KoHLIEIIIMK COBPEMEHHOI'O

CCTCCTBO3HAHUA
Kysnenos JI.M.

JInteparypa: Macnennukosa 1.C. u np.

KoOHIIEeTIMHU COBPEMEHHOTO €CTECTBO3HAHMUA.
Yueonuk. — CI16, MTHKOKOH, 2002r

| 900igr.net]




COBPEMEHHOE €CTCCTBO3HAHMUE.
OmnpeneieHue, IpeaMeT 1 LEIu

KCE — 5T0 MeXIUCUMILIMHAPHBIN CUHTE3 (DU3UKHU, XUMUHU U OMOJIOTHH
Ha OCHOBE HCTOPHUKO-(PHUIOCO(PCKOTO U 3BOIIOIHMOHHO-
CUHEPIreTUYECKOI0 MOJX0I0B K COBPEMEHHOMY €CTECTBO3HAHUIO.

[Ipenmer n3yyeHuss B €CTECTBO3HAHUU — PA3JIMYHbIE (POPMBI
INBVKECHUSI MAaTEpPUU B IIPUPOJE.

Llenn ecTecTBO3HAHMUS:

1) ompenenasaTs CyIHOCTh SIBJICHUM MPUPOIbI, X 3aKOHBI U HA 3TOMN
OCHOBE IIPEABUETDH UJIHA CO3/1aBaTh HOBBIE SIBJICHUS

2) pacKpbIBaTh BO3MOXXHOCTh MCIIOJIb30BaHMS Ha MPAKTUKE
IMO3HAHHBIX 3aKOHOB, CUJI U BEIIECTB MIPUPOJIBI.

MO3HAHNE UCTUHBI (3aKOHOB IIPUPOIbI) — HEIOCPEACTBEHHAS WIIH
OKaiInas 1ejib €CTECTBO3HAHUS

COJICMICTBUE MX MTPAKTHYECKOMY HCITOJb30BAHUIO — KOHEYHAS LIEIb
€CTECTBO3HAHUS.



3agauM eCTeCTBO3HAHUA:

PackpriTre BCEOOMMX CBSA3EU SIBICHUN MPUPOIBI
PackpbITHE CYIIHOCTH SABJICHUU

PackpbIiTHE MPUHIHUIIOB pa3BUTUSA IIPUPOIBL

BhISICHEHHE COOTHOIIEHUS MEXKY MATEPUEN U COZHAHUEM

BhISBIICHHE KaYE€CTBEHHBIX PAIUYUN B IPUPOJIEC (MUKPOMUP
1 MAKpOMMUD)

H.JIp.



Hayka. Hayka u kyjabrypa. CTpyKTYpa COBpEeMEHHOM
CHCTEMbI HAYK.

Hayka - cdepa yenoBeyeCKOM IE€STEIBHOCTH, HMEIOIIAs CBOEH
[eJIbI0 COOp, HAKOIUICHHE, KiacCU(HKAIIUIO, aHaIu3, 0000IIeHuE,
nepeaady M MCHOJIb30BAHHE JOCTOBEPHBIX CBEACHHUH, MOCTPOCHHUE
HOBBIX WJIM YJIY4YIICHHE CYIIECTBYIOIIUX TECOPHUH, MO3BOJISIOIINX
aZlcKBaTHO  OIMCBHIBaTh  IPUPOJIHBIE (E€CTECTBEHHBIC  HAYKH,
€CTECTBO3HAHHUE) WJHM OOIIECTBEHHBIE (T'yMaHUTApPHBIE HAyKH)
IIPOLIECCHI M TIPOTHO3UPOBATh NX Pa3BUTHE.

KpoMe TOro, moja HaykKou 4acTo MOAPA3yMEBAECTCS BCS CIIOXKHAA
CUCTEMa 3HAaHUMW, MOJYYEHHBIX B PE3YJIbTATE 3TOU JAECATEIbHOCTU U
COCTAaBJIAIOIIMX HAYYHYIO KAPTUHY MUDA.

KynbTypa - cucteMa OTHOLIEHUN MEXKTY YEJIIOBEKOM U MUAPOM..
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Kynerypa
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Hayka

Peaurusa

HckyccTBO

MaremaTuka
dusuka
buomoruga

XUMUA

Pemurunosnasa
KapTUHA MUPaA

OMOMMNOHAJILHOE
ITO3HAHUE MUPA

HayyHas kapTuHa
Mupa

Xy10KECTBEHH
asl KapTHHA
MHpa




Hayka:

EcTtecTBeHHEIE:

AcCTpOHOMUS
buonorus
['eonorus
Meauiiaa
IlouBoBencHHUE
du3nka
XUMHUS

Texuuueckue:

bannucrtuka
buonuka
buorexHomoruu
I'eomexannka

[ eodusznka
Nudopmarrka
KubepHeTnka

[ yMaHUTapHEIE:

Conuosiorus
dDunnosorus
dunocodust
DKOHOMHKA
OtHOrpadus
HUctopus

Maremaruka: anreopa, reoMeTpus, MaTeMaTUISCKUI aHAJIU3




HcTopusi pa3BUTHS €CTECTBO3HAHUS

Pa3BuTHe  €CTECTBO3HAHUSA  HEMOCPEJACTBEHHO  CBA3aHO  C
NOTpeOHOCTAMU 0OIIecTBa. JIBHXKYyIas cuia — pa3BUTHE TEXHUKH.

1. IlepBBIii MOATOTOBUTEIbHBIN MEPHOJ — HATyppuiiocopckui. 1o
Iro Beka H.3. Bce ecTeCTBEeHHOHAy4YHbIC 3HAHHUS M BO33pPCHUS

BXOAWJIM B CAMHYIO HeauphepEeHIIMPOBAHHYIO HayKYy,

HaXOAWBIIIYIOCS IO ASTUA0M (PHUI0CO(DUH.

Harypduinocodusi - mompiTka HCTOJIKOBAaTH U OOBSCHUTH MPUPOAY, OCHOBBIBASICH Ha
pe3ysibTarax, HOJYYEHHBIX HAyYHBIMUA METOAAMU, C L0 HAUTH OTBETHI HA HEKOTOPBIE
dunocodckre BOMPOCHL. 3aHUMAETCAd BAXKHEUIIMMU €CTECTBEHHOHAYYHBIMU MOHSTHUSIMU
(cyOcTaHiusi, MaTepusi, CUja, TPOCTPAHCTBO, BPEMs, )KU3Hb, Pa3BUTHUE, 3aKOH MPHUPO/IbI),
IIO3HAHUEM CBSI3€M U 3aKOHOMEPHOCTEN ABJICHUN TIPUPOIBL.

I'epaknmur Odecckuit, Panec Munecckuit,  AnakcuMeH, Anaxkcumanzap, Iludarop,
Jlemokput, Omnenokin, [ imaron, Apucrorens, EBkinna, Onukyp, ApXume.
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Apucroreab (384 10 H.3.) OBUI IEPBBIM YYEHBIM, CO3aBIINM
BCECTOPOHHIOK CHUCTEMY (UIocopuu, OXBATUBIIECH BCE ChEPHI
YEJIOBEYECKOIO PA3BUTHSA - COIMOJOTHIO, HAyKy, (Quiiocoduro,
MOJUTHUKY, JOrMKYy. Ero B3mIsSabl Ha (DU3MYECKYIO CTOPOHY MHpa
UMEIM CEPhE3HOE BIMSHHUE Ha MOCICAYIOIEE  Pa3BUTHE
yejaoBedeckorn Mbiciau. Konuenuwu @uiocoda cranum mpearedyeu
MOCJIEAYIONIEr0o OypHOro pa3BUTHUS JIOTMKH, MEXAHUKH, (PU3HKU U
BCEX CMEKHBIX HAyK B MOCTCPEIHEBEKOBHE, OKa3aB BIIHUSHUE Ha
BCEX 3aMEeTHBIX AesaTenier Dnoxu lIpocBemenus. Metapuznueckoe
yYEHUE ApPHUCTOTENs OBLIO BCELEIO MNPHUHATO CXOJIACTUKOM,
c(popMHUPOBAB MUPOBO33PEHUYECKYIO MIAT(MOPMY STOTO YUCHHUSI.

Meraduzuka — pazaen huiocobhun, 3aHUMAIOITANCS UCCIIETIOBAaHUSIMU MTEPBOHAYATLHON
MPUPOJIbI PEAUTHHOCTH, OBITHS 1 MUpPa KaK TaAKOBOTO.

B Hacrosiiee BpeMsi TEPMUH TaK>Ke UCIIOJIb3YyeTCs sl 0003HAYEHUS TTPEIMETOB,
HaXOASAUIMXCS 32 MpesieaMi (PU3NYECKOr0 MUPA, MPEJCTABIISISE COOOM YUEHHE O
CBEPXUYYBCTBEHHOM, TO €CTh JISKAIIEM 3a MpeesiaMu pu3ndeckux spieHui. B kauecTse
pruMepa MOXKHO TIPUBECTH YCTOSBIIIEECS CIOBOcoUeTaHue "'MeTaduzndeckas aureparypa',
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TO €CTh KHUTH O "mpuBUACHUAX", "ucnenenun qymu", "okKynbTu3mMe" 1 T.1.



ILlnaTon (428 1. 10 H.3.)

[IpakTuecku Bce€ H3BECTHBIC COYMHEHMS IlmaronHa HamucaHbl B
(opMe BBICOKOXYHOKECTBEHHBIX JHMaJioroB. IIlmaroHoOBCKHit
koprnyc (Corpus Platonicum), TO €CTb  HCTOPHUYECKHU
CIOXKUBIIASICS COBOKYIHOCTH COYMHEHHI, KOTOPHIE CO BPEMEH
AHTUIHOCTHU CBSI3BIBAIOTCA ¢ UMeHeM IInarona, popmuposaics Ha
IPOTSHKCHUH JIOJTOTO BPEMEHH.

Hawubouee U3BECTHBIM JTAAJIOTOM [1naTona ABJISIETCS
«locymapctBo». OH ONMCBHIBAET TMOJUTHYECKYK)  YTOIIHIO,
IIPOTHUBONIOCTABIAEMY IO KPYTOBOPOTY peaJIbHBIX

rOCyJIapCTBEHHBIX (DOPM.

DT TONOXKEHUSI OTTaJKuBalOTCa OT oomeduinocohckux B3msiaoB. [lo Ilnartony
CYIIECTBYIOT JBa MHUpa: MUpP HIeH (3HI0COB) U Mup Bemieil. Jrobas Bellb sBIsSETCA
JWIIb OTPAXEHUEM CBOEH HJIEH, MOYKET CTPEMUTCS K HEeM, HO HUKOTJIa HE JJOCTUTHET €¢€.
®dunocod e U JODKEH HM3y4yaTh HJIEM, a HE CaMH BEIIM. JTO OTHOCUTCA U K
rocynapcTBy, I171aToH onUChIBa€T KPYroBOPOT TOCYAAPCTBEHHBIX (POPM, HO BCE€ OHU HE
COBEPIIICHHBI, XOTsI Obl IOTOMY, YTO CYIIIECTBYIOT B MUPE BeIlleH, UcalibHas ke hopMa
UM IIPOTHUBOCTOMUT.



2. Bropoii moaroroBurejibHbIA mepuox — IB. H.A3. — XVB H.O.
['0CTIOICTBO CXOMACTUKHU U TEOJIOTHUH

3. Ileproa MexaHUYECKOT0 U MeTA(PU3UYECKOT0 eCTECTBOZHAHUA —
XV-XVII BB.H.3.

Meraduzuka — paszaen duwiocobhun, 3aHUMAIONIANCS HCCIEIOBAaHUSIMHU TEPBOHAYATILHON
IPUPOJIBI PEATHHOCTH, OBITHS 1 MUpPa KaK TaKOBOTO.

Tak kak roCHOJICTBYIOIIMM METOAOM MBIIIJICHHUS CTajla MeTa(Uu3HKa,
3TOT MNEPUOJ MOKHO Ha3BaTh METaA(PU3NUECCKUM

EcrecTBO3HaHUE OBLIIO MEXAHUYECKUM, TTOCKOJIBKY KO BCEM MPOIECCaM
IPUPOJIBI IPUJIATAICS UCKITFOYUTEILHO MACIITA0 MEXaHUKH.



I.I'amunen

M. Heroton

A% d M.B.JIoMOHOCOB



I'aaunaeo I'asinien (1 564) - UTANbHCKUN Punocod, MaTeMaTuk, (UMUK, MEXAHUK U
aCTPOHOM, OKa3aBIIIMI 3HAYUTEIBHOE BIMSHUE HA HAYKY CBOETO BpeMeHH. [ anuieit nepBbiM
MCIIOJIH30BAJT TEJIECKOM J1J11 HAOMIOJEHUS TUIAHET U APYTUX HEOSCHBIX TEJ, U CHEJIAll PSI
BBIJJAIOIIMXCS ACTPOHOMHUYECKUX OTKPBITHH.

["anuineit — ocHoOBaTeNb SIKCHEPUMEHTAIBHON (hr3uKku. CBOMMU SKCIIEPUMEHTAMU OH
yOeIUTENbHO OMPOBEPT YMO3PUTEIbHYIO0 METADU3UKY APUCTOTEIIS U 3aJI0KIIT PyHIaMEHT
KJIACCUYECKOU TUHAMUKH.

[Ipu xu13HU OBLIT U3BECTEH KAK AKTUBHBIA CTOPOHHUK I€TMOLEHTPUUECKON CUCTEMBI MUPA, YTO
npuBeso ['anumes Kk cepbE3HOMY KOHGUIMKTY C KaTOJIUYECKOUM [IEPKOBBIO.

HUcaak HoroTOH (1 642 — 1727) — BEJIMKUHI aHIIMACKUN (U3HUK, MATEMATUK U
acTpoHOM. ABTOp (pyHIaMEHTaIbHOTO Tpyaa «MareMaTnyeckue Hayajaa HaTypaibHOM
¢unocodum», B KOTOPOM OH ONKCAN 3aKOH BCEMUPHOTO TATOTECHHMS U TaK HA3bIBAEMBIE
3axkoHbl HprOTOHA, 3a710’KMBIIIME OCHOBBI KJIACCUYECKOM MeXaHUKH. PazpaboTan
mudepeHIaIbHOE U HHTETPAJIbHOE UCUHUCIICHHE, TEOPUIO IBETHOCTH U MHOTHE IPYTHE
MaTeMaTU4eCKre U PU3NUYECKUE TEOPUH.



Tordpua BuabreabMm (poH JleOHun 1646- 1716 - nemenxuii (cakconckmuii)
dunocodp u maremMaruk. JIeMOHMII - OAWH M3 BAXKHEHIIMX MOPEACTABUTEICH
HOBOEBPOMNEHUCKOM METa(PU3MKH, B IIEHTPE BHHMAHMUS KOTOPOM - BOMPOC O TOM, YTO
Takoe cyOcTaHuus. JIeMOHWUI] pa3BHUBAET CHUCTEMY, IMIOJYYMBIIYKD Ha3BaHUE
CyOCTaHIIMAIbHBIN ILUTFOpATU3M WM MOHaoa0rusd. CornacHo JIeOHUITY, OCHOBaHUSIMU
CYIIECTBYIOIINUX SBJICHUN WU (PEHOMEHOB CIIy>KaT MPOCThIE CyOCTAaHIIMM WM MOHAJIbI.
Bce MoHaapl mpocThl U HE cojiepkaT yactel. X 6eckoHeuHo MHOro. Kaxknas MoHaaa
OTJIMYAETCS OT JAPYrom. OTO oOecrneyuBaeT OECKOHEYHOE pa3zHOooOpasue Mupa
(hD€HOMEHOB.

Baxxueiiime mareMaTuuecKue 10CTUXeHud Jlenouuiia:

JleliOnun, Hapsigy ¢ HprooroHOM, co3manl  MareMaTHYeCKWl — aHaiau3 -
i dhepeHInATBbHOE U UHTETPAIBHOE HCUUCIICHHUE.

JIeliOHMIT co3mal KOMOWHATOPUKY KaK HAyKy; TOJBKO OH BO BCE€H HMCTOpPUU
MaTeMaTUKU OJMHAKOBO CBOOOJHO paboTall KaK C HENPEpbIBHBIM, TaK H C
JIMCKPETHBIM.

B 1673 romy, mocie 3HakoMcTBa ¢ XpuctuaHoMm lroiireHcom, JIelOHUI co3gan
MEXaHUYECKUN KAIBKYJIATOP (apudMoMeTp), BHITOTHAIOIINN CI0KEHUE, BBIYUTAHUE,
YMHOKECHHUE U JICJICHUE YUCEI.

JletiOnun moackazan lenu IlaneHy KOHCTPYKIIMIO MApOBOM MaIlWHbBI (LUJIUHIADP U
MOPIICHB ).



4. Ilepuox OTKpbLITHA BCeoOHmIed CBA3M U YTBEPKICHUS
IBOJIOIMOHHBIX HaeH B ectecTBO3HAHUU — X VIII-XIX BB

JK.b.JTlamapk



Knerounas Teopusi, y4€HUE O TIPEBPAILICHUN SHEPTUH, TAPBUHU3M.
Teopus XUMHUUYECKOTO CTPOEHUST OPTAHUYECKUX COCTIUHEHUN.
(byTtnepos)

[leprnonuyecknit 3aKOH U CUCTEMA XUMUYECKUX DJIEMEHTOB
(MenpaeneeB)

XumMmndeckas tepmoarnHamuka (BaaT-I'odd)

DJieKTpoMarHuTHas Teopus cera (Makcemn)

S. CoBpeMeHHOE ecTeCTBO3HAHME. XX B - ....

Teopm{ OTHOCHUTCJIIBHOCTHU, KBAHTOBAJA MCXAdHHUKA U KBAHTOBAs
XPpOMOAUHAMHUKA, 'TCHCTHUKA, MOJICKYJIAIPHAA OMoJIoOTHA. . ..



IloHsiTHE 0 MaTepuu, POPMbI CYIIIECTBOBAHUA MaTEePUH,
(popMBI IBUKEHUSA MATCPUHA

Marepus (dbunoc.) — 0ObEKTHBHAs PEaIbHOCTh JaHHAs HaM B
OILIIYIICHUSX.

Marepus (puznd.) - QyHIaMEHTAIBHOE IOHATHE, CBSI3aHHOE C
TOOBIMHA O0BEKTAMU, CYNIECTBYIOIIUMHA B MPUPOJIE, O KOTOPHIX MbI
MOKEM CYIUTH OJIarojapsi HallluM OIYIIEHUSIM

BeriecTBo — BUJ Marepuu, COCTOSIIMN U3 Pa3IUYHBIX 2JIEMEHTAPHBIX
gactull. (aapoHHOE, OapHOHHOE, AaHTUBEIIECTBO, HEHUTPOHHOE

BEIIECTBO, KBAPK-IJIFOOHHAS I1JIa3Ma)

[1ojsie — COBOKYIMHOCTh (PU3UYECKUX IO PA3INYHON MPUPOIBI
(2JIEKTPOMarHUTHOE, TPABUTAILIMOHHOE)

CTpyHbl — JOKBAapKOBbIE CBEPXIUIOTHBIE oOpa3oBaHus. (CoueTaloT CBOWCTBA TOJNEH U
BEIIIECTBEHHBIX 00BEKTOB. CTPYHOMNO/I00HBIE OOBEKTHI B COBPEMEHHOW (DU3MYECKON TECOPUHU
MPETEHAYIOT Ha poJib Hanbosee (pyHIaMEeHTaIbHBIX MaTepUaTbHBIX 00pa30BaHUN, K KOTOPHIM
MOKHO CBECTHU BCE€ 3JIEMEHTApPHBIC YACTHIIBI, T.€. B KOHEYHOM CUETE, BCE U3BECTHBIC (POPMBI

MaTEepHH.



CTpyKTypHBbIE€ YPOBHH OPraHU3AIMH MATEPUH —
MHUKPOMHUP, MAKPOMHUP, MeraMHup.

‘ bus mose | 3JIeM vact | ATOMBI {KpHCT. |—|lopH. nopor!
| |
/ Moiek. KOMIITIEKCEI MOJICKYJIbI - H. OpL. - JII/ITOCCl)Cpa
TEHDI
3eMiid
! OMOLICHO3 || skocHcTEMA / \
KJIETKH ‘
| E—— — cbépa COJIH. CUCT.
TKaHU |
l ‘ raJaKkTHKa
Oprafbl —— | OPTaHU3MBbI

Bceiaennasa




Ilporecc mo3HaAHUS.

[Io3nanue (dumocodus) - COBOKYHHOCTh MNPOLEAYP U METOHOB
IpUOOPETCHUS 3HAHUHN O SIBJICHUSX U 3aKOHOMEPHOCTSAX 0OBEKTHBHOIO
MHpA.

*HaOmronenune
e[ unoresa — NpeAIOI0KEHUE O CYIIIHOCTH SIBICHUMN
*Teopust — MOATBEPAUBILIAACI TUIIOTE3A.
Teopus momxkHa:
*/IcxoauTh U3 HEOOIBIIOTO YHCHa PYHIAMEHTAIBHBIX MOJI0KECHUN
*bLITh TOCTATOYHO OOIIEH
*bBITh TOYHOU
eJlonmyckarb yCOBEPILIEHCTBOBAHUE

MojenupoBaHue — BOCIPOU3BEICHUE CYIIIECTBEHHBIX 0COOCHHOCTEH
M3Yy4aeMOro SIBICHUS WIN 00bEKTa



Nuaaykuusa (rped. epagoge, JaT. inductio — HaBEACHUE), BU]
000OIIIEHN M, CBI3aHHBIX C MPEIBOCXUIIICHUEM PE3YJILTATOB
HaOJIIOICHUI M SKCIIEPUMEHTOB Ha OCHOBE JIAaHHBIX MPOIILIOTO OIIbITA,
T.€ 3TO NPOIECC JOTMYECKOI0 BBIBOJIa HA OCHOBE Iepexojia OT
4aCTHOI'O MOJ0KEHHS K OOIIEMY.

Haunnaercs . 0ObIYHO ¢ aHaIW3a U CPAaBHEHUS JTAHHBIX HAOIIOACHUS
WJIA DKCIIepuMeHTa. 110 Mepe paciunpeHus MHOKECTBA JTaHHbIX,
MOXKET BBISIBUTHCS PETYIIpHAS MOBTOPSIEMOCTh KaKOr0-JIMOO CBOMCTBA
WA OTHOIIICHHSI, YTO €CTECTBEHHO MPUBOJAUT K HHAYKTUBHOMY
0000IIEHUIO — IIPEAIIOI0KEHNIO, YTO KIMEHHO TaK OyJIeT 0OCTOSTh
JI€JI0 BO BCEX CXOJIHBIX CIIydasX.

Henyknuusa — (o1 aaT. deductio — BEIBEJICHHE), METOJI MBIIIJICHUS, TIPU
KOTOPOM HOBOE MOJI0KEHHE BBIBOJUTCS YUCTO JIOTUYESCKUM ITyTEM U3
IPEIIECTBYIOIINX; 1IETb YMO3aKIOUYEHUM, 3B€HbSI KOTOPOU CBSI3aHbI
OTHOIICHHWEM JIOTUYECKOTO cieaoBanus. HauamoM (mochuiKamu)
ASTYKIMHU SIBJISIOTCS aKCHOMBbI, IIOCTYJIAaThl MM IPOCTO TMIIOTE3bI,
MMEIOIIHUE XapaKTep 00X YTBEPKACHUHN («00111ee» ), a KOHIIOM —
CIIEJCTBHUS, TEOPEMBI («4aCTHOE»). JIeaTyKIIHs — OCHOBHOE CPEJICTBO
JI0Ka3aTeNIbCTBA. [ IpOTHBOIIOIOKHO UHIYKIIHY.



XUMHAYECKHE KOHIEeNMIIUH

N3y4arorcs XumMudeckue (hOpMbl IBHKECHUS MAaTEpUH (IIpEBpaILICHUS
BEILICCTB)

XUMUS- HAYKA O BEIIECTBAX, UX CBOUCTBAX, CTPOCHUU U
IIPEBPALCHUX, IPOUCXOIALIMX B PE3YIBTATE XUMUYECKUX PEAKIUN.

[IpeaMeT - XuMHYECKUE DJISMEHTHI U MX COCAUHCHUS, a TAKXKe
3aKOHOMEPHOCTH, KOTOPBIM ITOAYHHSIOTCS Pa3INIHBIC XUMUYSCKHC
PCaKIINH.

XUMHUYECKUE — SIBJIICHUS, IPU KOTOPBIX U3 OJHUX BEIIECTB 00Pa3yrOTCs
IpYyTHE.



ATOMHO-MOJICKYJIAAPHOE YUEHHE

BeniecTBo - 310 hopMa marepuu, 00Iagar0Iasi MaCCOM MOKOS 1
ONpPEICIICHHBIMHA (DU3NYECKUMHU U XUMUYECKUMHU CBOMCTBAMH.
XUMHMST U3y4daeT OOJbIIECH YaCThIO BEIECTBA, OPraHU30BAHHBIC B
aTOMBbI, MOJIEKYJIbI, MIOHBI U PAJIUKAJIBI.

MoJjekyna — yacTulia, COCTOSAIIAs U3 JBYX MK 00JIee aTOMOB, KOTOpas
MOXKET CaAMOCTOSITENILHO CYIIECTBOBATh, 3TO HAMMEHbIIIAd YaCTULIA
BEIleCcTBa, 00 aronias BCEMH €ro XUMUYECKUMHU CBOMCTBAMU

ATOM - HaMMEHbIIIasl YaCTUIIA XMMUYECKOI0 JIEMEHTA, 00Ia1aro1as
BCEMHU €0 CBOMCTBAMU. ATOM - IIPEET XUMHUUYECKOTO Pa3JIOKEHUSA
JF000T0 BEIIECTBA.

IIpocTo€ BEMIECTBO (€CIM OHO HE SBISCTCS OJJHOATOMHBIM, KaK,
HaMpuMep, TeIni, BOJOPOI, CEPA) - pa3aracTcsi Ha arOMbl OJTHOTO
BHUJIA.

CJI0’KHOE BENIECTBO - HA AaTOMBI PA3HBIX BUJIOB.

XHWMHUYECKHM JIEMEHT - 3TO BUJI aTOMOB C OIIPEACIICHHBIM
MIOJIOKUTEJIBHBIM 3apsAa0M AApa.




CTeXI/IOMETpI/I‘IECKI/Ie 3AKOHDbI

1. 3akoH coxpaHeHHMs MACChI - MAaCCa BCEX BEIIECTB, BCTYIIUBIINX B

XUMHYECKYH0 PEaKIMI0, paBHA MacCe BCEX MPOAYKTOB PEAKITUHU.
(JITomonocoB M.B. 1748 1)

2. 3aKoOH IOCTOAHCTBA COCTABA - JIOOOE ONPEACICHHOE XMMHUYECKHU
YUCTOE COCUHEHUE HE3ABUCHUMO OT CII0C00a €ro MOTyYEHHUS
COCTOHUT W3 OJIHAX U TEX K€ XUMHUUYECKUX 3JIEMEHTOB, IPUYEM
OTHOIIICHUE UX MACC TTOCTOSIHHBI, & OTHOCUTEJIbHBIC YHCIIa UX
atoMOB BbIpakaroTcs nenabiMu unciaamu (Ipyct JK.JI., 1808r)

3. 3akoH kpaTHbIX oTHOIIeHMH — Eciin 2 snemeHTa 00pa3yroT Apyr ¢
JIPYTrOM HECKOJILKO XMMHUYECKHUX COCAUHEHNM, TO MACChl OTHOTO U3
3JIEMEHTOB, MIPUXOIAAIIUECSA B 3TUX COCAUHECHUAX HA OJIHY U TY K€

MAacCy JIPYroro, OTHOCSTCS MEXIy CO00H, KaK HEOOJIbIINE 1IEIbIC
yucna. (1803 JIx./[anbToH)

CO — yrapnsiii ra3z O:C=16/12=1,33
CO, — yrekucneii ra3 0:C=32/12=2,66

—> 2,66/1,33=2



4. 3aKOH NPOCTHIX 00LEMHBIX OTHOIIECHUM - IIPU PABHBIX YCIOBHUIX
00BbEMBI BCTYIAIOIIMX B PEAKIIMIO Ia30B OTHOCITCS APYT K JAPYTY U K
o0beMaM 00pa3yIOIINXCS Ta3000pa3HBIX MPOAYKTOB KaK HEOOIBIIINE
nesnbie yucia (Ien-JIroccak, 1808r).

2V +1V =2V

5. 3akon ABoraapo - B paBHbIX 00beMax JTFOOBIX Ia30B, B3SITHIX MPU

OJINMHAKOBBIX YCHOBI/IHX, COI[Cp}KI/ITCH OJMHAKOBOC 4YH1UCJIO MOHCKYH.
(1811r)

M3 3akoHa ABOrajapo BBITEKAIOT ABa CJICICTBUSI:

* OIMHAKOBOE YHCJIO MOJIEKYJI JIFOOBIX Ta30B MPH OJWHAKOBBIX
YCJIOBUSIX 3aHUMAIOT OJIMHAKOBBIN OOBEM.

* OTHOCUTEBHAA MJIOTHOCTHh OAHOTO ra3a Mo ApyroMy paBHa
OTHOUICHUIO UX MOJISIPHBIX Macc.



Yucno ABoraapo — YMCja0 YacTUIL B MOJIE JIH000ro BEIECTBA;
N,=6,02- 10%* moms .

Mous - equHMIIa U3MEPEHUS Koan4YecTBa BemecTtBa B CH.
COOTBETCTBYET KOJINYECTBY BEIIECTBA, COJACPKAIIEMY CTOJIBKO
CTPYKTYPHBIX €AUHHUIL (ATOMOB, MOJIEKYJ, HOHOB, JICKTPOHOB HJIN
TIOOBIX IPYTHX YacTHUIL), CKOIbKO CoaepKuTcsa aroMoB B 0,012 kr
usoromna >C

MonsipHbiii 00beM — 00BEM MOJISL JIFOOOI0 Ta3a Mpu HOpMaJbHBIX

YCIIOBUSAX; paBeH 22,4 1-MoJb .

Monspnas macca (M) — macca 0THOr0 MOJISI BEIIECTBA, YUCICHHO
COBIAJAOIIAsl C OTHOCUTEILHBIMU MacCaMH aTOMOB, HOHOB, MOJIEKY/I,

paauKaJIOB U APYI'UX YACTHUI, BBIPA’KCHHBIX B I“MOJ'IB_I.

6. 3aKOH IKBMBAJICHTOB - B MOJIEKYJIIPHBIX COCIMHECHUAX MACCHI
COCTABJISIIOIINX UX 2JIEMEHTOB OTHOCSTCS MEXKIY COOOM KaK UX
SKBUBaJCHTHI. (BemecTra B3aMMOIEHCTBYIOT APYT C IPYIrOM B
KOJIMYECTBAX, MIPONOPIMOHATBHBIX UX SKBUBAJICHTAM )



XUMHUYECKUH IKBUBAJICHT — PEaJIbHAA UJIHA YCIOBHAA YaCTULIA
BEIIECTBA, CIIOCOOHAs COCIMHUTHLCS U 3aMECTUTh | MOJIb aTOMOB
BOJOPOAA B PEAKIUIX IPUCOCINHECHUS 1 3aMEILICHUS WU
OPUHATH (OTIAaTh) 1 MOJIb DJIEKTPOHOB B OKUCIUTEIBHO-
BOCCTaHOBHUTEIBHBIX PEAKIUSX.

DKBUBAJICHT BENIECTBA

DKBUBAJICHT JIEMEHTA

9 — M3Jl 3 — MKMCJI 3 _ MOCH
9]l S =
B8ANICHMHOCH b M ocnoenocmb " kucnromnocmo
HCI H,S

3, =162/ monw

Iy =34,452/ monw

3., = lmonw g =1/2monw



ATOMHBIE U MOJIEKYJISAPHbIE Macchbl. MoJIb

AOCOII0THAs Macca — Macca, BRIpaKeHHas: B a0COMIOTHBIX €IMHMIIAX
MAacChl (TaMM, KHJIOTPaMM ...)

OTHOcuUTEeIbHAsA Macca — Macca BBIPAKCHHAS B ATOMHbLIX CAMHHUIAX
MacCChbI

ATOMHAasg Macca — Macca aroMa.

MouiekynsipHas Mmacca — Macca MOJIEKYJIBI.

JI1 e AMHUIIBI U3MEPEHUS] OTHOCUTEIBHONM aTOMHOW/MOJIEKYIISIPHON
Macchl Mcronb3yroT 1/12 Maccesl u3otona yriepoga °C.



Ilepvoan4YeCKUU 3aKOH U MMEPUOANUYECKAA CUCTEeMA

1869r. MenpaeneeB J[.M. 3akoH: CBOMCTBA 3IEMEHTOB U 00pa3yeMBbIX
MMU IPOCTHIX U CI0XKHBIX BEIIECTB, CTOST B IEPUOINYECKOM
3aBUCHMOCTH OT MX aTOMHOI0 Beca (3apsja sapa).

CJ'I@I[CTBI/IG IICPUOJTHUICCKOI'O 3dKOHA — IICPHUOINYCCKAA CUCTCMA
JJICMCHTOB.

BepTukanbHbIe CTOIOLBI — TPYIIILI
[ Opr30HTAILHBIE CTPOKH - IEPUOBI
JIBe popMBbI TAOIMIIBI: KOMITAKTHAS U ITAPOKAS:



nepuoasl | Psmbl I'PYIIIBI DJIEMEHTOB
I II III 1Y A VI VIII VIII
1 I H 1 2 He
1,0079 18! 4.0026
BOIOPOJL TEJINA
2 II Li 3 Be 4 5 B 6 C 7 N | 8 (o) 9 F 10 Ne
6,94  2s' 9.012 10.81 12.011 14.007 15.99 18.99 20,17
JIMTUIA BEPUJUIAN BOP VIJIEPO[ A30T | KHUCJIOPO[ ®TOP HEOH
3 I Na 11 Mg 12 13 Al 14 Si 15 P 16 S 17 I 18  Ar
1. 38! 24,31 26,98 28,09 30,97 32,06 35,45 39,94
HATPUIA MATHUIA AJIIOMUH KPEMHUIA ®OCDOP CEPA XJIOP APTOH
15051
4 vV K 19 Ca 20 Sc 21 Ti 22 A 23 Cr 24 Mn 25 Fe 26 Co 27 Ni 28
39,09  4s! 40,08 44,96 47,90 50,94 51,99 54,94 55,84 58,93 58,70 3d%4S?
KAJIAI KAJIBIIAN CKAHIUIA THUTAH BAHA WA XPOM MAPTAHEL] | JXEJE30 KOBAJIbT HUKEJIb
A 29 Cu 30 Zn 31  Ga 32 Ge 33 As 34 Se 35 Br 36 Kr
3d'%4S'63.54 65,38 69,72 72,5 74,92 78,96 79,90 83,80
ME/Ib [[AHK TAJUIAA TEPMAHU MBIIIBSAK CEJIEH BPOM KPUIITOH
7
5 VI Rb 37 Sr 38 Y 39 Zr 40 Nb 41 Mo 42 Tc 43 Ru 44 Rh 44 Pd 45
8547 5s! 87,62 88,91 91,22 92,91 95,94 98,91 101,07 102,91 106,44d'°5S°
PYBUIUIA CTPOHIMI | WUTTPUH [TUPKOHH HUOBUI MOJIUBJIE TEXHELIUA | PYBUJIUI POIMIA TAJUIAIUIA
" H
VII 47  Ag 48 Cd 49 In 50 Sn 51 Sb 52 Te 53 1 54  Xe
58! 107.86 112,41 114,82 118,69 121,75 127,60 126,91 131,30
CEPEBPO KAJIMUAI WHIAIA 0JIOBO CYPBMA TEJUTYP NOJT KCEHOH
6 VIII Cs 55 Ba 56 La¥-Ly’! Hf 72 Ta 73 W 74 Re 75 Os 76 Ir 77 Pt 78
132.90 6S' 137,33 138,91 178,49 180,95 183,85 186,207 190,2 192,22 195,09
[E3UI1 BAPUIA 174,97 TAQHUN TAHTAIJIL BOJIbOPAM | PEHHIA OCMMUIA WPUIAIA IJIATUHA
JIAHTAH
IX 79 Au 80 Hg 81 Tl 82 Pb 83  Bi 84 Po 85 At 86 Rn
5d'%s! 200,59 204,37 207,2 208,98 209 210 222
196.97 PTYTh TAJUTAN CBUHEI] BUCMYT [IOJIOHUIA ACTAT PAJIOH
30JI0TO
7 X Fr 87 Ra 88 Ac®-Lr!0 Ku 104 Ns 105
223 78! 226,03 227 256 261 261
OPAHLIN PAJIAI AKTUHUIA KYPYATOB | HHJIbCBOP
15051 15051




Crpoenue atroma

1897T oTkpeiTHE AaeKkTpoHA (/K. ToMCOH).
B 1ieHTpe MaccuBHOE S7IpO, COCTOAIIEE U3 TPOTOHOB U HEUTPOHOB.
Bokpyr sijipa HaXoaTCsA SJIEKTPOHBI.




Pasmeps! aromoB nopsigka 10719-107 m.
Pasmepsr sapa B 100 000 pa3 mensnie (1071°-1071 m).
3apsin snekrpona 1,6x107"° k.

3apsii  sSapa  COOTBETCTBYET IMOPAAKOBOMY HOMEPY DJJIEMEHTA B
MEPUOAUUYECKON CUCTEME, CJI-HO YHCJIO DJJIEKTPOHOB B aTOME
COOTBETCTBYET MOPAAKOBOMY HOMEPY BJIEMEHTA B I1.C.

KBanToBas teopusi bopa. Ilocryiarsl

Teopus bopa ocHOBaHA Ha MEXAHUKE KJIIACCUYECKUX YACTHI] C
JIOTIOJTHEHUEM B BUJIE KBAHTOBBIX ITOCTYJIATOB

1. DJIIEKTPOH B aTOME MOXET HAXOJIUTHCS TOJIBKO HA OMPEICICHHBIX
(cmauuoHapHblx) OpOUTaX

2. JIBUrasce 1mo oporTe JIEKTPOH HE U3ITYy4aeT AICKTPOMAarHUTHYIO
SHEPTHUIO

3. M3nydeHne NpoucXoauT IIPHU CKaYKOOOpa3HOM IEPEX0JIE JICKTPOHA C
OJIHOM CTAallMOHAPHOW OpOUTHI Ha JPYTYIO



ATOM BOJAOPO/JA. N300pakeHbI IECTh KPYTOBBIX OPOUT,
OTBEYAIOIIUX CTAOMILHBIM YHEPTETUUECKUM YPOBHSIM OTJICJIbHOTO
3JIEKTPOHA.



CrpoeHue aToMa B KBAHTOBOM MEXaHHMKe

BceM aiieMeHTapHbIM YacTULIAM TIPUCYIT KOPITY CKYIIPHO-BOJIHOBOM
IyaJIu3M

E— h-c E — sHEprus BOIHEI

o h — nocrosuuas [Inanka, 6,62x107* IIx-c

o 2
=m-C )\ — gauHa 3J-Mar BOJIHBI

m-c =

2 _h-c
A

h
A=——_yp-e Jle Bpoiins

m-c

DJIEKTPOH PacCMaTPUBACTCA KaK JIEKTPOHHOE 001aK0 — 00J1aCTh
BOJIM3M sApa aTroMa, i€ COCpea0oTOUYCHa O0IbIas 4aCTh MacChl
3JICKTPOHA.



KBaHTOBBIC YHCJIA JICKTPOHA B aTOMeE

[Ipu pemiennu BonHoBOro ypasHenus lllp€aunrepa g aroma Bogopoaa
BO3HMKAIOT TPU KBAHTOBBIX YMCJIa, 0OBIYHO 0003HAYACMBbIEC
CHUMBOJIaMU 1, [ 1 m

1. TwaBHoe kBaHTOBOE ynCO: 1. OnpenenseT BO3MOKHBIE
SHEPreTUYECKUE COCTOSAHUS AJIEKTPOHA B arome. 3HadeHus 1,2.3.. ...

Pannyc opOUTEI JNIEKTPOHA: 5 — 4. 5>
a — paanyc nepsoii boposckoit opouTts! 5,29-10" M

DHEPreTHYECKUN YPOBEHb — COBOKYITHOCTD JIEKTPOHOB C
OJIMHAKOBBIM 3HAYECHHUEM 1.




2. OpouranabHoe. [ — onpeaenseT GopMy IEKTPOHHOTO 00JIaKa.
3HadyeHus ot 0 1o n-1.

DHEPreTUYECKUM NOAYPOBEHD — COBOKYITHOCTB 3JIEKTPOHOB C
OJIMHAKOBBIM 3HaYeHueM /. [TogypoBHu: s, p, d, f

0 1 2 3

s p d f

D opMBI AIIEKTPOHHBIX 00JAKOB HA MOAYPOBHSIX

~af

- N :,ﬁ_
0" 0

RO



3. MarauTHOe KBAHTOBOE YU CJ10. (m) 2/4+1 3Hayenuu ot -1 10 +l. Onpenessier
OPHEHTAIMIO YJIEKTPOHHOI0 00/1aKa B NIPOCTPAaHCTBE.

s- 3J1eKTPOoHBI (/=0) m=0
p- 3aekTpousl (/=1) m= (-1,0,+1)
d-3sexkrponsl (/=2) m= (-2,-1,0,+1,+2)




4. CIHHOBOE KBAHTOBOE YHUCJO0 (S): +1/2 niaum -1/2

JIEKTPOH UMEET COOCTBEHHBIM MOMEHT UMIYJIbCa, WX CIHH, T.€. €T0
MOHO IIPEJICTABUTH CE0E BPAIIAIOIAMCS BOKPYT COOCTBEHHOM OCH
OJTHOBPEMEHHO C BpaIlleHUEM 10 OPOUTE BOKPYT sIpa.

Hpuaoun Iayian: B KaXKI0M OTIEIbHOM KBAHTOBOM COCTOSHUUA MOXET
HAXOJUTHCS TOJBKO OJIMH AJEKTPOH. KBAaHTOBOE — COCTOAHUE
XapakTepusyromnieecs 4-Msi KBAHTOBBIMHM YHCIIAMM.

MakcumanbHOE YHUCIIO0 JIEKTPOHOB B IIO000JI0UKE (IOAYPOBHE)
paBHO 2(2/ + 1), a MakcUMaabHOE YUCIIO ITOA000I0UYEK
COCTaBIISICT 7. /{71 KaXX10r0 7 IMOJHOCTBIO 3allOJIHEHHAS
000JI04Ka COIEPKHUT 271° IIEKTPOHOB.

ATOMHAaA 3JIEKTPOHHASA OPOUTAJIb — COCTOSIHUE, XapaKTEPU3YIOIIEECs
OIp. 3HaAYCHHUEM 1, m, [. O003HaYaETCA

CnapeHHbIe 3JIEKTPOHBI — HAXOIAIIUECS HA OJTHOW OpOUTAIH C
ITPOTUBOIIOJIOKHBIMU CIIMHAMU: T l




S — moaypoBeHb. /=0, m=0 cj1-HO, €CTh TOJIBKO 0ITHA OPOUTAJIb

P -noaypoBens /=1, m=3 cj1-HO, eCTh TPH OPOUTAJIH

d- mogypoBens /=2, m=5 ci-Ho, ecTh NATHL opouTaJeii [

T

T

T

Tl

Tl

Tl

Tl

f - monyposennb /=3, m=7 cJji-HO, eCTh CeMb OpOuTaJIeH

Bogopox 1

Be

S1

28

1s!

TIeamii 1

Tl

T

1s?

28

Lil

T

T

Tl

Tl

Tl

Tl

Tl

I

T

1s%2s!




2S

2p

Tl

)

2S

T

IIpaBuio XyHaa: yCTOMYUBOMY COCTOSIHUEO aTOMa COOTBETCTBYET
TAKO€ PacIpeaeiICHUE IEKTPOHOB B IPEAEIax dHEPrETUYECKOTO
OAYPOBHS, IPH KOTOPOM a0COJIFOTHOE 3HAYEHUE CYMMAapPHOTO

CIIMHA aTOMa MaKCUMAJILHO

2S

2p

2S

T

Tl

)

2p

F |1

3p

Tl

Tl

3d

Na

Ar

3S

1S%2S%2P93S!

3d

Tl

Tl

Tl

Tl

1S22822P%3S23P°

Ne

2S

2p

T

Tl

Tl

T

3S

3d

[

4S

3S

1S%28%2P*3S?

3d

Tl

Tl

Tl

Tl

1S22822P%3S23P%4S!




4S

IR

Ca 3S

3d

Tl

Tl

Tl

Tl

1S%28%2P%3S%3P%4S?

3d n=3, /=2
4S n=4, /=0

IlepBoe npaBujio KitedkoBCKOro: rnpy yBeIMUCHUH 3apsijia spa
aroMa I0CJIEA0BATEIILHOE 3aM0JIHEHHUE AIIEKTPOHHBIX OpOHUTAJICH
IPOUCXOAUT OT OPOUTAICH C MEHBIIIUM 3HAYCHUEM CYMMBbI ITIaBHOT'O U
OpOUTAILHOIO KBAHTOBOI'O YMCJIa K OpOUTAISIM C OOJIBIINM 3HAYCHHUEM
3TOU CYMMBL.

Bropoe npaBuiio Kie4koBCKOro: nmpu OAWHAKOBBIX 3HAYCHUSX
CyMMBI n+/ 3an0IHEHHE OpOUTaICH IIPOUCXOAUT B HAIIPABICHUHU

YBCINYCHHS 1.



48

T

3S
Sc

3d

Tl

T

T

Tl

Zn

1S22S22P%3S?3P%3d'4S>

48

Tl

3S

3d

T

Tl

Tl

T

Tl

el

1572S22P%3S%3P%3d''4S?

CBs3b pa3MepoB aTOMOB € I0JIOKEHHEM B IEPHOANIECKOM

CUCTECMEC

* B niepuopae pazMepsl yMEHBIIIAKOTCS CJIEBA HAMMPABO, T.K. PACTET 3apsi
Y CHUJIa MPUTSHKECHUS DJIEKTPOHOB K SIPY.

* B rpynmne HET 4ETKOM 3aBUCUMOCTH, T.K YBEJIMUMBAECTCA U 3aps] U
KOJINYECTBO 3JIEKTPOHHBIX CJIOEB.



CTpoeHue aTOMHBIX siAep

Anpa Bcex aTOMOB COCTOSIT W3 MMPOTOHOB ¥ HEUTPOHOB, HMEIOIIUX TTOYTH
OJIMHAKOBYIO MAcCCy, HO JIUIIIb MPOTOH HECET AICKTPUUECCKUAMN 3aps/I.

2 2H

1

4




Hentpon Ha 0,1% Ttskenee nmpotoHa. CBOOOIHBIE HEWTPOHBI (BHE
aapa)  IPETEpHeBalOT  PAJUMOAKTUBHBIM  pacla,
IpEeBpaIasCh B IIPOTOH U JCKTPOH.

IIporon (P) umeer maccy 1,00728 a.e.m, 3apsing +1

HeiiTpon (n) umeet maccy 1,00867 a.e.m, 3apsiza O

Yuci10 MpOTOHOB = 3apsil sipa = MOPSIAKOBBIM HOMED DJIIEMEHTA
Yuci10 HeMTPOHOB = Macca aroMa - MOPSJIKOBBIK HOMED BJIEMEHTA
[IpOTOHBI U HEUTPOHBI = HYKJIOHBI.

HykioHbl  yaepKXUBaOTCI B AApPE€  SAACPHBIMHM  CHJIAMU
(KOPOTKOJICHCTBYIOIIME, CUIIbHBIC B3AaUMOACUCTBUS).

JlepekT Macc — macca fAapa MEHBIIE YeM Macca HYKJIOHOB, W3
KOTOPBIX OHO COCTaBJIEHO.

JHEpPrusi CBA3M SIAPAa - DHEPrus, BBIJCIAIONIASACS MOpPH  €ro
00pa30BaHWH U3 HYKJIOHOB.

H3oTonbI — aroMbl, OOJAdAIOIINE OJAMHAKOBBIM 3apsaoM sjpa, HO
Pa3HBIM YMCJIIOM HEUTPOHOB.



10

0 50 100 150 200
A

CpenHsist SHEpTrUd CBSA3H, IPUXOAAIIAICS HAa OJWH HYKJIOH, F B/A,

250



JjieMeHTAPHbIE YaCTHIbI

AJIPOHBI — COCTABHBIE YACTHIIbI

JIenToOHBI - PyHAAMEHTAJIbHBIE

y4aCTBYIOT B CUJIbHOM
B3aUMOJICCTBUM (HApsy C
3JICKTPOMATrHUTHBIM U CJIA0BIM).

* ME30HEI (aAPOHBI C LEIIBIM
CIIMHOM, T. €. 0030HBI);

e OapuOoHKI (aIPOHBI C MOTYLEIBIM
CIIMHOM, T. €. (hepMHuOHBI). K
HHUM, B YaCTHOCTH, OTHOCSITCSA
YaCTHUI[bI, COCTABIISIOIINE PO
aroMma, - IIPOTOH U HEUTPOH.

y4aCTBYIOT TOJIBKO B
ICKTPOMATHUTHOM H
cJ1a00M B3aUMOIEUCTBUH

* DJICKTPOHBI

* MIOOHBI,

* Tay-JICITOHBI

* HewnTpuno
(3JIEKTPOHHOE,

MIOOHHOE, Tay-
HEUTPHUHO).




KanopoBouHbie 0030HbI — PyHAAMEHTAJIbHbIE YACTUIIBI

TO YaCTUIIbI, HOCPEACTBOM OOMEHA KOTOPHIMH OCYIIECCTBIISIFOTCS
B3aUMOIENCTBU;

* (OTOH - yacTuIia, IEPEHOCAIIAS DICKTPOMArHUTHOE
B3aUMOJICVICTBUEC;

* BOCEMb INIFOOHOB - YaCTHUII, IIEPEHOCAIINX CUIIBHOE
B3aHNMO/JICHCTBHUE;

* TPH IPOMEKYTOUHBIX BEKTOPHBIX 6030Ha W', W™ n Z°,
IEPEHOCSIME Cl1a00€ B3aUMOJICHCTBUE;

* I'PABHUTOH - THIIOTCTHUYCCKAA YaCTHILA, IICPCHOCAIIIAA
I'PAaBUTAIIUOHHOC BBaHMOHGﬁCTBHG. CYHIGCTBOB&HI/IG I'PABUTOHOB,
XOT:A IIOKA HC JOKA3daHO S3KCIICPUMCHTAJIBbHO, HO CHHUTACTCA BIIOJIHC
BCPOATHBIM.

AZIpOHBI M JENTOHBI O00pa3yrT BemecTBo. KanmOpoBodHBIE
O030HBI - 3TO KBAHTHI PA3HBIX BUJ0OB U3TyUCHMUS.

CaMbIMH 3JICMCHTAPHbBIMH, TOYCHHBIMHU YaCTAMHU BCIICCTBA cernyac
CHHUTAIOTCA JICIITOHBI 1 KBAPKHU



KBapkoBasi rumore3sa Marepuu

['nnoreza M.I'esu1-Manna u 1. 1lBewra (1964 r): Bcs BummMast marepusi
BO Bcenennon — Ha 3emie W B KOCMOCE — COCTOHUT W3
(byHIaMEHTAIbHBIX YaCTHUI[ TPEX Pa3HBIX BHUOB: AJIECKTPOHOB U JIBYX
THUIIOB KBAPKOB

Bepxnuii kBapk (U-kBapk)= +2/3€ IIporon: P=UUd
Heiitpon: n=Udd

Hwxuuii kBapk (d-kBapk) = -1/3€

[Tporon HentpoH [T+ Me3on I1- Me3on



CoBpeMeHHbIE MPEACTABJICHUS 0 KBAPKaX

W3 KBapKOB COCTORT NPOTOMBI, HEUTPOHL! W 60NbLIOS KONUYECTBO MEHEE U3BECTHbIX

- qacTuy. Keapku HUKoraa He HabmogarnTea NnooaAnHoOYKe

%EPXHMﬂ

U
; 7

SNeKTPUMECKMA 3apAR: + 2/

. Macca: 2MaB
BXOART B COOTAB ATOMMHOIO RARE!
AB& BEPXHUX KBAPKA W OANK HUXHUA
GOpPa3YoT NPOTON

O4YAPOBAHHbI

AnexTpUNeCKUN C
3ApRA: + %y

Macca: 1,258
HecTabunbHbii GONes THXENLIA
POACTEAHHUK BEPXHETD KBAPKE,
KOMNOKENTa J/y HacTyusl, KOTopas
noMorna paspatotats CTaHABPTHYIO
Moaens

NCTUHHBIN

f

nexTpuNecKni
JapNAT + 2’3
Macca: 171 MaB
Caman TRXENGEH U3 WIBBOTHLIX
HACTUY, CPABHWMA ND MECLE © 2TOMOM
OCMM3. BpaMR XH3HM COCTABNAGT
NpUMePHO 10% ¢

HUKHU

IneKTPUHECKIA 38pan; - /g
Macca: 5 MaB

BXOAHT 8 COCTAR STOMKOIO RAPA. ABA
HYXHWX KBAPKE M OAWH BEPXHWA
06PaAYIOT HENTRON

'd

CTPAHHbIW

INeKTpPUMEcKHi
3apan:~1/q
Macca: 95 MaB
HecTabunbHbi Gonee TRxankii
POACTREHHMK HUXHErD KBADKA,
BXOANT B QOCTAE XOPOLIO MIYHEHHONA
YacTulibl — Kaosa

MPENECTHbIN

b

INSKTPUHECKHH
sapnp:-1/3

Macca: 4,238
HecTABUNBLHAR W aule
BONGH TAXENEA KONUA HUXHETD
KBADKA; BXOAWT B COCTAR XOPOWIO
Vay“enHoro B-meaona




KBaHnToBas XPpOMOAMHAMHUKA

apOHBI COCTOAT M3 KBAPKOB, a CHJIBI MEXKIY KBapKaMH 00YCIOBIICHBI
0OMEHOM IJIFOOHAMMU.

Bce oOHapy:XeHHBIE aJpOHBI COCTOST M3 KBApPKOB ISTH Pa3IWYHBIX
tunoB ("apomaron").

KBapk kaxmoro "apomara" MOXKET HaXOAMTBCS B TPEX 'IIBETOBBIX'
COCTOSIHUSX, WM 00JagaTh TpeMs pa3IudyHbIMUA ''LIBETOBHIMM
3apsaamMu’”’

LIBeTOBOM 3apsi/i — CUJIbI B3AUMOJICUCTBUSA MEXK Y KBapKaMu. TepMuH
«IIBET» B3SIT U3 ONTHKHU: TPU OCHOBHBIX IIBETA IIPU CMEIICHUM JAIOT
OenbIi (HeMTpaanu3alus [BETOBOTO 3apsiia)

OObIuHas MaTepus o0pazyeTcs U3 AIEKTPOHOB U KBAPKOB,
TPYHIIUPYIOIIUXCS B O0BEKThI, HEUTPAJIBHBIC 110 [IBETOBOMY, a 3aTEM U
10 SJICKTPUYECKOMY 3apsIy.



OYHAAMEHTAJIBHBIE YACTHUIDI - pepmMuoHsbI

YacTumna Macca 1noxos, Onextpuueckuii | L[BeToBoii 3apsa | CmaOblit 3aps
M>5B/c? 3apsiz
KBAPKHU
U-KBapK 350 +2/3 Kpachsii, +1/2
3€JICHBIN,
CUHUU
d-KBapK 350 —1/3 Kpachsii, —1/2
3€JICHBIN,
CUHUU
JIEIITOHbI
HelitpuHo <0,000015 0 0 +1/2
DJIEKTPOH 0,511 -1 0 —1/2




DOepMUOHBI

12 apomaToB (hDepMHOHOB pa3aCHAIOTCA Ha 3 cemMeiicTBa (IIOKOJICHMS )
110 4 yacTtuilpl B KaxxaoM. Illects U3 HUX - KBapku. J[pyrue mecTs -
JICNTOHBI, TPU U3 KOTOPBIX SABSIIFOTCS HEUTPUHO, a OCTABIIHECS TPH
HECYT €IMHUYHBIA OTPpHULIATEIbHBIN 3aps/l; JICKTPOH, MIOOH U Tay-

JICIITOH.

IMToxoJenust YacTUL

IlepBoe nmokoJsieHue

Bropoe nokoJienue

Tperbe mokoJieHune

DJIEKTPOH: €

MrooH:

Tay-nenToH: T

OJIEKTPOHHOE HEUTPUHO: V_

MIOOHHOE HEUTPHUHO: v,

Tay-HeUTpUHO: V_

U-KBapK («BEPXHUI»): U

C-KBapK («04apOBaHHBIN):
C

t-KBapK («UCTUHHBIN): t

d-xBapk («HWKHUW»): d

S-KBapK («CTpPaHHBIN»): S

b-KBapk («IpenecTHhIN»): b




AHTHYACTUIILI

CymecTByroT 12 (hepMHUOHHBIX aHTUYACTHUI], COOTBETCTBYIOIIINX
BBIIIICYKa3aHHBIM JIBEHAIIaTH YaCTHUIIAM.

AHTHYACTHUIBI
[IepBo€ 1MOKOJIEHUE Bropoe nokoneHue TpeTrbe nokoyieHue
. . [TosI0)KUTENIBHBIN Tay-JIENTOH:
MTO3UTPOH: € [TomOKUTENBHBIA MIOOH: L+ -
DJIEKTPOHHOE AHTUHEUTPUHO. . | MIOOHOE aHTUHEUTPHUHO: | Tay-aHTUHENTPHUHO V
Ve U T

u-aaTukBapk: U C-aHTUKBApK & t-aHTHKBapK [
d-aHTUKBapK: d S-aHTHUKBAPK S b-autukBapk b




IIpuHuun HeonpeaejaeHHocTu I'eiizendepra

B kBaHTOBOM (pU3HMKE TaK HA3bIBAIOT 3aKOH, KOTOPHIM yCTAaHABIMBACT
OTpaHUYEHUE HAa TOYHOCTh (IIOYTH)OJHOBPEMEHHOIO H3MEPEHHUS

IIEPEMEHHBIX COCTOSIHHS, HAIpUMEP, IIOJOXKEHUS MW HMITYJIbCA
YaCTUIBIL.

[IpyHOMIT HEOMpEeAeNEHHOCTH B KBAaHTOBOM MEXaHUKE HWHOTIA
OOBSICHSIETCSI TakuM OOpa3oM, 4YTO H3MEPECHUE KOOPJAUHATHI
00s13aTEJIbHO BIMSAET HA UMITYJILC YaCTHIIBI

OTHOIIECHUS HEONPEACIEHHOCTH | eli3eH0epra - 3TO TEOPETUYECKUIM
peJiea TOYHOCTH JIFOOBIX U3MEPECHUI.

CymiectByeT TO4YHAsl, KOJMYECTBEHHAs AHAJIOTUMA MEXAY OTHOUICHUSIMU HEONPEAEIEHHOCTH
I'eiizenOepra W cBOMCTBAaMU BOJIH WJIM CUTHAJOB. PaccMOTpuM MEpeMEHHBIM BO BPEMEHHM CHUTHAII,
HaIpuMep 3BYKOBYIO BOJIHY. BeCCMBICIEHHO TOBOPUTH O YACTOTHOM CIIEKTPE CHTHajla B KaKOW-THOO
MOMEHT BpeMeHHU. [[151 TOUHOTO onpeeneHus: 4acTOThl HEOOXOAMMO HAOII0AaTh 32 CUTHAJIOM B TEUCHHE
HEKOTOPOTO BPEMEHHU, TAKMM 00pa3oM Tepsisi TOUYHOCTh ONPEACICHUsI BpEeMEHU. J[pyruMu clioBaMH, 3BYyK
HE MOXKET UMETh U TOYHOTO 3HAYEHUSI BPEMEHH, KaK HalIpUMEp KOPOTKUW UMITYJIbC, © TOYHOTO 3HAYCHUS
YaCTOTHI, KK, HAPUMED, B HENPEPHIBHOM YMCTOM TOHE. BpeMeHHOE MOJIOKEHHE U YacTOTa BOJNHBI BO

BPEMEHHU NOXOAAT HA KOOPAUHATY Y UMITYJIbC YACTUILBI B IIPOCTPAHCTBE.



Yem ToOuHEE MBI H3MEPUM KOOPAWHATY  YaCTHUIBI, TEM
HEOMNPECICHHEE CTAaHET €€ CKOPOCTh U HA00OPOT. Takum 00pazom,
4acTHUIla HE MOXET JABUTaThCS MO TPACKTOPHUH, TaK KaK TPACKTOPHS
OAPa3yMEBAECT OJHOBPEMEHHOE CYIIIECTBOBAHME M CKOPOCTH M
KOOPJAUHATHI.

Yto n300pakeHO HA KapTUHKE?

Bonna!

KakoBa YACTOTA 3101 BOJIHBI?

JIBa Koje0aHus HA €AUHUILY !

Kakoso MECTOITIOJIOXXKEHMUE 3Tou BoinHBI?

Bonna-To giauHHas, 0eckoHeuHasi, oHa rmpoctupaercs ot 0 go 10, o
€CTb, OHa Be3ae!



1 ) 4

I | I I
Yto nzo0paxeHo?
Toxe BonHA!
KakoBa ee yactora?
[TonTopa KojieOaHus Ha €AUHUILY, UJIM MEHBbIIIE!
KakoBo MecTomnonoxeHue 3ToH BOJIHBI?

IIpumepHOo Mexay 4 u 6, (B paiioHe 5)!
1 2 3 & + 6 7

I | | | | I
| | 43 | I I I

10

Yto nzodpaxeHo?

Bosna

I'me oHa pacnonoxeHa!

Ha uudpe 3!

KakoBa 4acToTa-T0 3TOM BOJIHBI?
Henb3s cka3ars!



XUMHUYECKas CBA3b U CTPOCHUE MOJIEKYII

Teopusi crpoenus xum. Coenunenuid mo byriepony

1. ATOMBI B MOJIEKYJIaX COCIMHEHBI APYT C APYTOM B ONPEACICHHON
MOCJIEIOBATENLHOCTH. MI3MEHEHHE 3TOU TTOCIIEI0BATEIIbHOCTH
IPUBOAUT K 0Opa30BaHUIO HOBBIX BEIIECTB.

2. CoenrHEHHUE aTOMOB MPOUCXOIUT B COOTBETCTBUM C
BAJICHTHOCTBIO

3. (CBoMcCTBa BELISCTB 3aBUCIT HE TOJBKO OT UX COCTaBa, HO U OT UX
XHAM. CTPOCHHUSI.

3Hauenue Teopuu byTtiieposa

1. Bo03MOXHOCTb OIpEIEiCHHs CTPOCHHMS MOJEKYN I10 JAaHHBIX 00
UX XUMMYECKHX CBOMCTBAaX U HA0OOPOT.

2. Cucremarusanus BEIIECTB

Pa3paboTKa TEXHOJIOTHUN CHUHTE3a XUMUYECKUX COCAUHCHUM



Croco0b1 M300paskeHUsA CTPOEHUA MOJIEKY.JI

CtpyKTypHBIE POPMYIIBI
-0
H—Cl  H—0—Cl H—O0—cl_
XJIOPOBOIOPOT O
Xnog;]gamc Xtoprosaras BaneutHrie cXeMBI
Ti Crenora KHUCIIOTA
H—C—OH
H ® ® H
He+ ¢H = HgH tNe + oN$ =3NNS
MeTniioBeId . . .°°.
CIIUPT HeNe
L X J H .
H H LS =3 H
| | H:O:H g. ..oo H:C:H
H _C_C|:_ OH BOJa I[I/IOKCHII ;_l. aMMUuaK
yriepoaa
H H METAaH
OTUJIOBBIN

CIIUPT



KoBajieHTHaq CBA3bH

KoBaJjieHTHasi CBSI3b - CBS3b, 00OpA30BaHHAsI HAPABICHHBIMU
BAJICHTHBIMM 3JICKTPOHHBIMHU OOJaKaMu

KoBajnieHTHYO CBSI3b 00Pa3yIOT
aTOMBI (MJIY TPYMIIBI aTOMOB), Ha
BaJICHTHBIX OPOUTAJISIX KOTOPBIX
MMEIOTCSl HECIAPEHHBIE DJICKTPOHBI.
O000111eCTBIICHHE TTOCIEIHUX BEACT
K (D)OpPMHUPOBAHUIO OOIIECH IS
CBSI3BIBAIOIIIMXCS aTOMOB
AJIEKTPOHHOM MaphI

. :
@ ONeKTPOoHbI BOgOpOAa {

‘}Hg (

H ‘ ) )

@ ONEeKTPOHbI yrnepoaa




Bunsl koBajieHTHOU CBS3U

*HemnonsipHas — 30Ha NEPEKPHITUS CUMMETPUYHA OTHOCUTEIIBHO SIJIEP
B3aHMO/ICHCTBYIOIIAX aTOMOB.

ABe aToMHbIe S-opbuTanu MonekynapHas opbutans
| 3NEKTPOM | INEKTROH 2 EKTPOHA
c B o B © ©
H /H

aapa atToMoB Hg

][ lonsgpHas - 30Ha IIEPEKPHITHUSA CMEIIEHA K OJITHOMY M3 SIJIEP
B3aUMOJECHCTBYIOIIMX aTOMOB.

&% 30

H— CI

OTHOCHUTENIbHAS JIECKTPOOTPULIATEIBHOCTD -Mepa CIIOCOOHOCTH
aToMa B BEIICCTBE MPUTITUBATh K C€0€ AICKTPOHEI, CBI3bIBAIOIINEC
3TOT aTOM C JIPYTUMH aTOMaMH



IHEepPrus

cbnmxeHue aToMoB

.':"}:, spent g TTI 28 5 3

i+

nornowexHne
3Heprum

0

3Ta IHEeprus
BblAENAETCH Npw
- o6pasoBaHum
5 g KOBaIEHTHOWN
5 s CBA3U
=8
m @ o
) b
0.74 A pacTosHME MeXay sapaMn aToMoB
nnuHa
CBSI3N

H-H



Croco0b1 00pa3oBaHus KOBAJIEHTHOM CBSI3H

0] o
H * .H Hg H a) ObMEHHEIH
MeXaHH3 M
obpasoBaHuA
& @ & @ s e @@ KOBAIEHTHOH CEBA3 U
o o & o o o
- —
s Cl s Cl , « Cl 4 Cl ,
¢ @ ¢ @& *® &8
s — +
H H
X + nx
H H;N+ H—HiNLH
I . X
o <o o o
+ - —
H + .NH3 e H ® N —H
| 6) HoHopHO-
H AKL[E ITOPHEH
MeEXaHH: M obpazoBaHuA
KOBANe HTHOH CBA3 H
o o
BF3 + P NF3 — BF3. NF3



OOMEHHBIM MEXaHU3M PEaTU3yeTCs 3a CUET HECITapPEHHBIX
AIIEKTPOHOB BO30YkKIeHHOTO (1) 1 HEeBO30y K I€HHOTO (2) aroMma:

2p
2S 2
1 C T T SHEPI'UsA 28 T I; T
1 =
3d Mok cun

Oxcuna
ymiepona 3 3p

2 Cl NTlTlT

yroepoga

- CI*

OC00CHHOCTH KOBAJICHTHOM CBA3HU:

1. HaceimaemMocTb

2. HamnpaBieHHOCTH



HampaBiieHHOCTh KOBAJIEHTHOU CBSI3U

S-0071aKa 00pa3yroT 0 CBI3b

HonHada cBA3b

ITIpoctiie monsl Na', K', F-, CI

Caoxneie NH,", OH', NO,, SO *

HanpasJjieHHOCTB - oTcyTcTBYeT. HachImaeMocTh - OTCYTCTBYET.



B3zauMHas moJisipu3anusi HOHOB.
IToasipusyemocth noHOB Li" <Na'< K'<Rb'<Cs"
IMoasipusyomas cnocoonocts Li'™>Na™> K™>Rb™>Cs"

MeTajninueckas CBA3hb

Meramiyeckas  CBI3b  BO3HMKAECT B PE3yIbTare  4YaCTUYHOU
JeJIOKAJIN3allii BaJICHTHBIX JICKTPOHOB, KOTOPHIE JOCTATOYHO CBOOOIHO
JIBUKYTCSA B PEIIETKE METAJIOB, JIEKTPOCTATUYECKH B3aAMMOJICUCTBYS C
ITOJIOKATEIILHO 3apsSKCHHBIMY MOHAMU. CHIIBbI CBSI3M HE JIOKAJIW30BAHbBI U
HE HAIpaBJICHBI, a ACIOKAIM3UPOBAHHBIC DJIEKTPOHbI OOYCIOBIUBAIOT
BBICOKYIO TEIJIO- Y JIEKTPOIPOBOTHOCTb.



BoaopoaHasi cBA3b

BHyTpUMOIEKyIsIpHAst MexmonexkyispHas

CH3 6==H—b

. V4 AN
C—— 0 R—C y c—R
NS N OQ——H===0 /
HC H -t

N\ /
y C——0

CH3

alleTUIIALICTOH

BonoposiHas CBSI3b — MEKMOJIEKYJIApHAs CBSI3b, 00Opa30BaHHAs 3a CUET
4aCTUYHOI'O aKICNITUPOBAHMS HEIOJCIICHHOM Maphl AJIEKTPOHOB aToMa
HE CBSI3aHHBIM C HUM XHMHYECKOM CBSI3bI0 aTOMOM BOJOPO/IA.



XUMHYECKAsd TEPMOINHAMHUKA

JHEPreTUKa XMMUYECKUX MPOIECCOoB.

TepMozmHaMmca — OTO HAYKa O TCIIOBBIX SIBJICHHAIX.

BHyTpeHHssI JHePrus BelecTBa CKIAbIBACTCA U3 KUHETUYECKOU
SHEPIrUU BCEX aTOMOB U MOJIEKYJI U TTIOTEHIIMATIBHOU SHEPTUU UX
B3aUMOJICUCTBUA APYT C APYTroM. BHYTpPEHHSAS DHEPT U SIBISAECTCA
(byHKIIMEH COCTOSHUA.

TenyoBou 3 peKkT peakuuu — KOJIMYECTBO TEIUIOTHI,
BBIJICIISIOIIEECS MIIM MOITIOIIAOIIEECS B XOJI€ XUMUYECKON PEAKIHM.

o 0 + K A 5 Q DK30TepMUYECKAs

CH,4 20, CO, 2 H20 Tennota

ODHJI0TEPMHUYECKAs Q + . + ' _— “ +

p) sy
'r +
o
s \.\: i'
e

Tennora C H 20 CO H2




B TCPMOIHNHAMHNKEC HMCIIOJIb3YIOT CICAYIOIINC TCPMOINHAMNYCCKHUC
BCJIMYHNHDI.

OHTponus (S)- ompeAcaseT Mepy HEoOpaTHMOIo pacCEHMBaHMS
SHEPIHUH.

B craructuueckoi (puM3uKe Kak Mepa BEPOSTHOCTH OCYIIECTBICHUS
KaKOT0-JIM0OO MaKpOCKOIMHUYECKOIO COCTOSHUSI;

Bomnbiman nocrymuposai, uto: O = k(In{2),

rne KOHCTaHTy k=1,3810"%° Jluc/K ™Mbl 3HaeM Telepb Kak
MOCTOSIHHYKO bosbiiMaHa, a {2 SBISETCS YMCIOM MHKPOCOCTOSHHUM,
KOTOPBIE BO3MOKHBI B MMEIOIMIEMCS MAKPOCKOIIMYECKOM COCTOSTHUU
(CTaTUCTUYECKHUH BEC COCTOSHUS).

[IpyHuun bosbliMaHa CBI3bIBAET MUKPOCKOIIMYECKHUE CBOMCTBA
cucTeMblI ({2) C OTHUM K3 €€ TEPMOJIMHAMUYECKUX CBOUCTB ().

CornacHo onpenencHuio boabiiMaHa, SHTPONUS SBISETCS MPOCTO
(yHKLIMEH cocTosiHUSA. Tak Kak {2 MOKET ObITh TOJIBKO HATypaJlbHbIM
guciaom (1,2,3,...), To sHTponus bonbliMaHa gOJKHA OBITh
MOJI0XKUTEIbHON — HUCXO/s U3 CBOMCTB Jiorapudma.



B Teopun nHpopMauy SHTPOIHUS - MEPA HEOTIPEACICHHOCTH KaKOTro-
100 OIbITa (MCHBITAHUA ), KOTOPBIA MOKET UMETh Pa3HbIC UCXO/bI U T.I.
TepmonuHamuueckas SHTPONUS - (dyHKIHS COCTOSIHUSA
TEPMOJIUHAMUYECKON CUCTEMBI, paBHAasi B pABHOBECHOM IIPOIIECCE KOJI-BY
TEIUIOThI COOOIIIEHHON CUCTEME WJIM OTBEICHHOW OT CUCTEMBI.

IIpenen BeJIWMYMHBI SHTPOINMH PABHOBECHOW CUCTEMBI MPHU CTPEMIICHUU
TEMIIEPATYPbI K a0COTIOTHOMY HYJIIO MOJIarat0T paBHBIM HYIIIO.
CyliecTByeT MHEHHUE, YTO MBI MOXKEM CMOTPETh Ha {2 M Kak Ha MEpy
Oecrnopsiaka B CUCTEME.

PaccMoTpuM, Hampumep, pacnpeacIeHue MOJICKYJ HjiealbHOro raza. B
cllyda€ HJCaJlbHOIO ra3a HambOoJie€ BEPOSITHBIM  COCTOSIHUEM,
COOTBETCTBYIOIIMM  MAaKCUMYMy OJHTPONHUH, OyIeT pPaBHOMEPHOE
pacnpeneiacHue Mosekyild. IIpu sToM peanusyercss U MaKCUMAaJIbHBIN
"OecnopsioK", T.K. NpU BTOM OyAyT MaKCUMaJIbHbIE€ BO3MOXXHOCTHU
KOH(UT'YpUPOBAHUSL.



Juraabnusa (H) — 3T0 TepMoamHaMHUYECKOE CBOMCTBO BEIICCTBA,
KOTOPOE€ YKa3blBaCT YPOBEHb JHEPrUM, COXPAHEHHOW B €ro
MOJICKYJISIPHOM CTPYKType. DTO 00IIee KOJIMYECTBO JOCTYIMHOM dHEPrUM
BEIIECTBA, KOTOPOE MOKHO MPeoOpa30oBaTh B TEILIOTY.

JHeprus I'no0ca (1300apHO-U30TEPMUYECKU I MOTEHIHAJI
CBOOOIHAA SHTAJBIMUSA) - OJUH U3 MOTCHIIHAIOB TEPMOJIMHAMMUYECKHX
cuctembl. (OOo3Hauaercas G, ONpeAeIseTcs Pa3HOCTBIO  MEXKIY
sHTaJbIIMe H 1 mpousBeneHuEM SHTPONHUM S HA TEPMOJIMHAMHUYECKYIO
temneparypy T: G = H - T-S. M3orepMuyecknii paBHOBECHBIN IIPOIECC
0€3 3arpaThl BHEIIHUX CHJI MOXKET NPOTEKaTh CaMOIPOU3BOIBLHO TOJBKO
B HalpaBJICHUM YOBIBaHMS JdHepruu I[unbO0Oca [0 JOCTHIKEHUS €€
MHHHUMYMa, KOTOPOMY OTBEYACT TEPMOJIMHAMHYECKOE PaBHOBECHOE
COCTOSIHAE CUCTEMBI.



XHMHUYeCKasa KHHEeTHKA

XHUMHYECKAsA CUCTEMA — BEIIECTBO UJIM COBOKYITHOCTH BEIIIECTB
(bU3UYECKH OTPAaHUYCHHBIC OT OKPYKAIOIICH CPEIbI

T'omMorenHasi cucreMa — CUCTeMa, cocTodIas u3 11 ¢gaspl
I'ereporennast cucrema - ...

da3a — 4yacTh CUCTEMBI, OTACJICHHAS OT AP. YaCTEeH MOBEPXHOCTHIO
pazzeina, Ipu Mepexoie YepPe3 KOTOPYIO CBOMCTBA MEHSIIOTCS CKAYKOM.

B roMoreHHoi cucteme peakiiys UaeT BO BCEM 00beME CUCTEMBL:

H,S0,+Na $,0,=Na SO,+H,0+S0, +S

B rereporeHHoi cucTeMe peakiuds HAET TOJIbKO Ha IMOBEPXHOCTHU
pasmena ¢a3: Fe+t2HCI=FeCl,+H,

CkopocTh rOMOT€HHOM peakIMM - KOJI-BO BEIIECTBA, BCTYMHAOIICTO B
PEAKIIMIO MM 00pa3yIomierocs B X0A¢ PCaKIMU 3a CAUHHUILY BPEMCHU
B €IMHUIIE 00HhEMA CUCTEMBI;

An  AC

V.o = —
MUUVIAL At




CKoOpoOCTb reTeporeHHOM peaklMu - KOJI-BO BEIECTBA, BCTYIAIOIIETO
B PEAKIHI0 HIM OOpa3ylIlIerocs B XOAC pPEaKIUu 3a CAUHUILY
BPEMEHH Ha €AUHUIC HOBEPXHOCTH (Pa3HI: An

VFETEP o S ) At
DakTOpPhI, BIUSIOLUIME HA CKOPOCTh XUMHUYECKON PEAKIIUU:

1) Ilpupoma pearupyromnx BEIIeCTB

2) KonIiieHTpaiys pearupyronx BeIecTB
3) Temmeparypa

4) Karanuzaropsl

1. 3aBUCHMOCTb CKOPOCTH peaKIMH 0T KOHIEHTPALMA
pearupymroimux BeiecTn

Peaknyss OpoOUCXOAUT TPU  COYAAPECHUM  YacTuil. Yem  BblIIe
KOHIICHTpaLMs, TE€M OoJblle 4YacTull. Yem OOJbIIE 4YacTUI, TEM
0OJIbIIIE COyAAPECHUI, TEM BBIIIE CKOPOCTh PEAKIHM.

A+B=C V=Kk|[A]|B]
K - KOHCTAaHTa CKOPOCTH peaKIuu



3-H neucrBust macc (1867r I'ynbadepr nu Baare) — npu nNoCcToAHHOMN
TeMIieparype CKOpPOCTb XUMHYECKOU peaKkiuy MPONnoOpPIUOHAJIbHA
IPOU3BEACHUI0 KOHLEHTPAMI pearupyroiux semecrs: 2A+B=C

V=k[A]’[B]
['ereporennsie peakiuu: C+0O,=CO, V=k[O,]
K — He 3aBUCHUT OT KOHIICHTPAIIUH.

2. 3aBHCHMMOCTH CKOPOCTH PEeAKIMM OT TEMIIEPATYPbI

AKTHMBHBIE MOJIEKYJbl — MOJICKYJbI, O0O0JaJalonie HSHEPrueu
AKTUBALIUU.
TemneparypHbiini KO3QPUIHEHT — A
Nn| u
- 4MCJI0, MOKA3bIBAIOIIIEE BO CKOJILKO Pa3 o

BO3PACTAECT CKOPOCTh PEAKIIUM IIPH
yBeIn4eHuU Temieparypsl Ha 10° (K=2-4)

gy

v



JHeprusi aKTHBALMM - H30bITOYHAS DHEPrUsi, KOTOPOM JOJIKHEI
00J1alaTh MOJIEKYJIbl I TOrO, YTOOBI HMX CTOJKHOBEHHME IIPUBEIO K
XHMHWYECKON peakiuu. [KJ[xK/Mob].

DHeprus akTUBAIMM 3aBUCUT OT IPUPOJIbl PEArUPYIOLINX BEILIECTB.

JHeprus CxopocTh peakuuu IIpumepsl
AKTHBAIUH,
KkJ’K/MoJIb
<40 OrpomMHa NouHbIe p-uuun
40-120 Mo:kHO U3MEPUTH H,S0O,+Na S O0,=Na SO,+H,0+S +S0,
>120 Ouenb MaJsa N,+H =2NH,
AKTUBUPOBAHHBIN KOMILIEKC — HEYCTOMYMBOE ITPOMENKYTOUYHOE

COCTOSIHME BEIIECTBA, XapaKTEPU3YIOIIeeCs OOIBIINM 3al1acOM SHEPIHH.

H |
i
I

H




AKTMBUPOBaHHbIN KOMMJEKC

UcxoaoHble
BellecIBa 5 \

DHeprus akTUBalMK 0OpaTHOM

TennoBon apdekT
peaKIuu

lNMpoAaykTbl peakuumn

<




3. 3aBMCUMOCTDH CKOPOCTH PEAKIMMN 0T KaTajJIu3aropa

Karaau3arop — BENIeCTBO, HE PACXOAYIOIIEECS B PE3YIbTATe PEaKIUH,
HO BJIMSIFOIIEE HA €€ CKOPOCTh.

Karanu3 — sBI€HHE HW3MEHEHHUS CKOPOCTH PEAKIHHU IOJ HACUCTBHUEM
KaTajan3aropa

AK .
I oMOreHHbIN KATAJIM3 ....
I'ereporeHHbIN KaTaJaus ....
B ®epMeHTBI — OHOJIOTUYECKUE
,, I“\ KaTaJn3aTopPhbI
A \
ot
= OHEPrus aKTUBAIMK KAaTATUTHYECKOW PEAKIINU
=
=
o)
=
=)
==
=
= NP
5]
=y




DepMeHTHI

depMEHTHl WJIH SH3UMBI - OCJIKOBBIC MOJIEKYJIbl MM HX KOMILICKCHI,
YCKOPSIOIINE XUMUYECKHUE PEaKIIMU B )KMBBIX CUCTEMAX.

[TogoOHO BceM Karaiau3aropaM, (DEPMEHTHI YCKOPSIOT KaK OPSIMYIO, TaK U
OOpaTHYI pEaKLMI0, MOHMXAs DHEPrUI0 aKTHUBAIlMM Ipolecca.
XUMHUUYECKOE PAaBHOBECHE MPHU 3TOM HE CMEIIAETCS HU B IMPSIMYIO, HU B
00paTHYI CTOpOHY. OTIMYHUTEIBPHOM OCOOCHHOCTHIO (PEPMEHTOB IIO
CPAaBHCHHUIO C HCOCJIKOBBIMH KaTalu3aTOpaMM SBIISIETCS HMX BBICOKAs
CIIEIU(UYHOCTh — KOHCTAHTa CBS3BIBAHUS HEKOTOPHIX CYyOCTpaToB C
oenxoM MokeT mocturarh 107 Mons/n1 1 MeHee.

OOBIYHO (PEepMEHTHI HMEHYIOT IO THIY KaTaau3upyeMOM peakIuH,
no0aBiss cyh@PUKC -a3a K Ha3BaHUIO cyOcTpara (HampuMep, JIakTasa -
(bepMEHT, YYaCTBYIOIIMKA B IPEBPAIICHUH JIaKTO3bl). TakuM o0pa3zoM, y
pPa3IWYHBIX (PEPMEHTOB, BBIIOJHAIOIIMX OAHY (YHKIHUIO, Oyner
OJINHAKOBOE Ha3BaHMUE.



I[Io TUny KaraJusMpyemMbIX peakuud (@epMeHTHI
MOAPA3ACIAIOTCHA HA 6 KJIACCOB

K® 1: Oxkcugopenykrasbl, KaTaJU3UPYIOIIME OKUCICHUE WIIH
BoccTaHoBiieHuE. [Ipumep: karamasa, aJIkorojabaeruaporeHasa

K® 2: Tpancdepasbl, KaTAIM3UPYIOMIUE MEPEHOC XUMUYECKUX TPYIIT C
OJIHOM MOJIEKYJbl cyOcTtpara Ha Japyryr. Cpeau TpaHcdepas
0CO00 BBIJEIAIOT KWHA3bl, MEepeHocamue (ocharHyo TpyIIry,
KaK MPaBuio, ¢ MoieKyJbl ATO.

K® 3: [ naponassel, KaTATU3UPYIOIIUE THAPOIIN3 XUMUYECKHAX CBSA3EH.

[Ipumep: 3cTepassl, NMENCUH, TPUIICUH, AMUJIA3a, JTUIONPOTEUHIIATIA3A

K® 4: Jluaspl, KaTaJIu3upyIOIIUE pa3pblB XMMHUUYECKHX CBs3el 0e3

TUpOoIr3a ¢ 00pa30BaHUEM JIBOMHOM CBS3HM B OJJTHOM W3 MPOTYKTOB.

K® 5: H3omepaspl, KaTaJu3UPYIOIMIUE  CTPYKTYPHbIE WU

r€OMETPUYECKHUE U3MEHEHUST B MOJIEKYJIE CyOcTpara.

K® 6: Jluraspl, KaTaJIu3upyroIe 00pa30BaHUE XHUMHYECKUX CBS3CH

MEXay cyocTparamu 3a cueT ruiapoian3za ATdD. Ilpumep: JAHK-

oJIMMeEpasa



I puHoun greucTBus GepMEeHTOB

1. Moaeab «kiao4-3aMmok»: B 1890 . DOmune @uniep mpearionoxull,
4TO  CHCHU(PUYHOCTL  (PEPMEHTOB  ONPEACISICTCA  TOYHBIM
COOTBETCTBHEM (DOPMEI (PepMeHTa 1 cyOcTpara

enzyme changes shape

slightly as substrate enlers
substrate active site, making the fit ‘ products
more pregise

( / active site W f
‘ED = =

enzyme + substrate enzyme/substrate enzyme/products enzyme + products
entering active site complex complex leaving active site




2. Moaeab HMHAYUMPOBAHHOIO cooTrBercTBUsi: B 1958 1. Jlenuen
Konuwtana mpemyiokun MOAU(PUKALMIO MOACIH  «KJIHOY-3aMOK.
depMEHTh, B OCHOBHOM, - HE JKECTKHE, a THMOKHE MOJICKYJIbI.
AKTUBHBIH LIEHTP (DEPMEHTA MOXET M3MEHUTH KOH(POPMAIIUIO ITOCIE
CBSI3bIBaHUS CcyOcTara. bokoBbIE T'pyIIbl AMHHOKHCJIOT aKTHBHOTO
[ICHTPa IPUHUMAIOT TAKOE MOJ0KEHHUE, KOTOPOE MO3BOJISIET (PEPMEHTY
BBIMIOJIHUTH CBOIO KaTAJIMTUYECKYIO (DYHKIIMIO. B HEKOTOPBIX Ciydasx
MOJICKyJIa CyOCTpara TakXe MEHSIET KOH(MOpMAIUIO IIOCHE
CBSI3bIBAHUS B AKTUBHOM IIEHTPE.




Kopakrops! pepMeHTOB

EcTtb (bepMEHTBI, KOTOPHIM JJISI OCYIIECTBICHUS KaTrajln3a HEOOXOIUMBI
KOMIIOHEHTBhI HEOEIKOBOM MpHpoAbl. KodakTopbel MOTYyT OBITH Kak
HEOPraHWYEeCKMMH MOJIEKyJIaMH (MOHBI METAJIOB, JKEJI€30-CEPHBIEC
KJIACTEPhl W JIp.), TaK W OPraHUYECKUMHM (HaArpumep, (hJIaBUH WA
reMm). Opranndeckue Ko(akTophl, IIPOYHO CBSI3aHHBIE C (DEPMEHTOM,
Ha3bIBAIOT TAaKXE MOPOCTETHUYECKHUMHM rpynnamMu. KodakTopsl
OpPraHUYE€CKOM MPHUPOABI, CIOCOOHBIE OTHCIATHCSA OT (PepMeHTa,
Ha3bIBAIOT KOPEPMEHTAMHU.

depMEeHT, KOTOPBIM TpeOyeT HalIuuusd KodakKTopa s IPOSBICHUS
KaTaJIMTUYECKOM aKTUBHOCTH, HO HE CBSI3aH C HHMM, HA3bIBACTCS aIo-
(pepMeHT. ATIO-(DEPMEHT B KOMILIEKCE C KO()AKTOPOM HOCHUT Ha3BaHHUE
x0J10-pepMeHTAa. bOoIBIIMHCTBO KO(AKTOPOB CBSI3aHO C (PEPMEHTOM
HEKOBAJICHTHBIMH, HO JOBOJILHO ITPOYHBIMH B3aUMOACUCTBUSAMU. ECTh
U TaKUE MPOCTETUYECKHUE TPYIIIbI, KOTOPHIE CBS3aHBI C (PEPMEHTOM
KOBAJICHTHO, HAIIpUMED, THaMUHIIAPOdochar B
MAPYBATICTHUIPOTCHA3E.



XuMHu4eckoe paBHoBecue. O0parumMocThb
XMMHUYECKUX peaKkmum

1. HeoOpaTtumble akiiud — OJJHO M3 PEarupyrolIuX BEIIECTB PACXOAYETCs

ITOJIHOCTBLIO
Zn+4HNO,=Zn(NO,) +2NO_+2H,

O

2. OOpaTuMmble peaklMd — HHU OJHO M3 PEAarupyroluXx BEIIECTB HE
pacxoayercs TMOJHOCTBIO. Peakiuss MTPOTEKaeT OJHOBPEMEHHO B
IPSIMOM M 0OpaTHOM HallpaBJICHUM.

V A

V —
1 N2+3H2 2NH




XHAMHYECKOEe PABHOBECHE — COCTOSHUE CHUCTEMBI, MPU KOTOPOM
CKOPOCTb HPSIMOM PEaKIIMU PABHAETCI CKOPOCTH OOpaTHOM

KoHcTaHTa XMMH4Y€ECKOI0 PAaBHOBCCHUS

Vv
: V=K, [H,][1,]
H2+J2 < 2HIJ V2=k2[H|]2
v,

_ _ 2
V =V, — k [H,][L]= k,[HI]
k/k,=[HI]*[H][L]=K K- KoHCTaHTa XIMHYECKOTO PaBHOBECHUS

[pPIPlaQ]"

[A]°[B]°
IIpu rereporeHHon peakuuu B pacuetr K BXOAAT TOJIBKO T€
BEIIECTBA, KOTOPHIC HAXOAATCS B )KUJIKOM U Ta3000pa3HOM
cocTossHuH. K 3aBUCHUT OT IPUPOIBI PEATUPYIOIIUX BEIMIECTB U OT
TEMIIEPATYPHI.

aA+bB Pp+qQ K=




CmelleHue XMmMmmn4yeckoro paBHOBEeCUA

[Ipunuun Jle-Illatense - bpayna (1884 1) - ecim Ha cucTeMmy,
HaXOASIIYIOCS B PaBHOBECHH, BO3ACKHCTBOBATH M3BHE, U3MEHSSA KaKOe-
HUOY/Ib W3 YCIOBUM (TemIieparypa, JIaBICHUE, KOHILEHTpPAlMs), TO
PABHOBECHE CMEIIAETCS TAKUM 00pa30oM, YTOObI YMEHBIIIUTh U3MECHEHHUE.

1. HapymeHnue paBHOBeCHS M3-32 MU3MEHEHUSI KOHIIEHTPALU
pearupymroiiux BelecTn

[Ipn yBeTMYECHNH KOHIIEHTPALMHA KAKOTO-JIM0O BEIECTBA PABHOBECHUE
CMELIAETCA B CTOPOHY Pacxo/ia 3TOr0 BEIIECTBA.

Ho-H2= = 2HI

2. HapyuieHue paBHoOBecHs IPU M3MEHEHUU AaBJICHUS

Bo3MoXHO, €Ciiv B peaKlMy y4acTBYIOT ra3bl. Eciin peakius uaer oe3
M3MEHEHHS 00bEMA, TO U3MECHEHHE JIABJICHUS HE TPUBOJIUT K CMEIICHUIO
XAMHUYECKOTO paBHOBECHSA

N2+3H2 = =2NHs
VvV —— 2V



3. Hapyuienue paBHOBeCHA NPU U3MEHEHUH TeMIIEPaATyPbI
[Ipu yBEeIMYEHUN TEMIIEPATYPhl PABHOBECUE CMEIIACTCS B CTOPOHY
HJIOTEPMUYECKON peaKIuu U HA00OPOT.

N2+3H2 = 2NH 3 + 92,4 K«

PacTBOopbI 1 MX NpHUPOAA

PacTBOp — TBepas WIM KHUAKAS TOMOIeHHAsl CHCTEMa, COCTOSIIas U3 2X
UM 00Jiee KOMIIOHEHTOB.

PacTBOpEHHOE BEIIECTRBO .....
PactBoputeis ...... === DPACTBOP

PacTBOopMTEb — KOMIIOHEHT, KOTOPbIM B YMCTOM BHJE CYIIECTBYET B
TOM >K€ arperaTHOM COCTOSIHHM, YTO M MOJYy4YEHHBIM pacTBop. Ecim 00a
KOMITOHEHTA HaxXOHATCS B OJHOM arperaTHOM COCTOSHHM, TO
PACTBOPUTEIIEM CUMTACTCS MPEO0IaJa0IIMI 0 MacCe KOMIIOHEHT.
PacTBOp oT/IMYaeTCHd OT XMMHYECKOI0 COEAMHEHHUSI TEM, YTO €ro
COCTaB MOXET HW3MEHATHCA B IMHUPOKUX MPEACIaX ¢ OTACIbHBIC
KOMITOHEHTBI IPOSABIISIFOT CBOM CBOMCTBA CaMOCTOSITEIIBHO.



CMmechb OTIIMYaETCA OT paCTBOpPa TEM, YTO paCTBOP OAHOPOIECH, a CMECH —

HCT.
PacrBopuMoOCTDH

PacTBOPMMOCTBI0 HA3BIBAETCSI CIIOCOOHOCTh BENIECTBA PACTBOPATHCS B
TOM WJIM MHOM pacTtBopureiie. Mepou pacTBOPUMOCTH BELIECTBA MPHU
JAHHBIX YCIIOBUAX SABIISIETCS €0 CONEPKAaHUE B HACBHIILIEHHOM PacTBOPE.

Ko3pduunueHT pacTBOPMMOCTH — YHCIIO €IWHMII MacChl O0€3BOJHOTO
BEILIECTBA, HACBIIAOIIETO IPU JAHHBIX ycaoBusax 100 emuHHUI] MaCChI
pPacCTBOPUTEIIS.

HachIIeHHBbIM HAa3bIBACTCS TAKOW pPacTBOP, KOTOPHIM HAXOIUTCI B
JTUHAMHUYECKOM PABHOBECHM C H30BITKOM PAaCTBOPEHHOTO BEIIECTBA.
IlepechIlleHHBIN PAacTBOP — pPAacTBOpP, B KOTOPOM KOHIICHTPAIYs
PACTBOPEHHOIO BEIECTBA MPEBBIMIAET IPEAECII €0 PACTBOPUMOCTU MPHU
JaHHOW TemIieparype. Takol pacTBOp OOBIYHO HEYCTOMYHUB - IIpH
BBEJICHNHM "'3aTpaBKU'’ (KPUCTAJLIMKA BEIIECTBA) N30BITOYHOE KOJIUYECTBO
pPacCTBOPSIEMOI0 BEIIECTBA BBINAJAET B OCAJ0K, MU PACTBOP CTAHOBUTCHA
HACBILICHHBIM.



Eciu B 100 T Bombl pactBopserca OoJsiee 10 r BemiecTBa, TO Takoe
BEIIIECTBO HA3BIBAIOT XOPOIIO PACTBOPUMBIM.

Ecnu pactBopsieTcst MeHee 1 1 BemecTBa — BEIIECTBO MAJIOPACTBOPUMO.

BemiecTtBo cUMTaOT MPAKTHYe€CKH HEPACTBOPUMBIM, €CIIM B PacTBOP
nepexonut Menee 0,01 r Beniecrsa.

AOCOJIIOTHO HEPacTBOPUMBIX BEIIECTB HE ObIBaeT. Jlaxke Korjga Mbl
HaJIMBa€M BOJY B CTEKJISHHBIN COCYl, OYCHb HEOOJIbIIasl 4YaCTh MOJICKYJI
CTEKJIa HEen30€KHO MEPEXOIUT B PaCTBOP.



Ilpomecc pacTBopeHus

1. TBepabie Tes1a

PacTBopeHHe TBepAbIX TeJ - TE€TEPOreHHOE (PU3UMKO-XUMHYECKOE
B3aMMOJICICTBUE TBEPJOTO TEIAa M KUJIAKOCTH, COMPOBOXKIAIOIIECECS
IIEPEX0JIOM TBEPOU (ha3bl B pacTBOP.

Paznuuaror (pu3nUeckoe, XUMHYECKOEe M IIEKTPOXHMHYECKOE
pactBopenue. IIpu (pu3nyeckoM pacTBOPEHUH IIEPEXO]] B paCTBOP B-Ba
HE COIIPOBOXKIACTCS M3MEHEHHUEM €ro XHM. cocTaBa. lIpm xumudeckom
PACTBOPEHUH IEPEXO] B-Ba B PACTBOP COIMPOBOXKIACTCS XHUM. P-ILIHEH;
MCXOQHOE B-BO HEJIbB3Sl BBIACIUTH M3 pacTBOpA B TBEPJOM COCTOSHHM
(bu3. MeTogamMu (MMPUMEPHI - PACTBOPECHHE METAJIJIOB MM WX OKCHJIOB B
KHCJIOTAaX. DJIEKTPOXHUMHYECKOE PACTBOPEHHUE ITPOTEKAET B YCIIOBUSAX,
KOIJa MPOLIECCY COIMYTCTBYET IIEPEHOC BICKTPUUECCKUX 3aPSI0B.
PacTBOpeHME CONMPOBOXKIACTCS  MMOIVIOMICHUEM HWJIM  BBIJICIICHUEM
TETJIOTHI.



Ecnn Ha pa3pyllieHre KPUCTAIUNIMYECKON PEIIETKH TPATUTCS OOJIbIIIE
SHEPTUH, YeM 00pa3yeTcs NPy NOJTYYEHUH THAPATOB, TO PACTBOP MOKET
OXJIaXIaThCs. Harpumep, eciy B CTakaH ¢ BOJIOM TOMECTUTH TBEPAbIN
Hutpar ammonus NH, NO, 1 mocTaBuTh CTakaH Ha BIaXKHBIA KapTOH, TO
KapTOH MPUMEP3AET K CTAKaHy — HACTOJIBKO HU3KO I1aZlacT TeMImeparypa
pacTBopa.

[Ipy HEKOTOpOM KOHICHTPAIMM, HA3bIBAEMOW KOHICHTpPaIMen

Hacbimienuss (Cun), MeXay TBEPIAbBIM TEIOM M JKUIKOCTBIO
yCTaHABIMBAETCA paBHOBECUE. [Ipr HEM XUMHUYECKHUI MOTEHI[AAT B-Ba B
p-p€ CTAHOBHUTCSA PABHBIM XUMHUYECKOMY MOTEHIIMAIy TOrO K€ B-Ba B
TBEpAOM cocTossHMHU. Konunentpamus CH HE 3aBUCHAT OT JABJICHUS,
OTHAKO B 3HAYUT. CTEIICHU ONPEACIISIETCA TEMIIEPATYPOU, C YBEIIMUEHUEM
KOTOPOUN PACTBOPUMOCTH BO3PACTAET.



POU3MUECKOE PACTBOPEHUE MOXKET TMPOTEKATh MO AU(PPY3HOHHOMY,
KHHETHYECKOMY WJIH CMemIaHHOMY MexaHu3my. llpu guddyznom
MEXAaHU3ME Ha IIOBEPXHOCTH PACTBOPSAIOMIETOCA TEJA BO3HUKAECT
Ti(pPy3MOHHBIM  MOTPAHUYHBIM  CJIOM, B  IIpeAciax  KOTOPOTO
KOHIICHTpalsi u3MeHsseTcs oT CH Ha IIOBEPXHOCTH Tejla [0
KOHIIeHTpaiuu C B OCHOBHOM Macce p-pa. Ilpu morpyxenun tena B
HENOABHKHYIO >KHJIKOCTh B Ipeaciaax Au(@dy3rnOHHOrO CJIOSI BO3HUKAECT
JBUKCHUE KUJIKOCTH, MOOYKIaEMOE PAa3HOCTHIO MJIOTHOCTEH €€ U TEa B
CJI0€ U BHE €ro (€CTeCTBCHHAs: KOHBEKIIHS ).

IIpy mnorpyxeHuu Tejaa B ABMXKYIIYIOCS JKHAKOCTh B Mpejeliax
(P y3MOHHOTO CJIOSI TaK)KE€ BO3HUKAET JABHXKEHHUE, CKOPOCTh KOTOPOIO
CHIDKAETCS M0 Mepe MPHUONHKEHHUS K MOBEPXHOCTU Tena (BhIHYKICHHAS
KOHBEKIIUS, yCKOpseMas IIepeMEIIMBaHUEM ).

IIpy »>TOoM TOHIMHA CJIOA 3aBUCUT OT ero Jaub@y3uoHHBIX U
TUAPOJAMHAMUYECKHUX MapaMeTPOB M YMEHBIIAECTCS C YBEIUYCHUEM
yucia PeuHonpaca Re=ud/v  (u-ckopocTh OOTEKaHMs KUIKOCTHIO
00bEKTa pacTBOpeHus, d-ero pasmep, V-KHHEMaTuyecKas BS3KOCTh
KUIKOCTH).



OCHOBHOM 32KOH KMHETUKH AU(PPY3MOHHOT0 PACTBOPECHUA:

dM/dt = kF(CH - C),

rjae M-macca pacTBOpSIOLIErocs B-Ba, t-BpeMs, k-koad. maccooTnauu, F-
IJIOIIAb ITOBEPXHOCTH PACTBOPCHHUS.

N

\

J

[Ipumep.

PacTBopeHue caxapa B BoOJe: Ioajgas B BOXY,
MOJICKYJIbI caxapa, HaXOIsIuecs Ha ITOBEPXHOCTHU
KpPUCTAJJIOB CaxapHOro IecCKa, OOpa3ylT C
MOJICKYJIaMH BOJIbI JOHOPHO-aKIICIITOPHBIC
(BOOOPOHBIC) CBS3H.

[Ipu 3TOM C OTHOM MOJIEKYJION caxapa CBA3BIBACTCS HECKOJIBKO MOJIEKYII
BOJIbI. TE€mIoBOE€ ABMIKEHUE MOJIEKYJ BOJIbI 3aCTaBJISIET CBSA3AHHBIE C
HUMU MOJIEKYJIBl caxapa OTPhIBAThCS OT KPUCTAIa U IIEPEXOAUTH B
TOJIILY MOJIEKYJI paCTBOPUTEIIA.



2. PacTBOpeHHe KMAKOCTEH

[Ipenensl paCTBOPEHHUS B 3TOM cliydae KojieomoTess ot 0 10
OE€CKOHEYHOCTH.

Kpurnuyeckasi tTemneparypa pacCTBOpeHHUsl - TeMIeparypa, npu
KOTOPOM OrpaHUYCHHAs B3aMMHasl paCTBOPUMOCTD EPEXOJUT B
HeorpaHu4YeHHYI0. ((heHoa+Boaa t=66,4°C)

3aKoH pacnpenejeHusi: BEIIECTBO, CIOCOOHOE PACTBOPATHCS B ABYX
HECMEIIMBAIOIIMXCA PACTBOPUTEIIAX, PACHPEACIACTCI MEXKITY HUMU
TaK, 4YTO OTHOIIIEHUE €r0 KOHLICHTPAIUM B 3TUX PACTBOPUTEIIAX IIPHU
MMOCTOSAHHOU TEMIIEPATYPE OCTAETCA IMTOCTOAHHOU U HE 3aBUCHUT OT
00IIIEero KOJIMYEeCTBAa pAaCTBOPEHHOTO BEIIIECTRA.

- = K K- xoapdunuenrt pacnpenencnus

JKCTPAaKIUsl — COoco0 W3BICUCHHMS PACTBOPCHHOIO BEIIECTBA U3
pacTBOpa ¢ MOMOIILK0 BTOPOI0 PACTBOPUTENISI, HE CMEIIUBAIOIIETOCS C
nepBbIM. (Mox B Boge u 1oa xiopodopme, k=130)



3. PacTBopeHnue rasos

PacTtBopeHne r1a3oB B  BOJAE — IMPOLECC  DK30TEPMHUUYECKUI.
CleoBarenbHO, MPU TOBBIIICHUM TEMIIEPATYPhl PACTBOPUMOCTDH T'a30B
ITOHMKAETCH.

PaCTBOpCHI/IG razoB BCCraa INPpHUBOANUT K ITOHH>KCHHUIO 00beMa CHUCTEMEL.
CJICI[OB&TCJIBHO, C ITIOBBIINICHUCM JAaBJICHUA PaCTBOPUMOCTD
ITOBBIIIIACTCA.

3akoH I'eHpM — IIpy MOCTOSHHOM TEMIIEpaType PaCTBOPUMOCTh I'a3a B
JTAHHOM >KHUJKOCTH IPSMO MPONOPIMOHANIbHA JTABJIICHUIO 3TOI0 ra3a HaJl
pPACTBOPOM. 3aKOH IIPUTOJAECH JIMINb JJI MICAIBHBIX PACTBOPOB M
HeBbICOKMX AaBieHui: C=k-p, C- MaccoBas J0is raza B HaChIIICHHOM
pacTtBope, k — koapdunimeHt I'eHpu, p — napuuaibHOE TaBICHUE



Cnoco0bI BhIpaKeHHs1 KOHIIEHTPAlluU PacTBOPOB

KoHumeHTpamusi —  KOJIMYECTBO  PACTBOPEHHOIO  BEIIECTBA,
coAECp Kalleecss B  ONPEICICHHOM  KOJWYECTBE  pacTBOpa  WJIH
PaCTBOPUTENA

OO0o03HaueHMS: PACTBOPEHHOE BEIIECTBO - X, pACTBOPUTEb - S.

1. mpoueHTHAasi KOHIEHTPAalMUA (MaccoBasi [0Jis1) - YHUCIO ECIUHHUIL
MAacChl PAacCTBOPEHHOIO BeHmIECTBa, coaecpxkammxca B 100 exmHMIax
MAacCChl pacTBOpA:

m(A)  _ m(A)
m(X) +mi(S) 2

(L) =



rae o(X) - maccoBas O0JIsI pacTBOPEHHOro BemiectBa X; m(X) Macca
PacTBOPEHHOIroO BemecTBa X, I; m(S) - Macca pacTBOpUTENS S, T'; m=
[m(X) + m(S)] - Mmacca pacTtBOpa, I.

2. Moasippasi KoOHIeHTpanmuss (MOJSAPHOCTb, M, [MO0ab/1]) - 4YHUCIO

MOJIEW PACTBOPEHHOIO BEIIECTBA, COJIEPKAIIETOCA B 1 TUTpE pacTBopa:
C(X)=v(X)/V,

rme C(X) - MoJsipHass KOHIIGHTPAIMsI PAacTBOPEHHOIO BemecTBa X,

MOJIb/1; V(X) - KOJMYECTBO PACTBOPEHHOIO BemlecTBa X, MOJb; V -

00BbEM pacTBOpA, JI.

3. MoasabHOCTh (M) — YHCIO MOJEM PACTBOPEHHOTO BEIIECTBA,
npuxoasamuxcs Ha 1000 T pacTBopuTes

4. Tutp (T) - uncio rpaMMOB PacTBOPEHHOIO BEIIECTBA, COACPKAIIEECS
B 1M1 pacTBOpA.



5. MoJubHasi 10J51 PACTBOPEHHOI0 BelllecTBa - Oe3pa3MepHas
BEJIMYMHA, paBHAS OTHOIICHHIO KOJIMYCCTBA PACTBOPEHHOI'O BEIIECTBA K
00IIIeMy KOJIMYECTBY BEIIICCTB B PaCTBOPE:

v(X)

M) = S o

rme N(X) - MojbHas J0jds pacTBOPEHHOro BemiecTtBa X; V(X) -
KOJIMYECTBO PACTBOPEHHOrO BemiecTBa X, MOJb; V(S) — KOJIMYECTBO
BEILICCTBA PACTBOPUTENISA S, MOJIb.

CymMMa MOJIBHBIX JOJIEW PACTBOPEHHOIO BEIIECTBA W PACTBOPUTEISA

paBHa 1:
N(X) + N(S) = 1.

6. HopmaabHocTh (C [I.IKB./JI])- 9HCIIO TPAMM-3KBHBAJICHTOB
PACTBOPEHHOTO BEIIECTBA, CoAepKameecs B 1 muTpe pacTBopa.



PacTBOpBI 2JICKTPOJINTOB

DJIEKTPOJIUT - BEIISCTBO, PACIIaB MJH PACTBOP KOTOPOTO IIPOBOJUT
NEKTPUUYSCKUM TOK BCIEACTBHUE IAMCCOIMALIMKM Ha HOHBI. IIpumepamwu
ANEKTPOJIUTOB MOTYT CIYXKHTh KHCJIOTBI, COJIM U OCHOBAaHMAI.
DJIEKTPOJIUTHI - IPOBOJHUKKA BTOPOrO pPOAA, BEIIECTBA, KOTOPHIC B
pacTBOpE (MM paciiiaBe) COCTOAT NOTHOCTHIO MW YaCTUYHO M3 MOHOB U
00JIaJaroIINE BCIEACTBUE 3TOTO HOHHOM ITPOBOAUMOCTBIO.

3J1€KTpOJII/ITI/I‘leCKaH AUCCONUAIINA
-pacCliaZl BCIICCTBA Ha HWOHbI 110 I[eﬁCTBI/IeM IMOJIAPHBIX MOJICKYJI

PACTBOPHUTEIS WM ITPU PACIUIABICHUH .
Jlucconuamnyss Ha HOHBI IIPOUCXOAUT BCJIECACTBHE B3aMMOICHCTBUSI

pacTt BOpéHHOI‘O BCIICCTBA C PACTBOPUTCIICM.



Crenenp aumcconmuanmuu (o) - OTHOIICHUE 4YHCIA MOJIEKYI,
JYMCCOLIMMPOBABINIMX HAa HOHBI K OOIIEMY YHCIY MOJEKYJ

PACTBOPEHHOTIO AJIEKTPOJIUTA.
Koncranra quccouunanmuu (Ka) onpenensercss akTUBHOCTSIMU

KaTUOHOB aK+, aHMOHOB &, U HEJIMCCOIMUPOBAHHBIX MOJICKYIT &,
CIEIYIOIIUM 00pPa30oM:

A A

e
Kn=(a " -a,” )/ a_,
AKTHBHOCTHL — DOTO Takasd KOHIICHTpAUS HOHA, COOTBETCTBEHHO
KOTOPOH OH JAEUCTBYET MPU XUMHUUYECKOU PEAKIIUU

Hcxons u3 CTeneHn AUCCOMAIIMN BCE SICKTPOINUTHI ACIIATCS Ha JIBE
IPYIIIbI: CUJIBHBIC IEKTPOJIUTHI U CIa0bIC AJICKTPOIUThI

CuiibHbIE 3JIEKTPOJMTBI - JJICKTPOJWTHI, CTEICHb JIUCCOAALUH
KOTOPBIX B pacTBOpax paBHA e€IUHHUIE (TO €CTh JIUCCOLMUPYIOT
IIOJIHOCThIO) MW HE 3aBHCHUT OT KOHIEHTpauuu pacTtBopa. Croma
OTHOCSITCS IIOAABIIAIONIEE OOJBIMMHCTBO COJIEM, INEJIOYEH, a TaKKe
HEKOTOPHIEC KUCIOTHI.

CTeneHp AUCCONHAIMM CHJIBHBIX OJJICKTPOJIWTOB BBIYHCIAIOT 110
SIEKTPONPOBOAHOCTH MX PACTBOPOB



Caadble 3JI€KTPOJUTBI - CTENEHb JAUCCOLMAIIMA MEHBIIE EIUHUIBI (TO €CTh
JTMCCOLUMPYIOT HE MOJIHOCTBHIO) M YMEHBIIAETCA C POCTOM KOHIEHTpanuu. K HUM
OTHOCST BOZY, PSAJI KUCJIOT, OCHOBAaHUS p-, d-, U f-21€MEHTOB.

Mexnay STUMM JIByMs T'PyHIIaMHA YETKOM TPAHUIIBI HET, OJJTHO U TO K€ BEIIECTBO
MOXET B OJIHOM PAacCTBOPHUTENE MPOSBISATH CBOWCTBA CHUJIBHOIO 3JICKTPOJINTA, a B
IPYTOM - CJ1a0oTO.

IIpouecc rucconuanuu
1. Jluccoumanusi cojied B pacTBope.
IIpu pacTBOpEeHUM B B%j BJIEKTPOJIATHI

v @ V 4 pacnagaoTcs Ha © U OHBEI.
©o o a KaTHOHEI — MOJIOKUTEIbHBIE HOHBI
oo ﬁ - AHUOHBI — OTPHUIIATENHHBIE HOHEI

B nponecce auccornyanu KOJInyeCTBO

©@ce % & YaCTHI] B PACTBOPE 3HAUYNTEIILHO

‘ BO3pacTaer. B pesynbrare 3Toro

R e PacTBOPHI SJIEKTPOTUTOB MPOSBIISIOT
BOAbLI (V3

-+ Jr— aHOMAJIbHBIC CBOMCTBA!

1. Temmneparypa KUIIEHUS BBIIIE, Y€MY PACTBOPOB HEAIEKTPOJIUTOB
2. Temmneparypa 3aMep3aHUS] HUKE, YEM Y PACTBOPOB HEAJICKTPOIUTOB



Kiaccuueckasi Teopusi JIEKTPOJIUTHYECCKON TUCCONMAIIMMA OCHOBAHA
HAa [OPEANOJIOKEHUU O HEMNOJHOW JUCCOLUAIMM  PACTBOPEHHOIO
BEIIIECTBA, XaPAKTEPU3YEMOH CTENECHBIO TUCCOIMAIINH (.

Hanpumep, sieKTpouTrIecKasi AUCCOraus OMHAPHOIO JIEKTPOINTA
KA BbIpaxkaeTcsi ypaBHEHUEM THUIIA

KA < K"+ A"
CJ10’KHBIE BEIIECTBA JUCCOLMUPYIOT CTYIIEHYATO:
H,SO, = H* + HS0; HSO; == H'+ s0f

2. Jlucconranus moJsipHbIX MOJIEKYJ B pacTBOpe

[lonsipHBIE  MOJIEKYJBI, HAOPUMEP MOJIEKYJbl BOABI, BbI3BIBAIOT
PACXO0XKIIEHUE TMOJIOCOB MPUTAHYTOM MOJIEKYIIBI - HOJIAPU3YIOT €€. Takas
NOJISIPA3AIMSA B KOMOMHAIIUM C KOJIEOATEIbHBIM TEILUIOBBIM JIBUKECHUEM
aTOMOB, a TAKXKE C HENPEPBIBHBIM TEIUJIOBBIM JIBUKEHUEM OKPYKAFOIIUX
€€ MOJIEKYJI IIPUBOJUT K pacnaay MOJAPHOM MOJIEKYJIbI HA MOHBI U OHU
ruparupyrorcsa. Ilpu 3TtoM noH Bomopona H+ mpoyHO cBs3bIBaercs C
MOJIEKYJIO# BOZIBI M 00pa3yeT noH ruapokconus H,O+.



LIpu pacmeopernuu 6 6ooe conanou kuciomsl (6 monexynax HCI
CB513b MeHCOY AamoMAMU KOBALEHMHASL CUNbHONOJIAPHASL)

npoucxodum USMEHeHUe XapaKkmepa XUMUYECKOU CB53U.

1100 énusHUEeM NONAPHBIX MOSIEK)T
B00bl  KOBANEHMHAS  NOJAPHAA
C653b Npespauiaemcs 6 UOHHYIO.

Obpa3zosasuiuecs UOHbL
ocmaromcsi CBA3AHHBIMU c
MOleKynamu 800bl —
2UOPAMUPOBAHHBIMU. Ecnu
pacmeopumenv  HEBOOHbIl, MO
UOHbL HA3b18AIOM
CONbBAMUDPOBAHHBIMU

3. Tepmuueckas quccouuanus. [1og nencTeuemM BBICOKUX TEMIIEPATYP
MOHBI KPUCTAIUIMYECKON PEIIETKM HAUMHAIOT COBEPIIATh KOJICOaHMs,
KMHETHYECKAsl YHEPTUs MOBBIIIACTCS, U HACTYIIUT TAKOM MOMEHT (IIpH
TEMIIEpaType IIABJICHUS BEIIECTBA), KOrJa OHA MPEBBICUT SHEPTUIO
B3aUMOJECUCTBUSA MOHOB. PE3yIbTaTOM 3TOIO SIBIAETCS paciaj BENIEeCTBa

Ha NOHBLI.



Jlucconmanusi BOAbI

Bona — ciia0blii 21E€KTPOJINT.
HO+HO < H3O+ +OH nmn H O < H"+ OH

PaBHOBecue »Tou p€aKionnu CHJIbHO CMCILICHO BJICBO.
KOHCTaHTy AUCCcOoMaIIMu BOJbI MOKHO BBIYUCJINUTH 10 (bopMyJIe:
HY|[OH™]

e |
b ="m0 (1)

rJe:

'H'] - xoHIIEHTpaL¥s HOHOB TUAPOKCOHUS (IIPOTOHOB);

OH | - xoHIIEHTpanus THAPOKCUA-HUOHOB;

'H,O] - xoHIieHTpaItust BOsI (B MOJICKYJISIPHO# (hopMe) B BOJIE;

KoHuleHTpanmss BOABI B BOJE€, YYUTHIBasS €€ Malayl CTCICHb
IUCCOLMALIMY, BEJIMYMHA MPAKTUYECKU NOCTOsIHHAsA U cocTasiser (1000
r/n1)/(18 r/monp) = 55,56 Moub/11.

[Ipu 22 °C KOHCTaHTa JHCCOLMAlMK BoAbl paBHa 1,8-107'°monb/m.
YpaBuenue (1) MOXHO mepenucarb Kak:



K [H,O| = |H*| |0H"]

O6o3xaunm npounsseaenne K-[H,O]=K =1,8-10"'°x55,56= 10""*momnp?/n
=[H"]-[OH ] (ipu 22 °C).

Koncmanma K, paenas npouzsedeHuio KOHYeHmMpayuu npomoHOs u
2UOPOKCUO-UOHOB, HA3bIBAEHICSL UOHHBIM RPOU3BEOCHUEM BOODL.

OHa sBisIeTCS NOCTOSHHOM HE TOJBKO AJIS UYMCTOMW BOJBI, HO TAKXKE U JIJIs
pa30aBICHHBIX BOJHBIX pacTBOpoB BeliecTB. (C  MOBBIINICHHUEM
TEMIIEPATYPbl JUCCOIMALIUA BOJbl YBEIUYMUBACTCSA, CJIEI0BATEIBHO,
PACTET U KB, IIpU TOHMKEHUHU TEMIIEPATyphl - HA00OPOT

Jlns  ymoOcTBa  MpeACTAaBICHUS TMOJB3YIOTCS HE  aOCOJIIOTHBIMU
3HAYCHUSIMHA KOHIICHTpALMi, a B3SThIMU C OOpaTHBIMH 3HAKOM HX
NECATUYHBIMUA  Jorapu(p)MaMu - COOTBETCTBEHHO, BOAOPOIAHBIM
nokasarejieM (pH) u ruapokcuiabHbIM nokasaresjem (pOH).



Tak kak K - KOHCTaHTa, P J00ABJICHUU K PACTBOPY KUCIIOTHI (HOHOB
H"), konnenTpanus ruapokcua-nonos OH™ OyaeT magars 1 Ha000pOT.

pH = —Ig [H'| pOH = —Ig [OH"| pOH = 14— pH
B neitTpaasnoii cpeae [H'] = [OH] = 10~ = 10" moms/m. (pH=7)
[H7] > 10~ mons/n - pH<7 — cpena KucJIas;

[H] < 1077 moas/n) — pH>7 — cpena meao4Has.



OKHCINTEIbHO-BOCCTAHOBHTEJIbHbBIE PCaKIINHA

OKHCINTENbHO-BOCCTAHOBUTEIbHbIE PeaKLIUM - 3TO XHMHUYECKHUE
peaKIMM, NPOTEKAIOIINE C M3MEHEHHEM CTENEHEH OKHCIICHHUS aTOMOB,
BXOMSIINX B COCTaB PEArMpPYIOIMIUX BEIISCTB, PEATU3YIOIIUXCI ITyTEM
nepepacrpeieiCHusl dJICKTPOHOB MEXKAY aTOMOM-OKHCIHTEIIEM M
aTOMOM-BOCCTAHOBUTEJIEM.

Zn’+2H"'CI" = Zn"'CL,+H "
Oxuciienue:
IIpy okwuciieHMH BellecTBA B Ppe3yJbrare oOTAa4M JJICKTPOHOB
YBEJIMYMBACTCA €r0 CTENEHb OKHUCJIEHUS. ATOMBbI OKHUCIISIEMOTO
BEILIECTBA, HA3BIBAKOTCS JOHOPAMM 3JIEKTPOHOB, @ ATOMbI OKHUCIIUTESA —
aKIENTOPAMHU DJIEKTPOHOB.

OKucauTeb, MPUHUMAS JIEKTPOHBI, IIPUOOPETAET BOCCTAHOBUTEIBHBIC
CBOMCTBA, PEBPAIAAICH B CONPSIKEHHBIA BOCCTAHOBUTEIID

OKUCIUMEJIb + € <> COﬂp}ZDfCéHHblZZ 60CCMAHO6UMEIb



BoccTranoBJieHue:

BoccranoBieHrneM Ha3bIBaeTCS MPOIECC MPUCOEINHEHHUS 3JIeKTPOHOB
aTOMOM BEIIIECTBA, IIPH 3TOM €TI0 CTETICHb OKHUCIICHUS TTOHMKACTCS.

[Ipy BOCCTAaHOBIIEHUH aTOMBbI UJIU MOHBI TIPUCOEIUHSAIOT JIEKTPOHBL. [1pu

9TOM IIPOHUCXOAHT ITOHMKCHHC BAJICHTHOCTH (CTGHGHI/I OKI/ICJ'ICHI/I}I)
JJICMCHTA.

[IppMephl: BOCCTAHOBJIEHHUE OKCUI0B METAJIOB JI0 CBOOOHBIX METAJIJIOB
[IpX [IOMOIIA BOAOPOJA, yIIepoAa, IPYrUX BEILIECTB; BOCCTAHOBICHHUE
OPraHUYECKUX KHMCJIOT B ajbJCTHJbl M CIHUPTHI; THAPOTCHU3ALMS
KAPOB U JP.

BoccraHoBuTenb, OTAaBasi 3JICKTPOHBI, HNPHOOPETAET OKHUCIUTEIbHBIC
CBOMCTBA, IIPEBPAIIASACH B CONPSKEHHBIU OKUCIIUTENb

80CCMAHOBUMENDb - € <> COﬂpﬂDfCéHHblﬁ OKUcCJumeslo



OKHCIUTEIbHO-BOCTAHOBUTEIbHAS pEaKUus MEXIY BOJOPOJAOM U
(dhTOpOM:

+1-1

Ho - Fo — 2H F
Pasznensercs Ha ABE MOJyPEaKIIUN:
1) Oxwucienue: Hg — 9% — 2H"

2) BoccraHoBIEHHE: Ff,’ K S




DJIIEKTPOXMMHUYECKHE CUCTEMbI
3JICKTpOXI/IMI/I‘IeCKa}I CHUCTCMaA - CUCTCMaA.

- COCTOSIIAs U3 ABYX AJIEKTPOAOB M HAXOSAIIETOCS C HUIMU B KOHTAKTE
IPOBOAHHUKA BTOPOTO poOJia (AIEKTPOJIUTA);

- B KOTOPOM MOTYT MPOTEKATh KAK MUHUMYM OJIHA DJIEKTPOXUMUYECCKAS
pPEAKIM OKUCIIEHUS U OJHA DJIEKTPOXUMUYECKAS PEAKIIUSA
BOCCTAHOBJICHHUS BEIIECTBA.

SJEKTPOJHBIM MOTEHIIUAJI - pa3HOCTh 3MEKTPOCTATHUECKHX
NOTECHIIMAJIOB MEXKAY JJICKTPOJOM M HAXOISIIMMCI C HUM B KOHTAKTE
JICKTPOJUTOM. BO3HMKHOBEHHE J. 1. 00YCJIIOBICHO MPOCTPAHCTBEHHBIM
pa3ACICHUEM 3apsJIOB MPOTUBOIMOJIOKHOTO 3HaKa Ha T'paHMIE paziena
(a3 1 00pa30BaHUEM JIBOMHOIO JICKTPUUECKOTO CIOS.

DJIIEKTPOCTATHYECKMIT TMOTEHIUAJ — CKaJsIpHAsd DHHEPreTHYeCcKas
XapPAKTEPUCTUKA  BJIEKTPOCTATHYECKOTO  MOJSA,  XapaKTEPU3YIOIIas
MOTCHINAJBHYIO YHEPTUIO MOJISI, KOTOPOM 00JaJaeT €AUHUYHBIN 3apsi/,
MMOMEIIEHHBIN B IAHHYIO TOYKY TOJIA.



YpaBuenue HepHcra

[ToreHnman anexrpona E CBsA3aH ¢ aKTUBHOCTHIO Y KOHIICHTPAIUEH
BEILIECTB, YYACTBYIOIIUX B 3JIEKTPOJIHOM IPOLIECCE, YPABHEHUEM
HepHucra:

E‘E0+ﬂ| dox = E, +—= In [0X] Y ox

nF dred [red] Y req
T7ie E0 - CTaHJIAPTHBIN MOTEHIIMA PEAOKC-CUCTEMBI;

R - yHMBepcanbHas ra3oBas noCcTossHHasA, paBHas 8,312 J[x/(Monb
K);

T - abcomroTHas Temneparypa, K;

F - nocrosiHHas ®apanges, paBHas 96485 Ki/moinb;

N - YHCJIO AJICKTPOHOB, IPUHUMAOIIUX Y4acTHE B AJICKTPOIHOM
pPEaKIIUH;

a ,a_,- aKTHBHOCTH COOTBETCTBEHHO OKHMCIEHHOM U
BOCCTAaHOBJICHHOM ()OPM pEAOKC-CUCTEMBI;

[0x], [red] - uX MoasIpHBIC KOHLIEHTPAIINH;

Yox® Vred K03(POULIMEHTHI aKTUBHOCTH.




Ecimu B hopmyny HepHcTa mmojcTaBuTh 4YMCIOBBIE 3HAYCHUSI KOHCTAaHT R

v F 1 nepelity oT HaTypalibHBIX JIOTapu(PMOB K AecATUHYHBIM(INN =
2,3031gN), To mpu T=298K nosy4mm:

RT

2,3=— =0, 059
z 0,059, @ox — 0,059, [0X] Yo
e § EO+ n Ig dred E0+ n lg [red] Yred



BO3HWKHOBEHWE 3MEKTPOOHOro noteHumnana

Ecnu 1miacTuHkKa MeTajja, HanpuMep IMHKa, IOrpy’kKeHa B BOAY, TO
OyzeT HaOIroAaThCs NOABUKHOE PaBHOBECHE.

ATOMBI IMHKA MOTYT IIEPEXOAUTH U3 METAJIMYECKON PEIICTKN B BOJIHBIM
pacTBOp B BHJE MOHOB IMHKA Zn’'; mpu 3ToM 0cBOOOAMBIIMECS
AJIEKTPOHbI YXOHAT II0 DJJIECKTPUYECKOM ILIE€NH, T. €. IPOUCXOAUT
IIPOLIECC:

/n 7n?t + 2e

IIpeobOnanmaromiee HampaBiCHHE PEAKIMHM  3aBHCUT OT Pa3HOCTH
NOTEHIUAJIOB MEXKAY JJIeKTPOAOM H OKPYXKAKIIMM PACTBOPOM.
VYBenuueHne MoTeHIMajla OyJeT ChocoOCTBOBaTh BOCCTAHOBJICHHIO
MOHOB IIMHKA JI0 METAJNIMYCCKOTO IIMHKA, TOIJla KaK €ro YMCHBIIICHHE -
HAa00OPOT, OKUCICHUIO IUHKA IO HOHOB



2e

Zn

1

¥
ZNn

2+

2e-

Zn

Zn=*

A

2

+2e-

Zn

o=

3

| - mpu oTpULIaTEILHOM MOTEHIIMAJIE IOMUHUPYET EPEHOC AICKTPOHOB
¢ aaeKTpona (BoccraHoBieHue Zn>").

2 - IpH MOJIOKUTEILHOM ITOTEHIIHAJIE JOMUHUPYET MEPEHOC AIEKTPOHOB
Ha 3J1EeKTPOoJ (OKHCIEHUE 7N 1 BBIXOI HOHOB Zn° B pacTBOP).

3 - IpH OIPEACICHHOM AJICKTPOJIHOM noTeHuuale (£o) ycTaHaBIMBACTCS
MOJABU>XHOE PABHOBECHE



Puc. a. Meramnn B BoJIE.
AKTUBHBIC MeTaIbI (Zn,
Fe, Cd, Ni) — oTpbIB OT
3IEKTPOJIA
MOJI0KUTEIbHBIX HOHOB
MeTaia (OKUCICHHUE),
ruparanus 1 Iepexos B
pPacTBOP O YCTAHOBJICHHUS
paBHOBecus. /IBOMHOM
JICKTPUYECKUU CIIOU
BO3HHUKAET 3a CUET
AIEKTPOCTATHYECKOTO
IPUTSHKCHUS KATUOHOB B
pPacTBOPE U U30BITOUYHBIX
3JIEKTPOHOB Ha
MIOBEPXHOCTH SJIEKTPOAA




Puc. 6. B ciy4ae HEAaKTHBHOIO METa/lJla PaBHOBECHAs KOHIIEHTPAIMs
MOHOB MeETalla B pPACTBOPE OYeHb Mana. IIpuw mnorpyxeHuu B
COOCTBEHHYIO COJb, 4YacTb HOHOB MeETajlla BOCCTAHOBUTCS Ha
AIEKTPOAE. DJEKTPO 3aPSAUTCS IIOJIOKHUTEIIBHO, & PACTBOP COJH -
OTPHUIIATEIIBHO.

T.o, mOTEHIMAN KaXJOr0 DSJIEKTPOAa 3aBUCHUT OT NPUPOJBI METAJUIA,
KOHIICHTPAIIMK €r0 HOHOB B PACTBOPE W TEMIIEPATYPHI.

CTaHJIaPTHBIN 3JIEKTPOIHBIA IMOTCHIMAA — MOTEHIIWAJI, BO3HUKAIOIIUM
IIpU IIOTPYKEHUM METAJNIa B PACTBOP €r0 COJM KOHIEHTpamuen 1 r-
MoH Ha | nutp (akTuBHOCTH a=1). BO3MOXXHO ONpeaeIUTh JIMIIb
OTHOCHUTEJIBHOE 3HAYCHUE 3IEKTPOIHOIO MMOTCHIIMAJIa K
CTaHAAPTHOMY 3JICKTPOY.

B KayecTBe CTaHIApPTHOrO DJIEKTPOAA HCHOIB3YIOT QOPaTUMBIN
y +
BOJIOPOIHBI snekTpon (2H-[H ., Pt).

Ecnn BogopOAHBINA JIEKTPOJ COSAUHEH C JIEKTPOAOM , OKUCISIOIIAMCS
Jerye BOAOPOAA, TO Ha HEM BOCCTAaHABIMBAIOTCS HOHBLI BOJIOpOJA U
Ha00O0POT.



JIBOMHOU 3IEKTPUUYECKUMN CIIOU

e |+ +|= ¢
|+ + |- -
& |+ + +|= -
M & | + M + |-
= = |+ + 5 + | = > \
T T -
a =t + a *® \
b . * m ol b . \
JI .| * | - - \
.| ¥ +|* a \\
s * +|*
- % +(F = \\
=+ +|* e

(a) () (B)

CxeMa ABOMHOIO 3JIEKTPHUUECKOro ci1os (a) u (0); pacrpencacHue 3apsaa
B 00BbEME DJICKTPOIUTA (B).



Cxema BOAOPOOAHOIO ICKTPOIAA
(_VA‘--___M-"_‘_"

)

H., -

1. IInaTuHOBEIM
PIESHon

3. PacTBOp KHCIIOTEI C

AKTUBHOCTBIO
H™=1 mol/l

I

s

4. I'mapo3amMoK 11
IpEIOTBPAILICHUS
MHTEp(PEpEeHIIMN KUCI0POoaa

5. PesepByap s
MIOJIKJIFOYEHUS BTOPOTO
NJIEMEHTA raJIbBAHUYECKOU

LJ SYEUKU
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H3MepeHne CTAHIAPTHOIO 3JIEKTPOAHOT0 NMOTEHINAJIA

OJ1C Takoro raJiJbBAHU4ECKOI0O SJICMEHTA

COOTBCTCTBYCT BCIIMYMHC CTAHIAAPTHOI'O

3JEKTPOJHOTO ITOTEHIHMAJIa METaJIA IIPH
TaHHOU t

o

=1
1S

—
C——

A . = o ,—
—— —

U i ) LT an Annit)

a — JIEKTPOITUTHUYECKUAMN KITFOU
0 — BOAOPOAHBIN JIEKTPOI




P HanpsiokeHM MEeTaJJI0OB — PAJ CTAHAAPTHBIX
JICKTPOAHBIX MOTEHIUAJIOB

CTAHJIAPTHBDBIE DJIEKTPOAHBIE IIOTEHIIUAJIBI

DJIeKTPOAHASI peaKIUs E° B
Li* +e” — Li -3,045
Mg?* + 2e~ — Mg 2,356
AP* + 3e- — Al -1,67
Zn?** + 2e- — Zn —0,7626
Cr’*+ e —»Cr# 0,424
2H* + 2e~ — H, 0,000
Cu®* +2e~ — Cu 0,340
Fe3* + e~ — Fe?* 0,771
O, +4H" + 4e” — 2H,0 1,229
Cl, +2e~ — 2CI” 1,3583
F,+2e” — 2F~ 2,87



B psay HanpsiKeHUN IMTOTEHIMANIBI PACIIOI0XKEHBI 110 BO3PACTAHUIO UX
BEJIMYMH, UYTO COOTBETCTBYET YMEHBILIIEHUIO BOCCTAHOBUTEIBHOMN U
MTOBBIIIICHUO OKUCIIUTEIIBHON AKTUBHOCTH COOTBETCTBYIOILUX CUCTEM.

Ecny coCTaBUTH 3NEKTPOXUMHUUYECKYIO LIEMb U3 JBYX JIEKTPOXOI0B 3TOTO
psizia, TO Ha OTHOM M3 HUX, IOTEHIIAAII KOTOPOTO HUXKE MO0 CPABHEHUIO
C ApyTuM, OyAET UATH NPOLECC OKUCICHUS, a Ha APYTOM — IIPOLIECC
BOCCTAHOBJICHUS.

P HanpsKeHUN XapakTepU3yeT XMMUYECKUE CBOMCTBA METAJIJIOB:

1. YUem sieBee B psly HANPSKECHAM HAXOAUTCS METAJUI, TEM OH
XAMHUYECKU AaKTUBHEE, TEM JIETUE OKUCIIAETCA U TPYAHEU
BOCCTAHABJIMBAECTCS U3 CBOUX MOHOB

2. Kaxaplii MeTaJ1 3TOTO PAAAa, HE pa3ilararoliuid BOIY, BRITECHSET BCE
CJIEAYIOIIHUE 34 HUM METAJUIBI M3 PACTBOPOB UX COJIEU.

3. Bce mMerambl, CTOAIIME B PAAY HAIPS)KEHUH JIEBEE BOJIOPOJA,
BBITECHSIIOT €r0 U3 pa30aBIICHHBIX KUCJIOT, a CTOSIIME IIPaBee
BOJIOPO/Ia €r0 HE BHITECHSAIOT.



4. Yem palpliie pacnojIOKEHbI APYT OT JApyTa B Py HAPSKCHUN JBa
JaHHBIX MeTal1a, TeM 00Jblry0 IJIC OyaeT UMeTh MOCTPOCHHBIN 13
HUX OMMETAJUINYECKUHN IraJIbBAHUYECKUM 3JIEMEHT.

BenvurHa 371€KTpOAHOTO MMOTEHIIKAIa METAJlJIa 3aBUCUT OT CBOMCTRB
METaJllla, aKTUBHOCTHU €r0 HOHOB B PACTBOPE, ¥ TEMIIEPATYPHI.



I'aabBann4dYeckKue 3J1eMEeHTbI

l'aTbBaHNYECKUHU IJIEMEHT — XUMHUYECKUHU UCTOYHUK IEKTPUUECKOTO
TOKA, Ha3BaHHbIM B 4eCTh Jlywmxu [anpBanu. IlpumHinmn nenctBus
raJibBAHUYECKOTO JJIEMEHTAa OCHOBAaH Ha B3aUMOJICHMCTBUU JBYX
METAJJIOB 4Y€pPe3 DJJICKTPOJHUT, NPUBOAAIIEM K BO3HHKHOBCHHIO B
3aMKHYTOM IEnu JaeKTpuyeckoro Ttoka. JJIC raabBaHHYECKOIO
3JIEMEHTA 3aBUCUT OT MaTepraja 3JIEKTPOJOB U COCTABA JIEKTPOJIUTA.

Ecny B ranbBaHUYECKOM 3JIEMEHTE MPOTEKAOT OOPATUMBIE XUMHUYECKHE
peaKklnu, TO OH Ha3bIBACTCA AKKYMYJISATOPOM.

Zn+Cu?=Cu+Zn*"
Karoj_ HO/I Zn=Zn*"+2¢e
-+ Cu*™+2 e =Cu

Ecan npocTpaHCTBEHHO pa3ae/uTh
OKHMCJIHUTE]b U BOCCTAHOBUTEIb, TO
JIEKTPOHBI OYAYT NEePEXOaUTh OT

/n Cu

T - BOCCTAHOBUTC/IA K OKUCJIATEJIIO 110

ZnSO4 CuSO4 MPOBOAY, T.€. BOSHUKHET JICKTPUUYECKUHA
TOK
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Karon - oTpunareiabHbId MOJIOC UCTOYHHMKA TOKA ( raJbBaHUYECKOIO
3JIEMEHTA, DJICKTPUYECKOM OaTapeu U T. J.) WIH 3JIEKTPO HEKOTOPOIO
npuOopa, MPUCOCAUHEHHBIN K OTPULIATEIBHOMY IOIIOCY MCTOYHHKA
Toka. [Ipym mpoumeccax anekTponusa (IOIyYEHHE SJIEMEHTOB M3 HX
pacTBOPOB M PACIUIABOB  IMOJ  JCMCTBUEM  MOCTOSHHOTO
ANEKTPUYECKOTO TOKa), Karoj, - OTPHUIATECIbHBIM IIOJIIOC, HAa HEM
IIPOUCXOIUT BOCCTAHOBJICHUE METAJLIA.

AHOJ - TIOJIOKUTEIbHBIM IIOJIIOC MCTOYHMKA TOKa ( TraJlbBaHUYECKOIO
3JIEMEHTa, AIEKTPUYECKOM Oarapew U T. 1.). IloTeHuan aHoja mpu
pa00Te HCTOYHMKA IIOJIOKMTEJICH IO OTHOIICHHID K MOTCHIIHAIY
karoga. Ilpu mporeccax anekTposn3a (IOJy4YeHHUE AJIEMEHTOB M3 HX
pacTBOPOB W paCIUIaBOB  IIO0J  JICUCTBUEM  IOCTOSIHHOIO
ANIEKTPUYECKOr0 TOKa), aHOA - MOJOKUTEIBHBIM IIOJIIOC, HAa HEM
IIPOUCXOAUT OKUCIICHHUE.

IJIC BCAKOTO TrajibBAHUYECKOTO 3JIEMEHTA — BEJIMYMHA ITOJOXKUTEIbHAS.
Beruucisiercs MO Pa3sHOCTH  DJCKTPOJAHBIX  MOTCHIMAJIOB U
XapaKTepU3yeT MAKCUMAIBLHO TOJIE3HYI0 padO0Ty, KOTOpas MOXKET OBbITh
MIPOU3BEIICHA CUCTEMOM NIPU NMPOTEKAHUU JTAHHOU PEAKIIVH.



OJIC TalbBaHMYECKOIO JJIEMEHTA paBHA PA3HOCTH BJICKTPOIHBIX
MTOTEHIIAAJIOB COCTABJIAIOIINX €r0 3JIEKTPOJIOB. B COOTBETCTBUU C
IPUHATOM (POPMOM 3alKCH TajdbBaHWYECKOro sjemMeHTa ero OJIC
paBHA AJICKTPOJHOMY MOTCHIMATY MPABOTO AIEKTPOAa (OKHUCIUTES)

MHUHYC AJIEKTPOJIHBIM MOTEHITHAI JIEBOTO AJIEKTPOJIa
(BOCCTaHOBUTEIIA).
= — -~
Eammem Emmna Eamna 0
(5)Zn;Zn*"||Cu*"|Cu(+)
B =E i — B g =034 (<076)=+110B.

J{1a HectaHaapTHBIX ycesoBui J/[C 3jieMeHTa HAXOAUTCSA U3 PA3HOCTH
JIEKTPOJIHBIX MOTEHIIMAJIOB, BRIUYMCICHHBIX 110 ypaBHeHHIO HepHcTa
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DJIEKTPOJIN3

DJIEKTPOJIN3 - (U3NKO-XUMHUYECKOE SIBICHHUE, COCTOSIEE B BbIACICHUU
Ha DJJIEKTPOJAaX COCTAaBHBIX 4YacTel pacTBOPEHHBIX BEIIECTB MU
APYTUX BEIIECTB, SBISIOLIMXCS PE3yJIbTaTOM BTOPHUYHBIX pEaKlMi Ha
ANEKTPOAAaX, KOTOPOE BO3HUKAET IPU MPOXOKICHUHU DJICKTPUUIECKOIO
TOKa 4epe3 pacTBOP JUO0 pacijiaB dJICKTPOIUTA.

Ha OTPHULATCIIbHO 3apPiAKCHHOM OJICKTPOAC - KaTroAC IIPOUCXOIUT
OJICKTPOXUMHUYCCKOC BOCCTAHOBJICHHC YAaCTHII (aTOMOB, MOJICKYII,
K&THOHOB), d Ha ITOJOKXKHUTCJ/IbHO 3apPs>KCHHOM J3JICKTPOAC - AHOAC NACT
SJICKTPOXUMHNYICCKOC OKHCICHNUC HAaCTHUII (aTOMOB, MOJICKYII, aHI/IOHOB).



3akonbl Papanesn

IlepBbii 3akoH Dapaaesa: macca M BelecTBa, BbIJICIUBIIETOCS HA
AIEKTPOJIE, TPSIMO MPOMOPIUOHAIBHA AJIEKTPUUECKOMY 3apsiay Q,

IPOLIEAIEMY Y€PE3 JNEKTPOIUT: Nf — b . () =Lk . [ . ¢

K - 3JIeKkTpoXuMuYecKUd IKBUBAJIEHT BemecTBa. OH YKMCIEHHO PaBEH
MAacC€ BEIIECTBA, BBIJCIMBIICIOCS TIPU MPOXOXKIACHUM YEpe3
BICKTPOJIUT €AUHUYHOIO DSJIEKTPUUECKOTO 3apsijia, W 3aBUCUT OT
XAMHUYECKOMW MPUPO/IbI BEIIECTBA

Bropoun 3akoH @apagesi: ODJICKTPOXMMHUYECKHE  HSKBHUBAJICHTHI
Pa3JIMYHBIX BEHIECTB OTHOCATCS, KaK MX XHUMHYECKHUE SKBUBAJICHTHI.
XUMHYECKUM 3JKBHMBAJEHTOM HOHA HA3bIBACTCS OTHOIICHHUE
MOJISIpHOM Macchl (A) MOHa K €ro BajleHTHOCTH Z. Ilostomy
AIEKTPOXUMHUYECKUN SKBUBAJICHT: 1 A

k= —-—

Y Tl
F - nocrosunas @apanes = 96 485,3383(83) Kir-monp !



