO U COCTABUTh AJIEKTPOHHO-
rpaduyeckyro Qopmyny (cxemy) pacmpeleieHHs SJICKTPOHOB Ha AIIEKTPOHHBIX
YPOBHSIX U MOTyPOBHSX HoHA Mg’ .

Pemenue: DnekrpoHHas (GopMmyna aToMa MarHus 3alMChIBAETCS CIAEAYIOLUM
obpazom:

12 Mg 15”257 2p° 35” unu [Ne] 3s”.

DnexTpoHHO-Tpaduyeckas GopMyiia aToMa MarHusi:

HeBo30yxneHHOe COCTOSIHHE

3s | 3p
!
B=0.
Bo30yxnenHoe cocTosiHue
3s | 3p

B =2; cr.ok. =+ 2.

[Ipomiecc mpeBpailieHus aroMa B HMOH COINPOBOXKIAETCS TMOTEper wiu
MIPUHATHEM JJICKTPOHOB HAa BHEIIHWHA WIIA MPEABHEITHUN YHEPTETUUCCKUN YPOBCHbD.
B manHOM citydae aToM MarHus TepsieT JBa JICKTPOHA C BHEITHETO SHEPTETHYECKOTO
VPOBHSI M TpeBpamiaeTcss B TOJOXKHUTEIbHO 3apsiKEHHBIM HOH. B cooTBeTCcTBHM C
BBIIIIECKA3aHHBIM MOXEM 3aIMHUCATh YJIEKTPOHHYIO KOHPUTYPAIUIO HOHA MArHUS:

Mg”" Is? 257 2p° 35"

DnexrponHo-rpadmueckas popmyia (cxema) mona Mg’

3s | 3p

[Tpumep 3. Kakoii nogypoBEHb 3aMOIHAETCS JIEKTPOHAMU B aTOME PaHbIIIE —
4p v 5s?

Pemenne: [lonypoBHIO 4p OTBEYaET 3HEPrus, XapakTepusyronascs cyMMon E
= (ntl), T. e. paBHoit 4+1 = 5. [lomypoBHiO 58 cooTBeTcTBYeT X (ntl) = 5+0 = 5.
CormacHo BTOpoMy mnpaBwily KIIeUKOBCKro, €ciii 3HEprusi Ha ABYX MOLYpPOBHSX
OIMHAKOBA, TO 3alOJHEHHWE IIOAYPOBHS DJJIEKTPOHAMM IIPOMCXOIUT B IIOPSIKE
MTOCJIEAOBATEIBHOIO BO3pACTAHUS TJIABHOTO KBAHTOBOIO 4YHCIA, T. €. CHadaja
3aMO0JIHSETCS AIEKTPOHAMH IMOYPOBEHB 4p, a 3aTeEM Ss.
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2.2.3 Xumnueckas cBsa3b (3aganus 41-60)

XuMu4eckas ¢Bsi3b — COBOKYITHOCTb B3aUMOJIECUCTBUN MEXKY DIEKTPOHAMH U
ANpaMH, TPUBOIAIIMX K COCAVMHEHUIO OTACJIBHBIX ATOMOB B MOJIEKYJIBI, HOHBI,
paguKaibl, KpUCTAUIbl, KOMIUIEKCHl. XHMHUYECKAsl CBS3b  OCYIIECTBIISIETCS
CBSA3BIBAIOIMMHU JJICKTPOHHBIMHU [MapaMu, MPUHAJISKAIUMA OOOMM aTOMaM.
CnapuBaHue CBSI3BIBAIOIIMX 3JIEKTPOHOB IPOUCXOJIUT B PE3YJIHTATE MEPEKPHIBAHUS
UX DJIEKTPOHHBIX OOJIAKOB M BO3HMKHOBEHMS OOJIACTH TMOBBIIICHHOW 3JIEKTPOHHOU
IUIOTHOCTH, YTO MPUBOJIUT K CONMIKEHUIO siiep U 00pa30BaHUI0 XUMHUECKOU CBSI3U.

B 3aBucuMocTM OT xapakrepa pacnpeAcsieHUsi AJIEKTPOHHOM IUIOTHOCTH B
MOJIEKYJIE WJIM KPHUCTAJUIE pa3IMYalOT TPU OCHOBHBIX THUIIA XUMHYECKOW CBSI3H:
KOBAJIEHTHYIO (ATOMHYIO), MIOHHYIO, METAITTINYECKYIO.

Mmuorue (usnveckre U BCe XMMHUYECKHME CBOMCTBA BEILECTB OIMpPENEISIOTCS
TUIIOM XUMHUYECKOHN CBS3H.

KoBaneHntHasi cBs3b

1. TlonsApHOCT, XUMHYECKOW CBSI3M MOKHO OMNpenesnTh mo paszHoctu 020

(oTHOCHUTENBHAS 3IEKTPOOTPHULIATEIBHOCTD 3JIEMEHTA): YeM OOJIbIIE Pa3HOCTh

AO30, TeMm BbIIE NOJAPHOCTH CBS3U. (CBS3b HA3BIBAETCA KOBAJECHTHOMU

HETOJISIPHOM, €ClIM OHa 00pa3oBajach aroMaMH OJHOTO 3JIEMEHTa, TaK Kak

AOD20 = 0.
2. Mepoii NONSPHOCTU CBA3U SIBIIAETCA TAKKE €€ DIICKTPUUECCKAN MOMEHT JUIIOJIS
(munonbHBIE MOMeHT). U = q -l [Kn'M] wimu [D]. JunonabHbli MOMEHT

XapaKTepU3yeT CIIOCOOHOCTD CBSI3U OPUEHTHUPOBATHCSI B MATHUTHOM TIOJIE.

3. HampaBiieHHOCTh XMMHYECKON CBsI3U. HampaBieHHOCTh KOBAJIEHTHOW CBS3U
KOJINYECTBEHHO BBIPAXKAIOT B BUJIE BAJCHTHBIX YIJIOB. YTOJ CBSA3U, WIIHU
BAJICHTHBIA yTOJ — 3TO YTOJ MEXAY BOOOPAKAEMBIMU MPSIMBIMU JIMHUSIMU,
NPOXOASAIIMMHM 4Yepe3 sSpa XUMHUUYECKH CBSA3aHHBIX aTOMOB 3JIEMEHTOB.
Hanpumep, B Monekye ammuaka NH; BanenTHsiii yron < HNH = 107°.

4. Jlnuna w osHeprus Xxumuuecko cBsizu. Cuia, BbI3bIBaroIias oOpa3oBaHUE
XMMHUYECKON CBSA3M — PABHOJCUCTBYIONIASI CUJI MPUTSXKEHUS U OTTAIKUBAHUSA
SIep U JIEKTPOHHBIX 000JI0YEK B3aMMOCHCTBYIOIIMX aTOMOB. J[mnHa CBs3H,
HM — 3TO PAacCTOSHUE MEXIY SApamMu, KOTOPOE 3aBUCUT OT Pa3MEpoOB
AJIIEKTPOHHBIX 000JIOUEK U CTETICHU UX TIEPEKPHIBAHUSI.

5. DHeprus cBs3u, K/[/Moib — KOJTUYECTBO SHEPTUH, KOTOPOE BBIJCISAETCS TIPH
00pa30BaHUU XUMUUYECKOUN CBsi3U. UeM OoJjbllle YMCIOBOE 3HAUYCHHUE DHEPTUU
CBSI3M, TEM KOPOUYE U MPOUYHEE XUMUUECKASI CBSI3b.

6. HaceimaemocTs KOBaJIeHTHOW CBsi3u. C TOUKM 3pEHUS] METOJa BaJIEHTHBIX
ces3eii MBC koBalieHTHasi XMMHUYECKasi CBSI3b JIOKAJIM30BaHa MEXIY JIBYMs
aTroMamMu, T. €. OHa JBYXUEHTPOBas W JBYXDJEKTpPOHHas. Bcmencrsue
HACHIIIAEMOCTA CBA3U  MOJIEKYJbl HMEIOT ONPEACICHHBIM COCTaB U
CYHIECTBYIOT B BHJI€ AMCKPETHBIX YACTHUI[ C OINPEICICHHON CTPYKTYpPOU.
Hampumep: H- Cl; ;IN=N:;; O=C=0.
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NonHast cBs3b (YaCTHBIM clydail KOBAJEHTHOM TMOJSPHOM CBSI3M). OTa
XUMUYECKass  CBSI3b  OCYHIECTBISIETCSI B pe3yibTare  oOpa3oBaHUA |
ANEKTPOCTATUYECKOTO B3aMMOJICUCTBUSL TMPOTUBOIIOIOKHO 3apsiKEHHBIX HOHOB.
Hampumep, B kpuctammmueckoil pemerke KCl npoucxoauT oOMeH 3JIeKTpOHAMHU:
K'-e¢ > K, ClI°+ e - CI', K + CI' > KCIl. Vounast cBsi3p He oOnamaer
HaIMpaBJICHHOCTBI0O M HACHIIAEMOCThIO. JleeHne BelecTB Ha KOBAJICHTHBIE U
MOHHBIE COEUHEHUS] OTHOCUTENBHO, T. K. JaXE B COCIUHEHUSX IIEJIOYHBIX METAJIOB
C rajoreHaMu HET IIOJIHOTO TMepexo/ia 3JIEKTPOHOB OT MeTayla K TaJoreHy.
XVWMHUYECKYI0O CBS3b  CUMTAIOT HMOHHOM, €CJIM  Pa3HOCTh  OTHOCHUTENIbHBIX
ANEKTpOOTpUIIaTeNbHOCTEHN 251eMeHToB (020) Merasuia u ranoreHa A O30 > 1,9.

Mertannnuyeckass CBSI3b OCYIIECTBIISIETCSI B KPUCTALIMYECKOM peEIIeTKe
MeTajula MEXAY TOJIOKHUTEIbHO 3apsHKCHHBIMA HOHAMHU 32 CUYET TMPUTSHKCHUS
AJIEKTPOHOB, CBOOOIHO MIEPEMENIAIOIINXCS IO KPUCTAILTY («IJIEKTPOHHBIN ra3y). OHa
He 00J1a7aeT HAMPaBIEHHOCTHIO U HACKIIIIAEMOCTHIO.

Ipumep 1.

Onpenenuts nonsipHocts cBsa3u H-H u H-CL.

Pemenue:

N3 tabnuipl 6epem 3nauenus OO0 Bogopoaa u xjaopa. OO0(H) = =2,1,
0O20(Cl) = 2,83. Boruucisiem AOSO(H-H) = 2,1 — 2,1 = 0 — cBs3b KOBaJICHTHAS
HenossipHas. AO20O (H-Cl) = 2,83 — 2,1 = 0,73 — cBs13b KOBaJIeHTHas nojsipHas. Uem
0ompuie 3HaueHue AOS0, TeM BBIIIE MOIIPHOCTh XUMUYECKOM CBS3H.

Ipumep 2.

Jlnnna unons Moiekyast HCI paBua 2,2 x 107" M. BBIYHCINTS AUTIONBHbII
MOMEHT.

Pemenue: JlunonbHBIN MOMEHT pacCUUTHIBAETCA 1O (popMmyiie:

p=qx1[Krwm],

re  — BeJIMYMHA a0COIIOTHOrO 3apsaa sjekTpoHa, Ki;, 1 — mmmnHa cBs3w,
pacCTOsIHME MEXKAY LEHTPpaMH TMOJIOKUTEILHOTO W OTPUIATEIBLHOTO 3apsiioB B
MoOJIeKyJIe (JUIMHA TUTOJIS MOJISKYJIb), HM. = 1,6 107" :2,2-10173,52 107 Kim;
3Has, yro 1D = 3,33- 107 Kir'M, BeIpa3uM JIUIOJIBHBIH MOMEHT B jie0asx p = 3,52
-107%/3,33 -10°° = 1,06 D.

Ipumep 3.

Yem 0OBACHSICTCS HAIMpaBICHHOCTh KOBaJeHTHOW cBs3u? Kak HampaBieHBI
cBs3u B Mosiekynax AlCl; u PCl5?

Pemenne:

HamnpaBieHHOCTh CBsI3U OmNpeaesieTcss KOJIMYeCTBOM U (hOPMOM IJIEKTPOHHBIX
o6siakoB. CBsi3b 00pa3yeTcsi B HaMpaBiICHUU HAUOOJBIIEH AJIEKTPOHHOMN TIJIOTHOCTH,
HauOobIIeld BBHITIHYTOCTH OOnakoB. B monekyne PCl; HampaBiIeHHOCTh CBs3ei
ompenensieTcss GOpMON BaJIEHTHBIX AJIEKTPOHHBIX 001akoB ¢ochopa. Ha BHemHem
ypoBHe (hocdopa HAXOIUTCS 5 HEKTPOHOB 3s° U 3p°; HECIAPSHHBIMHE (BAICHTHBIMH)
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SIBJISIFOTCSL 3P AJIEKTPOHBI, 00J1aka KOTOPHIX B3aMMHO TEPIICHIUKYIISIPHBL, T. €. (opMa
MOJIEKY/IbI MHMpPAaMHAANbHAS (Sp -THOpHAN3alys). BaneHTHbIE yIIbl HECKOIbKO
OOJIBITIE MPSMBIX BCJICACTBHUE OTTAJIKWBAHKS aTOMOB XJIOpa IPYT OT JIpyTa.

B ciyuae A1C1; (BaJeHTHBIMH SBISIIOTCS DIEKTPOHBI 3s' 3p°) HMeeT MecTo
Sp°-THOPMIM3ALMS, —CICHOBATENHHO, O0ONaka TpPeX BAICHTHBIX  JIEKTPOHOB
pacnoJiokeHsl o yriaom 120° B ogHOM miockocTu. Takoe ke HampaBiIeHUE UMEIOT
CBsI3U, 00pa30BaHHBIC STUMH JICKTPOHHBIMH 00JIaKaMH C BaJICHTHBIMH AJICKTPOHAMHA
TpeX aTOMOB XJiopa. DopMa MOJIEKYJIbI TJIOCKas.

2.2.4 Xumnueckasi kuHetuka (3aganus 61-80)

XuMHYecKass KHHETHKA — pa3/ien GU3NYECKON XUMUH, U3YUaIOIIHi CKOPOCTH
Y MEXaHWU3Mbl XUMUYECKHX PEAKIUH.

CKopoCTh XMMHUYECKON pPEAKIUU OMPEACISIETCS M3MEHEHUEM KOHIIEHTpaluu
pearupyrommx BEHIECTB 3a E€IMHUIy BpPEMEHU B EIUHULE PEAKIMOHHOTO
npoctpancTBa. OHa 3aBUCUT OT MPUPOABI pPEarupyrolmuxX BEIIECTB, UX
KOHIICHTpAIMH1, TEMIIEPATYPhI, JABJICHUS U IPUCYTCTBUS KaTaau3aTopa.

3aBUCUMOCTh ~ CKOPOCTM  XHMMHYECKOM  pEaKkIuu OT  KOHIIEHTpaluu
pearupyronmx BEIIECTB BhIPAKAECTCSI OCHOBHBIM 3aKOHOM XUMHUYECKOW KUHETUKHU —
3aKOHOM JIEMCTBHSI MAacC: NPH IOCTOSHHOW TEMIIEPATYPE CKOPOCTh XUMHYECKON
peakiuyu TpsSMO MPOMNOPLUHUOHAIIBHA TMPOU3BEIACHUIO MOJISIPHBIX KOHIICHTpaIui
pearupymromnmx BEIIECTB, BO3BEICHHBIX B CTENEHb UX CTEXUOMETPUUYECKUX
K03 PUITEHTOB.

XUMUYECKHE PEAKIUU, B KOTOPbIX HCXOJHBIE BEIIECTBA  IEJIUKOM
MPEBPAILAIOTCS B MPOAYKTHI peaKIUK, HA3bIBAIOTCS HEOOPATUMBIMU:

2KCl10O; =2KCl1 + 30,1

v =k, CA(KCIO5) mmn v, = k;-[KCIO;] (kuHeTHYECKOE YpaBHEHHE).

3HAUUTENBHO Yallle MPOUCXOIAT PEAKUWU, HAYLUIME OJHOBPEMEHHO B JIBYX
MIPOTHUBOIIOJIOKHBIX HAMIPABICHUSAX — MIPSIMOM U OOPaTHOM:

2NO() + Oyry <> 2NOypy;

v =k;*[NOT*[O,];

v, = ky*[NO,J*

CocrostHue oOpaTUMOM peakinu, Mpyu KOTOPOM CKOPOCTH MPSIMOM 1 0OpaTHOM
peakIuii paBHbI MEXKy COOOM, Ha3bIBAETCS XUMHUYECKUM PABHOBECHEM.

[Tpu xuMHUYECKOM PaBHOBECHH V| =V,, OTKYJIa

Ke=ki /k; = [NO.J*/ [NOJ* - [O,],

rie K¢ — KOHCTaHTa XHMMHYECKOTO paBHOBeCHs (BeIM4MHA TaOIu4Has),
BBIPAKEHHAs 4Yepe3 PABHOBECHBIE MOJISIPHBIE KOHIIEHTPAIMU PEAruPYIOIINX BELIECTB;
ki, ko — KOHCTaHTBI CKOPOCTEM MpsAMON U 0OpaTHOU XUMHUYECKUX peakiuii; [NO,],
[NO],[O;] — paBHOBECHBIE MOJIIPHBIE KOHLIEHTPALIUY PEAarupyroUX BEIIECTB.

Jist  oOpaTiMOW ~ XMMHYECKOW  PEaKIMd  OTHOIIEHHE  IMPOU3BEICHUS
PABHOBECHBIX KOHIICHTpAIMi MPOJYKTOB PEAKIHUH K MPOU3BEACHUIO PAaBHOBECHBIX

26



KOHIIEHTpAI[Mi MCXOJHBIX BEIIECTB €CTh BEJIMYMHA IMOCTOSHHAS MPU MOCTOSIHHOM
TeMIrepaType U Ha3bIBACTCS KOHCTAHTOM XMMUYECKOro paBHOBecHs. OHA 3aBUCHUT OT
TeMIepaTypbl, MPUPOAbl PEArUPYIONIMX BEIIECTB, HAJIUYMS KaTajau3aropa U He
3aBUCHUT OT KOHILIEHTPAIU! pearupyromnmx BemecTs.

IMpumep 1.

Kak wu3MeHUTCS CKOpPOCTh peaKkIuu TOPEHUs] STUJICHA TMPU YBEIUYCHUU
KOHIICHTpAI[MU KUCJIOPOia B TpU paza?

Pemenue:

C2H4(r) +3 Oz(r) = 2C02(r) + ZHZO(H).

CKOpOCTh peakIMM TOpEHUs OTWIeHA JO0 U3MEHEHUs KOHIEHTPAIUU
KHCIIOpOJa:

v =k[CHy4] - [02]3 (3aKOH JIEMCTBUA Macc).

C yBennueHUWEM KOHIIEHTpAlUUU KHUCIOpOJa B TPU pa3a CKOPOCTb PEaKIuu
CTaHET PaBHOU

v1'= ki [C; Hy] 3[0,]) = 27k, [C:HA][0,] =270,

CrnienoBarenbHO, CKOPOCTh YBEJINUMBAETCSA B 27 pas.

Ipumep 2.

Bo ckonmbko pa3 yBENIMUHUTCS CKOPOCTh PEAKIMU IIpU  IOBBIIICHUU
temriepatypsl ot 20 g0 70 °C, ecnu TemneparypHbiid kKodpduiueHT papeH 27

Pemienue:

3aBUCHUMOCTh CKOPOCTH XMMUYECKOW PEAKIIUU OT TEMIIEPATYPBI ONPEAEISIETCS
npaswioM Baut-T'odda (npu mossimennn Temmeparypsl Ha kaxasie 10 °C ckopocTb

12-t1/10
. Haxonum,

XUMHUYECKOU peakIuu Bo3pacTaeT B 2-4 pasza) no popmyie: vt, =vt;-y
4TO

vtfoty = 2702010 =27 =32,

CiienoBaTesibHO, CKOPOCTh PEAKLIMM YBEIUYUTCS B 32 pasza.

Ipumep 3.

B kakyro CTOpOHY CMECTUTCSI PaBHOBECUE B TOMOI'€HHBIX CUCTEMAaX

1. 2HBrr) <> Hyr) + Bryr) — 70,18 kJIx;

2. 2NO¢ry + Oyrry <> 2NOyry +117 x Ik

BCJICJICTBUE TOBBIIICHUS JABJICHUS U TEMIIEPATYPhI?

Pewenue:

B nepBoii cucteme peakuus uaet 0e3 U3MeHeHHsI 00beMa, TT03TOMY U3MEHEHHUE
JABJICHWsI HE BBI3bIBACT CMEILICHUSA pPABHOBECHUS, a IOBBIIMICHUE TEMIIEPaTyphl
MPUBEIET K YBEJIMUYECHUIO CKOPOCTH NpsiMOM sHAoTepMuueckoil peakuuu (IIpunnmn
Jle lIarenbe).

Bo BTOpO# cucTreMe NMOBBIIEHHUE JAaBJICHUS BBI30BET CMELICHUE PAaBHOBECHUS B
CTOPOHY TPSMON pEaKIUH, HIyIEeH C yMEHbIIEHHEM oO0beMa, a TIOBBIIICHUE
TEMIIEpaTypbl — B CTOPOHY OOpaTHOW peakuuu (IHAOTEPMUUECKOIN).
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2.2.5 Cioco0bI BhIpa:KeHUs1 KOHIEHTPAauu pacTBopos (3axanus 81-100)

KoHnnentparueii pacTBopa Ha3bIBa€TCS KOJTUYECTBO PACTBOPEHHOTO BEIIECTBA,
COJZIEpPIKAIIEeTOCs B OMPESICHHOM MAaCCOBOM U 0OBEMHOM KOJIMYECTBE PACTBOPA HIIN
PacTBOPUTEIIS.

B XuMuM TIpUMEHSIOTCS  CIIEIYIONIME CHOCOOBI  BBIPAKEHHS COCTaBa
PacTBOPOB: MaccoBasl JIOJIsl, MOJISIpHAS KOHIICHTPAIWS, MOJISIPHAS KOHIICHTPAIIHS
SKBUBAJICHTa (HOpMaibHas, HPKBUBAJCHTHAsS), MOJSUIbHAS KOHIICHTpAIWSA, a TaKXKe
MOJIbHASI I0JISl U TUTP.

MaccoBoii goJsieli (®) Ha3bIBaeTCd OTHOILIEHHWE MAaCChl PAaCTBOPEHHOTO
BEIIECTBA K MacCce pacTBOPA, OHA BhIPAXKEHA B JIOJISAX €AMHUIIBI

® = m (B-Ba) /m(p-pa).

MaccoBasi 70Ji1 MOXET OBbITh BbIpakeHa B mporeHTax (o % wumm
C % = 100), mpomummie (%o = ©'10°) ¥ MUUIMOHHBIX AOMSIX (MITH |
wim ppm'= o-10).

KoHuenTpanueid pacTBopa Ha3bpIBacTCS KOJIMYECTBO (MOJb) PACTBOPEHHOTO
BEIIIECTBA, COACPIKAIICTOCS B OMPEACICHHOM MAacCOBOM WJIH OOBEMHOM KOJHMYECTBE
pacTBOpa WU PACTBOPUTEISL.

MoJisipHasi KOHIEHTPAUMs BBIPAKACTCS YHUCIOM MOJIEH pPacTBOPEHHOTO
BEIIIECTBA, CoJIeprKalerocs B 1 muTpe pactBopa [Mow/i] wiu [M].

Cyv= n(B-Ba)/V(p-pa) [Monw/ma];

n(B-Ba) = m (B-Ba) / M(B-Ba).

PactBop, conepkamuit 1 Monbp BemiectBa B 1 J1 pacTBOpa, Ha3bIBAETCS
onHomoJisipubiM (1 M), 0,1 mons — peuumosnsipasiMm (0,1 M), 0,01 moms —
cautumossipabim (0,01 M).

MoJisipHasi KOHIEHTPAIUA IKBUBAJIEHTAa BellecTBa (AKBHBAJIEHTHAasI MJIH
HOpMAaJIbHAsI) BBIPAXKACTCSI YMCIIOM MOJb DKBHBAJICHTOB PACTBOPEHHOTO BEIIECTBA,
COJICPIKAIIIETOCS B OJHOM JIMTPE pacTBOpa [MOJIb-3KB/J]; [MoJIb/11]| iu [H].

Cy=n5/ V(p-pa) [