B. H. AJIEKCEEB

. KOJIMYECTBEHHBIN
AHAJIM3

-



B. H. AJIEKCEEB

KOJIMHECTBEHHbIN
AHAJIN3

W3NXAHHE YETBEPTOE, INEPEPABOTAHHOE

IT1od ped. doxropa xum. nayx I1. K. ATACSIHA

Honyuweno Munucrepcrsom evicuezo u cpedrezo
cneyuaasnozo obpasoganuns CCCP 8 xauecrse ysebruxa
0aa cTYOeHTO8 HEXUMUYECKUX CNeyuanbHOoCTel
solcuux y4ebnolx 3a8edenuli

MOCKBA
HU3OATEJIbCTBO «XUMHUS»
1972



543

VIK 543.7 (075.8)

A 47

A 47

Auaekcees B. H. ’
KoJsmuecTsenHut ananas. IToa pea. a-pa xum. nayk IT. K. Ara-
caHa. Msnanune 4-e, mepepa6. M., , Xumusa“. 1972.

504 c.; 24 ralnr.; 76 puC. CIOHCOR JHTEpaTypH 15 CCHIIOK.

. Kuura sBnsteTcss y4eGHHKOM N0 KOJHYECTBEHHOMY aHajH3y
HEODTaHMYECKHX BEIECTB, PACCUNTARHBIM HA CTYAEHTOB HeXHMH-
YeCKHX BY30B H (haKyJbTETOB. .

B Heit u310XeHB NPUMEHHTEJbHO K YYeOHLIM NMPOrpaMMaM Teo-
peTHYeCKHe OCHOBHl H OIMCAHH NPAKTHUECKHE MeTONbl KOJHYeCT-
BEHHOr0 aHanusa. PaccMaTpuBaloTcst npueMbl pa6GoThl, anmapa-
Typa, UPHOOPH, METOLBI BBIYHCAEHHA pe3y/bTaTOB aHAaJIH30B.
B kHHre nomeweno 6oiblIoe KOJHYECTBO KOHTPOMbHLEIX BOTPOCOB
H 3afauv.

[TpennaraeMoe H3ZaHHe CYLECTBEHHO NepepabOTaHO MO cpaB-
HeHHIO ¢ TNpeAnAymHM (TpeTbe H3laHHe BbILIO B 1963 romy):
JaHbl COBpEMeHHble NMPEACTABJAECHHA O MeXaHH3Me DPa3MHYHEIX TH-
TOB peakiuii; Bce 3ajadn H INPHMEPHl HCIPABJIEHH C YYETOM
HOBBIX JAHHEIX — KOHCTAHT, CTAaHAAPTHHIX HOTEHUWaNOB H T. M.
Pacmupen pasgen, mocBsuleHHBIl KOMIIEKCOHOMeTpHH. Pasmen
«Becosoft aHa/iu3» 3HAYHTEJBHO NepepaGoOTaH; YTOUHEHHS H IO-
TIO/IHEHHA BHECEHH! H BO BCE JAPYTHE Da3fesibl.

2-5-2 -
20-72 543

" COHNEPXAHUE

[IpeancaoBue . . . . . . . < . . . . . . . o Lo e .

Taasa 1. Baenenue . .

§* 1. TIpenmer KOJNUECTBEHHOTO AHAMH3A . . . .+ . « . + . + « . .
2. Meronbl KONMYECTBEHHOTO aHAMH3a . . . . « . « « . « « «
3. AnannTHuecKHe BecH . . .. Coe e e ..
4. YyBCTBUTENBHOCTD, ycmnqnsom‘b npaambﬂoch H TOYHOCTH BECOB . .
TpaBuna obpaweHus ¢ aHAIHTHYECKHMH BecaMH . . . . . . . .
BspemnBanve ., . . e e e e e e e e e e e
JHemndeprbie Bechl H Basemnsaﬂne Ha HAX . . . e
YerpaHeHHe BAHMSAHHS HepaBHOIVIEUECTH BECOB. Hpuseneﬂne Maccm Tena
K ee WCTHHHOMY 3HaueHHIo (B nycrore) S
IlpoBepka pa3HOBECOK . . . e e e
O6mue sameuanus o paborte B naﬁopa’ropnu KOJIHlleCTBeHHOI‘O ananmaa
TloaroToBka BellecTBa K aHAJH3y . . . .
. Marepuansl, npuMeHseMble AJs HArOTOB/eHHs .na60paTopHon nocynm
[ToAroToBKa MOCYABl K AHAMH3Y . . « « « + . « .« o« « + . .
13. OuHGKY B KOJNHUECTBEHHOM aHA M3 . . . . .« . . . « « "« . .
14. OGpa6oTKa pe3yJabTaTOB aHATH3a . . . . . . . « « « « « . .
§ 15. BoluncieHHs B KOJHUECTBEHHOM AaHaMH3e . . . . . . . . . . =
Bonpocu u sagmaun (x § 1—15) e e e e e e e e e e e

o s

P -7 D mmwwww’@
—
D—O® o=

O

T'aasa 1. ]‘panumeTpuqecxul‘i (BecoBoft) aHaauM3 . . . . . . . . . . .

§ 16. CymHocte rpaBuMeTpHYeckoro (BecOBOro) amajH3a . . O
§ 17. Tpe6GoBanus K ocapkaM. BuiGop ocagurenrs . . . . . . . . . .
§ 18. KeanuectBo ocagurens . . . .o e e
§ 19. Bausnue HOHOB Ha pacrsopnmocn ocam{a conepmamero onuonmennue
THOHBL & v . e e e e e e e e e e e
§ 20. Bananue nocmpommx 3JEKTPOJIUTOB Ha paCTBOpI/IMOCTL (coneBou 3(1)
¢dekr) . . . e e e .
§ 21. Bansnne TEMHepaTypr H !’IpﬂpOILbI pacmopmem{ Ha pacmopnmocm .
§ 22, Bausuve KOHIEHTpauuu HOHOB Bojxopola {(pH) Ha pacTBOpHMOCTH
§ 23. Bumusiune npoleccos Kommexcooﬁpaaosaﬂna Ha pacrsopumocts. Macku-
poBKa . . . . . . .
§ 24. O6pasoBanue OCafKOB H nx CBoFICTBa B T e
§ 25. YcaoBusa o6pa3’soBaHHs H CBOHCTBA KPHCTAJJIHYECKUX ocamKoB . . . .
§ 26. Ycnosust o6pa3oBaHHs M cBOficTBa aMOpQHBIX OCafkoB . . . .. . .
§ 27. Coocaxnenne . . . e e e e e e e e e e e e
§ 28. YmMenbenne cooca)xneﬂuﬂ e e e e e e e e e e e e e
§ 29. PasnesienHe HOHOB B KOJHYECTBEHHOM aHaj ®3e . . .. - . . . . .

Trasa 111, Texuuka oGmMX onepauuii B XMMHYECKOM aHaiW3e . . . . . . .

§ 30. BasitHe TOUHOM HABECKH . . « . - . « « « + + o « & « «
§ 31. PacrBopesne. CiiaBieHre . . . . . . . . . . . . ... .
§ 32. Ocaxpaenne. OUABTPOBAHHE . . . . . . . . . . « . . . . .
§ 33. Ilpompimatie OCAAKOB . . . . « . .+ o « « « « « « o o+ o

11
15
20 .
23

30

33
35
39
42

44 -
47
53
58 -
62

65
65
66
70

73

76
82
84

94

101
105
107
117
119

134
134
133
140
144



4 Codepcanue Codepocanue 5
§ 34. BoicyluuBanie 4 OpOKaJHBaHHE OCAAKOB . 149 Taasa VI, Metoap ocamieHns # KOMIJIekcooGpa3oBanna ., . 314
§ 35. Boluucniende pe3yabTaToB rpasnmeTpmecxux onpeﬂeaeuuu . 154 § 76. O6ulas XapaKTepHCTHKA . . . . . . . . 314
Bompocel u samaun (x § 16—35 Coe . 186 § 77. KpuBble TUTDOBAHHA 0O METOAY ocakxeHHs ... .o g%g
Iaasa IV. 11 § 78.)Ciioco6ul dHKCHPOBAHHA TOYKH SKBHBAJEHTHOCTH . .
Aasa Mgg;f&” KOJlHlleCTB'eHl.-IOl"O f)npen.e.ufnun gemecrs rpaB"MeTp""eCK"M 161 § 794 SIBnenus aZcopOUUH NIpY THTPOBAHUH, ALCOPOLHOHHBIE HHLHKaTOpH . 325
36 O : t § 80.p¥cranoBka THTpa pacTsopa HHTpaTta cepebpa mo merony Mopa . 329
§ 36. Onpenesienne KPHCTALIN3AUNOHHOA BOLBI B X/OpHIE 6apym .. . 161 § 81. YcranoBka THTpa pacrBopa pOLaHHAa AMMOHHS S . 330
§?378 8?2112”2“9 THrPOCKOMHYECKOH BOABL . . . .+ . . . . « . . . 164 § 82. PonanoMerpuyeckoe OMNpeJleJieHHe TaJOTEHH/LOB . . 331

. peiesieHyue Cephl B PacTBOPHMBIX cyabdarax . . 165 § 83. Onpeaenenue rajoreHu10B THTpOBaHHeM HHTpaTOM cepe6pa c ancopﬁ
§ 39. Onpenenenne X/0pa B PacTBOPHMBIX XJOPHIAX . . 170 HHMOHHBIMH HHAMKATOPAMH . . .. . 332
gi? ggpgﬂeﬁ:ge ’*‘;”633 B coan Mopa .o 172 § 84. Mepkypomerpuueckoe oOmpee/eHue xnopx«mos . . . .33
5 0 pejenenue  anMoOMHHHA - 173 § 85. MepkypHMeTpHUECKOe ONpele/neHne XJAOPHAOB . . B - 1]
g 213. Onpeneneﬂue KaJibLUsl B Kapéonare KaJ]bLéHﬂ . 1;5 § 86. KomnaekconoMeTprueckoe THTPOBAHHE . . . 336

. Onpefiesienne JBYOKHCH ymepona B Kap oHaTe Kanbunﬂ . 179 —

§ 44. Onpepenenye Maruus . . 182 Bonpocu n sazaun (x § 76—86) ' ) - 340
g;lg 8npeneneﬁne Kanblusi H MaFHHﬂ npn COBMeCTHOM HpﬂcyTCTBHH . 185 Tarasa 1X. MeToam OKMCIEHHS — BOCCTAHOBJEHHS (pelOKCHMETPHA) . 343
. Ompenenenne Hekeasa B craam . . . . e e e . 187 . -
Bonpocst 1 sataun (x § 56—46) . . . . . . .. Ll C 190 § 87 Lglzucn'm%nbﬂo BOCCTAHOBHTE/bHbIE l'IOTeHI.lPIa.J'lb.l u flax?pa.anam»fe .pe.ax. 943

TI'nraea V. Turpumerpuueckuii (0GbeMHblil) ananus . ! . 193 88. Bansnue KOHueHTpaan 1 peaxumx cpens . . . . . . 351
§ 47. CymIOCTb THTPHMETpHIECKOro anainaa 103 § 89. Koncrauthl paBHOBecHs peakUMi OKHCJIeHPIf{—BOCCTaHOBJIeHPIS! . . .« 357

Y p p . 90. KpuBble THTPOBAKHA MO METOAY OKHCJEHHA — BOCCTAHOBJAeHMs . . . 359
§ 48. TpeGoBanus K peakuusM, NPHMEHSEMHIM B THTpI/IMETpH'{ECKOM ananuze 124 91. Muaukaropl, MpHMeHsieMble B PELOKCHMETPHH . « . . . . . » . 305
§ 49. Kraccndukauus MetonoB T"TP“MBTP“‘*ECKOFO ananusa - 197 § 92. CropocTts péaxuuﬁ OKHCJIEHHS — BOCCTAHOBJIEHHA .+ . .+ . . . 370
§ 50. Mamepenne o6beMoB . . . 199 Bonpocet B 3anaun (K § 87—92) e e e e . 376
§ 51. IlpoBepka emkocTn MepHO# l'[OClebl . - 207 ~IlepwaHraHaTomeTpuﬂ .. e e e e e e e e e e 378
§ 52.1Hopmanpnocrs pacrsopos. Ipamm- -SKBUATEHT - 210 = 93¢ O6uias XapaKTepHCTHKa METO].Ia . - 7
§ 53 ]IpuroroBnenne THTPOBAaHHBIX pacTBopoB. CnocoGul THTpOBaHI/IH 215 4 94¢ [IpuUroToBIeHHe H XpaHEHHe PACTBODA KMnO4 S 74
§ 54. BuluMc/ieHus NPH TPUTOTOBJEHHH H paaﬁaanemm pacrBopa | . 219 95. Ycranoska THTpa pabouero pacrsopa KMnO, L. ... 0380
§ 55 Bruncaenns pesysabtatoB onpeneneﬂnu B THTpuMeTpuquKOM aaanse 223 96. Onpenenenne xenesa (II), mepeKHCH BOXOPONA M HHTPHTOB . . . . 382
Bonpocsl n sapaun (k § 47—55) . - . Coe e e . . 228 § 97. Onpenenenne Kagblus B KapGoHATE KAJBUHA . .+ . . . . « » o . 387

T'aasa Vi, Metod KHCIOTHO-OCHOBHOIO THTDOBaHHﬂ (nefiTpaansanuu) .,232 anioi,lsa.r?ﬁgfggﬁe“? Iiaapraﬂua B cramd (qyryﬂe). ggg ’
§ 56.«Cymrocts Mertoza . N . 232 § 99. O6mwas xapakTepHCTHKA MeTOJ.'La . . e . . 392
§ 57.»Mnpukatopel B Merone KHCJIOTHO ocuosﬂoro THTpOBaHHﬂ e ... 238 § 100. Onpenenemxe conepmaﬂuﬂ Kenesa B pyne e e e e e s . . 393
§ 58+ Teopus HHAHKATOPOB . . .. . 238 Honomerpusa . e e s e e 4 e e e e e . .39
§ 59..HHurepBasn nepexona ux—mnKaTopOB .. . . 245 § 101. O6mas xapamepucmxa MeToua e e e e e e e e e . .+ 395
§ 60..Bausnue pasinunbix (akTopoB Ha Tlokasammst HHJJ.HKaTOpOB . 251 § 102. ITpurorossienne paGoOYHX PacTBOpPOB . . e e e e e . . 401
§ 61. KpuBble THTPOBaHHS. THTpOBaHI/Ie CHIBHBIX KHCIOT CH/AbHBIMH OCHOBA- § 103. Ycranoska furpa pabouero pacrsopa Na25203 R

HuamMu (uam waobopor) . . . i . . . 256 § 104. Onpenesnienye akTHBHOLO XJIOPa B GeqU/IBHON H3BeCTH . -+ « « o . . 406
§ 62.:TutpoBanne caalblX KHUCJIOT CHJBHBIMH OCHOBAHHAMH (qu Ha060p01‘) 261 § 105. Onpenenenne Mexn e e e c e e e .. . 408
§ 63.aTurponanne cnabbix OCHOBaHHil CHIBHBIMH KHCIOTaMH (mau HaoGopot) 267 § 106. OnpepeneHne MbUIbSIKA B paCTBope apceHuTa Harpud . . . . . . 409
§ 64.+Turpopanue cJaGbXx KHCAOT cJAabbIMM OCHOBaHuAMH (HaH HaoGopot) 270 *§ 107. Onpenenenne cynb(pmos . e e e e . . . 410
§ 65. TurpoBanue cMecH KHCJIOT U MHOTOOCHOBHBIX KHCJOT e 272 BpomaTomerpus . e e e e e e e . L 412
§ 66. bydepuoe neficrbue e e e e e e e e . 280 § 108. O6mas xapaKTepﬂcmxa METOHA o+ » o o o v o w v e e e . . 4l2
§ 67. TurpoBaHue pacTBOPOB conedr . . . e e e e e e e . 282 § 109. Onpeseneine CYPBMBL  « « =+ v & o &+ o & e e e e e . o413
§ 68.«lluankatopuas owmubKa THTPOBAHHA .+ + . & « o+ o & . - . 287 § 110. Onpenenenne Marrus e e s e s e e e e e s e . e 2414
Bompocw u sagaunm (x § 56—68) . . . .. . . . . . ., . 291 Bonpocht # 3amaun (g § 93——110) e . e e e v e e« s . o418

T'aasa VII. Tlpumepsl onpefieieHuii No MeTOAYy KHCJIOTHO-OCHOBHOFO THTpOBanus 294 Taasa X. DaeKTPOXMMHYECKHE METONB aHAMM3a . . . . . . . . .. 421
- § 69. Ilpurorosaenue pabouero THTPOBAHHOTO PACTBOPA HCI . . 294 § 111. O6mas XapakTepUCTHKA SJEeKTPOrPABUMETDHYECKOro aHanu3a . » o 421
§ 70. Onpezenenne cojmepxaHus Ileqaoueii B pacTope . .. 299 § 112. Xumuyeckue npoliecchl TPH 3/7eKTPONH3E . . e e e e e . 422
§ 71. Onpenenenne NaOH u Na,CO; npu cosmecTHOM anCyTCTBHH . . . 300 § 113. 3aKOHBl BAEKTPOMH3A . . .+ + . + « « s+ o o o« » o o« » o o425
§ 72. Onpejenenre KecTKOCTH BOABI . . . .. . 303 § 114. Hanpsixkense pasnoxenus . . P 2]

~ § 73. TlpuroroBienne paGouero THTpOBaHHOI‘O pacmopa NaOH o o . 304 § 115. duexTpoauTHIECKOR pa3leneHHe MeTamoB e e e e e e . . 432
§ 74. Onpepenenne KHCAOT e B 4 § 116. Bausnue pH cpemni . .. 43
§ 75. Omnpenenenne ammnaka B COMX aMMOHHﬂ T (] § 117. 3HayeHHe IVIOTHOCTH TOKA npn 3JIeKTpOJIH3e yCKOpeHHbIPI anemponns 436
Bompocut n samaun (K § 69—78) .+ « v 4 ¢ 4 0 o4 v o o0 . 23l § 118. OnpesencHne MeAn 8 pacTBOpe CyAbdaTa MEAH . « o« o » « o« . 440




6 Codepacanue

§ 119. Paspenenne u onpefeneHHe MefH M HHUKels B PACTBOpe .

§ 120. Pasgenenye HOHOB Ha PTYTHOM Karoze. Onpeneneﬂue THTaHa B C’l‘aJIH
§ 121. BuyTpeHHHt 3MeKTPOTH3 . . . e e

§ 122. Cymmocty nonsiporpaduueckoro Memna aHaJm:aa

Bompocwt u 3amaun (k § 111—122) . ., . ..

.

. .

Taasa XI. ®PorToMerpHuecKHii Meroa aHanau3a . . .
§ 123. O6mwas xapakTepucTHKa MeToma . . . ..

§ 124. OcHoBHBlEe 3aKOHB MNOIJIOUIEHUSA usnyqeﬂnﬂ . e e s

§ 125. IlpuyuHbl HecoG/IOAEHHS 33aKOHOB HOTJIOIIEHHA Hanyqemm e

§ 126. Tounocts H3MepeHHH B cneKTpoq)oromeTpuqecxom meroae . . .

§ 127. Annaparypa .o . ’

§ 128. Meronbi HaMepeHHst nomomeﬁnn Hsnyqe}mu 1 pacqua KOHueHTpauuu
BeIlleCTB B PacTBOpax

§ 129. BuiGop onTHMaNbHBIX ycnosnu nposenemm Q)oTomeTpnquKon peaxuym

§ 130. HekoTopble npuMepsl NPaKTHYECKOTO npnmeﬂemm Q)O'romeTpnqecxoro
MeTOa aHaJHu3a .o .

§ 131. Ompenenenne Kouuempauﬂu BOI[OpOJleIX HOHOB (pH) .

§ 132. Onpenenenne xenesa(IIl) meronom BusyanbHOro KonopnMeTpnquKoro
THTPOBAHHA

§ 133. Onpenenenre uupxox—ma(lV) METOJJ;OM cneKTpo¢J0T0MeTpuqecxoro THT-
pOBaHHS

§ 134. Onpeﬂeneﬂue Monndneﬂa(VI) aKCTpaKuHOHHo cbomMeTqueCKnM Me-
TOJOM

§ 135. Onpene.neHne x{eneaa(lll) nnd@epeﬂunanbnmm CﬂeKTpoq)OTOMeTpH'{e-
CKHM MeTONOM .

§ 136. Onpenenenue’ HEKeIS B cram{x He conepmamnx MEJIU/I

§ 137. Onpenenenne MapraHua B cransx o
Bonpocsl u 3apaun (x § 123—137)

TlpeaMeTHHIA YKA3ATEAb - « « + o v + & o & & + 4 o 4 e e .

. 444
446
448
452
456

. 458

458
460
466

. 480

NPEAUCJIOBHE

Kuurr B. H. AnekceeBa «Kypc KauecTBEHHOro XHMHYECKOro moJy-
MUKpoaHaJaH3a» U «KosuyecTBEeHHBIA aHAJN3» TOJb3YIOTC H3BECTHO-
CTBIO KaK ONIHH H3 JYy4IIHX YYeGHHKOB HO aHAJUTHYECKOH XHMHH A
CTYJIeHTOB HeXHMHYECKUX BY30B.

Astop 3TOoro yueGuuka B. H. AnexceeB ymep B 1959 r., u ¢ Tex
nop yueGHHUKH TpaKTHYeCKH He nepepabartbiBaiuchk. Ilocnennee wusna-
e yuyeGHHKa «Kypc KauecTBEHHOrO XHMHYECKOTO IOJIyMHKDPOAaHaJH-
3a» Obo BeimyLieHo B 1962 r., a «KosaudecTBeHHBIA aHAJIM3» —
B 1963 r. Ceituac kuuru B. H. AnekceeBa ctaau 6ubanorpaduueckon
PEeIdKOCThIO.

EcTecTBeHHO, 32 3TO BpeMs TeOpHS H npaKTnKa aHaJIHTHYeCKOH
XMMHH IUaTHYJIM J1aJI€KO Brepel, NO3TOMY IPH INOATOTOBKE HOBOrO
u31aHug y4eGHMKOB BO3HHKJA HeoO6XOAMMOCTh B HEKOTODOH Iepepa-.
60TKe H cyulecTBeHHOM aonosHenud HX. K o710l pabote Oblsin npuBJe-
yeHHl AOUEHTH Kadenps aHaautTHdeckoll xumuu MockoBckoro rocy-
napcreensoro yHupepcutera um. M. B. JlomoHOcOBa, KaHEMAATbHl XH-
muvecknx Hayk M. T. Llopyna («Kypc KauecTBEHHOrO XHMHYECKOTO
nosymMuKpoanaJsindas) u T. A. BeasBckas («KosuuecrBeHHBIH aHa-
JH3»). B

Bunumo, Her Heo6XONMMOCTH OCTaHABJMBATHCS HAa BceX H3MeHe-
HHSIX, CHEJaHHbIX pellaKTOpaMH B 3THX YYeOHHKaX, HO CJelyeT yKa-
3aTh, YTO HeOGXOAUMBIE KONOJHEHHS W MCIPAaBJEHH BHeCeHH BO BCE
raasbl. ['J1aBa, nocBsueHHass (OTOMeTPHYECKOMY aHaJ/u3y, HalHCAaHA -
3aHOBO K. X. H. M. W. I'pomoBoii u k. x. n. H. B. Menbuakosoit. IIpu-
BeEHBI HOBLIE NPEACTABJEHHSA O KHCJIOTaX H OCHOBaHHIX, O MEXaHH3ME
HEKOTOPHIX THIIOB PEaKUH# H T. L.

TTONBITKY MCMONIb30BATH B JdHHBIX YUeGHHKAX COBPEeMeHHBIe Teope-
THYECKHE JOCTHXEHHs B 00JIaCTH XHMHUYECKOH HayKH, CICJaHHBIE pe-
NaKTOPaMH, BEPOSATHO, JAMeKH OT COBEDIIeHCTBA. [10-BHIHMOMY, H He-
KOTOpHle [OMOJIHEHHS H H3MEHEHHsi, BHECEHHble B y4eGHHKH, MOIJIH GUI
OuiTh Jyume u TouHee. PemakTophl, B3sBliHe Ha ce6si HeJerkdil TPyXd
nepepaGorath kuuru B. H. Anekceesa, 6ynyr GsiaromapHbl BceM, KTO



8 Ilpeducarosue

CLenaeT 3aMeyaHHs M JacCT NOJIE3HBIE COBETbl, KOTOPLIE, HECOMHEHHO,
6yLyT yuTeHbl NIPH NEPEH3LaHUH 3THX yYeGHHKOB.

PenakToprl CYNTAIOT CBOHM NPHATHBIM JAOJITOM BBIPA3HTh TMYGOKYIO
[NPU3HATENBHOCTb COTPYAHHKAM KadeApbl aHaJdHTHYECKOH XUMHH MY
BO IJIaBe C 3aBelylOlHM Kadenpoit akamemukom M. I1. Anmumapunnim
3a LeHHBIE COBETbl M 3aMeYaHWs, CAeJaHHBIe NPH YTEHHH PYKOMHCH
3THX NepepaboTaHHbIX yueGHHKOB,

I1. K. Aeacan

TJTABA I

BBENEHHUE

§ 1. TpeaMeT KOAHUECTBEHHOr0 aHaJH3a

Ananuruyeckass XUMHS COCTOHUT U3 ABYX pasaesjioB: KadyeCTBCHHOTO
aHa/an3a " KOJHYECTBEHHOTO aHaJausa. HpH NOMOIIH Ka4eCTBECHHOTIO
aHaJausa yCTaHaBJUWBAKT, H3 KaKHX 3JEMEHTOB (HJIPI HOHOB) COCTOUT

“HCCIEeyeMO€ BEUECTBO. 3ajnaueil KOJHYECTBEHHOTO aHa/H3a ABJSETCH

omnpefesieHne KOJTHIECTBEHHOTO CONEpPKAaHHST 3JIEMEHTOB, HOHOB KJH
XUMHUECKHX COEIHHEHul, BXOASIHUX B COCTAB MCCAeNyeMbIX BEIIeCTB
U MaTepHasioB. Pe3ynbraThl KAUECTBEHHOTO aHa/M3a He NAl0T BO3MOXK-
HOCTH CYAHTb O CBOHCTBaX HCCJAENAyeMBIX MaTepuasoB, TaK KaK CBOM-
CTBa ONPEJENHSIIOTCH HE TOIBKO TEM, W3 KAKHX 4YacTed COCTOHT HCCie-
IyeMblil 06BEKT, HO M KOJIMUECTBEHHBIM HX cooTHowleHHeM. Hampuwmep,
JIBa pasAUuYHbIX MHHEpasJa — KAOJUHHT M NHPODHIIUT — MMEIOT ONM-
HaKOBbIl KayeCcTBEHHBIH cocraB H coctodT M3 Si0,, AlyOs; u H,O. Pas-
JiMyKe B CBOHCTBaX 3THX MHHEPAJIOB ONpPENENsieTcss PasjHUHEIM COOT-
HOIIEHHEM Ha3BAHHBIX KOMIOHEHTOB.

PesyabTaThl aHa/iu3a OOBIYHO BhIpaxaloT B mpoueHrax. Hamnpumep,
opu anasu3e KapOoHaTa KaJblHUs YKa3bIBAaIOT, CKOJBKO INPOLEHTOB
Kasibliusi, yraepona u kucjaopona B HeM cofepxurcsa. Oanako CaCOs
MOXKHO paccMaTpPHBAaThb KaK IPOAYKT COelluHeHusi okucH Kaabiusi CaO
¢ nByoxuceio yraepopa CO,p, MO3TOMY €OCTaB 3TOH COTH HEPENKO Bbl-
paxaioT 4yepe3 mpouneHTHoe comepxanue okuciaos CaO u CO,.

Unorpa omnpefeseHHs TOABKO OOLIEr0 KOJHYECTBA OTAE/JbHBIX 3JIEMEHTOB (HJH
HX OKHCJIOB) B HCCHedyeMOM ofpa3slie HeIOCTaTOUHO AMs CYXKAEHUS O ers cBONCTBAX,
HeoOXOAMMO TaKXKe 3HaTh, B BHIe KAKHX COeJHHEHHH 3TH 3/1eMeHTH IPHCYTCTBYIOT
B HEM U KaKOBbl OTHOCHTE/NbHBEIE KOJHYECTBa 3THX coeiuHenuil. Hampumep, yriepop
MOXET OPHCYTCTBOBATb B CITaBaX UYEPHBIX METa/I0B Kak B CBOGOJAHOM COCTOSIHHM —
B BHAe rpadura, Tak H B CBSI3aHHOM — B BHAe KapGumos. B saBucuMocTtH or 3roro
CBOfICTBA CIJiaBa BecbMa CHJABHO HM3MeHsiiorcsi. IlosToMy mapsamy ¢ ofuiuM cojepixa-
HHeM YIJepofga HHOTHA ONpefe/sioT TaK:Ke KOJHYeCTBO CBOGOXHOrO M CBSI3aHHOrO
yraepona B cnnase. [logo6Ho 3tomy, npH aHasuse IVIMH HJIH GOKCHTOB, KpoMe OGIIero
copepxanust SiOg, Al;Os, FeyOs;, XuMuueckH CBS3aHHOK BOAB H T. X., ONpPeLessioT
Takke, ckobko SiOp NMPHCYTCTBYeT B BHAE KBaplia M CKOJBKO — B BHIE Pa3/IiUHBIX
cuiukaTos, OnpeneseHHe OTHENbHBIX COGIWHEHHWH TOrO MM HHOrO 3/1eMeHTa, BXOIs-
IHX B COCTaB HCCAedyeMoro oObeKTa, COCTaBisfeT 3adayy TaK HasbiBaeMoro ¢aso-
Boro anaausa. Ilpu GhasoBoM aHajH3e ONpe/ensieMoe COEXHHEH{le KaKHM-IHOO cmoco-
f0oM npeaBapHUTENIbHO OTAEJISIOT OT JAPYTHX COelHHEHHH JAHHOrO 37€MeHTa, NPHCYT-
CTBYIOIAX B AHAMH3UPYEMOM BeILIeCTBE, NOC/Te Yero 3TO COENAKHEHHE AHATH3HPYIOT.

Huorna BelecTBa € OJAMHAKOBBIM Kay€CTBEHHbBIM H KOJHYECTBEH-
HBIM - COCTABOM 006Ja1aloT ‘PasH4YHbLIMH CBOHACTBaMH H3-3a pasjinups



10 T'rasa 1. Bsedenue

B cTpykType. [lo3TOMYy B HEKOTODHIX CJy4asiX NPHXOLUTCA HpPOBO-.

IHTb TaK Ha3bBaeMbil PEHTIeHOCTPYKTYPHBIH aHAJH3.

AHanuTHUeCKash XUMHS, U B YaCTHOCTH KOJIHYECTBEHHBIH aHaJu3,
HMeeT OTPOMHOE 3Ha4eHHe I/ HayKM H mpousBoiacTsa. Hanpumep, xu-
MHYECKYl0 (OPMYJY HEH3BECTHOIO BEIeCTBa YCTaHABJHBAKOT MO HPO-
LEHTHOMY COJEPXKaHHIO ero COCTaBHLIX yacTed, HalWJEHHOMY IpHU aHa-
Au3e. XUMHUYCCKHH aHANU3 SABJAETCS BaXKHEHIIHM METOIOM HCCJeJoBa-
HHUSL M NPHMeHseTCA BO Bcex 06JIACTSIX HAayKH, KOTOPble TaK WJH nHaue
conpHKacalwoTcsa ¢ xHMuel. Tak, ¢ HOMOLIbIO KOTHYECTBEHHOTO aHaJin3a
H3y4aloT He TOJBKO COCTaB 3e€MHOH KOpHI, BOJ, aTMoc¢epn, HO H BHe-
3eMHylo Martepuio. Ko/nuecTBeHHBIH aHa/H3 IUMPOKO HCIOJNb3YETCst
B MHHEDaJOTHH, IeOJIOrHH, (U3HOJOTHH, MHKPOOHOJOTHH, MEeIHIHH-
CKHX, arpOHOMHYECKHX M TEeXHHYECKHX Haykax. He MeHee BaxHoe
3HaYeHHE MMeeT XHMHYECKuUH aHasaH3 B npousBoiacrse. MHxeHep-rex-
HOJIOT Ha JIOO0# CTajHH NPOHM3BOJCTBEHHOrO MpOLECca AOJKEH 3HaTh
KaK KayeCTBEHHbIH, TaK H KOJHYECTBEHHLI!l COCTaB mnepepabaThiBaeMbix
MaTepHaJoB.

B nacrosuiee BpeMs HH OXMH H3 MAaTepUasJOB HE NOCTYNaeT B NPO-
H3BOJICTBO H HEe BhIIycKaercsl 6e3 NaHHBIX XUMHYeCKOro aHaiu3a, xa-
PaKTEPH3YIOUIMX €r0 KayecTBO M NPHTOAHOCTH AJISA TeX WJH HHBIX Iie-
jgefi. Ha ocHOBaHHH 3THX NaHHBIX HE TOJBKO CTPOSITCS BCE TEXHOJOIH-
YEeCKHE pacyeThl mpolecca NPOH3BOACTBA, HO H ONpeHeNsieTcs CTOH-

MOCTb COOTBCTCTBleIU,I/IX MarepHuaJoB, Jexanlas B OCHOBE KOHOMHYeE-
CKHX pacCyeToB. ’ .

OFpOMHOG 3HauYcHUe HMeeT aHaJdHu3 TEXHOJOTrHYeCKoro npouecca'

(nanpuMep, KOHTPOJb IUIaBKH B METa/JyprHYecKoM IIPOH3BOJACTBE
H T. IL.). 3Has pe3yJabTaThl TaKOro aHa/lH3a, TEXHOJOr MOMeT HaH-
JAYYUIHM €nocofoM HCNOJb30BaTh CHIPbE, YCTPAHHTb HENOJAAKH TeXHO-
JOTHYECKOrO TpoLecca M TeM CaMblM NpeayNpelddTb BO3HHKHOBEHHE
6paka.

Bce 370 sicHO 1mOKasbIBaeT, Y4TO OAHMM H3 BaXHEANIHX y4YacTKOB'

TPOU3BOJCTBA Ha KaxJAOM 3aBofe HJIH (alpHKe SBJSETCS aHAJNTH-
yeckas JabopaTopus, OCYHIECTBJSIOLUIAs XHMHYECKHII KOHTPOJb IPO-
H3BOJCTBA.

[Iprcrynas K KOJHYECTBEHHOMY aHa/lu3y, HEOOXOAHMO TOUHO 3HATH
KayecTBEHHbI/l COCTaB HCCIEAYyeMOro BellecTBa; K KaueCTBEHHOMY aHa-
JIM3y NPHUXOAMTCA npuberath ga)ke U TOrAa, KOrja HajHyhe onpene-
JISIEMOro 3JIeMEHTa B BellleCTBE 3aBeJOMO H3BECTHO, TaK KakK, TOJIbKO

3Hasi KayeCTBEHHBIH COCTAB €ro H IpHMEpHOe COoAepXKaHHe KOMIIOHEH-

TOB, MOXHO NIPaBUJIbHO BHIGPATh METOA KOJHYECTBEHHOrO ONpereseHus
HHTEPeCyIoLlero Hac 3JeMeHTa.

Ha npakTuke, oflHako, crosilias nepef aHaJIHTHKOM 3ajata OOLIYHO
3HAYHTEJNbHO ynpomaercs 6narofaps TOMY, 4TO KadeCTBEHHBLIH COCTaB
60MbIIMHCTBA HCCJAELyeMbIX MaTepHaioB (pyA, CIJIaBOB, YAOGpeHH
M T. 1.) xopomo u3BecteH. Hepenko ussecTHo Aaxke H NpHOIH3HTENb-
HO€ coJiepKaHHe OTAENbHbIX 3JIEMEHTOB B HUX,

§ 2. Merodvi KoaudecTsenHo20 anaiusa I

HOHHTHO, 4YTO B TAKHX CAy4asix He TONbKO OTHAXa€T HeoOX0AUMOCTh
B IIpelBapUTEJbHOM KaueCTBEHHOM HCCJIeIOBAHUH BellecTBa, HO H
CHJBLHO obJieryaercsi BbI60p HauboJiee TNOAXOAAIEIO0 MeToJa KOJHYE-
CTBEHHOTO aHaJn3a.

§ 2. MeToap! KOJIHYECTBEHHOTO aHanH3a

B KoJu4YeCTBEHHOM aHaJsinide OOLIYHO HCMOJB3YIOT TE XKE caMble pe-

"aklM{ HOHOB, KOTOpPbl€ NPHMEHSAKTCA B Kau€CTBEHHOM anasause, Tax,

IJIST KOJIMUECTBEHHOTO OmpefeeHHst Xaopa (BepHee, XJOPHI-HOHA) €ro
OCaKAalT M3 pacTBOpa HOHOM cepebpa:

Cl™ 4 Ag* —> AgCl}

Ha ocHoBe 3TOf peakUHH XJOPHA-HOH MOXKHO ONpeiessiTh pasiud-
HBIMH crmoco6aMu. MoXHO, Hanpumep, OTQHILTPOBAB M TILATEJNbHO
npombis BhinaBuui ocagok AgCl, ocTOpoXXHO NPOKAIUTH (HJIH BEICY-
LIHTL) €ro M TOYHO B3BecHTb. ITo macce ocanka AgCl u ero popmyane
HETPYIHO BBIYHCIUTD, CKOMBKO B HEM CONEPXKHTCS XJI0pa. _

Hanpumep, npu anaanse 0,0536 2 NaCl ocamok AgCl Becua
0,1290 o; mpuHuMas BO BHHMaHHe, uto 1 rpamMm-Monekyia (T. e.
143,3 2) AgCl comepxur 1 rpamm-atom (1. e. 3545 2) Cl; moxHO

HANHuCarThb:
B 143,3 2 AgCl copepxkurcs 35,45 2 Cl

B 0,1290 ¢ AgCl » x e Cl
0,1290-35,45
=————143’3 =0,03192 &

VuurpiBasi, YTO BeCh HalJEHHBIH XJOp COAEPXKaJCd paHblie BO
B35ITO «HaBecke» (T. €. B OTBEIIEHHOM JJIs aHaJlH3a KOJHYeCTBe)
nosapentoit conu NaCl, Jerko BHIYHCIHTL. NPOLEHTHOE conepxaHue
xJaopa:

B 0,536 2 NaCl conepxurea 0,031922 CI
B 100 2 NaCl > y eCl
_0,03192-100

= o
0,0636 59.6%

Takoli MeTox aHa/lH3a Ha3bIBACTCHA 2pasumerpudeckum (8ecO8biM)
QHAAUS0M, TIOCKOJBKY O KOJMYECTBE ONpele/]sieMOro SJeMeHTa CyAsT
1o Macce NPOAYKTA PeakllHH. .

OnpenenuTb KOJHYECTBO XJOpPa B TMOBAPEHHOH COJNM MOXHO, OJ-
HAaKO, M HHaue, a HMEHHO NP MOMOIIY TAaK HA3HBAEMOro TUTPOBAHUA,
T. e. u3MepeHusi o6bema pacrBopa peaktHBa (AgNO;) TouHo H3BecCT-
HON KOHIEHTpalUuH, 3aTpaurBaeMoro Ha ocaxjenue Cl™-HoHOB. ITHX
IBYX BeJHUYHH — 00'beMa H KOHLEHTPAlHH PacTBOpa PEaKTHBA — BIOJ-
He NOCTaTOYHO [Jisi BHIYMCJIEHHS COAEPXKalWd XJopa B HCCIENyeMOM
BelllecTBe. Ecau, Hanpumep, Ha ocaXk[eHHe BCero XxJopa H3 pac-
TBOpA, MOJYUEHHOrO NpPH PAacTBOPEHHH HABECKH BeIlleCTBA B BOAE,
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notpebosanock 18,00 sz pacteopa AgNO; B 1 ma kKoTOporo coae-p.
xutcs 0,0085 & 310i cosn, TO BCEro Ha peaKIUIO 3aTpaueHo, OYEBHUIHO,
18,00-0,0085, 1. e. 0,1530 2 AgNO.. W3 ypasHenns peakunu

NaCl + AgNO; —> AgCly + NaNO,
BHJIHO, uTO Ha ocaxzaewne 1 rpamm-uona (r. e. 3545 &) Cl sarpaun-
Baercs 1 rpamm-monekyna (T. e. 1699 &) AgNO; Tlostomy MoxHO

HanmucaTh:
Ha ocamAenue 35,45 2 Cl sarpauusaercst 169,9 2 AgNO,

> » x e Cl » 0,1530 2 AgNO,
0,1530- 35,45 '
—_W—_O'Om% 2 Cl

[Mocae 3roro, Kak M B OPeIbIAyHIeM cJyuae, OCTAeTCs PACCYHUTATH
NIPOLEHTHOE COLEpKaHMe XJOpa BO B3STONH HaBecke *, -

Meron aHajnM3a, OCHOBAHHbIH Ha TOUHOM H3Mepenuu obbema (HaIH
Macchl) pacTBopa peareHTa TOYHO H3BECTHON KOHIEHTpPauuH, 3aTpa-
YHBAaEMOr0 Ha pEaKOHIO, HA3bIBAETCS TUTPUMETPUHECKUM QHAAUSOM.
BaxHbIM NPEUMYIIECTBOM THTPHMETPHUYECKOTO = METOHa SABJACTCH
66abImas CKOPOCTb BLINOJHEHMS aHAJH30B, 4TO Ha MNPAaKTHKe, HANpH-
Mep NpH KOHTPOJE TPOH3BOACTBA, UMEET CYNIECTBEHHOE 3HAYCHHE.

B KauecTBEeHHOM aHaJlH3€ YaCTO MOJB3YIOTCH DPEaKUMsSIMH, COMpo-
BOXKAKOUHUMHUCST H3MeHeHHeM OKpackd pacrsopa. Hanmpumep, npu or-
kpuitTun Fe¥-nona ¢ nomomnio NHSCN nnun KSCN o6pasyiores pac-
TROPHMble B BOJAe poJlaHMAHble KoMNJeKch xkejesa (1II) rtemuo-
KpacHoro 1Bera. lIBeTHble peakUMM IIHPOKO HCIOJB3YIOTCS H B
KOJIMYECTBEHHOM aHasu3e. Mertol, OCHOBaHHBIH Ha OlEHKe HHTEHCHB-
HOCTH OKpacKM pacTBopa (BH3yaJbHO HJIH C MOMOILbIO COOTBETCTBYIO-
KX NpUGOPOB) HA3LIBAETCA POTOMETPUUECKUM AHAAUBOM.

Kpome peaknuil, CBf3aHHBIX C H3MeHeHHeM OKDAacKH, WHOTAA NpH-
MEHSIOT peakHHH, CONPOBOXKAAIOLINecs 00pa3oBaHHEM MaJopPacTBOPH-
Mbix BenlecTB. O colepXKaHHM ONpeAENseMOro 3JAeMeHTa B pacTBope
CYRAT MO HHTEHCHBHOCTH IOMYTHEHHs] MCCJIEXyeMOro pacrsBopa or Aefi-
CTBHAl KAKHX-JIN60 peareHToB. MerTon, OCHOBaHHLIH HAa 5TOM NPHHLHIe,
HA3LIBAETCS HepeAoMeTPpUdecKuM.

®oromerpuueckoe (M HedeJOMETPUUECKOE) OMNpeleleHre BO3MOXK-
HO JIMIUb TPH YCJIOBHH, UTO OKPACKH (M/IH MOMYTHEHHS) PacTBOPOB He
_C/IHIIKOM HHTEHCHBHBI, NIO3TOMY JJisl TaKHX ONpeNejSeHHN NPHMEHSIOT
CHJIbHO pasbaBJeHHble pactBopbl. OIHAKO B Dsife CaydaeB COBpeMeH-
Hble IPHGOPH NMO3BOJAAIOT H3MEPATH BHICOKYI0 HHTEHCHBHOCTb OKPACOK
pacTBOpoB (T. €. ONPENENSATb CPABHHUTENbHO GOJbIIHE KOJMYECTBA Be-
UIeCTB).

Ha npakTuke QoroMeTpuuecKMMH H HeeNOMETPHUECKHMH ompeje-
JEeHHAMH OCOGEHHO 4acTO NOJb3YIOTC TOrla, KOria COAepKaHue co-

* Bnocneacrsun GYAYT HCHOJb3OBaHbl ApYrue, Gojee yAoGHBIE METOABI BbIYuC-
geHuH,
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OTBETCTBYIOUIEr0 3JeMeHTa B HCCIeAyeMOM oOOBeKTe MaJo H Korja
BCJELCTBHE 3TOTO METOJbi TPABHMETPHUECKOTO H THUTPHMETPHYECKOTO
aHa/Nn3a OKAa3LIBAKTCs HenpHroAHniMH. lIIMpOKOMY pacnpocTpaHeHHIo
(OTOMETPHYECKOTO METONa CIOCOGCTBYET TaKXKe SKCINPEeCCHOCTh ero,
T. €. 6BICTPOTA BBINOJHEHHS ONpeeJeHus.

Hapsay ¢ onucaHHBIMY BHIIE MeTOAaMH KOJHUYECTBEHHOIO aHa/jHu3a
NPUMEHAIOT W PAN APYTHX MeToxoB. V3 HHX ciaefyeT OTMETHTb 2a30-
8blll aHaAu3, CyIHOCTb KOTOPOTO CBOJAHTCSI OOBIYHO K ONpPEAEaEHHIO
06eMOB OTAEJIbHBIX KOMIOHEHTOB AHAJMH3UPYyeMOH rasoBod CMecH npy
MOMOINY, HalpHMep, NMOTJIOLIEHHs HX TEeMH MM HHBIMH pearcHTaMH.
O xoaHyecrBe MOTVIOMIEHHOH COCTAaBHOH YACTH CYIAT MO YMEHbLHICHHUIO
o6beMa rasa. lasosoatomomerpudeckutl merod aHalW3da HCIONb3YIOT
I/ onpelesiedysi TOrO HJM WHOrO 3J€MEHTa WM BelllecTBa MyTeM H3-
Mepenusi o6beMa rasa, ofpasyiouerocs B pesyabrate XUMHYECKOH pe-
akuun. Tak, copepxaHue yrjepoia B 4yryHax H CTaJAX ONpeAeNsioT
0o6biuHo 10 06beMy CO,, mosyuaromencs NPH CKHrAHHM HaBeCcKH 06-
pasua B Toke kucjaoponaa npu 1000—1250°C B cnenuaabHOR 3JeKTpPH-
yecko meyu *.

MIupokoe pacnpocrpaHeHne (0coGeHHO /s aHaNH3a LUBETHLIX Me-
TAJJIOB W CIJIABOB) TNOJYUHJ IAEKTPOSPABUMETPUHECKUL METO0 aHa-
auza. Jlna onpeneneHus ajeMeHT (B cBOGOAHOM COCTOSIHHH) BBLIEJSAIOT
nyTeM 3JEKTPOJH3a Ha NMpelBapHTe/]bHO B3BEHIEHHOM 3JeKTpojae (Hes
KOTOpble 3JEeMEHTHl BbIAEJASIOTCS MPH JIeKTPOJaH3e B BHJE OKHCJIOB,
nanpumep MnO, uau PbOz). O xonuuecTBe BhIACAHBLICIOCA 3JEMEHTA
CYAAT MO yBEeJHYEHHIO Macchl 3/JeKTpoja.

B MeTomax 35AeKTPOXUMUHECKO20 AHAAU3Q COXPaHAETCS OOBIUHBIN
NPUHIMI THUTPUMETPHUYECKHX OnpeneseHuii (CM. BblE), HO MOMEHT
OKOHYAHHS COOTBETCTBYIOLIEN pEeakiWH YCTAHABAMBAIOT JHGO NyTeMm
M3MepeHHs IEKTPONPOBOAHOCTH pacTBopa (KOHOyKTOMETpUYeCKUl Me-
700), AH60 NyTeM H3MEepeHHS IOTEHUHajda TOTO HAK HHOTO 3JEeKTPOAa,
MOTPYKEHHOTO B HCCAeNyeMLIfl pacTBOp (AOTeHyuoMeTpudeckuti me-
100), 1 np. K 3JeKTPOXHMHYECKUM MerojaM OTHOCHTCS M Tak Hasbl-
BaeMHl noaspoepaguueckuti merod. B sToM Merolle 0 KOJTHYECTBE
OnpefensieMoro sneMeHTa (HOHA) B HCCIELyeMOM pacTBOpe CYAAT IO
BOJILT-aMIIEPHOH KPHBOH (MJIM <«MOJAPOrpaMme»), MNOJy4HaeMoOH NpH
3JIEKTPOJIH3E HCCAefyeMOro pacTBopa B 0coGoM mnpubope — noJspo-
rpage.

B paduomerpuueckux merodax anaau3a, B YACTHOCTH, OCHOBAHHBIX
Ha HCIOJb30BAHUH MEUEHbIX aTOMO8, NPHMEHSIOT pajJuOaKTHBHBIE
B30TONL OTpelesisieMblX 3JeMEHTOB. B MerolJe «MeuUeHBIX aTOMOB»

* Ilna u3aMepeHHs ob6bema o6pasoBasmieiica CO,; BHXOAAINYI0 M3 MEYH CMECh
razos CO; + O, nponyckalor yepe3 KoHUeHTpHpoBaHHHHA pactsop KOH, Koropwii mo-

raomaer COq:
2KOH + CO;, == K;CO; + H,0

O xoanuectBe CO; CyAAT MO yMeHbIeHHIO 06BEMA ra30BOl CMeCH.
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UCMO/IBb3YETCH TOXJECTBEHHOCTh XHMHUYECKHX CBOHCTB paﬂHOQKTHBHL;lX
H YCTOHYHBBIX M30TONOB H BO3MOXHOCTb MO HHTEHCHBHOCTH H3Jy4eHHUS
PalHOAKTHBHBIX H30TONOB, W3MEPSEMOM  CHEUHANLHBIMH  CYETHHIMH
YCTPOHCTBAMH, CyAHTh O KosnnyecTBe HX. IIpuBenem npumep. das toro
uyTo6bl yCTAaHOBHTb, KakK pacnpefensierca Gochop Mexay MeTasIoMm H
ILJIAaKOM TNpH TJIaBKe CTasH, BBOAAT B MeTaJJyPrHuecKylo meub ¢oc-
¢dar KaablHA, COAEpKallMil paJHOaKTHBHEI H30Ton (ocdopa c ne-
puonom nonypacnazna 14,3 ausa. B npouecce miaBku oTGHPAOT MPO6HI
MeTa/l1a M OiIaKa H H3MEePSIOT IIPH IIOMOILH CYETHOIO YCTPOKMCTBA HX
pPanHOaKTHBHOCTb. TakuM nyTeM OBLICTPO M JIETKO ONPENensiorT, Kak
pacnpenessercs docop MeXAYy CTaabio U ILJIAKOM H OT K'aKIfIX’CbaK-
TOPOB 3TO paclpejie/ieHHe 3aBUCHT. Metox MeuyeHBIX aTOMOB OTJH-
YaeTcs BBICOKOH YYBCTBHTEIbHOCTBIO, YTO COCTaBJSIET OJHY M3 HEHHBIX
ero ocobeHHOCTeEH.

PaccMoTpennble Bolllle METOAbl KOJIHYECTBEHHOTO aHaJH3a Nojpas-
IeJIAI0TCA Ha Xumudeckue U @uauro-xumuueckue. K mepBbiM oTHO-
CATCSI METOJABl TI'PaBHMETPHYECKOTO, THTPHMETPHYECKOr0 H Ta30BOTO
4aHaJau3a, KO BTODbIM — KOJIODHMETpUUECKHe H HedesoMeTpuyecKHue,
a TaKKe 5JIEKTPOXHMHUYECKHe MeTonb. Kpome Toro, npumensiorcss ¢u-
3WUECKHE METO[bl KOJNHYECTBEHHBIX ONpe/leIeHnil, HAlPHMEp KOJHYe-
CTBEHHBIfI CHEKTPAJIbHBIN aHAJIu3, H Ip.

B Xo/HYeCTBEHHOM aHaJ/H3e, KaK ¥ B KauyeCTBEHHOM, Pa3/HuyaioT
MaKpo-, MEKPO- H IIOJYMHKPOMETOLKI.

“Tlpu makpoanasuse Gepyr cpaBHHTeNbHO GosbluHe (okoao 0,1 &
‘u. Gojiee) HABECKH HCC/ENyeMOro TBEepJAOro BellecTBa HJIH Goubiune
00beMbl  PACTBOPOB  (HECKOJBKO [ECATKOB MHJJIHJIHTPOB H Goiee).
OcHoBubM pabOuYMM HMHCTPYMEHTOM B 3TOM MeTO[e SBJAAIOTCH
aHaJHTHYECKHe Bechl, MO3BOJSIOIIHE B3BEeUIMBATh € TOYHOCTBIO [0~
0.0001—0,0002 2 B 3aBHCHMOCTH OT KOHCTPYKUHH BeCOB (T. &
0,1—02 x2). -

B MHKpDO- H NOJYMHKPOMETOZAX KOJHWYECTBEHHOIO aHaJH3a HC-
NOJIb3YIOT HABECKH OT I 1o 50 me n O6beMbl pacTBOpa OT HECATHIX
IoMed MHUIMJIATPA A0 HECKOJbKHX MMJIHIHTPOB. st MHKPO- H mo-
JYMHKpOONpeAe/NeHH NpUMeHAIOT 6oJiee UYBCTBHTE/bHBIE BECHl, Ha-
npuMep MHKPOBeChl (TOYHOCThL B3BewHBaHMs xo 0,001 me), a TaKxKe
Gonee TOUHYIO annaparypy AJs H3MePeHHs: OGbeMOB PacTBOPOB HJIH
ra3oB. OCHOBHBIMH JOCTOHHCTBAMH MHKDO- H IOJYMHKDPOMETONOB SIB-
JA0TCsT 66ablIass CKOPOCTb BHINOJHEHHS AHAJH30B H BO3MOXKHOCTD
NPOBOJMTL HX, pPacrnojarasi OYeHb MaJbiM KOJHYECTBOM HCCIELyeMOoro
BelecTsa. Oxnnako HanGonee pacnpocTpaHeH BCE KE MaKPOMETO
‘ABASAOLIKACH Hanbosee yAIOOHBIM METOAOM JJIst H3YUEHHsI KOJIHYECTBEH-
HOTO COCTaBa BeIECTB. )

B HacrosmieM pYyKOBOACTBE paccCMaTpPHBAETCH METOAHKA TOJBKO
KOJIH4YECTBEHHOTO MaKpoaHa/lusa. '

§ 3. Anaautudeckue 6ecol 15

§ 3. AnanuTH4eCKHE BecCbi

B KOJHuYeCTBEHHOM aHaJii3e OCHOBHBLIM NPHOOPOM SfIBJIAIOTCS BECHL
HyxHo HMeTb B BHJY, YTO Ha BeCax H3MEPAIOT MacCy BEIECTBa, a He
BEC, T. €. He CUJy TSAXKECTH. ‘

PesysibTaThl aHald3a, BbINOJHEHHOIO JI0O6BIM METOJIOM, IOJKHBI
6bITh OTHECEHBI K OTpene/eHHOMY KOJHYECTBY HCC/IEAyeMOro BelleCTBa,
HanpuMep BHIpaXKeHbl B POLEHTAX OT €ro MaccChl. [Tostomy, npucrynas
K aHaJu3y, oObuHO GepyT HaBeCKy BellecTBa, T. €. OTBELIHBAIOT MOp-
LIHI0, KOTOPYIO 3aTeM HCCAEAyIOT.

K B3BeliMBaHHIO NPHOEralT H NPH APYrHX ONEpalHAX KOJH4Ye-
CTBEHHOr0 XHMHUECKOTO aHajJu3a, HanmpHMep IPH HAXOXAEHHH MacChl
ocafika, NpH NPHLOTOBJEHHH DACTBOPOB TOUHO H3BECTHOH KOHLIEHTpAa-
HHH H T. I

OnuuM 13 BaxHeinux Tpe6oBaHud, TNPeXbABIsAEMBIX K KOJAHUYE-

_CTBEHHOMY aHaJu3y, sBJSETCA NoJiyyeHye JOCTaTOYHO TOUYHDBIX pe3yJb-

tatoB. TOUHOCTb aHAJH3a ONPENEAeTcs €ro UeJIIMH H MOXeT ObiTh
B pasHbIX Clyuasix pasiauunoil. Ilpu aHaJHTHYECKHX pa6orax cpegHel
TOYHOCTH TOFPEIIHOCTb ONpEENeHHs] He TMPEeBLILAeT OGLIYHO NECATHIX
JoJielt POLEHTa U3MepsieMOH BeJUUYHHBL.

VKasaupasi TOYHOCTb JOJKHA ObITh AOCTHIHYTa IIPH HCCAeAOBaAHMH
CpPaBHUTEJbHO HeGOJbIHMX HABECOK, TaK Kak paGora ¢ GOJBLIIHMH
KOJUUeCTBAMH BEIleCTBA BeCbMa HeyAoOHAa M OTHHMaeT OUYeHb MHOTO
BpeMenu. [Ipu paGoTe ¢ ManbiMA HaBeCKaMH HYXHaf TOYHOCTb ompe-
JeNenns MOXKeT OBITh NOCTHLHYTA TOJABKO MpPH YCJIOBHH AOCTaTOYHOU
TOUHOCTH B3BeUIHBaHHA.

Yrnorpe6ssieMble B KOJHYECTBEHHOM MaKpOaHa/u3€e aHa/lHTHIECKNE
Bechl OGBIYHO MO3BOJISIOT B3BELIHBATh PA3JHUHbIE Tesa, Maccoil He 6o-
aee 100—200 e, ¢ Tounoctsio ao 0,0002 e, 1. e. no 0,2 me.

CxeMa yCTpOiCTBa TaKHX Becos HauGoisee pacnpocTpaHeHHOH KOH-
CTPYKUHH TIOKa3aHa Ha puc. 1 u 2. '

BaxkHeliuast 4acTb MX — KOPOMBICJIO — CHAGKEHO TpeMsi NPH3MaMH
1 B 2 u3 araTa WIH XODOIIO 32KajeHHON crann (cM. puc. 2,a). Cpea-
Hsis IpH3Ma 2 CBOMM DeGpoM omupaercss Ha 0CO0ylo, TIATeIbHO OT-
NOMHPOBAHHYIO IVIONMIAJKYy Ha KOJOHKE BECOB, CHeJaHHYI0 TaKke H3
arara. K [ByM KpaflHHM npH3MaM IIpH TIOMOLIH OCOOBIX MOLBECOK,
WIH «cepexek» (cM. puc. 2,0), noiBelleHbl YallKH BECOB.

K cepeauHe KOpOMBbIC/IA NpPHKpeN/IeHa CTpeaKa 3 (cm. puc. 1), HHXK-
MUl 330CTPEHHbI KOHEL KOTOPOH NpH KosieGaHHsiX BECOB IBHIKETCH
BJOJIb MIKaJBl 9 ¢ NeNeHHAMH, HaXOAsIeHCs BHH3Y KOJOHKH. Oas npa-
BHJLHON paGoThi BECOB HeoGxoauMo, 4ToObl pebpa BCeX TpexX NpH3M
GbIIH CTPOTO MapaliieJbHBl H JIeXald B OJHOH IJIOCKOCTH; TOYHOCTDH
B3BEeIIHBAHHS HA AHAJHTHYECKMX Becax B 3HAUHTEJbHOW CTeNeHH 3a-
BHCHT OT TOTO, HACKOJbKO OCTPO OTTOYEHH pebpa BCeX TPeX MPH3M
M HAaCKOJbKO XOPOWIO OTHOJHPOBAHbI IIOBEPXHOCTH, C KOTOPBIMH OHH

- conmpuKacarorcd.
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ITpu paboTe BeCOB NPH3Mbl U ONOPHbIE MJOIMAAKH NOCTENEHHO H3-
HaIUMBAIOTCH W TOYHOCTb B3BELIHBAHHH MOHMXKaercs. UToObl M3HAWIH-
BaHHe ObLIO BO3MOXHO MEHbLIMM, BeChl CHAaGXKalT TaK Ha3blBaeMbIM

C - ]

W

Puc. 1. AnanuTHyueckHe Bech:

1 — ycTanoBOuHble BHUHTHI; 2 — AHCKOBAsi DPYKOSATKA a
ppeTupa; 3 — cTpesKka BECOB;
4 — Irpy3sHKR AJsl pPeryJuMpoBaHus H}rneaoﬁ TOYKH; § — KPIOUOK AJF peifoT)epa; 6 — rg:

JIOBKA TODH30HTAJLHOrO CTEPXKHA; 7 — yYallKH BECOB; 8 — ce
H PEeXKH; 9 — mKana s
OTCcYeTa OTKAOHEHHH CTPEJKH; [ 0 — HIKana KOPOMBICJA; 1] — ropH3OHTAdbLHBIY c#ep-
¥KEHb,

appeTupoM, T. €. MPHUCNOCOGJEHHEM, NO3BOJSIOMMM MOJHHMATD KOPO-
MBIC/IO BECOB, HJIH, K&K TOBOPSAT, apperuposars Bechl. Koraa sech ap-
PETHPOBAHEI, NPH3Mbl HE. KACAlOTCA COOTBETCTBYIOIHUX ONOPHHIX IIO-
U1aicK. ,E[HCKOBaﬂ pykosiTka apperupa 2 (cM. pHc. 1) npHKpenJena
K HHXHeH NOBEPXHOCTH CTEKJITHHONW WJIM MPaMOPHOH JOCKH, Ha KOTO-
poit MOHTHpyeTcsi KOJOHKa M caM wiKad BecoB. Becwl, Ha KOTOPHIX
B laHHOE BpeMsi He paboTaloT, NOJKHBI GbITh appPEeTHPOBAHEL
Oc“oéemxo CH/IbHO BECHl M3HAIIUBAIOTCA OT PE3KHX TONYKOB U JIBH-
xenuil, [Tostomy npu pabore ¢ anarutuveckumu secamu neobxoduma

§ 3. Anaautuseckue secol 17

KpalHAS OCTOPOJNCHOCTb, 8 HACTHOCTU, HEAb3A NPUKACATLCA K Heappe-
TUpOBaHHbLM Becam. B COOTBETCTBHM C STHM MOMeLlaTb HA YalllK{ Be-
COB HAM CHUMATb B3BellMBAeMBll NpeAMeT H pa3HOBECKH MOXHO
TONBKO TpPeABApHTENbHO appernpoBap Bechl. CrellyeT THIATENbHO H3-
GeraTb PE3KHX TOJYKOB M MpPH CaMOM appeTHPOBAHUH. Huck appe-
THpa MOBOPAuYHBAKT OCTOPOXKHO, IVIABHO, MPUYPOYHBAs 3TO ABHXKE-
HHE K TOMy MOMEHTY, KOrJa CTpelKa BecOB NpHOMMXKAeTCs K Ccpel-
HEMY [eeHHIO LIKaJbl.

7
%
2

Puc. 2. ,IIeTaJIH aHAJIMTHYCCKUX BECOB:

@ — KOpoMbICNIo; 6 — cepexka; | — GoKoBble MPHU3MBL 2—cpenusisd HpH3MaA; 3—CTPeNKa; 4—Frpy3HK
IS peryJUpPOBAHUS IIOJOKEHHS HyJeBOR TOUKH; 5—rpysHK JJIA MepeMelleHUs LEHTPa THKEeCTH.

Bechbl MOMEIEHH B 3aCTEKJEHHbIH mKad, NPpefoXpaHsIomui ux oT
[bi/M, IBHXKEHUSl BO3AyXa, AbixaHHs paboTarollero u T. I

OCHOBaHHe BECOB ONMpAeTCss Ha YCTAHOBOuHble BHHTH [ (CM.
puc. 1), MOJMB3ysiCh KOTOPHIMA ara“oBbie IUIOMIANKH NPUBOASAT B ro-
pH3OHTAJIbHOE MOJIOKEHHE MO OTBeCY, NPHKPEMJICHHOMY C 3aJHel CTo-
POHBI K KOJOHKe Becos. Jlasi NpaBHbHOH PaboThi BECOB HEOGXOMMMO,
4TOGH! MJIOMIAJKH OblJIH CTPOTO TOPH3OHTAJIbHBIMH.

Uamku 7 BeCOB AealoT H3 KaKOro-HuOyIb JIErKOTO MeTajja, Ko-
TOpBIl BO H3GekKaHHE OKHCJICHHA HUKEJIHPYIOT JHGO MOKPLIBAIOT CIOEM
30/10Ta HJU MJAATHHHL,

Pa3HOBECKH MJS aHAJHUTHYECKHX BECOB NMOMENIAloT B CHELHaJbHbli
amuk (puc. 3), rae HaXOQWTCs TaxkxkKe NHHIET, MPH MOMOIIU KOTOpOTO
GepyT pa3HOBECKH, CTaBST MX Ha UalIKH BecoB W cHuMaior. ITumuer,
KOTOpPHIM 6epyT PasHOBECKH, NOJKeH OBITb CHAaGMeH POroBHIMH KOHUH-
kaMmu. IIpukocrosenue pykamu K pa3HOBeCKAM HIU 8 Koem Cayuae He
donyckaercs. ‘

Bo u36exxaHne KOPPO3HH U, CJEIOBATEJNbHO, U3MEHEHHs Macchl,
Pa3HOBECKH TOKPBHITH CIOEM 30JI0TA WJH TUIATHHBL. MeJikie pasHOBecKH .
(monu rpamma) clenaHbl M3 Maso0 KOPPOMMPYIOIEro Ha BO3AyXe Me-
TaJana, HapHMEp U3 AJIOMHHUS HJIH NJIATHHBL ,

Pa3HoBecKH PpacClnoONIOXKeHbl B AlIMKE B OMNPENeNeHHOM NOpsIKe.
Ynorpebasiorcsi OOBHYHO JBE CHCTeMbl DPa3HOBECOK, OTBewamoliue
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yncaam 5:2:2:1uwan 5:2:1:1. B ) .
: :2:1:1. B cooTsercTBHH ¢ nepBoil cHCTEMO
i
gT;IiuHKe HAXOMATCA THPbKH B 50, 20, 20, 10, 5, 2, 2, 1 2, B coorBer-
neﬂalzoco’ BTOp(zH—50, 20, 10, 10, 10, 5, 2, 1, 1, 1 . loau rpamma
TCSt B TOH XK€ CHCTEME, NIPHYEM JJIA TOro, YTOGH MEJKHEe Pas3Ho-

BECKH OLIJIO. Jlerue OTJIMYaTh APYT OT APYyra, HM NPHAAIOT Pa3JHUHYIO

¢opmy. Hanpumep, pasnosecku ¢ uudpoii 5 (. e. 0,5 u 0,05 2) nenaror
_ ‘ B BHJ€ NIPABHABHBIX [LIECTHYTO/b-
HHUKOB, pasHoBeckn c¢ uudpoli 2

KBaJpPaTOB M Pa3HOBECKH C UH(-

(M «ylmIKO»), 32 KOTOpHIH ee
6epyT MUHLETOM.

Kamoyro  pasHosecky caedyer
063aTenbHO KAACTe 68 npedua-
3Hauennoe 0 Hee eHe300 Alu-
ka. Crporoe cobJiloeHHe 3TOTO
npaBuja no3soasier paboraio-
O) @ @ <D O] ﬁ @ f\, IEMY KOHTPOJNPOBATEL npaBn.nbi
7 <D HOCTb  MOJCYETA- Pa3HOBECOK,
02 0r 005 002002001 001 KOTOPBI MPOBOASIT cHayaJaa MO
Puc. 3. Slmuk ¢ pasHoBeckamu. - :g;Tblx'g};esﬂaM B Anke, 8 sa-
aaﬂosg:oxe%ﬂx};ziosng‘gKOSHHTHH
posb KpaliHe HeOOXOAMM, TaK Kak BCfIlJKaH omnbKa lIOHy.HleHH:HK?IHII;
nojicyere Pa3HOBECOK, JENAET HErOIHHIM Bech ananns H4Jl KOTO bll)M
paboTaloT MHOrAA IO HECKOJBbKY HHeil. ’ PR
[Tosib3ysick pasHOBeCKaMHM, HaXOMAT MacCy B3BeUIHBAEMOro Npej-
Mera ¢ ToyHoCTbIO 710 0,01 . ThicsuHbBIE M [eCATHTBICSUHbIE MOJH T paM-
Ma OTpenesfioT NpPH NOMOUIH TaK Ha3blBAeMOTO petirepa. P
Peiitep npeacrasiser co60# H30rHYTYI0, KaK NOKa3aHo Ha pHC.4,a
TOHKYI0 (OOBIUHO aJIOMHHHEBYIO) NPOBOJOUKY Maccoit 0,01 ¢ wim

amegp

€

Y

"J\
05 02

0,005 2; nposoJsiouka mepej, BIBEIUHBAHHEM NOJKHA GHITH NPH [OMOLIH 1

n¥HOeTa MOJABElIeHa 3a YUIKO Ha KPIoYok & (cM. puc. 1). AToT Kprouok
NPHKPENJieH K TOPH30HTAJIbHOMY CTepxKI0 I/, OKaHUHBalOLIeMyCs CHA-
PYXH BECOB rosiokoit 6. Buixsuras u NOBOPAYMBAs 3TOT CTEPHKEHDb
peHTep MOXKHO.JIOMECTHTb Ha KOPOMBICJO B J1060i TOuKe ero 7

Ha xopombicne umeerca mkana 10 ¢ peneHHAMH Hymeﬁannﬂ KO-
TOPHIX B BECaX Pa3HbIX THIOB PasJinuHa. ’ )

B secax nanbosiee yacTo NMpHMeHsEMOro THNA Kak pas Hal TOYKO
onopul (T. €. Haj pe6pPOM HEHTPaabHON NPU3Mbl) HAXOAHTCH HyJeBOe

AeneHMe, a Haj TOYKaMM NPHKPEIVIERHA yaulek (T. €. Haj pe6pamu

(r. e. 0,2 n 002 2) —Bb Buge }

poit 1 (1. e. 0,1 u 0,01 &) —5 }
BHIE TpEYroNbHHKOB. Kaxnas 4
MeJKast pa3HOBECKA HMEET OTOr- |
HYTHIH TOJ NPSIMBIM YIJIOM Kpait |

Ilo oxonuaruu g38euluBaHusR |
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oGenx KpaiHHX NPHU3M) — AecsiToe Ie/IEHHE. Takum obpa3oMm, Kaxpoe
Q€Yo KOpOMbicaa pasieneno Ha 10 paBHBIX yacrefl, nepeHyMepoBaH-
UBIX TiO MOPAAKY. PefTep, MOMelLleHHbIA Ha JecsTOe AejeHue, ypasHo-
pelIABaeT IPy3 HA [POTHBOINOJOKHON YallKe BECOB, paBHBIH ero Macce,
1. e. 0,01 2. Eciu nomecTHTh peiiTep Ha neppoe AEJEHHE, TO NO 3aKOHY
pbluara OH ypaBHOBEIIMBaeT Tpy3 B 10 pas meuwbumii, 1. €. 0,001 e,
na Bropoe — 0,002 ¢, Ha natoe — 0,005 e u 1. x. CienoBare/bHO, Ka-
s o€ JleJeHHe IKaJsl KOPOMBIC/IA COOTBETCTBYET 0,001.2, 1. e. 1 me.
Paccrosinie MeXIy IBYMs COCEIHHMH JE€EHHIAMH, 0603HaYeHHbIMH
nudpaMH, pasjieseHo Ha NATH PaBHBIX yacreil. Kaxmas u3 3THX ua-
¢cTell  COOTBETCTBYET,  OYEBHAHO, :
0,0002 & (0,2 me). Ecau, nanpumep, s o Al AAGARI BS.
papBHOBECHE BECOB JIOCTHraercs npu g 1" 4 5 |6 7 3
[I07I0XKEeHHH pefiTepa, u300paxeH- J

HoM Ha puc. 4,6, TO OoTCUeT 1O KO-
pombicay pasen 0,0056 . ITpuB3se- Y
LIHBAHWH 3TO 3HauyeHue mpubasms- ¢ 6 7 8
I0T K Macce pa3HOBECOK, MOMeLleH- T ez
HbIX Ha COOTBETCTBYIOUILYIO Yaumky ’
BecoB.

Hapsixy ¢ ONMHCAaHHBIMH TpHMe-

HAIOT TaKKe Bechbl, Y KOTOPbIX HYJIb
UIKaJabl TOMelieH He B CepelnHe KOpoMbIC/Ia, 4 cjaeBa, HaR p66pOM

neBoit npusMbl. Jlecsatoe NeJeHHe Y BECOB TOro THIA HAaXOAHUTCS HaJ
pe6pOM TMpaBoil MPH3MBI, a Haj TOUKON OMOPHI BECOB noMenaercsi ns-
Toe neaenne. PaccTosnue MeXAy JeJeHHAMH 31€Cb BABOC Gosblie, yeM
B Becax ¢ HyJeM rocpefuHe. DTO NO3BOMSET KaK[Ioe Ae/NeHHE pasie-
JuTH yxKe He Ha 5, a Ha 10 uacred, uTO BABOE YBCJIHUHBACT TOYHOCTB
OTCYETOB 11 KOPOMBICTY. _

Jns yno6cTBa KOPOMBICTIO 3TOTO THMa BeCoB cHaGxKeHo 3yOunKamu,
yroiyG/IeHns. KOTOPhIX COOTBETCTBYIOT HAUMEHbLINM IEICHHAM HWIKAJThL.
Macca pefitepa 3THX BECOB paBHa HE 0,01 2, a 0,005 2 (5 #e). Becst
DEryJMpyloT TaK, 4rToGbl PaBHOBECHE HX B HEHArDyXEHHOM COCTOSIHHH
JOCTATANOCh TMpPH NOMEIICHHH pefiTepa Ha HyJeBoe NEJCHHE UIKAJLI.

OueBHAHO, YTO €CIH NepeMecTHTb peiTep C HYJIEBOTO HJICHHI
WIKaJbl Ha MSTOE (T. €. IOMECTHTh €ro Kak pas Hal peGpoM LEHTpanb-
HO¥ TPHU3MBI), TO 3TO GyAeT PaBHOCHJIBHO CHATHIO 0,005 2 ¢ neso#t uaui-
KY BECOB MJHM TAKOMY XK€ YBEJHUEHHI0 HArpy3KH Ha NpaBylo HauiKy.
TouHo Tak Ke MNepeMelieHHe pefitepa Ha JecAToe HeJeHHE PaBHO-
CHIbHO YBJMYEHHIO HArpy3Kd Ha TpaBylo 4allKy elle Ha 0,005 ¢,
a Bcero Ha 0,01 e.

CrenoBaTeNbHO, B Becax ITOTO THNA Kaxjoe GosbIloe HeleHHe
wKajb (06o3saueHHOE LUUPPOH) COOTBETCTBYET 0,001 2 (1. e. 1 me).
MaJbie nesiesnsi (4HCJAO KOTOPHX BiBoe GoJiblue, 4eM y BECOB C HYJEM
B CepejHHe UIKaJbl) COOTBETCTBYIOT, OUEBHIHO, yXe HE 0,0002 e,

a 0,0001 e.

Puc. 4. PeiiTep u oTcueTH IO IKaae
KOPOMBIC/IA BECOB. <
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Taxkum 06p330M, €CJIH BE€CBl HAXOASITCH B PaBHOBECHH npu I;OJIO-

HEeHHH peurtepa, HEOépa)KeHHOM Ha pHc. 4, 8, TO OTCYET 1o KOpOMBbIC.TY

pasen 0,0082 e,

§ 4. UyBCTBHTENLHOCTD, YCTOYMBOCTD, NPABKILHOCTD
¥ TOYHOCTH BECOB

Henenne WKajbl, IPOTHB KOTOPOTO OCTAHABJAHBAETCS MOCIE npe-
KpalleHus: KojJeGaHuil cTpeJka BecoOB, Ha3biBaeTcH HYJAE€BOH TOYKOH
B CJy4ac HeHarpyXeHHLIX BECOB M TOUKOH PABHOBECHSI — B C/Iyude Ha-
rpyxeHHbIX BecoB *. TIpu B3BelIMBaHUM HEOGXOAHMO NOGHTBCH. UTOBLI
o6e yKazaHHEIe TOUKH COBNIAJIH, 3TO H GYIeT CBHACTENbCTBOBATH O pa-
BEeHCTBE HATPYy30K Ha 00€ YallKH BeCcoB.

Kaxu NPOBOANTL B3BEIIMBaHHE, OyNeT NOAPOGHO pacCMOTPEHO B
nanpueiwenm. Cefiuac OCTAHOBMMCH Ha BONPOCE O UYBCTBHTEABLHOCTH
BECOB.

Ecan Ha OJHY M3 YalleK HAXOASLINXCA B PAaBHOBECHH BECOB MOMe-
CTUTL KaKOH-MH60 Hebosibmol 106aBOYHEI IPYS, TO TOUKa paBHOBeCHs
CMECTHTCS Ha TO WJM HHOE YHCAO AeJIeHWH WKafibl IJs OTCYeTa OT-
KJOHeHHH cTpeaxn. Yem 370 cmeinenne Goablie, Tem GoJee uyBCTBHU-
TeJIbHBIMH SIBJASIOTCS BeChl. Cl1eloBaTeNbHO, O YYBCTBHTENBHOCTH BeCOB
MOXHO CYAHTb, HallpUMep, MO TOMY, Ha CKOJbKO HeJeHHH cMelaeTcs
TOYKA DaBHOBECHS BECOB MOA BJHAHUEM N0GABOYHOro rpysa B 1 me.

Tounee 4yBCTBUTENLHOCTh BECOB BHIPAXKAETCH OTHOLIEHHEM

tga
p

31ech o — yroa, Ha KOTOPHIl OTKJOHSIETCA CTPEJKa BECOB IpH ne-
pexoje TOYKH PaBHOBECHS M3 ONHOrO NOJIOXEHHs B APYroe NOX BJHs-

;neM no6asouHoro rpysa p (puc. 5). MsBecTHO, UTO 3TO OTHOWIEHHE
aBHO:

L - M

W3 dopmyart (1) BHAHO, YTO UyBCTBHTEABLHOCTH BecoB tg a/p BO3-
pacTaer: C yBeJHUCHHEM JUIMHBI TJieya KopoMbicaa (I), ¢ yMeHblueHHeMm
Macchl (g) KOpOMBbIC/IA (BMECTe ¢ YallKaMH H HX Harpyakom), ¢ yMeHb-
eHHeM paccrosiuua (d) MeXIy TOYKOR OmopH H IleHTPOM’ TAKECTH
ABHXYIIHXCS YacTeil BeCOB.

YTo6bl Beckl OLIIH NOCTATOMHO YCTOL4UBLIMU, T. €. YTOGHL Kopo-
MBICJIO BECOB, BLIBEJIEHHOE M3 NIOJIOMXEHHS] DABHOBECHS, CHOBAa BO3Bpa-
I1aJoCh K HeMy, a He OCTaBaJoCh B JIO60OM IOJOKEHHH, KOTOpOe em
npunanyt (6e3pasinuHOe paBHOBECHE), WM He ONPOKHALIBAJIOCH (He}j

N .
B ZeACTBHTETHHOCTH NpPH B3BEIIMBARNH He KOMHAAIOTCH, NOKa CTPEJIKN BECOB

OCTaHOBATCS, a CYNAT O TMONOXKEHHH HYJeBOH TOUKH, WIH TOUKH PABHOBECHS, IO KO.le-

GanusM CTpesKH, KaK 3T0 yKas3aho B § 6. ' )
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yCTONYHBOE PABHOBECHE), LEHTP TAXKECTH [OJKEH HAXOLNTBCS HHKE
TOYykn ornopbl BecoB. YUem OGoublie paccrosnue (d) MeX1y HEHTPOM
TSXECTH W TOUYKOH ONnOpH BECOB, TeM YCTOHYHBEE BECHI.

Kasajnoch 6bl, uro cordacHo dopmyne (1) Aas8 yBelIHuYeHHs 4yB-
CTBUTEJBHOCTH BECOB HYXKHO J€1aTh ANMHY TJjeda Kopombicaa ([)
BO3MOXHO Gousbiieli. OgHako B AeHCTBUTEJbHOCTH YIJIHHEHHE TmJed
KOPOMBIC/IA HEBBITOJ(HO, MOTOMY UTO MPH ITOM ellle CHJIbHEEe BO3pacTaeT
ero macca (g), Tak kak GoJee JJHHHOE KOPOMBICJO BO H3bexanme
nporuba NpPHUXOJAHMTCA Oenarb 3HA-
YHTEJBHO 00Jiee MACCHBHBIM,

[TostoMy Ha npakTHKe MJs pe-
TyJMPOBAHUSI UYBCTBHTEJIbHOCTH Be-
COB HM3MEHSIIOT paccTosiiHe MeXay
[IEHTPOM THKECTH ABHKYUIHXCS 4a-
cTefi BECOB H HX TOUKOH OMNOpbI.
DTOro [OCTHrAIT IMepeMellleHHey
HaXOAfALIerocs Ha CTpPeAKe BeCOB
rpysuka 5 (cM. pHc. 2), KOTOpHIil
Npy TMOMOILIH BHHTOBOH HapesKH
MOKHO TIOHUMATb HJH ONYCKaTb.

TMoguumas Tpy3HK, OUEBHJHO,
MOBLILIAIOT WHEHTP TAXKECTH, NpH- Puc. 5. Onpenesenne UyBCTBHTEIb:
6aMKan ero K TOUKE OMOphbl BECOB; HOCTH BECOB,
YYBCTBHTEJNLHOCTb BECOB IIPH 3TOM
Bospacraer. OJHAKO He HYXHO 3a6blBaTh, 4TO OJHOBPEMEHHO yMEHb-
1aercs yCTOHYMBOCTL BECOB; TOYKA PABHOBECHS MOSTOMY HAUMHACT
JIerKO CMEIIaTbCsi 10j BJAMSHHEM Pas3JHYHbIX BHELIHHX BO3MEHCTBHI,
B pe3ysibTaTe 4ero TOUHOCTb B3BELIMBAHHMS MOXET He TOJDbKO HE yBe-
JHYUTBCS, HO, HA0OOPOT, YMEHDIIUTHCS.

KpoMme TOTO, ¢ yMeHbileHHeM paccTosiHusi d IepHOA KoJeGaHus
BECOB yBENHMUHBAETCS, BCJIEACTBHE UYEro B3BeUIMBAHHE CHJIBHO 3aMen-
asiercs. OTclofia clIeayer, YTO NOBbIIATh YyBCTBHUTE/IbHOCTb BECOB ny-
TeM HM3MEHEHHS TIOJIOMKEHHWS LEeHTpa THAXKECTH KOPOMBICJa HMeeT
CMBICJ JIMIIb 1O HM3BECTHOTO lpefeta. ITa onepauus MOXeT NpPOBo-
JNTbCS TOJLKO DYKOBOAMTENEM, HO HU 8 KOeM CAydae He camun
CTYOEHTOM.

YyBCTBUTENLHOCTh BECOB BhIPAXKaercst dopmysoit (1) ToapKO Npu
ycnoBuM, €cIH pebpa BceX Tpex NPH3M HaXOLATCs B OJIHOH TOPH30H-
TaJlbHOH IJIOCKOCTH. B NeHCTBHTENLHOCTH 3TO YCJAOBHE IOYTH HHMKOTAA
He COGMIONAETCS: €CJMH [axe OHO COBEPIIEHHO TOYHO BHINOJIHEHO IIpH
H3FOTOBJICHHH BecOB, NOJ AeHCTBHEM B3BeUIMBAEMDLIX TpPYy30B MOCTe-
NEHHO Heu3GeXHO NPOUCXOAUT HEKOTOPbii NPOTHO KOPOMBICIA BECOB.
BeJnunHa 3TOr0 NMPOTHGA XapaKTepH3yeTcsl YIJIOM f§ MeX1y TOPH30H-
TaNbHOM MJOCKOCTBIO, MPOXoAsllell yepe3 pe6po HeHTPaJbHOH NPH3MBI,
| W JMBHSMHA, COELUHSIOIMMH LeHTpajbHoe pebpo ¢ GoxoBuMH. [lpu
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HaJIPI‘HdH npom6a 3aBHCHMOCTb UYYBCTBHUTEJAbHOCTH BECOB OT Apyrux
BEJIMYHH BbIpaXxkaercsi GoJiee CIOKHON (opmyoir:

plcos B

tga=gd+(2p—-p)lsiﬁﬁ 2

3necb p— BeJMYMHA NePerpy3kKd Ha OAHON M3 uyamek; P — Benu-
YMHA Harpy3KH Ha YallK{ BECOB. :

W13 ypasHenus (2) BHAHO, 4TO YYBCTBHTEJIbHOCTb BECOB 3aBHCHT TaK-
e OT BeJIMUMHBI HArpysku P u ot yria nporu6a B, ybuBas c BO3pac-
‘TaHneM ux. H3 cKasaHHOro sicHO, KaK BaXKHO He Iieperpyxathb Beckl cBepx
IOMyCTUMON It HUX (HPelenbHOA) HArpysKH, TaK KaK 3TO BHI30BET
3HAUMTE/bHBIA MPOrHG KOPOMBICIA H TOBJeueT 3a co60il MOPUy BecoB.

Kpome uyBcTBUTENBHOCTH, CllelyeT TakXe o6palliaTh BHHMAHHe Ha
NpaBHIBHOCTb H TOYHOCTh BeCOB. [IpasunbHOCT6 BecoB XapakTepH-
3YETCsl BEJIHYMHON DACXOXICHHS MEXKAY Pe3y/bTaTaMu B3BEUIHBAHHS
Ha HUX W MCTHHHOH Maccoit Tena. [lns monyyeHuss npaBHJIBHBLIX NOKa-
-3aHHH BECOB HYXKHO, UTOOBL a) MJeuH KOpOMbIC/la BecoB (T. e. pac-

CTOSIHHS MEXAY PeOPOM WEHTPaNbHON NPU3MBI H pe6paMu o06eHx G6o-.

KOBBIX IPH3M) ObIIH paBHbl MeXKAy co6oH; 6) pe6pa Bcex Tpex NpH3M
ObUIH MTapanienbHbl; B) Macchl'0GOHX TJIeY KOPOMBICAA BMeCTe ¢ gaui-
KaMH ObLIM ONHHAKOBHI. '

Ilon To4HOCTOIO BecOB MOHMMAIOT BEJHUMHY pacXOKAeHHi: MeX Iy
pesy/bTaraMH NOBTODHBIX B3BEIUMBAHHH Ha HHUX OXHOrO H TOTO Ke
Teqa. Yem MeHblIe pasinyaioTcss Mexay coGofi TH Pe3yJIbTaThi, TeM
‘Tounee paborator Becel. Hanpumep, xorma rosopsit, uro TO‘{;XOCTB
OOBIYHBIX aHANMTHUECKHX BecoB pasha 0,0002 2, To 3T0 3HauuT, uro
11\1412)1: NpaBUILHOM PaGoTe Pe3yabTaTHl MOBTOPHEIX B3BEMIMBAHUI HA HHX

T OTVIHYATbCS OT Ppe3ydb

quyHa oo pesyJabrata ,nepBorov B3BEUIHBAHUS He GoJlee

Becwl moryr paGorath TOuHO, T. €. maBaTh npu HOBTOPHBIX B3BENIH-
BaHMAX OYECHb GJIM3KHE PE3YJbTaThl, H B TO Xe BPeMs 3TH pe3yJabTarhl
OyAyT HeNnpaBHJbHBIMH, €C/H, HAIPHMED, BecHl HepaBHOILIEuHe. Kak
TNOJy4HTb NPABHJIBHBIC PE3Y/IbTAThl IPH B3BEWIHMBAHHH HAa HepaBHOIJIe-
"4HX Becax, ckasaHo B § 8.
. Ouenb Gosbwoe BIMSIHHE HAa TOUHOCTH BECOB OKA3bIBAET COCTOSHHE
NPH3M H NMOBEPXHOCTEH, HA KOTOPble OHH ONUpaloTca. Tak, ecau Ka-
Kasi-1u00 NpU3Ma 3aTynujach, TO OHa Kacaercs COOTBeTCTB}"IOH.[eI:I no-
BEPXHOCTH He  peGpoM, a Gojee HJIH MeHee WIHPOKOH IIOIIAZKON
Bcesencreue atoro nmpu koneGaHHAX BECOB KOPOMBICAO HX MOKET OMM-
paThCst TO HA OMMH, TO Ha APYroi Kpail NJAOWALKH, B Pe3yJbTaTe yero
TNOJIOXKEHNE TOYKH PABHOBECHS BECOB H3MEHSIETCSI M TOYHOCTH B3BeLIH-
BaHHKM yMeHbUIaeTcs. - :

Bosbioe snauenne HMeeT TakKe TOYHOCTb OTCHETOB MOJIOMKEHHSI
CTpeNKH BecOoB NpH KojeGaHusx. [losToMy B Becax HOBefMX KoH-

CTPYKUHH KoJeOGaHHSl CTPedKH HabJ101ai0
T NIpH NOMO
MHKDOCKoIa, P Ay

§ 5. Ilpasusa obpaujenus ¢ QHAAUTUMECKUMU BeCaMU 23

§ 5. Mpasuaa o6paineHHs C aHAAUTHUYECKHMU Becamu

TMpucTynas K B3BEIUHBAHHIO, HYXHO NOMHHTb, YTO aHANHTHYECKHE
BECHl NPENCTABAAIOT CQGOH TOUHBIH (u3HUECKHA TIPHOOD, ofpalueHue
¢ KOTOpHIM Tpe6yeT BecbMa GOJbINOH TILATENbHOCTH H OCTOPOKHOCTH.

Yro6bl Bechl He NOPTHJINCH M B3BelLIHBaHHEe [aBaJoO TOUYHBIe De-
3yJbTaTHl, CTPOro cobaiofiaiite Cie/lylollne NpaBuia.

1. Tlepen KaxkapiM B3BeIHBaHHEM (MM cepuell CIEYIOUHX APYyr
3a APYroM B3BelIHNBaHHMi) MPOBEPbTE COCTOAHHE BECOB. Cwmaxuure MAr-
KOl KHCTOUKOM TNbUIL € dYalllek M YCTAaHOBHTE HYJIEBYH0 TOYKY BECOB-

(cM. §.6).

“Puc. 7. Yacosoe CTeKJIO.

Puc. 6. Bokc.

2. Kakue 6bl HEHCNIPaBHOCTH HU OblIM 3aMEUYEHbl MPH OCMOTpE Be-
coB, 4TO 6bl HM CJAYYWIOCH C HHMH BO BpeMs paboThl, HH B KOEM
clyuae He TbITaliTech HCHPaB/ATh Bechl CaMOCTOSATENbHO, a 06f3a-
TeJIbHO obpanjaiiTech X NPENoJaBaTeNio. '

3. He monyckaiite HHKAaKHX NPHKOCHOBEHHH K HeappeTHPOBaHHLIM
pecaM. Ba3pewnBaeMblfi NpeIMeT ¥ Pa3HOBECKH KJaAWTE€ Ha YallKH
BECOB WJIM CHMMaiiTe, NpeABapHTENbHO appeTHpoBaB Bechl. [lepeme-
marb pefiTep NO INKajJe KOPOMbBICIa MOXHO JIMiib' NIOCAE TOro, Kak
Bechl apperupoBanbl. [Ipw appeTHpOBaHHM [HCK apperupa ClelyeT
NOBOPAYHBaTh MEMJEHHO H OCTOPOXKHO.

4. He casuraiiTe pechbl ¢ 3aHMMaeMOro HMH MeCTa.

5. Hukorjia He HarpyxaiiTe BeChl CBEPX YCTaHOBJIEHHON Npejelb-
HOfi Harpysku (o6biuno 100 ¢), Tak Kak 3To BI3bIBaeT Hx nopyy. B co- -
MHHUTEbHLEIX CJy4asix HeOOXOAWMO NPEABapHTENbHO B3BECHTb Mpel:
MeT Ha TeXHHUYeCKHX BECax H TOJBKO TOC/Ie 3TOr0 NPHCTYDHTh K B3Be-
HIHBAHHIO Ha AaHAJHTHUYECKHX Becax. .

6. He craBbTe Ha BeChbl BJaXHBIX HJIH TPASHBIX TNPEAMETOB. He:
npochbinaiiTe H He NPOJHBaiTE HHYErO BRYTPH UIKada BeCoB.

7. He xnannTe B3BelINBAEMOE BEIlECTBO HENOCPEACTBEHHO Ha Yall-
Ky BecoB. He B3BeminBaiiTe ero Ha yiucTke GyMar, TaK Kak, BO-TIePBLIX,
Gymara THrpoCKONHYHA, a BO-BTOPHIX, C Hee He YyAaeTcd TIOJIHOCTBIO

. (6e3 noTepb) NepeHeCTH OTBEUIEHHOE BELIECTBO B COCYA, B KOTOPOM €ro-
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GyayT PacTBOPATb (4acTb BellecTBa 00s13aTe/bHO OCTaHeTcss Ha Oy-
mare!). [losToMy B3BelinBaeMble BelleCTBA IOMeIalOT JHOO B crhe-
[HaJbHblH BECOBOI CTaKaHUYHMK C MPHIIIHGOBAHHON KPBIIKOK, HA3bIBaE-
mbiil 610kcoM (pHc. 6), 6o Ha uacoBoe cTeKao (puc. 7), au6o, HAKO-
Hell, B THreJb, NPOGHPKY H T. I

8. T'MrpoCKONHYHbIE BELIECTBA, a TAKXKe (KHAKOCTH, OCOGEHHO Bbl-
feJsiolide efKHe, JeHCTBYIOILME Ha BeChbl Napbl, B3BeulnBaitTe 067-
3aTeJbHO B TEePMETHYECKH 3aKpbi-
THIX cOocydax (6iokcax).

9. He Bs3pemnBailiTe ropsiuux
(MM CAMIUKOM XOJIOJHBIX) mpenMe-
toB. IlocraBus na Bechl Gosee ro-
pAudil (WM GoJsiee  XOJIOMHBII)
npeaMeT, TeM CaMbIM HeCKOJbKO
YVIJUHAIOT (MM YKOPauyuBaloT) cO-
OTBETCTBYIOLlee MJeYo KOPOMBICIA,
4TO BbI3bIBAaeT HeNpaBUJbHble MOKa-
3anus BecoB. Kpome toro, ropsuue
npeiMeThl, Harpebasl CONpHKAcaio-
IWHMHACS ¢ HUMHU BO3JYX, BbI3LIBAIOT
JABUIKEHHE ero B HampaBJEHHH CHH-
3y BBepX, MO3TOMY 4alKa BecOB
TaKXe IBHMKETCA BBepX, BCJAEACTBHE Yero MOTPEeIiHOCTh B3BelIMBaHHA
eliie Oosee yBesuumBaercd. HaoGopor, nmpu B3pelIMBAHHM XOMOIHBIX
IIPeAMEroB NOJyYaeTcsi TOK BO3[yXa, HaNpaB/eHHbH CBepXy BHH3, H
BO3HMKAOMas ONOKa HMeeT NMPOTHBONOJNOXKHBIH 3HAK.

Huist Toro 4ToGbl B3BewHBaeMbIil MIpefIMeT NPHHS/ TEMIEpaTypy Be-
C0B, Hal0 OCTABHTb ero He MeHee ueM Ha 20 mun okoao Becos. Ilo-
CKOJIbKY NpPH BbIICPKHBAHHH B3BELIMBAEMOrO IPEAMETA Ha BO3JyXe
BO3MOXHO TOIVIOUIEHHE MM 3aMETHOTO KOJIHYecTBa BOJASIHBIX NMapoB H
COOTBETCTBYIOIIEe YBEIMUEHHE €r0 MacChl, NPEAMET CJAEeNyeT BBIICPIKH-
BaTb B dkcukarope (puc. 8). B HuxHee oTiesneHHe 3KCHKAaTOpa KAaayT
KYCKH cBexenpoxaneHHO#H okucu Kaabuus CaO uim (xyxe) mpokaden-
HOTO XJIOpHAA KasbLMs, NOTIOWAOIHX BOASHbIE Mapbl, NO3TOMY BO3-
AyX B 3KCHUKAaTOPE CTAHOBHTCA CyXHM, H IOMEILIEHHOE B BepXHee OT-
Henenue skcukatopa (Ha ¢pappopoByio BKJAAAKy BHYTPH ero, Ha pH-
CYHKE ~— cipaBa) BeIIeCTBO He MOIVIOULAeT MPU OXJA2XACHUM BOASHBIX
napos.

[angp skcukaTopa HoMKeH GbiTh XOPOMIO CMa3aH TOHKHM CJIOEM
ClJlaBa Ba3esMHa C BOCKOM MJIH napadunoMm. OTKpBIBas 3KCHKaTop,
KPBILIKY C/JelyeT CABHraTh B CTOPOHY, T. €. B TOPH30HTA/JIbHOM Harpas-
JIEHHH, a He NOIHMMAaTb KBepxy. TO4HO Tak Ke NpH 3aKPLIBAHUH
SKCUKATOPA KPLILIKY NOCTeNeHHo HaABHrawT c6oky. [lepenocs skcuka-
TOP C MeCTa Ha MecCTo, CJeAyeT NPHAEPKHBATH KPLILIKY GOJbUIHMH

naibuaMu o0eux pyK, TaK Kak OHa JIErKO MOXeT ynacTb H pas-
OHTLCS.

Puc. 8. Dxcukarop M BKJIajJKa K HEMY.

§ 6. Bssewusanue . 25

10. TIps B3BeMIHBAHHH NOJb3yHTECh HCKJIOUHTEIBHO OGOKOBLIMH
aBepkamy wmkacda BecoB. [lepeansis nBepka mKkada, 3amuinaroulas
BeChbl ¥ B3BEIIHBAaeMblil MpEIMeT OT H3JiydyaeMoro paboTaroummuM Tera
U BLIABIXa€MBIX HM BOASIHBIX TAapOB M ABYOKHCH YIVlepoaa, AO/KHA
6LITh BCce BpeMs 3aKphITa.

11. He xacafitech BecoB, pPa3HOBECOK WM peHTepa pykamu. Pas-
HOBECKH CJENyeT KJacThb M CHHMaTh CHEelHaJbHH NHHLETOM C pOro-
BHIMH KOHUMKaMH. DTHM JKe NHHIETOM BeluaiTe pedTep Ha KPIOYOK
CTEPXKHSl WX CHUMaWHTe €ro.

12. He nepenyrbipaiite pasHoBecoK. Kaxayro pasHoBecky KiIaauTe
06513aTe/IbHO B NpeJHA3HaueHHOe /151 Hee THe3NO fLIHKa.

13. Ina ocnaGgaenusi BJWsIHHSA TOTPELTHOCTEH B3BEMIMBAHHS Ha
pesysibTaThl aHajli3a BCe B3BEIUHBAHHA MNPOBOAMTE 0053aTeJbHO Ha
OJIHUX M TeX e BecaX, NMoJb3ysick OJHUM M TeM Xe HabOpOM pasHo-
BECOK.

‘14. He o6snokauuBaiiTech Ha MOJKY, Ha KOTOPOH yCTaHOBJIEHB! BeChI,
BO H36exanHe CMellleHHsl 1 HapYUIeHHs] HX TOPH30HTaJbHOCTH.

15. Haxomurech B BeCOBONl KOMHATe TOJBKO BO BpeMs B3BEILHU-
BaHHS.

§ 6. BapewmnBanue

Onpenenenne HyaeBoii Touku. Kak yKa3biBajoch, HY/1€BOH TOUKOH
HasbHIBAeTCs TO JeJieHHe IUKaJbi, TPOTHBE KOTOPOTO OCTaHABJIHBaeTCH
nocJe npekpanienus KojaebaHHH CTPeJKa HeHarpyKeHHLIX BeCOB.

[Mpucrynasi K B3BELIMBAHHUIO, MPeXJEe BCErO YCTaHABJHBAIOT HyJe-
BYI0 TOYKY BECOB, IIOTOMY 4TO OHA YaCTO M3MEHSETCSl MOJA BJHAHHEM
Pas3IMuHBIX CJOYYaMHBIX NPHUHH.

Ha npakThke, KOHEUHO, He [OXHAAIOTCA TOrO MOMEHTA, KOTAa
CTpeJKa BECOB OCTAHOBHTCSl, TaK KaK 3TO CHJbHO 3alepiKajo Onl
B3BEIIMBAHUE, a HAXOMAAT HYJEBYIO TOUKY H3 HAOJIOAEHUH HAA OTKJO-
HEHUSIMH CTPEJKH BNIPABO H BJEBO NpH ee KojebaHusax. OueBHAHO, 4TO
3TH OTKJOHEHHS B 00€ CTOPOHBl OT HYJEBOH TOUKH He MOTYT OHTb
OVIHAKOBBIMHU.

Camoe onpenejeHue HyJeBOH TOUKH BECOB MPOBOAMTCH CJAEAYIOUIHM
o6pasoM. He orTkpbiBasg nBepox wKkada, OCTOPOXKHO NOBOPAYHBAIOT
BJIEBO IO OTKa3a JWCKOBYIO PYKOSITKY appeTupa n HabawnaloT KoJe-
6anus crpenxkd. HyxHO, 4TOObl OTKJIOHEHHs] €€ OT CPeNHero JAejeHHs
He BLIXOAHWJIH B KaxIyl0 CTOPOHY 3a npejeibl AECSATOro AeJeHHs
mKane AJ8 OTCYeTa OTKJOHeHHs cTpeaku. Eciaum HykHoro pasmaxa
CTPeaKH Cpa3y AOCTHIHYTb He yAaJloCh, BECHl OCTODPOXKHO appeTHPYIOT,
[OCJ/Ie Yero CHOBa OTNYCKAIOT appeTHp.

Korma HyXHBII pa3Max JOCTHTHYT, NMepBbie ABa KojebGaHMs CTpeJ-
KH, BbI3BaHHble TOJYKOM, BO BHHMaHHe He npuHuMalor. Haunmnas c
TpeTbero KosieGaHus, OTCYHTHIBAIOT KpalHHe NOJOXEHHS CTPEJKH IO

-
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HIKaJe C TOUHOCTBIO N0 JeCSThIX
rjas).

I1pu ortcuerax HyJeBbIM neseHHeM wWKadbl MOXKHO cuutath JHGO
CpellHee Je/ienue ee, JH60 oAHO M3 KpaiHux. B nepsom ciaydae o6a
KpaHHHX N€JEHHA IIKaJbl OTMEUAIOTC OJHOMH H TOH ke uudpoi (10)
ITosToMy st TOTO YTOGH NOKA3aTh HANPABIEHHE OTKJIOHEHH CTpeJIKPI'
OTKJIOHEHHS BIPABO OT HyJIsl CYUHTAIOT MOJOKUTEJbHBIMH, 4 BJIEBO —
OTPHIIATE/ILHBIMH, ’

Ecan 3a HyJ/Ib WIKaJbl NPHHHMAIOT OJHO M3 KpaWHHX JeseHHil ee
TO ZIpyroe kpaunee neneHue o6GosHaualor uudpoin 20, a cpezmee—’
;ggpon 10. Hano6HocTs B OTpumaTensHBIX uymcaax OpH 3TOM OTna-

OcoGenno ynoGHO 3a HyJb NpHHHMaTh KpaiiHee npaBoe AejeHHe
WKaJel, NOTOMY YTO TOrAa NPH BO3PAaCTaHMH Macchl Pa3HOBECOK, Ha-
KJIaJbiBaeMbiX Ha NPaBYI0 YaLIKy BECOB, TOYKA PaBHOBECHS cmemée'rca
B CTOPOHY BO3pacCTaloOUNX AeJeHHH 1IKaJbl. .

Kose6auus cTpeslku BecOB NOCTENEHHO 3aTYXalOT BCJAENCTBHE CO-
NPOTHBJ/IEHHS BO3RyXa M TpeHusi. UToOH yuecTb 3aTyxanue KoJeGaHuit
MpH ONpeNeJeHHH HYJEBOH TOUKH BECOB AENAIOT HEYETHOE HHCAO OT-
CueToB, o6biuHO 3 (Mim 5),

IIpeanosoxnm, 4TO HYJb WIKAJLI HAXONMTCH CHPAaBa W YTO HAGIIO-

ACHHBIE OTCYETHl NPH KOJAEGAHHAX . CTPEIKH HEHArPYXKEHHBIX BeCOB
OBUIH TAKHMH:

ROJIEH RNEeJeHUS (yuuThIBaeMblX Ha

OTK/IOHEHHST BJeBO OTKJIOHEHHS BHPaBO
=164 ly==47
ly=16,2 '

Cpeanee 16,3

N CnenosaTeano, HyJleBasi TOYKa BECOB paBHa:

_ 163447

Iy D)

== 10,6

B toMm, uro moayuennas senuumna (10,5) mpexcraBaser co6oil mefi-
CTBHTE/ILHO HYJIEBYIO TOUKY BECOB, HETPYAHO YGENMTbCHA, MOACUHTAB
BEJUYHHBI OTKIOHEHHH CTPEJKH B Ty M APYTYIO CTOPOHY OT Hee:

Orka0HeHUst BApaBo 105— 4,7

=58 nenenust
» " Baeso 16,3—10,5 =5

)8 »
HyneByio TOUKy MOXHO Takxe BHIYHCIHTEH MO dopmyae:

it 2tl 16442474162 _ 42 _ oo
4 = 4 =7 ="

§ 6. Basewusanue o7

anBCJICM npuMep HaXO0XKJICHHA HyJIeBO);l TOYKH B TOM CJaydae, KOorja 3a HYJb
HIKaJbl IPUHATO CPeAHEE ReJeHHEe ee M caenano 5 orcueToB:

OTKJOHEHHS BJEBO OTkJcHeHnS BIIPaBO

—50 -+6,2

—46 +5,9

i S

- Cpennee —4,7 Cpennee -6,
lo= _':_f%"'_e"l_ e= 4 0,7

Haiinennni pe3yJsibTaT NOKAa3bIBa€T, 4TO HyJieBasi TOYK2 BE€COB HAXOAHTCA H&
0,7 JIleJeHHs BNpaBO OT CPE€NHEro AeJEHHA LIKAJbl.

Takoe HeGONbINOe HeCOBNAJeHHe HYJNEBOA TOUKH C CepeldHON
mKa/jbl He MMeeT 3Hauenns. Ecin Xe OHO C/IMUIKOM BeJHKO (Hampumep,
npeBbaeT 2 JeJIeHHs1), TO BeChl HYXXHO OTPEryJaHpOBaTh, NOJAb3YSACH
rpysukamu 4 (cm. puc. 1). KoneuHo, fgenarb 3T0 CaMuM CTYJeHTaM He
caelyeT: BeChl, KaK NPaBHJO, HCIPABJSET NPENOLaBaTeNb.

Tpu HaxoXIeHHH HYJEBOH TOUKH BECOB, Yy KOTOPHIX HYJb LIKAJbl
KOPOMBIC/IAa DPACNOJIOXKeH HE B CcepeliuHe, a CJeBa, HYXHO INpPEXAe
Bcero nomectHTh pefitep (0,005 &) nHa HyneBoe HejeHHe WIKadH. Bechr
STOrO THIA JO/KHBI HAXOAHThCA B PABHOBECHH HMEHHO NpPH TaKOM HO-
JIOXKEeHUH peHTepa. :

Ipn o6bIUHBIX aHAJIHTHYECKHX paboTax ofnpeleteHde HYAeBOH
TOYKH (a TaKke TOYKH PaBHOBECHA) MOXHO 3HAYHTEJbLHO YNPOCTHTH,
€CJI MOJb30BaTbCA METONOM KOPOTKHX KauaHuH. DTOT MeTOA OCHOBAH
Ha TOM; 4TO €CJAH CTPeJKa BeCOB OTKJOHSAETCS OT CPEIHEro JelseHHst
mKajasl He Gosee ueM Ha 4 JeneHus, TO 3aTyxaHde KoneGaHuii CTaHo-
BHTCS He3HAUHTeJbHHIM M MOXKET BO BHHMaHHe He mpuHumartbcs. [lo-
STOMY MOXKHO HYJIEBYIO TOYKY € JAOCTaTOHYHOH TOUHOCTBIO OIPENENHTD,
clles1aB TOJMIbKO ABa OTcyeTa (OIUH NPH OTKJIOHEHHH BHPABO, APYroi —
BJIeBO) M B3fIB H3 MOJYUYEHHBIX BEJHYHH CpellHee.

B3BemuBaHue. YCTAHOBHB TOJIOXKEHHE HYJEBOR TOUKH BECOB,
NPHCTYNAOT K B3BEIIHBAaHHIO. AppeTHPYIOT BeChl M OCTOPOXKHO
OTKpHIBAIOT GOKOBBie ABepkH mwkada. Ha seByio yamky BecoB nocpe-
AWHe ee CTABHIT B3BellMBaeMHl npenmer = (THrenb, OHOKC, dYacoBoe
CTEKJO H T. IL.), NPHHSABIIKA TeMIIepaTypy BeCOB, H 3aKPHIBAIOT JIEBYIO
asepky. Ha npaByio uamiky npy NOMOUIY NHHIETa KIaAyT Pa3sHOBECKH.
Jas yckopeHusi B3BEIIHBAHHA Pa3HOBECKH CJENYyeT MOMeLlaTh Ha BeChl
06s3aTeNIbHO B TOM MOPsijiKe, B KOTOPOM PaCNOJOXKeHbl B fillHKe, & He
Kak TonaJgo.

PaccMOTpHM TpOLECC B3BENIMBAHHA Ha  KOHKDETHOM mOpHMepe.
Tlycrs B3BemuBaioT 610kc. Haunpawor non6op pasHoBeCok C TOil, KOTO-
past 3aBelOMO TsKeJee Giokca, HanpuMep ¢ pasnoBeck B 20 2. [Tome-
CTHB €€ Ha YalllKy BeCOB, CJerka TOBOPauyMBalOT [HCK appeTupa
TaK, 4To6B TOJBKO CTajJ0 $ICHO, B KaKyl0 CTOPOHY OTK/IOHSeTCH
cTpenka. B nauHom ciiyyae oHa OTKIOHAETCHA BJIEBO. CaenoBaTebHO,,
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pas3noBecKa AeHCTBUTENbHO CHHLUIKOM TsXKeJa. ApperupoBas  Bechl,
CHHMAIOT ee M KialyT CJAelyIOlYyI0 N0 MOPAAKY pasHoBecKy B 10 e.
Ilpeanonoxum, oHa okasanach cauwkom aerkoit. Torna, appeTUpoBaB
BeChl, 100aBASOT CJAEAYIOUIYIO PA3HOBECKY B 5 2, ATOro oKasblBaercs
muoro. CusiB ee, knanyr najnee 2 ¢ (Mano) H ente 2 (Toxe MaJsio).
ITockosibky 5 2 GbIIO yKe MHOTO, npu6aBasitb 1 2 cMbicia He HMeer.
Bymecto 3T0rO NMepexonsT K OTBHICKAHUIO YHCIA LECATHIX H COTbIX OJICH
rpaMMa, YTO [eNaioT COBEPIIEHHO TaK Ke.

Ho6uBmuck TOro, YTO YallKa C Pa3HOBECKAMH HAUHHAET nepepeiu-
BaTb OT NPHOABJeHAs] ONHOH JHIIHed COTOH rpamma (nanpumep
14,78 2 — mano, a 14,79 e— mHoro), NPACTYNAT K Haxox&aeHmo,
THICAYHBIX W JACCATHTBHICAUHBIX JOJEH rpaMma NMpPH NOMOWH pefitepa.
STy onepanmio NPOBOASAT YKe NPH 3aKPHITHIX ABepkax WKada BecOB.
Hast HaxoXaeHHs 3THX foJef CYWECTBYIOT Pa3J/IHUHBIE CIIOCODHI.

Cnoco6 cosnanpenns Ilomectus peirtep na KPIOYOK & ropu-
30HTANbHOTO CTePKHs (CM. puc. 1), 3akpeiBaioT ABepkyu wkada. Nanee,
YGeIHBIINCh, YTO BECHl APPETHPOBAHbI, P NOMON(H OPH3OHTAIbHOTO
crepkust /1 nomemaior pefitep Ha cpenHee (nAToe) HeseHue NpaBoro
nieda Kopomuicsia. IMocse 3T0TO, NOAHAB KPIOYOK cTepKHA BpallleHHEM
HapyXKHO!l TONOBKH 6 M ONYCTHB appeTtup, Habai0maloT KojeGaHHs
CTpeskn. B 3aBacumocTn OT TOTO, B KaKyi0 CTOPOHY OHa OTKIOHSETCS
Gonblile, MepeABHralOT pefiTep NPH MOMOLIKM TOTO Ke CTepXKHSl BNpaBo
H BJIeBO, He 3abbisas npu ITom kawdoii pas apperuposars secvi. Ha-
KOHell, HAXOAT TaKoe NOJNOXeHHe pefitepa, IPH KOTOPOM TOUKA pABHO-
BecHs, ompelessieMasi TaK JKe, Kak HyJeBasi TOYKA, ¢ HOCTATOYHOM
TOUHOCTBIO COBMAjeT C Hefl. '

HobuBinncs, 3100, NOACUATHIBAIOT Pa3HOBECKM 0 MYCTHIM THe3faM
AIIHKA ¥ 3aMACBIBAIOT Pe3YJbTaThl moAcueta. 3ateM MPOBEPAIOT Mpa-
BH/ILHOCTb CBOEH 3alHCH, CHMUMAsi PA3HOBECKH C BeCOB W MOMeIlasl HX
o6paTHO B smuk. Ilocse 3TOro RenaioT oTCUET MOJONKEHHS pefitepa
10 WKajle KOPOMbIC/Aa BecOB. DTOT OTCUeT faeT 3-H W 4-I JecSATHUHbIE
3Haku onpenensemoi Maccel. Hanpumep, ecin moacuer pasnorsecok gan
14,78 2, a orcuer nmo wkane Kopombicia paBeH 44, To mMacca B3BellH-
BaeMoro npeamera pasHa 14,7844 .,

C xakoifi TOUHOCTBIO HYKHO HOGHMBATBCA COBNALEHHS TOUKH PaBHOBECHS C HyJe- -

BOH TOYKO#, JIETKO MOACYATATD, 3HAS YYBCTBHTENBHOCTH BECOB. HeficTeuTensHo, omuG-
KaMH, SABHCAIMMH OT HECOBMANEHHS TOYKH DABHOBECHS C HYNEBOH TOUYKON, MOMKHO
npedefpeyb, ey OHH He BLIXONAT 33 NPEfedbl TOYHOCTH BECOB, T. €. He npéBbImamT
02 mu2. Ecau 4YBCTBHTE/IbHOCTb BeCOB paBHa, Hanpumep, 3,0 des/mz, TO MaKCHMAJbHO
AONYCTHMOE PACXOKIAEHHE OUPENEHTCA H3 NPOTOPIHH:

1 me coorBeTcTByer 3,0 neJeHHAM
0,2 m2 » x »

£=3.02=0,6 pesenus
CnenosarenvHo, MoxHO NpeHeGpeus pasmumed MeXAY TOYKOR paBHOBEeCHS H

HY/I€BOIl TOYKOH, ec/iMm OHa He npesblilaer /g YYBCTBHTEJBHOCTH BECOB MpPH AaHHOHK
Harpyske. Onpellenenie YyBCTBHUTENLHOCTH BEeCOB paccMaTpuBaeTCcs HHXe,
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Cnoco6 KauaHuil, Haxonar ABa Takux NONOXKEHHs pelTepa, OT/IHYAIOUHMX-
€ ONMH OT APYrOTO Ha OAHO GOJblIOE HeieHHe mKamw (T. €. Ha | #e), U3 KOTOPHIX
OHO COOTBETCTBYeT Hedorpyske, a apyroe neperpyske. Hampumep, mycrb 14,784 e
0Ka3aJ0Ch HeNOrpyskofl, Torxa kaxk 14,785 2 yKe mpeBblllaeT Maccy B3BEWHBAEMOro
npeaMeTa, T. € fABJAAETCH NEPerpyskof, a NefCTBHTeNbHAsd Macca NpeaMeTa pabHa
KAKOMY-TO NPOMEXYTOUHOMY 3HaueHnHio. [l/isi HAXOX/ICHHS YHC/IA THICAYHBIX M JAECATH-
THICSIMHBIX JOJefl rpaMMa OGLIYHEIM CIOCOGOM ONpefe/IsIOT TOUKYM PaBHOBECHS BECOB
npu ofoux moJokeHHsx peifrepa. [IpeANONOXKHM, YTO NOJYYEHHLIE NPH 5TOM IaHHbIE
“TaKOBHI:

Heporpyska (14,784 &) Meperpyska (14,785 &)

BJEBO BIpaBo BJIEBO BIIPaBO
13,7 — 15,8 —
13,5 3.8 15,6 T

Cpenunee 136 Cpenuee 157

Touka paBHOBeCHst
_1574+77

8,7 Iy= —2———='11,7

Touka paBHOBecus
136 +38
— =

CJleqoBaTe/IbHO, YYBCTBHTEABHOCTb BecoB pasHa 11,7 — 8,7 = 3,0 menenust. Kaxnomy
JIeJeHNI0 COOTBETCTBYET, OUEBHIHO, Macca, paBHas /s me (ueHa neseHHs IDKaubl),

§

ll=

Puc. 9. Kpupas uyBCTBUTEJBHOCTH
BECOB.

YyBcmBumensrocms (4ucng Genenud
wirano! npu nepeepyane § 1m2}

070 2030 %0 50 60 70 60 901002
Hagpyara (macea #a naxgod vautre)

Ecan nonoxenne Hynesoil Touk# Beco (ly) pasuo 10,5, T0 AN AOCTHMKEHHS DapBHO-
BECHS HYXKHO CMECTHTb TOUKY DAaBHOBECHS H3 [OJOXeHHA ee INpH HeJOrpy3Kke Ha
10,5 — 8,7 = 1,8 nenenua. A Tak Kak Kax[oe AeNcHHe WIKaJbl COOTBETCTBYer '/3 we,
HCKOMHE fHo6GaBoudmiéi rpys pasen 1,8-!3 = 0,6 me = 0,0006 2. CuegoparesbHo,
Macca B3BEMIMBAaeMOro npeaMmera paBHa 14,7846 e.

O603uaunB UEHY MEJNCHHS wWKajdsl yepes S U 3aMeTtus, yto S = 1/(l2—[;), xox
BLIYHC/EHHA MOXKHO B O6lleM BuAe MPeICTaBHTb C/AEAYIOIHUMH (opMyJIaMH:

x=S(lg—-ll) Mme (1)
HJu .
lo—1

X= g e )

e x — HCKOMBIA R0GaBOuHBIN rpy3 (B M2), KOTOpPHIfi Hano NpuGaBHTb K HELOTPYSKe,
4yTO6Hl HalTH MaccCy B3BEIUMBAEMOr0O IpeAMeETa.

Kak Buano u3 Qopmymanl (2), UyBCTBHTENbHOCTb BECOB He OCTA€TCA MOCTOSIHHOM,
8 HECKONbKO YMEHBIIAETCs ¢ YBeJAWUeHMeM Harpy3kH. [1o3TOMy 4yBCTBHTEJBHOCTB
OPHUXOAMTCA WIH KaXAHA pa3 onpelensiTh Ha ONbITe, Kak ObLIO YK43aHO BblUE, WIH
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pa3 HaBCera ONDERCINTb AAs Pa3HYHBIX Harpysok (0, 10, 20, 30, 40 50~e H T 1)
Ha OCHOBAHHH TOJIYYEHHBIX AHHBIX CTPOST KPUBYIO qyecmmenbﬂ(;cm’aecos (pn.c 9.).
N0 KOTODOH H HAXOMAT YYBCTBHTENbHOCTb BECOB NpH NAHHOR Harpyske. o

Cnoc“od KauaHuii Gonee ynobeH Torma, Koria B3BeLIHBAOT Kakoii-n1n6o mnpeamer
B nepsuiii pas. HaoGopor, npu nosropubix B3pemmpanusx OJIHOTO H TOFO e TNpex-

MeTa (HampuMep, THMVIS TNIPH JOBENEHMH €r0 N0 HOCTOSHHON
HOH wMacchl GHee T110/b-
30BaTECH CHOCOOOM COBNANECHHs. ) yaoGuee mon

§ 7. Nemndephbie Bech 1 B3BewMBaHHE HA HKX

B3pemnBanue cuabho yckopsercs, ecau NPOBOANTL €ro Ha. TakK
Ha3blBaeMbIX NleMNQepubIX Becax, Hanpumep Ha Becax AJ[B-200.*

|
I

5 S

e
!
N

1 e

i

Puc. 10. Hemngepusie pecn AJIB-200.

- OcnoBHast 0COGeHHOCTb YCTPOICTBA STHX BECOB 3aKAIOYAETCH B TOM
UTO OHH CHAGXKeHbl BO3AYIIHLIMHA YCIIOKOUTENAMH (nemndepamn), OueHs
OLICTPO OCTAHABNHBAIOUWIAMA KOJNeGAHHS CTPedKH BeCOB. DTH Bechi
MMEIOT TaKXKe aBTOMaTHYeCKOe YCTPOHCTBO /Sl HAaKTaAbIBAHHS METKHX

ga;:OBECOK B cnenna/JbHoe NPHCHOCOOJeHHe IJS OTCUETa noJsIoKeHnusa
TPEJIKH, .

*
Haspaune AJZIB-200 pacmmdposnBaercs Tax: aHaIUTHUECKHe neMnodepusie
BECH € npefieIbHOR Harpyakoi 200 e,

§ 7. Hemngpeprole gecol u 838ewiusantie Ha HUX 31

Jemndepn: npencrapasior cobol noJibie aJIOMHHHEBbIE HHIHHADH,

3aKpbIThIE 'Kpb[IHKOﬁ CBEDPXY H OTKpPBITbIE CHH3Y. Onu noasetieHb rnpu

NOMOLIM KPIOUKOB K CepeXkKaM H HaxoaATCs, TakuM ~ obpa3oM, Hapg
obGenMy galikamMu BecoB (B AeMmidepHbIX BeCax APYTUX CHCTEM [eMII-
¢epsl WHOTAA NMOMelleHBl MOA 4amkamu BecoB). [emndepHbe uu-
JUHAPHl BXOAAT BHYTPb IBYX ADYIHX aJIOMHHHEBBIX UHJHHIPOB He-
MHOTO 6GOJblero JHaMeTpa, OTKPLITHIX CBEPXY H 3aKDBLITBIX CHH3Y. DTH
UUIHHADPBl YKpersieHbl HENOABHXKHO Ha KoJoHKe BecoB. Ilpm omycka-
HHM appeTvpa BMeCTe C KOPOMBICJIOM BeCOB H YallKaMH B KosebaTe/b-
HOe JBYXKeHHe NPHXOANAT H fAeMndepHble HUJIHHIPBI, KOTOpble B/BH-
raloTcs BHYTPb HAPYXKHBIX LHJIHHAPOB HJIH BLIABHIalOTCA M3  HHX,
faarojgapsi ueMy CO3JaeTcCsi BO3AYLIHOe TOPMOXEHHe, TIO4TH Ccpasy
ocTanaBJHBalonee KojebGaHus BecoB. IIpH 3TOM CTpesika BeCOB 3aCTbl-
BaeT B ONpPeleJCHHOM IIOJIOKEHNH, OTBeYalolleM HYJIeBOH TO4Ke (HJH
TOYKe PaBHOBECHS, €CJH BeChl HArpyXKeHbl).

Ha npaBoii cepexkke KOPOMbIC.1a NEPTEHNHKYJISIPHO K HEMY yKpen-
JleHa TOpPU30HTa/bHAsl MMaHKa /5 HABEUIMBAHHsS MeJKHX Da3HOBECOK
obulels maccoli or 10 mo 990 me. DTH pa3HOBeCKH HMEIOT BMA KoJel.
IMpy moMOIIH CHCTEMBI PHIYATOB HX HABEIIHBAIOT HA IJIAHKY IOBOPOTOM
JIHCKOBOH DPYKOATKH, HaxXoifllefics CHAapyXH, Ha MNpPaBod CTOpOHe
AIlHKa BeCOB. DTa PYKOATKA NpeiacrTaB/asier coBoi ABa BpalalomuXCs
HE3aBHCHMO APYr OT Apyra (B o6e CTOPOHBI) AMCKA C HAHECEHHBIMH Ha
uux nndpamu. [loBopoTOM BHellHero AHCKa Ha IMAHKY MOXKHO HaBbe-
cuTh pasHoBecku B 100, 200, 300, ..., 900 me. d1O, OUEBHAHO, PABHO-
CHJIbHO MOMEIeHHI0 Ha NPaByi0 yaliky BecoB coorBercTBeHHO 0,1,
0,2, 0,3, ..., 0,9 e. Touno TaK Xe NMpH BpalleHUU BHYTPEHHEr0 RHUCKA
Ha naanky HaBewuBatorcs 10, 20, 30, ..., 90 me, T. e. Ha mpaByw
Yaniky TOMeUlaoTcsl cOThle JOJH rpamma.

O6myio mMaccy NoMeuleHHBIX TaKHM 06pa3oM pa3HOBeCOK HAXOJAT
¢ MOMOIILIO HEMOABHKHOTO yKasartesasi (MMeKIiero BHI CTpeabl), pac-
MOJOKEHHOT0 0KOJIO AQuCcKoB. Ecain, Hanmpumep, NIpOTHB 3TOTO YKasa-
Tes1s HA BHellHEM AHcKe cTouTt uudpa 8, a Ha BHyTpPeHHeM — nudpa
3, 3TO 3HAUHT, YTO HA IJVIAHKY WU (UYTO TO Xe) HA NPABYI YalIKy Be-
cos nomenieno 830 me, 1. e. 0,83 a

MunnurpaMmel B HX JeCAThle AOJH Ha 3THX BeCax OlpefensiioT
0 BeJHYHHE OTKJIOHEHHsl CTpeJiKH. DTO OTKJIOHEHHEe OTCUHTHIBAIOT
C NIOMOUIBIO TAaK HAa3hIBAEMOTo geliTozpadha, T. e. ONTHYECKOTO TPH-
c1ocoGJeHNs CO CBETOBbIM KpaHOM, Ha KOTOPOM BHAHO yBeJHYeHHOE
n3o6paxeHnne MHKDOILKAJMBI, YKpPENJEHHON Ha CTpeJIKe BecoB. JKpaH
OCBEHIAeTCs CMelHaNbHbBIM  OCBETHTeNeM, MOMelleHHBIM B  3afHeH
CcreHKe WKada M aBTOMATHYeCKH BK/ouamomuMcs (uepe3 Tpancdop-
MaTop) NpU TMOBOpPOTe AHCKa appeTHpa.

UyBCTBHTE/NBHOCTb BECOB OTpery/JupoBaHa TakMM o6pa3oM, 9TO
ApH Neperpyske OXHON M3 uawek BecoB Ha 10 me crpeska ¢ MHKpO-
IKAJOH OTKJOHSETCH OT DHUCKA (BepTHKAJbHON JIHHHH Ha 3KpaHe
MHKpOINKaAb) TouyHo Ha 10 penenmit. pyrumu cnosamu, ecin Bech
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ObuIM OTPEryJIHPOBAHBl TaK, YTO NPW OTCYTCTBHH Harpy3kn u3o6pa-
¥eHHe HyJIEBOTO JeIeHHsl MHKPOIUKaJbl Ha 9KPpaHe COBNANAJIO C PHCKOI
(Mo KOTOpO# NPOBOAAT OTCUETHI), TO NPH NOMeEMIeHHH Ha pasywo
vawky 10 me ata qunus Gyner nocie npexkpalieHus Koaebanuii CTPeNKH
TOYHO COBMNAjaTh C JAECATHIM JeJeHHeM mKaiwe *, Kaxpoe mesenue
Wwxajael, o6o3naueHHoe UuQpPOH, orTBeuaer, caegoBatenbHO, | me.
A TaK KaK DacCTOsiHHe MeXJY LBYMs COCeIHHMH NeJeHHSMH pasfe-
JI€H0 Ha NeCATb PaBHLIX yacTefl, KaXaas M3 KOTOPHIX COOTBETCTBYET
0,1 me, To OTCUeT NO IIKaJe Ha 3Kpane BedTorpagda paeT YHCI0 MHATH-
TPAMMOB H HX JeCATHIX NOJIEH, T. €. TPETHH M YeTBEPTHI HeCATHUHbIE
3HaKH onpeneadaeMoil MacChl.

M3 Bcero cxasaHHOre fCHO, 4TO B3BEIIHBAHHE npu ynorpebaeHuu
nemndepHbIX BeCOB 3HAUMTEJBHO YCKOpseTcss M obJaerdaerca. Jleii-
CTBUTEJIbHO, B 3TOM CJy4Yae He NPHXONMTCH JeJaTh OTCYETOB KoneGa-
HHH CTPEJKH W BBIUMCAATL HYJNEBYI TOYKY H TOUYKY PpAaBHOBeCHS,
CTAHOBSITCA M3JNHIIHMMH TaKXKe H ONepaluy ¢ peHTepOM NPH HaXOXKje-
HAM THICAYHBIX M JECATHTHICAUHLIX JoJell TpaMMa, OTHHMaloulHe JO-
BOJIbHO MHOrO BpeMeHn. OHH 3aMeHSIOTCSl ONHHM OTCUETOM MO LIKaJe
Ha skpane BefiTorpada. Kpome toro, Gaarogaps 6uICTpOTe HaBeluu-
BaHHs KoJjiell (Da3HOBECOK) C MOMOIWILIO BPAIAIOUWIHXCH AUCKOB yipo-
AeTCAs M YCKOPSAETCS Takke M HAXOXKJEHHE IeDBHIX ABYX NeCATHU-
HBIX 3HAKOB  onpenesnseMoidl  maccel.  TouHocTe  AeMmndepHbIX
BECOB — TOrO Ke fOpsjKa, 4YTO H TOYHOCTb OGBIYHBIX AHATHTHUYECKHX
BECOB.,

YckopeHHe B3BelIMBAHHS, AOCTHTAeMOe C MOMOLIBIO HemndepHbIX
BECOB, 0COGEHHO BaXKHO 1/ 3aBOACKHX J1a60paTOpHil, OCYIIECTBISIO-
IIHX KOHTPOJb IMPOHM3BOACTBA, NPH KOTOPOM CKOPOCTb BBITIOJHEHHS
aHa/NH30B HMMeeT HepelKO pelldioliee 3HayeHHe,

TexHHKa B3BeWIUBAHHUA
Ha neMndepHHX Becax

l. Ilpuctynas k B3BelMBaHHIO, IPEXIE BCETO NPH MOMOLIH WITEN-
CeJbHOH BHJKH CO INHYDOM BKJIOYHTE OCBETHTEJb. :
‘2. lanee oTperyaupyiite nojoxenue Hynaesoit Toukd. s 3Toro,
He OTKpBIBasi ABepPOK WiKada, OCTOPOXKHO MOBEPHHTE AO OTKa3a JIHCK

appetupa. an 5TOM aBTOMAaTHYECKH BKJIOUAETCHA JAMIIOYKA OCBETH-

Te€lss ¥ Ha 3KpaHe BedTorpada nosB/feTCs YBeJHUYEHHOE H306paxe-
HHe MHKpOUIKaJbl, APHKPeNJeHHOH K cTpeske BecoB. [loka crpenka
KosleGJeTcst, H306pakeHHe MUKPOLIKaAbl MepeMellaeTcs BAOAb KpaHa.
Ouxnako 6naronaps nemndepam CTpe/ika MOUTH Cpa3y OCTAHABIHBAETCS
W repemellenHe n300paxkeHHs MHKpOILKanb npekpamaercs. [Ipu He-

* C TeyeHneM BpeMeHR UyBCTBHTENLHOCTb BECOB MOXKET HECKOJIbKO H3MEHSTHCS.
B rakom cayuae ee MoxHO CHOBa OTpery.HpOBaTL NOBOPOTOM rafiKH, HaBHHUEHHOR
Ha BEPTHKAJbHEIA CTEpPXKEHb, YKpeNJeHHbI NOCPeAHHe KOpoMeicaa. KoHeuwo, sra
pecyauposKa Hu 8 Koem cayqae He QOANHAQ NMPOBOOUTLCA CaMUMU CTYOeHTamu.
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HarpyXeHHbIX Becax HyJb LWIKaabl JOJKEH TOYHO COBNajaTb C BepTH-
KaJbHOH JHHHel Ha 3Kpane (puckoil). Ecam Takoro coBnaneHus Hert,

ero HYXHO HOOHTbCSH, Bpallasi B Ty HJIH HHYI0O CTOPOHY TOJOBKY

peryJHpoBOYHOr0 BHHTA, HaXORALIYIOCS CHapYXH, HA HHXKHe#d JOCKe

BECOB HaJ IHCKOM appeTHpa.

3. [NoMecTHB B3BellMBaeMBIfl NpejMeT Ha JeBYIO UYalliKy BeCOB H
HaKJaiblBas Ha IpaBylo YalIKy pa3HOBeCKH M3 sIIIHKA, OOLIYHHIM CIO-
coboM HalijuTe YHCJAO HelblX TPAMMOB B OMNpede/seMOR Macce, T.e.
NpoOBeAUTe B3BeUIHBAHHE C TOUHOCTBIO 10 1 e.

-4. 3ateM, 3aKphIB ABepKy WKada, NMpHCTynalTe K HaXO0XKILHHIO
AecAaThIX M COTHIX JoJell rpamma. as 3Toro, nosopaunBasi BHeUIHH
IVCK, COBMellafiTe HeTOABHXKHbIA yKa3aTelb C pPas3jHYHbIMH UHdpaMH
IHCKa, KX bl pa3 NpoBepsis, B KAKyl0 CTOPOHY OTKJIOHSIETCS CTpesika
BecoB. Kak u Bcerma, npu HajloXKeHHH HJIH CHATHH KaKHX-JHOO pa3Ho-
BECOK, T. €. npu Kandom nosopore Oucka, Heobxo0umo npedsapuresbHo
appeTuposaTs 8echl.

Korpa uhcno mpecsaThix AoJed rpamMma OyaeT YCTaHOBJIEHO, MPH-
cTynaliTe K HaXOXAEHHIO COTHIX AOJeH rpamMma, KOTOpOe MPOBOJMTCH
¢ TIOMOILbLI0 BHYTPEHHEro JHCKAa H BeNeTCs COBepUIEHHO TakK Xe.

5. Hafixs, Kak OnuCaHO BbilIe, ONPeJeNsieMyi0 Maccy ¢ TOUHOCTBIO
1o 0,01 e, moBepHHTe IO 0TKa3a AHMCK appeTupa H Nocje NpeKpalieHns
KoneGaHui clenafiTe OTCUET TNOJIOKEHHST BePTHKAJbHOH JIHHHM MO
wkaJje Ha 3Kpane. KpynHuble JejeHHs 3TOH HIKaJ/ibl, COOTBETCTBYIOLINE
LeJBIM MHJANHTpaMMaMm, 0003HadeHbl OHH(PaMH CO 3HAKOM IJIIOC HIH
MuHYC. 3HaK NMIOC [OKasblBaeT, YTO Be/JHYHMHY CAEAAHHOrO OTCUeTa
HyKHO NpUGABATH K MacCe NMOMEINEHHBIX Ha BeChl pa3HoBecok. HaoGo-
pOT, €CJM OTCYeT MO IIKaJe NOJydaeTCs CO 3HAKOM MHHYC, BeJHYHHY
OTCYETA HYKHO BBIYECTb H3 BeJIMUMHBE MACChI Pa3HOBECOK. _

HanpuMep, ecaid Ha Bechl NMOMellleHbl pa3HOBeck# OOleH Mmaccoid
11,83 2, a oTcuer ma sKpane paBusercs 2,7 me, T. e. 0,0027 ¢, To ecan
3TOT OTCUET IIOJIOXKHTEJeH, Macca B3BeUIHBAeMOTO MpeAMeTa paBHA
11,83 4 0,0027 = 11,8327 . HaoGopor, npu orTpuuareSbHOM OTCUeTe
3Ta Macca paBHsdach 6bm 11,83 —0,0027 = 11,8273 2*. :

[Tocse okoHuaWHs B3BELIMBAHHS CHHUMHTE C BECOB B3BelIHBaeMbIH
npeaMer ¥ pa3HoBeckH. [isi CHATHS MeJKUX DAa3HOBECOK HYyJeBbie
EeieHns1 060UX IIHCKOB COBMECTHTe C HEMOJABHXKHBIM YKasaTteseM.

§ 8. Ycrpanvenue BJMsiHMS HEPaBHOMJEYECTH BECOB.
NMpuseneHne Macchl Teia K ee HCTHHHOMY 3Ha4yeHHI0 (B mycToTe)

HpﬂMoe B3BellIHBaHHe €llle He JaeT BIOJHe [paBW/ibHOro Mnpea-
CcTaBJaeHUs1 06 HCTHHHOH Macce TeJsa, TaK KakK OCTAaloTCd HeYUTCHHBbIMHA

* Korma orcuer mpeBhiwiaeT 5 me, AN nojiydeHHs Gojlee TOYHOro pe3yJbTaTa
nenecoo6pasHo YBEJIHUHTL HArpysKy mnpasofl yaimlku pecoB Ha 10 me, ecau orcuer
TI0/IOXKHUTENEH, HAH YMeHbuHTh ee Ha 10 me, ecan ou orpHuatened. Ilocne atoro ge-
JAIOT HOBHI OTCYET, KOTOPHIM H TOJAb3YIOTCS NPH HAaXOXKJAEHHH MacCh NpeaMeTa.

2 3ax. 336
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MOrpeulHOCTH, 3aBHCAILHE OT (aKTHYECKOH HepaBHONmJeyecTH BeCOB
M OT NOTepb MAcChli BC/ENCTBHE B3BELUMBAHHA B BO3Ayxe. [Ipu 60sib-
WHHCTBE OGBIYHBIX aHANHTHUECKHX PabOT BAHAHHE STHX norpeuinocTe
MOXHO HE YYATHIBATH, MOCKOJbKY OHH OJMHAKOBO (WJAH MOYTH OIHU-
HAKOBO) OTPaXalOTCs KaK Ha BeJHYHHe HABECKH BellecTBa (g), rax
H Ha KOJHYeCTBe Onpeje/seMOro KOMNOHeHTa (a). ,
Bereactsue 310ro Ha okoHuaTeJbHBIE pe3yJbTAaT anadnsa, T. e. Ha
NPOLEHTHOE' COMEPXKaHHe OnpejesiieMOr0 KOMIIOHEHTa, OHH He mO-

BAHAOT. J{eACTBHTENbHO, MPOUEHTHOE COML
) epKaHne BbIYHCJIA
no gopmyae: ’ (») e

a
=2 1009
p g %

Ecin Besenctsue HepasHOMIeYeCTH BecoB Haiiiensbie mMacchl (a
g) okaxyrcs, Hanpumep, Ha 1% MeHbUe HUCTHHHBIX, TO, NPHHAB BO
BHAMaHHe 3TO OGCTOATEJbCTBO, Mbl NPHLEM K TOMY e DPe3yabTaTy
4yTo H 6e3 yuera ero. B camom nene: ’

a-+0,0la 1,0la a
R eme—— 100 _—t — — 0,
P=g¥001g Toig [0 =g 100%

Onnako B HEKOTOPBIX Cayuasix TpeGyeTcs 3HATb HCTHHHYIO Maccy
BelllecTBa (M/IM Tesla), MPHYeM BJIHSHHEM [OFPELIHOCTEH OT HePaBHO-
%neqecm BECOB M B3BelUWBAHHS B BO31yXe mnpeHebGpeub yxkKe Hesb3s.

TO HMeeT MeCTo, HaNpHMep, MPH NPOBepPKe PA3HOBECOK, MPH Olpeje-
JeHHH eMKOCTH H3MepHTeJbHBIX COCYAOB AJA8 MHAKOCTEH H Tra3oB
(mpoBogMMOM O Macce BMellaeMoll HMW BOABI), NMPH YCTAHOBJEHHH
aTOMHBIX BeCOB 3JEeMeHTOB H T. 1.

3HaHHe HCTHHHON Macchl MOXeT MHOrAA 0Ka3aTbCA HeOOXOAMMbIM

M npu aHanuse. Hanpumep, comepxanne a3ota B cesHTpe ONpeiessior
nyrem Hu3Mepenus oGbema rasa NO, o6pasyouerocs npH peaxnuu:

NaNOQ; 4 3FeCl, + 4HCl —> 3FeCl; 4 NaCl + 2H,0 + NO4

Maccy okucu asora NO BbIUHCASIIOT, HCXOAS H3 HallAeHHOro 0GbeMa
ce. CrenoBartenbHo, KOMIEGHCAUWH OMHMGOK B3BELIMBAHHS 31eCh yiKe

NPOM30UTH He MOXET, H NOITOMY HeOOXOAMMO 3HAThb HCTHHHYIO Maccy

B3SiTOW /s aHa/NH3a CeJHTPHI.

YuurbiBas Bce H3/I0KeHHOe Bbille, PACCMOTPHM CIoco6bl yCcTpaHe--

HHUS OrpeliHOCTeli B3BeIIWBAHHUA.

Basewneanne ¢ yyerom HepasHomjieuectu BecoB. Kak M3BECTHO H3 du3HKY, Bechl
OPEACTaBAAIOT cOBOH paBHOMMeuni pbuAar NeEPBOTO” POAA, W TOMBKO NPH c'osep;uem{o
TOYHOM DABEHCTBE AJIHH IVieY KODOMBIC/A NOKAa3aHHS BECOB MOTYT GbiThb MPAaBHIBHbI-
MH. OfHaKo BHOJHE TOYHOE OCYINECTBJIEHHE 3TOIC YCJOBMS HA [PAKTHKE HEBO3MOMKHO
TMosTomMy kaible BeChl NPHXOAHTCS PACCMATDHBATH KaK 6O/Mee HIH MeHee HepasHo:
nresde. YUtoGbi YCTPaHHTh BJMSHME HEDABHOIVIEYECTH HA De3yJbTAT B3BELIMBAHUA
NPHMEHSAIOT CMelHaJbHbie CHOCO6bI B3BEUIHBAHYS. '

Cnoco6 ABOHHOroO B3BeW HBAHHUA BaseluusaeMbiil npeaMer MOMemAOT
CHavaja Ha JIeBYl0 YallKy BECOB, a Pa3HOBECKH — Ha npaByio. [lposeas s3Bewrnsanue,
Boayualor maccy Pp. [locie 3T0ro noBTOPAIOT B3BEIUUBAHHE, NOMECTHB NpPEAMET Ha

§ 8. Hepaenonaedecrs secos. [lpusedenue maccol K UCTUHHOMY 3HAYEHUIO 35

NpPABYI0 YalIKy Becos, a PasHOBECKH — Ha Jepylo. Ecan 6bt Bech Oblin COBEPUICHHO
PaBHOMJIEUKMH, 3Ta Macca coBmana Ol ¢ HafJEHHOH NpH NepBOM B3BELIHBAHHH. Ho
BC/IEJCTBUE HEPABHOIUICYECTH BECOB B JAEGACTBUTEJIBHOCTH MONYYMTCH HECKOABKO OT/H:
yalomasncs oT nepeoil Macca Po. .
O6o3uaunB [EACTBHTENLHYIO Maccy npeigMera uepes P, a Aiuubl MpaBoro M Je-
BOCO IUIeua KOPOMEIC/A COOTBETCTBEHHO depes /i M [y, TO 3aKOHY pblyara MOXHO Ha-

nucaTh:
LP=10P, (ana l-ro B3BELIUBAHHS)

1,P=1,P, (ana 2-ro B3BEHIHBAHHA)

I'lepemuo;x}m NOWIEHHO 3TH PABEHCTBA, HOJIY‘[HM:
L1P? = |1,P\P,
OTKYZa
P=VPP,

Takum o06pa3oM, AeficTBUTENTbHAR Macca B3BEUIMBAEMOro IpeAMeTa B BO3AYXe
paBHa CpelHEMy FeOMeTPHYECKOMY M3 pe3y/ibTaTos 0GOHMX BasewnBahuil. TTockousbky
XKe TocAeAHee TIPH Maio pasauualolpXcs Mexay coboit senmuuHax Py w Pp npakru-
yeCKH COBHAAdeT €O CPEAHHM apHOMETHYECKHM, BHIUHCJASEMBIM SHAUUTEILHO TPOLUE,

NPpUHHMAIOT, 4TO
_PitPs

P 7

Cnoco6 samemenns [IoMeCTHB B3BeliMBaeMbli NpefMeT Ha o6y H3
YalleK BecoB, YPABHOBELIMBAIOT €ro Kakoil-1uGo Tapof, TOMEIEHHOH Ha APYTylo
wamky. Ilocne 3aToro B3BeliMBaeMbifi MpeAMeT CHHMAiOT C BECOB, a BMECTO HEIo Ha

. COOTBETCTBYIOUIYIO HAWIKy KJARYT CTOJBKO Pa3HOBECOK, 4yTO06H CHOBAa BOCCTaHOBHJIOCH

HapylieHHoe PaBHOBecHe.
Tak KaK B3BeLIHBacMbllt TpeAMET H DPa3HOBECKH NOMEIIAIT Ha OAHY H Ty Xe
YawKy, T. €. ACHCTBYIOT Ha ONHO H TO Xe TUIeYO KOPOMBIC/IA, HEPABHOIIEIECTb BECOB

- pOJIN HE HUrpaeT H nefCTBHTENbHYIO Maccy B3BEHINBAaeMOro fnpeaMera HAaXO/IAT HENOo-

CPEeACTBEHHO. .

Cnoco6 . I. Menpneneesa. Tperni crocol, npemioxensodt I H. Men-
LesleeBbIN, 3aKA0uaeTcs B caefyomeM. Ha oMy u3 uailek Beco NOMEMAIOT KaKOi-
ARGO ©PY3, MO Macce GJH3KMIl K TpefesbHOM HAarpyske BecOB, H YPaBHOBEIIHBAIOT €ro
Pa3HOBECKAMH, MOMEM2eMbIMH Ha IPYTylo uauky. 3aTeM NoMellawor B3BELINBAEMBIH
TMpeJMeT A Ty YAMIKy, Te HAXOAATCS Pa3HOBECKH, H CHHMAIOT C Hee CTONBKO PasHo-
BECOK, 4T06bl HapYILEeHHOE PABHOBECHE BOCCTAHOBHOCH.

Macca cHATHX Da3HOBECOK, OYEBHIHO, PaBHAa Macce B3BelINBAEMOro MNPEAMETa.

Ipusenente MaccH Tela K ee MCTHHHOMY 3HaueHuwio (B nycrore). Kax craenyer
K3 3aKOHa ApXHMeXa, NpH B3BEUIHBAHWH B BO3/lyXe B3BEUIHBAEMbie TeMa M PasHO-
BECKH, MOCPENCTBOM KOTOPbIX HX B3BEIIHBAIOT, TEPAIOT B BeCe CTOMBKO, CKOJBKO BECHT
BBLITECHEHHBIl MMH BO3RYX. A T4K Kak o0beMbl B3BEUIMBAEMOro, Teia ¥ PasHOBECOK
PAsHUKL, TO Pa3NHYHEIMH JOJKHH GHITb H NOTEPH B BECe. A10 06CTONTENBCTBO, WO-
IO6HO HepaBHONJIEYECTH BeCOB, OGYCTOBIMBAET NOTPEUIHOCTb MPH OMPEAEeHHH MacChl
Tena. UTo6H HafiTH HCTHHHYIO MacCy Tejla, HYKHO BBECTH TOTPaBKY Ha B3BEWHBAHNUE
B BO3IYyXe.

Herpynno moHsATh, YTO 3Ta NONMpaBKa HNOMKHA 6biTb paBHA Da3HOCTH 006bEMOB
B3BEIINBAEMOTO Tela M PasHOBECOK, YMHOMEHHON Ha WIOTHOCTh (B 2/cM®) Boanyxa
(pa). Ecan Haiiennas Macca B3BeIIHBAEMOro Tena (a 3HAUMT, H PasHOBECOK) paBHa
P,~32 TUIIOTHOCTH €ro H Pa3HOBECOK PABHEI COOTBETCTBEHHO Pm H Pp, TO, YUUTHIBAA, UTO

"~ o6’beM BCAKOro Tesla paBeH €ro Mmacce, JeJIEHHOR Ha NMJIOTHOCTh, MOXHO HamHCaTh:

P P
NNTR
[ + 08 om on | .

rae P, — uckOMas macca tejla B ycToTe (HCTHHHaﬁ Macca Te.fla).

m

2.
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Il1oTHOCTL BO3AYXAa 32BUCHT OT AABJIEHHS, TEMNEPATYPHl H BJAXKHOCTH BO3AYXa
K MoxeT ObITb BblYHC/JeHa MO ocoGoi dopMysre. Oanako NIpH OGBIUHBIX AHATHTHYE-
ckux paboTax HajoGHOCTH B STHX BBEIYHC/TEHMAX HeT, C AOCTATOUHON AJs NMpaKTHYe-
CKHX LeJell TOYHOCTHI MOXHO HDHHATH Ps = 0,0012 ef/camd. TInoTHOCTH MATYHHBIX
pa3noBecoK paBHa 8,4 e/cmd, a amomunneBnx 2,6 2fcmd.

PaccMoTpuM_4nc/IoBHE TIPHMephl NDHBEACHHMS Macchl K Macce B NMYCTOTe.

Npumep 1. [IpuBecTn X Macce B MyCTOTe Maccy ocagka (miotHoctb 5,6 2fcmd),
paBHylo B Bo3ayxe 0,5000 e :

Pemenune VYuyurbieasg, 4T0 B3BEWIMBAHHE NPOBOAUNOCE T
HHEBbIX Pa3sHOBecoK, no ¢opMyre (1) Haxomaum:

0,5 0,5

P =10,5000 + 0,0012 (ﬁ - ‘2—6) == 0,5000 — 0,00012 = 0,49988 2

pH OOMOLIH 2J10MHU-

Us npumepa BuAHO, 4TO BeJHYMHA MONPABKH Ha B3BEIUHBAHHE B Boaayxe (pas-
Has B AaHHOM caydae 0,00012 2) neXHT OOGBIYHO 3a mpefiesaMH TOYHOCTH B3BEIIHNBA-
HHA Y MOXeT He NPHHHMATBCS BO BHHMAaHHe.

IIpy B3BewmBaHHK GOJBILIHX MacC, HAmMPHMEP NPH MPOBEPKE EMKOCTH MEpHBIX
COCy/OB, OIUHOKA 3HAYHTEJBHO YBeJHYHBAETCH, H ee HeOOXONHMO YYUTBbIBATh.

Mpumep 2. TIpn B3BelIHBAHMYM HA TEXHHUECKHX BeCaX BOMbI, BMEIlaeMOl MepHOM
Konbof, noxyyeno 250,80 2 mpu 20°C. IIpuBecTn Maccy BOABI K Macce ee B MyCTOTe.

PeweH e YuuTeBas, YTO B3BeIUHBaHHe NPOBOLMIOCH JIATYHHBIMM Pa3HOBecKa-
MH ¥ uTO mIoTHOcTh Bogwl npH 20 °C paeua 0,9982 2/cm®, umeem:

250,80 250,80\ e okt o
P = 250,80 - 0,0012 (W - 8—,4—) = 250,80 4 0,27 = 251,07 2

Takum o6pasom, HcruHHas Macca BoAb Ha 0,27 ¢ oTaMyaeTcas OT Kaxywefics
Maccel ee B BO3ayXe. JTa pasHHla HAaCTOJbKO BE/IHKa, YTO €i0 HeJb3s mnpeHeGpeus,
XOTS B3BelliIMBaHHE IPOBOAMJIM Ha TeXHWYeCKMX Becax ¢ TouHocTeio jo 0,01 e

§ 9. Mposepka pa3sHOBeCOK

PasHoBeckn A/ aHaJHTHYECKHX BECOB H3rOTOBJAIOTCA ¢ GOJBIIOA TOYHOCTHIO,
OJIHAKO Macca MX ¢ TEeYeHHeM BpeMeHH MOKeT H3MmeHuThesl. IToaToMy BpeMs oT Bpe-
MeHH pa3HOBECKH HeOOXOAMMO NpPOBEPATh.

Cnenpyer OTMETHTb, 4T0 OGBLIYHO HHTEPECYIOTCH He abCOMIOTHOM, a OTHOCHTENbHOR
TOYHOCTHIO MacChl pasHoBecOK. JIpyrHMHu C/IOBaMH, HYXKHO, 4TOGH MaccChl BCeX DasHO-
BECOK [IaHHOTO Habopa Hagmexalum o6pasoM COOTBETCTBOBA/JIHM APYr APYTY, T. e.
yroObl, HanpuMep, pa3HOBECKa ¢ HOMMHAJbHON Maccoli B | 2 Guina posHO BABOE TH-
xenee pasHoBeckH B 0,5 2, B B pa3 Taxenee pasnoBecku B 0,2 2 m T. 1.

Tak Kak B Habope HMEIOTC PA3HOBECKH C OJHOK H TOfl e HOMHHAJbHOH Mac-
cofi (HanmpuMep, WO [Be pPasHOBECKH, NOMeueHHbie LUH(POH 2, UIH MO TPH — NOMEYEH-
‘Hbte uubpolt 1), TO AJA OTJAUYMS HX HEKOTOPHIE M3 PA3HOBECOK CHAOKAOT METKOA
B BHJE OJHOH WIH IBYX TOUYEK, NIOMEILaeMBIX OKOJIO COOTBeTcTByMoulefi LHdpH, ApY-
THe Xe OCTaBJAIT 6e3 METKH. ' ‘

[Ipu npoBepke pasHOBECOK HeOGXOAMMO HCKJIIOYHTH BJHSHHE HEPaBHONJEUECTH
BeCOB, T0Jb3ysCb, HAPHMeP, CNOCOGOM JIBORHOTO B3BELIHBAHHI.

CaMylo mpoBepKy yL0GHO MPOBOAHTH C/EAYIOUHM CIOCOGOM.

Hpunumair (BpeMenno) Maccy pefitrepa pasHo#i TouHo 0,01 e m conocraBasioT
C Hell Macchl BCeX OCTaMbHBIX pasHoBecoK (Tabu. ). ’

Ipexpae Bcero mposepsior pasunoBecky B 10 me (0,01 e). Iixa sroro nomemaior
ee CHaya/la Ha JIeBYIO YalliKy BeCcOB, a pefiTep — Ha JecsiToe JeseHHe TNpaBoOro Illeda
KopoMeicia. HaGmonaoT xosieGaHus CTPeKH H BHIYHC/SIOT TOYKY PABHOBECHsS BECOB.
IMpexnosoxuM, 4r0 oHa paBHa 9,8 pexenus ([;). UToGsl HCKIIUATL BIHSHHE Hepas-
HOILIEYeCTH BECOB, MEPeMEllaloT Pa3HOBECKY Ha IPaByw dvallky, a pefirep —Ha nAe-
cAiToe JgfeHue JeBOro Iieya KODOMBICAA W CHOBA OMNPEAEASIOT TOUKY PABHOBECHSA
secoB. Ilyctb ona okasanace paesoii 10,3 penennn (l). Moxuo HoKa3arb, uTo

Tabauya 1. Tpumephule pe3yAbTaTH NPOBEPKH paanoneqox*
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*AjnsekceenckHft E. B,, Toasn P. K, Mycaxkung A. 1., KoanuecTBeHHHA aHaJu3, TocxeMmuspar, 1957,



38 T'sasa 1. Bsedenue

PasHOCTL Macc NpOBEpAEMoi passoseckn (P)) w pentepa (P;) papusercs (fs MHJAJIH~

rpaMMmax):

1
’P‘l——'P2=?(l2—ll)S

rae S -—uena ndenenus mwKans. E
et _ . Ecan ugyBcrBHTENBHOCTL Becos
4 ue_JIeHHﬂN{ Ha | m2, 10 8= 1/4 = 0,25 mz ua | genenue u paplia,  wanpuvep,

~ 1
Py — Py= (103 — 9,8) 0,25 = +0,06 e

-TakuMm o6pasoM, Macca
p, =IIIO,06 M2 = 0,01006 .
aj : it
) ﬂH:es;lggoexgﬁ;: ulx(a ggoigpxe ONHOH 3 pa3sHOBecOK Maccolt 20 me (6e3 ormer-
. Ha JIEBYIO YaIUKY BecoB,
K H : a Ha IpaBywo
POBEpEHHYI0 pasHoBecKy Maccoht 10 mz u pefitep (nom’ecma erg HZ caton none,
HHe NMPABOro IVIeya KOPOMbICAA). ecaoe nene
Menngo;ay.::gM’aanﬂo TIOJIOXeHHe TOUKH paBHOBecHs I; paBHsoch 10,5 Renenns ITepe-
e, p__ 9053ecxn (BMecte ¢ pefitepoM) MecTamu, NOJAY4a10T Hosyro. TOUKY
I 2 = 9.5 nenenns. CnepoBaTeNbHO, Macca pasHOBecKH B 20 Mo (P3) or-

JHYAeTCsA OT cyMMbI Macc 1 paSHOBeCKH B ]0 M2 H pemepa YPaBHOBELIHBAKO~
( 2) ’ a

pasuosecku B 10 sz Gomvite macch pefitepa Ha 0,06 Mz,
>

1
P3 _ P2 ~——-"2°~(9,5 _— 10,5) 0,25 =—0,l2 M2

Tak kak passoBecka B 10 Mz BecHT 10,06 e, To macca n

paBHa: POBEPSIEMON Pa3HOBECKH

Py =10+ 10,06 — 0,12 = 19,94 mz =0,01994 2

aJj i ‘

(20‘)1[1'[;: g:;(;ngga g:{a;chgf}og'ropou pasnoBeckd Macco 20 M2, OTMeueHHON TOYKOfY
. T €& MacCcy C Maccoil nepsoi
TouKkA) 1 Hoens Oneannh o psoft pasHoseckH B 20 mz (Gea
AJIOTHYHBI ]

P 05000 5 , X PacCMOTPEHHLIM Bhillle, BLIYHCASIOT ee Maccy

a
2 —I—CCQ}Z) ] pMa:xflc.ml%cK; B 50 M2 CpaBHHBAaOT C CyMMOR Macc TPeX pPasHOBECOK:
wabooa ton npennocnin}:{ l;;o)x.rl;l;z:;(;m ogpaa?)m HaxoaaT Maccy P Bcex pasunosecok

(cm. Tab. OCHOBLIBAfiCh Ha AON
Macca ;‘){emepa NpaBUJIbHA, T. €. TOYHO coomerc’ri;yer 10 me. ronymes®, o
MaCCenH :chl)acxé;;a;?;g};u K}(’),l;OGHEf CYMTATb TOYHO COOTBETCTBYIOUICH HOMHMHAJAbHOR
OpbIH TOCTORHHO HAXOMHTCS 6
Bepraercs cpanﬂmenbno’ OBIC oy KaKoR-nHGy A Goyes
HICTPOMY H3HAIIMBAHHIO, a M i
Ropract \ accy KaKol-HHOYAb Gosee
pgg’HOS:CK%a?;H%%ecxn, gs TeX, KOTOPHe NPHMEHSIOT CPABHHTEIBHO penKo,yHanpumep
By ecn o pa::(l)dﬂ {)0 8.0:’32321(, )ech npx/ma'?a Maccy pasHoBeckw B 10 2 (koTopas
, 2) TOuHO 3a 2, TO Macc
oui 2 Yy BCEX OCTaJBHRIX Pa3HO-
Bec :e n{)gl}eigcg(,)a%;emrr?no, NPONOPUHOHAILHO H3MEHHTh MYTEM YMHOMKEHHS HaPOTﬁg-
rpaty 1o ) 92 opflgn;paroro HAaXOMAT BEJHYHHBI TONMPABOK (CM. MNOCTeAHIOK
1), ¥ B3BELIHBAHHMAX OPHGaBASIOT (
MHH3JbHBIM MaccaM COOTBET e
CTBYIOIIHX pasHoBecok. Han
par . pHMep, ec/i NPH KaKoM-
_l_soeg;uaaﬂnn 6bUTH ynoTpeGensl pasHOBECKH B 5 2-+2 e+,l~ 2+ lp e-l-()2ﬂ:lﬁ—|(3
: ,

T {—-0 ]agt 0‘,)059 e,OOZO Oog;uaﬂooxlaenng}aga 0nonpasm«x Gyzer pasHa: A =

) .09 —0,04 — 0,04 — —0,07—-0,01) = —0,45 =
Crenosarens : ’ y ) irPhrvinliey el
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§ 10. O6wue 3ameyanus o paGote B JabopaTopuu
KOJHYECTBEHHOT0 aHaJH3a

[Ipucrynas K NPAKTHYECKHM 3aHSTHAM MO KOJHYECTBEHHOMY aHa- -
JIW3y, CTYAEHT NOJIKeH NOMHHTb, YTO OH pafoTaeT B naGopaTopuH
TOYHBIX H3MepeHHH, rJie Masellias HeAKKyPaTHOCTb MPHBOJAHT K HCKa-
JKEHHIO Pe3yJbTaTOB aHajiu3a, Ha KOTOPBIH 3aTPaueHO MHOro Tpyna
A BDPEMEHH. S

Crporoe BbIOJIHEHHe OOBIYHBIX MPaBHJ, KacaloWUXCs cobironeHHus
nopAKKa U YHCTOTH B paGore, mpHoGperaer 31ech ocobGeHHO BaxHOE
anauenue. CrefyeT BHHMATeNbHO CJIeJHTb 3a TeM, uToOb pabouee
MeCTo GbLIO BCerja YACTHIM H cyxuM. Heab3a sarpomoxpats ero fio-
CTOpOHHMMH TpeaMeraMH. Bce JsumHee Hago yOuparth, Ha CTO/IE
JOMKHO HAXOAHTBCA TONBKO TO, Y4TO HEOOXOAWMO AJs ‘IPOBENEHUS
TeKyHlei olnepanHu. g )

Tpe6byemas mJsi J@HHOTO ONpeje/eHus nMocyaa ROMKHA ObiTh 3apa-
Hee MOACOTOB/JEHA M THIATENbHO BbIMbITA. PacrnonoxuTe BCe HYXHOE
ISl aHANM3a HA CToJe HEOGXOLMMO Tak, 4ToOB CJydaiHO 4T0-MH60
He 3ajeTh WAM He ONPOKHHYTb. CTakaHbl, KoaGbl, 4Hallkh U Apyrue
COCy/bl BO BpeMs NpOBeleHHs aHaNn3a NOJKHBI GbiTh  TPHKPHITHI,
4TOGBE B HHX HE NoNajana Mblib; BCe COCYIbl, COAepxKallue pacTBOPHI
% TBepAble BelleCTBa, JOMKHb GbiTh MOANHCAHBI W MPOHYMEDOBAHM,
yTo6GLl HX HeJb3sl OLIIO IepenyraThb. ‘

PaGorasi B n1a60paTOPHH, HAXO M30eraTh Pe3KHX IBHKEHHH. He-
MaJo aHAJNM30B GbIBAeT HCIOPYEHO [OTOMY, YTO Mepel CaMOH nocies-
Hell omepaluell — B3BEUIHBAHHEM MOJNYUEHHOTO MPH aHalH3e OCaiKa —
BCJEACTBHE HEJOBKOTO [BHXKEHHS paboTaiomlero- HiH CaAyyaiHOTO
CTONKHOBEHHs. €ro C COCEIOM ONPOKHABIBAIOT THredb, COXEpHKalLui
ocajox. B pesyiabrare Bech aHanu3, Hak KOTOPbHIM paGoTranu HHOH
.pa3 JBa — TPH 3aHATHs, NPAXOAMTCS NepelebiBaTh 3aHOBO.

[Npu BHINOJHEHHH OTAEJbHBIX KOMHYECTBEHHBIX onpesesieHAN Cle»
Ayer THIATedbHO COB/I0NATh YCTAHOBJIEHHYIO METONHUKY paGotsl. Hyxno
YIOMHHTb, 4TO pe3y/bTaThl aHa/ 132 MOTYT ObiTh XOPOIINMH TOJIbKO TOT A4,
KOT/ia CTpOro coGMIONAIOTCA Bee YC/IOBHSA, NPH KOTOPHIX JAaHHAs METO-
nuKa Gbina paspaborana M nposepeHa. OTKJIOHeHHS OT STHX ycaoBHi
BCerJa NPHBOAAT K OMHNOKAM M CHJIbHO yMEHBIIAIT TOYHOCTh METOAA.

He Menee THIATeNbHO HOJIKHB CcOGMIOKAaThCA TpaBuIa, Kacalo-
‘IHecss TeXHHKH BbIOJHEHHsS] OTAeJbHbIX onepauuii, Hanpumep QHib-
TpPOBaHHsi, MNPOMBIBAHHA, BBICYMIHBAHHS M NPOKAJIUBAHHS OCAAKOB
v T. n. Kakumu Gbl He3HAUHTEJbHBIMH HH Ka3aluChb HEKOTOphie H3
STHX NpaBWj, ClefyeT IOMHHTb, YTO BCe OHH paspaboTaHbl Ha OCHO-
BAHHH OTPOMHOTO OMBITA MHOTHX XHMHMKOB M 4TO TOJbLKO UpH camMoM
CTPOTOM HX COGJIIONEHHH MOXeT 6biTh NOCTHTHYTAa Tpebyemast TOU-
HOCTL pe3yJbTaTOB aHaJiH3a.

Hy3xH0, uT06bl 6€3yKOPHIHEHHO NPABHJIbHOE BLINOJNHEHHE BCEX Tex-
HHYECKHX MPHEMOB paGoThl CHeNaJOCh MPHBLIYHBIM. HOas gocTHKeHud
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5TOr0 HEOGXOJHMO NepBOe BpeMs TINATENbHO CJAEAHTH 33 m aBHJIBHO-
CTbIO BLINOJHEHHs KaXJOH OTHeNbHOH Onepauu, 3a Ka)KJUI:IM CBO :
ABHKeHHeM npH pabore. Toabko Torma npno6pe%axoTcn HaB -
HOTO 3KCHepHMEHTHDOBaHHS. P o
Bﬂn(gﬁ:gg 9THX HaBHIKOB, OJHAKO, €llle HefOCTaTOYHO. Ipasuabuomy
HI0 TEXHHUECKHX NPHEMOB aHaNM3a MOXHO HAyYHTH wHesio-
BeKa, naxe BoBce He 06Jajaiollero HalueXallell XMMHYECKON MOArO-
ToBKOH. Ho on okaxercst coBepuienno Gecromomubim npu MaJIeﬁLIllI
OTKJIOHEHHH OT NPHBBIYHOrO WaGmona. Takol paGoTHHK He CMO)KeM
HanpuMep, caMoCTOATENbHO BHGpaTh HanGoJee palHOHANbHbIE Merozz;
HCCJIe10BAHAS 1aHHOTO BEWECTBA, pa3paGoTaTh HOBbIH METON aHAMH3A
NpaBHJIbHO HMCTONKOBATb MOJYYeHHBIe De3yabTatl H T. 4. Bce 370
TpeiﬁyeT OCHOBATEJIbHOTO 3HAHHA TEOPHH aHaJu3a, Ha nsyq'eﬂne KOTO-
gonag.r:linyer 00paTuTh caMoe Cepbe3Hoe BHHMaHue. Bce HabJoneHns
myl;Han.Ie O aHAMM3y HYXKHO CDa3y e 3aHOCHTb B s1aGOpaTOPHbIN
Aucgcléz ; lg)em cayvae He paspewaercs Oeaars 3anucu Ha OTOeAbHbLL
- UTAC/IbHBIE JIHCTKH WM KJIOYKH GyMaru ¢ HeOBGXOZMMBIMH
UHGPOBBIMH JAHHBIMH MOTYT GbITh JIeTKO yTepsiHbl, U TOTAA HETOXHLIM
OKaspiBaercs caM ananu3. Ilpm amanusax, wumeromux He yueOHbIi
4 TpPOH3BOACTBEHHLIH XapakTrep, BeleHHe J1a6OpPaTOPHOro )Kypuana;
HMECT elle # Apyroe 3HaYeHHe: N0 HEMY, KaK 0 OCHOBHOMY BOKyMEHTY
ng:;g)HmoT NOyueHHble AHAMHTHKOM Dpe3yJnbTaTthl (HHOTAA Hake n(;
HH 3HauHUTelNb
e aHa HOTO BpEMEHH), KOIZa OHH [0YeMy-JHGO BHI3bI-

Ilopsinok pacnonoxenns samuceir OyneT NOKa3aH Ha KOHKPeTHBHIX
IpHMEpax Mpy ONHCAaHHU OT[ENbHBIX aHAH30B. 31eCh OTMETHM TQIbKO
UTO 5TH 3aNHCH HOMKHBI COAEPKATh BCe HeOGXOAMMble IAHHDIE (pe:
8YJIbTaTbl B3BEIIHBAHHH H H3MepeHHH OOGHeMOB, BHIYHCJAEHHS H T n.)
H NOJKHBl BECTHCh T4K, YTOOB B HHX MOMHO GBLJIO JErKo pa306pa.Tbc'x
IPH NPOBEPKe Pe3YJbTATOB, MOJYYeHHBIX AHAJHTHKOM.

Kaxnomy OMNpeNeseHnio OTBOJAAT OCOOYI0 CTPAHHIY, Jyulle gake
IBe. Fla OLHOH M3 HHX 3aNHCHIBAIOT NAaHHBIE HENOCPENCTBEHHBIX H3Me-
PeHHM W Npyrue CBeAeHHsl (BpeMsi BBHINONHEHHs AaHaAH3a npHMeHeH-
HbIHquTOIL U T. A.), a Ha IPYrofi — Bce HeOGXOAUMbIE Bblq,I/ICJIEHP!F[.
aHan:;:ﬁ}({);mreloznaaqseHey;IﬂH;enanH, C KOTOPBIMH [IPUXOXHTCH HMETh JeJo
oua ey, pasn TCA HA TOYHble H npubamxenusie. K rounsim

1) 3navenus, npunsree 3a NOCTOSIHHBIE, HaNpHUMep aTOMHBbIe Beca
snegl)emoa, MacCoBble YHCJA M30TONOB H T. M. : ' |

) COOTHOILIEHHS MexX
coneneaton. 1000 & Ay einHHLAMH H3MepeHHd, Hanpumep B | xe

3) pesyabTaThl cueTa NPEAMETOB HJIH onepanuil, HanpuMep YUCIO

H3BECTHLIX 3/1eMEHTOB H HX nopsan
o !
e KOBhLIe H()Mepa, YHCJNO BbLINOJHEHHDLIX

K npubnumxeHHbIM BeJHYHHAM OTHOCATCS pPe3yJbTarbl, MOJYy4eH-
Hble TpU J06bIX H3MEPEHHAX, B TOM 4HcJe H NPH H3MeDeHHH Macchl.
JeitcTBUTENBHO, KaK 6Bl TOUHO MBI HH CTapaJjiich B3BelINBaTh, BCeria
nocienHsis UHdpa HalimenHoii Macch Gyraer Hepoctoseproit. Hampu-
Mep, eCJM B3BeIUHBasl THrelb HAa TEXHAYECKHX BeCax, Mbl HallJIH ero
Maccy pasHo#t 7,12 2, T0 310 3HA4HUT, UTO yKa3aHHAs Macca HaXOJHuTCHA
B npenenax mexay 7,11 u 7,13 2. YBeqHuuB TOUYHOCTH B3BEIIMBAHHA,
MBI ONSTh-TaKH HaliZeM JHUIb NPHOAMKeHHyio Maccy Turas. Tak, ecin
fIp¥ B3BEIIMBAHHH TOTO XK€ TUIIs HA aHAJHTHUECKHX Becax 6bl10 moJy-
ueno 7,1244 2, To, yuuTHIBasi CKa3aHHOe Bbillle O TOYHOCTH B3BelUMHBaHUA
Ha aHaJHTHYECKHX Becax, NPHAeTCs 3aKIIOUMTh, YTO Macca THIIA
JOAMHA JeXaTb B mnpeienax 7,1242—7,1246 2. U3 atux mnpuMepos
BHJIHO, YTO MocJefHssl Ludpa NMoJyyeHHOH MacChl BCeria OKa3biBaeTcs
uenoctosepHoii. To xe camoe Ha6aI0aeTCA H NpPH JIOOBX APYTHX H3-
MepeHHAX, HANpUMep NPH H3MepeHHH 00BeMOB MKHAKOCTEH WJIH ra3os,
1IpH ONpeJeeHHY aTOMHBIX HJAH MOJEKY/ISPHBIX BeCOB.

Pas 3TO Tak, TO H 3anuct 8Cex pe3yabTaTos U3MepeHull HY#HO
eecTu Takum 06pazom, 4T06bL TOALKO NOCAEOHAR yudpa 6 Hux Govlra
nedocrogeproil. Hanpumep, Guiio Obl COBEPUIEHHO HENPaBANbHbLIM,
Hafigsi B pesysbTarte B3BelIMBaHMs Ha AHAJUTHYECKHX Becax Maccy
THrAs, paBHYI0 TOuHO 7,12 &, Tak M 3anMcaTh ee. YKa3aHHOe Bhille
npapuno Tpebyer, uToGbl 3Ta Macca Oblia 3amHcaHa B BUIE 7,1200 .
Benn B3pellnBasg Ha aHAJHTHYECKHX BeCaX, MBI 3a NPaBUJIBHOCTbL Iep-
BHIX Tpex AECATHUHBIX 3HAKOB uucia 7,1200 moxem pyuarses. Heno-
CTOBEDHO! B 3TOM uHCJe SIBJISETCS JHUIb ero MOCHe[Hss HH(Ppa, a 310
KaK pa3 u cooTBeTcTByer npasuiy. Hao6opor, ecin 6bl TOT 3Ke pe3y/b-
Tat 6L MOJyYeH NpH B3BELIHBAHHH THIJIS HA TEXHHYECKHX Becax, TOY-
HOCTb KOTOpHIX He mpesbimaer 0,01 2, maccy ero mpuimuioch Gbl 3amH-
caTb B Buze 7,12, Ho He B Buge 7,120 uau 7,1200 e

Vtak, cob/i0fieHHe YKa3aHHOro InpaBuja [03BOJISIET AHAMHTHKY
B CaMOii 3aMHCH TOJYYEHHBIX UM HHGPOBBIX JaHHBIX OTPA3HTh CTeNeHb
HX TOUHOCTH.

B sakjioueHne C/efyeT CKasaTb HECKOJBKO CJOB O TeXHHKe Ges-
onacHocTd B 1a60paTOPHH KOJMUECTBEHHOTO aHanusa. Bce onepauuu
¢ anoBATHIME rasamu u xkuakoctsiva (HeS, Bra, Cls, pTyTh M ee coenn-
HEHHS, COeJHHEHHs MblWbSAKA H T. M.} He0OXOZHMO NPOBOJHUTbL TOJ,
rsrofi. C GOJBbIION OCTOPOKHOCTBIO HYXKHO paGoTaTh ¢ ¢TOpHCTO-
BOLOPOAHON n xJopHO# KucioTamu. Ilepsas MoOXer NPHUMHHTH
cepbe3Hble OXKOTH, BTOpas B3PHIBAaeTCs NP HArpeBaHHH B IPHCYT-
CTBHH OpraHMYECKHX BelllecTB. BEmapuBamue BCeX CHJIbHBIX KHCJIOT
¥ PacTBOPOB, COAEPKAUINX MAaXyyHe BEllecTBa, HEOOXOAMMO NPOBOAHTH
B BBHITSKHOM InKady, NpH OTMEPHBAHUU eKHX H sAOBHTHIX KuKocTe
HY’KHO TNOJb30BAThCS MEPHBIMH LMJIHHIPAMH H CNELHAJIbHBIMH [HIET=
KaMH.
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p ‘§ 11. Monroroska BemecTBa K aHaau3y

cnglpee};;ﬁ: YeM NPUCTYNHUTH K aHaJausy, 'H806X011HMO HOZ[FOTOBIfin HC-
I)YT G BellleCTBO. an STOM MOTYT BCTPETHTLCS .JABa caydan:

2) Tp 6ye?CH OHHeﬂeﬂHTb COCTaB KaKoro-inbo 4YHCTOro BelecTBa,
npeECTaggﬂ}};eI:‘lCH Haugn CﬁpellHPlH cocTaB 60JbIIOA Macchl Be].IIeCTBa'
€ro coboil 6o/iee HIH MeHee Heo >

AHOPDOILHYIO NIPHPOAHYIO

;ﬁg;;wﬂe.fi)ﬂ nl';)pHOJIYKT NDOH3BOACTBA, C TAKUMH OOBLEKTaMH gagora}gr
h ’ aHaJjin3e A, HIMTaKOB, LeM :
peH“ﬁ LA PyA, » LEMENTOB, CIJIABOB, I10YB, yn06-
3aKEm3:pBOM Clydyae MNOATOTOBKA BelIeCTBa K aHa/IU3y MOOJXKHE
ey TbCHA, OYeBHIHO, B QUHCTKEe ero OT BCE€BO3MOXKHBIX ﬂpPlMeCEﬁ
.e. NOJYYEHHH €r0 B XHMHUYECKH YHCTOM COCTOSIHHH. TBepJIbIe KpI/I:

q

Bo Bropom cayuae, mockospky B pesy/bTaTe aHafH3a HeGO/BIION |

gacsgg;(:B Bﬁemecma XOTAT = MOJNYYHTb NPaBHJIbHOE MPEACTAaBJICHHE
0 oo KTe OJILUIMX MACC ero (HanpuMep, Le0l NMapTHH Kakoro-1u6o
ponyKTa), Bakuefllell 3agaveli NOATOTOBKH BelleCTBA K AHANH3
Zgggfgggenonyqeﬂne Tak HasbiBaeMOR cpedueil npobo: ero, T. e Hp06bly
k3 3 ! g
P JIBHO xapaxrepnsymmen CPeAHHH COCTaB aHaNH3UpyeMO
~ Ounctka Bemectsa ot npumeceii. CymnoceTs oﬁepamm nepekpu-
CTaNIU3allMH 3aKNI0YAETCH B TOM, YTO OYHIIAEMOe BEIleCTBO pacTso-
PAIOT B BO3MOXHO MaJOM 'KOJHYECTBe TrOpsuell BOAHI NOJAY4eHHbI
pacTtBop GHIABLTPYIOT AAA OTHEJEHHH OT HepaCTBOpI/IM;:lX npuMeceil,
noc.rrlle 1ero GuIbTpar GHICTPO OXMAKMAIOT. P |
I I?:Tooxglamneﬂun PacTBOPHMOCTb BellleCTBAa OGHIYHO YMEHbIIAETCA
A Pasi 4acThb ero BbHIMajgaeT 3 PacTBOpa B BHAe KPHCTAJLIOB
APYTOH CTODOHMI, 3arpsi3HfiBIIHE BELIECTBO DPaCTBOPHMbIE B Bozié
[IPHMECH, MPHUCYTCTBYS B 3HAYHTEJIbHO MEHBIIHX KOJHYECTBAX, OGBIUHO
IDH OXJIaXX[IeHHH He BLIKPUCTAJIIM30BBIBAIOTCS, a OCTAlOTCH B MaTou-
HOM pacrBope. OTHeNHB KPHCTAMIBl OT 3TOrO pactBopa ¢uibrposa-

HHEM W MOACYWINB UX MEXAY JTHCTaMH QUILTPOBAILHON GyMard, mnoay- -

qamkli BeueCTBO B 60Jiee YUCTOM COCTOSIHHH.

. H:rna IpH OLAHOKPATHO! MePeKPHCTaNIH3aLUHH AOCTHIHYTh 3TOrO

MaTZAHZTCﬂ, Toraa ee moBTOpsioT 2—3 pasa, Berpeualores, OIHAKO,

M nsg JIBl, JllaxXe MHOTOKpaTHasi NEePeKPHCTAVIH3ALH$ KOTOPHX He

gacnfm K UenH BCIEACTBHE TONO, YTO COOTBETCTBYIOWLAs NPHMeCh

ZellleCT}:;T 1; 6nocrpoenpml KDUCTAAJIMYECKON pellieTKH O4YHIIAeMOro
, pasys ¢ HHM TakKk Ha3bIB

Belllect aeMble  CMEWaHHble Kpu-

. Hﬁggre TIEPEKPACTA/IIH3ALHHA JJ1s1 OYHCTKH TBEP/bIX BELIeCTB HHOTA2

p 0T TaK HasbiBaeMyio cybaumayuro, uan eoszenxy. Ipouece

OYHIlaeMOe BellecTBO: '(HanpH-
Mep, HOA) NPHU HarpeBaHHH, He MIABSACD, NepexoiHT B nap, Npu ox.uagx-
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7IeHHH KOTOPOTO CHOBa 0GDa3yIOTCS KPUCTaJbi, YXKe CBOGOIHbIE OT
"HeJeTyunx Npumeced.

JKuakocTH OT pacTBOPeHHBIX B HHX TBEDAbIX BelleCTB OUHILANOT
IyTeM NepezOHKU, HMH OUCTUAAAYUL; TIPAMEPOM MOXKET GHITE O6Lie-
u3BecTHBI npouece puctuansuuu Boxs, GeCli u mp.

CMecd XHIKOCTel, B YAaCTHOCTH OPraHHYeCKHX, Pa3/ensioT nyTeM
dpobrod, uin ¢paxyuonnot, neperonku. IlogpoGuee ona paccmarpH-
BaeTcs B NPAKTHUECKHX PYKOBOACTBAX MO OPraHUYECKOH XHMHH.

Ort6op cpeaneit npo6ul. Jta onepaius HMeeT BeCbMa BaxXHOE 3Ha-
yeHHe, TaK Kak OT Hee 3aBHCHT OoJiblllee WJIH MeHblllee COOTBETCTBHE
Pe3yJbTaTOB aHa/iu3a JeACTBHTEJbHOMY COCT2BY aHaJH3HpYeMOro
o6bekra. Ilpn HenpasunbHO OTOGpaHHOH cpennedl npoGe caMblfi TIIa-
TeJbHBIt M TOUHO BHIIOJHEHHBIfl aHAIH3 BelecTBa TepsieT CBOIO LeH-
HOCTb, ' '

Texnuka oTGopa cpeaHeil nmpoGH B OTHEJbHHIX CiayyasX, B 3aBH-
CHUMOCTH OT arperaTHoro COCTOfiHMA MaTepHaja H Jpyrux ero
CBOMCTB, MOXeT ObITh COBeplieHHO pasnnuHod. [lns Kaxjoro THma
aHAMM3MPYEMOTO MaTepHa/la CYHIECTBYIOT Cleli#a/ibHbie HHCTPYKIHHA
M0 MPOBeJEHUIO TON OTBETCTBEHHOH ONepalHH, COCTABJEHHBIE C Yde-

"TOM cneuu(})ﬂqecxnx ocoGeHHOCTeR B3SATOTO MaTrepuaja, ero KoJinue-

ctBa, HasHaveHus ¥ T. 0. CoOTBeTCTBYIOIHE HHCTPYKUHH NPUBOXATCS
B PYKOBOACTBAaX MO TEXHHUECKOMY aHanu3y. 37ech Heo6XOIHUMO YIIO-
MAHYTh Junib 06 oflleM NpHHLHNE, JeXallleM B OCHOBe or6opa
cpenHell npoOHL.

TIpWHIMD 3TOT 3aKMI0YaeTCs B TOM, 4TO CpedHAs npoba Q0AMHA
6biTy COCTABACHA U3 BO3MOXCHO Goabulezo uucaa nopyull eeujecrsa,

83ATbIX C08EPULEHHO NPOU3BOAbHO U3 pas3nblx TO4EK ucmedgemod napruau.

UYro6bl MOHATH NPHUMHY 3TOTO, CElyeT HMeTb B BHAY, YTO CHIDbE,
‘KaK NPaBHJIO, HEONHOPOIHO. B pasiWYHBIX CBOMX UacCTAX, KyCKax H
KPYMHHKAX OHO MOXeT B Npele/iaX NaHHOH nMapThA 6uITh BecbMa pas-
JWYHLIM 10 cocraBy. OueBuaHO, 4eM GoJibllie YHC/IO [OPLUHA JAHHOTO
BelllecTBa, OTOGPAHHBIX H3 DA3HBIX €ro uacTell MM KYCKOB, GepyT AJs
COCTaB/eHHs1 CpeflHei NMpoObl, TeM OoJjbllle GyAeT BepOATHOCTb TOTO,
YTO BCe CaydallHbie OTKIOHEHHS OT CPELHEro B Ty HJH HHYIO CTOPOHY
KOMNEHCHPYIOT APYT ApYra, H COCTaB B3ATOH MPOGH npUGIUIUTCH
K CpefHeMy COCTaBy aHaJH3MPYyeMOro BellecTBa. '

[Tonyuennasi TakuM 0o0pasoM nNepBHUHaf CPEAHAA npofa eie He-
TNPHrofiHa JJIsi HENMOCPEACTBEHHOro aHajM3a, TaK Kak OHA M CJHIIKOM
BeJHKA H OYeHb HeoXHOponHa. [TosTOMy ee H3MenbyalOT (B pesynbrare
Yero yBeJMUHBAETCS OJHOPONHOCTb BEleCTBAa) M JeNAT Ha 4acTH, Ha-
NpAMep. K8apTosaruesm. IDTOT NpHeM 3aKjOyaercd B CleLylOlleM:
Kyckn 0TOGDAHHOM, KaK OMMCAHO Bhillle, TEPBHYHOM CpelHed mpoGH
cHauana W3MeNbYalT MPHMEPHO /0 PasMepoB rpPelKoro opexa, nepe-
MEIIHBAIOT H PACKJIajfbiBAalOT POBHBIM CJIOEM TaK, YTOGBI NOJYYHJCA
kBagapaT. Ero fensT AvaroHalisMH Ha YeTbipe TPeYrosibHHKA, NpHUEM
(CONepHKHMOe 1BYX NPOTHBONOMOKHEIX TPEYroJbHAKOB OTOPAChIBAIOT, &
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ABYyX JAPYrHX COERHHAIOT BMeCTe, MOCJE Yero nojasepraior IlaJinEI:I-
meMy H3MEJJNbYEHHIO.

IlosyueHnbli IPH 5TOM 3HAUHTEJBHO GOJlee OJHOPOLHbIH marepnan

CHOBa MNOABEPralT KBAPTOBAHHIO N H3MeJbUYeHHIO 0 Tex nop, moka -
b4

He OCTaHercs Okoso 25 e (mHorza u GoJblie) BelIeCTBAa. 3aTeM ero
0COOEHHO TIMATE/NBHO H3ME/NbYAIOT H NOMEILAlOT B GaHKY c IpHTepTOH
npobxoit. M3 nosmyyennoro TakuM 06pasoM BecbMa OJHOPOIHONO MaTe-
puana GepyT B JdajbHeHIIeM HaBeCKH AJsd aHanau3a.

B HEKOTOpBIX Cilly4asiX npH ~H3MeJbYEHHH MOXKET NPOHCXOLHTE
H3MEHEHHe OIpelesiieMOro BelleCTBA: OHO MOKeT OKHCJASTLCS HJH
YaCTHYHO TepATb KPHCTALJIH3ALHOHHYIO Boxy. HJasi mpepynpexmenns
3TOT0 PEKOMEHAYyercsl H3MeJbueHHEe MPOBOAHTHb GHICTPO; MHOrAA Belile-
CTBO M3MEJIbYAIOT IO CAOeM XKHAKOCTH, 3alAIAWlefi ero or mei-
CTBHA BO3ZyXa.

Basitne cpemneft npoGe MeTalJ0B M CIIABOB ONHCAHHBIM METOLOM
HeBO3MOXKHO. B 3toM ciiyuae npo6y Gepyr B BHAe CTPYXKeK HJIH ONAJIOK
0cOGBIMA METOJAMH, KOTOpble OGCYXKIAIOTCS B CHeUHaIbHbIX PYKO-
BOJCTBAX.

§ 12. Ma’regna.nbl, NpUMeHsieMble AJS H3TOTOBJIECHHS
Jaboparoproit nocynsi. lloaroroBka nocyap K ananusy

HanGonee Baxnoe 3sHauenye npm paGoTax [0 XMMHYECKOMY aHa-
JIM3y HMeeT CTeKAsHHas nocyxa. Kpome Hee, NIDHMEHSIOT TaKkKe Nocy 1y
v npubopsl u3 dapdopa, KBapua, nIaTHHL, cepebpa H APYTHX Mares
pHaJOB.

Crekao. Crekn0 no cBoeMy cocrtaBy GbiBaer pasamunbiMm. He Bes-
KO€ CTEKJO NPHUTOAHO M/ XHMHYecKHX pabor. Jlyymum coprom
fAIBISAETCA KaPOCTOHKOE CTeKJO (TaK HasblBaeMOe MHPEKC), OTIHYAIO-
lueecsi CPaBHUTELHO MaJsbM KOS(GHUHEHTOM DaCIUMDEHHs, BHICOKOH
TeMNepaTypoH pasMAruyeHHs # GOJBLION XHMHYECKOH YCTOHUHBOCTBIO.
XoTs KapocTolfiKoe H APYTHe yCTOMYMBEIE COPTA CTeK/Ia JyulIe compo-
THBJISIIOTCS  paspyllaiouieMy JAeHCTBHIO DAa3/HUHBIX DPAaCTBOPOB, UeM
0ObIYHOE CTeKMO, BCe JKe BOJA W DACTBOPH, 0COGEHHO TopsuHe, mefi-
CTBYIOT M Ha CTEKJO 3THX COPTOB. ’

HanGonee cunbio paspymaior CTek0 enodHble PacTBOPL; KAC/HE
pacrBoph (kpome conepxawmux HF) nefictByior na Hero nake ciaGee
geM 4YHCTasi BOjA. , '

[Tpn narpeBaHHH BCeX CTEKNSHHBIX H3JENHII HEOGXOAMMO H36eraTh
PE3KOTO HM3MeHEeHHS] TeMIepaTyphbl, a TakKe HePaBHOMEDHOIO Harpe-
BaHHs MX B Pa3HbX Yactsx *. HarpeBarh CTeK/sHHbBle COCYABI CTeIyeT
TOJIbKO Ha acOeCTHDOBAHHON CeTKe, HO He HA roJioM OTHe.

* BOnbluasi HAH MeHbIUast uyBCTBHTENBHOCT K Pe3KHM KOMeGaHHAM TeMIepa-
TYPHl 3aBUCHT OT copra cTekaa. Tax, crexsia mapok B-2 u Ne 846, us xoropuix 8 60/b-
ITHHCTBE C/IYYaeB MPUTOTOBJSETCH XHMHUEcKas ToCya, Bbuiep)xnnaxo'r 6bIcTpOE
oxaaxnende or 120—140°C go xomHaTHON Temmnepatypbl. CTeK/NO MHpeKC He 'paCTp e-
CKHBAETCA TpW pPe3KOM oxJaxiaeHud o1 220—240°C o KoMHATHOX TeMHepaTygu.
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dapdop. ®apdoposas nmocyna (THLIM, HallKH, CTAaKaHE H np.)
BBIIEPXKHUBAET CPABHUTENBHO BBICOKYIO TEMIEPATypy. ®apdop ycroil-
4yHB K AefCTBHIO llejoueil U APYTHX DEaKTHBOB. OpHako npu cujaBJjie-
HUH BEIIECTB CO IeJouaMM WIH KapGonatamu (apdopoBhie TUIH
(M vamIKK) YaCTHYHO Pas3pyLIAlOTCH, W MPOAYKTHL STOrO paspyulenns
B JajibHelilieM MONAajaloT B aHAJH3HPyeMbiil PacTBOP.

Uaule Bcero B naBopaTopHOil NpakThKe yrnoTpebasiorcs dapgo-
pGBbi€ THIJIH, PHMEHAEMble OObLIYHO JJIsl TPOKANTHBAHUA OCA/IKOB. OHu
B JOCTATOYHOH Mepe YyIOBJAETBOPSIOT TPeGOBAHHUAM, TPENBABISCMLIM
NpH aHanu3ax cpelHeil TOUHOCTH. [ljisi OGojiee TOYHBIX aHANH3OB Heol-
XOJINMO HCINOJb30BATH NJIATHHOBbLIE THUIJIH.

Ksapu. Bo MHOTMX cilydasix BMECTO CTEKJSHHOH MOCyZIbl NpuMe-
HSIOT NOCYLy M3 NjaBneHoro ksapua. Oua upe3BEIYaiHO YCTOHYMBA
K DEe3KMM H3MEHEHHAM TEMIepaTyphl; KBapll MABHTCS NpH BLICOKOA
temneparype (okomo 1700°C). Exkue mesnoun u Haxe KapOoHaTHt
LleJIOYHBIX METaJJoB pa3pyllaloT KBapleBOe CTeKJO0, KHCJIOTHI XKe
na mero ne neiictylor (kpome HF u oruactn HsPO.).

Manenust U3 NIaBJEHOrO KBapia ObBalOT ABYX COPTOB: NpO3pal-
HBle, Nogo6HO CTeKay, H NONynpo3payHble.

Mlnatuna. BeaenctBue oueHb MaJsiofl XMMHMYECKONH AKTHBHOCTH H
BHICOKOHl TeMneparyphl mnasienvsi (1770°C) nuaruna fBASETCs UEH-
HefllUMM MaTepuajoM [N M3TOTOBJIEHHMs Da3JMUHBIX: XHMHYECKHX
npHO6OPOB M COCYROB (TUIJel, yallek, 3JeKTPOAOB JIsi 3JeKTporpa-
BHMeTPHUECKHX onpejenennit U T. A.). Onnako, HecMOTps Ha 60J1b11Y1IO0
YCTOMYHMBOCTb IUIATHHBI, XJI0P, GpPOM, lapcKas BOIKA (cMecb KOHLEHT-
puposanseix HNO; n HCI), enxune mesoun ee paspyliaior. [lnatuna
o6pasyeT CIJIABBl CO CBHHIOM, CYpbMOH, MBIIBAKOM, OJIOBOM, cepeb-
poM, BHCMYTOM, 30s0ToM M ap. CoelMHEHHs YKa3aHHBIX 3JEMEHTOB
B NJJaTHHOBOJ TOCYJe HarpeBaTh HeNb3fl.

[aaTHHAa COELMHSETCH ¢ YIJepoaoM, KpeMHueM H ¢ochopoM, NmpH-
yeM CTAHOBHTCS XPYNKoil W ObicTpor oMaercs. [losToMy IIaTHHOBYIO
Nocyly Hesb3sl HarpeBaTb Ha CBeTALIEMCs (xonTameM) IJIaMEHH
ra3oBOfi FOpeJKH; HArpeBaHHe ee C/eLyeT BeCTH TaK, 4TOOb BHYTpeH-
HHI CHHHIl KOHyC NJIaMeHH, COJAepKalluil Yr/JeBOLOPOMLbl, HE KacaJcd
IHa cocyaa (Turis, 4amiku u 7. 0.). IlrartuHoBble THRIK NpH NpPOKa-
JMBAHHH B HUX OCAafKOB 6epyT IIWNIAMH C HHKEJEBbHIMH WJM IaTH-

. HOBBIMH HAKOHEUHWKAMHM W MOMEILAIOT B TPEYrolbHUK U3 MeETaja/n-

yecKoil TMPOBOJIOKH, Ha KOTOPYIO HajleThl (apdoposbie TpyOKH, 3allH-
Hmalomue NJaTHHY OT CONDHKOCHOBEHHSI C METajjIoM, M3 KOTOpOro
clienaHa NPOBOJIOKA.

[MpuMeHenye IUIATHHOBOH MOCYABl CHIBHO OTPaHAYEHO €€ BecbMa
BLICOKOH CTOHMOCTBIO.

Moanarunen. B Hacrosuee BpeMss B Ja6OpaTOpUsIX NPUMEHSIOT
nocyly H3 NOJM3THAeHA. BaxueduwnMm ee NpenMylleCTBOM SABJIAETCHA
XUMHPYecKas YCTOHUHBOCTL K peakTHBaM, B TOM uHCae K (TOPHCTO-
Bonopon,ﬂoﬁ KHCJI0TE.
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caH:;crora n%cynu. [lepea nawanoM paGoThl MO3HAKOMbBTECH MO cnu-
norpeﬁygrc);qeﬂ anHKe C TeM, KaKasfd 1ocyla H B KaKOM KOJIHUeCTBe
I naHHOro ompenenedus. Heo6xoaumyio noc
TeJbHO BHIMOFTE. yay Tia-
3Ha:{lucmTannocy;uﬂ HMEeT IJIsi KOMMYECTBEHHOTO aHAJIN3a OTPOMHOE
enne. Ilocyna Moxer ObiThb Ha3Bana uMCTON, €CAM Ha Hed
CaMOM BHHMMATeJIbHOM DPAaCCMOTPEHHH Henb3s 3a;v1ermb xaxmyl ngn
3arpsi3HEHHH U €CJIH BOAA CTEKAET CO CTEHOK ee POBHO, HHUTE HeX—M .
asa Kaneab. Iloasneune Kanenbr HaGmonaercs B Tex, ca lllzasxx orta
NOBEPXHOCTh CTEK/a 3arps3HeHa KUPOBLIMH Bemecma{m' ﬁkuocmra'}
CTBHE 3ITHX BEIeCTB KpaiHe HEXeJaTeNbHO, TaK Kak Bbu’lazxeﬁonfue
_xcl}?gmpe;g;::; OCaJKH OOBIYHO OYEeHb IVIOTHO MPHJIHMMIAT K XKHPOBOMY
, CTBHE Yero MepeHecenHe WX Ha QHALTP CHJ
Hserca. OcoGeHHO BPENHO 3arpsA3HEHHe XKH b i o
pOM COCYHOB aJs TOYHO
u3MepeHua o6beMOB, TaK KaK NPH BLLAMBAHUH i
€€ OCTaeTcsl Ha CTeHKax cocynapn BHIE Kanenfuﬂién;iglé:gngﬁqaCTb
CTAHOBHTCS! HETOYHBIM. pena
CTEKJIHHHYEO nocyny mowoT crepytomum cnocobom. [Ipexcme Beer
B OTMBIBA€MBIH COCYH HAQJHMBAIOT FOPAYYI® BOOY M TIIATENLHO OTTH(3
paefo'r €ro BHYTPH H CHApPYXH OCOGHLIMH [/ KAXKAOTO BUIA nocy bl
ma CTTI;%MH (epmamu). 3atem 31y onepaumuio NOBTOPSIOT, 3aMEHUB BOAY
p POM Mpl1a HJH COAbL, IOCJAE 4YEro XOPOIUEHbKO NPOMBIBAIOT
cocyn BomompoBOxHOK Bomo#h. Ecau Takum cnocoGom He yaaercs
XOpoWO OTMHITE COCYJ H Ha ero BHYTPEHHHX CTEHKAX OCTalOTCS KAy
€ro MOIOT TaK Ha3bIBAEMOH «XPOMOBOJ CMECBIO», T. €. CMEChIo BOlIHOI‘O’
ﬁig;g(;g; jnﬂxpomam kanus KeCryO; ¢ konueHTpupoBaHHOI cepHoit
- HJSl 3TOTO, HANHB XPOMOBYIO CMeChb B OUHMIIAEMbIfl COCYJ
XOpOILI€HbKO CMAYHBAIOT BHYTPEHHHE CTEHKH COCYAa H OCTABJSIOT ﬂz;
ggxza;(;poe BpeM1. Hoc.rie 3TOrO XPOMOBYI0O CMECb CHEAYET CJAHTH
MH;())FO ga ; ColepXkalluH ee COCYH; OHAa MOXET YHoTpe6asTbes
HOCZ}O/!:SyﬂCb xXpomosoii cmecero, Hado cobawdare 6onbbuj/fo 0CTOPONC-
o » TAK KaK CMeCb MOXeT NPHYMHHUTb OXOIM U NPOKeUb O
CIH XpOMOBasi CMecCb NOHana Ha PYKH HJAM Ha JHIO HQOﬁXOﬂHM};).
NoCTpafaBiliee MeCTO TOTYAC K€ [POMBITH GOMbIIMM 7K0er{ecm
Bong, a sareMm pacrBopom NaHCO;. o
e :IeC:O xpoyOBon CMECH MOXHO YNOTPeGAsATh /ISl MBITbS MOCYZIbI
paBHBIX 061,5:Mos npubausurensno 0,1 H. pacrsopa KMnO, u
;((ONH‘IéGOHTpHpOBaHHblH HeSO;. Ynotpebasior Takxe menouxoi pacréop
X )Knpéé ;nzﬁ;gl;ble pacrBopnt ' KOH uau NaOH m np. Jdas ouncrku
on xup qay CEro NMPUMEHSTb PACTBOPHI €AKHX IMeaoyedt. B oraenb-
y4asx MOXKHO NPHMEHATb CHHTETHUeCKHe MOIOLIME. BeleCcTRa.

*
NSt : ¥
56 eﬂﬁnxprgmr;):omeﬂnﬁ XpoMoBoii cMecH B (apdopoBOM CTakaHe pACTBOPAIOT
poscro pamen looxanna KaCr:0; 8 10 x4 BoAW M B noayuenHsiit pacTBop OCTO-
T M4 KoHIentpuposanHofi HeSO4 (w0 ne Haobopor!),
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MMocse oxonuyanust 06paGOTKH XPOsOBOH CMECHIO (wau mPYrHMH
HA3BAHHBIMH BbILIE€ PEaKTHBAMH) COCYyA C/eiyeT TIlaTesbHO BBIMBITH
BOZONPOBOAHOH BOJNOM M, HAKOHEN, OMOJOCHYTb K3HYTpH HECKOJIbKO
pa3 HEeGOJBIIMM KONHYECTBOM (5—10 M4) IMCTHIIHPOBAHHOH BOJLI.
BuiTHpaTh cOCY] H3HYTPH [OJOTEeHUEM He ClelyeT, TaK Kak IpH
5TOM OH HeH3GexHO CHOBa 3arpsisaurcs. BooOlle XHMHHYECKYIO MOCYAY
BLITHPAIOT TOJNILKO CHAPYXH, eC/lH XK€ OHa J0JKHA ObiTh CyXOl TaKXe
W BHYTPHW, €€ MOMENaioT B CelHaTbHO MNpefHa- ‘
3HAUCHHBI [/ 3TOH HEJH CYMHJbHBIHA wWKad,
oorpeBaeMblil ra30BOH FOPEJIKOH WM 3JMEKTpHIE-
cKuM TOKoM. ONHaKo OGBIYHO B 3TOM HeT HeoO-
XOIUMOCTH. )

Wroraa Ajis OYHCTKH nocyAs npuberaior K
nponapusanuro. Jlas sroro ounllaeMblil COCYL
pnagepator Ha TPyOKy NOKa3aHHOro Ha pHC. 11
npubopa, depe3 KOTOPYO B HET0 NOCTyNaer
cTpya napa H3 KoJOH ¢ gkunsmen soxnoil. Kon-
AeHCHpyloLlasicsl Ha CTEHKax cocyla BOAa cTe-
KaeT uepe3 BOPOHKY 00paTHO B KOJOY. [1pomna-
pHBaHHe [POJOJIKAIOT ~ IO Tex 1mop, Ioka
Ha CTEHKaX OUHMIlaeMOro cocyla yxe He Gyner
3aMeTHO -Kanesib. Ilpu 3TOR omepauuu KOCTH-
raercsi He TOJbKO TulaTejbHas OYHCTKA COCyAa,
HO ¥ BhillleJaydBaHHe U3 CTeKJa pacTBOpH-
MbIX COCTABHBIX YacTeil ero, 4To HHOTAa HeobXxo-
LHMO. ‘ :

dapdopoBble THFIH, B KOTOPHIX MPOKa/IHBA-
JOT OCagKH, O4HILAIOT ropsiueil pa3baBieHHOH

(1:1) consnol KHCNOTOH, 3aTeM XPOMOBOH p.. |y riponapusa-
cMechio 1 Bonoi. Hepenko npu aTOM ocaiké (Ha- uye crexasnnoii no-
npumep, Fe:0; CuQ), okpammusaioune THrejb, CY AL
yIaJHTb HE yJlaercs, TaK KaK OHHM CIVIABHJHCD

¢ raasypolo papoopa. Onnako TaKue THLIH MOXHO ynoTpebasits 114
HajpHelinell paGoTH. :

TlnaTHHOBHE H31einsi (THIJH, YAlUKW H T. 1) AOMKHbI ObITh NMpej-

. BapuTeAbHO ounmensl. Mx MOIOT ONHOM CONSIHON MJIH ORHOM Aa30THOW
kucaoToin (Ho we cmecoro ux!). Ecnu Takas OuMCTKa HE NOMOraer, To
B TNATHHOBOM COCYJe PacliaBislOT MHpocyabdaT Kamus M LepKar
ero B paciiaBieHHoM coctosiun 3—10 mun, 3aTeM pacnJjaBJeHHYIo
Maccy BBUIMBAIOT HA CyXOH KaMeHb HJIH Ha META/THUYECKYIO NJ1aCTHHKY,
a NJaTHHOBHLIE cocya 06pabaTHBAIOT CONSHOM KHCJIOTOH.

§ 13. OwnGKH B KOJANYECTBEHHOM aHAJH3E -

C Kako@i 6Bl TUATEJbHOCTbLIO HH NPOBOANAOCH TO HJIH HHOE KOJAH-
YeCcTBEHHOE onpejieneHne, HOJIy‘IEHHblﬂ pesynbTaTt, KakK NnpaBuo, BCeraa

AN



48 I'arasa 1. Bsedenye

HECKOJIBKO OTJIHYdeTcs OT MeHCTBHTENbHOro CONepXKaHHA Onpesens-
€MOro BEHIECTBA, T. €. COAEPKHT HEKOTOPYIo Ouwru6Ky.

Ilo cBoemy xapakrepy omuGku anannsa noapasfensioTCA Ha:
1) cncremaruueckne omnbku; 2) cayuaiinse OwHOKH; 3) npomaxu ‘

Cucremartnueckue omuGxw. CucreMaTnueckuMu omu6xamu H2;3bl-
BalOT NOrpelrHoCTd, OXHHAKOBbIE 110 3HAKY, NPOHMCXOMALIHE OT ompe-
ACJEHHBbIX NPHYHH, BJAMSIOMHUX Ha De3yJbTar Jubo B CTODOHY YBeJH-
UeHHs; JHGO B CTOPOHY yMeHbIIeHHs ero. CHCTeMaTHuecKue OILIHOKH
MOXKHO OGbIUHO NPENYCMOTPETb H YCTPAHHTb HX HJIH Ke BBECTH COOT-
BETCTBylOlKE MOUPaBKH. OTMETHM CJIeNyIOINHEe BHIB CHCTEMATHYECKHX
OLIHGOK.

Or;uuéxu METOLMUYEeCKHE IDTH OWHGKH 33aBHCAT OT OCOBEH-
HOCTEH NpPUMEHSEMOro MeTOJa aHANH3a, HANPHMEepP OT He BIOJHE

KOJIHYECTBEHHOTO NPOTEKAHUSA pE€akKUuM, Ha KOTOpOﬁ OCHOBaHO onpe- ‘

AEJIEHHE, OT YACTHYHOH PACTBOPHMOCTH 0CAaNKa, OT COOCAMKIEHUS BMe-
CT€ C HUM DAas/IMUHBIX NMOCTOPOHHHX TpPUMeceil, OT YACTHUYHOrO paauo-
KEHUA MM YJeTYUHBAHUSI OCALKA TPH [POKAJHBAHHH, OT THTPOCKO-
[HYHOCTH IIPOKAEHHOro 0CajKa, OT TEYeHUs] HAPSAY C. OCHOBHOM
PEAKIHEH KaKHX-IMOO0 MOGOYHBIX PEaKLMil, HCKAKAIOILHX pesyabratsl
THTPAMETPHYECKUX ONpeLeseHHH, OT CBOHCTB NMPHMEHEHHOTo IPU THTPO-
BalNK MHAMKATOpPa H T. 1. MeTonHYecKHe OWHGKH COCTABTIOT HaH-
Gosee CEPBE3HYI0 NPHUYMHY HCKAXKEHUS DPe3yJbTAaTOB KOJHYECTBEHHBIX
ONpeneneHui, yCTpaHUTb UX TPYILHO. '

Owu6xn, sasucsamue ot npuMensaeMbXx npubopos
H pearTuBoB. Ciola OTHOCATCH, HaNpuMep, OWHGKH, CBSI3aHHLIE
C HEDABHOMJIEUECTDIO HJIH HEAOCTATOUHON TOYHOCTHIO BECOB, C yrnotpes-
JIEHUEM HENPOBEPEHHBIX PA3HOBECOK MJIH COCYIOB 1JISi TOYHOLG M3Me-
penns o6bemoB. K 310l ke KaTeropuu oTHOCATCS OuIM6KH, NPOHCXO -
lune B pesysbTaTe 3arps3HEHHs PAacTBOPa NPOLYKTaMH paspyumenus
CTe€kaa uan ¢apdopa, U3 KOTOPHIX cresana TpUMEHsieMas MpH aHa-
JIU3€ MOCyAa; OWHGKH, NPOHCXONAIHE OT MPHCYTCTBUS B ynorpeb.isie-
MbIX DEaKTHBAaX ONPEeJeNsIeMOTO 3/J€MEHTAa WJH BEL(ecTB, MeL alo LUK
ONpeeNenuIo. :

Own6ku onmepartusuble. OneparuBuble omuGKHu IPOUCXOMAT
OT HENpPaBHJIbHOTO HJIM HEIOCTATOYHO TIIATENLHOTO BHIMOJHEHHS] AHA-
JIUTHYeCKHX onepaumuil. Cioma OTHOCHTCSH, HANPUMEP, HENOCTATOUHOE
IpOMbIBaHHE OCANKOB, NPHBOAALIEE K INOCTOSHHOMY 3aBLILICHHIO pe-
Sy/JbTaTOB, WHOrJa — H3JUIIHEE MPOMBIBAHHE OCAJKOB, npUBOASsiLIEE
K cncremarndeckum notepsam. CucreMaTdyecKue omMGKY MOSBISIOTOS
_TAKXKE B peay/bTaTe HENOCTATOYHOM WM YUPE3MEPHOHN IIPOIONKHTE ] b-
HOCTH NPOKANUBAHMA OCAJKOB, HEJOCTATOYHO TIATEJIbHOIO nepeHece-
HHA OCaAKOB M3 CTAKaHa B THTeJb, HENPABHABLHOIO CNOCOGA BHUIHBA-
HHUSl DACTBOPOB M3 MHIETOK H T. I

Own6ku wunnuBmayaldbuse ST owubxru 3aBHCAT OT
MHIHMBUAYANbHBIX OCOOEHHOCTEN CaMOTr0 aHAINTHKA, HafnpHMep OT ero
HECOCOGHOCTH TOYHO YJaBAHBATD MOMEHT nepeMeHbl OKPacKH HNpu
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TUTPOBaHUH, U T. A. K HHAMBHAYyanbHBIM owuGKaM cjefyeT OTHECTH
TakXe TaK Ha3blBaeMble ncuxoso2udeckue owubkru, 3akaoyaloUluecs
B HEKOTODOH NpEeAB3ATOCTH, YACTO BCTPevamouefica y crysentos. Ha-
npHMep, NPH MOBTODHHIX B3BEIIMBAHHUAX MWJAH THUTPOBAHHMIX H3 JIBYX

- CMEXKHBIX JeJIeHUH LIKaJbl BeCOB MJH 6lOpeTKH * CTYAEHT HEpeaKo CTa-

paerca 6paTh He TO JeJeHHe, KOTOpOe OJiMXKe MOAXOAHT K ONpelessi-
eMbIM Macce M1H 06beMy, a TO, KoTopoe GoJee COBIANaeT CO CAe/NaH-
HBIMH paHee oOnpefejeHUsMH. PasyMmeercs, 3TO TOJbKO CHHIKaeT
TOYHOCTb Pe3yJbTaTOB aHa/NH3a, a IIOAYAC MOXKET CAeNaTb HX H BOBCE
HenpHeMJeMbiMu. [103TOMYy HyXHO mocTaBUThb ceGe 3a PaBHIO — OLITh
KaK MOXHO OODLEKTHBHOE H He [ONMYyCKaThb HHKAKOH NpeaB3siTOCTH IpH
OLEHKe Pe3y/bTaToB OMLITA. i

OmnbkH, 3aBuCALME OT NPUMeHSeMbIX NPHOOPOB ¥ PEAKTHBOB,
onepaTHBHBIE M HHAHBHAYaJabHble, MOTYT OBITb YYTeHHI M CBEIEHH
[0 HHMYTOXKHO MaJ/IblX BEJMUHH.

Cayuajinpie own6ku. ChyuafiHbIMH HA3bIBAIOTCS HeONpeleseHHble
N0 BEJHUMHE M 3HAKy OWIHOKH, B INOSBJIEHHHM KaXKAON H3 KOTOPHIX He
HabJaonaeTcs Kakoi-1mu6o 3akoHoMepHoctH. OHM MOTYT 6biTh, HamnpH-
Mep, BbI3BaHbl H3MEHEHHEM TEeMIIEPATyphl, BJIAXKHOCTH BO3AyXa, CJIY-
YalHbLIMHE TIOTEPSAMH BEIleCTBAa W T. H.

Cayuafinble OIMGKY NPOUCXOAAT NPH BCSKOM H3MEPEHHH, H B TOM
qHcae TPH JI060M aHaJHTHYECKOM ONpeeJeHHH, KaK GObl THIATElbHO
OHO HU npopoauJock. Hajmnune X ckaspiBaeTcss B TOM, 4TO MOBTODHLIE
ONpENeIeHHs1 TOTO WJIH WHOTO JIEMEHTa B JIaHHOM 00pasiie, BHIMOJHEH-
Hbie OJIHHM H T€M Xe MeTOAOM, Aai0T, KaK NPaBUJO, He OJUHAKOBhIE,
a HECKOJIbKO DasjiMyaloulHecss MexAy co0OH pe3ysbTaThl.

B ornnHuMe OT cHCTeMaTHYeCKHX OHIMGOK C/aydafiHble OIUHOKH He
MOTyT ObITh yuYTEHbl HWJIM yCTpaHeHeHH BBeleHHeM KakKHX-Ju6o mompa-
BoK. OnHako OHM MOTYT ObITh 3HAYHTENbHO yMEHbLIEHH IPH YBeJaH-
YeHHH uHCcJAa MapajyieJbHBIX OnpededeHHH (cM. HuXKe). Bunsanune
cayualiHbIX OMMOOK Ha pe3yJabTaT aHa/M3a MOXeT OBITb YUTEHO Teo-
pernueckH, nyteM o0pabOTKH pe3yJ/ibTaTOB, MOJIYYEHHBIX B CepHH Ma-
panJjeJbHbIX ONpefeNeHUH AAHHOTO 3JeMeHTa, C HOMOLUBK MeTOA0B
MaremMaTHueckoil cratuctuku (cm. § 14).

Mpomaxu. TIpomaxamu HasbiBalOTCA rpy6bie OWMOKH, CHABHO HC-
Kaxaromue pesyabTaT aHanusa. Ciofa OTHOCATCS,, HaNpHMep, OWHGKH,
3aBHCAlIHE OT HeNMPaBWJbLHOrO NOACYETa Pa3HOBECOK WJHM OTCYeTa MO
{IKaJe BecOB IPH B3BEIUHBAHHHU, OT HENPABHJIBHOFO OTCYETA MO IIKaJe
610peTKH NPH THTPOBAHMH, OT IIPOJHBAHHSI 4aCTH PacTBOpPa HJH IpO-
ChIIIaHWsl 4acTH oOcajka MNpH onpedeiedHd H T. n. M3-3a mpomaxos
pe3yJbTaT JaHHOTO ONpeJeseHHsl CTAHOBHTCSH HEBEPHBIM, H NOTOMY OH
oTOpachiBaercs NPH BLIBOAE CPEJHEro M3 CepHy IapajliesbHbIX Onpe-
neseHuit.

* Biopetkoil Ha3piBaeTcs H3MEPHTENIbHbIA COCYA AJIA MHAKOCTeH, KOTOPBIM IOJb-
3YIOTCS NPH THTPOBAHHHU, ’

~
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NMpasuabHOCTL M TOYHOCTL (BOCNPOH3BOAMMOCTL) anaamnsa. [lox
NPAaBUJbHOCTBIO B aHaJH3e NOHHMAIOT GJAH30CTb MOJYUYEHHOTO PeE3yb-
TaTa K HCTHHHOMY 3HaueHHI0. TouHOCTh pe3yibTaTa — 3TO €ro BOC-
NpOH3BOLHMOCTb, KOTODAs XapaKTepH3yeTcs pasbpocoM psifia OTHENb-
HbLIX H3MEPeHHH, NpOBeAEeHHHIX OJHUM H TeM Xe MeroaoM. Pas6poc
OlEHHBAETCA 1O OTHOLIEHHIO K CPeAHEeMYy pe3yJbTaTy H3MepeHuil WiH
K HCTHHHOMY 3HAYeHHIO ONpeflessieMON BEJIHUHHBL

CrefoBaTeNbHO, aHAJIH3 CUMTAETCS BHINOJHEHHBIM TeM GoJiee TOUHO,
ueM MeHbllleé Pe3yJbTaThl NapasjieNbHHX ONpefeseHHil pasiudaioTCs
MexJy coboi, T. e. 4ueM Bblllle BOCHPOH3BOAHMOCTb.

Cnenyer 3aMeTHTb, YTO 3Ta TEPMHHOJOTHS He ABasercs obwenpuuaro. Tak, Ao
CHX TIOD BMeCTO TEPMHHa TOYHOCTb B XHMHMUYECKOR JIHTEPATYpe YacCTOo NPUMEHSIOT
TEPMHH 80CAPOU3IBOOUMOCTb, A BMECTO TEPMHHA NPABUALHOCTL TOJb3YIOTCS TEPMHHOM
‘TO4HOCTb. B wacTHOCTH, TaKas TepMHHOJOrHsl Gblia TNPHHATA M B NEpBOM H3/aHHK
HacTodwero ydeGHuka, HeXocTaTKOM ee #BJAAETCH PacXoKAEHHE € TePMHHOJOTHeEH,
_OOenpUHATON B METPOJOTHH M MaTeMaTHYeCKOH cratHcTHKe. Takoe pacxoxieHue
fABAfeTCH TeM (oJiee HEAOMYCTHMBIM, YTO B° HACTORLIEE BPeMs NpPUMeHeHHWe METOXOB
MaTeMaTHYECKOH CTATHCTHKH NpH o6paGoTke pe3y/bTaTOB aHa/JKM30B CTAHOBHTCA BCE
Gosee HeoOXONHMMBIM B MpaKTHKe. B COOTBETCTBHMHE € 3THM B psafe pa6or, NMOCBSAIIEH-
HBIX BONpOCY 06 yueTe BJMSIHHMS CNy4yaHHBIX OLIMGOK Ha pe3yJbTaT aHaau3a, ycTapes-
Was TePMUHOJIOFHS 3aMeHeHa TeDMHHOJOrHel, NpYMeHReMOl B MaTeMaTHuYecKOH cTa-
THCTHKe H MerposiorHH, CYHTa® 3TO BHOJHE MHejecoo0pasHbIM, aBTOP BBel HOBYIO
TEPMHHOJIOTHIO B HACTOAMKA YyueGHHK.

Herpyano nonsiTh, 4TO XOpollas TOYHOCTh aHa/Jn3a He MOXKET CJay-
JKHTb JI0OKa3aTeJbCTBOM €ro npaBuabHOCTH. UTo6n ybennTbCs B 3TOM,
paccMOTpUM crexyiowuii npumep. ITonoxuMm, 4to npu psae NMOBTOP-
HBIX THTPOBaHHH paBHBIX 00beMOB HCCJAEAyeMOro pactTBopa UIeqo4H
pacTBOPOM COJISTHOH KHCJIOTHl ObiIH H3pacXoAoBaHb BechMa GJH3KHE
MeXIy coGoli 06neMbl ee; 3TO YKas3blBaeT Ha XOPOWIYI TOYHOCTb BhI-
NoJHeHus1 aHanuza. OMHaKo AJS TIOJyYeHHs] OKOHUATEJNbHOrO pe3y/ib-
TaTa aHa/JH3a HeoOGXOAHMO NO 3aTrpaueHHOMY ob6bemy pacrsopa HCl
H ero KOHUIEHTPAlHH BHIYUCIUTbL B3 YPaBHEHHS PEaKUMH COOTBETCTBYIO-
Hlec KOJHUECTBO onpenenseMon menaoun. Ecin KOHIEHTpaunsa pacTBopa
HCl 6bia B cBoe BpeMsi OompefeieHa HeBEPHO, TO 3Ta omubKa B Ka-
yecTBE MOCTOSIHHONW CHCTeMaTHYyecKol omHO6KH OTpPasuTcs Ha Bcex
pe3yJbTatax OTHAENbHLIX OfIpefeNeHHil H, HECMOTPS Ha XOpPOLIYI0 BOC-
HPOH3BOJHMOCTh, TOJyUYeHHbBle Pe3yJbTaThl OYAYT COBEpHUIEHHO Hempa-
BHJbHBIMH.,

Takum 06pa3zoM, nO TOHHOCTU Pe3YAbTATA AHAAUZA MONHO CHOUTH
0 €20 NPABUABHOCTU TOABKO NPU OTCYTCTEUU CUCTEMATULECKUX OWUDOK.
Ho, He nepeouennBas 3HAUEHHsi TOYHOCTH, He CJaelyeT Bce Ke 3a6H-
BaTb, YTO XOpOIlas TOYHOCTb CBHIETEJbCTBYeT 06 OTCYTCTBHH CKOJIb-
KO-HHOY/b 3HAUHTENbHBIX CAYYalHbIX OWROGOK NpH BLINOJHEHHH aHa-
ausa. Takuwe owmbkd (¥ Jaxe npomMaxud) Moryr GuTb y camoro
ONLITHOrO M ROGPOCOBECTHOrO aHAJHMTHKA, NOITOMY BCAKOe onpedeie-
Hue, Kak npasuno, nPoBOOAT no KpatiHei mepe 0s8anldvl, u3z 08yx
HaBecok seuwecTa (napassesvHvie onpedesenusn). Ananus CYHTAOT

§ 18. OQuubru 8 KOAUYLCTBEHHOM AQHAAU3E 51

BHINIOJIHEHHBIM YAOBJETBOPUTE/NbHO JIHIIb NMPH YCJIOBHHM XOpOLIEH BOC-
IPOH3BOJHMOCTY PE€3y/JbTATOB OTHAEJNbHLIX ONpeAe/NeHHH; M3 3THX NaH-
HBIX GepyT cpenHee apudmeTnyeckoe, KOTopoe u npmmMarOT 33 OKOH-
YyaTeAbHBIR pPe3yabTaT aHaMH3a.

B maremaruuecko#t Teopuu OWHGOK NOKasblBAeTCs, 4TO OiUHOKa

CpeNHero apu)METHUeCcKOro M3 n onpefeleHuii 8 }/n pas MeHbue
owubky eauHHuHOro onpenenedns. ONHAKO 3TO CUPaBENJIHBO TOJNLKO
NP YCIOBHH, €C/M OWINOKU ABASAIOTCH CAYHafiHBIMK, H NO3TOMY 3Have-
HHSl HX KOJe6moTcs B 06e CTOPOHBI OT 3HAYEHHs H3MEPSEMOH BeJH-
YHHBI, T. €. OHH MEeHbllle WK GoJbLie ee.

Mexny TeM npH aHajJH3e MOTYT BCTPETHUThCS CJAydYaH, KOrja co-
OTBETCTBYWOLIME OLIHGKH HMEIOT TOJMbKO ONMH 3Hak. Hanpumep, pe-
3yJbTaThl B3BEIUMBAHHA KAKOro-iHGO FHIPOCKONHYHOrO Bellecrsa Oy-
IyT Bcerfa GoJablue, HO He MeHblle HCTHHHON Macchl. IlounsTHo, uro
cpennee apudpMerHueckoe Oyaer GoJibllle OTKAOHATLCH OT HCTHHHOTO
3HAYEHUS MAaCChl BEUIECTBA, YeM HAHMeEHbINAass H3 NOJYYEeHHBIX Macc.
OueBHAHO, YTO OMIMOKH, C KOTOPBIMH 3[€Ch MMEIOT [eJ0, He ABJSITCA
B JeHCTBHTEAbHOCTH CJYYafHbIMH, a HOCAT CHCTeMATHYeCKHH Xa-
paxrep. .

Omn6Ky KOJHYECTBEHHBIX ONpefe/]eHHl, KaK U NpH JIOGBIX KPYrHX
H3MEpEHHsIX, MOXKHO BbipaxaTth pas3auuHo. [lo cnocoby BblpaxeHus
OHY PasfensioTcst Ha abCOJNIOTHBIE N OTHOCHTEJbHbLIE,

B GosablinHCTBE CAydYaeB HHTepec INpeAcTaBjseT He abconioTHad,
a OTHOCHTEJbHASE OINNGKa ONpelereHHUs.

A6comoTnas ommuGka. Pa3nocTh MeX1y NONYYEHHBLIM pesyanaTOM
# WCTHHHBIM (MM HauboJiee NOCTOBEPHBIM) 3HAUCHHEM ONpefenseMof
BEJINUMHbI, BbipaXKeHHas B aGCOMIOTHBIX €IMHHIIaX, Has3blBaercd abco-
J10THOH omubKoi. JlonycruM, 4To B KPHCTANIHYECKOM XJOopHae Gapus
6bli0 Hahzeno 14,70% KPHCTA/IH3aUHOHHOH = BOBI. H3 dopmyan
BaCly-2H,0 serko BHIYHCIHTD, 4TO B AeHCTBHTENLHOCTH XJOPHA Gapus
nosxen coaepxarb 14,75% kpucrasausaunonHoii Boxsl. Clenosa-
TeabHo, abconioTHas ownbka onpenenenus (D) pasHa:

D == 1470 — 14,75 =— 0,05%

N
OTtnocuTeabnas omnbka. OtHomenne a6GCOIOTHOH OWMOKH K HCTHH-
HOMY 3HAUYEHHIO ONpeHeNsieMOli BeJHYHHbl HA3blBAETCsl OTHOCHTE/bHOM
own6xoi. Yale Bcero ee BhpaxaloT B NMPOHEHTAaX, YMHOXas YKas3aH-
Hoe otHoweHue Ha 100. Hanpumep, B paccMaTpHBaeMOM- Ciiydae OT-
HocurenbHas ouwnbka (Do) papHa:

— 0,05
= ——— 100 = —034
‘ Do= 75~ %

OueBuJHO, 4TO NPU TAKOH XKe BeMYAHE a6co.momon ouwHBKH OT-
HOCHTeIbHAs omnGKa GYAeT TeM MeHblle, 4eM 6oJbiie HCTHHHOE 3HA-
YeHHe onpesenseMoil Beanunnbl. Tak, ecin Ty xe aGCOMIOTHYIO OWHOKY
(0,05%) bl crenann 6 npu onpexenennn Gapus B BaCly-2H,0,
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TO, MOCKOJIBKY cojliepKaHue ero, paBHo 56,20%, oTHocHTeNbHAs OUING-
Ka B 3TOM ¢Jy4yae paBHSJaCh Obl:

=+ 0,05

Dy = 56,20

- 100 = =+ 0,099

Ecau ucTHHHOe 3HaueHHe ONpenensieMoil BeJHUMHB HEH3BECTHO
TO BMECTO Hero 6epyT cpenHee apudpmernyeckoe (x) u3 pesyanaTOB,
TIPOCJIaHHBIX ONpENeJeHHl M CPaBHMBAOT C HHM KaXHulii H3 pe-
3yabTatoB (x;). Ilomyyennbie Beanunnsl (d = x—X;) HasblBawOTCH
OTK/IOHEHHAMH OT CPeJHEr0 3HAYeHHs OTHENbHBLIX pe3yabTatoB. [lo
HUM MOXHO (Kak 3To 6yner nonpoGHee pasbsicHeHo B § 14) CYIHTb
O TOYHOCTH pe3y.bTaToOB aHaiu3a. OTKIOHEHHS 0T CPEeAHero 3HaUeHHS
MOXHO TPEeACTaBHTb TakkKe JHOO B aOCOMIOTHBIX €NHHHLAX, JHOO

B OTHOCHTE/NbHBIX, npuHuMas 3a 100% sennuuny COOTBETCTBYIOLIETO
CpeAHero 3HAYEHHS,

Bausnue owubox ordevroix usmepenuil Ha pesyasrar anaiusa. ITpu xoauge-~
CTBEHHLIX OMpERE/NEHUAX NPHXOJHMTCS NPOBOAMTh HECKONBKO OTJAENbHBIX H3MepeHhil
HanpuMep B3fTHe HaBECKH M ONpe/lesieHHE MacChl IOJYYEHHOTO OCaika (H/IH obbema
pacTBOpa peaKTHBa, H3PACXOJOBAHHOTO Ha PEAKUMIO IPH OGBEMHLIX ONpefeseHHsx)
u T. A Ilpn BHUHCIEHHH pe3yJbTaTa aHAJN3a OWIMGKH OTAe/bHbIX H3MepeHHii Tak
WIH HMHauye CKJAJBIBAIOTCA M 0OYCJIOBIHBAIOT OWHOKY BCero anaamsa, ‘Kak HMeHHO
HPOHCXOAHT CYMMHDOBaHHE OLIMGOK OTHEJbHBIX H3MEDEHHH, 3aBUCHT OT TOro, Kakue
MaTeMaTHYeCKHe [EHCTBHS MNPOBONSATCA C COOTBETCTBYIOUIMMH BeIWYHHAMHY n’pu BHI-
UHC/IEHHH Pe3yJbTaTOB aHaJH3a.

[IpuBenennsle Huxe GopMmyn
bl WITIOCTPHPYIOT TpPaBHAA CJOXEHHs owu6o
PASIUYHBIX CAYuaAx: d ©r

r=nxy Ar=Ax + Ay ' (a)
r=n(x:y) Ar=Ax— Ay (6)
== === d ¥

r=n(x=xy) Ar—-n(TAx:L-TAy) (8)
r = nxfyd Ar=alAx+bAy (@)

3mech Ax n Ay — oTHOCHTENbHLIE OWHGKH OTHEAbLHBIX M3MEPEeHUl BeJMYHH X B
Af—OTHO“CHTe.IIbHaﬂ omu6Ka pesysbTaTa BHIHCIEHHs (r); n— daKTop npaquecxy;;
CBOGOABBIA OT OWHOKH (TaKHMH (DaKTOPaMM SIBJSIOTCS, HanpuMep aToMHble 1 Mosie-
KyJsipHBIE Beca, OMKOKA KOTOPBIX HHYTOXKHA MO CPABHEHHIO C 11p’yrnMn OKOKaMu)
PaccMOTPHM NpHMED, H/LNIOCTPHPYIOWHH NPHMEHEHHWe NPHBELEHHBIX hopmya Io-
J0xXHM, ure Habecka 0,5000 e xkakoro-mu6o BewiecTBa pacTBOpeRa B BOLE H o6 beM
DOJy4eHHoro pactsopa aosefen no 250,0 ma. TpeGyercs BHIUMCANTD KOHLEHTPAIHIO

(C) nannoro Bemectsa B pactBope. OHa, OUEBHIHO, paBHa: P
g 0,5000

%4 250,0

rie %— HaBecxa, 2; V — ob6bem pacrsopa, ma.
o bIYHC/IHM, € K2KOH TOYHOCTBIO ONpPeleNeHa 3Ta KOHUEHTPAlNd, €C/H B3BelluBa-
€ NPOBOAMNIOCh HA aHANMTHYECKHX BECaX ¢ TOYROCTHIO a0 0,0002.2, a uamepenue

o0beMa pacTBOpa COLEPXKHT OLWIHG '
Ky, pasuyio --0,5 ms. OTHocuTenbn
B3BEIIMBAHNA B LaHHOM CJyudae paBHa:’ , . oumGa

_+0,0002- 100
Ag = =—(rgg— = = 0.04%

= 0,002 2/nz

§ 14. ObpaloTtka pe3yisTaros anaiusa 53:

OrtHocHTebHasn owHOKa [IpH B3MepeHnyu ob6bemMa COCTaBJfAET

+ 0,5 100
Lo =+ 02%
Orciona, npumensis Gopmyay (6), noayunm:
AC = Ag — AV = =+ 0,04 — (+ 0,2)

CrnenoBaTe/bHO, OTHOCHTEApHAs ommnGKa, AONyllleHHas MNpH NPATOTOBJEHHH pac—
TBOpa 3amanHOl kouuentpannu (0,002000 2/xa), Konebiercs B npenenax or —0,16%
no —0,24% (B 3aBHCHMOCTM OT TOrO, KaKoil 3HaK HMeer omn6Ka B3peliMBaHH AgZ
1pu B3ATHH HaBECKH).

Komnencauus ommu6ok. M3 dopmyan (6) (cM. Bhle, MeJKal’
mpudT) BHAHO, YTO €CJIH NPH BLIUHCJIEHHH Pe3yJbTaToB aHaln3a OLHY
B3 H3MEepEHHBLIX BEJIHUYHH NPHXOAMTCS NeNHTb HA APYTyl0, TO OIINOKH
OTAEJbHbIX H3MepeHHﬁ MOTryT 4YaCTH4YHO HJIH NOJHOCTbIO KOMIIEHCHPO-
BaThb Apyr Apyra. Takas KoMneHcauus OWIMOGOK BeCbMa BHIIOAHA, H
HY>XHO CTapaTbCsl BbINOJHATDH onpenesieHus Tax, yroO6bl OHa uMesaa
mecto. UmeHHo IIO3TOMY HEOGXOILI/IMO BCe B3BEIIHBAHUA NPOBOAUTH Ha
OJIHUX U TeX e BecaxXx ¢ OJHHM H TeM Xe HaGOpOM Pa3HoBeCOK. Benb:
HPH BBIUHCJACHHHN DPE3YJbTAaTOB aHaJu3a Nnpyuaercs ‘HalllleHHOe 10 Macce:
oCalKa KOJIMYECTBO ONpeaensieMoro 3JjeMeHTa NACJIHTh Ha BeJHYHUHY
B3ATOH HaBecKH. ByneT npoucxoiuTb TeM OoJbillas KOMIEHCAHS OH-
60K B3BEUIHBAaHHUA, 4€EM HJAEHTHUYHEE 6bln yCJa0OBHSA 3THX B3BeUIHBA-
HHH. Bole rOBOPHJIOCH TaK¥Xe, 4YTO HMEHHO BCJAENCTBHE KOM]’[GHC&L{HI‘/’[‘
omrn6oK (B3BeIHBAHHE HA ONHHX M TeX XK€ Becax) MOXKHO BO MHOTHX.
ciaydasix He CUHTaThCd C HEepaBHOILJIEYECTbIO BECOB, a TaK¥Xe€ He BBO-
JIUTh NONPAaBOK Ha B3BEHMIMBAHHE B BO3LyXe.

AV =

§ 14. O6paboTKka pe3yjabTaTOB aHaAn3a

Kak yxe ykasmiBaioch (§ 13), ZJs yMeHbIEHHs BJHAHNA CAy9aiiHBIX Norpeiml--
POCTell HA pe3y/bTaT aHA/AH3a OOLIYHO NMPOBORAT He ONHO, a JABa W Goaee ompejene-
HHSI HHTEPEeCYIOIIero HAC 3/J€MeHTa B JaHHOM BemecTse. Kak npasuio, HH NpH OJHOM
M3 STHX OTpeleNeHMil He MOJYYaeTCs HCTHHHOTO 3HAUEHHs] OMpefe/sseMON BEeTHUHHDI,
TaK KaK BCe OHH cojepiaT oumbKH. Ilostomy sadauei anaiusa seiserca Haxodxde-
Hue rnauboiee 8ePOATHO20 3RAYEHUA onpedessemol 8eAUdUNbL U OYEHKA TOUHOCTU no--
AYHEHHO20 pe3yabTara.

[IpH OTCYTCTBHH CHCTEMATHYECKHX OLIHGOK, KOrJa YHCIO M3MepeHui (n) oueHb.
BENHKO (CTPEMHTCsi K GecKOHeuHOCTH), Hab/0faercss TaK Ha3hBaeMOe HOpMasbHOE
(no aakomy Taycca) pacmpefieesye CAyuafiHBIX OWHOOR, rpaiuecKd NpeLCTaBJeH-
Hoe na puc. 12. TIpr noctpoenun rpaduka no ocH abCUHCC OTKJIAALIBAIOT 3HAUCHHS
ompefiefAeMoil BeJHUMHBL (X), a NO OCH OPAHMHAT — COOTBETCTBYIOUAE BEPOATHOCTH'
noayueRus ux npu asaiuse *. Ms npusenesnoii na puc. 12 KpHBOH BHAHO: a) Hambosee:

* BepofiTHOCTHIO KaKOro-1H60 cOGHITHA B MaTeMaTHKE Ha3HBAKT OTHOLIECHHE:
yMcna ClyuaeB, NPH KOTOPHIX 3TO COOHITHE MMeJO MeCTo, K oflieMy udcay HaGuo-
nasmmxcs ciydaeB. Tak, ecniu w3 20 npojienaHHbIX ONpeleleHuf AauHeli pesynbraT
(sanpumep, ¥ == [,50%) nabmofancs B UYeTHIpeX CAYYasiX, TO BEPOATHOCTb MOJMYUCHAS:
sToro peayabrata paBHa o = 4:20 =02 (man 20%). Beposrnocts @ = 1 coor-
BETCTBYeT TOJHOMH JOCTOBEPHOCTH, a BEPOATHOCTh & =  NOKa3IHBaET HEBOSMOKHOCTD-
JlaHHOTO COOBITHS.
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BEPOATHLIM - 3HAUEHHeM ONpele]AeMOfi BEIHUMHB ABJSIETCH CPefHee apupMeTHUe-
CKOe X M3 n pa3 NPOAENaHHBIX ONpeledeHUN X, OTCIOHa )2=in/n; 6) OTK/NOHEHHS
OT cpellHero apH(MeTHYECKOrO0 CO 3HAKOM IUIIOC H CO 3HAKOM MHRHYC OJHHAKOBO Be-
POATHEI; B) MaJible OTKJIOHeHHs GoJiee BEPOSITHBI, YeM GOJbLIHe.

Baxnoe 3maueHHe AJS CYXACHHA O TOUHOCTH ONpeNeJeHUS HMEIOT cpelaHee OT-
K/IOHeHKe ¥ CDeJHee KBaipaTHUHOe OTK/OHEHHE eJWHHYHOr0 pesyabrara. Cpeaiee
oTknoHenue (dqp) mMpeAcTaBifAeT coGOf cpefHee apUPMETHYECKOE OTHENLHBIX OTKJO-
HEHHA OT CpefHedl BeJHYHHbI, NpPHYEM 3HAKH 3THX OTK/OHEHUH BO BHUMAHHE e upH-
AuMaior. CnefoBaTenbHO, eciH aGCOMIOTHBIE 3HAUCHHS OTAENbHLIX OTKJIOHEHHH 060-
3uavuTh uepes [di], [dy), ..., [dal, a ancno onpenenennit — uepes n, 10 cpemmee o1-
KJIOHEHHe DaBHO:

cp = (1)

qu MeHbile NONYYCHHOe 3HAYEeHHe dcp, TEM; OUEBHAHO, TOYHEE BBHIMOJHEHO ofnpe-
JeJeHHe, T. €. TEM MEHblle Pe3yJAbTAT €ro HUCKaXXeH C/ly'{alzﬂbl.uu omHbkamu. B marte-
MaTHYeCKOH TEOPHH OLWHGOK AOKAa3HBAeTcs, ONHAKO, uTO Go/ee NpPABHABHOE Ipef-
<€TaBJ/JIeHHEe O 3HauYeHHH CﬂanﬂHb[X omHG0K JA3€T TAaK Ha3nBaeMoe CTaHaapTH.Oe
OTKAOHENUE ©, BEIGHCAAEMOE 10 GopMyJie: N :

(x; — %)? a2 )
U=l/2xnx =1/;_ o

ITonbaysce 31of BEAMYHHON, MOMHO BBIYHCAHTb BEPOATHYIO CAYYAHHYIO OUIHGKY
-AaHa/M3a,

B Teopuu omuGOK AOKa3bBaercs, uTO NPH GOJBIIOM YUCJAS OBDEAENeHHH MOMHO
'C BEDOATHOCTBIO, MM, Kak TOBODAT, ¢ HadesgnocTero o = 0,997, yTBepKAaTthb, YTO

: clyvaidHas ommGka onpelesNeHHi He

BHiAeT 32 mnpefean =+30. Hpyrumu

2 C/IOBAMH, NIPH OYEHb GOJBIIOM KOJHYE-

CTBEe OnpeneneHHi pe3ysbTaT X, BHXO-

RAmWMA 3a npeaenst x 4= 3 0, noayunncs

6Ll TOJIBKO B TDPEX CAY4aAX H3 KaXKAHX
1000 onpenenenui.

Ecnu yEoBONBCTBOBATHCH MEHbIIEH
HAaJeXHOCTBIO. O, TO 3HAYUTEJLHO 60Jib-
liee 9HCAOC Pe3y/abTATOB X BHIiZET 3a
npeiean rpadul, OGYCJOBNEHHHIX Be-
auyunofi 6. Hampumep, npn a = 0,95
ol h BEPOATHOCTb TOrO, UTO 3HAYEHHe KaxkK-
0 7-36 7-6 T 7+6 I+36 T JAoro pesyabrata x Oyner HaxoZHThCH
N B NMpegenax x & 26 pasua 95%, uuaue
rosops, u3 100 pesyabTaToB yxke 5 mo-
TYT HAXORMTbCA BHe 3THX rpanuu. Co-
oTBeTcTBeRHO npu o = 0,68 BO3IMOXK-
‘Hble KosieGaHHs X cocTaBiasior £+ 6, a npu o =050 — % -!_-—g-c n T. & Hrak,
NPaKTHYECKu BCe cnyuafinbie KO/MeGaHHA ONPeReNsiOTCS 3HAYEHUAMH X;, 3aKMIOYAI0-
IWHMKCA B npenenax x = 30. IosTomy omu6km, npesbiwiaiomue 30, cliefyeT paccMa-
“FPUBaTh KAK NPOMaXH. .

IIpuBenennrie BbiE BHIBOJH, OCHOBAHHMIC Ha KJaccHueckol TEODHH oOmHGOK,
COPaBeAJMBbl TOMABKO TOrAa, KOTAa YHCAO ONpellesieHHli OueHb BeJHKO (1 — oo). Ha
MpaKTHKe HPH aHATH3E BCETAa HMEOT He0 C HeGOMbIIAM (KQHEUHbIM) UHCJIOM Ompe-
JieTeHHA, TaK YTO K/acCHUeCKas Teopus OWMGOK 3fech HempuMenuma. [losTomy mpa
yueTe BJIHMAHHMS cAyyaHHLIX OMIMOOK Ha Pe3y/bTarhi aHalu3a NUPHXOMHTCH MOJIB30BATH-
€5 HOBEAUIMMH METOZAMH MAaTeMaTHUeCKOM CTATHCTHKM, PaspaGOTAHHHMU M He-

Ilx; — X] _ [di] +[do] + ... + [dd] 2 [di]
n

n n

I

|

f

|

i
(R T
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roo
oy
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Puc. 12. HopmansHoe (no aakony Faycca)
pacnpesesnieHHe CAyyaiiHHX OMHGOK.
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Gonbworo uhcna onpefenenwit. [Ipn 3TOM, KaK W B KJACCHYECKOM TeopHH, OLWIHOKA
OKa3biBAeTCSt TMPONOPLUOHANLHOR CPENHEMY KBAJIPAaTHUHOMY OTKJOHEHHIO, 0603navae-
MoMmy GykBof S H paBHOMY:

S= @)
OTHOCHTéﬂbHOe CTaHRAapTHOE OTK/IOHE€HNE paBHO:
S ,
x

Ocobuii HHTepeC TNPEACTaBAsET CTAHAAPTHOE OTKJIOHEHHEe CPeIXHEro pesynbrara:‘c

RIH, 4TO TO JKe cCaMoe, CTAHAaPTHOE OTK/OHeHHe cpeiHeapnPMeTHUECKON BeNHUHHEl £

S (x — x)2
i — X)
S=—r—= ——————2 (5)-
Vn n(n—1)
B manHOM cayyae uMeeTcs B BHAY, 4TO ecay Oniin Gbl ApoBefeHbi eille pa3 CEpHH
onpeaeneHui, AN KOTOPbIX AONYYHIH OBl CpeflHHe 3HayeHust Xy, Xz ..., Xp, TO CTaH--

AapTHOE OTKJ/IOHE€HHE CTaJi0 (93] paBHBIM Si; TeM CaMbIM 10 OXHOM CEpHHU OmpeleacHuH
BEJHUHMHBI ¥ MOXKHO BBIYHC/AHTb CTAHAAPTHOE OTK/JAOHEHHE CPeXHEro SHBQEHHH X Ges:
NPOBEAEHUA OOMOJHHUTENbHBIX cepuﬁ OnpeReeHnu. Ho NOCKOJIbKY YUCJAO N HEBEJIHKO,
IJ1si YCTAHOBJIEHHST LOBEPUTENbHOr0 RHTEpPBaJga (Ga) CT2HAAPTHOTO OTKJOHEHHs Cpel-

. Hero pesysibraTa S; npH 3alaHHON HAJEKHOCTH O HEOGXOLXHMO S; YMHOXHTb Ha:

ta, 3aBHCALYIO HEe TOMBKO OT HalIeXHOCTH O, HO W OT 4HUCJIa onpeneneHHi n:

- 8
e =81t =—=1 ’ (6)‘
a *a V n ¢ \/
TpaHulbl, BEYTPH KOTOPHIX MOMET 3aK/JI0YaThCA Kamk[as OnpejiesfieMas BeJHUHHA Xi
(TpanHib JOBEPHTEJNbHEIX WHTEPBANOB), Onpeleisiorcs (GoOpMynoii:

y=xte,=23x+ Sit, @)

Beauunnn o BHUHCIEHH [A5i BCEBO3MOMHHWX 3HAYSHHE G0 H f1; MX MOXKHO HaATH:
B crnenuanbHeix Tabiunax *. -

PaccMOTpEM Takoi cnoco6 BHIYACIEHHA Ha KOHKPETHOM TNpHMepe **.

Ilpn onpenenenny xpoMa B CTaHAapTHOM ofpaste cragn Ne 146 6uinu nonydeHbk:
pesyabTaThl, MpHBEAEHHEIE B TabJ. 2.

INpu MateMarTuHueckoit 06paGOTKe ITHX Pe3yAbTATOB MPEXKAE BCEro HaXOAAT Cpell-
Hee apH(MeTHUeCKOe X H OTKJOHEHHS OT/AE/NbHLIX Pe3yJbTaTOB OT CPEIHEro, a TaKxe:
cpefinee OTKJOHEHHE dcp. 3aTeM BHUHCAAIOT KBAAPATH OTIENBHBIX OTKJIOHEHHH H HX

CyMMY (Edf). IomcTapiss STy BENMYUHY, a TaKkKe 3HaueHHe n B ypaBHeHue (3),.

TIOYquM:
: s=]/ 0,(;019 — 00229

Cieayer 3aMeTHTb, 4TO ¢ NOCTATOYHOA JJA NPAKTHUECKHX Leneli TOUHOCTHIO S-
MOXHO BRIUHC/IHTb Takxe no Qopmyre:

S ~ 1,25dp

* CM. Pomanoscknf B. WU, Ocuosnbie sanaun Teopun omu6ok, Tocrex-

n3aar, 1947.
s IumoB A M, Texunuecknir amaius pPyA. H MeTamios, Merannyprusnat,.

1949, crp. 36.
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Tab6auya 2. Copepxanne XpomMa B CTaHZAPTHOM o6pasue craan M 146
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Coaep- ~
N le) KBagparm oTKJIOHEHHE
ompeze- | KA | e e, “cpemnero o7 cpeanero
NeHHs % % d=(x;~% dy=(x;— %)
L i R
s o — L1 = 40,02 0,022 = 0,0004
3 1,11 5,66:5=1,13% 113 — Ll = —0,02 0,022 = 0,0004
4 1,16 L13 — 1,16 = 40,03 0,032 = 0,0009
5 1,12 1,12 — 1,13 = —0,01 0,012 = 0,0001
=5 5, =566 dep = 0,0189% S 2 = 0,0019

Tak, B panHOM ciyvae

S ~ 1,250,018 = 0,0229%,

HaxoauM 3mauerHue MHOXKHTENs t, Wo Taba. 3. [pn nosb3osawuun Tabauuei Hyx-

HO HMETb B BHAY, UTO B Hell BMeCTO 4HCJa On

pelenenuil ganbl BennuuHbl K, KoTopuie

Ta6auya 3. Bearuuust ¢, npH PasARYHBIX IHAYEHHAX HANEKHOCTH ()
H uncaa onpeneaeHus (n)

‘Ha exnuwHuly Menblte n: K= n— 1. Ecan 3agatecs nagemxuoctsio o — 0,95 (uto
BIOJIHE HOCTATOYHO B GOJILIUMHCTBE C/yYaeB), TO B. COOTBETCTBYIOUIEM 3HAYECHHIO 3TON
HaJeXHOCTH BEPTHKAILHOM CTONGUE Ha MEPECeYeHHMH €ro ¢ FOPU3OHTAILHBIM PHIOM,
~cooTBercTByOlleM K = 4, HaxoAuM 3HaueHHe t, = 278. Tloncrasus ero s ypaBHe-,
.uue (7), noayuum:

.. 278.0,022
=+ = = =+ 0,0279

HOJ’(}"—IQHHOE 3HavYeHHe BEPOATHOH OIIHOKH Ga XapaKTepU3yeT TOYHOCTbH aHasu3a,

“T. €. BJIHAHAE CAYYAaAHBIX OWHGOK HA pesy/bTar. [loBepHTE/bHbE rpAHHULB, B Npefe-
-J1aX KOTOPBIX MOKET 3aK/IOYaThCs 3HAUEHHUE QUPEAL/SIeMON BEJMHYMHBI X, PaBHEL

x=1,13 % 0,027
‘1. e. 1,103 — 1,157

Ecau 66l Mbi 3253 HCh HafeXKHOCTHIO o = 0,99, TO MOAYYHIH 6Bl

4600022 o 04ca

Bq = +
a - .V'5—
X == 1,13 frnt 0,045

"YTO COOTBETCTBYeT uuTepsaay or 1,085 zo 1,175%.
W3 rabauue 3 3navenui f, BHIHO, UTO OHW GBICTPO YMEHbIIAIOTCH OPH BO3pacta-

HHM 4HC/Ia ONpelfenenuit n. 10 yMeHblIEHHe, KAK H yBe/iuueHHe 3Hauenuir Vo,
LO/MKHO BEISBIBATL YMEHDIIEHHE BE/IHYHHB! €, H CYXHBATb KOBEPHTEIbHbIE TDaHHIbI
Ans onpenenseMoli BenmuMiel X. OCOGEHHO CHIBHO 3TO NOJIKHO CKA3aThCs NPH Ma-
~JIbIX 3HAYEHUAX N, HANDHMED NPH MePexofe OT JABYX onpeleNeHHlr K TPeM, YeTHipeM
WIH NATH ONPEAENCHHAM, TaK KaK WMEHHO B STHX CIyYasX 3Hauenus f, u Jp
YMEHLWAIOTCH 0COGeHHO OBICTPO ¢ BO3pacTanHeM f. B mannHeimeM 3To y6biBanme
"TIPOHCXOAHT BCe MelJieHHee M MelJIeHHee, H O4YeHb CKOPO HAcCTylaeT MOMEHT, KOTAa
TIOBEILICHUE TOYHOCTH ONpefeeHAs OKA3LIBAETCS HACTONLKO He3HaYHTEIbHBIM, YTO He

-ONIPAaBALIBAIOTCST CBSI3aHHbIE C yBeIHYEeHHUEM YHCa onpeuenenm’l 3aTpaTel Tpyaa, spe-
-M2HH H DCAKTHBOB. ,

‘

K=n-1 —

0,5 0.7 0.9 0,95 0.99 0,999

1 1,00 1,96 6,31 12,71 63,66 636,62

2 0,82 1,34 2,92 4,30 9,92 31,60

3 0,76 1,25 2,35 3,18 5,84 12,94

4 0,74 1,19 2,13 2,78 4,60 8,61

5 0,73 1,16 2,01 2,67 4,03 6,86

6 0,72 1,13 1,94 2,45 3,71 5,60

7 0,71 1,12 1,89 2,36 3,50 5,40

8 0,71 Ll 1,86 2,31 3,35 5,04

9 0,70 1,10 1,83 2,26 3,25 4,78
10 0,70 1,09 1,81 2,23 3,17 4,59
20 0,69 1,06 1,72 2,09 2,84 3,85
30 0,68 1,05 1,70 2,04 2,75 3,65
60 0,68 1,05 1,67 2,00 2,66 3,46
120 0,68 1,04 1,66 1,98 2,62 3,37
oo 0,67 1,04 1,64 1,96 2,58 3,29

Eme pa3 HanOMHHM, YTO GeAUHLHbL Ba, solyucagemoie ONUCAHHLIM 8bllie CnOCo-

6OM, XAPAKTEPUBYIOT TOALKO BAUSHUE CAYMAUHbLX, HO HE CUCTEMATUHECKUX OwUbOK
anaau3a. AHanH3 MOXKET OKa3aThCH COBEPIIEHHO HEeNPaBHALHLIM, HECMOTPS Ha XOpO-
Wyl TOUHOCTb, T. € HA MaJylo BeJUYHHY £, €CITH NPR aHaiIH3e 6bIH  KaKHe-1H60

cucteMaTHueckne OMGKH. OTCYTCTBHE CHCTEMATHYECKHX OMIMGOK MOXeT GhThb ycra-
HOBJIEHO CONOCTABJIEHHEM Pa3HHIL MEXK/Y NOJYYEHHBIM [PH aHalu3e CPeAHHM apud-
MernueckuM () M HCTHHHBIM COJEpXaHHeM (@) ONpefeNsIEMOro 3JeMeHTa, T. €.
omnbkn A =x%x—a ¢ g, Ecan A <C g, TO cHCTeMaTHuecKHe omn6K® OTCYTCIBYIOT.

Hao6opor, ecan A = £, TO HMEIOT MECTO CHCTeMaTHUecKHe OLIHOKH.

VctuHHoe coiepiKaHHe ONpejessieMOro 3JeMeHTa B XHMHYECKHM YHCTHIX Bele-
¢TBax MOXKeT ObiTh BBiuMc/AeHO Mo HX (opmynam. [lns HCKYCCTBEHHO COCTaBJEHHBIX
cMecel OGBIYHO TOXe MOXKHO BBLIUHC/HTb BEJIMYMHY @, HCXOASI H3 KOJMYECTBA OTAEb-
HBIX 3/71eMeHTOB B cMecH M ux ¢opMys. Haobopor, TouHoe cofepiKaHHe OTAEJbHEIX
21€MEHTOB B DPAa3MHYHbIX TNPHPOIHEIX OODBEKTaX HWJH NPOAYKTAX NPOH3BOACTBA HaM
He HM3BECTHO, M NPUXOJUTCA CYAUTh O HEM Ha OCHOB2HHM Pe3y1bTaTOB aHAIH30B, KO-
TOpbie BCETa COAEPIKAT T€ WIM MHble BHAM ownGok. B sToM caydae 3a ucruutoe
cojiepXKaHue KakKoro-1u6Go 3jeMenTa NPHHMMaloT HanGoJee AOCTOBEPHOe CpeiHee 3Ha-
yeHHe U3 PAAA ONPEAEJEHHH e€ro, NPOBEJEHHBIX ¢ BesHyafiliefi TUATENbHOCTHIO He-
CKOMbKHMH DAa3JHUHBLIMM MeTOJaMH B pasHbiX Jaboparopusx. Hanpumep, cranmaprt-
Hbil o6pasen cranu Ne 146, cornacHo MPHIOKEHHOMY K. HeMY MNacnopTy, HCCIEN0BaH
Ha colepXKaHhe XpoMa TNATbI0 Pa3JHYHBIMH METOAaMH B NSTH BeAywHx Jaafopato-
puax CCCP, npuueM nonyyeHH pe3ylbTaThl, HaxoAsiuecs B mpegenax 1[,12—1,16%.
Cpentee apH(MeTHueCKOe M3 BCex mHOMyueHHHX pesyabratos (1,14%), masciBaemoe
ycTanosentibim cofepocanues NAHHOTO 3/eMEHTAa, M NPHHHMAaeTcs 3a HCTHHHOE CO-
JepxaHue ero (a).

VCTaHOBNEHHHIM COLEPXKAHHEM TOJb3YIOTCA BO BCEX CayyasX NpPHMeHEHUs HaH-
HOrO CTaHAAPTHOro o6pasna Ha IpaKTHKe, HaNpUMep TpPH NPOBEpKE HOBHIX METOI0B
aHaJ®3a, NMPH KOHTPOJE TINATeJIbHOCTH paboThl J1abOPaHTOB, NPH YCTaHOBKE THTpPa
(T. €. TOMHOJ KOHLEHTPALHHK) yNnoTpeGiAsSeMEIX NPH THTPOBAHHH «pabOUKX PacTBOPOB»
KaKuX-1H00 PEakTHBOB H T. A.
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YCTaHOBJICHHBIM CONEPIKAHHEM CJEAYeT NOJb30BAThCA H npu pelIeHHH BOMpoca
‘0 NPAaBUWIBHOCTH PE3y/JbTaTOB NAHHOTO aHalu3a (MM TPHMeHseMoro Mertopma). Tak,
‘B paccMaTpuBaeMOM ciydae HMeeM: @ = 1,14% wu X = 1,13%. Cuenosareanno, npa-
BUJIBHOCTh ONpENENEHHA XpOMa MOXKeT 6uTh 0XapaKTepH30BaHa OUIHGKOH
A=X—a=113—114=—001%

ConocraBasis NOMYyYeHHOE 3HayeHHe A CO 3HAYEHHEM Eq (zum o = 0,95), mb
sunuM, 9ro 0,01 < 0,027, 1. e. uro pacxoxJeHHe pe3ybTaTa aHAMU3a C HCTAHHBIM
3HAYEHHEM ONpelle/iseMON BeJWYMHH MeHblle, 4YeM BeposiTHas CcJaydailHag norpeut-
HOCTh aunaau3a. Jlpyrumm cioBamu, AeficTBuTe]bHas olinbKa pesynbrata aHnanHsa
(—0,01%) wue BhiIXOXHT 32 BEpOSTHHIE - npeiensi CAYYafHBIX NOTPEINHOCTE!, H NOTOMY
CHIeyeT 3aKJIOUHTb, YTQ pacCMaTPHBAEMbIi MeTol CBOGOLEH OT CHCTEMAaTHYECKHX
-OLIHGOK.

Yto6bl 136eKaTh CHCTEMATHYECKMX OUIMGOK, HEOGXOAUMO NOJIB30BATHCH XOPOLIO
TIPOBEPEHHbIMH METOJaMH aHalH3a H NPHUMEHATb PEAKTHBBI, UCTBITAHHBIE HA YHCTOTY.
TIpu 3TOM HCNILITaHHH MPOBOAAT TAK HA3bIBAEMBIA «X0AOCTOU» ONHT, T. € ONPEIeasIoT
NaHHBIA 3JeMedT ¢ OAHHMH DeaKTHBAMH B OTCYTCTBHe Hcciaedyemoro ofbekra. Ha
‘OCHOBAHHH €XOAOCTO20» ONbiTa B De3yJbTaThl AHAJIH30B, MOJYYEHHBIX C HOMOUIBLIO
JIaHHBIX PeaKTHBOB, MOXeT ObITh BHeceHa NOMpaBKa *.

'§ 15. BoiunciieHus B KOJHYECTBEHHOM aHAJIH3e

OkoHuaTebHbIN pe3y/bTaT aHa/lW3a HaXOMAT, BBIYHCASA €ro Mo
JaHHHM B3BEWHBAHHA HIM H3MEpeHus 06bEMOB, MOJYYEHHBIM IpH
BBINIOJIHCHHH aHAJIM3a.

Boluncienue pe3ysbTaToB aHANH3a ABJAAETCHA CTOMb XKe HEOTbEMJIe-
'MOH COCTaBHOM 4acCThl0 ero, Kak u Jjiobas Apyras omepamHs aHajaH3a.
‘OmnbKka B BHIYHCACHHAX NPHBOJAKT K TaKHM JKe NOC/IENCTBHAM, Kak
# omnbKa npH Ja060f Apyroll onepanuH aHa/IH3a.

B IIPOH3BOACTBEHHBIX YCJIOBHAX PE3YyJbTAT aHa/iM3da 4acTO HCHOJb-:

BYIOT IJI COOTBETCTBYIOLIEr0 HaNpaBJIeHHS] TEXHOJOTHYECKOro Ipo-
Hecca HeMeIJIEHHO MOCJe IOJYdYeHHsl 3TOro pesyibTatra u3 Jjaboparo-
pud. SicHo, uTo omMOKa B BHIUMCIEHHSIX B 3TOM CJAydae HeJONMyCTHMa.
Bor nouemy CTyZeHT AOJIXKEH, H3yuass KOJHYECTBEHHBIH aHaJiu3, NpH-
‘YyuUUTh cefsi BHHMATEJIbHO OTHOCHTHCS K TPOBOAHMBIM BHIUHCAEHUSM.

UucioBble 3HAYEHHS TPH 3THX BHIUHCIEHHAX NPEACTaBAAIT coGoil
ApUONMKEHHBIE YHC/I2, 1103TOMY TNPHOJMXEHHBIM SIBJASIETCA TaKXe H
pe3ysbTarT BuuMcaeHHi. [lockoJbky 3TO Tak, O4YeHb BaXXHO OTHAATh
ce6e OTYET B TOM, C KAKOH TOYHOCTBIO 3TOT Pe3yJbTaT ROJNXKeH ObiTh
TIpeJCcTaBieH. JTo omnpejensieTcsi JUG0 TOYHOCTBIO CAMOTrO aHaJH3a,
Jin60 TeM, HAaCKOJbKO TOYHO HaM HYKHO 3HATb BBIYHCISEMYIO BEJH-
UHHY. paCCMOTpHM JIBA THIIA BHIYHCJIEHHH: TOYHBIE H opnenmposoqﬂue
(npuONHIKEHHBIE) BBLIYHCJICHHS.

Touynble BbluHCACHHA. K HUM OTHOCATCA BbLIYHC/EHHS OKOHYATE/b-
HOTO pe3y/abTaTa aHaJH30B, KOTOPHE MOJIKHBI [POBOXHTHCH C TOH4-

* [lompoGuee 0 3aTpoHyTHIX B 3TOM naparpade sompocax cM. B KHure Pom a-
#osckui B, W, OcHoBHble 3afaun Teopuu ownbok, [ocrexusmar, 1947, a Takke
B cratenx Komapp H. I, )KAX, 7, 325, (1952); l‘paqua E. I, )XAX, 7, 42

(1952) Toddoan K, CTATHCTHKA B 2HATHTHYECKOR XHMHH, Nep. ¢ HeMelUKOoro, moj’

pea. B. b, Hanumosa, M «Mup», 1969,

L
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HOCTb10, COOTBETCTBYIOWeli TOUHOCTU BbINOAHeHus anaausa. JlelicTBu-
TeJIbHO, ObIO 6bl, OYEeBULHO, COBEPIIEHHO HELOMYCTHMBIM LOCTHTHYTYIO
TOUHOCTb 3KCIEPHMEHTa CBECTH Ha HeT H3-3a HETOYHO IPOBENEHHOTro
polunciiennsi. OnHako He MeHee omunGoO4YHBIM GblIO OB MHCATh B NOJY-
YeHHOM peayJbTaTe OGoJibllie KECATHUYHBIX 3HAKOB, 4eM 3TO COOTBET-
CTBYET AEHCTBUTEJNbHOH TOYHOCTH OIpeNe/ieHHus.

OCHOBHOE TPABHAO, KOTOPHIM HYXKHO PYKOBOJACTBOBaTbCA INPHU pe-
HIEHHH BOIPOCA. 0 TOM, € KaKOll TOUHOCTBIO CHEXYyeT NPeACTaBJIATh
pe3yJbTaT BbIUHCAEHHH, yXe yKaswBajoch Bhille. VIMenHo: e pesyao-
TaTe 00AIHCHO BbiT6 CTOALKO 3HAYAWUX YUPP, 4TOOLL TOALKO nocneduﬂﬂ
u3 Hux Goina HedoCcTOBEPHOIL.

3nauawumu yuppamu HasbiBalOTCA Bce UMPH JTAaHHOTO YHCHA,
KpOMe HyJIeil, CTOSIIMX cJleBa, a TaKXKe HyJsell, CTOSILIMX CIPAaBa, eClIH
OHH 3aMEHSIOT cO0Ol HeH3BecTHble' HaM LUGPBI HIH TNOABJISAIOTCA B pe-
3yJbTate OKpyraenus uucaa. Tax, B uncae 0,0035 mpe sHauamue uud-
pul (3 u B), Tak Kak BCe TPH HyJf €ro SBJAIOTCA HE3HAYAILHMH H
TN0Ka3biBaIOT TOJNBKO, K KAKHM PaspsifiaM OTHOCATCS YKasaHHble LupbL.
Hesnayamumu ABNAOTCA TaKXKE W HyJaH B uucae 7,2500, ecau oHo no-
Ka3bIBAET MAaCcCy TeJla, NOJYYEHHYIO NPH B3BEIIMBAHAH HA TEXHHUECKHX
Becax, WIH Tpencrapisier coboll pe3yabTarT OKpyrjeHus Gojee TOUHO
onpenenennoil maccel. HaoGopor, ecan 10 xe uncao 7,2500 6vio no-
JyUeHO NPH B3BENIHBAHHH HA aHAJHMTHYECKHX BecaX C TOUHOCTbIO N0
0,0001—0,0002 &, 06a ero HyJs ABIAIOTCA 3HauamUMH nuppamu. 3Ha-
yaluMHu OudpaMu SBASIOTCA TAKXKe HYJH, HaXOHsiLIHecss B CepelHHe
uyhcia, HanpuMep Bce Hyan B uucie 10,0305,

Or sHavamux uudp cieayer orinuars decaruunsvie 3naxu. Hanpu-
mep, uncao 0,0035 umeer yeThipe AECHTHUHBIX 3HAKa ¥ JBe 3Havyallue
uups; B uncae 10,0305 umeerca TakXke uetbipe AECATHUHBIX 3HaKa
NpH HECTH 3Hayallux UHGpax H T. R.

UnenoBbie 3HaYeHHs, ¢ KOTOPBIMH MMEIOT [1eJ10 TIPH aHaJsu3e, MOTYT
HMETb, Pas3jHYHYIO CTeneHb TOYHOCTH. TOUHOCTy pe3yivrara 6vlducie-
Hul, ouesudno, ne mooxer Goito GoAbuiell, YeM Yy HaUMeHee TOUHO20
u3 uucea, 8xodawux 8 goiuucaenue. IlosroMy mns toro, uro6ui HauGo-
Jiee palHOHaJMbHO NMPOBECTH BHIYHCJEHHe, HYXKHO MpeXie BCero HalTH
HaypMeHee TOYHOE M3 YHCENT H co06pasHO ¢ 3THM YCTaHOBHUTb, CKOJBLKO
DECATHYHBIX 3HAKOB WJH 3HAyallHX UHQDP NOJNKEH COAePXKaTb pe3dyb-
TaT BLIYHCJEHHH. )

Ecu TpH BLIYMCIEHHH COOTBETCTBYIOIIHE . UYHCIOBHIE BEJHYHHM
CKJIaABIBAIOT WJIM BHIYATAIOT, HAMMEHee TOYHON SBJSIETCA Ta U3 HHUX,
KOTOpasi HMeeT HauMeHbllee YHCJIO NECATHUHBIX 3HaKOB. Tak, HauMe-
Hee TOYHBIM M3 3HaueHHit macc 5,2727; 0,075; 3,7 u 2, 12 2 sBaserca
3,7 2, y KOTOPOTO HENOCTOBEPHO y¥Ke YHCIO AECATHX AOJEH rpamMma.
Oro xe 6yner, OYEBHAHO, HEIOCTOBEPHHIM H Y CYMMBI BCEX YKA3aHHBIX
BecoB. Orciona siCHO, YTO NPH BHIUHCIAEHHHM He HMEeT CMHICJAA YYHTH-
BaTb Bce MAECATHYHbBIE 3HAKH OTHAEAbHBIX CJaraeMhbix, a HYXHO

N
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npefBapUTeNbHO OKpPyrautTh HX *. Ilpu stom okpyrsienunm uesnecoo6-
'PA3HO OCTABJATH OAHY 3amacHy© LHDPYy, B ZAHHOM cJydae BTOPOH
HecSITHYHbIA 3HAK, KOTODPHIA 3aTeM B MOJYYeHHOM pesysbTaTe OTOpa-
chiBaloT. ClieloBaTeIbHO, pacCMaTPHBAaeMOe BBLIYHUC/EHHe BeJeTcs Tak:

x=5274+0,08+437+212=11,17 ¢

4 OKOHYATeJILHO
x=11,2 &

ITpu yMHOXKeHHH M [He/eHNM HaHMeHee TOYHBIM UYHC/IOM SBJISETCA
TO, KOTOPOe COAep:KHT HauMeHblLIee KOJHUYeCTBO 3Hauamux uudp. To
JKe YHMCJIO HMX CJeAyeT OCTaBJATh W Yy pe3ynabrata Bblumcaenuit. Ho
ONATb-TAKH K 3JAeCb 1eneco00pPa3HO Yy OTHAENbHBIX YHUCeN COXPaHATb
OJIHy 3anacHyi0 nudpy, KOTOPYIO MOJ KOHEW B MOJY4YEHHOM pe3ylib-
‘TaTe OT6pachiBalOT. B KauecrBe npHMepa pPacCMOTPHM BHIYHCJAEHHE
TIPOLEHTHOrO COJePHAHHUS X/JI0Pa B MOBAPEHHON COIM MO TAHHBIM, APH-
BeleHHBIM Ha cTp. 11. Dro BbIUHC/IEHHe NMPOBOAUTCA MO Qopmyde:

gAg, - 100
EMpgct

The g — Macca ocagka AgCl (0,1290 ¢); g — nasecka NaCl (0,0536 2); Aci — arom-
#ullt Bec Cl (35,453); Magc1 — Monexyanpusti sec AgCl (143,321).

Haumenee TtouHbiM 3pmech siBasgercs umciao 0,0536, comepxkaniee
TOJIBKO 3 3Havaliue HHQpbLl, B TO BPEMSA KaK y OCTANbHBIX YHCEJ HX
umeetcs 4 uan 5 **. Cienosarenbno, 3 sHavanie Hd@Pol AOMKHBI GbITH
H Yy pesyabTara aHajausa. OcrajbHble Y4YaCTBYIOUIME B BbLIYHCJIEHHH
YHCJIa OKPYTJifieM Tak, 9yToObl Y HHUX Gblla ofHa 3anacHas uudpa. [pu
BTOM IOJMYYHM:

10,1290 - 35,45 - 100

—_— 0
[433-0,0536  — 0994%

W nakoHen, oxpyrasis pe3yJabTar A0 TPex 3Hauamux uudp, Haxo-
JuM OKOoHuaTenbHo: y == 59,5%. Eciu To XKe BbIYUHMCIEHHE IIPOBECTH
6e3 3anacHoif HHQPH, TO MBI MOJYYHM HECKOJIbKO OTIHYAIOLIHACA pe-
3y/ibrat, a uMmenHo 59,6%. Bmpouem, mockosbky nociaegnssi uudpa
pesy/abTara sBJsieTcsl HeJOCTOBEPHOMH, Takasd pas3HHIa BIOJHE XOMY-
cruma. Orciona scHO, 4TO COGMIIOEHHE NPaBHJAa 06 OCTaBJEHHH NpPH
BHIUMC/IEHHSX ONHOW 3amacHOW LHQPHI SBJASETCA XKeJAaTeNbHbIM, HO He
-o6si3aTeNbHbIM. Horga (HampuMep, NpH BBIYHCAEHHH C TaGJHIAMH
YETHIPEX3HAUHBIX JIOTapH(MOB, KOrla 3anachas unppa sBAsAIACH Gbl
TIATOH 3HaYalled uHdpol) OT HErd MPHXOAUTCH OTCTYNaTh.

*
HamomunM, ato ecan npm okpyrnennn umcen mepsas or6pachiBacMas uLHMpa
’GOﬂbilie WIH PaBHA 5, TO NOCTENHION COXpaHAeMYIo UudpY YBETHUMBAIOT HA eXHHHILY.
Muoxurenp 100, cryxkamuft ans nepecuera pesyibTaTa aHa/H3a B NPOLEHTEH,

ABJACTCS QPC/IOM TOUHBIM, H NMOTOMY YHCJIO 3HAYalluX LMD ero y4yuTHIBATH He NpPH-
KOAUTCA,

§ 15. Boiuucrenus 8 KOAUYECTBEHHOM QHAAU3E 61

B 60/bWMHCTBE CJAy4aeB NoJsyyaeMble IIPH aHaJH3e 3JKCIEpHMeH-
TaJbHble AaHHble (Macchl U OOGBEMBbI) NPENCTaBJsSIOT COO0H unciaa
¢ 4 snavamumu nudppamu. ITostomy u pesyabraThl aHa/dH3a COAepKaAT
4 spayamue mudpbl. BblUNCIEHNA C TAKHMM UYHCJAaMH BCero yjpotHee
TIPOBOAUTL C TOMOLIBIO TaGJHIl YeTbIpeX3HAYHBIX JOorapHPMOB M aH-
TuiorapudmMos. dtH TabJHLBI Nal0T Kak pa3 HYXHYIO CTeleHb TOYHO-
CTH M B TO Xe BpeMsi CHJIbHO o6Jjeruator BhiuuciaeHus. Korma pesyib-
TaT aHaJH3a JOJIKEH CONEpPXKaTh TPH 3HadYallHe LHOPH,, MOXHO Tak-
e NPUMEHSTh JorapudMUuecKyo JHHEHKY. :

OpHeHTHpOBOYHbIe BbiuMCAeHHA. Kak yike yKa3blBaJoCh, NpH aHa-
Ji3e Hapsay ¢ TOYHBLIMH NPHXOLUTCA NMPOBOJAHTb ¥ PAa3HUYHBIE OPHEH-
TUPOBOUHBIE BHIYHCIEHHWS, He Tpebyloliue Gonabiofi ToyHocTH. Taxo-
BB, HanpuMep, BhIUHCJEHUA HauGoJsee BLITOJHON HaBeCKH HcC/enpye-
MOTO BEIIECTBA HJH KOJHYeCTBa OCaNMTENs, HYXKHOro JJs OCaXKACeHHS
onpeneasieMoro MoHa, # T. A. TOYHBIE 3HAUEHHS BCEX TAaKHUX BeJHYHH
He Tpebyrorcs, Tak, eciH BMeCTo HauGosee BLIFOAHOH HaBECKH TOro
HJH MHOTO BelllecTBa, paBHOH, Hanpumep, | e, M Bo3pMeM Ha 0,1—
0,2 2 GoJibllle MM MeHblle, OT 3TOTO He NPOM3OHIET HHMKAKHX Cylle-
CTBEHHBIX H3MeHeHHH, TaK KakK 31eCh BaXXHO JHUIb NPHOJIU3UTENbHOE
COOTBETCTBHE BeJHYWHB! HaBECKH ee ONTHManabhHoil Bennunne. He umeer
CMBICJIZ W TOYHO BBIYHCAATH KOJHYECTBO OCAZMTENs, TaK Kak JJs
JocTiKeHus GOabluell NMOJHOTH OCaXKAEHHS ero Bcerfa 6epyT 3HadH-
TeJbHO 60JIbIlE, YeM BBIUHCJIEHO.

SlcHo, TakuM 0GpasoM, YTO NOAOOHLIE BLIYHCJICHHA CAEAYyeT IPOBO-
JIUTh BeCbMa NpPUOGJU3UTENBHO, T. €. CHJIbHO OKPYIVIsisi BCe 3Ha4YeHHs.

PaccmorpuM, HanpuMmep, BoiuucaeHde koanuectBa AgNO; tpeGye-
MOro IJs HOCTHXKeHHs noanoro ocaxzaenus Cl- us pacrsopa, comep-
xkamero 0,0536 ¢ NaCl: .

na ocaxpenve 58,443 2 NaCl tpeGyerca 169,88 2 AgNO,
Ha » 0,0536 ¢ NaCl » x 2 AgNO,

[TockoJibKY pe3yJbTaT BHIYMC/AECHHS HaM HYXHO 3HAaTh JHLIb NPH-
6ausutenbHo, uexonnywo maccy NaCl, T. e. 0,0636 e, ciemyer okpyr-
auth 10 0,05 2. CoxpaHssi y OCTaJbHBIX YHCE] OJHY 3amacHyio Hu}DY,
NOJMyUHM:

0,05 170
=2 0,15~ 0,
x ) y 0.2 2

To e BHIYUCJAEHHE MOXKHO ellle 6ojiee YNPOCTHTb, €C/IM He COXpa-

HATb 3anacHoit nudps, YTO B JAHHOM CJyuae BIOJHE JAOMYCTHMO:
0,05 - 200
K= =02 ¢

W3 Bcero M3/IOXKEHHOTO BRILIE BHAHO, YTO 3HAHHE TOYHOCTH, C KO-
TOPO¥ HOJKHO TMPOBOAMTHCH BLIYHCJCHHE, NO3BOJISAET HEPEAKO BecbMa
3HAYHTEJbHO €r0 YIPOCTHTb H OOJEryuTh.
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Bonpocu u 3anaum (x § 1—15)

1. B yem 3aksouaercs CyIHOCTb T'PaBHMETPHYECKOTO aHanu3a) TUTPUMETDHYE-
CKOro anannsa?

2. lins onpepenenus cofepxauns Kajbius 8 CaCOs Hasecky 0,4116 e pacrso-
pumn B HCI u, npu6asus NH,OH po menounofi peaxunu, ocapunn CaZ*-mon nmeii-
zreuem (NH,)»C;0, (ypapnenme peaxumn?). Bumasumi ocamok CaCo0,-H,O or-
¢uabTpOBaNH, NPOMBINH, NPOKAHIM H B3BeCHIH. 3Haf, uTo TPH  NpOKaJdBaHHR
ocanok npespaiaercss B CaO (ypaBHeHNne peakuuH?) H YTO Macca DOCHeHEr0 pasHa
0,2302 2, BbiuMCANTE NPOLEHTHOE collepKanke Kabuas B CaCOs.

OTtBerT: 39,97%.

3. 3nas, uro Ha mefiTpanuaanmio 20,00 ma uccnenyeMoro pacreopa H,SO, nper
30,00 M2 pacreopa emxoro Hatpa, B 1 M4 KOTOPOro coaepxurcs 0,004000 ¢ NaOH,
BHTMCAKTe, cKO/bKO rpamMmos HpSO, comeprxurcs B 1 4 pacTBopa cepHOll KHCIOTHL.

Otper: 7,356 .

4. Kakoe npeMMyWeCTBO HMeeT THTPHMETDHUECKHH METCJ aHaiWaa nepes rpa-
BHMETPHYECKUM METOAOM? ’

5. B ueM saxmouaercs cymHOCTH KOJIODHMETPHUECKOrO MeTOia ananusa? Kaxosa
BaxcHeHuasn o61acTh ero NpHMeHeHHs?
6. CKosbKO NPONEHTOB YT/EPOa COMEPKHT HeCaefyeMui ofpasen uyryHa, ecam

43 napeckn 1,0000 2 ero npH CXNraHHH B SNEKTPHYECKON Neuu 06pa3oBasioch
74,00 ma COp? : :

Yxasanne O6vem CO. npHBefieH K HOPMAJbHBIM ycaoBHaM. [lpu pacuere
HCXOAST H3 TOro, uro | Mozt mobOro rasa mpH HOPMANbHLIX ycaobusx (0°C # faB-
Jednn 760 mm pr. c1.) 3aHEMaer o6beM, paBHbE 22,4 4.

OrBer: 3,97%. ’

7. KakoBa TOYHOCTb B3BEIIMBAHHA Ha AHAJAHTHUECKHX Becax?

8. Yemy paBua Macca pefiTepa Ha Becax C HyJeM a) MOCPeAHHe KAl KOpPO-
MECn2? 6) y sneBoro kKpaa WKann? KakoMy H3MeHeHMIO HAarpyski mpasofi walIki
BECOB COOTBETCTBYeT NepeMelleHne pefitepa Ha OfHO (Majloe) IeeHHe MIKaapl?

9. Uro rtakoe uyyBCTBHTEBHOCTL BecoB? OT KaKuX (aKTOPOB OHa 3aBHCHT H Kak
onpefensieTcss Ha OMHTE?

10. Kax perynupyioT 4yBCTBHTEILHOCTb BECOB?

11. Touemy Henesecoo6pasHo CIMIIKOM CHILHO YMEHBINATE PACCTOAHHE MEXLY
LEHTPOM TSKeCTH ABHXKYUIHXCA 4acTell BECOB M TOUKON ONMOpH! HX?

12. OnpenennTte HyJEBYIO TOUKY BeCOB NO CJAEAYIOWIUM OTK/IOHEHHSIM CTPEJKH:

paeso 17,8; 17,6 nenenun;
pnpaso 4,0; 4,2; 4,4 penenuit.

OrBet: 109 nenenns. .

13. Onpenenuth uyBCTBMTENBHOCTL BECOB M HEHY' NEAEHHA WKAJALl N/ CTPENKR
BECOB [DH AaHHOM HarpysKe, €CJIH KOJeGaHHS CTPEJKH TAKOBBI: :

a) TPH TOMelleHHH peliTepa Ha ZHesewve, obosnauennoe nudpoi 6:

BieBo 14,2, 14,0 neneuni;
BpaBo 2.4; 2,6; 28 nenenuii;

6) npn noMemenxn pefiTepa Ha JedeHre, ofo3naueHnoe Hudpod 7:

BaeBo 18,3; 18,1 nenennmi
Bnpaso 4.3; 45, 4,7 nenennit:

O 1B eT: yyBcTBHTENbHOCTL 3,0 Aeneuns; uena aeacuns 0,33 me,

\
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14. HyneBas Touka BecoB paBia 10,0 nsenenusn. Ilpm B3asewnsanunm rtaras Ha
fpaBYI0 4allKy BecoB HOJOXHIH 7,18 2. Onpenenenne TOUEK PABHOBECHA MPH. pasHBIX
TI0/I0XKEHUAX pefiTepa 1aj0 CAEAYIOMAe Pe3ybTaThi: -

Tonoxenue peiirepa Touka paBHOBECHA

Ha b-M mejieHdu 7,2 meneHus
» 6-M » 9,7 »
» 7-M » 12,2 »
-» 8-M » 14,7 »

BoiyHcanTbh Maccy THIJA.

OrseT: 7,1863 e .

15. -HyneBas Touxka BecoB 9,5 NesieHHs, a WX IyBCTBHTENLHOCTb MPH XAHHOA HA-
tpyske cocraaser 3,0 genenns. OnmpenelHTb: a) KakKHMH OTKJIOHEHHSIMH TOYKH paB-
HOBeCHsI OT HYJIeBOH TOUKH MOXHO mpeHeGpeub NMPH B3BEUIMBAaHHH MO MeTOAY COBIHa-
ZReHHsa? 6) xaxas owHOKa 6yaer ponmyuleHa, ec/il 3aKOHUHTb B3BeIIMBaHHe IIPH TOUKe
paBHoBecusi 9;1 xenenus?

Orser: a) 0,6 nenenun u menpwe; 6) 0,13 xe.-

16. [Touemy Henb3si B3BEIUMBATL MpPEAMETH, HMEIOLIHe HHYI TeMIepaTypy, ueM
BECHI?

17. Macca Giokca mnps B3BelWIMBAaHHM €ro Ha JeBOoff dallke BeCOB OKa3aJiachb
12,7544 2, a npu B3BewMBaHHA Ha npasoil uawke — 12,7538 2. Hafitn Maccy Grokca ¢
fIONIpaBKOA HA HEPABHOIJIEYECTb BECOB.

OrserT: 12,7641 2.

18. HavHa mnpaBore mjeua Kopomeicna BecoB 79,90 mm, AauHa Jesoro mJjeuya
80,00 mm. Macca THIVIL Npn B3BEWIMBAHWH ero Ha MeBol ualike pecos 7,1540 2. Ka-
KOBa ero AedCTBHTENbHAs Macca (B BO3ayxe)?

Orsert: 7,1440 & ’

19. INpusectn ¥ Macce B nycrore Maccy ocagka BaSO, (miotnocrs 4,5 2/cmd),
pasayio B Bosnyxe 06000 e, 3mas, uyro B3BelIMBAaHHe MPOBOJHTCH AJIOMHHHE-
BHIMH pasHoBeckamu (mioTHocTb 2,6 2/cM®) M NpPHHMMAs IUIOTHOCTb BO3AYXa PaBHOH
0,0012 2/cm?.

O TBeT: NONPaBKa Ha B3BemuBaHuue B Bo3Lyxe paBHa —0,000117 e; macca ocaa-
Ka B nycrore ~0,5999 e.

20. ToueMy UpH KOJHYECTBEHHOM aHaJH3e B GOJBUIMHCTBE C/IYYaeB MOXKHO HeE
BBOJIMTb MONPABOK Ha HEPABHOIJIEUECTb BECOB H Ha B3pellWBaHHe B Bosnyxe? B xa-
KUX cJayd4asix S5TH NOMPaBKH HeOGXONUMBI? :

21. Jnd 4ero nepeKpucTa/JH30BHBAIOT BellecTBa? .

22. B 4eM 3ak/aiodaeTcsl CYWHOCTL OTGOpa cpefHell mpobbl H Kakoe 3HayeHHe
#MeeT ITa ONepauus? _

23. Macca turas pasHa 8 2. Kak cieayer sanmcaTh 3Ty Maccy, ec/id B3BelllMBa-
HHe TPOBOLMIOCH: 3) Ha TEXHHUGCKHX BecaX; 6) Ha aHAJHTHYECKHX Becax?

24. CKOJIBKO HeCSTHYHBIX 3HAKOB HYXHO COXPAHHTb B CyMMe, TOJIYUeHHOH MyTeM
CJOXEHHS BEIWYMH, 4acTb KOTOPbIX HafilleHa NpH B3BEIIUBAHHM Ha TEXHHYECKHX,
a yacTb — Ha aHAJHTHYECKHX Becax?

. 25. Ckonbko 3HauaiMx Uudp coAepxkar cieayiomue Benuunssl: a) 0,00012;
6) 2,7005; B) 35700 (macca, NOJyueHHas TPH B3BEUIMBAHHA Ha aHAJHTHYECKHX
Becax)? '

OrserT: a) 2; 6) 5; 8) .

26. Ckosbko 3Hauallux UEDP cAeAyeT COXpaHaTbh Y BeJHUHH aTOMHBIX H MoJe-
KYJspHHIX BECOB NDH BBUHC/ICHHH pe3yJbTaTOB [PABHMETPHUYCCKHX WIH THTPHMETDH-
YecKHX ONpefe’eHHid? B KaKHX Cilyyasix BeJHYHHH aTOMHBIX H MOJIEKY/SPHBIX BECOB
CJIeAyeT OKPYMVIATh TIPH BBHIYMCIICHUAX? .

27. Kakue OLIMGKH Ha3bIBAIOTCH CHCTEMATHUECKHMH? CIOyuafHHIMH? TpoMaxamu?
YKaxXHTe NPHYHHB, BO3HHKHOBEHHS CHCTEMATHYECKHX OWIHOOK; CayyafiHuX OWHGOK.
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28. Yro Takoe npaBu/IbHOCTb ONpefleNieHHA HJAH MeETOA2? TOYHOCTD onpene/neHns
_MaM MeTofa? MoOXHO M 1O XOpOUIeli TOYHOCTH ONpeNeNeHUs HAM MeTona 3aKJIo-
YaTh O €ro NPaBHJIbHOCTH?

29. Yro Takoe cpegnee OTKJIOHEHHE €JHHHUYHOTO pe3y.bTata? YUrto Takoe cpenHee
KBaJpaTHYHOE OTK/OHeHHe?

30. Ipn onpenenenwn wHHKeNs B CIJIaBe NONYYEHb CJEAYIOUHE pPe3y/bTATHI
8,25, 8,15, 8,08, 820, 8,02%; nafth ciyyafinylo OowHOKY aHa/in3a (NPHHAB HaZeXK-
Hoctb o == 0,95) M nmoBepuTesbHBIE TPAHUUBLI MJISi ONPENENNEMON BENHUHHDL

OrseTm: g, = £0,125%; » = 8,130,13% (1. e. ot 7,97% no 8.23%).

rmTABA 11

TPABUMETPHYECKHHA (BECOBOR)
AHAJIN3

§ 16. CymHoOCTh rpaBHMETPHYECKOTO (BECOBOr0) aHaJjH3a

[paBMUMeETPHYECKMM aHaJM30M Ha3LBAIOT METOX KOJHYECTBEHHOTO
XMMHYECKOTO aHaJM3a, OCHOBAHHBIA HAa TOYHOM H3MEPEHHH MacChl
onpeaesiieMOro KOMIIOHeHTa NpoO6kl, BhiejeHHOro JaHGo B 3jeMeHTap-
HOM BHIe, JH60O B BUAE COelHHEHHs ONpeleJeHHOro cocraBa. ['paBu-
MeTpuyeCKHe MeTOAB MOApa3ie]fAlOT Ha ABe rpynns: 1) meTtonm OT-
TOHKH, 2) MeTOAbl OCaXJIeHHs.

B MeTonax OTrOHKH ONpelessieMyl0 COCTaBHYIO 4YacTb HCC/Ieaye-
MOro OGBEKTa OTrOHSIOT. METONbl OTFOHKM MOTYT OBITh NPSAMBIMH H
KOocBeHHbIMH. [IpuMepoM npsiMoOro MeToaa MOMKET CAYKHTh METOX ofpe-
IelleHHs [BYOKMCH yIyiepofa B KapGoHaTHHIX moponax. M3 HaBeckm
kap6onara (Hanpumep, CaCQOjy) HeliCTBHEM COJSHOM KHUCJIOTH Boife-
JSIOT ABYOKHCb YIVIEPOZ @, KOTOPYIO OTTOHSIIOT B NPEABAPHTENbHO B3Be-

. IIeHHbI NPHEMHHK C MOIVIOTHTeNIeM (B AaHHOM C/ydyae ¢ HaTPOHHOI

H3BeCThbIO, T. e. cMecbio CaO ¢ NaOH). Ilo yBeaunuennio Macch! npuem-
HHKa paccunThBaloT KoiHuecTBO COz B KOCBEeHHBIX METOZAX OTTOHKH
JIeTyuuil KOMIOHEHT OTTOHSIOT M3 HaBeCKH HCCJIEAyeMOTO BellecTBa H
IO YMEeHbUIECHHIO e MacCh CYAAT O COMepKaHWH JIeTy4ero KOMIIOHEHTa.
Tak MOXHO omnpejefiTh KOJHYECTBO KPHUCTAAIH3AIHOHHONH BOAH B CO-
JfX, BHICYILIHBAsi HABECKY COJIH NPH ONpefeJeHHON TeMIleparype.

MeTOoAB! OTrOHKH He SIBJISIOTCA YHUBEPCAJbHBIMH H MOTYT NpHMe-

HATbCA TOTAA, Koraa npoba cOMep:KHT JETYUHH KOMIIOHEHT HJIH KOTIa
onpefenaseMblii KOMIIOHEHT NPH TOH HJIM HHOH peaKIMH MOXKET rpe-
BpalaTthCcs B JeTyuee BeniectBo. [1osToMy Gosbiloe 3HaueHHE HMEIOT
METOMb! OCaXKIeHUA. '
« B Meromax ocakleHHs HaBecKy aHaJM3HPYEMOro BeIECTBA TEM
HJIH HHBIM cnocoOoM NEpPeBORAT B PacTBOP, NMOCHE UEro ompenessieMblil
3JIeMEHT OCaXKIaloT B BHIE KAKOro-JHGO MasJopacTBOPHMOrO CoefuHe-
HHs (HMJH BBIAEJAIOT B 3JeMeHTapHOM BHJe). Buimasmmil ocamok or-
AeJsiIoT QUAbTPOBAHHEM, THIATEAbHO NMPOMBIBAIOT, NPOKAJHBAIOT (HJIH
BBLICYLIMBAIOT) M TOYHO B3BewHBaloT. [To macce ocanka u ero gopmydae
pPaCCYUTHIBAIOT COJAEPKAHHE B HeM OIpeJe]IsieMOro SJeMeHTa M BhIpa-
KAl0T COAEepIKaHME 3TOTO 3JeMeHTa B NMPOLEHTaX OT HABECKH.

M3 Bcex mepeuncaeHHBIX onepauuii HanGojlee BaxKHOM SIBJAsIETCH
ocaxjenne. Or TOro, HacKoJbKO yAauHO BEIGpaH oOcaguTesb, Kakoe
KOJINYECTBO €ro NpubaBlieHO, B KAaKHX YCJAOBHSX IIPOBENEHO OcCaxKie-
HHE, B 3HAYHTEJIbHON CTENEHH 3aBHCHT TOYHOCThb Pe3yJ/IbTATOB aHA/IH3a.
Ocaxjenne HHOTAQ CONPOBOKAAETCA OCJHOKHEHHAMH (HampuMep,

3 3ax. 336
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00pa3oBaHHEM KOJIOHZHOTO pAacTBOPAa, COOCAMKAECHHEM NOCTOPOHHHX
BEIECTB H T. I.), KOTOpPble MOTYT CHe/aTh pe3yJbTaThl aHA/IH3a COBEp-
[IEHHO HENPaBH/IbHLIMH, €CJIM AHAJHTHK He NPHMET HaAJeXallHX Mep.
Iosromy Bonpocs Teopui 06pasoBaHus OCAAKOB, HX YHCTOTbI, PACTBO-
PHMOCTH SIBJISIIOTCA OYEHb BAXKHBIMH [JJISl aHAJMTHYECKOH XHMHUH.

10 3acTaB/seT OCTAHOBHTLCS Ha TEOPHH H NPAKTHKe Npolecca
OCaX{HeHHsI B NEPBYI0 OYepelb.

§ 17. TpeGosauns K ocam(am; Boi6op ocapuTens

Hcnonb3oBanne Kakoro-au6o MaJoOpacTBOPHMOIO COEXUHEHHS [aH-
HOro sjeMeHTa AJsg IPaBUMETPHYECKOro ONpEeNeseHHs MeTonoM oca-
KAeHHSI BO3MOXKHO JIMUIb B TOM CJIydae, eClMH 3TO COeJUHEHHE YAOB-
JeTBopsieT .pafy TpebGosanuil. Ilpexne uem mepefitn K paccMOTpPeHHIO
3THX Tpe6OBaHUH, 0OpaTHM BHUMAHHE Ha TO OGCTOSATENbCTBO, YTO MO-
JyYeHHbie B XOJI€ aHAJH3a OCAJKH OOBIYHO NPHXONHTCS NPOKAJIHBATh,
Ilpn npoxanuBanuu MHOrMe OCAIKH IPETEPHEBAIOT XHMHUYECKHE H3Me-
HenHsa. Takum 06pasoM, B3BEIIMBAIOT YaCTO KaKOE-TO APYroe COeMH-
lIleHHe, a He TO, KOTopoe ObLIO NMOJYYeHO NPH OcaxKAeHHH. BcerexcTsue
3TOTO B TPABHMETPHUYECKOM aHaJH3€ Pas3jHualOT OcaxKAaeMyio GopMmy
H BecoByio dopMy.

Ocamcoaemoii gpopmoi (naum GHopmoil ocaXaeHHsi) Ha3bHIBAETCH TO
COeAMHEeHHe, KOTOPOe OCaXKAaeTcsi W3 pPAacTBOpa NPH B3aMMOAEHCTBHU
C COOTBETCTBYIOLWUM PeareHTOM, a 8ec080d opmol — coeuHEeHne, KO-
TOpOe B3BELIMBAIOT AJf MOJYyYeHHs OKOHUaTeJNbHOTO pe3y/JbTaTa aHa-
nusa. Hanpuwmep, npu onpeneaennn Fe¥ u Al ocaxnaemoit dpopmoit
ABASI0TCA 06BIYHO BoAHble OKHCH FepO3-nHaO u AlO;-nH0 [rakxke

oGosnauaemuie dopmysamu Fe(OH); u AI(OH)s u naseiBaembie rum-

pookucamu], nonysaemele neficreueM NH,OH na -ananusupyembiit pac-

TBOp. BecoBoit ¢dopmoil sBasiioTcss 6e3BoaHbie OKHCH FepO3; u AlyOs, -

o6pa3yxonmec;1 H3 YKa3aHHbIX BOJIHBIX OKHCed NpH TPOKAJHBaHHH
HX, HanpuMep:

FE203 . anO —_> Fe203 + ﬂHzo

ITpu onpenenennu Ca? ocaxnaeMoi gopmoit Gyler okcanaT KaJjb-
uua CaCy0,-H:0, a BecoBoil ¢dopMoil MoXeT GbITh OKHChb KaJIbLHsi
CaO, o6pasyoiiasicss U3 Hero NP NPOKATUBAHHH:

CaCyO, - H,0 —> CaO + COxt + COA + H,04

B oraenbHbIX cayuasx ocaxkpaemas ¢opma u BecoBas ¢opma Mo-
TYT NpeACTaBAsATb co6OH OXHO H TO XKe coennHenne. Hanpumep,
Ba?- u SO -HOHH OcaAaOT H3 pacTBopa M B3BEIUHBAIOT B BHME
cynbtparta Gapusi, KOTOPHIH He H3MEHAETCs XHMHYECKH NPH NPOKaJH-
BanuH. TouHo Tak xe npu omnpenereHnu Ag* (uam Cl™) ocaxnaemod
H BeCOBOH (opMmof sBasiercsi xJopun cepeopa AgCl u 1. 1.
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[TouaTro, 4TO K ocaxpaeMoil # BecoBoH (popMaM NPeLbABIAAITCA
pasHbie TpeGoBaHHs. PaccMOTPHM HX 3[ieCb OTAENBHO.

TpeboBanus Kk ocaxnaemor gopme. 1. Ocaxnaemas dopma AOJK-
Ha ofsanarh HOCTATOYHO MaJiOfi pacTBOPHMOCTBIO, 63 uyero HeBO3-
MOXXHO JOCTHXXeHHe NMPAaKTHUYECKH MOJHOTO OCaxKIeHHS OnpeReaseMoro
noHa (snementa). Kak HM3BecTHO, pacTBOPHMOCTb MajoOpacTBOPHMBIX
3JEKTPONHTOB XapaKTePH3YeTCsl BEJNWYHHON MX NMpPOH3BEJEHHS pacTBO-
pumoctu - ([TP). OnbiT noxkaspiBaer, 4TO B ciaydae OHHAPHBLIX 3JEKTPO-
JUTOB (T. €. COeXMHEHMH, KaKJIas MoJIeKy/Ja KOTOphiX obpasyeT npu
AWccoUHalMy ABa HOHA, Hanpumep BaSO,, AgCl m 1. n.), npaxruye-
CKH MOJIHOE OCaXXJEeHHEe MOXeT OBITb NOCTHTHYTO JIHIOb TOrAa, Koraa'
TP ocamka ue npeBnumaer 11078, ITostomy coenunenuss c¢ IIP >
>10"8% B xauecTBe OcaxfaeMod QOpPMbI B IPaBUMETPHUYECKOM aHAJIH3E,;
KaK npaBuio, He npuMensiorcs. Ho, KoneuHo, BO3MOXHOCTH MJIH He-
BO3MOXHOCTh IIPHMEHEHHA AJAA YKAa3aHHBIX ILeJled TOro HJH HHOTO
COEAMHEHHsI 3aBHCHT TaKXKe OT TOYHOCTH JaHHOTO aHaJH3a.

2. XenatelbHO najee, uToObl CTPYKTypa ocafka AaBaja BO3MOXK-
HOCTB C JOCTATOYHOH CKOPOCTBIO BeCTH (UJLTPOBAHHE H OTMbIBaHHE
ot npuMmeceil. Odenp yROOHB! 1715 PaGOTHl CPABHUTEJbHO KDPYIMHOKDH-
CTaJJIHYecKHe OCaJKH, TaK KaK OHH NOYTH He 3a6uBaIOT NOPHl PHJALTPA
H, HMest ¢1a60 Pa3BUTYIO NMOBEPXHOCThb, MaJo afcopOHPYIOT MOCTOPOH-
HYe BellleCTBA H3 pacTBOpa M JIErko OTMBIBAIOTCH OT HHX *. OueHb
MEJIKOKDHCTa/IIHUecKHe OcaikH, Takne, kak BaSO, mam CaCz0,,
B 5TOM OTHOILIEHHH MeHee yA0OHB. Kpome TOro, npH HemnpaBHJbHOM
NPOBCILEHNH OCAaX/EHHsI TaKHe OCaJKH JIerKO NPOXOAAT uUepe3 IOphl
¢unbTpa, YTO B BECOBOM aHa/H3€, KOHEUHO, COBEpIIEHHO Helo-
NYCTHMO. .

Amopodubie ocaaku, ocobeHHo cryneHncroie, Bpofe Al(OH)s;, umeror
CHJIBHO Pa3BUTYIO NMOBEPXHOCTb H NMOTOMY 3HAYHTEJAbHO aicopBupyioT
NIOCTOPOHHHE BEIUECTBA H3 PACTBOPa W TPYyAHO OTMLIBAIOTCH OT HHX.
Kpome Toro, u ¢uabTpoBaHHe NPOHCXOAUT OueHb MejjeHHo. Ho ecnu
coeHHenui, obaanaux 6osee yIOGHBIME AJisi aHaAJIH3a CBOACTRAMH,
HE CYHIeCTBYeT, TO IpPHUXOAHTCA paboraTb ¥ C TAaKUMH OCaJKaMH.
B sToM ciyuae crapaporcs €0o31aTh YCIOBHS, NpPH KOTOPHIX YMEHb-
HIQIOTCH HEeYAOOCTBa, CBSI3aHHBIE ¢ NPHMeHeHHeM aMOP(HBIX OCaAKOB.

3. Heo6xonumo, uro6el ocaxjpaeMas ¢)opMa IOCTAaTOYHO JErKo H
[OJIHOCTBIO NpeBpaliagach B BeCOBYIO (hopMy.

TpeGosanns k BecoBoii diopme. 1. Baxueiimium Ttpe6GoBaHueM,
OpelbaBAfeMbIM K BecoBOH (opMe, SIBJISETCH TOHHOE COOTBETCTBUE ee
coctasa xumuveckoii opmyae. SlcHo, uto ecan Gbl TAKOE COOTBETCTBHE
HE UMeJO MeCTa, HanpuMep ecad 6bl B3BelIMBAaeMbIH OCafoK Obl1 XH-
MHYECKH He HHAMBHIAYaJbHbHIM BELIECTBOM CTPOrO ONpeleieHHOro,

* Bonpoc 06 yBJeueHHM OCajiKaMH MOCTOPOHHHX BeUleCTB M3 pacTBOpa BCJEA-
cTBHe aacopO6uHM W APYrHX NpHYHH nojpobfee pacCMaTpHBAeTCsl HHXKe.

3*
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COOTBETCTBYIOLIero GopMyne cocTaBa, a Kakoil-nubo Hednpeneneﬂﬂoﬁ
CMeCbI0, TO BBIYHCJIEHHE PE3yJbTaTOB aHaJH3a GbIO 6B HEBO3MOKHBIM

Mexnay TeM MHOTHE M3 NOJYuaeMbIX NPH aHAAH3e OCAAKOB He
YROBJIETBOPSIOT 3TOMY TpeGoBanuio. Hampumep, ocamox ruppookucu
-Heqesa He COOTBETCTBYeT Touno dopmyne Fe(OH)s, a comepxur me-
PEMCHHOE, 3aBHUCSIEE OT YCJOBHI OCaXKAEGHHS H HEHU3BECTHOE KOJIHYe-
cTBO BOAH. Takum o6pasoM, QGopMysny ero cieayer mucaTh B BHIE
Fe;0;-nHz0. Tlpn mpokanuBauunm rHAPOOKHCH KeJe3a BCS 3Ta BOAA
yAaasercs H o0pasyercs COeIMHEHHe BIOJHE ONpeXeJeHHOrO COCTaBa
CTPOTro cooTBeTCTBYIOMmMeEro dpopmyne FeyOs. ’

VIMeHHO BCJIEICTBHE TOTO UTO MEPBOHAYAJBHO BhINAKAIOUIHE OCALKHU
YacTo He yNOBJETBOPAIOT TPeGOBAHNIO COOTBETCTBHS COCTaBa GopMyJie
M NPHXOAMTCH mnpuberaTh K HX NpoKanuBaHuio. Kpome ToroO, le’;

TIPOKaJIHBAHHH TIOJHOCTHIO yAaJisieTcs W3 OCajKa yHepxuBaeMmass HM

BOJla Y HEOTMBIThIE JIETYUHE NPHMECH, a TaKXe NPOHUCXOAHT O30JIeHHe
¢uabTpa.

2; BropuiMm TpeGoBanueM siBISIeTCS JOCTATOYHAs XHMHUYECKas
YCTOHYHBOCTb BeCcOBOH ¢opmbl. OueBnnHO, paboTa 3aTPYAHHTCS, eCHIH
BecoBasi (opMa OyneT JIerKO H3MEHATb CBOH COCTaB Bcnencmn,e Ha-
TIPHMep, NOIVIOLIEHHsT BoAsHbIX NapoB I CO; M3 Bo3ayxa, OKHC/TeHHs
(MM BOCCTAHOBJIEHHS), DA3NOXKEHHS H TOMY NOHOGHBIX IIPOLIECCOB.
Benb npu sToM Hapywaercs TO COOTBETCTBHE COCTaBa 0CamKa ¢op-
MyJse, 0 KOTOpOM rosopuioch Bbime. Hanumune y ocagxa nopo6mbix
CBOHCTB, XOTA M He cAenano Obl onpefejeHHe HeBO3MOXHBIM, HO I0-
Tpe6oBaso bl COGMIONECHUS PSia IPEAOCTOPOXKHOCTE], npenyn;;e)xnaxo-

IIHX W3MEHEHHE COCTaBa oOcCajlKa, H TEeM caMbIM YCJIOXKHUAO Obl

aHamu3.

Bo usGexaHHe 3TOro Hepeaxo NpPeANOYHTAIOT npespamare obJsa-
JlalollHe NONOGHBIMH CBOHCTBAMH OcalKH B Gojlee YNOGHYIO BECOBYIO
Gopmy, oGpabaTbiBass HX COOTBETCTBYIOIIHMH pearenTamn. Hampumep
ocanok CaO, nerko moraomalomuit H,O u CO; us sosnyxa (uto 3a-
- TPy[HseT TOYHOE B3BEIWIMBAaHHE ero), mHorza npespamaitor B CaSO,
nyTeM o6paGOTKH €ro B THUIVIE CEPHOH KHCAOTOH, H3GBITOK KOTOpOil
yAangoT BEIIAapUBAHHEM.

K o6pabotke ocaika peareHTaMHu NPHXOMHTCA TPHGEraTh W B Tex
Cly4asX, KOrjfla 0caJoK NIpPH NPOKaJMBAHHM YaCTHYHO BOCCTAHABJIH-
BaeTcs yrjeM U NPOAYKTaMH HEMNOJHOIo CropaHusi GuibTpa.

3. Hakonen, xenmarenbHo, yToGbl COlepKanue ONpeNesisieMoro Je-
MEHTa B BECOBOH (opMe GBIO KaK MOXKHO MEHbIIHM, TakK Kak TOTpell-
HOCTH onpefniesienns: (HanpHMep, OMKUGKH B3BEIUHBAHUS, NOTEPH OT pac-
TBOPDHMOCTH 0CajKa HJIH OT HEJOCTATOYHO NOJHOTO MNepPeHeceHusi ero
Ha QHIBTP W T. I:) MPH 3TOM MeHbIle CKAaXYTC Ha OKOHYATeJbHOM
pesyabTaTe aHagausa.

Hanpumep, omunakoBas no aGconmortHoii Bemmumme NOTrpeuIHoOCTh
pu onpenenenny Macce ocankos BaCrO; u CriO; Bausier wa nahnen-
HOE conepkanne Xxpoma B NEPBOM cayuae B 3,5 pasa MeHbIle, 4eM RO

BTOpOM. JleficTBHTENbHO, MoTepst | M2 ocalka nMpH aHajau3e COOTBET-
CTByeT CJAEeAYIOLIAM OHGKAM NPH ONpeieIeHHH MacChl XpoMa:

Becosas dopma CryO3 Becosas ¢opma BaCrO,
B 152 me Crp0; conepxurcs 104 2 Cr B 253,3 me BaCrQ, coaepxurcst 52 me Cr

B 1 me CryOs >  x meCr B 1 me BaCiO, » x me Cr
104 52
x=m-1=0,7meCr x——-§—5—3—,3—-1—0,2meCr

Tlepeunciennble Bhinle TPeGOBaHM K OCaiKaM B SHAUHTENbHON
Mepe onpelensiioT BbIGOp ocaauTesns. Kpome TOro, mMpHXOMMTCH TPH-
HHMaTh BO BHUMAaHWE TaKxke CJelylollle 06CTOATENbCTBA.

OnHT NOKa3blBaeT, YTO NPH BHIAGNCGHMH OCajka u3 pacTBopa OH
BCceraa yBJeKaeT M3 PacTBOPa PasfuyHbie NOCTOPOHHHE BellecTBa HIH
ponbl. K HHM NpHHaJeXaT TaKXe H HOHbI OCafHTeNs, OT KOTOPBIX
0CaJIKH NPUXOAHUTCS OTMBIBATh. [I0CKOIBLKY 9TO OTMBEIBAHHE MOXKET OKa-
3aTbCsl HEJIOCTATOUHO MOJHBIM, 8bl200HO, 4TOGbL ocadureab bbia seuje-
CTBOM AeTy4um, TaK KaK B 3TOM C/yuyae He YHajeHHas 4acTb ero NpH
NPOMBIBAHUH YJIETY4HTCSl NPH NpOKaauBaHud. MMeHHO rnoaromy Fes+
ocaxnaator neiicrsieM NH,OH, a nme KOH man NaOH; Ba? peir-
creueM H,SO,, a ne NasSO, uan KoSO,; Ag* meiicrBuem HCI, a ne
NaCl u 1. A.

KoHeuHo, He BCErZa 3TO NMpaBWJIO MOXer OuTh cobmomeno. Ha-
npumep, npu ocaxnennn Cu? B Bume Cu(OH). npuxopurcs npume-
nsito He NH,OH, B n36niTKe KOTOpOro ocajok pacrsopum, a NaOH
mwin KOH u . 1. :

[ToHSTHO, YTO B TaKHX CJAyyasix NPOMBIBATL OCaJKH CJIEAyeT 0Co-
6eHHO THIATEJBHO.

B 6oJbIIMHCTBE AHAJH30B OCAXAAaTh ONpeNeNsieMblH HOH IIPHXO-
JWTCS B NPHCYTCTBAU psiia APYrux HoHoB. IlostoMy HeoGXOAHMO CuH-
TaThcd C BO3MOJKHOCTBIO OCAXKJEHU TIPUMEHsSeMBIM peareHToM Ha-
PSILY C HYXKHBIMH TaKxKe H JPYTHX MajopacTBOPHMbIX BElleCTB. Yro6nl
3TOr0 He NPOH3OLLIO, BecbMa BAaXHO BHIOpaTh TakoH ocajauTenb, KO-
TOpHIK ocamaan Obl TOJNBKO IaHHHIH HOH, T. €. ABJAsJICS 6bl ZOCTATOYHO
cneyugudecKun,

Hanpumep, Al3*-1oH HepelKo ONPENENSIOT, OCaXAas ero aMMHaKOM
B BHJe BOJAHON OKMCH H B3BellnBas 06pasyIoOLLyIOCs MOC/e MPOKaJHBa-
uust okuch amomuuusa Al,O;. OmHako ecnw B PacTBOpe NMPUCYTCTBYET

- Fe3-non, To OH ToXe OylerT ocaxpaThca. B atom cayuae ynoGuee npu-

MenuTb THOCYAbOAT HaTpusi NasS,Os KoTopbii pearupyer ¢ Al%* mo
ypaBHEHHIO:

9AI™ 4 35,07 -+ 3,0 —> 2AI(OH)} + ISy + 350,

Orduabrpopas u npombis ocagok Al(OH)s + S, ero npoxasusaior,
npu stoM cepa cropaer, a Al(OH); npespamaercst B Al,0,. Honbl
Fe npun geiictBun NapS»0; He ocaxpaalorced, a JHIIbL BOCCTaHABJH-
BatoTca o Fe?t,
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Koneuno, cneunduueckuit ocaznteab ymaercs uafiTH He BCeraa,
NO3TOMY TNPHXOAMTCS NPHUMEHSTh MACKUPOBKY MewaioUlHX onpeaele-
HHIO HOHOB, T. €. CBA3LIBATL UX B JAOCTATOYHO NMPOUYHBIe KOMIJIEKCHl, He
OCaXX[laeMble NaHHLIM PEaKTHBOM; €CHH K€ MacCKHPOBKa HEBO3MOXKHA,
TEM HJIM MHBIM CIIOCOGOM YHAJSIOT STH HOHB H3 pacTBOpa. IlpuMeHse-
Mbi€ IDH 3TOM MeTOAb OyAyT NOApoGHee paccCMOTheHHl B AaJbHefiweM.

§ 18. KoanuectBo ocanureas

PactBop kakoro-nn60 MalopacTBOPHMOTO 3/JEKTPOJHTA CTAHOBUTCS
HaCbIIUEHHBIM TOTHA, KOTAAa NpOH3BeleHHe KOHIEeHTpauuil (TouHee,
AKTHBHOCTe#) * ero MOHOB OKa3biBAeTCHA DABHLIM NPOM3BENEHHIO pac-
TBOPHMOCTH IpPH JaHHOH TeMmmepartype.

Has pactBopa cynbdata CBHHUA MOXKHO HalHCATh:

[Pb2+] [Soi_l = prb504 =185. 10—3
Eciu :
[Po™*}[s0} < 1,6-107°

TO PacTBOP GyleT HeHacCHILEHHBIM M TPH AaHHOA TeMnepaType B HEM
MOXHO DacTBOPHTb e€lle HEKOTOPOE KOJMYECTBO -Cyadbhata CBHHUA.
Eciin npowsBenienne pacTBOPUMOCTH «IIPEBHILICHOS, T. €.

[Po**][sO*]>1,6-107*

TO PacTBOP NepechllleH M JOKHO BBHIIEIHTBCS HEKOTOPOE KOJHYECTBO
ocagka PbSO,. Cregosarensto, coryacHo npasuay NpOM3BeldeHHs pac-
TBOPHMOCTH 00pa3o8arue 0CadK08 RPOUCXOOUT AUUlb RPU YCcAOBUL,
ecau npouseedenue KonyenTpauuil (TouHee, axkTueHocTeldl) cooTeer-
CTEYIOUW4UX UOHOB NPEBLICUT BEAUHUNY NPOU3BEAeHUs PAcTBOPUMOCTU
ocamdaemozo coedunenus npu Gannoll Temneparype. :
Ilostomy, ecim cmemarb paBuble o6bemn 0,0001 M pacrsopos
Pb(NO3)2 1 NasSO,, To ocagox PbSO, He obpasyerca. [eficTBHTENLHO,
NPH CMEUEHHH PaBHLIX OOBEMOB PACTBOPOB KOHUEHTPAUHUH KaxAOro
M3 YKa3aHHBIX BeEIleCTB YMEHbLIATCS BABOE M CTAHYT DAaBHBIMH
0,00005 M, nan 5-107% M. TToCKOMLKY COH KakK CHJIbHBIE JMEKTPOJIHTHI
B BOAHHIX PacTBOPax AHCCONMUPOBAHH NPAaKTHUYECKH HAUENIO, a Kaxaad
MOJIEKYJIa YKa3aHHBIX COJIel, HHCCOLHHPYs, 06pa3yeT Mo OMHOMY HOHY

2+ 2
Pb™ u SOfI", xoHuenTpauuu 5THX HOHOB IOCJE CMELICHHS 6yayT Tax-
e PaBHHI: ' '

[Pb™] =[50 ] =5:10"" 2-uon/a

*_Taﬁnnqx—me sunaueduss [P Bceria mpencTaBasilOT cOGON NPOH3BEAECHHE AKTHB-
nocret (I1P,), nostoMy BO Bcex pacuetax Gy[eM NOMb30BATECA TaGJIHYHBIMH AaH-
HeiMH TP, Gea yuera koS(GHIHEHTOB aKTHBHOCTH. B rTex ciyuasx, Korma pacrso-
PUMOCTb COENHHEHHsl CPABHHTEJbHO BEJHKA MJIH KOTAa B PacTBOpe NPHCYTCTBYIOT
SJICKTPO/INTDI, STH KO3((PHIHEHTH YYHTHIBAIOTCA,
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Wonnoe ‘npouseeneHye (T. €. NpoH3BefeHHe KOHIEHTPalHil BCTpe-
THBILIHXCA B PacTBOpe HOHOB) B pacCMaTPHBAeMOM cCjlydyae PaBHSETCS:

[Pb**] (SO |=5-107"-5.10""=25-10" " =25-10""°

[Mockoabky 2,5-107° <C 1,6-1078, 1. e. MemHblile BeJHYHHbBE l'IPPbso4

NpH JaHHOW TeMIepaType, PacTBOD NOJYYHTCS HEHACHIEHHBIM OTHO-
curensno PbSO,, 1 camok 3Tofl cosn He oGpasyercs.

Korza nosnoe npousse/ieHHe [Pb2+][SO4"] Goabiie 1,6-1078, pac-
TBOP OKa3biBAeTCsl NEPECHIIEHHBIM OTHOCHTeJbHO CyJb(paTa CBHHHA
KM HauHHaeTcA ero ocamjenue. [lo Mepe ocaskKAeHHA KOHLUEHTPAIHH
COOTBETCTBYIOUIMX HOHOB B DacTBOpPe I[OCTENeHHO YyMeHbIIATCs, H
KOr[la NpOM3BEeJeHHe HX CTaHeT PABHLIM BeJHUHMHe NpPOH3BeleHHs pac-
TBOPHMOCTH OCafIKd, MeXJIy OCafkOM H PacTBODOM yCTaHaBJHBaercs
JHHAMHWYECKOe paBHOBEeCHe M JaJibHelilllee ocak[eHHe NpeKpalyaercs.
JKunxas-dasa npeacrasiser coGoil HachlleHHbI! pacrBop PbSO, mpu
AaHHOH TeMIeparype. )

A6coNIOTHO HEpPAcCTBOPHMBLIX B BOJE BeHIeCTB He CyIeCcTByeT, Io-
stomy Beiuuuua 1P Bcerga Goabme Hyas. Orciofa ciaeayer, Wwro 7eo-
perudecku Hu 00HO ocasikOenue He GbisaeT cogepuieHHo noinsim. Hactb
ocaxdeMbiX HOHOB, COOTBETCTBYIONlasi BeJHUHHE HPOM3BeINeHHA pac-
TBODMMOCTH OCafika, Bcerja ocraercs B pacrtsope. Ho, kKak u B Ka-
YecTBEHHOM aHa/i3e, Hac HHTEepecyeT, KOHEUHO, He TeopeTHueckasd,
a IpakTHuecKas MOJHOTA OcakReHusi. B KauecTBeHHOM aHajH3e Oca-
KAEHHe KAKOro-aAu6o HOHA CUHTAEeTCH NPAKTHYECKH IOJHBIM TOraa, Ko-
rla OCTalOmHecs B pPacTBOpPe KOJHYECTBA €ro ’HaCTOJNbKO MalHl, UTO
HUKAaKHM JAJbHEeHRUIMM ONMepaldsiM aHajH3a IoMelunats He Moryr. Ilo-
JNOGHO 3TOMY, B 2pABUMETPUYECKOM aHaAUu3e OCANOeHue CHUTAeTCs
APAKTUYECKU NOAKbIM, KO20a OCTArOueecs 8 pacTeope KOAU4eCT80 0Ca-
scdaemozo coedunenus HaxXoOuTca 3a npederamu TOYHOCTU 836euiusa-

. Hua, T. e. He npesvuaer 0,0002 e.

Onsi Toro uroGbl OCaKAeHHe TOTO WM HHOTO HOHA MOIVIO OblTh
NPAKTHYECKH NOJNHBIM, HYXHO, OUYeBMJHO, B3fITb NOCTATOYHOE KOJHYe-
ctBo ocagurens. CKOJBKO ero norpeGyercsi, MOXKHO NPUGIH3IHTENBHO
BBLIUHC/INTDL N0 YPaBHEHHIO PEaKIlUH.

[IpeanosoXuM, YTO HaNO ONPENe]HTb CONEPIKaHHE CBHHLA B alie-
tate csunna Pb(CH;COO)3-3H:;0 nyrem ocaxnmeyuss Pb?*-nona cep-
HOH KMCJOTOH: '

Pb(CH;COO0), - 3H,0 -+ H,80; — PbSO,} + 2CH;COOH + 3H,0

Ecan BadATasm A8 aHalH3a HaBecka Pb(CH3COO)2-3H2'O paBHSI-

aaco 0,6525 2, TO MOXKHO HamHCaTh! .
1 moas Pb(CH;COO), - 3H,0
0,6525 2 Pb(CH;COO),+3H,0 »

PaccmanHBaemoe BbIYHCJEHHE HOCHT OpHQHTI/IpOBOLIHHﬁ Xxapakrep,

B3aumozefcTByer ¢ 1 moas H,S0,
¢ x.2 H,S0,

6OoJIbiuol TOYHOCTH OT Hero He Tpebyercs, NOITOMY NPH BLIIOJHEHHH



72 Taasa 11. T'pasumerpuneckud (secosor) anarus

€ro COOTBETCTBYIOIME BEIHYMHB CIEAYeT OKpYr/isath. Tak, BeaHunHy
naBeckd 0,65625 2 MoxHO OKpyrauTh 10 0,7 2, a BeJMUHHY MOJIEKY s~
nbix BecoB Pb(CH3;COO)2-3H:0 n H.SO; cnexyer okpyrante cooT-
BeTcTBeHHO 710 380 u 98. Orciofa:

380 ¢ Pb(CH,C0OO0),-3H,0 B3anMozefcTByer ¢ 98 ¢ H,SO
07 2 Pb(CH,COO0), - 3H,0 > S iso!
0,7-98
X -———W = 0,2 e

“TaK KaK OCaJuTeNb ynoTpebisiercsi OOHYHO B BHAE PacTBOpa Ka-
KOI:I-JIHﬁO ONpe/leJIeRHOM KOHIEHTPALMH, TO OT HaifeHHOH Macchl cep-
HOH KHCJIOTbl HYXKHO NepeiTH K 06beMy ee pacTBopa.

KoHuenrpaunu pacTBopoB BHIPaXaloT B BECOBHIX MNPOLEHTAX —
UMCJI0 rpaMMOB BeilleCTBa, cofepxamuxcs B 100 e pactBopa; moasx
Ha | 2 pacTBopa; rpaMM-sKBUBaJeHTax Ha | 4 pacTBopa (HOpMaJb-
Hble pacTBOpHI). -

Honycrum, HanpuMep, yTo nas ocaxneHus Pb2* mpumensior pac-
TBOp 10 ¢ H,SO; B 100 ms. B rakom cayuae tpebyeMmmblii o6beM ero
HaiileM H3 Nponopuuu: s

100- x4 pacrBopa coxepxar 10 2 H,SO,
X MA » » 0,2 2 H,80,
0,2 100
X = ————— ==

0 2 ma

Korna koumentpaumu pacTBOpPOB-OCafguTeNell BLIPAXAOT B MOJAX
Ha JHUTP, TO TpebyeMblli 06bEM PACTBOPA-OCAAHTENS MOMKET GbITb Bhi-
YHCJIeH TakuM ofpasom.

Ecnn KonuenTpauus pacrsopa cepHoit KHcaoTH paBha 0,5 M (1. e.
1 n.), To mockoaeKy 1 moas HySO, conepxnres B 2 4 storo pacrsopa,
MOXHO Halucarthb: '

380 ¢ Pb(CH,COO0),.3H,0 ocaxpawrca 2000 mz 05 M pacrsopa H,SO,

0,7 2z Pb(CH,COO), - 3H,0 > x i 05 M » H,S0,
o 07-2000
=T 3 M

[locMoTpuM Temeph, HAaCKOMBKO NOJHBIM GymeT ocaxkieHue PbSO,
NpH yNoTpPe6JIeHHH BHIYHCJIEHHOTO N0 YDPaBHEHMIO PeaKIHH KOJHYECTBA
ocaputessl. Tak Kak C 3THM KOJNHYECTBOM €ro Ha Kaxawii Pb2t-pon

2—- .
BBOAAT B pacTBOp Takxke no oaHoMy SOy -RoHy, KOHIEHTpaunu yka-
3aHHBIX HOHOB MO OKOHYaHMM OCaX/EHHS JOJXKHb ObiTb, OUYEBHJIHO,
PaBHBI MexAy co6oii. TTockoabKy npousBefienHe X pPaBHseTCS

2+ — —
[Pb**]=[s0}] =T1Pp g0, =16- 107"
KOHIEHTPaNMA KaXJIoro U3 HUX Gymer
[Pb™] =[50 |=V16-107" ~ 1,6 10™* z-uon/a

/
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Ecan 6b Bce 3TH ocTaBuuuecs B pacrBope Pb2- u SO -HOHBI BBI-
Haju B OCAfOK, TO monayuwiaock 6u1 1,3-107% moae nau 1,3-1074.303 2
PbSO, u3 kaxkmoro JauTpa pactBopa. AHa/IM3y moiasepraercs, OAHAKO,
He 1 4, a okoso 100 ma pacrBopa. CienoBaTesbHO, IOTEPsA OT PaCTBO-
pumoctu ocagka PbSO; B 3THX yCJOBHSX COCTaBlisieT NPHMEPHO:

A=13-10"*.303.0,1 ~ 0,0039 2

Orciofa fAcHO, 4To ocaxaenue PbZ* B aTOM ciIyuae HeJNb3s CUUTATh
ApaKTHUYECKH MOJHBEIM, TaK KaK I0oTepa OT PACTBOPHMOCTH OCaJKa NpH-
6ausutenabHo B 20 pas mpesblmiaer gomyctumyio Besnuuudy (0,0002 2).

- § 19. BausinHe HOHOB Ha PACTBOPHMOCTb OCAJKa,
ComepKaero OXHOHMEHHblE HOHbI

. Ocaxmenue Takoro BeulecTsa, kak PbSO,, npu ynorpeb/eHnu skpu-
BaJEHTHOro (T. €. COOTBETCTBYIOLIETO YpPaBHEHHIO DeaklHH) KoJHue-
CTBa OCaJHMTeNsi BECbMa HENOJHO, ONHAKO NpHMeHsAs M3OLITOK ocajiu-
TeJs, MOXHO IOCTHTHYTb ropasgo GoJiee IOJHOTO OCaXkKAEHH 3TOH
COJIH. ‘

JleficTBUTENLHO, COTIaCHO NpPaBHJY NpPOH3BENEHHs PacTBOPHMOCTH,
fipOH3BeJieHie KOHIeHTpauui (ToyHee, aKTHBHOCTEH) HOHOB KaKOro-
Ju60 MaJOpacTBOPHMOrO 3JEKTPOJHTA B HACHIIEHHOM pacTBOpe ero
npeicrasiasier co60f BeJMUMHY, IOCTOSAHHYIO TIPH J@HHOH TeMmmepatype
U PaBHYI0 NPOH3BENCHHIO PACTBOPHMOCTH 3/IEKTPOJIHTA, HAaNpUMep:

[Po*}[$0}7]=TTPpy50, =16+ 107°

M3 3TOro ypaBHEHHsI CJIeAyeT: AJs TOro 4ToObl CHeNaTh OCaXKAEHHE
Pb2+ 6osiee MOJHLIM, T. €. IOHHU3HTL KOHLEHTPALHIO €ro B MOAYYaeMoM
NpN OKOHYAHHH OCaXXIEHHs HaculeHHoM pactBope PbSO,, myxHo

KOHILEHTPAUHIO OCAXKAAIOUIEro SO} COOTBETCTBEHHO YBEMHUHTB, T. €.
sBecTH u36biTOK ocanurens (HxSO,). ‘

JlonyctuM, 4To BMecto BbluHcaeHHbIX 4 ma 0,5 M pactsopa H2SO.
610 B3aTo B 1,5 pasa Gosbue, T. €. 6 ma. Herpyano Bblunciautb no-
TEpIO OT PACTBOPHMOCTH OCajKa B 3TOM ciyuae.

U3 B3areix 6 ma HaSO, 4 ma Oymer 3aTpaueHo Ha ocaxkIeHue
Pb%, a 2 ma ocraHercss B u36biTKe. Tak Kaxk o6mui o6beM pacTBopa
paBen 100 ms, TO yKa3aHHOe H3GBITOYHOE KOJHYECTBO CEPHOH KHC-
JIOTHl OKaxeTcst pasGasjeHHbiM or 2 mo 100 ma, T. e. B 50 pas, u
gounenrpauuss HpSO, B pacTBope, cjef0BaTe/NbHO, CTAHET DPaBHOH
0,5:50 = 0,01 = 102M.

B ofmeM cnyuae mpH CMEIUIEHHH IBYX PAacTEODOB € PA3NHYHOH KOHUEHTPalHed
QNHOrO U TOro XKe BellecTBA KOHEUHYI0 KOHHEHTPAUuK IOJNYYEHHOro pacrsopa (MK)
MOXKHO BBHIYHCAHTD no GopMyae:

’ MV 4+ MV,

M= Vit+V,
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rie My — KoHeuHass KOHILEHTPanus (MOJAPHOCTb H/IH HOPMAJbHOCTb) HOJYYEHHOTO
pacrBopa mocie cMmeilieHust; M; nm M — HavyanbHBle KOHUEHTpanuu (MOJAPHOCTE HJIH
HOPMaJIbHOCTh) COOTBETCTBYIOIHX pacTsopos; V) u V2 — 06bEMEI COOTBETCTRYOMIMX
pacTBOpoB mepel CMEIMEHHEM, M.A.

Hannasn -GopMysa TNOJTydeHa Ha OCHOBAHHYM DABEHCTBA KOJHYECTBA BEMIECTBA
B KoHeuHOM oObeMe pactBopa [Mx (Vi Vi) u cymMbr KonuuecTs Bemectsa, comep-
Walpxcsd B HaualdbHLIX ofbeMax pacTBOPOB Nepel HX cMemenunem (M,V; +M2V2)

OtmeruM, YTO NpHBeleHHad (opMysa HPHrOAHA H AJS PacueTa KOHEUHOH KOH-
HeHTpauuy (MOJNPHOCTH H HOPMAa/bHOCTH) NpH pa36aB/eHHH KaKOro-1ubo pactsopa
Bonofi. B sToM chyyae olHO H3 CllaraeMbiX B UHCJHTENE YPaBHEHHs PaBHO HYJO H
tdbopMyna npHMET BHA

: M]Vl

VitV

rae Vo — o6beM npuGaBieHHON BOABL, M.

ITo stof q)opmyne MOXHO YCTAHOBHTb TaKXKe, Kakoli o6beM pacmopa V1)
C -KOHIUEHTpaiHell (MONTPHOCTBIO HIH HOPMaabHOCTBIO) M, cnenyer 6path, uTOGHI
noce pa3baBJieHHsi ero BOAOH Ko oGbeMa Vi NONyYNTb PacTsop ¢ KOHEUHON KOH-
UeHTpauueii (MOJSAPHOCTHIO HIH HOPMaJbHOCTBIO) My:

My Vi
M,

M=

Vl'—'

EcrectBenno, npu stoM My << M, u Vi > V,; Vi oGakruueckn npeacrasiser
co6oii cymMy 06beMoB pa3baBiseMOro pacTBopa M BOJIHL:

VK =‘V1 + Vo

Tak kak HxSO, cHnbHBI 3J€KTPONHT, a KaxIas pacnasuiasics
9 ‘
MoJekyJaa ero gaer oauH SQOj -HOH, TO, npeHe6Gperas TeM Ma/biM KO-
2-— . i
angecrBoM SOj , KoTOpoe 06pasyeTcss 3a CYeT PACTBOPEHHS OCalKa
. 9 —2 o

PbSO,, MoXHO mpuHATb, 4TO [804] 107" e-uon/a. C ppyroit cro-
poHbl, 0603HAaYHB HCKOMYIO PacTBODHMOCTH B 3THX yCJIOBHﬂ\ PbSO,
(B moab/a) uepes x, MOXHO HanucaTh: [Pbt] = x.

CrenoBaTesnbHO

[Pb™][s0% ] =x-10""=16-10""

OTKYyZla

® M

[lotepsa or pacrsopumoctu PhSO, pasna:
A=16-10"°-303-0,1 = 0,00005 ¢

x=186-10"

T. €. JIEXHT YyXKe 3a NpejlelaMd TOYHOCTH B3BelIWBaHHs. TakuM o6pa-
30M, €CJId B pacTBOpPe NPUCYTCTBYEeT HOH, KOTOPHIA COAEPXKHTCA H B
Ocajke, pPacTBOPHMOCTb OCalKa pe3Ko NoHuKaercsi. Mbl BHIHM, uYTO

B pesyabTare ynorpebienns 50%-Horo u36bITKa peareHta BecbMa He- -

mosnoe ocaxaenue PbSO, crano npaxrtuuecku moanmiM. To ke camoe
naGnogaeTca W B APYTMX NOAOGHBIX cayyasiX, €C/IH NPOH3BENeHHE
PAcTBOPMMOCTH OCalKa He CJHIIKOM BeaHko (mopsiaka 1-107% uim
MeHbile). Benenctsue aToro 04n ymenbuieHus notepu OT pacTeopumo-
cTU 0cadka " 8 epasumerpuuecxom anaause ynorpedaar  oGbiuHO

§ 19. Bausnue uoro8 Ha pacTeopumocty ocadxka . 75

50% -noili usboirok ocaduteasn, T. e. 6epyt ero B 1,5 pasa Godblie, 4eM
BBIYHCJIEHO N0 YPABHEHHIO PEaKIMH.

TIpuMeHssi yKasaHHBIH CIIOCO0 YMeHbLIEHHS] NOTEPb, Bbi3LIBAEMBIX
PaCTBOPUMOCTBIO OCaJlKa IPH OCa)K/eHHH, CJelyeT, OIHAaKo, HMETb
B BHIY, UTO CAUtUKOM GOAbUOE U3GbITOK ocaduTeas He TOAbKO He no-
Ae3eH, HO, HAo6opOT, 8pedeH, TAK KAK OH B8bl3bl8AET He NOHUNCEHUe,
a nosviuienue pacTéopuMOCTy 0cadka. TIpHUMHON MOBBINIEHHS PacTBO-
PUMOCTH SBJSETCH OOGLIYHO 06pasoBaHHe KOMIIEKCHHIX COeXHHEHHH
WIH KHCABIX coslell, aMOTEPHOCTb OCaXKAaeMOoro coeluHeHus: (THApO-
OKHCH), COJIeBOH a(bcbeKT U T. I

Tak, B Ka4eCTBEHHOM aHa/H3€ Hepeako HepBOHaanleO BHINANA10-
IMHH OCajicK CHOBAa PAacCTBOPsieTcs NpPH JN06aBjieHHH H3OLITKA OCaIH-
teng. Dto Habaofaerca, HanpuMep, npu peakunn Mexay HgCl; u KI,
korjaa npu6asienne n3GoiTka KI Bhi3biBaer pacrBopenne ocaaka Hgls
BCJIE/ICTBHE o6pasoBanus KommiekcHoit comn KofHgl):

Hgl; + 2KI — K[Hgl,]

CyuHocts 3T0ft peakliuu 3akjaouaercs B ToM, yro Hg?- u I--nouw,
o6pasylolluecs B PacTBOpe 3a CYeT PaCTBOPHMOCTH OCalKa, CBA3bI-
BAIOTCS NPH YYAaCTHH BBOJMMBIX H3OBITOUHBIX [™-HOHOB B OuY€Hb Maso
HOHH3MPOBAHHBIE KOMILJIEKCHEIE [Hgl—-nonp.

Ho, rkak u3zsectno, ecau npoucxoduT ces3vi8anue KAKUX-Au6o HOHO8
ocac?rca, doscHo npoucxoauTb 1L NOAHOE UAU 4ACTUHHOE PACTBOpeHue
ezo. Benb npou3BelleHre KOHIEHTPALWH HOHOB OCafKa B pacTrBope cra-
HOBHTCSl BCJAEACTBHE 3TOT0 MeHbHIe INPOM3BENEHHS PacTBOPHMOCTH
ocanxa, H PacTBOP M3 HACHIIEHHOTO NPEBpAIaeTcst B HEHACHIIEHHBIH.
A Tak Kax 3TOT pacTBOp CONIPHKACAETCs C OCAJAKOM, OH JOJXKeH pac-
TBOPATh €ro. TOYHO TaK e NpH ocaxpaenun Zn?* geiicrsueM NH,OH
ocanok Zn(OH), pacrsopsiercs B H3GHTKe aMMHaka B pesyJbraTe
o6pasoBanusi KoMmaekcHoro amMuakara [Zn(NH;)e (OH)2:

" Zn(OH); + 6NH,OH T2 [Zn(NH;)s}(OH), -+ 6H,0

“Ananornuno mpu ocaxpennd Agt B Bume AgCl pacrBopumocTb
HOCJIE/IHETO TOBLIIAETCS BCJAENCTBHE O0Pa30BaHHUs KOMINIEKCHOTO CO-
ennnenns H[AgCl:] uan Na[AgCly] npu BBesiennn 60/bIIOro H3GHITKA
ocagurenss (HCl nmu NaCl). 210 wmiamocrpupyercs NpHBEJEHHBIMH
nnxke paunbiMu o pacrBopumoctd AgCl B pactsopax NaCl pasanunoi
KOHIIEHTpalUH:

Konnerrpanus NaCl, mos8/2 + v o ¢« o o o O 0,0039  0,0092 0,088
PacTBopuMOCTD AgCI Mmoas/a « « « o o« o 0,013 0,00072 0,0091 00036

Kounenrpauus NaCl, moasf/2 . « « « « o« 035 05 0,9 2,87
PacreopumocTh AgCl MMOAb[2 .+ » o« » o« 0017 0,028 0,10 10,0

V3 npuBefeHHbBIX NaHHBIX BHAHO, 4TO NMPH HeOOJBLIHX KOHIEHTpa-
uusax NaCl pacrBopumocts AgCl nmoHmxeHa 10 CPaBHEHHIO C pacTBo-
pumocTbio ero B uncroil Bome (3¢dekt or BBeAenns Cl™-nonos). Ho,
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AOCTUTHYB MHHMMyMa npu konueHTpauuu NaCl okono 0,004 M, pac-
tBopuMocTe AgCl cHOBa BospacTaeT BCJEACTBHE KOMIJIEKCOOGpa30Ba-
HAA M OpH KoHueHTpaunu 2,87 M mpeBnimaer pacrsopumocts AgCl
B BOJe NpHOau3uTeNbHO B 770 pas (!).

_B ciydae ocax[eHHs HOHOB B BHI€ MaJOPaCTBOPHMbIX THAPOOKH-
CeH OcaloK B NPHCYTCTBHH H36biTKa OH~ moxer pactBopsThbes Besen-
cTBHe aM(OTEPHOCTH NaHHOH THJPOOKHCH, HampHMep:

AI(OH), + OH™ == AlO; + 2H,0

C o6pasoBanuem amomuHaTa B KOJHYECTBEHHOM aHaJiH3e IPHXO-
AMTCS CUMTaTbCA Haxe npu yrnorpebaennn NH,OH pgas ocaxpenus,
TaK KaK H30BITOK 3TOT0 peareHTa 3HAYHTEJbHO MOBHILIAET PACTBOPH-
mocte Al(OH)s u pmenaer ocaxienHe HeNOJHBIM. :

Ilpu ocaxpennn Pb* B Bume cynbdata cepHoft KHEMOTON npH-
GaBiienne GOMBWIOTO M3GBITKA OCAAHTENS BHISHIBACT MOBHILEHHE pac-
TBODHMOCTH  OCaj(Ka BCJEICTBHE CBS3LIBAHHA  OTJABaeMblX MM

B pactBop SO;™ ¢ o6pasosanuem HSOj:
SO 4 H,S0, —= 2HSO;

W3 ckasanmHoro cienyer, 4To Npu OCaXKIECHUM OCAIKOB B TpaBHMerT-
pHUYECKOM aHasnu3e BCerpa cjenyer 6parb HEKOTOPHIH HM3GHTOK ocalH-
TeIsd, OXHAKO OOMbIIOH W3GLITOK €ro BpeJeH H3-3a NOBHILEHHs
PacTBOPHMOCTH OCajKa N0 TeM HJH HHHIM NPHUHHAM,

§ 20. Bausnue MOCTOPOHHUX 3JICKTPOJHTOB
Ha pacTBOPUMOCTh (cOJeBOi dddreKT)

Ilpumenenne cinmIKOM GOJBWIOrO KOJNMUECTBA OCALHTENS B pAAE
C/IyuaeB OKa3biBaeTCsl HEJONYCTHMLIM HOTOMY, UTO PA3AUUHbIE CUAbHOLLE
SAEKTPOAUTOL, NPUCYTCTBYIOUUE 8 PAcTEOpe, OGLIYHO NOBLIUAOT PAC-
T80punocTe ocadka. Hanpumep, cornacuo ncenenosanuam U. B. Tana-
Haesa u M. B. Museukoit, pacrsopumocts PbSO, B mnpucyrcTun
KNOs;, NaNO; ¥ T. m. nosummaercs, u IPUTOM TeM CHJbHEe, ueM
Gosbie 06L1asi KOHUEHTPALUs (MO4b/4) BceX NONOGHHIX coneil B pace
TBOpe, HaNpHMep:

Konuentpauus KNO; . ... 00 1-10~* 33-107* 66-107* 1.107°
Pacrsopumocts PbSO, . . . . 127.107* 1,39.10~* 1,47-10™* 1,53.10"* 16.10~*

IloBrinenne pacTBOPUMOCTH OCAamKOB B MPHCYTCTBHH 3J1EKTPOJIUTOB
Ha3sbiBaeTcst conesvim aghgexton. '

910 sBnenHe OGBACHSIETCS CACLYIOLIMM 006Pa3soM.

Kak n3BeCTHO M3 Kypca KauecTBEHHOTO aHANH3a, NPOH3BENeHHE
PaCTBODHMOCTH TOJBKO B NepBOoM NPHOIHMKEHHH MOMHO paccMaTpH-
BaTb KaK NPOHM3BECHHE KOHIEHTPALUMH HOHOB B HACHILCHHOM pac-
TBOpE. B JeHCTBHTENBHOCTH e NMOCTOSIHHBIM ABJSETCSH NPOH3BELEHHE

§ 20. Bausnue nOCTOPOHHUX IAEKTPOAUTO8 HA PACTBOPUMOCTL N 77

aKTHBHOCTeH (& He KOHLEHTpalHH) HOHOB B HACHILIEHHOM pacTBOpE.
HanoMuuM, YTO AKTUBHOCT6 npedcrasaser co6of sPheKTusHyo KoH-
UEeHTPAYUro UOHA, KOTOpAs ABAAETCS Peasbno OelicT8yroued maccou
8 xumuuveckux peaxyusx. Hanpumep, meficTBHTeJbHble KOHHEHTPAUHH
H+ u Cl- B 0,1 M xJ0pHCTOBOZOPOAHOH KHCIAOTE, KOTOPAas KaK CHJlb-
HBIH 3JIEKTPONUT, COTJIACHO COBPEMEHHBIM BO33DEHUSIM, CUHTAETCS
HOHH3UPOBAHHON B BOAHBIX PAaCTBOPaX MOJHOCTHIO, paBHb 0,1 2-uon/a.
Onunako neficTBYIOT 3TH HOHBl HpPH Pa3/HYHbIX XHMHYECKHX peakuusax
TaK, KaK ecad Obl KOHIEHTpAluH MX paBHsiich Bcero 0,0814 e-uon/a.

" CaenoBaTenbHO, 0603HaUasi AKTHBHOCTb 4epe3 a, MOXKHO Hamucarth *:

OTHOlLIeHHEe AaKTHBHOCTH (@) K JefiCTBHTeNbHOH KOHIEHTpauHn
nona (C) HasmBaerca Koagduyuenrom axrusrocTu u 00603HaUAETCHA
uepes f, (uau f ¢ ykazanuem ¢opmyan HoHa). Tak, B faHHOM cayuae

00814 .
fH*f_fc1‘= 0,1 =084

B o6imeM BHIe MOMXKHO HaNucarh:

(1

fa =

o=

a=7[,C 2)

CneloBaTeNbHO, AKTUBHOCT UOHA PABHA NPOU3IBECEHUI0 MOAADHOLU
KOHYEHTpayuu e20 Ha COOTBETCT8YIOWUl KOIPPuyuenT aKTUBHOCTU.

Kaxk yXe yKa3bBaJoch, KOHIEHTPauHio C BHUYMCASIOT NJS1 CHIBHBIX
5JIEKTPOJIATOB, HCXOIS U3 JONYyLIeHHs MOJHOH NAMCCOUHALMH HX B pac-
tBope. Uro Ke Kacaercsi Ko3dullumeHTa aKTHBHOCTH, TO COLJIACHO
COBPEMEHHO! TEOPUH CHJIBHBIX 3J1€KTDPOJIHTOB OH MPENCTABJsET COo6oi
Mepy BJHSHHS 3JIEKTPOCTATHUECKHX CHA NPHTAKEHHS H OTTaJKHBAHHUA,
NeACTBYIOHWIMX MeXAy HOHAaMH, Ha CNOCOOHOCTb HOHA K XUMHYECKHM
neficreusiM. Ecau fq << 1, 3TO 3HAUUT, 4TO HOH CTECHEH B CBOMUX [BH-
JKEeHHSAX MEXHOHHBIMH cHaaMu. B rakom ciyuae a << C, T. e. HaHHOE
KOJIHuecTBO HOHOB (C 2-uou/a) medcTByeT TaK, Kak ecau Obl uX ObUIO
menpme (a e-uoufa). Ecan fo=1, To a= C. IT0 3HaAuuT, YTO0 HOH
IeHCTBYeT COOTBETCTBEHHO CBO€ll KOHHeHTpammum B pactsope. [last
CHJILHEIX 3JMEKTPOJHTOB TaKoe fBjeHHe HabmoJaeTcs TONIBKO B OUYeHb
pas6asnennbix pactBopax (C=0,0001 M nnu meHnee), rie paccros-
HHSl MeX/]y HOHaMH HACTOJNbKO ‘BEJHKH, UTO JEHCTBYIOIHe MexX1y
HHMH CHMJIBl TIPAKTHYeCKH He HrpatoT pouu **. TouHo TaK kKe MOXKHO
He VUHTHIBATH MEXXHOHHBIE CHJIBl H B He CJIMUIKOM KOHUEHTPHPOBAHHDIX

* [Ipusenennas BeauuuHa akrusHocTn (0,0814) mpeacrasaser co6oit CpelHIon
aKTHBHOCTb YKasaHHEIX HOHOB, OHa paBHa a =) axaa, Te ax H Ga — AaKTHBHOCTH
KaTHOHA M aHMOHA.

“* B KOHUEHTPHPOBAHHBIX PACTBOPAX CHJIBHHIX EKTPOJHTOB KO3(PQHUHEHTH aK-
THBHOCTH 110 NPHYHHAM, KOTOPHE 3[eChb DACCMaTPHUBATBCA HE MOTYT, HHOTAa OKasH-
patotcs 6oJblue elHHUILL
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pacTBopax clabbiX 3/1eKTPONHTOB, Y KOTOPHIX TOJABKO HHUTOXKHAS 4acTh
BCeX MOJIeKyJl HOHM3HPOBaHa Ha HOHbL. Jlas Takux pacrsopoB MoOXHO
NPHHATD, UTO fe = 1 u @ = C. ,

CornacHo yueHnio o6 aKTHBHOCTH, 80 6Ce YPABHEHUS PABHOBECUA,
Hanpumep 8 YpasHeHUs KOHCTANTbL UOHUSAYUY U nPou3eedenus pacreo-
puMOCTU, QONKHOL BXOOUTb He BHAYEHUS KOHYEHTPAYUL UOHO8, A 8eAU-
wunbl  ux  akrTusHocru. KosdduumenTh aKTHBHOCTH 6Bl TmepBo-
HayaJIbHO BBEJCHBl B HAYKY KaK 3MIIMPHUYECKH HaXOJUMble MHOMKHU-
TeJIH, TO3BOJISIOINE PACNPOCTPAHHTL 3aKOH AEHCTBYIOIHX Macc H Ha
Te CJIy4aH, KOTAa oH B OObIYHOH cBoell ¢opme HenpuMenuM. dusnye-
CKHA CMBICT HX Obl1 HesiceH. BmocsieACTBHH OH GBI pasbiACHEH: TeO-
pHell CHIBHBIX 3/1EKTPOJIMTOB, Ha OCHOBAHHH KOTOPOH 0Ka3aJoch BO3-
MOXKHBIM  BBIYHCJIATh BeMHYHHBL [,. BhIUHC/IGHUS 3TH  JOBOJBHO
C/IOXHBI, TaK KaK COOTBETCTBYWOMIas (OPMYysa COAEPHKHT TPH KOHCTAH-
TH. JlocTaToOuHO mpocToif BMI OHa NpHOGpPETaeT JMMINb NMPH BHIYKHC/IE-
HHAX AJIST OYeHb pa3GaBJeHHBIX PacTBOPOB (A 3HaucHHil p == 0,1) *:

Vi
1+Va

3nech z mpexcraBiseT COGOH 3apsii COOTBETCTBYIOUIETO HOHA, a
W -—TaK HasbiBaeMylo HOHHYro cuay pacreéopa. Tlocnenuss apiasercs

MepOoif HalPSIKEHHOCTH 3JeKTPHYECKOro MOJs, CYLIECTBYIOUIEro B pac-
TBOpE, H BHIUHC/sIETCS IO opmy.ie

Ig fq=— 0,522 3

1
p,=§~(Clzf+‘sz§+ e+ Cphzy) (4
3aech Cy, C, ..., Cp— MoJspHBIE KOHIIEHTPALMH OTAEbHBIX npu-
CYyTCTBYIOIIHX B pacTBOpE HOHOB, a 2y, 22, ..., Zn — HX 3apaasl. Ha-

NpHMEp, MOHHAs CHJIa pacrBopa, comepxamero 0,1 moss HCl wu
0,2 moas CaCly B 1 4, paBHa

p=%(0,1-12+0,2-22+0,5-12)=0,7

3aecp 0,1 — konuentpauus H+; 0,2 — kouuentpauuss Ca2t u 05—
KoHuentpanusi Cl-. .

Taxkum 06pasom, aKTUBHOCTb UOHO8 KAKO20-AUGO 3AEKTPOAUTG 3a-
BUCUT He TOAbKO OT e20 KOHUEHTPAYuW 8 pacreope, HO U OT KOHUeH-
rpayull u 3apados ecex Opyaux NPUCYTCTBYIOUWUX 8 PACTBOPE LOHOS.

OnbiT mnokaselBaeT, 4TO B JOCTATOYHO DasGaBIEHHBHIX PacTBOpaXx -

€ OJHHAKOBOH HOHHOH CuJION KO3 GHIHEHTH aKTHBHOCTH GOJBIIHHCTBA
HOHOB, UMEIOWHX OJHH H TOT K€ 3apsf, NPHOJU3HTENbHO ONHHAKOBHI,
3HayeHHs yKa3aHHbIX KO3(GHIHEHTOB (C OCTAaTOUHON RJs NPaKTH-
YECKHX HeJlell TOYHOCTbIO) NMpHBeReHH B TabJ. 4.

\
* Haa suauennf p << 0,005 dopmyna (3) npuobperaer Bup
h Ig fo = — 0,522 V1

Tabauya 4. TMpuGankeHHble 3HAYEHH KOIDPHUACHTOB AKTABHOCTH HOHOB
¢ pas3JMuYHBLIMH 3apAnaMH

KosdpdHuuHeHT aKTHBHOCTH fa
Hounwas cuaa .
B : OLHO3apSAAHbBE IByX3apsaHbie TpexsapsiaHee | HeTHpexaapAiHbie

B HOHBI HOHBI HOHbI HOHB
0,001 0,96 0,86 0,73 0,56
0,005 0,92 0,72 0,51 - 0,30
0,01 0,90 0,63 0,39 0,19
0,05 0,81 0,44 . 0,15 0,04
0,1 0,78 0,33 o 0,08 ‘ 0,01

Ilas Toro uto6bl TOKa3aTh BJAHSHHE COJEBOro 3QdekTa Ha pacTBo-
puMOCTb OCajika, Hampumep PbSO,, cocraBuM Crepyiollee paBeHCTBO:

oyt gge = NPpy 5o, = const (5)
Ho, cornacno ypaBHeHuio (2):

apbz+=[Pb2+]bez+ u aso§—=[sof—]fsoﬁ—

~ Vuts 310, NOAYUHM:
[Pb™] [S 03_] be'“'fSOi‘ =IIPpys0,

Orciofia NpoH3Be/ieHHe KOHUEHTPAlHid HOHOB B HACHIUEHHOM pac-
tBope PbSO, pasHo: ,

< P
[pr**][s0}]= T P‘;S'O‘
pb**'s02-

3nauenue [1Pppso, B 3TOM YDaBHEHHH CTPOrO NOCTOSHHO NpH He-
u3MenHoM TemnepaType. UTo ke Kacaercsi KO3(QHIHEHTOB aKTHBHO-
CTH, TO OHH, KaK OBLJIO YKa3aHO BblE, YMEHBIIAOTCA C BO3pacTaHHeM
HOHHOM cuabl pactBopa. OueBHIHO, Takoe yMeHbileHHE fppe+ H fsoi'

LO/KHO TPOMCXOAHTH TIPH BBEJEHHH B PACTBOP JIOOBIX CHJBHBIX SJ]€K-
rponutos, nanpumep NaNO; KNO; u r. I Ho ecan suamMenaresb
ApoGH yMeHbILaercs, TO BCs APOGh, a cnenosaTeJlb;io, H pazgua;{ et
BeJHuKHa — POH3BEleHHe KOHUEeHTpanuii HoHoB Pb™ u SO; B Ha-
CHIEHHOM DAaCcTBOpE — NO/KHBI YBeJHUHTbCA. Tak Kak MoJsipHas
KOHIIEHTPAllHsl HACHIIIEHHOTO PAacTBOPA pPaBHa KOPHIO KBAaJpPAaTHOMY H3
BeJMUMHBl YKa3aHHOTO NPOHM3BENEHHs, TO PacTBOPHMOCTDH PbSO, (n
JPYTHX MaJOpacTBOPHMEIX coJeil) JIOJKHA MOBLILATECS NPH BBenegnn
B pacTBOp JIOObIX CHJBHBIX 3JIEKTPOJHTOB (cosepoit 3ddexr). IT10
WIOCTPHPYETCsl CJAEeAYIOLUM NPUMEPOM.

Mpumep 1. Bo cKOMbKO pas pacTBOPHMOCTD PbSO, B 0,1 M pacteope KNOg
Goubiile, ueM B UMCTOH BOJE NPH KOMHATHOH TeMneparype? .
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Pemenne [lna naxoxpenus k03 brunenTOB aKTHBHOCTH HOHOB, Pb2* 1 SQ2~
HEOOXOAHMO Npexpe BCETO BBIYHC/IHTL HOHHYIO CHJIY pacTsopa (uj. B pacrso[;e
ggae;?;clﬁﬁuox;u aByx conefi — KNO;g 1-PbSO,. Ho nonu Tnoc/eaHell COMH BCMCACTBHe

PACTBODHMOCTH TDHCYTCTBYIOT B OUeHb MaJofi KOHUeHTpauud, [l1osToMy

1DV BHIYHCJEHHM HOHHON CHJIW PAcTBOp
; 0 a MOXKHO Y4YHTHIBATb TOJBKO K
H 33pAlbl HOHOB Apyrod coau — KNO;: oneHTpati

1 ) 42" . 1
n=-y5 K1+ [NO7] 1) =% 01 +0,1) =01
HafineHHofi Homuolt cuie COOTBETCTBYET CJ/Ielylollee 3HaueHHe KO3pduuuenta

AaKTHBHOCTH NIBYX3apsiAHEIX HOHOB (cM. Ta6.. 4):

fpb2+ = fsog- == 0,33

0603HaqﬂM HCKO‘VIy}O pa p
h CTBODPHMOCTD PbSO N Bblpa}KeHHyIO B MOJ4 B A
4 X a l »

[Pb™]=[s0¥]=x ~

NPpys0, = [Pb**] [SO% oot

R, — -8
so- =~ x*10,33)’ =1,6-10

Ortkyna:
_Viso®
0,33

Kak nokasano seiwe, pactBopumocts PbSO, 8 Boae pasua '1,3-10¢ M.
Taxum o6pasom, sicuo, 4To MPHCYTCTBHe B 1 4 pactsopa 0,1 smose KNO; nosm-
cu10 pacrsopumocte PbSO, mpubausutensio B 3 pasa (conesoli sddext).

=38-107*

Ckrasaunoe Buiute 0 co/eBOM 5 deKTe OTHOCHTCH KO BCEM CHILHBIM
SJACKTPOJIHTAM, B TOM YHC/IE H K 3JEKTPOJHTaM, HMEIOUIHM OJHOHMEH-
HBIH € OcafKoM HOH. TOJIBKO B 3TOM Cilyuae Hapsily C COMEBLIM 3¢ dek-

- TOM, IOBBILIAIOUIHM DACTBOPHMOCTD, J0/2KeH CKa3aTbCs TaKkKe H 3pdext
OT BBEJCHHS OJHOHMEHHBIX HOHOB, NOHMXaloWuil ee. B pesynbrare
PaCTBOPHMOCTD XOTAl M NOHHXKAETCH, HO HE TaK CHJbHO, KaK 3TO CJe-
JyeT H3 BHYHCJEHHH M0 ynpomeHHOH ¢opMyJse A8 NPOH3BELEHHA
pacTBopuMOCTH (T. €. 6e3 yueTa KO3(p(HUUHEHTOB aKTHBHOCTH), a 3a-

TEM NpH Ja/bHedlleM A06aBJeRHH PACTBOPA OJHOHMMEHHOTO MOHA Ha-
UYHHAET NOBHIIATHCH.

lIpumep 2. Buruncsiuth pactsopumocts PbSO 001 M
TOM KO3 (HUNEHTOB aKTHBHOCTH PIgHOB. $e bacraope HaSO4 ¢ ye-

e
Wwenne llpuanavas cepHylo KHCIOTY mNpu TakoM pa3GaBieHHE pacTBopa
NPAKTHIECKH MOJHOCTBIO HOHM3HPOBaHHOR Ha H* n SOE", MOXHO HANHCaTb:

[SOf']=0,0l 2-uonfa  w [H*]=0,02 2-uon/a.

n
50 H§6H66p§lt‘)asﬁoTEM MaJILIM KOJHYE€CTBOM HOHOB, KOTOpoe oﬁpaayeTca 3a cyer pac-
PHMOCTH 4, BBIYHCJIUM HOHHYIO CHJy pacrsopa. Onua paBHa:

I
b= (0,021 40,01 - 22) = 0,03

uHeHI;I;H.;I:HHou_ BeMNYHHE U B Ta_6.v1. 4 Her. llosTomMy cootBercTBylOUtHe eft KO3bdR-
THBHOCTH DPHACTCA HAATR nyTteM uuvepnoiauud. Hs ta6a, 4 suguo, uro
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¢ ysennuenneM moHd€ofi cuasl ot 0,01 mo 0,05 (1. e. ua 0,04) Ko3bduUHEHTH! AKTHB-
HOCTH ABYX3apsAHLIX HOHOB yMeHbuwaworcs or 0,63 mo 044 (1. e. ma 0,19). Hua
HAXOXKAEHHA YMeHbUICHHs BeJHuuHbl [ NpH nosbluesun HouHod cuinl or 001 ao
0,03 (1. e. ua 0,02) cocTaBuM NPONOPIHIO:

.“

0,04 — 0,19
0,02 —~ x
OTKyZa 0.09
‘ x==0,
CaefoBatenbHo,

fpb2+ = fso?; ==(,63 — 0,09 = 0,54

O6osnayns KouUentpauHio Pb2+ B pactBope uepes x M npeHeGperas TeM MaJsbM
goauuectBoM SO3J~, KOTOpoe OTA2eT B PAacTBOP 0CaAOK, MO CPABHEHHIO C [OPA3A0

GOJIbIINM KOJHYECTBOM, BBOAHMBIM ¢ H36biTkOM HeSOy, u3 ypaBuenus
[Pb2+] [Soz—] fpb2+fsoz— = 1,6 . 10_8
0y YHM:
x:1072(054) =16-10"" n x=55-10"" z-uon/a

Takoe xommuectso ceunua(Il) (8 2-uonfa) pactsopurcs 8 1 2 0,01 M H,SO4
4TO COOTBEeTCTBYeT pacTBopuMOcTH ocagka PbSO, passoi 55-107°-303, 1. e
1,7-1073 e/a. '

TakuM 06pa3oM, TouHOe BblumcaeHHe pacrsopumoctu PbSO; ¢ yue
ToM KOSh(HUHEHTOB AKTHBHOCTH HOHOB maet Benuuuny 0,0017 2/a
BMecto Beauunubl 0,0005 2/4, mosydeHHOH NpH NPHOJHKEHHOM MNOX:
cuere. :
M3 Bcero ckasaHHOro o coseBoM 3dderre ciaexyer, 4TO OH
TeM CHJIbHee OTpa)Xaercsi Ha yBe/JHY€HHH PAaCTBOPHUMOCTH OCalKa, yeM
Gonplie B3sTO ocanutess. IIpH odeHb GOJIbUIOM H3OBITKE OCAanUTENH, .
0COGEHHO eCM B COCTaB €ro BXOIST MHOro3apsiiHble HOHBI, CONEBOM
sdhdekT Moxer npeBbiCHTH 3 deKT, 00yCNOBNECHHDbI/ BBEeHHEM ONHO-
HMMeHHbIX MOHOB, M PAaCTBOPUMOCTb OCajKa He NOHH3UTCA, a MOBHI-
curca. CiefloBaTesNbHO, AaXe B TexX clydadX, Korjla NpH OCaXKACHHH
HeT OCHOBaHHUMH onacartbCsl BAMSHUSL NPOLECCOB 06pa3oBaHus KOMILIEKC-
HBbIX COSAMHEHHH, KHCABIX coJieil ¥ T. I. H2 PACTBOPHMOCTb COEAHHEHHS,
npubasaenne Gosee ueM 50%-Horo H3GHITKA OCAfHTENs Helenecoob-
Pa3sHO BCHEACTBHE CIHMUIKOM CHJBHOTO BO3PacTaHms COJIeBOro s¢ex-
ta. Ho yka3auHbIM H3GBITKOM OCaJUTe]Nsi MOXKHO CHIeJaTb OCa)JeHue
onpenenseMoOro HOHA MNPaKTHYECKH TOJHBIM TOJbKO TOTAa, Koria Be-
JIMYHHA NPOHM3BE/ieHHs PacTBOPHMOCTH OcaXAaemMoro (6HHApHOro) co-
ennHenns nopsaka 1078 uwau menbue. Ilostomy coepunenus ¢ IIP >
= 1078 B rpaBHMETPHYECKOM aHaNH3e B KaueCTBe OcaxaaeMoi GopmBl,
KaK NpaBHJIO, He MPHMEHSIOTCH.

OueBMAHO, UTO C BJIHSHHEM cO/EBOro 3(pGdeKra NPHXONHTCH CUH-
TaTbCs TaK¥Ke W TPH ONpejeseHHH TOr0 WIH HHOrO 3JieMeHTa B pac-
TBOPE, COAEpIKauleM O6OoJbliHe KOJHYECTBA Pa3IMYHBIX MOCTOPOHHHUX
CHJbHBIX anekTpoautoB. Hanpumep, 310 Habjiopaerca npH aHaau3e
NPHPOAHBIX OGBEKTOB MJAH NPOAYKTOB NPOH3BOACTBA, & TaKKe TOrAa,
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Korja GOJIbLIOE KOJNHYECTBO DPEAKTHBOB (KHCJIOT, LIeJOYell H T. 1.)
NPHXOJATCH NPHGABIAATL K PACTBOPY Ha IPENUIECTBYIOLIAX OCAKIe-
HUIO cTanusx anannsa. ConeBoit 3O(EKT 3Jech SBAAETCH ONHHM U3
MCTOYHHKOB TIOTPEIIHOCTEH FPAaBHMETPHUECKHX ONpeAesaeHH .
Ilonyyenne ROCTaTOUHO TOUHHIX pe3yJbTATOB NpH BHIYHCIEHHAX,
OCHOBAHHLIX Ha NPUMEHEHHH NPaBHWJA NOCTOSHCTBA INPOH3BEXEHHs
PacTBOPHMOCTH, TpebyeT yueTa BeJHYHH KO3()DHIUHEHTOB AKTHBHOCTH
noHoB. OJHAaKO Ha NpakTHKe ualle BCEro HCCIeyeMElll pacTBoOp Co-
AEPHHUT HECKOJIDKO HOHOB B KOHLUEHTPALMHSAX, TOUHO HE H3BECTHbIX, U

NoJb30BaHHE KO3(DOHUMEHTAMH AKTHBHOCTH OKAa3biBAEeTCS HEBO3MOXK-

HeiM. [losToMy B GonbliMHCTBe Cly4aeB Ko3(dHIHEHTH yCI0BHO npu-

HUM2IOT DPaBHbIMM €IHHHILE, T. €. HCXOMAT NPH BLIYHCJIEHHSX H3 YNpO-
meHno# gopmyan mas I1P:

NPpyso, ~ [Pb*'] [so‘j‘]
H T. AO.

TaKoe ynpomeﬂyle BIIOJIHE JIOHyCTHMO, TaK Kak yﬂpOIuéHHbIe BBI-
YHCJIEHUSI TIOYTH BCerpa xop.omo COFJIacleTCﬂ C AAHHLIMHU ONLITOB. 31‘0
YNpoLleHHe AOMYyCTHMO M IPH PAacCMOTPEHHH OTHENbHBLIX NOJOXKEHUMH
TEOpHPl MaJIopaCTBopPIMhIX 3JIEKTpOJlPITOB. B TEeX pemmx c.nyqaﬂx, KO-
rana (KaK B paCCMOTPEHHOM BbllIE Bonpoce (o] npmunax BO3HHUHKHOBE-
HHA cosneBoro 3ddeKTa) TAaKOro COrJacoBaHHS He NPOHCXOAHT, NOJIb-

8YIOTCL TOYHOH (OPMYJNOH A/ TPOUIBENEHHS DPACTBOPHMOCTH, YuH-
THiBaIOLieH BEJIHYUHBI fg.

§ 21. Bansine Temnepatypsl npHPOABI
PACTBOPUTENS. HA PACTBOPHMOCTD

Bénbuias nau MeHblias NOJHOTA OCaXKIeHHs OHpefeNsieTcd B nep-
BYI0 Ouepeib BEJHYHHOM NPOHM3BENEHHs DacTBOPHMOCTH ocagka. Ho
yKasaHHas BeJHYHHA NOCTOSHHA TOJBKO NPH HEM3MEHHO! TeMnepaType.
Ecan xe TemnepaTypa HaMeHsieTcCs, TO H3MEHSETCH M BeJHUMHA npo-
H3BElEHHs1 PACTBOPHMOCTH Ocajka.

B KauecTBeHHOM aHanM3e HepelKo MOJMY4YeHHHIH Ha XoJony oca-
nox (uanpumep, KHC,H.Os) npu narpesanun cHosa pacTBopsercs.
SIcHO, 4TO B TaKHX CJyuasx TeMmepaTypa AOJKHA CHJAbHEHIIHM OG-
PasoM BJHATL Ha NOJHOTY ocaxfewus. Ho u Toraa, Xoraa moioro
PacTBOpeHHsl Ocajka NpH NOBHILEHHH TEMIEPATYyPhi HE NPOMCXOLHT, ¢
BIUSHHEM €€ Ha PACTBOPHMOCTb OCaJKOB BCe XK€ HEPEeIKO NPHXOLHTCH

cunratbes. Hanpumep, pacrsopumoers AgCl mpu 100°C nourn B

25 pas Gosbute, yem npu 10°C. PacTBOpHMOCTS 6OJIBUIKHCTBA APYTHX
OCaJIkOB TOMXE€ YBEJIHYHBAETCS C TOBHIHNEHHEM TEMIEPATYPH, XOTS
o6buHO He Tak cuabho. Tak, pactopumocts BaSO; npu noBwumeHuu
Temnepatypsl or 10 no 100°C ysennunsaerca scero B 2 pasa. Haxo-

Hell, HHOTAAa pacTBOPMMOCTb OCAAKOB YMEHLLIAETCA C INOBLILICHHEM
TeMIIepPaTyphl. :

’
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V3MeHenve PacTBOPHMOCTH B 3aBHCHMOCTH OT TeMIeEpaTyphl xCB]:Ia-.
34HO C TemJoBbLIM 3(dexToM pacTBopenns. Pacropenue 6onbmn:§;eM
coslell COMPOBOKAACTCA OXJaXKJeHHEM pAacTBopa, T. €. nornojnlxe_ma_
Tensia. PacTBOPHMOCTb TAKHX COJIeH COIViacHO npuﬂunn};{ cllla
Tejbe AOJXKHA BO3pacTaTh NPH MOBBILIEHHH TeMNEpaTypbl. riao OPST;‘
KOTZla IIPH PACTBOPEHHH IPOHCXONHT Bhile/IeHHe Tera, pacTBopuMo

MEHBIIAGTCH. ‘
€ MOBBILIEHHEM TeMIIepaTypsl y 7
Ecan TpH NOBbILIEHHH TEMNEParypbl NPOUCXONHT npegg:;;;r;?
OIHOrO KPHCTaJJIOTHApara B APYTOH, T. €. Hslll\’{rgﬂ’;)eaTSCIbele(p:pHCTaJIJIO-
CJTYYHTBCH,
cKasl pelieTKa COJH, TO MOXeT
{‘Hlipa’ll"bl 6yAyT pasiHuHO pearnpoBaTh Ha nosmgenue TgM;ep:';ig;l:
acTBOPHUMOCTb. PaccMoTpuM,
y, CHAeoBaTeNbHO, H3MEHHTCA P >
rvfep pacTBOPHMOCTb CyJbdara Kaabuus. [Tpu KOMHATHOH Temnepa?;l;())e.;
B p:aBHosecnn ¢ BOJHLIM DPacTBOPOM HaXOMUTCS OCaNOK KpHCTal o
runpara CaSO;-2H0, pacrBopuMOCTD K%B%%oro yBennqnsgizgiHZ;aT
Onunako npH 3TOT KPHCTA.
BhllleHHEM TeMOepaTypbl. € J
TepAeT yacTh CBOeH KPHCTANTH3ALMOHHOH BOI, npeapggiiggioscxgg
T -1/sH,0, pacrBOpHMOCTD -
crangoruapar cocrasa CaSQy-1/s , -
BbIIHeHHeMp TeMmepaTypbl yMeHbLiaercs, noaToMgO oxémsaﬂ pacTBopu
MAKCHMYM IpH .
ocTH cyibbara Ka/lblHd HMeeT
" CKaKyéy?ieT NOKa3aHO HHXKe, OCaxJIeHWe walle BCero BbII‘OIlHe:
BECTH NPH HArPeBaHHH, TAK KaK 3TO CrOCOGCTBYET poOCTy Kpncrang:)
ocaiKa WM KOATYJSAUHH KOJJIOHIHBIX dacTuil (eclH OHM nmexgocn;
Ozxnako Beerja, Koria Mbl MMeeM [eJO C OCajikaMH, pacTBOPH octs
KOTOPHIX 3aMETHO BO3PAcTaer C NOBBIUICHHEM TEMMeparyphl, HEO xo-
AMMO NPHUCTYNATh K OTHENEeHHIO ocajka (bmlprOBaHne?IpTP?ngfge;gHgﬂ
OCTYNalOT, HarnpuMep,
oxJaxkjaeHus pacrsopa. Tak 1
ocankos MgNH.PO,-6H:0, PbSOs;, CaC0:-H)O :M :};ﬂgigﬁgpgg-,
Ka OYeHb MaJjla H MaJjo H
KOIZa PacTBOPHMOCTb OCal Cprciiiiied
' to HabJmaionaerca s e 3
MeHeHHeM TeMIepaTyphl, Kak 3 )
Hee (UABTPOBATb PACTBOD TOPAYHM, TAaK KaK rOpsuHe KHAKOCTH ¢Guab
TPyIOTCa BHICTpee XOJOJHBIX. _
pyB psile ciayyaeB yBeJHUEHHe PACTBOPHMOCTH MOXET 66bITb _aB oﬁg-
CTATOUHOI Mepe MOJaBJEeHO MPHCYTCTBHEM B PAacTBOpe H3 mKoca a-
qutensi. He cmenyer, olHaKo, 3a0biBaTh, YTO pH NPOMBIBAHUH o nac-
H3GBITOK OCALUTeNs yIaJsieTcs, TaK Kak B KOHLE 3TOH onepal MeTpHoﬁ
TBOPHMOCTb CHOBA TOBBILAETCH. DTO MOMKET INDHBECTH K 32
T ropsyeHd BOJAOH.
ToTepe, €CJH MPOMbIBAHHE BELY » X -
. ppaC’TBopPIMOCTb GOJbIINHCTBA COeRMHEHHA nosonbpno H%e;g:B ;::He"
! ¥ ,
ficTB paCTBOPHTENA, T. €. I
HfeTca C H3MEHEHHeM CBO . PR MpHOaBACH il
’ HUYECKHX pAaCcTBOPHTEJEeH W Mp
B BOZHBIE PacTBOPH Opra o aetie
i Mep, pacTBOPH
uii pacrsopHuresab. Hanpumep,
BOAH Ha OpraHuvecK pactopinoct,
7 BBCACHHH B PAacTBOp CIHPTOB,
sia coseli TOHWKAETCHA MNPH
gl; n. tak CaSO, 3aMeTHO pacTBOPHM B BOAe, N0GaBIeHHE Xe
50 d6'béi\4ﬂ.% 3TaHO/Ia NPHBOANT K NPAKTHUECKH IOJHOMY ocamnne;maxg
9TOro coeprHenusi. HeKOTOpbie COMH LIENOYHbIX METa/JoB—IepX/iopat
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KaJinsl, HaTPUALHHKYDAHHIAUETAT — CPAaBHHTEIbHO XOPOIIO pacTBopi-
Mble B BOJE, NPH H00ABJEHHH 3TaHOJIA NPaKTHUECKH KOJ]quCTBelEHO
BBILENAOTCS B OCAZ0K, YTO WIHPOKO HCMOMb3YeTCsl B TPABHMETPHH AJs
onpejieseHns Kaausd M HaTpus. CKasanHOe MOXKHO HJJOCTPHPOBATD
CCAYIOWHM IPHMEPOM. P

PacrBopuMocts nepxJo v
(npu 14°CI)) *. IEpXI0paTa Kajusg B CMECAX BOLB C 3TaHO/IOM

Conepxanne sranona, % . . . 0 13
PacrBopumocts KCIO: 2 Ha 2 W3 8BS T

100 #2 pacteopa. . . . .. 1,24 078 057 02 0,015

Oxnako pacTBOPAMOCTb MHOTHX OCAaIKOB, HANPHMEP TaKHX, KOTO-
pbie COJIEPKAT AHMOHBI HEKOTOPHIX OPTraHHYECKHX KHCJIOT (,ZIH’MBTHJI-
TIHOKCHMAT HHKeNs, OKCHXHHOJMHAT aMIOMHMHHA H 1p.), B OpraHHue-
CKMX DaCTBOPHTE/AX rOpasfo Bbllle, yeM B Boge. [losTomy ‘B Kosuue-
CTBEHHOM  aHa/JH3e BCerAa CleAyeT YYUTBIBATb BJAHAHHE Ha
PacTBOPHMOCTb OCAaJKOB TEMNEPATYPhl H NPHPOALl DACTBOPHTENS.

§ 22. Bausinue KOHUEHTPALMH HOHOB BOAOPOAA
- (pH) na pacrsopumoctb

OnuumM u3 Baxuelmux (GaKkTOPOB, BAMSIOUIMX Ha pacTBOpPUMOCTD
ABJsAeTcs KoHleHrpauusa H*-uomos, T. e. Beanmunna pH Hcc.nenyemorc;-
szg;Bopa **, PaccMOTpuM BJMSIHHe 3TOTO (bakTopa B pasnHuHLIX CJy-

Qca)xuenne MaJlopacTBOPHMBIX THIAPOOKHCeH MeTaanoB. B cocras
ocanka Bxoaut OH--non. Kouuentpauus ero B pacTBope cBsi3aHa
¢ KoHuenrpauneii H*-nona coornomenuem:

+ - -—
[H*][oH] = Ky,o =10"" (npr 25 °C)*** (0
H3 storo ypaBHenus BHAHO, YTO
: ) ¢ yBeJHUeHHeM KonuenTpauun H+
'Iri. e. ¢ ymenniienneM pH pacrBopa, konuenrpauus OH- ymenbmaeTCH’.
o or xoHueHtpauuu OH- 3aBucutr pacrsopumocts THAPOOKHCH, T. €,

*Ba6 i
wan wrone, {(Q%Sé'c:f)‘.’ 51_}.51 TuruxHi U B, Konuuecrsenuwis ananms, Usn. «Boic-

*k H
ANIOMHMM, 4TO BOJOPOAHMIA NoKasareas pH i
Bpeicrasaser co6of Jora
KOHUEHTpauuu i prm
UeHTpauyy (BepHee, aKTHBHOCTH) H*-HOHOB, BasTHIl ¢ 00paTHLIM 3HAKOM:

PH=lga,, ~—Ig [H']

Tono6uo 3TOMY, FHAPOKCHILEIT nokasateas pOH
k% ] ’ p = —[g[OH~].
nony ponorapudwmiiposan ypasﬂe‘ﬂue (1) u nepemennB 3nakum Ha o6paTHbie,
pH - pOH = 14 (npu 25°C)

B nefirpanenoM pacreope pH == 7, B kmeamx pacreopax pH < 7, » wenounnix .

pacreopax pH > 7. C ysennuennmem kmuca ’
. OTHOCTH pactBopa pH -
JHueHHeM UleaouHocTH pH yeennyubaercs, d PA DY YHCHbMAETER, € yoe

§ 22. Bausnue KOHYEHTpayuy UOHOS sodopoda {pH) na pacreopurmoctsd 85

OyleT Jau JaHHas THIPOOKMCH OCaXIaThCs U HACKOILKO OCaKICHHE
ee Gyner nosHbiM. SICHO, uTO ueM OoJblie BeNHUMHA NPOM3BEALHHA
PACTBODHMOCTH THIPOOKHCH, TeM OGO0abIIas KOHLEHTpaLuA OH- mo-
Tpebyercsi MJIs JOCTHXKeHHs IOJHOTO OCaXAeHUA 3TON THAPOOKHKCH,
1. e. npu Tem Gonbiem pH 3TO ocaxknenue HYXKHO NPOBORHTD.

Besnnyuny pH, neo6xomumyio s JROCTHKEHHS IOJHOTO OCaXAe-
HHA KAaKOH-IH60 THADOOKHCH, HeTPYAHO BBHIYHCIHTD M3 YpaBHEHH:A
NpON3BeIeHHsl PaCTBOPUMOCTH ee. '

CrenaeM Takoe BblUMCIeHHe L/ THAPOOKHCH Marmus. B atom
ciyuae uMeeM:

[Mg*] [OH )’ = NP pygiom), = 1.8+ 107"

Ip ) )
jorry =/ e @

[TocKOIbKY TOYHOCTb B3BEMIMBAHHS HA aHaJHTHYECKHX Becax MO-
pamka 104 e, a cpeuiolo BeauunHy 1 #04b 0GpasyOUMXCS OCALKOB
MOXKHO TIpuHATH paBHoil 100 e, mpaKTHYeCKH IOJHBIM OCaxXA€HHE Ka-
KOro-iu60 BelllecTBa MOXKHO CUMTATbh NpH YCJIOBHH, €CJIM MOJspHA
KOHIEHTpauus ero B pacTBOpe [0 OKOHYaHHH OCaXIEHWs paBHa
10-4: 100 = 10-¢ M. Taxoil, cJefoBaTeJbHO, AOJXKHA OHITH H KOH-
neHTpauus Mg?* N0 OKOHYAHHH OCAXKIEHHs. YuTs 3TO, H3 YPaBHEHH:H

(2) moayunm:
——
[OHT] = ‘/ﬁlﬁl—g—ﬁ— ~ 4.107° z-uonja

CnénonaTenbﬁo,
pOH = —1g 4- 107" = — (0,6—3) =24
pH=14—pOH=14 — 24 =116

OTKYZa

TakuM o6pasoM, nonHoe ocaxjienne Mg? B BHJe IHAPOOKHCH 10-
cruraercs npu pH 11,6 Ecan pH > 11,6, ocaxpenue Gyner eie 60-
Jjee MOJHBIM, T. € KOHLUEHTpauua Mg?* cTaner MeHbile 10-6 2-uon/a.
Hao6opot, npu pH << 11,6 ocaxnenne aubo OyneT HeNOJHEIM, 6o
Jaxe BOBCe He NPOH3OMIET.

Ecii aHaJOrHYHOE BHIYHC/AEHHE TNpOAenaTh [Jisi 3HAYHTEJNbHO Me-
Hee paCTBOPHMOI THAPOOKHCH XKeJse3a Fe(OH)s; ([P = 3,2-10°%),
TO MHl HafieM, YTO ocaxjeHue ee OyleT NPAKTHYECKH MOJHHIM TDPH
pH = 3,5. Xorsl TakHe BBLIYHC/EHHS HE FBIAIOTCH, KOHEUHO, TOUHBIMH,
MOCKO/IbKY He NPHHMMAIOTCS BO BHHMaHHe KO3(Q(HUHEHTHl AKTHBHO-
CTH HOHOB, Jia M CaMH BeJHYHMHH [POM3BENEHHH PacTBOPHMOCTH THI-
pOOKHCell onpejle/ieHbl He BCErfa NOCTATOYHO TOYHO, BCE XK€ OHH XO-
POLIO WJJIOCTPUPYIOT 3HaueHHe Bequunnnl pH pactsopa mpu ocax-
J€HHH THAPOOKHCEH H MO3BOJSIOT cleNaTh pAj NPAKTHYECKH BAXKHBIX
BLiBOJIOB. Tak, u3 conocTaBienns Beauunnbl pH ocaxaesns Mg(OH)q
n Fe(OH); sacuo, uro, najanexamum 00pasoM peryinpys BeJIHUHHY
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PH, moxHO orzennts Mg? or Fed*. Kak GyzeT nokasaHo B HafbHeii-
leM, pasje/fieHHe HOHOB, OCHOBaHHOE HAa pEry/HPOBAHHH BeJHUHHBL
pH pacrsopa, mupoxo wucnomsayercs s KOJIHYeCTBEHHOM aHaJH3e.
C MHOTOUHC/IEHHBIMH CIYYasiMH TOZOGHBIX pasnejieHHi Mbl BcTpeya-
JIHCh TaKXKe H B KyPCe KaueCTBEHHOIO aHa/Ju3a.

OcaxcieHHEe ManOPacTBOPHMBIX cogell  CAABLIX kAacaor. Quenb
Goabuioe BaHAHKe BennuuHa pH okaswiBaer Ha ocaxJeHHe cosiell caa-
“OBIX KHCJIOT, HanpUMep KapGOHATOB, OKcanatoB, ¢ocdaros, cynbhu-
ROB u T. A. JIeACTBHTe/NbHO, OCaXMAIOLIHMH HOHAMH B 3TOM caydae
ABJIAIOTCA aHUOHBI COOTBETCTBYIOMMX CJabmx kuecaor: COF™, C,0%,

- @2~ ,

PO, S u r. 1. Ho st anmous;, BcTpeuasich B pacteope ¢ H+-
HOHAMH, JIOJIKHBI, OYEBHIHO, CBA3BHIBATBCH HMH, 06pasys cHayana
annonst HCO;, HC,Of, HPO3»* HoPOjZ, HS™, a satem HEHOHH3UPO-
Banupie Mogekyasl HoCOj;, HeCoO4, HPO,, H,S, Tak Kak e u Apyrue
Majio CKIOHHBI K HoHM3auun. OTciona ciiellyeT, uTo KOHIUEHTpALHH B

pactsope anvonos CO3™, C,07", PO, S APYTHX ROJKHBI B CHJ/Ibe
Hellllel CTeNeHH 3aBUCETb OT KoHuentpaunH H*, yMenblasice ¢ ee
YBeJMYEHHEM, T. €. C yMeHblieHHeM BeauuuHsl pH pacrtsopa. Pas
9T0 TakK, OT BesinuuHbl pH 10/MKHO 3aBHceTb TakXKe ¥ BbinajgeHue HIH
-HEBbIIAJIEHHE B OCAaJOK MOJOOHBIX coJjiell, a TakXe H O6/bmas HJH
MEHbIIAS MOJHOTA OCAXKAEHHS UX. ] : A

~ Kak u B cayyae ruapookuceii, Besanunua pH, tpebyemas ans no-

CTHXKEHHSA MNPaKTHYECKH HOJHOro OCaXKJeHHA KaKoH-1u00 MmaJopac-

TBOPHMO# COJIH ¢1ab0oil KHC/IOTH, 3aBHCHT NIPEXIe BCErO OT BeJHYWHDI
‘€€ TpousBefeHust pactBopumoctd. IIpu Masoit BennumHe npoussene-
HHA PACTBOPHMOCTH /A OCaX[eHHs TpeGyeTcs M Manas KOHILEHTpa-
UHA OCaXKAaloero HoHA. B COOTBETCTBUMH ¢ 3THM NOJHOE OCaXKAeHUe
COMH € MasoH BeJHUHHOH NPOH3BENEHHS PACTBOPHMOCTH HEPELKO MO-
XeT ObiTb JNOCTHTHYTO HaXKe B CH/JbHOKHCIONH Cpefie, T. e. IpH Manoi
BesnynHe pH. Tak, 3 kauecTBEeHHOro aHanM3a H3BECTHO, YTO MOJNHOE
‘ocaxiesue cy/ib¢uuoB KaTHoHOB IV u V ananutnueckux rpymm, se-
JHYMHEL POU3BENCHAA DPACTBOPHMOCTH KOTOPHIX MeHbure 10-2°, po-
CTHTAeTCA yXK€ B CPaBHHTENBHO CHABHOKHCJOH Cpelie, HMEHHO MpH
pH << 0,5. Hao6opor, nast ocaxaenus cyabpunos xaruouos I rpyn-
Tbl, BEJHYHHBL NPOH3BENEHANH PACTBOPHMOCTH KOTOPHIX KOJIEGHIOTCS
B npefenax 1071°—10-, rpe6yercs cosmarh HEeATPANBHYIO HJH Ile-
Jounyto cpeny (pH = 7). 2

Kpome BenuuuHel npoussefeHHs PacTBOPHMOCTH GOJbLIOE 3HAYe-
‘HHe MMEIOT TaKMkKe BeJMYHHBI KOHCTAHT HOHH3alHH COOTBETCTBYIOLIEH

caaboi KHCJIOTHI. Yem 3TH KOHCTAHTBl MeHbHIe, TeM II0JIHee CBA3bI-"

Barorca ocaxnawomue wonsl Ht-nonamu u rem Goaburyio Besnunny pH
HYXKHO CO3[aTh, YTOObl NOGHTbCH NPAKTHUECKH MONHOTO OCAMKIEHHS
‘COJTH. :

Hanpumep, nockonbky yroawuas xucnmora (Ki=45-10"7, K, =
=4,8-10""") ropasno cnabee wiaBeneBOl KHCHOTHI HyCy04 (K =

' 7.
§ 22. Bausnue rowyenTpayuu uonog 600opoda (pH) na pacrsopumocts 8

= 5,6-10"2, Ky = 5,4-107%), ocaxnaenne Ca?t B BHJe CaC}?a l;—?n)ﬁgﬁ
NPOHCXOAUTb TIPH 3HAUUTEJBHO foJee BLICOKOM 3Haqu£i uﬁp a,CTBO-
ocaxjenne B Buje CaCq04, X0TH BEJHUHHBE _1_4;( npou:«n&xen_2 3p' s
B eBenTHBO Hopﬂm{a(HPC;C}/?:4,$6.ei1(:1TI;c§I I?I?Tceﬁ‘ ;bl‘;HCJIéHPIﬁ:_
B cnpaBeIJIMBOCTH 3TOTO HET el
CXOJHBIX C TeMH, KOTopbie OblIM NPUMEHEHH! Bblmeél A [uapookicel,
PaccmorpuM, Kak Bauser pH na paCTBopHMOCTI;" Babl‘{l/lzJIeHHH HoM
pacTsope 3T1oit coan. Hexoropoe 0OC/OXKHEHHE B 3 BaACICA U0
CHUT TO OOCTOMATENbCTBO, YTO OCaxKJjaemble COeAHHEH p T

i OBHBIX KHCJOT. B COOTBeTCTBHH CO CTyNneH4aTOH
ﬁggi‘;aﬁzgg gfg;{cg:cﬂm u oGpaTHBIl mpouecc coe/IHerHs HX aHHO-
HOB ¢ H*-1OHaMH IPOHCXOJMT TOXE IO CTYNEHAM, Hampumep:

COY 4 HY == HCO;
[1][co]

pm ot 31 (Ky=48-107")
[HCOs] ‘
HCO; +HY == H,CO,
N R
__EM (K,=4,5-107")
1= T{H,COq4]

Tak kKak HCO; unMeer 3HaYHTEJbHO MEHBLIYI0O KOHCTAHTY uz&:}x{-—
sauun, uem HyCOs, To Goabuias 4acTbh BBOAHMMBIX C U36LITKOM P
’ —
tuBa CO¥-monos npespamaercs B HCO;-HOHB H 06BIYHO 'TOHot.’nKeo--
Manas uacThb TOCJAeJHHX o6pasyer Aajee HEHOHH3NDOBaHHBIE Hl:ﬂm.
kyan HyCO;. Kak Bennka sTa 4acTh, MOXHO BHAETb W3 ypas :
K,  |HCo;] @

[H*] — [H:COs]
YpaBHeHHe (3) noxassiBaer, uto npn K;>>[H*] xonuentpauus
HCO3-#0HOB Jl01KHAa BO MHOrO pa3 NpeBblIAaTb Kgﬂue::?a?:rligg [1:2:
‘ H;CO;. B atom cayuae 0Oe3
MOHU3HPOBAHHBIX MOJIEKYJ no-
rpewmiHocTH 00pa30BaHHEM MOJEKYJ H,CO; moxHo npenebpeub, T

NPHHATH, UTO 7
' [cot] +[1coq] ~ ¢ <4>

rjae C — ob1mas XOHileHTpauus ocaiHuTenas B pacTBope NO OKOHYaHHK OCaXXJeHHs.

CiefloBaTebHO, MOXHO HaMeTHTb Tako# I1aH peme}n(ym ncoJﬁgri;

HBHIX 3ajay: Ipexje BCero, HCNoJb3ys [ gg}asﬂeﬂﬁﬂ MTﬂaop; Ili?oncra-‘
] YyeHHUs1 u pH pac .

u ypasHenue (4), HaxXoauM 3Ha _ ( )

Bngpﬂaﬁneﬂuoe anauenue [H*] B ypaBuenue (3), Ig)oggpﬁ?wmog{lgﬁsﬁgz_

HOCTb JONylleHus, yTo oOpas3oBaHHeM MOJIEKya I 3BeJIPl‘IHHy b

ne6peun. Ecan okaxercsi, 4TO K, = [H*], noayueunyio ,

MOXKHO CUMTATb IPABHJbHOM. .
Cka3aHHOe WIMIOCTPHpYeTCs NPHBOAWMBIMH HHXKe NpHMepaMu
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Mpum
Cahﬂgﬂaeg Blénel’lléx;cgaxgsm N ;’cH HOCTHraeTCA NpPaKTHYECKH MO/IHOE OCaXKAeHHe
3 TBOpa, comepxamero 0,01 e-
Care. e B oute s 3 , W01 e-ake (1. e. 0,005 2-uow)
auH 50%-noro !
T : % H36LITKa OCaluTeNs H OGWeM ofbeme pactsopa
Pewenne. [Mpexs :
) . € BCEero HaxoguM Beauyuny C, T. e
. €. H30BITOK ocagu
B pactope (B Moab[2). Ha ocammenne 0,005 z-uon Ca? norpebyercs cronbl:(oTe)ﬁg

Mosieli ocamutens, nanpuMep (NH,),CO; a ¢ 50%-mbim H36bITKOM — 0,0075 moas. .

CrenoBartenbno, H36GBITOK
, ocapurens pasen 0,0025 moso 8 100 ma. I1
B X . H nepecyere
Ha 1 2 310 cocrasaser 0,025 = 25.10-2 M. Taxosa KOHUEeHTpauus opcanmgm no

OKOHYaHHH Ocak/JeHus. TakoBa ke 6uia 6ol u KoHllenTpauus Houos COZ™ s pac-
TBOPE, ec/H Gbl BCE OHH OCTAaBAJIHCh CBOGOAHLIMH. ’

Onnako B KeACTBHTENLHOCTH YaCTh HX npesparutes B aunonsl HCOJ, a wacrs —
B Mosekyant HyCOs; Takum obpasom, obmasn KoHuentpanusa C pasua:

€ =[C03] + [HCO;] +[H,CO,| =25+ 10 2-uon/a

Ias toro uto6m ocamnenue Ca?* Gnuio MPAKTHYECKH TMOJHBLIM, KOHNEHTpaUus

CO}™  nomKHa GbiTh He MeHblue BeHYHHD
P, co, 4 -9
Tene-1_ 4810 -
————[Ca,“] —[COa ]_W_'= 48.107° 2-uonfa

Koﬂug}ix:gosarenﬁrzo, 83/1a4a 3AK/IOYACTCA B TOM, YTOOH CO31aTh TAKYI0 NPEASTBRYIO
pauuio HY, koropas oGecneunna 6w meoGxomumyio MHHHMAJBHYIO KOHIEH-

TPALHIO HOHA- 2=
p OHA-0CagHTENs (CO:, ) [Tostomy B nepsom nprGammenun, npeneGperas

TEMH YacTHUaMH, KOTOpHe 06pa3yiorTca B MOCAERHIOI o4epelb NpH CBA3LIBAHHH CO§'

H*-nowamu, a umenno
, B JAHHOM CJlyua
HATHCATb: yiae obpasoBanvem wMosexyn HyCO;, Momem

€ =~ [cO{] +[HCO;] ~ 25 1072
Iloacrasus Haf 2] s
afilenHoe 3Haqeﬂne[C03 ] B YpaBHEHHe, HMeeM:
[HCO;] =25-10" = 48.10"°=2.10"2 2-UoK[ 2

3n 2= 7
Y an konuentpauns CO;” u HCO3, suiuncasem nckomyro koHuentpauuio H* va
YPaBHeHHs L1 KOHCTauTH HoHM3auud Hy,CO; no sropoit CTYTeHH:

_ [#*]fcor] -

_—————— . —ll
2 IHCO;] 48-10

Ilpn stoM noayunm:

[H4] = 48.107" [HCO;] _ 48.10"".9.10~2
[Cog_] B 458 . 10—3

=20.10"1° 2-uonfa

v

Orcrona:
pPH=—1g20.10"" = — (0,3—10) =97

CienoBatenbno, uto6nl
; 8 R ocaxnedune CaCO; 6o n
8 1Ue10uHOl cpede, HMeHHO mpu pH 9,7, ? O, ero Hyxo. pecr

§ 22. Bausnue Konyentpayuu uonos eodopoda (pH) na pacreopumocte 89

[1poBepHM Temepb NPABHIBHOCTb TPEATIONONKEHHS O TOM, UTO OGpasoOBaHHEM He-
nonnanpoBankbix Monekyn HoCO; MoxHO 6ri0 npenebpeub:

K, [HCO]]

[H*] — [H,CO4}

niu
45-1077 [HCO;] _

20-10-"°  [H,COy]

" TakmM o6pasoM, npn nawsoM pH xonuenrpauus HCO7;  npubansntenso
B 2000 pa3 mpepblmiaeT KoHueuTpaumio Mojekyn HyCO;. 3uauntr, ofpasosanueMm Mo-

nexkyn HeCO; Myl Mean NOMHOE NpaBo NpeHeGpeub.
fipumep 2. Pemuth safauy, aHaJOrHYHYIO DpHBefleHHOR B npuMepe 1, Aas ocax-

nenus Ca? B suge CaCy0,. ,
Peu enne KoHuenTpamus OcalHTe]si NOCJe OKOHYAHHA OCaMJEeHu# papHa IoO-

npexuemy 2,5-102 M. CnenopatenbHo, npexeGperast o6pasoBaHHeM MOIEKYJ H,C.0,,
MOXEM HamucaThb:

2000

[C,0%] + [HC,07] ~ 251077 z-uon/a
ﬂJlﬂ NPpakTHYECKH NMOJHOTO (_)Ca)KJleHHﬂ HY2KHO, yT06L1
Pacso, 23107

= =23-10"° z-uon/a
[ca®™] 107° !

i
[c.0]=
CnenoBaTenbHoO,
[HC,07]=25-107* —23-107° =22-107" z-uon/a

Ilostomy

[H] =

K,[HC,07]  54-107°.22.107

~5.10"* 2-uon/a
jcor] ~ s |

pH=—1g5-10" " = —(0,7—4) =33

Wrak, noanoe ocaxpenne CaCyO, HOCTHraercsi yMe B YMEDPEHHO KUCIOR cpene
(npu pH = 3,3). D10 3aKkmiouenre B NOJHOH Mepe ONPABILIBAETCS HA OMNBITE: OCAXK-
nenne CaCy04 BeayT o6wiyno npu pH 4.

TlpoBepsieM MOJMYdYeHHbIH pe3yabTar:

K, [HC,07] 561077
[H] [HC0]  5-107°

W B nannoM csyuae pelleEHe MOXXHO CYMTaThb AOCTATOYHO TOUHBIM, TaKk Kak
npun pH 38,3 xonnentpauns  HC,Oj -nonos npumepio B 100 pa3s mpesuillaeT KOH-
IEHTpalHio HeHoHH3upoBaHHbX Mouekyn HoCyOy o

DTH BHUNCAEHHSA TMOKa3bBAIOT, YTO TNpPHEMJEMBIR pe3yJbTaT 4YacTO MOXKHO TO-
JYYHTb CPaBHHTENBHO MPOCTHIM CHOCOGOM, HMEHHO npeneGperass o6pa3oBaHHeM Moe-
Kya cnaboii KHCAOTH. PaccMOTpenHbie BLIMHC/IEHHS H/LMOCTPHPYIOT TaKXKe 3HAUEHHH
BEJHYHH KOHCTAHT HOHM3aUHM CHaGbiX KHCJOT, COMH KOTOPHX MH ocakiaeM. Hem
OHH MeHBlIE, T. €. UyeM KHCAOTa ciabee, Tem Gosbme 3Hauenue pH HYKHO coslaTh
LA NOCTHXKERHs NPAaKTHUeCKH NOJHOTO OcaKieHns faunpix coxed. C apyroi cro-
poHbl, yeM Mehbiue [IP 0CajKkoB, TeM A5 WX KOJHUECTBEHHOTO BLIAENEHHT NOTPE-

~ 100
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Gyercs MeHbUIAH KOHUEHTDALHA HOHA-OCZJHTENS, KOTOPHM MOSTOMY MOXeET HAXo-
AHuTbCA B PacTBOpPe B paBHOBecuu c Oosbllefli KoHUueHTpanmeir H*Y, T. e, npu xocra-
‘TOUHO HH3KOM pH MOXeT ObiTb MOCTHTHYTO KOJHYECTBEHHOE oéamnenue. Onnako
YTIPOUIEHHbIA pacyeT ROMYCTHM He Bcerjga; Kak NOCTYNHTb TOrJa, KOrMa OH HeXo-
NYCTHM, MOKA3LIBAIOT CJEAYIOMIKE IPHMEDEL.

Npumep 3. [lpu kakoM 3naueHun pH JoCTHraeTCs NMPaKTHYECKH NOJHOE OCAMKMIE-
BHe Fe?*-HOHOB CepOBOROPONOM, €C/IH BECTH €r0 B YC/AOBHAX, NMPHBEJEHHLIX B npe-
ABIAYIUHNX NpHMepax?

Pewenne. H3bbitok ocapureas C no OKOHYAHHH OCANKIEHHS NO-MpeXHeMy
nprHumMaeM pasubiM 2,5-10~% M. Ecum, nexofs ua Beinunust [IPpes (5,0-10-'8) u kon-
CTAaHT HOHH3AUHH CepoBOLOPOAHON Kucaotel (K = 89108, K, = 1,3-10-8) u mpe-

Hebperas  ofpasoBaHneM Mosexya H,S, BHUHCAHTD ONHCAHHBIM BbiLE cnocoGOM HC-

Komyso Beanuuy [HY|, momyunm [HY] = 6,5-10 z-uon/a u pH ~ 3,2. Tlposepum
BOTYCTUMOCTL NpeHgbperkenHs o6pasosaHueM MoJekya HpS:

[HS7] _ K, _ 89-107}
(H,s] [H'] 65-107¢

‘ 3nauur, B fmaHHOM ciyyae o6pasyercs ropasgo Gonbmre Modexya H,S, wem
HS--nouoB, n npeneGperath 06pa3soBaHHeM STHX MOJEKYyJl Mbl He MMeJH mpasa. Ha-
-060poT, 31ech MOXHO GblI0 6Bl npeneGpeun ob6pasosanueM HS—-mouos. Cpenas 370,

TONYURM: [$*"]+ [H,S] ~25-1072, .
Ho Beauunna [S?7] BecbMa Majia Ho cpasHennio ¢ 2,5-10-2. [{eficTBHTEBHO:
MPgs 50-107"

=1,37-10"" =~ 0,000137

i

[s+] = = =50-107"
[Fe™] 107° 10
Tlostomy . [S*] + [H,S] ~ [H,S] ~2,5- 1072
Hcxoas u3 BhIYHCAeHHEIX Beauynn [S2] u [HyS] u ypasueuns
(B [s*] —20 ’
sy el
1210 2.25.10~"
waxonnM, uto  [H'] = ‘/ 2 AT 10 ~ 77107 w pH ~ 5.1,

TockosbKy mosyuenHas BenuunHa pH cmiabHO oTJMuaetca OT HafAeHHON pasbie,

#He MeuraeT CHOBA NPOBEPHTb AONYCTHMOCTb MpeHeGpexeHdst 06pasOBaHHEM HOHOB

HS-:
[HS7}) _ K\ _ 89-107°
[HS]  [HY]  77.107°

Tak kak komuentpaumss HS- npm pH ~ 5,1 3naunTesbHO MeHbile, YeM KOHUEH-
Tpaunst H,S, caenannoe nomymenne onpasiniBaercst, U HaftleHHHIH pe3yabTaT MOXKHO
CYHTATh TPHEMIEMBIM. :

Npumep 4. Pemnth 3afauy, aHANOrHuHyIO NPHBENEHHOH B NpHMepe 3, A OCAaXK-
Jenns MnS renecuoro usera (ITPyas = 2,5-10-19),

Pewenue Cunras M3GHITOK OCaiuTenst CHOBA paBHHIM 2,5-102 M u fipeHeGpe-

ras o6pasoBaHHeM Mosekyn H,S, umeem: [Sz-] +[HS]=25-1072%
Orciona o6biurbM ciocoGoM no Gopmynam

~ 1,210 = 0,012

np - _ _
[$2] = —285 _95.107% i =k, 1231  18-10 P.95.10~*

5 =

1o ZIst] 25-10°°

!
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Haxoamm [H'] =~ 1,3-10-"' u pH ~ 109. I'IpdaepﬂeM JOIYyCTHMOCTb TpeHe6peKeHns
obpasosanuem MoJiekya HoS npu pH ~ 10,9: .

[HS] _ [H] _13-10
[HST] - K, 89.10”

CnenoBaTenbHO, H B 5TOM cayuae npeHe6peub ofpasoBanuem Mosekya HoS nomy-
CTHAMO, TaK KaK OpH HaileHHON KOHUeHTpanuyg H* B pacrBope MOryT HaXOQHUTbCH
B ocHosnoM HS--momn. [lostomMy mnoayuennoe 3nauenne pH ¢ aocrarousodh Tou-
HOCTbIO OTBedaeT TPebyeMoil KoHUeHTpanuy noHos H.

Bo BCeX cayuasX, KOTNa HEH3BECTHO, KaKOH HpHOJMKeHHOH (OPMYJAOR MpaBHIb-
Wee NOMb30BaThCS M XNTAT H36exaTh NPOBEPKY HNOMYCTHMOCTH mipencBpexenus Tok
WAM HHOM BenuuuHol (B npHBefieHHHX npuMepax Beauuunamu [HST] wau [H.SD),
pacyeT MOKHO TPOBOAMTH ABYMS HYTAMH. .

1. Tounwm@ pacuer. Ilpunumas obwtyio dopmyny ocamka Me,Sn, Haxonar

-11

— =0,000146

9— * P MeyS

peanunny [S?7] u3 ypasHeHus [s*]= ____""2°m  y BpIpaXkalOT vyepe3 Hee
[Men+]2

¥ uepes MCKOMYIO KOHNeHTpauHwo H*-HOHOB Besn1uHbI [HeS] v [HS-] no ¢opmymaanm:

[ [s*] _ [He ‘/ [Pe,s,
KKy KiKq [Me™+T

S 150 o W U ‘/ TPhe,s,
(RS = Ko K M+ ]

[H.S] =

Honcrammm* nonyquHble 3Ha4YeHHA B ypaBHeHue
€ =[S+ [HS™] 4 [H,S] =
o W o -
‘ HPMezsﬂ + [H+] ‘/ anezsn [H+]2 . anezsn
[Me™+] K, Ment] T KK, [Ment]

¥ pewalot otHocurenbho [H*] nonyuennoe kpagparsoe ypashenne:

. S -
[H*] + K, [H*] + KK (1 —c l/[M—e]—) e
V aneZSn

2. Mpubnuxennauin pacuer [Ilo Tabn 5, cocraBieHnofli no JAHHBIM, BHI-
YHCJIEHHBIM H3 yPaBHEHHSA
2
(1] | 1] )

2— - 2- ‘
c=Is ]+[H_S]+leS]=[S ](1+ Ry

HaXOJAT NpHMepHOe snagenne pH, orBeualomee TOM paBHOBeCHON KOHUeHTpauxu S%-,
KoTopas oGecneuna OH NPAKTHYECKH NOJIHOE OCaXAeHHe KaTHOHA METalJa B BUAE
Me;S .. D1y Beanuuny [S2-] BhuncanioT Mo GopMyJe:
n

NP ye s
[8*] = z

" QOpnnaxko RafifleHHas KOHIeHTpauus S2- MOXeT HaXOAWTbCA B pacTBOpe IpH
ykasansHoM B Ta6a. b snauennn pH TONbLKO TOrAa, KOria C = 1. Tlostomy 1pu npy-
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rom snayedun oOmeft KoHueHTpanun (C.) chegyeT NPOBOAMTH mepe

i acyeT cor

cnenywoweit hopmyne: pepac ‘ OrJIacHo
[82_]

-] —
(57 =~

-

Tak rak C; << C, Heo6xonuMo 6ofee BLICOKOE 3HAUCHHE pH, uT06Hi ofecneunth
HYXKHYI0 KOHUEHTPAUUIO S~ JAS KOJHYECTBEHHOTO BHIAEEHHs ocaika MesSn.

Tlo nepecunramnofl npn naHHOM 3Hawenmn C, KOHUEHTpALHM cyabHUL-HOHOB Ha-
xoaaT B Tabn. 5 oTsevaoiiee 3Toff KOHHEHTPAaUHH HOBOE NPHMEpPHOE 3HaueHHe pH
H Haxolar no 3 # 4 KojoHkaMm Taba. 5, kako#t Benuwmno# [HS-] mmu [H,S] crexyer
mpeneGpeub NPH YNpOmEeRHOM pacuere. Ecin AomycTuMo mpeneSpeub BeJHYHHOR
[HS-], 1o pacuer oxonuarennhofi Besmuunbt pH, ofecneunBaiomleli DPaKTHUECKH MoJ-
Hoe Bhllenenne ocajka Me;Sn TPH 3amaHHOR Beanunse M3GHTKa ocanutens (Cy)
BeayT 10 popmyse (a), ecnn xe npeneGperaior BeanuuHoit [HyS],— 10 1o dopmyae (6):

+_ KK, [H,S]| ) - [HS7]
[H ] [Sz_]x ((1), [H ]_KZ [Sz_]x (6)

Ho. TabJ. 5 MOKHO TAaKXKe YCTAHOBHTb, B KAKHX CJAYUasX HEJONYCTHM NPHOAK-
KEHHBIH pacyeT H ClefyeT MOJb30BaThes TOuHeIM pacuetoM pH. Tak, Tounmii pac-
uer HeobxoauM, xorma [S%] ~ 10— 108, Cnenyer moGasuth eme, 9To Mo mepe-
CUMTAHHOMY 3HayenHio [S2-). MOXHO HaiiTH B Ta6a. 5 npubnuxennyio senumunsy pH
He NPOBOAA AONOMHHTENbHLIX PACYETOB. '

Tafauya 5. 3aBHCEAMOCTD KOHIEHTPALMH Sz_, HS™ u H,S
o1 pH pacrBopa npn C=1

oH [s>71 | [us7] {H2S) pH [s27] [Hs™] [H,5)
14 0,9 0,1 9.10~° =8

13 0,5 0,5 5.10~7 g :g—lo lg’lz ?’09
12 0,1 0,9 10°° 4 10" 10~3 1.0
1 102 1.0 10~ 3 10~ 10~ 1.0
10 1073 1,0 103 2 10718 107° 10
9 10~* 10 - 10~2 1 10”8 10~° L0
8 10~° 0.9 0,1 0 107 | 1077 L0
7 107° 05 0.5 ‘ '

Koneuno, Bce mnosnyyaemble MPH BBHIYHCJAEHHAX pPE3YJAbTATHl  SIB-
JIAI0TCA JIHUID NPHOIU3HTENbHBIMHE, NOCKOJIBKY He YYHTHIBAKOTCH KO-
$uuuenTsl akTHBHOCTH HOHOB. KpoMe TOTO, M caMu BeauuHHB! NPOH3-
BEACHHH DaCTBOPHMOCTH HEKOTODHIX COJIeHl OmpefeJeHbl HeZOCTATOYHO
TouHo. Onnako nopsmok BenuunH pH siBisieTca Bce e NMpaBHABbHBIM
H NOTOMY TaKHe BBIUMC/IEHHs NPeACTaBJAIOT HHTepec AJs anauTHYe-
CKOH npaktukh. CieflyeT MOMHHTb, YTO BBIYHMCJEHHA XAIOT JHUIb MU-
HuMaarbroe 3HaueHwe PH, mpu KOTOPOM JOCTHraeTcsi NpaKTHYeCKH
noanoe ocaxnaenue. Ilpun Goabmiux Beauuunax pH oo 6uiBaeT 06biuHO
(xoT1a u He Bcerga) eme Gosee MOJHBIM.

Ocaxaenue MaJlopacTBOPUMBIX CONEHi CHAbHBIX KHCJOT. Maunopac-
TBODHMBIE CO/IH ~ CH/IBHBIX OJHOOCHOBHBIX Kuc/OT, Hampumep AgCl,
AgBr, Agl n 1. 1, ocakpaoTca B pesysbTate peakuuu Ag* ¢ anuo-
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. HaMH 3THX kuchaor, T. e. Cl-, Br- u I~ u 1. A. DTH aHHOHB!, OUYEBHJHO,

He cpssmBamoTes H*-uonamu, nockoabky HCl, HBr, HI u 1. n. sB-
JISIOTCSl CHJBHBIMH KHCJOTAMH H HOHHU3MDPYIOT B BOJHBIX pacTBOpax
MOUYTH TOJNHOCTHIO. [103TOMY noJIHOTAa OCaXKAEHHMA MaJOpacTBOPHMBIX
coJieli 9TUX KHCJOT B OTJHYMe 0T CTeNeHH OCaXKIeHHA coJsiell cnabbiX
KHCJOT TOuTH He 3aBucut OoT Bennunusl pH pacrsopa. C BiusHHeM
136bITKa KHCAOTHI B PacTBOpe BCe XKe NPHXOMUTCHA CUMTATHCSH, TaK Kak
B ero NPHCYTCTBHH BO3pacTaer CojieBOH 3(Q@eKT, a B HEKOTOPHIX Ciay-
yasX TNPOMCXONHUT CBSI3bIBAHHE KATHOHOB COJIH AHHOHAMH KHCJIOThI
B KOMILJIEKC, HallpuMep:

AgCl 4 CI- == [AgCL]”

YTO NMPUBOAMT K TOBBLILEHHIO PAacTBOPHMOCTH JAHHOM COJIH.
Tlpn ocakmeHuH MaJjOpPacTBOPHMBIX Cy/ab(aTOB HeN0 OOCTOHT He-

~ CKOJIbKO MHaue, Tak Kak HpSO, HOHH3HPYET NMOUTH NOJHOCTBIO TOJILKO

IO nepBOil CTyMeHH, T. e. ¢ o6pasoBannmeMm H*- u HSOj-monos. Ha-
060pOT, HOHH3ALUs ee O BTOPON CTYIIEHH

HSO:: == H' +S0;

IPOUCXOAMT XOTS H B BeCbMa 3HAYUTEJBHOM CTENeHH, NMOCKO/bKY Be-
JIHYAHA Ko Bequka (1,2-1072), Ho Bce xe He 10 KoHua. Ortciopa cie-
IyeT, uTO NPH He CHHIIKOM Masoir Benwunne IIP ocamka u jocra-
TouHO GosbIIOH KOHUeHTpauun H* HoHBbI SO} cesspiBaloTcs ¢ ofpa-
soBanneM HSO7. 3nauut, na seauunny pH pacrsopa npu ocaxienuu
cyib(daToOB Hesnb3s He obpailath BHMMaHuA. M3 Kucabix pacTBOpOB
MaJiopacTBOPUMBIE CY/ab(aThl KOMKHBI OCaXKAATbCH MeHee NMOJHO, YeM
13 HeATPaJbHBIX WK IeqouHbX. Oco6eHHO CHJIBHO 3TO CKa3biBAaeTC#
B cayuae Gosiee pacTBOPHUMBIX cyabgartos, Hanpumep CaSO, (TIP =
= 2.37-10%), SrSO, ([P =32-107) u PbSO, (IIP = 1,6-107%).
YBenauuesHe DacTBOPHMOCTH 10 BaHsHHeM HY-HOHOB 3ameTHO Raxe
u aas BaSO, (ITP = 1,1-10719) — Han6Gosee Mas0pacTBOPHMOro CyJib-
dara. Jlawusle o pactBopuMocts BaSO; B pactsopax HNOj; mpuso-
AsATCA HHXKe:

‘Kouuenrpauns HNOs, mossfa. . . . . .. 0056 01 05 10 20
Pacteopumocts BaSO, mpu 19°C, mmoas/z 09 1,2 39 7,7 119
Pacteopumocts BaSO4 npu 100°C, mmoasfa 77 — 265 416 —

Hy:kHO MMeTh B BHAY, UTO NPHBEJCHHbIE NaHHBIE CBHIAETEJbCTBYIOT
He TOJbKO O poan [H*], HO ¥ O BAHMSHHH Ha PacTBOPHMOCTb HOHHOIL
cugbl pacteopa (coseBolt apdexr).

Hecmotps ma 3710, ocaxaenne BaSO, BelyT M3 KHC/BIX pacTBOPOB,
uTo cnoco6GeTByer 06pasoBaHulo 6osee KPyNHOKPUCTALIHYECKOrO ocal-
Ka. Bbi3BaHHOe NPHCYTCTBHEM KHCJOTHl YyBeJHYEHHE DacTBOPHMOCTH
ocajKa Hoc/e OCaXKAEHHS YCTPaHsIOT, NpHOaB/asa H3OBITOK OCaaUTeNs.
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Kax cieayer u3 cxkasaHHOTO Bhillle, B aHAJAMTHYECKON NpaKTHKe
BCerfa MNPHXOAHMTCA CYHTATbCA C PAcTBOPAIOWAM JeHCTBHEM KHCJOT,
TAK KaK yBeIWUeHHE KOHUEHTPALUA BOAOPONHBIX HOHOB NPHUBOIHUT
K yBEJHYEHHIO PACTBOPHMOCTH OCAIKOB. -

§ 23. Bananne npoueccoB KOMNJaeKcooGpa3esanns
Ha pacrsopumoctb. Macknposka -

B rpaBnmeTpuueckoM aHa/u3e, KaK yXKe OTMeua/och paHee, Yalle
BCEr0 HCHOJIb3YIOT 00pa3soBaHHe MAaJiOPAaCTBOPHMBIX COCNHHEHHH Tuma

B.A,. OnuH M3 HOHOB B 3TOM COEAUHEHHH ABJSETCH ONPEIE/SIEMbIM,

Apyro#i — ocagureneM. KaxIbii Hu3 HHX NOMHMO B3aMMOLEHCTBHsI
ApPYr ¢ JAPYyroM MOXKeT BCTyNaTb B pPa3iHYHble XHMHYECKHE Deakuun
C NOCTOPOHHHMH HOHAMHM, HAaXOASIIHMHUCS B pacTBOpe, W 3TO o6CTONA-
TeJbCTBO MPUBOJAUT K M3MEHEHHI0 pacTBopHMocTH BiA,. B npenwiny-
uieM naparpagde OblIO IOKa3aHO, KAK B3aHMOJAEHCTBHE AHHOHOB, BXO-
JAIMX B COCTaB OCAAKA, C HOHAMH BOJAOPOAA NPHUBOAUT K TOBHILIEHHIO
pacteopumoctu. Takoii xe 3ddexr Bb3bIBaeT npubaBieHHe B PacTBOP
Bell[eCTB, BCTYMAIOWIMX .B DPEAKUHIO KOMIJIEKCOOGpa30BaHHA ¢ OJHUM
H3 HOHOB oOcCajika, yame Bcero ¢ kartnoHoM. CJjiefoBaTeNbHO, ecJH
B pacTBOp A06aBUTL TaKOE BEWIECTBO, TO OCaXKAEHHE MaJlopacTBOpH-
MOTO COeJIMHEHHsI MOXET CTaThb HEMOJHBHIM HAH OCaJOK MOXeT BOBCE
He BBIAEJIHTBCS M3 pacTBOpa, KOrJa MPOH3BeJ€HHE KOHUEHTpalUi
HOHOB B pacTBOpe CTaHET -MeHblle INIPOM3BeJleHH PaCTBOPHMOCTH
OCa)XXHaeMoro coefrHeHHs. ITO NPHMeP TaK HA3bIBAEMON MACKUPOBKU
peaxiuy.

MackupoBKOH XHMHYeCKONl peakuuM * HasLIBAIOT TOPMOXEHHE WJIH
0NHOe MOJaBJIEHHEe peaKlMd B NMPHCYTCTBHH BelECTB, CNOCOGHBIX H3-
MeHATb CKOPOCTb HJ/IM HampaBjieHHe 3Tofi peakuuu. Beumecrsa, BBOIH-
Mble B pacTBOP C IeJblI0 TOPMOXMEHHSA HJIM NeNaBJeHHA PeakuuH, Ha-
SLIBAIOT «MACKUPYIOWUMU Q2eHTamMu» WIA Mackuposareaami. Yaire
BCEro 3TO BelecTBa, CNOCOOHBIE HaBaTh KOMILIEKCHbIE COeJHHEHHR
C HOHaMH, NPUHHMAMOLUMH YyyacTHe B peakUuH ocakiaenus. Ha-
npuMmep, ec/n B pactBop conn Fe®* pectu F--noubi, 10 npu no6asennn
llesiouel WJIH aMMHaKa M3 pacTBopa He OYHeT BHIIEAATLCA OCALOK

BOJHOH OKHCH Keje3a, Tak Kak Fe’* cBf3blBaeTcsl B NPOYHBIE KOM- .

I/IEKCHble AHHOHBI, Kak npasuao, B FeF&. B stom ciaydae F--non
ABMAETCA MacKHpoBareseM peakuns Fet ¢ OH-. Huorma smecro
«MaCKHPOBKH DeaKIHH» FOBOPAT «O MaCKHPOBKE HOHOB», MPHYEM MOJ
MaCKHPOBKOH CJ/ie[lyeT MOHHMAaTh MAacCKHPOBKY BCeX peakluil, BO3MOXK-
HBIX C 93THM HOHOM B JJaHHOH peakHWOHHOI cpejle.

MackupoBkoit yacTo nosmb3yloTcs B KauecTBEHHOM aHa/H3e TOTAQ,
Korna oGHapykKeHHe TOrO WM HHOTO HOHA MPHXOAUTCH NPOBOLHTH
B NpPHCYTCTBUH Kakux-AH00 uOHOB, Mewawmux peakuun. CBs3as

—y

* Tloapobuee cM. Cynakos @. [1, Yen. xum., Ne 2, 296 (1968).
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9T MeIIalollKe HOHbBl B KOMILIEKC, Mbl TEM CaMbiM MOHM3MM HX KOH-
LEHTPALHI0 B PACTBOPE HACTOJIBKO, YTO OHM yXe He OyAyT Meilathb
o6HapyKeHHIO HHTepecylowero Hac Hona. Hampumep, npu oGHapy-
xeuun Co?* B BHlle KOMIIJIEKCHOTO pOJaHHUAA [Co(SCN)4]2" B pac-
TBOpE JOJKHBI OTCYTCTBOBaTH Fe®t-noubl, o6pasytomue ¢ SCN™-HOHaMu
HHTEHCHMBHO OKpallleHHoe coeanHeHue. [lostomy mnpu Hanmuun Fed-
nonos K pacrsopy npubasasior NH.F (uan NaF), ceaspiBawouuil ux
B TpOuHBi KOMMJeKkc. Fe®* MOXHO cBA3aTh TaKke MpuOaB/eHHeM
BUHHON HJH JIMMOHHOH Kuc/aoThl, ofpasyiomux c Fe®* pocratouyno
ycToiunsble (T. €. MaJOHOHH3HPOBAHHBbIE) KOMILIEKCHI.

Takas ke MaCKHPOBKa MeIIAIOIIWX TOMY HJIH HHOMY OINpejene-
HHUIO HOHOB LIMPOKO NPHMEHSIETCSs H B KOJHYECTBEHHOM aHaJsiH3e.

OueBHIHO, MACKHPOBKOH AOCTHFAIOT TOH XK€ LEJH, YTO H IPH 0CaX-
IeHHH Mellalolero HoHa B BHAE TOTO HMJM HHOTO MaJjlopacTBOPHMOro
CcOeJHHEHUA, a MMEHHO HACTOJNbKO CHJbHO MOHHUIKAIOT KOHLUEHTPAaUHio
3TOTO MOHA, YTO OH JIAHHBLIM PEaKTHBOM He OCAXKAAercsl M MOTOMY OIl-
penenenuio He Memaer. OJHaKO MacCKHMPOBKOW 3Ta LeJdb NOCTHraercs
HecpaBHEHHO Jerde M GBICTpee, TaK Kak He HYXHO (HJIbTPOBATh pac-
TBOD M IIPOMbBIBATb OCAJOK; BCE CBOJHMTCS JHIIb K NPHOaBJIEHHIO COOT-
BETCTBYIOIEIO «MacKupyioltero areara». [locmoTpum tenepb, OT uere
3aBHCHT BO3MOXHOCTb MacCKMPOBKH TOTO HJIM MHOTO HOHA. 3/ech npu-
JeTcsl mpeXJe BCErO OTMETHTb BJHAHHe Tex XKe ABYX (pakTopoB, Ha
KOTOpHe yKa3blBajioch PH PacCMOTPeHHH Bonpoca o Bausanud pH xa
MOMIHOTY OCaXJEHHsl, a HMEHHO BeJHYHHDBI. IPOU3BEJEHHs PACTBOPHMO-
CTH 0CaKIaeMOro COeIHHEHHS W KOHCTAHTHl HOHHW3allWH MPOAYKTa
peakuuy, T. €. 00pasyiollerocss KOMIJIEKCHOTO HOHA.

fcHo, uTo ueM O6o0jbLile BeJUYMHA TPOU3BEAEHHs DPAcTBOPHMOCTH
TOro cOejllUHEHHs, OCaXAeHHe KOTOPOTO MBI XOTHM NIpeAOTBPATHTH, TeM
Jierye 3T0 cfe/iaTh, TAK KaK Te€M MEHbille HYXXHO NOHH3HTb KOHUEHTpa-
OHIO CBSI3BIBAIOLIEI0 B KOMIIEKC HOHA, 4TOOB BeJHYMHa IPOH3Be-

JeHHA pacTBOPHMOCTH OcCajikKa He 6nla AOCTHIHYTA. Haoﬁopm‘. A

npenynpexjeHusi 00pasoBaHHS MaJOpPacTBODHMOrO oOcajfka CJeryer
OYeHb CHJIbHO MNOHH3HTb KOHUEHTPAHMIO COOTBETCTBYIONIEro HOHA.

C Apyro# CTOpOHBI, TIOHHXKEHHEe KOHIeHTPAUMH LAHHOTO HOHA IPH
npuGaBJeHHd TOrO WM HHOTO MACKHPYIOUIErO CPeACTBa 3aBHCHT OT
TOro, HacKOJbKO HOHH3UpOBaH oOpasymouiuiics xoMmmjaekcHbifi HoH. Kak
W3BeCTHO, MOHH3alMs KOMIJIEKCOB MOXKeT ObiTb OXapaKTepH30BaHa
BeJMUHHON TaK Ha3blBaeMOH KOHCTaHTHI HectoilkocTH *. Hanpumep,
ans komnyekcubix HoHoB [Ag(NH;)olt u [Ag(CN)2}-, nonnsupyomux
IO yPABHEHHUAM: ’

- [Ag(NH)l* == Ag*-+2NH,
[Ag(CN),]~ == Ag*+2CN~ -

* Jlns XapaKTepHCTHKH YCTORYMBOCTH KOMIUIEKCHBIX COEAHHEHHA NPHHATO NOJb~
30BaThCA OOPATHOM BEJHYHHON, HMEHHO KOHCTaHTOA ycToHuuBOCTH Kycr = 1/Kxecro

N
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KOHCTaHThl HECTORKOCTH  (Kyecr) paBHHI:

[Ag*] [NH,)?

Kyeer = =58-10""
HeeT [Ag(NHa);]
+ -12
KHQCT — _Iig_][CN—_] —_ 1,4 . 10-—-20
[Agtcn);]

.

Hs conocrasnenns BenHuuH Kgpeer 0GOHX KOMILIEKCOB $ICHO, UTO

B pe3yabTate npubabienus LUMaHHIA Ka/lus K PAacTBOPY coJu cepebpa
DK NIPOYHX PABHBIX YCJIOBHSAX KOHUeHTpauhs Ag*-HOHOB B pacTBope
NOHH3UTCH TOPA3A0 CHJIbHEe, YeM B pesyJbTaTe NPHOABJACHHS aM-
muaka. Jlpyrumu cioBamn, Mackupyioulee pneiicreue KCN 6yger ro-
pasno Gosiee CHJBHBIM, YeM Mackupyiowee neiicteue NH,.

OnbiT BnoJHe NOATBepKIAeT 3TO 3akJgwoueHHe. Taxk, npuGasiss
'KCN, moxno npenynpenuts Bmnanenne ocaikos AgCl, AgBr, Agl,
M TOJIbKO HaHMeHee paCTBOPHMas M3 coJeill cepeGpa AgyS Beinmagaer
B ocanok ¥ B npucytrcteun KCN. B cayuae npu6apnenns NH; 6ymer
NpeAyNpeXAeHO TOJbKO OCaKIeHHe XJOpHAa cepebpa, SBJSIOUIEroCcs
HanGosee pacTBOPMMOH M3 yKaszaHubx cosefl. OcraibHble coJH,
T. e. AgBr, Agl u Ag,S, BHNafyT ¥ B NPHCYTCTBHH aMMHaKa.

Kpome paccMOTpeHHBIX (aKTOpPOB C/iefiyeT OTMETHTb TaKXe BJHs-
HHe H30biTKa MackHpymoulero arenta. Yem 6oJblue ero KOHLEHTpaUMs
B pacTBOpe, TeM CHJ/IbHee NOHHIXKAeTcs CTeNeHb HOHH3AUHMH KOMILIEKCa,
a 3HAUNT, H KOHUEHTpalus cBsA3biBaeMoro HoHa. Hanpumep, pacuer
NOKa3blBaeT, YTO INPH YHOTpe6GNeHHH COOTBETCTBYIOILETO YDaBHEHHIO
peakunu KosuvectBa KCN ocazox Agl npu nmeiicrBum KI pomxen
Bbinanath. M Tonbko BeslecTBHE TOro, uto (paKTHUECKH Bcerma mpH-
GaBasior nekotopwlit H3GbiTok KCN, Ag+-HoH oKasmiBaeTcs 3aMacKu-
POBaHHBIM. ;

Hakonen, 6oablioe 3Hauenue NpH MacKMPOBKE, KaK H NIPH 0CAK-
AeHnn, umeer BeanmydHa pH pacreopa. Irto mabmonaercs Bcerna,
KOria JurasjiaMi B NaHHOM KOMILJIEKCHOM HOHE SIBJISIIOTCS MOJIEKYJIBl
WM HOHBI, CnocoCHEIe cBashiBaThes H*-monamu. TakoBwl, Hanpumep,

MOJIeKyJbl aMMuaka, ofpasyiomue ¢ H* katnommt NHj; a takxe
aHHOHb C1abbiX KHCJIOT, HampuMep IHMAHUCTOBOAOPOAHON, BHHHOM,
JIKMOHHON, AHMETWIIJIHOKCHMA M T. X. Bo BCceX 3THX cayvasx ysesu-
U€HHe KOHLEHTPalUu¥ HOHOB BOAODPORA, T. €. NMOHHIKEHHE BEJNYHHBL
pH pactsopa, compoBoxaaercsi pasnoxenneM KOMIJEKca H Jejaer
MacCKHPOBKY COOTBETCTBYIOLUMX KaTHOHOB HeBO3MOXHOH. C 3TUM Mu
HEONHOKPATHO BCTPeuaNHCh B KauecTBeHHOM aHamause. Hanmpuwmep,
MOJKNC/ICHHE aMMHMAYHOTO pacTBOPa, COJeprKallero KOMILIEKCHYIO
corv [Ag(NHy),Cl, BH3bIBaeT pasnoxenue KOMIIEKCHOTO HOHa:

[Ag(NHy),]" 4 2H" == Ag* - 2NHY
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[MockoabKy B pacTBope npucyrcTByloT Takxke Cl™-nomwl, npousse-
nenve pactBopumocty AgCl oxaxercsi npeBbIlIEHHBIM, M COJb Bbila-
ZIeT B OCafiok. Kak HM3BEeCTHO, 3TO sIBJEHHE HCIIOJNb3yercsi IPH OTKPHI-
tan Ag* u Cl--uonos. TouHo TaK ke, €C/AH PacTBOPbI KOMILJIEKCHBIX
cojiefl MeAM C aMMHAKOM, BHHHOH KHCJIOTOH HJH TJIMIEPHHOM, HMeEIO-
e TEMHO-CHHIOI OKPAackKy, TMOAKHUC/IHTb, TO OKpacKa W3MEHHTCH Ha
GaenHo-ronyOyio okpacky Cu?*-KaTHOHOB. ITO CBH/ETENbCTBYET O pas-
PYUICHHM KOMIIEKCHbIX HOHOB Tox Bausnuem H*-nonos. Cremosa-
TENbHO, AJs OCYLIeCTBJEHHsT MAaCKHDOBKH HYKHO CO3[aBaTh AOCTa-
TOYHO BbICOKOe 3HaueHHe pH.

Yike yKasbBajJOCh, YTO MAaCKMPOBKA MEUIAIOUIHX HOHOB 4DE3BbI~
yaiino oGJieruaeT MpOBejeHME aHAJH3a, TAK KaK HCKJouaercs Heol-
XOAHMOCTb OTHEJATh HX [yTeM OCaxIeHHS,
HAa KOTOpOe 3aTpauMBaercsi MHOro TpyAa
u BpeMmenu. Ho sBieHus KommiekcooGpa-
30BaHMS MOTYT TaKkKe W 3aTPYIAHATb aHa-
Au3. ITO NPOsBJSETCH, HAlpHUMeD, eCld HC-
cJleflyeMblll pacTBOp COJAEPXKHT Kakue-aubo
BElIleCTBA MJIM HOHEI, CBS3BIBAIOIINE B KOMII-
JeKC OIpefe/sieMblli HOH H TeM CaMbiM
NPEnsiTCTBYIOIHe ero ocaxKAeHHio. TaKoBbI
MHOTHE  OpraHHYecKHe  COeldHMHeHHs, B
MOJIeKyJiaX KOTOPBIX COJAep:KaTca THApO-
KCHJAbHBIE H  KapOOKCH/IbHBIE  TpPYIIIHL, -
HampuMep HEKOTOpble OpraHHYeckHe KHC- Ysbomon acadumernt
Jotel  (LlaBeJeBas, BHHHAS, JHMOHHaA
W Jp.), pasiHuHble caxapa u T. I. Ecau Puc. 13. 3apucamocts pac-

TBOPHUMOCTH OCaaKOB OT H3
TakHe BelllecTBa MPHCYTCTBYIOT B pac- GLITKA OCALHTEA.
TBOpE, UX NPHXOAUTCA YAAJIATH MYTEM OKHC-
aenna g0 CO. u HyO. OTpuuarensHoe Baus-
HHe KOMMJeKcooGpa3oBaHHsS NpPH TIPaBUMETPHUYECKHX OUpEeAeaeHUusx
paccmaTpuBanoch paHee. OHO 3aKJIouaercsl B yBeJHUEHHH PacTBOPUMO-
CTH 0CaXK[IaeMOro COeIUHeHHs BCjeAcTBHe 00pa30oBaHMs KOMILJIEKCOB
¢ u36LITKOM OCaXKAAMOUIero HOHA. JTO sBJeHHE HHOTAA INPOSBJAETCSH
B oueHb pe3koit ¢opme. Tak, npu ocaxienunu Hgly noGaenenne ma-
Jeiiliero M30HITKA OCAfMTeNsl YyBEJHUHBAET pPacTBOPUMOCTH oOcCaAKa
(puc. 13). Beaencrsue storo Hgle Henb3st npuMeHsaTh B FpaBUMeTpH-
yeckoM anajmse. Ha ToM e pHUCYHKe NpHUBeJeHa KpHUBas, [0KAasbl-
Balollas H3MeHeHHe pactBopuMmoct BaSO, noja BausHuneMm u30bITKa
ocamutens. B sTom cayyae KoMIJIeKcooOpa3oBaHHA He NPOHCXORHUT,
i B COOTBETCTBUH C [IPABHJIOM NPOH3BelNeHHs] PACTBOPHMOCTH PacTBO-
puMmoctb BaSO, ymensmaercs. OOGBIYHO KpUBBIE OCAXKAEHHS HMEIOT
BUJ, H300paxeHHbll Ha pHUcyHKe nyHkTHpoM. CHavamna pacTBOPUMOCTD
GOJIBIIMHCTBA 0CAJKOB MOHHXKAETCs 0] BJAHsHMEM H36LITKa ocajlu-
Teass (XOTA H He TaK CHJIBHO, KAaK 3TO COOTBETCTBYeT IPABHJY MpPOH3-
BelleHHs pacTBOPUMOCTH B ero YIOpolleHHOH ¢opme), a 3areM,

PacmBopumocine ocaina

4 3ak. 33
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NOCTHTHYB MHMHHMYMa, NOJ BJHAIHHEM KOMIJieKcooOpa3oBaHH:, COJle-
Boro 3¢deKTa W APYrHX NPHYHH CHOBa BO3pacraer. MIMenno Ha Takom
X0/le PacCMaTpPHBAEeMbIX KDHBBIX H OCHOBAHO 3MOMpPHYECKH HalifeHHOE
IpaBUJIO, COIVIACHO KOTOPOMY MNPH OCaXK/JeHHH peKOMEeHAyeTcst BBOAMIb
50%-upii n36biTOK Ocamurens. Ilpumep ¢ Hgl, nokassisaer, oxnaxko,
4YTO0 OHO NMPHMEHHMO He Beerja.

§ 24. O6pasoBaHne 0CankoB H HX CBOHCTBA

Cosjanne ONTHMAMbHBIX YCJAOBHH OCaXKAeHHSI NPH KOJHYECTBEH-
HBIX ONpefenieHMsX HMeeT ewe OoJbllee 3HaYeHHe, YeM NpPH Kaye-
CTBEHHOM aHa/M3e, TaK KaK BCfkad NOTepPsl BellecTBa 34eCh COBep-
IWeHHO HeJomycTHMa. [losToMy HeOO6XOZMMO OCTAHOBHTBCSL Ha 3TOM
nogpoGHee.

ITpexkae Bcero paccmoTpuM Hpouecc 06pa3oBaHHs OCagKOB. DTOT
NPOLECC, HECOMHEHHO, CJOXHee, YeM MOXHO OXHIATb Ha OCHOBAHHUU
ypaBHenHs peakunuu. Tak, cyAs N0 ypaBHEHHIO

_ Ba® 4 SO}~ —» BaSO,}

MOXKHO JyMaTb, ¥TO A1si o6pasoBanHus cyiabdata GapHs HYKHO TOJDBKO,
9T06H BCTPeTHIHMCh B pacTBope ABa MoHa: Ba2* m SO;~. Ho sto, Ko-
HeuHo, He Tak. Ocanok BaSO, Bhimajgaer B Buje KPHCTaJJIOB, a u3
ABYX HOHOB KpHCTa/uIMYecKas pelieTka IOCTpoeHa ObiThb He MOXKeT.
ITponecc oGpasoBanusi TBepHOH (Gasnl B pPacTBOpE OYEHb CJOXKEH.
IMourtn Bcerna naGmoaaeTcsi TaK Ha3bIBaeMbIH HHAYKUHOHHBIA TEPHOLX,
KOTOPBIA JJIHTCA OT MOMEHTa CMelLIeHHsi PaCTBOPOB peareHTOB, COXEp-
JKalluX peardpyiollHe BeliecTBa, A0 HOABJeHHS BHIHMOrO OCagKa.
it pasnuyHbIX BewlecTB HHAYKUUOHHHIA MEPHOA pa3/HyeH; HanpH-
Mep, IpH ocaxaeHnH BaSO, oH cpaBHHATENBHO BeJHK, TIPH OCAXKICHUH
AgCl — ouenn nenpomosxutened. HanuuHe MHAYKUHOHHOrO NEepHONA
00BACHSETCA TeM, 4TO 06pasoBaHhe OCagKa NPOXONHMT uepe3 PAX CTa-
mui. B Havanme o6pasyiorcs 3apolibilileBhbie, WM I[EPBHYHbIE KDH-
craanbl. Jlas ux o6pa3oBaHHfl B IPOCTPAHCTBE MOJNKHO BCTPETHThCA

B. ONpefeJIeHHOM COOTHOLUEBHH H IIpH OfpelNejieHHOM pPaclOJOXEHHH -

HOBOJIbHO 6OJIbLIOE YHCJIO peaTHpyoUIHX HOHOB. B pacrtBope wHOHHI
OKpYKeHbl TuApaTHOH 0060JIOUKOH, npH (OPMHPOBAaHHHM ecajKa oOHa
RonxHa OwiTe paspyuteHa. O6GpasoBaBluHecsi NepBHYHbIE KPHCTAJILI
elle He CO3Jal0T NOBEPXHOCTH pasfena, T. e. o6pasoBaHue 3THX Mep-
BRIX 4acTHL TBeplo¥ ¢a3wl H coeiuHeHue ux (arperauus) B GoJee
KpYNHEIE, COCTOAIME M3 HECSATKOB, COTEH MOJIEKYJ, ellle He Bbi3biBaeT
BLIAENEHHS] BellecTBA B OcajoK. Drta craiusi GOPMHDPOBAHHUA OCaAKa
COOTBETCTBYeT CYILECTBOBAHMIO KOJIJIOMZHBIX CHCTeM. 3aTeM NepBHY-
Hbleé KDHCTaJJbl HAHM HX arperarsl o6pasyior Gojee KPYIHBIE YaCTHUH
H BBHITAJAIOT B OCAafAOK. DTOT MNpOLECC MOMXKET HATH HABYMS MyTAMH,
KOTOpble onpefesqsoT ¢opMy ocagka, T. e. o6pa3oBaHHe KDHCTAJJIH-
HECKOro W/ amop¢noro ocagka. B mepsom ciyuae npu npuGaBiieHHH
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B pacTBop MNOPHMH OCA&XKAAIOIEro peareHTa He NOABJAIOTCA HOBbE
IEeHTPH KPHCTAJJIM3alMH, HOBble arperathl. PacTBOp HEKOTOpOE BpeMs
0CTaerCs B TepeCHIEeHHOM COCTOSHHH. ’

[Ipu nocreneHHoM BBeACHHH OCaJMTe/]sl BblJe/IEHHE BeLIeCTBA H3
NepechillieHHOT0 PacTBOPa NPOUCXOAHT NPEHMYINEeCTBEHHO HAa MOBEpX-
HOCTH paHee OOpPa3OBABIIMXCS 3apOABILIEBHIX KPHCTAJJOB, KOTOpbIe
NOCTENEHHO pPacTyT, TaK YTO B KOHILE KOHLOB HONYyYaercst KpHCTal-
JHYECKHA O0CalOK, COCTOSANIMA H3 CPaBHUTEJbHO HeOGOJBIIOrO uHc/a
OTHOCHTENBHO KPYMHBIX KPHCTAJIOB.,

Tak uger ocaxiende oObBIYHO TOT[Aa, KOTJA PaCTBOPHMOCTb OcCajiKa
He CNMIUKOM MaJja, 0COGEHHO ecnu NPHHATH Mephl K MOBHIUEHHIO ee
NyTeM HarpeBaHusl WJAH NpPUOaBieHHA TeX WM HHBIX PEaKTHBOB, Ha-
npHUMep KHCJOT.

Muaue NpOHCXONMT MOpOReCC 06pa3osanus amOppHblx 0CadKo8.
B sToM cayuae mpu6GaBjeHHe KaXAOH IOPLHH OCajuTeNsl BHI3bIBaeT
6LICTPOE BO3HHKHOBEHHE B KHJIKOCTH OTDOMHOTO KOJHYECTBA MeJb-
yaflUMX 3apOABIIEBHIX KPHCTAJLIOB, KOTOPble PACTYT YIKe He BCJIEJCTBHE
OTJIOKEHHSl HA MX II0BEPXHOCTH COOTBETCTBYIOIIEro BellecTBa, a B
pesy/ibTare HX coeluHeHHs B OoJee KpymHble, arperarhi, ocefaioliue
MOA BJAMAHMEM CHJIbl TSXKECTH Ha HAHO cocyia. Hpyrumu cjaosamu,

" npoucxodur Koa2yAAYUs NePBOHAUANLHO 06PA3YIOULE20CH KOALOUOHOR0

pacrsopa.

TMockoabKY CBSi3b MeXIY OTHeNbHBIMH 3apOJibllIeBBIMH KPHCTaJl-
JaMH B TOJYYalOIIHXCs arperatax CPaBHHTeJbHO HeENpPOYHas, 3TH
arperaTol MOTYT CHOBa pacmajgarbcs € 00pasoBaHHeM KOJIIOHIHOTO

‘pactsopa.

Kak BUAHO ¥3 CKAa3aHHOrO, Ha3biBaTh 3TH OCAfAKH aMOPGHLIMHU HE
coBceM npasuibHO. IIpaBuibHee OblIO Obf HAa3HBaTb HX «CKPHITOKPH-
CTaNJIMUeCKHMH», TOCKOJbKY OHH OOpasyioTci H3 KPHCTA/IOB, XOTH
A Meabgafimux. JleficTBUTEAbHO, HANUUHE KPUCTANAHYECKOH pemIeTKH
y aMOpGHBEIX OCaJKOB MOXKeT OHTb B GOJIBIIMHCTBE CJyYaeB H0Ka3aHO

.Ha omIbiTe NYyTEM HCCIAEeNOBAHHA HX C NTOMOHIbIO pEHTI‘eHOBCKPlX nyqeﬁ, ]

a MHOTIA U NOJ MHKPOCKONOM. ,

dopma BBAEMAIOLIETOCH OCafika 3aBHCHT OT HHAMBHIYAJbHBLIX
cBOficTB BemecTs. Hanpumep, nossipHble, CPaBHATENBHO XOpOINO pac-,
tBopuMeie BeliectBa (BaSOs, AgCl, PbSO4 1 1. n.) BHMNanaioT B KpH-
CTa/JINYeCKOM COCTOSTHHH. '

Ho ta nan wnas ¢opMa ocaixa He TOJNIBKO CBf3aHa C MHIMBHAY-
aJbHBIMA CBONCTBAMH BEIIECTBA, HO H 3aBHCHT OT YCJOBHH Ocamnie-
nusa. Hanpumep, npn ocakleHuH H3 pa3GaBleHHBIX BOAHLIX PacTBOPOB

BaSO, BhimafaeT B BHJe KPHCTAJJMUecKOro ocagka. Eciau, oamaxo, .

ocaXIaTh ero H3 cMecH Boinl ¢ 30—600% cnupTa, CHIABHO NMOHMXKAKO-
IEro PacTBOPHMOCTL cyiabdata Gapusi, To oOpasyerca KOJJIONUHbIH
pacTBop Wax aMopdHbii ocanok. C Apyroit CTOpOHH, OCaxJasd Cylb-
¢uns B mpucytcersun nupumuna C;H:N, noayualor HekoTophie 3
HHX B BHA€ KpHCTa/JsIoB. MOXHO cuMTaTb 3KCHEPHMEHTaANbHO

40
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NOKa3aHHBIM, YTO J000e BEIeCTBO MOXKeT ObTb MOJYYEHO KaK B BHAE
KPUCTAJJINYECKOTO, TaK H B BUAe amopdHoro ocagka. Oxnako o6pa-
30BaHHE ORHOH M3 3THX (OpM OOGBLIYHO CBA3AHO C CO3/JaHHEM TAKUX
YCJI0BHH, KOTOPbiE HENMPHEMJIEMbl IIPH KOJMYECTBEHHBIX Olpele]eHHsX.
[TostoMy, B 3aBHCHMOCTH OT HHIHBHAya/bHBIX CBOHCTB 06pasyio-
muxXcA COeJMHEHHH, OJHH H3 HHX I[IOJYYalOTCSH NPH aHaJu3e B BHIE
KDHCTaJJIMYECKHX, APYyrHe — B BHJe aMOPO®HBIX 0CaJKOB. 3ajaua aHa-
JUTHKA COCTOMT B TOM, 4TOObI CO3/aTh YCJOBHS, NIPU KOTOPHIX BbiNa-
RaMWUH 0cafiok Obln Gbl BO3MOXHO GoJsiee YHCTBIM M YHOOHBIM AJA
nanbHedwed o6paGoTKH, T. e. LS OTAeNeHHs (GU/ILTPOBAHHEM H IPO-
MBIBaHHSA.

M3 cxasannoro caenyer, yto B mnpouecce GopMUPOBaHHS OCaliKa
oueHb GOJIbIIOE 3HaUeHHe MMeeT NlepechlllleHue pacTBopa. Ero xapak-
TEPH3YIOT TAK HA3biBaeMbIM OTHOCHTENbHBIM I€PECHilleHHeM M BbIpa-
HKAIOT IMIUPHYECKOH (GOPMYJOil, clpaBelJUBOA NIPH CMelleHWH pas-
HbIX 00BEeMOB DacTBOPOB ¢ OAHMHAKOBOH KOHLEHTpalueill pearupyio-
IUX BellecTB:

Q—S
S
rae Q = C/2 (C —pHcxXomHas KOHIEHTPALHKS KaMXIOro H3 PeareHToB); S -— pacTBOpH-
MOCTb MaJlIopacTBOPHMOro BEIIECTBA.

9To BbIpaX<eHHe He OYEHb TOYHO, TAK KaK PacTBOPUMOCTbL He $iB-
JSIeTCA BeJMYHHOH IIOCTOSIHHOH, a 3aBHCHT OT MHOTHX (DaKTOpOB,
0 KOTOPBIX FOBOPHJIOCH paHee, H OT BeJHYHHbl [IOBEPXHOCTH KPHCTaJI-
J0B (cM. Huxe). Ho oHO yno6HO TeM, 4To faeT BO3MOXKHOCTb IOHSAT,
noyemy o0pasyloTcst KpHCTa/sIHuecKHe uad amopdunle ocauku. Ha
OCHOBaHHH 3TOH (POPMYJbl MOXKHO CO3AaBaTh ONpelesicHHble YCJIOBHS
I TOJYYeHHsl KPYNHOKPHCTAJIHUeCKHX ocafkoB (cM. § 25).

Ecnn BemecTBo MajopacTBOpHMO (BeJMudHa S MaJja) M Bhge-
JifleTcsl M3 CPaBHHTeJbHO KOHUEHTPHPOBAHHBIX pacTBOpoB (Q Be-
JIHKO), TO OTHOCHTE/JbHOE IlepechlllleHHe GYNeT BEJHKO, H 3TO Oymer
€noco6CTBOBATh OBICTPOMY OGPa30BAHMIO B PAacTBOPE OIPOMHOTO KO-
JINYeCTBa MePBHYHBIX KPHCTAJJIO0B, MX OLICTPOH arperauud W Bbifese-
HHIO aMophHoro ocagka. Ecau oTHocuTe/bHOE TepechllileHde Mano
(3Bavenne Q Mamo, a S Beauko), To B npouecce (HOPMHPOBAHHA
ocagka of6pasyerci CPaBHHTEJNbHO - MaJj0O I[ePBHYHBIX KPHCTAJIOB,
cosnawrca O0/aronpuATHbHIE YCJIOBHS JJI HEe3HAUHTENBHOTO Iepech-
HIEHHS1 DPAcTBOPOB, YTO, KaK CKa3aHO BRIIE, NPHBOAKT K BBIACIEHHIO
KPHCTAJIIMYECKOTO OCaliKa.

B 3axmiouenue caelyer ckasaTth, UTO €C/H CBEXKEOCAXAEHHLIH Oca-
JOK OCTaBHTb Ha HEKOTOPOe BPeMsi MO MAaTOUHbIM PacTBOPOM, TO OcCa-
ROK TpeTepleBaeT paAX HM3MeHeHH!H, KOTOpPHlE HAa3BIBAIOTCS «CTape-
HHEeM» ocalKa.

OnTiMmanbHBIe YCIOBHS OCaXkAeHAs U CTapeHHs OKa3blBalOTCH
BecbMa pasJiMYHBIMH B c/ly4yae 06pa3oBaHHA aMOP(HBIX M KPHUCTaJIH-
YeCKHX 0CaiKOB.
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§ 25. Ycaosua oGpa3oBanus H cBoilcTsa
KPHCTAAJINYECKHX OCALKOB

Muorue Kpucraaaunueckue ocaiku (manpumep, BaCrO4, BaSO,,
CaCy04 u Ap.) BLIAENAIOTCA HHOTLA HACTOJBKO MeJKO3epHHCTBIMH,
YyTO YacCTHIbLl MX HPOXOAST uyepe3 MOpbl (pHJAbTPA, H QUIBTPAT NOJY-
yaercst MyTHeIM. OT 3TO#l MyTH HepelKO He ydaeTcss H30aBHThCA Haxe
nyTeM MHOTOKPATHOTO (PHUIBTPOBAHHSA uYepe3 OAMH M TOT Xe (QUJIbTP..
Yro6el n3bexkath NPOXOXKAEHHSI OCajKa CKBO3b (HJILTPp H CBfA3aH-
HOM C 3THM [OTepH, HeOBGXOAHMMO CO34aTb YCIOBHA, IIPH KOTOPBIX
OCaJIKH MOJYYaJHCh Obl AOCTATOYHO KPYIHOKPHCTAMIHYECKMMH. ITO
yHoGHO Tak¥ke M B APYIMX OTHOIIEHMSX: TaKue OCaliku OBICTPO Oce-
AT HAa AHO COCyMAa, npH GUIbTPOBAHHWH He 3aOHMBAIOT NOPH PUALTPA
W, HMesl MaJyio MOBEpXHOCTb, MEeHbIIe aJCOPOHPYIOT NOCTOPOHHHE Be-
ecTBa H3 PAacTBOpa, YeM MeJKOKPHCTaJJIHYeckHe, H B OCOGEHHOCTH
aMopHble 0CalKH.

Kakne Ke ycaoBusi GaaronpHATCTBYIOT BbilaJeHHUIO KDPYINHOKPH-
CTaNJIHIECKUX OCagKOB?

YuureiBasi Bce cKasaHHOe B § 24 o0 mexaHusme 006pa3oBaHHf KpH-
CTaNJHYeCKHX OCaJKOB, Ha 3TOT BONPOC OTBETHTH HeTpyaHo. Oue-
BHJHO, HYXKHO BeCTH Oca)<IeHHe TakK, uyToObl B YCJIOBHAX (OpPMUPO-
BaHHA O0CAAKAa OTHOCHTE/bHOE MNepechlilleHrHe OBbIIO N0 BO3MOMXKHOCTH
MaJo.

s ¢opmyan (Q — S)/S cnmemyer, uro ueMm Bbille OyAeT DPacTBO-
puMocTh oGpasylolierocs ocagka H ueM HHXKe KOHIeHTpalMs oCax-
1aeMOr0e BellleCcTBa, TeM MeHblle GyleT OTHOCHTe/bHOe NepechillleHHe,
TeM MeHblee YHCJIO IEePBHUYHBIX KPHCTaJ/I0B OyleT BO3HMKATH H TEM
KpynHee oHH Gynyr. Takum o6pasoM, 1Js1 NOJYYeHHsA KPYIHOKDHCTAJ-
JIMYeCKUX OCaJKOB HeOGXONMMO B Ipolecce OCaXKAEHHS IOBHIIIATH
PACTBOPHMOCTh OCajJlKa W TOHHXKATh KOHIEHTPAalHH OCa)K1aeMOro H
ocaxaalolero HoHoB. , CylecTByer pAA CHOCO00B TOHHMKEHHS KOH-
IeHTpaluH pearHpPylOUIMX HOHOB npu dopmupoBaHuu ocaikos. Ca-
MLIM IIPOCTBIM H3 HHX SIBJIseTcs pa3baB/ieHHe PacTBOPOB Mepefl 0Cax-
HeHneM H MelJeHHoe (MO KaIifaM) NPH NMOCTOSIHHOM MepeMellMBaHAH
npubaBJjeHHe pacTBOpa OcajuTeNsl K Hcc/IefLyeMOMy pacTBopy (mepe-
MelIMBaHHE HYXKHO [JJsi TOro, 4ro0bl B OTAE/JbHHIX MecTaX pacrsopa
He NOBHINAJNACHL KOHIEHTPALHMsi OCajyuTes]sl, T. €. He BO3HHKaJO TakK
HaspiBaeMoe MecTHoe nepechiiieHne). OueHb 3¢ deKTuBHBIM CnOCOOOM
MOHHXKEHHS1 KOHIEHTPallMh 0Ca)KIaeMOTO HOHA fBJSIeTCs CBA3hIBaHHe
€ro B KOMILJEKCHOE COelHHeHHe cpefHefi NpouHOCTH. B 3ToM cayuae
JOCTATOYHO HH3Kasl KOHIEHTPAalMa O0CaxkKJaeMOr0 HOHAa B pacTBOpe
CO3/1a€TCsl 3a CUeT YaCTHYHON HMOHU3ALMH KOMILIEKCHOTO COeJHHeHHs.
[Tpu poGaBieHnH HOHA-OCAJHTENsl M3-3a 00pasOBaHHs MajOpacTBOPH-
MOrO COeJHHEHHMs paBHOBEeCHE HOHH3alHM KOMIJIeKca Oyler CABU-
raThCsl, HO KOHIIEHTPAIlHs OCaXXLaeMOT0 HOHA BCce BpeMs Oyner oCTa-
BaTbca HH3KOH.- Hanpumep, ecnn cBasate Co*t B KOMIJIEKCHOe
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coelHHeHHe ¢ MUPUIMHOM, TO OTHOCHTEJbHOE mepechiledne OyldeT Tak
MaJo, YTO NPH NPOMYCKAHHH 4Yepe3 PacTBOP CEpPOBOJAOPOLA MOXKHG
6ynet Bbaeauts CoS B KpHCTaJNHYeCKOM COCTOSTHHH:

[Co(CeHsN),* == Co®* + 4C¢H;N
Co™ ++H,S —> CoS{ -+ 2H*

Jlna TMOHMXKEHHA KOHUEHTPALMH OCaJHTeNsl 4acTO HCIOAb3YIOT Me-
TOJ BO3SHHKAIOUIHX peareHTOB (FOMOTEHHOro ocamjeHud). B artom
clydae B PacTBOP BBONST He OCafuTe/]b, & TO HJIM HHOE BeUIeCTBO,
KOTOpOe INPH COOTBETCTBYIOLeH peaklUnH, OOBIYHO HAYyLleH ¢ MaJjoi
CKOPOCTbIO, BBIAE/SET B PacTBOp HeoOXoAuMBbIA ocazutenb. Mon oca-
AHTENs «BO3HHKAeT» B HCCJAEIyeMOM pacTBOpE MOCTENeHHO B Masibix
KOHIEHTpPALKsAX, YTO CIOCOGCTBYET NMOHHKEHHIO OTHOCHTEJIbHOrO Iepe-
CHIleHHsI pacTBoOpa.

Hanpumep, Ba?* B Bune BaSO,; moxno ocajutb He ¢ NOMOLibIO
H,SO,, a c noMoumpio auMetHsacylb(ara, KOTOPHH MeJJeHHO THAPO-
JI3YeTcsi:

(CH;),SO, + 2H,0 == H,S0, 4 2CH;0H

¥ nocrenenno pbigeasier B pacrBop HeSO, Ouenp uacto npu ocaxpe-
HuM MHOTHX  coepunenut, nanpumep CaCyO4-HpO wm npyrnx, ans
HeHTpa/H3an¥Ki HOHOB BOAOPOLA H0GaBJAIOT B PACTBOP HE aMMHAaK,
a MOueBHHY, KoTopas ruppoausyercs npu 90—100°C, Bmaenss am-
MHaK: = '
’ CO(NH,), 4+ H,0 == CO, 4 2NH;4

Ias nosbimiennst pactBopuMoctd (S) ocafkoB B mpomecce ocax-
ZIeHHS! OOBIYHO MOBHINAIOT TEMMEPATypy WM NpHOaBAAIOT Kakue-NH0o
BElllecTBa, MNOBblIacllHe pactBopuMocTb. [locne Toro Kax ocalok
copmupyercs, pacTBOPHMOCTh HEOOXOAMMO TNOHHU3HTb, HHaye OCAXK-
AeHue He OyAeT NMOJHBIM.

TakuMm oGpasoM, MOXKHO cQOpMYyJHPOBATbL CJeAyIOllHEe NpaBHJla
ocaxeHHs1 KPUCTANIHYECKHX 0ocafakoB. Heo6xoanmo:

1) Bectn ocaxjenne H3 [OCTATOYHO Pa30aBJeHHOTO pacTBOpPa
pa3baBieHHBIM PAacTBOPOM OCaJHTENS,;

2) npu6aBAATb OCAMUTENb O4eHb MEOAEHHO, TIO KanidaM (ocoBeHHo
B Hauaje ocaxKIeHHs);

3) HemnpepbiBHO NepeMelIHBaTh PacTBOP CTEK/SHHOH NMa/louKOR BO
u30exkanue CHJbHBIX MECTHBIX INepechilleHHii npu pobaBjeHHH oca-
AUTENS;

4) BecTH OCaKJeHHE H3 Tropsiuero pacrsopa (MHOTAA HArpeBaloT
¥ PacTBOp OcaluTeNs);

5) or¢uibTPOBBIBATH OCaZOK TOJBKO TOC/AE OXJaXIeHHd pac-
TBODa; )

6) npubaBnATb NPH OCaXKAEHHH BellieCTBa, NOBbILIANOILME pac-
TBOPHMOCTb OCaAKa.

OT npumeced ¢opme.
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Hanpumep, npu ocaxaeHnn cyabtara Gapus npubasasior HCI,
KOTOpas MOBBIIIAET pPAacTBOPUMOCTb €ro BeJAeAcCTBHe o006pasoBaHus
HSOj-nonoB. K xonumy ocaxieHHs 3Ty NOBBILEHHYIO PACTBOPHMOCTh
BaSO, cHoBa mnonmxkalwT npubaBieHHEM yMepPEHHOro H30HITKa oca-
JUTes. '

B Tex xe neasx Ca?t ocaxpanot B Buge CaCy0O4+Hs0 He us Hell-
TPaJbHOTO, @ M3 KHCJOrO PacTBOPA, TaK KaK OKCalaT KaJjbllus Npex-
craBaseT cob0fi MaJopaCTBOPHMYIO COJIb CPaBHUTENbHO caaboil Kuc-
JIOTHl, BCJEJACTBHE Yero PAacTBOPUMOCTb €ro B KHC/JAOH cpele 3HAUH-
TeJqbHO GoJibllle, yeM B BoJZe. DTO co3haer GaaronpusTHBE YCJOBUS
AJaAa 006pa30BaHHs CPaBHHTENIbHO KPYIHBIX KPHCTAJMJIOB, HO B TO K€
BpeMsl OcaXKAeHHe CTAHOBHTCSI HEMOJIHBIM,

Hns npakTHyeckH MOJHOTO ocaxkienus Ca?*-uoHa caenyer, oue-
BHJAHO, KHCJOTHOCTb DacTBOPA [OJ KOHel OCaXKAeHHs CHOBa TMOHH-
sutb jpo. pH = 3,3, npubaBasis X pacTBOpy 0O KamjisiM pacTBOP
NH,OH. Ilo mepe Helitpainsaunu KucaoTh pactBopumoctb CaCoO,
fIOCTENEHHO YMEHBLIAETCS H HOBLIE KOJMYECTBA €ro MEepPexolsiT B oca-
Jok. OnHako npy MeseHHOM NPUGABIEHAH aMMHAKa 3TO NPOHCXOIHT
rnasHbIM 006pa3oM 3a CueT pocTa paHee oOGPa30BABLIMXCS KPHCTAJIOB.

[Monyuennnifi Takum crnocobom ocagoxk CaCpO4-HyO xopomo or-
¢uIbTPOBEIBAETCS, TOTAA KaK [PH OCaXKAEHHH ero M3 HEeHTPasbHOTO
HJIH IIEJAOYHOTO PacTBOpPAa OH MOMKET OYeHb JIETKO TIPOXOLHTb CKBO3b
fopel duibTpa.

Ilpu o6pa3oBaHHH KPHCTAJNIHYECKHX OCAIKOB HEPEAKO AOCTATOYHO
TI0JIHOE BbijJeJIeHHe COOTBETCTBYIOLLETO BellecTBa H3 IePechIeHHOro
pacTBopa IPOHCXOAHMT He cpasy, HO uepe3 GoJee HAM MEHee 3HAYHU-
TeJbHblA MPOMEXYTOK BpeMeHH. KpoMme Toro, crosiuas nepes aHaju-
THKOM UeJb — NOJY4YHTb JOCTaTOYHO KPYNHOKPHCTAJIHYECKHH oca-
JOK — JOCTHTAeTcs NpPH COGJIOACHHH BCeX YKA3aHHbIX BbILIE YCJAOBHM
OCaXKAEHHS JIMLIb OTYACTH, TaK KaK Hapsily ¢ KPYNHBIMH KpHCTAJ-
JlaMu 06pasyeTcs M HEKOTOpPOe KOJHYECTBO OUYEHb MEJKHX, KOTOphie
B Ja/ibHEALIEM MOTYT NPOXOAHTDL Yepe3 mopel ¢uabrpa. IToatomy npu-
Xonutcs B OOMBUIHHCTBE CJAY4aeB nocae npubasierus o0cadutess
0CTABUTL Bbl0eAUswIUlics 0CA00K HA HecKOAbKO 4acos (066iuno Ao
caedyroujeeo Ona) nocroare. TIpu CTOSIHHM OCAaJAKOB NPOHUCXOZHT HX
crapende. ITox crapenHeM NOHHMAOT Bce HeOGpATHMEIE CTPYKTypHBIE
M3MEHEHUs, MPOMCXOMsIME B OCaJKe C MOMEHTa ero oGpa3oBaHHA.
Korza ocagox HaxoguTcs NOA MAaTOYHBIM pPacTBOPOM, MPOHCXOIHT
PSA NMPOLECCOB, KOTOPbie NMPHBOAAT K YKPYNHEHHIO, COBEepLICHCTBOBA-
HUIO KPHCTAJUIOB H NOJYYEHHIO HX B YMCTOH, MPaKTHYECKH CBOGOAHON

[TpuuMHO# yKpynHeHHS KPHCTaJJIOB A84R€TCA GOA6ULASL PACTEOPHU-
MOCTbL OHEHb MEAKUX KPUCTAAN08 Bel4ecT8a g CPABHEHUU C pacTeopu-
MOCTOI0 B0Aee KPYNHOIX KPUCTAANO8 €20 Npu NPOUUX PABHLIX YCAO-
susx. Hanpumep, onbITHEIM NyTeM HaffeHO, 4TO PacTBOPHMOCTb MeJib-
yaiiiux Kpucramaos BaSO, (amamerpom 0,04 mx) npu Toit ke
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TeMmneparype noutu B 1000 pas npeBbillaeT pacTBOPUMOCTb KPYIHBIX
kpuctaanoB *. [lonoGroe ypesHueHHe PACTBOPHMOCTH C yMEHbLICHHEM
pasMepoB KpHCTaJ/0B, HabjaiofaeMoe MW Yy JADYTHX BellecTB, OOBsC-

HAeTCA OBePXHOCTHLIM HATSIKEHHEM, CTPEMSILUMCS BO3MOXKHO CHJ/Ib-
Hee YMEHBbIIHTb NOBEPXHOCTb CONPUKOCHOBEHHs PacTBOPa ¢ 0CadKOM.

B nanHOM cayyae 3TO CTpeMJIEHHE MOXKET OCYLLECTBHTBCS, OYEBUIHO,

JHIIb RYTem pPacTBOPenust MeAKUX KPUCTAAA08 0CadKa u pocTa 34 ux
cuer 6oree Kpynuolx Kkpuctasnos. ¥imemno nomoGHBIE mnpouece pe-

KPHCTaMAM3aUHKd 1 IPOUCXOJUT NPH CO3PeBaHHH OCajka. MexaHu3sMm

€r0 MOXKHO IpelcTaBUTb TaK. BelencTBHe MeHbllefl pPacTBOPHMOCTH

KPYINHBIX KDHCTA/JIOB PacTBOP, HACHILEHHbIH OTHOCH-

TeJIBHO 3THX KPHCTAJJIOB, SIBJASIeTCS HEHACHIIEHHBIM

OTHOCHTEJBHO MEJKHX KPHCTaJJIOB B JOJOKEH HX pac-

TBOPATb. B pe3yibTaTe OH CTAHOBHTCS MNEpeCHILEH-
HbIM OTHOCHTEJbHO KPYMHBIX KPHCTAJNJIOB, H PacTBO-
PEHHOE BelUECTBO OTJaraercs Ha HX IOBEPXHOCTH.
BcesencrBue 3TOro pactBOp CHOBA CTAHET HEHACHILICH-

HEIM OTHOCHTE/JBHO MEJKHX KPHCTAJ/JIOB, pacTBOpeHHE

KOTODHIX [MO/KHO Oyzer, TakuM o6GpasoM, MNpoOio.J-

KaTtbed, ¥ T. A.

\Eggﬁeﬁ'ofﬁ? Teuenue onucaHHBIX NPOLECCOB, CXeMaTHYeCKH H30-
wexonsmux npu OP@KEHHBIX Ha pHC. 14, cBf3aHO, O4YeBHAHO, ¢ Aud-
cospeBansy Kpy-  (Py3Heli pacTBOPEHHOTO BelllecTBa OT MeJKHX KpHcraJ-

CTAanIHYeCKUX  JIOB K KpyrnHBIM. Juddysusa xe OPOHCXOLUT NPH KOM-

OCAIKOB: yarHOH TeMmmepatype OueHb MejeHHO. [loBbiuieHne
N TeMIepaTyphl BHI3bIBAeT yBeJHYeHHe CKOPOCTH mudby-
““63_;‘53:;5;{“"‘? 3MH, a TakXKe NOBHIIAET PacTBOPHMOCTb, H IO3TOMY

yCKOpsieTcsA Ipoilecc co3peBaHus ocajika. ToyHo Tak
ke JefCTByeT H mepeMelluBaHHe pactBopa. CielloBaTesbHO, yKasan-
HBIH MpOLECC BBIFOJHO BECTH, IIOMECTHUB CTaKaH C OCAJKOM B Temjoe
MeCTo (Hanmpumep, Ha KHOALLYIO BOASAHYIO 0aHIO) M BPeMs OT BPEMeHH
nepeMelllHBas COIEPIKUMOR €ro.

K yxpynHeHuio yacTuy ocaika NPHBOAHT TaK¥Ke IIpoiecc arjome-
pauun yactui. OH OOBsACHsIETCH TeM, YTO MHOTHe OCajJKH COCTOAT H3
KPHCTA/N0B ¢ MOHHOH pelterkoil. T1o3TOMYy IOJOXKHTE/NbHBIE HOHBl Ha
MOBEPXHOCTH OAHON YACTHIBI MOTYT NPUTATHBATH K cebe OTpHLATENb-
Hble HOHBI ITOBEPXHOCTH APYIOH, B pe3yJbTaTe Y€ro YacTHIBI ITIPHJIH-
naoT APYr K Apyry H o0pasyioT arjoMeparsl, HMewomiue Oojee HJd

* M3 ckasaHHOro caelyeT, yTO pa3Mepbl UY4CTHIL OCafika BJHSIOT Taxmke W Ha
BEJIHUHHY [POH3BElEHUS] PACTBOPUMOCTH ero. VIMeHHO KPYNHOKDHCTaAAHYecKHH oOca-
IOK HMMEET BCerjla MEHBIIYI0 BeJHYHHY MNPON3BEJEHHST PACTBOPHMOCTH, UeM MeIKO-
KPHCTA/IMYecKHil OCAflOK AAHHOTO BeliecTBa TPH TOfA ke TeMneparype. B kauecrse
XapaKTepHOH AJA BewecTBa KOHCTAHTHl NPHHMMAIOT BEeNMYHHY NPOH3BENEHNS aKTHB-
HOCTEHl HOHOB JaHHOIO MAaJopacTBOPHMOrC 3JEKTPOJHTA B HACHILEHHOM pPacTBOpe,
COTIPHKACAIOLIErOCs ¢ KPYRHOKPUCTAAAUYECKUM OCATKOM 3TOrO 3JeKTpoaurta., Hmewuno
9Ta KOHCTAHTA M sB/ISETCSA NPOH3BeJeHHEM PacTBOPHMOCTH 3JMEKTPOJIHTA,
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MeHee HenpaBuIbHYI0 ¢opmy. OueHb BaKHBIM MPOIECCOM, IIPOHCXO-
AsiIMM TIPH CTaPEHUH, SBJSAETCA COBepLIeHCTBOBaHHe (GopMBI KpH-
cramios. PopMHPOBaHHEe OCaAKa B AHAJHTHYECKHX YCJAOBHAX IpPOHUC-
XOAUT OueHb OBICTPO, N0ITOMY OOJBIIHHCTBO KPHCTANJI0B HE HUMeer
npasuabHOA Qopmbl. ITpu BoIZepKUBaHUM Ocajka ITOJ MaTOYHBIM pac-
TBOPOM BCJIEACTBHE NMHAMHUYECKOIO PAaBHOBECHS MexXJy pPacTBOPOM H
OCaZKOM OJHH HOHbl MEPEXOAAT B DACTBOP C IOBEPXHOCTH TBEpIOH
(asbl, Apyrue — OCaxkAalOTCA Ha I[OBEPXHOCTH KPHCTAJMIOB OCajAKa.
Hosbl Kpucraj/inueckoll pellleTkd, HaxXoQAllMecsi HAa «HECOBEPLICHHBIX
MecCTaX» MOBEPXHOCTH, OBICTPO MX NMOKMJAIT M OCaXKAAIOTCA HA MeHee
,aKTHBHBIX MeCTaX. B peayJibTare Takoil nepexpHcrain3anun obpa-
3YIOTCS KPHUCTAJJIbI Gosee NIPABUIBHONH (OPMBI.

W3 Bcero CKa3aHHOTO OUYEBHAHO, UTO BbJEPXKUBAHHE KPHCTAJIH-
YeCKHX OCafKOB IIOJ MAaTOYHbIM PacTBOPOM OJIaTOIIPHATHO BJHSET Ha
HX CBOHCTBA: YaCTHIUBI OCAAKOB YKDYNHsAWTCA (CJ€N0BaTENBHO, CO-
Kpanjaercss o0mias TNOBePXHOCTb OCajiKa) W COBEPIIEHCTBYETCS UX
tdopma, a 3TO MOBHIIAET UMCTOTY ocagka {(cm. § 27, 28).

§ 26. YcaoBus oGpa3zoBaHust U CBOWCTBA aMOpPhHHIX OCAAKOB

AMopdHble ocalkn NpPH OCAaXKIEHHH BO3HHKAIOT B pe3yJabTaTe Ko-
aryJisiidy nepBoHAvYanbHO 00pasyioilerocss KOJJIOHIHOTO pacrBoph
H MOTYT CHOBa NepexoJuTh B pacrBop. OTClofZa sICHO, 4TO HYKHO CO3-
JaTh YCJOBHS, CNOCOOCTBYIOLIHE KOATYJSHH KOJJOHAHBIX PaCTBOPOB.

Kak wu3BecTHO, OMHUM M3 (DaKTOPOB, MPEMATCTBYIOLUIMX CLEMISHHIO
KOJIJIOUIHBIX YaCTHI, IPYT ¢ APYrOM, fBJSIETCA HaJHUHe Y HUX OJHO-
MMEHHBIX 3/IEKTPHUECKHX 3apSl0B, MeXKIy KOTOPLIMH HeHCTBYIOT CHJbI
3JMEKTPOCTATHYECKOTO OTTAJKHUBaHuS. 3apsaibl 3TH BO3HHKAIOT BCJIe-
cTBHe aAcopOUHM YacTHLAMH HOHOB H3 DacTBOpa M MOryT GBITH Heil-
TpPaJiM30BaHbl B pesyJabTare anacopOLYH HOHOB IPOTHBOMNOJNOKHOTO
3Haka. BcsefctBHe 3TOrO npoyecc Koazyasyuu KOAAOUOHBIX pPACTEO-
pos mooceT ObiTo 8bI38aH npubasientem Kaxo20-Aubo 3AeKTPOAUTa,
HPOTHBOIOJIOKHO 3apsKeHHbIe HOHBl KOTOpPOIO, ajAcopBupysach Ha To-
BEPXHOCTH YacTHl, HeHATpa/Ju3yloT 3apsi KOMJIOHAHBIX YacTHI U Ta-
KM 00pasoM RAIOT UM BO3MOMKHOCTb CUeNasaTbcs Mexjy coboft. [Ipn
9TOM KOAryJHpPYIOIlasi KOHIEHTpPaUHs 3JeKTpoaura (T. e. MHHHUMaJb-
Hasi KOHUeHTpalus ero, Tpebyemas [IJis KOaryJsiiMd JaHHOIO KO-
JIOWAHOTO pacTBOpa) YBEJHUYHBAETCS C YMeHbLIEHHeM BAaJIeHTHOCTH
TOTG HOHa, 3apsi KOTODOTO NPOTHBONOJOXKEH 3apfiiy KOJIOHIHBIX
vyactull. Tak, B cayuyae 30451 AsSp, 4acTHIBI KOTOPOTO 3apsiKeHHBI OT-
pUllaTeNbHO, KOATyJsLus BbI3bIBaeTca ajcopOuyell KaTHOHOB, HpH-
yeM KoaryaupyimoliHe KoHueHTpauun AL+, Ba?r- uy K+*-nonos otso-
carca kax 1:20:1000. : _

OpyruM ¢aKTopoM YCTOHYHBOCTH KOJMJOHUIHBIX CHCTEM fABJseTcs
coJbBaTauust (rugpartanusi) KOJJOWAHBIX YacTHU, T. €. aacopbuus
HMH MOJIeKYJ pacTBopHTess. B pesyjbrare 3TOro KOJJIOHIHbBIC
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yacTHub OKPY2KAIOTCsl COJIbBATHHIMH oéo.nquaMH MelnaloulMMH yac-
THUAM JOCTAaTOUHO GIM3KO MOJOKTH APYT K APYry H IPEnsTCTBYOLIKNMI
HX COeMHeHHI0 B Gojiee KpynHble arperathl. [losTomy, Koriza yacTHub
304151 BellecTBa OOHApyKUBAIOT GOMBIIYIO CKJIOHHOCTH K COJbBATAlNH,
yTOGH  BLHI3BATb KOATYJSIUMIO, HENOCTATOYHO paspsiiuTh YaCTHILHL,
a HYXHO TaKXe pa3pyuUIHTh HX cOJbBaTHHle o6Gosouxu. Paspyuienne
COJIBBATHRIX 060JIOYEeK TaKie MOKeT ObITh NOCTHrHYTO HpuUOaB/IeHHeM
3JIeKTPOJIUTOB JOCTATOYHO BHICOKOA KOHuHeHTpauuud. [Ipm OGonbuinx
KOHUEHTPAUHAX HOHbI 32JEKTPOJHTA, COJBBATHPYSICbh, OTHHMAKT MO-
JIeKyJbl PaCTBOPHTEJS - OT KOJLIOHAHBIX YacTHI H, KpoMe TOro, Hefi-
TPaJqH3yIOT 3apsAj] 3THX 4acTHU. B pesy/nbrare TeueHMs 3THX Hpolec-
COB NPOUCXONHT KOaryJsaunus 30Js1 (KOTOpasi Ha3blBaeTCH BbiCAAUBA-
Huem). ‘

Kpome npubaB/ieHus 3JeKTPOJNHTOB KOAryJasiHHu CrocoOCTBYeT MO-

BhilleHHE TeMMepaTypsl pacrBopa. OHO yMeHbllaeT aACOPOLHIO HOHOB

H cnoco6cTBYeT paspylIeHHIO COJbBATHBIX 000/04Y€K YacTHIL.

Koarynsuusi MokeT npoHCXOAUTh H B T€X CJydyasnX, KOTka B pac-
TBOPE BCTPEYAlOTCsl KOJJIOWJAHBIE YaCTHIUbI, HeCyllHe pa3sHOMMEHHBIe
3/eKTPHYECKHe 3apsjbl, HapUMep NPH CMEHIeHHH OTPHLATENBHO 3a-
PSXKEHHOTO 3011 KPEMHEBOH KHCJOTHI C NOJOXHTEJNbHO 3apsKeHHBIM
30/1eM XKeJlaTHHA H T. A. DTOT IpHEM YCHeUIHO NpHUMeHseTca s Obl-
crporo onpefenenns SiOp B pa3nuuHbIX 00BbEKTAX.

Takum oGpasoM, ocaxcdare amopproie ocadku cnedyer: a) us 20-
paue20 pacreopa; 6) 8 npucyTcréuL KaAKo2o-aubo nodxodsuje2o snek-
TPOAUTA KOQ2YAAHTA. B KauecTBe KoaryJsHTa NpUMeHSIOT Jubo pas-
JIMYHBIE COJM aMMOHHS, JHOO KHCHOTH (ecjH NMPHUCYTCTBHE HX He BJe-
yeT 3a co0Ofl 3HAYMTENBHOrO NOBBIILEHHS PAaCTBOPHMOCTH OCalKa B
3arps3HeHys ero).

Ceoiictea aMOpdHLIX OCafKOB, a HMEHHO GOMblias WIH MeHbIIas
MUVIOTHOCTb HX M CBSI3aHHBIE C IJIOTHOCTBIO BEJHYHHA MOBEPXHOCTH H
GpicTpoTa OCaMKAEHHs, 3aBUCAT OT KOHIEHTDAUHH pacTBopa INpH oOca-
KIAEeHUH.

Onweir nokaseiBaer, uto ecaum takue ocafk, kak' Al(OH),,
Fe(OH); u 1. n., noayuaior u3 pa3GaBleHHBIX PACTBOPOB, TO OHK
0Ka3blBAIOTCA DBIXJBIMH, OGBEMHCTHIMH, BeCbMa MENJAEHHO OCENAIT
Ha JHO COCy/la H, HMesi OTPOMHYIO MOBEPXHOCTb, CHJBHO aicopOHpYIOT
IOCTOPOHHHE BellecTBa.

Hao6opor, u3 koHueHTpHpOBaHHBIX PAcCTBOPOB MONOGHHIE OCAaAKH
MOJIy4aoTCa ropasfo 6ojee MJOTHBIMH, C MeHblUeHl HOBEPXHOCTBIO,
GbICTpee OCemalOT M Jierue OTMBIBAOTCA OT Npumeced. [lostomy mo
npennoxennio H. A, Tananaesa Takue ocadxu ocaxdaroT u3 Kouyex-
TPUPOBAHHBLY PACTEOPO8 KOKUEHTPUPOBAHHLIM DACTBOPOM OCaduTeas,
KOTODBI/t B 3TOM C/lydae MOXKHO NpHOaBAATH GEICTPO.

Hyxno, onnaxko, yuecrs, uto Hapspy ¢ ocaalaenuem ancopbmm
BC/IeICTBHE yMeHbUIeHHsi o6ulefi MOBEPXHOCTH OCaZKa NPOHCXOIHT H
YCH/IEHHE ee B pedysbTaTe YBeJHYCHHUS KOHLEHTPAUHH agcopbupyeMblx
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#ouos B pacTBope. UroObl n36ekaTh ycuaeHHus agcopbuuy, K pactBopy
€ OCaJikKOM ceHyac 3XKe IO OKOHUaHHMH OcaxKIeHHs npubasasior 60Mb-
wofi o6bem (~100 x4) ropsiueir Bogbl W nepeMelnusatoT. IIpn stoMm
aficop6uuUoHHOe paBHOBeCHe Hapyllaercs M 4acTb aAcopOAPOBaHHBIX
AOHOB CHOBA IEPEXOAHT C MOBEPXHOCTH OCajKa B PacTBOP.

AMop¢HBIe 0CafKHi NIOC/E OCAXKICHHS He BBIICPKHUBAIOT MOK MaToY-
HbiM DacTBOpPOM, a cefiyac XXe NOXBEPraloT HX JaJjJbHEHIIHM omepa-
{KsIM — MEePeHOCAT Has GUILTP U npombiBaioT. Ilpyu AnuTENbHOM BbhIIED-
KUBAHUH aMOP(HBIX OCAAKOB MO MAaTOYHBIM PAacTBOPOM, 0COGEHHO
TpH HarpeBaHHH, y OCAJKOB INOABJAETCA CKPHITOKPHCTAJIHYECKAA
CTPYKTYpa, oOHapy:KHBaeMasli IpPH PEHTrEHOBCKOM  HCCIeIOBaHHH.
O/1HaK0 Mpolecc nepexojga aMOp(HOIO OCajKa B CKPbITOKPUCTaJINYe-
CKUil MPOTEKaeT KpafiHe MEJJIeHHO, B aHAJMTHYECKHUX YCJIOBHAX YMEHb-
HIEHUsT ero MOBEPXHOCTH NpaKTHYecKH He HabJsiopmaercs, ocagoK coxpa-
HSleT CTYNEHHCTHIH BHI W OYeHb 6OJbIIYIO moBepXHOCTh. Hepenko ocan-
KN epexodsit B Apyrue, MeHee pacTBopuMble MoaHbukauuu. [Tostomy
OCTaBJATh aMOp(pHble OCAaAKH B CONPUKOCHOBEHHH C pPacTBOpOM
BPEAHO, M, KaK CKa3aHO BhIlle, HX CJI€IyeT IO BO3MOMKHOCTH 6uICTPO
OTOUIbTPOBLIBATD.

§ 27. Coocaxpuenue

v

Brinajawoolide B NpoLlecce aHANM3a OCAJKH YBJAEKalOT ¢ coOofl u3
PacTBOpa PasHUHbE MPHMECH. Hanpumep, ecis Ha pactsop, cojep-
xkamu#t cmecb BaCly ¢ FeCl;, momeficroBath cepHO¥i KHCJIOTOH, TO
clefioBano O OXHIaTh, YTO Gymer ocamjatbesa Toabko BaSO,, rtax
Kak cosb Fex(SO,); pacrsopuma B Boae. B AeficTBHTENBHOCTH, OfHAKO,
¥ OoHa YacTHYHO ocaxpaercsi. B stom Moxno y6enuTbesl, €CJH BHIIAB-
WK 0CafoK OTGUILTPOBATH, NPOMHITL K 3aTeM MpoKaauThb. Ocagok
oKasbieaercs He uncro Genbim (nBer BaSO,), a okpallleHHBIM B KOpHY-
HeBaTHIl LBET. OKHCBIO KeJie3a, 00pasyloileiici B pe3yabTare pa3nox<e~
nusi Fep(SO,)s npu npoxanvBaHuu:

Fez(SO4)3 —_—> Fe203 +3803T

3arpsisHeHue OCajfKa BeUIECTBAMH, KOTOPble JOJKHH Oblin Gbl
TIOIHOCTBIO OCTAaBAThCsl B PACTBOPE, TAK KakK ‘OHH B YCIOBUSIX OcaxIe-
HHUsA paCTBODPHUMBI, Ha3bIBAE€TCHA coocaxoeruem.

SlBnenne coocakzeHusi PACTBOPHMBIX BeIECTB MOXKHO HIMOCTDH-
‘poBaTh CAEAYIOIHM OIBITOM.

K cmecn pacrsopos BaCly; u KMnO, npnéasnmoT HeOOJMbIIHMH
nopunsaMu u3buirok HoSO, (1o cHAbHOKHC/IOK peaknuH), NMOCAE 4ero
ocrapwuiics B pactBope KMnO; BoccranaBiauBaioT, TNpHOaBass

' Na,S0;. Peakuusi BoCCTaHOBJIEHHMS NPOTEKaeT IO YPABHEHHIO:

. . 2MnOj + 5802 46H* == 2Mn?* 4 5S02™ + 3H,0

[Ipu aToM, x0T pacTBop H obecneuWBaeTcs, HO OCAZOK OCTAeTCst
OKpAlleHHBIM B (PHOJICTOBBIH 1IBET, YTO CBUJETENbCTBYET O COOCAXAEHHH
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Bmecte ¢ BaSO, Hekoroporo konmuecrBa KMnO,. Ot sarpssaenus
OCalKOB BCJE[CTBHE COOCAXKIEHHSI DAaCTBODHMBIX B JaHHBIX YCJO-
BUSIX COEJIUHEHHH HYIKHO OTHYATDH 3arpsi3HEHHS 3a CUET XHUMHUYECKOTO
OCaXJeHHA M TaK HA3bIBAEMOTrO MOCJENYIOMIEro 0CaXAeHHs, IPH KOTO-
PBIX TPOHCXOIHT 3arps3HEHHe OCAJAKOB MaJOpPacTBOPHMBIMH Belle-
crBaMu. Eciu, Hanpumep, npubapnaTh aMMHaK K PacTBOpY, comepiKa-
weMy Al*-nonbl, a rtakxe Fe*r-HOHBI, TO BMecTe ¢ T'HAPOOKHCHIO
aJqIOMHHHS OyJeT Heu3DeXKHO OcaxieHa H BOXHas oKuch xenesa (II1),
TaK KakK NpOH3BeleHHe PacTBOPUMOCTH ee Oymer npesbiuieHo. OxHAKO
3TO sIBJIEHHE HeJIb3st PACCMATPHBATh KAK COOCAXKAEHHE, TAK KaK THIPO-
OKHCb 2esie3a Bbilana Obl B OCajoOK M B oTcyTcTBHe Al Bmpouem,
B OTJEJBHBIX CIyYasX TOBOPAT H O COOCAXKAEHHH MasopacTBOPHMBIX
BELIECTB, €CJH YCJOBHS ONBbITA TAKOBH, YTO B OTCYTCTBHME OCaXK1aEMOro
HOHa OHH OT JeflCTBHA OcamHuTes]sl BHIOACTh B OCAfAOK He MOIMIH Ol
ITO NPOUCXOUT, HANPHMeEpP, NPH OUYEHb MaJol KOHIEHTPAHUH [OCTO-
POHHHX HOHOB B DAacTBOPe WJH HpH CONEPKAHUM B HEM KaAKHX-THGO
BEILECTB, NPENATCTBYIOIHX HOPMAJBbHOMY NPOTEKAHHUIO Npollecca 0cak-
JZeHus H T. I. ' , .

Tak, necMOTpA Ha BecbMa Manyio pactBopuMoctb RaSQ,, ocaxie-
HHe 3TOoro BeulecTBa BMecTe ¢ BaSO, npu neficteuu HoSO, npuxonutes
paccMaTpuBaTh KaK COOCAXKIEHHE, INOCKOJNbKY KOHIeHTpaliusg Ra?*-
HOHOB B PAacCTBOpax OOLIYHO HACTOJIBKO MaJkja, 4YTO B OTCYTCTBHMe Ba’t
OHH CEPHOH KHCJOTOM He ocaxpalTcsa. Kak cooca)kaeHHe NpHXOAHTCA
paccMarpuBaTh M YaCTHYHOE BhINajJeHHe B OCafOK BMeCTe ¢ THIpO-
okuceio xkenesa (I1I) rugpookuceill ko6anbTa ¥ HUKeNs NPH JeHCTBUR
us6eitka NH,OH, nockonbky 3TH rugpookncd B u3buitke NH,OH
PacTBOPHMBE! ¥ JOJIKHE ObLIH OBl OCTABAThCS B PacTBOPE B BHAE KOMII-
aekcHbiXx HOHOB [Co(NHs)el2* u [Ni(NHs)ef2*.

Ipu nocnenyiouem ocaxkaeHHH OCAfOK BBIIESETCS B YACTOM BHIE,
a NOCTOPOHHEE, 3aTPSIZHAILLECE BEUIECTBO MEAJEHHO OCaXKAaerTcs mnocje
TOrO, KaK 0ocaiok yxke copMHPOBaAH, T. €. OCaLOK 3arpA3HAETCa MaJio-
pacrBopuMbiM BeulectBoM. Hanpumep, ecan ocaxnate Ca®* oxcasaToM
aMMoHus B mpHcyTcTBHH Mg?*, To Bhaensiercs ocagok CaCy0;-H:0, a
OKcasar Maruus ocraercs B pacrsope. Ho mpu Beimep:KuBaHuu ocajka
OKcanaTa KaJbliHsa O MaTOUHHIM PAaCTBOPOM uepe3 HEKOTOpOe BpeMs
OH 3arpsi3HsIeTCsl MaJ/OpacTBOPHMBIM OKCaJaTOM MarHus, KOTOpbI
MENJICHHO BbIIENETCA M3 pacTBOpa. IJTO NPOHUCXOAMT DOTOMY, UTO
BG/IN3U NOBEPXHOCTH OCajKa 3a CYeT aACOPOIHOHHBIX CHJ TOBLIIAETCS
KoHuentpauus Co03” u npesbimaerca [1P okcanara marnusi. 3arpas-
HEHHs1 OCAaJKOB 3a CYET COBMECTHOTO OCaMKAEHHsI MasOPacTBOPHMBIX
COeJHHEHHH W MOCHefylOllero OCaxJeHHsi MX MOMKHO M36eXaTb, MpPH-
Geras X ompefiefieHHHIM npueMam pa6ortul. IlosTOMy B HajbHeiwem
OyAyT PAaccMOTpeHB JHUlb CHyYad 3arpsA3HEHHs OCAJKOB B pe3yilb-
TaTe COOCamKAeHHS.

Coocaxnenne uMeeT ouenb GoJblHOe 3HAUEHHE B aHAJHTHIECKON
xumuu. IIpexnae Bcero, 1o 0AMH U3 OCHOBHBLIX HCTOYHHWKOB MOTPENIHO-
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crefl B rpaBHMeTpPUYECKHX onpenenenHsx. [TosToMy anaauTHKy MOpH-
XOAMTCS IOCTOSIHHO NPHHUMATb Mephl, YTOOB YMEHBUIHTb COOCaXKie-
HHe NMOCTOPOHHMX TIpuMecedl M ocaguTenas.

Ho coocaxkpaenne MOXeT MIPATh TaKKe H BECbMa MOJOKHTENbHYIO
poJdb NMpH aHaiu3e. B aHAIMTHUECKON NPaKTHKE HEPEAKO KOHUEHTpa-
IMS ONpeAesisieMOr0 KOMIIOHEHTa B PacTBOPe HACTONbKO Maja, 4To
ocaxKIeHHe ero HeBo3MOxkHo. Torga HpPoBOAAT coOcaxkAeHHE Onpeje-
JAEMOr0 MUKPOKOMAOHENTA (T. e. COCTAaBHOWM 4ACTH, NPHUCYTCTBYIOMLIEH
B OUeHb MaJOfl KOHIIEHTPALHH) C KaKHM-THOO NOAXOAAIINM KOAAEK-
TOpoM (HOCHTEsNeM).

Hanpumep, npu aunanmusax BOAb BaXKHOE 3HAUeHHE HMMeeT OIpe-
IeJeHHe COMepXaHus B Hell CBMHLIA. MeXay TeM KOHUEHTpalust
Pb2t-HOHOB B BOZE HACTOJILKO Maja, YTO BeJHUYAHA TNPOU3BEACHHs
pPacTBOPUMOCTH [ae HauMeHee pAacTBOPHMOTO M3  COeLHHEHHH
cBuHlla — PbS He MoXKeT OblTh JOCTHTHYTA.

YTo6Hl Bu3BaTh ocaxiaenne Pb?", HY:KHO BO MHOTO pa3 yBeJHUHTH
KOHLEHTPAIHIO er0 B PacTBOpe. JTO MOKHO OblIO Obl OCYUIECTBHTD,
BoimapuBas 10 4 uccnenyemoit Boan 10 o6bema ~ 100 ma. Ho rakoe
BhIIapUBaHHE CONPSIKEHO C OTPOMHOH 3aTpaToll BpeMeHH H SHepruu
H, KpOMe TOTO, BjiedeT 3a co0O0H yBelHUeHHe KOHIEHTPALHH HE TOJbKO
onpenessieMoro, Ho M BCeX JAPYTHX KOMIIOHEHTOB B pacTBope, YTO MO-
JKET MHOrja 3aTPYAHHTb JajbHeHAlIHH aHaju3.

[opasno ObicTpee M Mpoille KOHUEHTPHPOBaHHE MHKDOKOMIIOHEHTa
NOCTUraeTcsl COOCAXKAEHHEM €ro ¢ KaknM-n60 MOAXOISIHM KOJJIEK-
TOpOM. B aHHOM c/ayyae TakKuM KosseKTopoM cayxuT ocagok CaCOs,
ofpasyomuiics npx NpHOaBJIeHHH K HCCAEAyeMOH BOjJe pacrBopa
Na,CO;. Bmecte ¢ CaCO; coocaxpaioTcss NPAKTHYECKH BCe MPHCYT-
creyomue B Boge Pb?-nonbl. Ecaum ornennts ofpasosasuiuiics He-
6oJbILIOf 0CajoK M 3aTeM PacTBOPUTb €ro B BO3MOXKHO MaJjioM KOJH-
gyectee HC! uaun CH;COOH, 10 mnoayuutcs pacTBOp, B KOTOPOM
KOHIeHTpanusi Pb?+-HOHOB Ha HeCKOJbKO IOPSIAKOB BEILIE, UeM B HC-
xoanoii Bose. Onpenenenne Pb%t B 3T0M pacTBOpe yXKe He NMpeacTan-
JsieT 3aTpyAHEHHH. :

[IpueMoM coocCaxIeHHS MHKPOKOMIOHEHTOB C KOJIJIEKTOPOM MOJb-
3ylOTCA OUeHb HacTo, HANpHMep B MeToje KOHUeHTpHposaHus. Oco-
GeHHO BEJIHKO ero 3HaueHHe B XHMHM PACCeSHHBIX U PEAKHX 3JIeMeHTOB.

Coocaxenue HCHOJb3YIOT W IJA [IPYrHx LeJjedf, Hanpumep aa9
AOBBINICHHs] YYBCTBHTEJILHOCTH MJIM CHeHH(UUECKHX peakuui, yayd-
IIeHHs1 YCJAOBUA OCaXKJeHHUs, YAaNeHHs BeIIeCTB, MEINAIOUIMX aHa-
Ju3y, U T. I

Bpuay GOJBIIOr0 NPaKTHYECKOrOo 3HAUEHHs COOCAXKAEHHA 3STOMY
METOLYy Ha TpPOTSIKeHWH menoro crojerust (¢ cepeamnnl XIX Bexka)
NOCBSINIANOCh GOMBLIIOE KOJHYECTBO HCCAE0BaHHi. 3HAuYHTeNbHble
ycnexy B 3T0fl 06aacTH GbIIM JOCTUTHYTH JHIUb IOCJE TOTO, KaK NpH
H3yYeHHH NPOLECCOB COOCAXKAEHUSI OblIM HCNO/Ib30BAHBl PajMOAKTHB-
Hble H30TOIMBL.
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CyIiecTByeT HECKOJbKO DPA3MUYHBIX THOOB coocaxieHus. C TOYKU
3pEHHs AHAIHTHYECKOH XMMHH HX Bcero yaoGHee pasbutb Ha Tpd
rpynnbl. Pasnuyaor afacop6umio, OKKMO3HIO H H30MOPhH3M.

ApcopOuns. Ilpu azcop6unm 3arpssusioOniee BELIECTBO HAXOLHTCH
Ha TOBEPXHOCTH TBEPHOi (askl, KOTOPasi HA3LIBAETCA B 3TOM Cilyyae
a\acop6eumm. A aHaauTUYEeCKOH XMMHM OCOGEHHO BajkKHOe 3Haue-
HHe HMeeT afCOPOLHMs PACTBOPEHHBLIX BEIIECTB H3 PACTBOPOB, OTKPbI-
trag T. E. JloBunem B xonue XVIII Beka.

///////l////////////// Pacmbop
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ABcopbuus BewiecmBa +a 00adne

Kariyenmpayun Bewecmba § pacmbope

. Puc. 15. Paapes kpucraana: Puc. 16. 3aBuacmMocTh amcopGuun
BElIeCTBA OT €r0 KOHLEHTDALUH.

Ancop6uusi 0GBACHSETCS . TEM, YTO, HOHBl HJIH MOJIEKYJIB, Pacio/io-
JKeHHble Ha TOBEPXHOCTH TBEPHOH (a3bl, HAXOAATCA B HHBIX YCJOBHAX,
yeM YacTHUBI, JeXallde BHYTPU Hee. B To Bpems Kak 5TH YacTHUBL
CBA3aHbl C COCEAHMMH 110 BCEM HANPaBJIeHHSM, TaK 4YTO AEHCTBYIOMHE
MEXAy HHMM- CHIB B3aMMHO YDaBHOBEIUHBAIOTCS, Y YacCTHL NOBepX-
HOCTHOTO CJIOSI YPaBHOBEIUEHbl TOJNBKO CHJBI, HAaNDaBAEHHBIE BHYTPb
BellecTBa M JIeXKallue B IVIOCKOCTH caMoit nosepxHocru. Iloatomy na
TIOBEPXHOCTH CO3[aeTcss cBOOOJHOE CHJIOBOE NoJie, U YaCTHIB MOTYT
OpHTSArHBaTh K ce6e HOHB HJIH MOJIEKY/IbI PACTBOPEHHBIX BEIIECTB.

Ha npumepe xpucTaniuyeckoro ocafka 3TO JIETKO MNPOHIMIOCTPH-
poBarb crenywomei cxemoil (puc. 15). Ecau paccmorperb cxemartnye-
CKH# paspes KpHcTajsla, B KOTOPOM MOJIOXHTENbHbIE HOHBI NPaBHAbHO
4ePEeAYIOTCSH C OTPHIATEAbHBIMHM, TO OUYEBHIHO, UTO MOJIOXKHUTENbHBIHA
MOH A, naxoisimuiics BHYTPH KDHCTa/jia, OKPYXE€H B MPOCTPAHCTBE
INEeCTBI0 OTPHIlaTeJbHBIMH HOHaMHu (a, b, ¢, d W ABYMS HOHaMH, HAXO-
AALUHMHCS B COCEAHHX IJIOCKOCTAX) H SIBJISIETCA 3JEKTPOCTATHYECKH
ypaBHoBewenHbiM. Hanporus, nonoXuTeNbHBIA HOH B Ha noBepxuocTH
KPHCTa/J1a HCHBITEIBAET NPHTSAKEHHE JHIIb NATH OTPULATEIbHBIX HOHOB
(!, a, f n EBYX HOHOB, HaXOAAMHMXCA B COCENHHX IJIOCKOCTSX), T. €.
OH 00JiafiaeT H30LITOYHLIM NOJOXKHTENLHHIM 3apsiiOM, 32 CUYET- KOTO-
POro MoXeT NPHTArHBAThL OTPHIIATE/bHBIE HOHB M3 pacrBopa. CkasaH-
HO€ OTHOCHTCSI W K OTpHIlATeJbHO 3apsiKeHHHIM HoHaM. [lTosepxHocTh
OCalKa NpHUTATHBAeT H3 PacTBOPa "M KATHOHB,, W aHMOHH (a TaKKe
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NonsipHbie MOJIEKYJL) B 3KBHBAJEHTHHIX KOJHYECTBAX, TaK KaK HHaue
pacTBop uMes Gbl OXMH 3apsa], a MOBEPXHOCTb OCajgKa — ApPYroi, 4to
HEeBO3MOXKHO B CBfI3H C 3JEKTPOHEHTpaJbHOCTBIO pacTBOpa.

Axncop6uus npencraBisier coboil npolecc 06parUMBI, MOCKOJBKY
Hapsany ¢ Hefi HIET TakXe NPOTHBOMOJOXKHBEIA mnpouecc decopbyuu,
T. €. nepexof aAcopOHPOBAHHBIX HOHOB HJH MOJEKYJ C MNOBEPXHOCTH
ancopGenta B pacrsop. OZHOBpeMeHHOe TeueHHe 3THX ABYX B3aUMHO
IPOTHBOMOJOKHBIX MPOUECCOB NMPHBOAMT, KaK H BCEraa, K COCTOSIHHIO
AMHAMHAYECKOrO0 DPABHOBECHSH, HA3bIBAEMOTO aOdCOPOYUOHHbIM PABHO-
secuem.

INonoxenne ancopOIUOHHOrO PaBHOBECHS 3aBHCHT OT MHOTHX (ax-
TOPOB, U3 KOTOPHIX HaLO OCTAHOBHTbCA Ha CJIEAYIOLNHX.

BnausiHiue BeJWUYHMHB TNOBEePXHOCTH ajxcopbeHTa.
IMockoabKy BellecTBa MJIM HOHB aACOPOUpPYIOTCS Ha [OBEPXHOCTH
agcop6enTa, KONWUECTBO a/COPGHPOBAHHOTO HNAHHBLIM aAcOpOeHTOM
BeleCTBAa NPSAMO MPOTOPUHOHAJILHO BeJuuxHe OoOLIeHl TMOBEPXHOCTH
ero. OTciofa cleayerT, uTo ¢ siBJeHHeM alncopOLMu Npu aHanuse Gonblue
BCEro NPHXOMHTCA CUMTAThCS TOTAA, KOrAa HMEOT JeJo ¢ aMOpGHbIMH
OCajKaMi, TaK KaK YaCTHIBl HX 0Opa3yloTCsl B pe3yJbTarte Clel/eHus
MexXay coGoit Gosplioro KoJudecTsa HEGOJBUIHX MEPBUYHBIX YacTHL
H [I03TOMY HMEIOT OrpOMHYI0O OOGHIYyI0 NMOBEPXHOCTD.

Hao6opoT, B ciyuae KPHCTAJJIHYECKHX, H B OCOGEHHOCTH KPYNHO-
KPHCTa/NIHUECKHX OCAJKOB, MOBEPXHOCTbH KOTOPHIX BO MHOrO pas
Menbme, agcopOuus HrpaeT OOBIYHO MEHBIIYIO DPOJb B CPaBHEHHH
¢ APYTHMH TRIIAMH COOC&XKJAEHHA.

Bausnue KOHLEeHTp alnu Axcopbuus Tex HIH HHBHIX MOJe-
KYJl WA HOHOB BO3PacCTaeT ¢ yBeJHYeHHEM HX KOHUEHTpauuu B pac-
TBOpe, OHAKO He NMPOMNOPLHOHAJBHO KOHUEHTpauuH, a Oojee MelieH-
Ho, KaK caeayer u3 puc. 16. Ilo msorepme agcop6uun (cM. puc. 16)
MOKHO YCTAHOBHTb, 4TO 1) cTemenb aAcOPOUHH NMajfaeT C yBeJAHYCHHCM
KOHLEHTpalyuu BellecTBa B pacTsope; 2) C yBeJWYEHHEM KOHLEHTpa-
MM BellieCcTBa B pacTBOpe YBejqHuHBaercA abCOMIOTHOE KOJIHYECTBO
afcop6upOBaHHOTO BellleCTBa M 3) c yBequyeHHeM KOHLEHTpAlUWH Be-
llecTBa B pacTBOpe KOJHYECTBO alAcopOMPOBAHHOTO  BellleCTBa
CTPEMHTCH K HEKOTOPOMY KOHEUHOMY 3HAUEHHIO.

Bansinue TeMneparyphn. Ancop6uus — npolecc 3K30TepMH-
yecKkuil ¥, C/IeJOBATeNbHO, TEUEHHIO €ro JOJMXKHO CrocoGCTBOBATH MO-
HHXKeHRe TemnepaTypsl. [lopbilenne ee cnoco6CTBYeT mecopOuuy,
BCJIEICTBHE YETO KOJHYECTBO ajCOPOMPOBAHHOrO BelleCTBA yMEHb-
HIaercs. : :

Bausiune npuponu agcopbupyemMbx HoHoB. ALcopo-
IHA XapaKkTepusyeTcsl iDKO BbIpax<enHOH M36HpaTeJbHOCTHIO, 3aKJIO-
qaomelcs B TOM, UTO AAHHBIH afcopOeHT NPH MPOUYHX PaBHHEIX yCJO-
BHAX OJHM MOHH (MAM BellecTBa) ajcopOHpyeT CH/bHEe, 4eM JpYrue.
Cliel0BaTeIbHO, MOXKHO cOpMynHpPOBaTh PSA NPaBHI  aACOPOUHH
MOHOB W3 pacTBOpa. B nepByio ouepeib O0CaloK aAcopGHpyer H3
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pacTBOpa Te€ HMOHBI, KOTOpble COCTABJSIIOT €r0 KPHUCTaJJIHYECKYIO pe-
LIETKY, TAK KaK CHJIbl NIPHTSKEHHS] MEXAY NONOKUTEIbHBIMH H OTDH-
LaTeJbHBIMH HOHAMH DEIIETKH OuYeHb BeJHKH. :

Tak, ocagmox BaSO, amcop6upyer cuauana cBoH cOBGCTBEHHbIE
vonwl, T. e. Ba®™ u SO}, cMoTps mo ToMy, Kakue u3 Hux 1pucyT-
CTBYIOT B pacTBope B u36nTKe. Ho ecnm U3 pactBopa amcop6upyioTcs
KaTHOHBl (WM AHHOHBI), BXOJAAIIME B KPHCTA/IHYECKYI0 peIleTKY
ocajika, TO OJHOBPEMEHHO JOJIKHO aAcOPOHPOBATbCA M3 PACTBOpA K-
BHBAJIEHTHOE KOJIMUECTBO AHHOHOB (COOTBETCTBEHHO KaTHOHOB), T. e.
npoTHBOHOHOB. IlpoTHBOMONB aacopBUPYIOTCA M3 pacTBopa COIJIacHoO
CAeLVIOIUM TIpaBUIaM:

1) u3 HOHOB, HAaXOASLINXCA B PAaCTBOPe B OAMHAKOBOH KOHUEHTpa-

UHM, NPEUMYUIECTBEHHO aAcopOHDPYIOTCS HOHBI ¢ GOJBIINM 3apsiAoM; -

2) M3 HOHOB C ONMHAKOBBLIM 3apsANOM NPEHMYILECTBEHHO aACOPGH-
pyercss HOH, KOHLIEHTPAlUUsl KOTOPOrO B PacTBope Oo.blile;

3) W3 HOHOB, OJMHAKOBO 3apSKEHWBIX H HMEIOLUUX ONMHAKOBYIO
KOHUEHTPAUHUIO, TPEHMYIIECTBEHHO daACOPOHPYIOTCS HOHBI, KOTOphIe
CHJIbHEe NIPUTATHBAIOTCA HOHAMM KDHCTAM/IHYECKOH pelleTkH (NpaBHIIO
Ilanera — ®asuca — l'ana).

Bosnee cunbHO NPUTATHBAIOTCA Te NOCTOPOHHHE MOHbBI, KOTOpBIE
06pasyloT ¢ HOHaMH pellleTKH HauMeHee PACTBOPUMbLIE M/ MaJOHOHHM-
3HPOBAHHBIE COCJMHEHHS, 4 TAKXKE Te HOHBI, KOTOPbE CHJbHEe nedop-
MUDPYIOTCSl TOJ BJIMSIHHEM HOHOB pemieTkd. Hanpumep, ecium ocamutb
VoA cepebpa, npubasass MOAMA Kajusa K pacTBOpPy HHTpaTa cepebpa,
copepxaiemy CHy;COO—-momm, 10 ocamok Agl Gymer axcopGupo-
Batb AgCH3;COO, a ne AgNO;, Tak Kak mepBasi Co/ib MeHee PacTBo-
puMa B Bojme, yeM BTopas. Amanoruuno H,S cuabeo amcopGupyercs
Ha NOBEPXHOCTAX CyAb(UAOB MeTannoB, Tak Kak H.S ouenb cma6o
HOHM3MPOBaHa. -

Paccmatpusasi siBjieHust afcopOliuM, HYXKHO HUMeTb B BHAY emie
O/HO 06cTosiTeibeTBO. [IpH' CONPHKOCHOBEHHH OCafKa C PacTBODPOM,
COJlepKallUM MOCTOPOHHME HOHEI TOTO e 3HaKa, UYTO W OJHOHUMEHHbIE
YIOHBI, a1CcOpOHPOBAHHbIE OCAIKOM, MEXIY HHMHM NPOHCXOIHT OGMeH.
YUem MeHblue OyJeT PacTBOPHMOCTb COeIMHEHHs, 06Pa3yeMOro mocTo-
POHHHMH HOHAMH C POTHBONONOKHBIMH UM IO 3HAKY UOHAMHU PELIETKY,
TeM cH/bHee OHH OyayT aacopbupoBathes. ITpouecc o6mennoi agcop6-
IIHM MOXKHO OOBACHHTb C/IEAYIOLIHM NPHMepOM: ecau ocagok BaSO,
B3060JITAaTh C OueHb Pa3GaBJeHHbIM DPAcTBOPOM NepXJopaTa CBHHHA, TO
BC/ICNCTBHE IMHAMHYECKOr0 PaBHOBECHS MEXAY OCaaiKOM M PacTBOPOM
Gyzner nporekatb OGMeHHAs peaKIys:

BaSO, ! Ba® + Pb*™ 4-2Cl0; === BaSO, :Pb?* 4 Ba’* 4 2CIO]

OCaAoK pactBop ocaJoK pacTeop

T. € YacTb nepemeqiux B pacrBop Ba%-noHoB Gyper 3aMeHena Ha
fIOBEPXHOCTH OCajiKa MOHaMu Pbt,

§ 27. Coocamdenue N3

Oxxaoaun. [Ipy OKKIIO3HM 3arpsA3HAIOLHE BellecTBa HaXOAATCH
BHYTPH uacTHI ocaaka. OKK/IOZHPOBaHHLIC BelleCTBA HE yUacTBYIOT
B IOCTPOEHWH KPUCTAJNJIHUECKON pEUIeTKM 0CalKa, XOTA B HEKOTOPhIX
yueOHuKax o6pa3oBaHHe CMeEWIaHHbIX KPHCTaNI0B \M30MOpdH3M) pac-
cMaTpHBAaeTCs KaK YacCTHBIH cjayudail okk/ao3uu. Takum o0pasom, OK-
KJIO3HS OTJiMuaeTcs OT aJcopOuyH TeM, YTO coocaxKAeHHble IpuUMecu
HaXOASTCH He Ha NOBEPXHOCTU, a 8HYyTpu 4dacTuy ocadka. OKKIO3uA
MOKeT ObITh BbI3BAHA Pa3JUUHBIMH NPHYHHAMH, & UMEHHO 3aXBaTOM
npuMecell B Tpolecce KPUCTaMAM3aluK, agcopOunel B mpolecce KpH-
cTajnu3aluy, 06pa3oBaHMeM XHUMHUECKHX COeNHHeHMHA MeXay ocaf-
KOM H COOCaXKIaeMOo# NpHMeCHIO.

PeanbHo 66pasyoliecss KpACTaaasl oObluHO He ObIBAIOT «HAealb-
HBIMH®, T. €. He 00pa3yloT COBEPLIEHHO NPaBHWIbHON KPHCTANIWYECKOH
pelieTkd. B HHUX uMeOTCS MeJbuajiliHe TPEMHKH, MyCTOThl, KOTOpbIE
3aM0JIHAIOTCS MaTOuHbIM pacTBopoM. Kpome Toro, menbyaiiuine Kpucrasi-
JIMKA MOTYT CJIMNAThCsl, 3aXBaThiBas MAaTOYHBIH pacTBop. Mexanuye-
CKH 3aXBaT NOCTOPOHHHX TNpHMeCeH MPOHCXOAHT TeM CHJIbHee, ueM
OriCTpee MAET KPUCTALIM3ALUA, TaK KakK Npd ObICTPOll KpHCTaaIHu3a-
LMK HOHbl Kak Obl «He ycheBaioT» 006pa3pBaTh NPaBH/IbHYIO KPHCTaJ-
JUYECKYI0 PEIIETKY.

B ycioBusAX XHMHYECKOTO aHajuM3a OCaJOK He BHOCHTCSt B PacTBOp
B TOTOBOM BHie, a obpasyeTcs B HeM [0 Mepe npubaB/eHHsT OCaU-
tens. [IpH 3TOM BO3HHKAIOT CHayajla Mejbuaillive 3apOAbILEBLIE KPH-
CTaANBl, KOTOPbIE MOCTENEHHO PACTYT, NPUYEM NOBEPXHOCTb UX Hempe-
PHIBHO OOHOBJIsIeTCS 3a CYeT OTJIOXKEHHSI BCe HOBBIX H HOBBIX CJIOEB
COOTBETCTBYIOLIEro BellecTBa. B TO e BpeMs 3Ta MOCTOSAHHO OGHOB-
JAsI01ancs NOBEPXHOCTh KPHCTAJIa HENpephBHO anacopbupyer pas-
JUYHBle NPUMEcH U3 pacTBopa. B mpouecce pocra KpucTamia 3Td
NpPHUMECH TMOCTENEHHO BHITECHAIOTCS HOHAMM, BXOASALINMH B COCTaB
KPHCTaIHYecKof pemetky ocanka. OHAKO Takoe BLITECHEHHE OOLIYHO
NPOHCXOJHUT HENOCTATOUHO MONHO. B 3aBHCHMOCTH OT YCJIOBHI OCax-
JeHud GOJblllas HIM MeHbIIAsl YacTb IIpUMecefl, mepBOHAYAIbHO HaXO-
JQMBILKXCA Ha MOBEPXHOCTH YaCTHIl, B pe3ysbraTe aacopOUHuH OKa3bi-
BAETC OTAeJEHHOH OT pacTBOpPa BHOBb OT/JOXHBIIMMHCSH CJA0OAMHA
0CaXK/1aeMOTo BelllecTBa.

Takum o6pa3oM, B JaHHOM CJaydae NPHYMHON OKKJIO3HH ABJAsSETCHA
ancopbuus Beuects B mpouecce dopMmuposanus ocaaka. Ilpu stom
coBJI0Na0TCsl Te JKe IpaBuaa, KOTopble Oblad cOpMyAHpOBaHbI
naa aacopbuuu wuonos. Hampumep, ocagok CaCyOi-H;O 3amernee
okkaoaupyer Na,C0, uem KyCyOi; uTO Haxomutcsi B COOTBETCTBHH
¢ pAxOM aacopbHpyeMOCTH THX COeAMHEHHI OCaJKOM OKcalara Kalb-
pust  (T. e. oOKcaJaT HATPHSL MeEHee - pacTBOPHM, 4YeM OKcamar
Kanug). '

Brinsinue KOHIEHTpAUMH COOTBETCTBYIOUIMX NpHMeEce#l B pacrBope
OpU OKKJIIO3WM BhIpaXKaercs TaKO# Ke KpHMBOH, Kak M B cjaydae af-
cop6uuu (cM. puc. 16). Kak u npu amcop6uuu, GosbLioe BiusiHAE HA
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OKKJIIO3HIO OKa3hIBAET PACTBOPHMOCTL H CTENEHb HOBH3aLKH 06Pasylo-
HMXCs COETHHEHHH. .

Ouenp BaxKHOe 3HAUeHME NPH OKKJIO3HH HMEET nopsdox CAuUBAHUS
pactsopos. [lonyctuM, 4TO Mbl TosyyaeM ocamok BaSO,, npuausas
K pacrBopy BaCl, no xanasm pacrsop HaSO.. Tlpu stom poct xpu-
CTaJJIOB OCajKa NMPOMCXOAHT B cpele, conepxanied usbutok BaZt-uo-
HOB, KOTOpble M OyayT aacopOHpoBaThcs OCanKoM, coobmasi KpacTad-
JlaM ero NOJOXKWUTeNdbHBIN 3apsai. B peayabrare 3Toro B KauecTee
NPOTHBOHOHOB OyayT yaAepxkaubl Cl—-anuonbl. I1pn noGaBieHun HOBBIX
NOpUMI OCajMTe/IA 3TH TPOTHBOHOHLI BHITECHHIOTCH Jyulile ajncopGu-
PYeMBIMU COGCTBEHHHIMH HOHaMH ocagka SOF . TTockoabky, onnako,
BLITECHEHHE NPOTEKaeT HEeLOCTaTOYHO MOAHO, OCAAKOM OYZeT OKKJIO-
IHPOBAHO HEKOTOpoe KoaMyecTBO annoHoB Cl—. Iipyrumu cioBaMu, Mbl
nonyduM He uHCThIH ocagok BaSO, a neorpenenennyio cMech ero
¢ HeGoabwnM kosauuecTBoM BaCly. Ecam 6m Bmecro Cl—-nomos pac-
TBOP COZeprKa/ Kakue-nufo APyrue aHHoHbBl, Hanpumep Br—, I- u 1. 1.,
TO OKKJIOAUPOBAJACh Ob HMEHHO 3TH aHHOHBI, H NPUTOM B TeM 6OJb-
KX KOJIHYECTBAX, 4YeM MeHblle pPacTBOPHMOCTb COOTBETCTBYIOUIMX
conefi Gapus. HaoGopor, mocTopoHHHEe KaTHOHB, NPUCYTCTBYIOLIHE
B aHaJH3HpPyeMOM pacTBOpe, NPH OCAXKAEHHH B PacCMaTPUBAEMBIX
YCHAOBHAX OKKJIOAMPYIOTCHA Cyibdarom Oapus Mano.

Ilpn o6parHoM mopsake ocaK[eHus, T. €. NpH 106aBJE€HUR K pac-
tBopy H2SO, no xanasm pacrsopa BaCly, xpucraaan BaSO, pactyr

B cpele, conepxauleli H36bITOK SO} -aHnoHOB. Ancop6upys aunoHsl,
KPHUCTAJMIbB NPHOOPETAIOT OTPHUATENbHBIA 3apsAj ¥ NOTOMY MPUTHACH-
_ BalOT B KayecTBe NPOTHBOMOHOB KaKue-NHOO KaTHOHH, B JaHHOM
cayuae H*-HoHbI, 3HAUNT, B pe3y/bTaTe OKKAIO3HH NOAYYAETCH 0CaLO0K,
conepxamuii npuMech HpSO,; unn kakux-au6o cynndaros — NaxSO,,
KoSO, u 1. A (eciu cOOTBETCTBYWOULIHEe KaTHOHB MPHCYTCTBOBAJIH
B HCCJAEIYyeMOM pacTBope). . '
Otcrona MoXKHO CHopMYIHPOBATD CJeNylollee IPaBUIO: KOTAa pac-
' TBOP. BO BpeMs OCaXKAEHHs] COAEPXKHT B M3OLITKE aHUOHH, BXOAAInE
B COCTaB OCafKa, TO MPOHCXOLHT NPEUMYLIeCTBEHHOE OKKJINOAHPOBa-
HHe IOCTODOHHHX KaTHOHOB H, HaoOOpOT, ecnu pacTBOp BO BpeMs
OCaXIEHHS COACPKHT B H3OBITKE OAHOUMEHHBIE KAaTHOHH, TO MPOUCXO-
AUT NPeUMYNIeCTBEHHOe OKK/IIOAVMPOBaHHE NOCTOPOHHHX aHuonos. Ta-
KMM 00pa3om, OCanKH 3arpAsHsIOTCA 34 C4eT OKKJIO3HH KaK [OCTO-
"POHHHMH KAaTHOHAMM, TaK H TOCTOPOHHHMM aHHOHAMM, HO HX
OTHOCHTEJIbHOE KOJIM4eCTBO ONpEeNefseTcss NOPSAKOM CJAWBaHUA pac-
TBOpOoB. Hanpumep, npu o6pasosanun ocagka BaSO; B npucyrcrBuu
u3boitka Ba®* (u3 pacrsopa BaCl,— u36HTOK OCaMpaeMoro ka-
THOHA) OoKk/Moaupyercs 1,58 2-axe Cl= ma 100 moav BaSO,, a npu
Boinenennn BaSO, npubasnenneM B pacTsBop cepHOf KUCJIOTH XJAOpULA

Gapusi (8 npucyTcTBHM M36uTka SO — ocak1aeMOro amHoHa)
OkrJoanpyerca scero 0,13 e-axks Cl-. i '
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M3 cka3aHHOro CjaeiyeT, YTo Aas ocaabieHnsi OKKAI3UU NOCTOPOH-
HUX KATUOHO8 HYWHO 6ecTu ocaxclexue TaK, 4Tobbl Kpucrasibl
ocadka pocau 8 cpede, codepacaujeti usbbiToOK COGCTBEHNbLX KATUOHOB
ocadka. Hao6opor, sceras noaywuTs 0cadoK nO 803MONCHOCTU C80600-
HOLM OT OKKAOOUPOBAHHOLE NOCTOPOHHUX QHUOHOB, HYJICHO 8ECTU 0CANH-
Oenue 8 cpede, codepicaujeli u3ObITOK COOCTBEHHbIX AHUOHO8 0CAMNC-
daemoeo coeourerun.

Ha BesnuuHY OKKJIO3UH BJHSieT TAKXKE CKOPOCTb NPUALBAHUR
ocadureas. WasectHo, 4TO OpH MeNJIeHHOM NPHUJAHBAHHH OCALHTEJst
noayuatoTcss O6bIYHO 6oJjiee YMCTbie OCAAKH. DTO MOXKET 3aBHCETb, OT-
YacTH, OT TOTO, YTC NPH MENJEHHOM Oca’kKAeHH:H obpasyerca Gonee
KPYIHO3EPHHUCTHIA, ¢ MeHbllell MoBepXHOCThio ocanok. Ho mockoibky
npy 06pa3soBaHMM KPHUCTAJIMYECKMX OCaJKOB SIBJEHHA aacopOuuH
UTPAIOT CPABHHTEJLHO MAaJylo poiib, GoJee BEPOSTHO AONYLUEHHE, YTO
MeJIEHHBIH POCT KPHCTAJJIOB CNOCOGCTBYET YMEHbIIEHHIO OKKJHO3MH,
Tak KaK OPH 3TOM Jerye NpoTekaeT npouecc 3aMenbl ancopOupoBaH-
HbiX Ha MNOBEPXHOCTH KPHUCTA/JIOB MOHOB NpHMecedl COOCTBEHHBIMH
HOHAMH OCaJKa. ' :

M3 paccMOTpEHHBIX BbIle MeXaHH3MOB OKKJWO3HH CTaHOBHTCH
TIOHATHOW OJlHa M3 XapaKTepHHX ocobeHHOCTeH -COOCAXKIEHHsA, 3aKJIO-
yawolasacs B TOM, 4TO coocamcOenue NPOUCXOOUT 68 OCHOBHOM TOALKO
80 8pems 06pa306anus ocadka.

O6paszoBaHHe CMEUIaHHbLIX KPHCTAJAJOB—H3O0MODP-~
< u3M. MsyueHue sBneHmil coocaXJeHus IOKa3ajo, YT0 OGojblioe
3HaYEHHE NPH COOCAXKAEHHH MMeeT Takxe u3oMopdusM. Hanomuuwm,
UTO USOMOPPHLIMU HA3LIBAIOTCA TAKUe BeuecTea, KOTOpble cnocob-
HbL  KPUCTAAAU308ATbHCA, O00OpPA3YA COBMECTHYIO KPUCTAAAUMECKYIO
PpeweTky, npudem NOAYHQAOTCA TAK Ha3biBaAeMble CMeuldHHble Kpu-
craaant.

THOHuHBIM [PEMEpPOM HM30MOPGHBIX BEHIECTB SBJAIOTCS Pa3/iHYHBIE
kBaciel. Tak, eciiy PacTBOPHTE B Bone cMech OeCIBETHHIX aJ/IlOMO-
kajueBsx xBacios KA1(SO,),- 12H,0 ¢ uMelomumMy uHTEeHCHBHO ¢HO-
JIeTOBYI0O OKpacky xpomo-kanueBoiMu kBacnaMu KCr(SO,).-12H,0,
TO B pe3yJibTaTe KPHUCTAJIH3alHK 06pa3yloTcs cMelaHHble KPHCTAJLIbI,
comepxame H aJIOMO-KajJueBble, H XPOMO-KajHeBble KBacCIbl.
Oxpacka 3THX KDHUCTAJJIOB OKa3biBaeTcsi TeM Oojee HHTEHCHBHO

-¢HoneToBOl, ueM Gosbllle Obl1a KQHIEHTPALHs XPOMO-KaJHEBLIX

KBacuoB B pacrtBope. MaMensis ee, a Takxke KOHUEHTPALHIO aJIOMO-
Ka/JHEBBIX KBACHOB, MOXHO OCYIUECTBHTb HENPEPLIBHHIA NepPexoh OT
KpHCTAMIOB, cocTosmux Toabko u3 KAI(SO,.).-12H:0, x kpucrannam,
cocrosuuM w3 KCr(S0,).-12H,0.

HsomopdHubie coentHerus 06bIYHO 06pa3yioT OAMHaKOBble no ¢op-

. Me Kpucraansl (puc. 17).

Cymsocts n3oMopbu3Ma '3ak/aI0YaeTcsi B TOM, UTO HOHBI, HMEKO-
1He OJMHAKOBOE KOODPAHHANHOHHOE YHCJIO M GJH3KHMe PaAMychl, MOTYT
3aMemarth APYr Apyra’B KPHCTAJJIHUECKON pelIeTKe, He Hapymas ee
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ycroiunBocTH. Hanpumep, nockoawky panuyc Ra?*-moma (1,52 A) *
6au30K K papuycy Ba**-nona (1,43 A), RaSO, u BaSO, usomopduul.
IMostomy npn ocaxaenin BaSO, u3 pacrsopa, comepkamero gaxe
HHUTOXKHO MaJjble KoJHuecTBa Ra?t-1oHOB, mociennne Hapsay c¢ Bat-
MOHaMu OYyAyT NPUHMMATbh yyacTHe B TNOCTPOEGHHH KDHCTaJJa0B o6pa-
sylollerocst ocanka. Jlpyrumu ciaosamu, OYAET NPOHCXOAHTb COOCANC-
denue cyabpata paaus
cyabpatom Gapus BeaencTBHE
HX H30MopduaMa.
B ornnune or paauyca
Ba** pamnyc Ca?t 