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1. OPTAHU3AIIUS CAMOCTOSTEJBbHOM PABOTHI

1.1.

OpTaHI/ISaI_II/IOHHO-MCTOI[I/I‘-ICCKI/IC JaHHBIC TUCITUITINHBI

OO0muit 06beM YacoB 10 BU/IaM CaMOCTOSITEIILHOM paboThI

Ne MOATOTOBK
CaMOCTOSITENIEHO | MOATOTOBK
IL.II HanmeHnoBaHue TeMbl a MOATOTOBKA | WHAWBUIYAJIEHBI
KypcoBoro | pedepara/scc € IOMaIHue © M3YHCHHe ax
MpOeKTa e samanust (M1J13) BOnpocon SARITIIM
(CUB) (I1x3)
(pabotsbr)
1 2 3 4 5 6 7
OCHOBHBIE TIOHSITUS 1
1 3aKOHBI XMMUH. ) ) 1 1 1
CrexmomeTpuueckre
3aKOHBI
) Crpoenue aroma n ) ) 1 1 1
NIEPUOJMUECKUN 3aKOH
3 XuMmnueckas CBsi3b. ) ) 1 1 1
CrpoeHne BemecTsa
DHepreTuka u
4 HarpaBJIeHHe - - 1 1 1
XMMHYECKHUX IPOIIECCOB
Xumn4eckasi KHHETHKa.
5 - - 1 1 1
Karanus.
XnMU4ecKoe
6 paBHOBecue. DakTopsl, ) ) 1 1 1
BIIUSIOIIIE HA CMEIICHUE
paBHOBECHSI
OO1mas xapakTeprucTHKa
pacTBOpOB.
7 PactBopuMOCTh BeliecTs. ) ) 1 1 1
CriocoObl BeIpaKeHHS
KOHIIEHTpPalnuu
PacTBOpOB.
Teopust
8 EKTPOITUTHUECKOM - - 1 1 1
JIUCCOLIMALIUY.
HonHoe nmpousseneHue
9 Bojbl, pH. MeTost - - 2 2 2
onpeneneHus pH.
10 T'uaponus coneit - - 1 1 1
OKucIuTeNnpHO-
11 | BOCCTaHOBHUTENLHBIE - - 1 1 1
pEaKuum.
Knaccupukanmss  mMoHOB
Ha AHAJIUTHYECKHE
12 | rpynnel.  KauectBeHHble - - 1 1 1
peakuuy Ha KaTHOHBI |
AQHUOHBI
Tutpumerpudeckuit
13 aHaJIm3. Merton _ ) 2 2 b
KHCJIOTHO-OCHOBHOTO
TUTPOBAHHS
14 OKUCIUTEIBHO- - 3 3 3
BOCCTAaHOBUTEIBHOE




TUTPOBAHHUE.
IlepMmaHranaromeTpust

KommnexcHere

COCIUHCHHUSL.

15 KommnnekconomeTpuueck
0€ TUTPOBAHUE.

Omnpenenenue o0Iei
’KECTKOCTH BOJIbI

2. METOAUMYECKHUE PEKOMEHJALIUU 11O BBINTOJIHEHUIO
WHJIUBUIYAJBHBIX JOMAIIIHUX 3ATAHUHA
NHauBuIyaibHBIC TOMAIITHUAE 3a/IaHUSI BRITIOTHSIOTCS B (pOpME KOHTPOIHHOM PaOOTHI.

2.1 Tembl HHAMBUAYAJIbHBIX JOMANIHUX 3aJaHUI

1. U13-1. Knaccudukarus okcunos. ['padudeckue hopmyibl OKCHIOB.

2. UJ13-2. dwucconmarysi KUCIOT U OCHOBAHMIA.

3. UA3-3. CnocoObl monyueHusi CpeAHUX, KUCIBIX U OCHOBHBIX cojeil. Homenkiarypa
COJIECH.

4. N13-4. PacueT MOJIIpHOM Macchl SKBUBAJIEHTA COJIEH.

5. U]13-5. PacueT oObema ra3000pa3HOTO BEIIECTRA.

6. J13-6. PacueTsl TepMOAMHAMHMUYECKHUX BEJIMUYMH 10 3aKoHY [ecca.

7. N]13-7. PacueTsl M0 KNHETHUECKOMY YpaBHEHUIO U ypaBHeHHIO Bant-Iodda.
8. N/13-8. ®@akTopsl, BIUSIOMINE HA CMEILIEHUE PABHOBECHSI.

9. U/13-9. Pacuet KOHUEHTpAIUi CONEH.

10. UA3-10. 'maponus coneit.

11. UA3-11. PacueT KOHCTAHTBI U CTENEHU THAPOTIU3A COJICH.

12. U13-12. Ctpoenue atoma. DIEKTPOHHBIE KOH(PUTYpPAIUH.

13. UJI3-13. CocraBnenue ypaBuenuii OBP.

14. N]13-14. KoMIIeKCHBIE COSAUHCHUS.

2.2 Coaep:xaHue MHAUBUAYAJbHBIX JOMAIIHUX 32/1aHUI

1. WnmuBupyanpHoe pomamuee 3amanue 1 (MJ3-1) Krnaccudukammst oOkcHIOB.
I'paduueckne Gpopmysbl OKCHIOB.

N3 »os1emMeHTOB, BXOMANIMX B COCTaB TMPEIJIOKEHHBIX KHCIOT ¥  OCHOBAaHHH,
COOTBETCTBYIOIINX HOMEPY BaIlller0 BapHaHTa, COCTABUTH (POPMYIIBI BCEX BO3MOMXKHBIX OKCHIIOB.
VYka3aTh BaJCHTHOCTHh 3JIEMEHTOB B AITHX OKCHJAX, MX XapaKTep, COCTAaBUTh CTPYKTYpHBIC
(bopMyIIBL.

2. UamuBuayansHoe nomarrHee 3ananue 2 (M/[3-2) Jlucconmanusi KUCAOT U OCHOBAHUH.

Hanummre ypaBHEHUS CTyNeHYaTOW AMCCOIMAIIMHM OSTHUX BEHIECTB, (QopMmynmy Uit
BBIPQKCHHSI KOHCTAHT JUCCOIIMAITIH.

3. UnauBuayansHoe nomamHee 3ananue 3 (MJI3-3) CrnocoObl mosiydeHHUs CpeaHHX,
KHUCJIBIX U OCHOBHBIX cojiel. HoMeHknarypa cosneil.

N3 coenunenuit 3amanus Ne 1 Bce BO3MOXKHBIE COJU (CpEAHHE, KHCIBIE, OCHOBHBIE).
HazoBute conmu. Hanmimure ypaBHEHHUS peakIUil MOMYUYSHHUS COJNEH B MOJIEKYJISIPHOM U HOHHOM
(momHOM M cokpaieHHOM) Bue. Kucible 1 OCHOBHBIE COJM YCJIIOBHO CUMTATh PACTBOPHUMBIMH.
VYKakuTe 3HAYCHUE TIOJTYICHHBIX COJICH.

4. UnpauBuayansHoe pgomMaimmHee 3ananue 4 (MJ3-4) Pacuer MonsipHOM Macchl
AKBUBAJICHTA COJICH.

Jlna Bcex comed u3 3amaHus Ne 3 paccuuTarh MOJSIDHYIO Maccy OSKBUBAJ€HTa U
KOJIMYECTBO BEIECTBA SKBUBAJICHTA, €CJIM Macca coiu 20 T.




S5.MunuBunyanbHoe nomamHee 3amanue S5 (MJ3-5) Pacuer obwnema ra3ooOpa3HOro
BEILIECTBA.

W3 3amanus Ne 1 BeIOparh ra3000pa3Hble OKCHUIBI U PAaCCUUTaTh (B COOTBETCTBUU C
HOMEPOM CBOETO BapuaHTa) /ISl HUX KOJIMYECTBO BEIECTBA, 00bEM U KOJIMYECTBO MOJIEKYII, €CIIH
Macca ero paBHa:

6.MunuBunyansHoe nomamuee 3amanue 6 (MJ13-6) Pacuetsr TepmoamHamMudeckux
BEJIMYMH 10 3aKoHy [ecca.

BBIYMCINTL CTAHJAPTHBIE M3MEHEHMS SHTANBIIMU, SHTPONMM, dSHepruu I[ud6ca B

0 0
o 0] o
coorBeTcTBytomeif peakiuu (7, 298 p1a6n.). Onpenenuts TeMneparypy, IpHu KOTOPOi
YCTAHABIMBAETCA XMMUYECKOE PABHOBECHE PEaKIUM, M CHeNaTh BBIBOA O BO3MOKHOCTH

MIPOTEKaHUS PEeaKIMK B IPSIMOM HampaBieHUH (U3 PaCUETHBIX JTUOO TpaduuecKuX JaHHBIX).

7. WanuBumyanpHoe nomarmHee 3amanue 7 (MJ13-7) Pacuerhi mo KuHETHYECKOMY
ypaBHEHHUIO U ypaBHeHuto Bant-I'odda.

Hanumure ypaBHEHHs] BOBMOXKHBIX PEaKIUil MOJy4eHUs Ta3000pa3HbIX COSIUHEHUN U3

UCXO/IHBIX TPOCTBIX BEHIECTB, OOpPA30BAHHBIX 3JIEMEHTAMH, BXOMIALIMX B COCTAaB KHUCIOT H
OCHOBaHUM.
1. Kak wu3MEHHMTCA CKOpPOCTb pEaKLUMM, €CIIU: 1) KOHLIEHTpaluu pearupyrolux BEIIECTB
YMEHBIINTh B 3 pa3a; 2) KOHIEHTpALMH pearupyrollux BEIIeCTB YMEHBIIUTh B 2 paza; 3)
KOHLIEHTpAlMM pearupyollinux BEIIECTB YBEIUUUTh B 2 pa3a; 4) KOHLEHTpAlUKU pearupyromumx
BEIIECTB YBEJIIMYUThH B 3 pa3a; 5) KOHLEHTPALMIO OJHOTO U3 pearrpyrolluX BEIIeCTB YMEHbIIUTD
B 3 pa3a; 6) KOHIEHTPALUIO OJHOTO W3 pEarupyrollux BEIIECTB YBEJIWYUTh B 2 pasza; 7)
KOHIIEHTPAIMIO OJHOTO M3 pearupyrollux BEIIeCTB YMEHBIIWTh B 2 pa3a; 8) KOHUEHTPALUIO
OJHOTO U3 PEarupyroLINX BEUIECTB YBEIUUUTH B 3 paza?

8. UnauBuayansHoe nomamnHee 3aaanue § (MJ13-8) daxropsl, BIUSIONINE Ha CMEIICHUE
paBHOBeCHS.

Hanummre maremaruueckoe BelpaxkeHHe K, (KOHCTaHThI XMMHUYECKOTO PABHOBECHS) IS
00paTUMBIX PeaKIHi U yKa)kKUTe HalpaBjIeHHEe CMEUICHHS] pABHOBECHUS IIPU U3MEHEHUU YCIIOBHIA:

a) YMEHBIIIEHUH MapIHaIbHOTO JIABIECHUS OJTHOTO M3 MCXOIHBIX ra3000pa3HbIX BEIIECTB;
0) MOHWKEHUH JIaBJICHMSI; B) MOBBILLIEHUH TEMIIEPATYypPHI.

9. UnmuBuayansHoe nomamnee 3amganue 9 (MJ13-9) Pacyer koHmeHTpanuii coneil B
pacTBopax.

PaccunTtars MaccoByro 105110 (ITPOIIEHTHYIO KOHIICHTPAIIHIO), MOJIIPHYIO KOHIIEHTPAITHIO,
MOJISIPHYIO ~KOHIIGHTPAIIMIO OJKBUBAJICHTA, MOJUIBHYIO KOHIIEHTPALUI0O U THTP J000i
pacTBOpUMOM comnu r3 3amanus Ne 3.

10. UanuBuayansHoe nomamrHee 3aganue 10 (MJ3-10) I'mmponus comeit. Hammcars
ypaBHEHUS peakUuid THApOin3a Bcex coyier u3 3aaanus Ne 3 B MOJEKYISIPHOM U MOHHOM BUJIE,
yKa3aTh PEaKIHIO CPEebl.

11. MuguBuayansHoe nomamHee 3amanue 11 (MJI3-11). PacueT KOHCTaHTHI M CTETICHH
ruaponus3a conei. Paccumrtats koHcTanTy ruaponm3a (Kr) m pH pactBopa omHOU U3
THIPONIU3YEMBIX colielt pu koHueHTpauu coiau 0,001 monb/m.

12. UnguBunyansHoe nqomamrHee 3ananue 12 (MJ13-12) Ctpoenue atoma. DJIeKTPOHHBIC
KOH(HUTypaIuu JeMEHTOB.

VYKakuTe 4HCIICHHbIE 3HAUYEHHUS TJIABHOTO M OPOUTATbHOTO KBAaHTOBBIX YHCEN JAHHBIX
MOJIYpPOBHEM, paccuuTaiiTe MOCIeI0BaTeIbHOCTh UX 3alONIHEHUs. PacnpenenuTe mo KBaHTOBBIM
s;YeKaM BaJICHTHBIC JJICKTPOHBI, OMPEACIUTE XUMHUYECKHH DJIEMEHT W €ro IMOoJIO-)KeHHE B
cucreme JI.M.MenneneeBa (Homep mepuona, rpymma, MoArpymmna). Hamummre siek-TpoHHBIE
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GbopMyNIbl MPENJIOKEHHBIX AaTOMOB U HMOHOB, YKKUTE TIOJOXKE-HHE WX B CHCTEME
J.11.MenneneeBa (HoMep mepuoja, TpyIina, MoArpyIa)

13. UnnuBuayansaoe nomamHee 3ananue 13 (M[3-13) CocraBnenue ypaBHeHuii OBP
METOAOM TMOJTypEaKIHil.

CocTraBbTe MEKTPOHHO-UOHHBIE CXEMbI U MOJIEKYJISIPHBIE YPaBHEHHUS peaklMil. YKaKuTe
OKHCJIUTEINIb U1 BOCCTAHOBUTEND. JIBe peakuuu (a,0) 11 KaXA0ro BapuaHTa.

14. UnpuBuayansHoe noMainnee 3ananue 14 (M/13-14) KommnekcHble coeTMHEHNUS.

3anmonHuTe TaOmuiy mo oOpasmy. CocraBbTe (POpPMYIBI KOMIUIEKCHBIX COJEH U3
AIIEMEHTOB-KOMITJIEKCOOOpazoBareneit cBoero 3amanus. JlaliTe uM Ha3BaHue. 3alUIIUTe
ypaBHEHHUE JUCCOIHAITMN KOMITJIEKCHOTO COCTUHEHHUS.

2.3. IHopsiioK BHINOJTHEHUS 32 JaHUH

NunuBuayanbHble paboThl 10 XUMUU O(OPMIISIOTCS B CHELMAIBHBIX TETPAASIX - TOHKAs
TeTpagab B KIETOUKY, ToimuHor 12 - 18 mucroB. OT mpenpiaymieil paboTel OTCTymamT 3-4
KJIETKA M 3alHUCBIBAIOT JIaTy BBIINOJHEHUsS] paOOThl M Jlajee MOCEPEAMHE CIEAYIOLEH CTPOKH
HOMEp BBINONHsIEMON paboThl. Jlanee, Kaxablil pa3 ¢ HOBOM CTPOKH 3alMCHIBAIOT TEMY, 3aJaHUs.
[Tocne crpoku «Xox pabOTBD» KOPOTKO TIOJTATHO NPUBOJUTCS ONHMCAHUE BBITIOTHEHUS
WHAUBUAYAIbHON pabOTHI.

Odopmienre HOKHO OBITh JJAKOHUYHBIM: MPUBOISATCS ONUCAHUS 3a/laHUs, YPaBHEHUS
XUMUYECKHX PEaKlUi, yCIOBUS MPOBEACHMS PEaKIUi, pUCYHKH, OTBETHI HA BOMPOCHI, BHIBOBI.
BaxHbIM SBIIIETCS 3HAHME W YMEHHUE NIPUBOINTH 3alIMCH YPABHEHUN XUMUYECKHUX peakumil. [Ipu
3TOM HEOOXOIUMO MPHUBOAUTH XUMHUECKHe (POPMYIbI U Ha3BaHHUS BCEX PEAreHTOB U MPOAYKTOB
peakuuy, yHOMUHAaHUE O KOTOPBIX BEAETCS NP BBIIIOJIHEHUHU paOOTHI.

Ecnu B Xozie BbIoONHEHUST pabOThl HEOOXOAMMO OTBETUTh HAa BOIPOCHI UIS BBICHEHUS
MOHWMAaHMA CYIIHOCTH TPOIIECCa, TO 3AIMCHIBACTCS OTBET, €CI TpeOyeTcs 0(hOpMHUTh PUCYHOK,
3aIOJIHUTH TaOJIHILY, TO COOTBETCTBEHHO BBITIONHSAETCS PUCYHOK WJIH 3aIOIHSIETCS TabnuIa.

Tabnuibl 3aMoMHAIOTCA YETKO M aKKypaTHO, IPU ATOM Tabiaula JAOJKHA 3aHMMATh BCHO
LIMPHUHY TETPaJHOU CTPAHULIBI.

Bce pucyHK# 10MKHBI IMETh 0003HAYEHUSI COCTABHBIX YacTei, 000pynoBaHMs, Ha3BaHHS
pEareHTOB M NPOAYKTOB pEaKIUu. PUCYHKM [OJDKHBI pacronararbCs Ha JIEBOM CTOPOHE
TETPaHOTO JIUCTA, MOJIUCH K pUCYHKaM — (C ITpaBOi CTOPOHBI UJIU CHU3Y).

Pucynkn c wuzoOpaxkeHueM Moneneil mpuOOpOB, CXeM BBIMOIHEHHUS XHUMHUYECKOTO
AKCHEPUMEHTA JIOJKHBI OBITh KPYNHBIMU M YETKHMH, BBIIOJIHEHHBIMHM MPOCTHIM KapaHAAlloM
(momyckaeTcs HCIONB30BAaHUE IIBETHBIX KapaHMalliel), copepkarh TOJbKO IVIaBHbIE, Hamboee
XapaKTepHbIE 0COOEHHOCTH.

B KoHIe Ka)xa0ro 3a/1aHus 00s3aTeIbHO 3aIMCHIBAETCS BHIBOJI 110 UTOTAM BBITTOJTHEHHON
paboTHL.

[Tpu BBICTaBIIEHHUHU OLIEHKH 332 WHAMBHUAYAJIBbHYIO pa0OTy MO XUMHUHM YUYUTHIBAIOTCS TaKUE
KOMIIOHEHTBI: CaMOCTOSITEJIbHOE BBIIIOJHEHHE, OOBEM M KaueCTBO BBIMOJHEHHON paboThI,
MPaBUJILHOCTh HAMCAHUSl YPABHEHHI XMMUYECKHX pPEaKUui U BbIBOAOB. Ha CHM)XEHHE OLEHKH
JOJDKHBI TIOBIIMATH OIIMOKH, JOIYIIEHHBIE B IIPOLIECCE BBINNOJHEHUS pabOThI, OTCYTCTBHE
aKKypaTHOCTH B paboTe.

Taxke OlLIEHHMBaeTCs KauyecTBO BEJICHUS 3alMCei: aKKypaTHOCTb, BBIIIOJHEHHE CXEM,
PUCYHKOB U Tabnu1 U T.7. Eciu TpeGoBaHus HEe BBIOTHSAIOTCS, TO OLIEHKA CHUXKAETCS.

2.4 llpumep BBINOJHEHUSA 321aAHUS

HNA3-1. Knaccupukanus okcuaoB. I'padpuyeckue gpopmyiibl OKCHI0B

"3 9JICMCHTOB, BXOJANIUX B COCTaB MPCHJIOXKCHHBIX KHUCIOT H OCHOBaHHfI,
COOTBETCTBYIOIIMX HOMEpPY Balller0 BapHaHTa, COCTABUTH (POPMYIIBI BCEX BO3MOMXKHBIX OKCHIIOB.
VYKa3aTb BaJECHTHOCTb 3JIEMEHTOB B JTHUX OKCHJAX, MX XapakTep, COCTAaBUThb CTPYKTYpPHBIE

hopmyIbL.



Hanpumep: Jlans BemectBa H,SiO; (kpemuuesas kucnora), HSOy4 (cepHas kucnora),
NaOH (runpoxcun Hatpus), Zn(OH), (runpokcua nuHKA). DJIEMEHTHI 00pa3yroT CIeIyIone
OKCHJIbL:

Dopmyra Xapakrtep okcuia I'paduueckas popmysna
I HeconeobOpa3zyromuii (6e3pa3minyHbIii,
SiO nHanddepeHTHBIH) Si=0
v
SiO, KucnorHslit 0= Si=0
v
SO, Kucnorasrit 0=S=0
VI 0=8=0
SO; l
Kucnorssii 0
1I
ZnO AmdorepHslii Zn=0
I
Na,O OCHOBHBIN Na—O—Na

3. METOAMYECKHUE PEKOMEHJALIUHA 11O
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

3.1. HecoueoOpa3sywime OKCHIbI.

I[Ipu wu3ydenuun Bompoca HEOOXOAMMO OOpaTuTh BHUMAaHHE HA TO, YTO
HeconeoOpa3yloImyMy  BCerga  SBISIIOTCS  OKCHUIbl  HeMeTauioB. OHM  HE  CIIOCOOHBI
B3aMIMOJICHCTBOBATH C KUCIOTAaMHU WA C OCHOBAHUSIMU C 00pa30BAaHUEM COJICH.

3.2. Ilepokcuapbl.

[Ipu uzyuenuu Bonpoca HEOOXOIUMO OOPATUTh BHUMAHUE, YTO CYIIECTBYIOT BEIIECTBA —
COEIMHEHHMSI 3JIEMEHTa C KUCJIOPOJAOM, KOTOpBIE IO COCTAaBY OTHOCSCH K KJIacCy OKCHUIOB, IO
CTPOCHHMIO M CBOWCTBAM OTHOCATCS K Kiaccy coneil. K TakuM OTHOCSTCS, B YaCTHOCTH,
MIEPOKCHUIbI AaKTUBHBIX METAJUIOB.

3.3. /IBoiiHbIe M cMelIaHHbIE COJIM.

[Ipu u3ydeHun Bompoca HEOOXOIUMO OOpaTUTh BHHMAaHUE, YTO COJH, 0Opa30BaHHbBIE
IBYMsI METaJJIaMH U OJHOW KUCIIOTOM , Ha3biBatoTcsi ABOMHBIMU (KAI(SO4), — cynbdar kanus-
aIIOMHHHUSA), COJHM, OOpa30BaHble OJHMM METAVIOM U JBYMS KHCIOTHBIMH OCTaTKaMu —
cmemanHabiMu (CaCl(OCl) — XTOpuA-rUunOXJIOPUT KaTbIIHS)

3.4. 3akoH nocrosincTBa coctaBa. Hecrexnomerpudeckue coennHenusi. JajabToHuabl
U 0epToLIIN/BbI.

[Tpu u3yuenun Bonpoca He0OXOUMO OOpaTUTh BHUMAHUE Ha TO, YTO MHOTHE 3JIEMEHTHI,
COCIUHSSCH JAPYT C IPYrOM, MOTYT OOpa30BBIBATh Pa3HbIC BEIIECTBA MOCTOSTHHOTO cocTaBa. Ho
3TO CHpPaBEAJIUBO TOJBKO JUIsl COCAUHEHUN C KOBAJEHTHBIM THIIOM Cs3U. Takue BemiecTBa
Ha3bIBAIOTCS JNANbTOHU[BI. JIJis BElECTB KPUCTAUIMYECKUX (B YaCTHOCTH CIUIABOB) COCTaB
MOJKET 3aBUCETh OT CIIOCO00B MoyueHus. Takue BeniecTBa Ha3bIBAIOTCS OEPTOILTUIBL.

3.5. I'azoBble 3akonbl. [lapumanbHoe naBieHMe ra3a. YpaBHeHue MeHeseeBa-
Knaneiipona.

[Ipn wm3yyeHWUM MaHHOTO BOIPOCA OOPAaTUTh BHUMAHHE, YTO K Ta30BbIM 3aKOHAM
OTHOCHUTCSI 3aKOH OOBEMHBIX OTHOIIEHUH, 3akoH ABoraapo. C TMOMOIIBIO YypaBHEHUS
MenneneeBa-KnaneiipoHa MOKHO OIIPEIEIUTh MOJIIPHYIO MAacCy Ia30B IIPU YCIOBUAX,0TIIMYHBIX
OT HOPMAJIbHBIX.

3.6. BuyTpeHHsisi JHeprusi CHCTEMBbI.

[Tpu u3yyeHun 1aHHOTO BOIpOCa cielyeT 00paTuTh BHUMaHUE, YTO BHYTPEHHSSI SJHEPI U
Tela CKJIAJbIBACTCd W3 KHUHETHUYECKOW HHEPruu MOJEKYJ Tejla M UX CTPYKTYPHBIX E€AMHHIL
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(aToMOB, 2JIEKTPOHOB, sJIEp), SHEPrHM B3aUMOJCHCTBHS arOMOB B MOJIEKYlTax M T. 1. Bo
BHYTPEHHIOK0 SHEPIHI0 HE BXOIWUT JHEPIrusl JIBM)KCHHs Tela KakK LEJIOoro M IOTEHIMalbHas
JHEPTHUs.
3.7. CBoOOaHAA M CBAI3aHHAS JHEPIrUsl CUCTEMBI.

[Ipy w3yuyeHHM JAHHOTO BOIpOCA ClleAyeT OOpaTUTh BHMMAaHHE Ha TO, YTO CBOOOJHAA
SHEprus ecTb Ta paboTa, KOTOPYIO MOMIO ObI COBEPLIUTH TEJNIO B 0OPaTMMOM H30TEPMHYECKOM
npoliecce, WIM CBOOOIHAs 3HEPrUsl €CTh MaKCHMalbHas BO3MOXKHAs paboTa, KOTOPYIO MOXKET
COBEpIIUTh CUCTEMa, 00Ja/las KaKMM-TO 3allacoM BHYTpPEHHEHW sHepruu. BHyTpeHHss sHeprus
cuctembl U paBHa cymme cBoOonHoi (F) ucesizannoii suepruu (TS):

Cesazannas >Hepeuss — Ta 4YacTb BHYTPEHHEH SHEPruu, KOTOpas HE MOXKET ObITh

npeBpalieHa B paboTy, — 3TO obecyeHeHHas  4acmb  GHYMPEHHEU  JHep2UlU.
[Ipu onHOM M TOM e Temmeparype CBsI3aHHAs SHEprus TeM OoJblle, 4eM Ooublie
SHTPONHUS.

Takum 00pazoMm, srmponus cucmemsl ecmv mepa odecyeHenHocmu ee 3Hepeuu (T.e. Mepa
TOM DHEPTUH, KOTOpas HE MOXKET OBITh MpeBpallieHa B padboTy).

3.8. IlopsioK M MOJIEKYJISIPHOCTD PeaKIuH.

[Tpu u3yyeHUM HAaHHOTO BOIIpOca clieAyeT oOpaTuTh BHHMMaHue: [l XapakTepUCTUKU
MEXaHU3Ma XMUMHUYECKUX PEaKIHMid B KUHETHKE NPUMEHSIOT TaKUe IOHATHUA, KakK IMOPAJOK U
MOJIEKYISIPHOCTD PEAKIIUH.

[TopsiikoM XMMHUYECKON peaKIMK Ha3bIBAIOT CYMMY IOKa3aTellel CTENEHEN B ypaBHEHUU
CKOpOCTHU peakiuu. Pa3znuuaror peakiuu HyJIeBOro, IepBoro, BTOPOTro U JpOOHOT0 MOPSIKOB.

[Ton MONIEKyISIpHOCTBIO PEAKLUU MOHUMAIOT YHMCJIO YacTHIl (aTOMOB, MOJIEKYJ, HOHOB),
KOTOpbl€ MPUHUMAIOT y4yacTHE B AJIEMEHTApHOM akTe B3aumozeictus. Eciu B mpoueccax
pa3iIokKEeHHUs WIM W30MEPU3ALMU BELIECTB B IEMEHTApPHOM AaKTE€ B3aMMOJAEWUCTBUS NPUHHUMAET
ydacTue ofjHa MOJIEKYJIa, TO TAKHE PEaKIIUK Ha3bIBAalOT MOHOMOJIEKYIISIPHBIMU.

3.9. llennbie 1 GPOTOXMMHUYECKHE PEAKIHH.

[Tpu u3ydyeHun JaHHOTO BOIIpOCa CeAyeT 0OpaTUTh BHUMAHUE Ha CIeAyIOIIHee:

LenHble peaknuy UrparoT BaXKHYIO pOJb BO MHOTHMX OTpacisfiX XWMHH, B YAaCTHOCTH, B
(hOoTOXMMHUHM, B OPTAaHMYECKOW XHMMHH, B TMPOIECCaX MOJYyYCHHs siaepHO 3Hepruu. CropanHmue
TOILUIMBA B JIBUTATENISIX BHYTPEHHETO CrOPAaHUs, KPEKMHI YINIEBOJOPOLHOIO CBIPbs, MPOLECCHI
MOJIUMEPU3ALIMM - BCE 3TO IPOLECCHI, MPOTEKAIONIUE MO LEMHOMY MEXaHU3MY. XapaKTepHOU
O0COOEHHOCTBIO IIEMHBIX PEAKIUN SBISETCS y4dacTHe B HMX AKTUBHBIX 4YacTHUIl (CBOOOIHBIX
aTOMOB, PaJUKaJIOB, BO30YKIEHHBIX MOJEKYI M JIp.), KOTOpbIE CTAJIKHBAsIChb C MOJEKYIaMU
HCXOJIHBIX BELIECTB, 00pa3yl0T KOHEYHbIE MPOAYKTHl U HOBBIE AKTUBHBIE YaCTHIIbI, KOTOpPbIE
BHOBb BCTYIAIOT B peaklvio U T.7. LlenHble peakiuy npoTeKkarT 00bIYHO C OOJIBIION CKOPOCTHIO
1 4aCTO UMEIOT XapaKTep B3pbIBa.

DOTOXMMUYECKUMH HA3BbIBAIOTCA pEeaKUuu, IpoTeKaromue mnox aeiucrteueM cseta. llpu
(OTOXMMHUYECKHX PEaKIUsIX SHEeprus, HeoOXoauMas Uil MOANEpPKAHUS pEeaklUu WIN ee
BO30YyX/IeHUS, TIOABOIUTCS B (hopMe AIEKTpOMarHuTHBIX KosnebOanuil. K doroxumuyeckum
peaknusM OTHOCATCS (POTOCHHTE3 (CHMHTE3 YIIEBOJIOB M3 JUOKCHAA YINIEpOJa U BOXBI B
pacteHusx), (ororpaduueckuil mpouecc, BBHIIBETAHWE KPACOK, JIOMHHecUeHIHs u ap. K
(OTOXMMHUYECKHM pEaKIUsIM OTHOCUTCS M B3aUMOJAEHCTBHE BOXOpPOJA C XJIOPOM,
PAacCMOTPEHHOE BBILIIE.

3.10. ABTOKATAJIN3.

[Ipu m3yueHHH NAHHOTO BOIpOCa ClieayeT oOpaTUTh BHMMAaHHE HA TO, YTO ABTOKAJIM3
YCKOpEHHE peakuu, 00yCIOBIEHHOE HAKOIUIEHMEM KOHEUHOTO WIMIIPOMEXKYT. MPOAYKTa, 00naaa
IOLLET0 KaTaJUTUYECKUM JIEHCTBUEM B JAHHOM peakuuu. B Gosee mupokoM cMbiciie aBTOKaTaln



3 - CaMOYCKOPEHHE PEAKLMH, BBI3BAHHOE K.-JI. U3BMEHEHUEM B CICTEME U3-
3a MPOTEKaHUSI XUMUYECKON peakuu. ABTOKaTalIn3. HaOI01aeTcs, HalpyuMep, MPU TUAPOITIU3E CII
OXHBIX H(HUPOB N3-32 HAKOTICHHS KHCIIOTHI.

3.11. ®epMeHTATHBHBIN KaTAJIN3.

[Ipu m3ydyeHun naHHOTO BOmIpoOcCa cieqyeT oOpaTUTh BHUMaHME, YTO (pepMEHTATHBHBIN
Karanu3 (OMokaraam3) — 9TO YCKOpPEHHE OMOXMMHUYECKHX PEAaKIUWA MPU YIaCTHUU OCITKOBBIX
MakpoMoJIeKyd. MexaHusM JedcTBHS OHoKaTaau3aropoB ((EepMEHTOB) Takoil e Kak |
HEpPraHU4eCcKuX KaTaanu3aTopoB.

3.12. HHruOuTOopsl XMMHYECKOI0 Npouecca.

[Ipy wm3yyeHUM NOAHHOTO BOIpOCa CleAyeT OOpaTuTh BHUMAaHHME, YTO HHTUOUTOPHI -
o0I1iee Ha3BaHUE BEIECTB, MOJABISIONINX WM 33EPKHUBAIOIIUX TeUeHHE (PU3UOTOTHMYECKUX U
¢bu3UKO-XUMUYEeCKUX  (IIaBHBIM ~ oOpa3oM  (epmMeHTaTMBHBIX) mpoueccoB. JleiicTBue
MHTUOUTOPOB XapaKTEpPHO JJs KaTaJUTUYECKUX U LEMHBIX PEaKIi, MpOTeKaomuX ¢
y4acTUeM aKTUBHBIX [IEHTPOB WM YacTull. TOpMOXKEHHE WM NPEJOTBpAllleHHe peakluu
00yCIIOBJIEHO TEM, YTO UHTHOUTOP OJIOKMpPYET aKTUBHBIE IIEHTPHI KaTaau3aropa WIK pearupyer ¢
aKTUBHBIMHM YacCTUIIAMHU C OOpa30BaHHMEM MaJIOAKTHBHBIX PAIUKaNIOB. VIHTHOMTOp BBOIUTCS B
CHUCTEMY B HAMHOT'O MEHbIIIEH KOHLIEHTPALUH, YEM KOHILIEHTpAILUs pEareHTOB.

3.13. ®a30Bble paBHOBECHS.

[Ipu n3yueHnn 1aHHOTO BOIpOCaA cleyeT 0OpaTUTh BHUMaHUE, 4TO (ha30BOE PaBHOBECHE
(paBHOBecue ¢a3) - COCTOSIHHE, MPU KOTOPOM (a3bl B TEPMOAMHAMUYECKON CHUCTEME HaXOISTCS
B COCTOSTHUM MEN108020 ,MEXAHUYECKO20 U XUMUYECKO20 PABHOBECHSL.

Tennosoe pasHosecue 03Ha4aeT, uYTO Bce (¢a3pl BElIeCTBA B CHCTEME HMEIOT
OJMHAKOBYIO TEMIIEPATYPY.

Mexanuueckoe pagnosecue 03HauaeT paBEHCTBO JABICHUI MO Pa3Hble CTOPOHBI MPAHULIBI
pasznena conpukacaromuxcsi asz. Ctporo roBops, B peaqbHBIX CHCTEMax 3TH JABJICHUS PaBHbI
JIUIIb MPUOIMKEHHO, Pa3HOCTD JaBJICHUN CO3/1aeTCsl MOBEPXHOCTHBIM HATSKEHHUEM.

Xumuyeckoe pasnogecue BbIpAXKaeTCsl B PABEHCTBE XUMHUYECKUX MOTEHIMAIOB Beex (a3
BElIECTBA.

3.14. O6paTumble peakuu B 0HOTOTHYECKHX CHCTEMAX.

[Ipy wm3ydeHuM NIaHHOTO BOMpoOca cienyeT oOpaTuTh BHUMaHHE Ha TO, YTO HKHUBBIE
OpPraHMU3Mbl C TOYKH 3pEHUS TEPMOAUHAMHMKHU - OTKDBITBIE CHCTEMBI. MexXay cHCTEMON H
OKpy’Karolllel cpeoil BO3MOXEH OOMEH HIHEpPruH, KOTOPBIH MPOUCXOIUT B COOTBETCTBHU C
3aKOHaMH TEPMOJAMHAMUKH.

Hanpasnenue xumudeckoit peakiuu onpeaensiercs 3nadennem AG. Eciu sTa BennunHa
OTpHILIaTeNIbHA, TO PEAKLUUs MPOTEKAET CAMOIIPOU3BOJIBHO M COINPOBOXKJIAETCS YMEHBUICHHEM
cBoOomHOM »sHepruu. Takue peakuuu Ha3bIBAIOT SK3eproHnueckumu. Eciau mnpu  3ToM
abcomoTHoe 3HaueHHe AG BENUKO, TO peakuuss MAET MPAKTUYECKH A0 KOHIA, U €€ MOXHO
paccMmarpuBarh Kak HEOOpaTUMYIO.

Ecnmu AG monoxuTenbHO, TO peakius OyJeT MpOTeKaTh TOJBKO MNPH IMOCTYIUICHHH
CBOOOJTHOM SHEPTUU U3BHE; TAKHE PEAKIMH HAa3bIBAIOT YHAEPTOHUUECKUMH.

Ecnu aGcomotHoe 3HaueHue AG BEIHMKO, TO CUCTeMa YCTOHYMBA, U PEAKIUS B TaKOM
cly4yae IpakThuecku He ocymectsisercs. IIpu AG, paBHOM Hymr, cUCTEMa HAXOOUTCS B
paBHOBECHH.

3.15. bBygepHble cucTeMbl

[Ipu n3yyeHnn AaHHOTO BOIIpOca ClieAyeT 0OpaTUTh BHUMaHKE, uTo byhepHbie cucteMsl
OydepHbIe pacTBOPHI, Oy(pepHBIE CMECH, CHCTEMBI,TOJICPKUBAOIIIIE ONPEACIIEHHYIO KOHIIEHTPa
M0 HOHOB Boioposia H, To ecTh onpenenéHHyo KHCIOTHOCTD
cpenbl. KuciaorHocTs OydepHBIX pacTBOPOB MOUTH HE U3MEHSIETCS TIPH X pa30aBICHUN WU TIPU
100aBICHUH K HHMHEKOTOPBIX KOJMUYECTB KUCIIOT WM OCHOBAHUH.

3.16. 3HayeHue ruApPOIM3Aa CoJieid B INpupoae, ObITY, CeJNbCKOX03SHCTBEHHOM
NPOU3BO/CTBeE.
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[Ipu u3yueHuM naHHOTO BOIpOca cieqyeT OoOpaTUTh BHUMaHME, 4To [uaponus comeit
UMeeT M MpaKTHYeckoe, W Ouosoruyeckoe 3HaueHue. B Hacrosiee BpeMss B OBITY MbI
UCIIOJIb3YEM MBLIO, CTUPAJIbHBIE IOPOLIKH U JPYrHe MOroue cpeacta. OCHOBHOM KOMIIOHEHT
MbLJIa — 3TO HaTPUEBBIE WM KaJIMEBbIE COJM BBICIIUX >KMUPHBIX KapOOHOBBIX KHUCJIOT: CTE€aparhl,
MAJIbMUTAThI, KOTOPBIE TUAPOIU3YIOTCS.

Ecnu KUCIOTHOCTH MOYBBI HEJOCTATOYHAS, Y PACTEHUH MosBisgeTcs 00JIe3Hb — XJIOPO3.
Ee npusHaku - moxkenTeHHe WU MoOeleHHe JINCThEB, OTCTaBaHUE B pOCTe M pa3BUTUHU. Eciu
pH> 7.5, To B Hee BHOCAT ynoOpeHHe cyab(haT aMMOHHUS, KOTOPOE CIOCOOCTBYET MOBBIIICHUIO
KHUCJIOTHOCTH, OJaroapsi TUAPOIN3Y 110 KaTHOHY, IPOXO/AIIEMY B ITOYBE.

3.17. Ucropusi pa3BUTHA YYeHHs O cTpoeHHHU aTtoma. IlepBbie Moae/ M aTOMOB.

[Ipy wm3yyeHMH MAaHHOTO BOIIpOCA CIENyeT OOpaTUTh BHUMAHUE HA MPENNOCHUIKH
BO3HUKHOBEHUS YUEHHUS O CTPOCHUHU aToMa (OTKPBITHE PaJHOaKTUBHOCTH, OTKPBHITHE 3JIEKTPOHA,
omneITel Pesepdopna). Monens atoma JIx. Tomcona, mianerapHas Mojens aroma Pesepgopaa.

3.18. Atomuble cnekTpsl. [locTyaarsl bopa.

[Ipu u3ydeHUM NaHHOTO BOIpOCa ClEAyeT OOpaTUTh BHUMAaHME, 4TO IMocTynarsl bopa
MO3BOJIWJIM €My TEOPETHYECKH pPACCUMTaTh JHEPreTUYECKHM CIIEKTp aroMa BOAOpOda U
BOJIOPOJIOTIOTOOHBIX ATOMOB — aTOMOB, COCTOSIIMX U3 SAPA C 3apAIOM £ H OJHOTO SNEKTPOHa,
JBIKYILETOCs BOKPYT spa. Mcnonb3ysa Teoputo bopa u cxemy sHEpreTH4ecknx ypoBHEHR aToma,
JIETKO OOBACHUTDH MPOLECCH] UCITYCKAHUS U MOTIIOMECHHS N3TYyYEeHUs] aTOMOM.

3.19. IIpeanochblIKN BO3HUKHOBECHUS MEPHOAUYECKOI0 3aKOHA. 3HAYeHUE OTKPBITHA
NEePUOINYECKOI0 3aK0HA.

[Tpu u3yyeHUH AAaHHOTO BOIMpoOca cieayeT oopaTuTh BHUMaHue, uyTo 10 J[.M1 Menneneena
ObUIM TIPENNpPUHATHl TONBITKM pa3HbIMH  ydueHbiMH ([loGepeitnep, bepuemnyc u ap.)
CUCTEMATU3MPOBaTh IEMEHTHI, a TAKKE PA3BUBAJIIOCH YYEHHE O BaJEHTHOCTH XWMHYECKHUX
aneMeHToB. [lepuoguueckuil 3aKOH OTKPBII IyTh K NO3HAHMIO CTPOEHHUS aTOMOB U UX SIIED,
MPAKTHYECKUM PE3yIbTaTOM Yero ObLIO OBIIZIEHHE BHYTPHATOMHOM dHEpruei.

3.20. OxuCIUTEeIBHO-BOCCTAHOBHUTEIbHbIC TMpoueccbl B mnpupoge. PorocunHres,
AbIXaHHe, OpoKeHue.

[Ipu u3yueHUM NIAaHHOTO BOIIPOCA CIIEAYeT OOpaTuTh BHUMAHUE, YTO OKUCIUTEIBHO-
BOCCTAHOBHTEIIBHBIE PEAKIMM WIPAIOT BAXHYKO pOJIb B INPUPOAE M TexHUKe. B kadecTse
IIPUMEPOB  OKHUCIIUTENbHO-BOCCTAHOBUTENBHBIX IPOLIECCOB, IMPOTEKAIOIUX B IPUPOIHBIX
OMOJIOTMYECKHX CHCTEMaxX, MOXXHO MPUBECTHU PEAKIMI0 (POTOCHHTE3a y PACTEHUN M MPOLECCHI
JBIXaHUS y )KUBOTHBIX U YEJIOBEKA.

3.21.0KHMCIUTEIbHO-BOCCTAHOBUTEIbHbIE  TPOLECCHl B INMPOMBINLJICHHOCTH:
J1EKTPOJIN3. 3aKOHBI JJIeKTPOJIN3A.

[Ipu n3yyeHnn JaHHOTO BOIMpOCA CIEAYeT OOpaTUTh BHUMAaHHE, YTO MPOLECCHl TOPEHUs
TOIUIMBA, IPOTEKAIOIIME B TONKAX KOTJIOB TEIUIOBBIX JJIEKTPOCTAHUMNH M B JBUTATEIsAX
BHYTPEHHEIO CrOpaHus U PEAKTHBHBIX [BUTATESX DPAKET, SBJSIOTCS NMPUMEPOM TEXHUUYECKH
BakHbIX OBP.

OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE IIPOLECCHI, NPOTEKAIOIINE B IPUPOAE U TEXHUKE,
HEPEeJKO HAHOCAT OTPOMHBIM yIiepOd NHpupoie M 4eIoBeKy. B kauecTBe NpUMEpPOB TaKUX
IIPOLIECCOB MOTYT CIY)KUTb KOPpPO3Hs METAJUIOB, JIECHBIC IIOJKapbl, OKHUCIIEHHE a30Ta IIpH
C)KMTaHUM TOIUIMBA, 00pa30BaHUE YPE3BbIYAITHO TOKCUYHBIX TUOKCHHOB.

[Ipn nomomu OBP nomyuaroT MeTauibl, OpraHM4eCKMe U HEOPraHU4YECKUE COEIUHEHUS,
MIPOBOJAT AHAJIU3 PA3JIMYHBIX BEIIECTB, OYMINAIOT MHOTHE BEIECTBA, IPHUPOIHBIE U CTOYHBIC
BO/Ibl, TA30BbI€ BBIOPOCHI 3JIEKTPOCTAHIIUI U 3aBOJIOB U T. II.

3.21. UcTropuyeckue NpeANOChIIKH Pa3BUTHA TEOPUH CTPOCHHS BellecTBa.

[Ipu wm3yueHuM JaHHOTO BoOIpoca ciexyeT oOpaTUTh BHUMaHue, yto B 1812 romy
WUTaIbIHCKUN (U3UK W XUMUK Ameneo ABoraapo, Hu3ydas MOJEKYJISIpHbIE Beca Ta30B
(Bozmoposa, KHUCIOPO/a, a30Ta, XJI0Pa), BEIIBUHYI MOJIEKYISIPHYIO TUIIOTE3y CTPOEHUS BEIIECTBA.
Opnnako pabora ABoraapo 10jroe BpeMsl HE Iojlydajia MPU3HAHUS, YTO TOPMO3WIIO Pa3BUTHE
OCHOBHBIX HJEH B OOJIACTH XMMHYECKOTO CTpOeHHs MoJjeKkynl. Jlumb mocie yOoeauTeabHOro
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noxyana Cranuciaao  KaHHUIIIAPO HA IEPBOM  MEKIYHAPOAHOM  ChE3[€  XMMHKOB
Kapncpyn (1860) aromubie Beca, ompeneiaéHHbIE C TMOMOIIBIO 3aKkoHAa ABOTaapo, CTaIH
oOmmenpuHATEIMU. Ha cbhesnie pa3srpaHuumiIn MOHATHS «aTOM», «MOJIEKYIay, YTBEpAUIN aTOMHO-
MOJIEKVIISIDHOE _VYEHHE, OCHOBHOE IIOJIO)KEHHE KOTOPOIO «aroMbl IIPU B3aWMOJECUCTBUHU
00pa3yroT MOJIEKYITY».

ATOMHO-MOJIEKYISIPHOE YUYEHHE MOCTYKUIIO OCHOBOM CO3JJaHUsI TEOPUU XHUMHYECKOTO CTPOEHHUS
bytieposa.

3.22. CBoiicTBa MOJIEKYJI C Pa3JJMYHBIM THIIOM CBSI3H.

[Ipu u3ydyeHum HDaHHOTO BOIIpOCa CieAyeT OOpaTHTh BHHUMAaHHUE, YTO COEIAMHEHHS C
Pa3IMYHBIM TUIIOM CBSI3U UMEIOT Pa3IMdYHOE CTPOCHME. TakK, COEUHEHUS C KOBAJIEHTHOU CBSI3bIO
— 9TO Yallle BCETO KUJKUE MM ra3000pa3Hble BellecTBa. BemecTBa ¢ HOHHBIM THIIOM CBS3H —
KPUCTAJUIMYECKHE, TYTOIJIABKUE BEIIECTBA.

3.23. Tunbl KPUCTALIHYECKHUX PELIETOK.

[Ipy wu3yyeHUM MJAHHOTO BOMpoca CleayeT oOpaTUTh BHUMAaHME Ha TO, YTO B
COBOKYITHOCTH Pa3IMYHbIE TUIBl KPUCTAUIMYECKUX PEIIETOK BEIIECTB MPEACTaBIAIOT COO0M
CETKHU C Pa3JINYHOW MPOCTPAHCTBEHHOW OPUEHTAIMEN, B Y3JIaX KOTOPBIX PAcIOJIararoTCs HOHBI,
MOJIEKYJIBl WM aTOMBbl. DTO CTa0MJIBHOE T'€OMETPHUYECKOE MPOCTPAHCTBEHHOE IOJIOKEHUE U
Ha3bIBAECTCS KPUCTAJUIMYECKOM PEIIETKOM BellecTBa. PaccTosHME MeXay y3inamMu OIHON
KPUCTAJJINYECKOH SUEHKH Ha3bIBAETCS IEPUOJIOM UIEHTUYHOCTH. [IpocTpaHCTBEHHBIE YIVIBI, TIOA
KOTOPBIMH PacHOJIOKEHbI y3Jbl SYeHKH, Ha3bIiBaloTCsA mapamerpamu. Ilo crmocoOy moctpoeHust
CBsI3€H KPHUCTAUIMYECKHE PpEHIETKH MOTy OBITh HPOCTBIMH, 0a30IeHTPHUPOBAHHBIMH,
IPaHELEHTPUPOBAHHBIMU ¥ OOBEMHO-LIEHTPUPOBAaHHBIMU. Eciam  4YacTuIpl  BellecTBa
PacmooKEHbI JIMIIb B yIJIaX NapajuleienuIena, Takasi peleTka Ha3bIBaeTCs IPOCTOM.

3.24. BonopoaHasi CBsi3b (BHYTPHMOJIEKYJISIPHASE M MEXKMOJICKYJISIPHAsA).

XuMHueckasi CBsi3b, 00pa30BaHHAs MOJOKUTEIBHO 3apsDKEHHBIM BOJOPOAOM MOJIEKYIIBI
(MU MONSPHOM TPYMIBI) M 3JIEKTPOOTPULIATETBLHBIM aTOMOM JPYTOM WM TOH K€ MOJIEKYIbI,

Ha3bIBAECTCS] BOAOPOIHOU CBA3BIO.

Ecin BomoponmHast cBs3b oOpasyeTcd MEXIy pPAa3sHBIMM MOJIEKYJIaMH, OHAa Ha3blBaeTCs
MEXMOJIEKYIIIPHOM, €CIM CBA3b 00pa3yeTcss MeXIy [IBYMS TpyHIaMd OJHOM M TOH ke
MOJIEKYJIBI, TO OHa HAa3bIBACTCS BHYTPUMOJIEKYISIpHOM. BomopomHas cBs3p  Mexnay
mosekynamu A—H u B-R o6o03HauaeTcst TpeMs TOUKaMu « .

A-H+B-R=A-H - BR

BOAOPOA B JaHHOM CJIy4ac o6pa3yeT ABC XUMHUYCCKHUC CBA3U, IPUYICM OHU HC PABHOLICHHBI.

OO6pa3oBaHue BOMOPOIHOM CBSI3M OOYCIIOBJICHO TE€M, YTO B MOJSPHBIX Mojekynax A — H umum
MONSIPHBIX Tpymmax —A — H monspuzoBaHHBIA aToM BoAopoAa OOMagaeT YHHUKAIbHBIMHU
CBOMICTBAMMU: OTCYTCTBMEM BHYTPCHHHUX OJJICKTPOHHBIX O6OJ'IO‘-I€K, 3HAYUTCIIBHBIM CIABUTI'OM
SIIEKTPOHHOM Mapbl K aroMy ¢ MalbiM pa3mepoM. [losToMy Bomopon crmocoOeH ITyOoKo
BHE/IPATHCS B DIICKTPOHHYIO 000JIOUKY COCETHETO OTPHUIIATEIFHO MOISIPU30BAHHOTO aTOMa.
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http://chem-bsu.narod.ru/umk_chem_webCD/glos/glos.htm#%D0%B2%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE-%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC%D0%BD%D0%BE-%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%8A%D0%B5%D0%B7%D0%B4_%D1%85%D0%B8%D0%BC%D0%B8%D0%BA%D0%BE%D0%B2_%D0%B2_%D0%9A%D0%B0%D1%80%D0%BB%D1%81%D1%80%D1%83%D1%8D
https://ru.wikipedia.org/wiki/%D0%A1%D1%8A%D0%B5%D0%B7%D0%B4_%D1%85%D0%B8%D0%BC%D0%B8%D0%BA%D0%BE%D0%B2_%D0%B2_%D0%9A%D0%B0%D1%80%D0%BB%D1%81%D1%80%D1%83%D1%8D
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BD%D0%BD%D0%B8%D1%86%D1%86%D0%B0%D1%80%D0%BE,_%D0%A1%D1%82%D0%B0%D0%BD%D0%B8%D1%81%D0%BB%D0%B0%D0%BE

4. METOAUYECKHUE PEKOMEHIA LI
MO MOJATOTOBKE K 3AHSITUSIM

4.1. JIP-1. OcHOBHbIC NOHATHSA M 32aKOHBI XUMHH. CTeXnoMeTpHYeCKHEe 3aKOHbI

[Ipu monroToBKe K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHUE Ha CIIEAYIOLINE MOMEHTHI.

- 3aKom coxpaHeHus Maccol 6euecms
OTOT 3aKOH OTKPHIT B 1756 I. pycckum yueHbiM M.B. JIoMOHOCOBBIM.
« Macca BenecTB BCTyNMBIIMX B XUMHUYECKYIO PEAKIIMIO PaBHA MAcCe BELIECTB MOJIYYUBIINXCS
B pe3y/IbTaTe XMMHYECKON peakium.

M.B. JIoMOHOCOB MpOKaIUBaJl METAJUIbI B PETOPTE (3amastHHbIA COCYA) U OOHAPYXKIII, UTO
BEC BEIIECTB JO M IIOCII€ pEeaKIUH OCTalci HEU3MEeHHbIM. OTKpBITHE 3TOro 3aKOHA
CIOCOOCTBOBAJIO PAa3BUTHIO XUMHHM, KaK HAYKH; YTBEP)KIACHUIO aTOMHO-MOJIEKYIISIPHOTO yUEHHUS;
HAa OCHOBAaHMHU JTOTO 3aKOHA COCTAaBJISIOTCS YpPAaBHEHUS XUMHUYECKHX peakUuid U MO0 HUM
IIPOBOJIATCS BaXKHBIE PACUETHI.

- 3axon nocmosincmea cocmasa geujecms. OTKpoIT B 1779 1. @paniry3ckum xumMukom K.
JI. TIpycrom. «CoctaB 1000r0 XHMHYECKHM YHUCTOTO BEIIECTBA MOCTOSHEH HE3aBUCHUMO OT
criocoba MoJy4eHUs: U MECTa HaXOXKJICHUS.

ComracHO 3TOMY 3aKOHY BELIECTBA BCTYNAIOT B XMMHUYECKHE PEAKLUU B ONPEACIECHHBIX

MacCOBBIX OTHOLICHUSIX.

Fe +S ==FeS
56r 32r= = 88 r./ cokparum Ha 8.
Tr:4r = = llrn
bepem 8r+4r=* = 11r FeS u 1r Fe B ocTarke.
bepem 7r+5r® = llr FeS u Ir S B ocrarke.

OTOT 3aKOH Jajl XHMMHUKaM BO3MOXKHOCTb BBIpa)KaTh COCTaB BEIIECTB IpPH IOMOLIU
xumudeckux ¢opmyn: H,O Boma, CO, ymiekucinslif ra3 U T.J. COCTaB BELIECTB OINpPEeIIIeTCs
SKCIEPUMEHTAIBHO.

- 3axon Asoeadpo. OTKPHIT UTAIBIHCKUM YUYE€HBIM ABOTa/Ipo.

«B paBHBIX 00BbEMAx JIIOOBIX Ta30B MPH OJMHAKOBBIX BHEIIHUX YCIOBHSX (TeMIleparype u
JABJICHUH) COEP>KUTCS OTUHAKOBOE YHUCIIO MOJIEKYJL.)»

CnenctBue u3 3akoHa ABorajpa:

« 1 Monp m000r0 rasa mpH MOCTOSHHBIX YCJIOBHSAX BCETrJa 3aHHUMAeT OAWH U TOT XKe

00beM».

«1 Mok Jr060TO Ta3za npu HopMabHbIX yeaousax (0° C wim 273° K u P = 101,325 kI1a)

3aHuMaeT o0neM 22,4 1.

[ocTostnHas Fm P =224 1/MONb HA3bIBAETCA MOISPHBLIM 00BEMOM rasa IpH H.Y.
W3 3akoHa ABOrajJipo cienyer, 4To eciid 00beMbl JBYX I'a30B MPHU MOCTOSHHBIX YCIOBUIX PaBHBI,
TO ¥ PABHO YMCJIO MOJIEKYJ JIBYyX Ia3oB.
PCFC1 raza) = ©¢F (2 razsa) TOpM  TNOCTOSHHBIX  YCJIOBHSIX.
n (lraza) = »n (2 raza)opi DOCTOAHHLIX VCIOBHAL.
n (Lraza) = n (2 rasa)npu DoCTOAHHEX YCIOBHAX. orciona,
Mr(1lraza) Mr(1lraza)

e

D rasal / razy2= Mr (2rasa) Mr(2raza)

D — oTHOCHTENBHAS IIOTHOCTH OHOTO rasa 1o Bropomy. Ilpu pacuerax yaiiie BCEro nonb3yrorcs
OTHOCHUTENFHBIMH TUIOTHOCTSIMU Ta30B MO BOAOPOAy Di» U 1o BO3AYXY Digsiyxa, HX ONPEAETSIOT
AKCIIEPUMEHTAIILHO U TI0 HUM BBIYUCIISIIOT OTHOCUTEIBHYIO MOJIEKYJISIPHYIO MaccCy Tasa.

- 3axon skeueaneHmos.
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« Macchl 3eMEHTOB U BEUIECTB, YYACTBYIOIIMX B XMMHYECKHX pEaKIUsIX, OTHOCATCS JPYyr K
IPYTY, KaK UX SKBUBAJICHTHIY.

MaremaTruieckoe BbIpa)KEHUE 3aKOHA SKBUBAJICHTOB: M. My= 3; 19, WIK M;: 3;= My : .

Otcroma: 1) a7IeMeHTHI W BelIeCTBa YYaCTBYIOT B XHMHYECKHX PEAKIHAX B OJMHAKOBBIX
KOJIMYECTBAaX MX HKBUBAJIIEHTOB; 2) Macca 3JIeMEHTa UJIH BEIECTBa B paMMax, YUCIEHHO paBHas
AKBUBAJICHTY, Ha3bIBACTCS TPAMM-IKBHUBAJIICHTOM.

BennuuHa sKBUBaJIeHTa 3aBUCUT OT TUIA U XapaKTepa XMMUYECKOH peaklnu, B KOTOPOi
YYaCTBYET JaHHBIN DJIEMEHT JTH BEIIECTBO.

OKBHMBAJICHTOM BEIECTBAa HAa3bIBACTCS HEKOTOpas YCJIOBHAs YacTHIA HTOTO BEIECTBa,
KOTOpasi B JAHHOM PEaKIy COSTUHSIETCS C OTHAM aTOMOM WJIM MOHOM BOZIOPO/Ia JIN0O 3aMeliaeT
ero.

Ca(OH), +2 HCl = = CaCl, +2 H,O
B 371011 peakiun oqHOMY HOHY BOAOPOAA KBUBAJEHTHA YCJIOBHas yactuua, pasHas /2 Ca(OH)..
D10 M Oyner HKBUBAJIEHTOM TuApokcuaa Kanmbius. Ywucnol/2 HocuT Ha3BaHue (akropa
skBuBasieHTHOCTHU: f 3kBUBanenra. [ Ca(OH),]=1/2
MornsipHas Macca SKBHBAJICHTA BEILIECTBA BHIYUCIISAIOT IO opMyIe:

M skBuBanenta. [ Ca(OH),]= f axB. * M =1/2 * 74 r/monp=371/MO0b.
KonnuecTBo BemiecTBa 5KBHUBAJIEHTa — 3TO OTHOIIEHHE MAcChl BELIECTBA K MOJISIpDHOW Macce
HKBUBAJICHTA BEUIECTBA.

m(e—ea) m(e—Eea)
N okB. (B-Ba) = M3kE.(E — Ba) M 3kE.(E —Ba)  ecoum [ Ca(OH),]=100T,
100r 100r

r
TO N IKB. [ Ca(OH)z]ZB? vons > 3onE =2,7 MOJb.

4.2. JIP-2. CTpoeHue aToMa U NePUOANYECKUI 3aKOH.

[Tpu moAroTOBKE K 3aHATHIO HEOOXOAUMO 0OpaTUTh BHUMAHHE Ha CIIETYIOIHE MOMEHTHI

ATOM 11I000T0 XUMHUYECKOTO 3JIEMEHTa COCTOUT U3 siipa MOJOKHUTEIBHO 3apsHKEHHOTO U
000JI0YKH AIIEKTPOHHOH OTPUIATENBHO 3apsKEHHON. SIApo COCTOUT U3 MPOTOHOB M HEHTPOHOB.

[TpoTon umeet 3apsia «+» u maccy 1. HellTpon sanekrponeitTpanieH, ero macca 1.

DIEKTPOH UMEET 3apsjl «-», €r0 Macca HUYTOXHO Mana 9,1095*10%*r. Bennuuna 3apsga
aTOMHOTO sI/Ipa, KOJUYECTBO IPOTOHOB B SAPE U DJIEKTPOHOB B aTOME OMNPEIENAIOT IO
MOPSIKOBOMY HOMEpPY XMMHYECKOTO 3yieMeHTa. UTOOBI ONpefenuTh KOJMYECTBO HEHTPOHOB B
s1ipe, He0OXOMMO OT OTHOCUTENIBHOM MacChl 3JIeMEHTa OTHATD MOPSIKOBBIA HOMED.

N30TOmBI — 3TO aroMbl OJHOTO XMMHYECKOTO 3JIEMEHTA; y HUX OJUHAKOBBIM 3apsy

aTOMHOTO si/ipa, OIMHAKOBOE YKCJIO MPOTOHOB B SIIPE U AIIEKTPOHOB B aToOMe, HO pa3Has macca,
TaK KakK B siIp€ pa3HOE YUCIIO0 HEHTPOHOB.
Ilepuoouueckuii 3axon omxkpoim J[.HU. Menoeneesvim 1 mapma 1869 cooa. Ceoticmea npocmuix
men, a makdce ¢hopma u CE0UCMEA COCOUHEHUS XUMUYECKUX DINeMEHMO8 HAXO0AMCS 8
nepuooudeckol 3a8UCUMOCINU OM BEIUYUH 3APS008 UX AMOMHbIX f0ep.(3Mo cospeMeHHOoe
onpeoenenue)

4.3. JIP-3. XuMnueckas CBf3b.

[Tpu moAroToBKE K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHUE Ha CIIEAYIOLIUE MOMEHTHI

MexanusMbl 00pa3oBaHusl (OOMEHHBIN U JOHOPHO — akUenTopHbIN). KoBanieHTHas CBs3b
OCYIIECTBIISIETCS TOCPEACTBOM OOIIMX DIEKTPOHHBIX map. PaccMoTpum MexaHH3MBbl €€
o0pa3oBaHUAI.

1) OOMeHHBIN MEXaHW3M — Ha IpuMepe oOpa3zoBaHHe MOJICKYITBI Bomopoaa Ho.

Jnist oObeAMHEHHSI aTOMOB B MOJIEKYJIBI HEOOXOIMMBI YCIIOBHSL:

A) HEOOXOIMMOE PACCTOSHUE MEX]Ty aTOMaMH, COU3MEPUMOE C UX pa3MepaMu;

B) anekTpoHbI 10IKHBI UMETh AHTUIIAPAIIJIENIbHBIE CITUHBI.
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KoBaneHntHsle cBsi3u, oOpa3yeMble MHOTOBAJICHTHBIMH aroMaMH ( KHUCJIOPOJI, a3orT,
yIJIepoJ W Jip.) BCerga MMEIOT MPOCTPAHCTBEHHYIO HANPABIEHHOCTb. YINIBI MEXIY CBS3SMU
Ha3bIBAIOTCS BAJICHTHBIMU. YacTO 3J1E€KTPOHBI, 00pa3ylolue KOBAaJCHTHBIE CBSI3M, HAXONATCS B
pa3IMYHBIX COCTOSHUSIX: Hampumep, oAuH B S, npyroii B P opOuransax. Kaszamoce Ob1 u
KOBAJICHTHBIE CBS3M B MOJIEKYJIE JOJKHBI ObITh HEPABHOLIEHHBIMU IO MPOYHOCTH. OTHAKO OTBIT
MOKa3bIBa€T YTO, OHM PABHO3HAYHBI. JTO SIBJIEHHE OOBSACHSAETCS TUOpHIM3aLMEld aTOMHBIX
opbutaneit, BBeneHHbIX JI. IlomuHrom. DOTO BBIpaBHHBAaHHE aTOMHBIX OpOWUTaned — OHH
MPUHUMAIOT (POPMY acCCUMETPUYHBIX BOCBMEPOK (TaHTeJel) U pacroiaraloTcss B MPOCTPAHCTBE
0] OTPE/IeTICHHBIMU BAJIGHTHBIMH yTJIaMH. 3aTeM MPOUCXOAUT 00pa3oBaHUE KOBAJIEHTHOMN CBSI3U
C aTOMaMH APYTUX JIEMEHTOB: TaJOT€HOB, BOLOPO/IA.

4.4. JIP-4. DHepreTuka U HanpaBJeHHE XMMUYECKHX IIPOLECCOB

ITpu moAroTOBKE K 3aHATHIO HEOOXOAUMO 00paTUTh BHUMAaHME Ha CIIEIYIOLINE MOMEHTHI.

OgHuM W3 NPU3HAKOB XMMHYECKOM pEaKIUU SBISIETCS BBIIEICHUE M IOIVIOLIECHUE
TEIJIOTHI, IPOUCXOIALIEE IPU XUMUYECKUX MPEBPAILEHUAX OAHUX BEILECTB B Apyrue. Peaknuuy,
MIPOTEKAOIINE C BBIIECICHUEM TEIUIOTHI, HOCAT Ha3BaHUE HK30TEPMHUUYECKUX peakuui. Peakium,
IIPOTEKAIONINE C IOMIOLIEHUEM TEIUIOTHI, HOCST HAa3BaHUE DHAOTEpPMHUYECKMX peakuuid. K
MIEPBBIM OTHOCSTCS, KaK IIPaBUJIO, BCE PEAKIIMM COCTMHEHMS], a THITMYHBIMU PEAKIUSIMH BTOPOTO
THUIIA HAa3bIBAKOTCS PEAKLIUU PA3IIOKEHHUS.

TernnoBeIM  3(QPexToM XUMHUECKHMX peaKIUidl Ha3blBaeTcsl KOJIMYECTBO TEIUIOTHI,
BBIJICJIAIONICHCS WM MOIVIOMIAIONIEcS MpU XUMUYecko peakiuu. OOBIYHO €ro BBIPAXaroT B
KUJIOIDKOYIsIX (K/[xK).

CH4(F) + 202(r)_>C02(r) + 2H20(>.<) +891KI[)K

TernnoBo# 3 PexT XuMHUYecKor peakiiy ropeHust Metana paseH 89 1k/Ix.

Temora, KoTOpas BBIAEIACTCS WM IONIOIIACTCS IPU XUMHUYECKUX PEAKLUAX
SIBJIIETCS. CBOEOOPAa3HBIM «PEAreHTOM» WIIH «IPOAYKTOM» XUMHUYECKOM peakiiu, MO3TOMY st
COONMIONEHUsT 3aKOHA COXPAHEHHMs M TPEBPALICHUS DSHEPruH, KOJUYECTBO  TEIUIOTHI,
COIIPOBOXK/IAIOIIEE XUMUYECKYIO PEAKIINIO, TOHKHO ObITh BKJIIOUEHO B €€ ypaBHEHHUE.

TepMOXMMHUYECKUMHU HAa3bIBAKOTCS YPABHEHUS XUMUYECKMX pPEaklUi, B KOTOPBIX
MIPUBOIATCS 3HAYCHUSI TETUTOBBIX (D (PEKTOB.

3HaK «ty»mepel 3HAuU€HHEM TEIUIOBOro 3(@eKTa B MpaBOW YacTU ypaBHEHHUs O3HAYACT,
YTO TEIIOTA BBIJEISIETCS, 3HAK «- « TEIJIO0TA MOIVIOMAETCA.

4.5. JIP-5. Xumnueckas kuHeruka. Karaaus.

ITpu moAroTOBKE K 3aHATHIO HEOOXOAUMO 00paTUTh BHUMAaHKE Ha CIIEIYIOLINE MOMEHTHI.

3aBUCUMOCTh CKOPOCTH pEAKIHH OT KOHUEHTpanuu. OCHOBHOW 3aKOH XHUMHUYECKOU
KMHETUKHM. KOHCTaHTa CKOpocTH KoOHILIEHTpamus ra3oB M pPAacTBOPEHHBIX BEIIECTB: YEM OHa
Oosbliie, TeM 00JbIlIe CKOPOCTh XMMHUECKHX PEaKIUil. DTOT BOMPOC U3ydyaaH J1Ba HOPBEKCKHUX
yuenbix: K.I'ynpa6epr u [1.Baare. B 1867 r. OHM OTKpBLIHM 3aKOH AEHCTBYIOLIMX MACC.

CkopocTh  XMMHUYECKHX  peakIMi MpsMO  MPONOPLUUOHATIbHA  IPOU3BEICHUIO
KOHLIEHTpalUi pearupyromnmx BEIECTB.

3aBUCUMOCTh CKOpOCTH peakuuu oT Temmeparypsl. [IpaBmwio Bant-ITodda. Dueprus
aktuBaunu. Temneparypa: B 1889 r. IlIBeackuit xumuk C.AppeHHMYC yCTaHOBWJ, 4YTO C
MOBBILICHHUEM TEMIIEpaTypbl CKOPOCTh XMMHUYECKOW peaklMu yBETWYHMBAETCS. A TOJJIaHACKHMA
xuMuK S.Bant — ['o¢¢ BerUmcan, 4To NpH NOBBILIEHUH TEMIIEPaTypbl Ha Kaxasle 10 rpagycos
1o LlenbCcuio CKOpOCTh XUMUYECKOM PEAKIIMN YBEINYHUBAETCS B 2-4 pa3a. JTy BEIMYHUHY Ha3BAIH
TeMIepaTypHbIM KOA(PPHUIIMEHTOM CKOPOCTH PEaKLIUH.

Karanuzaropsl — 370 BelecTBa, KOTOpblEe YBETUUYUBAIOT CKOPOCTh XUMHUUECKUX PEeaKIUil
WM MEHSIOT UX HAIlPaBJIEHUE, HO CaMH IIPU 3TOM HE PACXOAYIOTCSI.

SIBnenue N3MEHEHUS CKOpPOCTH XUMHUYECKOU peakuun Hon NEUCTBHEM
KaTaJIn3aTOPaHa3bIBAETCS KaTaJIU30M.

Karanu3 ObIBa€T TOMOTEHHBIM M T€TEPOTECHHBIM.
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PeaKLII/II/I, HUAYIIHC IO JelcTBHEM KaTaJIn3aToOpOB, HA3bIBAOTCA KATAJIUTUICCKHUMHU.

4.6. JIP-6. Xumuueckoe paBHOBecHe.

paBHOBecHS

[Tpu moATOTOBKE K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHHE HA CIIEAYIOIUE MOMEHTHI.

CocTOosIHUE CHCTEMBI, MPU KOTOPOM CKOPOCMU NPSAMOU U OOPAMHOU peakyuu pPaeHsl,
HA3BIBAIOT Xumuuyeckum pagrnosecuem. COCTOSHUE PABHOBECHUS XapaKTEPU3YIOT KOHCTAHTOMN
paBHOBecHs (Ko).

Ha cocTosiHne paBHOBeCHsI CUCTEMBbl BIHSIIOT JaBJICHHE, KOHIICHTPAIUS PeardupyromInx
BEIIeCTB M TeMieparypa. CUCTeMa MOXKET HAXOJHWTHCS B COCTOSHUHU PAaBHOBECHS OCCKOHEUHO
noiro. Ecnu W3MEHHWTH YCIOBHUS €r0 CYIIECTBOBaHHWsA, paBHOBecue Oymer HapymieHo. Co
BPEMEHEM YCTAHOBHUTCS HOBOE COCTOSHUE pPABHOBECHS, HO C JIPYTUMH PABHOBECHBIMHU
KOHIIEHTpausiMu. Ilepexon ©3 OIHOTO pPABHOBECHOTO COCTOSHHUSI B JPYroe Ha3bIBAIOT
CMeIlleHHeM paBHOBecHs. KadeCTBEHHO ONpEACIUTh HANpaBICHHE CMEMICHUS pPAaBHOBECHS
no3BonsieT npunyun Jle [llamenve (1884): eciu Haxooswasncs 6  UCMUHHOM PABHOBECUU
cucmema nooeepeaemcst BHeuHemM)y B8030elCmBUI0, PABHOBecUe CMewdaemcs 6 HanpasileHuu,
KOmopoe cnocobcmayem ociabieHur0 3mo20 8030eUcmausl.

q)aRTOPLI, BJAUAKOIIIME Ha CMcelIIcHUue

4.7. JIP-7. O0mas xapakTepucTuka pactsopos. PactBopumocts BemecTB. Crioco0bl

BbIPasKeHHs KOHLEHTPALMH PACTBOPOB.

ITpu moAroTOBKE K 3aHATHIO HEOOXOAUMO 00paTUTh BHUMAaHKE Ha CIIEIYIOLINE MOMEHTHI.

PacTBOpOM Ha3bpIBaeTCsl FTOMOT€HHAs CHCTEMa IIEPEMEHHOIO COCTaBa, COCTOSINAS U3 JIBYX
wiu 6oJiee KOMIIOHEHTOB, KOTOPbIE pa3Apo0ieHb! 10 pa3MepOB aTOMOB, HOHOB MJIH MOJIEKYIL.

PactBOp cocTouT U3 pacTBOPEHHBIX BELLIECTB U PACTBOPUTENS, T.€. CPEbl, B KOTOPOH 3TH
BEIIECTBA PABHOMEPHO pacIpelesieHbl B BHJE MOJEKYJI WJIM HOHOB. OOBIYHO PAaCTBOPHUTEIEM
CUMTAIOT TOT KOMIIOHEHT, KOTOPBIH B YHCTOM BHJE CYIIECTBYET B TaKOM JK€ arperarHom
COCTOSIHMM, YTO M IIOJyYEHHBIH pacTBOp(HampuMmep, B CIy4yae BOJHOTO pPACTBOPA COJH
pacTBOpUTENIEM KOHEYHO, SsBIseTCs Boja). Ecim ke 00a KOMIIOHEHTa [0 PpacTBOPEHUs
HaXOAMJINCh B OJMHAKOBOM arperaTHOM COCTOSIHMM (Hampumep, CHOUPT M BOAAd), TO
PacTBOPUTENIEM CUUTAETCS KOMIIOHEHT, HaXOSAIIUNCS B OOJIbIIEM KOJTHYECTBE.

[To arperatHOMy COCTOSIHMIO PAacTBOpBI OBIBAIOT JKUAKHE, TBEpAbIE M Tra3o00pa3HbIE.
[IpumepoM >KUIKHUX PAcTBOPOB MOTYT OBITH PAacTBOPHI COJEH B BOJE; MPUMEPOM TBEPIBIX —
CIJIaB HUKEJIS U MEIH (U3 KOTOPBIX JENIAI0T Pa3MEHHYI0 MOHETY) WU CIUIaB cepedpa M 30J0Ta ;
IPUMEPOM Ta3000pa3HbIX — CMECH TIa3oB, Bo3ayX. HaumOombliee 3HaYeHHME UMEIOT >KUIKHUE
(BOAHBIE) PACTBOPBHL.

MeTonbl BbhIpaKeHHs] KOHIIEHTPAIHH
PacTBOPOB

O0o3Ha4YeHHe H Pa3MePHOCTH NPHMMEHAeMbIX
BeJIMYUH

a

Maccosas 0onst paCTBOPEHHOTO BElleCTBA —
9TO OTHOLIEHHWE MAacChl PacTBOPEHHOIO
BeIllecTBa K 00lIel Macce pacTBopa:

my m

:V%

=
mP—PA

MaccoBasi JI0JIsl PACTBOPEHHOTO BEIIECTRA,
Oe3pa3MepHasi BeTUInHa

mp— MacCCa paCTBOPCHHOI'O BCIICCTBA, I'

mp.pqs — MacCCa paCTBOpPA, I'

V - obwem pacTBOpa, M

p — TUIOTHOCTH PacTBOpa, I/MII

I Ipoyenmuas KoHYeHmpayus:
My

C,, =—2— 0%

Mp_p,

Cy, — TpolLIeHTHAsI KOHLEeHTpauus, %

m p— Macca paCTBOPCHHOI0 BEIICCTBA, I'

Mmp.ps— Macca pacTBopa, T

Cy— MoIsipHasi KOHIEHTPAIUS , MU MOJISIPHOCTH;
nHorga ooosxagaror M
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Monapnas KOHYEeHmpayus, ume | 'V _ gommuectso (4nca0 MOJIB) PaCTBOPEHHOTO
MONAPHOCTD, - YHUCJIO MOJIH | pernectBa, MOND
3 bl
pacTBOpPEHHOTO BeuiecTBa B 1 1M V - obbeM pacTeopa, e (1)
2

(1 muTp) pacTBopa:

mp— Macca paCTBOPEHHOIO BEIIECTBa, T

Mp— MonsipHas Macca paCTBOPEHHOT'O BEILIECTBA,

C =—= _m_ I/MOJIb
Yy M@

4.8. JIP-8. Teopus 3J1eKTPOJTUTHYECKOMH THCCOUALIUM.

[Tpu mOATOTOBKE K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHHE HA CIICAYIOIHUE MOMEHTHI.

Onexmponumamu Ha3bIBAIOT BEUIECTBA, PACTBOPHl M PACIUIaBbl KOTOPHIX IMPOBOJASAT

IEKTPUUECKUH TOK.

K osnekrponuTam OTHOCSTCSI ~ HEOpraHMYECKHE KHUCIOTHI, a TakKe OCHOBaHUS,
amdoTrepHble THAPOKCHIBI U conmu. OHU pacmanaloTcs B BOAHBIX PacTBOpax M paciiaBax Ha
karuonsl (K™) u annonsr (A™).

[Iponecc pacmaga MONEKyd 3JIEKTPOJUTOB HAa HOHBI B CPENE PACTBOPUTENS MOTYUMI
HA3BAHUE NEeKMPOIUMUYECKOU Ouccoyuayuy (U UOHU3AYUL,).

J1s1 KOMM4eCTBEHHOM XapaKTEPUCTUKU CUJTBI 3JIEKTPOJIUTA UCIIONB3YIOT MOHATHE
CTETEeHH AEKTPOTUTUUECKOI Trucconranuy (MIOHU3AlKK) «, KOTOpasi paBHA OTHOIIEHUIO
YrCIia MOJICKYJ, PACTIABIINXCS HA MOHHI (71), K O0IIEMY YUCITY MOJIEKYIT JJIEKTPOIUTA,
BBEJICHHBIX B pacTBOp (N):

a=n/N.
Takum 00pa3oMm, o BBIpAXKaroT B JOMIAX €IUHHILIBI.
[lo crenenu aucconuanyy IEKTPOIUTHI YCIOBHO NOAPA3JEISIOT Ha CUiIbHbIE (o0 1) n
cnabeie (a <0,3).
CuIIbHBIE BIEKTPOIUTHI

e Conu (cpeanue, kucnbie, ocHOBHBIC): Al,(SO4);, NaHCO;, CuOHCI.
e Heopranunueckue xucnorsl: HNO;, H,SO4, HC1, HBr, HI, HCIO,. u np.
e ['mapoxcuubl menouHbIX U meaouHo3eMenbHbix MeTaimioB: KOH, NaOH, Ca(OH),, Ba(OH),

u ap.
CuipHBIC OJICKTPOJIUTBI AWCCOOMHUPYIOT B BOJHOM paCTBOPC IMPAKTHUYCCKH HAIECIO:

A15(SO4);=2A1"+3 SO, NaHCO;= Na" +HCO;~
HNO;=H"+NO;" H,SO,=2H"+S0*
CuOHCI = CuOH'+CI Ba(OH),= Ba*+20H"

Cnalbie 3JeKTPOIHUTHI

eIloutu Bce oprannueckue kucnotrsl: CH;COOH , H.C,O4u n1p .
Hekoropsie Heopranudeckue kucinotel: H,COs, H,S, HCN, H,Si05;, HNO,,

HzSO3 , H3PO4, HCIO u 1p.

e [mIpokcHIpl METAIJIOB OCHOBHOTO Xapakrepa (KpoMe MIEIOYHBIX U MIeIOYHO3EMENIbHBIX) ’
rugpokcu ammonnst NH4OH.
e Awmdorepusie ruapokcuab: AI(OH)s, Zn(OH), , Cr(OH)s, Sn(OH),, Pb(OH), u ap.

Jnst cnabbIX 3JEKTPOJUTOB JIUCCOIMAIIAA — OOpaTUMBIM MpoIecC, Il KOTOPOTO
CIPaBEUIUBHI OOIIHME 3aKOHBI PABHOBECHSI.

Huccommaruio  c1abbIX  AJNEKTPOJIUTOB  XapaKTepuU3yeT KOHCTAHTa PaBHOBECHS,
HazbIBaeMas koncmanmotu ouccoyuayuu (uonusayuu) Ky (tabmn.I1.3):
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CH3COOH 5 CH3C007 +H*

. $1.coo Y@ §

* [CH,COOH]

4.9. JIP-9 Uonnoe npoussenenue soanl. pH. Metoanl onpenenenuns pH.
[Tpu mOATOTOBKE K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHHE HA CIIEAYIOIHUE MOMEHTHI.
Bona SIBIISIETCSI ciabbM ANEKTPOTUTOM
U auccouuupyer no ypasueruto: H,O — H' + OH'. Boipakenue ast
KOHCTaHThI qucconuamun umeeT BUT: Ko = [H s [OH ] =1,8 1076
[H20 Jpas.
3nauenne Ky, BOABI ONpeAenuau HSKCIEPUMEHTATBHO 10 HW3MEPCHHUIO YACIbHOU
anekTpornpoBogHocTy npu T = 25°C. Uucras Bona MpakTUYECKH HE MPOBOJUT AIIEKTPUUECKUI
TOK, T.€. Guc(H20) << 1, mosToMy MOXHO MPUHSATH, YTO
[H20 Jpas = [H2OJaw. PaccunTaeM MONSpHYIO KOHIIEHTPALIMIO YUCTOW BOJBI, 3HAS, YTO 171
Bobl Becut 1 kr (p =1kr/m):
C.(H,0) = m (H,0) = 1000 r = 55,6 mounb/ 1.
M (H:0) «V (H,0) 18 r/monb+ 1 1
[ToncraBum nonyuennoe 3HaueHue Cy(H>O) B ypaBHeHue 1iis K
Kpa:+ 55,6 =K, =[H] [OH] = 10", rne K,, — noHHOE NPOM3BEEHHE BOMEL.
B uucroii Bone [H'][OH]=1 10", rorna [H]=[OH]= 10" mons/n
B Bomubix pactBopax kucior [H']>[OHT] wiu [H'] > 7 mons/n, cpena Kucmasi.
B BomHbIX pacTBOpax mienodeil U ocHoBanuii [H'] < [OHT], [H'] < 7 momns/n, cpena
OCHOBHAsI WJIM IIEJIOYHASI.
ITpu pacTBOpEHUH B BOJIE JFOOBIX IO MPUPOJIE BEIIECTB OCTAETCS HEM3MEeHHbIM - [H']
[OH]=110".
luoponus comeit - 310 peaknusi oOMeHa HOHOB COJM C BOMOW, B pe3yiabTare KOTOPOM
M3MEHSIETCSl KHCIOTHOCTh pacTBopa. [ uaponm3 — mporecc oOpaTHBIA peakiuy HeUTpalnu3aiiu.
Ecnu peakmus HeWTpamu3aluy MpoIEecC dK30TEPMHUUECKH U HEOOpAaTUMBIA, TO THUAPOIU3 —
MIPOIIECC PHAOTEPMHUUECKUN U OOpPATHUMBIH.
[Ipu rugponuse cmemaeTcsi paBHOBECHE JUCCOIMAIIMU BOABI BCIEICTBUE CBSI3bIBAHUS
onHoro u3 ee noHoB (H'wmm OH') B cialbrit anexrponut comu. [pu cBs3biBannu MOHOB H' B
pacTBope HakarumBaroTcsi noHbl OH™, peakuwsi cpensl OyAeT IIeno4yHasi, a MPH CBA3BIBAHUU
nonoB OH™ HakarummBarotcst noHbl H' - cpena Oyaer kucias.

4.10. JIP-10. I'mapoJu3s coJeit
ITpu moAroTOBKE K 3aHATHIO HEOOXOAUMO 00paTUTh BHUMAaHME Ha CIEIYIOLINE MOMEHTHI.
[Tpu pacTBOpeHHMH B BOJIE JFOOBIX IO MPUPOJIE BEIIECTB OCTAETCS HEM3MeHHbIM - [H]
[OH]=110".

['maponus coneil - 310 peakuuss oOMeHa MOHOB COJM C BOJOW, B pe3yibTare KOTOPOM
U3MEHsIeTCs KUCIOTHOCTh pacTBopa. [ maponu3 — nporecc oOpaTHBIN peakiuy HelTpanu3anuu.
Ecnu peaknus HeWTpanuzaluu MpoLEcC 3K30TEPMUUECKH M HEOOpaTUMBIA, TO TUAPOIU3 —
MPOLIECC IHAOTEPMHUUECKUI 1 0OpATUMBIIA.

[Ipu ruaponuse cmemaercss paBHOBECHE JUCCOLMALIUN BOABI BCIEICTBUE CBSA3bIBAHUS
onHoro u3 ee noHoB (H'wmm OHY) B cnalblit anexrponut conu. [Ipu cBs3biBaHuu MOHOB H' B
pacTBope HakaruiuBaroTcsi noHbl OH', peakuusi cpenpl OyAeT Iieno4yHasi, a MPH CBA3BIBAHUU
noHoB OH ™ HakarmBarotcst HoHbI H' - cpena OyzeT kucnasi.

4.11. JIP-11. OkucJInTe1bHO-BOCCTAHOBHUTE/IbHbIE PeaKIIUM.
HpI/I IIOAT'OTOBKE K 3aHATHUIO H€O6XO)II/IMO 06paTI/ITI) BHUMAaHHEC HA CICAYIOIIME MOMCHTBI
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OKHCIUTENBHO — BOCCTAHOBUTEIBLHBIMU HA3bIBAIOTCA TAKHE PEAKINH, B XO/€ KOTOPBIX Y
AJIEMEHTOB, BXOASAIIUX B COCTAB PEArnpyrONIMX BEMIECTB, Y OJTHOTO WJIM HECKOJIBKUX 3JIEMEHTOB,
U3MEHSCETCS CTEIICHb OKUCIICHHUS.

OkucneHne — 3TO MPOIECC OTAAYM SJIEKTPOHOB ATOMaMH WJIM MOHAMU XHUMHYECKOTO
DJIEMEHTA.

BoccranoBienne — 3TO MOpoLecC NPUHATHS DSJIEKTPOHOB arOMaMU WM HWOHAMHU
XUMHYECKOTO dIEMEHTA.

BeniectBo, B cocTaB KOTOPOrO BXOAHMT OKHCIISIOIIMICS DIIEMEHT, Ha3bIBAETCSA
BOCCTAHOBUTEIIEM.

BeniectBo B cocTaB  KOTOPOTO BXOAWT BOCCTAaHABIMBAIOIIMKCS —DJIEMEHT,
Ha3bIBACTCS OKHCIIMTEIIEM.

CrerneHb OKUCIICHUS MOKA3bIBAET YUCIIO OTAAHHBIX JIEKTPOHOB (TIOJIOKUTETHHAS)
U YHCIO TPUHATHIX DJIEKTPOHOB (OTpUIATENbHAS) XUMHYECKUMH DJIIEMEHTaMH B XOJE
OKHCJIUTEIIbHO-BOCCTAHOBUTEIHLHON PEAKIUU.

Peakiun oxucieHUs-BOCCTAHOBIEHUSI MOTYT MPOTEKaTh B Pa3jUYHbIX cpefax (KUCIoM,
HEUTPATBHOW M IIEJIOYHOMN), TIPH ATOM B 3aBUCUMOCTH OT CPEIIbI MOXKET M3MEHSTHCS XapakTep
MPOTEKAHUS PEAKIIUU MEKTY OJTHUMU U TEMH K€ BELIECTBAMU.

XapakTepHbIM  CBOMCTBOM Qa30THOM KHUCJOTBI SIBISIETCS €€ SIPKO  BBbIpa)KeHHas
OKHUCIIUTENbHAS CHOCOOHOCTh. A30THAsi KHUCIOTa— OJWH W3 DHEPTHMYHEHIINX OKUCIHUTENCH.
MHorue HeMeTaIbl JIETKO OKUCIIAIOTCA €10, TPEBPAIAsiACh B COOTBETCTBYIOIIUE KUCIOTHI.

4.12. JIP-12. Kinaccupukauuss HOHOB HA aHAJIMTHYecKHe rpynnbl. KauecTBeHHbIE

peaKnuy HA KATHOHbI M AaHNOHBI

[Ipu monroToBKe K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAHUE HA CIEAYIOIIUE MOMEHTHI.

Peakiun, ucnonb3yemble JUisi OOHApy>KeHHMsS OTHENbHBIX XUMHYECKUX JIIEMEHTOB,

HMOHOB, a TaKke (PyHKIMOHANBHBIX TpPYMI, OCHOBAaHHbIE Ha IOSBICHWU BHEIIHEro 3(dekra
(aHaMUTHUYECKOTO CUTHaNA WK 3((deKTa) Ha3bIBAIOTCS KAYeCmEeHHbIMU VI AHATUMUYECKUMU.
AnanutnyeckuM 3¢ (GeKToM MOKeT ObITh MOsIBI€HHE (MM MCYE3HOBEHHE) 0CaJKa, OKPACKH,
BBIJICJIEHUE Ta30B, XapaKTePHON OKPaCKOH IIaMEHH NPH BHECEHUH B HETO UCIBITYeMOU POOHI.

BemectBa, ¢ MOMOIIBIO KOTOPBIX OTKPBIBAIOT OTAEIbHBIE KOMIIOHEHTHI, HAa3bIBAIOT
peazenmamu WIA peakmueamu. PeakTUBBI, UCIIOIb3YEMBIE IS Pa3AeiICHUs] U3y4aeMbIX MOHOB
Ha AHAIUTUYECKUE TPYINIbl, HA3bIBAOT 2PYHNOBLIMU —peazenmamu, a peakmugvl (U
COOTBETCTBEHHO, peakyuil), IPUMEHSAEMBIE Ul OTKPBITHS OTAEIbHBIX HOHOB, - XAPAKMEPHLIMU.

CymectByer /Be Ki1accu(UKalMM KaTHOHOB (CEpOBOIOPOAHASA U KHCIOTHO-OCHOBHAS) U

KJ1accu(UKaIUs aHHOHOB.

4.13. JIP-13. Turpumerpuueckuii aHanau3. Pacuersl B TuTpuMerpuu. Meton

KHMCJIOTHO-OCHOBHOTO TUTPOBAaHMSI.

[Tpu moOATOTOBKE K 3aHATHIO HEOOXOAUMO OOpaTUTh BHUMAaHHE Ha CIIEAYIONIUE MOMEHTHI

Tumpoearue — HENPEPHIBHO KOHTPOJIUPYEMBIM MPOIIECC IMOCTENEHHOTO HEOOIBIIUMHU
nopuusMu  1o0aBJIeHHs] OJHOTO BemecTBa K jApyromy. OOBUHO J00ABISIOT BEIIECTBO,
KOJIMYECTBO KOTOPOTO MOXKHO TOYHO H3MEPUTh, T.€. KOHIIGHTpPAlUs KOTOPOro H3BeCcTHA. B
TUTPUMETPUYECKOM aHAIHM3€ H3MEPSIOT O0BEM pearupyromux BeIIeCTB. 3HAas KOJIHYECTBO
700aBJIEHHOTO BEIIECTBA, PACCUNTHIBAIOT KOJUYECTBO OMPELIISIEMOTO0 KOMIIOHEHTA.

HesaBucumo oT XapakTepa THUTPOBaHUs 3HAHHE TOUHBIX OOBEMOB PACTBOPOB JIBYX
BEIIIECTB NIPH U3BECTHOM KOHIIEHTPAIIUU OHOTO U3 HUX — HEOOXOUMOE U JOCTATOYHOE YCIIOBHE
YCHEMIHOTO ONpe/IeTIeHUsI HEU3BECTHON KOHIIEHTPALUU JIPYTOro.

MoMeHT, B KOTOPBIM TIPH TUTPOBAHHH J00ABIEHO CTPOTO IKBHUBAJICHTHOE KOJIHYECTBO
BEILIECTBA, OTBEUAIOIIEE CTEXMOMETPUUYECKOMY YpPAaBHEHHUIO B3aUMOJICHCTBUS, HA3bIBACTCS
MouKou IKeusaienmuocmu. B 3T0l TOUKe peakius B3auMOAECHCTBUS ONPENEIISIEMOTO BEIIECTBA C
TUTPAHTOM 3aKaHYMBAETCS, €CIIM OHA HEOOpaThMa.
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B TuTpumerpuueckoM aHamu3e U1 BBIPAXKECHHS KOHIEHTPALUMU IOJNb3YIOTCA
HOPMaJIbHOCTBIO PACTBOPA U €r0 TUTPOM.

Hopmanvnocms  pacmeéopa — 3TO KOJIMYECTBO BELIECTBA JKBUBAJIEHTA PACTBOPEHHOIO
BeIlllecTBa, cojepxaieecs B 1 1 pactBopa. 3Has HOPMajbHOCTh PAcTBOpPa W HKBUBAJIECHT
PacTBOPEHHOI'0 BELIECTBA, MOKHO PACCUUTATh COAEPIKAHUE PACTBOPEHHOI'O BELIECTBA B JIIOOOM
o0beMe pacTBopa.

v (fze (X)X) N C(F o (OX) -
Cf e (X)= ———— v (fam (X)= ———— . Clfm X)X)=
(1 3z (X)X) Vepe SRR )X) M (f e (0X) VMt g (X)X)

m =C(f 5 (X)X) « VM (f s (X)X) eciiit 06beM B I1.

4.14 JIP-14. OKHCIUTEIBHO-BOCCTAHOBUTEIbHOE TUTPOBAaHUE.

Ilepmanranaromerpus.

[Ipu monroToBKE K 3aHATHIO HEOOXOIUMO OOpaTUTh BHUMAHUE Ha CJIEAYIOLIUE MOMEHTHI

[lepmanranaroMeTpuss — 3TO  OKHMCIHMTEIbHO-BOCCTAHOBUTEIbHBI METOJ] 0OBEMHOTO
aHaJIM3a, OCHOBAHHBIM HA PEAKIMUAX OKHCICHHs, MPOU3BOAMMBIX DPACTBOPOM IE€pMaHTraHaTa
Kanus. B 3aBucMMOCTH OT YCJIOBHMM IIPOBEICHMsI peakLui, B YaCTHOCTU B 3aBUCUMOCTH OT
cpenbl, okucnuTenbHas crnocoOHocTh KMnO4 pasnuyHa M MO-pa3HOMY MPOTEKAIOT PeaKuu
B3aMMOJEUCTBHS €r0 C BOCCTAHOBHUTENSAMHU. Kak M3BECTHO, B KUCIIOH CpeA€ OKUCIUTEIbHAs
cnocooHocth KMnO, HauBpiciasi ¥ TNPOAYKTOM BOCCTAHOBIIEHUS  SIBISIIOTCS  COJH
JBYXBaJIECHTHOTO MapraHia.

B o00bemMHO-aHaIUTUYECKUX ONpeAeNeHUsIX 4Yallle BCEro IMPUMEHSIOT TUTPOBaHUE
NepMaHraHaToOM KaJldsi B KUCIIOM cpele, Tak KaK OKHCJIMTENbHAasi CIIOCOOHOCTh €ro B KHUCIOH
Cpeie BhIlIe, KpOME TOro, 00pa3yloTcs pacTBOPUMbIE IPOAYKThI PEaKIUu.

4.15. JIP-15. KomniekcHble coequHeHusi. KoMmIiekcoHOMeTpHYecKoe THTPOBaHHUe.

OnpenesieHue o011eH KeCTKOCTH BOAbI

[Tpu moAroTOBKE K 3aHATHIO HEOOXOAUMO O0OpaTUTh BHUMAaHHE Ha CJIeTYIOIHEe MOMEHTHI

KommiekcHbIe coequMHeHus (Jar. complexus — coueTaHue, 00xBar)
WA KOOPIAMHAIIMOHHBbIE COeIMHeHUsl (JIaT. co — «BMecTe» uordinatio — «ynopsiioueHue») —
4acTUIl (HEUTpadbHbIE MOJIEKYJIbl WM HOHBI), KOTOpble OOpa3yloTcs B pe3yibrare
NPUCOCIUHEHUST K JaHHOMY HOHY (MJIM aTOMy), Ha3bIBAEMOMY KOMNIEKCO0Opa3osameinem,
HEUTpPAIBHBIX MOJIKYJl WJIM JAPYTMX HOHOB, HAa3bIBAEMbIXiucanOoamu. TeopHs KOMILIEKCHBIX
COeMHEHUH (KoopAMHAIIMOHHAas TeopHs) Obula npeanoxeHa B 1893 . A. Bepuepowm.

KomruiekcHble  cOeMHEHHs, WMEIONINe BHEITHIOK cdepy, B BOAHOM pPacTBOpeE
MOJHOCTBIO AUCCOLUUPYIOT HA KOMIUIEKCHBIN MaJIOUCCOLIMPYIOLTNI KATHOH MIJIM AHUOH.
KomrnekcHble coeuHenus 6e3 BHeMHeN cdepbl B BOAE HEPACTBOPUMBI (HaIlpUMep,KapOOHUIbI
METaJLIIOB

[lpupona cBsS3M MEXIy NEHTPATbHBIM HOHOM (aroMOM) W JIUT@HAAMH MOXKET OBIThH
nBosikoi. C 0HO# CTOPOHBI, CBSA3b OOYCIIOBIEHA CHIIAMH AIIEKTPOCTaTUUECKOro NpUTskeHus. C
IPYTOi — MEXIy HEHTPAIGHBIM aTOMOM U JINTaHJAMH MOXKET 00pa30BaThCs CBS3b 0 JIOHOPHO-
aKIEeNTOPHOMY MEXaHU3MY [0 aHAJOTMM C HMOHOM aMMOHMS. BO MHOIMX KOMIUIEKCHBIX
COCAMHEHMSIX CBSI3b MEXKIY LEHTPAIBHBIM HMOHOM (aTOMOM) W JIUT@HAaMH OOYCIIOBJICHAa Kak
CHJIAMH IEKTPOCTAaTUYECKOTO  NPUTSDKEHMsl, TaK M CBA3bl0, oOOpasyromeics 3a  cuér
HETO/IeTIEHHBIX AIEKTPOHHBIX Map KOMIUIEKCOOOpa3oBaress U CBOOOIHBIX OpOUTAJIEH JIMTaH/IOB.
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https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BD%D0%BE%D1%80%D0%BD%D0%BE-%D0%B0%D0%BA%D1%86%D0%B5%D0%BF%D1%82%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D1%81%D0%B2%D1%8F%D0%B7%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B8%D0%BB%D1%8B_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B1%D0%BE%D0%BD%D0%B8%D0%BB%D1%8B_%D0%BC%D0%B5%D1%82%D0%B0%D0%BB%D0%BB%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B8%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B8%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%81%D0%BE%D1%86%D0%B8%D0%B0%D1%86%D0%B8%D1%8F_(%D1%85%D0%B8%D0%BC%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B5_%D1%81%D0%BE%D0%B5%D0%B4%D0%B8%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F#.D0.9E.D1.81.D0.BD.D0.BE.D0.B2.D0.BD.D1.8B.D0.B5_.D1.82.D0.B5.D1.80.D0.BC.D0.B8.D0.BD.D1.8B
https://ru.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D0%BD%D0%B5%D1%80,_%D0%90%D0%BB%D1%8C%D1%84%D1%80%D0%B5%D0%B4
https://ru.wikipedia.org/wiki/1893
https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%B3%D0%B0%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

Yame apyrux KOMIUIEKCOHOB IIPUMEHSIETCS TaK Ha3bIBa€MbIM KOMIUIEKCOH III wmmm
Tpunon b, xoTtopelii mnpencraBiasier coOOM  AMHATPUEBYID COJIb  YETHIPEXOCHOBHOM
STUIICHANAMHUHTETpayKcycHOU kucnoThl (Nay[H,Y])

HOOC Hgi:'\ CH; COOH
- N-—-CH; -CH;— N .
NaOOC HyC CH;COONa

XapakTepHOil OCOOCHHOCTHIO KOMIUIEKCOHOB SIBJIIETCSI WX CIIOCOOHOCTH J1aBaTh C
KkatnoHaMu MHorux metamioB (Ca®’, Mg”, Mn’+, Ba’ u T. 1.) ycTOWYHMBEIE, paCTBOPHMEIE B
BOJIC, BHYTpUKOMIUIEKCHbIE conu. Ilpu oOpa3oBaHum coau MeTalml 3aMelaeT BOJOPOL
KapOOKCHIIBHBIX TPYIII U CBA3BIBACTCS KOOPAUHAIIMOHHOM CBSI3BIO C @30TOM aMUHOTPYIITI.

JIns KOMIZIEKCOHOMETPUYECKUX METO/IOB ITPUMEHSIIOTCS CIIEIMaIbHbIE HHANKATOPbI —
yalle BCEro OPraHUYeCcKUe KpacUTEIU MYPEKCHJA, 3pUoXpoM uepHbli U aAp. Kpacurens,
NPUMEHSEMbIA B KAueCTBE WHIMKATOpA, TOXKE JOJDKEH JaBaTb C ONPEIEIIEMbIM HOHOM
KOMILUIEKC, HO MEHEE YCTONYMBBIM, YEM KOMIUJIEKC C KOMIUIEKCOHOM, UM HMMEIOUIMH JIPYTyro
OKpacky. BeiencTeue 31oro B mporecce TUTPOBAHUS WHIUKATOP BBIACIISIETCS B CBOOOTHOM BHJIC,
YTO BBI3BIBAET M3MEHEHHE OKPACKH TUTPYEMOTO pPacTBOpPa, OCOOCHHO 3aMETHOE B KOHEUHOM
TOUYKE TUTPOBaHUA. CXEMATHUYECKH ATO MOXKHO MPEICTABUTH CIECIYIONTUM 00pa3oMm:

Jlo mumposanus: Me** + HoInd < Melnd + 2H"

OecLBETHBII CUHUU KpacCHBIN

Bo epemsa mumpoeanus u 6 koneunoii eco mouxe:

Melnd + [H.Y]" < [MeY]* + Halnd

KpacHbIi  OeCIBETHBIH  OECIBETHBIH  CHHHIA

Tak kak peakis CONMPOBOXKIACTCS BbIAEIeHHEM HOHOB H'™  komrmiekcooOpasoBaHue
MoJIHEE WJAET B IeNouHOM cpeae. [Ipy KOMIUIEKCOHOMETPUYECKUX OMpPENeTeHUsX OOJIbIIoe
3HAYeHUE NJs TOJIy4YeHHUs NPaBUIBHBIX pe3ylnbTaToB uMmeeT pH cpenpl, koTopoe cozmaeTcs
N00aBICHUEM K TUTPYEMOMY pacTBOpy Oydepa ¢ HyKHbIM 3Ha4eHHEeM pH.

OO0mast ’KeCTKOCTh BOABI OOYCIIOBIIEHA MPUCYTCTBHEM B BOAEC KATHOHOB KalblUS U
MarHusi. KonumdecTBEHHO ATOT TMOKa3aTelbh BBIPAKAIOT CYMMOW MOJb KaJbIMS M MAarHus,
COJEpIKAILUXCS B Iam® Bomel. (1 MMonb Mg2+ cootBercTBYeT 12,16Mr; 1 MMoInb Ca*
cootBercTByeT 20,04 M™Mr). B 3aBUCMMOCTHM OT 3HaueHUs OOMIEH >KECTKOCTH Ppa3InyaroT
CleNylolMe THUIbl BOA: O4YeHb Msrkue 1,5 mMmonbs/aM>, wsarkue 1,5-3,0 MMoab/mm?,
cpennexectkue 3,0-7,0 mmons/am’, xectkue 7,0 - 10,0 MMOIB/IM® OYEHB KECTKHE — CBBILIE
10,0 Mmonbs/om’.
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