g A. A3umos A

KPATKAZ
YICTOPIHA

XMMUN

\ Mocksa -Mup- )




A SHORT HISTORY
OF CHEMISTRY

An introduction to the ideas
and concepts of chemistry

by

Isaac Asimov

[Hustrations by Robert Yaffe

HEINEMANN LONDON
1972



A. A3umos

KPATKA
NCTOPUA XVUIMUU

PA3BUTHE UIEN
U NPEJCTABJIEHUH B XHUMHHU

Tepesoa ¢ aHranfickoro
KaHl. XHM. HayK

3. E. Feabmana
noj peaakuHed

JIOKTOp2 XHM. HayR
A. H. lllamuna

Mocksa -Mup.
1983



BBK 24r

A3
YAK 54
Asumos A.
A35 Kpatkas vctopust xumuu, Passutie uzgelt w npeacrasieHu#t

B xuMmuH. [lep. ¢ aura.— M.: Mup, 1983.—187 c., ua.

HapecTHbIl aMepHiKaHCKHH OHOXHMHK, NONYNADPH3aTOD HaYKH H NUCaTedb-daHTac?
A. A3HMOB 3HAKOMHT YHTATENR C OPeAMETOM XHMHH, HCTOPHEd BO3HHKHOBEHHA ¥ Pa3BH«
THS OCHOBHEIX HJeH H NpeACTapneHHi.

JAna wrpokoro Kpyra uarareneil,

1801000000-095 BEK 24r
A —011(01)-83  83-83, u. 1 54(09)

Pedaxyus aumepamypo. no xumu



lpepucnosne pejpakTopa nepesojaa

Historia est magistra vitae: Mcropua — yuurens xusud. [To-pas-
#HOMy peajH30BBIBAJIH TOT NPEeBHUH JIATHHCKHI 3aBET HCTOPHKH HayKH.
Huorza ucTopua HayKu HCMOJb30BaNach B KauecTBe WUHCTPYMeHTa
OLEHKM HAYKH KaK BAaMKHOro 3JEeMEHTA COBPEMEHHOHl KYJbTypHl —
JyXOBHOH B MaTepuHanbHO#!. Bernomaum Kanutanwibiit Tpya Jxk. Bep-’
Hana, NOCBAILeHHbIH poau HayKn B ucTopuu obiiecta [1]. B. OcrBanba
nucan, 49T0 HMEHHO HCTOPUs HayKW JaeT Jydiuuii n Haubosee Hajer-
Hbi# Marepuvan, Ha KOTOPpOM MOryT ObITb H3YyueHbl 3aKOHOMEPHOCTH B
passuTuy uenosedectBa. Cam oH B Tpyle «IlyTeBoaHble HHTH B XHMHUD
HCHONb30BAN YUCTOPHIO XUMHM 1/ JIOTHYECKON MepeolleHKH 3BOJH-
UHOHUPYIOUMX OCHOBHBLIX mouAtuii sTod naykw (2], Uenrtpodemubie
TEHJSHIIMH B Pa3sBUTHH HayKd, B YaCTHOCTH XHMHH, YrJyGAfomuiics
npouecc auddepeHuHauny H chellHaAH3alUnK Ccaenand HeoOXOAHMBIMH
ycHIHA npodecCHOHaNbHbIX UCTOPHKOB HAYKHM, aHaJH3HPYIOWHX C pas-
JIHYHBIX HOSHILHﬁ IBOJIIOUHH OCHOBHBIX TEOPEeTHYECKHX I'lpOﬁ.fIEM XH-
mun [3] uam npeacrasaenuii 06 ee OcHOBHHIX 3akouax [4]. Mcropus
HayKH, TakHM o0pa3OM, NOMOraeT 3aHOBO BOCCO3[aTb XHMHIO B ee
JIOTHYECKOM €NHHCTBE, COMeHCTBYf HOBEHHIHM WHTErpallHOHHbIM TeH-
JEHUHSAM B ee pa3BUTHH.

MokHO cMesi0 MPH3HATb, YTO BO BCEX ITHX TPyAaX MCTOPHA HAyKH
JeHcTBUTEbHO npejcTaeT nepej HaMH Kak yuuTenb Ku3HH., OmHako
3/1eCb ee POJib CBsi3aHa MpexK/e BCero ¢ caMocosHasueM HaykH. OHa He-
00XoAUMa yYeHbIM, 4YTOOB! Jiydiue IOHATbH NPOUCXOAAIIHE [epeMeHkl,
YTOOHl OLUEHHTb MECTO Jloro HanpasJ/eHHs B cloxHeiluell pa3BuBalo-
iefics cucTeMe 3HaHUH.

A kax OOGCTOMT 1€/]0 ¢ MPAMbIM AMAAKTHYECKHM 3HAUeHHEM HCTOPHH
Hayku? Moxer /M OHa BLICTYNarb AEHCTBHTENBHO yuuTeneM? MoxKHO
JIH C ee MOMOUIbIO BBECTH Ue/IOBEKA B HEH3BECTHbIH eMy JIaGHPHHT 3Ha-
Huit?

[MoutH HHUKTO He BbiCKasbiBaeT B 5TOM coMmHeHHil, Ho ecaim Mbl mo-
CMOTPHUM, MHOrO JIH KHHI 10 HCTOPHH HAyKH MOMHO HCMO/L30BaThb
KaK csoeofpasHoe «BsejeHue B CNeUHanbHOCTB», TO yGeauMcs, 4TO
YHCA0 MX HHYTOXKHO. OKasbiBaercd, Majo ObTb XOpOLIHM CHEUHa u-
€TOM, 4YTOOBI HCHOJIb3ySd HeTOPHYECKHE MpHMepbl, AaTh ONpeneneHHe
COBpPEeMEeHHOH CHCTeMe OCHOBOMOJArarlHX NoHATHH. Mano Obith mpo-
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(eccHOHANBHBIM HCTOPHKOM, 4YTOObI, OTOPOCHB BCe JHILHee, NOKa3aTb
TOMbKO OOBeAMHAIOULYIO JIOTHKY Da3BUTHA Haykd. Heo6xomumo obna-
AaTh KAKHMH-TO OCOGbIMHM KayecTBaMH Mejarora, y4yeHOro u monyaspu-
3atopa, 4TOGBI, HE MCKaXad HCTOPHUYECKOH MOCTOBEPHOCTH, MPOBECTH
UHTATeNs] M3BHJIMCTHIM MYyTEM pPa3BHBAlOIErocs 3HAHHA H OOBSCHHTD
MCTOPHYECKYIO 3aKOHOMEPHOCTb H HAyYHYIO CYUIHOCTh BCEX OCHOBOTIO-
JaralouiX MOHATHI HAayKH B mpolecce HX (GoOpMHPOBaHHSA.

JTHMHM KadecTBaMH 00/1aJaeT U3BecTHBIH y4yeHHH, NonyJspusaTtop
1 macartenb-hantact A. AsuMoB. Ero He HyXKHO NpeacTaB.JAaTb COBET-
CKOMY YHTaTeJqi0 — MHOrO NMepPeBONOB Ero KHHI YIKE H3JaHO B Hamei
crpane. OH 3HaKOM HaM K KaK MCTOPHK Hayku. B 1967 r. 6biia nepese-
JieHa Ha pyccKHii s3bIK ero «Kpatkas ucropus 6uosoruuy [5]. Ho nuwe
B cBoell «KpaTKo# HCTOpHH XHMHH», NEPEBOA KOTOPOH MbI MPeACTaBgeM
YHTaTeN0, A3HMOB [OYTH MOJHOCTHIO PeaqH30Ba/ AHAAKTHUECKHE BO3-
MOXKHOCTH HCTOpHH HaykH. Ero KHHra, jaxe o ctpoio ¥ mo popme,—
9TO KHHra-y4uTedb, KHHI'a-3HUMKJIONEIHS B MNepBOHAYaJbHOM 3Haye-
HHUH sTOro caoBa enkyklios paidéia — ofydueHne mo Bcemy Kpyry 3Ha-
HHS.

3to He o3Hayaer, yTo A3UMOB Hame] uieaibHyio dopMmy ANs H3-
JIOXKEHH 1 HCTOPHH HAYKH — HET, Peyb WAET TOMbKO O Peaau3aillii 0JHOH
U3 ee BaKHelIUMX W OUEBUJHLIX, HO C TPYLOM BOCHPOU3BOAUMBIX BO3-
MoxkHocTe#t. Ho onHoBpemenHO kHura A3HMMOBa KOe-4TO M MOTEpAJia.
3a ee npefenaMH OCTaJdUCh ONMUCAHUA OCTPOH Gopblbl CTOPOHHHKOB pas-
NUUHBIX BO33pedui. Psj mpuHUMMUANBHBIX MOMEHTOB HCTOPHM MOAHe-
CeH He Bcerfia TouHO. Tak, B UeaoM 00BeKTUBHO H3Jaras Xoll coObITHi,
A3uMOB mopa3uTenbHO HebpeeH npH oueHke poau A. M. Bytaeposa
B pa3BUTHH XuMuH. (ITO TeM GoJee VIUBWTENbHO, 9TO HHOrIAa MeHee
3HAYUTE/IbHbIE H CPABHHTENbHO MaJO HM3BECTHbIE 3MH30Ibl — HaMNpH-
mep, npuoputer B. H. Mnarbesa nepen @. Bepruycom — oH uanaraer
NpaBuIbHO.) A3MMOB aGCOMOTH3HpPYeT 3HauYeHHe TEOpHH pes3OoHaHca.
CaMa CTPYKTYpa KHHTH OTBedaeT OO/blle CTPYKType oOIHX KYypcoB
XHMHH, HeXe/ld COBPEMEHHLIM TEHIEHUHAM 3BOMOUMH CTPYKTYPHI ca-
MO#i HayKH.

Bcem 5THM BbI3BaHa HeoOXOAHMOCTb B HEKOTOPHIX KOMMEHTapHsX.
B Coserckom Coloze HcclienoBaHus MO HCTOPHH XUMHH MONYYMJIH LIH-
pokoe passutie. Tpyasi I'. B. Brikora, B. K. Kysuneuosa, I1. M. Jlykns-
roBa, C. A. [Moroagusa, 10. U. Conosresa, d. I1. Crpanwins, . H. Tpu-
¢onosa, H. A. Quryposckoro u APYrHX Y4YeHBIX H3BECTHbl AAJIEKO 3a
npefieNlaMi Haiuedl crpadbl. KpoMe Toro, HeCKosbKoO JIeT Hasal u3/aTe.lb-
¢TBO «Miip» moAroToBua0 nBa uanauus «icropun xumuu» M. Jxkya B
repeore I. B. BoikoBa, nmoa pegakuueii u ¢ kommentapusamu C. A. Tlo-
ronusa [6]. 10 ofpasuoBoe M3naHHME KaK ¢ TOYKH 3pEeHHs TiepeBoia,
T4K M peJakTHPOBAHUS M KOMMEHTHPOBAHHS.

JTHM Halla 3afaya Oblna suauMTesbHo objerdeda. Bo Beex cay-
4asX Mbl HMEEM BO3MOMKHOCTh OTQC/AATb UYUTATeNsl K COOTBETCTBYIO-
IIKEM TPydaM Ha PYCCKOM f3blke. [103TOMY KOMMEHTapHH, CONPOBOX-
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JlalouHe Kaxaylo IJjaBy, collepar MOMHMO HeoGXONMMbLIX KpaTKHUX
JonoMHeHHd H MOMpaBOK, yKasauue HCTOYHWKOR, K KOTOPHIM MOMKET
o6paTHTbCA 4YHTaTelb, 3aHHTEPECOBABIIMIACS OOUIHMH WJIH YAacTHBIMH
BOMPOCAMH HCTOPHH XHMHH COOTBETCTBYIOMIErO MEPUOda, a TaKKe
JKH3HbIO M HeATeSbHOCTbIO KpynHeHIHX XMMHKOB [POILILIX 3M0X.
KoMMeHTapHH [OArOTOBJAEHBI PeXaKkTOPOM.

A. Hlasun
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Inasa 1

ApeBHue

Oronp M KameHs

ThicauenieTust Has3aJl 4YesJOBEK BNepBble Co3[Jad HCKYCCTBEHHbIE
opyaus TpyAa. OH Hayuucs o6pabaThiBaTh KaMHH, MPUAABas UM HY K-
Hylo dopmy, 3aoctpas kpad. [Ipukpenus 3aocTpeHHbIH KaMeHb K fie-
PeBSHHON NaJiKe, OH CAe/Ja] NepBblii Kamennblil Tonop. Ho paxe ofpa-
GoTaHHBIH KaMeHb OCTaBa/JCA KaMHeM, a NepeBO — JepPEeBOM.

OpHako MOJHHSL MOTJa 3aXKeub Jec, JepeBO TOpeJio, M Ha MecTe
ToXKapa 4e/0BeK HaXofu/ uepHyto 3o0ay. Cafkuil COK MOT NPOKUCHYTh
¥ cTpanuo GoapuJ. Jlrogu 3aMeTHJsIH, YTO HHOTAA MPHPOAA BelLECTBa
MeHseTcs.

Cefiuac Mbl 3HaeM, 4YTO 3TO — PE3YJbTAT XUMUHECKUX NpPespalyerul
erlectea. OHH COCTaB/AIOT NPeAMET HayKH, KOTOpas MOJyuyH/Ja Has-
‘BaHHe Xumuu..;

Kak ToNbKO 4esioBeK Hayuyu/icsl Pa3BOAHTb M MONEPXHBAThL OroHE,
‘OH MOJIYYH/] BO3MOMKHOCTb OCYILECTB/ATb XHMHYECKHE NpeBpallenus He-
KOTOPBIX BelEeCTB. DTH MpeBpalleHHsi MOryu ObITh pe3y/JbTaToM rope-
HHA WJH BBI3LIBATHCA BLIAEJNSEMBIM NpH ropeHuu TermsioM. [ITHOY MOXK-
HO ObIJIO CBapuTh, U OHa HW3MEHA/a WBET, BKYC, CTAHOBHJAch MATYE,
Tanny moxHO 6bl10 06Kedb, W OHa CTaHOBHJIach mpounee. Ecau wyeno-
BEK pas3xHral KOCTep B MecKe, OH MOT B 30Je HalTH CTeKJsSHHbIE Ila-
PUKH.

CuHauana yesoBeK HCMONb30BaA/A TOJBKO Té MaTepHaljbl, KOTOPhIE OH
HAXOAW/ BOKPYT — KaMHH, JAepeBO, KOCTH, HIKYpbl KHBOTHbIX. CaMbiM
TIPOYHBLIM H3 HUX Obl Kamedb. O Tex NaBHO NMPOUIEAIIHX BpeMeHax HaM
pacckasblBaloT KaMeHHble OPYAHA NepBOOEITHOTO YeaoBeKa, MOSTOMY MBI
Ha3bIBAEM 3TOT MEPHOL KAMEHHLIM 68EKOM.

UenoBeyecTBO HAXOAW/IOCH elle B KaMeHHOM BeKe, KOrja — OKOJIO
8000 r. no H. 3.— Opou30OLLIO0 KOpeHHOEe H3MeHeHHe B crnocobe jaobbi-
Banua k. PaHblue yenosek Ao6biBaNl MUILY OXOTOH, Temepb OH Ha-
YYKJICA NMpHpydYaTb XKMBOTHBIX M 3a60THTBCA 0 HuX. OH HayyHACH Bbi-
pawuBarb pacTeHusi. C pa3BHTHEM CKOTOBOACTBA H 3eMJele/Hs ue-
JIOBeK MNOJNYYHJ BO3MOXHOCTb CO3[aBaTh 3anackl MHUIM, U HaceqeHHe
3eMJIM CTa/N0 yBEJHYMBATHCA. 3aHUMAACh 3eMmJelle/IHeM, YeJOBEK Bhl-
Hy:KzaeH Obl1 OCTaBaTbCsl Ha OQHOM MecTe — BO3HUK/H MOCTOSHHBIE
noceNleHUst W mnepBbie ropoga. C 3Toro Hayajach UHBHJH3aUHA (caMo
3TO CJIOBO MPOHCXOQUT OT JaTHHCKoro civitas — ropon).
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Ha nporsxenun nepBuiX ABYX THICSUeETHH MepHoNa paHHe# LH-
BH/IH3aUUH KaMeHb MO-MPEKHEMY OCTAaBaJCs OCHOBHBIM MaTepHaoM
M3rOTOBJIEHUSl OPYAHH TPYyJAa, HO cnocobbl ero o6paboTKH 3HAYHTENbHO
YCOBepLIEHCTBOBAMUCH. [l/151 9TOr0 HCB020 KameHHO20 6eKa, WIH Heoauma
XapaKTepHO yMEHHe 4Ye/]oBeKa WHGOBaTh KaMeHb.

3HauuTebHO YCOBEPIUEHCTBOBANOCh TOHYapHoe Jeno. KysabTypa
HEO/MINTA, MeJeHHO PpacnpcCTPaHAsCh H3 NEeHTPaJbHBIX  ofusacTeid
Bauxuero u Cpensero BocToka, Aocturiia eBponeHCKOro KOHTHHEHTA.
K 4000 r. go H. 3. mpuma nopa AajbHeflUHX H3MeHeHHil — YesioBex
HayaJ/l OCBaHBaTh HOBble MaTepHasbl, 0bJiafaBLile OYeHb II€HHBIMH CBOH-
ctBaMH. Mbl HasniBaeM 3TH MaTepHalbl MemaiiaMi, BO3MOXKHO, OT Ipe-
YeCKOro ¢/I0Ba «HCKaTh» U,

MeTanan

IlepBbiMM MeTan/iaMH, Ha KOTOpbie Ye/loBeK OOpaTHJ BHUMaHUE,
Obl/IH caMOpOAHBIE Melb H 30/10TO. KpacHoBaTylo Meab M 2KeJTOBaTce
30J10T0, OT/JIMBAIOIIHE KPACHBBIM MeTalJH4ecKHM OJleckoMm, Helb3s Obl-
JIO He 3aMEeTHTb CpPeld TYCKJOH tepoBaTO-KOpHYHEBOH MOPOABIL. :

Buaya/se MeTas/ibl Kak M LBeTHHIE KaMeUIKH HJM [epJ/ianyTpoBbie
MOPCKHE PAKOBHHBI CJAYXKH/IHM JUINbL yKpaineHHeM. OaHako#BcKOpe OKa-
3aJ10Ch, YTO METaJ/l/Ibl BbIFOJIHO OTJIHYAIOTCA OT BeeX APYTUX yKpawenui.
Kamens npu yjape pacchllUIeTCs B Mblib, AEPEBO H KOCTb HAIOT Tpe-
MM HBY; yAapAs Ke [0 KyCOYKY MeTasJsa, MOXMHO NPUAATh MY HYXKHYIO
¢opMy. 210 CBOHCTBO METaMJIOB (KOBKOCTb) ObiO 0OHApy»KeHo, Oe-
aycnosHo, coBepleHHo caydaiiHo: Ho Bckope nouse toro, Kak YenoBek
y3Ha/l O KOBKOCTH METaJNJIOB, OH, MOBHHYSCb YYBCTBY MNpPeKpacHOro
(xoTOopoe Bcerja JKMBeT B HeM), Hadyas M3rOTaBJHBaTh M3 MeTaHye-
CKHX CaMOPOJKOB pa3/iHUHbie YKpalleHHs, cTapasdch MOAYEPKHYTL Kpa-
COTY MeTasuia.

O6pabartuiBast Melb, YeJIOBEK 3aMETHJ, YTO H3rOTOBHTb W3 Hee Ha-
KOHEYHHK [IJA CTpe/bl TOpa3fo Jerye, yeM W3 KaMHsi, la H Tynarcs
MeJIHble HAKOHEUHHKH MeAJeHHee, 4eM KaMeHHbie. Dosee Toro, 3aTto-
YHUTh 3aTynHUBIUMHACS MeAHbI HaKOHeUHHK HaMHOTO mpoile W GhicTpee.
Ho meaun 6bi10 Masio, HafiTH ee GbIIO HEMPOCTO, MOITOMY AOJITOE BpeMs
OHa CJYXKHJAa B OCHOBHOM MaTepHajoM IAs yKpaweHuH.

Onsako co BpeMeHeM BBIICHHJIOCH, YTO Melb MOXKHO NOJYYHTh H3
KaMHe#l oMnpee/eHHOro BHAA W YTO HafiTH TaxkHe KaMHH 3HAUUTE/NBHO
1Npolle, YeM YHUCTYIO caMOpOiHylo medb. Korza u kax 6Gbulo caenaHo
9TO OTKPLITHE, MBI C BAMH He 3HaeM H, BepOSTHO 5TO HaBCerila OCTaHeTCd
TaifHol.

Ho MoXHO npeicTaBHTh, KaK 3T0O [POH30WI0. 3aropeics .Jec,
pocldii Ha MOYBe, B KOTOPOH COAepiKa/iMCh KaKHe-TO rojyGoBatble
kaMHu. [IpHinesimHe Ha nenenuile JIOAW HallIM B 30/le CBEPKalollHe
IMApHKW MeAH, W KTO-TO NMePBHIH jAoramafcs, 4To, HarpeBas 9TH roay-
GoBaThle KaMHH Ha KOCTPe, MOXHO HoAy4uTh Melb. HapepHoe, npexne
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yeM TaKasl JOrajilka OCeHH/ia 4e/loBeKa, OH MHOro pas Hara/JKuBascHd
Ha IIADUKH MeId Ha MoMKapHilax.

Bo3MOXKHOCTh MonydyeHHs Megd Oblla OKOHYATeNbHO yCTaHOBJIEHA,
no-suauMoMy, oxkosio 4000 r. 10 H. 3., ¥ CKOpEe BCEro 3TO C/yuyHJOCh
pa CuHalicKoM nojyoctpose /¥ B ropHuix obnactax I[llymepa (tep-
puTopus coBpemenHoro KMpaxa), a BO3MOXKHO, U OIHOBPEMEHHO B ITUX
ABYX paiioHax .

Mednas pyda Tuzens

Keneawas

Apefecrsid y207s pyda

Puc. 1. [11aBrabHble NeyH yCTpanBa H TAKHM 06pa3oM, UTOOH B HEX MOMCHO GbLJIO NOJTY-

4aTh U3 PY/Abl KOBKHH HJIH naaskuii Metamt. Meguyio pyay (2) nnasuiaun B THrae. JKe-

Je3Hyio pyay (6) cMElIHBAAH ¢ APEBECHLIM YIVIeM H, 4TOObI NOBLICHTEL TeMMepaTypy Maa-
MEHH, NPOAYBAJIH NPH TOMOILH Ky3HEYHBIX MEXOB Yepe3 ropfllyio cMech BO3LYX.

Tak niu HHave, HO C 3TOTO BPEMEHH Mefb CTajia BIIOJHE JOCTYITHBIM
MaTepHa/ioM, H ee HadajH HCMOoNb30BaTh AJIi H3rOTOBJEHHS OpYyauil
TPyJAa, NPeiMeToR AoMauiHero o0uxofa U T. A. MeaHast cKosopoaa, Hali-
JeHHAsi B 3aXOPOHEHWH, PachojloXeHHOM Ha TeppuTopuu Erunrta, na-
rupyercs 3200 r. go #. 5. A x 3000 r. 10 H. 3. Haya/H BHIJIABIATL H
3HauuTe/bHO GoJiee TBEpAwIN, ueM Mefb, MeTals — OGPOH3y — CI/laB
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Mead ¥ onosa. [lponsowno sTo Takxke, HecOMHeHHo, ciaydaiino. Be-
POAITHO, KTO-TO NO ownbKe HArpes BMeCTe ¢ MeJHO H ONOBAHHYIO PyAy
(puc. 1). MsroroBiesHbie ¥3 GPOH3bl OPYAHS TPyAa HaiileHbl B pod-
nuue dapaona Hrern, koropwiit npasus B XXX B. g0 u. 5. K 2000 r.
IO H. 5. 6pOH3a yKe IHPOKO HCOMb30Baach JIsi H3TOTOBJIEHUS OpY=-
KU M J0COeXOB.

CambiM KpynHbIM cOGBITHEM GpoH30BOro Beka Obila TposiHckas
BOiiHa. BoMHBI TOro BpeMeHH OBIIM OJETH B GPOH30BhIE AOCMHEXH H -
BOOpPY eHBl APOTHKaMK ¢ ODOH30BHIMH HaKoHeuHHWKamu. He ocHamen-
HbIH TakHM ofpasom BouH Obl o6pedeH. Tlo3TOMy Ky3Helsl, KOBaBliHe:
focnexH W Opyue, N0/b3oBaMuch ocoObiM yBarkeHneM. Ilaxe cpenu
rpedeckHx 6oros Obl1 CBOH Ky3Helw — XxpomoHoru# [edect. M He cay-
yafiHo cpenn esponeflckux (amMHIH#l Tak pacnpocTpaHeHsl (aMHUAHH,
OCHOBY KOTOPHIX COCTABJISIET C/OBO «KY3HEI».

M enle pas Ha vesoBeka cHH30UIIO o3apenHe. JI0AH GPOH30BOrO Be-
Ka y3Halu o CylleCTBOBAHHH KeJse3a — 0GoJiee TBEPAOro MeTa/lna, dem
6ponsa. Buayane xe/je30 Ob10 OUYEHB PENKHM W JOPOTHM METAJJIOM,
TaK Kak 3TO Obl1H 06JJOMKH MeTeopuToB. [1o/yuHTh €ro U3 pyAHOro Kam-
H, KakK MoJy4ajJH Melb, Ka3a/Joch HeBO3MOXKHBIM. [leqo B TOM, yTO
HeNe30 NpoUHee MelH CBA32HO ¢ PYAOH, B COCTaB KOTOPOH OHO BXOMHUT.
Brinnasure xeneso U3 pyAnl Ha KocTpe He ynaercs, ANs 3TOrO He-
ob6xoaHmo Gosiee wKapkoe 0aams».

Cexper nnaBKU Kesne3a Obl1 OTKPHT npuMepHo B 1500 r. go H. 3.
B Manoit Asun . Kak OblIO yCTaHOBJEHO, CTOMbL HeoOXomumoe «xap-
KOe MJams» MOXKeT JaThb JPeBecHbl!t yro/b, ecd Yepes ropsiliuii yrodb.
npoAyBaTh BO3AYX. IlepBeIMH IWIHPOKO MPHMEHATH XeJe30 HaualH XeT-
Thl (OAMH U3 HapoioB, HacensBwHX Manywo Asuw). B nuceme xerTckoro
naps (natipyemom 1280 r. go H. 3.) HamecTHHKY Goraroro xeiesom
TOPHOro paiHOHa COBEPUIEHHO OfpelleJleHHO I'OBOPHTCA O MPOM3BOACTBE
x)enesa.

Uncroe xeneso He odueHb Teepioe. OgHaxo B npolecce MaaBKH
esle30 MOxeT BOOpPaTh B ce0s CTONBLKO yr/epoja H3 APeBecHOro yris,
4YTO B pe3ynbTaTe o0pa3yeTcd NOBepXHOCTHHIl ciloil chiaBa Kenesa
M YIJepoAa, HasblBaeMOro CTajibio. DTOT CA/MaB TBepxKe caMoll ayuwmefi
OpoH3bl, H HU3rOTOBJIEHHBIH M3 HEro HAKOHEUYHHK (0C/]e 3aTOYKH HOJro-
ocraetca ocTpeiM. [Tonyuenue craau fBMIOCH MOBOPOTHBIM MOMEHTOM B
HCTOPUH pa3BUTHA METaMJypPruH W B HCTOPHH pasBHTHA ofliecTaa.
Hactynun xenesusifi Bek.

Pacnonarasuine xene3tbiM opykueM gopuitusl BTopraucs 8 1100 r,
1o H. 9 Ha Bankauckuii nolyocTpoB M pasrpOMH/IH MHKEHCKHX rpe-
KoB. MuKeHcKuHe rpexy Oblan Goslee BHICOKOLMBHIIM30BAHHBIM HAPOLOM,
HO ellle He HMENM cTasy W ObIM BOOPYMKeHb OPOH30BLIM OpYyKHeM.
Yacrb rpexo nposuksaa B XaHaan ¥ nmpuHecaa ¢ cobofl xenesHoe opy-
®He. 1o OblIM Te camble QUAUCTHMASHE, O KOTOPLIX TaK MHOTO roBO-
putcs B Berxom 3aBete. M noxa eppeu He MOJYUHJIH JKeJIE3HOr0 OpPYXKHs
(a 310 cyyusock npu nape CayJie), OHH ObIJIH N0 CYLIECTBY GeCMOMOLULHLL,
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Accupufickaa apmusa Obl1a nepsoil apmuefl, NOJHOCTBIO OCHAILEH-
HOMi JKE/Ie3HBIM OPYHEM XOPOUIero KadecTsa. Bnaromaps Takomy mpe-
BOCXOACTBY B BOOPYXeHHH acCHPHALBLI NOKOPHJIH MHOTHe coOcef-
gue Haponst U K 900 r. 1o H. 3. OCHOBa/lM MOrylLIeCTBEHHOe rocyaap-
CTBO.

Pacusery papesHerpeueckoft dusocoduu mnpeurecTBOBaAn ofipele-
JIeHHbI€ yCMeXH, NOCTHTHYThIE B NPHKAagHOH XWMUH. Ervnerckue ma-
cTepa 3aHUMaJHch NMPOH3BOACTBOM MeTaJIoB, KpacHTeseH, OHH Hay4uH-
auck 6anb3aMHPOBAHHIO.

CorsiacHo ofHO# U3 TeopHil, c/aoBO khemeia NPOMCXOANT OT IpeBHETO
naspauua Erunta — Kham (B anraufickom nepesoge 6HGAHH OHO Mpes-
parijock B Ham), u, TakuM o6pa3oM, OHO NO/MKHO O3HAYaTh «eruer-
ckoe HcKyccrBor. OpHako B Hacrofee Bpems GoJiee NOMYyJAsipHO APY-
roe obbacuenue. [lpeanmonaraercsi, 4TO CJ0BO 7YNpéic NPOH3OMHIIO
OT T'peYecKoro yupég — COK pacTeHust, Tak 4to khemeia — sTo0 «Hc-
KyccTBO BhifesieHHs cokoB». COK, O KOTOpOM HJAeT peub, MOmeT ObiTh
¥ pacliaBJeHHBIM MeTalaoM, Tak u4To khemeia moxer o3Hauarh U
«HCKYCCTBO METalJypPruH».

Ho kaxoBbl 6b1 HH ObIJIM MCTOYHHKH chaoBa khemeia, oueBHAHO, UTO
OHO Mpenok HauleHd «XUMHH».

I'peveckHe 3jeMEHTbI-CTUXHH

K 600 r. 2o H. 5. rpekus, eCTeCTBEHHO HayuHas MbIC/Ib KOTOPBIX Npel-
BOCXHTH/JIa MHOTHE MO3JHeHIIe HayuyHble OTKPBITUS, oOpaTH/M cBoe
BHHMaHHe Ha npupoAy BceneHHo#l H Ha CTPYKTYpY COCTaBJSIOUWHX ee
Betects. I'peuecknx yueHeix, uau «dunsocohos» (mobuteneii myapo-
CTH), He HHTepecoBajii crnocolbl MOJyYeHHS TeX HJH WHBIX BEIIecTB
M MeTOAbl MX MPaKTHYECKOro HCMOJIb30BaHHs, HX HHTepecoBaja IJiaB-
HbIM 06Pa30oM cyThb BemiecTs ¥ npoueccoB. OHM HCKasM OTBET Ha BONPOC
«nioueMy»? [IpyTHMH c/lOBaMu, ApeBHME TPeKH NEPBLIMH 3aHSJIHCH TeM,
YTO CerOAHMA HAa3bIBACTCA XUMUYECKOU meopue.

Sra Teopus HaunmHaetcs ¢ QPajneca (640—546 mo u. 3.) ¥. Dasec
Obiii rpedeckuM ¢umocodom. O xua B Munere, B Moruw — wa 3anagn-
HoM noOepexkbe Mano#t Asuu (Ha Mecre uplHemHedl Typuuu). ®anec,
BeposiTHO, 3ajaBaj cefe chenylowuii sonpoc. Ecau opHo Bemectso
MOJKET MepelTH B Apyroe, Kak roay6oBarsifl KaMeHb (a3ypHT) NepeXOfuT
B KDacHyl Melb, TO KaKOBa e HCTHHHad npupona sewectsa? Ut
npencraBiisier coboil 3TO BEUIECTBO — KaMeHb HJAHM Melb HJH HH TO H
HH apyroe? JlioGoe /M BellecTBO MepeXOAMT B APYroe BelleCTBO (XOTS
Gbl MoCTeneHHO), U ecau JioGoe, TO He ABJAOTCA JH BCe BEECTBA Pas-
HBIMH BapHaHTaMH OJIHOTO M TOTO JKe OCHOBHOI'O BejlecTBa?

Ha nocaeanuit Bonpoc ®asec otBeyan yTBepauTeabHO, HGO TOJIBKO
TaK, Mo €ro MHeHHIO, MOXKHO OblJIO BHECTH SICHOCTb B OMHCAaHHE OK-
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py»katoliero Mupa. Tenepb oCTaBaJjoch PEUIHTb, YTO ¥Ke MPEACTaB/IAeT
cofol 3TO OCHOBHOE BEIIeCTBO, HJH aaemenm *.

Gajec pewns, 4YTO STHM 3JeMEHTOM Jo/KHa OwbiTh Boja. Boxa
OKpy?KaeT cylly, HachilllaeT BO3JAyX napaMu, npoCuBaeTcs 4epe3 3eM-
HYIO TBepAb PYYbAMH H DeKamMH, a caMoe TJlaBHoe — 6€3 BOJbl HeBO3-
MOMHa caMa *KH3Hb. Panec npeacrasiasa cebe 3eMai0 B BHAE MIOCKOTO
JHCKa, HaKpbiToro noaychepuyeckod Kpbiiko# HeGa M (UILIBYLIEro
no GecKOHeYHOMY OKeaHY BOJBI.

Yuenne ®aneca 0 CyLIECTBOBAHHH HEKOero fepBoHadala OBJIO BOc-
NpHHATO ¥ Gosiee MO3AHMMH (uocodaMH, CNOPHBIM OCTaBaJ/cA JHIlb
BOMpoc, ABJseTcA JH TaKoBHIM BOJa.

B caeayiomeM cTOMETHH acTPOHOMBI MOCTENEHHO CTaJH NPUXOAHTb
K BBIBOJLY, 4TO HeG0 — He nosyctepa, a cepa u uto 3em/1s TaKkKe UMEET
chepuueckyio opMy H mojBenleHa B leHTpe nycToi chepwl Heba.

m
S;: iter % Th
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Puc. 2. Anxumuueckasi KOCMOJIOrHS BKJIOUATA YETHPE 3/IEMEHTa-CTUXHH APHCTOTes.

Ipu 37oM a1 0603HAYEHHS H METAMIIOB ¥ ITAHET HCIOJIb30BAJH OIHH H Te Me CHMBOJLL.

Ha pucynke npusenena cxema PoGepra daanna (1574—1637), aHDIHACKOTO yueHoro

3noxu Bospoxpenus, KOTOpeli 0TAaNn JaHb OKKYJBTHBIM HayKam, Mpe[/oXHB CBOIO
CHCTEMY XHMHYECKHX «3JIeMeHTOB».

JlpeBuue rpekd He MOrJIH NpPeAcTaBHTh cebe BO3MOXKHOCTb cyllie-
CTBOBaHHA BaKyyMa (IOJIHOH MyCTOTH) U MO3TOMY He BEPHJAH B TO, 4TO
MexAy noaseleHHoH 3emJedl M fanekHM HeGOM eCTb MYCToe MPOCTPaH-

* «JneMeHT» — JATHHCKOE CJIOBO HeH3BeCTHOTO MpoHcxoxnenus. Ipexn He
ynoTtpeGAasaH ero, HO, MOCKOJLKY 3TO OfHO H3 BaXCHeHIUHX MOHATHI COBPEMEHHO! XH-
MuH, obofiTHCh 6e3 Hero HeBO3MOMHO, JlaXKe B TeX C/yuasiX, KOrja peub MJET O rpexax.
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" crBo. TlocKoNbKY 4acThb MPOCTPAHCTBA MEXAY 3eMJell # HeGoM, M0
HabJI0IeHHAM YeJloBeKa, 3anojiHeHa BO3LYXOM, TO BHOJIHE MOXHO GBLIO
NPEANOJIOKHTE, YTO BO3AYX HaXOAHTCs Besje .

BeposiTHO, pa3smblilieHHst TakOro poja MpHUBeH APeBHErPeyecKoro
¢uaocoba Anakcumena u3 Munera (585—525 no H. 3.) K BbiBOAY, uTO
nepsoocHoBa BceeseHHoH — Bo3ayx. AHakcHMeH MNoJjarad, 4YTO Mo
HanpaBsJ/eHHlo K ueHTPy BcenenHofl Bo3ayx coxumaercsi, o6pasys Go-
Jee TBepHAble W MJOTHbIE Pa3HOBHIAHOCTH BelLECTBAa — BOAY H 3eMJI0
(puc. 2).

Ipyrofi apesHerpedeckuit puaocod Fepakant (540—475 1o H. 3.) u3
cocenHero ¢ Muaetom ropojfla peca NOJOLIEN K 3TOMY BONpOCY HHaye.
Ecaun BcejleHHOH CBOHCTBEHHO MEHATBbCH, paCCYXAad OH, TO MOHCK
ayemMeHTa HeoOXONMMO CBA3BbIBATb C MOMCKOM cyfcraHiluM, Ais KoTopoi
uaMeHeHHe Haunbosee xapaktepHo. Takoil cyberanunedi [epakauty npen-
CTaBJRAJICA OrOHb — BEYHO MeHSIOWMACH M BCE H3MeHSIOUHH *.

Bo BpeMeHa AHakcHMeHa nepchl 3aBoeBaiH noGepembe Moruuecko-
ro mops. IleTasick OCBOGOAMTHCH OT BJIACTH MEPCOB, TPEKH MNOAHSAJH
BOCCTaHHe, HO OHO ObWIO MofaedeHo. [locse nolaBlieHUs BOCCTaHHS
ruet nepcoe eume 6osblue YCHAMICSH, YTO HE MOr/IO He CcKa3aThbCsd Ha
pa3BuTHH HaykH. Cnacasachb OT NepcoB, HOHHHUBI OeXkaaM Ha 3anaf.
B 529 r. po H. 3. nokuHyJ cBoi poaHofi octpoB Camoc u Iludarop (ok.
532—497 no H. 3.). On ormpaBuJsca B rkHYI0 HMraauio, rae ocrosal
unocodeKyo WKOAY.

K uncay npusepxkenueB yuenus Iludaropa npuHaanexan u rpeuec-
kuit ¢uaocod IMnenoka ua Arpurenrta (490—430 mo H. 3.). OH ToNe
HeMaJlo NOTPYAMJICS HaJ BONPOCOM, KAKOH 3/eMEHT JIeKHT B OCHOBE
MHpo3fauua. Hu onHa M3 Touek 3peHHs] HOHWHIEB HE NPEACTaBJAANACD
emy npexnoutHTenbHol, [loyemy noMKHO OBITH TOMBKO OJAHO Hadasio?
Tlouemy He MOryT cyulecTBOBaTh YeTbipe Hadasa — OTOHb [epakJ/nta,
BO3AyX AHaKcuMeHa, Boma Qajeca W 3eM/Id, KOTOPYIO B YHCJAO Hadal
BBeJl caM OMOefoKa?

TlpencraBaenne IMOeNOKAa O YeThIpeX HayanaX pasfe/sis BellM-
vaituivii gpeBHerpedeckud ¢uaocodp Apucroreap u3 Crarupel (384—
322 po H.3.). ApHcTOTesb CYHTaA/M 4YeThipe 3JeMEeHTa-CTHXHH He Ma-
TepHaJbHEIMH CyOCTaHUMAMH, a JHIIb HOCHTEIAMH OnpejeseHHBIX Ka-
YeCcTB — TEMJIOTH, XOJ0Ja, CYXOCTH W BJaamHocTH., Kaabifl M3 ae-
MEHTOB-CTHXH#l ABJAseTCS HOCHTesieM ABYX cBoficte. B cxeme Apucro-

* Ha nepBuifl (# He oueHb BHHMATEeJILHBIA) BAIVISL 9TH pacCYXKAeHHA NpeacTaB/s-
FOTCH OueHb HAMBHBIMH. Ho MOIyMaB HEMHOTO, Mbl OLieHHM, HACKOJIBKO NTYGOKH GBIIH B
JefiCTBHTe/ILHOCTH JOTAAKH APeBHHX I'PEKOB. 3aMeHHM BO3AYX, BOLY, 38MJIIO H OFOHb Ha
T'a3, ¥HAKOCTB. TBep/0e BellecTBO H SHepTH10. KaK H3BecTHO, NPH OXJ1ax# IeHHH H CHaTHH
Tasel CKHIKAOTCH — 00PA3YIOT KHUAKOCTH, KOTOPLIE IIPH OXJIAXIeHHH R CXATHH B CBOIO
Ouepennr o6pasyioT TBepible BellecTBa. Pa3se npeactaBidenust AHaKCHMeHa ripOTHBOpe-
44T TaKoit cxeme? A passe mpexcTaBiaennst ['epaknnTa 06 orHe He NOXOMH HA COBpPeMeH-
Hble npepcrasieHus 06 SHePIHH, HHHLUHMHPYIOWEH XHMHYECKHe PeaKLHH H Bhle/ s ome-
CH NPH nMpoTeKaHHM XHMHYECKHX peaKIlui?
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1045 JoMycKallch 4eThipe KOMOWHALMHU: OTOHb — ropsiudit  cyXofi,
BO3JlyX — TOPAUMi H BJaXKHBIH, 3eMJii — XO/M0lHaA W cyXasl, Boga —
XOJIOAHast H BJaXHas.

ApucroTenb clienan ellle ofMH BaxcHbii war. Kaxaweifi siemedt
OH OXapakTepH3oBaj ollpefe/eHHbIM HPHPOLHEIM HaGopoM CBONHCTB.
Tak, orHio npucyile NOAHHMAaThCs, a 3eMJe nagatb. Ho cBofictBa He-
GeCHBIX TeJl OTJIHYaJHCh OT CBOHCTB Jr000ro BellecTBa 3eMHOro Mpo-
Hcxomaenusi. He nafas u He noguumasich, HeGecHble Tesa, Kas3a/aoch,
IOCTOSTHHO BPAaUAJHCh BOKPYT 3eMJH.

Hrax, Apucrortens AoKasbiBaj, 4TO Hefeca COCTOAT H3 «OSTOrO
3JIeMeHTa», KOTOpbIl OH HasbiBas 3DHpP (OT cJ0Ba, 03HAYAIOIIETO «CH-
ATb», KOO XapakTepHoe cBofcTBO HeGecHBIX Tes — cHsiHHe). [TockoabKY
HeGeca Kasa/MCh HEM3MEHHBIMH, ApPHCTOTe/Nb CYUHTan >QHP COBEpuIEH-
HBEIM, BEUHBIM, HEeT/IeHHBIM H aOCOMIOTHO OTJIHYHBLIM OT YeThipeX HECOBep-
IUEHHBIX 3JEMEHTOB 3eMJH,

Ilpencrasnienue O ueTbipex 3JieMeHTaX-CTHXHSX BJACTBOBAJO Hal
yMamy Jofefl ABa ThiCSiYeseTHd, H XOTS B KOHLE KOHLOB HayKa oTBepr-
Jia ero, Mbl TOBOPHM O «OyIUYIOWMX CTHXHfX», KOTAa XOTHM CKa3aTb,
4TO BeTep (BO3AYyX) M BOJIHB (Boja) noguanu Oypio. UTo e Kacaercs
«asToro 3jemeHra» (3pupa, no-JAareiHu guinta essentia), To Ao.CHX Nop,
HMesl B BUAY YHCTefluyio U HauGo/ee KOHLEHTPHPOBaHHYIO GOpMY Yero-
TO, Mbl TOBODUM ¢KBHHTICCEHUMs» (a Belb 3TO HasBaHUe, KOTOpoOe Aa
Apucrote/s mATOMY BceofILEMY NPUHLAMY).

I'peveckas aTOMHCTHKA

Jpyrum BaxkHbIM BOINpPOCOM, 3aHUMABLUMM TrpedecKHX ¢HJo0codos,
6bl1 BONpoc O JeJUMocTH MatepHHd. KameHb, pacKko/OThIH MomosaMm HH
PacTo/MYeHHBIH B IOPOLIOK, OCTABAJICH TEM XKe KaMHeM, KaXAYo KPY HH-
Ky KOTOPOro Mox<HO OBJIO pasfeuTh Ha ellle MeHbluue yacTuuku. o
KAaKoro npejeia MOXKHO MPOBOANTb TaKoe [efeHHe M CylUlecTBYeT JH
BooOlle TakoH Mnpegen?

Houuen Jleskunn (ok. 500—440 1o H. 3.) nepBbiM 3a4aJicsi BOIPOCOM,
MOXKHO JIH KamAylo 9acTh MaTepHH, Kak Obl Mana OHa HH Oblla, pasje-
JIHTB Ha elle Gosiee MesIKHe YacTi. JIEBKUNM CYHTA/, YTO B HTOre TAKOro
JieieHHsi MOXKHO NOMYYUTh HACTOJbKO Majlyio YacTHILy, YTO JajbHeHiee
JelleHUe CTaHeT HeBO3MOMKHBIM.

Jemorput us Abzepst (ok. 470—360 a0 H. 3.), yuenuk JleBkunna,
pa3BHJ 3Ty MbicAb cBoero yuutensi. OH Hasgaa 3TH KpoieYHble YacTHy-
KH &TOMOg — «Hele/iMMble», M BBeJeHHLIE UM TEePMHH YyHac/el0BasM
M Mbl, YYeHHE O TOM, YTO MaTepHs COCTOMT W3 MeabYaHuIMX YacTull u
YTO JesleHHe MaTePWH BO3MOMHO JHIIb [0 M3BECTHOrO npefelna, nony-
YHJI0 Ha3BaHUEe ATOMHCTHKH, HJH aTOMHCTHYECKOH TeopHH.

IleMOKpHUTY Ka3ajoch, YTO aTOMbl KaXJOrO 3JeMeHTa HMeiT 0co-
Gble pasMepsl U GopMy M YTO WMEHHO 3THM OOBACHAIOTCA pa3/iHuusA
B cBOHCTBax 3JieMeHToOB. PeasibHbieé BelecTBa, KOTOPHIE MBI BHAHM H



Hpeeanue 17

ollyli2eM, OPEACTaBASIOT OGO cOefHMHEHHUST aTOMOB DasjMUHLIX 3Je-
MEHTOB, H, H3MEHHB MPUPOAY ITOrO COEAHHEHHH, MOMKHO OJHO BeLlecT-
BO TpEBPATHTb B APYyroe.

Bce 3TO 3BYYHT YAMBHTENBHO COBpeMeHHO, HO JleMOKpUT He mnoj-
KpenuJ CBOIO TEOPHIO IKcmepuMeHTamu. [lpeBHerpeudeckde usocobsr
Boobule He CTaBHJH IKCIEPUMEHTOB, OHH HCKaJH UCTHHY B ClOpe, HC-
X0l M3 «MEPBONPHYHHY.

s GonblukHcTBa (usocodoB (M ocobGeHHO Anst ApHcToTens) no-
HATHE O MaTepHaJbHOHR YacTHIE, KOTOPYIO He/lb3s pacilleMiTh Ha Godee
MeJIKHe 4acTHIBl, Ka3ajoch HAcTONbKO MapaloKCa/bHBIM, YTO HHKTO
H3 HHX He MOT er0 MPHHATh. ATOMHCTHYECKas TeOpHfl ocTaBalach He
flONYASAPHOH B TeueHHWe JBYX ThicsuesieTHH nocie Ilemokputa, o Hefi
TOYTH HHKTO He BCIIOMHHAM.

M Bce-TakH aromucTHYecKasi KOHILENUHs MOJHOCTHIO He HWcueana,
I peBrerpedeckuii dunocop Inukyp (ok. 342—270 10 H. 3.) HCHOAB3O-
Ba/l aTOMHM3M B CBOEM YYeHHH, a SNUKype#lbl HMelH HeMalo NpHBep-
JKeHIeB H B nociedyioumde Beka. OJHUM H3 3THX npuBepKeHUEB Obla
kpeBHepuMcKkHi nost Tut Jlykpeun#t Kap (ok. 95—55 g0 H. 3.), us-
pecTHh# Kak JIykpeuntt. OH H3/10KH1 aTOMECTHYECKHE B3Taa b [leMok-
puta # dnukypa B nosme «O npupone pewei» («De Rerum Natura») —
N0 MHEHHIO MHOTUX, Jydmwel H3 Korxa-au00 HafNUCaHHBIX JMIaKTHYE-
CKHX no3M (Leslb KOTOphX — obyuenue) ®

Bo Bcsikom cnyuae, B TO BpeMsi Kak Tpyzabl leMokpuTta ¥ Duukypa
nponaJy, OCTaBHB JIMIIbL OTPLIBKM W UHTaThi, no3ma Jlykpeuus co-
XpaHU/aCh NOJNHOCTBIO H [IOHEC/a aTOMHCTHYECKOe yYeHHe 10 TeX IHel,
Korja B 6ope0y BCTYNHJIM HOBbIE Hay4yHbi€ MeTOAbI, KOTOPHE H NPHBE/H
ATOMH3M K OKOHYaTe bHOH nobene 7,
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Aaxumus

Anexcannpus

Tocse cmeptn Anekcanapa Maxenonckoro (323 r. 10 H. 3.) ero
rpoMagHas HMOepHs pacrajach, HO BJAHSAHHE TPEKOB I10-IPEKHEMY
pacnpocTpaHsJoch Ha oOwHpHble TeppHTOpuH bBuamxnero u Cpennero
Bocroka. M 8 nochienyomue HeCKONLKO BEKOB («3/JIMHUCTUUECKHT Me-
pHOI») B 3THX palOHaX NPOHCXOAMJIO HHTEHCHBHOE CMELIEHHE KYJIbTYP.
Onvy u3 BoeHayalbHHUKOB Asekcanapa MakenoHckoro — Ilronomei-
Corsp souapuics B Erunrte. B crosuue rocymapctsa ropoge AJek-
canapuy [Tronomedt ocHoBan xpam mys «Myceiion», npu KoTopom Oblia
cobpana Oorarefiinas GubaHOTEKa.

IpesHerpeyeckue ¢uaocodsl HoHmickoi wKoan (Panec, AHak-
camanap, AHakcumen, ['epaki/iMT), BbUIBHTas HJel0 O eHHCTBE BCEro
CYLIero, B TO ¥e BpeMs pazbeHHSAJH Pe/UTHio U ecTeCTBO3HaHHe.

Erunrtsiue xe, 6aectsile Baajes MPUKJIaAHOH Xumuedl, Tem He Me-
Hee He BbiJe/AJIH €e B CaMOCTOSTEeNbHYI0 06JacTh 3HaHHH. Xumusa B
Jpesnem Erunite BXogu/a B «CBslleHHOe TaliHoe HCKYCCTBO» XKPeloB.
OGpaGoTka U nogjaenka GIaropoAHbIX Kamuel, 6anb3aMHpOBaHHe TPYy-
NOB M ApyrHe B OOMEM-TO COBEPIIEHHO He TaHHCTBeHHble OonepaluHd co-
MPOBOKAANMCH MOJHTBAMH, 3ak/aHHaHufAMH. TlokpoBHTeNeM XHMHH
erHnTAHe cukTanH nruuerogoBoro G6ora Osupuca. [lozHaHuA erunTan
B OpHKJafHONl XHMHH 0OO0pa3u/M TPEKOB, H, NepeHuMas HX KOHKper-
Hble 3HaHHA, TPeKHW BOCHPIHAH MHOroe ¥ U3 Muctuki, (OHH Jaxke 0TO-
waecteuan Osupuca ¢ rpevecknm Gorom Iepmecom.) TlosTomy caustuue
NpHKJIagHON XHMHH erHOTHH ¢ FPeUYecKod HaTypdHaocodHei B NpHHLH e
0Ka3aJ/loCh He CTOJb MJIOJIOTBOPHBIM.

Xors B ApesHHe BpeMeHa McKyccTBO khemeia Gbiio TecHO cBA3aHO
¢ peauruedf, mpocTbie JIOAH CTPALIMJHCH TeX, KTO HM 3aHHMaacs:
UM KasaJoch, YTO «XUMHKH» BJIAJEIOT TAHHEIM HCKYyCCTBOM H ONaCHBIMH
SHaH#AMH. (AcTpoaor ¢ myrawowmuM 3HaHuem Oynyllero, XHMHK C €ro
VIMBHTe/NbHOH CHOCOGHOCTBIO H3MEHATb BEUleCTBa M Aaxe XKpei, 3Ha-
UM, KaK YMHJIOCTHBUTH OOrOB W CHSITh NPOKAATHA, CAYNKHJAM 1pO-
ofpa3aMi BOMILEOHHKA, KOJAyHA M dapojes HapOHBIX CKa3akuid.)

Aro oOluecTBeHHOE yBa)KeHHe HJH, NpaBH/bHee CKa3aTb, BGoA3HE
sacTaBisi/ia Tex, KTO 3aHMMaiacs khemeia, wsaaratb CBOH (HCaHHA 3a.
TalOYHbIMK TYMAHHBIMM CHMBOJIaMH, YTO YCHJIHBAJO BrnevyaTj€HHe Ta-
HHCTBEHHOCTH.
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Hanpumep, u3BeCTHb! ceMb HeGECHBIX Te€J, MOCTOAHHO MeHFIOMHX
CBOE NOJIOXKEHHe U NOITOMY Ha3BaHHBIX «IJaHEeTamu» («OJ1yKAarOmWHMH
3se3aaMu»). M H3BecTHHl ceMb MeTaJJOB: 300TO, cepebpo, Melb, e-
JAe30, 0/10BO, cBHHel H pTyTh (cM. puc. 2). Modyemy Obl He pasGHUTb HX
Ha napul? MiMeHHo Torza 3071070 ctanu cooTHocuTh ¢ CosHueM, cepe6po
¢ JlyHof#i, meab ¢ Benepoit u T. A. XuMHUecKHe npeBpauleHHs o0bfACHS-
Jiich MHDOTOrHUecKHMH clokeTaMu. BiHAHNHe TeX B3T5/10B YyBCTBYeTCH
u cerognsi. Crapoe Ha3BaHHe HUTPaTa cepebpa [unar caustic, WAy JsINHC,
#BHO YKa3bBaer Ha cBA3b cepebpa i Jlyun. PTyTh nosiyunna HasBaHuHe
OT nuaHeTs! MepKypuii; pTyTh — COBpeMeHHOe Ha3BaHHe MeTa/Lia, a
JpeBHee Ha3BaHue PTYTH — hydrargyrum, T.e. «KHAKOe cepeGpon;
MOYTH HAEGHTHYHO CTapoe aHIVIHHCKoe Ha3BaHHe — wKHBoe cepelpo»
(quicksilver).

Jra Oosiee UM MeHee HaMePeHHast HefICHOCTb f3bIKa XUMHH HMena
IBa OTpHUATENbHbIX cleACTBUA. Bo-mepBbiX, OHa npHBOAMAA K TOPMO-
JKEHHIO Nporpecca, Tak Kak kaxablfl paGoraBmuil B 5ToH obiacTd npe-
GbiBa/l B HeBefleHHH WJM N0 Kpafiell mepe Tepsijicsl B AOTafKaXx OTHO-
CHTEJIBHO TOro, 4eM e 3aHHMalOTCA €ro KOJIerH, TaK YTO Hellb3si OblIo
HH YunTbeCsl HA oluiuOKax, HU mepeHuMarb onbIT. Bo-BTopelx, Jobol Mo-
LIeHHHK H 11apJiaTaH MOT, NpH YCJIOBHH, YTO OH HENMOHATHD U3bsiCHAJCS,
BHIaTh Ce6s 3a cepbesHoro ydeHoro. OTIHYHTE ) YeHOTO OT MiyTa GbLIO
ZOBOJILHO TPYAHO.

[lepBEIM 3HAYHTENBLHBIM MpPeACTABHTENeM Trpeko-ernnerckoro khe-
meia, HMA KOTOpoOro AowJo H Ao Hac, 6ui1 Bonoc u3 Menge (ox. 200 r.
70 1. 3.), ropoaa B aennTe Husa, B ceoux paborax Bonoc ucnoab3osan
umA JlemokpuTa, M moaTomy ero HaswBaoT «Bostoc-IeMokpuT» HIH
unorga «[lcesno-IleMokput». Bonoc nocssiTua cebs ogHolt U3 BamHed-
wirx 3afay khemeia — npeppaiiennio ofHOrO MeTasJa B APYrod, H B
YaCTHOCTH MpPEeBpalleHHIo CBUHIIA HJH XKese3a B 30JI0TO (mpancmyma-
yus).

CorsiacHO TeOpHMH O YeThIpeX 3/eMeHTaX, Pas3jHyYHbleé BeulecTBa Ha
3emJsie passMYalOTCA TOMBKO MO XapaKTepy COYETaHHs 3/1eMEHTOB. IJTy
runoTe3y MOMHO OBLIO NPHUHATH BHE 3aBHCHMOCTH OT aTOMHCTHYECKHX
BO33peHHH, TaK KaK 3JIeMeHTH MOTYT CMEIIMBAaTbCA H Kak aToMbl, ¥
KaK OJHOPONHble BeniecTBa. JIeHCTBHTENbHO, IPEANONOKEHHE O TOM,
YTO CaMH 3J1eMEHTHl B3aHMO3aMeHfAeMbl, He ObLIO JMIIEHO OCHOBAHWI,
Brosge MOxHO OblIO JONYCTHTh, 4TO BOJA NPH HCMAPEHUH [peBpalila-
eTcsi B BO3JlyX, KOTODBIH B CBOIO OYepellb NpeBpaulaeTcsi B BOAY BO Bpe-
Ma foxad. [lepeBo NpH HArpeBaHHH NpeBPAlAeTCsi B OFOHb H JIbIM (BHJ
BO3AYXa) U T. 0.

[Touemy e B TAKOM cjyHae He AOMYCTHTb BO3MOXHOCTBL Jwo6oro
u3MeHeHua? Moxer ObiThb, BCE 3aBHCHT TONbKO OT BbiGopa Merona?
KpacHoBatbili KaMeHb MOXHO, HCIOJb3ysi psif NPHEMOB, NPeBPATHTH B
cepoe xenezo. OxHako BO BpeMeHa AXHaja — XpaGpeiiinero U3 apes-
HerpevyecKHX repoeB 5TH npueMbl ObIIH HeH3BECTHBI, H AXHJLT BHIHYKAEH
6b11 ocaxaars Tporo, obsauuBlunck B Gpon3oBeie gocnexH. [Touemy xe
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HEeJIb31l, MCMOJb3Ysl KaKHe-TO APYrHe CrnocoObl, He H3BECTHBIE BO Bpe-
Mena Anekcanzpa Beaukoro, npeBpaTHTL CEPOE Kesle30 B IKEJITOE
30J10T0?

Ha nporsixenun crosieTHit XHMHKM caM03aGBEHHO CTapajiHCh OThI-
CKarb crnoco6 noaydesus sonota. HekoTopsle M3 HHX NPHILIH K BHIBOY,
YTO GPOILIE M BBITOJHEe CHenaThb BUA, YTO 3TO UM yAaloCh, TaK Kak 5TO
IaBa’o BJACTh H CO3/laBajio penyrauHio. [TonoGHbie MOIIEHHHYECTBa
NPOJlo/KaMICh BILIOTh [0 HOBOTO BpPeMeHH, HO Mbl He OyHeM KacaTbCs
sToi cropoubl khemeia.

Bonoc B cBoux paGorax npuBOAHA MOApOoGHBIE ONHCAHUSA METOAOB
MOJIyYeHHs 30J10Ta, HO 3TO He ObIIO MoOLIeHHHYecTBOM, MoikHo, HanpH-
Mep, COJIaBHUTb Mefb C MEeTaJJIHYeCKHM LHMHKOM H MOJAYYHTH JaTyHb —
ClaB ¥eJTOro LBeTa, T. €. I[BeTa 30/10Ta. BecbmMa BepOATHO, 4TO AN
JApEeBHHX HCClefoBaTeneil HAroTOBNEHHE MeTa/1a liBeTa 30/l0Ta H O3Ha-
YaJ0o H3rOTOBJIEHHE CaMOro 30J0Ta.

Oanako B smoxy JlpeBnero Puma ofuinii ynamaok rpedeckofi KyJab-
TYPH cKasanca ¥ Ha uckycctse khemeia. [Tocne 100 r. H. 3. K cTapeim
3ilaHUAM (aKTHUeCKH fepecTaqd [00aBAATBCH HOBHIE, 3aTO DPaGoTbt
CTaphIX aBTOPOB BCE Yalle W yalle CTalH HCTONKOBLIBATHLCH B MHCTHUe-
CKOM AyXe.

Hanpumep, npubausurenbso B 300 r. H.3. eruntanud 3ocuma
Hanucall 3HUMKJIONeNUI0 — 28 KHHT, KOTOphle OXBaThIBAJM BCe 3HAHHMSA
no khemeia, cobpanHble 3a npeabiaywue O8Th HJIH WeCTb BeKor. Lien-
HOCTb 3TOH 3HUHKJIONEIUH He CAHIIKOM Beluka. KoHeuHo, B Hell MoX-
HO HailTH JMOGONBITHBIE CBENeHHs, B YaCTHOCTH, O MHIUbfiKe. 3ocHMa
onxcaJ MeToAbl MOJNyYeHHsl aueTara CBHHIlA; OH yKasaj, YTo y 3Toro
SIIOBHTOI'O COEAMHEHHsl CJAaJKOBAaTHIH BKYC (Ha3sBaHHe «CBHHILOBBIH ca-
Xap» JOLNIO A0 HalMX AHe#).

Oxonuatesbibiit yaap khemeia Hanec crpax. PHMCKHH uMmmepatop
Jluoknervan Gosisicsi, YTO MOJyueHHe AELIEBOTO 30/10Ta OKOHYATEJbHO
NoJlopBeT WAaTKYl0 SKOHOMUKY pasBanuBatomefics umnepun. O npu-
KasaJ yHHYTOXKHTB TPyAw no khemeia, ¥ 3To ogHa W3 DPHYHH TOro,
roYeMy HX T4K Majo JOHIIO JIO HALUMX JHEH.

Ilpyroii npuuusuoit OblI0 pacnpocTpaHeHHe XPHCTHAHCTBA. «S3bl-
yeckHe 3HaHHA» CTaJMH He NONyJAPHH, a HCKyccTBo khemeia, TecHo cBA-
3aHHOe C JpeBHefl ervneTckoif pesurded, Kasajoch OCOGeHHO MOAO3-
PHTEJNBHBIM, H BCKOpPe OHO (PaKTHYECKH CTaJ0 HeJsierajbHbIM Y.

Hpesunii Pum B 11e/10M CTan OTXOAMTH OT ApeBHErpedeckod KyJbTy-
pel. XpucTHAHCTBO Pa3GUBa/oCh HA CEKTHI, OAHA M3 HMX MPHHSJIA Has-
BaHHe HeCTOpHaHcKo#l — mo uMeHu cupuiickoro Monaxa Hecrtopa,
xupiiero B V B. OprofokcasibHble XpHcTHane KOHCTaHTHHOMOJS Npe-
ClleloBa/¥ HECTOpPHaH, W 4YacTb M3 HHX Oexana Ha BOcTok, B Ilep-
CHIO; [ePCHACKHE MOHAPXH G/1arOBOJIMJIM K HHM (BEPOSITHO, Hajeach
MCroNb30BaTh HX npotus Puma). Hectropuane npusecnd ¢ cobo#t B
INepcuio rpeyeckyro KyAbTYPY; HaWBLICIIMIA OABeM HX BJACTH H BJH-
IHHS NPUXOAMTCH NpHOMW3MTesbHO Ha 550 r. H. 3. ¥
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B VII B. na mupoBoii apene nossuiuch apabbl. o Tex nop oHH
UM H30/JMPOBAHHO B MYCTHHAX ApaBuficKOro noJlyocTpoBa, HO <O
BTOPOH MOJOBHHBI MEPBOro ThicAYeNeTHs MOJ 3HaMeHeM HOBOH pedu-
MU — HcJaaMa, Hadagad HDﬁEllOHOCHOE [IeCTBHE H 3aXBaTHJH OoJbliHe
paiionsl 3amanHoit Asuu u ceepHoit Adpukn. B 641 r. H. 3. onu BTOpPI-
Jauck B Eruner u BCKOpe€ 3aHAJH BCIO CTpaHy, a 4Yepe3 HECKOJAbKO Jier
TaKkas e cyAn6a mocturaa u [lepcuio. BosHukaa orpoMuas apabokas
HMIEpHS.

[Tonpaxasn ApeBHHM BJacThHTeNsM, apabcKue Xaqugbl Hadald [0-
KpoBHUTebCTBOBaTh HayKam, H B VIII—IX BB. nossuauep nepsuie apal-
CKHe XHUMHMKH. Apabbi npeoGpasoBann cioBo khemeia m al-kimiya.
EBponefius no3asee 3auMCTBOBaJMH 3TO ¢/10BO Y apaloB, u B pe3yJ/bTare
B eBpONMeHCKHX A3bIKaX MNOABHAMCH TEPMHHBI «3JXHMHA» H «ANXHMHK».
Tepmun «anxumus» cefidac ynoTpeGAsIOT, KOTAa TOBOPAT O MNepHole
HCTOPHM XHMHH, OXBaThIBalOlleM OKOJIO IBYX THICAYENEeTHH. HayuHasg
¢ 300 r. u o 1600 r.

Bnepseie ¢ khemeia apa0bl no3HakoMHJHCH AOBOJIBHO HEOOGLIYHBIM
o6pasom. B 670 r. kopaGau apaGekoro ¢aora, ocaxnasiiero Koucran-
THHONOJb (CaMmblii GO/bLIOH W CHJBHBIA rOpoj XPHCTHAHCKOro MHpa),
OLLH COMXIKEHBI «IPedECKUM OrHeM» — XHMHYecKOH cMechbio, o6pasyio-
el NPH TopeHHH CHJBHOE MJamf, KOTOPOE He/lb3st MoracHTb BOMOM.
ITo npenanuto, 3Ty cMech M3rotoBus 3anuMasmuiics khemeia Kaanu-
HHK, KOTOpbI Gexanl u3 cBoero popsoro Erunra (ujid, MoXeT ObiTb,
Cupu), cnacasicek ot apabos.

Crpanuusl eBponedckod HCTOPHH XuMHMHM nepuoia mexay 300 u
1100 rr. ¢axruyecku nycrtel. [Tocne 650 r. pasBuTHe rpeko-eruneTcKoi
aNXHMHH TMOJHOCTBIO KOHTPOJNHPOBaJoch apabaMu, H Tak MpoRoNMKa-
JI0Ch B Teyenue nATH BeKoB. Colelibl 3TOro Mepuoaa coXpaHHIHCh B psijie
XHMHUECKHX TePMHHOB C apaGCKuMH KopHsaMu: alembic (nmeperonubift
Ky0), alkali (menoun), alcohol (cnupt), carboy (onnerennas GyThlIb),
naphta (nurpous), zircon (UMpKouu#l) u ap.

CaMBIM TaJaHTIHBBIM H MPOCAABIEHHBIM apaGCKUM aJXHMHKOM ObLI
J:kabup u6n Xaitan (721—815), craBum#t ussectHniM B Espone mosa-
nee mold uMeHeM I'eGep. OH XHJ BO BpeMeHa HaWMBHICIIErO pPacliBeTa
apabekoii umnepud (npy FapyH ainp-Paumge, npociaBineHuom B «Thics-
ya ¥ ofiHoH Houu»). MHorouucienHwle Tpyaw Jxkabupa HanmucaHsl no-
CTaTOYHO MNOHATHLIM A3HKOM. (MHOTHe KHHTHM, NpUNMCaHHBlE eMmy,
npaBia, MOrM OLiTh HaNuCaHbl H No3QHee APYTUMM AJIXUMHKAMH.)
Hoxabup onucaid HAWATHIPHEIH COHPT M MOKas3ad, KaK MPHTOTOBHTB
cBHHLOBbe Gesiuaa. On neperoHas ykcyc, 4ToGwl NMOJIYYHTL YKCYCHYIO
KHCJIOTY — CaMylo CH/BHYIO H3 HM3BECTHBIX B TO BPeMsi KHCAOT. Emy
y1anoCh MOJyYHThb Clabbli PacTBOP a30THOH KHMCJOTHI

Tlkabup M3ydan BO3MOMHOCTb TPAHCMYTALMH METaIOB, H 3TH ero
HCCIeloBaHHA OKasajld CHJbHeMIllee BIHsiHME Ha MOCJAEAyIOLHE NOKO-
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JleHus anxumukos. Jxxa6up nonaran, 4To PTYThb SIBJSIETCS OCOOLIM Me-
TaJlJIOM, TaK Kak 6Jarofapsi cBoell UKol (popMe OHa COACPAKHUT OUYEHb
Mano npumeceli, CTonb e HeoObIYHBIMU CBOHCTBAMH 0O6JiafaeT U cepa:
OHa cnoco6Ha BOCMIaMeHATLCS (M K TOMY JKe OHa XKeJiTasi, KakK H 30J10T0).
Jlxabup cuurtasd, 4TO BCe OCTa/bHBIE CEeMb METaNIOB O6Pa3yloTCsi W3
CMeCH PTYTH W Cepbl, «CO3PeBaioLIeH» B Heapax 3emid. TpyLHee BCero
ofpasyetcs 30710T0 — HanGosee coBepiieHHbifi meTann. Ilostomy, urto-
Obl MOMYy4YUThb 30JI0TO, HeOGXOAMMO HaHTH BEUIECTBO, YCKOPSIOUIEe «CO-
3peBaHHe» 30J0TA.

B cTapuHHBIX MpefaHusX FOBOPHJIOCH, YTO 3TO BELIECTBO MPELCTAB-
JsieT coboli cyXofi mopouoK. I'pekH HasbIBaaH ero xerion, HJIH «CyXoil»,
apadbbl U3MEHUNIH ero Ha al-iksir, H B KOHLE KOHIIOB B eBpomeficKux
A3bIKaX NOABUJOCH cloBo saukcup. B EBpone 3To yauBuTenbHOe Be-
IeCTBO MNONY4YHJIO HasBaHue guasocodckoeo Kamnusa. (BenomHmM, uTo
fo 1800 r. «punocoamu» HasbIBAMH BCEX «YUEHBIX».) DJIHKCHDP ROJIKEH
Obl1 06n1anaTh W APYTMMH UyNECHHMH CBOMCTBAMH: M3J/IeUHBAThb OT BCEX
Oonesnedl W, camoe ri1asHoe, AaBaTh OeccmepTue. U B mocienyiomme
CTOJIETHA ANXHMHKH LM ABYMs Mapa/JieJIbHBIMH TYTAMH: OJHH HCKa-
JIM 30JI0TO, IPYrue — 3JUKCHP KM3HH, [aBaBlIMi GeccMepTHe.

Hpyro#i apabekuit anxumuk Ap-Pasu (865—925), crapumii u3-
BecTHBIM B EBpone non umexeM Pasec, saHuMasncs MeIUUHHOH H a/IXHu-
mueli. OH 3aBoeBan NMOYTH TaKYIO }Ke H3BECTHOCTh, Kak u Jlxabup. Ap-
Pasy omucan MeTOOHKY NPUIOTOBJIEHHS] PHICA H Crocofa HANOKEeHHs
runcoBoil MoBsidku M1 ¢HKcauud cloMaHHOH KocTH. OH M3yyus H
onvcaJ MeTaliHueckylo cypemy. Jlxabup paccmaTpuBan cepy Kak
MPUHUHN TOPIOYECTH, PTYThb Kak NPHHUMN MeTaaauyuoctd, Ap-Pasu
Ao6aBu K 3TUM JByM MpPHHUHNAM TpeTHH — NPHHUUN TBEepPIOCTH,
UK codb. Jleryuas pTyTh M BOCILlaMeHAlomascs cepa oOpasoBLIBAIH
TBep/ible BeulecTBa TOAbKO B MPHCYTCTBHH TPeTbero KOMIOHEeHTa —
COJIH.

Ap-Pasu uHTepecoBascs MeIMUHHOH OGonbe, uem Jxabup, HO
caMbiM 3HaMEHHTHIM BpadoM Obln 6yxapeu M6H-Cuna (ok. 980—1037),
ropasfio Gonee W3BeCTHHIH NOA JATHHU3HPOBAHHEIM HMeHeM ABHIeHHa,
Ero couuHeHMs cayxuJIH BaxkHefiLIMMH DYKOBOACTBaMH [JI1s Bpaueil B
TeyeHHe MHOrMX BeKoB. ABHIEHHA eIMHCTBEHHBbIH H3 aJXUMHKOB He
BEPHJT B BO3MOXXHOCTb MOJYYEHHA 30/10TA M3 APYTHX METAJJIOB.

Bospoxpnenne B EBpone

ABuuenHa Obl1 MOCMEHHM KPYMHbIM YYeHbIM apaGCcKOro MUpa; Ha-
cTynana nopa ynaaka. OnycTtomuTenbHble HaGern MOHFOMbCKHX OPJ yC-
KOpHJsM 3ToT npouecc. LleHTp HayyHOH MbIC/IH BHOBb MepeMecTH/ICA B
Espony.

B 1096 r. Hauajca nepshHifi KpecTOBHIH MOXOA; XpHCTHaHE Hayaju
OTBOEBbLIBATb y MyCyJbMaH 3axBauyeHHble UM 3emau. B 1099 r. xpu-
CcTHaHe 3aBoeBain Mepycanum. Iloutn nBa croseTHs Ha nobGepexbe
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Cupun npocyWecTBOBaNo XpHCTHAHCKoe rocyaapetso. [lpousouuio He-
KOTOPOe cMelleHHe KyJbTyp, H FOpCcTOYKa XPHUCTHaH, BO3BPAaTHBIUHXCH
B EBpony, no3HakoMu/a eBponeiilleB ¢ JOCTHKEHUAMH apabcKol HayKH.
B 10 e camoe BpeMs XpHCTHaHe MocTeneHHO Bo3Bpallaid cebe Hcena-
HHIO, 3aXBaueHHyi0 apabamd B Hayane VIII B. Bo Bpems aTux Boiin
XpucTHaHckas EBpona y3uasa o 6aecTsuleil MaBpuTaHCKOH LHBH/IH3a-
unu ¥, EBponefiubl ysHaau, yTo apabbl — o6.ajaTesy KHHXKHBIX cO-
KPOBHII: NepeBefeHHHIX HWMH TPYAOB TPEYECKHX Y4YeHBIX, Hampumep
ApucToTens, d COYHHeHHH CBOHX YueHBIX, HanpuMep ABHIEHHBI.
Hecmorpsi Ha conpoTusiieHue apaGoB, He »ejlaBIUMX MNepelaBaTh
CTOMbL lEHHbE TPYAbl CBOEMY 3aKJATOMY CMepPTeJbHOMY Bpary, Haua-
JIMCh TIOMBITKA MepeBoja 3THX TPYAOB Ha JIATHHCKWH A3bIK. DTOMY Ha-
YHHAHHIO BCAYeCKH crocoGeTBoBan ¢paHuysckuil ydyeHerii [epOepr
(ok. 940—1003), koropuiit B 999 r. cran manofi CuabBectpom II.

Aurnuiickuil yuennii Pobept us Uecrepa Obln1 cpend Tex, KTo mep-
BbIM mepeBen (oK.1144 r.) apaGckue TPyAbl MO aJXHMHMH Ha JaTHHCKHA
A3bIK. Y HEero Hauwloch HeMajo nocaefosaTeneii. JlyduinM nepeBoil-
yakoM Geil WTanbsHen, Fepapa Kpemonckuii (ok. 1114—1187). Bone-
IIYI0 YacTh CBOeH JKH3HH OH MpoBes B HcnancKoMm ropome Toneno, xo-
TOpuIHl Gbi oTBOeBaH XpHctHaHamu B 108D r., u mepeBen ¢ apabckoro
A3blKa 92 TpaKTaTa.

Hauunas ¢ 1200 r. esponefickie yyeHble Morsu, OJH3KO MO3Ha-
KOMUBIUHCL C Hac/efMeM aJXHMHKOB MpOLIIOro, NONBLITATLCH BHOBH
JABHHYTbCA BMepel MO TEpHHCTOMY MYyTH MO3HaHHS.

[lepeeiM BuAHBIM epponefickum anxumukom Gbit AnpGept Bonbuu-
Tenckuii (okosmo 1193—1280), Gonee usBecTHulHi Kak AnbGeptyc Mar-
Hye (Aabbepr Besnuxkuii). OH TulateabHO u3yuns paboTel ApucToress,
4 uMeHHO Gnaronaps emy ¢uaocopusi Apucrorenss mpHobGpena ocoboe
8HaueHHe [1/19 Y4YeHHIX MO3JHEro CpelHeBeKOBbs W Hayaaa Hosoro
Bpemenn. AnpGept Benmnkuit B OMUCAHMAX CBOMX aJXHMHYECKUX OIlh-
TOB JaeT HacTOJIbKO TOYHYIO XapaKTepHCTHKY MBIILbLAKY, YTO eMy HHOTAa
NPUNHCHIBAIOT OTKPBLITHE 3TOTO BellecTBa, XOTd, MO KpaiiHelt mepe B
NpUMecsX, MbIUbSK Obl H3BeCTeH ANXUMHKAaM H 10 HEro.

CoBpementukom Anbbepra Beankoro 6bln aHrMECKHA yueHBIH MO-
#ax Pomxep Bakon (1214—1292), koTopuiit usBecTeH ceroiHsi npemne
pcero 6aarofaps CBOEMY YETKO BHIpaXKeHHOMY yO0exAeHHIO, Y4TO 3a/0ToM
[IPOTpecca HayKH ABJAIOTCS 3KCNEepPHMeHTa/lbHan pabora u NpUAOKeHHe
K HeW MmatematHdyecKuX meronioB ¥. OH Obi1 Nmpas, HO MUp eme He Gbl1
roToB K sTomy. B3KOH NombITa/lCcA HamucaTb BCEOOINYIO SHIMKJIONEIHIO
3HaHHH ¥ B CBOMX paboTax a7 mepsoe omHcaHue mopoxa. MHorza ero
Ha3bIBalOT U3o6peTaTesieM OPOXa, HO ITO He COOTBETCTBYET AeHCTBUTE b
HOCTH: HacToaumi H3ofpeTaTeslb ocTancs HeusecTHhM. C uaoGpere-
HHEeM Mopoxa ® cpe[HEBEKOBble 3aMKH MepecTalu GuITb HENpHCTY NHb-
MH TBEDALIHSMHM, a nemui BOMH cTai Oosiee onaced, YeM 3aKOBaHHbIf
B JlaThl BCajHUK.
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CouuHeHHs CpelHeBEKOBHIX alXUMHKOB — HCMaHcKoro Bpaua Ap-
Hanblla u3 Bunnanossr (ok. 1240—1311) u Patimyuna Jlyanus (1235—
1313), cospemennukoB BskoHa, MpOHH3aHBI MUCTHYECKHM AYXOM ajiXH-
MHH (MpaBAa, COMHHMTENbHO, YTO OHH B JAeHCTBHTENLHOCTH ObiJIH
aBTopaMH 3THX pabor). 3T TPyAbl B OCHOBHOM [MOCBSILIEHB! TPaHCMY-
-tauuu. Cunranocs, uto JIy/aauit Aaxe M3roTOBAN 30/I0TO ANIA PAcTo-
uyTeJbHOro Kopoas Auraumu Inyapaa 11.

Hms camoro BUAHOrO M3 CpeIHEBEKOBLIX aJXUMHKOB OCTa/lOCh
HEU3BEeCTHLIM; OH MOAMHCbIBAA CBOM TPyAwl umeHeMm [lxabupa, apaGc-
KOro alXumHKa, JKHUBLIEro 3a luecTb BekoB JAo Hero. 3toT «[lcesno-
Jlxa6up» 6bl1, BepoaTHo, ucnanuem u xua B XIV B. [cesno-Ixabup
NepBLIM OMUCaJ CePHYIO KHCJOTY — OLHO M3 CAMBIX Bay<HBIX COeHHe-
HUH cerofHaumHell XUMUM (Mocae BoAbl, BO3AyXa, yris u Hepru). On
Takxe onucal, kak ofpasyercsl CHIbHas a30THas Kuciora. CepHylo
M CH/JbHYIO a30THYIO KHCJOTBHI MOJy4al# H3 MHHEpaJoB, B TO BpeMs
KaK Bce paHee H3BECTHbie KHUCJOTHI, Hampumep, YKCYCHYIO KHCIOTY,
NIOJIy4ay U3 BEUECTB PACTHTENbHOTO WJIH *KHBOTHOTO MPOHCXOMKAEHHS,

OTKpBITHE CHJIBHBIX MHHEpaJbHBIX KHCAOT ObUIO CAMBIM BaX<HLIM
JNOCTHKEHHeM XHMHM [ocle YCMeumHoro NoJdydeHHs Kenesa U3 Py
npumepro 3a 3000 ner go Toro. Mcmonb3ysa cunbHBIE MHUHEpabHBIE
KHCJIOTHI, eBpONeiicKHe XUMHKH CMOIJIH OCYLIeCTBUTb MHOTHE HOBble
peaKuu{ ¥ CMOTVIM PacTBOPHTH TaKue BellecTBa, KOTOphle JpeBHHE Tpe-
KH ¥ apalbbl CUNTa U HEpACTBOPHMBIMU (Y TPEKOB H apaGoB camoi CHJTb-
Hofi KucaoToH Obl1a YKCyCHas).

MuHepanbHble KHCJIOTH Jald 4Ye/lOBEUeCTBY ropasio Goublie, uyeM
morsio Gbl AaTh 30JI0TO, ecu Obl €ro HayuWJauCh MNOJNYYAThb TPAHCMY-
Tatedl. Eci 66 30/10T0 nepecTalo GbiTb PelKUM MeTallsloM, OHO MIHO-
BeHHO Obl oGecueHusaoch. LIEHHOCTE Ke MHHepaJbHBIX KHCIOT TeM
Bbllle, YeM OHM JelieBse u poctynHee. Ho, yBhI, TakoBa uenoBeye-
cKasi NpHpoga — OTKPHTHE MHHepaJbHBIX KHCJOT He NMPOW3Beso Blie-
yaTJieHus, a MOUCKH 30/10Ta NPOLOMIKAIHUCE.

[Ilno Bpems, W aNXuMHs nocide MHoroofeulalolulero Hayasla cTala
BHIPOXKIATLCS B TPeTHH pa3 (B mepBblii pa3 y rpekos, BTOpoii — y apa-
-6oB). [louck 3070Ta cTan AenOM MHOTHX MOLJEHHHKOB, XOTH W BeJHKHE
yueHble faxe B npoceemeniom XVII B, (Hanpumep, Boiab u HbtoTon)
He MOTJIM yCTosATb OT co0Jla3Ha MOMNLITaThes AOGHTbCA ycleXa Ha 3TOM
nonpuiie.

U BuoBB, kak npu [uok.neTHaHe, H3y4eHHe aJXHMHU OBLIO 3anpe-
ueHo. 3anpelileHne NpecnefloBano [Be UeNu: Helb3si ObIo A0NYCTHTDH
ofecueHMBAHHS 30/70Ta (BAPYr TpaHcMyTauus yaacresal) W HeoGXo-
Jumo Obl1o GopoTbest NpoTuB MoweHHuyectsa. B 1317 r. nana Hoanu
XXII openan anxumuio aHademe, H YecTHbIE ANXHMHKU, BHIHYKIeHHbIE
CKpHBAaTh, YeM OHH 3aHHMAIOTCSs, CTajH U3BACHATbCA eule Ooslee 3ara-
JOYHO, XOTSl JKYJbHHYECTBO Ha MOYBe aNXUMHMH MpOLBeTalo, KaK H

npexze.
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Onnako BeTpnl mepemen B Espone ywe Gymwesanu. Bocrouno-Pum-
ckast (w1 BusanTuiickas) iMnepus N0xuBaNa nocaenuue auu, B 1204 r.
cronuua umnepud KoHcTanTHHONONb GBI BApBapcKu pasrpabieH Kpe-
CTOHOCIAMH, W GOJBbLIMHCTBO TAaMATHHKOB TPeYeckodl KyJbTypbl, CO-
XPaHHBIIUXCA K TOMY BPeMeHH, ObIIO NOMHOCTBIO pa3pyueHo. B 1261 r.
rpekH BepHYJIu ropof, HO OT MPeKHero ero BeJIMKOJENHUs yiKe He coXpa-
HUJIOCh W caela. B nocaenylomue ga croneTus BoOMCKa TYpeLKHMX 3a-
BoeBareNeil Bce HeyMonumee MpHOAHAKaMHCh K ropoay, W B 1453 r.
KoHcTaHTHHONONL Nanl W HaBcerfa crad TypenkuM. Crmacasich OT Ha-
WecTBUS TYPOK, TpedecKHe ydyeHule Gexain B EBpony, U Te 3HaHud,
Te TpaiHIMH JpeBHerpeyeckoil HayKH, KOTOpbie OHM MPHHECTH C COo-
Goii, okasaiu MollHOe cCTHMyJHpyioilee AefictBie. B Eppone Havanca
nepuol KpPONOT/IHBEIX HCC/eNoBaHUH U BaXHBIX OTKPBITHIA.

B XIII B. 6bi21 u306peTeH MarHUTHLIA KOMAAC H Hayalo PasBHBATLCA
Mopeniaauue. CHauala OblI0 NpOBeNeHO H3yueHue noGepembs Adg-
pHKH, a B 1497 r. cosepuieHo nmyTemecTBUE BOKPYT 5TOrO KOHTHHEHTA.
EBpona Hauana ToprosaTh HenocpeiacTBeHHO ¢ Muaueli u Apyrumu cTpa-
HaM{ 3TOro peruoHa, He npuferas K NocpeHHYECTBY MYCYJbMaHCKHX
crpad. Eme Gonee BnewatnsiomuMu Gbitd nyTewectsusi Xpucrodopa
Konym6a (1492—1504 rr.), Gnaromaps koropeM (xoTs cam Konym6
HUKOrJla He rnpusHaBa/ 3Toro ¢akTa) Oblla OTKpBITa ApYras IOIOBHHA
MHpa.

EBponeiiubl y3HalH TaK MHOTO HOBOIO He H3BECTHOTO BeJHKHM
rpedeckuM duocodaM, YTo BOSHHKAJO OUlylleHHe, 4TO TPeKH B KOHIe
KOHLOB Obl/iu OObIYHBIMH JIIOAbMM, KOTOpPHE, KaK W BCe JIOAH, MOIVIH
owHGaTbes, U NO3TOMY HeoOf3aTellbHO NPHHHMATL Ha Bepy BCe HX
yTBepxKaeHHs. EBponefiisl jJokasand CBOe NpeBOCXOACTBO B HaBHra-
LHH, C/eJoBATeNbHO, MOXHO OHJIO MONHTAThCA MPEB30HTH HX U B APY-
FHX HayKax.

B stom ke «Beke OTKPHTHH» Hemeukuil naoGperatens Horann I'y-
TeHGepr (ok. 1397—1468) usobpes nepBHIi MedyaTHHA CTaHOK ¢ IOM-
BHXKHBIMH JHTePamH, cobupas KOTOpHE B TeKCT MOXHO Obl10 Harme-
yaTaTh /MoOylo KHUTY. Bnepebie B HCTOPUH CTAN0 BO3MOKHBIM BbIMTYCKaTh
AeleBble KHHTH U B JocTaTouHOM KoauyectBe. OnHOM u3 mepBbiXx Obla
HaneyaraHa nosMa Jlykpeuns (cm. ra. 1), 6narogapa koropoi B Espomne
IIMPOKO pachpocTpaHuJ/och aToMHcTudeckoe yueHHe. C usoGpeTeHueM
KHHrone4aTaHus HemonyJispHele B3MJIAAB He HCYe3add TOMbKO MOTO-
My, 4TO HHKTO HE XoTeJ B3sATb Ha ce6s TPyA MO Nepemucke TaKHX
KHHT.,

B 1543 r. 6buu HaneyaTaHsl [Be KHHTH, aBTOPhl KOTOPHX BbiCKa-
3bIBa/lH OYeHb CMe/ble N0 TeM BpeMeHaM B3IMVIAAH. ABTopoM ONHOH H3
3THX KHHT Gbin monbcku# actpoHom Huxonaih Konepunk (1473—1543),
yTBepxIaBHil, 4To uenTpoM BceenenHo# asaserca He 3emis, KaK C4H-
Ta/i fpeBHHe actpoHombl, a CosmHue. ABTop Apyro#t KHurd — duamasi-
ckuil aHatom Amnppefi Besanus (1514—1564) — ¢ GecnpumepHoit 1o
Hero TOYHOCTbIO onucal/ aHaTOMHIO 4enoseka. Tpyn Besanus, onupas-



26 Taaea 2

mierocsi Ha JIMYHbIE HaOJIIONEHHH, ONPOBepPrajl MHOTHe MpelcTaBJ/eHus,
BOCXOJHBIIHE K JIPeBHerpedyecKHM HCTOUHHKAM.

310 OAHOBpEMeHHOe HHCMpPOBEpIKeHHe TpPeyecKoil ac:'rponomuu H
MENHLHHBI (XOTs Tpedyeckue NpeACTaBJEHUsS B psjie MECT eile rocrnof-
CTBOBa/H B TeyeHHe CTOJIETHsI W jaxe Oojee) O3HAMEHOBAJO Hayalo
HayuHO! PeBOJIIOUHH, KOTOpast MPOHWKANA B MUD aJXHMHH BecbMa Mell-
JIEHHO, MpOSIBJISISICb B OCHOBHOM B MHHEPAJOTHH H MelHHHHE.

KoHen aaxumuu

CoBepweHHO yHOe TIOHHMaHHe 3aflay XHMHH HaMeTHJoch B paboTax
IBYX COBPEMeHHHKOB Bpaueli — Hemua [eopra Bayspa (1494—1555) #
¥ wBeilnapua Teoppacta Bombacra don lorenreiima (1493—1541).

Baysp, Goslee u3BecTHLI moA umeHeM Arpukosel (YTo B mepeBofe
C JIATHHCKOIO 03HAuyaeT «KPecThbAHHWH»), HHTEPecoBaJCA MUHepaJoTHel
¥ ee BO3MOMKHOH CBA3bIO ¢ MexduuHOH. [lonbiTKH OOHapyXHTBL Takyio
cBsi3b (KaK W coueTaHHe Bpay-MuHHepaJor) Booblle XapaKTepHbl /s
XHMHH TOro Mepuofia ¥ MNOcJeAyUHX IBYX ¢ NOMOBHHOH croseruii.
B cBoeii kuure «O meramnyprum» ? («De Re Metallica») (puc. 3), us-
nNanHoi B 1556 r., Arpukosa CHCTeMaTH3MPOBaJ NpPaKTHYECKHE 3Ha-
HHM$, MOYEPTHYTHIE UM Y COBPEMEHHBIX €MY PYIOKOIOB.

Ora KHHra, HanucaHHAA MOHATHBIM F3LIKOM, C NPEKPACHLIME HJI-
JIOCTPAUHSIMH 1aXTHbIX YCTPOHCTRE cpasy Ke cTala nonynspHoit u
CYMTaeTCs KaaccHyecKoil paboroii M B Hawe BpeMs *. JTo camas 3Ha-
yHTeNnbHad paGoTa MO XUMHYeCKOH TEeXHOJOTHH, MOABHBINAACH 10
1700 r.; co BpeMeHH ee M3JaHus MHHepaJorus Oblla NpH3HAHA Kak
Hayka. (Camoil ueHHo# KHMTO# mo MeTaanypruu u obuieH npuk/aanHoh
XUMHH 0 Arpukosbl cuuTamH TPy MoHaXa Teoduna, BeposiTHee BCero
rpeka, muBiuero npumepHo B X B.)

®on lorenrefiM BOlIeJ B MCTOPHIO NOA BHIGPAHHEIM HM CaMHM HMe-
#eM [lapauensc, T. e. «npeBocxopsmui Lienbcar. Llenbe — apeBHepuM-
CKHH ydYeHbifi, nHcaBIMil O Mexullise. Ero Tpyasl, Hesalo/lro A0 TOro
HameyaTaHHble, OKa3a/uch {Gnarofaps Ilapauenecy) npeamerom upes-
MEPHOTO U HeoOOCHOBAHHOTO MOKJIOHEHHS.

[Mapauensc, kak u ABHilenHa (cM. pasi. «ApaGul»), cuuTan, 4To
OCHOBHasi 3ajiaya aJXUMHH — He MNOMCKH NyTeH mnonydyeHUs 3070Ta,
a H3roToBJeHHe JekapcTBeHHHX cpencts . Ilo [lapauenbca B Ka-
9ecTBe TAKOBLIX MCMOJb30BATNCh NPEHMYLIECTBEHHO PacTHTEbHEE Mpe-
napatel, Ho [lapanesnbc cBATO BepHa B 3d)(HeKTHBHOCTL JIeKaPCTBEHHBIX
CpeicTB, M3TOTOBJNEHHBIX H3 MHHepanoB. Hecmorps Ha CBOE HEraTHB-
HOE OTHOIUEHHe K Hee TpaHcMyTauHH, [lapauensc 6bi1 a1XHMHKOM CTa-

* HHTepecHO, 4TO efHHCTBEHHBI NepeBOAd Ha aHTIHACKHA A3bIK paboThl ATpHKO-
A, onyﬁnuxonauuuﬂ B 1912 r., ¢ maMoCTpalHAMH H3 OpHTHHaNa Obinl caenan lepGep-
tom yBepom — GuBmm npesugentom C (o mpodeccHH ropHEIM HHMKeHepoM) H
€ro KeHo#.
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poii wkons. OH NpuHUMaN ApeBHErpeyeckoe yueHHe O YeThipeX 3Je-
MeHTaX-CTUXHAX M yueHue apaGoB O TpeX 3JjieMeHTaX-lpHHUHNAX
(pTYTb, cepa M cONb), UCKaN SMUKCHDP XKH3HU (W Jaxe yTBepAal, 4TO
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Puc, 3. Tutyabhbili JHCT KHATH ArpHKOHL

Hates ero). [lapanenbc Gbl1 yBepeH, 4To OH OTKPHIT MeTalJaHYECKHH
UHHK, ¥ HHOTAa YecTb 3TOr0 OTKPLITHA AEHCTBHTENBHO MPHIHCHIBAIOT
emy, XOTf UHMHK B COCTaBe PVILI H B CJiaBe ¢ MeAplo (/1aTyHb) GBI H3-
BeCTeH emle B IpeBHOCTH. Tpyawl [lapauenbca Bbi3bIBa/iH CHOPHL Aawe
mo/jBeka cnycTd nocne ero cmeptd. [locienoBarenn [lapauensca ycu-
JHJH MHCTHYECKOE COepPXKaHHE B3T/IANOB CBOErO YUYMTe/As H CBEJH
HEKOTOphE M3 HHX 10 cyeBepHH *, W 370 B TOT mepuon, Koraa anxu-
MHKH Hauald CTPEMUTbCS K KOHKDETHOCTH M DaluOoHain3My!
Hemeukuit Bpau anxumuk Aunpedi Jlubay (ox. 1540—1616), us-
BeCTHHIH Moj /aTHHH3HPOBAaHHBLIM uUMeHeM JluGaBus, ony6aUKOBal B
1597 r. «Anxumuio» — nepebli B HCTOPUHM YUeOHHK XHMHH.
Jlu6asuii nepsbiM onucas NPHToToB/JAEHHE COMsIHON KHCJAOTHI, TeT-
paxJiopuia ofoBa, Cy/Ih(paTa aMMOHHS H «llapCKOH Bonku» (agua regia) —
CMEecH a30THOH M coJAHOH KHCJ/OT, MOJy4YHBIUEH cCBOe Ha3BaHHE H3-3a
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CrocoGHOCTH PacTBOPATL 30J10T0. JIWGaBH# CYHMTA], YTO MUHEpaJbHHE
BeLleCTBa MOXKHO Ofo3HaTh No (opMe KpUCTAMIOB, MOMYdYeHHBIX fOCAE
ycnapenus pacteopa. Tem He MeHee OH Obl1 yBepeH, YTO fpeppalleHue
MeTaJlJIOB B 30J10TO BO3MOMKHO U OTKPHITHE Coco6a H3TOTOBNEHUs 30/10Ta
SIBUTCH BEHIIOM XMMHYeCcKoH HayKH, XOTA ¥ oH coryiawadcs ¢ [Tapauens-
COM B TOM, YTO OCHOBHAfd 3afaua AaJXUMHH — CJAYKHTb MeJulHHEe.
B cBoem Tpyze, HamicaHHBIM YeTKUM, siCHBIM sI3bIKOM, JIHGaBH#H spocT-
HO aTakoBa/d TyMaHHbIE TEOPHH, KCTOPHle OH HasblBaJ «lapauesbCHaH-
CKHMH»,

B 1604 r. nemeukuii usnareab Horanu Ténbae BbIyCTH KHUTY He-
Koero cpenHeBekoBoro Modaxa Bacuaus BanenTtnna (ckopee Bcero
910 GBI NceBAOHUM camoro Ténbae), osariaeieHHywo «TpuympanbHas
KOJIECHULIA aHTUMOHHA», KOTOpas MOJYYHJa LIHPOKYIO H3BECTHOCTD.

HanGonee BuaHbIM npeicTaBHTeJeM HOBOTO HanpaBJeHHs B XHMHH
6uin Hemenkuii xumug Horaun Pyponsd I'mayGep (1604—1668). Bpau
1o 00pas3oBaHHIO, OH 3aHHUMAJC Pa3pabOTKOH W COBEepLIEHCTBOBaHHEM
MeTOIOB MOJydeHHS pa3/HUHBIX XMMHYecKuX BemectB. [nayGep pas-
paboTan MeTol MOJYy4YeHUs CONAHOH KHCJOTH BO3/IeiiCTBHEM CcepHOM
KHC/IOTH Ha MOBapeHHYIO COMb. TmaTelbHO W3Y4YHB OCTaTOK, nojiyya-
eMbIl noc/le OTrOHKHM KHCAOT (cyabgar Harpusa), [naybep ycraHoBuds,
YTO 3TO BEUIECTBO 00JafiaeT CHUJBHBIM CaabuTeNbHbIM JeficteueM. OH
HasBa/l 3TO BeIleCTBO «yAMBHTe]bHOH co/ibio» (sal mirabile) n cuuran
ero nanaueedf, nouty snuxcupoM xu3HH. CoBpemenHuku I'nayGepa nas-
Banu 3Ty COJMb TJlayGepoBO#, ¥ 3TO HasBaHHE COXPAHWIOCh A0 HALIUX
Aunelt. T'nay6Gep 3aHsncs WM3rortoBjeHHeM 3ToHl coiu W psija APYyrux,
N0 ero MHeHHIO, UEHHBIX JeKapCTBEHHBIX CPeNCTB H JOCTUT Ha 3TOM 10-
npuute ycrexa. JKusub I'ay6epa Geia menee GoraTa GypHBIMH COGBI-
THSIMH, 4YeM KU3Hb €ro COBpPeMeHHWKOB, 3aHHMaBIUMXCA [OMCKaMu
nyTedl Mmoay4eHus 3o/10Ta, HO OHa Obl1a OoJee 6JsaromnosydHoi.

JHaxe Te, KTO GBI IVIyX K HayYHEIM AOBOJAM, He MOTJIH He MOANAThCS
BAUSAHHIO peadbHOH Xu3uW. PasBuBaioliMecss HayKa O MuHepaaax H
MeIHUHHa OKasalHCh HACTOJNbKO 3aMaHYMBBIMH H JAOXOAHBIMH, UYTO He
ObLI0 HHKAKOrO CMBIC/IA TepsiTh BpeMsT Ha HeCKOHYaemble GesyclemHbie
NONHTKA MOJYYHTh 30J10TO.

U peiicreutennho, B XVII B. 3HaueHne alXxuMuH HeyKJOHHO yMeHb-
masock, a B XVIII B. ona mocrenedso crana TeM, 4To Mhl CeroiHs Ha-
SblBaeM XHMHeH.
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Mepexoauniit nepuon®

HUsmepenue

Hecmorpss Ha OypHoe pasBHTHe, XHMUYecKas HayKa B oNpele/eH-
HOM OTHOIUEHHH BCe-TaKH oTcTaBajda OT APYyrux obnacTelt 3HaHHs.

Tak, Hanpumep, B acCTPOHOMHH 3HauyeHHe KOJHYECTBEHHBIX H3Me-
pednil ¥ HeoGXOAMMOCTb MaTeMaTHueckoH 006paboTKH NaHHBIX OblaH
ysACHeHBbl eille B JpeBHHe BpemeHa. OOGbAcCHAETCs 3TO cKopee BCero
TeM, UTO acTpoHOMUYeckue MpobseMbl, paccMaTpHBaeMble APEBUHMH,
6BL1H OTHOCHTE/ILHO MPOCTHl H HEKOTOPbIe U3 3TUX NMpobjeM MOXHO Gbijio
pemaTb, MOMb3YsCh TOAbKO MJIaHHUMETPHEN,

Uranosauckuit yuennit [amuneo [lanunedt (1564—1642), uayuqae-
mui B 90-x rogax XVI B. nagenne Ten, nepBrIM nokasai HeoOXOAHMOCTb
TIATeNbHbIX H3MEpEeHUH H MaTeMaTHyecKOoH 06pafoTKH AaHHBIX (U3H-
YeCKOro sKcmepuMeHTa. Pesy/nbTaThl ero paGoT MOYTH CTOJeTHe CHyCTs
NpuBeJH K BaXKHbIM BBIBOAaM aHryMiickoro ydeHoro Mcaaka Helotona
(1642—1727). B cBoefi kuure «Hawana wmatematuku» («Principia
Mathematica»), onyGaukosanHo# B 1687 r., HbioTon copmyuposan
mpu BaKoHG OB8uUJenuA, KOTOPHIMH 3aBepuiH/ach pa3paboTKa OCHOB
MexaHuKu, Ha Gase 3THX 3aKOHOB B MOC/IeAYIOMIHE ABa CTONETHS pas-
BHBa/ach KjaccH4yecKasd mMeXaHuka. B Toii e kuure Huioton copmy-
JHpPoBad M 3aKOH THATOTeHHR, KOTOPbIH Gosiee ABYX BEKOB TaKMKE CJy-
}HJ BMOJHE NpHEMJeMbiM OObsSiCHEHHEM ABWMKEHHA [MJaHeT H 3Be3l-
HbIX CHCTEM W O CHX IOp CMpaBe/lJIHB B Mpefeaax npeacTaB/eHHH KJac-
cuvecKoll mexaHuku. [Ipu BeIBenennu 3akoHa Tarotedus Hblotod npH-
MeHHJl TEOPHIO YHCeN — HOBYIO H MOMIHYIO O0JAcTh MaTeMaTHKH, Ko-
TOPY10 OH caM M pa3padaThiBal.

[Tpu Herorone HayyHas peBontollds AOCTHrIa cBOeH BHICIIEH TOYKH.
ABTopuTeT [peBHerpeyecKHX TeopHH OBJI 3aMeTHO noxosebseH, yue-
Hple 3anaaxofi EBpPOMNE HAMHOTO NpeB30LLIH HX, H MOXHO ObLI0 GoJTbuie
He Or/AlbiBaTbCa Hasal.

B XuMuu nepexoj OT MPOCTOro KauecTBEHHOTO ONMHCAHHS K Tila-
Te/IbHOMY KO/IMYECTBEHHOMY H3MEPeHHIO Obll OCYUIeCTB/EH JHIb CTO-
netue crycrs nocie oTkpuiTHii Hblotrosa. Kak 310 HM napalokcasb-
HO, HO, BO3BOAS 3JaHue KJaaccHYeckKoH acTpoHoMuM H (pU3MKH, TpaH-
IMO3HOCTb H KpacoTa KOTOPOTO BOCXMTHJIH HayuHbli mup, Heloron
OCTaBaJicsl MpHBEPKEeHIeM aJXHMHH H CTPACTHO MCKa/ pelenT mpeppa-
IleHUA MeTallla B 30J10TO.
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Ho XumuKM JHub OTYACTH BHHOBATHI B TOM, YTO NyTh K HEOCYIe-
CTBUMOH 1eMu okasa/icsi cToab moiruM. Bee gmeso B Tom, 4To Konuye-
cTBeHHble MeToAnl [amunes u HbloToHa oueHb TPYAHO NPHJIOKHTL K
xuMuu. Befb fns 3TOro Heo6XOAHMO pe3yJbTATHl XUMUUECKHX OMNLITOB
npeicTaBUTh TakKHM o6pasoM, YTOoObl MX MOMKHO OHVIO MOABEPrHYTH
MaTteMaTHueckKoH oGpaGoTke.

M Bce ke XMMHKM Aenanu ycnexu, M yxe Bo BpeMeHa [anuses
Habalofanuch cnabble NMpUMeTH TPAAYUIEH PEBOMIOUHH B XHMHH. DTH
NPUMeTHl HMeJHCh Hanpumep, B pafore (aiaMaHackoro Bpaua HHa Ban-
tdcTa Ban lenbmonra (1579—1644). Ban lenbMouT Bhipawumsan nepeso
B 3apaHee OTMepeHHOM KOJIHYeCTBe MOuBBI, KyZAa CHCTeMaTHYeCKH [0-
GaBnisin BOAY, M CHCTeMaTHYeCKH TUlAaTeNbHO B3BeuidBai aepeso. [lo-
ckonbKy Ban TelbMOHT Hafiesiicsi 0GHapYKHUTb HCTOYHUK MKHUBOH TKa-
HH, obpasyemoil IepeBOM, TO MOXHO CKa3aTb, YTO OH MPHMEHSA HaMe-
peHHe u B XHMHH, H B GUosOrHH 2.

Ilo Ban T'enbMOHTa eIWHCTBEHHBIM H3BECTHBIM W H3YUeHHBIM BO3-
AyxononoGHeIM BellecTBOM Gbl1 caM BO3AyX, KOTOpPHIH KasaJjcs JOCTa-
TOYHO XapaKTepHHIM H HENOXOMHM Ha JPyrHe BeulecTBa, YTOObl ApeB-
HYe IDeKH MOCYHTaNH ero OJHUM H3 3jemeHToB (ra. 1). HecomHeHHO
alXHMUKH B CBOHX OMBITAX 4acTO MOJYYa.Jd 4YTo-To MoAoGHOE «BO3MY-
Xy» H «Iapy», HO 5TH BeulecTBa OblIH MOYTH HEyJOBHMBI, HX TPYAHO
6bLI0 H3yuaTh H HaGaOJaTh W Jerko Gulo He 3ameTuts. O TOM, 4ro
K 9THM BellecTBaM OTHOCHJIMCh KaK K TaWHCTBEHHBIM, FOBOPAT XOTA Obl
UX HasBaHuA. Tak, CIHPT B nepeBoflie ¢ JIATHHCKOro O3HadaeT «aAyX»,
«fyuIay, ¢AuXxaHue»,

Ban T'ebMOHT mepBbiM M3 XHMHKOB 0OpaTu/i BHHMaHHe Ha napw,
ofpasylowecs B npoliecce HEKOTOPLIX peaKuWH, W Haual WX H3yyaTb.
On o6Hapy:kuJ, 4TO Mapb! B 4eM-TO HAaNOMHHAIOT BO3AYX, HO BO MHOTOM
OT Hero H omuYalorcsi. B yacTHOCTH, OH Hawien, 4TO Ha BO3AYX IOXOXH
4 napel, ofpasymouuecs NMPH TopeHdH JepeBa, XOTa BeAyT cebs OHH
HECKO/IbKO HHaue.

211 Bo3dyXonofoOHbIe BellecTBa, He UMeoULHe MOCTOAHHOr0 06beMa
i ¢opmbl, HanomHuau Ban [elbMOHTY rpeyeckuit «Xaoc» — Be-
WecTBo neppo3faHusi, GechopmeHHoe u GecnopsfoyHOe, M3 KOTOPOro
(cornacHo ppesnerpeueckod mudosorun) Gbll co3fgaH Kocmoc. Ba
Tl'enbMOHT HasBa/l 3TH Mapbl «XaoCOM», HO, COMacHO ¢uaMaHACKOMY
toneTuueckomy cTporo, 3TO CI0BO Npou3HocHTCs Kak 2a3 *. Tak Hasu-
BalOT BO3/yX0NoA00HbIE BEUleCTBA H B Hamie Bpems.

[a3, nonyueHHbi#i nMpu ropeHuu AepeBa W H3y4eHHbIH UM ¢ ocoboil
TUIATE/NLHOCTBIO, OH Has3Basl «iecHoil ras» (gas sylvestre). Ceronus M
Ha3biBaeM 3TOT ra3 JUOKCHAOM yriepofa. [Ip¥ H3yuyeHuu rasoB Kak

* IlpoucxoxneHHe Ha3BaHHA «ras» HHOLJA CBS3LIBAIOT C TOJNJIAHJCKHM CJIOBOM
gisten — Gponuth Man gist — npoxiku, 3aksacka.— [Ipus. neges.
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npocTeiiie#l GopMbl MaTepHH Bhepsbie Oblla HCOOJAb30BaHa TeXHHKa
TOUHBIX H3MepeHuil, T. e, KONHYCTBEHHOrO0 HCCJ/IENOBAHHS sBJEHHH,
KOTOpasi # NOCJTYXHJa CTOAO0BOH JOPOroif B MUp cOBpeMeHHOH XUMHH.

3akon bBoitna

K konuy susuu Bau lenbmoHTa nuTepec k rasaM n ocofeHHO K
BO3AyXy — HawuboJee pacrnpocTpaHeHHOMY rasy HeOXHAaHHO BO3POC,
B 1643 r. uranbauckuil ¢usnk eanmwxenucta Toppuueann (1608—
1647) cymen NOKas3aThb, YTO BO3AYX OKasbiBaeT AasJ/ieHHe. Toppuuyeanu
MnokasaJ/d, 9TO BO3LYX - MOXeT MOANEPXKHBATb CTOJIOHK PTYTH BBICOTOM
B 28 mwoiimMoB. Tak 6wl usobperen Gapomerp. [locse storo oTKpwuiTHS
raspl CTaji KasaTbCsi MeHee 3arajpoddbeiMH. Kak BHIACHHJIOCH, nONOHHO
JKHIKOCTSIM M TBEpAHIM BelleCcTBAaM, OHU HMEIOTBeC H OT KHAKOCTed H
TBepAbIX BelieCTB OTJIMYAIOTCH TJIaBHHIM 00pa3oM ropasflo MeHbiueH
TIIOTHOCTBIO.

Hemeuxuit pusuxk Orro don epuke (1602—1686) yGeautennHo no-
Kasan, uto atMoctepHblfi Bo3ayX umeer Bec. 'epuke usobpen sosayil-
HbIH HacoC, OPH MOMOILH KOTOPOTo BO3AYX BBIKAuMBaJd W3 COCYlad, Tak
yTO JaBJjeHHe BO3AyXa CHapyXH COCyJla CTAHOBHJIOCH GoJblue, YeM
BHyTpd. B 16564 r. no 3akasy [epuke Gbl1 usrorosJ/ieH npubop, cocTos-
MHA U3 ABYX MeJAHBIX noaymapuil (4Tofb coeAnHeHHe GBINO IMVIOTHEIM,
MeXIy NOJYyAPHAMH MOMEeIlald KOMKAaHOe KOJbLO, MpPOMMTAHHOE pac-
TBOPOM BocKa B cknumunape). CoeamHuB 3T noaywapus, ['epuke oTKa-
YaJl U3 MoJIy4eHHOro mapa Bo3ayx. HapyXHuifl BO3fyX NaBun Ha noay-
[apHa ¥ YyAep:KHBaJ WX BMecTe, TaK YTO UX He MOIVIH pasbeluHHTb
YNPAXKKH jnowaieil, W30 BCeX CHJ TAHYBIUHE UOJNYIUADHS B pPasHble
croponbl. Korna ke Tepuke Bnyckan B wap Bo3AyX, Moiywapds pac-
NafadHCh CaMH. DTOT ONBIT BOWIeM B HCTOPHUIO HAYKH KaK OMKIT € «Mar-
ne6yprcKUMH  TTONYIIapHAMH».

Takoro poma memoHCTpallMH MOBBHINAMM HHTEpeC K CBOHCTBAM BO3-
Ayxa. B uacTHOCTH, OHH NMPUBJAEKAM BHHMaHHe HPJAAaHACKOTO XHMHKa
Pobepra Bo#iia (1627-—1691). CroncrpyvwpoBannsii Boiiem Bosmyuw-
HBIA Hacoc Obl1 cosepuleHHee Hacoca [epuke. OcBoMB MeTOAHKY OTKa-
UWBaHUSA BO3AYXa M3 cocylla, Bo#inb pena nmonbiTaThes caenath ofipaTt-
HOe — CXaTh BO3AYX.

B xone onsitor Boiine oGHapyxua, 4to ofbem AaHHOH MacChl BO3-
LyXa oGpaTHO NpoNOpUHOHANEH AaBieHuio (puc. 4). 3anauBas pTyTh
B OYeHb AJHHHYIO TPYOKY ocoboit U-obpasuoit gopmbl, Bofinb sanupan
npo6Gy Bo3dyXa B KOPOTKOM 3anasHHOM KoHiue TpyOku. [loGapnss
PTYTb B LJNMHHBIA OTKPHTHIM KOHel TpyGKH, MOMXHO OBIO YBelHYHTb
nagnenve. Korna Boiinp f06aBu/1 Takoe KOMYECTBO PTYTH, IPH KO-
TOPOM NaBJeHHe Ha BO3AYyX YBeJHYHBaA/JOCh BIBOE (YJABOEHHasi Macca
pTYyTH), 06BEM BO3AyXa yMeHbLIH/CH Takie BABoe. Ecnu naBieHHe
yBeNMYHBaJoch BTpoe, ofbeM yMeHbwaacs BTpoe. B To ke Bpems,
€c/li JaBJieHHe CHHXKaJock, oO6beM yeenuuuBaica. OTKpeitas Bofnem
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o6paTHasi 3aBHCHMOCTb 00BeMa OT JaBJIEHHA MOJYYU/Ia Ha3BaHUe 3aKOHA
Bodasn. Tlepsoe coofiliedde of 3ToM 3aKoHe OblIO onyGaAHKOBaHO B
1662 r.

Boi#inb He oroBopua ocofo, UTO €ro 3akoH AeACTBUTENIEH TONBLKO MPH
nocrofHHOH Temneparype. BosmoxHo, OH MOHUMa/ 3TO U CYMTAJ CaMo
coGoit pasymetomumcst. Ppanuysckuilt ¢usuk 3am Mapuorr (1630—
1684), nesasucumo or Boias oTkpuiBmMA 3toT 3aKoH B 1676 r., ocoBo
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Puc. 4. Cxema onnita (@), noKasuiBaowlero, 4ro o6beM raza o6paTHo nponopuHoHaeH
NIaBJICHHIO TPH NOCTOSHHONK TeMnepatype (3akoH Bofas), B nonyyennas Kpupas 3a5H-
CHMOCTH 06beM — xasJjenne (6). PTyTh, HanuTas B fjauHHOe wiedo U-o6pasno# Tpybxa,

3anupaeT BO3JAYX B KOPOTKOM MuUieye. C YBeJHYeHHeM MAacChbl PTYTH BHICOTa cToJI6HKa
BO3JyXa YMEHbUIAeTCs.

noAYepKUBAJ, YTO Takas SaBHCHMOCTb o0beMa OT NaBJeRHs Habmiona-
eTcA ToAbkO NpH mocrostHHoH Temmepatype. [To sTo#i npHuMHe 3aKOH

Boiias B KoutuHentanbHoil Espone yacto HaseiBatot 3akonom Mapuom-
ma.
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3akon Bofina aBuica nepeolt MONMBITKON NPUMEHHTbL TOYHOE H3Me-
peHHe NpH BHIACHEHHH NPHYHH HaMeHeHHs Bewects *. Onwtel Bofis
NpUBJIEKJIH BHHMAHHE AaTOMHCTOB, K YHCAY KOTOPHIX NPHHALIERKAT H
cam Boiab. Kak yxe oTMedanoch BHIIIE, aTOMHCTHUECKHE B3TJIsfbl AH-
THYHBLIX YYeHBIX, H3J0XKeHHbIe B nosMe Tura Jlykpeurs Kapa (cm. ra. 1),
pasfenaNH MHOTHe eBpoNefiCKHEe yueHble TOTO BPeMeHH. ¥ OexAeHHbIM
aTomHcToM Gbial B (paniysckuii dunocod Iuep Taccenan (15692—1655),
MoA BAHAHHEM KOTOPOTO CTOPOHHHKOM aTOMHCTHYECKON TEOpHH Ctad H
Bofiap **,

OpHako, NOKa XHUMHKH 3aHHMAJHCh H3YYeHHEM TONbKO MHAKOCTEH
H TBePIbIX BEllecTB, A0KA3aTh CHPaBeAJHBOCTD 3TOH TEOpHH ObIIO
ype3BbiyaifHO TPYAHO, H BO BpeMeHa DOHIA TakHX J0Ka3aTe/bCTB
6bi10 HHUYTH He Oonbie, yem Bo BpemeHa lemokputa (cm. ra. 1),
JKHAKOCTH H TBEpHble BellecTBa NOABEPraloOTCA CHKATHIO JHLIL B He3Ha-
uHTeNbHOH creneHH. Ecam aTH BellecTBa M COCTOAT H3 aTOMOB (Matepus
IHCKPETHa) W aTOMHl B HHX cONpHKacaloTcsi Mexnay coboH, To Goablle
c6/IH3HTL HX Heb3sA. EciM e XHAKOCTH H TBepibie BelllecTBa NPeACTaB-
JAI0T OGO «CIVIOIIHOE» BEIECTBO (MaTepHA HENPepHBHA), TO HX TaKKe
OYeHb TPYJHO MOABEPrHYTH cxKaTHO. [losToMy moKasathb, YTO KHIAKOCTH
H TBepJble BELIECTBA COCTOAT M3 aToMoB, ObNO OYeHb TPYAHO. Kak xe
JOKa3aTh, YTO aTOMHL CYIIECTBYIOT?

B otainume OT TBepABIX BelleCTB H XKHAKOCTel BO3AYX, Kak Habmona-
JIH elle B ApeBHOCTH, a Boliab B cBoe BpeMs HaryiaJHO JoKasal, Jerko
cxumaercst. OGBACHATD 3TO MOXKHO, TOBKO NPHHAB, YTO BOSAYX COCTOMT
H3 MebYallUHX aTOMOB, pasfie/leHHbIX MycTbiM npoctpaHcTBoM. Cxatue
BO3JlyXa B 3TOM c/y4ae o6yc/ioB/ieHo cO/HKeHHeM aTOMOB B pesyJbrare
CKATHA NYCTOr0 NPOCTPAHCTBA MEXAY HUMH.

Ecau rasei cocTOST M3 aTOMOB, TO BIONHE MOXHO HONYCTHTb, UTG
MHAKOCTH W TBepIble BelleCTBA TakiKe COCTOAT M3 aTomoB. Hanpumep,
Kak Hcrnapserca Boja? B npouecce HcnapeHHs «McuesaioT» OfHa 3a
mpyro#t Mmenpyaiiune yacTHYKH BoAbl. CoBCeM HETPYMHO NPEACTABHTD.
cefe, 4To Boja npeBpauaeTcd B nap atoMm 3a atoMoMm. Ecau Boay Ha-
rpeBaloT, OHAa KHIUT, H OpPH 3TOM o6pasyercs nap. Bopsinoi nap umeer
tHsuyeckHe cBOHCTBa BO3AYXONOAOOHOTO BELIECTBA, H, CJEIOBATEIbLHO,
BMOJIHE €CTeCTEEHHO MNPeAnoNOXKHTb, YTO OH COCTOMT H3 atomoB. Ho
ec/H BoAa COCTOMT H3 aToMmoB, OyAyuH B rasooGpasHoil opme, TO mo-
ueMy OHA He MOXKET COCTOATh H3 aToMOB, HAaXOAACH B XKHAKOM HJH TBep-

* Heobxonumo OTMETHTb, 4TO HMcCiefioBaHHs Bolifis Kak TaKoBble He OTHOCATCH
K XHMHH. Boanyx, Kak Gbl ero HH CKHMAJH HIH Paspexaln, ocTaerca BosgyxoM. [Togo6-
HLle HaMeHeHAs B ofbeMe SIBJASAIOTCH (PUSUHECKU MU UIMEHEHUAMU, H, TAKHM obpaaom, OT-
HoeaTest K 061acTH husHyecKo XHWMHH, H3yuaiomiefl dH3HuYeCKHe H3MeHeHHS BEllecTs,
Bo#tsb 3a10%uA OCHOBH (DH3HUECKON XHMHH, OJHAKO 5Ta 06JaCTh HAYKH elle He Nojys
umMsa NPH3HAHKA W ABa cToMeTHA cnyeTa (eM. . 9),

** P, Bofisib HCNMWTHBAA TaKXe BiHAHHe BoaapeHul Pene Mekapra (1696—1660),
ATOMH3M, JeXamuii B OCHOBe er0 CHCTEMH B3TVINLOB (KapTe3naHETBa — OT JIATHHHSH«
posakHoro nmetn [ekapra — Kapreanit), b Gmuke Botmio,.— ITpum. ped,

D e ame
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JoM (B BHIE JIbJA) COCTOSIHHH? A eclt 3TO COpaBefIHBO A1 BOIBI, TO
noyeMy He MOKeT ObITh CNpaBeAJHBO AN BCeX BHIOB MaTepHH?

HoBoibl Takoro poja MPOH3BOAMJM BIeyaT/NeHHe, H BOepBble 32
CBOI0 ABYXTHICAYENETHION HCTOPHIO AaTOMH3M Hayal 3aBOeBLIBAThL [IPH-
BEPIKEHLEB, YMCA0 KOTOPHIX OBICTPO poOc/O (HAmpHMep, K AaTOMH3MY
npuwen Heloton). M TemM He MeHee MOHATHE «aTOM» OCTaBajoCh He-
acubiM, O6G aToMaXx HHYEro HeJb3s ObLIO CKa3aTb, KpOMe TOro, 4To
€C/IH OHH CYLIeCTBYIOT, TO ¢ HX MOMOUbIO Npolle 0OBACHATD noBeAcHHE
rasoB, JIHIUbL cOycTS MOJATOPA CTOJIETHS aTOMH3M BHOBb NPHBJEK BHH-
MaHHe XHMHKOB.

Hosbili B3raag wa ajiiemeHTH

Ko Bpevenn Hayana HayuHo# JesiTebHOCTH Bofiii TepMHHH «al-
XHMHA» H «aNXHMHK» ilOYTH HCY€3]H H3 HayyHoH Juteparypnl. He
YAHBHTeAbHO, uTO DBoiflab onycTus nepebift clor cloBa «aJXHMHK» B
Ha3BaHHH cBoell KHHTH «XHMHK-ckenTHK» («The Sceptical Chymist»),
ony6aukoBanHo#t B 1661 r. C Tex nop Hayka crala HasuHBaTbCH Xid-
mued, a paboratoliye B 3ToHl 001aCTH — XUMUKAMU.

Bofine HasbiBan cebsl «CKeNTHKOM», NMOTOMY 4To He XoTead GoJee
cJeno cJaelJoparb ﬂpﬁ,llCTaBJIEHHHM AHTHYHBIX ABTOPHTETOB. B yacr-
HoctH, Dofiib He npHHMMan yTBepaIeHHs ApeBHUX ¢uaocodoB, cuH-
TABIUMX, 4YTO 3JIeMeHTbl MHPO3JAaHHA MOXKHO YCTaHOBHTb yMOBpHTEJ'Ih-
Ho. BMecTo 3T0ro oH onpele/issl 3/eMEHTh KaK TAKOBbIE NPAKTHYECKHUM
nyTeM. DNEMEHT, KaK CYHTaloCh ellle co BpemeH Paneca (cMm. ra. 1),—
3TO OJHO M3 OCHOBHLIX MPOCTHIX BELLECTB, COCTABJIAIOLLHX BCEJIEHHYIO.
HO YCTaHOBHTb, YTO ﬂpB,HHDJIEI'EEMHl:l 3JIEMEHT ,IIEFICTBHTEJIBHO ABJSA~
eTCAd SJIEMEHTOM, MOMCHO TOIbKO C MOMOIIbIO 3KCnepumeHta. Ecau
BEIIECTBO MOXHO pasJIOXKHTb Ha Goaee poCTbie KOMIIOHEHTHI, C/leno-
BaTesbHO, OHO HE SIBJIAETCS 3JMeMeHTOM, a nojydenHoie Gosee npoc-
THIE BeUleCTBA MOT'YT NpeACTaBAATb cO0OH 3JeMEHTH HJH 1o KpaiHed
Mepe MOT'YT CUHTATbCs TAKOBLIMH [0 TeX Mop, NOKa XHMHKH He HayyaTcst
pa3aaraTb M HX Ha eille GoJiee mpocThbie BelllecTBa. Eciu IBa BellecTBa
SIBJISTIOTCS 3J€MeHTaMH, TO OHH MOT'YT COEIHHUTbCA H 00pa30BaTh TPEThe
ONHOPOAHOE BElleCTBO, Ha3kiBaeMoe coedureruexm. Takoe coenuHeHHe
MOXXHO Da3joXKHTb Ha XBa HCXOkHbIX 3jeMeHTa. Ho c 3to#l Toukn 3pe-
HHA TePMHH «3JIEMEHT» HMEeT TOJNbKO YC/OBHOe 3HaueHHe. Belectso
THna, Hanpumep, KBapiia MOXKEeT CUHTaTbhbCe 3JIEMEHTOM JO TeX nop, noka
XHMHKY-9KCIIEDUMEHTATOPY He YJHaeTcA NONYYHTb H3 HEro ABa HJIH
GoJlee MpocThIX BeuiecTBa. B cooTBeTcTBHH ¢ 3TOH TOYKOH 3PEHHA CUM-
TaTh Kakoe-JHGO BEllecTBO 3JEMEHTOM MOXKHO OblT0 JIHIIb YCJOBHO,
MOCKOJIbKY C PasBUTHEM HayKH 3TOT NpEANoJaraeMelffl SJJeMeHT yAacTcst
pacuenuTs Ha eile Gosiee mpocThie BewecTsa. Toapko B XX crosetuu
CTa/JI0 - BO3MOXHBIM YCTAHOBHTb NPHPOAY 3/1eMEHTOB He B YCJOBHOM

nnage (cM. ra. 13).
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Tor npocroii dakr, uro Boilne noGusanca skcnepUMeHTANLHOIO
NoAXOAa K ONpEeleNeHHIo 3JIEMEHTOB (NoAaxoja, KOTOpbI B KOHEYHOM
cyere M Obl1 NPUHAT), HE O3HAYal, U4TO OH 3HaM O CYUIECTBOBAHHH pas-
JIHYHBIX 3JIEMEHTOB. BrosiHe MOI/I0 0KasaThes, YTO IKCMEePUMeHTaNbHbLH
Noaxon MONTBEP/Ha Obl CYLUECTBOBAHHE «IPEUECKHX 3JEMEHTOB» OrHg,
BO3yXa, BOALI M 3eMJH.

Bofisib, wnanpumep, Obi1 y6exiaed B OGOCHOBAHHOCTH BO33peHHil
aNXHMHKOB, CYUMTABIUMX, YTO METa//bl HE SBJSHOTCSA JEMEHTAMH W YTO
OHH MeraJ/liibl MOXKHO Tpespartuth B Apyrue. B 1689 r. Boiinb Hacro-
si1, uyTo6bl BpHTaHcKoe NpaBHTeIbCTBO OTMEHUJO 3aKOH, 3anpeliaonHi
aqXHMHKaM TPOHU3BOAHTL 30J10TO (MPaBHTENLCTBO, KpOME BCErO Mpo-
yero, onacanoch SKOHOMHYeCKHX MOCJAENCTBUH), TaK KaK BepHI B BO3-
MOXKHOCTb TMOJYYEHHUS 30J0Ta M3 «OCHOBHOTO MeTalja» * H cuurand,
YTO, MOJYYHB TAaKHM 00pa3oM 30/I0TO, YHAACTCA HONTBEPAHTH ATOMHYIO
CTPYKTYPY MaTepuH.

OpHako B 3ToM Dofinb ommmbancs: MeTaa/bl OKa3aJicChb 3/eMeHTaMH.
B cavoMm pgene, HeBATb BellecTB, KOTOPbiE Mbl CErofiHf CYHMTaeM 3Je-
MEHTaMH, Oblny H3BECTHbI elle JApeBHHM: CEMb MeTaJlJlOB (SOJIOTO, ce-
pebpo, Melp, Xese3o, 0JIOBO, CBHHEL, PTYTb)H ABa HeMeTaJvia (yIaepos,
v cepa). Kpome TOro, s/ieMeHTaMH ABJAAIOTCA H UEThIpe BElUeCTBAa, TaKkKe
H3BEeCTHHIE elle CPEeJHEBEKOBbHIM aJIXUMHKAM. 310 MEIIIbAK, CypbMa,
BHCMYT H I[HHK.

OnuH U3 3/1eMeHTOB efiBa He OTKpbil caM Boiab. B 1680 r. oH Bh-
nennn gocghop u3 moun. OfHAKO MeT 3a JecATb A0 HEro TO e caMoe
caenan Hemetkufi xumuk Xennur Bpaun (? — nocae 1710 r.), xotoporo
HHOTZA HA3LBAKOT «locaefHuM anxumukom». OH oTkpein dochop co-
BepLIeHHO CJy4aitHo BO BpeMsA MOHCKOB (PHI0CO(CKOro Kamusi, KOTOpbif
cobupancs Hafitu B mode. [lpaBaa, pajg JHTepaTyPHbIX HCTOYHHKOB
CBHAETENbCTBYET, 4TO choco6 monydenua docdopa, BEpOATHO, 3HAJIH
eute apaGckue anxumuu XII B.

®noructon

K uucay orkpwrrait XVII B., uMeBIIHX ocofoe 3HayeHHe Mis pas-
BUTHSI XHMHH, CJEIYeT OTHECTH OTKDLITHE CYIIeCTBOBAHHA MaBJeHHs
crosba armocepHoOro BO3LyXa, BO3MOMHOCTH HCMOJb30BAHHA 3TOro
IaBJIeHUS ¥ BO3MOMKHOCTH cO3faHus Bakyyma. Hexoropbie HccaefoBa-
TeJIH CTaJ¥ HNPUXOJMTH K MBICJH, YTO BAKyyM MOXKHO MOJYUYHTh H Ge3
HCNONb30BaHHA BO3AYIUHOro Hacoca. [Ipennosiomum, Bbl BCKHMSTHIH
BOLY M 3aNoJHH/IH KaMmepy MapoM, 3aTeM CHapYXKH OCTYIHWJIH Kamepy
xosopHol Bogoil. [Ipu 3TOM map BHYTPH KaMepel KOHJAEHCHpYyeTcs B

* [Ipencrasienne Boilna 06 «OCHOBHOM MeTaJe» OTIHYANOCH OT MPeACTaBTeHHH
aTXUMHKOB, KOTOPHE CUHTAIH, YTO 30JI0TO MOMHO MOJYYHTb, B YACTHOCTH, W3 PTYTH.
«OcHoBHON Metann» Bofins — 310 KoOpnycKy/sipHas OCHOBAa MeTa/lJioB, KOTOpylo, mo
Boiinto, eme npefcrosno HalThH,— [Tpum, ped,

el
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BONAIHBIE KAMJIH, H B Kamepe cosjaeTcs BakyyMm. EcaH oaHy 3 cTeHOK
TaKOH KaMmepHl clie/laTh MOABHAKHOIL, TO MO AeHCTBHEM JaBJeHHs BO3Jly Xa
9Ta MOABHXKHAA cTeHKa GyJler BTATHBaTbcst B Kamepy. Korja xe B Ka-
Mepy nmonajeT HOBas MOPIHA Mapa, CTeHKa GYeT BHOBb BHITAJKHBATLCH,
a 3aTeM MpPH KOHJEHCAUHH Napa BHOBb BTATHBATHCA B KaMepy. MoOxHO
TpeicTaBuTh cebe, 4TO MOABHIKHAS CTEHKA — 9TO CBOEro POJia MopLieHb,
COBEpIIAIOMHI BO3BPATHO-NOCTYNaTe/bHble IBUXKEHURA; TaKoH MOpiueHb
MOMKHO HCIOJNb30BaTh, HANpHMep, B Hacoce, pafoTaiomeM Ha mape.

B 1698 r. Takas naposaa mawuna H B camoM aesie Gblia cO3fiaHa aH-
raufickiM TopHbiM WHxkexnepom Tomacom Cemepu (ok. 1650—1715).
B atom yerpoiictBe Hcnonb3oBasca nap Mof GoabLUHM AaBJeHHEM, YTO
no TeM BpemeraM Grl10 HeGedonacHo. [TpuMepHo B To *Ke Bpems (1705 p.)
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Puc. 5. Hacocroe yerpofictBo KoHcTpyKunH HbelokoMeHa, paGoTapwee npu aT™ocdep-
HOM JiaBJleHKH. BrpricHyTas B IHIHHAD BOJA BhLISLIBAET KOHAEHCAUMIO Napa, B MAIHHA-
Pe cospaercs BakyyM, K HOpIIEHb omycKaercd BHH3. HoBas mopmus mapa, nocrymato-
iliafg B WMAHHAP M3 NapoBOro KOT/a, BO3BPallaer NOPLIeHb B HCXO[HOe NOMOMKeHHe,
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‘Tomac Hotokomen (1663—1729), paboraBumit cosmectno ¢ CeepH, H3o-
‘6pe/l MapoBYI0 MalIHHY, KOTopas Morna paboTaTh Ha nape noj Gonee
HU3KHM JaBieHueMm (puc. 5). OpHako MawHHa Hblokomena He 6GbLia
yHHBepca/JbHOH, H ee MOXHO ObIIO HCIO0/Ib30BATh NPAKTHYECKH TONBKO
A5t NOAHATHS BOAbl. KOHCTPYKUHMA MallMHB Obila 3HAYHTENBHO YCo-
BEDIIEHCTBOBAHA WOT/IAHACKHM MeXxaHHKoM Jlxefimcom Yartom (1736—
1819), koropeifi W cyuTaeTcs co3maTeseM YHHBEPCAJbHOH NapoBOii
‘MaLIHHBL,

[TosiBneHHe mapoBOH MalUHHbLI O3HAMEHOBAJTO COOOH Hayajlo Mpo-
MBIILIJIEHHOH PeBOJIOLHH: YeJOBeK MOJY4YHJ MallWHy, KOTopasi, Kasa-
Jioch, MOTJIa TNepefleflaThb BCIO TAXKeAyio paGoTy Ha cBeTe. YenoBek
TlepecTasl 3aBHCETb OT KallpH30B CHJIbI BeTpa HJH MeCTopachoJoxe-
HH{I nafaroulefi BOJAb, HEPTHIO KOTOPOH MOMKHO ObLIO HCMOMb30BATH
AN MeXaHHYecKoH paboThl.

He coBcem o0biuHOE HCMONb30BaHHE OTHA B NApoOBOH MaliHHE BO3-
‘PONMTIO Yy XHMHKOB HHTepec K npoueccy ropenus. [loyemy opuu npen-
MeThl TOpAT, a ApyrHe He ropaTt? UTo mpefcTasisieT coboH mpouecc
ropenusn? [lo npeacraBaennaM ApeBHHX TPEKOB BCE, YTO CHOCOGHO ro-
perb, coepxkHT B cefe 9/eMeHT OrH#, KOTOPHH B COOTBETCTBYIOUIHX
YCIOBHAX MOXET BHICBOOOMXAATbCA. AJNXHMHKH TPHAEPXKHBANHCH NpPH-
‘MeDHO TOH e TOYKH 3peHHs, HO CYHTAIM, 4YTO CHOCOOHBIE K TOpPeHHI0
BelllecTBa collepKaT 3NeMeHT «cyiabdyp» (xoTa Heoba3aTeNbHO caMy
cepy).

B 1669 r. nemeuku#t xumuk Horann Hoaxum Bexep (1635—1682)
TonbITadcs JaTh palyoHalHCTHYeCKoe OGbjCHeHHe fIBJIEHHIO ropiode-
o1, OH mpeAnosiokua, YTO TBEpJble BEIIECTBA COCTOAT H3 TPeX BHJOB
«3eMJIH», H ONMH M3 5THX BHJOB, HAa3BaHHLIH MM ©KHpHaf 3emasa» (terra
pinguis), npHHAN 3a «npHHuHn roprodecTh». [locaeloBaTenem BecbMa
TyMaHHLIX npejcTaBneHnil Bexepa 6bi1 Hemeukuit Bpau u XuMHK [eopr
SApucr Ilrans (1660—1734). On eme pa3s o6HOBHJI Ha3BaHHE «NpHH-
IHTI TOPIOYECTH», Ha3BaB ero (VIOTHCTOHOM — OT I'PeyecKoro QAOYLoTi —
ropiounii. [IItane npeanoxun cxemy mpouecca ropeHHst, 06BACHABIIYIO
posib (uIorHcToHa.

CoraacHo Wlranio, roproune BemectBa Gorathl guiorucroHoM. B npo-
llecce ropeHus (WIOTHCTOH yJerydynwBaeTcsl, a TO, 4YTO OCTaercd Hoc/e
3aBeplUeHHs Mpollecca ropeHHs, (WIOTHCTOHa He CONePKHT H TOTOMY
npojonkaTh ropeTb He MoxeT. [HTanb nanee yTBep:kaal, uTo pikabJe-
HHe MeTa/lloB NOAOOHO ropeHHIO aepeBa. MeTanjbl, Mo €ro MHEHHIO,
CofieprKaT (pIOTHCTOH, 2 PiKaBYMHA (W/IH OKalnHa) (UIOTHCTOHa Yike He
cofiepkuT. Takoe MOHMMaHHE Tpolecca PXKaBJGHHA MOSBOJHJAO AATh
Tipyemaemoe oOBSICHEHHe H Npoleccy NpeBpameHHs pya B MeTa/llsl —
TEepPBOMY TEOpeTHYeCKOMY OTKpHITHIO B oblactH XuMuH. OGbsicHeHue
Illrana cocroano B caenywoomeM. Pyaa, cofiepkanue ¢UIOrHCTOHA B Ko-
Topoll Malo, HarpesaeTcsi Ha JApeBecHOM YIJie, Becbma GoraToM ¢io-
THCTOHOM. ®JIOrHCTOH NpH 3TOM NEPEXOJHT H3 APEBECHOro YrJs B pyay,
B pesyJibTaTe ApeBeCHbIl yroJib NpeBpaiiaercs B 300y, 6efHy0 (uiorks
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CTOHOM, a pyAa, GegHasi (IOrMCTOHOM, mpespailaerca B MeTas, Gora-
Thift IOTHCTOHOM.

Cam no ceGe Bo3ayX, no Mueduio Ilrans, crnocoGerByer ropeHHio
JIHIIL KOCBEHHO: OH CJIYXKHT NepeHOCYHKOM (JIorHCTOHA, Korja nocief:
HHil BHIXOZMT H3 JEpeBa HJH Meralna, H MepellaeT ero APYromy Be-
LlecTBy (€C/IH TAKOBOE CYIIeCTBYeT).

Teopus ¢unorucrona Illtans Ha nepBbiX MOpax BCTPETHIA Pe3Kylo
kputHKY. OCOGeHHO BO3paMan NPOTHB Hee 3HAMEHHTLIA To/UIaHACKHH
ppau ['epman Byprase (1668—1738), koTopbii cuutans, 4to OGLIYHOE
ropeHne H o0pa3oBaHHe PIKABUMHLI HE MOTYT ObITb HO CyTH j€fa Ofi-
HUM H TeM e aABjeHHeMm, Beap ropeHue conposoxjaerca obpasoBaHH-
eM IJ1aMeHH, a pXkasJieHHe npoucxoauT Ges nnamenu. Cam Illtanb o6wsc-
HAJl 3TO pasjHuHe TeM, YTO MpPH FOPEeHHH BemlecTs, MNOJOGHBIX JepeBy,
(IOTHCTOH YJ1eTYy4HBaeTCA HACTONbKO OLICTPO, YTO HArPEBAeT OKPYKato-
Y10 Cpely H cTaHoBHTCA BHAMMEIM. [lpu prkaBiieHHH (uOrTHCTOH Yyie-
TYuYMBAETCA MENJICHHO, MO3TOMY IJ1aMs He MOsiBJAETCH.

Hecmorpsa Ha kputHKy Byprase, Teopus ¢uiorucrona Hauana sasoe-
BuiBaTh monyasaprocTs. K 1780 r. oHa Oblla NpHHATA XHMHKaMH MOYTH
MOBCEMECTHO, TaK KaK NO3BOJWJA AaThb YeTKHe OTBEThl Ha MHOTHE BO-
npocel. Ofnako opuH sofipoc Hu lllTans, HH ero mociefoBaTens paspe-
wuTh He cMmoraH. [eno B ToM, 4TO OOJBLUHHCTBO [OPIOYHX BELIECTB,
Hanpumep jaepeo, Oymara, Xup, NpH TOPEHAH B 3HAUHTEbHOH CTEeneHR
ucyesand. OcraBagiuasica caXa HJH 3042 6blJ1a HAMHOTO J1erde, yeM Hc-
XOJHO® BELIECTBO. JTOro, [O-BHAHMOMY, H CJAEAOBAJO OXHAATh, TaK
KaK NpH FOpPeHHH (IOTHCTOH YyJIeTy4HBajCA H3 BellleCTBa.

Corsacio teopud lllrtans, B npouecce prkaBleHHA MeTANIbl TaKkKe
TepsijiH (JIOTHCTOH, TeM He MeHee elle anxumukamu B 1490 r. Guuto ycra-
HOBJIEHO, UTO PXKaBblli MeTa/N/l ropasjio Taxesnee HepXKaBoro. [lodemy
BEUeCTBO, Tepsiollee (UIOTHCTOH, CTAHOBHTCA TAMXenee? Moxer OLIThb,
Kak yTeepxjann HekoTopuie xumukH XVIII B., duorucron obnagaer
oTpHllaTebHbIM BecoM? [loueMy B TakoMm ciiyuae fepeBo NpH ropeHHn
yMeHbIlaeTca B Bece? Hau, Moxer GbiThb, CYIIECTBYIOT JBa BHAA (uio-
THCTOHA — C MOJOXKHTENbHEIM H ¢ OTPHUATENbHEIM BECOM?

Xumukam XVIII B. 3ta npobaema He Ka3ajiach CTONb BaXKHOH, Kak
3TO MpejCTaBAACTCA HaM Tenepb. Mbl NPUBBIKAH K TIIATEJbHOMY aHa-
JIN3Y ABJeHHil, H HeoOBACHHMOE H3MeHeHHe Beca, KOHEYHO, B3BOJIHOBA-
no 6er Hac. Xumuku ke XVIII cronetus eme He co3HaBanH BaXKHOCTH
TOYHBIX H3MepeHH#, H H3MeHeHHeM B Bece OHH MOIJIH M npeHeOpedyb.
Teopua ¢norucrona obbscHAJNA NPHYHHLE H3MEHEHHS BHEIUHErO BHJA
¥ CBOMCTB BelIeCTB, a H3MeHEeHHSl Beca, KaK B TO BpeMf CYHTa/NOCh, He
TaK YK BaKHBH ¥,
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Yraekucablit ra3 (QHOKCHA yraepoaa) H asoT

HenoHsiTHble H3MEHeHHA BeCa BeUIECTB NPH TOPEHHMH, KaK BHIAC-
‘HHJIOCh, CBsi3aHbl C TMOABJIEHHEM HJIH HCYE3HOBEHHEM ra3oB BO Bpems
ropenusi. XOTsi CylleCTBOBaHHe ra3oB OblJI0 YCTaHOBJEHO OYeHb JaBHO
¥ eule 32 ek Jo Bau enbMoHTa (cM. 1. 1) Havasoch MejJIeHHOE Ha-
KONJIeHHe 3HAaHHHA 0 rasax, faxe Bo speMeHa lllrana XHMHKH, NpHHHMasA
<aM (akT CymecTBOBaHHA ra3oB, (akTHYeCKH He ofpamlajH Ha HHX
HUKAKoro BHHMaHusl. Pasmbliunafl Haj NpHYHHAMH H3MEHeHHs Beca
BeleCTB B NPOLECCE T'OPeHHf, HCCAefloBaTellH NPHHHMANAH B pacyer
TONBKO TBepAele Tena H XHUAKocTH. [TonsiTHO, uTo 30Mma Jerye jepesa,
TaK Kak NpH ropeHHH AepeBa Bbifensiorcs napel. Ho 4tod ato 3a napel,
HHKTO H3 XHMHKOB CKa3aTb He Mor. Pxkapblfi MeTann TAmeNee HCXOLHOTO
MeTtansga. Moxer ObiTb, NPH pXaBJeHHH MeTalsl NOJYydaeT 4TO-TO M3
Bosayxa? Oreera He GBLIO.

YroBLl OTBETHTH Ha 3TOT H NOJOOHBlE BONPOCHI, XHMHKH JOJIKHBI
ObLIH HAYaThb CHCTEMAaTHYeCKOe W3ydyeHHe rasoB, AO/KHEI ObliH Hay-
qUThCSE paboTaTh CO CTOMb TPYAHO YJIOBHMBIMH BeLIECTBAMH.

Baxueifi mar B stom Hanpasaenuu B Hadade XVIII B. cmenan
auraufickufl Goranuk u xumuk Crusen Tefinc (1677—1761). On u3o06-
pen npubop Aas coGHPaHHA ra3oB Haj BOROH. 3ToT mpuHbop H3BecTeH
#aM noJ HasBaHHEM «nHeBMaTHYecKo# paHHw». [Tapel, obpasylolliHecs
B pesyJbTaTe XHMHYecKoH peakuuH, leftnc orBoaua gepes tpyOky B
COCyJL ¢ BOJOH, ONyLleHHbIi BBEpX NHOM B BaHHY ¢ Bofo#. [1y3uipbKH rasa
fOAHUMAJIUCh B BEPXHIOK YacTh cocyja M BHITECHAJIM OTTYAA BOAY.
Takum o6pasom T'efisic cobupasn ras usiH rassl, oOpasyromuecs B pe3yJib-
Ttate peakuun. Cam lefiic ve naenTHduuuposan cobpaHHbie rasel H He
M3yyas HX CBOMICTB, OJAHAKO CKOHCTPYHpOBaHHbIH HM npuCop Aast co-
OHpaHHS Ta3eB CHIrPaj BaXHYIO POJb B pa3BHUTHH NHEBMATHYECKOH
XHMHH.

Jpyroii BaxHbifi war 6bl1 CAeNaH WOTIaHACKHM XHMHKoM [lxosedom
Baskom (1728—1799). Ilucceprauus, KOTOpas NPHHECHa eMy CTeneHb
Maruerpa Meguumusl B 1754 r., Obla cBfi3aHa C XHMHYeCKodl npobie-
Mofi H HermocpeJCTBEHHO Kacaslach CBOHCTB IasoB, BEIAGIAIOUIHXCA NPH
JefiCTBHH KHC/IOT Ha «MArkue» (yraekucnasie) mesoud. (Bo BpemeHa
Baska XHMHA H MelHIHHa ObUIH TECHO B3aHMocBA3aHbl.) BJsk ycTaHo-
BHJI, YTO H3BeCTKOBbIH MHHepas (KapboHAT Ka/iblHA) NMPH HarpeBaHUH
pasfaraercs ¢ BbAeJEHHeM rasza H oGpasyer H3BecTb (OKCHJ KalbLHs).
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Boigeasifomuiica ras MoxHO ObLIO BHOBb COGIHHHTH C OKCHAOM Kallb-
LHS H BHOBb ONYYHTb KapOoOHAT KalblHA. 3TOT r'as (AHOKCHJ yIJIepoia)
6bL1 HeHTHYeH OoTKpbiToMy Ban [enbMonTOM ¢1ecHoMy rasys (M. ri. 3),
HO BN3K HasBaj ero «CBA3aHHEIM BO3AYXOM», TaK KaK 3TOT a3 MOXHO
Obl/I0 CBA3aTb H BHOBb TMOJNYYHTb TBepAylo CyO6CTaHIMIO.

Orkpoitie Biska 6bl10 BaKHBIM To psy npHYHH. Bo-mepBwix,
OH NMoKasaJ, 4To YFJTGKHCJlblﬁ ras MOMeT OﬁpEISOBblBaTbCH IpH Harpe-
BaHHH MHHepaja NMOJNOGHO TOMY, Kak 3TOT ras ofpasyercd NpH rope-
HHH Jepesa. TakuMm ofGpa3om OblIa yCTAHOBJEHA OYEBHJHAs B3aUMO-
CBA3b MeXAY KHBOH H HEXHBOH NPHPOROH.

Kpome toro, Bask nokasan, uto rasoofpasHble BellleCTBa He TOJNbKO
BBIJIEJIIOTCS TBeDALIMH TellaMH HJIH JKHIKOCTAMH, HO MOTYT AKTHBHO
C HEMH COeIHHATLCH, BCTYNAaTb B XHMHUYECKHe PeaklUHH. 3TO OTKpPLITHE
cAlenano rasbl MeHee 3araflouyHbIMH, Tenepb Ha HHX CTa/H CMOTpeTb KaK
Ha OOBIYHBbIE BELIECTBA, HECKONBKO OT/IHYAIOUHecs 0O CBOHCTBaM (No
KpaliHel Mepe XHMHUYeCKHM) OT OoJlee 3HAKOMBIX TBEDABIX H JKHAKHX
BellleCTs,

Janee Bask nokasan, 4TO eC/iM OKCHR KaJblMfl OCTaBHTb Ha BO3-
AyXe, TO OH MeJJieHHO NpeBpamaercs B KapGoHat Kanbuusa. HMcxons
H3 3toro, BJsKk 3akJiouna (mpaBuJbHOl), 4To B aTMocdepe NpHCYTCT-
ByeT HeGONBILOE KOJIHYECTBO YrJeKHcaAoro rasa. 3to Owelio nepsoe
YyeTKOe yKa3aHHe Ha TO, YTO BO3LYX He NpPOCTOe BEIECTBO H, CleloBa-
TeNbHO, BOMDEKH MpPeACTaBJeHHsAM [APEeBHHX TPeKOB OH He sBJsercs
sJieMeHTOM B onpefienedud Boiins, a mpeacrasnser cobofft cvech no
KpaiiHefl Mepe HBYX pas/IHYHBIX BelllecTs: OOBIYHOrO BO3JYyXa H YrIJle-
KHcnoro rasa. Msyuass BiaMsiHHe HarpeBaHHa Ha NpHMepe KapGoHaTa
KaJIbllHd, B.HBK yCTaHOBPl.Tl, KdK MEHAETCA BeC BellleCTBa [IpH Harpesa-
uud. OH TaKike onpefenus, Kakoe KoJH4ecTBO kapOoHaTa KaJbLHA Heli-
Tpa/iH3yeT 3aJlaHHOEe KOJHYECTBO KHCJIOTH. Takum obpasom, Bask
Hayuan XHMHYEeCKHe peaKIHH, HCﬂDJIbE)Iﬂ MeTOJl KOJIHYeCTBEHHOI'o H3-
MepeHHsI. JToT MeToA OHJ1 pasBHT H YycoBepllieHctBoBaH JlaByasbe.

Hayuas cBofictBa yrieKucioro rasa, Bisk oOGHapy»uJ, uto cBeda
B HeMm He ropuT. CBeya, ropsias B 3aKpbITOM COCYAE C 0ObIYHLIM BO3MY-
XOM, B KOHIE KOHIIOB I'acHeT, H OCTaBIUHICA BO3AYX yKe He Mojjep-
Jupaer ropenusi. Takoe fB/leHHe, KOHeYHO Ke, He Kasajocb Oecmpm-
YHHHBIM, MOCKOJIbKY Obl1o H3BECTHO, Y9TO NPH TOpPeHHH cBeuH o6pasy-
etca yraekueawlit ras. Ho korga Bask abcop6uposan yraekHCAbi ras,
ocTaBlIMicH BO3AYX, KOTOpBIH 3aBeOMO He Obl1 YIJIEKHCJBIM asoM,
ropeHye He HOJJIEPKHBAIL.

Bask npefnioxua H3YYHTH 3Ty npobieMy OZHOMY H3 CBOMX YYeHH-
KOB — IoTIaHjickoMy Xumuky J[lanuenmo Pesepdopay (1749—1819).
Pesepdopn noctapui CJeAYOUHI OMNBIT: OH JepXKaj Mbilllb B OTpaHH-
yenHoM ofbeme BO3AyXa JO TeX nop, Moka OHa He Morubaa. 3ateM B
OCTaBILEMCSl BO3NYXe OH JlepXKal ropsuylo csedy, oka oHa He racia.
B ocraBmmiics nocne Bcero 3Toro Bo3AyX OH MoMeCTHs ropamuit ¢oc-
¢op, Kotopuil ropes TaM ovenb Hefoaro. laiee Pesepdopa nponycrus
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BO3AYX Yepe3 pactBop, crocobueléi aGcopGHpoBaTh Yr/eKUCTBIf ras.
B ocrasuremcs B pesysibrarte BoslyXe CBeda He ropesa, a Muillb r'HGJa.

Pesepgopa coobuwust 06 sTom omeite B 1772 r. Ilockonsky u Pe-
3eppopa, u Bisk Oblan yGex[AeHHBIMH CTODOHHHKAMH TeOpHH (JIOTH-
‘CTOHa, TO, OOBACHSSA Pe3yabTaThl NPOBEEHHLIX HMH OMBITOB, OHH MNOJb-
30BA/IUCh TNpeACTaBleHHsIMH 3Tol TeopHH. [loka MBIUM ABLAAH K
noka ceeyd H (ocdop ropesn, GUIOrHCTOH BBIIGJAAJCA H TOCTynal B
‘BO3AYX BMecTe ¢ OOpasyloLHMCA YIJIeKHCIBIM rasoM. Boaayx, us ko-
‘TOPOr0 YAAMH/IH YIVIEKHCABIH ras, cofepia/d Tak MHOro ¢JiorHcToHa,
410 GBI KaK Obl «nponHTaH» HM. ITOT BO3LyX Gosblile NPHHATH ¢uio-
THCTOHA YKe He MOT, H MOITOMY HH cBeya, HH (ocdop B HeM He ropenu.

B cBsi3u ¢ 3THM Pesepdopa Ha3Bas BIAENEHHBIN HM ra3 «uiorHcTu-
PoBaHHBIM Bo3ZlyXoM». CeTolHs Mbl HA3bIBAaeM €ro a30moM.

Bopopon, u xucaopop

Onuospemenno ¢ Baskom H Pesepdopliom ycrneXoB B H3yUeHHH ra-
30B JIOOMJIHCH JBa JAPYTHX aHrauHckuX XxuMmuka — Kasenpumw u Ipu-
CT/IH, TaKKe NpHHalJeXaBlUHe K YHCJY CTOPOHHHKOB (JIOrHCTOHHOH
“TEOPHH.

lenpu Kasenmmm (1731—1810) Guin GoraThiM uyJAaKoM, KOTOpBIH
3aHHMAaNCA HCCNENOBAHHAMH B CaMblX Da3fHYyHHX o6acTaX. 3aMKHy-
THIi 10 HAType, OH He BcerZa NyGJHKOBal pe3yJIbTaThl NPOBENEHHBIX
uM pa6or. K cyacTbio, pe3y/bTarsl cBOMX paloT ¢ rasaMu OH Bce Ke
ony6/aHKoBa.

Kasenuina (BoaMoxHo, nof BausuueM k. Baska) ocoGenno saun-
TepecoBall ras, ofpasyioulHiicsi NpH B3aHMOJEHCTBHH KHCJOT C HeKo-
TOpbIMH MeTalllamu. Pasee 9ToT ra3 6ew1 BuifienieH Bofiem u Tefincom,
4 BO3MOXKHO, H APYTHMH HCCJeIoBaTelsaMH, HO KaBeHJuIU nepBuiM B
1766 r. npoBen cucTreMaTHUYeCKoe H3yYyeHHE ero CBOHCTB, MO3TOMY eMy
©OGBIYHO H NPHNHCHIBAETCA YeCTb OTKPHITHA 9TOTO rasa, NOMYYHBIUErO
Ha3BaHHe 6000po0.

KaBenJui nepeBriM yCTAHOBHJ BeC onpefle/leHHBX oOBbeMOB pasfiHy-
‘HbIX T'a3oB H B pesyﬂb'ra're cymed YCTaHOBHTh IWIOTHOCTbE KaXXAOro us
#aux. OH o6HapyXuJ, uTO BOAOPOA HeoOhYafHO JIErOK M uTO ero MJior-
HocTh cocrasJiser Juiub 1/14 nmnoTHoctH Bo3ayxa. (M B HacTosee BpeMs
3TO caMblil Jierkuil U3 H3BeCTHHIX HaM ras3oB.) Kak BEIICHHJIOCH, BOJO-
Pol o6JajiaeT eille OAHHM HeOOLIYHHIM CBOHCTBOM: B OTJIHYHE OT YrJle-
KHCJIOrO Tasa H CoGCTBEHHO BO3AyXa OH JIETKO BOCIVIaMeHsieTcs, H
KapeHAMLI He HCKJI0YaJl BePOSITHOCTH TOrO, YTO OH NOJYYHJ caM ¢io-
THCTOH.

BTOpHIM XUMHKOM, HNOGHBIUHMCS YCHeXOB B H3YYeHUHM ra3oB, Obla
Jxosedp IMpucrnu (1733—1804) — npoTecTaHTCKHA CBAIIEHHUK, IJy-
6oko ypneueHnni#t xumueft, B kouue 60-x ronos XVIII 8. oH npuxan
mactoperso B Jluace (Auraus). Pagom ¢ JlnacoMm Haxoausics nuBoBa-
PeHHbIfi 3aBoA, OTKyAa [IpHCT/IH MOr MOJyuyaTh YIJIEKHCAbA ras B Ko-
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JinyecTBaX, AOCTATOYHBIX JJSi NPOBeNleHHs ONKITOB (YIVIEKHCNH raz
ofpasyerc npH OpOMEHHH HNHBHOIO CyCJHa).

Co6upan yraexkucanift ras Hap somo#t, Ilpuctiiu obGuapyxua, uto
YacTb rasa pacTeopsiercs B Bolle H NpHAaeT el NPUATHHIA TepnKu#l npuB-
Kyc. [To cyta pena Ilpucrii nonyunsl HanHTOK THNA CeNBTEDCKOH WK
cofioBofl Bojbl. [TocKonbKy A/ nmonyyeHus «CHTpo» HeoGXofHMO npuba-
BHTb TOJIKO CaXxap H apoMaTH3HPOBaTb HaNHTOK, [IpucTain MOXKHO cun-
TaTh OTIIOM COBPeMeHHOH HHAYCTPHH Ge3alKOro/ibHbIX HaNHTKOB.

B nauane 70-x romos XVIII B., korga Ilpuctan BHOBL 3aHSJICR
H3y4YeHHeM Tras3oB, XHMHKH YeTKO Das/IHYald TONbKO TPH rasa — cob-
CTBEHHO BO3AYX, yr/eKHcablfi ras Ban Ieabmonra u Baiska u Bofopoa
Kasenpua; Pesepdops 6o 6MH30K K OTKPHITHIO YETBEPTOro rasa —
asora. [lpuctau conyTcTBoBana yAaya: oH BBIIENH H H3YYHJ elle Psf
rasos.

Onmitel TlpueTan ¢ yryiekHcIbIM razoM NoKasalH, YTO raskl MOTYT
pacTBOPATBCH B BOJE H, CJIeJOBAaTeNIbHO «TEPATHCA», MOITOMY OH MO-
nbiTa/lcsl coOHpaTh raskl He Haj Bojofi, a HaA pTyThio. Takum oGpasom
[Mpucran cymen co6paTh H H3YUHTb TakKHe rashl, KaKk OKCHA asoTa (I),
aMMHaK, XJOPHJA BOJOPOJA M AHOKCHA cephl (Ml JaeM CoBpeMeHHble-
HasBaHHA rasoB). Bce 5TH rassl HaCTOMBKO XOPOILO PACTBOPAIOTCH B BO-
Jie, uTO, TMpPOXOAs 4Yepe3 Hee, NOJHOCTHIO MOIJIOILAIOTCH.

B 1774 r. IlpucTan cpenai, BOSMOXKHO, CaMOe BaXKHOe CBOE OTKpPHI~
The. Kax yxe ropopuJ/och Bhlle, oH cobHpa/d rasel Hafl pryTblo. [Ipw
HarpeBaHHH Ha BO3JlyX€ PTYTb o0pa3yeT KHPNHYHO-KPACHYIO «OKalHHY»
(okcup pryTtH). IlpacTiu Knam HeMHOro OKa/jlHHbeI B NPOOHPKY M Harpe-
BaJ ee, GoKycHpys Ha Hefl ¢ HMOMOUIBIO JIHH3HI co/iHeuHble JayuH. OKa-
JHHa NpH 5TOM BHOBL MpeBpallanach B PTyTh, H B BepXHell 4acTH npo-
6upkH nosfBAAJHCh OfecTamue wapHkH MeTaana. [Ipw pasmoxenum
OKa/IUHBl BhIAENsANCA ra3 ¢ BecbMa HeoOBIUHBIMH cBoficTBamu, ['opioune-
BellecTBa ropeli B 3ToM rase ObICTpee H Aipye, YeM Ha Bo3pyXxe. TJemolas
JlyunHa, GpolleHHas B COCYJ C 5THM rasoM, BCOHIXHBala SIPKHM IJia-
MeHEeM.

Mpuernu nurasicd OOLACHHTL 3TO fBJIeHHE, HCTONAb3YS TEOpHIO-
taorucToHa. ITocKONbKY ropioyHe BellecTBa OpPeNH B 5TOM ra3e BechbMa.
pKO, TO OHH JOMXHbI OBLIM OYeHb JIerKO BHIENATH (PIOrHCTOH.
Yem obwsichuTe 3107 Kak ciaepyer w3 TeopuH (Jorkcrona, Bosiyx
Jerko MnoryoinaeT (UIOTHCTOH, HO A0 ompeietdeHHoro npefena, fMocie
uero ropenue npekpamaerc. B oTkpeitom [Tpuerin rase ropetue wno-
Jydllie, 4eM B BO3JyXe, U OH PElLIHJ, YTO 3TOT I'a3 COBCEM He CONEePKHT"
dtorucrona. IIpHCTH Ha3Bal OTKPLITHIH UM ra3 «1eduIoruCTHPOBAHHBIM
BosnyxoM», (OfHaKO yepe3 HECKOJBKO JIeT ero nepeHMeHOBalH B Kuc-
A0pod; 3THM HasBaHHEM Mbl NOJb3yeMcsl H CerofHs.)

«dedrorucruposannblii Bo3ayx» [IpucTau Kasanca ceoero poja an-
THROfOM «duiorHCcTHpOBaHHOrO Bo3fyxa» Pesepdoppa. B nocnepnem
rase MblliM YMHpaJH, TOrJa Kak B nepeoM GHLIH BecbMa LefiTebHLIMH.
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Tlpucran cam mnonpoGosan noAbIIaTh <AeIOrHCTHPOBAHHEIM BO3MY-
XoM» H MOYYBCTBOBAM NpH 3TOM cebsi «l1erko u CBOGOIHO®.

Onunako B OTKpHTHH KHCT0poaa H Pesepdopia u Ilpuctiu onepenua
wseackuit xumuk Kapn Bunvrensm Illeene (1742—1786) — npencra-
BUTeJb TOH IJesfbl XHMHKOB, KoTophle BuiBesn [lleuuio B XVIII B,
#a TiepefloBBe NMO3HIUHH HayKH.

IMpubnusurennno g 1735 r. mBeackuit xumuk l'eopr Bpauar (1694—
1768) nauan usyyatb ronyGoBaThlii MHHepas, HanoMHHABIUHH MeHYIO
pyay. HecmoTps Ha Takoe CXOACTBO, MOJAYYHTb H3 3TOr0 MuHepana
Menb npH oObl4HOH ofpabGoTke He ylaBaloch. PyloKonbl mojarais,
YTO 3Ta pyAa 3aKONJOBaHa 3eMHBIMH AyXaMH «KoOGosibfaMu». B 1742—
1744 rr. BpaHAT cyMen nokasaTh, 4To roly00oBaThIl MHHEpAJ COAEepPKHT
‘He Meflb, a COBEPLIEHHO HHOH MeTaslsl, HaMOMHHAIOWHA MO CBOHM XH«
MHYeCKHM CBOHCTBaM eJle30. TOT MeTals1 NMOAYYU] Ha3BaHHe xkobaasm.

B 1751 r. Akceas ®@penpuk Kposcrear (1722—1765) oTkpbin HOBHIA
‘MeTaJ/lJ1 HuKeab, OueHb ToXoxHié Ha kobGansT,; HoranH Torau6 Tau
(1745—1818) Beipenun B 1774 r. mapzaney, a Ilerep fKko6 I'vensm
(1746—1813) nonyuun B 1782 r. moaubden.

‘Puc. 6. [MasnsHas Tpy6Kka, BBefleHHan B JaGOpaTOPHYIO MPAKTHKY MBEJCKUM XHMUKOM
Kponctentom (1722—1765), Goslee Beka Gb1a KAIOUeBLIM HHCTPYMEHTOM XHMH4YECKOFO
-AHAJIN33; 3TOT MeTOJ HCroJb3yeTcs 0 chX nop. CTpys Bo3Ay Xa MOBHIIAET TEMNepaTypy
AIAMEHH H MOXKET MeHATb ero HanpasJieHHe.

Kpoucrear npu HsyyeHHH MHHepasoB BliepBble NPHMEHHJ NasJbHYI0
-Tpy6Ky (puc. 6). D10 Gblia AIHHHAS TOCTeNeHHO cyXaloulasica Tpy6-
Ka, H3 Y3KOro KOHIA KOTOPOH BBLIXOAW/IAa CTPYs CXKaToOro BO3AYXa.
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Korpa Takyio cTpyio Hampaeisili B I1aMsi, TeMIepaTypa ero NoBHIILA--
Jacb, MuHepanbl, HarpesaeMble B HJaMeHH mnasjibHOH TpyOKH, OKpa-
IIHBAJH €ro B pas/HYHEIEe LBeTa, NO3TOMY IO llBE’l‘y NnJJaMeéHH MOXKHO-
OBUIO CYJAHMTH O MPHPOJe H COCTaBe MHHepala, o mpHPofe o6pa3oBaB-
IUHXCA NapoB H TBepHoro ocraTKa. Ha nporskeHHH cToseTHs nasiib-
Ha#fl prﬁKa OCTaBasack OCHOBHBIM HHCTPYMEHTOM XUMUHECKO20 aHAAU3A.

Bnaropaps HCoONb30BaHHIO HOBBIX TeXHHYECKHX NpHeMOB, MofoG-
HHIX aHa/JHM3Yy B IJIaMeHH NafAdbHOH TPyGKH, XMMHKaM yAaloch HaKo-
NHTH AOCTATOUHO MHOTO JaHHHIX O MuHepanaX. McXoas H3 3THX JaHHbIX,
KpoucteAT BHOMHe cnpaBeAJHBO NoJaral, UYTO MHHepalbl CJelyeT:
K/JaccHpHIEPOBATb He TOJNbKO B COOTBETCTBHH C HX BHEIUHHM BHIOM,
HO H B COOTBETCTBHH C HX XHMHUYecKo# cTpyKrypo#. B 1758 r. oH BH-
nycTua1 KHury «CHcTeMa MHHepaJlorHH», B KOTOPOH JeTajJbHO OonHcal
HOBYIO CHCTEMY KJacCH(HKaLHH.

Sra pabGora OH1a NPOAOJIKeHA APYTHM IUBEACKHM MHHEpPaJIoroM
TopGeprom Ynapom Beprmanem (1735—1784). Beprman passua Teo-
pHI0, OOBSCHSAIOULYIO, NOYeMy OIHO BellleCTBO PearHpyer ¢ APYTHM Be-
IeCTBOM, HO He pearupyer ¢ TperbuM. OH XKe npeAnooxKu/, 4To MexIy
BelllecTBaMH cymiecTByet «cpofctBo» (affinities), u cocraBun Tmarens-
HO BhIBePEHHBle TaGMHIbLI Pa3NHYHEIX BeJHYHH CPOACTRA. JTH Talbiu-
L NOJb30BANUCh LMHPOKOH H3BECTHOCTBIO MpH JKU3HHM HX co3jaTel
H NEpeXHJIH ero Ha HeCKONbKO JAecaTHJIETHH.

[Ileene, euie 6yAyYH NOMOIHHKOM anrtekaps, o6paTHa Ha cebs BHH-
manue BeprmaHa, Kotopelfi nomoran emy u nopsep:kusan ero. Illeene
OTKpBL1 pAA KMCJIOT PACTHTebHOrO H XHBOTHOTO NPOHCXOXIEHHA, B
TOM YHMCJIe BHHHYIO, JHMOHHYIO, GeH30MHYi0, f6JIOUHYIO, LlaBeseBYIo,
rajjJiopyto, MOJIOUHYIO, MOYEBYIO, a TaKxKe TaKHe MHHEpaJbHble KHCJIO-
Tel, KaK MOJHOAEHOBass H MbILIbAKOBAA,

[lleesie nOMTYyuYHT W M3YYHJI TPH CHJIBHO SJOBHTHIX Trasa: (TOpHA
BOIOpOAa, CyabHA BoAopoAa H uHaHuA Bojopopa. (IIpeamonaraior,
YTO €ro paHHsii CMepTb fIBHJIaCh Pe3yJIbTaToM MeJJIeHHOro OTpaBiie-
HHSl XHMHKQJIHSIMH, TaK KaK OH HMeJ OObIKHOBeHHe npoboBaTh Ha BKyC
Te BellleCTBa, ¢ KOTOpHIMH paboTai.)

Illeesie 66l B YHCHE TEX XHMHKOB, HCCIEAOBaHHA KOTOPHIX NPHBEIH
K OTKPHITHIO MHOTHX 3/1€MEHTOB, H TOJb30BaJICA GOJIBIUHM yBaKeHHeM
mBeACKHX Komier. Haubollee BaXHble €ro OTKPHITHA — MONyUYeHHe
KHCJIopoia M asora (cootBeTctBenHo B 1771 u 1772 rr.). Ileene nomy-
yaJl KHEJOPOJA, Harpepas BellecTBa, HENPOYHO ero YJepKHBaloulHe.
B uacTHOCTH, OH HarpeBaJsl TOT CaMblii KpaCHBIl OKCHA PTYTH, KOTOPEIM
HEeCKOJIbKO JIeT cmycTa Bocloab3oBaics [lpucrau.

Hleene noapoGHO ONHCAl CBOH ONBITHI 1O NOJYYEHHIO H CTOJb Ke
nofpoGHo onucal CBOHCTBA «OrHEHHOro BO3AyXa» (TaK OH HashBajl
KHCJIOpOA), HO H3-32 HeOGPeXHOCTH ero HajaTeNsl 3TH OMNHCAHHA He:
nosiBAAauCh B newatd Ao 1777 r. K 3ToMy BpeMenH BBILUIH TpPYAEE
Pesepdopna u Ipuctan, xotopble H 3aBOEBaJH YecTb NepPBOOTKPHIBA-
Teneir.
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K xomny XVIII B. 6bi1 Hakonsien 6onbliol sKcnepuMeHTATbHbIH
MaTepHal, KOTOpHH HeoOXOIHMO OHIIO CHCTEMaTH3HPOBAaThb B paMkax
eaunoli Teopun. CosfaTeneM TakoH TEOPHH CTal QPaHUY3CKHHl XHMHK
Anryan-Jlopau Jlaeyasbe (1743—1794). C camoro Hauana ceoeii nes-
TeJILHOCTH Ha NomnpHile XuMHH JlaByasbe MOHAN BaXKHOCTb TOYHOrO
uamepennsi. Ero neppas sHauuTenbHas paGora (1764 r.) Gouia noces-
lleHa H3y4YeHHIO cocTaBa MHHepaabHoro runca. Harpesas 3stor mu-
Hepas, JlaByasbe yAa/ifj H3 Hero BoAY H ONpEeNeNss KOMHYECTBO OMy-
YeHHOH TaKHM o0pasoM BOALL. JlaByasne NPHHAJ CTOPOHY TeX XMMHKOB,
Koropele, nopo6Ho Bnsky m Kapenauluy, nmpuMeHsiiH u3MepeHHe npu
H3y4YeHHH XHMuueckux peakuuii. Onxako JlaByasbe ucrnonbsoBan Gonee
CHCTeMaTHYeCKHH MOAXOM, YTO MO3BOJIHJIO eMy JA0KAa3aTh HECOCTOSTe/b-
HOCTb CTaphIX TEOpHH, yiKe He TONBKO 6Gecriofie3HBX, HO W MeIUaBIUHX
PasBHTHIO XHUMHH.

Haxe B 1770 r. psii yueHHX NPHAEPKMBATHCH CTAPOro Onpejese-
HMfl 5/IeMEHTOB H YTBepMJANH, YTO TPAHCMyTalHs BO3MOXKHA, NO-
CKOJNBKY BOAY, HampHMep, MPH IVIHTe/NIbHOM HarpeBaHHH MOMKHO Mpe-
BpaTuTh B 3emiio. [IpeanosioxeHne o BO3MOXKHOCTH NpeBpallleHHs BOJIBL
B 3eMJII0 CUHTAJOCh CRpaBelJIHBHIM (BHauaje jfaxke camuM JlaByasbe),
TAaK KaK NPH JJIMTENbHOM HarpeBaHHWH BOAbl (B TeyeHHE HECKOJAbKHX
AHeil) B CTeK/IsHHOM cocyfie 0OpasoBRIBA/ICS TBEPABE OCAOK.

JlaByasbe pellH/ MPOBEPHTb BOSMOMHOCTb MNPEBPALEHHS] BOAbL
aKcnepuMeHTaNbHbIM nyTeM. C 3Tofi ueabio on B Teuenne 101 aua xku-
naTHA BOAy B COCyle, B KOTOPOM BOASIHOA mMap KOHAEHCHPOBAJCA
H BO3Bpaulajicsa o6paTHO B Koaby, TaK YTO BOSMOXKHOCTh KaKof-au6Go
norepH BelllecTBa B npollecce onbita Oula HCKMoueHa. M, pasymeetcs,
Jlapyaspe He 3a0HBa/l 0 TOYHOCTH 9KcnepuMenTa, OH B3BellUBal H CO-
CYA H BOJAY A0 H MOC/€ HarpeBaHHA.

Ocanok npu 31oM JAefiCTBHTENBHO MOSIBHJCS, HO BeC BOABI He H3-
MeHuJicsi. CliefioBaTesibHO, BOfla He Morjia o6pasoBaTh ocafioK. OfHako
BeC CaMoro coCy/la, KaK BhHIAICHHJIOCh, YMeHbIUHJICH KaK pas Ha CTO/IbKO,
CKOJIbKO BecHJ 0CajoK. [lpyruMH cloBaMH, ocalloK MOSIBHJCA HE B pe-
3yJibTaTe NpeBpalleHus BOAbLL B 3eMJIO, a B pe3yJsbTaTe MEAJIEHHOro
pasbelaHHs CTEK/JSHHBIX CTEHOK cocylla ropsiueit Bogo#. Ocaflok ofpa-
30BLIBAJIO BHIIENIOYEHHOE CTEKJ0, OcamiaBlieecs B BHJAE TBEpPAbIX MIa-
CTHHOK. DTOT MPHMep HArJIfJHO MOKa3bIBaeT, YTO NpOCToe HabmiofeHHe
MOXKeT NMpUBECTH K OWHGOYHbIM BHIBOAAM, TOTAa KaK KOJNHYECTBEHHO®
H3MepeHHe TO03BO/SET YCTAHOBHTb HCTUHHBIE NMPHYHHLL SIBJEHHS.

Bonpoc o ToM, 4TO TaKOe MpOlECC ropeHHsi, HHTEPeCOBal BCeX XH-
mukoB XVIII B., u Jlapyasbe Takke He MOr He SauHTepecOBaTbCS HM.
B 60-x rogax XVIII B. oH nOAyYHJ 30/10Tyi0 Mela/b 38 HCCIeJOBaHHe,
NOCBSIIlEHHOe YJY4YIIeHHo cnoco6oB y/auyHoro ocgeitesusi. B 1772 r,
JlaByasbe B CK/JafuuHy C APYTHMH XHMHKaMu npuoGpen anmas. Ou
MOMECTHJ 3TOT a/Ma3 B 3aKPHITHIH cocyl W HarpeBan Mo TeX rnop, MoKa
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anMa3 He ucues, [Ipu sTOM oOpasoBancsa yraekucasii raz. Takum obpa-
soM Obo yGefuTeNbHO JOKasaHO, YTO ajMa3 COCTOHT H3 yriepoja H,
c/efloBaTe/IbHO, a/1Ma3 G/uKe BceX APYTHX BellecTB K YIVIO.

IMponomxkas ceon onbiThl, JIaByasbe HarpeBal B 3aKpHTHX cocyZlaX
¢ orpaHHYeHHeIM o0LeMOM BO3JlyXa TaKHe MeTaMbl, KaK OJOBO H CBH-
Hel. CHauala Ha NOBEPXHOCTH OGOHX MeTa/voB 06pa3oBBIBAJICH CJIOH
OKaJ/IHHbI, HO B ONpefle/IeHHbIH MOMEHT pXKaBlleHHe [peKpallanoch.
Croposnuku Teopus ¢JoricTosa ckasaau Obl, YTO BO3AYX MOTJIOTHJ H3
MeTall1a Becb cojepxaiinfica B Hem ¢uiorncTod. B 10 Bpems yxke JHo-
NOAMHHHO OblIO H3BECTHO, YTO OKalHHa BecHT Gosblie, yeM cam Me-
Tall; OJHaKo, Korja noclle HarpesaHusi JlaByasbe B3Becus cocyj] BMe-
cTe CcO BCeM COJEepXHMBIM (MeTalJoM, OKalHHOH, BO3AYXOM H Tp.),
0Ka3a/ochb, YTO OH BECHT POBHO CTOJNBKO e, CKONbKO H JAO Harpe-
BaHHA.

M3 3THX maHHBIX CJAeROBATO0, YTO, €CJH YACTHYHO [peBpaTHBLIHCH
B OKaJIHHy, MeTaJjJJ yBeJHUYHJ CBOH BeC, TO YTO-TO €llE H3 COJAEpHKalle-
rocsi B cocyjie NoOTepsi/io YKBHBANEHTHOE KONHYECTBO Beca. ITO «YTO-TO
ele» MOrIo GuiTh H Bo3Ay XoM. OfHaKo B 3TOM cJlydae B cocyje JOMKeH
6611 o6pasoBaTbesd BakyyM. [lefictBuTenbHo, Korla JlaByasbe oTKpbLI
cocyl, TyAa YCTPeMHJCs BO3AyX, H BeC COCyAa H €ro COAePIKHMOTO
YBeJHYHJICH,

TakuM obpasom JlaByasbe MoKasald, Y4TO MeTajJs TpeBpauiaeTcs B
OKa/IMHYy He B pe3yJbTate MOTEPH MHCTHYECKOro (WIOTHCTOHA, a BCIed-
CTBHE MPHCONHHEHHs MOPLHH camMoro oObLIYHOTO BO3MyXa.

3TO OTKpbITHE NO3BOJHJO BLIABHHYTH HOBYIO TeOpHIO 00pasOBaHHA
metanoB u pyA. CornacHo stofi TeopHH, B pyJAe MeTall COelHHeH
¢ rasoM. Korza pyly HarpesaroT Ha JApeBecHOM yrIje, yroib ajcoptu-
‘pyer ra3 u3 pylbl; MpH 3TOM 00pa3yioTcsl YIVIEKHCAHH Ta3 i CBOGOAHHK
MeTalll.

Taxum ofpasom, B oriuune ot Llltans, koropulfl cyutal, 4To JaB-
Ka MeTaJlJla BK/IoYaeT flepexol GIorucToHa U3 ApeBecHOro yIvd B pyny,
JlaByasbe npelicTaBnsia ceGe $TOT npolecc KakK NepeXof rasa H3 pylsl
B yroab. OaHaKo MMeso JIH CMBICT ToNMKoBaHue JlaByaswe npejnovects
tronkosanuio [lrana? Ila, uMeno, nockoabKy npeinonoxende Jlasy-
-a3be O NMepeXxofe rasa Mo3BoJANIO O0BCHHTDL NPHYHHLI H3MEHEHHA Beca
BellecTB B pe3yJ/bTaTe ropeHus.

OkannHa TsKeJee MeTallla, W3 KOTOpOro oHa ofpasoBasack, POB-
HO Ha CTOJbKO, CKOMbKO BeCHT COeAHHHBIIEeCH C METa/lJIOM KoJHye-
cTBO BO3AlyXa. [opeHne JNepeBa TaKiKe COMPOBOXKIAETCS NpPHCOEJHHe-
HHeM BO3lyXa, HO yBe/HYeHHs Beca B 3TOM CJjyuae He HaGumrofaercHd,
-TaKk Kak oOpasoBaBlueecsi HOBOe BelllecTBO — YTJIEKUCABIH ras yJje-
TyuuBaercs B arMochepy. Ocrapuwascs 3o/a Jierde cropesliero jiepe-
Ba. Ecnu G ropeHue Jepesa NpoXOJAHJIO B 3aKPHITOM cocyle H obpa-
3ylouLHecs NPH 5TOM rasbl OCTaBajlHCh Obl B COCyJle, TOrJla MOXHO GblIO
66l MOKas3aTb, YTO BeC 30/ IJIOC BeC 06Pa3’0OBaBIUHXCH Ta3oB MJIIOC
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BeC TOro, YTO OCTaloCh OT BO3/yXa, PaBHAETCA HayalbHOMY Becy
JepeBa H BosjlyXa.

O6GaymbiBasi pe3y ibTaThl MPOBeJeHHLIX MM OmbITOB, JlaByasbe mpi-
1Ie1 K MBbICJIH, YTO eC/lH yYHTHIBaTh BCe BELIECTBA, YYaCTBYIOWHE B XH-
MHYecKOH peakuuu, u Bce obpasylollsecs NMPOAYKTH, TO H3MeHEeHHs B
Bece HHMKorjga HaGmiofaTbes He Gyaer (I'oBopsi Gosmee TOUHBIM SI3BIKOM
¢u3HKoB, He npoM3OHAET H3MEHeHHsl Macchl.) * JlpyruMu </loBamu,
JlaByasbe npuiueNl K BEIBOAY, 4TO Macca HHKOTJa He CO3JaeTcs W He
YHHUTOXKAeTCsl, a JHIUb MepexofuT OT OfHOrC BellecTBa K ApyroMmy.
10 nonoKeHHe, H3BECTHOE KaK 3aKOH COXPAHEHUA MACcol, CTano Kpae-
yronbHbiM KamueM xumuu XIX B.**

Ycnexu, gocturHyToie JlaByasbe 6/1aroflapsi HCIONb30BAHHIO MeTOAA
KOJIMUECTBEHHBIX H3MepeHHH, OblIH HaCTONbKO BEIMKH H O4YeBH/HBI,
YTO 3TOT MeToA Obl1 Ge30rOBOPOYHO NPHHSAT BCEMH XHMHKaMH.

I'openue

Opuxako cam JlaByasbe ObLT He BIOJIHE JOBOJEH MOJYyYeHHBIMH pe-
syasratamu. [Ipn coelMHeHHH Bo3lyXa c MeTa/lloM 0O6pasoBblBasach
OKaJ/IHHA, a TIpH COeJHHEeHHH C [epeBOM — rashl. Ho fioueMy B TaKOM
B3aHMOJEHCTBHH YYacTBOBa]l He Becb BO3JYyX, a TOMbKO MNpPHMEpHO
naTas 4actb ero?

B oxrsi6pe 1774 r. [apuxk nocerun [puctau u pacckasan Jlasyaabe
0 CBOEM OTKPHITHH «JedorucTHpoBaHHOro Bo3fyXa». JlaByasbe cpasy
Ke OLLeHHJ 3HauyeHHe 3Toro oTkpuTHsa. B 1775 r. oH BeCTYNHA ¢ AOKTa-
JoM B AkalleMUH HayK, a BCKOpe NMOArOTOBHJ W CTaThbio, B KOTOPOil yT-
BepKJa/, 4YTO BO3AYX SfIBJISIeTCSl He MPOCTHIM BEUIECTBOM, a CMEChIo
nByx rasoB. OfHy msTyio Bo3llyXa, No Muenuto JlaByaswe, cocraBniser
«aepaorucrupoBantblii Bo3fayx» Ilpuctau (JlaByasbe, K coxaneuuio,
ocnapusan y [IpHcTaH uecTs OTKpBITHS Kucaopofa). M uMeHnHo 3Ta
YacTb BO3JlyXa COeJiMHAETCA C FOPALIHMH HJIH DXKaBEIOWHMH npejve-
TaMu, NepeXOAHT H3 PYA B APeBecHBIll yrolb H HeoOXOAUMa ATl XKU3HH,

* 5 uions 1748 r. M. B. Jlomonocos Bnepstie copMyTHPOBAJ 3aKOH COXPaHEHHSA
MaTepHH i ABHXKeHHA. B nucbme k JI. Ditnepy on mican: «Bce BeTpeualoulnecs B NPpHPO-
Jie U3MEHeHHA MPOHCXOLAT TaK, YTO €CIH K ueMy-au6o HeuTo npn6aBuIOCH, TO 9TO OT-
HHMaeTcs ¥ Yero-To Apyroro. Tak, CKoJbKO MaTepHi NpHGaBaseTca KakoMy-au6o teay,
CTOJILKO Xe TepsieTc y apyroro... Tak Kak 9To BceoGUIHit 3aKOH NPHPOAB, TO OH pac-
NpoCTpaHfeTCd W Ha NPaBHJIA JBHXEHHA, CTOJABLKO XK€ TepAer OT CBOEro JBHKEHHS,
CKOMBKO co06LiaeT APYromy, UM AsHHyToMY» (Jlomowocos M. B. TToau. cobp. coy.—
M.—J1.: Hs3z-s0 AH (_YCCP, 1950—1959, 1. 2, c. 183).

B 1756 r. M. B. Jlomonocoe, nosropuB onutT P, Boiasa, pauswe A. Jlasyasbe
BBICKA3a/ MbIC/Ib, 4TO yBeJIHUEHHE MACChl METAJIOB NPH 06XKHIaHAK ceayer NpHIHCaTh
NPHCOEIHHEHHIO YACTHL BO3ZyXa. M B OT/IHUKHE OT CBOHX COBPEMEHHHKOB OH HCKIIOYHJ
«OTHEHHYI0 MaTepHIO» M3 YHCJA XHMHYeCKHX arenwTos (Jlomowocos M. B. Tosu. coGp.
cod., T. 10, c. 392).— pun. ped.

** B gayage XX cTONETHA 3TOT 3aKOH 6blT YTOUHEH, HO BBeJleHHas MONpPaBKa Ha-
CTOJBKO MaJia, 4TO eCJIH PAaCCMATPHBAIOTCA OOLIYHbIE PEAKIHH, NPOBOLHMBIE B OGLIYHEIX
/nabopaTOPHEIX YCJAOBHAX, TO €10 MOXHO npenelpeub,
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JlaBya3ne HasBaJl 3TOT ra3 KHCJAOPOAOM, T. €. MOPOXKAAKOLIHM KHCJIO
Thl, TaK KakK NoJaraj, 4TO KHCAOPOA — HeoOXoMuMblii KOMIOHEHT BCeX
KucJIoT. B 3ToM, Kak B AadbliefilieM BRIACHHJIOCH, OH oluHGancH.
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Piic. 7. Cxemsl onbITOB, NpoBefeHubix JlaByasse, NOKasaHHLe B €r0 KHHTe «JIeMeHTaps
HHft Kype XHMHH» (PHCYHKH CHeNaHHl 3eHofl JIaByasee).

Bropoil ras, cocTaBNAOUMA YeTelpe NATHIX BO3AyXa («{WIOTHCTH-
posaHHblfi Bosayx» Pesepdopia), 6bl1 NpH3HaH coBEplleHHO CaMOCTOs-
TeNbHEIM BelllecTBOM, DTOT ra3 He NoAJep:KHBAJN rOPeHHs, MHILH B HeM
ru6au. JlaByasbe HasBal ero asotroM — Ge3axu3HeHHbIM. [TospHee asor
Gbln MepeHMeHOBaH B HHTPOreH, * WTO B MNepesojie € JIATHHCKOrO 03-

* 3710 HasBaHWe [OAYYHJO pacrpocTpanenne BO dpanuy3sckom (nilrogéne) W aHrs
nuitckoM (nitrogen) sswkax,— [Tpus, ped, :
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HayaeT Ce/IHTPoOGpa3yiomui, NOCKONbKY BBIACHHJOChH, YTO a30T fABJA-
ercsi COCTABHOH YacTblO PaclpOCTPaHEHHOrO MUHepaJia CENHTPHI.

Jlayasbe Obll yOexclieH (M, HaJlo CKasaTh, COBePILEHHO CIPaBejJIH-
BO), YTO MH3Hb TOMIEPIKHBACTCA TMPOLECCOM, CXOAHLIM C MPOLECcCOM
ropennsi: u60 MLl BABIXaeM BO3lyX, Gorartelii KHCJIOPOAOM H OemHBIi
YrAeKHCIBIM Ta3oM, a BhAbIXaeM Bo3lyX, GelHuIH KHCIOPONOM H 3Ha-
YHTeNbHO oforaleHHslfi yriaekucasiM rasom. Ou u ero Koasera [lbep
Cumou ne Jlauaac (1749—1827), Bnoc/eNCTBHH H3BeCTHBI acTPOHOM,
MONLITANHCL H3MEPHTL KOJNUYeCTBO BABIXAEMOI'O XKHBOTHBIM KHCJOpoJa
H BBHIABIX2eMOI0 HMH YIVIEKHC/IOro rasa. PesysbraThl OKasanHCb o3a-
JaYHBAIOIMIAMH — YacTb BABIXaeMOI'0 KHCJOPOJa He mNpeBpaTHjack B
BBIBIXaeMblif  YIJIEKHC/RIH Tas.

Kak Mbl OTMeyasiu Bhilve, B 1783 r. KaBenauiu Bce ele H3yuas «ro-
piounfi ras». OH CXKHran 4acTb onpefeleHHoro ofbéema 3TOro rasa H
TIIATeJbHO H3ydaa obpasyioliHecs npH sToM MNpoAYKTH. Kaeenaum
BRIACHHJ, 4T0 Ofpasyiomiuecd NPH ropeHHH rasbl KOHAEHCHPYIOTCA B
KHJAKOCTb, KOTOpas, KaK MOKa3alqH aHa/MH3bl, ABJAETCSH BCero-Hascero
BOJOH.

BaxHocTb 3TOr0 OTKPHITHA TPYIHO ObNIO NepeoueHHTb. Teopuu
9/1eMeHTOB-CTHXHHI OBl1 HaHeceH elle ONHH TAXeNbIH yJAap, MOCKOIbKY
BBISICHHJIOCH, UTO BOAa He MPOCTOE BelLeCTBO, a NPOAYKT, o0pasyomuii-
csl NpU COEAMHEHHH JIBYX rasos.

JlaByasbe, y3Hae 006 3ToM ofklTe, Haszpal ras KaseHJuina Bopopo-
JoM («o6pasyioliM BOLY») H OTMETHJI, YTO BOAOPON I'OPHT, COEAHHASACH
C KHCJIOPOJOM, H, C/eloBaTe/bHO, BOAA ABJAETCA cCOeAHHeHHeM BOIOPO-
Ha H KHcHopona. JlaByasbe Takwe nosaral, 4To NumneBas cyGcTaHLHA
H XHBas TKaHb NPeACTaBAAOT cO60H MHOXECTBO Pa3/HYHBIX COelHHe-
HHll yriaepoia # BOLOPOAa, MOSTOMY fpH BALIXaHHH BO3JyXa KHCJOPOX
pacxofilyerca Ha o0pasoBaHHe He TOJBKO yT/JIEKHCIOro ra3a u3 yraeposaa,
HO H BOZABl H3 BoAopoja. TakuM obpasom JlaByasbe oObBACHHJ, Kyla
pacxoiyeTca Ta 4acTb KHCJIOPOAa, KOTOPYIO OH HHKaK He MOT ydecTb
B CBOHX NepBbIX ONLITAX MO H3Y4YeHHIO AbIXaHHA *.

Hosuie Teopun JlaByasbe noB/ek/IH 3a co6oi MOIHYI0 pallHOHAMM3a-
1M XUMHH. DBIO MOKOHYEHO CO BCEMH TaHHCTBEHHBLIMH «3/1eMEHTaMu»,
C Toro BpeMeHH XHMHKH CTallH MHTEDECOBAThCA TOJABKO TEMH BellecT-
BaM#, KOTOpHieé MOXHO B3BECHTb WJIH H3MePHTb KaKHM-THOO APYruMm
cnocoGoM.

3anoxue TakHM o0pa3oM QyHAaMeHT XUMHYecKol HaykH, JlaByasbe
pelunn 3aHATbCs Haictpoiikoit. B tedenne 80-x ropos XVIII 8. Jlasy-

* Pycckuit xuMmuk Muxaun Bacuibesna Jlomonoeos (1711—1765) eme B 1756 r.,
T. e. MOYTH 3a ABaAUATH JeT 10 paboT JlaByasbe No roperHo, 0TKa3ancs oT TEOPHH duio-
FHCTOHA H NpefNoJoXH/, 4TO NPH FOPEHHH BEUIECTBA COENHHAIOTCH C YACTLIO BO3AYXa.
K coxanenuio, Tpy s JlomoHocoBa 6blH oNyGIHKOBaHH HA PYCCKOM fISHIKe, H 3anafHo-
eBponefickHe XWMHKH, BKAodas JlaByasbe, He CMOMIH C HAMH O3HAaKOMHTbCA. [Ipume-
yaTeabHO Takie, 410 JIOMOHOCOB HMeJ MOYTH coBpeMeHHEIe B3TJIAAN Ha TEOPHIO ATOMOB
¥ TEOPHIO TEILIOTH, OMepeAuB, TakuM o6pasoM, cBOe BPEMA NOYTH HA CTO NATBAECAT JeT,
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asbe B COTPpyAHUYECTBe C TPeMs APYTrHMH QPaHLY3CKHMH XHMHKaM{ —
Jlyu Bepnapom I'nronom ne Mopso (1737—1816), Knozom Jlyu Beproa-
Je (1748—1822) u Auryanom ®pancya ne ®ypkpya (1755—1809) —
pas3paGoTan JIOTHYECKYI0 CHCTeMY XHMHYECKOH HOMEHKJIATypH. 3ToT
TPyA Gbin ony6nukosan B 1787 r.

Xumua nepecrasa ObiTh MelUaHHHON HasBaHHil BpeMeH aJXUMHH
(cm. ra. 2), Korja Kawaell XHMHK, HCIOMb3ys COGCTBEHHYIO CHCTEMY,
MOr TOCT4BHTb B TYNHK Koaser. Bella paspaGorana cecreMa, OCHO-
BaHHaA Ha JorHyeckHx npuHuunax. Ilo nassauuaM coellHHeHHH, npes-
JIOXKEHHRIX 3TOH HOMeHKNaTypofi, MOXHO ObLJIO ONpefeNTHTEL T€ 3JeMeH-
Thl, H3 KOTOPHIX OHO cocTOMT. HampimMep, OKCHJA KalbUHs COCTOHT M3
KalblHA W KHCJIOPOAA, XJOPHA HATPHA — M3 HATPHA H XJ0pa, Cy/b-
¢$un Bonopoia — U3 BOAOPOJA H cephl M T. A. YeTkas cHcreMa mpHcTa-
Bok u cydupukcoB Gnia paspabotaHa TakuMm o0pa3oM, YTO CTal0 BO3-
MOMHBIM CYJHTb O COOTHOLIEHHH BXOJSALIHX B COCTAB BEIIeCTE 37IeMEeHTOB.
Tak, yrmeksciwii rasz (Anokcuf yriaepoia) Gorade KucaopofioM, ueM
yrapHeiii ras (MOHOOKCHA yryiepofia). B To e BpeMa XJopar Kalust co-
JAepXHT OoJibllle KHCIOPOAa, YeM XJIODHT Ka/Hs, B MepXJopare KalHd
cofiepXKaHHe KUCJIOpOAa elle BhIe, TOTAA KaK XJOPHA KalHs COBCEM
He CONepPKHT KHCJI0pOAa.

B 1789 r. Jlapyasbe onyG/AHKOBal KHHTY «DJeMEHTapHBIH Kype XH-
mum» («Traité élémentaire de chimie»), B Koropoii, ocHoBmBasick Ha

Tabauya npocmoix eeu4ecms, OMHOCAUUXCR KO 6cem yapcmeam npupodel,
Komopole MONCHO PACCMAMPUBAMb KAK 3AeMeHmbt

HoBuie Haspauusa Crapble HasBaHuA
Cser Ceer
Tennora
CocraBHast 4acTb HJH  SJeMeHT
Tenaopon orus

OroHb, orHeHHsll (aiong
\ Marepnsa orHA H TenJOTH

{ JHedaorucTHponaHHbI# BO3LYX
He6ecHuil Bo3pyx
Kucaopox JKusHeHHbIi BOSAYX HJH OCHOBA
BO3AyXa MHIHH

I pocmete Hememanauwecxue ewjecmea, cnocobHOIE OKUCARMECH
u obpasoavieams Kucaomol

Hosnie HassBanus Crapble Ha3BaHHA
Cepa
Docdop Te e HasBaHHA
JlpeBecHull yroJb

XJIOpHETOBOJOPOAKEIA  pajiHKan ]

alAKaj] MYPHeBOH KHCJIOTHI)
g’ropucmﬂ pasHKan j Patiee He Obl1H H3BeCTHEL
BopHulii paguKan
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fTpocmele memassudeckue sewgecmen, cnocobuste oKUCARMBECR
u 06pa3eemisams KucAomet

Hosele Haspauus Crapble HagBaHHA
AnTuMOHHA (cypeMa) AutumoHuit (cypbma)
Muimbsx Mpimesak
BuemyT BueMyT
Ko6aabT S Ko6aneT
Menn & Mens
o010 g 3onoto
Xeneso 2 Keneso
Cautiell o CBpHHen
Maprasen £ Mapranen
PryTs g Pryms
Moau6aex Z MoanGren
Hugenn = Hukens
Mnatua = [lnathua
Cepe6po & Cepebpo
Ounoso = Qnoso
Boabdpam Boabdpam
Hunk Lunk
Mpocmeie coaeobpasyrowjue 6ewjecmea 3eMHO20 NPOUCXON JeHUR
Hosule HasBanuA Crapule HasBaHHA
HssecTb ' MeJ, H3BeCTKOBAR 2eMJs, rame-
HAA H3BECThb T
Maruesus, ocHOBaHHe 3MCOMCKOR
MarHesus { COJIH, OGOMCKeHHAs HJH KaJbllHe
HHPOBAHHAs MarHesHs
Bapurel Bapursl wiH TaXKenas 3emas
T n1uHo3eM I'auHa, KBacuoBas semJas
KpemHesem KpemuucTass semas, HWJH OCTeKs

JIOBbIBAIOUIAACA 3eMJs

Puc. 8. CnHCOK 3JeMeHToB, COCTaBJeHHb JlaByasbe H ony6aHKOBaHHBIA B «Dne-
MEHTapHOM Kypce XHMHH».

HOBBIX TEOPHAX H HCMONb3YA paspaboTaHHyl HM HOMEHKJAaTypy, CH-
CTeMaTH3HPOBa/ HAKOMJEHHLIE K TOMY BPeMeHH 3HaHHs B 00JIacTH Xil-
MHH. D710 OB/ NepBblil y4eOHHK N0 XHMHH B COBPEMEHHOM MOHHMaHHH.
B HeM cozepika/icsl, B YaCTHOCTH, MepedeHb BCeX H3BECTHLHIX B TO BPeMs
S/MIEMEHTOB HJIH, BepHee, BceX BellecTB, KoTopnie Jlasyasebe, pyxosoa-
cTBysch onpefenenneM Boisis, cuuran snemeHTamu, T. €. BellecTBaMH,
KOTOphie Helb3f PasfieluTb Ha Gosee mpocToie Bewectsa (puc. 8). Jla-
Byasbe MpHBea 33 37eMeHTa M, K ero YecTd, TOJIbKO B ABYX Clyyasax
JONYCTH/ HECOMHEHHBIE OINOKH. ITO KacaloCh «CBeTa» H «Temiopojar
(Tenuia), KoTOpbie, KaK CTaN0 OYEBHJHO CNYCTA HECKOILKO JAECATH/IETHH,
NpeACTaBIAOT coGOH BoBce He MaTepHalbHbie cyGcraHuuH, a (opmbl
SHEePrHH.

Cpels npuBelleHHHIX UM 5JeMeHTOB OBITH 30/10TO H MeAb, H3BECT-
Hble elle ¢ JPEBHOCTH, a TaKXKe KHCAOPOL H MOJNHOJeH, OTKPLITHE BCEro
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JUlIb 32 HECKOJbKO JeT fo nyGnukauwu KHuru Jlasyasee, Bocemb u3
nepevyHc/NeHHBIX BeIlecTs (HanpuMep, H3BeCTh H MarHesusi) HeloJiro
CYHTANHCh 3/EMEHTAMH, TaK Kak Bckope mocje cMmeptd Jlasyaswve X
yAajock Pas/iokuTs Ha GoJee mpocTuie BeulectBa. Oniako BCAKuH pas
KaxXJl0e H3 3THX MPOCTHIX BeLleCTB ONpenesiajochk Kak 1IOBBIH 3/1eMEHT.

CTOpOoHHHKH TeopuH (MIOTHMCTOHA, a CcpeAn HUX Gbl1 W [lpucram,
MBITAHCh 0KA3aTh HECOCTOATENbHOCTh B3raAnoB JlaByaswe (Barsis-
JIOB, KOTOPBLIX NMPHAEPKUBAIOTCA H CeronHd), Ho GOMbIIHHCTBO XHMHUKOB
BOCMIPHHANMH UX ¢ 3HTy3Ha3MoM. Cpeau cropoHnHKoe JlaByasbe Gbi #
mBenckuil xuMuk Beprman. B I'epManuu ogHNM H3 mepBHIX NpHBepKeH-
ues Jlasyasve cram Maprun T'espux Kaanpor (1743—1817). Cpenn
HeMelKHX Y4YeHbIX CYHTATOCh OUeHb MaTPUOTHUHBLIM MPUAEPKHBATHCH
TeopHu ¢uIOrucTona, NOcKoAbKy asTop Teopuk [lranb 6uin Hemuem.
[Tostomy BeicTynnenne Knanpora B Moffiepxkky Teopuu JlaByasse npo-
H3BeJI0 CH/bHOe Bheyariende. IlosaHee Kianpor sHec cBoW BrIal B
OTKpHITHE 3/ieMeHToB: B 1789 r. OH OTKpBII ypaH H UHPKOHHH.

B 1789 r. Hauanach ¢paniyscKas pesoliouns. K coxanenuio,
JlaByasbe Ol CBA3aH C HAJOTOBEIM BEJIOMCTBOM, KOTOPOE HAapod CUHTAa
NOPOYHEIM HHCTPYMEHTOM HEHaBHCTHOH MoHapXHU. DBuiin KasHedn
Bce PYHKIHOHepH! 3TOrO BEIOMCTBA, KOTOPLIX YAaNOCh CXBaTHTh. OnHHM

H3 HHX Obw1 JlaByasbe *,
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Atombl

3axon Mpycra

Yenex JlaByasbe nokasall XuMHKaM, 4TO NpHMeHehne KOJIMYecT-
BEHHRIX H3MepeHHH MOXeT NOMOYb MOHATH CYyTh XHMHUCLKHX peakunit.
Meton KonuyecTBeHHHIX M3MepeHuii Obl1 HCNOJNBL30BaH, B YaCTHOCTH,
NpPH HCCJIEOBAHHH KUCAOM.

Kucothi 06pa3yioT ecTeCTBeHHyIO Tpynny BemiecTs, 06JafaiomHX
pSiioM XapakTepHbiX cBoficTB. OHH XHUMHYECKH aKTHBHMHI, pearupylor ¢
TaKHMH MeTaJlJlaMH, KaK LMHK, OJIOBO HJIH XKeJie30, KOTophie IpH pacT-
BOPEHHH B KHCJIOTaX BHIZEASIOT BOAOPOA. KHCJOTH HMEIOT KHCHBIA
BKYC, BHI3bIBAIOT XapaKTepHble H3MeHEeHHS LBeTOB HEeKOTOPLIX KpacHTe-
Jed W T. A.

KucsiotaM NpOTHBOCTOHT Tpynia BellecTB, HasbiBaeMbIX OCHOBaHH-
aMH. (CHJbHBIE OCHOBaHHA MOJNYYHJIH Ha3BaHHe IleJoyedl.) ITH Be-
WECTBa HMEIOT ropbKHH BKYC, XHMHYECKH aKTHBHBE, MEHSIOT LBeTa
Kpacuresefi, HO Ha NPOTHBOMOJIOKHbIE TO CPABHEHHIO C KHCJOTaMH
M T. A. PacTBOpbl KHCJIOT HeATPanH3YIOT pacTBOphl ocHoBauu#f. Jpyru-
MH CJIOBaMH, CMeChb KHCJIOTHI H OCHOBaHHf, B3SITHX B ONpeje/IeHHOM
COOTHOILEHHH, He MpOsIBJSeT CBOACTB HH KHCJAOTH, HH OCHOBaHHS.
3ta cMmech nNpeAcTasiseT co0OH pacTBOp coau, KOTOpas OOGLMHO XH-
MHYECKH 3HaUHTeNbHO MeHee aKTHBHA, 4YeM KHCJIOTa WJH OCHOBaHHe.
Taxkum ofpasom, npH CMeIEHHH COOTBETCTBYIOUIHX KOJIHYECTB PacTBO-
POB CHJIBHOH H €AKOH KHCJOTH (COJNSIHOH KHCJOTH) © CHAbHOH H eA-
Koil menounio (FMAPOKCHAOM HaTpHsl) NOJyuaeTcs PacTBOp XJIOpHJa
HaTpus, T. €. OObIKHOBeHHOH NoOBapeHHOH COJMH.

Peakuuu HeATpaqusalHH 3aHHTEPECOBaJH HeMelKoro xuMuka He-
pemuio BeubsiMuHa Puxrepa (1762—1807). Hauas HX H3ydYeHue, OH.
H3MepuJ TOYHbie KOJIHYECTBA Pas/NHYHBIX KHCJIOT, HEOOXOMHMEX s
HeliTpaln3allui ONpele/IeHHBIX KOJIMYeCTB TOrO HJIM HHOTO OCHOBa-
HuA, # HaoGopoT. Pe3ysbTaThl namepeHuH nokasaiu, 4To, NpoOBOjS
peakiuio HefTpaiH3allHH, HeNb3sA MOJb30BATLCA NPHEMaMH NoBapa,
KOTOPHH B COOTBETCTBHH CO CBOHM BKYCOM MOMET YBEJIHUHTh HJIH
YMEHBILUTh KOJIHYeCTBO TOTO WJIH HHOrO KOMNOHEHTa; B JaHHOM Cly-
yae HeoOXOAMMBI ONpeje/ieHHbie H TOCTOSHHbE KOJIMYeCTBa BeLIeCTs,

Puxrep 3NOXHI CBOH B3rJajbl B KHUre «CTeXHoMeTpusi, HJH HC-

KYCCTBO H3MEpeHHs XHMHYeCKHX 3JIEMEHTOB», KOTOpas BHIUJIA B TPeX
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gactax B 1792—1794 rr. * OcHoBEIBafACh Ha pe3y/ibTaTaX MHOTOUHC-
JIeHHBIX aHa/lH30B cojied, Puxrep coctaBHJsl paj HelTpain3aluy, Ko-
TOpHIH MOKAa3blBal OTHOCHTEJIbHbIE BECOBEIE KOMHYECTBAa KHCJIOT H IIe-
Jioyeil, HeOOXOAMMBEIX AJIA HEHTpalu3aLKH.

3nech peun mia o0 skeusareHmHom (COENMHNTENBHOM) éece — To-
CTOSTHHOM BeCe OJHOTO XHMHYECKOro BeulecTBa, pearHpYIOero ¢ Apy-
THM BeILECTBOM, TaKKe HMMEIOUMIHM NOCTOAHHBIN Bec, Takum oOpasom,
Puxrepy npunamjexur (opMmysnpoBKa 3aKOHa 3IKBHBATEHTOB.

Bckope nocre ony6nnkoBanua paGor M. Puxtepa apa ¢paHuys-
CKHX XMMHKa BCTYNHJIH B ADOCTHBIH CHNOp O TOM, NPHCYHla /M TaKas
ONpele/IeHHOCTh TOMBKO PpeakUHsIM KHCJIOTHO-OCHOBHOH HefiTpasH3a-
IIHH WJIH XHMHYECKHM npoleccaM Boodmie. B npuHuKMne Bompoc crosa
Tak: eCJIH Kakoe-n6o coeHeHie COCTONT H23 NIBYX (Tpex WJH 4eThipex)
5/1eMeHTOB, BCerJa JIH COOTHOIIEHHE 3THX ABYX 3JIEMEHTOB MOCTOSHHO?
MeHnsioTcs JI4 9TH COOTHOLUEHHA B 3aBHCHMOCTH OT crocofa moJyye-
HuA coeaunenusn? OaHUM U3 cnopuBInnX XuMHKoB Obia1 K. JI. Beprone,
KOTOpBIH, KaK Mbl YNOMHHANH Bblllle, COBMECTHO ¢ JlaByasbe gaapa(io—
Tal COBPEMEHHYI0 XHMHYECKYl0 TepMHHoJoruio (cMm, ra. 4). beproane
NpHAEPKHBAJCA BTOPOH TOYKH 3pEHUS M CYMTal, YTO COENHHEHHE, CO-
cTOfIlIEe M3 3]EMEHTOB X U Y, CONEPKHT GoNbillee KOMHYECTBO X, €C/H
NpH NOJIYYeHHH 3TOTO COEAMHEHUS HCMNOAb30BAJICH OOMbLIOH H3GHLITOK X.

Opanuyacknit xumuk JKosed Jlyu Ilpyer (1754—1826), korophifi
pa6oran B McnaHuH, NPHAEPKUBAJICA NPOTHBONOJIOXKHOTO MHEHHS.
C nomousio TaTeabHbIX aHaau3or [Ipyer B 1799 r. nokasan, Hanpumep,
yTo KapOOHAT MeA¥ XapaKTepu3yerTcCsi OnpelejeHHBIM BECOBHIM COOT-
HOLlelHeM MefH, YIJIepoAa H KHUCJAOpOAa BHE 3aBHCHMOCTH OT TOTO,
KaKMM crnoco6oM 3Ta cob MOJyyeHa B J1aGopaTOpHH HJIM KaKUM Crno-
coGoM BbifeseHa u3 NPUPOIHbIX HcTouyHHKoB. CoeluHeHue Bcerja co-
ZepHHT 5,3 yacTH menM, 4 4acTH KHcaopoda v | yacTe yraepoaa.

Bonee Toro, [lpycT ycraHoBHJ, 4TO MOCTOAHCTBO COOTHOIIEHH
KOMMOHEHTOB Hal/MofaeTcas H B psfle NPYrux coeauuenuit. O cdop-
MyJHpoBai oOllee NPaBuJO, COTJIaCHO KOTOPOMY BCe COEXHHEHHs cO-
JiepKaT 3JIEMEHTBI B CTPOTO onpele/ieHHBIX NPONOpUUAX (2 HE B Jio-
6biX coyeTaHHUsX) BHe 3aBHCHMOCTH OT YCJIOBHH MNOJMydYeHHS 3THX coe-
JHHEeHHH. DTO MPaBH/IO Ha3LIBAETCA 3AKOHOM NOCMOAHCMBA COCMALA,
unu uHorla 3axorom [Ipycma. (Ilpyer Taxxke nokasan, uyrto Beprome,
NBITasiCh [AOKa3aTh, YTO COCTAaB OMNpeleNeHHHX COefHHEHHH MeHsercs
B 3aBHCHMOCTH OT METOA2 WX MO/dydeHHs, TNMPHIUEd K OIMGOYHBIM Bhl-
BOJaM H3-32 HETOYHOCTH aHA/IH30B W HCHOJNb3OBAHUA HENOCTATOUHO
YHCTBIX HCXOOHHX COeNMHEeHHH.)

B nepsble roms neBATHaAUATOTO CTOJMETHSI CTANO COBEpIUEHHO OYe-

* TepMuH cTexHOMeTpHA (OT TPRYECKOr0 OTOLYEIOV — CTHXHS, HAYAMO0, SJAEMEHT,
ocHoBa) 6611 Beeied . PuxrepoM A1 060311aYeHHA cOOTHOWEHHSA Mace KHCAOT H OCHO-
BaHuit npu obpasoBamun coaeit,— [Ipum. nepes, .
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BuiHo, 410 [lpycT npas. 3aKOH MOCTOSHCTBA COCTaBa OblJl yTOUHeH
M CTajl KpaeyroJbHbIM KaMHeM XuMuu *,

M teM He MmeHee ¢ MOMeHTa OTKpbITHA 3akoHa [Ipycra cymecrsosa-
J1 cephe3Hbie COMHEHHS B €ro CHOpaBelyIMBOCTH. B KoHue KOHIOB,
noueMy 3aKOH MOCTOSHCTBA COCTaBa BCeraa AOMKeH ObiTh clpasen-
aus? TloueMy KaKoe-TO COEJIMHEHHE BCerja IO/KHO colepixarb 4 uac-
TH ¥ 1 | yacTh y, ¥ NoyeMy OHO He MOKeT COAepXKaTh, Hampumep, 4,1
uad 3,9 gactu x 1 1 yacte y? Ecau gonycTuTh, 4TO MaTepHs ABJsAeTCA
CIVIOLIHOA (2 He AMCKPETHO#), TO MOHATH 3T0 TpyAHO. [ToyeMy aseMen-
Tbi He MOTYT CMEIIHMBAThC B HECKOJNbKO HHBIX NpPONOPLUAX?

A kak GyZzer o6CTOATH AeNO, €C/AH MaTepus AMCKPETHA — COCTOHT
u3 atoMoB? [Ipeanonoxum, coenHeHne o6pasyercss B pe3ysbTare CBS-
3hIBaHWA OJHOTO aTOMa X ¢ APYTHWM aToMOM y W HAKak uHauye. (Takas
KOMOHHAUMS aTOMOB BMOCJTEACTBHH MOJYYHJIa Ha3BaHHE «MOJIEKYyJa»
oT JaTHHCKoro moles — HeGosbiuasi Macca.) Ecin npeanonoxutb, uto
Bec atoMa x B 4 pasa GoJiblue, YeM Bec aToMa ¥, TO B 3TOM cliyyae coe-
JMHEeHHe COACPIKUT TOYHO 4 yacTu X u 1 yacTe y.

YTo6Bl 3TO COOTHOILIEHHE U3MEHHIOCh, aTOM i JOJIKEH COENHHHTHCH
C TaKMM KOJIHYECTBOM X, KOTOpOe 4yTh GOJbIIE UIH YYTh MEHbLIIE OJHOr O
atoma x. [Tockosbky eme co Bpemen JleMokpuTa aToM CUHTaJICS Hefe-
JuMoii yacTuieil MaTrepuH, ObIJIO HEJIOTHYHO OpeAnoJiararb, YTO OT Hero
MOXXHO «OTKOJIOTB MaJIeHBKHA KycOo4YeK» HJIH 4YTO K HeMYy MOKHO MpH-
COEJIMHUTL MaJyIo JOJI0 BTOPOTO aroMa.

Hpyramu cjoBamMu, €C/lM NPH3HATH ATOMHOE CTPOeHHE MaTepHH,
TO H3 3TOro noJJOX»eHHs1 3aKOH [OCTOAHCTBA COCTaBa BBITEKAET KakK
ecrecTBeHHoe caefctBue. Bosiee Toro, NOCKONBKY chpaBepivBOCTb
3aKOHa MOCTOAHCTBa2 COCTaBa — HEOCHOpHMBIH (hakT, TO, ciefoBaTeNlb-
HO, aTOMBI neﬁcmm‘e.nbuo ABJAKOTCA HeAC/JTHMMbIMH YaCTHLLAMH.

Teopua JlansTona

Aurmmitckn#i xumuk [kon [aabton (1766—1844), kotopuiii Bowes
B HCTOPHIO XHMHMH KaK MepPBOOTKpPbIBATEIb 3aKOHA KPaTHBIX OTHOIIe-
HH#l H CO3/laTe/Ib OCHOB aTOMHOH Teopuu, Npoiues 4epes BCIO Lelb 3THX
pasmbiuieHid. OCHOBHBIE noJIOKeHnst TeopHu JlabTOH BbiBes1 U3 Cle-
JIAHHOTO HM CaMHM OTKPbITHs, OH 06HapyKHJI, YTO ABA 3/1€MEHTa MOTYT
COeMHATbCA APYT € APYTOM B Pa3J/IMUHBIX COOTHOLUEHHAX, HO NMPH 3TOM
KaX{nasi HoBas KOMOWHALMsl 3JIEMEHTOB MpelcTaBJisieT coboH HOBoe
coefunenne (puc. 9).

Tak, Hanpumep, NpU OGPasOBAHHK YIJIEKHCJIOTO Ta3a 3 4acTH yrie-
polia (no Becy) COEAMHAIOTCS € 8 YaCTAMU KHCJIOPOMa, a 3 yacTu yriepo-
Aa ¥ 4 yacTi KnucJIopoAa AaioT yrapHelii ra3 (MoHokcua yraepona). Coor-

* B JjeficTBHTeNILHOCTH COCTaB HEKOTOPHIX COEAHHeHHH Mo)ker Kosle6aThCsi B Of-
pefeienHbIX npejenax, Ho 3To ocobuie cayuan. CocTa Tex NPOCThIX COENHHEHHNM, KOTO-
PbIME 3aHHMadHch XHMHEH A0 1800 r,, cTporo co0TBeTCTBYeT TPeGOBZHHAM 3aKOHA Mo-
CTOSHCTBA COCTaBa,
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HOIlleHHe KO/HYeCTB KHCJIOpOAa, COAeprKallerocst B 3THX COeMHEHHSX,
npeacrabnser coboff COOTHOIEHHE MaJsibiX le/bX YHcesn. Bocemb yacredt
KHC/I0POAa JAOT YIJIEKHCALIA ras, 4 49acTH KHCIOpoja — YrapHuii
{oxcua yrnepoaa), T. . B IEPBOM COeUHEHHH KNCI0poaa BABoe Gonblue.

1803 r. HaneToH 0GOGWIHA pe3yJibTaThl CBOMX HaGmofeHu# H
chopMyHpoBall BaXKHEHIUHA 3aKOH XHMHUH — 3aKOH KPAMHbIX OMHO-
wenuil.

3TOT 3aKOH NOJHOCTBIO OTBEYAeT ATOMHCTHYECKHM npeacTaBJICHH-
siM, [IpeanonoxuM, HanpHMep, 4TO aTOMBl KHCJIOpPOAa B 3 pasa TsKe-
Jlee atoMOB yriepona. Eciii MOHOOKCHA yryieposa ofpasyerca B pe-
3yJibTaTe COYETaHHA OJHOrO aToMa yrjiepoja ¢ OAHHM aTOMOM KHCJIO-
pola, TO B 3TOM COENHHEHHH COOTHOIIEHHE BECOBBIX Yacted yraepo-
Ia H KHCJIopoja AoVIxKHO OblTh paBHO 3 : 4. B AnokcHAe Xe yriepoia,
COCTOSIIEM H3 OJHOTO aToMa yTrJiepola H ABYX aTOMOB KHCJIOPOAA,
OHO JAOJKHO ObiTh 3 : 8,

IMockonbKy ObLIO HalfileHo, YTO 3JIEMeHTHl COERHHAIOTCA B KPaTHHIX
OTHOINEHHAX, CJeJOBaTeNbHO, COeNHHEHHS pasJHYaloTCA MO COCTaBy
Ha Lle/sle aToMbl. Pasymeercs, mpejnosiaraeMbie pa3jIHuHA B COCTaBe
¥ 3aKOH KpaTHBIX OTHOIUEHHH cNpaBelJIHBBI JIMlIb TPH YCJIOBHH, 4TO
MatepHs AeACTBHTENBHO COCTOHT H3 KPOLIGUHBIX HEAEAHMBIX aTOMOB.

Buifiparas HOBYIO BEPCHIO aTOMHCTHYeCKOH TEOpHH, ONUpaBLiylocs
Ha 3aKOHBl NOCTOAHCTBA COCTaBa M KpaTHHIX OTHoweHu#, [lanbroH
KaK JaHb yBaKeHHA JleMOKDHTY COXpaHHJ TEpPMHH <aToM» H Ha3BaJ
TaK CUMTABLIHECH B TO BpEMsS HeJEIWMBIMH MeJbvaiilile yacTHLB, CO-
CTaBJIAIOIIHE MaTepHIO.

B 1808 r. on ony6nukoBan TpyA «HoBad cucreMa xaMmuyeckoii guJo-
codHH», B KOTOPOH H3J/I0KH/ aTOMHCTHYeCKYlO Teopulo yxe GoJee moj-
po6Ho. B ToM ke ropy crnpaBe/IMBOCTb 3aKOHA KPAaTHBIX OTHOLUEHHA
6Li1a NOATBEPIKAEHA HCCIE/IOBAHHAMH JAPYToro aHrJIHACKOro XHMHKa—
Yuneama lafiga Yonnacrona (1766—1828). YoanacToH BcAYeCKH crio-
coBCTBOBAN yTBEPIKACHHIO aTOMHCTHYeCKOH TeopuH, W Baraaam laib-
TOHa CO BpeMeHeM 3aBoeBa/H Bceolllee TPH3HAHHe.

AtomHCcTHYECKas TEOpHS HaHec/]a TOC/eAHHH yaap mo GblTOBaBLIHM
elle npelCTaBJeHAAM O BO3MOMHOCTAX B3aHMHBIX (EpeXofoB 3/1€MeH-
toB-cTuxuil. Crajlo OYEBHAHEIM, YTO pa3jHYHBIE METAJJILI COCTOAT H3
ATOMOB Pa3/IHYHBIX BHAOB, H, MOCKO/JBKY aTOMbI CYHTAJIHCh B TO BpeMs
HelleMMBEIMA M HesaMeHAeMbIMH (CM., oAHako, ranoresy IIpayra), Gec-
nojiesHo OHIO HAAEAThCA, 4TO KOrAa-HHOYAb ylactcd atOM CBHHUA
npeBpaTHT B atoM 30J10Ta *.

O HenocpefcTBeHHOM HaOniofeHnH atoMoB JlaibToHa, Haxe noA
MHKDOCKOIIOM, He MOIJIO GblThb H Pe4H: MJIA 3TOT0 OHH C/HILKOM MaJbl.
ONHaKO C NOMOLIBI0 KOCBEHHBIX H3MepeHHH MOXXHO HOJY4HTb MpencTaB-

* CroseTHe cnycTs STO NpeACTaBAEHHE MpeTepresio HsMexeHue. B KoHue Konuos
OJIHH aTOM MOXKHO NpPEeBpaTHTh B Apyroft (cM. ra1. 14). OnHaKo AOCTHYL STOFO MOXKHO,
JIMLb NOB3YACh TAKMMH MeTOJlaMH, KOTOpPbIX He Mor Ou cefe HH MpeACTaBHTh, HH OCY«
LIECTBHT HU OJHH AJIXHMHK,
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neHne o6 uX OTHocHTeNbHOM Bece, Hanmpumep, 1 wacts (no Becy) Bo-
Jlopojia coeflMHsieTcs ¢ 8 dacTAMH KHclopofa, obpasys Boly. Ecau
MoJieKyJia BOJAbl COCTOHT H3 OJHOro aroMma BOAOpOAa H OJHOIO atroMa
KHCJIOPOAa, TO, C/1eloBATENbHO, aTOM KHCJIOpOAa B 8 pas tsikenee aTo-
Ma Bojopoia. Eciu yc/oBHO NPHHATH, KakK 310 H Jenan [danwtom, Bec
aroMa BOJlopoAa 3a 1, To Bec aToMa KHCJIOpoJia NpH 3TOM COOTBETCTBEH-
HO papeH 8.

Hamee, ecin 1 yacTh BOAOPOAA COeMMHseTCA ¢ O YacTAMH a30Ta,
ofpa3ys aMMHaK, H ec/H MoJIeKy/Ja aMMHaKa COCTOHT M3 OAHOTO aTo-
Ma BOJOPOAA H OJHOTO atoMa as3oTa, TO, C/eoBaTelbHO, aTOMHBIHA Bec
asoTa JOMKeH OblTh paBeH 5.

Paccyxpaas TtakuMm obpasom, IlaqbToH coctaBusl nepBylo Tabaumy
aTOMHBIX BecoB *. 3rta rtaGnuua, XoTs, BeposaTHO, H OwJla caMoOi
BaxkHo# paGotofi [JanbToHa, B psifie aCHEKTOB OKa3a/sach COBEPLIEHHO
ournGounoli. OcHoBHOe 3abnyxaeHHe [lasibTOHa 3aKJIOYaloCch B cJle-
nywoueM. OH Gbin TBepAO yOexAeH, 4To NpH oOpa3OBaHHH MOJIEKYJIBI
aTOMBl OAHOTO 3JIEMEHTA COEIMHSIOTCA C aTOMaMu JApPYToro sjeMeHTa
nonapHo. HMckmouyeHus u3 storo npasuja lanbToH AonycKas JHIbL B
KpallHHX caydasx.

Tem BpeMeHeM HaKalJIHBaJIiCh JAaHHBE, CBUJETENBLCTBYIOLIHE O
TOM, 4Y4TO NOAOGHOE COYeTaHHe aTOMOB «OJAMH K OJHOMY» OTHIOAb He
fBJsieTcsi npasudoM. [lpoTuBopeune npodBHJIOCH, B YaCTHOCTH, MpPH
H3ydeHHH BOJbl, NpuyeM eule Ao Toro, Kak JanbtoH copmynanposan
CBOI0 aTOMHYIO TEOpHIO.

3hech BriepBble B MHD XHMHH MPOHHKJO 3JIEKTPHYECTBO.

O6 snexTpHyecTBE 3HaJH elle JApeBHHe Ipekd; OLUIO H3BECTHO, YTO
KycoyeK siHTapsi, eCIi ero rnoreperb, cnocoGeH NPHTATHBATH JIeTKue
npeametsi. ONHAKO JIHIL COYCTS CTOJIETHS aHTHACKAH QH3HK YuiabaM
I'nnbGepr (1540—1603) cymen nokasatb, 4TO TaKoli 3Ke CHOCOGHOCTBIO
obnanaet u pan Apyrux sewecrs. [Ipumepo B 1600 r. Iusbbept npea-
JIOXKHJT BellleCTBa TAaKOTO THIA HA3bIBATh «3JIeKTPHKaMu» (OT rpeyecKkoro
fheXTpov — sAnTaps). Kak BBLIACHHIOCH, BeleCTBO, cMNOcOGHOe rnoche
HaTHpaHHA WJIH KakKoro-Ju6o Apyroro BosleHcTBHA NPHTATHBATh K cebe
JeTKHe NpeIMeTbl, NePeHOCHT 3MeKmpudeckutl 3apAd WIH COAEPIKHT
3AeKmpu4ecmeso.

B 1733 r. ppannysckuii xumuk [lapas ®pancya pe Cucrepus diode
(1698—1739) ycTaHOBHJ, YTO CYUWIECTBYIOT JABa BHAA 3/IEKTPHYESCKHX
3apsifioB: OAMH M3 HHX BO3HHKAeT HA CTeK/e («CTeK/IsHHOe 3JeKTpHye-
CTBO»), a Apyrofi — Ha siHTape («CMOJIHOE 3/eKTpuyecTso»). BewecTtro,
Hecyllee 3apsAA OJHOrO BHAA, NPHUTATHBAeT BEUIECTBO, HeCyilee 3apsii
Jpyroro BuAa, HO ABa OJIMHAKOBO 3apsXKEHHBLIX BelleCcTBa B3aUMHO OT-
TaJlKABAIOTCH.

* AToMHBI BeC — 3T0 He BeC KaK CHJa M BOBCE He Macca, a YHCNO, BHpaaollee
OTHOIIEHHe TNaBHLIM o6pasoM Macc aTOMHHX sjep. Flpoueecc B3BemHBaHUsA, HMEBINHH
MECTO DPH OrpeJieieBHH aTOMHEX BeCoB, GbiJl npomeccoM cpaBHenus Mace,— Hpum. ped.
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Benmxamun @panknun  (1706—1790), Besukuii amepHKaHCKHA
y4eHblfl, BbllalOMHUACS rocy1apCTBeHHBIA JesiTelb U JUIJIOMAT, B COPO-
Kopbix rogax XVIII B. BeiasuHyA HoBYIo runoresy. OH npeanosioxui,
410 CyllecTByeT eAMHB# sMeKTpuyecKuil (uIOAA B 9TO BHI 3JeKTpHYe-
CKOTO 3apsfla 3aBHCHT OT COACpXKaHHA 3roro ¢uoufa. Ecim comep-
KaHHe 3NeKTpudyecKoro (VIIoWAa MpeBHIlIaeT HEKOTOPYHO HOpPMY, Be-
LIECTBO HeceT 3apfii OAHOTO BHJA, €C/IH Ke 3TOro (VIoHaa ComepKUTCH
MeHblile HOPMBbI, BEIIECTBO HeceT 3apsii APYroro BHIA.

DpaHKIHH CYATAJ, 4TO CTEKJIO COAEPHKHT 3MeKTpHYecKoro ¢uionaa
Gonblie HOPMBI H MO3TOMY HeceT noaoxcumeasvhsid 3apad. CMona xe, no
€ro MHeHHIO, HeceT ompuyamenvhoii 3apad. TepMuHsl, NpeIOKeHHbIe
D paHKIHHOM, HCMOJB3YIOTCA A0 CHX 1OP, XOTS B HAX BKJaAbBaeTcs
HHOH CMBICT, TaK KaK B HacTosiLlee BpeMsl npeiCTaB]eHHs O NPHYHHAX
NPOXOXAEHHs TOKA MPOTHBOMONOMKHEI TeM, KOTOpbie ObLIH NPHHATBI BO
BpemeHa ®paHKJHHa,

B 1800 r. uraabancka# ¢usnk Aneccanapo Boabra (1745—1827)
ciesan BaxHoe OTKpbiTHe. OH yCTaHOBHJ ciedyioliee: ABa Kycka me-
Talsna (pasliefleHHHIE pAacTBOPaMH, CNIOCOOGHBIMH MPOBOAHTL 3SJIEKTPH-
HeCKUH 3apAN) MOXHO pAacmloJIOXHTh TaKuM o0pasoM, YTo MO coeiu-
HAOWeA HX MPOBOJIOKE MOHAET «TOK 3/EeKTPHYECKHX 3apsaloB», HJIH
anexkmpuueckull mox. Bolbra CKOHCTPYHPOBaAJ NEPBYIO 3JEKTPHUECKYIO
Gatapeio, npeictaBaABLIyl0 co6of ctonb6 u3 20 map MeTalJIHYeCKHX
MJIACTHHOK JBYX pasHeIX MertanioB. Takaa Oarapes, H3BecTHas 00X
HaspaHueM BoabToBa cTON0a, SIBRHIAcCh NEPBbIM HCTOYHHKOM HOCTOSH-
HOro TOKa. DIeKTpuuecKuii TOK B Takoil Gatapee obpasyercs B pesy/b-
TaTe XUMHYeCKOH peaklHH, B KOTOpPOH ydacTBylOT ofa Metalia u pas-
NeAsAomnil X pacTBop.

Peayabratel paGotet BonbTa IBHIKCH MepBBIM HECOMHEHHBIM JO0Ka-
3aTelIbCTBOM TOrO, HTO MeXAYy XWMHYECKHMH DEaKUHAMH H 3JIeKTpHYe-
CTBOM CYLUIECTBYeT ompejeneHHas cBi3b. OJHAKO 3TO TpeAnoJoKeHHe
610 MOJIHOCTBIO Pa3pabOTaHO TOMBKO B CJAEAYIOUIEM CTOJIETHH.

Ecnu B pe3y/ibTate XHMHYECKOH peaKUWd BO3HHKAET 3JeKTpHYec-
KHi TOK, TO €CTeCTBEHHO MpPeANoNoXKuTh, 4TO H 3JeKTPHUeCKH#i TOK
MOXEeT H3MeHATb MaTepHIO H BbI3biBaTh XHMHUECKYyio peakuuio. M nei-
CTBHTE/BHO, BCETO Yepes IUeCTh Heje/b focJje nepBoro onucanus Boub-
ToH cBoeft paCoTel ABa aHIVIMACKHX XHMHKa — YuabaM Hukoscow
(1753—1815) u duronu Kapna#in (1768—1840) nponeMoHcTprpoBaiu
Haluuue TaKoll ofpartHofi 3aBucuMocTd. I[IpomycTHB ajleKTpHYECKHH
TOK 4epe3 BOLY, OHH OOHapyXH/H, Y4TO Ha 3JEKTPONPOBOAAILKX MO-
JIOCKaX Mera/llla, ONyUIeHHBIX B BOAY, MOABJAIOTCA My3bIpbKH ra3a.
Kak BuIICHHITOCH, Ha OfHOH W3 MOJOCOK BBUAETAETCA BOAOPON, Ha ApY-
roii — KHCJIOPOA.

B cymuoctdn Hukoncow m Kapnafin npH MOMOmM 3/1eKTpHYECKOTO
TOKa Pas/IOKHJIH BOAY Ha BOAOPOA H KHCAOPOA. JIpyruMu cI0BamMH, OHH
BNEpBbIE NpPOBETH 32ekmpoau3 BoAbl. Eciu Kapenauin coefHus BOAO-
poi u kucaopof B Bopy, To Hukoacon u Kapnaiia ocyuectBuIH
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obpatHyio peakuuio. BeiensBiuneca no Mepe pasnoxeHus BOAL! BOAOPOL,
M KHCJI0poJ OHH cobHpaln B OTAENbHbe cocylnl. [locaenyiomue name-
peHHs NoKasalu, yto o0beM BOJAOPOAA BABOE NpeBbIaeT 06beM KHC-
Jopoja. KoweyHo, BOAOpOL Jierye, yeM KHCJIOPOA, HO MOCKOJBKY 06bheM
BONOPOAA Oui1 Gosblie, CAeJOBaTe/bHO, B MOJIeKyJie BOABI aTOMOB BO-
JOpOAa AOIKHO Gbith GoJbille, YeM aTtOMOB KHcsopoaa. O6beM BblieniiB-
erocsi BOAOPOAA BABOE [pPEBbICH 00beM KHCIOpOAa, M03TOMY BOJHE
ecTecTBeHHO OblJIO MPeANOJIOKATb, YTO KaX[das MOJEKYyJa BOJAbL COmep-
JKHT JiBa aTOMa BOAOPOJa U OfIHH aToM KHUCJIOPOfia, a He MO OZHOMY aToMy
KaXIOTo 3jJeMeHTa, KakK cunrtad [lanbTOH.

TakuM 06pa3oM, NPOBENeHHbIH SKCNepUMeHT MOATBEpANJ NpeAno.o-
JeHHe O TOM, 4TO OJiHa yacTb BoAOpoja (no Becy) coeAnHsercs ¢ 8 vac-
TAMH (TaKke No Becy) KHCI0poAa. A ecsiH 310 NpeAnoNoXKeHHe crpase-
JINBO, TO, ClefoBaTenbHO, 1 aToM KHcsiopola B 8 pas TaAxesee ABYX ato-
MOB BOJAOPOJA B3sTHIX BMecTe H, TakuM oOpasoM, B 16 pas TsxKelee
ofHOTO aToMa Bojopoaa. Eciin Bec BOAOpPOA2 NPHHATb 3a €AHHHLY, TO
aTOMHBIA Bec KWcIopofa cocraBuT 16, a He 8.

Funoresa Asoraapo

PesyJsibrathl HeeneoBanuii Hukoncona u Kapaafina Geiin noakpen-
JeHul paborolt ¢pannysckoro Xumuka JKosedpa Jlym I'efi-Jlioccaka
(1778—1850). Tefi-Jlioccak ycraHoBus, 4tO ABa OObeMa BOAOPOAA,
COeflHsIsAICh ¢ OAHHM oGbeMOM Kuciopofa, obpasylor Boay. Jlanee, oH
HalleJl, 4TO KOT/la rassl 00pasyloT cOelHHeHHe, COOTHOLLIeHHe HX 061beMoB
Bcerja npeicTaB/sieT coGo#l cooTHolwieHWe KpaTHeix uncesn. B 1808 r.
Teii-Jlioccak ony6mukoBan cooblleHHe 06 OTKpHITOM HM 3aKoHe 0Gwem-
HbIX OMHOWEH .

B cBete 3TOro 3aKoHa MpeACTaBIANOCH BMOJHE OMYCTHMBIM, 4TO
MOJIEKYJla BOIAB!I COCTOMT H3 JABYX aTOMOB BOJAOpOJa H ONHOTO aToMa
Kucaopofa. Henoabsys 1ot 3akoH, MOXKHO OBIO TaKiKe PEUHTb, Ha-
KOHell, CKOTbKO aTOMOB a30T4 H BOJAOpPOAA B aMMHaKe. A foc/ie TOTO Kak
ObLIO YCTAHOBJMEHO, 4YTO B MOJIeKyJleé aMMHAaKa COAEPXHTCS OAHH aToM
a30Ta H TPH (a He OlH) aTOM BOAOPOAA, BHISICHHJIOCH, YTO aTOMHas Macca
a30Ta paBHAa He 0OpHMepHo 5, a 4.

PaccMoTpeM Tenepb BOAOPOL H X/10p. D1H ABa rasa, COelHHsAACH, 00-
pasyloT TpeTH# ras — XJIOpHA BOAOPOAA. [Ipu 3TOM OZHH 0GBEM BOAO-
polla COEJHHACTCA ¢ OIHUM OGBEMOM XJIOpa, U BNIOJIHE MOXKHO NPEAMoNo-
HHTb, YTO MOJEKYJa XJIOpHAa BOAOPOAA COCTOMT M3 OAHOTO aToMa BO-
Aopoaa u ofHoro aroma xJaopa. Ilpeanosoxum tenepn, yto rasoobpas-
HBl BOZOPOA H Ta3o00pasHbIH XJIOp COCTOAT M3 OAHHOYHBIX ATOMOB,
JalJieKo OTCTOAIMX APYr OT Apyra, H YTO 5TH aTOMBI COeQHHSIOTCA [O-
napHo, ofpasya MOJIeKyJbl XJIOPUAA BOJOPOAA, TaKKe AAleKO OTCTOsA-
ue apyr or apyra. Hauwem co 100 atomoB Bogopoaa u 100 atomos
xJaopa. 3tu 200 Kaneko OTCTOALLIX APYT OT APYyra YacTHL, COEAHHAIOTCS
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nonapxo u obpasyior 100 monexkya xaopuaa Bopopoia. B pesyawrare
ot 200 pasieko OTCTOAUHX APYT OT APYTa YacTHIL (ATOMOB) OCTAeTCs TOMb-
Ko 100 Takxe yJaleHHbIX ApPYr oT Apyra yactau (monekyn). Ecau
MpOCTPAHCTBO MEXAY HHMH Be3Jleé OAHHAKOBO, TO TOTAa ONMH ofBbeM
BOJOpOJAa W OfHH o0beM XJopa B cyMMe (Bcero Apa o6bema) HOTMKHE!
GblTH Obl COCTABHTBL TOJBKO OAHH 00BbeM XJopHAa Bojopoda. OfHako
(akTHYeCcKHe JAHHBIE FOBOPAT O TOM, YTO OAHH 00beM BOAOpOAaA, COENH-
HASICh C OIHHM 00bEMOM XJsiopa, Aaer JABa ofbeMa XJOpHAa BOAOPOAA.
IMockonbKy nABa o6beMa rasa, B3siThle A/s NPOBENEHHS ONMbITA, OCTAIOTCHA
TEMH e AByMs o0BbeMaMH Moc/ie 3aBeplleHHs OMbiTa, TO, C/IeA0BaTe/ib-
HO, YHCJIO YacTHIL AOVIKHO OCTaBaThCs OAHWUM H TeM ke H 0 Havajla H
nocsie 3aBepIUeHHs OfMbITa.

INpennonoxum pasee, yto razoo6pas3Hbll BOAOPOA CYIleCTBYeT He B
BHJe OTHENbHBIX aTOMOB, a B BHE MOAeKyn 6000poda, Kakaas H3 KOTO-
PbIX COCTOHT H3 ABYX aToMOB, a a3000pa3Hblil XJIOD COCTOHT H3 MOAEKYA
xaopa, Takxke AByXaTtoMHbiX. B stom ciywae 100 aromoB Bojopoma —
510 50 naneko OTCTOAIWMX APYr OT Apyra 4YacTHIL BOAOPOA-BOAOPOX,
a 100 atomoB Xyiopa — 310 50 AaNeKO OTCTOAILMX APYT OT ApyTa YacTaL
xnop-xnop, T. e. Beero 100 wactuu. Ilpu obpasoBanun xaopHAa BOAO-
pOla MPOUCXOAMT MepelpynMHpPOBKa YacTHIL: BO3HMKAET aTOMHAas KOM-
GuHalpa BogopoA-xJaop. [Ipu atom 100 atomos Bomoposa H 100 atomos
xnopa nator 100 mosekys xJopujia BoAOpoAa (Kaxias U3 MOJNeKyJs co-
IepKHT Mo OLHOMY aToMy Kaxcoro suaa). CneposarensHo, 50 MONeKy.a
Bolopofa 1 50 Momekyn xJopa obpasyior 100 Monekyn xJopuja Boao-
poia. JTOT BHIBOJL COBMAfaeT ¢ pe3y/jbraTaMd HalMmoOAeHHH, KOTOphle
NOKa3sLBaloT, 4To ofMH 00BeM Bolopola H OIHH o0BbeM XJiopa JaloT Jsa
ofbeMa XJiopHla BONOPONA.

Bce 3710 BrosiHe KonycTHMO, €C/H, KaK yKashBaJoCh Bbillie, YaCTHILL
pas/iMuHBIX ['a30B HE3aBHCHMO OT TOT'O, COCTOAT JIH OHH H3 ONHHOYHBIX
aTOMOB WJIH H3 KOMOWHAUHi aTOMOB, PAaBHO YHaJleHbl APYT OT Apyra u
ecJIH PacCTOsIHUe MeXKIy HUMH IOCTAaTOYHO BeJlnKo. B aToM ciiyuae pasHoe
YHCJI0 YACTHIL rasa (NPH TaHHON TeMrepaType) 3aHHMaeT paBHble 06beMbE
HE3aBHCHMO OT BHJA Trasa.

IMepsuiM, KTO O6paTHJ BHMMaHHe Ha HeoOXONUMOCTb MPEeRNOoOKeHu!s!
‘0 TOM, UYTO B rasaX paBHOe YHCJIO 9acTHIL 3aHHMaeT paBHble 00BeMbl, Obla
HTaJMbAHCKHA XHMHK Ameneo Aorafipo (1776—1856). [lostoMy npen-
noNoxeHne, BuasuHyToe MM B 1811 r., moayuniio Ha3saHHe euromesst
Asoezadpo.

Ecsin TBEpio NOMHUTD 3Ty TUMOTE3Y, TO MOXHO MPOBECTH YETKOe pas-
JiHYAe MeXKNY aToMaMi W MOJIeKYJ/1aMH BOIOpOZa (NAphbi aTOMOB), a TaKxe
MEXAY aToMaMH H MOJIeKYJaMH IpYTHX rasoB. TeMm He MeHee ellie B Te-
yeHHe MoJyBeKa moclie cMepTH ABoragpo XUMHKH npeHeGperaju sTof
THNOTe30i U He TPOBOAMJIA Pa3Nuyus MeXAy aToMaMH M MOJIeKyJaMH
paskHefluMX rasoofpasHuiX sneMeHToB. HeonpepenewHocts HaGniona-
Jlack U TIpH onpejelieHHH aTOMHBEIX BeCOB HEKOTOPLIX HaHOoJlee BaXKHBIX
9JIEMEHTOB,
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K cuacTblo, yCTaHOBUTH MPaBHJIbHbIE ATOMHBIE BECA MOMHO H JPYTH-
mu criocobamu. Hanpumep, B 1818 r. dpanuysckuft xnvuk Ivep Jlyu
Tononr (1785—1838) n ¢panuysckuin ¢usnk Anexcuc Tepes [Tru
(1791—1820) onpenenusin aTOMHBIH BeCc ONHOI'O M3 TAKMX 3JIEMEHTORB *.
Onu 0OHApYXUJH, YTO YHeJIbHas TenJoeMKOCTb 3JIeMeHTOB (KOJHYECTBO
TENJIOTBl, KOTOpOe HeoﬁXOI[HMO noasecTH K elHHHLle MacChl BellecTtsa,
yTOOBI NMOBLICHTB €r0 TEMMepaTypy Ha ofHH rpanyc) obpaTHO NMponopuw-
OHaJlbHA aTOMHOMY Becy. MHEIMH clloBaMH, ec/ln aTOMHBIH Bec 3JleMeHTa
x Bapoe GoJjblle aTOMHOrO Beca 3JieMeHTa ¥, TO Moclle NOrJIoWEeHust
ONHHAKOBEIMH BECOBBIMH KOJIHYECTBAMH 3JIeMEHTOB ONHHAKOBOTO KOJIH-
yecTBa TenJia TeMMeparypa y MOBHICHTCS BJBOe GoJibllle, UeM TeMrepary-
pa x. D10 u eCTb 3aK0H YOeAbHbIX menacemKocmed.

Takum obpasoM, aTOMHBIA Bec 3JleMeHTa (MpaBAa, TOJMbKO TPHOIH-
BHTEJIbHBIH) MOXKHO ONpeNe/iuTb, H3MePHB ero TelJIoeMKOCTb, DTOT MeTo/,
0K23aJICsl TIPHTORHBIM TOJMBKO JJIsi TBEpAbIX JIeMEeHTOB, 12 H TO He AJIf
BCceX, H TeM He MeHee 91O OnI luar snepel.

Hemeuknii xumux Diinbrapn Muruepnux (1794—1863) B 1819 r,
Halles, uTO COelWHeHHs, HMelolllHe CXORHBIA XUMHuYecKHii cocras,
OOBIYHO BBIIENISIOTCS B BHIE CMeLIaHHBIX KpHCTaJJoB, Kak GyITO MOJe-
KyJibl OTHOTO BElLIeCTBA MepeMeHBaloTCs C aHAJOIHYHHIMH No ¢dopme
MoJleKyJlaMd Jpyroro selllectBa. [akuM o6pasoM Obla MOCTYJIMPOBaH
saxkon usomopusma («oXHHAKOBOH (OPMEI).

Ha 3Toro sakoHa cJIefyeT, 4To ecly JiBa aHAJIOTHYHEIX MO COCTaBY
COelMHEHHs] KPUCTAJINIU3YIOTCA B BHIE CMELIaHHBIX KPHCTAJJIOB, TO HX
XMMHYECKYI0 TIPHPOAY MOXHO cuuTath nofobuofi (n3oMmopdHoil). Ito
CBOficTBO H3OMOpP(HBIX KPHCTAJNJIOBR MO3BOJIAJNG IKCTIEPUMEHTATOpaM
JleNaTh OpaBHJIbHBIE 3aKJIOYeHHs 06 aTOMHBIX BecaX MOJIeKYJ olnHa-
KOBOT'O 3JIEMEHTHOIO COCTaBa.

Beca M cHMBOJB

[ToBopoTHbIfi 3Tam B HCTOPHH Pa3BHTHA XHMHUECKON aTOMHCTHKH
cBfi3aH C MMeHeM miBelcKoro XuMHKa Ménca fIkoba Bepuenunyca. Ou
Besen 3a JlanbToHOM BHee 0coGeHHO GobIIoH BKJAR B CO3JaHHEe aTOMH-
cruyeckoi Teopuu. [Ipumepno ¢ 1807 r. Bepuennyc BnjotHylo 3aHsaCA
onpexe/ieHHeM TOYHOTO 3JIEMEHTHOrO COCTaBa Pas/iMYHBIX CORNHHEHHH.
anBEIlH He OXHY COTHIO aHaJIM30B, OH MpeACTaBH/l CTOJBKO ROKasa-
TeAbCTB, MOATBEPXKAABMNUX 32KOH NOCTOSIHCTBA COCTABA, YTO XHMHKH
‘6bITH BBIHYK/IeHB! NPH3HATD CNPABEAIHBOCTL 3TOrO 3aKOHA, a CJIefoBa-
Te/IbHO, M NPHHATb ATOMUCTHYECKYIO TEODPHIO, KOTOpasl HemocpelCcTBeH-
HO BHITEKaJa M3 3aKOHa TMOGTOSHCTBA COCTaBa.

Ilanee Bepuennyc NpHHAJICA 32 onpejeeHHe aTOMHBIX Becos GoJsee
CJIOKHBIMY M TOYHBIMH MeTOJaMH, KoTopble Obl/IM HeHOCTYMHHb JlaibTo-
Hy. B srofi cBoell paGore Bepliesinye ucno/ib308all 3aKOHbI, OTKPHITHIE

* Pa6ora Hiononra u [ltu Gbi1a ony6aukosana 8 1819 r.— Mpum, nepes,
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Hionourom u I'ltu, Murtuepynxom u Iefi-JlioccakoM (Ho, mono6HO Golb-
IHHHCTBY CBOHX COBPEMEHHHKOB, He BOCIOJIb30BaJICs I‘HIIOTGSOI’{ ABO‘
razipo).

B 1826 r. Bepuennyc ony6nuKoBas nepsyio TaG/MLy aTOMHBIX Be-
coB. IlpuBefieHnble B Hell BeJIHYHHLI B OCHOBHOM COBMAJAIOT (32 HCKJIIO-
YyeHHeM aTOMHBIX BEeCOB JBYX-TPeX 3JIEMEHTOB) C NMPUHATHIMA B HacToA-
mee BpeMms. Jta TtaGnuina, onyGJIHKOBaHHAS B HM3NaBaBIUIMXCH CaMHM
H. Bepuennycom «[onuuHeiX 0030pax», Bouia B HCTOPUIO XHMHH KakK
tabnupa 1826 r.

CyumecrsenHoe pasninune Mexny Tabiauuamu Bepuenuyca u lanb-
TOHA COCTOHT B TOM, YTO BeJIHUHHH, noaydeHHble BepuennycoM, B 6oib-
LIHHCTBE He OBIH LEeJIBIMH YHCJIaMy,

B cBonx pacuerax JlanbToH HCXOOHJ H3 TOrO, YTO aTOMHBIH Beo
BONOpOZa paBeH |, u MO3TOMY aTOMHEIE Beca BCeX 3JIeMeHTOB B TabJHue
JaneToHa npefcTaB/saloT coboit uesble uncsaa. Mayune cocrasiienayio
JanbToroM TabanLly aTOMHBIX BecoB, aHMJIHACKHH XuMuk ¥Yuibam [pa-
yT (1785—1850) npuwen B 1815—1816 rr. Kk MHEHHIO, 4TO BCE 3JIEMEHTHI
B KOHEYHOM CYeTe COCTOAT H3 BOJAOPOXNA H YTO aTOMHBIE Beca PasjIHuHbIX
3JIeMeHTOB Pa3JIMyaloTCH MO TOH MPHYHHE, YTO OHH COCTOST H3 PasHOro
YHCJIa ATOMOB BOJOpONA. ITa TOYKA 3PeHHs HM3BECTHA KaK eunomesa
I1payma.

Onnako tabnuua Bepuennyca, Kasajoch, paspyumuia 3TO NpHBJe-
KaTe/lbHOE NpeNnoJioKeHHe (NpHBJIEKaTebLHOe TOTOMY, 4TO, MOA0GHO
aHTHYHBIM y4eHbM, [IpayT CBOANJ Bce BO3pacTaBllee YHCJIO 3JIEMEHTOB
K OJHOMY OCHOBHOMY BelLIeCTBY H, TakuM o6pasoM, Kak Gynro Gbl npu-
nasas BcenenHoft ynopanoueHHocTb 0 cuMmerpHio). OnHako, ecnn npu-
HATL aTOMHLIH Bec BOZOpOAa («OCHOBLI®), paBHBIM 1, TO aroMHbi Bec
KHCJIOpoa cocTaBUT npubausuTenvho 15,9 Beca Boloposia, HO efiBa Jin
MOMKHO COTMIaCHTBCH € TeM, 4TO KHCJIOpoAd COCTOMT U3 15 maioc eme
9/10 atoma Bomopozna.

B cnepyoumeM crofeTHn TaGMMLbl aTOMHBIX BECOB MOCTOSIHHO YTOY-
HAJHCb, M Bce OoJiee oueBHMAHBIMH CTaHOBHJIMCH BbIBOABI Bepuennyca,
CUMTABILErO, YTO ATOMHBIE Beca PAa3/IHYHBIX 3JIEMEHTOB He SIBJSIOTCA
LEeNbIMH YHCJIaMH, KPaTHBIMH aTOMHOMY Becy BOHOpOfa.

B wecrnnecatsix ronax XIX B. Genbrajickuft xumuk YKan Cepss
Crac (1813—1891) onpepennsn atoMubte Beca TouHee, ueM DBepuenuyc,
B navanme XX B. amepukaHnckui xumuk Teogop Yunabam Puuapic
(1868—1928), npuusas BCe MCPH MPeNOCTOPONKHOCTH (BO MHOTOM Hafy-
MaHHbIe), ONpene/iuJl BeJHYMHBI ATOMHBIX BECOB C TaKOH TOYHOCTHIO,
KOTopasl TOJIbKO BO3MOXKHA NPH HCMOJNb30BaHHH YHCTO XHMHYECKHX Me-
Tonos. Hcenenosanns Craca u Puuapica oTBeTHNIH Ha Te BONpPOCH, Ko-
Topbie B paGorTax Bepuennyca ocraBasuch HepelueHHBIMH.

Henb3asi Obulo He NpUHATD TOT (AKT, YTO ATOMHbIE BECa BbIPAXKAOTCH
HeleJbIMH YHCJIaMH, H B CBeTe 3toro rumoresa [lpayra, Kasanach 6w,
Bce Gonee Tepasa cmpicsl. OaHako B To BpeMsi, Koraa Puuapc nposoau
CBOH M0Pa3HTE/bHO TOYHBIE ONpeNesIeHHs] aTOMHbLIX BECOB, BHOBb BCTall
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BONpPOC O TOM, YT cllefyeT NMOHHMATb FMOJ aTOMHBLIM BecoM. M1 Ha 3TOM
srane pa3sBuTHsd XuMuu ramotese Ilpayra, Kak Mbl yBHIUM Jafiee, CYy¥K-
IeHo ObuIoO BO3PONHTHCH.

T 2 3

© 0 @

8 10 11 16

PO OO OO OO
®

Binary
21 22 23 24 25
O 0 OO e Oe
Térnary
28 27 28 29
Q0D OO O8O O8O
duaternapy
Jo 31 32 33
Quinguenary & Sextenary
34 35
Septenary

37

Puc. 9. CuMBOABI HEKOTOPHIX SJEMEHTOB H COeJHHEHHWH, Npenioxennsie dansToHoM;
1 — sonopon; 8 — yraepon; 4 — Kucaopon; 15 — mens; 17 — cepebpo; 19 — somnoto;
2] — pona. HanbToH jan HeBepHYto dopmyny Boas (HO Bmecto HqO), Ho ero dopmyaw
MoHOOKCHAa (25) W QHOKCHIA yraepoaa (28) BepHHI.

ITockonbKy, Kak BHISICHHIOCh, aTOMHBIE BeCa pPas/IHYHBIX 3/JIEMEHTOB
B3aHMOCBfi3aHbl He CTOAbL MPOCTHIM ofpasoM, Kak 3TO paHee Mpeanosna-
rajoch, HeoOXoAUMO ObLI0 BLISIBUTH CTAHAAPT, HCXONS H3 KOTOPOro MOX-
HO Obl10 GBI OMpele/ATL aTOMHEIE Beca 3/1eMEHTOB. EcTecTBEHHBIM Ka-
3aN0ch MPUHATL 3a €IHHHLY . aTOMHOrO Beca aTOMHbLIA BEC BOAOPOJA,
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Kak 370 caenanu Bepuennyc m Jlaneron. Ho npu stom atomubifl Bec
KHCJIopozia BblpaxkaJjcsi HeyaoOHbIM HeuenNwM uyxciaoMm 15,9, a senb
HMEHHO KHCJ/I0pPON OGBIYHO HCMO/IB30BAMCS AJIS ofpele/ieHHA COOTHO-
IUeHHH 3/IeMeHTOB B Pa3/IHYHbIX COeJHHEHHHAX.

Utobbl aToMHBIF Bec KHc/Opolda Bbipaxascs YJIOOHBIM LEJbIM 4YHC-
JIOM TIpH MHHHMAJILHOM HapyueHdH CTaHAapTa, T. €. arOMHOro Beca
BOJIOPONa, ATOMHBIA BeC KHC/JAOPOAA OKPYTJIWJIH H NPHHAJH DPaBHbIM
16,000 (Bmecto 15,9). Takum oGpa3oM, B Kauecte cTaHfapTa Obi1 MpH-
HAT aTOMHBIH BeCc KHCJOPOAA, paBHbLIA 16; aToMHuH Bec Bojopona mpu
stoM okasajcs paBHeM 1,008. AtomHuulfi Bec KHc/opolla CYXKHJI CTaH-
AapToM BIJOTE Ao cepefHnl XX B.

ITocjie TOro Kak aTOMHCTHUYecKas Teopud Oblia NPUHATA, CTANO
BO3MOMHBIM H300paxaTh BellecTBa B BHIE MOJEKYJ, COAEpMkKaulux Mo-
CTOSIHHO@ UHCJ/IO0 aTOMOB Pa3/IHYHEIX 3/eMeHTOB. Bronne ecrecTBeHHBIM
6bi/10 MTONLITATECA H300PasHTh TaKHe MOJIeKyJibl B Bujle HaGopa Ma/leHb-
KHX KPYXKKOB, MpeiCTaBAAIOMAX co00# aTOMEl, MPH TOM aTOMBl Kaik-
JOro BHJAa MOXHO Oblo H300pasuTh KPYMKKaMi ONpeje/eHHOro THIa.

JlanbToH NMEITa/CA BBECTH HMEHHO 3Ty CHMBOJHKY. [IpOCTHIM Kpy -
KOM OH H300pakan aToM KHCJIOPOAA; KPYIKKOM C TOUKOM mocepefuHe —
aTtoM BOIOPOJA, KPYKKOM C BepTHKa/JbHOH JNHHHeH — aTOM a30Ta;
3aKpallleHHbIM YepHBIM KDYXKKOM — atoM yriepofa # T. A. ITocko/bKy
NpUAYMBIBATL Pas/HYHBE THMB KPY>KKOB CTAaHOBH/IOCh BCe TpylHee
H TpyaHee, JanbTOH cTa/]l MCNOMB30BaTh HauajbHble GYKBH HasBaHui
aseMeHToB. Tak, cepy oH H300paxkasn B BHJe KpyxkKa ¢ OGyxBoit S,
¢ochop — B Buje Kpyxka ¢ 6yksoh P u T. 1.

Bepueanyc peluds, 4T0 KPYXKH H3JHIUHH, AOCTATOYHO JHIIL Ha-
yanbHEX OykB. OH npepnoxu, 4toObl KaXJAOMY 3/eMeHTYy COOTBEeTCT-
BoBaJl CBOH OcoOLIfi 8HAK, KOTOPHIi OBl Okl OAHOBPEMEHHO H CHMBOJIOM
s/MeMeHTa, H CHMBOJIOM OJIMHOYHOTO aTOMa STOTO 3/1eMeHTa, H B KauecTse
TAKOro 3HaKa MpeJJIoNKHJ HCMONL30BaTh HAYaIbHYI0 OYKBY /1aTHHCKOTO
Ha3anusa snementa. (K cuacteio, I/ aHTr/103bIYHBEIX HAPONOB JIATHH-
CKOe Ha3BaHHEe MOYTH BCerja Moxoxe Ha anrjufickoe.) B tex cayuasx,
KorjiA HasBaHHA IABYX HJH 6o.nee 3J/IeMeHTOB HaYUHaJHCh ¢ OJJHHX H TeX
e 1avyanbHelX Oy KB, No6aBasiiack Bropas GyKsa HassBaHHA. Tak noseu-
JIHCb XUMUHECKUE CUMBOALI HI1@MEHTOB, KOTOPHIMH MOJB3YIOTCH BO BCEM
MHpEe H TOHBIHE.

Hrak, XHMHYeCKHM CHMBOJIOM Yrjlepojia, BOAOpOja, KHCJ/IOpOJa,
asora, ochopa u cepnl craanm coorsercrsento C, H, O, N, P u S,
KaJblUMA W XJop (Yyraepoi NepBhIM 3apsajen npomucHoll 6yksoit C)
o6osHauanuch cootserctBeHHo Ca u Cl.

C nomowmblo XHMHYECKHX CHMBOJIOB JIETKO [OKa3aTbh KOJHYECTBO
aToMoB B MosieKyne. Tak, Mo/eKkyJy BOJOpPOAa, COCTOAULYI0 H3 ABYX
aTOMOB BOJIOPO/la, 3aMHCHIBAIOT KaK Hy, a MO/leKy 1y BoZHI, cofiepikaliyio
JBa atoMa BOJOPOAA H OJMH aToM KHcjaopoaa,— Kak H,0. (3nak Ges
YMCJIOBOTO HHJEKCA, 3TO JIeTKO YBHJETb, O3HAYAeT eIWHHYHBIA aToM.)
Yraekucanifi ras — sto CO,, cephnas kucaora — H,SO,, a xnopua
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ponopona — HCl. Xumuueckue cpopmysst 3TUX TPOCTHIX CoeAHHeHHH
roBopAT caMH 3a cebs.

XuMmuueckne opMyJibl MOXKHO OOBEAHHSTH B XUMHYECKHE ypaBHe-
HHS, OMHCLIBaiomue peakiud. C MOMOWBIO TAKOrO ypaBHEHHS MOMKHO,
HanpuMep, MOKas3aTh, YTO yT/IEPON COeJHHSETCH G KHCJOPOIOM U ofpa-
3yeT YrjeKucabld ras:

GO = T

B Takux ypasHeHMSX, 4TOOB He HApyIUMTb 3aKOHA COXpaHeHHd
Macchl BellecTB, HeOOXONHMO YYHTHIBATHL BCe YYacTBYIOUIHE B peaKIiH
ATOMBL.

INpeanonoxuM, Mbl XOTHM CKa3aThb, YTO BOAOPOJ COELHHSETCSH € XJI0-
poMm u ofpasyer xaopul Bojopoia. Ecau 310 3anmucaTh NpoCTO Kak

H,y+Cl, = Hcl,

TO HETPYAHO 3aMeTHTb, YTO CPefH HCXOINHBIX BLIECTB Y Hae HBa aToMa
BOJOPO/ia U JIBa aToMa XJIOpa, a Cpeld NMPONYKTOB peakuHH — TOJIbKO
1o ofiHoMy. Hto6bl ypaBHATbL MPaBYIo 11 J€BYIO YacTH, nepel ¢opmynamu
HCXOJHBIX BeLIeCTB U NMPOAYKTOB peakuuH ctaBsAT Koshduuuentsl. B pe-
8y/bTarte peakuus o6pa3oBaHHf XJIOpHAA BOAOPOLA 3alUCLIBAETCH Kak

H3+Cln - 2HC|,

a peakuusi o0pa3oBaHHA BOIBI — Kak
2Hg+ 02 - 2H20.

AnexTponus

Hayuasi BaMsiHHE 3/1€KTPUYECKOTO TOKA HAa XUMHYECKHe BellecTsa,
YUeHble CMOTJ/IH BLILENHTb PAX HOBHLIX 371eMeHTOB. Boobuwe 3a monropa
BeKa, npoluenike ¢ Toro BpeMeHd, Korja Doiinb BBen MoHsiTHE «3/1€-
MeHT» (CM. ra1. 3), GblJIO OTKPBITO MOPA3HTEJNbHO MHOIO BeLIeCTB, OTBe-
yaowHhx 3ToMy onpenenennto. Bosee toro, 6bL10 YCTaHOB/IEHO, YTO He-
KOTOpbIe MPOCTHIE H CJOMXKHBIE BellecTBa COepKAT HEOTKPLITHIE 3/IEMEeH-
THl, KOTOpblé XHMHKH He MOTJ/IA [OKA HH BBIAENUTb, HH H3YUHTb.

OueHb 4acTO 3TH 3/EMEHTH! BXOAHJIM B COCTaB 0Kcudog, T. €. COeJIH-
HeHH# Kucopona. YTobbl BHIEAUTH 3J1eMeHT, COeIHHEHHBIN C KHCI0pO-
IoM, nocnennnii Heo6xoauMo 6bu10 yaanuTe. B npuHuuMne nox sosneficr-
BHEM Kaxoro-jubo Apyroro sjemMenra, ofaajgaiouiero GoJee CHJIbHBIM
CPOACTBOM K KHUC/IOPOAY, aTOM (HJIM aTOMbI) KHCJIOPOAa MOXET NOKHHYTh
nepBbift 3/€MeHT H MPUCOEAHHUTLCA KO BTOPOMY. ITOT MeTox oKasajcs
s(pextiBHbIM. TIpHyeM 4acTO po/ib BTOPOro, OTHHMAIOIIEr0 KHCJOPOL
3JieMeHTa BhNONMHAA yraepod. Hanpumep, ecin Xenesuyio pyay, Koro-
pasi MO CYTH sIB/JsieTCS OKCHJOM »Kejle3a, HarpeBaTb Ha KOKCe (OTHOCH-
Te/IbHO YHCTas PAasHOBHAHOCTb YrJjepoja), TO YIJepONd COelHHAeTcH ¢
KUCJ/IOPOZOM; NpH 5ToM 00pasyloTcs OKCHIBI YTIJIEpOLa H MeTa/ljHyeckoe
Heseso.

> e e
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Paccmorpum Teneps u3sectsb. [To cBouM ceoficTBaM oHa TOXKe NOXOXKa
Ha okcul. ONHAaKo HA OIMH W3 H3BECTHLIX TOrLa 3/IEMEHTOB, BCTyMas
B peaklHlo C KHCJIOpONOM, He oOpasyer H3BecTb. CliefoBaTeNBHO, H3-
BeCThb AIBJISeTCH OKCUIOM HeH3BeCTHOro 3jeMeHTta. [luiTasch BLIAENHTH
9TOT HeM3BeCTHbIH 3/1eMeHT, U3BECTh HarpeBa/Jd Ha KOKCe, HO MPH 3TOM
HHYero He npoucxoAuao. HensBecTHbifi 3/1€MeHT, NO-BHAHMOMY, TaK
KpenkKo yIep:KnBajl KHCJIOPOJ, UTO aToMbl YTJ/lepoia He MOIJIH OTOPBaTh
OT Hero aToMbl Kucjiopoaa. Hu ofHO Apyroe XHMuuecKoe BELIECTBO TaKxkKe
He MOTJIO «3aCTaBHTb» H3BeCTb OTAATh KHCJOPOA.

Onunako anramiickait XuMak [embppn Jl3su (1778—1829) perun,
4TO €CJIH BelIECTBO HENb3A Pa3NOKHTb XHMHYECKUM MyTeM, TO, BO3MOXK-
HO, 3TO YHACTCA OCYILeCTBHTL MO BO3JAEHCTBHEM 3JIEKTPHUYECKOTO TOKa:
Belb TaKUM CHOCOOOM YAa/loch pas/ioKHTh NaXKe MOJeKYJY BOAbL.

I13BM CKOHCTPYHpPOBAJ 3JeKTpHuecKylo Gatapelo, B KOTOpOH Hacdu-
THIBasloch Oonee 250 MeTalnHYeCKHX MJacTHH; 3To Obl1a caMasi CHAbHas
H3 uMeBLIHXCA B To Bpemsa Gatapefi. Ilpomyckas TOk, KOTOphIH KaBaia
9ra Oarapes, uepe3 pacTBOPHl CONHHEHHH, MPeNNONOKUTENBHO Colep-
KallHX HeusBecTHble s1eMeHTHl, [I3BH NbiTancsa TakHM ofpasoM Bbile-
JIUTH 3TH 3JIEMEHTH, ONHAKO ycrexa He Ho6H/CcA. OH TONBLKO Pa3/ioKuI
BOLY H MOJYYH/J BOAOPOA H KHCJODOX.

OueunHo, HeoGXoauMo Gbulo mpexne yAanuth Bony. OnHako uepes
TBepJbie BellleCTBA eMy JaKe He yJa/och MponycTHTb TOK. Hakowel,
IlsBu norajancs pacniaBHTb COeJIHMHEHHA W MpPONYCTHTh TOK uepe3
pacnaas.

1o okasajnoch HelictBeHHHM. 6 oktabps 1807 r. Isgu nponycrtun
TOK yepes pacn/iasieHHblfl motaw (KapGoHaT Kaaus) H MONydYHJa Ma-
JIeHbKHE IIapHKH MeTaJ/a, KOTOpbIA OH HasBas nomaccuem (OT aHTHiH-
ckoro — potash). 3tor Meta/, BrOC/eNCTBHY HAZBAHHbIF KaJlHeM, OKa-
sajicsi O4eHb akTHBHBIM. OH BBITECHSJT KHCJIOPOA W3 BOMbI, OCBOOOX 1as
BOJOpOJ, pHYeM peakLHs 5Ta luja upessbivaiiHo 6ypuo. Henemo cny-
crst JIsBu Bhijenus u3 conbl (KapGoHara HaTpus) codud (ot aHraufcko-
ro — soda), sBrocneicTBHH HasBaHHBIH Hatpuem. [lo cBoeit akTHBHOCTH,
KaK BBISICHH/IOCh, HATPHH JIHIIb He3HAYHTE/NbHO YCTYMaeT KaJHio,

B 1808 r., monesyscs MonupuIEpOBaHHLIM BapuaHToM metona bep-
uennyca, JI3BH BbiIeqHs1 HECKONbKO META//IOB H3 MX OKCHIOB: #azHull
H3 MaTHe3HH, CMpoHYyUd U3 OKCHAA CTpOHUHSA, Gapuld u3 oKcula O6apua
M Kaabyuil W3 H3BeCTH (¢KalbUUi» — OT JATHHCKMX Ha3BaHuil wsBe-
cti — calx, calcis).

J3BH Tak¥ke MoKasa/d, YTO 3e/eHOBaTblil ra3, KOTOPBIH OTKPOLIBIUKA
ero lleene (cm. ra. 4) cuuran oKCHAOM, B AEACTBHTENBHOCTH ABJsfeTCH
s/eMeHTOM. [I3BH TpeNOKH/ Ha3BaThb €ro xtopux (OT TpevyecKoro
Xhopic — xeato-senenntil). [losgnee [efi-Jlioccak cokpatun 310 Ha-
apaHHe 10 xa0pa. J19BK N0Ka3aJ, uTo consHas KHeaoTa, 6yAy4n CHIbHOM
KHCJIOTOH, HE COMEPIKHT aToMa KHCJIOpola B CBoe#l MosieKyJe, H, TAKHM
obpa3oM, onposepr npenmosnoxende Jlapyasnse, KOTOPHIH paccMaTpHBal
KMCJIOPOl KaK HeoOXONMMLifl KOMIOHeHT BceX KHCaOT (cM. ri. 4.)
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PaGorst 384 N0 3JI€KTPONH3Y NPOAOKHI €r0 MOMOUHHK H YYeHHK
Matikn ®apane#t (1791 —1867), xoropelit Broc/ecTBUH CTa/ 3HAMeHH-
ThIM yuYeHbM. Psl 31€KTPOXHMHUYECKHX TepMHHOB, BBeleHHbX ®a-
pazneeM, ucronbayercs W no celt nennb (puc. 10). Tak, HanpuMep, oH Ha-
sBaJ paculern/eHde MOJeKys mox neHACTBHeM 3SJeKTPHUECKOro TOKa
aaexmpoauson. Tlo MpensokeHHIO CMelHanucTa Mo aHTHYHOH (uHao-
Jorun Yuabama Ysmemna (1794—1866) ®apaneit Hassan coeluHeHHe

Fnexmpods

e Kamuos
{ /. Snexkmponum

1

Puc. 10. nekTpoauTuyeckuii npouece Mapaseil 06bICHI ¢ NOMOLUBIO cIeayoileli cxe-
Mbl. O603HaYEHHS Ha pHCYHKE COOTBETCTBYIOT MPelJIOKEHHOH HM TEePMHHOJIOTHH.

HJI1 PacTBOp, CMOCOGHBIH MPOBOXUTbL 3JIEKTPHUYECKHH TOK, 3aexmponu-
MOM; MeTallIHuecKHe CTePXKHU WJIH NJ1aCTHHBL, TOMeUIeHHbIe B paciaB-
JIHHBIH MeTa/l/l HJll pacTBOp,— aexkmpodamu; NeKTPoJ, HecyiHit no-
JIOMUTENbHBIA 3apsaN, — anodom; 3/1€KTPOL, HECYUIn# OoTpuilaTe/bHbIH
3apsan,— kamodom.

PeanbHO CyulecTByiOmMe yactHupl, 6/1arofaps KOTOPHIM 3/leKTpHYE-
CKHfl TOK MPOXOHUT Yepes pacTeop Wi pacnias, Papanel HasBan UoHa-
mu (OT rpedeckoro tov — uaymuit), MoHnel, nepeMewaiomuecss no Ha-
MpaB/ieHHI0 K aHOAY, OH Ha3Ball GHUOHAMU, A WOHbI, MepeMellaioniHecs:
Mo HaNpaBJeHHI0 K KaTORY,— Karmuonamu.

B 1832 r. dapajeil yCTaHOBHJ, UTO 3/IeKTPOXHMHYECKHE MpPOLECChI
XapaKTepHu3yloTcs ornpeleNeHHEIMH KOJHYeCTBEHHBIMH COOTHOLLIEHMU SIMH,
u chopMyanposan cienyloune 18a 3aKoHa 3JeKTpoin3a. Bec semectsa,
BBUIETHBLIETOCS Ha 3JIeKTPOJle BO BpeMs 3/1eKTPOJIH3a, NMPONOPLHOHA/EH
KOJIMYeCTBY 3JEeKTpHYeCTBa, MpONyIleHHOro 4epes pactBop. Bec Me-
Ta/lNla, BBLIEJI€HHOTO AaHHBLIM KOJIHYeCTBOM 3/1€KTPHUYECTBA, MPOMOPLHO-
Ha/lleH SKBUBAJIEHTHOMY BeCy 3TOro MeTasja.
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Takum oOpasoM, eciu Npu B3anMojeficTBud cepeGpa U KajHs C 3a-
JIAHHBIM KOJIHYECTBOM KHc/opona cepebpa B 2,7 pasa Gosblue, 4eM Ka-
JIifd, TO NMpH JAHHOM KOJIHYeCTBe 3/1eKTpHYecTBa cepefpa BhIAE/IHTCS
B 2,7 pasa Gosblle, yeM KaJHsl.

3akount ®apajes, N0 MHEHHIO HEKOTODBLIX XHMHKOB, YKasblBajlH
Ha TO, YTO 3/IeKTPHYECTBO, KAK H MAaTepHIO, MOXKHO Pa3/IOKHTb Ha
NOCTOAHHBIE MHHHMAJ/IbHbI€ €JHHHAUBI, HIH, IDYTHMH C/IOBaMH, HA «aTo-
MBI 3/1EKTPHYECTBA».

IpennonoxuM, 4To NpH NPONYCKAHHH /I€KTPHYECTBA Yepe3 pacTBOp
aTOMBI MaTepHH NMPHUTATHBAIOTCA K KAaTONY WM K QHOAY «aTOMaMH 3JeK-
TpHYecTBa», W MPEATNONOKAM, YTO NSl YNpaB/jeHdHsl OAHHM «aTOMOM
MaTepHH» BO MHOTHX C/y4asix JOCTATOYHO OJHOTO «aTOMa 3JIeKTPHYecT-
Ba», HO HHOrJa TpeOyloTCH NBa HJH JlaXe TPH «aTOMa 3/1eKTPHYeCTBa».
INpencraBne cefe 3710, Jierko o0bSICHATb 3aKOHH 3/1eKTposnn3a ®apazes.

OnHako cnpaBeAIHBOCTb 3TOTO NpearnooKeHHsa Obla MOATBEPKAeHA
ToNbKO B caMoM KoHlie XX B., u Torja e Obl/10 BBEJIEHO MOHSTHE ¢aTo-
MBI 3jekTpHuecTBas. CaM @apajfel HHKOrja He NpofAB/AJ 3HTY3Ha3Ma
Mo MOBOAY «aTOMOB 3/JE€KTPHYECTBA», A H AaTOMHCTHYECKOro Yy4eHHS
B UeJIoM,
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Opranuuyeckas XHMHA

Kpywenne BaTannsma

Ellle co BpeMeHH OTKPbITHS OTHA 4Ye/IOBeK pasie/ing BellecTBa Ha JBe
TPyNMbl: TOpioyHe H Heropioude. K ropiodudM BellecTBaM OTHOCHJIHCD,
B YaCTHOCTH, JA€PEBO H XKHP HJIH Mac/o, OHH B OCHOBHOM H CJIYIKHJIH
TonAHBOM, [lepeBO — 3TO MPONYKT PACTHTENLHOTO MpPOHCXOMAEHHS, a
KHP H Mac/l0 — MPOAYKTH KaK JKHBOTHOTO, TaK H PacTHTEJILHOTO Npo-
hcxoxaeHusi. Boja, necok, pasnuuHbie ropHble MOPOALI H GOJBIIHHCTBO
APYTHX BellecTB MHHEPaJIbHOIO MPOHCXOKAEHHA HE TropedH, 6oJlee TOro,
TacHJIH OTOHb.

TakuM o6pasoM, MEXAY CNOCOOHOCTBIO BELIECTBA K FOPeHHIO H MpH-
HaJIJIEXKHOCTBIO €ro K MHBOMY HJIH HEXHBOMY MHDY CyllecTBOBajla Ofl-
penenennas cBsi3b. Xorfl, 6e3yC/JOBHO, ObIH H3BECTHbI H HCKJIIOYEHHHA.
Hanpumep, yroib # cepa — NpOAYKTH HEXHBOR MaTepHH — BXOAHJH
B rpynny TrOpIOYHX BElIecTB.

Haxkonnennsie 8 XVIII croeTun 3HaHHfA MOKasaslH XHMHKaM, 4TO
CYAuTH O MPHPOJE BEUIeCTB, HCXOAA TOJIbKO H3 HX TOPIOYECTH HJIH He-
ropioyecTtH, Henb3s. BellectBa HexKHBOA NMPHUPOALI MOT/IH BBIAEPKHBATH
HeCTKyl0 06paGoTKy, a BelecTBa XHBOH HJH HEKOrJa »KHBOH MaTepHH
TaKol o6pa6GoTKH He BbillepKHBaJH. Bopa Kunena u cHOBa KOHAEHCH-
poBaJiacb B BOLY; €J/1€30 HJIH COJIb PAch/aBJisJHCh, HO, OCThIBasA, BO3-
BpPaumlaJiick B HCXOAHOE COCTOsiHHe., B TO Xe BpeMsi OJIHBKOBO® Mac/o
HJlu caxap NpH HarpeBaHUH (faxe B YCAOBHSIX, HCKJIIOYAIONHX BO3MONK-
HOCTb I'OpEHHs) MpeBpallajich B AbIM H rapb. 10, uTO OCTaBajloCh, HE
HMeJIO yXKe Hauero obmero ¢ OJIHBKOBLIM MacJOM HJlH CaXapoM, W npe-
BPaTHTh 3TOT OCTATOK B OJIHBKOBOE MacJI0 HJIM caxap GoJbile He ylasa-
aock. CJIoBOM, BellecTBa 3THX JABYX TpyNmn Befu cebs NPHHUHITHANLHO
Pas/IHYHBIM 00pasoM.

B 1807 r. Bepuentyc npeJIOXHJ BellecTBa, MOAOCHbIE OJIHBKOBOMY
MacJly HJH caxapy, KOTOPble THNHUHBI AJIf XKHBOH NPHPOMbI, Ha3biBaThb
opeanuteckumu. BeulecTBa, nofobHbIe BOAE H COH, KOTOPLIe XapaKTep-
Hbl /I HeXHBOH TMPHPOABL, OH Ha3Ball HEOP2AHUHECKUMUL,

XHUMHKOB He MepecTaBaso YAHBJATH, YTO OPraHHYeCKHE BELIECTBA
IpH HarpeBaHHH HJIH KaKOM-JIHOO APYTOM KecTKOM BO3AEACTBHH JIerKo
NpeBpalialoTcs B HeopraHuyeckue Bemectsa. (BoamoxkHocts 006paTHOrO
npeBpauleHHs, T. €. NpeBpalleHHs HeOPraHHYecKOoro pellecTBa B Opra-
Huyeckoe, OblJIa yCTaHOBJIEHA HECKOJIbKO mo3uHee.) To Bpemst Owuio
BpeMeHeM I'OCNIOCTBA BHTA/IH3MA — YYeHHs!, pacCMaTp HBAIOULEro XU3Hb
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Kak ocofoe sBrenne, NOAYHHAIOUIEECS HE 3aKOHAM MHDO3JaHHA, a BJHS-
HHIO 0cOOBIX MKH3HeHHBIX cHa (vis vitalis) Y. 3amutHHKOM BHTANH3Ma
BekoM paublue 6bu1 [lTans, ocnoBaresb Teopuu ¢uoructona (cM. . 5).
CTOpOHHHKH BHTAJIH3Ma YTBEPKJAAJH, YTO AJIsi NPEBPAlueHHsi HeOpTaHH-
YecKHX BellecTB B OpraHHyeckue tpebyercsi Kakoe-To ocoGoe BosaeficT-
BHE (WKH3HeHHAsl CHJIa»), KOTOPOE MpOsiBJsieTcsl TOJNLKO BHYTPH XKHBOM
tkanH. [lo 3Toft npuynHe HeopranuyecKHe COelHHEHH s, HanpHMep BOAY,
MOXHO ObIJIO HalTH MOBCIOAY — B NpefenaXx H JKHBOTO, H HEXHBOIO
MHpa, TOrja Kak OpraHMYecKHe COeIHHeHHs, o0pasyloumHecsi noj BO3-
JeACTBHEM JKH3HeHHOH CHJIbl, MOXHO Ha#lTH TOJNILKO B KHBBIX TKaHAX,

XHMHKH, HMeBILUHe JeJI0 C CaMbIMH OOBIYHBIMH COeJMHEeHHSIMH H 10J1b-
30BaBLIHECS CAMBIMH OOBIYHBIMH METOAAMH, OCYIIECTBHTH MpeBpalleHHe,
TpeGOBaBIlee y4acTHN MuU3HEHHBIX CHJI, €CTECTBEHHO, He MOIJIH.

[TepBbie cOMHeHHs B CpaBeJIHBOCTH TaKOTO YTBEPMKAEHHS BOSHHK-
Jin nocae onybaukosanus B 1828 r. paborul @puapuxa Bénepa (1800—
1882), nemenkoro xumuka, yuennka bepuennyca. Bénepa, B yacTHocTH,
HHTEpecOoBaJIi IHMaHHABI H POACTBEHHbIE MM coeAuHeHHsi. Harpesas
UHaHAT aMMOHHSA (B TO BPeMs 370 cOelHHeHHe 6e30roBOPOYHO NPHIHC/IA-
JIH K HEOPTaHHYECKHM BelleCTBaM, He HMeIOUHM HHuero obLiero ¢ XHBof
Matepueit), Bénep ofHapyxuJ, 4yTO B npoLecce HarpeBaHHs o0pasyloTcs
KPHCTAJJIE, MNOXOMHe Ha MOYEBHHY — MPORYKT MHSHEZeATeNbHOCTH
yeJIoBeKa M MKUBOTHBIX, BhIZE/SIOMHUACA B 3HAYHTENbHBIX KOJHYeCTBax
¢ moyo#i. TutatesbHO H3yyHB 9TH KpHCTaWIbl, Bénep ycranosui, yto oH
JleficTBHTE/IbHO MOJIYYHJI MOYEBHHY — GEcClOpHO OpraHH4YecKoe coeu-
HeHHe.

Bénep Heckonbko pas nOBTOPHJ OMbIT H, YGEIHBLUHCH, YTO OH MO
CBOEMY IKeJIaHHIO MOXKeT [MpeBpallaTb HEOPraHHYECKOe COeHHeHHe
(uaHaT aMMOHHS) B OpraHHYecKoe (MOYEBHHY), COOOLIHJI O CBOeM
oTKpuitHi Bepuenuycy. Bepuennyc 6bu1 ynpaMbIM Y4€JI0BEKOM, KOTOPbIi
penKo MeHsJl CBOe MHEHHe NOJA YbHM-JIHGO BJIHSHHEM, ONHAKO B 3TOM
cJly4yae OH BhIHYJeH Gbi/1 COrJIaCHThCSA, YTO NposefeHHoe uM, Bepuenu-
YCoM, pasje/IeHHEe Ha OpraHH4YeCcKHe H HE€OpranH4YecKHe coelHHEeHHA OKa-
3aJIOCh HE TaKHM YCTKHM, KakK OH moJaral.

Onnako He Halo nepeolLeHHBaTh 3HayeHHs 3Tofi paGotbl Bénepa 2,
Cama no cebe oHa He cToJb YK cyumecTsenHa. Ctporo rosops, uxaHat
aMMOHHS He fBJIAeTCs] THNHYHLIM HEOPraHHYeCKHM COeIHHEHHEeM, HO
Jaxe eCJH CYHTAThb €ro TAaKOBLIM, TO TpeBpallleHHe LHAaHaTa aMMOHHSA
B MOYeBHHY (KaK cO BpeMeHeM H OblJI0 MOKa3aHO) fIBJIsieTCS MPOCTO
pe3y/bTaTOM H3MEHEHHs pacroJIOKeHHS] aTOMOB BHYTPH MOJIEKYJIbl.
H B camom Jene, Beab MOJIeKyJla MOYeBHHB (DaKTHYECKH ABJIAETCH
nepecTPOHHOR MOJIeKyJIofi Bce TOTO XKe LHaHATa aMMOHHf.

MU Tem He MeHee 3HayeHHe OTKpHITH Bénepa orpHuate Hesb3ss.
OHo c¢nocofcTEOBANO HH3BEPKEHHIO BHTAJH3Ma * H BJOXHOBHJO XH-

* BripoueM, 3To 66110 TOMBKO NMEpBOE MOPaXeHHe BATATH3MA, KOTOPHIA NPOROIKAN
YAEPIKHBATH CBOH NOMIAH B APYruX obnactax Xumuu. HecMorps Ha meateHHoe oclab-
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MHKOB Ha NOMBITKH CHHTe3a OPraHHYeCKOro BellecTBa; He GyAb 3TOrO
OTKPLITHA, XHMHKH HanpasHJiH Obl CBOH yCHJHA B JAPYroM HanpasJes
HHH.
B 1845 r. Aponvd Buasrensm I'epman KonbGe (1818—1884), yue-
HHK Bénepa, ycnemHo cCHHTe3HPOBaJ YKCYCHYIO KHCJIOTY, CYHTABILYIOCS
B €ro BpeMsi HeCOMHEHHO OpraHH4YecKHM BemiecTsoM. Bosee Toro, ou
CHHTE3HPOBaJl €e TaKHM METOAOM, KOTOpPHA MO3BOMHA NMPOC/EIHTH BCIO
1enb XHMHYECKHX TNpeBpalleHH — OT HCXONHBIX 9JIeMeHTOB (yriiepoza,
BOZOPOJA H KHCJIOPOJa) A0 KOHEYHOTO NpPOAYKTa — YKCYCHOH KHCJIOTBI,
Hmenno takofi cunmes u3 snemenmos, HIH noAxsll curnmes, u Obl1 HeoO-
xoauMm. Ecaiu cunTes MoyeBHHb Bénlepa nopoaus coMHeHHsT OTHOCHTE/ b~
HO CYUIEeCTBOBAHHA XH3HEHHOH CHJIbI», TO CHHTE3 YKCYCHON KHCJOTHI
Konb6e no3Bosiui pewuTh 3TOT BOMpOC.

®panny3sckuit xuMuk [Tbep Dxen Mapcenen Beptao (1827—1907) ¥
B 50-e roapt XIX B. Havall cHCTeMaTHYecKylo pa3paloTKy CHHTe3a Op-
raHHYeCcKHX COeJiHeHHH H JocTHI 6oJIbiuHX ycnexoB, OH CHHTE3HPOBAJ,
B YaCTHOCTH, TaKHe XOpOIUO H3BECTHLIE H BaXKHble COeAHHEHHS, KakK
METHJIOBLIEL M STHJIOBBIEL cnHpTHl, Meran, Genson, auerwsen. Beptio
«HApPYUHJ TPAHHLY» MMy HeopraHud4ecKo#h M OpraHHyecKoW XumueH,
NOKOHYHB C TMPeCAOBYTLIM «3anpetroM». B nanbHeliieM takoe «Hapylile-
HHEe TPaHHI» CTaNo OOLIYHBIM,

« KHpNHYHKH» KH3HH

Bénep, Konn6e n Beptiio cHHTe3HpOBaJlH OTHOCHTEIbHO MpPOCThie
OpraHHYecKHe COefHHEeHHS, TOrAa Kak AN XKHBOH NPHPOAL! XapaKTepHh
SHaYuTebHO OoNee CJOXKHbIE CoeMHeHHd THMA Kpaxmana, ¥XHpOB
u GesikoB. Ki3yyats TakHe coelMHEHH rOpa3Jio TPyAHee, HeNpoCTo Jaxe
YCTAHOBHTb HX TOYHBIH S/IeMEHTHBIH cOCTaB. B 1esloM H3yyeHHe opraHu-
YyecKHX BellecTB 00emano pasrajky MHOIHX npo6JieM, HO NOACTYNHTHCH
K 3THM BellecTBaM XHMHKY TpOLIIOr0 BeKa OBIIO COBCeM HENpoCTO.

Brauane 06 5THX C/JIOXKHBIX COeHHEHHAX ObIIO H3BECTHO TOJMBLKO TO,
4TO HX MOXHO PasOHTb Ha CPaBHHTENBHO MPOCTHIE «CTPOHTEbHbIE 610
KH» («<KHpNHYHKH»), Harpesasi HX ¢ pa30aBleHHOH KHCJIOTOH HJIH pas-
GapJleHHEIM ocHoBanueM, Pycckuil XuMHK KoHcranTHH CHTH3MYHJOBHY
Kupxrod (1764—1833) nepBbiM 3aHAJCS JAeTallbHBIM H3Yy4YeHHEM 3TOTO
sonpoca. B 1812 r. eMy yaanoch npeBpaTHTb KpaXMaJ, HarpeBas ero ¢
KHCJIOTOH, B caXxap, KOTOPbIAi BMOCJEACTBHH MOJNYYHJ/ Ha3BaHHE 22/0-
Ko3et 4.

B 1820 r. ¢ppanuysckuit Xumuk Aupu BpakorHo (1780—1854) takum
Ke cmocofoM oOpabateiBail KeJaTHHY (NMPOAYKT HEHATYpHPOBAaHHSR

JeHHe ero nosHuui Ha npotsxenun XIX B., OKOHuaTe/IbHO BHTA/IU3M He HCUE3 H Cerox-
Hs. [ToTHO® OMMCAHHE PASMHUHBIX ITANOB KPYLIEHHS BHTAIH3MA MOXHO HAfATH B KH.
xKpatkas nctopua 6uorornn» (Asumos A, KpaTkas uctopus 6rnonoruu. [Tep. ¢ aHra,—
M.: Mup, 1967).
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GeslKa) H MONYUYHJ 2AUYUH — A30TCONEPIKAINYIO OPTAHHYECKYIO KHCJIO-
Ty, OTHOCSIILYIOCA K TOH rPyNne BellecTs, KOTOpble BNOC/eACTBHH ObilH
HasBaHb (Bepuenuycom) amunoxkucromamu. I'THUHH Obil mepBoil M3
ABaAlATH Pas3/iHYHLIX aMHHOKHCJIOT, BbIJAENEHHbIX B CJIEYIOUEM Beke
H3 TpHpoOHHIX Oenkos ¥.

H xpaxman, u GeJlOK HMEIOT FMTAaHTCKHE MOJIEKYJbI, NOCTPOEHHHIE,
KaK BBISICHHJIOCH NO3JHee, H3 LJIHHHLIX Lienell, COCTOSIHX H3 OCTATKOB
TJIIOKO3B H aMHHOKHCJIOT coorBercTBeHHO, XuMuHkH XIX B. npakrtu-
yecKH OBLIH JIMILIEeHB BO3MOMHOCTH CHHTE3HPOBATb 3TH AJIHHHBIE LEenH
B NaGoparopun. Huaye jeno o6CTOANIO C XHPaMH.

®panuysckuit Xumuk Muwens xken Hlespens (1786—1889) noces-
THJ TIEPBYIO NOJIOBHHY CBOeil OyeHb JOJINOi TBOPYECKOH XXH3HH H3yye-
Hu10 xupos. B 1809 r. on o6paGotan MbuIo (noNyyeHHOe HArpeBaHHeM
HHpa CO LIeJIOYbIO) KHCJIOTOH H BELAENHJ TO, YTO MBI Tenepb Has3blBaeM
acuproimu kucromamu. TlosHee ox nokasal, yto, Npespaaich B MLLIO,
MHDPBL TEPSIOT 2AUYEPUH.

Monekysa ryHuepuHa CpaBHHTeNIbHO NpoCTash H MOCTPOEHA TaKHM
ofpa3oM, 4T0 K HeH JlerKo MOTyT «NPHKDenHTbCA» AONOJHHTENbHbIe
TPYNMbl aTOMOB.

CnepoBatellbHO, BNOJNHE JIOTHYHO OBIIO TPEANOJOMHTD, 4TO, B TO
BpeMsl KaK KpaxmaJ u Oe/KH, CKOpee BCEro, noctpoeHsl H3 60JIbIOro
YHCJIa MPOCTHIX OCTATKOB MOJIEKYJ, C JXHPaMH [eJlo o0CTOHT HHaue.
Ho cepennnbt XIX B. cyHTanoch, yTo MHPH, BePOATHO, NMOCTPOEHLI H3
OCTATKOB TOJIbKO YeTbipeX MOJIeKyJl: MOJIeKyJibl TJIHUEPHHA H TPeX Mo-
JIEKYJl MHPHBIX KHCJOT.

Ha 3toM stane cBoe ciioBo ckasal Beprno. B 1854 r. o, Harpesas
rJIHIEepHH CO CTeapHHOBOH KHCJIOTOH (OXHOH H3 CaMbiX pacHpoCTpaHeH-
HBIX JKHDHBIX KHCJIOT, TMOJYYEHHBIX H3 XHDPOB), MOJIYYHJI MOJIEKYJy,
COCTOSIILYIO H3 OCTAaTKa MOJIEKYJIbl [JIHIEPHHA H TPeX OCTATKOB MOJIEKYJ
CTeapHHOBOH KHCJOTBI. JTOT MpucmeapuH, KOTOPbii OKasallCsl HIAEHTH-
YeH TPHCTeApHHY, MNOJYYeHHOMY H3 TPHPOAHBIX KHPOB, GBI CaMBIM
CJIOJKHBIM H3 CHHTe3HPOBAHHHEIX K TOMY BPeMeHH aHaJIOTOB NMPHPOAHBIX
NPOAYKTOB.

Beptiio cpenan eme Gonee BaxHblf wwar. BMecto creapHHOBO#H KHC-
JIOTH OH B3fJ KHCJIOTHI, TIOXOXKHe Ha Hee, HO MOJIyyeHHbe He H3 TNpH-
POZHBIX KHPOB, H TaKkKe Harpes ux C rJiHuepunoM. B pesynbrare Bepr-
JIO NOJIyYHJl COEIHHEHHH, OYeHb MOXOXHe Ha OObIYHbE XKHPHI, HO He-
CKOJIbKO OTJIHyaloupecs OT Jio60ro H3 NMPHPOIHLIX MHPOB.

DTOT CHHTE3 NOKa3all, YTO XHMHK He TOJIbKO CHOocO0eH CHHTe3HPOBaTh
aHAJIO'H TMPHPOXHHIX TPOAYKTOB, OH B COCTOAHHH clenaTb Oouibinee,
Hanpumep, oH MOXeT CHHTe3HPOBATb H3 NPOAYKTOB HEXHBOH NMPHPOALL
cOelluHeHHe, MO BCeM CBOMM CBOHCTBaM fBJSIOLIEECS OpPraHHYeCKHM,
HIMeHHO ¢ CHHTe30M aHAaJIOrOB NMPHPOAHLIX NMPOAYKTOB CBA3aHHI CaMble
KpYNHbIe NOCTHXeHHs OpraHuuyeckod XuMuu BTOpoH nososuHs XIX B.
(em. 1. 10).
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K cepennne XIX B. crallo ye HenomyJisipHeIM NPHYKCIAATE TO HJH
HHOE COeJIHHEHHEe K OpPTAaHHYeCKHM HJIH HEOPTaHHYECKHM, HCXOHS JIHIIb
H3 TOro, SIBJIIETCs MJIH He sIBJISI€TCS OHO TPOAYKTOM KHBOH TKaHH.
B TO Bpems yxe ObJIH H3BeCTHbl TaKHe OpraHHYECKHEe COeJHHeHHS,
KOTOpble HHKAK He MOIJIH ObITh NMPOAYKTAMH XH3HEJeATe/bHOCTH Opra-
Hu3MoB. Tem He Menee JieJieHHe COeAMHEHHH Ha OPraHHYeCKHe H Heopra-
HHYecKkue HMeJo cMbica. CBOHCTBA COBAHHEHHH ITHX K/IaCcCOB, KaK BHIAC-
HHJIOCh, HACTOJIBKO Pa3JiHyaloTcs, YTO AaXe npHeMbl paboThi XHMHKa-
OpraHHKa H XHMHKAa-HEOpTraHHKA COBEPLUeHHO pa3JIHYHBL.

CranoBujiock Bce 6ojlee OYeBHAHBIM, YTO pa3jiHyHe MeXAY OpraHH-
YeCKHMH H HEOPTaHHYCCKHMH COeAHHEHHAMH 00ycoB/eH0 0COOeHHOCTS-
MH XHMHYECKOTO CTPOeHHS MOJIeKYJl 3THX coelliHeHHH. MHOrHe XHMHKH
Hayajli TOBOPHTb O PasHHX THNAX CTPOEHHST MOJIEKYJ OpTraHHYecKHX
¥ HeOpraHHYeCKHX coefuHeHui. MoJeKy/nl OOJbIIHHCTBA HEOpPraHHyYe-
CKHX BelIecTB, ¢ KOTOpPHIMH HMeJH Jejio XxuMukH XIX B., cofepxar
BCero ot JAByX A0 BocbMu atomoB. Ila v BooOie B MOJieKyJlaXx OYE€Hb He-
MHOTHX HEOpPraHHYyeCKHX COeJHHEHHH 4YHCJIO aTOMOB JOCTHraer Ile-
CATKA.

B 10 e BpeMs B MoJleKyJlax Jake MpOCTeHIUHX OopraHHYeCKHX cCOe-
JHHeHHH cofiepxuTCs Jlecath H GoJjiee aTOMOB, a HepelKO YHC/I0 aTOMOB
B MOJIeKyJle OPTaHHYeCKOTO COeJHHEHHA H3MepseTcs HeCKOJIbKHMH Je-
cATKaMu. MoJleKyJ/ibl ke TaKHX COefHHEeHHH, Kak KpaxmaJsl HJlH GeloK,
MOXKHO 6e3 BCSIKOTO mpeyBe/JHYeHHS] HA3BaTh FHFAHTCKUMH: B HHX Ha-
CYHTHIBAIOTCHA THICAYH W JaXke COTHH THICAY ATOMOB.

Bl’lC‘-ﬂHe NOHATHO, YTO CJIOXKHASA OpraHHYecKas Monexy.na MOXXeT Jier-
KO ¥ HeoOpaTHMO paspyLHTLCS Aake NMpH cjabom HeOMaronpHsATHOM
BO3J€HCTBHH, HAllpHMep TPH JIerKoM HarPeBaHHH, B TO BpeMs KaK mpo-
CTHI€ HEOPraHHYECKHEe MOJIEKYJIH He NMpeTeprneBaloT H3MEeHeHHH fla)ke TIpH
WecTKoi obpabotke.

Kpome Toro, Bce Ge3 HCKJIOYEHHSI OPTaHHYeCKHEe COeUHEHHS HMeloT
B CBOHX MOJIeKyJiaX OfHH HJIH GoJiee aTOMOB yriiepoa. [Touts Bce MoJse-
KyJIbl COfiepyKaT TaKiKe aToMbl BoAopoAa. [TocKo/MbKY yriepoa v BOLOpPoa
caMu mo cefe ropioyH, TO BMOJHE MOXHO TpPENroJOXKHTb, YTO COEHH-
HEeHHS, B KOTOPBHIX 3TH 5JIEMEHTb! HTPAlOT TaKylo BaXKHYIO pOJIb, TaKxkKe
OTHOCATCH K UHCJAY TOpPHOYHX.

Hemeuxu#t xumuk ©puipux Asryct Kekyne don CrpalonuTi
(1829—1886) », kKoroporo OObYHO Ha3bBalOT KeKyse, cheslajl BepHBIH
BhiBOA. B yuebuuke, ony6aukoBannoM uM B 1861 r., KekyJe onpepnenni
OpraHuyecKylo XHMHIO Kak XHMHIO COelMHEHHH yriiepoja. Paspusas
3Ty MBICJIb, MOXKHO OTNpPENEJIHTb HEOPraHUYeCKyl0 XHMHIO KaK XHMHIO
COeNIHHEHH 1, He COlepIKalluX yTJiepof. DTo onpejeseHHe NoJydHIIO K-
pokoe pacnpoctpaHenne. [lpaBja, HecKo/NbKO coepuneHuil yriepona,
B TOM ydcJe OMOKCHI yrilepofa H kapOoHAT KallbUHs, CKOpee C/leLyer
CYHTATL THNHYHBIMH HEOPraHHYeCKHMH COeJHHeHHAMH, YyeM THIHUYHbIMH
oprannueckumu. Takue coefHeHus yryepoga o6biyHO paccMaTpHBAIOT-
€f B TPYAaX MO HeOPraHHYecKoH XHMHH.
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Korpa XHMHKH NMONbITA/JHCh PHMEHHTD NMpPEACTAB/ICHHS aTOMHCTHYE~
CKOH TeOpHH K MOJIeKyJlaM TeX MpPOCTHIX HeOpraHHYecKHX COelHHeHHH,
C H3y4yeHHeM KOTODHIX CBfi3aHbl Bhifiatownecs ycrnexu xumuu XVIII 8.,
TO BBISICHHJIOCH, YTO TaKOi moaxoA BnoJsine gonmyctuM. Jlocratouno yka-
3aTb pas/IHYyHbIE€ BHIBI aTOMOB, BXOASIIHX B COCTaB KaMJIOH MOJIEKYJIBI,
H HX yHCJO. MoJleKyJly KHCJIOpOAa MOXKHO 3anHcath Kak O, XJOpHCTO-
ro Bopopona — kak HCl, ammuaka — xak NH,, cynbpara nHatpus —
kak Na,SO, u 1. 1.

Takne c¢opMyJiel, MOKaskBaloOUIHe TOJNBKO YHCJIO ATOMOB KamJAOro
BHJA2 B MOJIEKYJIe, HasbIBAIOTCH IMnUputecKumy (SMITHPHIECKHH — yCTa-
HOBJIEHHBIH 3KcnepuMeHTaslbHO). B aTH mepsuie pecsatuierna XIX B.
CYHTAJHCh, YTO A1 KaXKAOro COeHHEHHS XapaKTepHa CBOS COOCTBEH:
Hasl 3MmUpHYecKas (OpMyJia H 4TO y JBYX PasjIMYHLIX COefHHEeHHH OHa
He MOxeT ObiTb ORHHAKOBOM.

C opraHHYeCKHMH COeJHHEHHSIMH, MOJIEKYJIbl KOTOPHIX OTJIHYaJIHCh
BHYIUHTEJILHEIMH pa3MepaMi, neso ofctosylo cloxkHee, HMcnonbays Me-
Tonpt Hayata XIX B., OblJIO OYeHDb TAKeJIO0, BEPOSTHO H HEBO3MOXKHO, yC-
TAHOBHTb TOYHYIO SMNHPHYECKYIO GopMyJy Jake TAKOTO JOBOJILHO MPO-
CTOrO N0 CpaBHEeHHIO, HanpuMep, ¢ GeJIkaMH OpPraHHYeCKOro COeuHeHHs,
Kak Mopdun. B nHactosiiee BpeMs M3BeCTHO, yTO B MoJeKyJle MopduHa
copiepxkaTtcs 17 atomos yraieposa, 19 atomoB Bogoposa, 3 atoma KHcJlopo-
nau | atoM asora (C;HgNOs). DMnupuueckasn opmyna ykcycHo# Kuc-
aotn (C,H,0,) namuoro npomte, yem ¢opMysa mopduHa, HO H OTHO-
cHTesIbHO 3TOH opMyJisl B nepeoiil nojiouHe XI1X B. He ObilIo efHHOTO
MmHennsi. OpHaKO, MOCKONbKY XHMHKH cOOHpa/lHCh H3ydyaTb CTDOEHHUE
MOJIeKyJ1 OPraHHYeCKHX BellecTs, HauHHaTh HM HeoOxoxuMo ObuIo ¢ yc-
TAHOBJIEHHA SMNUpHUYecKHX GopMya.

B 80-x rogax XVIII cronerus Jlasyasee nuitanca onpeaenutb OTHO-
CHTeJbHOEe cOlep:KaHHe yryiepoia U BOAOPOJa B OpraHiyecKHX CoelHHe-
Husax. OH cxurain uayyaemoe coefHeHHe U B3BEIUMBAJ BbIAETHBIIHECS
yriaekucabifi a3 ¥ BoAy. Pe3ysibTaThl TaKoro ompeleneHws OhuH He
ouyeHb ToyHbIMH. B nepeule rognt XIX B. Teii-Jlioccak (aBTop 3akoua
o0beMHBIX OTHOIICHHH, CM. I'/1. 5) M ero Koanera gpaHuy3ckuil XUMHK
Jlyu )Kak Tenap (1777—1857) ycosepiuerctsosan sror meron. Ouu cua-
Yajia CMelIHBalH H3yuaeMoe OpraHHyecKoe COeMHEHHE ¢ OKUCAUMmeem
U Juwb notoM cxurann. OKHCIUTeNb, HanpHUMep XJOpaT Kalus, UpH
HarpeBaHHH Bbifie/iieT KHCAOPOA, KOTOPLIfl XOpOoLO CMeluHBaeTcs ¢ op-
raHUYECKHM BeLlleCTBOM, B Pe3yJ/ILTATE Yero CropaHHe NMPOHCXOAUT GbicT-
pee u nonHee. CoGupas BeeNAIONIHECS NPU CrOPAHHH YI/IEKMCIBIA ras
u Bony, l'efi-Jlioccak u Tenap Mor/iu onpenenuTs COOTHOUIEHKE Yrepoja
H BOJOPOJa B HCXOAHOM coefiHenHH. C NoMOLIbIo YCOBEpILEHCTBOBAHHOM
K TOMYy BpeMeHY TeopHu [lanbroHa STO COOTHOIUEHHE MOMKHO OBLIO Bhi-
pPasuTb B AaTOMHLIX Be/MYHHAX.
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B cocrae MHOrHX OpraHM4eCKHX COEJMHEHHH BXOIAT TOJbKO yriie-
poa, BOIOPOA H KHCJIOPOJ, TMOTOMY, ONpeleNHB Colep:aHue yraepoia
H BOAOpOJa, BO MHOTHX Clyyaax MOXHO 6b!J'IO YCTaHOBHTH SMIIHpHYe-
ckyio popmyay coenunenns. B 1811 r. l'efi-Jlioccak u Tenap cocragunu
aMnupuyeckne GopMyJibl OKOJO ABAJLlaTH OPraHH4YeCKHX CoelHHEeHHl,
B TOM YHCJIe HEKOTOPHIX MpPOCTHIX CaXxapoB.

Hemeuxuit xumuk Kctyc JIu6ux (1803—1873) ycoeepiueHcTBoBal
MeTonMKYy aHasuza ¥ B 1831 r. cMor molyu#Tb BeCbMa JAOCTOBEpHBIE
smnupuyeckie copmyaer *. JlBa ropa cnycrd ¢paHUY3CKHA XUMHK
JKan Baruct Angpe [ioma (1800—1884) moauduumuposan meron JIuGu-
xa. [Tonpaysace paspaboTaHHEIM HM METOAOM, MOXKHO ObiJIo HapaAy ¢ npo-
YHMH NMPOAYKTaMH CropaHHs co0HpaTh Takxke H a3oT H, cJel0BaTeNbHO,
ONpeNeNATh COfepiKaHWe a30Ta B OpTaHHYECKOM BelllecTBe.

3TH OCHOBONONOKHIUKH OP2aAHUYECKO20 AHAAU3A B TIPOLIECCe CBOKX HC-
C/IeIOBaHH TIOMYYHJIH TaKHe Pe3yJbTaThl, KOTODHE MOIWATHYIH Repy
B BaXHOCTh sMnupHyeckofi dopmysinl. Cayyuaoch 310 cleylomnm of-
pasoMm.

B 1824 r. JIu6ux usyyan ¢yabMHHATE — COMM rpeMydell KHC/OTHI,
a Bénep (koropnift co BpeMeHeM cTaHeT BepHbIM Apyrom JIn6uxa u Bcko-
pe CHHTE3HpyeT MOYeBUHY, CM. pa3l. «KpyweHue sHTalH3Ma») H3yyan
ILHAHATH — COJIH nHaHoBO# Kucaore. O6a yueHmIX nociaiu coobuieHus
o csouxX paforax B xypHaa, usfasaemulft I'eft-JlloccakoM.

Uuras coobuenns, Iefi-Jlioccak oTMeru/, yto sMnupuyeckHe dop-
MyJbl 3THX COeNUHeHHIl WAEHTHYHBI, XOTA ONMCaHHHIe CBOHCTBa CoBep-
INeHHO pasauyHbl. Tak, B MOJIeKy/1aX W uMaHara U ¢yabMunaTa cepebpa
CONEPIKHTCA MO ONHOMY aToMy cepeGpa, yI/iepoAa, asoTa M KHCJIOpPOAa.
TI'efi-Jlioccak coo6mun o6 stux HabGmogenusax Bepueawycy, koropwrii
CYMTAICA TOTJA CaMbiM BBIJAIOLIUMCA XHMHKOM B Mupe, HO Bepuenuyc
He noxkejas NosepuTb B 310 oTKpbitHe. Opnako k 1830 r. Bepueauyc
€aM YCTaHOBWJI, YTO JBe OpPraHHyecKHe KHC/IOTbl -— 6UHOZPAOHAs W BUH-
HaA,— XOTs1 U 00/1afaloT Pa3IHYHEIMH CBOWCTBAMH, OTHCHIBAIOTCH OLHOM
H TO# ke sMnupuHyecKoi ¢popmyJioft (Kak Tenepb ycraHoBaeHo, C,HqOy).
TToCKO/IbKY COOTHOLIEHHA 3JEMEHTOB B 3THX DPa3/IHYHbIX COEIWHEHHAX
6LII0 ONMHAKOBLIM, Bepliesnyc npeaNoKHI HasHBaTh TaKHe COeluHe-
HUSI usomepamu (OT rpedyecKHX ¢JIoB [00¢ — paBHbill, OXHHAKOBHIA H
pepég — vactb, poaf). Ero npeanokenue 6bi10 npunaATo. B nocnenyio-
[He JeCATH/NETHA YHC/IO OTKPHITHIX H30MepOB OLICTPO POCTIO.

Kasanocb OueBHJHBIM, 4TO, €C/H JB€ MOJEKYJbl NOCTPOEHH H3 OfH-
HaKOBOTO YHC/Ia OTHHX M TeX Ke aTOMOB U BCe ke 00/1alaloT pas/IHyHbI-

* Jlu6ux 6BUT OHHM H3 TATaHTIHBEHIIHX MpenojaBaTeefi XHMHUH 38 BCIO HCTOPHIO
ee cymecTBoBanuda. OH npenonaban B ['uccenckom ynusepcHTere, rie apraHa3oBan nep-
Bwil HacTosm i Ja6opaTopHHil Kypc XuMuH. OueHb MHOrHE XHMHKH paboranu ¢ Jlubu-
XOM H YYHJIHCh Y HEro MeTolHKe 71a60paTopHbIX pabot. JIubux cyme; co3/aTh HAYUHYIO
KOy, B KOTOpO# copMHpOBaNHCh MHOTHE ITpoc/IaBieHHble xuMuKH. Biaronapa tpy-

.aam JIn6uxa K konuy XIX B. lepmanns crana «xumuueckod nepxasofi» Esponsl, one-
penuB aaxe @ panuuio.
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MH CBOWCTBAMH, pasnuyHe KOpPeHUTCA B cnocole pacnofomeHUs1 aTOMOB
BHYTPH MoJeKy/ibl. B npocTbiX MoJeKy/aX HeOpraHuyecKHX cCOefuHe-
HUf aTOMBl MOT'YT, BepOfITHO, pacnojaratbCsi TOAbKO OJXHUM KaKHM-
aubo criocoboM. H3somepoB y TakuX COeIHHEeHHHA MPOCTO He MOXKeT
6biTb, W ANA HX XapaKTePHCTHKU BMOJHE AOCTATOYHO SMMHMPHYECKOH
¢dopmynnt. Tak, H,O — 310 BOja u Huuero Gonbuue.

B Gonee c/I0KHBIX OpraHHYeCKHX MOJIEKyJlaX pacroJioiKeHHe aToMOB
MOKeT OBITb paslHYyHbIM, H, CJIef0BaTe/bHO, BOSMOXKHO CYIIeCTBOBaHHe
H3oMepos. Pasnuune B pacrnofioXeHUH aTOMOB B MOJIeKyJ/aX LHaHATOB
H (yNbMHHATOB Jlerko oOHApYXHTb, TaK KaK KaXKaasd MOJeKysa cojep-
JKHT BCero HeCKONbKO atoMoB. PopMyJy unanara cepebpa MOXKHO 3a-
nucarb Kak AgOCN, a ¢opmyny dyabmunata — Kak AgNCO.

IIpu Gonbinem KoMHuyecTBE aTOMOB YHCJAO BO3MOMKHBIX BapHAHTOB
PacnoioKeHHa BO3pacTaeT HaCTOMbKO, YTO TPYAHO CTAHOBHTCH PEUIHTD,
KaKOMy cOeJlHHEeHHIO COOTBETCTBYeT KaKoe pacnoJoxenue. Jlaxke Bonpoc
O CTPOeHHH BHHOTPaJAHON W BUHHON KHCJOT, MOJEKYJb KOTOPHIX CO-
Jlepart N0 liecTHajuat# aToMOB, A1 XUMHKOB mepBofl NOJOBHHBI
XIX B. 6bl1 ype3BblYafiHO CNIOMKEH, H MOTJIO NMOKAa3aThcd, YTO YCTAHO-
BHTb CTpOeHHe elle COJbLIMX MOJIEKYJl MPOCTO He yJhacTtes.

[pobaemy crpoeHus MOJEKyJ MOYTH Cpasy ke MOKHO Obio Gbl OT-
BEPrHYTb KaK HepeliaeMylo, ecJiH Obl He MNOABUJIACH BO3MOXHOCTB
YNpOCTUTD ee.

C 1810 r. Teit-JItoccak ¥ TeHap paGorand Hal UHaHWAOM BOAOPOAA
HCN, kotopbifi, Kak oHH MOKa3aJ/, npejcTasJsier co00f KUCAOTY, XOTA
U He CONepXHUT KHCJIOpoZa. (DTO OTKpHiTHe, KaK M OTKpbiTHe J13BH,
YCTaHOBHBLUErO NMPUMEPHO B TO K€ BpeMs, YTO XJOPHUA BOAOpOAA —
KHC/I0Ta, ONpoBepranu npejcrasieHde Jlasyase 0 TOM, 4TO KHCJIOpof
AB/AETCA XapaKTepHHIM aleMeHToM Kucgor.) Tefi-Jlioccak u Tenap o6-
HapyxuiH, yro rpynna CN (yuanudnas epynna) Moxet nepexoauTb OT
COeJIMHeHHA K COeJMHeHHIO, He pasjlarasch Ha OTAeNbHBle aTOMH yIJe-
porma ¥ asora. I'pynna CN Bezner ce6s BO MHOrOM KakK eAHHHUHBIH aTOM
xJopa HWau GpoMa, mostoMy uHaHuA Hatpua NaCN uMmeer HeKoTOpbie
o6uiue csofictea ¢ xJopuaom Hatpusa NaCl u 6pomusiom Hatpua NaBr *.

I'pynna u3 aByx (uau Gonee) atomos, criocofHas mepexoauTb Ges
M3MEHEHHS H3 OJHON MOMeKyJu B Apyrylo, Obila HasBaHa paduxkatom
(ot narurckoro radical — kopenb). Takoe HasBaHHe 3TH rpynnb Moay-
UHIM N0 clefylomlell npuunHe., B TO BpeMsa cyMTalOCh, YTO MOJIEKYJIbI
MOTYT COCTOATb U3 OTPaHHYEHHOTO yHc/a HeGONbIIHX T'PYMN aTOMOB H
pajHKalbl ABNAIOTCA MMEHHO TEMH «KODHAMM», U3 KOTOpLIX, TaK CKa-
3aTh, «BbIpacTaeT» MOJeKyJa.

KoneyHo, rpynna CN OTHOCHTCA K yucy npocrefiunX, oAHako Bénep
¥ JIuGux B ceoeil copMecTHOI paboTe NOKasaly, yTo OeH30UABHAA TPY NN A,

* HekoTopbie, HO He BCe. XJIOPHA HATpHA HeoGXONHM LA XKH3HH, GPOMHI HATPHA
OKasHBaeT HeGOMbIIOE TOKCHYeCKOE AefiCTBHe, a UHaHHJ HATpHA — GLICTpOAEHCTBYIO-
mHH a7.



Opeanuseckan xumun 7

Kak ¥ UHaHH[HAA, MOXKET NepexonHTh 6e3 paspylieHHa H3 ofHON MoJle-
KyJbl B Apyryio. Mnupuyeckas Gopmyna GeH3oMJIbHON rpynnb, Kak
B Hacrosillee BpeMs ycraHosseno, C,H;O.

Kopoue rosops, CTaHOBHJIOCH fCHO, Y4TO OTKPHITH TafHy cTpoeHHs
GONbILHX MOJIEKYJ] MOXKHO, JMHIb YCTAHOBHB CTPOEHHE ONpefe/]eHHOro
yuCIa Pa3HYHbLIX PafvKaloB. Torga He cocTaBHT GOMBILOrO TPyaa (Kak
HaJesauch XHMHKH TOMO BpeMEHH) MOCTPOMTb H3 palMKaNOB MOJIeKYJIbl.
Ieno cnopuaocs! ®
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Crpoenne moneky.

Teopus THNOB

PaaMbluiias Hall CTPOEHHeM OpraHuYecKHX coeivHenuil, Bepuennyc
npume] K BHIBOAY, YTO PaAHKalbl MOTYT ObiThb TeMU «KHPMHYHKAMU»,
H3 KOTOPBIX MOCTPOeHBl opraHHyeckue coexrHenus. [Togo6Ho ToMy Kak
HeopraHuyeckue COENHHEHHsI MOCTPOeHb M3 OT/le/NbHBIX 4TOMOB, Opra-
HHYeCKHe CoefHeHHs NMOCTPOeHbl U3 PaJHKaloB, KOTOpLIE, (10 MHEHHIO
Bepuenuyca, moytdH Tak jke, KaK W OTJAe/NbHbE aTOMbl, «HEIOCTY (1HbI
H HeJeJHMbl».

Bepuenuyc yTBepaan, yto CH/bI, YAeP KHBaloOUHe aTOMEl B Heopra-
HUYECKO#l MOJIeKyJsie WM B OpraHHYecKOM pajfiHKasle, WMelOT 3J1eKTpH-
YecKylo npupoay (YTO B KOHEYHOM cyere OKasaloch CrpaBel/IHBLIM).
Yro0bl TakHe CHJIBI BOSHHKAJIH, KaXkaas MOJeKy/aa NO/KHA COAepKaTh
NONOXKHTENBHO H OTPHILATE/NIBHO 3apsiMKeHHBIE YacTH, MOCKOJIbKY MpH-
TAXKEHHe BO3MOXKHO TOJbKO MEKIY MNPOTHBOMONOKHO 3apsKeHHbIMU
YacTAMH.

Jlokasate Haluyie MOJOKHTEIbHO M OTPHLATENIBHO 3apsiKeHHbIX
KOMIOHEHTOB B MpPOCTHIX HeOpraHWYeCKHX COeJMHEHHAX THOA XJOopHaa
HaTpusi cO BpeMeHeM, JefcTBHTENbHO, YAadoch (cM. ra. 12). OnHako
pacrnpocTpaHuTh 3TO Ha OpraHHYecKHe COeJMHeHH: OKas3aloch 3HayH-
TeNbHO caokHee. Tak, Depuenuyc nomxen Obu1 HacTOHYHBO yTBEpX-
Jatb, YTO PafAMKa/bl COCTOAT TOJLKO U3 yIJepoAa ¥ BOAOPOAA, NMPHYEM
yriepox 3apseH OTPHLATeNbHO, a BOAOPOA — mosoKHTeNbHO. OH
cuurtal, yto paauKkan Oensoun (C,HsO) He copepxut u He Moxer conep-
Xath KHCIOPOJ, KOTODHIH HCKaKaer feficTBUe, OKa3LIBaeMoe 3THM pa-
Mukanom. Bepueauyc Obli TakKe yBEpeH, 4TO 3aMellleHUe OTPUILATENLHO
3apAKEHHOTO KOMIIOHEHTa Ha MOJ0XKHTeNbHO 3apsikeHHbI 06a3aTeiib:
HO npHBeJeT K Pe3KOMy H3MEeHEeHHIO CBOMCTB COENHHEHHS.

OznHako BCKOpe BLIACHH/OCH, YTO 3TO NOC/EJHEe ero yTBepiKieHHe
omnboyno. Onsomy u3 yueHnko [lioma (KcTaru ckasaTh, BOCTOPIKEeH-
HOoMy ctopoHHHKY Bepuenuyca) Oriocty Jlopany (1807—1853) yaanock
B 1836 r. 3amMecTHTh HECKO/IbKO aTOMOB BOJOPOJA B MOJieKYJle 3THJI0BOIO
cnUpTa Ha aTtoMbl XJIOpa, NMpPHYeM 3HAYKUTeNbHOIO W3MeHeHHA CBOWCTB
COeMHEHHA TaKOe 3aMellleHHe He BLI3BaN0. DTOT SKCINePHMEHT NPOTHBO-
peunn teopuu Bepuenuyca; xop cyutancs OTPHULLATENIHHO 3apSAIKEHHBIM,
a BOJOPON — MOJOKHTENLHO 3apskeHHbIM 31eMeHToM. DBosee Toro,
B 9TOM XJIOPHPOBAHHOM COeJHHEHHH YI/1epOR AOM»KeH Obl1 COeNHHATLCHA
HerocpeACTBEHHO ¢ XJIOPOM, HO KaK ke 3TO MOTJIO OCYIIeCTBUTbCSA, eCu
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06a aToMa 3apsXKeHb OTpHuarTenbHO? Belb onMHAKOBO 3apsa:KeHHble
aToMbl OTTalKMBalOTCA ApYr or apyra. (B Takom cayuae kak moryt
yLep:KUBaThCcA BMecCTe JIBa aTtoMa XJ0pa B MoJjiekyJe xnopa? Bee st
BOMPOCHL OCTABA/NMCh HepeleHHBIMH ellle LeJoe CToMeTHe.)

Bepuenuyc, crasumit B cTapocT pasapaxcuTe/bHEIM H YPe3BhYaiiHO
KOHCepPBATHBHbIM, OTKa3a/icA MepPecMOTPeTb CBOKO TOYKY 3peHHA. Bbi-
caywae fokaan Jlopana, OH ApoCTHO Hana Ha uccaenosarens. B 1839 r.
JTlioma cam MoyYHs cOeAUHEHKHe, B KOTOPOM TPH aTOMa BOXOPOAd B yK-
CYCHOH Kucsore OBIIM 3aMellleHbl XJI0poM, Ho, 60fich MOTepATb pacHo-
noxenne Bepuennyca, MaZofyliHO OTCTYMH/J H OTPEKCA OT B3TJIfALOB
Jlopana.

HU3-3a ruesa DBepuenuyca mepea JlopaHoM OKa3aiHCh 3aKPBITHIMH
lBepu HauGoJiee W3BECTHLIX JiabopaTopui, ogHako Jlopan Gbln HacTO#-
YHB M OpPOJOMKal coOHpaTh JAOKa3aTeNbCTBa TOrO, YTO pajHKadbl He
IBNAIOTCA «HepaspyLMMbIMH H HeJOCTYNHBIMH», KaK 3TO YyTBEpIaj
Bepuenuyc, v yro He Clefyer nepeoueHHBATb BIUAHHE MOJOXKHTEJNb-
HOro U OTPHUATENbHOro 3apAnoB. XOTA XHMHKOB M ONOJEBATH COMHE-
Hus, aBTopHTeT Bepuentyca Gbl1 HACTONBKO BEJTHK, YTO BIVIOTH JI0 CMep-
TH 3TOro KpynHe#mero yyenoro (1848 r.) HHKTO He pewajcs OTCTYy-
MUTBCA OT ero Teopuu papukKanos. OmHako noche cMeptd Bepuennyca
nonyaspHocTs HaeR JlopaHa cpasy Bospocna, H Y Hero mo:BiJlich
CTOpPOHHUKH.

Jlopan oTka3ascsl OT BCAKOTO MOAYEPKUBAHUA BJAMAHHA 3JeKTplive-
ckux cua. OH monaran, 4TO OpraHWyeckKas MOJIEKyJIa HMeeT SIpo
(KoTOpOe MOMKeT MpencTaBifATb cO60H OAMHOYHBII aTOM), K KOTOPOMY
NPUCOEIHHAIOTCA pa3uyHbe pafuKanbl. Opranuyeckue MOMEKYJibi MOX-
HO CTPYNNHpOBaTh B ceMeiicTBa WM munet (OTCIOAa meopus munos) V.

MonekyIbl COeMHEHH T OMHOTO THMA AOMMKHBI HMeTh CXOXHbIe fIpa.
K sTuM agpam MoryT npucoequHsTbCA JioOble H3 pafHKanos, o6pa3syio-
HIMX pAN GLOJOOHHX paauKanoB. OTae/lbHbie THOB MOJEKYJ] MOXHO
pacnpocTPaHHTh U Ha HeOpraHHYeCKHe COeNMHEHHH.

B cooTBercTBUM ¢ npencTaBNEHHAMH 3TOH TEOPHH B MOJICKVJIE BO/bI
(H.0) K uentpanbHOMy aTOMy KHCJAOpOAa — AAPY NPHCOEAHLEHb JBA
aToMa BOAOpOIA. 3aMelllass OXMH H3 aTOMOB LOJXOPOJ2 Ha PaIHKaibi KaKo-
ro-nu6o pana, MOXKHO NONYYUTh FPYNNy COEAHHEHHH, B YHCIO0 KOTOPLIX
BXOAAT M BOA4, U PA3JIHYHBIE OPraHHuYeCKHe COeNHHEHHA.

Ilpu 3amellleHHH OJHOTO H3 aToMOB BOJopoda Ha MeTHabHYyIO (CHj)
uau TiabHylo (C,H;) rpynny o6pasyiorcs cOOTBETCTBEHHO METHJIOBbIi
(CH;OH) uau stunoswit (C,HsOH) cuupr. B pesynbrare takoro 3a-
MelleHHs MOKHO [OJYYHTb Ype3Bbl4alHO MHOTO PA3NIHYHBIX CRUPIMUG.
W pelictBuTenbHO, COMPTH He TOJILKO HMEIOT MHOTO OOLIETO MeAy
co6o#, HO ¥ MPOSABJAIT TaKxke OnpejneseHHoe cxoacTso ¢ Bonoi. [Ipo-
CThie CAHPTH — METHJIOBLIl W 3THJOBHIA CMEWHBAIOTCA C BOJAOH B JIt0-
6bix cootHoweHuax. [llenoynnie meTanab pearupylorT o CHpTaMy Tak
e, KaK ¢ BOJO#H, XOTa H Goslee MelJjieHHO.
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Mexay 1850 u 1852 rr. aursufickuit XuUMHK AnekcaHap YuabiaMm
Yunbamcon (1824—1904) nokasan, 41O OpPraHHYeCKHe COENMHEHHH,
OTHOCAILIMECS K KJACCY RpOCmbiX 3¢hupos, MOKHO TaKike NOCTPOUTH MO
«Tuny Bofwb». [IpocThie 2UpPE MOXKHO MOTYYHTH, 3aMECTHB Ha OpPraHH-
YecKde paaukajbl o6a aroMma Bofopoaa Boawl. B ofwunom sdupe, xoro-
PHIi B TO BpeMs Haua/H NPUMEHATh KaK aHecTesHpylollee cpeacTso, oba
aToMa BOJOPOJia 3aMelleHk! Ha 3THJ/IbHBIE IPY NN, TaK uTo ero gopmyna
sanucuBaerca Kak C,HyOC,H;.

Heckonbko panee, B 1848 r., dpanuysckuit xumuk lapas Anonsd
Biopu (1817—1884), usyuaBwwuit rpynmy coeluHeHHil, CBSI3aHHBIX C
aMMHaKOM U MOTOMY Ha3BaHHBIX AMUHAMU, TIOKA3aJ, YTO y CoeNHHEeHUH
3TOro THMa AAPOM CJHYIKHT artoM asora. B ammuake arom asora cBssaH
C TpeMsi aToMaMH BOJOPOAd, B aMHHAX OIMH HJIH HECKOJBKO aTOMOB
BONOPOA 3aMelleHBl Ha OpraHHYecKHe paavKasibl.

Teopus THNOB 3aBOeBLIBaNa Bee GOMbIIYIO MOMYJSPHOCTh, MOCKO/b-
Ky OHa MO03BOJWJA CHCTEMaTH3HPOBaTh OpraHMuecKHe COeJWHEHHs, a
CMHCOK BCE HOBBIX H HOBBIX OpPraHM4ecKHX COEJMHEHHH B TO BpeMs
oyeHb Obictpo yBenuuupancs. Pycckuit xumux OPegop Penoposuu
Betinbwreiin (1838—1906) ony6aukosan B 1880 r. o6lunpHOe pyKOBOA-
CTBO MO OpPTraHWYECKHM COEHHEHHsIM, B KOTOPOM HCIOJB30BAJ TEOPHIO
tHnoB JlopaHa AnA pa3MellleHUs 3THX COEIMHEHUH B palHOHAIbHOM
NOpsIAKe.

M Tem He Menee TeopHs THIIOB B TOM BHJE, B KAKOM OHa BhITEKaJsa H3
paGor Jlopaua, ocraBaiach He3aBepiueHHoH. [lo-mpexxnemy mpepmona-
rajioch, 4YTO OPraHWYECKHE COeIMHEHHs [OCTPOEHH W3 pajUKaJsoB,
BOMIPOC O MOJIEKY/IAIPHO# cTpyKTYype ofxoauca croporoll. OrBeruThb Ha
HEero MOXKHO ObIJIO, TONBKO BRISICHHB, KAK B [eHCTBHTENBLHOCTH pacro-
JIaraioTCsl aToMBl B CAMHX pajvka’iax.

BaneHTHOCTDH

Hexoropble XHMHKHM CYHTAJAd TEOPUIO THIMOB BeCbMa YNpPOLIEHHOIN,
Bri3niBaI0 yaAUBJIEHHE TaKKe TO 00CTOSTEJNBCTBO, UTO, COIVIACHO TEOPHH
THIIOB, KHCJOPOJ HEM3MEHHO OKa3hIBaJCA CBA3AHHBIM G JIBYMs IPYTHMH
atoMaM¥ HJH paaukanamu. Tak, B MoJeKyJie BOIbl KHCJAOPON ObLT CBs=
3aH C ABYMs aToMaMH BOJOpPOJla, B MOJIEKyJie CIHPTa — G OIHHUM aro-
MOM BOLOPOAA U OfHUM OPraHHYecKHM paiuKasoMm, B MoJieKyJse spupa —
C ABYMs OPTaHHYECKUMH palMkasaMH. A asor BCeria COeIHHAJICA C Tpe-
MSl aTOMaMH HJH paaMKalamH.

Aurnuiickuit xumuk Snyapa ®panknana (1825—1899) nepsuim 3a-
UHTEPECOBAJICS MeMmarnopeanudeckumu coedurenuamu, B KOTOPBIX Op-
raHuyeckHe IPYNNHPOBKU MPHCOSAHHEHBl HEMOCPEACTBEHHO K aroMam
MeTasaa, HalpuMep UMHKa ¥, B coelMHEHHsX Takoro THNa, Kak ObLIo

* B HCTHHHBIX MeTaJJOPTaHHYECKHX COGJIMHEHHAX aToM MeTanna fpodyHo cBA3aH
¢ aToMoM yrJepoaa. CoelilHHeHHs, NoAOGHEIE alleTaTy WHHKa (BelecTBa Takoro THNa Guls
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YCTaHOBJIEHO, KaIbift aTOM MeTa/l/ia NPHCORNHHSAET ONpesieleHHOe YHC-
JI0 OpPraHuYeCKHX rpynmn, MpH4YeM OHO Pas/M4YHO LV Pa3HbiX MEeTaJlJoB.
Hanpu:iep, aToMbl IHHKA COEQMHSIIOTCS C ABYMsl (He GOJbLIE H He MeHb-
we) opranuyeckumn rpynnamd. B 1852 r, ®panknaun suiasuHyn
(€OPHIO, KOTOpasi MO3[Hee CTaja H3BECTHA KaK TEOPHA BAAEHMHOCINU
(ot natuHCcKoro valentia — cusia) ¥, corjlacHO KOTOpPOHR Kawmanlii aToM
obnanaer onpeneneHHON CMOCOGHOCTBIO K HACBIUIEHHIO (MJM BajeHim-
HOCMbIY).

Tak, arom BOAOPOAA B HOPMAJBHLIX YCJOBHAX COGNHHSAETCH
TOJIKO C OJHHM ATOMOM IPYroro Tuma. To ke CaMOe MOXKHO CKa3aTb
O HaTpHH, XJope, cepebpe, Opome W Kaauu. BajeHTHOCTH Bcex mepe-
YHC/JEHHBIX 3/eMEHTOB paBHa elUHHUe,

AToMBI KHCJIOPOZA COEIMHSIIOTCS HE MEHee ueM C ABYMsi pasiuuHBIMH
atoMmamu. Tax ke Benyr ceba Kanblnil, cepa, MarHii u Gapuii. Y 3THX
3JIEMEHTOB BafeHTHOCTb ABa. Y a3ora, ¢ocdopa, aNOMHHHA H 30J0Ta
BaJieHTHOCTh TPH. JKesieso MOxeT UMeTb BAJIEHTHOCTb [Ba HJH TPH.
B npuHuune BONpOC O BaNIEHTHOCTH OKA3aJ/1CS He CTO/Ib [POCTBIM, KAKHM
NpeicTaB/aJoCh BHAuaje, HO Jaxe TakoH mpocrediuufi BapuaHT 3To#
TEOpHH MO3BOJNHKJ C/e/IaTh BaKHble BHIBOAbI.

Ipexne Bcero ¢ BBeleHHeM MOHSITHS «BAJEHTHOCTbY» yJAANOCh ysic-
HHTb pPas/iMyue MeXKLY aTOMHBIM BECOM (CM. TJ1. 6) U S5KBHBa/IEHTHLIM Be-
coM 3meMentoB. [laxe B cepenune XI1X cronerus MHorue XHMHKH elne
nyTaju 5TH [Ba NOHATHA.

Ilpu ofpasoBaHuH XJopHAa Bofopona | atoM BonopoZda coequHseTcs
¢ | atomoM xJ0pa, a MOCKOJIBKY aToM xJjopa B 35,5 pasa Taxkesee atoma
BOJOPONa, TO, €NellOBATE]bHO, BOJAOPOA H XJOP COENHHSIOTCH B COOT-
Howenuu 1 : 35,5, 1. e, aroMuBli Bec XJiopa pasen 35,5. Onnaxo rakoe
COOTHOLIEHHe 3J1eMeHTOB HalJ/iofaeTcss He BO BceX coeluHeHusix. Ha-
MpHMep, KaxIblH aToM KHCJIOPONa COeHHSeTcs ¢ 2 aToMaMH BOIOPOAA,
TaK KaK BaJIeHTHOCTb KHC/IOpPOAa paBHa JBYM. ITockoabKy aTtOMHEIR Bec
KHCJOpola paseH 16, caenoearenbHo, 16 uwacrelt xuciopona coenu-
HAIOTCA € 2 vactAMH BOOpoAa. B pesyabrare skBuBaseHTHbil Bec
KHCJIOpoAd, coenuHsAolerocs ¢ 1 vactbio BomoOpoia, paBeH 16/2,
uau 8.

AHajlornyHO aToM asota (aToMHbIH Bec 14, BaseHTHOCTb 3) COeMH-
HAeTcas ¢ 3 aroMamu Bojopoaa. CrenoBatenbHO, SKBHBAaJEHTHBIN Bec
asota paseH 14/3, wau npumepro 4,7.

B ofmem 35KBHBaNeHTHbI BEC aTOMa DaBeH €ro aTOMHOMY Becy,
NIeNIEHHOMY Ha ero BaJeHTHOCTB.

B 10 xe Bpems BTOpOH 3aKOH 3jexTpoiusa Papames (cM. ra. 5)
[JIaCHT, YTO BeC MeTasna, BblAE]AeMoro B CBOOONHOM COCTOSIHHH MpH
NPOXOXKIAEHHH [aHHOTO KOJIHYEeCTBa 3JIEKTPHUYECTBA, MPONOPLUOHAJeH

JIH H3BeCTHH M 70 DpaHK/IaHAa), ABIAIOTCSA COSIMH OpPFraHHUeCKHX KHCIOT. B Takux
COJISIX aToM MeTanNa MpHCOeNHHACTCH K aToMy KHCJIOPOAR, H OHH HE CYHTAIOTCS HCTHN-
HBIMH MeTa/JJJOpraHHYeCKHMH COeRHHEHHSIMH.
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SKBHBAJIEHTHBHIM BECaM 3THX META/IOB. DTO 03HAYaAET, YTO NMPH MPOXOXK-
JeHVH NaHHOrO KOJMYECTBa 3JIEKTPHUYECTBa BeC BhIJEJsieMOro B CBOGOX-
HOM COCTOSIHHM IBYXBaJEHTHOrO MeTaJJ/a COCTABJSIET TOJbKO MOJIOBHHY
B€Ca BBbIJEJSEMOro B CBOGOIHOM COCTOSIHHH OJIHOBAJIEHTHOTO MeTa/na
MpUMEPHO PaBHOT'O ATOMHOrO Beca.

1O MoJIoKEHHE MOKHO OOBSICHHTL c/efyiouuM ofpasom: s mepe-
MEIIeHHA ONHOro ONHOBAJEHTHOTO aTtoMa TpeGyeTcs ONHH «aToM 3/eK-
TpHyecTBa» (CM. TJI. B), B TO BpeMA KaK AJd MepeMellleHH s OJHOro [BY X-
BaJEHTHOTO aroMa Tpe6yioTCsi ABa ¢atoMa 3jektpuuectBa. OmHako
NpUPOAY 3aBHCHMOCTH MEXLY BAJEHTHOCTBIO H «aTOMaMH 3JIeKTpHue-
cTBa» yﬂa.gocxa MOJIHOCTBIO BBIICHHTH JIHIIb CIYCTS elle MOJCTOJeTHS
(cM. ra. b).

Ctpykrypubie dopmynn: *

Teopus BaJEeHTHOCTH CHITpa/a BaXKHeHIIyi0 po/iib B pa3BHTHH TEOPUH
XMMHH BOOGIE H opraHudeckoil xuMuu B ocobenHocru. HMcxona us reo-
pHH BaJeHTHOCTH, KekyJe npeanonoxua, yto aroM YIJEpoAa yerblpex-
BasieHteH, U B 1858 r. momeitascs, onupasch HA 3TO NPEANOJOKeHHe,
NpeaCTaBHTb CTpOeHue HauGosiee NPOCTBIX OPraHHYECKHX MOJEKYJ H
pamuxanos ®, B tom xke 1858 r. mwotnanackuit xumuk Apun6anpi Ckorr
Kynep (1831—1892) npensioxun n3o6paxarh CHJIB, COeIHHAIOLIHE aTO-
MBI (MJIH (643U, KaK HX [PUHATO HA3BIBaTh), B BHAe YepTouek. [locae Toro
Kak Oblia «OCTPOEHa» Mepsasi opraHHYeckas MOJMEKyJ/a, CTajo COBep-
IUEHHO SICHO, MOYeMy OpraHHYecKHe MOJEKYJbl, KaK MpaBuJO, 3HAyH-
TeNbHO GoJblle H C/JIOXKHEE, YeM HeopraHH4ecKHe.

CorsacHo npexcrapaexusm KekyJe, yrnepoiHble aTOMbl MOTYT cO-
eAUHATBCS APYT C APYrOM C MOMOILBIO ONHO# HJH HECKOJbKHX H3 YeTbi-
pex CBOMX Ba/eHTHbIX cBfizelf, oOpasys ILJHHHbIE [eNH — MpsMble
HJaH pa3serB/eHHbe. [lo-BHAMMOMY, HHKakHe Hpyrue atoMel He o0.a-
JIAI0T 3TOil 3aMeyaTesbHOM CMoCOGHOCTHIO B TOMl Mepe, B Kakoil obianaer
€0 yrJepo.

Wrax, npencrasup cebe, uTo y KaxIoro aroma yrJjlepofla deThipe
BafleHTHHIE CBA3HM, a Y KaXKJIOT0 aToMa BOHOPOJla OfiHa Takad CBA3b,
MOMKHO M300pa3uTb TPH MpocTefilnX yeaesodopoda (coelMHEHHd, MoOJe-
KyJbl KOTOPBHIX 06pa3oBaHbl TOJbKO aToMamH YIJepoia M BOLOpOLa),
meran CH,, sran C,H, u npoman CyH,, cienyiomum obGpasom:

* I'1aBHBE MOJOMEHHA TEOPHH CTPOEHHR Bhlckasan A. M. Bytaepor B JlokJaage
«O XHMHYECKOM CTPOEHHH BellecTBa», caelalHoM 9 centsbpsa 1861 r. Ha cbesle Hemel-
KHX ecTeCTBOHCNHTaTesNeli w ppavefl. ByTiiepoBuM 6bin chopMydHpoBaHBl npasuia,
KOTOpBIMH MOMHO GBLIO PYKOBOACTBOBaTLCH MPH ONpefeNeHHH CTPOEHHS OpraHHde-
CKHX COelHHEHHH, a TaKxKe OHI0 o6bAcHeHo sBJeHne n3omepHH. A. Kekyse B 1865 r,
pacrnpocTPaHuI MOJOXKEHHA TEOPHH CTPOEHHS HA APOMATHUECKHe COeAHHeHHA. JKcme-
PHMEHTATbHOE MOATBEPXKAEHHE TEOPHH XHMHYECKOro cTpoeHHst ByTnepoBuiM H €ro yue-
HAKaMH HMEJJOo OFPOMHOE 3HauYeHHe AJA ee yTeepxAeHus.— Ilpus. peo.
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MemaH aman npenax

YBesMunBasi YHCAO AaTOMOB YIJIepoAa, 3Ty MOC/Ael0BaTe/IbHOCTh
MOKHO MpPOAO/IKHTbL, NPHYEM MNpaKTH4YecKH GeckoHeuHo. [loGaBass K
yrJ/IeBOLOPOAHOH LlenH KHCJOPOX (IBe BaJeHTHBlE CBA3H) HJH as3ot (TpH
BAJIeHTHbIE CBSI3H), MOXKHO MpPENCTaBHTb CTPYKTYDHble (OPMyJIBI MOJie-
Kya smagoBoro cnupra (C,HsO) v merunamuna (CHN):

H H I-II
I
H—C—C—0—H H—C—N—H
| |
H H H H
omunoleid cnupm MemuaaMur

Ilon_¢THB BO3MOXKHOCTb Ha/HUYHsl MeMJly COCEIHHMH atoMaMu IBYX
cBA3el (0soiinas cea3s) UMK TpeX cBs3ell (mpodnas censs), MOXKHO H306-
pasHTb CTPYKTYpHbie (opMyJibl TaKuX coefuHenuil, kak stusen (C,H,),

aueruaen (C,H,), metuanuanun (C,H;N), auveron (CsH<O) u ykcychas
kucaora (C,H,0,):

H—C=C -A H—C=C—H H
[ [
H ‘1 H—C—C=N
[
H
amune QUemuUneH Memunyuarud
H O H H O
L i
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I I I
H H H
auemoH yKOyC’Hﬂﬂ KucAaoma

[Tose3nocts cTpyKTypHBIX (opMyJs1 Obl1a HACTONBKO OYeBHIHOM,
YTO MHOTHE XUMHKH-OPraHMKH NpHHAAM HX cpa3y. OHM NpU3Haid noa-
HOCTBIO YCTapeBUIHMM BCe MOMBITKH H300paxaTb OpraHH4YeCKHe MOJe-
KyJIbl KaK CTPYKTYPHI, IOCTPOECHHLIE H3 pajnKaJ/oB. B pesysbrate Gblio
NpHU3HAHO HeOoOXOAWMBIM, 3anucbiBast GopMyay COeAHHEHHs, MNOKasbl-
BaTbh ero aTOMHYIO cmpykmypy.
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Pycckuit xumux Asexcanap Muxa#nopuu Byriepos (1823—1886)
MCMO/Ib30BaJ 3Ty HOBYIO CHCTEMY CTPYKTYpPHuIX (opmy. B paspaboraH-
HOH HM TEODHH CTPOEHHS OPraHHYeCKHX coeluenuit ¥, B 60-x romax
NPOLLJOTO CTOJETHA OH MOKAa3aJ, KakK ¢ MOMOIUIbIO CTPYKTYPHBIX GopMyJ
MOXHO HAarJaJHO OOBACHHTb [MPHYHHBI CYUIECTBOBAHHsS W30MepOB
(em. ra, 5). Tak, Hanpumep, y STHJIOBOrO CIOHPTA H AHMETHJOBOTO
aupa onna ¥ Ta xe smnupuyeckas popmyna C,H,O, onnako crpykryp-
Hele (opMyJibl 3THX cOelMHeHHH 3HAYMTEJNBHO Pa3/AMYalOTCS:
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MO3TOMY He YAMBHTE/NbHO, 4TO H3MEHeHHWe B pAacHoOJIOKEHHH ATOMOB
APUBOIMT K JByM HabopaM OueHb Pa3HbiX cBoicte. B stuioBoM crupre
OIMH 13 [IeCTH aTOMOB BOJOpO/ia MPUCOENHHEH K aTOMY KHCJOpOAa, B TO
BpeMsl KaK B IMMETHJIOBOM 3(pupe BCe 11EeCTh aTOMOB BOLOPOLA NPHCOENH-
HeHbl K aToMaM yrJepofia. ATOM KucJIopoja yZAepKHBaeT aToM BOAOPOZa
ca1abee, 4eM aTOM yIJepoia, Tak 4To Mera/yindyeckuil Harpui, nobas-
JIEHHBIH K 3THJIOBOMY CNHMPTY, 3aMelllaeT BOLOPOJ (OIHY LiecTyio ofliero
KosuyectBa). Harpuil, noGaBNeHHull K AuMerHoBOMY 3(HpPY, coBceM
He BuiTecHseT BOAOpoA. Takum ofpasoM, NP COCTaBJeHHH CTPYKTYPHBIX
(opMy.J1 MOXKHO PYKOBOLCTBOBATLCH XMMMUECKHMH DeakUHsSIMH, a CTPYK-
TypHble GopMyJisl, B CBOIO Ouepellb, MOTYT MOMOYL MOHATH CYyTh peax-
uni.

ByTaepoB oco6eHHO MHOIO BHHMAaHH$ yJe/HJ OIHOMY W3 THIIOB H30-
MepHH, Ha3blBaeMOMY maymonepuell (IuHaMHueckol naoMmepuedt), mpu
KOTODOH HEKOTOpble BelllecTBA BCerfa BBICTYNAIOT Kak CMecH MABYX
coefiuHeHWH, Ec/in OHO M3 3TUX COeMHEHHH BBIIGJHTL B YHCTOM BUJleE,
OHO cpasy e 4acTHYHO mepeiifier B APyroe coefinHenne. ByTsepos noka-
3aJ, 4TO TayToMepusl O0YyCJIOBJIeHA CAOHTAHHHIM MepeXoioM aToOMa BO-
JOpoJia OT aToMa KHCJOpOJa K COcellHeMYy aToMy yrjlepopa (u obpartHo).

Urobbr BRONHE JOKas3aTh ClPaBelJIMBOCTE CHCTEMBI CTPYKTYDHBIX
topmya, Heo6Xoaumo Obllo OMNpeleuTb CTPYKTYpHylo dopmyny ben-
301a — YTJIeBOJOPOJAA, COAepIKAILEro LWecTb aTOMOB YIJIePoAd H LIeCTb
atomoB Bofiopofa. Cpenats 310 yJajoch Aaneko He cpasy. Kasamoch,
He CyUleCTByeT TaKoi CTPYKTypHOH (opmy.sl, Kotopas Obl, OTBedas
TpeGOBaHHAM BAJEHTHOCTH, B TO e BpeMsl oObscHfaa Obl GoJbLIYIO
ycToHuuBOCTb coellMHeHusl. [lepBole BapHaHTBl CTPYKTYPHBIX (hopMyJ
Gensosia odeHb MNOXOAWJIR HA (GOPMYJbI HEKOTOPLIX YIJeBOAOPOLOB —
coefliHeHHH BecbMa HeCTORKHX M He MOXOXKHX MO XMMHYeCKHM CBOHCT-
BaM Ha OeH30J.
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Pemuth 3Ty 3amauy cMor onmstbh-TakH Kekysde. B oaun us aHed
1865 r. (kak on cam pacckasbiBaer) Kekyse B nonyapeme exan B OMHH-
Gyce, H eMYy TIPUTPE3HJIOCH, YTO OH BUIMT aTOMbI, KPYyXKallnecs B TaHlile,
Bropyr Konell ofHo#l menH CONMHMJICH C ee HaualloM, H o6pasoBalioch
Bpamaroiieecs Koablo. M Kekyje pemns, 9ro HMeHUO Takoii Jo/kHa
ObiTh CTPYKTypHas ¢opmyna Gensona. Ilo Tex nmop cTpykTyphble dop-
MyJibl CTPOHJIHCh TOJIBKO B BHIE JIHHERHHX yened yryiepofHbIX aTOMOB,
Ho Tenepb Kekysie BBe/l MOHATHE «KOAbIO» (HJIH «PO») ATOMOB yTJle-
pofia H NpeJIOKHN CJAeAYIOULYI0 CTPYKTYypHYI0 ¢opMmy.ay OeHzona:
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D10 o6bAcHeHHe OLIO MPHHATO, H MNpelCTaBJeHHE O CTPYKTYPHBIX
tdopmysnax pacwupHaIoCh *.

OnTH4YeckHe H3oMeph

CrpykrypHbie (OpMYJIbI OKas3alHCh Ype3BLIYARHO MOJNE3HLIMH, HO
OHH He OTpaxKalH OIMH OCOOeHHO CJNOXKHLIH TUI H30MEPHH — ONTHYe-
ckylo usoMepuio. [lpexknie 4eM nepefith K TOMy THNY H3OMepHH, pag-
CMOTPHM BKpaTile NPHPOAY CBeTa.

B 1801 r. Tomac IOur (1773—1829), swinatomuiicss anrJuiickuii du-
8HK, aCTPOHOM W Bpad (paspaGoTaBliHii, B YaCTHOGTH, TEOPUIO LIBETHOTO
3peHHs), NPOBEJI ONbITH, NOKa3aBIlHe, YTO CBeT Bellet celd TaK, Kak 6y I-
TO OH COCTOHT H3 OYeHb MaNeHbKHX BOJIH. 3aTem, npuMepHo B 1814 1.,
¢dpanuyscknii ¢usik Oriocren )Kan ®penens (1788—1827) nokasan,
YTO CBETOBHIE BOJIHEI OTHOCATCH K KJlacCy BOJIH, HasbiBaeMbIX Noneped-
HbIMH BOJIHAMH, B Takux BonHax KOHEﬁaHHH NPOHCXOOAT Mnoxn npsSIMLIM
yrJIOM K HampasJeHuio uX pacnpoctpaHeHHsi. Camblii Har IANHLIA npH-
Mep BOJIH TAKOTO THNA — BOJIHbI HA BOMe Mrronuipie 4acTHUR BOAM
TepeMelllalOTCA BBEPX W BHH3, a Cama BUJIHA JBHKETCS MO MOBEPXHOCTH.

* Onnako o6bACHHTL 8arafiky JBOAHLIX cBaselt GeH3o/Ma, KOTOpHIe BeXyT cebs He
TaK, KaK ABOfHbIE CBASH B APYrHX cOelHHEeHHAX, YAaA0Ch JHWb CNYCTA NPHMEPHO TPR
YeTBEPTH BeKa (cM. ra, 12).
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CeeroBbie BOJIHBI — 3TO He BOJIHbI HA MOBEPXHOCTH, a MOTOMY KoJie-
faHus B HUX He NOJIKHbI MPOMCXOAHTb 06f3aTeJIbHO B HanpapJIeHUH
BBepX-BHH3, YHC/IO HanpaBsleHH#, B KOTOPHX KoJeGaHHA CBeTOBBIX
BOJIH MOTYT NMPOHCXOAHTEL MOJ MPSMbIM YIJIOM K HanpaB/eHHIO UX pacs
npocTpaHeHHs, NpakTHYecku GeckoHeyHo. B syue oObiuHOro cpeta HH
‘OHO H3 HampaBJieHUH KoseGaHHH He fiBAsieTcd MpeanouTHTeabHbiM Of-
HaKo ec/i¥ Takoil Jly4 cBeTa MPONYCTHThb 4epe3 HEKOTOpHle KPUCTaJlIHI,
TO YNMOpAZOYEHHOE PaclooMeHHe aTOMOB B KpHCTalJe 3acTaBHT CBe-
TOBble KOJIeGaHHA NMPOHCXOAMTL TOJNBKO B KAKCH-TO OMpeleseHHoM Mo~
CKOCTH — B MJIOCKOCTH, KOTOpas MO3BOJIseT Jiydy MPOXOAHTb U 06X0-
JHTb PAfibl aTOMOB.

Ceer ¢ Ko/JeGaHASIMH TOJMIbKO B ONHOM MJOCKOCTH Obil Has3BaH B
1808 r. dpanysckum ¢usukom SrbenoMm JIyu Mantocom (1775—1812)
NoJIspH30BaHHLIM CBETOM. B TO BpeMs BOJIHOBasm TeOpHA ellle He 3aBOe-
Bajla MpH3HaHHe, W MaJoc mosarall, YTO CBET COCTOHT W3 YacCTHIL C ce-
BEPHBIM H I0XKHBIM [10/II0CAMH W YTO B MOJIIPH30BAHHOM CBeTe BCe MOJI0~
Cbl OPHEHTHPOBAHBI B OLHOM HampaeJieHHH. DTa Teopus BCKope Obuia OT-
BeprHyra, HO HasaHHe, AaHHOe MaJlllocOM, OCTaJloCh H HCMOJAb3YeTcA
Ao cux mop. : :

[lepBoHauasibHO cBOHCTBA H ° NOBefigHHe MONSPH30BAHHOTO CBETa
HHTepecOBald HCKJIIOUHTeNbHO (usukoB. OnHako B 1815 r. ¢panuys-
ckuit pusuk Kau Barucr Buo (1774—1862) nokasas, 4to NMpU NPOXOXK-
JEeHUH TIOJIAPU30BAHHOIO CBETA 4epe3 HeKOTOPble KPUCTallJibl MPOHCXO~
JHT NOBOPOT MJOCKOCTH KoseOaHHH (naocKocmu noaapusayuy) CBETOBLIX
BOJH. B ofHHX c/lyyasix OHa NOBOPAuMBAeTCA M0 YacOBOH crTpeske
(npasoe spawenue), B ApyruX — NPOTHB 4YacoBol CTpesKH (1esoe 6pa-
werue). K uucny Kpucranios, o61ajalomuX yKa3aHHEIM CBOHCTBOM,—
-onmu4eckoll QKMUBHOCMbIO, OTHOCATCH ¥ KPUCTAMJbI psfia OpraHHdYe-
cKux coefuHeHHfi, BoJjiee Toro, HeKOTOPLIE H3 STHX OPraHHYECKHX Coe-
LHMHEHHH, HalpHMep pasjiuuHble caXapa, ONTHYECKH AKTHBHBI H B pac-
TBOpax.

Co BpemeHeM BbIfICHHJIOCH, YTO HEKOTOpble COeNMHEHHs OTJIHYAIOTCHA
APYr OT Apyra TOJbKO CBOHMH ONTHYeCKHMH cBofictBaMH. OnHO H3 Ta-
KHX ONMHAKOBLIX MO BCeM JPYrHM CBOHCTBaM coeflMHeHHH Bpallaer
[IIOCKOCTE MOJIIpH3alHH MOJIAPU30BAHHOIO CBETa Mo qacoaof& CTpeJIKE,
Apyroe — mpOTHB 4YacoBoil cTpesnkH. OObIYHO HMeeTcsl elle H TpeThbe
coefHHEHHe, KOTOpoe Boofile He BbI3bIBAET BpallleHHA [JIOCKOCTH
NOJISiPH3ALHH T0/I5iPHBOBAHHOTO CBeTa (ONTHYeCKH HeakTHBHO). [IpH-
MEpOM H3OMEPHLIX BeLIECTB, PA3/IMUAIOMHXCSA M0 ONTHYECKOH aKTHBHO-
CTH, MOTYT CJYZHTb OTKphiThie Bepuenuycom (cm. rui. 6) BuHOrpajHas
¥ BHHHAs KUCAOTH. BHHorpanHas KucCJOoTa ONTHYeCKH HEAKTHBHA, a
BHHHa# KHCNOTa oOlajaer B pacTBope NpaBbiM BpalleHueM. [Josanee
Obula OTKpbITa BHHHA® KuCJIOTa, ob/jajaBlias B pacTBope B TeX e
yCJIOBMSIX PaBHBIM MO BeNHUYHHE, HO MPOTHBOMOJIOKHbIM, JIeBbIM Bpalle-
“HHEM. :
Otu ABe (OPMbI BHHHBIX KHCJIOT — MPHPOAHARA MApaBoOBpawaiollast
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M He BCTpedaloulafca B NPHpPOJe JeBOBPaLlAollas BUHHAH KHCJI0TA —
MPHMED ONMULECKUX USOMEPOS.

OGBACHUTE MPUYHHY BO3HHKHOBEHHS H30OMEPHH TOJNLKO C [IOMOLILbIO:
cTpykTypHuIX opmys Kekyse neposmoxkuo. IlepBbifi war B 3toM Ha-
npassaeHHu Gbin caenan B 1848 r. ppanuysckum xumukoM JIyu TMacrepom
(1822—1895). Kpucraa1iusys W3 BOJHOTO pacTeopa BHHOTPAJIHOKHC-
Al HaTpHfi-aMMOHWA NPH KOMHaTHO# TeMmneparype, [lactep oGHapy-
XuA, yT0 06pa3OBaHHbIE B 3THX YCJOBHAX KPHCTANIbI aCHMMETPHUHBI
Tpnuem Habiionalotcs ABe GOPMBI KPHCTA/JIOB: tpaBasi v JeBasl (NpH
OAMHAKOBOH OPHeHTalHH KPHCTaA/IOB Hebosblilas XapakTepHas IpaHb
Yy OAHHX KPHCTaNJIOB HaXOAuaach cjeBa, a y APYTHX — cnpasa).
Ilactep cymen noa yBe/IHUHTEIBHBIM CTEKJ/IOM MPH TOMOLIA MUHLETa Tia-
TelbHO pasfeuTh 00a THma Kpucraaios. CBoOilicTBa pacTBOPOB 3THX
KPHCTa/J/I0B OKa3aJ JuCh NOJHOCTbIO HIASHTHYHBIMH, HCKJIOYEHHE COCTaB-
Ji/1a TONBKO WX ONTHYeCKas aKTHBHOCTb — PacTBOPH o6safaln npo-
THBOMOJIOXMHBIM BpaweHdeM. [IpeBpatuB KpHcraMab, obnagatouilie
B pacTBOpe MPaBbIM BpalleHHeM, B KHcaoTy, [lactep oGHapyXua, uto
MOJNYYHJT H3BECTHYIO PaHee NPHPOAHYIO PABOBPAIEIOLLY IO BUHHYIO KHC-
JIoTy, H3 KPHCTaNJOB IPYroro TuNa MONyyalacs ee ONTHYeCKHA H30-
Mep — paHee He HM3BeCTHas JeBoBpallaiollasd BHHHAA Kucsiora. Or-
ciona [actep cnenan BHBOL, YTO B KPHCTaN/1aX BHHOTPaAHOR KHCJIOTHI
CONepKUTCSH PaBHOE KOJIWYECTBO MOJIEKYJl MPaBO- ¥ JIeBOBPAULAIOUIM X
BHHHbIX KHMCJIOT H HWMEHHO NO3TOMY BMHOIpalHas KHCJAOTAa ONTHYECKM
HeakTHBHa. CoelMHeHHs, noNoGHbIe BUHOI'DANHON KHCJIOTE, CTaiH Ha-
3bIBAaTh payemudeckumu (OT JIaTHHCKOTO HasBaHHs BHHOTPAIHOH KHC-
JIOTBI).

Pesyabrathl 3THX ONBLITOB yOelIUTeJNbHO CBHAETE/NBCTBOBAAH O TOM,
4TO ONTHYeCKas aKTHBHOCTb CBf3aHa ¢ acuMMetpueil. OHaKO acHMMeT-
pusa wnabnioganach y KpHCTaJ/IoB, a MHOTHE BelllecTBa MPOfB/AJHN
ONTHYECKYI0 aKTHBHOCTb KAK B KPHCTAJIHUECKOM COCTOSIHHH, TdK H B
pactBopax. [lpu pacTBOpeHHH BellleCTB MPOHCXOAHT PaspylUeHHE YIO-
pANOUEHHOH YNIAKOBKH MOJIEKY/l B KPHCTA/1/aX, H B PAacTBOpe BellleCTBa
HAaXoAATCA B BHAE OTAENbHBbIX GecnopslouHO MepeMellalouuXcs MoJe-
Kya. Ec/v onTiHYecKas akTHBHOCTb 06y cJ/IoB/IeHa acHMMeTpHell, TO aCHM-
MeTpHuHa [0/KHa OWITb U caMa CTPYKTypa MOJIeKY..

Hs cTpyKTypHBIX (OPMYyA He cJieflyer, 4TO BO3IMOMKHO CYIIeCTBOBa-
HHe aCHMMETPHYHHIX MOJIEKY/I, OJHAaKO 3TO He No3BOJfeT FOBOPHTH 00
OTCYTCTBHH CBSI3H MeXJy acHMMeTpuell M ONTHUeCKOH AKTHBHOCTBIO.
CrpyKkTypHble hopMYJIbI 3aMHCHIBAIOTCH Ha MJOCKOH NMOBePXHOCTH JOCKH
HJIM JincTa 6yMarH, HO eliBa JIh OpraHuyecKHe MOJIeKYJIbl B IefCTBHTE/b-
HOCTH SIBJIFIOTCS [IBYMEPHBIMH.

Hecomuenno, MoOJeKYy/ab TPeXMepHBl H 00pasylollie HX aToMbl B
JeHCTBHTENbHOCTH pasMellaloTcd B TpeX HaMepeHusX. Pacnosomus
atoMbl TAKHM 00pazoM, JierKo BLIIBHTb TY CaMylo aCHMMETDHIO Molle-
KyJbl, Koropas ofyC/OB/IHBAaeT ee ONTHUECKYID aKTHBHOCTb. OpHako:
Kak MNpefcTaBHTb Cebe, 4TO MOJeKy.Jla TpeXMepHa? ‘
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ATOMOB HWKTO HMKOTJa He BHIEJ, H CaMO HX CYIIECTBOBAHUE MOTJIO
KasaTbesl YIOOHOH BBILYMKOM, MCMONb3YeMOH 1l O6bACHeHUS XHMHYe-
CKHX peakuui. Kak e pacrnojiararh B NpOCTPAHCTBE TO, YTO, BO3MOXK-
HO, X He CYLIeCcTByeT?

Cnenywomu#i mwar Mor cienath TOJBKO MOJONOH Ye/iOBeK, elle He
oOpeMeHeHHbIH TOH MYyapO#i OCTOPOMKHOCTBIO, KOTOpast MPHXOMMT JIMIUb
€ TOJaMH.

Moanekynbl B TpeX H3MEpeHHAX

TakuM YesioBeKOM OKa3aJicsl MOJIONOH naTcKHA XuMuK S1ko6 IeHapuk
Baur-Todd (1852—1911). B 1874 r., korma Bant-Toddp eme paGoran
Haj JNOKTOPCKOH aucceprtallHeii, OH BbIABHHYJ cMeJloe MpenoJioKeHue,
COrJIaCHO KOTOPOMY YeThIpe CBSI3H YIJIepOJHOTO aToMa HamnpaBJieHbl K
YeThipeM BepLUHHAaM TeTpasjpa, B IeHTpe KOTOPOrO HAXOJMTCS STOT
aToM.

Ilpencraeuth cebe 3TO MOKHO TaK: TPH CBfI3H aToMa yriepona ofpa-
3YIOT TPEHOTY, a ueTBepTasi CBf3b HanpasJieHa Mpsimo BBepX. Bee ue-
Thipe CBfA3M MPH 3TOM pPaBHOYHaJeHbl APYT OT ApYra, a yroJ Mexnay Jio-
ObIMM BYMsl COCEIHHMH CBfI3iMM paseH npumepno 109° (puc. 11).

Takum o6pasoM, YeTsipe CBA3M aTOMA YTJIepOAa pacroJaraloTcs CHM-
MeTPHYHO OTHOCHTE]bHO aTOMa, H CHMMeTPHf Hapyllaetcs JHIUb B TOM
CJyuae, KOT4a BCe YeTbipe CBSI3H NPHCOEAMHSIOTCH K Pas/IHUHLIM aTo-
Mam uJiH rpynnam atoMoB. [TockobKy npucoeanHeHHe MOXeT GbITb OCY-
1eCTB/ICHO ABYMsl Pas/IMYHBIMU crnocoGaMu, noJaydernHble GuUrypbr npen-
CTaBAsIOT oGOl 3epKanbHble H306paKeHUA APYT Apyra. 10 jgaer Kak
pa3 ToT TAN acuMmMmetpuH, Kotopbifi [Tactep o6Hapyus B KpHCTal1aX
BHHHOH KHCJIOTHL.

[Toutn opHoBpemenHo ¢ Bant-Toddom nopoGHbie npeanosioxeHust
ony6aukoBan ¢panuyscknit xumuk Josep Awunas Jle Beap (1847—
1930). TMo3toMy TerpasapHuecKyio MOAeNb aToMa yrJjepoja WHOrAa Ha-
spiBaior Monenbio Baut-Topdpa — Jle Bens.

T'unoresa Baut-Tofpda — Jle Bens Goictpo 3aBoeBaiia nMpH3HaHHe.
3JToMy, B YaCTHOCTH, CMoOcOGCTBOBaJla KHWra, BhimymeHHas B 1887 r.
HeMelIKHM XuMukoM HMoxanuecom Apoastpom Bucnuuenycom (1835—
1902), koropsrit GbIM IWHPOKO H3BECTEH B HAYUHOM MHPE H MOJIb30BaJIcs
©O0/IbIIHM aBTOPHTETOM.

CoenHeHHs C acHMMETPHUYECKHM aTOMOM yriepoia (COelMHEHHBIM
€ YeTblpbMfl Pa3HbBIMK TPy NNHPOBKAMH) MOTYT CYLIeCTBOBATb B BHJE Ofl-
THUECKH aKTHBHbIX H30MEpOB; COeHHEHHs, He HMeolIHe TAKHX aTOMOB,
He TpOABJISIOT ONTHYECKOH AKTHBHOCTH.

bBonee Toro, y coeiMHeHHH ¢ HECKOJIbKMMH aCHMMETPHUYECKHMH yIJjie-
PONaMH YHCJIO 3KCTEPHMEHTAJIbHO HaHJeHHBIX ONTHYECKM AKTHBHBIX
H30MEepOB BCerja COBMajalo ¢ NpeicKasaHHBIM Ha OCHOBAaHWH TeOpUH
Jle Bens — Banr-T'odxpa.
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B konue XIX croneTus ytBepausoch MHEHHe, YTO MpocTpaBCTBeH=
HOe pacnoJioxeHHe cBsised MpHcylle He TOJbKO aTOMy YTJepola.

Hemeukuit Xumuk Buxtop Meiep (1848—1897) nokasan, uro He-
KOTOpbIE THMBI ONTHYeCKOH H3oMepHH, HabiojaeMble Y a30TCOAeprKa-
MUX coeNuHeHWH, MOXKHO OOBACHHTH, JIHIIb NOMYCTHB MPOCTPAHCTBEH-
Hoe pacriosiokeHue cBsizeil asota. B 1900—1902 rr. anrauniickuil XuMiK

COOH HOOC
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Puc. 11. Terpasapuueckoe pacmojoxeHHe cBsasefi aToMOB yrjiepoja jAonyckaer ise
KOH(HIypaunH, ofiHa H3 KOTOPHIX SABJSETCH 3epKajabHeiM oToGpakeHueM apyrofi. Ha

PHCYHKe IIOKa3aHbl B3 BO3MOXHBIX BADHAHTA PAcroJIOKeHHT aTOMOB B MOJEKyJe MO-
JIOYHOH KHCJOTSI.

Yuavam Txekcon Iloyn (1870—1939) nponeMoHcTpHpoOBal, 4TO TpeX-
MEpHYIO MOJie/Ib MOXHO PaCHpPOCTPAHHTh TAKXKe Ha aTOMbI Cephbl, ceseHa
H 0JIOBa, a HeCKOJIbKO Mo3jHee wBednapckui xuMuk Anbopen Bepuep
(1866—1919) pobaBus K 3ToMy CHHCKY KoOasbT, XpOM, pOmHi u psp,
Apyrux merasioB. (Haunnas c 1891 r. BepHep 3anumancs paspaborkoi
KoopduHayuorHold meopuu, KoTopas Mo3BoJiHJa Gbl 06bsiCHUTD CBOHCTBA
HEKOTOpLIX «HeoOblYHbIX HeOpraHuueCcKHX coeguHeHuii», CorsnacHo 3toi
TEOPHH, KPOME IJIaBHBIX BaJeHTHBIX CHJI MMeloTCd ellle U CHJbl MoBouHOMN
BaNeHTHOCTH. [lepBoHavanbHO CYHTANOCh, YTO OHM Pe3KO OTJHYAIOTCA
OT OCHOBHBIX BaJ/IeHTHBIX CHJ, HO BNOCMEICTBHM BbIICHHJIOCH, YTO CY-
IeCTBEHHOTO Pa3/iHYHA MeXIY HHUMH He CyLIeCTBYeT.

Ipyrum BamHeHINHM MoJjoKeHHeM TeopHH BepHepa Oblia Huaea o
TOM, YTO TPYNMNAPOBKH, CBS3aHHLIE C aTOMaMH MeTaJijia, PacroJiaraiTcs
BOKDYT HUX B NMPOCTPaHCTBe B BepIUHHAX OfpeJe/ieHHbIX MHOTOrpaHHH-
KOB (4TOM MeTaJjuia, pacno/oxeHHBH B LeHTpe MHOrOTpaHHHKa, MOJy-
44/l Ha3BaHWe leHTpaibHOro atoMa). Teopus Bepuepa cmorna obbsc-
HUTb M NpPeICKa3aTb MHOTOYHC/IEHHbIE C/1yYyaH H30MepHH KOOpAHHALHOH-
HBIX COeJIMHEHHH, B TOM YHC/Ie W ONTHUYECKOH H30MepHH.)

C nosiBJieHneM TpPeXMepHOH MOJEJH MOJIEKYJIbl TEOPHS CTPOEHHS MO-
JeKyabl Hayala ObicTpo pasBuBaTbcsi. Buktop Medep nokasan, uto
OOLIYHO TPYMIBL 4ATOMOB MOTYT CBOOONHO BpallaThcs BOKPYT €lHHCTBEH-
HO¥ CBSI3H, coefnHsOMEeH HX C OCTalbHOH 4acThiO MOJIEKYJIH, HO B psaje
c/ly4aeB 3TOMY BpalIEHHIO MPENATCTBYIOT cocefiine o0beMHble Tpymmbl.
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[Toyn npojosmxui 3TH KCCNEfOBAHHS H 10KA3an, yTo TaKas mpecm-
PAHCMBeRHO 3ampyOHeHHaa MOJIEKYJa B LIEJIOM MOXeT OKa3aTbCsi acHM-
MeTpU4HOR K Gyler nposiB/JATb ONTHUECKYIO AKTHBHOCTb, XOTA HH OJMH
M3 COCTABJAIONIMX ee aTOMOB CaM no cefe He sBJSIeTCH acuMMeTpHue-
CKHM.

Hemeukuft xumuk Horann ®puapux Buabrensm Anonsd dou Baitep
(1835—1917) ucnonnsosan B 1885 r. nlei0 TPeXMEPHOTO CTPOEHUS MO-
JIeKyNl 1ns n300paKeHHsl MPOCTPAHCTBEHHOTO CTPOGHMS IHMKJIMYECKHX
coeuHeHu# (B BUJe MJIOCKHX KoJel). Eciin yeThipe CBSI3H aTOMOB yTile-
poia HanpaBJieHbl K YeTbIpeM YrJyiaM TeTpasipa, TO YToJ MeXay Jo0biMu
ABYMSA cBA3siMu coctaisier 109°28’. Baiiep yTBepxkpas, uto B JioGom
OpraHuyecKOM COeJMHEHHWH aTOMBI pacrojaraloTcs, Kak NpaBullo, Tax,
YTO yribl MeXay cCBA3AMH atoMa yTJepola NpHMEepPHO COOTBETCTBYIOT
npHBeAeHHOMY 3HaueHHulo. EcaM ke n0 KakKoH-1u60 npuunHe yroua Me-
HAGTCH, TO 4TOM OKa3blBaeTC B HAMPSKeHHOM COCTOSHHH.

Eciun Tpn atoMma yriepona coeHeHbL APYT C APYTOM B ILKKJ, TO OHH
00pasyioT PaBHOCTOPOHHHH TPEYTONbLHHK, B KOTOPOM yTOJ MeXay Kax-
Aol napo#l ceasedl paBeH 60°, T. e. 3HAUMTEJILHO OTJIMYASTCH OT €CTECT-
BenHoro yriaa 109°28. Io 31ofi npuynHe UMKIBL U3 TPeX aTOMOB yTJepo-
Aa obpasyloTcs ¢ TPYAOM, a eCit H 06pas3yioTes, To JIerko paspyluaiorcs,

Uetslipe aToma yraepogaa, corlacio Baiiepy, ofpasylor KBajpar ¢ yr-
Aavn 90°, nATh aTOMOB yraepoga o6pasyloT NATHYTOJBHUK C YrJaMu
108°, a mecTb aTOMOB — 1IeCTHYTOJBHUK ¢ yraamu 120°. Bnoane oye-
BUAHO, uTO oOpasoBaHHe MSATHYTOJbLHHKA IO CYIIECTBY HE MPHUBOJMT
K BO3HHKHOBEHWIO HANpSKeHUH B CBA3SX aTOMOB YIiiepoAa, CBS3H aTo-
MOB B LUECTHUJIEHHOM KOJIblle HamnpsiKeHb! JHIIb B HeGO/IbIIOH CTeNeHH!.
CrieoBaTe/1bHO, ¢ MOMOLLLbIO Meopul Hanpaxcenus Ballepa MOXKHO Gbi10
TMO-BH IMMOMY, OOBACHHTE, NOUYEMY CPelH NMPUPORHBIX LK KIHYECKHX COe-
AMHeHHH npeoGMafaloT NATH- M LIECTHUJeHHbIe *,

Onnako pewaiome#i nposepke Teopuss Baur-Tobpa — Jle Bess
nojisepriack B paoTax HeMelUKOTO XuMuKa IMuas Puepa (1852—
1919), 3anuMaserocs H3ydeHnem npocTsiX caxapos. Ko BpeMenu Haya-
Ja pabotet @uiuepy 6bL10 H3BECTHO, UTO PHJl CAXAPOB HMEET OJHY H TY
He sMnupuyeckyto opmyny CoH,;,0s u oOGnagaer MHOTMMH CXOIHBIMH
CBOHCTBAMH, HO pa3/MyaeTcs, B YaCTHOCTH, (0 ONTHYECKOH aKTHB-
HOCTH.

®uep nokasas, 4yTo B MOJIeKyJie KaXKIOTO U3 3THX CaXapOB UMEIOTCA
YeThblpe acHMMETpHYeCKMX aroMa YIJepojAa, T. e., COIVIaCHO TEOpHH
Baur-Tofda — Jle Bens, oHn AO/KHBI HMETH IeCTHALLATD ONTHYECKH
4KTUBHBIX M30MePOB. JTH H30OMEPHl MOXKHO PAClOJIOKHTb B BH/Ie BOCBMH
nap, B KaxJo# Takodi mape W30OMepH BPAUlaiOT IUIOCKOCTb [0JsiPH30-

* TeopHs HampsukeHHs Dailepa B cBoe BpeMs YIOBACTBOPHTENbHO 0ObBACHAAA
HeCTOMKOCTh IHKJIOB Maloro pasmepa (Tpex- H HeThipexuaeHHbx). OnHako BnocseicT-
BHH GbIJIO YCTaHOBJEHO, 4TO TeTPasjpHUYeCKHe aTOMbl YIJIepoia B WHKJIHUECKHX CHCTe-
Max He HaXOAATCH B OAHOW MJOCKOCTH, MOITOMY BO3MOMKHO MOCTPOEHHE [HECTHUJeHHBIX
UHKJIOB H JIKOGBIX UMKJI0B Goabliero pasmepa, cBOGOMHBIX OT YIVIOBOrO HAMPSIKEHHS.
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BaHHOTO CBeTa Ha OIHY M Ty JKe BeJHUYMHY, ONHMH (10 YacoBOW CTPeKe,
a Jpyroéi — npotus. Puiuep NPOAOKMI CBOIO pabOTy # yCTAHOBHA
Pacno/ioXkeHHe 3aMeCTHTe]el Y TpeX ACHMMETPHYECKHX aTOMOB YTile-
poia B MOJIeKyJ1aX psifia H30MEepHLIX CaXapoB OTHOCHTENbHO 3aMeCTH1E-
Jeli 1pH YETBEPTOM ACHMMETPHYECKOM YrJepoje, NPOCTPAHCTBEHHOE
pacnoiioeHue KOTopbiX Gbl10 BHIOPaHO NPOM3BOJBHO, NOCKOJILKY B TO
BpeMs He CYUIeCTBOBAJO MpAMBIX MeTOAOB ero onpefenedus. (Cnycrs
1IeCTbAECST JIeT GbI/I0 YCTAHOBJIEHO, YTO NMPOM3BOMBHbIH BHOOp, CleaH-
Hblil @uiuepom, Okasajcs npasu/bHbIM). B pesyiabrarte 3tux paGort
crepeoxumuueckas teopusi Baurt-Todpa — Jle Bens noayunsa Ha-
rIfAHOe W BecbMa BlievyaT/isfiollee MOATBEPIKAEHHE, YTO OKOHYATeNbHO
y6emusio XMMHKOB B ee ChpaBelauBocTH. IlpeackasaHns TeopuH TON-
TBEepANJIHCh W TIPH W3Y4YeHUH PAla IPYTuX cOeAuHeHHH, B YaCTHOCTH ca-
XapoB APYTHX THMOB, AMHHOKHCIOT W Tp.

K 1900 r. TpexMepHan Mojie/]b MOJIeKY/ Ikl Obl1a NMPHHATA MPAKTHUE-
CKH BCEMH YUeHBIMH 7\,
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IMepuognueckan Tabanua

AnemeHTsl B OGecnopsake

B mcTopuu pa3BuTHs OpraHUuecKOH W HEOPTaHHUeCKOH XHMHH
XIX cronerns Habaiogaercs JioGonbiTHas napaJadenb. B nepsble gecs-
THJETHS YUCJIO BHOBb OTKPBITBHIX OPraHWYeCKHX COGIMHEHHH, a TaKke
S/1eMEeHTOB YBeJMYHBAJIOCh OlIeNoMsolle 6bicTpo. B TpeTbeli uetBepTH
CTONETHA OpraHHYecKHe COeWHEHHs ObliH B ONpele/ieHHOH CTeneHH
cucTeMaTHsupopanbl Garofaps BBeleHHMIO CTPYKTYpPHHIX ¢dopmya. o
HeKOTOpoOil cTemeHH ynopsifioueHbl ObIIM W 3JIEMEHTHl, OTUACTH ITOMY
cnoco6eTBoBaNy UTOTH MekIyHapOIHOTO XMMHYECKOro KOHrpecca, Ko-
TophHlf cocTossics B Hayaae ceHtabpa 1860 r. s r. Kapacpys.

Onuako HauneM ¢ Gecriopsiika, LapuBIUEro B HauyaJje CTOJIETHS.

AHTHYHbIE yyeHble, KAK U3BECTHO, ONMCANH AeCATb 371EeMEHTOB, Cpel-
HeBeKoBble aNXUMHKH — deThipe (cM. ra. 4). B XVIII cronerun Gbinu
OTKPbITHI TAKKE ra3000pa3Hbie 3/1EMEHThb!, KaK a30T, BOJOPOJ, KHCJIOPOA
H XJIOp, M TaKHe MeTasjbl, Kak KobGaibT, M1aTHHa, HHKeNb, MapraHell,
Boabpam, MonubIeH, ypaH, THTaH W XpoMm.

B nepsom pecatunerur XIX B. K 3toMy cnucKy no6aBunoch He Me-
Hee ueThipHaJlaTH HOBbIX 3/1eMeHTOB Tak, ToNbKO JI3BM BbiZenua ¢ mo-
MOLIbIO /EKTPOJIKH3a HH MaJlo, HH MHOIO LUECTb 3JeMEHTOB (CM. I, 4),
I'efi-Jhioccak 1 Tenap Beigennau 60p, ¥Y011acToOH — naulagufl 1 poaui,
Bepuennyce oTkpbla uepui.

Anranfickuii xumuk Cmutcon Tennant (1761—1815), y Koroporo
Yonnacron paboras B KadecTBe aCCHCTEHTa, OTKPbLLI OCMUH ¥ MPHAME.
Hpyrof auriuficknit xumuk Yapans Xsruerr (ok. 1765—1847) suinenna
KonymOu#i (Temepb ouuHaJbHO HasbiBaeMbli HuoOuem), a WBeACKHH
xumuk Aungepc I'ycrad Ikebepr (1767—1813) oTkpbii TaHTall.

[Mocnenyionine gecATnAeTHS ObLIH He CTO/b GOTAThl OTKPLITHAMH, HO
TeM He MeHee YMCIO JIeMEHTOB Npomo/Kano pactd. Tak, Bepuemmyc
OTKPLI elle YeThIpe 3JeMeHTa: CeJieH, KPeMHHH, UHpPKOHMH M TOpuii
(puc. 12). Jlyw Hukona Boknen B 1797 r. otkpbin Gepuaaui.

K 1830 r. 6610 OTKpHITO MATbAECAT MfATb PasMUHBIX 3/EMEHTOB,
B Teopun anxumukoB ¢urypuHpoBaso BCero JMIIb YeTHIPE 3/1€MEHTa, H
TaKoe pe3KOe YBEJHUYeHHe CMNUCKA 3/eMEHTOB, KOTOpble, BAOGABOK,
CHJIBHO OT/IMYA/NHCh MO cBOHCTBaM, 03anaunsio Xumukos. [Touemy ane-
MeHTOB CTONbKO? CKOMBKO HX eme octaloch OTKpeTh? Jecats? Cro?
Toiciuy? DBeckoneunoe uuncio?
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3aMaHyuBO GhIIO MOMLITATHCA KaK-TO YNOPSAAOUHTH CHHCOK yXKe H3-
BECTHHIX 3JemenToB. MoxeT OuiTb, MPH 3TOM yAacTcsi BBISBMTH YHCIO
elle HeOTKPLITHIX 3JI€MEHTOB H OGHAPYMHTb KaKylO-TO 3aKOHOMEPHOCTb
B M3MEHEeHWH CBOHCTB yXKe OTKPHITHIX?

ATOMHLIE BECA

3neMeHT ATomHBIH Bec SneMeHT Atomunlli Bec

Asot 14,008 2TpHi 22,991
AmoMHHHRA 26,98 Huxens 58,71
Bap uit 137,36 Huo6nii 92,91
Bepuaauii 9,013 Onoso 118,70
Bop 10,82 Ocmuii 190,2
Bpom 79,916 Nannanni 106.4
Banaguit 50,9 INnatuua 195,09
BuemyT 209,00 Ponwuit 102,91
Bozopox 1,0080 Pryts 200,61
Boandpam 183,86 CeHHen 207,21
JKeneso 55,85 Cesen 78.96
3oao0To 197,0 Cepa 32,066
Hpuaui 192,2 Cepebpo 107,88
HUrtpuit 88,92 Crponuui 87,63
Hon 126,91 Cypbma 121,76
Kaamuit 112,41 Taurtan 180,95
Kaauii 39,100 Teanyp 127,61
Kanbuui 40,08 Turan 47,90
Kucnopon 16,0000 Topuit 232,05
Ko6aabt 58,94 Yraepog 12,011
Kpemuuii 28,09 Ypan 238,07
Jlutui 6,940 ®Docdop 30,975
Maruui 24,32 Xnop 35,457
Maprauen, 54,94 Xpom 52,01
Menp 63,54 Llepuii 140,13
Monubaen 95,95 [LHHK 65,38
Meubaxk 74,91 LlnpKonui 9],22

Puc. 12. Natbpecat ueTbipe n3BecTHHIX Bo Bpemena Depuenuyca siementa, aToMHble
Beca KOTOPHIX BBIYHC/EHBI HCXOJAA H3 aTOMiOro Beca Kucsopoga (16,0000) (u3 KHHra
«[ToHCKH 3eMEeHTOB).

[lepBbiM, KOMY YAaJIOCh YJOBHTb HeKOTOphle npoGiecKH NoOpsiKa,
661 Hemeukufi xumuk Horann Boabdranr é6epeiinep (1780—1849).
B 1829 r., u3yuyas csoifictBa 6poMa — 3/]eMeHTa, OTKPHTOrO Tpems ro-
namp paHee ¢paHuy3cKHM XHMHKOM AntyaHom JKepomom Banapom
(1802—1876), lébepeituep ycTaHoBHA, 4TO GPOM MO CBOHM CBOHCTBAM
3aHMMaeT MPOMEXYTOYHOE NONOMKEHHEe Mexay Xaopom d wogom. [HMop
ObL1 OTKPBIT APYTHM dpaHLy3cKuM xumukonm Beprapom Kyprya (1777—
1838) B 1811 r.] B psany xa0p — Gpom — 1iof HaGa0Aa/0Ch He TONBKO
MOCTENeHHOe M3MeHeHHe UBeTAa M PeakuuoHIof cl1ocoGHOCTH, HO U MOo-
cTeneHHOoe H3MeHeHHe aTOMHOro Beca. Cayuaiinoe cosmazeHHe?

JIé6epefinep nporoJwUJ MOUCKH U Hallen elue ABe IPYINbl H3 Tpex
3/MeMeHTOB (OH HasBajll HX TPHAAMH), y KOTOPHIX Takxe Hab/olaloch
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NOCTeNeHHOe H3MeHeHHe CBOHCTB. DTUMM rpynname ObIJIH KajbllHii,
crpoHunii, 6apu#t 1 cepa, cened, Teanyp. B ofenx rpynnax aTomHbI#
BeC CpelHEero 3/eMeHTa NPHMEPHO paBeH CpeJHeMy AaTOMHBIX BeCOB
OBYX APYFHX aJeMentoB. Onath coBnajeHuHe?

JIlé6epefinep mbiTancsd HafiTH Apyrue Takue TpHUaasl, HO Ge3ycrellnHo.
IMocKosibKY pa3buTh NATLAECAT LWECTb H3BECTHLIX 3/JEMEHTOB Ha TPHAlbl
He YJaJoch, XHMHUKH MPHLIH K BuIBOAY, 4TO TpHaibl [lé6epeiinepa —
siBeHHe cayyaiinoe. Bonee Toro, cootTBetcTBHE B M3MEHEHHH aTOMHBIX
BeCOB H XHMHUYECKHX CBOHCTB 3JeMeHTOB B TpHanaX JléGepeiinepa He
Npou3BeJio HHKAKOro BlieuaT/eHHss Ha XuMHKoB. B nepsoit nonosuie
XIX B. xumukH BooOule HELOOUEHHUBAJH 3HaueHHE ATOMHBIX BECOB.
AtomHble Beca GbII0 YN0OHO HMCNOJAbL30BaTh MPH TNPOBENEHHH Pa3HOro
pona pacyeTtoB, HO ODHEHTHPOBAThLCSA Ha HHX, HAaNpPHMEp, NMPH cocTaBJe-
HUH CIHCKA 3JIeMEeHTOB MNPeACTaB/A]0oCh HEPE30HHBIM.

CyiecTBOBalH COMHEHHST OTHOCHTENBHO LeJeco00pa3HOCTH HCHOJb-
30BaHHf aTOMHLIX BeCOB B MNpoBeleHHH pacueToB. HeKotopbie XHMHKH
He NPOBOAHJIM YETKOTO Pa3JIHuHs MexkKAy aTOMHBIM BECOM H MOJeKYJsp-
HBIM BECOM; HEKOTOpbIE MyTaJH NOHATHS «aTOMHBIH BeC» U «3KBHBa/EHT-
Hbli Bec». Tak, Hanpumep, SKBUBaJIEHTHRIH BeC KHCJAOpOAa paBed 8 (cM.
ra. 5), aToMubii Bec — 16, MonekyasapHbii Bec — 32. [1pu nposefeHuu
pacyeToB ynoﬁﬁee BCero MnoJb30BaThCHA 3KBHUBAJIEHTHBIM BECOM, KOTOpblf”l
pasen 8, moyemy Xe B TAaKOM C/yyae IS onpeleseHus MecTa KHCJIOpOia
B CNHCKe 3JIEMEHTOB CJeflyeT HCNoJb30BaTh 4ucao 167

Jta nyrasuna ¢ SKBUBaJEeHTHHIM, aTOMHBIM U MOJIEKYJSPHBEIM BeCaMy
He TOJIBKO Melllajla pelliiTb BONPOC O CIHCKe 3JIeMEHTOB, HO H BooOIIe
OTPHLATENLHO CKa3ajach Ha pa3BHUTHH XHMHH.

Pasuoraacus no NoBOAY OTHOCHTEJ/bHBIX aTOMHbLIX BeCOB, NPHIHCHI-
BaeMblX pa3jaH4YHBIM aTOMam, TNPHBeJH K pasHorjacHAM H B OTHOLUEHHH
YHC/Ia aTOMOB OTAE/NbHBIX 3JIEMEHTOB, BXOAALIMX B NAHHYIO MOJEKYJIY,

Kekye Bckope mociie onyGAMKOBAHHS CBOMX MpelJoXeHHH OTHOCH-
TEIbHO CTPYKTYPHBIX (POPMYJS SICHO MOHAJ, YTO ero Haes MOBHCHET B
BO3/YXe, ec/ii XHMHKH He CMOTYT NPHHTH K COTJIaCHIO B Bonpoce o6 M-
nupuueckux Gopmyaax. ITostomy oH npelnoxun Ans o6CYKAEHHA
3TOro BOMpoca co3BaTh KOH(PEpPeHIHIO BeAylIHX XHMHKOB EBponsl. B pe-
ayabtate B 1860 r. B r. Kapacpys B 'epMaHHH BriepBhle B HCTOPHH CO-
CTOs/aCh MeXAyHapoiHas HayuHasd BCTpeda XUMHKOB, MOJY4HBILAs
HasBauue [lepBbli MeXIyHapoAHbIH XHMHYeCKHH KoOHrpecc.

Ha kourpecce npucytctBosado 140 neneraros, # Cpeid HHX HTaNbsIH-
ckuit xumug Cranucaao Kauuuumapo (1826—1910)#. IlByms ropamu
panee Kaunuuuapo cayuaiiHo o6Hapyxua paGoTy CBOETO COOTEYECTBEH-
HHKa Asoraznpo (cm. ra. 5). Mayuus sty paBory, Kanuuuuapo ysuaen,
Kak ¢ MOMOIIbI0 THNOTe3s! ABOraipo MOMXKHO Pa3rpaHUyHTh MOHATHS
«AaTOMHBIH BeC» ¥ 4MOJIEKYJISIPHBEIH BeC» JU/I OCHOBHBIX Ta3000pasHbiX
3JIeMeHTOB M YTO, HCMOJAL3Ys 3TO Pa3jHuHe, MOXKHO BHECTH SICHOCTb B
Bonpoc 00 aTOMHBIX BecaX 3JeMeHTOB BooOwe. Kpome Toro, on ysuaesn,
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HACKOJ/IbKO BaXKHO YeTKO OT/IHYaTh aTOMHBIH BeC OT IKBUBASCHTHOrO
Beca.

Ha kourpecce KaHuuuuapo npoussec apKyio peub 10 3TOMy BOMPO-
Cy, a 3atem pacrnpocTpaHuJs Gpoluiopy, 8 KOTOPOH AeTannHO H3Jaras
CBOIO TOUYKy 3pennsi. EMy ynanocs ybeanTs XHMHKOB B CBoe# npasote,
XOTs1 MPOH30LJIO 3TO He cpasy H norpeboBaso GoabwHX yeuauit. C ato-
ro BpeMeHu B Bonpoc o6 aTOMHBIX BecaX Obljla BHECEHa ACHOCTb H Obl10
110 JOCTOHHCTBY OLEHEHO 3HaYeHHe TalGJIHUbl aTOMHBIX BeCOB, COCTaB.ieH-
Hoii Bepuennycom (cm. ra. 5).

TIpHMeHHTENIbHO K OPTaHH9ecKOH XHMHH 3TO 03Hayalo, 4To Tenepb
MOMHO Y¥e Obl1I0 10roBopHuThesl 06 3MOMPHYecKHX (Popmynax coemulie-
HUfl ¥ NPONOMKHTL H3yUYeHHe CTPOSHHS MOJIEKYJ, YTOUHAA Pacho.okKe-
HHE aTOMOB CHadana MJIOCKOCTHOE, @ 3aTeM H MNPOCTPaHCTBEHHOE.

B Heoprannuecko#l e XHMHH Tenepb OB NPHUHAT PalHOHaNbHbIH
NOPS/IOK pPAachOJOXMEeHUsT 3JeMeHTOB — B MOPAAKe YBeJHYeHHS HX
atoMubix BecoB. Kak TonbKO Tako#f cnHcOK Obl1 COCTaBJieH, XHMHKH
CMOIJIM NOCMOTPETh Ha HEro NOA HOBHIM YIJIOM 3pEHHs.

ﬂpasenenue 271IeMEHTOB B NOPANOK

B 1864 r. aurauiickuil xumuk [kon Anekcangep Peilina Holonennc
(1837—1898) pacno/ioKMJI H3BECTHble 3JIEMEHThI B NOPsALKe BO3pacra-
HHA aTOMHBIX BecoB. COCTaBHB TaKOM CMHCOK 3/N1EMEHTOB, OH 0OHapY KU,
YTO B MOJYYEHHOM PAAY MOMHO BbIABHTb OMpPeNeNeHHYI0 3aKoHOMep-
HOCTb B M3MeHeHHH cBoHcTB 3neMenTtoB (puc. 13). Korma Hulonenac

No. No. No. No. No. No. No. No.
H 1 F 8 C 15 59}22 Br 29 Pd 36 I 42 ;c -
L 2 Na 9 K 16 Ca 235 Rb 30 Ag 37 Cs 4 T ° 53
Ga 3 Mg 10 Ca 17 Zn 25 S 31 Cd 38 Ble P
B4 A 1Cr 19X M Gly U 40 Ta 46 Th 56
C 5 S 12 Ti 18 In 26 Z 32 Sa 39 W 47 Hg 52
N 6 P 13 Mn 20 As 27 Di }34 Sb 41 Nb 48 Bi 55
Mo Te. 43 Au 49 Cs 5L

o 78

14 Fe 21 S 28 Ro}35
Ru

Puc. 13. «3akon oktas» Hewoaennca (1864 r.).

PAaCMOJIOXKHUII SJEMEHTHl BePTHKAAbHBIMH CTOAOLAMH MO CeMb 3JIEMEHTOB
B crtonlue, TO BhIAICHW/IOCH, YTO CXOJHBIE 3JeMEeHTH, KaK NpaBuJio,
MoNajaoT B ONHH H Te e FopH3oHTa bHue pabl. Tak, kanuil pacnona-
raetcs Be/ell 3a O4eHb NTOXOXKHM Ha HEro HaTpHeM, celleH pacnofaraercs
B O[HOM PfAAY C MOXOXe# Ha Hero cepoil, KajlbUHil — PAIOM C NOXOKHM
Ha Hero marsdem d 7. [. JlefcTBHTe/]bHO, B COOTBETCTRYIOIEM DALY
MOXHO Obl10 HalTH KaxAylo U3 Tpex Tpuan [léGepeiiHepa.
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MNota,—On a entouré d'un cercle les pois correspondant aux caracteres numeénques dits secondaires,

Puc. 14. «<Bunrtosoit rpaduk» Beryiie ge Hlaukyptya (1862 r.) Pacnosoxkus sneMedTn
B MOpsA/iKe BO3PACTaHHs HX ATOMHLIX BECOB, YYeHblil COeAMHHJ JHHHAMH JIEMEHTH C
MOX0MKHUMH CBOICTBAMH.
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Helonenac HasBan OTKPHTYIO HM 32KOHOMEDHOCTb 3QKOHOM OKMAs,
Tak KaK KaXabifl BocbMoOfl 371eMeHT 06/1afan CBOMCTBAMH, CXOAHBIMH C
nepBbIM, JEBATHH ~—— CO BTOPHIM H T. I.

(B My3biKaJbHOH OKTaBe CeMb HOT, BOCbMas HOTA HAYHHaeT HOBYIO
okTtaBy.) K coxkaneHuio, MOMHMO pPfAJOB, COAEPKALIUX CXOAHbIE 3/eMeH-
Tbl, B tabnulle GbiH pAanbl C COBEPIUEHHO HEMOXCXHMH 3JIeMeHTaMH.
ITosTomy ampyrue XUMHUKH COYJIH Takoe coBMajeHHe cay4alHBIM H OT-
HECJHCH K OTKPHTHIO HbloNeHACa KaK K He 3ac/yKHBaIOIEeMy BHHMa-
B4 (akty. Hetonenacy ne yaanocek naxe onyGanKoBathk CBOIO paboty.

IsymMst rogamMu paHbiue ¢paHuy3ckui reosor Anexkcanjap IMHJb
Beriofie ge Ilankyptya (1820—1886) Takke pacno/sioRHua 3JAeMEHTH B
NOpsAKe BO3pacTaHUsl aTOMHBIX BECOB H OTMETHJ/I UX Ha TaK Ha3biBaeMOM
«BUHTOBOM» rpaguke, M B sToM cayuae HaGironanach Ta e TeHISHUHs:
CXOAHBIE 3JIeMeHTHI ToNajany B BepTHKaNbHbIe cTos16ub. [1y6auKkys cBoe
coobuienne, HlaHKypTya He CONpOBOAM/ ero MOCTPOeHHHM UM rpagu-
KoM, U ero pabora Takme ocrajsach HesameyeHHoH (puc. 14).

Bosee ynaunusbiM oKazaica Hemeuruil Xumuk IOauyc Jlorap Mefiep
(1830—1895). Meilep paccMatpuBan OGbeMbi, 3aHMMaeMbie BECOBHIMH
KO/JIHYECTBAMH 3JEMEHTa, YUCJIEHHO PaBHLIMH MX aTOMHEIM BecaM. [lpu
3TOM BBIICHHJIOCH, YTO B KaXJOM TAKOM BECOBOM KO/HYecTBe Jo00ro
3/1eMEHTa COAEPHKHUTCS OTHO M TO e YHCJAO aTOMOB. DTO 03Hayasa0, 4To
OTHOLLEHHe paccMaTpHBaeMbiX 00beMOB pa3jiHYHLIX aTOMOB paBHAJIOCH
OTHOLIEHHI0 OOBEMOB OTUENbHBIX ATOMOB 3THX 3aeMeHTCB *. Ilostomy
YKasaHHasi XapaKTepHCTHKA 3JeMeHTa MOAYYuJaa Ha3BaHWe amoMHbill
06Bem.

I'padryecku 3aBHCHMOCTL aTOMHBIX OOBEMOB 3JIEMEHTOB OT HX aTOM-
HbIX BECOB BbIPAXKaeTCsl B BHAE PsAja BOJIH, NOJHUMAKOIIMXCSH OCTPBIMH
NMHKaMH B TOYKaXx, COOTBETCTBY?DLU.HX LILeJIOYHBIM METaJljiaM (HBTPHIO,
Ka/Hio, pySuauio u uesuio). Kaxapit cnyck H moabeM K MHKY COOTBET-
CTBYeT nepuody B TaGJHLE 3JIEMEHTOB. B KaXIOM NepHoje 3HayeHHS
HEKOTOPbIX (PM3HYECKHX XapaKTePHCTHK, MOMHMO aTOMHOro ofbema,
TaKXe 3aKOHOMEDHO CHadajna YMeHbILAlOTCH, a 3aTéM BO3pacTaloT
(puc. 15).

Boaopox — 371eMEeHT ¢ HAHMEHbIUMM aTOMHBLIM BeCOM — CTOAM B
CMHCKe /JIeMeHTOB MepBbiM, B TO Bpems NPHHATO GbLIO CYHTATh, YTO
nepBbifi  MepHOR BKJMOYAeT JAWIIb OAMH 3aeMeHT. (B coBpemeHHBIX
TaGaKllaX NepBhHil MepHol BKAIOYaeT ABA 3/MeMeHTa — BOJAOPOA H FeHi.)
Bropo#t u Tperu#i mepuoabl rpapuka Meiiepa BKJOYATH KaKIblH Mo
ceMb 3JIeMeHTOB, 3TH MepHoisl Ay6auposanu okTaBel HrewoaeHuca.
Onnako B C/AEAYWOIHMX ABYX MepHOAAaX YWCAO 3/1€MEHTOB NpEBbIIIaI0
cemb, Takum oOpasom Mellep mokasan, B uyeM owHOKa Hewosenaca.
3aKOH OKTaB HE MOr CTPOTrO BHINIOJIHATACH AJfl BCEro CIHCKA 3JEMEHTCB,
nocaeAHHe MepPHOAbl AOMKHE Obid OBITb AIHHHEE NEepBhIX.

* YKasaHHOe COOTHOLIEHHE BBINOJIHACTCS JHIIb NPHOIK3HTEIBHO, MOCKOIbKY aTo-
MBI Pa3JHUHLIX 3JEMEHTOB He BCelZa 3aNOJHAIOT OJHHAKOBBIE YacTH 3alHMAaeMOro Be-
LIECTBOM NpocTpaHcTBa.— [Tpus. ped,
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Meitep ony6amkoBan cBow paGory B 1870 r. T'onom panbure pycckuit
xumuk JImutpnit Msanosny Mennenees (1834—1907) ycranosun nops-
JIOK M3MEHEHHsl JJIHHBI MEPHOJOB 3/EMEHTOB U HArJSAHO IPOAEMOHCT-
PHpOBa/ 3HAYUGHHE CBOErO OTKPBITHSA ¥,

Menpenees BHINOJHS CBOW JHCCepTaLHOHHYO paboty B [epma-
HuH, B Iefinensbepre, Kak pa3 Bo BpeMA MeXayHapOAHOTO XHMHYECKOro
KoHrpecca B Kapscpys. OH npucyTCTBOBaJ Ha KOHIpecce If Cblllia] peub
KaHHuapo, B KOTOpPOH TOT YeTKO H3JIOKHA CBOIO TOYKY 3peHlis Ha
npoGseMy aToMmHOro seca. Beprysumchk B Poccuio, MenneseeB npHcry-
MUJ K W3YYEHHIO CTUCKa 9/1eMeHTOB H 06paTu/ BHHMaHHe Ha Neploany-
HOCTb H3MEHEHHS BA/AEHTHOCTH y 3/eMEHTOB, PAacllo10KeHHBIX B NOPAL-
Ke BO3pacTaHH$ ATOMHBIX BECOB: BaJIeHTHOCTH BOZopoza 1, autHsa I,
Gepusius 2, 6opa 3, yraepoaa 4, Maruus 2, asora 3, cepst 2, ¢ropa 1,
HaTpua |, amomunua 3, kpemHHs 4, docdopa 3, Kuciopoaa 2, xIopa 1
H T. A

OcHoBbBasiCh Ha yBeJNHYeHHH H yMeHbIUEHUH BaJleHTHOCTH, MeHpe-
JleeB pa3bu/ 37eMeHThl Ha NMepuOALl; NepBbIH NePHON BKJIIOYAET TONLKO
OJIHH BOJOPOJ, 3aTeM CJEAYIOT B2 NepHoja N0 CeMb 3/IeMeHTOB KaXKabii,
3aTeM MepHOJBI, cOlepalllye Goslee ceMH 3/eMeHTOB. MeHenees BOC-
NOJb30BAJNCA 3THMH JAHHBIMH HE TOJNBKO AJ TOro, YToObl MOCTPOHTDL
rpaduk, xak 310 caenanun Metiep u Beriotie ne Ilaukyprva, 1o n ana
Toro, utobbl mocTpouTh Tabauumy, nomobuyro Tabaune Hewoaenaca.

Takasa nepuoduueckana mabauya sremermos Oul1a sicHee 1l HarIAAHEe,
ueM rpaguk, u, Kpome Toro, Menfenees cymen nsbemats ownbki Hoto-
JIEHJCa, HACTAHBABIIEIO Ha paBeHCTBE NepHONOB.

Ceoto Tabauuny Mennenees onyGnukosan B 1869 r., 1. e. paublie,
ueM Obia W3jaHa OcHoBHas pabGora Mefiepa (puc. 16). Oanako gecTs
orkpuitisi [lepuoauyeckoil cHcTeMbl 3/1eMeHTOB NpHHaanexuT Menne-
JieeBy * He H3-3a npuopuTera nyOJHKaUMH, NeHCTBHTE/bHAA NPHUHHA
COCTOMT B TOM, Kak MeHe/leeB nocTpou/ cBow TabauLy.

Ina Toro 4tobbi BHINOMHANOCH TpeGOBaHHe, COTVIACHO KOTOPOMY
B CTOJIOUAX JO/KHBI HAXOAHTHCA 3JeMEHTH C ONHHAKOBOH BaleHTHO-
cTblo, MeH/les1eeB B ONHOM HJIH ABYX CAyyasiX Obll BLIHYKIEH NOMECTHTH
9JIEMEHT C HECKO/IbKO GOJIbILMM BECOM mfepes 3JIeMEHTOM C HEeCKONbKO
MEeHBIUHM BecoM. Tak, teaayp (atomupiéi ec 127,6, BaleHTHOCTb 2)
NpHLLIoCh NOMECTHTD NMepell HojoM (aToMuBl Bec 126,9, BatedTHOCTD 1),
uToGbl TeJJIyp Nnonai B OHH CTOJGEIL C 3/IeMEeHTaMH, BaleHTHOCTL KOTO-
PhIX paBHA 2, a HOJ Nonal B OfMH CToNbel C 3MeMeHTaMH, BaJleHTHOCTh
KoTopuIX paBHa | **.

* B nanHoM ciyuae MenjiesieeB HHTYHTHBHO MPHHAJ NPaBUALHOE pelyeHHe, OJHa-
KO 06BACHHTDL, MOYEMY 3JeMEeHTHl C/IeAyeT pacnojaraTh UMEHHO TAKMM 06pasoM, yia-
JI0Ch JHWB CMYCTH OKOJO noayBeka (cM. ra. 13).

** Orxpuitie [1. M. Menzneneessim nepuoauueckoro 3akona aatupyvercs 17 despana
(1 mapra) 1869 r., Koraa um 6b1a cocTaBaeHa TabviHma, osariasiaennas <ONET CHCTeMp
3/1eMEHTOB, OCHOBAHHOH Ha HX 8aTOMHOM Bece H XHMudeckKoM cxoacTeer. B 1864 r. 1. Me#-
€p NpeAToMHa TabJHLY AT HeCKONbKHX IPYIN 97€MEHTOB, B KOTOPOH Oif NOKa3bBal

A
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[TocKkonbKy 3TOro OKazajoch HeloCTaTouHo, MensieneeB cues Tak-
e HeoOXONUMBIM OCTaBHTL B CBOeH Tabmulle mycTohie MecTa (nmpobenst),
IlpuueM Hanuune TaknX npobenoB OH OGBLACHHJ He HECOBEPILEHCTBOM
Tabiulbl, a TeM, YTO COOTBETCTBYIONMIME 3/eMEHThl MOKa eme He OT-
KPbIThbI.

B ycosepuencTBoBanHOM BapuanTe Tabaunst (1871 r.) cywmecrsosa-
JIO MHOTO NMpo6esioB, B 4aCTHOCTH He 3aMoJIHeHb! Ob/IM KJeTKH, OTBeYalo-
e aHagoram Gopa, alOMUHHS H KpeMHHA. MeHeneeB Gbln HACTOIBKO
yBepeH B cBOeil mpaBoTe, YTO NMPHIUEN K 3aK/IIOYEHHIO O CYINECTBOBAHUH
COOTBETCTBYIOMHX 3THM KJeTKaM 3JIeMeHTOB U nNoapoGHO omucad MX
csofictBa. OH HasBal UX sKabop, FKAANOMUHUL U IKaKpemHull («<IKa» Ha
CaHCKpHTe 03HAYaeT «ONHO H To Ke»)., TakuM obpasoM MeHpelees pas-
B nfeto JléGepeiiHepa o mpoMe:KyTOYHOM 3HAYeHHHM ATOMHOrO Beca
CpellHero 3JeMeHTa B TPHaJe; ONHAKO HUKTO U3 MpeAllecTBeHHHKOB MeH-
NeeeBa He PHCKHYJ NpeAyraibiBaTh CYUIeCTBOBaHHWE U CBOHCTBA HEOT-
KPBITBIX 3JIEMEHTOB.

Tem He MeHee yacTb XHUMHKOB Obl1a HACTPOEHA CKENTHYECKH, H, BO3-
MOXKHO, MX HeloBepHe ele A0/Iro He yAalock Obi NpeofoeTb, eclu Obl
cMesble NpeicKasaHHsl MeHIesleeBa He NOATBepAHJIHCh CTOb OJecTAlLe.
J10 CTaNo BO3MOXKHO Npexje sBeero Grarogaps NpHMeHeHHI0 HOBOIO
(usuueckoro npubopa — cnekTpocKorna.

3anoaHeHue npoGenos

B 1814 r. uemenkuit ontuk Hosed don ®payurodep (1787—1826)
MCIBITBIBAT MPEBOCXOAHbIE MPU3MbI cOBCTBEHHOrO M3rorosienus. [Ipo-
AycKasi JIyY CBeTa CHayasla uYepes [le]b, a 3aTeM Yyepe3 TpPeXrpaHHble
CTeK/NAHHBIE MPU3Mbl, PpayHrodep noaydu colHeuHblil crekTp, mepe-
CeKaeMblil PsAOM TeMHbIX JuHHHA. OH HACUHTAN OKOJIO LIECTHCOT TAKHUX
JUHUH ¥ TUlaTeAbHO 3aMKCHPOBaN X MOJMOXEHHe B CMEKTpe,

B komnue 50-x ropos XIX B. Hemenknil pusnk I'ycras Pobept Kupx-
rod (1824—1887), paGoraBumii ¢ HeMelKHM XHMHKOM Pobeptom Buib-
renbMoM Bymusenom (1811—1899), nokasan, 4To 3TH JHHHH CoOAepkKaT
NopasuTeNbHYI0 HHPOPMaLHIO.

B KauecTBe HCTOUHHMKA CBETA 3TH ydeHHE MOJb30BATHCH H300peTeH-
Hoit ByHaeHoM ropenkoi — Toii camoli 6yn3enoeckoll eopeaxoil, KOTOpas
M3BECTHA KaXKAOMYy HaunHaiomeMmy XuMHKy. Cropaioumiasi B ropefke
CMechb Tasa M BO3AyXa jaeT MouTH OeclBeTHOe MIaMms C JAOCTATOYHO
BbicoKoH Temmeparypofi. Korga Kupxrod noMeman B miams ropenku
KPYNHUbl PA3HYHBIX XHMHYECKHX BEecTB, OHO OKPaLIMBAIOCh B pas-
Hple npeta. CBeT OT TakKoro NJaMeHH, NPONYINEHHBIH uYepes npusmy,
AaBajl He CIVIOIUHYIO MOJoCY, a OTAelbHBIE sipKHe JHHHH,

COOTHOWEHNE HX aTOMHEIX Mace, HO HHKaKHX TeopeTHuYeCKHX BHIBOJOB He caenan. Mew-
JelleeB e Pa3BH/ CBOH NpeNCTaB/AeHHA, Npujas yxe K 1871 r, ceoefi mepuogndecKoi
cHcTeMe coBpeMeHHHH BuA.— [Tpus, ped,
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 NOTONY FPWKORETC M5 PANNNXS paxaxs webts paatwvioe wawBucuie paanocrel
wero NTS B% DIAMNAXS WNCIaxs mpensarackON vaGawuu, HIX me mpuEeTes mpeXuge
JAarath BpX COCTABNCRIN CHCTENW O%CHE WHOTO ACLOLTARKNKS TACHONS. To &
2pPYtos Maio WKroswo, Mak uaxerca npurows, wanboake €CTECTICHNMME COGTANKTA
XYGKeacRy cHCTexy (OPEATATAGNAL ECTH BAOCKOSTEAM), NO X HOMTXK ALL €4 06pAYe
P3UIN NEEORCIN KT NARICRATNNS DEIYZsTATANS Cabaynmis ash HORUTIN NOFYTS ROe
¥AIATE 70 PAINOOOPAN® CONOCTABIEWiR, XAXOS DOUMORNO FDA KOMYiedit OCRANATG
FAYASA, THCKIZINALG BB 210K cTama.
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Puc. 16, Ctpanuua us crate MergeneeBa, ony6aunkosanHo#l B 1869 r. B ©Kyprane
PYCCKOTO XHMHUECKOTO obluecTpa». B 310l cTathe MeHpenee Brepsbie NOAPOGHO H3Jlos
KW OCHOBH epHOAHUeCKOH CHCTeMB 3/JCMEHTOB,
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Kupxrog nokasan, uTto A/l KaxXJOro sneMeHTa, pasorperoro B miaa-
MeHH TOpeJKH, XapakTepeHn cBo# cnekTp. Takum oOpasom, CHHMasi
CMeKTp H3JyuyeHHst XHMHYecKoro snemeHTa, Kupxrod kak Gbl CHHMAN
«OTNeYaTKH NaJjblesB» Takoro snementa. [TonyunB Takylo Hudopmauuio,
MoXHO OblIO pelunTh H ofpaTHylO 3ajiauy: OMNOSHATh 3J€MEHT, BXoAs-
WA B COCTaB HeHsBecTHoro BemecTtBa. [IpuGop, Henonbayembifi Ags
onpejie/leHHA SJIEMEHTOB OMHCAHHBIM CNOCOGOM, TMOMYUHJ HasBaHHe
cnexmpockona (puc. 17).

llpuama

Koanurmemop

Puc. 17. Cxema cnexktpockona. CpaBHHBas clieKTpHl H3AyueHuHl pacKaNeHHHX MeTan-
JI0B, YueHble CMOI/IH OTKPbITh HOBBIE SJIEMEHTHI.

Ceronst MEL y)<e 3HaeM, UTO H3TyUeHHe cBeTa aToMaMu 00yC/I0BJIeHo
omnpefie/IeHHbIMH sIBJIEHHSIMH, CBSI3AHHBIMH C HX CTPYKTypo#l. B aromax
KaXJoro 5/1eMEeHTa STH ABJeHHs NpoTeKaloT no-ceoemy. CeoBarenbHo,
Kaxpifi 3/1eMeHT HcnycKaeT HaGop H3/MyueHHH TONBKO onpeieenHbIX
AJHH BOJH.

Ilpu oGnyueHHH CBETOM 3JIEMEHTOB B MapooGpasHOM COCTOSIHHH Ha-
omopaerca obpaTHas KapTHHAa: CBeT ONpeAeJeHHBIX IJIHH BOMH He
H3Jyyaercs, a norJoilaercs. Bosee Toro, NocKONBKY KaK TOIJIOMEHHE,
TaK H H3Jy4YeHHe cBeTa o0yC/JOBJIEHO OJHHMH H TeMH e MpoLeccaMH,
NpOTeKaHMH B NPOTHBONOJIOKHBIX HanpaB/ieHHAX, TO Napsl MNorJio-
ILAlOT H3JyueHHe ¢ TOYHO TeMH e AJHHAMH BOJIH, KaKHe HalmonaoTcs
B JPYTHX YCJOBHAX NPH HCNYCKaHHH H3JyUYeHHs.

IlpeacraBnsiocs BecbMa BepOATHBIM, YTO TeMHbIE JHHHH B CNeKTpe
Comnua obyc/oB/IeHsl TeM, YTO HCIYCKaeMbiil pacKaJeHHOH COJHeyHoi
NOBEPXHOCTBIO CBET MNOIVIOMAIOT rasml Gojiee XOJOAHON COJIHeuHoi
at™octhepel. [lapbl BemectB (XHMHYECKHX SJEMEHTOB), HaXojsiulHecs
B atMoctepe ConHua, Takxe MOIJIOMAIOT CBET ONpeleNeHHbIX JJIHH
BOJIH, H MO NOJIOKEHHIO BOSRHKAIOIIHX TeMHbIX JIHHHH B CNEKTPe MOXKHO
CYAHTb, KaKue 3JeMeHThl HaxoAarcs B arMocdepe ConHua.
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HMeHHO cnekTpocKonm no3Bosmua JAoKasaTh, uto CosHie (a Takxe
3Be3[bl H MeM3Be3JHBIH ra3) COCTOHT H3 3JIEMEHTOB, MOJIHOCTbIO HAEH-
THYHBIX 3€MHbIM, 3TOT BbIBOA OKOHYaTeNbHO Pa3bHA yTBepKAEHHE
Apucrorens (cM. TJ1. 2), cYHTaBLIero, 4YTo HeGeCcHBIE Tesla COCTOAT H3
BELIeCTB, OTVIHYAIOUIHXCHA MO cBoei npHpoje OT BELIeCTB, COCTAaBASIOUIHX
3emaio.

C usolbpereHueM crnekTpockona XHMHKH NOJNy4YHIH HoBbifl addpexTHB-
Hblil crocob ofHapyKeHHs S7eMeHToB. TaK, HanpHMep, eciH B CleKTpe
pacKaNeHHOTO MHHepaJa cOoAepIKaTcf JIHHHH, He NMpHHagIexallHe H3-
BECTHBIM 3/IEMEHTaM, TO €CTh OCHOBAaHHs MpeamoJaraTh, YTO 3TOT MHHe-
pall COHEepPMKHT HEH3BECTHHIl 3/eMeHT.

Bynsen w Kupxrod camu nponemoHcTpupoBand 3PHEKTHBHOCTh
storo Metoxa. B 1860 r., uccnenys oGpasen MHHepasa, OHH OOHAPYKH-
JIH ero B CNeKTpe JHHHH, KOTOphie He MpPHHAANeXKalH HH ORHOMY H3
H3BECTHBIX 3J1eMeHToB. HavaB MOHCKH HOBOTO 5JIEMEHTa, OHH YCTaHO-
BHJIH, YTO STO LIEJOUHON MeTann, GJIH3KHHA N0 CBOHM CBOfICTBaM HaTpHIO
# Kanuio. Bynsen u Kupxrod HasBann OTKpHITHIH HMH METamll yesuem
(oT sTaTHHCKOTO caesius — CHHe-cephlii), TaK KaK B CNEKTPe 3TOro Me-
TalJla caMoil sipKo#i Obl1a HMeHHO cHHsist JHHHA. B 1861 r. sTH yueHule
OTKDBLJIH €Il€ ONHH IIENTOYHOH MeTa/s, KOTOphi#l Takke HasBalH NoO
1BeTY ero CcNeKTpaJbHOH JHHHH pybuduem (OT satHHCcKoro rubidus
~— TeMHO-KpacHbIf).

Hogwiit npu6Gop Hayald HCMOMB30BATH U Apyrue XUMHKH. ONHHM H3
HHX Ob1 ¢panuysckuit xuMuk [lone AMuan Jlekok pe Byaboapan
(1838—1912), kortopnuifi B TeyeHHe NATHAAUATH JeT H3YyYasl MHHepassl
cBoHX poinuX [Tupenees. B 1875 r., Heenenys cnekTp UHHKOBOH pyhsl,
OH Hallle HOBHIH 3/1eMeHT, KoTophifi HasBan easasuem ([annus — npes-
HepHMCKOe HasBaHue ®DpaHuuu).

Cnycta Hekotopoe Bpema Jlekok ae ByaGospan monyunn takoe Ko-
JIHYECTBO STOTO SJIEMEHTa, YTO CMOT H3Y4HTh ero cBofictBa. O3HaKOMHB-
IIHCh ¢ coolllleHHeM yyeHoro, Menjenees cpasy e ykasas, YTO HOBBIfi
SMeMeHT — 3To ero 3kaanoMuHuil. [lanbHefiiine pcclieloBaHHsS mnoJ-
HOCTBIO NOATBEPAH/H CIpPaBeJIMBOCTb TAKOrO YTBEPMKJIEHHS: CBOHCTBa
rajiua OKasaJHCh HIEHTHUHBI OMHCAHHBIM MeHIeseeBwIM CBOHCTBaM
SKaaNloMHHHA.

Jpa Opyrux sieMeHTa H3 YHcJa NpelcKasaHHbBIX MeHneneenniM Gbliit
OTKPHITH cTapuiMH MeTolamu. B 1879 r. wsenckuii xumuk Jlapc ®@pene-
puk Hunbcol (1840—1899) oTKpBIT HOBHI S/M€MEHT H Has3Ball €ro cKau-
Ouem (B uectb CkanauHauu). Onun 3 xonner Huibcona, 1mBenckuit
xumuk [Tep Teopop Knese (1840—1905). cpasy ke yKasan Ha CXOLCTBO
CBONCTB CKaHIHS H ONHCAHHOro MenjesieeBbM 3Kabopa.

Hakoneu, B 1886 r. nemeukuit xumuk Knemenc Asnekcanap BuHk-
aep (1838—1904), ananusupys cepeGpsiHyl0 pyAy, YCTaHOBHJ, YTO
Ha JIONI0 ColePKAallHXCs B Hell H3BECTHBIX 3/IEMEHTOB NMPH XOAUTCA TO/b-
Ko 93% ee Beca. INlurasch oTbicKaTh Hegocrawomue 7%, Bunknep or-
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Kpbi1 HOBEIfl S/1eMeHT, Ha3BaHHbIl UM cepmanuem (B uectb I'epmanuu).
OkasaJsioch, YTO 9TOT 9/1€MEHT HIEHTHYEH SKaKpeMHHI0O MemnpesieeBa.

Takum ofpasom, B Teu€HHe NATHAALATH JieT GbLIH OTKPHITH BCe TPR
aneMeHTa, NpejcKa3aHHele MeHJe/neeBuM, NpHYEM CBOICTBA BCeX Tpex
97I€MEHTOB Ha yJHBJE€HHE TOYHO COOTBETCTBOBa/]H CBOMCTBaM, ONHCaH-
HeIM MenpeneeBsiM, [locie 9T0r0 B LieHHOCTH H MONE3HOCTH MepHOAHYE-
CKol Tabnuubl yike He MOIVIO GBITb HHKaKHX COMHEHHH.

Pacnpen,enenue HOBHIX 3JIEMEHTOB MO rpynnam

Onnako Tabnuie MenzieneeBa npeicTodna eme ofiHa cepbe3nas npo-
BepKa — B Hell JoMKHO Obl10 HafTHCL MeCTO ANs APYrHX BHOBb OTKpHI-
THIX 5JeMEHTOB.

Hanpuwmep, eme B 1794 r. ¢unckuit xumuk KOxan Taponun (1760—
1852) npexnonoxkuna, yto B MHHepaJe, nonyyennom 3 Hrrepbuiickoro
Kapbepa, pacmnosioxkeHHoro BOAH3H CTOKronnMa, CONEpPMHTCSH HOBbIH
OKCHJL MeTa/sla (HiH deman). [lockonbKy 5Ta HOBasi 3eMJIs 3HAYHTENIbHO
OTJIHYANACh OT yKe H3BECTHBIX 3eMeJlb, HanpHMep KpeMHe3eMa, HU3BECTH
H MarHe3HH, TO ee OTHeCIH K pelikHM 3eMasiM. ['allonHH HasBasl OTKpbI-
TRl HM OKCHJ HTTPHA N0 Ha3BaHHIO Kapbepa; cnyctsa 50 ner u3 sroro
OKCHJIa Obi1 BbIleJIEeH B OTHOCHTETBHO YHCTOM BHJE HOBHIH 3JIeMEeHT —
ummpud. Ipumepro B cepenune XIX cronetHs XHMHKM HayajdH HWH-
TEHCHBHO M3ydaTh COCTAaB PejiKo3eMesIbHBIX MuHepanoB. IIpopefeHHbie
HCCJIEIOBAHHA TOKa3alH, YTO STH MHHepasbl COAEpIKaT Leayio Tpynmy
HOBLIX 3JIEMEHTOB — pedKosemensublx snemerimos. llIBelckuit Xumuk
Kapan Tycras Mocanpep (1797—1858) oTkpwbi1, HanmpuMep, B KOHLE
30-x — Hauane 40-x rogoB XIX B. yeThipe penKoseMeJbHHIX DJeMeHTa:
ranman, spbui, mepbuid v Oudum. Ha camom pneme ux Owio nAaATh,
MOCKOABKY cmycTs copok Jer B 1885 r. amcrpuiickuii xumuk Kapa
Aysp ¢on BenscGax (1858—1929) o6uapykuJi, YTO AHAHM NpeACTAB-
asieT coboli cMech JBYX 9/IEMEHTOB, KOTODhIE OH HasBal npaseodumom
v neodumom. Jlekok e ByaGolpaH Takke OTKpHUI 1Ba peAKO3eMe/bHbIX
ssementa: camapud B 1879 r. u ducnposud B 1886 r. Cpasy aBa peako-
3eMeJIbHBIX 3J1eMeHTa — 20abmuti ¥ myaudi onucan B 1879 r. I1. T. Kue-
pe, a B 1907 r. ppannysckuit xumuk YXopxk YpOon (1872—1938) coob-
M1 O HOBOM YETHIPHA/LIATOM peKO3eMeJbHOM 3JIeMeHTe — aomeyuil
(JTioTeunss — ApepHee HasBaHue [lapmuka).

PenkoseMe/bHble 3/1eMEHTE 00,1a8a10T OYeHb CXOAHBIMH XHMHUYECKH-
MH CBOWCTBaMH, HX BaJIeHTHOCTH paBHa TpeM. [lo-Buaumomy, Bce 3TH
3J1eMeHTbl HeoOXoaHMO OLLTO MOMECTHTb B OJHH CToa0ell mepHoAHYeckoil
Tabnuubl. OLHAKO HH OlUH H3 CTONOLOB He Obi/l TAKHM AJHHHLIM, YTOOL!
BMECTHTb YETbIPHAALATh 3JeMeHTOB. [lajiee, MOCKOJbKY aTOMHBlE Beca
BCEX peAKO3eMe/bHhIX SJIEMEHTOB OYeHb OJIH3KH, HX CJelloBajlo fnoMec-
THTb B OAMH FOPH3OHTAJbHBIA PAN, APYTHMH CJIOBaMH, B OJHH MEpPHOJ.
B npuHuune ux MoxHo OLLIO IOMECTHTh B MIECTOH NMEPHOJ, €C/IH npesno-
JIOXHTb, YTO OH JAJHHHee, YeM YeTBePTolH H NATel, KOTOPHE B CBOIO
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ouepelb AJHHHee, ueM BTOpoH H Tperui mepuofpl. OfHaKO OOBACHHTD
MPHYMHBI CXOACTBA CBOHCTB peKO3eMe/bHBLIX 3/1€MeHTOB B TO BpeMsi He
yaanock (310 Geiio caenano auwb B 20-x romax XX B., cM. ra. 13).

Jlpyras rpynna BHOBb OTKPBLITHX 3/IEMEHTOB, O CyllecTBOBaHHH
KOTOpOH BO BpeMeHa MeHJeneeBa XHMHKH H He NOJ03peBa/iH, He Bbi3Ba-
Jla TaKHX 3aTpyJAHeHHH; S/eMeHTH 3TOH Tpynnbl MPeKPacHo BIHCAMHCh
B MepHOAHYeCKYylo TabJHLy.

B 80-x romax nmpouwioro Beka anrauiickuii ¢usuk [koH Yuiabsam
Crparr, aopa Panesn (1842—1919), ¢ Goabiioli TOYHOCTBHIO ONpPeaeTHI
ATOMHBIE Beca KHC/JIOPOAa, Bofopoja # asora. [Ipu 3TOM OR ycTaHOBH,
YTO aTOMHBIA BeC a30Ta MeHseTcs B 3aBHCHMOCTH OT HCTOYHHKA rasa.
Tak, aToMHBIli BeC a30Ta, MOy4eHHOTO MeperoHKoi XHAKoro BO3AyXa,
HemHore 6ofblie, YeM y asoTa, MOJYYEHHOTO XHMHYECKUM MyTeM.

MorAaanackuft XuMHK YumabaM Pamsai (1852—1916) saunrepeco-
pasics 310l Apo0/iemoii U BCMOMHHJ 00 9KcnepuMenTe KapeHnaMiua (CM.
ra. 4), Kotophii etle B 1785 r. nulTancs cBsA3aTh a30T BO3AYXa C KHCIO-
polloM; B cBoe BpeMsi 5Ta paboTa He NpHBJEK/Ia BHHMaHHs XHMHKOB.
KaBenAH1 ycTaHOBHJI TOT @, YTO NOCAEHHH My3bIpeK rasa Helb3s GbiIo
3aCTaBHTb COEIHHHTHCH C KHCJIODOJAOM HH TIDH KaKHX YCJIOBHAX. ﬂOI‘H'-['
HO OBIJIO TIPEANOJNIONHTDb, YTO 3TOT MOC/AeJHHH My3HpeK rasa Mor OhTb
W He a30ToM. B03MOKHO, mosyyaeMblil H3 BO31yXa asoT COJIEPKHT B Ka-
yecTBe NPHMecH APYro# ras, IJIOTHOCTb KOTOPOI'O BHILE, H HMEHHO IIO-
3TOMY MOJMYy4YEHHBIH H3 BO3JyXa a30T Kaxerci HeMHOro Tamxesee, yeM
€CcTh Ha camoM jene,

B 1894 r. Pamsait moBropu.s1 3SKcnepuMeHT KapeHpuiia, BbIReNHJ
OCTaBIIHHCA My3blpeK rasa H NpoBeJ €ro aHa/lH3 HOBLIM METOJAOM, BO
BpemeHa KaBenpuiua eune HewspecTHnIM. PaMsail Harpen stor ras, usy-
YHJ ero crnekTp. B pesy/ibTate BHACHHJIOCH, YTO OCTaBIUHICHA My3bipeK
npeacrasaseT co0OH HOBEBIH ras, NJIOTHOCTb KOTOPOrO HECKOJIBKO Bhillle,
yem y asora. CoznepxanHe ero B armoctepe paBHo npuMepro 1% (mo
o6bemy). OH XHMHYECKH HHepTeH, He pearHpyeT HH C OJHHM JApYTHM
saemenToM. [lo aToit npuuHHe ra3 mosyuHs HasBaHHE ap2od (OT rpeue-
CKOTO &pvGg — HHEepTHBIH).

AtoMHHi Bec aproHa, Kak BHIACHHJIOCH, 4yTb MeHbie 40. 3to
03HauaJlo, YTO aproH A0JUKeH pacrnoJaraTbest B nepHofHdYecKoil Tabauue
rJie-To Bo3Jle TAKHX SJIeMEHTOB, KakK cepa (aToMHHIH Bec 32), xmop (aTom-
Hulft Bec 35,5), Kaaui (aTomuniit Bec 39)  Kanbuuil (aTOMHBIA BeC YyTh
Gonbiie 40).

Hcxons TonbKo H3 aTOMHOTrO Beca aproHa, €ro c/eloBao [OMECTHTh
MeXy Kajauem H Kanblwem. OpHako, corsiacHo ycraHoB/leHHoMY MeH-
JiesieeBbM TIPHHLHKMY, BaJ€HTHOCTb HTpaeT 6oJjiee BaXHYIO pojib, 4eM
aToMHHIH Bec. ITocKO/NBKY aproH He B3aHMOREHCTBYET HH C OAHHM 3Jje-
MEHTOM, TO, C/IeIOBAaTe/bHO, BaNeHTHOETh €ro paBHa Hy.Jo. Kyna B Ta-
KOM cJjyyae FOMECTHTb aproH?

BanieHTHOCTB cephl paBHa 2, XJsiopa 1, Kaausi | u kanbuus 2. Takum
00pa3oM, B 310l 00/1acTH NepHOAHYeCKOH TaGIHIbl BaJEHTHOCTb MeHseT-
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¢q B caenylonledl nocaefoparesibHoctd: 2, 1, 1, 2. Hyan B Takoii nocae-
AOBAaTEIbHOCTH JOJXKeH pacronaraThCs MexAy ABYMsi elHHHIaMHI
2, 1, 0, 1, 2, CeoBaTenbHo, MECTO aproHa MEXJY XJIOPOM H KajlHeM.

Onnako, ec/iH NPHHATL NepHOAHYECKYIO TabJHIlY KaK pYKOBOACTBO,
aproH He MOXeT CyllecTBoBaTh OfHH. OH fo/keH GBITh ONHHM H3 Npea-
cTaBHTeJsiell ceMeHACTBa WAHepMHbLX 20308 — DJIEMEHTOB C HYJeBOH Ba-
JaentHocTbio. Cronben, 3aHMMaeMblii 3THMH rasaMH, JOMKeH pacloJia-
raThCA MeXKAYy cTONOUAMH, 3aHATLIMH TranoreHaMH (XJopoM, Gpomom
U T, A.) H IENOYHLIMH MeTalllaMH (HaTpHeM, KaJHeM H T. [.); BajleHT-
HOCTb W TeX, U APYTHX paBHa eIHHHLE,

Pamaait nauan noHcku. B 1895 r. on yanan, uro B CllIA u3 ypaHoBo-
IO MHHepaja MoJydyeHnl MpoOH Tra3a — MNPEeANoJIOKHTENbHO a30Ta.
Pamsail nopropua 3Ty paGoTy H yCTaHOBHJI, YTO B CIEKTpe STOTO rasa
coflep:Karcs JHHHH, KOTOPHIX HET HH B CNIeKTpe a30Ta, HH B CIIEKTpe ap-
rOHa, 3aTo TaKHe Xe JIHHHH Ha6J/10Ja/l B COJIHeYHOM clleKTpe BO Bpems
cosHeyHoro 3aTMerHs 1868 r. ¢panuysckuit actpoHom Ilbep Hiwoan Ce-
sap Xanccen (1824—1907). B to spems aurauiickuii acrpornoM Jxxosed
Hopman Jlokwep (1836—1920) npunucan 3TH JTHHHH HOBOMY SJIEMEHTY,
KOTOpHIY OH HasBaa 2eaues (0T rpedeckoro Mitog — Connue).

B cBoe BpeMs XHMHKH [OYTH He oGpaTH/JM BHHMaHHA Ha 5TO C0Q0-
uleHHe: HoBbLIH SneMeHT Obli1 OTKpHIT Ha CoJHlle, JAa elle AOBOJBHO HO-
BbIM, HE BFIOJIH¢ 3aBOEBaBlHM JoBepHe metozoM. Onnako paGora Pam-
3af noxasala, YTO TOT ke CaMBlfi S/IeMeHT CylLIecTByeT H Ha 3emJe.
Pawmsail coxpaHH. 3a SJieMeHTOM HasBaHHe, AaHHoe ey JlokbepoM. Tak
Obil OTKpBLIT TeJHH — caMblff JIeFrKHA W3 HHEPTHBIX Ta3oB, KOTOPbIi
CTOHMT BCJIEA 3a BOJOPOJOM — 5JIEMEHTOM C HaHMEHbIUHM aTOMHLIM Be-
COM.
B 1898 r., ocTOpOXKHO Harpepast XHJAKHH BO3AyX B [IOHCKe HHEPTHBIX
rasos, KoTopnie, Kak mnpeanonaran Pamsafi, 6yayT HcnapaThCs NepBhi-
MK, OH OGHapyXH/ TPU HOBbIX rasa. Pamsail Ha3Banl HX Heow (HOBBIfT),
Kpunmon (CKPHITHIR) U Kceron (YYMKAbIH).

CHayana CYHTA/JOCh, YTO HHEPTHHIE rasbi MOTYT NMpPeACTaBJATbH HH-
Tepec ToJbKO KaK o0beKT Hay4yHOro HCC/IEIOBaHHS H HHKAKOTO MPaKTH-
yecKoro npHMEHeHHs oHH He HalAyT. OfHaKo B CBOMX HCC/elOBaHHAX,
Hayatbix um B 1910 r., ppannysckuit xumux XKopx Kaon (1870—1960)
nokasaJi, 4To 7eKTPHUYeCKHH TOK, MponycKaeMulii uepe3 HEeKOTOpLIe ra-
3bl, NONOGHbLIE HEOHY, BbI3LIBAET MATKOE OKpPAlllEHHOE CBeYeHHe.

[NpakTHyecKoe TpHMEHEHHE 3TOTO CBOficTBa XOpPOIIO H3BECTHO:
TAKHM Ta30M MOXHO 3alOIHATb TPYOKH, H3OTHYTHe B BHJe GYKB, CJIOB,
duryp u 1. 0., H yxe B 40-X roflax Halero CTONETHH y/HUb GOMBIIHX
rOpojoB 3a/IHBa/Jl HEOH0Bbil ceem V).
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dusnueckan XuMHA

TenaoTa

B XVII u XVIII BB. MHp XHMHH H MHD QH3HKH pasfieNsia ueTKas
rpanuna. XHMHS H3yyala MpOLECCH!, COMPOBOXKAAIOUIHECs: H3MEeHeHHeM
MOJIeKYJIAPHOH CTPYKTYPHI, B TO BpeMsi Kak (H3HKa H3ydasa TaKHe npo-
ueccsl, KOTOpbie MOAOOHLIMH H3MEHEHHSIMH He COMNPOBOMKIAMHCE.

B nauane XIX cronerus, Korma [sBu (cM. rai. 5) paspaGaThiBasr
KMacCHpHKAUHIO MOJIeKY]l HeopraHHuecKHX coelnHenuii, a Beptao
(cM. ra. 5) — KnaccHpUKaUHIO MOJEKYJ OPraHHYeCKHX COelHHeHHH,
(H3HKH H3Y4alH NOTOKH TENJIOThI, APYTHMH CJIOBaMH — mepmodunamu-
Ky (0T rpedecKoro — JBHKEHHe Tellra).

Bripatomuxcs ycneXoB B 9ToH 061acTH AOCTHIVIM aRTIHACKHHA PusuK
Joxefimc Ilpeckort Dakoyne (1818—1889) u Hemeuxne ¢usuku KOnnyc
PoGept Maiiep (1814—1878) u I'epman Jlionsur ®eppunana ['ensmroasi
(1821—1894). K 40-M ropam npouiioro CToleTHs B pe3ysbTare fpose-
JIEHHBIX HMH paboT €Tajo sieHo, YTO B Mpouecce nepexoia onHo#H (opMbr
3HEPruH B APYTYIO SHEPrHs He Co3JaeTcsl H He HcyesaeT. DTOT NPHHLHIT
NOJyuna HasBaHHE SAKOHA COXPAHEHUA IHEpeul, WM nepeozo Ha4aiG
mepMOOUHAMUKL.

B cBoux paGorax ¢ppanuysckuit pusik Hukona Jleonap Caan Kapho
(1796—1832), anramufickuii pusux YuansiMm ToMcoH, BnocseicTBHH JIOPK
Kenbsun (1824—1907), n Hemeukui ¢usuk Pymonpd Ikyanyc Smany-
snp Knaysuye (1822—1888) paspuin MexaHHYECKYIO TEOPHIO TEMJIOTHL.
Buinio nokasano, uTo NpU CaMOMPOHSBONBHOM MEpeXofe TemaoThl OT
TOYKH ¢ Gosee BbICOKOH TeMmepaTypoii K Touke € Gosiee HU3KO# Temrepa-
Typoil pa6oTa NMPOH3BOAHTCS TOJNBKO B CJyyae CYIIECTBEHHON pasHOCTH
TeMneparyp, H60 4acTb TemJIOTHI HeH36GeXKHO paccellBaeTCs B OxpYiLalo-
11yl0 cpefly. TOT BHIBOA MOXKHO 06OGIIHTL U pacnpocTpanuThb Ha JoGoik
BHJ 3HepruH.

B 1850 r. Knay3uyc, neitasick HaliTH COOTHOILEHHE MEXKIY KONHYECT-
BOM TEMJIOTbI B H30JHpOBaHHOH cHcTeMe M abcomioTHOH Temneparypoit
STOH CHCTEMbI, BBEN TepMHH sumponus. OH MoOKasan, 4YToO NPH JOOLIX
CaMOMpPOH3BO/IbHBEIX H3MEHEHHsIX 3HEPruil SHTPOMHUsS CHCTeMBl JO/KHa
YBeNHYHBATLCSA, DTOT NPUHUHN Obll Ha3BaH 6MOPHL HAYAAOM MEPMO-
OuHamuKy.

EcTecTBeHHO, UTO TAaKOro poja OTKPHLITHA He MOI/IH He MOBJIHSITH
Ha pasBHTHE XHMHH. BEIIb B KCHEYHOM HTOre OCHOBHBIMH HCTOYHHKAMH
tenyoret B X1X B. (kpoMe Codilla) Gbl1M XHMHUECKHE peaKiuu: rope-
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HHe JiepeBa, yraia v HeTn. XuMUKaM OblIO TaKKe H3BECTHO, 4YTO TerJo-
Ta BbUIENETCA U NPH APYTHX XUMHYECKHX Peakl4sX, HanpHMep Mpu
HellTpanu3auHH KUCJIOT OCHOBAHHAMH, U YTO NMPAaKTHYECKH BCe XHMHYe-
CKHe peaKUHU CONPOBOMMAAIOTCA TeéM HJH HHBIM TelIOBBIM 3ddpexTom:
BbiJIe/IeHHEM TeNJoThl (a HHOTJa M CBE€TAa) HJIH IIOT/IOLUIEHHeM TeJIoTH (a
HHOTJla H cBeTa).

B 1840 r. nocsie onyGaukoBanHs paloT pycckoro Xumuka I'epmana
Usanosuua T'ecca (1802—1850) ¥ rpannua mexay MHupoM (H3HKH H
XuMuH GBJIA paspylieHa, H HayaJloCh COTPYAHHYECTBO ABY X HayK. Tia-
TeJIbHO H3MepHB JefCTBHTe/NbHOE KOJIIYeCTBO TelJIOTH, BbilensieMoil 8
npouecce XHMHYECKHX peakLHi MexAy ONpeAeNeHHbIMH KoJHYecTBaMH
BerjecTB, I'ecc mokasan, 4TO KOJHYECTBO TeNJIOTH, MOJyYyaeMoi (/i
nor/oiaemoii) mpH nepexojie oT OAHOTrO BellecTBa K JAPYroMy, Bcerila
ONHAKOBO H HE 3dBIICHT OT TOro, ¢ MOMOILIbIO Kakoi XHMHYecKoH peax-
LMH WM CKOALKMMII 3TalaMi ocyulecTs/sieTcst 3ToT nepexop. Baaro-
naps 3ToMy ofobuleruio (3axon ['ecca) T'ecca HHOTAa CYHTAIOT OCHOBa-
TeneM mepmoxumuy (TellJIOXHMHH).

HMcxoas us sakoHa lecca, npeicraBasiioch BMO/MHe BEPOSITHBIM, UTO
84KOH COXpaHeHHA IHePruH paBHO NPHMERHM H K XHMHYeCKHM, H K ¢u-
8HYecKHUM npoileccam. M AeficTBHTeNbHO, AaibHefmue oGobuieHHs To-
Kasa/l{, yTo 3aKOHHI TEPMOAMHAMUKH, BEpOsiTHEe BCero, MposiBJIAIOTCA
B XMMHM TOYHO TaK Xe, KakK H B (H3HKe.

D10 HamnpasJ/eHHe B SKCNEePUMEHTaX U B TEOPHH MPHBENO K BHIBOAY,
YTO onpeje/eHHEIM XHMHUYECKHM DeaKuHaM, Kak H (PHSHUECKHM Mpe-
leccaM, fpPHCylle CBONCTBEHHO® TOJBKO HM CaMONpOHM3BOJNbHOE Ha-
IpaBJeHIie, NPHBONsLIEe K yBelHYeHuio sHTponuH. OfHako sHTponus
nroncTasaser co6Goil BeNHUHHY, TPYAHYIO ANl HeNocpeJCTBeHHOTo U3-
Me; s, MOSTOMY XHMHKH Haya/lH HcKatb JApyroil, Gosee mnpocToft
KpuTepui.

B 60-x romax npowsoro cronetHsi Beprtno, yxe 3aBoeBaBluuif
H3BECTHOCTb KaK OPraHHK-CUHTETHK (cM. rj. 5), obpaTHicsi K TepMmo-
xumud. OH paspaboran MeTONHKY NpOBeleHHs XHMHYECKHX peakuHil
B 3aMKHYTHIX COCyJaX, MOTPYKEHHbIX B BOJAY 3aAaHHOH TeMMepaTypbl.
OnpefeniB TemmepaTypy 3Tofl BOAbl B KOHUE peakUHWH, MOXKHO OHLIO
yCTaHOBUTH, KaKoe KONHYEeCTBO TelJIOTHl BHIJEJsieTcss B Xoflé JaHHOif
peaxiHy.

HUcnonb3ys Takoll Katopumemp (OT naTHHCKoro calorimeter — us-
MepenHe Temvia), BepTiio TulaTeNbHO HM3MEpHJ KOJHYECTBO TeMNJIOTHI,
BhIEe/sieMOl B pe3yJbTate COTeH pasiuuHbiX XHMHYECKHX peaKiHH.
[Mono6uee sKcrepUMeHThl HesaBHcHMO oT Bepriio mpoBenm Takwke gaT-
ckuii xumuk Xasc [lerep FOpren HKOaunyc Tomcen (1826—1909).

Bepriio monaran, YTo peakuHH, cOMpOBOXAloUlHecH BbileJeHHEM
TeMNJIoTH, ABJSAIOTCS CAMONPOU3BOJIBHBIMH, B TO BpeMs KaK DEaKIlHH,
COMPOBOXKIAIOIIHECS] NOTJIOULEHHEM TENJIOTH, TAKOBHIMH HE SIBJISIIOTCS.
IMockoabKy Kaxnas peakliHs, B Xoge KOTOpoH BblAe/sieTCsi Temora,
NOJIKHA COMPOBOXKAATCS, €C/H 3aCTaBHTh ee HATH B 0OpaTHOM Hampas-
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JIeHHH, TOIVIOUWleHHeM TemJoThl (NEepBhHIMH CTalH MpPHIEePIKHBATHCS
takoil Toukn 3spenus JlaByasve u Jlamnac, cM. ra. 4), To, caenosa-
TeJbHO, JI006as XHMHYeCKasl peakUHs HIeT CaMONpPOH3BOJBLHO TOJNBKO
B OJHOM HaNpaBJ/ICHHH, H TIpDH 3TOM OHAa COIIPOBOXKJIAETCH BbIIEJEeHHEM
TEeroTh.

Hanpumep, Korjaa Bopopoj B3aHMoeHCTBYeT ¢ KHCJI0pPojaoM, obpa-
3ysi BOAY, peaKuusl NpoTeKaeT ¢ BbijeNeHHeM OGOMbLIOTO KOJMHUEeCTBa
TeNNoThl. DTa peakuHss CaMOMPOHM3BOJbHAf, H, ONHAXKIH HauaBUIHCh,
OoHa OBICTPO HAET K 3aBEPLUEHHI0 H HHOTJA 3aKaHYHBAeTCS CHJIbHBIM
B3PLIBOM,

B 1o x&e BpeMsi o6paTHas peaKuHsi — pacllellJieHHe BOJs Ha BONO-
pon 1 KHcoopod — TpebyeT 3aTpaTH 3HEPrHH (TeNJIOBOH HJIH, JIyYlie,
aMeKTpuYeckoit). Paculennedye MOMeKyJsl BOAH He SBJASETCA CaMo-
NPOH3BOJIbHEIM, B OTCYTCTBHE SHepPruM pacuienieHue Boolule He npo-
HCXOINHT, H yXe HauaBllascs peaklUHs TOTYAC JKe NMPeKpaTHTCs, eC/H
nojlady 3SHEepPrUH MpepBaTh.

Ho 310 npaBuiio Beprio, Ha nepBril B3ryIAx NpexacTasJsiBlLieecs
BIIOJIHE MNpHeMIeMbIM, Obl1o olWHGOYHbIM. Bo-nepBeiX, HE Bce caMo-
MMPOU3BOJILHBIE PEAKUHH [IPOTEKAKT C BbIIEJIE€HHEM TENJIOTH; HEKOTOPHIE
peakuHH CONMpPOBOMJAIOTCS [MorJolleHHeM TeNJoThl, U B XOje TakHX
peakuuil TemmepaTypa Cpelbl, OKpY:Kalollefi PeakuHOHHYIO CMeCh,
NEeHCTBUTE/NbHO MOHHMKAEeTCd.

Bo-BTophiX, cyulecTBylOT obpamumeie peaxyuu. Tak, HanpHmep,
pemiectea A # B MoryT caMonpoH3Bo/bHO B3aMMOJElCTBOBATH H pe-
Bpaumarbes B BewectBa C u D, Kotopule B CBOIO ouepeib MOrYT BHOBb
caMonpoH3BoNbHO 0Gpa3oBaTh BewecTsa A u B. M 310 HecMorps Ha To,
YyTO ecJIH Kakasi-THGo peakuHs COlpoBOXKAA€TCHA Bble/IeHHeM TeIlJ10THI,
TO 06patHasi efl peakuus NO/IKHA CONPOBOXKIATHCA MOIJIOUIEHHEM Terl-
noTel. Hanpumep, HomuI BOjOpoja pasiaraeTcsi Ha HON H BOAOpOZ,
KOTOpbie BHOBb MOryT OOpa3OBbIBaTb HOIHJZ BOAOpOAA:

2HI £ H,+-1,

(nBe cTpesKH, HampaBJIeHHbIE B NMPOTHBONOJOXHbBIE CTOPOHHI, MOKashi-
BalOT, YTO peakuus obpaTHMa).

Bo Bpemelia Beptio ofparuMble peakunH OblTH YKe H3BECTHbI.
B 1850 r. YuabsivcoH nepBbiM TulareabHo M3yuua HX. OcHoBbBasich
Ha pe3yJbTaTax NPOBENEHHBIX HM paGoT, YHAbAMCOH (cM. Iia1. 7) mpen-
JOKHJ CTPYKTYpHbie (opMyael dpupos. Ou Halien ycloBHs, NMPH Ko-
TOphIX cMech Bemecte A B B oGpasoeuiBana semectea C u D, a cmech
BemiectB C u D o6pasoseiBasia emectsa A u B. Onxako u B ToMm, H
B ApYroMm cJyyae B WTOre monyuanach cmechb BemlectB A, B, C u D,
npHYeM COOTHOLUeHHe 3THX KOMMOHEeHTOB Oblo onpenejeHHbM. CMech
NpH 3TOM HaXOAHJach B COCTOAHHH paABHOBECUA.

XoTd cocTaB CMecH OCTaBa/lCsi CKOpee BCero MOCTOSAHHBIM, TeM He
MeHee YHJ/bSIMCOH cuHTal, 4To Bewectsa A u B pearupyior, o6pasys
peuwtectsa C u D, a pemectsa C u D pearupylor, o6pa3yst BelllecTBa
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A uw B. O6e peaKuun HIyT HenpephniBHO, HO OHH HefiTpanusyior Apyr
Ipyra, cos3jlaBas HJTIOSHIO TOKOfl, TOrAa Kak B JAEACTBITE.TbHOCTH
CMeCh HAaXOIHTCH B COCTOSHHH OUHAMUYECKC20 pABHOGECHS.

PaGora YuabfiMCOHa O3HAMEHOBAJA HAYalo H3YUYEHHs .i1eckoll
KutemuKy — oGNacTH XHMHH, H3ydalolled CKOPOCTH XHMHYecKiX pe-
aKkuHil., YuabaMcOH ACHO MoKasall, YTo CaMONpPOH3BOALHBIE XapaKkTep
XHMHUECKOIl peakuHH B psijie CydaeB onpejie/IseT He NpocTo BhLleTeHHe
TennoTkl, a Heyto Gosbluee, [IpoBoasi cBOM MHOTOYHC/IEH!bIE Ka/lopH-
MerpuuecKue Hamepenusi, Beprio u ToMcen yxke BEISIBHJI 3TO «HEUTO
Gounblilee», HO, K COMANEHHIO, BOMPOC OCTAJICHd HepeleHHbIM H3-3a Toro,
yto pabothl ToMmceHa GbiIH ONYOJHKOBaHBI Ha MaJloAOCTYTTHOM YdYeHbIM
HODBEKCKOM si3hIKe,

XumHuyecKkan TepMOAHHAMHKE

B 1863 r. uopeexckne xumukd Karo Makcumuauan [yabaGepr
(1836—1902) u Ilerep Baare (1833—1900) ony6ankosanu Gpownopy,
B KOTOpO# H3/1aranl CBOIO TOYKY 3peHHs] Ha MPHUHHEI, oNpelesiouye
HanpaB/IeHHe TeYeHHS CaMOTPOH3BOMbHBLIX peakuHil. ITH YyuyeHHe
BEPHYJHCh K NpPeANo/JOMeHHIO, BhicKasaHHoMy Deproane (cM. ra. 4)
8a nosicToIeTHs: Jo sToro. Bepronne cuuran, uto HanpaB/eHHe peaKuHU
8aBHCHT OT MacChl YYacTBYIOUIHX B Hell oTeabHbiX BewecTB. I'ynbaGepr
H Baare nonaranu, 4To Hanpas/eHHe peaKUHH ONpeJeNseTcs He NPecTo
Maccoil OTJeNbHbLIX BelUleCTB, & CKOpee Maccod OTAeNbHBIX BELIeCTB,
npuxoasuleiics Ha AaHHBIH o6beM pearupyiouleii cMecH, APYTHMH CJI0-
BaMH — Koxnyenmpayuerd BeLecTs.

INpennonoxum, uto semectsa A u B MoryT pearuposars c ofpaso-
BanHeM pemects C u D, a BemectBa C u D moryTt pearnpoparth ¢ o6pa-
soBanHeM BellectB A © B:

A+B 2 C4D.

Dra ofpaTHMas peakuHs JOCTHTaeT PABHOBECHS NPH TaKHX YCJIOBHSAX,
KOTJa B CHCTeMe TNpejcTaBJsieHbl Bce yeTnipe Bemectsa: A. B, C u D.
Tlonoxenne paBHOBeCHs 3aBHCHT OT COOTHOIIEHHS CKOpOcTedl peaknuit
seiects A u B (ckopoctb /) u Bemeers C u D (ckopocts 2).

[Ipeanonoxum, 4To cKkopocTh | Hamioro GoJblle, YyeM CKOpoCTb 2.
B stom cayuae BemectBa A u B pearnpyior Guicrpo, a pemecrsa C o
D — mepnenno, 11 Bckope KoauuyectBo BeutecT8 C 1 D HamHoro npesbi-
CHT KoaudecTBo BeliecTB A u B, u B cocTosiHuu paBHOBeCHs B CMeCH
npeoGnanaier Bemecrsa C u D. Barnsuys Ha npuBejenHoe Bhille
ypaBHEHHE, Mbl CKaKeM, YTO B STOM C/Iyyae TOUKa PaBHOBECHA CABHHYTa
«J]aJIEKO BIPaBO».

Ecau xe cKopocTb 2 HaMHOro BhIllie, YeéM CKopocTe [, BellecTBa
C u D pearupyior namsoro 6eicTpee, ueM BeulectBa A u B. 1 B cocroza-
HHH DaBHOBeCHs B cMecH npeoGnanaior BemectBa A v B. Touka pasHo-
BeCHs1 B ITOM CJy4yae CABHHYTA «HaNeKo BJIEBO».
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Ho ckopocth 7 3aBHCHT OT 4acTOTHI CTOIKHOBeHHH Moseky1 A u B,
TaK KaK TONbKO TpH TaKOM CTOJKHOBEHHH (H TO He Bcerja) MOMKeT
npou3ofiTH peakuus. B cBow ouepelb CKOpocTh 2 3aBHCHT OT 4YacTOTHI
cronkHoBenufi monekyn C u D.

[Mpennonoxkum Tenepb, 4TO K peaKUHOHHOW cMecH JoGaBJsieTcs
HOMOJIHATENbHOE KOHyecTBO BemlectBa A uau B (Mnm Toro m apyroro)
M 4TO 06bEM CMECH MpH 3TOM He MeHsieTcs. KOHIeHTpalHs BellecTBa
A a B (uam Toro u apyroro) B 3TOM cjydyae yBeJNHUHBAETCsl, H BEpPOsT-
HOCTh CTOJIKHOBEHHS MOJIeKY/l BospacTaeT (NojoGHO TOMy Kak B 4ac
MUK, Korla aBToCcTpaja 3a0HTa MaluHHAMH, BEDOATHOCTE HX CTONKHO-
BeHHsl HaMmHoro Gojiblle, YeM pDaHHHM YTPOM, KOTAa MallMH OTHOCH-
TeJBHO MaJo).

Takum 00pasoM, c MoBbIIEHHeM KOHUEHTpallnH Beulectsa A nan B
(1M TOrO H ApYroro) ckopoctb | yBeNHUHBaeTCs, a C YMEHbLIEHHEM
KOHLEHTPAUHH CHHKaeTcs. TOUHO TaK XKe C POCTOM KOHLEHTPalHH
semectBa C unu D (uam u C, u D) yBeanunBaercst ckopocts 2. Mensis
cKopocTb | HIH 2, MOXHO H3MEHHThb cOCTaB paBHoOBecHoi cMecH. C us-
MEHEeHHeM KOHLEHTpalHH JI060ro H3 y4acTBYIOUIHX B peaKIHHd Be-
IIeCTB MEHsIeTCsl TMOJIOXKEHHE TOUKH paBHOBECHH,

Hrak, eca¥ K Haxolsulefica B COCTOSSHHH DaBHOBECHS CMeCH Be-
uecTs Jo6aBHTh (H/IH yJIadHTb H3 Hee) OJHH H3 KOMIIOHEHTOB, PaBHOBE-
CHe HapyLIHTCH, H TOYKA paBHOBeCHs cMecTHTcs. TeM He Meree ['yiba-
Gepry u Baare ynanoch HalTH OAHY HEMEHAIOULYIOCS KOMIOHEHTY.
CooTHOLIEHHEe NMPOH3BeNeHHH KOHUEeHTpauHi HeXoAHsIX BemecTB (A u B)
¥ nponykto peakuun (C 1 D) B cocTosiHHH paBHOBecHst OCTaeTCst Mo-
CTOSIHHBIM, T. €.

[C] ID)/IA] [B]=K

(kBagpaTHble cCKOOKH MOKasbiBalOT, YTO peub HAET O KOHUEHTPauHH),
rae K — nocmosxnasa (KoHcmanma) pasHosecuss XWMHYECKOH peakuHH.
ITa KOHCTaHTa ABAsETCA XapaKTePHCTHKOH MoGOH KOHKpeTHO B3siToH
o6GpaTHMOH peaKUHH MpH ONpeieNeHHOH TeMmeparype.

3akon deticmeus macc T'ynvpbepra u Baare nanm Gbl XHMHKaM, H3y-
YalOMHM O0paTHMBEIe peaKUWH, 3HauHTelbHO GoJblue, yeM THMoTesa
Beptio, Kotopasi K TOMY e, Kak Mkl y)e IOBODHJIH, OKasalach He
COBCeM BEepHO#, HO, K coxanenuo, I'ynbndepr u Baare cnavana (1867 r.)
onyGIHKOBAIH CBOK paGoTy Ha HODBEXCKOM sIShiKe, H OHa OCTaBaJjlach
He3aMeueHHOH, noka ee B 1879 r. He nepepeny Ha HeMelKUMH 5ShIK *,

Tem Bpemenem amepHKaHcKHH ¢uank [Dxosaiia I'm66c Yunnapa
(1839—1903) ® Hayan cHCTeMaTHYeCKOe H3YY€HHe TEePMOJHHAMHKH
XUMHYeCKHX peakuHil H 3a nepuoa mexay 1874 u 1878 rr. ony6ankoBan
pax GonbluilX crarted, NOCBSIIEHHbIX TOMY BOTMpOCY.

* B 1892 r. sta paGora Cbl.ia nepecefieHa Ha pyccKuil sauik.— [Tpum. nepes,
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Tu66c BBen nousTHe csobodnan snepeus *. (Heo6xopumocTs BBe-
JIEHHs1 9TOro NMOHATHs Obis1a O0YC/0OBJIeHA T€M, YTO H3MEDHTh H3MEHEHHE
BEJTHYHHBH CBOOOAHON 3HEPrHH Jierde, YyeM HSMEDHTL H3MEHEHHe 3HT-
ponuu.) Jliobast XHMHYeCKash peaKIHsA COMPOBOXKAAETCH H3MEHeHHEM
cBoGoAHOM 3HepruH CHCTeMbl. llsMeHenue TenmocomepaHus crTporo
COOTBETCTBYeT YMEHBIUEHHIO CBOGOAHOH 3HEPrHH H yBETHYEHHIO 3HT-
ponuu. IlockonbKy OCBIYHO CaMONpPOH3BOJIbHBIE PEaKUHH CONPOBOX-
JaloTCsi  BblAeNeHHeM TelsIoTH, TO TemJIocofepKaHue CHCTEeMBI MpH
npoTeKaHHH TaKHX peaKuHil ymenbuwaercs. OnHako B HEKOTOPHIX,
XOTsi M CYHTAHHBIX C/1ydasX H3MeHeHHe CBOOOAHOH 3HepPrHH H 3HTPONHH
ObiBaeT TaKHM, YTO TeIVIOCOAEPIKAHHE CHCTeMbl YBeTHUHBaeTcsi, H
TOTJa CaMONpPOH3BO/MbHAs peakuHs HAET ¢ MOIJIONIEHHEeM 3HEPrHH.

['u66¢c Takxe noxasal, 4TO C H3MeHEHHEM KOHLEHTPALHH BEIlecTs,
o0pasyIolHX 3Ty CHCTeMY, cBOGOAHAs SHEPrHs CHCTEMBl IO HEKOTOPOH
creneHH Mensercs. TostoMy eciH cBoGOAHAsi SHeprHsi, Onpene/NeHHas
MpH CTaHAAPTHBIX 3HAYeHHAX KOHUeHTpauui, Anss A-+B uenamuoro
oTaHuyaercss oT cBoGonHod 3Hepruu C+D, To jpaxe HeGONbLIKHE H3ME-
HEeHHs KOHUEHTDALUMH MOTYT MPHBECTH K TOMy, 4To cBOGOAHas 3Hep-
russ A4B okaxerca Gosibluie HIH MeHblue, yeM cBOGOAHAsl IHEPrHs
C+D. B Ttakoii cucreMe HanpaBieHHe peakuUHH ONpeNensercd cooT-
HOILEHHEeM KOHLEHTpallH#, HO H B TOM, H B APYrOM HaNpaBJIeHHH peak-
uusl MOHAET CaMONPOH3BOJIBHO.

CkopocTb, ¢ KOTOpOil MeHsieTcsi CBOGOAHAs SHePrus NpH H3MEHeHHH
KOHUEHTPaUHH OTJe/bHOTO BeUIeCTBa, HAa3bIBACTCH XUMUYECKUM NO-
meryuarom cuctembl, H I'n66cy ynanock nokasaTb, YTO HMEHHO XHMH-
yecKHH MOTeHUHa] SBJSAETCH «ABHKYLIEH CHJIOH» XHMHYECKHX peak-
unii. XpMpyeckass peakudst HIeT CaMOMpPOH3BONBHO OT TOYKH C BhICO-
KHM XHMHYeCKHM MOTEHLHAaNoM K TOUKe ¢ HH3KHM XHMHUECKHM [OTeH-
LHaloM, NOXOOHO TOMY KaK TeloTa CaMOTPOH3BOJNBHO Mepenaercs
OT TOYKH C BbICOKOH TeMmmepaTypoll K TOuYKe C HH3KOH Temneparypoil.

Taxkum ofpasoMm, I'nG6c OGBACHHN CYyTb 3aKkoHa JeHCTBHS Macc.
On noxasal, 4To B COCTOSIHHH PAaBHOBECHsI CYMMa XHMHYECKHX MOTEH-
LHa/loB BCEX KOMIOHEHTOB CMECH MHHHManbHa. ECaH peaxuws Haum-
HaeTcss ¢ B3aHMojedcTBHs A-+B, 1o mo mepe o6pasopanus C+D oua
HJIeT BHH3 10 «CKJOHY XOJMa XHMHYECKOro noreHuuasna». Ecau peak-
uus HauuHaeTcsi ¢ B3aumofieiictBHa C4+D, 1o mo mepe oGpasoBanud
A--B oHa TaKe HJIET BHH3 «NO CKJOHY XoiMa». B cocrosinuu paBuo-
BecHsl JIOCTHTA€TCsi HHXHsisi TOUKA «3HEPreTHYECKOH sIMbl» MeXIy
ABYMSl «XOJIMaMH».

* [lo pewenuio MexIyHaPOAHOTO €003 HHCTON H NpHKJaJHOK XMMHH Telleph
naswisaerca swepeued I'ubbeca (G). Ona aBAAeTCA TepMOJAHHAMHUECKHM MNOTCHUHAIOM
U OfMHCLIBAeTCH PaBEHCTBOM

G=H-TS,

rae H — sutanbnus, S — snTponus, T — temnepatypa.— [Tpun. ped,
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(u66c npUMEHHST NPHHLHMMB TEPMOAHHAMHKH NMPH H3yYeHHH DABHO-
BecHsi MEXJy pasiHuYHHMH dasamu (3KH KO, TBeplo# U rasoobpasnoi),
BXOAAIIHMH B OfHY H Ty }Ke XHMHYecKylo cHcreMy. Hanpumep, Bona
KaK JKHJKOCTh H KaK BOAAHON Map (OJHH KOMIMOHEHT, ABe (hasbi) MOTYT
CYIILeCTBOBaTh BMECTE MNpPH PasS/IHYHBIX TeMNepaTypax H RaBAEHHSX, HO
ec/d TeMrepaTypa 3ajlaHa, TO JaBJeHHe Takxe ofpefenexo. Bora Kak
MHAKOCTh, BOAAHOH map H Jel (OAHH KOMMOHEHT, TPH (asel) MOryTt
CylecTBOBaTb BCE BMECTE TOJIBKO INpH o,u,noﬁ OHPEIleJIeHHOfI Temnepa-
Type H JaBJIEHHH,

[u66c paspaboran mnpoctoe ypaBHeHHEe, Mnpasuao ¢as, TO3BOJAIO-
ulee TnpefickasaTh XapakTep H3MeHeHHA TeMMepaTyphl, JAaBJeHHS H
KOHUEHTPAUHH Pas/NHYHHIX KOMIMOHEHTOB MpPH PAa3/HYHEIX COYETAaHHAX
YHEeJa KOMIOHEHTOB H (as.

Pabotel ['m66ca, oranvaiomuecs npenensHold OGCTOATENBHOCTBIO H
NOpasHTENbHEIM  H3AIIECTBOM, COCTABHJIH (YHAAMEHT COBpeMeHHO}
xumuseckold mepmodunamuxu. Ilpuuem 'n66c cpesnan Tak MHOro, 4tro
€ro nocjeloBaTe/H MO CYULeCTBY JIHLIL paspuBand ero Haed *. Opuako
o paGotax 'n66ca B EBporne y3Ha/H paseko He cpasy. Ilesio B TOM, 4TO
cratbu ['H66ca ObuH onyGnuKoBaHbl B «Tpyllax KoOHHEKTHKYTCKOH
8KaJeMHH» — H3JaHHH, COBEpIUEHHO HE H3BECTHOM BELYLUHM XHMHKaM
H (Qu3HKaM MHpa.

Karanus

B nocnenuei uersepry XIX B. lepmanus sanumana sefyuwee ro-
JioxeHHe B 06MacTH HccllefoBaHHsl (DH3HYECKUX H3MEHeHHH, CBSI3aHHBIX
€ XUMHYECKUMH peaKuusMH. Brijalomumcsi yuyeHsIM B 00/acTH ¢husu-
weckold xumuu Obi1 HeMeuku# xuMmHk ®puapux Buaereasm Ocrteanbj,
(1853—1932) ®. B ocHoBHOM Gnarofiapsi HMeHHO eMy (u3HYeckas Xu-
MHfl Obla MpH3HaHa camocTosATebHoOl Adcuumnauuofi, K 1887 r. on
Hanucan nepBbifi yuyeGHHK MO (GHU3HYECKOH XHMHMH H OCHOBal (BMecTe
¢ Baur-T'ojpom) nepsbiit :KypHan, NOCBALEHHBIA HCKITIOYHTENBHO 3TOM
ob6nacty xumum (Zeitschrift fiir physikalische Chemie).

OctBanbA Obl1 cpeli TeX eBpoNeHCKHX YUYeHbIX, KOTOpbie OTKPHLIH
H oueHHJH pabotet I'HGGca. B 1892 r. on mepesen cratbu ['mG6ca mo
TepMOJAHHAMHKE Ha HeMeUKHH fA3pik. OcTBa/bll NMOYTH cpa3y Ke Hayand
npumeHsT Teopuu ['n6GGca mpu H3yueHHH kamaauza. Karanus (tep-
MHH, npeanoxenuni BepuennycoM B 1835 r.) — uaMeHeHHe CKOpOCTH
XHMHYECKON peakuud B NPHCYTCTBHH HeOGOJIbIUMX KOJHYECTB BEIIECTB
(xamaauzamopos), KOTOphIE HE NMPHHUMAIOT BUAHMOrO y4YacTHA B peak-
uud. Tak, B 1816 r. IsBu ycTaHOBHJ, UTO MOpOIIKOOGpas3Has MJaTHHA

* TlpuBejieM NpUMEp OJHOFO H3 BaXKHBIX JonenHenuit. B 1923 r, ameprkanckuf
xuMuK J{xunp6epT HuwoTor Jbione (1875—1946) B knaccuyeeKoft KHANe Mo vepMozan-
HAMHKe BBeJl MOHSITHE AKMUBHOCMb. AKTHBHOCTb BELECTBA He TO Xe CAMOe, 49TO ero
KOHIEHTpauHs, HO CBASAHA C Hell. Y paBHEHHA XHMMUYECKOH TepMOJMHAMHMKH MOMXHO
CHesaTh Goslee TOYHHIMH B GOJlee ILMPOKHX Mpefleslax, eC/IH $8MeHHTh KOHUEHTPALHIO Ka
&KTHBHOCTB,
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BO MHOro pas YcCKopsieT MNpPHCOGAHHEHHe BOJOpOJa K KHCJIOpOAYy H
K pas/HYHbIM OpraHuYecKuM coeauHenusM. A Kupxrod B 1812 r.
foKasaJ, 4To KHC/JI0oTa 3HaYHTe/IbHO YCKOpAeT pacuiernJeHye psina op-
raHuueckux coeauHenudt. IlpuueM HH nyIaTHHA, HH KHCJIOTa B mpolecce
peakuHH He pacXopyloTcsl, KOJIHYECTBO HX OCTaeTcsl HeH3MEHHbIM.

B 1894 r, OcrBansh cocraBNfAa pedepar cTaTbH O TeMJIOTe CropaHus
NPOLYKTOB, KOTOpH# OH cofHpaJcsi ony6JHKOBaTB B CBOeM KypHaJe.
OpHako oH He GblA cOryiaceH ¢ BLIBOJAMH aBTOpa H, YTOObI MOAKPENHTHL
CBOM BO3paKeHHs, NPHUBJEK B KauecTBe MpHMepa fABJNeHHe KaTalu3a,

OctBanba yKasan, uto Teopusi ['uG6ca 3acTaBisieT NMPeAnosOKHTH,
4TO KaTa/Nn3aTopbl YCKOPSIOT peaklHH, He BbI3bBasi H3MeHeHHS B COOT-
HOLIEHHH 3SHepruil B3auMoJeHcTByIOWHUX Bemects. Karanusatop, yr-
Bepxsian OctBanbj, o6pasyeT ¢ HCXOAHBIM BelLIeCTBOM MPOMEXYTOUHOE
COeHHEHHEe, KOTOpoe pacfafiaeTcdl Ha KOHeYHble MPOAYKTH PeaKilHH.
[lpu pacnaje npoMexyTOUuHOro coefliHeHHs KaTadH3aTOp BLICBOOOXK-
BaeTcsa. B orcyTcrBue kaTanHsartopa, T. €. B OTCYTCTBHe 00pa3yemoro
KaTanu3aTopoM MpPOMEXKYTOYHOrO COeNMHeHHs, AaHHafd peaKuHd TMpo-
TeKaeT HaMHOro MeJlleHHee, BO3MOXKHO Jame MpaKTHUECKH He3aMeTHO.
Taxum 06pa3oM, KaTaJH3aToOp yCKOPAET peakiuio, HO caM NPH 3TOM He
pacxopyerca. Kpome TOro, MOCKO/JbKY MOJEKYJ/bl Karaiu3aTopa HC-
NOJb3YIOTCA CHOBA W CHOBa, A/ YCKOPEHHSl peakuuH 6OMbLIOoro KoJH-
yecTBa BELIECTB AOCTATOYHO HeGOMBILOrO KOMHYeCTBa KaTa/lH3artopa.

3roT B3TNIAA Ha KaTa/H3 coXxpaHsercsl H cerofna. On nomor ofGbsc-
HHTh MeXaHH3M AeHCTBHA OeJKOBBIX KaTa/lH3aTOpOB (MM ¢hepmenmos),
yNpaBMfAIOWHX XHMHUECKHMH PEaKUHAMH B XKHBBIX TKaHAX *.

OcTBanbll Gb1 MOC/NENOBATENEM MPHHUHNOB aBcTpHiickoro ¢H3HKa
d ¢unaocopa DpHcra Maxa (1838—1916), cuuraBluero, yTo yueHnle
JIOJIKHBl 3aHHMAThCSl JHILL TaKHMH npoGieMaMy, fpH H3YYeHHH KOTO-
PBIX MOXHO TNDHMEHHTH MNpAMbIE H3MepeHHs, H He JOJMXHBI CO3laBaTh
«mofenefi», Ga3UPyIOMAXCA TOMBKO HAa KOCBEHHBIX JOKA3aTeJqbCTBaX.
Tak, OcTBasby OTKa3biBaJCA TNPH3HATh PEaJbHOCTH CYUIECTBOBaHHS
aTOMOB, MOCKO/MBKY MpPAMBIX AOKA3aTe/NbCTB HX CYIIeCTBOBAHHA MO-
AyueHo He 66110. OH 6bIT MOCAEAHHM KPYMHBIM YYeHLIM, HE NPH3HABaB-
IUMM aTOMHCTHYECKYIO TeOpHiO (XOTd, pasymeeTcsd, OH He OTpHLAJ ee
noJesHocTs) * ¥,

3nech HeOOXOQHMO CKasaTh HECKOJBKO CJIOB O GPOYHOBCKOM JBH-
JKeHHH — ObicTpoM  GecrnopAfioUHOM JBHXKEHHH HeOOMBIIHX YacTHL,
B3BellIeHHHIX B BOJE, KOTOpoe BlepBuie HaGmiofan B 1827 r, woraaup-
ckufi Gorauuk Pobepr Bpoyn (1773—1858).

* Hakonnenue 3naiufi B 061acTH GHOXHMHH (T. e, XMMHUECKHX peaKuH#, ofby-
HO PeryJHPYeMHIX (pepMEHTaMH H POMCXONALIHX B XKHBH X TKAHAX) B HacTONWEH KHHTe
3aTparuBaeTcs JMUIb BCKOAb3b. ITOT BONpoc 6oJiee MOAPOGHO pacCMATpHBaeTCH B KH.
«Kparkas HcTopus 6HosorHu» (Asumos A. Kpatkas ucropus 6uosoras. [ep. ¢ anra.—
M.: Mup, 1967).
** O teopuecrse B. OctBasibaa, KoToporo B. W, JlennH Ha3sas «oueHb KPYNHLIM
XHMHKOM, HO OYeHb MyTaHslM uiocogoms, cm.: Podueul H. H., Coascsvee IO, H. Bunp-
reqbm Octsanba. 1853—1932,— M.: Hayka, 1969.— [Tpus. ped,
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Hemeuxufi ¢pusuk AnsGept Ditnwreiin (1879—1955) 8 1905 r. no-
Ka3aJl, yTo 3TO /iBHAKeHHe MoxeT ObiTh 00ycsoBaeHo GomGapAHpPOBKOH
YacTHIL MOJIEKY/IaMH BOJBI, TOJNKAIOWHX MOJIEKYJIbl TO B OAHY, TO B ApY-
ryio CTOpoHy. SHHIUTEHiH BbiBel ypaBHEHHe, C IMOMOIIBIO KOTOPOro
MGXKHO BBIYHCJ/IHTB Jl,el?{CTBHTBJ'leHE pa3sMmepbl MOJIEKYJI BOJbI, onpene-
JIIB Npe/iBapHTeNbHO TMapaMeTpbl ABHXKYLUIMXCA YacTHIL.

@Opannyackuit pusank Kan Batucr Ileppan (1870—1942) npogen
B 1908 r. neo6xoguMbie H3MepeHHS H TMepBLIM OLEHHJ AHAMETP MOoJie-
KyJ, a clefioBaTeslbHO, H aToMoB. C OTKpLITHEM GPOYHOBCKOTO NBHIKE-
HHUA YyYeHble BNEpPBble CMOL/IH B ONpeleneHHOfi Mepe HenoCpeACTBEHHO
HabnofaTh NefcTBHe, OKa3blBaeMoe OTAeNBHBIMH MOJIEKYJaMH, TaK YTO
naxe OcTBajbj, A0 TeX MOp YNOPHO OTPHUABIIHA aTOMHCTHYECKYIO
TEOpHIO, BhIHYXKAEH Obl/ CHAThCA.

Harcknfi ~ pusuko-xumuk Xennpuk Bunnen DBakxefic  PoseGom
(1854—1907), kak u OcrBanbl, NO AOCTOHHCTBY OleHHJ paborsl ['HG6ca
H BesiYeCKH (MPHTOM BechbMa YCTelHO) crocoGCTBOBal MX MONyJspH-
saunn B EBpone,

B 1899 r. tpyasl 'n66ca Gbiiy mepepefieHs! Ha QPaHIY3CKHA A3BK
Aupu Jlyu Jle llarense (1850—1936). dusuko-xumuk Jle [llarense
B HacTosflllee BpeMa HauGosee H3BECTeH KaK aBrop mpasuaa (1888 r.),
NoNyuHBLIEro HaspaHHe npunyuna Jle [llamease. CoriacHo 3ToMy
npaBuJy, Ji060€ H3MEHEeHHe OJIHOTO H3 YCJIOBMH paBHOBeCHS BbI3bIBaeT
CMellleHHe CHCTEMbI B TAKOM HallpaB/eHHH, KOTOPOe yMeHbluaeT Mepso-
HayaAbHoe H3MeHeHHe. JIpyrumH eJoBamH, ec/qHM cHCTeMa, Haxons-
1asacA B COCTOSHHH PaBHOBECHH, MOJABEPraeTcs BO3JIGHCTBHIO NOBbILICH=
HOro JiaB/eHHSl, TO OHa MNepeeTpaHBaeTcAd TakuM obpa3oM, uToOH 3a-
HHMaeMoe €l0 MPOCTPAHCTBO OBLIO KaK MOXHO MeHblie, TaK Kak /JaB-
JeHHe TIpH 3TOM NOHH3HTCA. [lofbem TemnepaTypnl BhI3LIBaeT TaKHe
H3MeHeHUsl, KOTOPbIE COMPOBOXKJAAIOTCA MOTJIOUEHHEM TemJa H, TaKuM
obpasom, TOHHXKeHHeM TeMnepaTypel H T. A. Kak okasamoch, XHMH4Ye-
ckaa TepMmoiMHaMmiKa ['H66ca detko obbacHana npuuuun Jle Hlatense.

Heckonbko 3anosfanoe 3HakoOMCTBO eBpoOfeACKHX y4YeHBIX C Tpy-
Jamu 'u66ca, GesycNoBHO, 3aMelJIWJIO Pa3BHTHe (H3HYecKOl XHMHH,
HO JIHIUb JO HeKOTOpOH crenend, nMocKosbKy B 80-X rogax mnpoiuioro
BeKa Bant-I'odd npuiien kK Tem e BblBofaM He3aBHCHMo oT ['uG6ca.

Banr-T'odd Bnepsoie cTal u3BecTeH B yyeHOM MHpe OGJaromaps
OTKPBITHIO TeTpa3ipHYecKoro aroMa yrjepofa (cM. ra. 7), OXHaKo
BNOC/IEAICTBHH OH 3aHAJAcA (H3HYecKOA XuMHefi H cTan KpynHe#duM
(nocie OcrtBanibia) asTOpuTeTOM B 3Toi obaactu xinvun. Baut-Topd
3aHMMaJCs, B YacTHOCTH, H3yyenHem pacTBopoB. K 1886 r. eMy yrna-
JIoch TIOKa3aTh, 4TO MOBeJeHHe MOJeKYJ PacTBOPeHHBIX BellecTe, Oec-
MopALOYHO NepeMemalomuXxca B Macce XKHIKOCTH, B KOTOPOH OHH pacT-
BOpEHbI, OMHCHIBAETCA NpPHMEPHO TEMH e MpaBHJaMH, yTO H ToBefe-
HUE rasos.

HoBbie Heenenosanua B obmacti GH3HUEeCKOH XHUMHM TOKasalu, 4To
XHMUYeCKHe peaKUHMH CBfi3aHbhl HE TO.ILKO C TellJIOM KaK TaKOBBIM, a
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ckopee ¢ sHepruefi pooOmwe. HanpuMep, XHMHYeCKHe peakuHu MOTYT
BLI3LIBATh MOSBJEHHE 3JEKTPHYECKOro TOKa, a 3JeKTpHuecKHH TOK
B CBOIO O4YepeAb MOXMKET BbI3bIBAaTh XHMHUYECKHE peaKUHH.

Hemeuku#i ¢pusux Bansrep 'epmann Hepuer (1864—1941) npume-
HHJ1 MPpHHUOHNB TepMOJHHaAMHKH K XHMHYECKHM pearkuHaM, ﬂpOHCKO-
AAIWHM B 3JeKTpHUecKoli Garapee. B 1889 r. on nokasax, uto, HCMOJb~
3yd XapaKTepHCTHKH Noagy4yeHHoOro TokKa, MOXHO pacCyHTaTb H3MeHe-
HHe cBOGOAHOM 3Hepruu, o0yc/oB/IeHHOe XHMHUECKOH peakuHeH, B pe-
syJbTaTe KOTOPO# MOABJSETcs TOK.

Cper mpeacraBaser cofoil eme oany ¢opMy 3HEpruH, KoTopas
MOmeT ObITh TONydeHa B pe3yJbTaTe XHMHUYeCKHX peaKUHH H, Kak
3To GblI0 MoKasaHo eme Ao HacTynsienus XIX B., B cBowo ouepens
MOXeT HHHUHMHPOBATh XHMUYECKHe peakuMH. B 4acTHOCTH, CBeT BHISBI-
BaeT pa3JiOKeHHe HEKOTOPBIX CcOoeAulieHHA cepeGpa, BbicBOOOKIAA
uepHble 3epHa MeTajna. O6G/acTb XHMHH, H3yvyalouas TakdHe HHAYUH-
pyeMbie CBETOM peaKUHH, HasbiBaeTcs (homoxumuell (CBeTOXHMuEid).

B 30-x rozax npowvioro Beka Obl1a pa3paGoTaHa MeTOAHKA MOJY-:
YyeHHs1 H300paeHHs] C MOMOLILIO COJTHEYHOro CBeTa, Bo3JeficTByloliero
Ha cepeGpo. Ha creknaunylo naacTHHKY, a nMo3jgHee Ha THOKYIO MJIEHKY
HAHOCHJH cJofi coefuHeHn#l cepebpa. C moMombio cucreMsl (oKycH-
PYIOIIUX JIHHS TakKad TNJacTHHKa TNofBepraercss BO3JeHCTBUIO CBeTa,
OTpaxKeHHOro oT ¢gortorpadupyemoro ob6bvexTa. [lake KpaTKoBpeMeHHoe
of6JlyyeHHe CBeTOM BRI3bIBAET pas/ioxeHHe coeMHeHuA cepebpa. Ha pas-
Hble YYacFKH CBeTOUYBCTBHTEJNHHOIO CJIoF BO3JeHCTBYeT pas/iHYHOe
KOJIHYeCTBO CBETOBOH SHeprHH B SaBHCHMOCTH OT TOro, Kakodl orpa-
XKatowleli crnocobGHOCTEIO 06/afaloT OTAeNbHbIe TOYKH cotorpacdupye-
Moro oObeKTa.

INocne koporkoro o6nyuYeHHA NNACTHHKY HJH MJeHKY o6pabatsi-
BAlOT PacTBOPOM XHMHKATOB (NPOABASKIOT) ¢ TeM, 4ToObl BOCCTAHOBHTH
coellHHEeHHA cepefpa B CBETOUYBCTBHTEJILHOM C/oe [0 METaJJIHUECKOro-
cepebpa. B Tex mMecTax MIacTHHKH, KOTOphe MOABEPTJIHCH BO3AEHCTBHIO
Gosee ApKOro cBera, BOCCTAHOBJEHHE MPOHGXOJHT OLICTpee, MOCKOMBKY
Me/ibuaiiliie KPHCTANIHKH MeTa/sHuecKoro cepeGpa, o6pa3oBaBlIHecs
npH HAeHCTBHH CBeTa, CJAYXKaT SapoAblilaMH, Ha KOTOpble OTKJafbl-
BaeTcsl JONONHHTeJNbHOE KOJHYeCTBO cepeGpa npH mposBieHun. Ecim
BOBpeMsl NpPeKpaTHTb MpPOLeCC MPOSBIEHHs, TO Ha CTeKJIAHHON miac-
THHKe MOJMY4HTCH YepHO-Genoe H3o6paxkeHHe (YepHoe — MHKPOKpHE-
Tansl cepeGpa, 0enoe — HEBOCCTaHOBJIEHHbe COJMHeHHs ecepelpa),
o6paTHOE MO MJOTHOCTH HCXOINHOMY H3o0paxeHMlo (HeratuB). Hesoc-
CTaHOBJ/IEHHBbIE COelHHEHHs cepefpa ylaasior ofpaboTkoil B eneuHanb-
HOM pacTBOpPE ((PHKCHPOBaHHe), NOCKOJBKY OHH COXPaHAIOT CBOIO-
CBETOUYBCTBHTENbHOCTH. [IpofiBJeHHBIl M OT(UKCHpOBaHHbI HEraTHB.
mocjie CYHKH MNPOELHPYIOT HA MOBePXHOCTh MAOTHOH GyMard, Kak w
NJIeHKa MOKPLITOH CBETOUYBCTBHTE/ILHBIM CJIOEM Ha OCHOBE COeJIMHeHHH
cepeGpa.’ Ilocaenyiomas obpaborka ¢orofymaru, coBeplLIeHHO aHaso-
ruyHaa obpafoTke MNEHKH, MO3BOJASET MOJYYHTh PeajbHoe H300paKe-
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HHe opuruHana (mosuTHB). ITOT npouecc Obl1 HassaH gomozpagued
(cBeTOMHCHIO).

PassuTHio TexHHKH ¢oTtorpaduu crnocoGeTBoBain paHLy3CKHHA
¢usuk YKosep Hucedop Heenc (1765—1833), dpanuwysckuit XyLoKHHK
Jlyn )Kak Manpe [arep (1787—1851), auramfickuéi u3obperaTenn
Yuneam I'enpu Poke TanGor (1800—1877) u Muorme Apyrue.

Boabluofi HHTepec yueHbIX BbI3bIBaJIH MpOLECChl, B KOTOPBIX pPOJb
CBeTa MOXKHO CpDaBHHTb C JeficTBHeM KaTasiu3atopa. Hanmpumep, mpu
KPaTKOBPEeMEHHOM O0/TyUYeHHH SIPKHM CBETOM CMeCH XJopa C BOAOPOAOM
peakuHsl MeXJy STHMH rasaMH NpOTeKaeT CO B3PLIBOM M NPaKTHUECKH
JO KOHILa, TOr'la KaK B TEMHOTE XJIOp M BOAOPOJ BOOOILe He peardpyior.

HepHcT 06bSICHHA NPHYHHBI Takoro BJAHAHHA ceeTa. [lpu obayue-
HHH CMeCH CBeTOM (Jlaxe KpaTKOBPEeMeHHOM) MoJjieKyJja XJiopa paciler-
Jsgercd Ha JiBa OJAHHOYHBIX aToMa. AToM X/mopa (KOTOpbiii HaMHOro
aKTHBHee, YeM B COCTaBe MOJIeKyJbl) OTPhIBaeT aToM BOJXOPOAa OT MO-
JeKyJsl Bojopojaa H ofpasyeT MoJeKyJay XJopuia sojopopa. OcTas-
mufics aToM BOJOPOJA OTPBIBAET aToM XJopa OT MOJeKyJ bl XJ10pa;
OCTaBLIMACA aTOM XJIOpa OTpPHIBaeT aToOM BOJAOPOAa OT MOJEKYJ bl BOAO-
poAa u T. A. Takum oOpasom, Jaike He3HauHTeJlbHOe OOJyueHHe BbI3H-
BaeT (POTOXHMHUECKYIO yenuyro peaxyuro, Kotopasd NpPOTEKaeT cO CKO-
pOCTbIO B3phIBa M 3aBepliaeTcsl ofpa3oBaHHeM OOJBLIOTO KOJHYECTBA
MOJIEKYJl XJIOpHJA BOJOPOJA.

Honnas auccoumnanus ¥

KpynuefiuinM ¢usuko-xumukoM Ha pybee XIX—XX BB. Hapsapy
¢ Baur-T'opdom u OcTBasbiom Obut wBeackuft yuenni#t CBanre Asrycr
Appennyc (1859—1925) ®. Eme O6yayun CTyIeHTOM ¥ nca/bCKOro
YHHBepCHTeTa, AppeHHYC 3aHHTepecoBasics MeKTPONHTAMH, T. €. pacT-
BOpaMH, CMNOCOGHBIMH TNpOMNYCKaTh 3JEKTPHYeCKH# TOK.

W3 ycranoBnienHblx PapajeeM 3aKOHOB 3/€KTPO/IH3a BHITEKANO, 4TO
3/MeKTpHYECTBO, NOJOGHO BellecTBy, OOGYC/IOBJEHO CYIIECTBOBAHHEM,
IBHIKEHHEM H B3aHMOJeAcTBHeM MespYallIMX uwacTHL (cM. ra. 5).
Dapanefi Bes peys 00 HOHAX, KOTOPhIE MOXKHO pacCMaTpPHBaThb KaK dac-
THILL, TepeHocsAlHe MEKTPHUECTBO yepe3 pacTBop. OnHaKO B TeueHHe
clepyloulero TONYCTOJIETHS HH OH H HHKTO ApPyroif He 3aHHMaJjCs
Cepbe3HO H3YUYEHHEeM MPHPOAbI TAKHX HOHOB, XOTA PaGoOThl B 3TOM Ha-
npaBiaeHHHd BooOule-To Besnck. B 1853 r. HeMeukuit ¢usnk Horansx
Bunsrensm Turtopd (1824—1914) ycranoBua, 4To ogHH HOHBI Tepe-
MewjaoTes GbicTpee APYTHX. D10 HaGMOAeHHe MPUBENO K MOABJEHHIO
NOHATHA HUCAO HepeHoca — XapaKTEepHCTHKH, 3aBHCALlEH OT CKo-
pOCTH, C KOTOpPOH OTAeNbHble HOHBl MEepeHOCHAT 3JMeKTPHYeCKHH TOK.
Opnnako Jaxe nocsie TOro, Kak XHMHKH Hay9HJHCh PacCYHTBIBATb 3Ty
CKOPOCTB, BONpPOC O MpPHpPOJE HOHOB OCTaBAJCs OTKPbITHIM.

AppeHHyc 3aHAJCA HCCAENOBaHUAMH B o6nacTH (usHyecKod XHMHH
nocaie 3HakomcTBa ¢ paGotofi ¢paHumysckoro xumuka ®Ppancya Mapu
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Payna (1830—1901). Kak u Baut-Todd, Paynbp uayuan pacTBOpHL
Hau6oabwero ycrnexa Payab poctur B 1887 r., Korja ycraHoBHJ, 4TO
napuHa/jbHOE [aBJIeHHe MapoB PacTBOPHTENf, HaXOAALUIHXCA B COCTOS-
HHH PaBHOBECHA C PacTBOPOM, MPOMOPLHOHANBHO MONAPHOH KOHLLEHT-
palHH pacTBOPHTE.

3ra 3aBHCHMOCTb, HM3BeCTHas HaM KaK 3axoW Payara, MO3BOMHIa
anGﬂHBHT&’leO MNOACYHTATD OTHOCHTEJNbHOE YHCJIO YacCTHL (a'romon,
MOJIEKYJT HJIH 3arafloYHbIX HOHOB) pacMBOpeHHO020 Beudecmsa W pacmeo-
pumeas (RUAKOCTH, B KOTOPOH PACTBOPEHO JaHHOe BELIeCTBO),

B xone 3THX uccnenoBaHuil Payab H3MepAsn TeMmepaTyphl 3amep3a-
HHA pacTBopoB. Kak BBIACHH/IOCH, TeMIepaTypa 3aMep3aHHA pacTBOpa
Bcerja Oblia HHXKe TeMmeparyphbl 3aMep3aHHf YHCTOrO PacTBOPHTENA.
Paymo ynanoch 1noKasaTb, YTO MOHHXKEHHe TeMIepaTypbl 3aMep3aHHs
NpONOPUHOHAIBHO YHCIY YacTHL PacTBOPEHHOrO BELLECTBA, MPHRYTCT-
BYIOHMIUX B pacTBope.

OpHako Ha 3TOM 3Tafne CHTyalHs ycJOXHHJAach. JIorHuHo Oblio
NpeANnoJOxHTb, YTO NMPH DACTBOPEHHH, HalpHMep B BOJE, BelECTBO
pacnajaerca Ha OTAebHele Mojaekyasl. OaHako HabMofaeMoe NMOHHKe-
HHe TeMnepaTypsl 3aMep3aHHsi COOTBETCTBOBAJIO MpEANo/iaraeMoMy
TO/MIKO B TeX CJy4adaX, KOrja pacTBOpAJcA HE3JIEKTPOJHT, HampHMep
caxap. [lpu pacTBopeHHH snexTpo.HTa THna moBapeHHofi coau NaCl
NOHHIKeHHe TeMMepaTyphl 3aMep3aHHsl BABOE MPEBHIILANO OXHIAEMOE,
T. €. YHCJO YacTHIl, CONepXaUMXCA B DACTBOpe, JOMKHO ObLI0 OLITh
B ABa pasa 6oJiblie YHCNA MONIEKYJ COMM. A NMpH pacTBOPEHHH XJOpHIa
Gapusi BaCl, uncso wacTuil, HaXoasMXcsi B pacTBOpe, JOMKHO GbIIO
NpeBBILIATh YHCAO MOJIEKyJ BTpoe.

Kak H3BeCTHO, MOJeKyJia XJIOpHJA HAaTPHA COCTOHT H3 JBYX, a MO-
Jekyna XJopuia Gapusi — M3 TpeX aToMoB, H AppeHHyc mnpumen
K MBICJH, 4TO NpH pACTBOPEHHH B PACTBODHTeNAX, MOJOGHLIX BOJe,
onpejleneHiasl YaCTb MOJIEKYJT pachiajaeTcd Ha OTAeNbHble AaTOMbI.
Bosiee Toro, mockKonbKy 3TH pacraBIUHEcCs MOJIEKYJb MPOBOAAT 3JEKT-
pHYECKHA TOK (B TO BpeMs KaK MOJIeKYJibl, MOJAOGHBIE MOJIEKY e caxapa,
He pacrnajfaloTcs U He MPOBOAAT 3JeKTpuuecKufl Toxk), AppeHuyc mpeg-
MOJIOKAA, UYTO MOJEKyJsl pacnafgaiorcd (HJIH JAHCCOUHHPYIOT) He Ha
oOblUHBIE aTOMbl, 3@ Ha aTOMbI, HeCYIIHe 3JeKTPHUecKH# 3apap.

AppeHnyc NpeAnooXHJ, Y4TO HOHbI (Papafes — 3TO aTOMbl (MJIH
TPYNnbl aTOMOB), HECYLLHE MOJIOKHTEIbHbIA HIIH OTPHLATENLHBIA 3JIeK-
TpHyecku#i 3apaa. Mowel nu6o camu npeAcTaBaAfAlOT co00i «aTOMbI
3/eKTpHYecTBa», JHO0 HeCYT 5TH «aToMbl 3jeKTpuuectBa». ([Tocsrennee
NpeanoJoxeHie B KOHEYHOM CyeTe OKasanoch BepHbiM.) C moMouibio
CO3JaHMOH HM TeOpHM UOoHHON Ouccoyuayuu AppeHHYC OGBACHHJ MHO-
THe 3JEKTPOXHMHUecKHMe fBJeHH:.

Hauen AppeHuyca, uaioxenubie 8B 1884 r. B IHccepTauny Ha CTeNeHD
JoKTopa Hatypdumocodun, ObIAH BCTpedeHH OuYeHb Xos0AHO. [luccep-
TalHIo eiBa He OTKJIOHUJIHM, OfHaKo 3a npefiesiaMi IlIpeunn oHa BeisBasa
6onbioit narepec. OcobeHHO Xopoluee BHevaT/ieHHe oHa NMpPOH3BeJla Ha
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OcTBaNbAa, U OH NpeanoXxua Appenunycy mecto B cBoeil 1aGopaTopuH,
OctBanbp moanepxuBan AppeHnyca B mJaHe NpOAOKeHHA paboT
nocnefHero B 00sacTd (DH3HYECKOH XHMHH.

B 1889 r. Appennyc BbIABHHYJ ADYTylO MIOKOTBOPHYIO Haeio. OH
yKasaJ, 4TO MOMEKYJbl, CTaJKHBasCh, He pearHpyloT, eclH He ofsa-
JAI0T Onpefie/IeHHHIM MHHHMYMOM SHEPrHH, HHaue roBops, sHepauell
axkmusayuu. [1pn Maoit SHEPrUH aKTUBALMH PeaKUHH NPOXOAAT GICTPO
H OecnpensTCTBEHHO, MPH BBHICOKOH 3HEPrHH aKTHBALHH PeaKIHs MOXeT
mporekath ¢ OecKOHe4yHO MaJjiofi cKopocTbio. Ecaiu ke B nocnelHeM
ciydae MOAHATH TeMnepaTypy HAcTO/bKO, 4TOObl psifi MOJIEKYJ npuob-
pesl HeOOXOAMMYIO 3HEPTHIO AKTHBALMH, TO CKOPOCTb PeaKIHH MOMKET
PE3KO MOBBICHTLCA M Ja)ke 3aKOHYHTbCA B3puiBOM. [IpHmepoM Takof
PeaKklUHH MOXKET CJyXKHThb peaKkUHs cMecH BOJOpPoja H KHCJOpOoZa:
nocje JOCTHMEHHSA MEeMNepamypb. 60CNAQMEHEHUs CMECh B3pbIBaeTcCH.

OcTBanbl yAayHO HCMONB30BaA STy HJAECIO B pa3paboTaHHON HM Teo-
puH kataausa. OH nokasas, uTo ofpa3oBaHHe MPOMENKYTOYHOrO IMpo-
AyKTa B BHAE COEAHHEHHA C KaraiausaTopoM (cM. pasil. «KaTanu3»)
TpeOyeT MeHbLIEH SHEepPrHH aKTHBALHH, YyeM HenocpencTseHHoe obGpaso-
BaHHE KOHeYHBIX MPOLYKTOB PeakLHH.

Eme o rasax

B konue XIX B. B nepuoa pacusera ¢u3HuecKOH XHMHH ydeHhie
BHOBL Haua/lH H3yyaTh CBOHCTBA rasoB, MOJb3ysAcb pa3paGoTaHHLIMH
K TOMY BpeMeHH HOBBIMH YCOBEpLICHCTBOBAHHBIMH METORAMH.

Tak, ¢panuysckuit xumuk Anpn Bukrop Penbo (1810—1878)
nposes 6oJbLIOe KOJMYECTBO TILATebHbIX H3MepeHHH# 06BbEeMOB H JaB-
JieHu# razoB M MOKasas, YTo ycraHoBJeHHaa BofineM 3a TpH cromeTHs
JI0 9TOTO 3aBHCHMOCTb MeXAy OObeMOM W JaBjieHHeM JaHHOrO KOJIH-
uecTBa rasa He BnosHe TouHa. [Ipuuem oTk/OHeHHS OT 3aKoHa HaGumio-
AatoTcsl IVaBHBIM 00pa3oM NPH YBeJHYEHHH AABJEHHA HJIH NpPH MOHH-
JeHHH Temmeparypsl.

[IpumepHO B TO e camOe BpeMs aHa/JH30M MOBENEHHA ra3oB 3a-
HHMaqduch woTaaHACKHA ¢usuk Lkefimc Kaapk Makcsenn (1831—
1879) u ascrpuiickuii pusnk Jhomsur Bonsuman (1844—1906). Itu
yueHble ycTaHOBHJH caeaylomee. Ecan npeanosoxuts, yTo rassl mpef-
craBagior coboit coBOKymHOCTb Gosibuioro uYucia GecnopaloyHO ABH-
KYyUlMXca yacTdll (KuHemuveckas meopus 2a308), To 3akoH Bofina Bei-
MOJTHAGTCA B TOM CJIyyae, ec/id, BO-NIePBLIX, MEXKIY MOJEKY/laMH rasa He
NefiCTBYIOT CHJBl NPHTSMKEHHA H, BO-BTOPBIX, MOJEKYJBl rasa HMeT
HyJeBble pa3Mepbl. [asel, oTBevawoilHe 3THM TpefosBanHaM, Obuiu
Ha3BaHBl UOCAAbHLIMU 2A3aAMU.

Hu oaso u3 sTuX TpeboBaHHi He COOTBETCTBYeT NeHCTBHTE/ILHOMY
NOJIOKEHHIO Je/: MOJIEKYJIHl ra3oB UCNBITHBAIOT JAeHCTBHE CHJ MPHTA-
JeHHA, XOoTA H HebOJBLIOrO, MOJEKYJbl ra3oB Ype3BblYailHO MaJsl, HO
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BCe e HMEIOT OnpefielleHHble KOHeuHsle pa3Mepel. OnpeneneHnio euae-
alJlbHbI ras» NPakTHYECKH He COOTBETCTBYeT HH OILHH H3 H3BECTHBIX
rasoB, XOTfl CBOHCTBA BONOPOAa H OTKPHITOro nosgHee reaus (cM. ra. 8)
pecbMa OaH3KH K CBOMCTBAM HJeajbHOro rasa.

B 1873 r. roananackuii pusnk Morannec Junepuk Ban-nep-Baaanc
(1837—1923) BBIBen ypaBHeHHe, cBf3biBaloulee JabjeHHe, o0beM H
TeMIepaTypy rasoB. DTo ypaBHeHHE BKJ/IOYaeT JBe KOHCTaHTHl a u b
(XapaKTepHble AMA KaXAOrO rasa), YYHTHIBAIOUIHE pasMep MOJEKYJ
rasoB H NPHTAXKEHHe MEXAY HHMH,

H3syueHne cBOHCTB rasoB MOMOIJIO PEWIHTh MpobJaeMy HX CHKHKEHH:,
HKupkuit ammuar Ob1 moayued eme B 1799 r. nyTeM oxnakAeHHsA MOA
JaBJjieHHeM rasoo0pasHoro aMMHaKa (C MNOBBILIEHHeM JaBJeHAs MOBhI-
1IaeTcA TeMneparypa, NpH KOTOpOH CXHiKaeTcs ras, H HamHoro ofner-
yaerca npouecc cxkuxkeHua)., OcobeHHO MHOTO 5THM BONPOCOM 3aHH-
Manca Papageit. K 1845 r. eMy ynanock CKHXHTb pAJ rasos, B TOM
yucse XJop H aHokcu] cepbl. Cpa3y ke, Kak TOMBKO JaBjeHHe CHHXKa-
JIOCh 10 HOPMAJbHOrO, CXKHIMKEHHBIH ra3 HauuHaj ObICTPO HCMapAThCA.
IlockoabKy mpouecc HCMapeHHA NPOXOAHT C [OIVIOUIEHHEM Temia,
TeMmrnepaTypa oCTaBlueficsi JKHAKOCTH Pe3Ko NOHHKajgack. B stux yc-
JOBHAX MKHUIKHA JHOKCHJ yrJepoja 3aTBeplesald. (CMemaB TBepAblil
AHOKCHA yriepolia ¢ 3bupom, Papajeft cMOr MOHH3HTL TeMHepaTypy
a0 —78°C.

OpHako Bce MOMNBITKH CXRHMKHTR TaKHe raskl, KaKk KHC/IODOZ, a3orT,
BOJOPOA, OKCHJ YrJIepojia H MeTaH, OKasasucb HanpacHuiMi. Papajeio
He YAaJochb HX CXHXHTb Jaxe NpPH OYeHb BbICOKHX JaBJEeHHAX. ITH
rasbl CTajH Ha3bBaTb <[IOCTOAHHEIMH ras3aMH».

U tem He Menee B 6(-x rogax mpowsioro BeKa HpJlaHACKHH XHMHK
Tomac duapioc (1813—1885), nayuaswnii AHOKCHA yrsepona, cymel,
MeHsISl TOJIbKO AaBJIeHHe, CXKHIKHTb 3TOT ra3. Me//ileHHO MoBHILAA TeM-
nepaTtypy, OH YCTaHOBHJI, KaK NpH 3TOM HeoOXOAMMO MOBHIUATH [aB-
JleHHe, YTOOBl COXPaHHTh AHOKCHA YrJepola B JKHAKOM COCTOAHHH.
Briacaunocs, yro npu Temneparype 31°C nioGoe napienne 0KasniBaeTcs
nefoctatoudbiM. [Ipu 510l Temneparype rasooGpasHas U xuiKas passl
(haKTHYECKH, €CJTH TaK MOMHO BBIPA3HThCSH, «CMJIaBJeHbl» BMECTe H
MoSTOMY HepazAeqHMbl. JiApioc npeanonoxkua (8 1869 r.), uro aas
KaXK/IOTO ra3a CYLLECTBYET KpUMmMuHecKas memMnepamypa v 4to NpH TeM-
nepaType Bbille KPHTHYECKOH CIXKHMKHTb ra3 He yaacTca Oame MpH
odeHb BBICOKHX AaBjieHusx. ChejsonartesibHO, «IOCTOSHHBIE Ta3bly —
3TO MPOCTO-HAMPOCTO Ta3pl, KPHTHYECKHE TEMMEeparypsl KOTOPHIX rc-
pas3fio HHKe TeMmepaTtyp, AOCTHXKHMbIX B J1a60paTOPHBIX YCJOBHRX.

Tem ppemeteM Jxkoyns u Tomcon (cm. pasa. «Tensora») npu u3y-
UEHHH TemJIOTHl OGHADYMKHJH, YTO rasbl MOLYT OXJamAaThbCsl, eCH HM
fiaTb BO3MOKHOCTb pacilHpHThCA. TaKHM 00pasoM, ecaH JaTh rasam
paclIHPHTbCSl, & 3aTeM CHOBA CKaTb B TaKHX YCJNOBHAX, NMPH KOTOPHIX
[oTepH TennoThl He GYAYT BOCMOJAHATbCA, a 3aTeM CHoBa JaTh rasam
pacIUHPHTBCA W NOBTOPHTH 3TOT LHKJ HeEKONBKO pa3, TO MOXHO JO-
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CTHUL OYeHb HH3KHX Temneparyp. Kak TosbKO TeMmeparypa rasa cHH-
SHTCA HHMKE KPHTHYECKOH, MOXKHO MOBLICHTb JaBJIeHHE H CXKUXKHTb ras.

Hcnonbaya stor Mmeron, ¢panuysckuil ¢usuxk Jlyw Ilonn Katiere
(1832—1913) u wuselinapckufi xumuk Payap Ilukre (1846—1929)
K 1877 r. CXHXHIH TaKHe rasbl, KaK KHCJIOPOZL, a30T H OKCHJ yrJe-
pona. ONHAKO CXKHMKHTL BOJOPOA HM TaK H He YJasocCh.

PaGora Bau-zep-Baanbca acHo noka3sana, uTo Ang Bofoposa 3ddexT
Ixoynsn — Tomcona HabalofaeTcs TOJIbKO MOC/Ae TOrO, Kak Temmepa-
Typa ero CHH3HTCA HH)KE HEKOTOporo omnpefeneHHoro 3HauyeHHA. M
uTOGBI CHH3HTH TEeMNepaTypy BoAopoja Ao TpefyeMoro 3HaueHHs, fnepen
npoBefieHHeM LHKJA pacliMpeHds ra3 cJIelyeT OXJaAHTh.

B 90-x romax mpowvioro Beka Haj 9Tod npobiemoii Hauan paboraTh
mwotaanackuil xumuk Jxkefime ploap (1842—1923). On npuroToBHA
B GONBIIOM KOJIHYECTBE KUAKHH KHCJIOPOA, KOTOpHIH XpaHHJ B H306-
peTeHHOM HM cocyfe, NonyumBlueM HasauHe cocyda [vtoapa. Cocyn
Jbtoapa — 310 Ko/16a ¢ ABOHHLIMH CTEHKaMH, U3 MPOCTPAHCTBA MEXKAY
KOTODHIMH BblKauaH BO3AyX. TenonpoBOAHOCTL pa3peKEHHOro rasa
MEXJy CTeHKaMH HacTOJbKO MaJsa, YTO TeMIeparypa BellecTsa, MoMe-
LEeHHOTO B COCYJH, JOJroe BpeMma ocraercd noctosHHod. YUrobu eme
GoJiee 3aMe/IuTh Npolece nepeflauy Tennaa, eoap nocepeGpua CTEHKH
cocyna. (BuiroBofi Tepmoc — 370 Beero-Hascero cocyj Ilbloapa, 3akpui-
Baouwuiica npobKoii.)

la3006pasublil BOLOPOA MOXHO OXMaJHTb N0 OYeHb HH3KHX TemIle-
patyp, NOrpyxas €ro B JKHAKHA KHCJIODOA, MOMELIEHHBIH B cOCy]
Heioapa, U 3aTeM CKHXKHTb, Henoab3ysa dbext [Ixoyna — Tomcona.
B 1898 r. [lbioap nepBbIM MOJYYHJ XKHAKHH BOAOPOL.

Bopopon cxkuxaerca npu 20 K, T. e. npu Temneparype Bcero Ha
ABajuaTh Pajycos BhILE aGCOMOTHOrO HYJA *, HO 9TO He caMas HH3-
Kasi Temneparypa cxkHxeHHsa. B 80-x roflax npouuioro Beka GblIH OT-
KpbIThI HHEPTHBIE Tas3nl (cM. pasi. «Tensora»), W ofHH H3 3THX ra3os,
reJquil, CXKHXKaeTca NpH ellle Ooviee HH3KOW Temmeparype.

[TonyunTs KHAKHH reqinil NepBuiM YJaJOCh roJ/IaHACKOMY GH3HKY
Xeiike Kamepauur-Onnecy (1853—1926). B 1908 r. on cnauana oxna-
JIHA reqHi B BaHHe C XKHOKHM BONOPONOM, a 3aTeM, HCNOJb30BaB 3¢-
dext [xoyns — TomcoHa, nonyuns npa TeMneparype 4 K kuakuil
reaui ®.

* [TouaTHe abcoaromubil HYAb — camMas HHSK4sl M3 BO3MOXHBIX TeMrepatyp —
Brnepsble 66110 BBeteHo TomconoM (opaom Kenbsunom) B 1848 r, B npusHatue ero npH-
OpHTETA WIKaJ4 a6GCOMIOTHBIX TeMnepaTyp MoJyyHsa HasBakHe wkaisl Kenpsuna, B
1906 r. Hepuer nokasan, 4TO NpH CTpeMACHHH TeMnepaTypul K aGCOJIOTHOMY HYJIO Bee
H3MeHeHils COCTOAIHHA CHCTeMbl He HSMEHAIOT ee SHTPOINHH (mpemse Kauaso mepmoduHa-
MuKku), AWM, IpYTHMH CJIOBAMH, TIPH MOMOIIH KOHEYHON MoC/ae0BATENbHOCTH TEPMOIH=
HaMHYEeCKHX MpOlleccoB He/b3A AOCTHUB TeMNepaTyphl, paBHON aGCOMIOTHOMY HYJIO.
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CHHTeTHYEeCKass OpraHH4yeckas XHMHS

Kpacureau

INepsana nososuHa XIX B. O3HaMeHOBaJjiach PasBHTHEM HOBOH 06-
JIaCTH XHMHH — CUHMemu4eckol opearuy4eckol xumuu. XHUMHKH BCeq,
sa Beptyio (cM. 1. 6) Haua/aH COEHHATHL B lLeMH OpraHWYeCKHe MoJe-
Kyasl. HenocratouHoe noHHMaHHe CTPOEHHA MOJIEKyJ Mella/lo XHMH-
Kam-opraiukam cepefusst XIX B., HO mporpecc HayKd HacTO/NBKO
HEOTBpAaTHM, YTO 3TOT HEJOCTATOK, MO kpaltHe#d Mepe B OJHOM 3HaMeHa-
TENLHOM 3MH30fe, O0Ka3ajicid NPeHMyUIeCTBOM.

B to Bpems (40-e roms mpowwioro Bexa) B BennkoGpurtanuu Gbuio
HEMHOro H3BECTHBIX XHMHKOB-OpraHHkoB, M paGoraBiunfi y JluGuxa
(cm. ra. 6) Aeryer Buasrensm Fopman (1812—1892) 6wl npuraamen
B Jlougon u3 Iepmanuu. Cnycra Heckosbko Jner [odman B3aa K cebe
B KayecTBe MOMOUIHHKa coBCeM emme 1oHOro Yusbama Ienpu Ilepkuuna
(1838—1907). B 10 Bpems lopman HccrefoBan XUMHUYECKHE BellecTsa,
noJlyyaeMble H3 KaMeHHOYTrOJIbHOro JiertTs (rycrod uepHoH »XHJAKOCTH,
ofpasylouleficA NMpH HarpeBaHHH KaMeHHoro yrsia 6e3 JOCTyna BoO3-
Ryxa). Opnaxas: lopman B npucyTerBun IlepkuHa Hauall paccyXaath
BCJIYX O BO3MOXHOCTH CHHTe3a XHHHHA — LEHHOTO JIEKapCTBEHHOro
CpelcTBa MpPOTHB MaJAPHH — H3 KaMeHHOYroJibHoro jertd. Ecnau Gbl
CHHTE3 XWHHHA yjaJncda, EBpona nzGaBujack Obl OT 3aBHCHMOCTH OT
NOCTaBIIHKOB XHHHHA, NPHBO3HUBIUHX €ro M3 JajeKHX TPONHKOB.

3aropesumnce 3tof upeeii, [lepkuH cpasy ke npuHAJACA 3a jAeno
(foMa y nero Gulia cBos Hefosblias JaGopatopusa). Ecan Gbl OH HJH
Tlogman Gosblie 3HAMH O CTPOEHHH MOJIEKYJ/IbI XHHWHA, TO OHH MOHS-
JA Obl, YTO 3Ty 32Jauy HEeJb3fl pelIHTb, OCHOBHIBafACh Ha METOAax
xuamun cepegnnbl X1X B, K cuactsio, Ilepkun 6ol OTHOCHTENBHO 3TOTO
B GiaykeHHOM HeBeJeHHWH, U XOTHA eMy He YJaJoch CHHTE3HPOBaTh XH-
HHH, OH JOCTHr, BO3MOXHO, GoJbluero.

Bo Bpemst nacxanbHbeiX KaHuky.a 1856 r. Ilepkun, mponagas B sa-
Gopatopun, o6paboTa/ aHH/IHH GHXPOMATOM Kallusl U Pa3oyapoBaHHBIH
pesyJbTaToM YKe cofpasicst Gbuio BHOPOCHTH MOJIYYEHHYIO MacCy, Kak
BAPYr 3aMeTuJ, uTo OHa npuoGpena nypnypHbléi oTTeHok. [lepkun no-
GaBHJT CIHPT, KOTOPBIA H3BJIEK H3 peaKUMOHHOH cMecH BellecTBO, OKpa-
CHBILIEE CMHUPT B BeJIHKOJIENHBI NypnypHBIl LBer,

IMepkuH noHsJs, 4TO y Hero B pykax kpacureqs. O GPOCHI yueGy
H Ha JIeHbTH cBoel ceMbH nocTpous ¢abGpHKy. ¥Yike uepes LUeCTb Mecs-
ueB haGpuka Hayasa BHINYCKaTb To, uTo [lepkuH Has3Ba/ «aHHJIHHOBEIM
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nypnypom». HoBblli KpacHTesb OueHb MoHpaBHJCA (DpPAHLY3CKHM Kpa-
CHJIbIIIHKAaM, OHH Ha3BaJIH ero CHDEHEBbLIM, W 3TOT UBET clesjaJjicd Ha-
CTONILKO MOMYJAPHLIM, YTO CBA3AHHBIA C HUM MEPHOA HCTOPHH H3BECTEH
KaK «cHpenesoe necsaTuserwer. [lepkuH, nepBaM opranusoBaBiuil
MPOMBILLIJIEHHOE [MPOH3BOACTBO CUKMEMUYECK020 Kpacumean, pasﬁora.
TN W B TPHAUATb [ATH JIET CMOT OTOHTH OT Jed.

€CKOJILKO JieT CNYCTA MocJie MMOPAa3HTeJBHOro Yciexa HEPKHHH
XHMHKH NO3HaKOMHJIHCh CO CTPYKTYPHBIMH cbopmynanm OpraHH4YeCcKux
coefuHenuii. ITH (QOPMYaBI MOrJH CJAYKHTB XHMHKAaM CBOero poja
KapToii «TeppHTOpHH», HA KOTOpoH MM mpeactoano AeficrBoBath. He-
noJib3yst 3TY KapTy, MOXHO ObLIO BBIBECTH JIOTHUECKHE CXeMBbI peak-
UM, nopoGpaTh MeTojpbl, MO3BOJAIOLLHE, MOCTENEHHO MeHAS CTPOeHHe
MOJIEKYJI, TPEBPATHUTb OJAHY MOJIEKYJy B JAPYryio H, HaKOHel, CHHTe-
SHpPOBaTh HOBble OpraHHYecKHe COENHHEHHA HE c/aydyaiHo, KaK 3TO
Bbilio y IlepkuHa, a ueseHanpasJieHHO.

YacTo peakuusaM NPHCBAHBAJH HMS WX NEpBOOTKphbiBaTead. Tak,
cnoco6 A0GaBJEHHA [BYX aTOMOB Yr/epofa B MOJEKYJy, OTKPLIThIA
INepkunoM, Gbln HasBaH peaxyued [lepxuwa, a cnoco6 paclllenyieHns
THAPOOKHCEH 4YeTBepTHYHBIX aMMOHHEBbIX OCHOBaHHII ¢ o6pa3oBaHHEM
TPeTHYHOrO aMHHa M oJsieduHa, OTKpbITHi yunredem [lepkuna, Gbun
HasBaH peaxyued Iopmana,

lFodman Bepuyscs B I'epmanuio B 1864 r. u 3anAnCA TaM CHHTETH-
yecKoli opraHHuyecko#l XHMuell — HOBOH 0GJacTbl0 XHMHH, B KOTOpO#
‘TaK ychellHo NposiBuJ ceGsi ero oHbIH yuenuk Ilepkun. M, B uactnocry,
Gnarogapsa paGoram Iodpmana cuHTeTHYecKasi OpraHuyeckast XHMHS
oCTaBasjach BIJIOTH A0 MepBOH MHPOBOH BOMHBI MOYTH MOJIHOH MOHOMO-
auelt Tepmanuu.

B naGopatopusix ocyulecTBIAAJCS CHHTE3 NPHPOAHBIX KpacHresed.,
B 1867 r. Anoand Bailep (aBrop reopHH HanNpspKeHu#) HAvYaJ OCyllecT-
BJIEHHE [71aHA HCCJeloBaHHi, KOTOphle B UTOre MPHBE/IH ero K CHHTe3y
undueo. (Panee HHAMrO NOJYYaNH M3 WHIMIOHOCHBIX pacteHuil, Kpym-
Hble MJIaHTalMKH KOTOPHIX pacnodoxensl Ha JansHem Bocroke u B IOx-
Hoit Asun.) B 1868 r. yuenux Baiiepa Kapa I'pede (1841—1927) cun-
Te3UpoBaa JIpyrofi BaKHBIH NPHPOAHBIH KPACHTENb — QAUSAPUH.

OtH 1 nonoGHbIe HM JIOCTHXKEHHS 3aJI0MHJH OCHOBbI TEOPHH H Tex-
HOJIOTHH MPUKNafiHOH XHMHH, O61arofiaps ycnexaMm KoTtopoil Haiua
KH3KHb MpeoGpa3njack CTOAb 3HAUHTENLHBIM OGPa3’oM 3a MocaefHHe
HECKOJIBKO HNEeCATHJIETHH W npojo/kaer rpeolpaxKaThcsi B elie GoJee
YCKODEHHOM TeMre.

Brnjioth N0 HacTOSINEro MOMEHTa Mbl MOCJENOBaTEJNbLHO H3Jaraju
(aKThl, YETKO CJIeAys 3a pa3BHTHeM coObiTHH, HO B 3TOH H caepyiollei
rJiaBax Mbl pAacCCMOTPHM HECKOJBKO OTAEJbHBIX NOCTHXEHMi, Guiaro-
Japsi KoTophlM XHMHA Hadaja CayXKHTb desosedectBY. Ilpu stom met
HECKOJIbKO OTKJIOHHMCSI OT I[VIaBHOrO NMYTH DasBHTHS XHMuH. B nocue-
JAYIOUWHX TpeX [/laBaX Mbl BHOBb BEDHEMCH K MNDHHATON HAaMU cxeme
H3JI0:KeHHA. ‘
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JlekapcTBeHHbie cpecTBa

Beaen 3a IlepkuHOM XHMHKH Hada/ld CHHTE3HPOBATH COEJHHEHHA
Bce Bospacraiomed caoxHocTH. KoHeuHo, CHHTeTHUYeCKHe COeIHHeHHA
B TO BpeMsi He MOIJiH KOHKYPHPOBaTh C MPHPOAHBIMH Y, ofHaKo cy-
LIECTBOBAMO HeCKObKO HCKJIOYEHHH, B YAaCTHOCTH CHHTETHYECKHH HH-
auro. Kpome toro, cHurte3 oObIYHO MO3BOJIAJ YCTAHOBHTb MOJIEKYJSAp-
HOe CTpOeHHe, YTO BCErAa MPEACTAaB/IAJIO OTPOMHBIA TeopeTHueckild
(a vHOrZa W npakTHuYecKui) HHTepec.

Tak, Hemeukn#i Xumuk Puxapa Buasiurerrep (1872—1942) tma-
TeJAbHO ONpejeH/ CTPOeHHe XA0poghuara — 3e/IeHOTO MHIMeHTa pac-
TeHH#, KOTOPHIA MO3BOJSET HCMOJNB30BATH SHEPTHI0 COJNHEYHOTO CBETA
NPH NpeBpallleHHH PACcTeHHSAMH YIJIEKHCJOTo rasa B YIVIEBOADI.

Jpa nemenxkux xumeka, Tenpux Otro Bunaup (1877—1957) u
Anonnd Buupayc (1876—1959), onmpepenunu crpoenue cmepoudos H
POACTBEHHBIX WM coeuHeHH#i. (K uHeay cTepoHIOB OTHOCHTCH pAA
BaKHbIX ropMoHoB.) Eiue ofun Hemeuxu#l xumuk, Orro Bannax (1847—
1931), ycraHOBH/I CTpOEHHE Mmepnenos — MPaKTHYECKH BaXHBIX PAcTH-
TeJbHBIX Maces, a ero cooreuecTBeHHHK [anc @umep (1881-—1945)
YCTAHOBHJI CTPOEHHE 2eMa — KpAcsllero BeulecTBa KpOBH.

B XX B. mpoBosHJOCh HCC/IEOBAHHE BHTAMHHOB, FOPMOHOB, aJ-
KaJIOHJOB, H BO MHOTHX CJay4yadX cTpoeHHe HX MoJieKysa Oblio yera-
HoBieHo. Hanpumep, B 30-X rogax Hamero crofieTds pefinapckuit
xumuk Tlayas Kappep (1889—1971) onpeaenna crpoenue xapomunou-
008 — Ba)KHBIX PACTHTE/IBHBIX MTHIMEHTOB.

Aursiniickn#i xumuk PoGepr Po6uncon (1886—1975) cucremaru-
yecKH M3yuas ankanonasl. HauGonbum#i ycnex eMy npHHec/an paGoThl
o onpeaeneHuio crpoerus mopguna (1925 r.) u cmpuxnuna (1946 r.).
INocnenuss paGora PoGuncona Oblna mogkpensieHa paGortoll aMepHKaH-
ckoro xumukKa Po6epra bBepuca Bynsopma (1917—1979), xoropsiit
B 1954 r. cuurtesupoBas cTpuxHHH. ByjasopA 3aBoeean npusHanue
KaK XHMHK-CHHTETHK M0cJjie Toro, KaK oH ¥ ero aMepHKaHcKuil KoJsera
Yuabam Srrepe [épuur (poa. B 1917 r.) B 1944 r. cuHTesnposani xu-
HUX — TO CaMOe COelMHeHHe, 32 KOTOpPBIM Beaenyio oxoTuacs [lepxumx
(npaBpa, sTa «oxora» B KOHLE KOHLIOB PHHEC/A EMY OFDOMHbIE I0XO0bl).

B nocaeaywuue roasl ByzBopa npono/ikan 3aHHMartbes CHHTE3OM
H NOJNYYHA PsJ coefHHeHHH Bce Gosiee H Gosiee CJAONKIOA CTPYKTYpHI.
Tak, B 1951 T. oH cuHTE3HpOBaN xosecrmepur (HanGoJsee H3BECTHHIH H3
cTeponioB) U Kopmu3or (crepouausiii ropmon), B 1956 r.— pesepnun
(nepBbiii ¥3 TpaHKBHAM3aTopoB) a B 1960 r.— xiopoguars. B 1962 r.
Bynsopa # cHHTe3HpOBAN C/IONKHOE COEJHHEHHE — MPOHU3BOJHOE XO-
pOLlIO H3BECTHOTO AHTHOHOTHKA TETPALMK/IHWHA *.

* Tt}&panuman 61 BNEpBbIE cuﬂmuﬁfnaﬁ M. M. Wemaruuum, Cu.: Llens-
xun M. M., M'ypesun A. H., Kapaneman M. ., Forocoe M. H., Kopobro B. I'.,
Ilonpasko C. A,, Hoxkn. AH CCCP, 1967, 1. 174, Ne 2, cc, 358—361. [Tpun. ped.
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Amepukanckuii xumuk (ypoxenen Poccuu) ®e6yc Aapon Teomop
Jlesun (1869—1940) paGoran B apyrom HanpasseHuu. OH u3yyan crpoe-
HHe HyKaeomudog — TeX GJOKOB, M3 KOTODHIX MOCTPOEHB FHrAHTCKHE
MOJIeKyJ/bl HYKJIeHHOBHIX KucaoT. (B Hactosilee BpeMsi ycTaHOBJEHO,
YTO HYKJ/IeHHOBble KHCJIOTbl YNPaBJAIOT XHMHYECKHMH npoueccaMmi,
npoTeKalouliM4 B OpraHusme yesoseka.) IlpasusibHocts BbIBOOB Jle-
BHHA MOJHOCTBIO NOATBEPAHJH pe3yJbTaThl paﬁoﬂ;x IoT/JaHACKOTrO XH-
muKa Anekcangpa PoGepryca Toana (pon. B 1907 r.), koropsiit B 40-x —
Havase 50-X rojioB Hamlero BeKa CHHTE3HPOBaJA PAA HYKNEOTHAOB H
PONCTBEHHBIX HM COeJHHEHH.

Hexoropnle H3 3THX coegWHeHHH, B YACTHOCTH aJKaJOHMbl, NpHMe-
HSIOTCA B MEJHUHHE H, C/IEIOBATENBHO, NONAJAI0T NOA 06L1YI0 pYOpHKY
saexapcmeenHote cpedcmea. B camom nauane XX B. GbUIO MoKasaHo, YTO
PAl CHHTE3HPOBAHHBIX COSJIHHEHHH MOMXKET HCMONb30BATLCS B MEAHIHHE
KaK JleKapcTBEHHble CPeACTBa.

B 1909 r. nemeuxu#i Gakrepuosior Ilayas paux (1854—1915)
NPUMEHHN TPH JeYeHAH CHOHINCA CHHTETHYECKOE COEAHHEHHE Cab6ap-
can. Takum ofpasoM GbLJIO MOJIOMKEHO HAYAJNO HCCJEJOBAHHSAM B 06-
NacTH  xumuomepanuu — JedeHHs OGoJe3Hell ¢ NpPHUMEHEHHeM cre-
LUHAJTBHBIX XHMHYECKHX IMpenaparos.

B 1908 r. 6610 CHHTE3HPOBAHO COEAHHEHHE, HA3BAHHOE CYA6PAHUA-
amudom (amuHOGeH30J/ICY/IbAMHL), KOTOPOE MOMOJHHJIO OGIIHPHLIA
pPAA CHHTETHYECKHX COefiWHeHHH, He HameAwHX npumexenus. Onxaro
B 1932 r. Graromaps ucciefoBaHHsM HeMelKoro xumuka [epxapna
Homarka (1895—1964) 6bli0 YycTaHOBMEHO, 4YTO cyabdaHWIaMHi H
HEKOTOpble POACTBEHHBbIE €My COEJHHEHHS MOXHO HCNOAb30BaTh AJisl
JleyeHHs psAfa HHbEeKuHOHHBIX 3aGoseBanu#i. [lpaBpna, B 3rtoii oGnactu
NpHPOJHbIE COEHHEHNS OKa3ajuch Gonee 3(PeKTHBHLIMH, 4eM CHHTe-
THYeckue. [IpumepoM TOMY MOMNKET CHYMHTb MEHUYUAAUH — TEPBbIil
aHTHOHOTHK, KOTOpHIA GbLT caydaiHo oTkpuT B 1928 r. motsianackum
Gaxrepuoaorom Anekcanapom ®Paemunrom (1881—1955). daemunr oc-
TaBHJA HA HECKONbKO JHeHR OTKpHITOH KYJbTYPY CTadhHIOKOKKOBBIX
GaktepHi#i, a 3aTeM OOHAPYXKHJ, YTO OHA MOKPBLIACH MIeceHbl0. Buuma-
TeJAbHO pa3rysaAbiBas naeceHb, OAeMHHT YBHJIE, 4TO BOKPYT KamKAOro
MATHLIMIKA TJIECEHH PACMOJArarTes «YHCTBIe» o6MacTH, TAe KYJbTypa
6aktepufi mcuesna. PneMHHT HAa ypOBHe CBOEro BpeMeHH H3YUHJ 3TOT
$aKT H NPeanoNoXMa, 4TO B ITHX «UHCTHIX® OGMACTHAX MPHUCYTCTBYET
COCAAHHEHHE C CHJbHBIM aHTHOAKTepHAJbHEIM NEHCTBHEM, OflHAKO
BbIIE/IATh 3TO COEJIMHEHHE OKAa3aJoCh HEMPOCTBIM JEJIOM.

B cBA3H ¢ ocTpoii HEOGXOAMMOCTBIO B JIEKAPCTBEHHBIX CPEJCTBAX,
HEOOXOAHMBIX J/isi GopbObl ¢ HH(EKUHOHHBIMH 3a00JIEBAHHAMH, BO
BpeMs BTOPOil MHUDOBOH BOFHBI WHTEPeC K TAaKOro pOJia COefHHEHHSIM
3HAYXTENBbHO BO3poC, H 3TO# mpobaeMoii HAYaly 3aHuMathesl Gogee
OGCTOSATENILHO.

Ipynne yueHBIX nOA PYKOBORCTBOM AHIJIHHCKOrO 6GHOXMMHMKA-
naroJora (yposenua Ascrpanuu) Xoyapaa Yoarepa @aopu (1898—
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1968) u auraufickoro Guoxumuka (ypoxenua [epmanun) Ipucra
Bopuca Yefina (poa. B 1906 r.) ymanoch BHATHTL NEHHUHNLIHH H
onpefeantb ero crpoenne. K 1945 r. Gblna paspaGoTaHa TEXHOJIOTHS
noJlyueHHs NEHHLH/JIHHA C HCMOJAb30BaHHEM KYJbTYpBI MJIECEHH, Ko-
Topasi NO3BOJIAJIA MOJYYaTh MONTOHHBI MPOAYKTa B Mecs.

B 1958 r. XHMHKH Hay4YHJHCh «CHHMATH» C NOTOBOIO MEHHUHJIIHHA
GeH3HJIbHYIO TPYNNY M NPHCOEAHHATh B3aMeH Hee ApPYrue opraHude-
ckue rpyunsl. Hekotopble H3 3THX NOJYCHHTETHYECKHX BeLIECTB, He
MMEIOUHX aHAJIOroB Cpefl NPHPOAHBIX COefHHeHHH, o6aagand Gosee
BLICOKOW AaHTHGAKTEPUANbHOH AKTHBHOCTBIO, YEM CaM NeHHUHJUTHH.
Memxay 40-mu 1 50-MH rogamn ¥3 pas/HYHbLIX BHAOB MHKPOOPTaHH3MOB
OblTH BLIIE/IEHBI H APYTHe AHTHOHOTHKH, B Y4CTHOCTH CTpPENTOMHILNH.

B xofe cHHTE3a CJOMKHBIX OpPraHH4YecKHX CoelHHeHIH HeoGXOAHMO
BpeMsi OT BpPEMEeHH MPOBOJHTHL AHANH3 C LEeJbI0 HACHTHDHKALHH MpPo-
AYKTOB, OGpasyiollHXcs HAa PasHbIX craausix npouecca. Kosuuecrso
BelllecTBa, KOTOpoe MoXHO Oblio 6bl oTo6paTh AJs aHaJj H3a, Kak mpa-
BHJIO, BecbMa HEBeNMHKO, H MO3TOMY aHA/JIM3 B JydlleM cJIyyae Aasait
HeTOUHble DEe3yJbTaThl, a B XyAlleM M BoBce ObLT HEBO3MOMKEH.

Ascrpuiicknit xamuk ©pun [Nperas (1869—1930) ynauno mopudu-
uupoBaj 06OpPYAOBaHHE, HCMOJAb3YEMOE MPH aHanu3e, YMEHbLIIB ero
pasmepbl. Ou co3fan ocoGo TOYHble Bechl, CKOHCTPYHPOBaJ 006pasiibi
TOHKOH cTeKJsiHHOH nocyasl, a K 1913 r. paspaGortan MeTomuky muxpo-
anaauza. C 3TOTO BpeMEHH aHA/MH3 MaJbiX Npof CTaj TOUHAIM.

KanaccuueckdMu MetofiaMi aHasusa oOblYHO HA3LIBAIOT ofpejesie-
HHe ofBbeMa BellecTBa, pacXoAyeMoro Mpu peakuHd (obvesuoul ana-
Au3, WUHAUE MUMPUMEMpPUYECKUt anaAu3), WJAH Macchl Bellectsa, [M0-
JYUYEHHOTO B pe3yJibTaTe PeakuHH (6ecosol anaau3, MHAue zpasumem-
puveckudl anaruz). B XX B. Gblin paspaGoranbl HOBHe, pH3HYECKHE,
MeTOfbl aHAJH32, 4 HMEHHO H3MepeHHe MOI/IOUIeHHS CBeTa, H3MEHeHH
9JIeKTpHUeCcKof TPOBOAHMOCTH H Apyrue GoJee TOHKHE U GoJee CI0KHbI@
MeTobl ¥,

beaku

lMoutn Bce opramuyecKne COeAHHEHHs, NepeyHCJeHHble B MpeIuIay-
IleM pasfene, COCTOAT H3 MOJeKYJ, KOMHYeCTBO 4TOMOB B KOTODGIX
yame BCEro He MpeBhlllaeT MATHASCATH; 3TH aToMbl ¢ TPYAOM pacna-
AaloTes B YCNOBHAX yMepeHHOH XHMHYecKoil obpaGotrku. OpHako cy-
LIECTBYIOT OPraHWYecKHe COeJIHHEHHSl C MOWCTHHE THTAaHTCKAMH MoJe-
KyJlaMH, MMOCTPOSHHBIMH H3 ThiCAY M JaXe MHJJIHOHOB aTOMOB. ITH
MOJIEKYJIbl COCTOAT U3 CPABHHTENbHO HEGO/IBILIHX «CTPOMTENBHHX GJI0-
KoB» ¥, Takue ruranTckue MOJIEKYJIbl JIErKO pasJ/IOMHTL Ha ofpasyio-
mue uX GJIOKH, KOTOpble MOXHO Hcc/eoBath. TaK, Hampumep, MNocTy-
nua JleBun, usydas HykJaeotuasl (cM. npempiaytinéi paspen). Ilpeanpi-
HHMAJHCh TAKXe MONBITKH H3yYaTh 3TH THTAHTCKHE MOJEKYJbl KaK Ta-
KOBble, He paspyluias ux npeasapurensHo. [leppoie maru B sToM Ha-
NpaB/JeHHd MPEANPUHA WOoTAaHAcKHA Xumuk Tomac Ipsxem (1805—
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1869). 3auntepecoBaBliHch dugighysuer; — ABHIKEHHEM YacTHL Cpexel,
NPHBOASILIEM K TNepPeHoCY BelllecTBA W BbIPABHHBAHHIO KOHIEHTpaLMi,
OH HauaJa usyuathb AH(dy3uio rasos uyepes mebuaiiiive Nopbl WJIH TOH-
kue Tpy6ku. B 1829 r. emy ynmajock mokasats, uto ckopocth Audxpy3nn
rasa o6paTHo MpPOMOPLIHOHAJILHA KOPHIO KBafiDATHOMY H3 ero mJIOTHOCTH
(saxon I'psxema).

Ianee I'paxem nepeluen K uaydeHuio audpysun pacTBopeHHBIX Be-
mectB. OH o6HAapyXuJ, 4To pacTBOpsl BelllecTB, NOJOOHBIX COJH, ca-
Xapy Wan cyJab(aTty MeiH, NPOXOAAT uepe3s pasfefdioulyio nepero-
pPOAKY W3 neprameHTHO#l Gymarn (mMelolledi, KaK OH mpejnoJarads,
MHKDOCKOTHYECKHe mophl). B To e BpeMsi pacTBOpbI TAKUX COeJHHe-
HHA, Kak TYMMHapaGHK, »HBOTHBHIl KJed W JKeslaTHHA, NPOATH Yepes
PasfeNiAioulyio MeperopofiKy He MOTYT — OYEBHAHO, MOJIEKYJBl COEMH-
HeHHH MoclefiHedl IPynnbl A5 STOTO CJAHIIKOM BEJHKH.

CoepHHeHHs, CMOCOOHble MPOXOAUTHL Yepe3 mopel mepravedTa (o,
KaK BBISICHHJOCH, JIETKO KpHCTa/iusywoumuecs), I'psxem Hassan xpuc-
mannroudany. CoefHHeHHs APYrodl rpynmel, He crnocoGHble, MOAOGHO
XKUBOTHOMY KJielo (Mo-rpeueckKn ®x6AAc), mMpoXOAHTb yepes MOpHl mepra-
MeHTa, OH Ha3BaJ koasoudamu. Hayka o ruraHTcKHX MoJieKyJax craja
BIOCJEACTBHH BaXKHBIM PA3fie/ioM K0440udHotl xumuu, KOTOpOH, TaKHM
o6pasom, I'psxem nojoxuna Hawano *.

[peanonoxuM, YTO € OAHONH CTOPOHH pa3fiefiniomefi Meperopoikn
HaXolMTcd uMcTass BOAQ, a ¢ APYroil — KO/VIOMJHHIH pactBop. Movie-
KyJ/ibl BOABl MOTYT CBOOOJHO MpPOHHKATh Yepes neperopoiky B oba OT-
ceka. B nepBelfi MOMEHT B OTCeK € KOJJIOHJAHBIM pacTBOpoM Oyjaer
nonazarb GoJbiliee YHCJIO MOMIEKYJ BOAL, YeM MNOKHAATH €ro, NOCKOJIbKY
BLIpaBHHBAHHE KOHIEHTPAUHH MO 00¢ CTOPOHBI MEPErOPOAKH — CaMO-
NPOU3BOJIbHBIA SHEpPreTHYecKH BHIrOAHBIA npouecc. CymMMapHBIH MOTOK
MOJNEKYJT BOIbl B OTCEK ¢ KOJIJIOHIHBIM pacTtBopoM Oyjer NMpofo/KaTbes
Jl0 TeX TMop, MOKa BO3HHKAIOLLAsl PA3HOCTh JABJEHHH MHUAKOCTH ¢ 00eHX
CTOPOH [MeperopoikH HE OOCTHTHET OﬂpeﬂEHEHHDﬂ BE&JHYHHDI. Benu-
YHHA 3TOro AaBJEHHS, NMPHBOJSIIETO K BHIHYXKASHHOMY DaBHOBECH!O,
HA3LBAeTC OCMOMuYeCKuM Jasaenuem pacmsopa.

B 1877 r. uemeukuii Goranuk Buabrensm Ildeddep (1845—1920)
noKasali, Kak MOXHO H3MEPHTh OCMOTHYECKOe JaBJEHHe H KaK, HCXOAA
H3 TONYyYelHBIX Pe3yJbTaToB, MOXKHO ONpPENeNHTh MOJEKYIIpHYIO
Maccy GOoJBIIHX MOJEKYJ, 00pasylollHX KO/JIOHAHbIE PacTBOPh. 31O
61 MepBbifi yAauHbli METOJ OUEHKH pasMepa TaKHX MOJEKYJI.

B 1923 r. weeacku#i xumuk Teonop Ceeabepr (1884—1971) ckoucr-
pyupoBan yenmpudgyey ¥ paspaboran ceIHMeHTaUMOHHBIH MeTOl oOn-
peleNeHHsT MOJEKYJIApHOH Macchl MaKpOMOJeKyJ, IJIaBHbIM 0GpasoM
6en1KOoB.

* B 1833 r. 'paxem H3yuan pasnHuHbie Gopmbi docdopHoli KHCIOTH H MOKa3ad,
yTO B HEKOTOPBIX H3 HHX HA METAJJ MOMHO 3aMecTHTk GoJiee OFHOrO aToMa BoAOpOJa.
B pesysbTaTe XHMMKY Y3HAJMH O CYLIECTBOBAHHH MNOZOOCHOGHHX KUCAOM,
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Accucrenr Ceeaepra Apxe Bunsrensm Kaypun Tucenuyce (1902—
1971), rakxe ween, 8 1923 r. paspaboran Goslee cOBeplIeHHWH MeTON
pasie/ieHHsi THIaHTCKHX MOJEKYJ/l, OCHOBaHHBIl Ha XapakTepe pacrpe-
IeNleHUsi 3/1eKTPUYEeCKOro 3apsiia Mo MOBEPXHOCTH MoOJieKynbl. 3T1OT
crnocol — saexmpogoped — Oxa3alics OCOOEHHO BAXKHHIM [pH pasfe-
JIEHHH U OuYHCTKe GeJKOB,

C nomompio ¢H3HUeCKHX METONOB XHMHKH MOTVIM MOJYYHTh Npel-
craB/enye o6 oOOWeH CTPYKType THTAHTCKHX MOJEKYJ, OAHAKO OHH
CTPEMHJINCH YCTAHOBHTL I¢TalbHOE CTPoeHHe 3THX coefiMHeHHH. Oco-
Oblii MHTEpec BBISHIBAMIl Y HHUX Oe/KH.

B To BpeMs KakK FHraHTCKHE MOJIEKYJ bl TaKHX BeINecTB, Kak Kpax-
Mall MJIH KJeTYaTKa JApeBecHHbl, TIOCTPOEHB H3 OAHOTO MHOTOKPATHO
noBTopsieMoro 6/10Ka, MoJieky/1a Genka CTPOHTCA H3 ABaQlaTH passivy-
HblX, HO TECHO CBs3aHHBIX GJIOKOB — pPas/qHYHBIX AMHHOKHC/AOT (CM.
ra. 6). MiMeHHo no 3Tolt NpudnHe MOJeKYJ/bl 6eKOB TaK pasHOOOpa3HH,
HO 3TO e co3jaeT Oo/ibline TPYINHOCTH NPH MONBITKE HX XapakTepuso-
BarTh.

Omune Puwep, KOTOPHIH paHee YCTAHOBHJ JeTANbHOE CTPOEHHE
MOJIeKYyJs1 caxapoB (cM. 1. 7), B Hayaje Hallero BeKa ofpaTH/ BHUMa-
HHe Ha Monekyay Genka ®. OH nokasan, 4TO aMHHOTpynna ONHOM
AMHHOKUCJ/IOTH CBSI3aHA C OCTATKOM MOJIEKYJ/bl APYro#l KHCJIOTH nen-
mudnoil cesnsero. B 1907 r. Oumep nonyuusa coelutenue, o6LeAUHSIIO-
Llee BOCEMHAIlaTh aMHHOKHCJIOT, H MOKasal, YTO OHO O0/MafiaeT PsiloM
CBOHCTB, XapaKTepHHX Mist GenKoB.

Onnako onpefennTts MOPsSJOK AMHHOKHCIOT B noaunenmudHoil
yenu MOJIeKyJibl TPHPoAHOro Geika yAanoch JIHIIb MONCTONEeTHS CyCTH,
nocjie TOro Kak Obw1 paspaGoraH ellle OMH METON aHa/l{3a.

OtKpel1 3TOT MeTon pycckuil Gotanuk Muxaun Cemenosny Iiper
(1872—1919). Hcenenys nurmentst pactenuit, LBer nponycrua pact-
BOP CMeCH OYeHb Majo pas/Myalomuxcst Mo IBETY NHIMEHTOB yepes3
TpyOKy, 3amoJHEHHYI0 aAcopGeHTOM — MOpOMKOOOpa3HLIM KapGoHa-
TOM KajbLMs, ¥ MPOMBUI 3aTeM aJcOpOEHT YHCTHIM PaCTBOPHTEJIEM.
OrpenpHbie KOMIOHEHTH CMEeCH NPH 3TOM pasle/H/nch H 0o6Gpa3oBafH
uBeTHHe NoJjockl. LlBeT ony6auKoBas CTaThio C ONMHCAaHHEM OTKPLITOrO
HM MeTOfia pasjie/leHHsi, KOTOPHH OH HasBal xpomamozpagued (<uBeTo-
nHchior) 7,

Crarbst pyCCKOTo y4YeHoro ocraJjach HelameueHHoil, HO B 20-e romsl
Buasurerrep (cM. pasi. «/lekapcTBeHHble CpeficTBa») U €ro yueHHK,
HeMellKHH XHMUK (aBcTpHel no mpoHcxoxaeHHio) Puxapa Kywx (1900—
1967), BHOBb OTKpHUIH 3TOT crocol pasfenenus. B 1944 r. aurnufickue
xumuke Apuep Ixon Iloprep Maprtun (poa. B 1910 r.) u Puuapn
Jloypeuc Muanuurron Cuur (poa. s 1914 r.) npepnoxunu HoBbil
BapHaHT 3TOro MeTo/Jla: OHH 3aMeHH/IH TPYOKY C ajcopOeHTOM Ha (HIbT-
poBanbHYIO Gymary. AHanusupyeMmas cMech pacrpefensnach no QuabT-
poBasibHO#l Oymare, ¥ KOMMOHEHTBI CMecH NpH 3TOM pasieNsnHch. ITOT
cnocof Obit HasBaH Oymaxcnod xpomamozpagued.

LU SR
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B konue 40-x — zauane 50-X rofioB Halllero BeKa XMMHKaM yaanoch
o6cTosITe/IbHO NPOAHAIH3HPOBATh € (IOMOLLBIO MeTona GyMaxkHOH Xpo-
mMaTorpapiy cMecH aMHHOKHCJIOT, MOJyUYeHHble NP pacilenfeHHH pajaa
GesikoB. B pesyabrate yjaanoch YCTaHOBHTL ofllee YHCIO OCTATKOB
Ka)KIo# aMHHOKHC/IOTBl, COAEPIKAILMXCH B MOJeKy/e Oelka, OAHAKO
Nops/JoK pacno/iokeHuss aMHHOKHC/OT B NONHNENTHAHON LeNH NPH 5TOM
OnpefieNliTh, €CTECTBEHHO, GBIIO HeNMb3A. AHIVIMHCKHA XuMHK ®pene-
puk Cenrep (poa. B 1918 r.) usyuan HHCYJHH — GeNKOBBIH FOPMOH, CO-
CTOAWMA NpHMEepHO H3 NATHAECATH AMHMHOKHCIOT, pachpejesieHHbIX
MeXXAy IByMs B3aliMOCBA3aHUBIMH mojunenTHAHbIMU Uensmu. Cenrep
paciienus MOJIEKYNy Ha HecKosbKo OoJsiee KODOTKHX 1enefl W npoaHa-
JIH3HPOBAT KaXAYI0 M3 HHX MerofioMm OyMa:kKHOH XpomartorpadmH.
Bocemp JieT mpomomkaiach KpomotJiHBas paGoTa MO «CK/IalblBaHHIO
MO3aHKH», Ho K 1953 r. OHT ycTaHOBNEH TOUHEIH NOPAAOK pacmosome-
HHs aMHHOKHCJIOT B MOJIeKyJle HHCYIHHA. [To3xHee TaKHM ke Crnocobom
OLLI0 YCTAHOBJ/IEHO JAeTalbHOE CTpOeHHe Aaxe OOMbIUMX MOJeKyJa Gest-
Ka ¥,

Chepytomuit 1war coctosil B TOM, 4TOObl MNOAKPENHTH 3TOT TPYA
peanbHLIM CHHTE30M 3alaHHOH MOJeKYJ/bl Gesnka. B 1954 r. ameprkanen
Buncenr Iio-Bunso (1901—1978) nonoxkun navyalao TAKOMY CHHTe3Y.
OH nonyuns oKcumoyun — NeNnTHJ, COCTOSUIUA BCero JHLIb U3 BOCBMH
aMUHOKHMCJIOTHBIX ocTaTKoB. Ofntako ¢ 6oJiee CIOKHBIMH MOJEKyJami
Aeno nouuio GbicTpee, H BCKOpe ObLIH CHHTESHPOBAHBL LEMH, CoaepkKa-
IHe HECKOMLKO JecsiTKOB amuHokucaoT, K 1963 r. 8 saGopaTopHbix
yCAOBHAX OblIM MOJMy4eHsl MOAMIENTHAHBE UENH HHCYNHHA.

OnHaKo, 3Hasi TONLKO MOPANOK pPACIMOJOKEHHA aMHHOKHCJOT,
HeJsib351 €lle [peACTaBHTh cebe COBepUIeHHO OTUeTNHBO Bce YPOBHH
opranusaiu GenkoBo#l moseKyJsl. Jlaxke NPy OCTOPOXKHOM HarpeBa-
HUU GenKH Hepellko HeoOpaTHMO yTpadHBAalOT CBOHCTBA, NIpHCYWIHe UM
B NPHPOAHOM COCTOSIHMHM, WHBIMH CJIOBAMH, NMPOHCXOJHT Oenamypayus
6esikoB. IlpuueM o6bIMHO JEHATYpallHs He COMPOBOMKAAETCS pacileflie-
HHEM MOJHNENTHAHOH 0enH; 4To0bl PaCUIeNHTL Uenb, HYXHb GoJlee
xectkue ycaosHa. CrienoBaTenbHo, uend  06pasyloT  KaKylo-TO
onpenesieHHY0 CTPYKTYPY MojA neACTBHEM CJ1abbiX «BTOPHYHEIX CBf-
gefi», B ofpasoBaHHM TaKHX BTOPHYHHIX CBA3eH OOHYHO y4YacTBYeT
atoM BOAOPOAa, HaXoNAIMiiCA MeXAy aTOMaMH asota M KHCIOpoAa.
Takan eodopodran cea3e B pBafuath pas c/labee oObiyHON BaJleHTHOMH
CBSI3H.

B nauane 50-x ronos amepukancku#i xumuk Jlafinyc [lonuur (pox.
B 1901 r.) mpenmosnoxun, uTO MOMMMENTHAHAS Uenb CBEPHYTAa B CHH-
panb (NOfoOHa «BHHTOBOH JIECTHHLEY) H YAEPKUBAETCS B STOM [10J10-
JKeHHH BOIOPOJHBIMH CBA35iMH. DTa HJAeA OKasanaCh 0COGEHHO (WIOAOT-
BOPHOA MPHMEHHTENBHO K OTHOCHTE/bHO NPOCTHIM uUbpUIIAPHLLM
Oeaxam, U3 KOTOPBHIX COCTOSIT NMOKPOBHBIE H COEJUHHTENbHLIE TKaHH,

Bonee toro, cnupanu ofpasyror aaxe Gosee c/IoXHbIE N0 CTPYKTYype
2nr00yraproie Geaku, Anrauiickue Xumukn Make ®epmunanf [lepyrix
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(ypoxenen Ascrpun) (pon. B 1914 r.) u lxon Koynepu Keunpio (poa.
B 1917 r.) o6GHapyXHJH 5TO NPH IETa/JbHOM HCCACAOBAHHH CTPOEHHA Ie-
Mor/ioGMHa U MHornoGHHa (6e/JKOB KPOBH H MBI COOTBETCTBEHHO,
cnocoGHbIX 06GpaTHMO NPHCOSNHHATL KHcaopod). B cBoeft paGore ouu
HCIIO/b30BaIH HOBHIH MeTON aHalH3a — MeTOn Jugpakyuu pewnmeenos-
CKux Aywed: MYyYOK PEHTTEHOBCKHX Jlydel, NMPOXOAAIIHE Yepe3 Kpuc-
Ta/lllbl, paccedBaercs atoMamH, obpasylomiumH Kpuctannbl. Pacceusa-
HHe B 3aJlaHHOM Hamnpas/ieHUH H MpH 3aJaHHOM yrJe HauGonee sddek-
THBHO B TOM CJyyae, KOTAa aTOMbl pPACNoNaraloTcsl Moc/el0oBaTesbHO,
Onpenenas BeMHUHHY OTK/IOHEHHS, MOXHO BbIIBUTb pacrofloKeHHe
atoMoB BHyTpH MoJieKy/bl. HccienoBate TakuM ofpasom Goablume
MOJIEKYJIbl CJTOMKHOH CTpPYKTYpH, mnofobHeie OellKoBOH MoJekyJje,—
sajlaya BecbMa TPyloeMKasi, H TeM He MeHee kK 1960 r. takum ofpasom
yAaIoCh YTOYHHTH MOc/elHHe AeTalH CTPOEHHS MOJEKYJH MHOTJI06HHA
(cocrosimefl W3 ABeHaAUATH THICHY ATOMOB).

[MoauHr cuuTtan, Y4TO NpeAIOKEHHYIO HM CMHPAJbHYIO MOJAe]b MoJe-
KYJIBl MOXHO paclpocTpaHHTh H Ha HyKJeHHOBBe KHCJOTHL. B Hauane
50-x rogmos anrsmiickuil ¢usuk Mopuc Xwio ®@penepux Yuakuue
(poa. B 1916 r.) H3yuan HyK/IeHHOBble KHCJAOTH METONOM AMDPAKUHH
PEHTIeHOBCKHX JyyeH, H pe3yabTathl ero paGoThl MoxKHO GLLIO HCIOMb-
30BaTh I/ MNpPOBEPKH CcNpasBelUBOCTH npeanonoxenus Ilonunra.
Anranficknii dusuk ®psucuc Fappn Komnron Kpuk (pox. 8 1916 r.)
u amepukaHckuil xumuk Ilxefime Jlpton Yorcou (pon. 8 1928 r.) ycra-
HOBHJIH, YTO yJIOBJIETBOPUTENLHO OOBACHHUTL Pe3yJbraThl AUGDpPAaKUHOH-
HHIX HCCIefoBaHH! MOMKHO, JIHIIb HECKONBbKO YCNOXKHHB MOJIE/Nb MOJIEs
Kyaul. Karpas Mo/eKy/na HYK/JIEHHOBOH KHMC/JOTH JOMKHA [peacras-
a9Tb coboii nBOMiHYI0 chmupadb, OOpAa3OBAHHYIO HABUTHIMM BOKpPYT
obuweft ocu uenamu. Sra Mojeab YorcoHa — KpuKa, mpensomeHHas
HMH Bnepsbie B 1953 r., chirpaja BaxHYIO POIb B pa3sBUTHH FeHeTHKH* Y,

BspeiByaThie BewecTsa

He nabexanu MONEKYJIBI-THIaHTH H TpecGpasyiomiefi pyku XHMHKa.
Ipousouwto 310 BHauade cayudaiiHo. B 1845 r. mBefinapckHii XMMHK
Xpuctdan Ppunpux I[Heunbafin (1799—1868), yxke npoc/iaBuBLIHE
ce6s OTKpLITHEM 030Ha (aANOTPOMHOH MOAM(bHKAUHKW KHCIOpPOAa), Mpo-
BOJHJI OMBITHL B CBOeH JoMaliHel JaGopaTopHH. PasiuB cMeck a3oTHOR
M CepHOH KHCJIOT, OH BHITEpP 3Ty CMeChb XJIOMYaToOyMaxkHbIM (papTykom
¥ [IOBECHJ ero Cyumntbca Haa mneukoh. Kak rtonbko dapryk BecOX,
pasfajica HeCHJbHBIA B3puB H dapTyKa He cTaso. CaM TOTO He 3Had,
IenGaiin npespatus uenmonosy daptyka B Humpoyeanono3y **,

* UYyratens, HHTepecyomuiica 6onee nogpo6Ho STHM npeaMerom, MoXxer oGpa-
THTbcA K Moefl KHure «[eHeTngeckuii koar (Orion Press, 1963) 9,

*# Briepsble HHTPole/on03y nodyuni ppanunysckuft xumuk T, [Teays B 1838 r,,
OJIHAKO 3TO OTKPHITHE OCTA/IOCh He3aMeueHHBM,— IIpus, nepes,

L5
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Hutporpynnu (nepeusefiide H3 a30THOM KHCJIOTH) NOCAYKHIH BHYT-
pPeHHUM HCTOUHHKOM KHCJIOPONA, H NPH HarpeBaHMH LEN0JI03a cpa3y
e MOMHOCTbIO OKHCJIHJACH,

Ien6aiin MOHAJM BaXKHOCTH CHEMAHHOIO HM OTKpbiTHsi. OGbYHBIH
YepHbiii NOpPOX NMpH B3pbiBe AaeT MHOTO biMa, MOKpPBIBAeT camedt ap-
THJIJIEPUCTOB, 3arpsisHAeT MYWKH U CTPEJNKOBOE OpPY:KHe, a Ha OCHOBE
HUTPOUEJTIONO03bl (HUTPOK/IETYATKH) MOMKHO GbLIO NONYUHTH «0e3JbiM-
HBIl nopox».

OnHako Ha/naguTh NPOM3BOACTBO HHUTPOKJETYATKH IS BOEHHbIX
uesell IOAroe BpeMs He yhaBasoch: (abpHKH, Kak NMpaBHJO, B3pbiBa-
Juck. Toapko B 1891 r. Hboapy (cM. ra. 9) H anraufickoMy XUMHKY
®penepuky Ayryerycy Adento (1872—1902) ypanock noayuutb Geso-
macHyt cmech. [1ocKo/bKy 3Ty cMech MOHO GblI0 MpeccoBath B AJIHH-
HbIe OIHYPBI, €€ Ha3Ba/JH Kopdutnom.

B cocraB Kopauta KpOMe HHTPOKAETUATKH BXOANT TAKKE HUMpPO-
2Auyepur, KOTopbili Gbls1 nonyued B 1847 r. MTANbAHCKHM XHMHKOM
Ackauno Co6pepo (1812—1888). 310 Momuoe GpH3aHTHOE B3pbiBYa-
TOE BELIeCTBO OT/IHYAETCH OYEeHb BHICOKOH HYBCTBHUTE/BHOCTBIO, H HC-
M0JIb30BATh €ro Kak TdKOBOE B BOGHHHIX LENAX 0Ka3anoch 1EBO3MOXK-
HbiM. OfiHako, HEB3upas Ha YpPEe3BHIYAHHYIO C:12CHOCTh paGoThl ¢ GOMb-
IIMMH KOJNHYECTBAMH 3TOTO COENMHEHHs, ero Crajld TNPHMEHATh NpH
NpoKaanke [opor B ropax.

[Tpou3BoacTBOM HHUTPOrHLEPHHA 3aHAJOCH CeMeHCTBO ILBEACKOro
usobperatenst Anbppena Beprapma Hobens (1833—1896). Korna
B pe3yabraTe B3peiBa nmoru6 Opatr Hobens, OH cocpefoTodus CBOH
YCHIHA HA «yCMHDEHHMH» 3TOro B3phiBuatoro BemectBa. B 1866 r.
HoGenb o6Hapyku/, 4TO KH3€JbIYp MOXKET BIUTHIBATb 3HAYHTE/bHBIE
KO/IM4YecTBa HUTpOr/HuepuHa. [IponuTanHLlfi HUTPOrJIMUEPHHOM KH-
3e/bryp MOxKHO GHA0 (opMoBaTh B OpuKerhl. Takne OpHKeThl GbliH
coBeplieHHo GesonacHbl B OGpaileHHH, XOTSl MPONUTHIBAIOMINA KH3e/b-
IYD HUTPOIHUEPHH COXPAHAJ CBOIO pa3pyiuuTensHyio cuay. Hobeab
Ha3zaJ NONYUYEHHVIO UM CMechb JuHasumom.

[TonyueHue HOBLIX H GoJsiee MOLIHBIX MO CpaBHEHHIO C YepHBIM NOPO-
xoM (u3oGpeTeHHBIM GoJiee MATH CTONETHH Ha3all) B3pHIBYATHIX BEIIECTB
B KoHue XIX B. MO/IOKHJIO HA4Ya/0 roHKe BOOpY:keHHH. Ero npumene-
HHEe A/ BOeHHBIX Uejell, KaK M pa3paboTka OTpaBAsIIOIMIHX Ta3oB BO
Bpems nepsofl MHpoBOH BOHHBIL, OTYETJIMBO MNPOAEMOHCTPHPOBANO, YTO
3a/a4il HayKH MOMKHO MU3BPATHTb M 3aCTaBUTH ee CJYXKHTH He/IAM paspy-
wenns. Eme Gonee Harnanauelfl ypok mpenogasno HsobpereHne camoJera
W B KOHEYHOM cyere siiepHOro opy:xus (cm. ra. 14). Hayka, xoropas
Jo xoxua XIX B. Kazanach CpelcTBOM CO3JlaHMS Ha 3eMJe YTOMNHH,
CTajJa CJAYXHTb YHHUTOXKEHHIO,
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Moaumepsi

OnHako CyIleCTBYeT MHOTO HanpaB/eHuH, MO3BONAIOUIHX HCMOAb-
30BaTh MOJEKYJbI-TUTAHTH B MHPHBIX leqsiX. TaK, €CiaH MNOJHOCTBIO
HUTPOBAaHHAA 11€//1101038 — 3TO B3PbIBYaTOE BEUIECTBO H MOMKET IpH-
MEHATLCH TOJMBKO KaK TaKoBOE, TO YaCTHYHO HUTpPOBaHHAA LEJ0/03a
(nupoxcuaurn) Gojlee GesonacHa B oOpalleHnH, H €e MOMKHO NMPHMEHATb
HE TOJMIbKO B BOSHHBIX HEJAX.

Amepukanckuii nsobperatens kon Yascau Xa#arr (1837—1920),
Moitasdch 3aBoeBaTh IpH3, YCTAHOBJEHHBIA 3a CO3JaHHE 3aMeHUTeNs
CJAOHOBOH KOCTH AJA OWJJIHAapIAHbIX [IapoB, Npexie BCero ofpatui
BHMMaHMe MMEHHO Ha YacTHYHO HHUTPOBaHHYI nennoaosy. OH pacr-
BOpHJ ee B CMecH crnupra ¥ spupa, noGasus Kamdopy, utobbl HOBOE
BeIeCTBO Jierye Gb1o obpaGateiBath., K 1869 r. Xaiart nonyuus To,
YTO OH Ha3paa yeaayasoudom, n 3asoesas npus *. Lleanynona 6w nep-
BOH CHHTeTHYeCKOH naacmmaccoll — MatepuasoM, KOTOPbI MOXKHO
omiuBath B (opmbl **,

Opnnaxko, Kak BBIICHHJIOCH, YaCTHYHO HHTPOBAHHYIO LEJJION03Y
MOM{HO He TOJbKO (hopMOBaTh B ILIAPHI, HO H BHITATHBATb B BOJIOKHA H
nnedku. ®Opannyacknil Xumuk Jlyn Mapn I'nngp Bepuuro, rpad Illap-
noHHe (1859—1924), nonyuns Takue BOJOKHA, NPOAABJHBAast PacTBOp
HUTPOLEJIVIIONO3bl  uepe3 ToHuakume orBepcTus. PactBopurtesb npH
9TOM [OYTH Cpas3y Ke HcmapsJ/cd.

M3 nosyyeHHBIX BOJOKOH MOMKHO OBIO TKaTh MarepHas, KOTOpHIH
cBouM OJeckom Hanomunaa wenk. B 1884 r. Illapnouue sanareHtoBan
ToNVUeHHBIH UM UcKycemsennsiti weax. lapaorHe HasBan 3Ty TKaHb
peilon — W3nyuaioulasi CBeT, Tak KakK TKaHb 6jecTesia H Kasaloch, YTO
OHa H3JyYaeT CBeT.

TNosiBAeHHEeM NAACTMACCOBBIX IVIEHOK MBI 06A3aHBI aMEpHKAHCKOMY
usobperatento lxopmky Hetmeny (1854—1932). HMerven ysaexancs
dororpacdueit. [IbiTagcs YNpoCTHTH Npollecc NPOSIBJAEHNS, OH Hadal
CMEIUHBATE 3MYJbCHIO CoeiMHeHHid cepebpa ¢ KesjatnHol, 4YTOGHI
crenatk 3Ty AMyJbciio cyxoit. [loayuensyro takum ofpasom cmech
MOXKHO OBLIO XpaHuTh, a CJel0oBaTe/bHO, M TOTOBHThL BIPOK.
B 1884 r. McTMeH 3aMeHNJ CTEKJsHHbIE MJIACTHHKH HA LENYJOHAHbIe,

Lleanysnonn HeB3phiBOOMaceH, HO OH JIEFKO BOCHJAMEHsIeTcs, 4TO
MOMeT ObiTh MPHYHHON NoXKapa, nostomy MceTMmeH Hadasl NOHCKH MeHee
ropiounx Marepnanos. Koria B Ue/0/103y BMECTO HHTPOrpYnn BBeJH
alleTH/IbHbIE TPY MBI, NOJyYeHHBIH NPORYKT OCTA/ICA CTOJb e MJ1acTHY-
HbIM, KaK M HHTPOUE/JION03a, HO OH yxe He Obl JIerko BOCMiaMeHsio-
wumes. C 1924 r. aueTn/ILeNI0/03Hpie NVIEHKH HauaJH HCIOJNb30BaTh

* TouHocTH pajd Hajo 3aMeTHThb, 4To 3Ty pabory [Dk. Y. Xaiiart nposoaun
Bmecte co ceouM Gpatom M. C. Xaitarrom.— [Tpum. nepes.

** [eppan HeaaytougHas ¢pa6puka Gbuia ocHoBana B Heio-Hopke B 1872 1., a
B 1878 r. aHanorHuHas (pabpuka NosBHAACh Ha eBPONEACKOM KoHTHIICHTe — BO PpaH-
uud. C 20-x rojoB Hallero BeKa LEeANYJOHJ CTaT MPOHSBONHTBCS TMOBCEMECTHO.—
-Mpum. nepes,
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B MPOH3BOACTBE KHHODH/ABLMOB, TaK KaK pa3BHBaOWlAsCd KHHOTPOMBIIL-
JIEHHOCTh 0COGEHHO OCTPO HYy»KJAa/lach B 3aMeHHTe e Le/aYJIoH]a.

Hayuyasi BbICOKOMOJIEKY/fIPHBIE MNPHPOAHLIE COGAMHEHHS, XHMHKH
pPacCUMTLIBAJIH HE TOABKO MONYYHTH HX CHHTETMUYECKHE aHAlOorH, HO
U OTKPbLITh HOBBIE THTIBI coefiMHeHni. OHUM W3 METONOB CHHTE3a MoJe-
KYJ-TUTAHTOB SIBJSIETCH NOAUMEPUBAUUS MOHOMEPOS (MOHOMEp — Be-
IIeCTBO, MOJEKYJLI KOTOPOro cnocobibl pearnpoBath Mexay coGoi uiH
C MOJIEKYJlaMH IPYTHX BellecTB ¢ o6pasoBaHHeM MOJIHMEpa).

Cnoco6 o6beanHellnsl MOHOMEPOB B TMFAHTCKYIO MOJIEKY/Y MOXHO
NOACHUTbL XOTA Obl Ha mpuMepe sthieHa C,H,. Hanuem cTpyKtypHuIE
dopMy bl ABYX MOJIEKYJ 3STHJEHA:
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Ipencrasin cebe, YTO aTOM BONOPONA MEPEMECTHACST I3 OJHOH MoJes
KyJbl B IPYTyi0, B pesyJjbTare B 3TO# MOJIeKYyJ/1e BMECTO JBOitHON cBA3h
nosiBH1ach CBOﬁO}IHaﬂ OJlHHAapHas CBSi3b. CBOGO,IIH&H CBA3L MNOABH=-
Jach Uy nepBoft MOJMEKyJbl, H3 KoTopoH yluen Bozopod. [losromy 3tH
[iBe MOJIEKYJIbl MOTYT COeMHHTLCH JAPYTr C ApYrom,
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Takasi MoieKy/1a CONEpIKHT yiKe deThipe yr/epoANLiX aToMa U OfHY
IBOIHYIO CBfA3b, KaK M MOJEKy/aa HCXonHoro sthaeHa. CaenosatesbHO,
NpH B3aUMONEHCTBHH 3TOH MOJIEKYJIbl C eme ofgHoll MojeKy /ol STH/eHa
TaKXKe MOMKeT NPOH3OHTH NepeMellleHHe aTOMa BOOPONA H pasphiB
npoitHoll cesA3u. Obpasytomancs B pe3yJbtate MoJeKyJaa OyZeT comep-
MaTh WeECTb aTOMOB YIVIepoza W OAHY ABOHHYIO CBA3b. Takum croco-
6oM MOXKHO MOJYYNTE NOC/EIOBATENbHO MOJIEKYJ1y C BOCEMbIO, AECATHIO
u Gonee atomaMu yraepoja. PaxkTHYeCKH TaK MOXKHO MOJYYaTb MoJe-
Kyas noutu JoGof 3aiaHHOH JHHBL

Amvepuxanckuii xumuk Jleo Xeuppuxk DBaxenann (1863—1944)
HCKaJl 3aMeHHTe/b LieJlJlaka — BOCKOMOROGHOrO BellecTBa, BbiAe/de-
MOTo HEKOTOpPBIMH BHAAMH TPOMHMYecKHX HaceKoMmuX. Jlns sTofl 1enw
eMy HeoGxoauM Obi1 pacTBop Kiefikoro jerteofpasHoro BelecTBa.
BakesnaHj Hauan ¢ TOro, YTO MpoBes MoJHMMepH3auuio denona u gop-
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MaJbJeruaa U Noayuil Noaumep, s KOTOPOrO He CMor MomoGpath
pacTeopuTe’b. ATOT (AKT NMPUBEJ ero K MbICJAH, 4TO TakKoH TBepAbif,
NpaKTHYeCKH HEpacTBOPUMBIH M, KaK BBISICHMJOCH, He MNPOBOASUIMI
9JIEKTPUYECTBO NOJUMEP MOXET 0XasaThCsl LUEHHbIM marepHanoM. Tak,
HarnpHMep, W3 HETO MOXKHO OTJHMBATH JeTajH, KOTOphie Jerko Gyaer
o6pabatniBath Ha craikaXx. B 1909 r. Bakenaua coobum. o nosyuen-
HOM WM MatepHase, KOTOpbifi oH Ha3Baln Oaxeaum. Ota derondop-
MaJbJerHHaA cMosia Oblia NepBOH CHHTETHYECKOH maactmaccoit 19,
KOTOpas no pAAYy CBOICTB OCTajack HellpeB3oHaeHHOM.

Hawu npumeHeHHe W cHuTeTHYECKHe BOJMIOKHA. JTO HanpasaeHue
BO3r/1aBHA amepHKaHCKHH Xumnk Yoanec Xeiom Kaposepc (1896
1937). Bmecre ¢ amepukaHckum XuMukom Jlxyauycom Aptypom Heio-
naengoM (1878—1936) o uccseoBan poacTBeHHblie Kay4dyky * szacmo-
mepoi. Pesyabratom ero pabor 6uiso nosnyuenne B 1932 r. weonpena —
OfHOTO M3 CHHTETHYECKHX Kayuykos 1)

Ipononxcan n3yuenne nosumepos, Kaposepe monbitaJ/ics nosinmepH-
30BaTh CMeCh AHAMHHOB W AHKApOOHOBBLIX KHCJ/OT H [IOJYYH] BOJOKHHC-
Tollt nosumep. JluHHBIE MOJIEKY /L 3TOrO NOJAHMEpa COflepKaT KoMGH-
HAlHH aToMOB, NOMOGHBIE NeNTHAHBIM CBA3AM (cM. pa3f. «Besnxu»)
B Geske weskKa. Britarusas 3TH BO/IOKHA, NOJAYYaiOT TO, YTO MEL Ce-
rofHsi HasbiBaeM Hailaonwom. Kaposepc saBepuinn 3ty paGory OyK-
BaJbHO HaKaHyHe MpexpaeBpeMeHHOH cmeprtd. PaspasuBmiascs Btopas
MHpOBasi BOHHA 3acTaBH/a XHMHKOB Ha BpeMs 3alblTb 00 OTKDBITHH
Kaposepca. OnHako nocsie OKOHYaHHS BOWHBI HaWJIOH Hauyan BhTec-
HATH LIe/IK U BCKOpe MpHIUeJ eMy Ha CMeHy (B YaCTHOCTH, B NPOH3BOL-
CTBE WYYJIOUHOI'O TpHKOTAKa).

IlepBbie cHHTeTHYECKHE MOJHMEph! GbLIH MOJY4YeHbl, KaK NPaBHJIO,
cay4aiiHo, MerofioM Npof H owHKGOK, NMOCKONBKY H O CTPOEHMH MOJe-
KYJ-THTaHTOB, U O MeXaHH3Me NMOoJHMepH3alluy Gbl/I0 B TY IOPY MaJo UuTo
n3pecthHo. IlepBeIM 3a H3yueHHe CTPOEHHs NOJHMEPOB B3fJCH HeMell-
kuit Xumuk lepman Hlraymnurep (1881—1965) u cpenan B 3toil 06-
gacti Hemano, Iraypunrepy ypanoch packpbith OOWME MpHHOHMIT
NOCTPOEHHA MHOTHX BBICOKOMOJEKYJIAPHBIX TMPHPOMILIX H HCKYCCT-
BEHHBIX BEIECTB H HaMeTHTh NMyTH WX HCCJeloBaHHA W CHHTe3a. Bia-
rogaps paboram Ulrayanurepa BEISICHHJOCH, UTO NpHCOEJUHEHHE MOHO-
MepoB JAPYr K APYTY MOM(eT NPOHCXOAHTb 0ecnopalioyHO W NMPHBOIHTH
K 00pa3onaHuio pasBeTBJCHHHX MLeNel, NpPOYHOCTH KOTOPLIX 3HAYH-
TeNLHO HIIKE.

* KayuyyK — npupofnblii MoJHMEp, NOJTYYaeMBI H3 COKA TPONHUECKHX PaCcTCHHIl
(xayuykoHocoB). [1pH HarpeBaHHH KayTyK CTAHOBHTCH MATKHM H JTHITKHM, 3 NPH OXJaX-
JeHHH — TBepIbIM W JOMKHM, MOITOMY MNPHMEHATb €ro HeMoCPeACTBEHHO Helb3d. Ame-
puKaHCcKnit usobperatenp Yapass Cynpup (1800—1860) oTkpuLia (oTuacTH cayuaitHo),
YTO HarpeTbifi B MPHCYTCTBHH Cepbl KayuyK He PasMAryaeTcsl H OCTaeTcs aCTHYHBIM
B WHPOKOM JHanasone Temmepatyp. B 1844 r. I'ynpHp 3amaTeHToBasn MoJMy4YeHHBIH HM
eyakanu3osanAowi Kayuyk. Tlo-HacTosemMy WHPOKO Kay4yK CTal NPUMEHATHCH JHILb
B XX B., KOrza H3 Hero Haya/JH H3rOTABJHBATbL WHHHI,
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Hauanuch WHTEHCHBHBIE NOMCKH CMNOCOGOB MOAyueHHs JHHeHHLIX
HepasBeTBJeHHpIX NoaumepoB. M B 1953 r. Hemeuxuit xumux Kapa
Hurnep (1898—1973) otKpb1 CBOH 3HAMEHHTHIH THTAH-aMIOMHHHEBDI
Karajiu3atop, Ha KOTOPOM OblL1 HONyYeH MOJHITUNEH C peryaspHoi
CTPYKTYPOH.

Hranbsuckuit xumux Jxyamo Harra (1903—1979) monuduumpo-
Ban Karanusatop Llursiepa u paspaboran MeTon HoJy4eHHs HOBOrO
KJlacca CHHTETHYECKHX BLICOKOMOJIEKYJIIPHBIX COefHHEHHI — cTepeo-
PETY fApHEIX MoMuMepoB '?. Buin paspaboraH MeTOR NOJYYEHHS TNOAH-
MEpOB C 3aJlaHHBIMH CBOHCTBAMH.

OnsUM M3 TJaBHBIX HCTOYHHKOB OCHOBHBIX OpTaHHYECKHX COeaH-
HeHHH, HeoOXOJMMBIX 1 NPOH3BOACTBA HOBLIX CHHTETHUECKHX Hpo-
AYKTOB, fABJAAETCA Hepmb. ITa MUAKOCTh H3BECTHA C AHTHYHLIX Bpe-
MeH, HO 4Tofh HCMOoNL30BaTh ee B OoablIMX KosauyectBaX, HEOGXOAHMO
ObL10 OTKPLITH €MOCO0 BbIKAUMBaHWS HedTH M3 OOIUMPHBIX MOA3EMHBIX
MecTopoxKaeHHH. AmepukaHCKuii usobperatenb IiBuH JlaypeHTHH
Hpeiig (1819—1880) nepsbim B 1859 r. Hauyan Gyputs HedraHBE CKBa-
®uusl. CroseTHe cnycts HepTh cTaja OCHOBHBEIM MCTOYHHKOM OpTaHH-
YeCKHX COeIHHEHHN, MCTOYHHKOM TelJla M 3IHepruH.

Eute Gosee BaKHBIM HMCTOYHHKOM OpraHHYeCKHX MNPOAYKTOB fB-
JsieTcsl KaMeHHBIH YroJb, XOTs B BeK JBHrate/eil BHYTpPEHHEro cropa-
HUSl MB OGbIYHO 3aGhiBaem o HeM. Pyccku#t xumuk Baaaumup Huxo-
naesny MnarbeB (1867—1952) Ha pyGere BeKOB HayaJsl HCCIENOBATH
CJIOKHBIE YTJIEBOJOPONL!, Ccofiepaiinecss B HeTH U KaMEeHHOYroJbHOM
Jerte, H, B YACTHOCTH, M3y4aTh HMX peaKIWH, HAYUIHEe NPH BbICOKMX
temnepatrypaXx. Hemeuxu#t xumuk ®puppux Kapa Pynoasd Bepruyc
(1884—1949), ucnonb3ysn paHnsie HnatbeBa, paspaboran B 1912 r.
npakTudyeckue cnocobbl 06pabGOTKH KaMEeHHOrO yris W He(TH BOAOpO-
JOM C Le/IbI0 MoJyuyeHHsi OeH3MHa.

Onnako MUpOBble 3amachl uckonaemoeo monauéa (KameHHbIR yrojb
naoc HehTb) OrpaHHYEHHl M HEBOCNOJNHHME. Bce npornossr rosopsar
0 TOM, YTO HACTYIHT JieHb, KOrJla 3amackl HCKOMAeMOro TolaHBa GyayT
ficdepTaHbl, ¥ YTO 3TOT [€Hb He 3a ropaMu, OCOOGEHHO €CJAH Y4ecTb, UTO
YHC/EHHOCTh HaCeJeHHS 3eMJH ObICTPO yBeawdHBaeTcss, a ClNeloBa-
TeNIbHO, YyBeJUYUBaeTcsl M IOTPeBHOCTE B 3HEpPruu '3,
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Heoprannuyeckas XHMHSA

Hosas meraanyprus

Xora uurateqio Momer nokasatbes, 4to XIX B., ocoBeHHo ero
BTOpas MNOJ0BUHA, ObL1 BEKOM OpPraHWuYecKoH XHMHH, HeOpraHHuyecKasi
XUMHAl B 3TOT I[epHOA TaKMKe MpOJAOJKaJ/sa pa3BHBaTbCs.

OpnHuM u3 focTHKeHHH B 3TOH obsacT fBHAOCH H306petenue oTo-
rpaduu (cM. ra. 9). OgHako HA pa3BUTHH SKOHOMHKH MM Gaarococtos-
HHH oOlllecTBa 3TO H300peTeHHe, eCTECTBEHHO, NMPaKTHYECKH He CKasa-
Jock, Ellle ofHHM LOCTHIKEHHEM HEOpPTaHUYecKo# XHMHUH SBHJOCH yCO-
BepIlIeHCTBOBaHHE cnocoGa 3axkurauua orus. Ha NPpOTAXKEHHUH ThICHAYE-
JeTHi uyeaoBeK A00biBai oroHb tpeHveMm. Co BpeMeHH MNOAB/IEHHS XKe-
Jiesa OH HayuHJ/cA BbICeKaTh HCKpPHI, YyJAapfAs OrHUBOM (KpecaJ/iom)
o KpeMeHb. O6a cnocofa GeM HeynOGHB! H YTOMUTE/bHBL, 1 CO BpeMe-
HeM JIIOIH Hauya/u MBITATbCS HCNONb30BaTh AJsl NMOJYyYeHHS OrHA XH-
MHYECKHE BelllecTBa, CNocOOHEIe 3aropaThcsl IPH HH3KHX TeMreparypax
B pesyJ/bTate KpaTkoBpeMeHHOTo TpeHusi. B 1827 r. anrsmiickuit n306-
perareab JxkoH Yoakep (npubausurensHo 1781—1859 rr.) npepioxua
nepBhie BIOJHE NPUroixsle 1as ynorpeGiends ocopHule crnRYKE.
3a nmocaefyolye NoaATopa CTOETHS CIHYKH 3HAYHTE/NbHO ycOBepLIeH-
CTBOBaJNHCb, OAHAKO MPHHUMN MX AEACTBHS OCTa/lCA TEM XKe.

dotorpapus u docdopHble CHHYKH — TONBKO ABa NpUMepa Npak-
THYECKHX yCMeXOoB HeopraHuwdeckofi XuMHH. B nonHeIX H noapoOHbix
TPyAax MO HCTOPHH XHMHYECKOW HayKHM 3TH H moaoOHble UM HPHUMEPhI
3acay»KHBaioT Gosiee YeM NPOCTOro YNOMHHAHHSA, HO B HalleH KpaTKoil
paGore Mbl IO/KHBI COCPelOTOMHTE CBOe BHHMaHHe Ha OTKDBITHAX
Gosee KpYyMHBIX.

Camble GoabluHe ycnexXH B 0OJacTH NPUKJANHOM HeopraHHYecKOH
XHMHUH, 6e3yCc/n0BHO, CBfI3aHL C MONYYEHHEM METasJoB H MpemIe BCEero
cTa/qH, NPOH3BOACTBO KOTOpPOH GblI0 M oOcTaetcss HauGojee BaxKHOM
cTathell 3KOHOMHKH JOGOH NpoMbllIeHHO pasBUTOH cTpaHb. Ecau
He(dTh AN COBPEMEHHOro obLlecTBa — HCTOYHHK CHIPbSl M TOMJHBA, TO
cTajb — MarepHaJ/bHasl OCHOBA NPAKTHUECKH BceX orpacsefl MPoMbill-
JIEHHOCTH.

Cranb, KaK Mul OTMETH/H, Haya/lu Nojy4yaTb H LIHPOKO HCMO/b30-
BaTh €lle TPH ThHICAYeseTHsl Hasal, Ho TonbKo B cepeaune XIX B. Obin
pa3paGoran cnoco6, Koropblii ofecrneyWBa/’ MacCcoBoe MPOHU3BONCTBO
auTofl cranu. Boabluas sacayra B 3ToM NpHHANMEXKHT AHIVIHHCKOMY
metaanypry Ienpu Beccemepy (1813—1898).
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Beccemep paforan Halx cosjaHHeM apTHJJEpHICKOro CcHapsija,
Koropbifl Bpamancsa Obl B MOJIeTe H IBUTAJCH M0 TOYHO 3afaHHOH Tpaek-
Topuu. Jlns storo Beccemepy HeoGXoauMo GblIO OPyAHE C Hape3HLIM
CTBOJIOM, T. €. TaKOe Opy[Me, B CTEHKaX KaHa/ja CTBO/1a KOTOPOro MMe-
JHCh Obl CHHpa/abHblE KaHaBKH, NPOpPE3aHHbIC OT 3aAHEr0 KOHLA CTBOJIA
A0 Ay ABHOTO cpesa. Takoe opyaue MOXHO GblIO H3FOTOBHThL TOJNBKO H3
oco60 NPOYHO# cTajaH, TaK KaK CTBOJ ero Jo/ixkeH Gbll BBIAEPIKHBATDH
BbLICOKHE IaBJIEHHA, HeoOXoIHMbBIE /18 BXMHMaHHf BbICTYNOB CHapsna
B COHpajbHble KaHasKH. McnonbsoBaBuiecs B TO BpeMmsi OObLIYHBIE
OpPyIMS C HeHaPe3HbiM CTBOJIOM MOXKHO OBIIO H3rOTaB/IMBAaTh H3 MeHee
npouHoro Metanaa. IlpousBomcTBo cTanm 06XoAH/JOCH BECbMa AOPOrO,
M TOKa TaKoe NOJIOMKEHHe e COXpaHaJoch, efiBa JiH KTo-HHOyab co-
IJIACHJICH BHIMYCKaTh OPYAHst HOBOFO THIA.

IMpouecc monydenusn Kenesa HayWHaeTcs CO CTaAHH BbIMAaBKH
yyeyna, CONEpIKallero 3HauuTe/ bHOe KOJHYECTBO Yriepoia (KOTOphIH
NOMafiaeT B YYTYH H3 KOKCAa WM [PEBECHOro YIVIfl, MCIONb3YeMBIX
I8 NaaBaeHHd pyasl). UyryH oraumyaercss odeHb GoabmioH TBEpRO-
CTbIO, HO OH XPYymoK. M3 uyryHa MOMXHO MONHOCTBIO YAAIHTh YIVIEPOA.
O6pasyiomeecss B pesy bTate 3TOH ONEpauHH (68apPOYHOE 2eAe30 Tpe-
craBasier co6ofi KOBKHil, HO OTHOCHTE/IbHO MATKHH Matepuasa. B Hero
BHOBb BBOAAT HEKOTOpOE KOJHYECTBO YIJiepoia H B pe3yJbTare MoJy-
43T CcTaJb, KOTopas o6.nanae1‘ ,I!,OC‘l‘aTO'-IHOﬂ BA3KOCTbIO U B TO XKe
BpeMsa JOCTATOYHOH TBEpIOCTbIO.

BecceMep HauaJ HCKaThb TaKo# cnocob NpOH3BOACTBA CTa/IH, KOTO-
pbiit 1103BOIMN OBl MCKJIOYATH JOPOIOCTOSILLYI0 CTAAHIO NOJYYeHHS
CBapoYyHOro :xke/esa. Utobbl ynanuTh H3GLITOUHLIN YI/Iepon W3 4yryHa,
OH MpOMycCKan Yepes paciulaBjeHHBIH MeTaaa CTpylo Bo3flyXa. Merann
NPH 310M He OXJaX[Aaics W He 3aTBepjeBas; HaoGOpoT, B pesy/bTare
peakuHH yr/jepoja ¢ KHC/JAOPOIOM BLIZE/NANOCH TEMJO, H TeMmepatypa
pacniaBa noBbiliadach. [lpekpaumas B COOTBETCTBYIOMHI MOMEHT
nojavy BO3fyxa, Deccemep cmor monyuuth craab (puc. 19).

B 1856 r. Beccemep ony6auxosan cooGumeHne o6 H300PETEHHOM UM
konsepmepe. TlepBpie MOMBITKH MOBTOPHTH OMbITHl Beccemepa oKoHUH-
JHCb Heylaueil: MONYYHTb TAKHM METOAOM CTalb MOMKHO GBIIO TO/NBKO
H3 pynel, He coAepxauieii ¢ocdopa. Kak To/JEKO 3To ymanoch ycra-
HOBHTb, Ie/N0 Mouwo Ha Jaf. B pesyabrare craip craia JNelueBoi,
u kReJesHul BeK (cM. ri. I) yeTymua gmopory Beky crasbHomy. (B mo-
c/elyIolIHe TObl TEXHOJOTHS NPOH3BOACTBA CTANHM 3HAYHTE/JIBHO YyCO-
BepLIEHCTBOBaAach; OblIM paspaboTalbl HOBble CMOCOOH, MPEBOCXOAs-
mue cnoco6 Beccemepa.) 3nauenne craay TpyaHo nepeoueHnts. Cranp —
3T0 coBpeMeHHble HeGocKpeOnl U NogBeCHBIE MOCTE, CTa/lb ~ 3TO Pe/bChl
ANsi MOe3[0B, CTalb — 3T0 MoLIHbie GoeBble KOpaGaH H BCECOKpYILaio-
Was apTHAIepHs.

OnHako CKONb COBEPUIEHHBIM MarepHajoM HH NpejcTaBAsAach
cTa/lb, MeTa/Myprd MuITaMHCh YJYYIIHTh ee CBOHCTBA, H B peayJ/bTaTe
CIIHCOK KOMIOHEHTOB, BXOASLIHX B COCTaB CTa/H, 3HAYHTE/NBLHO PacIi-
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puscs. Aursamficknit merannypr Pobepr 3660t Xaadunn (1858—1940)
H3y4a/ DJHAHHE Ha cBOHCTBAa Crand 106aBOK IPYruX MerasnoB. X3f-
¢duax 3nan, yro fo6aBKa MapraHua jgenaeT CTalb XPYNKOH, HO OH pe-
LA BBeCTH B CTal/lb Maprahua 60J1hille, yeM OOBIYHO BBOJHJH JApY-
rue Meranaypri. Korpa comepxanwe Mapranua pgoctario 12%,

A~ N\
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Puc. 19. Cxema konseptepa Beccemepa. C u3o6peTennem KoHBepTepa TEXHONOTHA MPo-
H3BOJCT3A CTANH MOJHOCTBIO H3MEHHJACh.

cTaab hepectada ObiTh Xpynkoil. Bosee Toro, ecau Takyio crasp Ha-
rpets mo 1000°C, a 3arem OXJialHTb B BOJAE, TO OHa CTaHeT HaMHOTO
TBep:iKe, YeM HCXOAHbIH Meranan. XsahH/MA 3anaTeHTOBaA MapraHIeByio
crajb B 1882 r,, ¥ ¢ 3TOro MOMeHTa Hadajoch mobelHoe LIECTBHE fe-
2uposanHblx cmaned.

IcbaBnss B ctaab xpoM, MoauGaeH, BaHanu#, Boibdpam H HHOOHH,
MeTaNypr¥ NoAyudad Gorateifi CIeKTp JerHpopaMHbIX craqei, obna-
AAOUX CAMBIMH pas/MYHbIMH cBofictBaMH. K 1919 r. amepuxanckuit
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n3o0perareab OnBya Xositnec (1857—1925) sanatentoBan wepoicasero-
WyI0 cmaas, CoAepKalllyio B KayecTBe 106aBOK XpoM u HEKenb. B 1916 r.
Anouckud meraaaypr Korapo Xouna (1870—1954) oGuapy:xua,
YTO MarHuThl, M3rOTOBJIEHHHE W3 BOJMBPPAMOBOH CTali, K KOTOpOH Ao-
GaBsen K0OasabT, OTIHYalOTCH GOJBIIEH MOILHOCTBIO, 4YeM MarHHThl U3
oObIYHOH CTaMH. DTO OTKPBITHE MPOAMKHIO NyTh K paspaloTie eue
Gosiee CHJBHBX MAarHWTHBIX CIJI2BOB.

B 3710 e Bpems Haya/iu HaXOAMTH NpHMEHEHHE H HOBBIE MeTaJlJlbl,
B uacTHOCTH asomunuti. Coleprkanne 5TOro MeTaqta B 3eMHOM Kope
BBIlIE, UueM COAEp:KaHWe Kese3a, GoJee TOro, aMOMHHMH — cambliil
pacnpocTpaneHHslfi Metaaa. OnHako B NPHDOIHLIX COeAHHEHHSX OH
MPOYHO CBA3aH C JPYrHMH 3JeMeHTarnu. B 10 BpeMs Kak Xkeneso Gblio
M3BECTHO M NOOBIBaJOCh H3 PY.bl ellle B IOHCTOPHYECKHC BeKa, aJloMH-
HHH (cM. 1. 6) naxke He cuMTa/NCsl MeTalIoM, loka Bénep e BmUeaH
B 1827 r. ue BnoaHe yucTHI o6pasel aMOMHHHS.

Jume B 1855 r. dpanuysckuit xumux Aupu OtbeH Cen-Knep Ile-
Busnb (1818—1881) paspaGotan mpuemaemslii crnocol MoJydeHis mo-
CTATOYHBLIX KOJIHYECTB JIOBOJBHO uHcTOro amtoMuuus. OnHako u nocie
9TOr0 CTOMMOCTB €r0 HAMHOTO [MpeBbllIaNa CTOMMOCTB CTalH; TaK,
ZIOCTATOYHO CKAa3aTh, YTO H3 aJIOMHHHA OBUIH CHe/1aHbl TaKHe «lpe-
CTHIKHBIE» MpeMeThl, KaK norpemyiuka celHy Hamoneosa II1 u ronos-
HoHt yGop craryn BawmHrrosa.

B 1886 r. mononoii amepuKaHckuil cryfeHt-XuMuk Yapabss Maptuu
Xonmn (1863—1914), ycapiuaB OT cBOEro yuHTens, 4TO TOT, KTO OT-
Kpoer JeleBhH cmoco6 MONydYeHHS! ATIOMHHHS, HECOMHeHHo, pasfo-
rateer M MpPOCJABHTCH, pelHJ 3aHATbeA 3ToH npobnemoit. PaGoras
B JoMmaliHefl 1aGopaTOpHH, Ol OTKPHLT, YTO OKCHJ aTIOMHHHS (IVIHHO3eM)
MOJKHO PacTBOPHTb B pacll/laB/jieHHOM MuHepaJe Kpuoaute. A nonyuus
pacTBOp OKCMZAZ, MOMHO MyTeM 3JEKTPO/JH3a BLIJENHTb M CaM aJsllOMH-
Huii. B tom ke rony dpanuysckuit meramaypr IMoas Jlyn Tyccen
Ipy (1863—1914) pazpabotan Mo CyTH TOT e MeTOf MOJYUYeHHS amlio-
muHHA. Merox Xonna — 3Ipy caelan aTiOMHHHHA HACTONIBKO JeLIEBHIM,
4TO W3 HEro CTalli M3TOTaBJHMBAaTh JaXe KYXOHHYIO MOCYHY.

HauGosiee ueHHoe cBOHCTBO aMIOMHHHS — €ro JIeTKocTh (aIKOMH-
Huit B 3 pasa Jsierue ctaiH). MiMeHHo Mo 3TOi mpHYHHE OH TaK MIHPOKO
HCIONb3YeTCs B aBHALHOHHOH NpPOMBIIIEHHOCTH. B 3THX Xe uensx
notpe6/aOTca W 60JbIIHE KOJHYeCTBA Maenus — elle GoJee Jerkoro
metanna. B 30-x romax Gbin pa3paGoTanbl NPakTHYECKH OCYLIECTBH-
Mble METONBl H3BJIEYEHHSl MarHHs H3 ero cojeif, pacTBOpeHHBIX B MOp-
CKoil BOZe, TaK YTO Ha CerofHsILIHHH AeHb MBI pacnoJaraeM MOHCTHHE
HEHCTOU(MMBIM HCTOYHHKOM 3TOro Metasna. (B Hacrosmee spems u3
MOpCKOH BOIB! NOAYHAOT H 6pOM, ¥ HMOMI, U, KOHEUHO XKe, NOBapeHHYIO
conb. Baxuoli 3anaveil, 3Hauenne Koropoll B GynyweM enle Gonee BO3-
pacrer, siBafiercs MoJydYeHUe NpecHoil BOALl M3 OKeaHa.)

MHoroo6eilaol UMy MPeACTABASIOTCH TaKKe MeTasJbl, MNofobHHe
mumany. THTaH — JOCTAaTOYHO paclpocTpaHeHHbIH MeTall, OT/IHYaeTcs
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BHICOKOH YCTOMYMBOCTBIO K HefiCTBHIO KMCJOT, OH Jierue craJji, HO TH-
wesee amoMuHusi. O6paGotaniblii COOTBETCTBYIOIMM 00pa3oM, THTAH
fIBJISIeTCHA CaMbIM NPOYHBIM H3 MeETAJ/JIOB C [IPUMEPHO TaKoH xe yaenb-
HOM Macco#.

Hupkoruii MOX0XK MO CBOIICTBaM Ha THTAH, HO OH MeHee pacrnpoct-
paHeH H Ts2Ke ee THTaHa.

[lepcrekTHBBl HCMONB30BAaHHS THTAHa BecbMa BelHKH, 0COOeHHO
B CBfI3H C CO31aHHCM CBEepX3BYKOBBIX caMoseros. Camoaetsl, Jetaro-
IHe CO CKOpOCThIO, B HECKOJIHKO pa3 MpeBsblllanleil CKopocThk 3BYKa,
li2:ke B BepXHHX paspe)keHHBIX CloAX atMocdepbl HCMBITHIBAIOT 3HauH-
TeNbHOe CONpPOTHBJAEHHE BCJAeACTBHe TpeHHs Bo3ayXa. MX Hapymxuan
o6IIMBKA JONKHE BBIIEPKUBATE BLICOKHE TeMNepaTypbl, H B KaueCTBe
MatepHasa A5 TakoH OGLIMBKH OCOGSHHO NOAXOAMT THTaH, TaK Kak
N0 CpaBHEHHIO C IPYTHMH MeTa/1aMH OH COXpaHfeT BBICOKYH MpoY-
HOCTb MpH MOBBIILIEHHLIX TeMmeparypax.

Asor u drop

A30T — OCHOBHOH KOMMOHEHT BO3AyXa, Ha ero 00 MNPHXOAHTCH
78% Bcero o6bema. BoAbUIHHCTBO OpPraHU3MOB HCMOJB3YIOT €I0 TONBKO
B BHIe COelHHEHHH, a colepxkaulMiics B BO3LyXe MOJeKy/fAPHBIA a30T
TIPAKTHYECKH HHEPTEH H C TPYLOM BCTYNaeT B peakluH.

XoTa BO3LYX eCcTh MOBCIOAY, B MOYBE YACTO OULYUIAETCH HEJNOCTATOK
HuTpaTtoB (HauGosee paclnpoCTpaHeHHOrO THMA COeAHHeHHH a3oTa),
KOTOpBIfl TPHXOAHTCA BOCHONHATH, BHOCS B MOYBY OpraHWYecKHe HJIH
MHHepaJbHble YA00peHHus.

CoepuHeHHsl a30Ta pacXOAYIOTCS B OTPOMHBIX KOJNMYeCTBaX: OHH
HCMONB3YIOTCS B MPOH3BOACTBE MHHEpA/bHBIX yA0OpeHHH, B3pbIBYATHIX
BELIeCTB H MOPOXOB, KpacHTenedl H NOJYNPOAYKTOB OpraHHYecKoro
cuHTesa. Onacasfch HeXBaTKH MPHPONHOTO CHIpbS, XHMHKH HadajH
H3y4aTb BO3MOXHOCTb HCIIOJNb30BaHHS a30Ta BO3AyXa. DTHM BONPOCOM
3aHHMaJICA, B YaCTHOCTH, HeMenKuil xumuk ®pun [aGep (1868—1934).
On BBISICHHJI, YTO a30T BCTYNaeT B PEaklHIO C BOAOPOAOM MPH BBHICOKOM
AaBJEeHHH W BBICOKOH TeMmmepaType B MpPHCYTCTBHH KaTa/JH3artopa
(:xene3a), ¥ Moctasua cefe Heabio HaliTH cnoco6 MONyYeHHs aMMHaka
M3 230Ta BO3Ayxa H Bojaopoia. [lpeBpaTHTh aMMHAaK B HHTPaThl GhlIO
necnokbo. K 1908 r. Taéep pewmnn 3ty 3apauy.

TMouty cpa3y ke noc/ie HauaJja nepBod MHPOBOH BOHHBI OPHTAHCKHIT
dbaor Grokuposan [epmaHuio, B pesy.braTe Yero B 3TY CTpaHy nepe-
cran moctynath HMTpaT M3 UHaM (HaHayulllee MPHUPOJHOE ChIPBE).
Mexny Ttem on Obl1 HeOOXOMHM AJIS BeleHWd BOHHBL, M BOT HeMEUKHH
xumuk Kapan Bow (1874—1940) Hauunaer paGoraTh Haj peaxiued
laGepa, nniTasich co3jaTh MPOMBILLIEHHBIH CHOCO6 MOMyYEHHs am-
MH2Ka, H K cepeause BoiHbl B ['epman:in yie Obuio HalaKeHO mpo-
MBILLJICHHOE TMPOH3BOACTBO COefHHeHufi a3ora.!)
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CoBceM HHaue 00CTOSJIO AeN0 € (TOPOM. JTOT 3/IEMEHT HACTO/NLKO
AKTHBEH, YTO CYLHECTBYET TOJNBLKO B BH/Ie CORAHHEHHH, MO3TOMY MONBITKH
BLIIS/IHTb €ro B CBOGOJHOM COCTOSIHHH He NPHUBOAHAH K ycnexy. M tem
He MeHee emle co BpeMeH JlaByasbe XWMHKH ObLIH YBepeHH! B CYIeCT-
BOBaHHH 3TOro saeMenta. Tak, Hbionenac v Menjienees BKIoYHAH ¢rop
B CBOH NepuoAnyeckue Tabauubl (cM. ra. 8), XOTd K TOMY BpeMeHH
9TOT ra3 eule HHKTO He noayuus., Kodeuno, npu anekrtposuse ¢rop
oTmienAfeTcs OT cojepXKauled ero MoJieKyJbl, OAHAKO B 3JIeMEHTHOH
¢opMe OH HACTONBKO AKTHBEH, UTO CPa3y e BCTYNAeT B peaKUHI0 H
ONATh CTAHOBHTCH YacThi0 KaKoro-to coefuHeHns. (®top — cambift
AKTHBHBIII H3 BCeX XHMHYECKHX AJIeMEHTOB.)

B XIX B. npobsiemoil moayuyeHusi ¢ropa 3aHMMaauCh MHOrHEe Xu-
MHKH, HauuHas ¢ Iemdpu sBu. Ycmex Beiman Ha Aonio GpaHiy3cKoro
xuMuKa Anpu Myaccaka (1852—1907). MyaccaH pewun, 4To NOCKONBKY
M/aTHHA OTHOCHTCA K YHMCAY TeX HeMHOIMX BellecT, Ha KOTOpHE
¢rop He AefcTBYeT, TO He OCTaeTcsds HHYEro ApPYroro, Kak H3rOTOBHTB,
HecMOTpsi Ha JOpOTOBH3HY, Bce GOOpyZoBaHWe H3 miaTHiel. Dosee
TOro, 4ToOH MOHH3HTb AKTHBHOCTH (TOpa, OH OXJAAHJ peaKllHd OHHYIO
cmeck o —50°C, TomectuB pactBop ¢ropuRa Kaius B [VIaBHKOBOH
KHCJIOTe B CMeuHalbHO M3TOTOBJEHHBIM NaaTtHHOBBIA cocyls, Myaccan
NponyCTHJ Yepe3 pacTBop 3MeKTpHYeCKHH TOK W JHocTer uenu. Tax
B 1886 r. Obl1 HakoHel BAeAeH GaelHO-KeATHH ras — drop.

OnHako WyMHYIO H3BecTHOCT MyaccaHy MpHHECNO He MoNMyueHHe
(ropa, a coscem apyras pa6ora, KOTOpasi, KaK BHIACHHJIOCH NO3JHEE,
B CYIIHOCTH HM K 4YeMy He npusesa. [pesecHwill yrose u anmas sB-
JIAI0TCA Pa3HOBHAHOCTAMHU YIVIepoia; alMas OTJHYAETCH OT YTV TOJNBKO
Gonee nnoTHO!H ynakoBkoH atomoB. CjeloBaTe/ibHo, MOA AeHCTBHEM
BBICOKOT'O JIaBJ/IeHHsl aTOMbl B KpHCTa/lle PeBeCHOro YIJs MOLYT Mepe-
rpynnupoBarbca u ofpasosath anmas. M Myaccan moubitancs momy-
9UTh TaKuM 06pasoM JparoueHHbl#t KameHb. OH pacTBOpM./ ApeBecHHIil
Yroab B paci/laBJeHHOM JKeJese H BBUIHJ NOJYYeHHYIO Maccy B BOAY,
CYHTAst, YTO MpPH Pe3KOM OXJIAXKIEHHUH Yraepofl GyneT KpHCTaNIH30-
BaThCA B BHIE ajMasa.

[Mpumepro B 1893 r. Myaccan nonyuyn/ HeCKOJbKO Medbyaltiuux
KPHUCTAJNIHKOR YePHOTO IBETa, KOTOPHIE OH CYeN ajMa3aMu, M KpHCTaJ-
JIHK Xopouero anMasa AiuHoH Gonee 0,5 mm.

Kasanock 66, Myaccan noctur ycmexa. OJiHako HH OH CaM, HH €ro
noc/lel0BAaTeNA He CMOIVIH MOBTOPHTD 3TOT oflbiT. Kak Mbl Tenepb 3HaeM,
B TAKUX YCJOBUAX ajMa3 o0pasoBaThcs He Mor; cKopee Bcero Myaccan
CTajl JKepTBOH MHCTHOHKALMH: KTO-TO H3 ero acCHCTEeHTOB MOAGPOCHII
anMasbl B Kese3so.

AmepukaHckufi usoGperatens Imsapa ['yapuu Auecon (1856—
1931) Takxe nbiTanca NONy4YUTh anMas u3 Gosee OGHYHBIX opM yrie-
pona. OH He focTHr uesH, HO, HarpeBas yr/epoL B NPUCYTCTBHY TIHHBI
NpH BLICOKHX Temleparypax, [oJy4u/ 4pe3BbiuaiHO TBepABH KapOup
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KpeMHHA, Haspanuuifl uM xapbopyndom. Ilonyuendoe Beniecteo okasa-
JIOCh NIPEBOCXOAHBIM abpasHBHBIM MaTEpPHAJIOM.

Ins nonyyeHHs anMa3oB HeOGXOMNMBI CBEpXBHICOKME AaBJICHHS,
KoTopeie He Oua foctynisl B X1X B. Bricokue JaBjieHus B coueraHHH
C BLICOKHMH TeMIlepaTypaMy MO3BO/SIOT aToMaM Gosiee HJH MeHee Jierko
MeHATH CBOH monomenus, Ilol meficTBHeM BHLICOKHX HaB/JeHHI pasnuy-
Hble 3JIEMEHTHl H COeNHHEeHHS MPHHUMAIOT HOBBIE (JOPMH, B KOTOpPBIX
aToMbl H MOJIEKYJbl yrmakoBaHbl HeoObl4aiiHo nioTHo. Hampumep, Jen
CTaHOBHTCA SHAUMTENbHO Ooslee MJOTHLIM, YeM BOJa, a TeMIleparypa
€ro NnjaB/jeHHsl NpeBbilaeT TeMNepaTypy KuMeHus BOAbl NPH OGBIYHBIX
fdaBnenusx *. M B 1955 r. mo merony DBpuaxmena 6GbUIM M0/ YyYeHbl
1IaKOHENl MepBble CHHTETHYECKHE alMaibl.

Ha rpanuue opranuyeckoif 1 HeOPraHuuyeckoil XHMHH

B XX B. Haga/a NpHOTKPLIEATLCA 3aBeca Hal ofwmpHoil obnacTbio,
npueratpoieil K rpaiHie opraHHYecKoH M Heopravuueckod xumun 2,
B 1899 r. awrauiickuii xumMur ®penepuk Crennn Kunnuar (1863—
1949) 3aHs/acA H3yuyeHHeM OPTraHHYECKHX COEJMHElMH, COAepKallHX
KpeMHEu# — cambifl pacnpocTpaHeHHHt Moc/e KHCJAOPOJA 3JEMEHT
3eMHOA Kopbl. KuNNHHT NOCBATHM H3ydeHHIO KpeMmHHA GoJliee COpOKa
JIET H CHHTE3HPOBA/l MHOXECTBO OPraHHYeCKHX COeJMHeHHH, colepia-
1LKHX OJMH HJIM HECKOJNbKO atoMOB KpeMHHA. Kak BhlsICHHJIOCH, MOXHO
10Jy9aTh GeCKOHEYHO AJIMHHBIE UenH, COCTOAUIMe H3 depedyloUIHXcs
aTOMOB KpeMHHfl H KHCJ0poja.

[TockonbKy BaNeHTHOCTb KPEMHHS paBHa ueTbipem, a B ofpaso-
BAaHHK CBA3ell € KHCJIOPOJOM YyYacTBYIOT JIMIUbL JBE CBA3HM, JABE JApYyTHE
CBSI3H KpeMUHsI B TaKOH LEeNH oCTaioTcs CBOGOAHBIMH, H K HEMY MOTYT
NIPUCOEAHHATLCA pasNMYHBEIE Opranuueckue rpynnsl. Bo spemsa Bropof
MHPOBOH BOHHB U 0COGEHHO MOC/]e OKOHYaHHA BOMHbI CHABHO BO3pOULIO
3HaYeHHe TAKHX 3/IeMCHTOOPTraHWYecKHX CoCAHHEHUH, Kak CcuAuxoust,
HCNOJMb3YEMBIX B KaueCTBe CMa30K, FHAPABNIYECKHX YKHAKOCTel, CHH-
TETHYECKHX CMOJ, BOAOOTTANKHBAIOUIHX CPEACTB H T. A.

OG6uignBie OprannvyecKiie COeIHHEeHHsl COCTOST H3 aTOMOB YIJ/lepoja,
K KOTOphLIM MNpucoelniennl Apyrue aromol. Kax mnpasuso, «apyrue
aToMbl» — 3TO aTOMBl BOJAOPOfa, Mo3TOMYy 00 OPTdaHHYECKHUX COefHHe-
HHSIX MOMHO FOBOPUTb KaK 00 yryeBOJopojax ¥ WX npoussofueix. Op-
HAKO M3BECTHO, UTO aTOM (pTOpa MOYTH CTOJb Ke MaJll, KaK U aTtoM BoJo-
poia. B cBsi3u ¢ 3THM pe3oHHO OblJO MPEANONOXKHTb, YTO TaM, Tae
NOAXOAHT aToM BOAOPOAA, MojgofineT u atoM ¢ropa, T. €. Hapsifly ¢ ce-
MeHACTBOM YIJIEBOZOPOAOB CyILECTBYeT cemeHACTBO ¢hmopyzaaepodos U HX
MPOH3BOIMEBIX.

* [lpn cuATHH JaBJenHa TaKue BewecTBa, KaK NpaBHJ0, BO3BPaLlaloTes B 00LuHOe
cocToAHHe. AJMas COCTaBasfeT HCKJIIOYeHHe,
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[NepBbie 3KcnepUMeHTH ¢ (GTOPOpraHHYeCKUMH COEJAMHEHHSIMH MIpO-
Bes amepHkaHCKHi xuMHK Tomac Muarau-mnamumi (1889—1944).
B 1930 r. os nonyuun ¢hpeow, mMoJeKysa KOTOPOro COCTOMT M3 aToOMa
yriaepoja H NpHCOEJHHEHHBIX K HEMY JIByX aTOMOB XJopa H [IBYX aTo-
MOB ¢propa. DpeoH MNerko CHHKAeTcs, CJefI0BaTebHO, €r0 MOXKHO
HCMOJbL30BaTL B Kaudectse XOJIOAHJBHOIO areHta BMeCTO TAKHX Jerko
CHHUIKaeMblX ra3oB, KaKk aMMHaK H JHOKCHJ Cephbl. B ortnuuune ot atux
rasop ¢peoH He MMeeT 3anaxa, HETOKCHYEH W He BocMJameHsercs.
B nacrosiuiee Bpems ()peOH NOYTH MOBCEMECTHO NMPHMEHsieTCA B AOMall-
HHX XOJOAHJBHHKAX H KOHJHIIHOHEepax.

Bo Bpemsi BTopoli MHpOBO# BORHBL (PTOP W €ro COeAMHEHHA HCIMOMb-
30BajHCk B paboTax, CBA3aHHLIX C YypaHOM M aroMHoH OGomGoH
(cm. ra. 14). B xone pabor norpefoBanuch TaKHe CMasOyHble BEIIECTBA,
KoTophle BhIepuBand Obr JeificTBue ¢ropa. B kauectse TakoBbIX ObifH
BHIOpaHbl rOpyraepofisl, NOCKOJBKY OHH, TaK CKa3aTth, Yxe Bbiep-
Kanu BosJeiictBue ¢ropa.

®Top ofpasyer oueHb NpouHHe CBA3H C yraepogom, H ¢ropyrie-
pofHbie uenmu GoJjiee cTaGHJbHBI H HHEPTHLI, YeM YrJeBOAOpOAHbIE.
®TopyriepofHble MNOJUMEpHl NPEACTaBMAAOT C000H BOCKOOOpasHbe,
BOJAOOTTANKHBAIOLIHE, YCTOHUHBLIE K IGHCTBHIO PacTBopHTeNel BelecT-
Ba, obnajaiouye 3JMeKTPOH3ONAUMOHHBIMU cBofictBamH. B 60-x ropax
H3 QTOpYINepOAHOH NJACTMacCH MmegroHa HadalH H3roTaBJIKBaTDL (MO-
KpbiBaTb H3HYTpH) cKoBopoanl. Ha Takux ckoBopojax, Hanpumep,
MOXHO KapuUTb 6e3 Maclla H NPOAYKT He MNPHropaer.

Hexortopble HeopranHueckiHe KoMmiekcH obpasyiotrcsi Booflle Ges
yuacTusi atoMoB yriaepoga. B 1909 r. uemenxruii xumuk Anbppen Iltok
(1876—1946) Hauan wusyuath THAPHABI Gopa — coefHeHHs: Gopa H
BOJOPOZA H YCTAaHOBHJ, YTO COEIHHEHHS 3TOrO pajpa Moryt GuTb J0-
BOJIBHO CJAOMXHBIMH H J0 HEK(}TOPOI':I CTeNneHH MNOXO0XHMH Ha YrJieBOAO-
polsl. :

ITocne okowuaHus BTopofl MHPOBOH BOHHH FHAPHALI Gopa HEOXKH-
JAHHO HAILK NPHMeHeHHe B KauecTBe JOOABOK K PaKeTHBIM TONJHBaM
LNSl MOBbILEHHS] CHJBI TATH, JBHXKYIIeH paKeTy B BepXHHX CJOsIX
at™ocepsl H B KocMHuecKoM mpoctpaHctse. KpoMe Toro, Hauanoch
UHTEHCHBHOE H3yUeHHe TUAPHIOB Gopa, NOCKOJbKY 0GbiuHbBe opMyJib,
nofobubte nipefdoxenHsM Kekyne (cM. rai. 6), He nospossyid oObsic-
HHTb HX CTpOeHHE.

Tem He MeHee Bce mepeuHcCNeHHBIE yCTeXH, AOCTHFHYTHE B pe3yJib-
Tarte GoJblIOH H306peTaTeNbHOCTH H HACTOHYMBOCTH YHYEHHIX, OKa3aJHCh
B CTOpOHe OoT Haubosee BaXKHbIX HanpaBneHu#l xumuu XX B.

YueHbie, NOCBATHBIIHE ce6f TEODETHYECKOH XMMHH, MbITaJHCh
«3arnsAHyTb» 3a 000/1049Ky atoma. UToGh y3HaTh, YTO XKe OHH TaM HalH,
HaM OpUJeTcAd B OCTaBIUHXCS [J1aBaX KHULH BepHYThCS K OCHOBHOM
JHHHM DA3BUTHA HCTOPHH XHMHH ¥,
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ANeKTPOHDI

Karonubie ayuu

Korna JleBkHnn M ero yuenuk IleMOKpHT BrepBbie BBENTH MOHATHE
«aToM» (cM. 1. 2), OHM MpefcTaBnsan cefe ero Kak KOHeuHylo Hejedi-
My yacTuiy BelllecTBa. bonee nsyx ThicsiuenetH# coycta [lansToH
MofAep:Kan 3Ty Touky 3pewus (cMm. ri. 5). CorsacHo TakoMy onpefene-
HHUIO, ATOM He JoJKeH UMeTb BHYTpeHHel CTpyKTyphl. Belb ecin Kakoil-
TO aTOM MOXHO pasfiennTb Ha Gojee MelKHE 4acTHllbl, TO HCTHHHBIMH
aToMamu OyAyT HMMEHHO 3TH UYACTHILHL

Ha nporskennn Bcero X1X B. atoM cuuta/cs HeleAHMMbIM, JHILEH-
HbIM KakuX-Ju00 XapakrepHblX ocoOGeHHOCTeH U He HMEIOUWIUM BHYTpeH-
Hell ctpykTypul. OHaKo nocsie MposeseHust Psijia IKCIEPHMEHTOB, KO10-
pbie N0 CBOeH mpupojie Aaxe He Gbl1M XHMHUECKHMH, 3Ta TOYKA 3peHHH
Obia oTBepruyrta. K JloMKe cTaphiX npeicTaBJeHMH NMPHUBEJSO H3yUeHHe
3/IEKTPUYECKOTO TOKA.

Kak n3BecTHO, MeKJy MNONOKHTENbHO H OTPHLATENbHO 3apfKeH-
HHIMH TOYKAMH YCTaHABJIMBACTCH SACKMPUHECKUL NOMEHKUAA (INEKT-
pHyeckoe Hanpsikeuue). ITop AeficTBHEM TaKOro HampsKeHWs 3apslbl
niepeMellialoTcsl OT TOYKH € GONMBIIHM NOTEHLHANOM K TOUKE C MEHLIIHM
noteHuuanoM. TakuM o6pasoM BO3HHKAeT 3MEKTPHYECKH#l TOK, KOTO-
pbIfi CTPEMHTCS! BHIPABHSATH PAa3HOCTb MOTEHIHANOB MEXKAY IBYMs TOY-
KaMH 3/IeKTPHYeCKoTo [oasl.

Uepes oAy MaTepHajbl 3JEKTPHUYECKHH TOK TNpOTeKaeT Jerue,
yepes Apyrue TpyAxee. Tak, 4epes MeTannsl TOK NPOXOAUT JIETKO LaXke
np  HeOOJBLIIOM 3JIEKTPHYECKOM TNOTeHuHale, W MeTansbl OTHOCHAT
K KJacCy NpOBOMAIIHX MarepHanoB — nposodruxos. Ytobel 4epes
CTeKN0, CJIOAYy WIH cepy Npolies TOK Naxe HeGOMbIOH CHJb, HeoG-
XOIHM OrpOMHbIfl 3JEKTPHYeCKHH MNOTEHUHaN; 3TH W NOAOOHLIE HM
matepHa/iol  HA3bIBAIOT HENPOBOMAIUIMMH  MaTepHANAMH — U30ARMO-
pamu.

M Bee-Taki NPUJOKHUB JOCTATOUHBIA 3NMEKTPHUYECKUH MNOTeHUHasN,
MOXKHO [pONYCTHTb TOK 4epes /000H MaTepHan — TBepIbIH, KUAKUH
u rasocOpasHuiii. [lepsbie Hceneflopare/sln 3JeKTPHUECTBA B CBOMX elle
HE OUeHb Cepbe3HOo OOOCHOBAHHLIX 3SKCMEPHMEHTaX YCTAHOBIIH, YTO
HEKOTOpbIE XXHJKOCTH, HANPUMEP PacTBOPbI coJiell, NPOBOASIT 3/MeKTpH-
4eCKHH TOK CPaBHHTEJNBHO JierKo. MonHHA — 3MeKTpHYecKHH paspsf,
obpasyromuiica Bo Bpemsl TrPo3bl,— MIHOBEHHO pacnpocTpaHsercs
yepes TOJUY BOSJAyXa B HECKOJNBLKO KHJOMETPOB, B
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Okcnepumentaropam XI1X B. MpeacTaBas/och BechMa 3aMaliuHBBIM
NIONBITATbCA MPOMYCTHTH TOK uepe3 BakyyM. Ho urofbl pesynbrarsl
TAaKoOro SKCNepiMeHTa OblH HaJleXkHbiMH, HeoOXOoAHMO GbIIO MOJYUYHTb
Joctatoyno ray6okuii Bakyym. [Nonbitku ®apajes nponycTuThb 3J€KT-
pH‘-IECKHﬁ TOK ‘lepeB BaKyyM OKOHYHJIHChH Hey}laqeﬁ TOJObKO NOTOMY,
YTO €My He YJAaloChb MOJNYYHTb AOCTATOYHO INYGOKOro BaKyyma.

B 1855 r. Hemeukunit creknopys I'enpux Teficnep (1814—1879)
H3FOTOBHJI CTeKNsiHHbIe cocylbl ocoGoil ¢opMbl H BaKyyMHpOBal WX
HM e H3o0perenHbiM cnocobom. Ero Apyr Hemenkuii (U3HK W MaTeMa-
K FOnuyc ITmokkep (1801—1868) ucnons3oan ath mpybru Iedcaepa
A H3Y‘ICHHH IEKTPHYECKIIX Pa3psalioB B BaKyyMe H rasax.

ITniokkep Bmassn B TPyGKH ABa 3JIeKTPOAA, CO3JAl MEKAY HHMH
SJIEKTPHYECKHI MOTeHnHa W MONYYH] 3MeKTpuueckui ToK. [lox nedt-
CTBHEM TOKa B TPyOKax BO3HHKaJo cBedeHHe («aiheKT HaKalHBaHHA»),
XapaKkTep KOTOpPOro 3aBuCel OT IyOHHel Bakyyma. IIpu mocrarouno
r1y60oKoM BaKyyMe cBedeHHe B TpyGKe HCYe3ano, H TONbKO BOMH3H
arofla ObI0 3aMETHO 3eJICHOe CBEYEHHe CTeKNa TPYOKH.

INpuGausurensno B 1875 r. auranfickuii gusur Yuavam Kpyke
(1832—1919) cxoucTpyHpoBan TpyOKH, B KOTOPBIX MOXHO GblJIO NOJY-
unth Goniee rayfokuil Bakyym (mpybku Kpykca). ViccnelloBaTh 9aeKT-
pHUeCcKHH TOK, NPOXONAIIHA Yepe3 BakyyM, crajso yAobuee. Kasanock
COBepILEeHHO OYCBHIHBIM, YTO 3/JEKTPHYECKHH TOK BO3HHKaeT Ha KaTojie
H JBHXKeTCsl K aliofy, [ie OH yAapsercd B OKpYIKalolee aHOJ CTEKJOo H
co3jiaet csedenre. UTolbl 0KasaTh CNpaBe/IHBOCTb TAKOrO MOHUMAHHUSA
siBjeHns, Kpyxc nomemasn B Tpy6Ky KyCOK MeTasijia, NPH STOM Ha CTeK-
Jie Ha MPOTHBOMOJOMKHOM OT KaTofia KoHue * nmosiBasisiachk TeHb. OaHaKO
B TO BpeMsi GH3HKH He 3HaJH, 4TO lipefcTaBJisieT coGoH aJjieKTpHYecKHf
Tok. OHH He MOIJIM BMIOJIHE OMpelesieHHO CKas3aTb, YTO e Bce-TakH
JBHIKETCA OT KaTofa K aHody, NMpaBia HM JONOMJIHHHO GBLIO H3BECTHO,
4YTO 3TOT INMOTOK JABHXKETCH anMOJlHHEI:IHO (ﬂOCKOJ]be TeéHb OT MeTaJjJjia
Obliia yerko odepyeHa). He npuis HH K KaKOMY BBIBOAY OTHOCHTENbHO
NPHPOMABLI 3TOrO fBJAEHHA, (PM3UKH OTHECJIH ero K «H3/yUeHHIO», H B
1876 r. uemenuxuii ¢usuxk dyreH lonbawreiin (1850—1930) nassan
9TOT NOTOK KAMOOHGIMU AyHAMIL.

Kazanocs ecTecTBeHHBIM NPeANONOAHTL, YTO KaTOAHBIE JIYUH npen-
CTaBJsIOT coboli KaKyro-TO (opMy cBeTa, 00/1afalomlyi0 BOJHOBbLIM Xa-
pakTepom. Boanel, nogofiHo csety, pacripocTpaHAOTCA NPAMOAHHEAHO
, MOJOOHO CBETY, He WCIMHITHIBAIOT BJAHAHHA CHJ TArorenus. B 1o xe
BPEMs KAaTOAHLIE JIyYd BNOJHE MOTYT NpeicTaB/ifaThb coGOH 4YacTHIIHI,
JABHHKYUIHecs ¢ orpoMHoil ckopoctbio. [TockKo/bKY Macca 3THX YacTHIL
ype3BblYafiHO Majla HJAH TOCKOJBKY OHH JABHXKYTCSl 4pe3BbiYaiiHo

* Haunnasn c¢ Bedmxamnna ®paHrauHa, Bee QHSHKH, HCC/EJOBaBUIHE 3JEKTpH-
secteo B XVIII u XIX BB., nosaranu, 4to TOK TeyeT OT TaK Ha3LIBAEMOIO MOJOMKHTE b=
HOTO MOJIOCa K OTpHUAaTeAbHoMy (cM. 1. 5). KpyKe nokasan own604HOCT 3TOTO npef-
noaoxerus, Ha camom jefie TOK TeyeT OT OTPHILATEIBHOrO NOJI0Ca K HOJOMKHTENbHOMY,
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6eicTpo (WM W no Tofl, W no Apyroii NPHYHHE), OHM WJH Boobule He
MCTIBITLIBAIOT NEHCTBHS CHJbLI THIKECTH, WJIH XKe 310 JefcTBHe He mpo-
fIBJIfleTCA B CKOJNbKO-HUGYAb 3aMeTHO# cTerneHH. B TeueHHe HECKOJIBKHX
JECATUJETHH y4yeHble He MOrJIH NMpPHATH K eIMHOMY MHEeHHIO OTHOCH-
Te/bHO TIPUPOAbI KaTOAHbIX sywedt. IlpuueM HeMelkne PHU3HKH pemiH-
TeJIbHO BHICTYNaNH 3a TO, 4YTOOH CYMTaTh KaTolHble JydH Koseba-
BUAMH, a auraufickie QU3HKH CTOJb Ke pelINTeNbHO HACTaWBalu Ha
TOM, YTO KATOAHLIE JYYd — 3TO YACTHILBL

Awad (Tracmunst, vexdy Komopsny
! coadaemeia feicoxoe
,J}\ HARPANKEHUE

I

K amod Uens

Puc. 20. Henonsaya TpyGKYy A/ NOJYRNEHHR KuTOAHHIX aydell, TOMCOH Hamepas OTs
KJIOHeHHe NOTOKa 3JEKTPOHOB B 5/IEKTPHYECKOM MoJie H3BECTHOM HanpsKeHHOCTH.

Pewmrts 3T0T Ccrmop MOXHO Obio Obl, NMOMBITABIIHCH YCTAHOBHTB,
OTKJIOHAWTCA AM KaTOAHHIE Jy4d mnon AeHCcTBHEM MareHTHOrO MoJsl.

Cam [11I0KKep H He3aBHCHMO OT Hero KpyKc MOKasa/aH, YyTo Takoe
OTK/0HeHHe cymecTsyeT. OcTaBanoch peldTh elle onuH somnpoc. Ecau
KaTOJHBbIE JYYH MpPeACTaB/AAIOT coG0H 3apsKeHHble YacTHLbL, TO 3JIEKT-
puYecKoe nofe Takxe NOMKHO HX OTKAOHATb. ONHAaKo J0Kas3aTb, 4TO
KaTofHble JIyYd OTKJAOHAIOTCS B JIEKTPHUYECKOM foJje, ylaloch AaleKko
He cpasdy. Tosbko B 1897 r. anranfickuit dusux Ixosed Lxon Tomcon
(1856—1940), paGorasi ¢ TpyOkaMu ¢ oYeHb MyGOKHM BaKyyMmoM, Cy-
MeJl B KOHLE KOHIOB NMOKa3aTb, YTO KaTOIHbIE JIyYH OTKJOHSIOTCS NMOX
JercTBieM sjekTpudeckoro noas (puc. 20). 2ro Obv0 nocleAHHM 3Be-
HOM B LeNnH J0Kas3aTe/bCTB, M TelMepb OCTaBaJoCh JHIIb COMJIACHTHCSA
c teM (akToM, YTO KaTOAHble JIy4H MpencTaB/fioT cofofi MOTOK OTPH-
uaTesIbHO 3apsAKeHHbIX YacTHIL. ‘l,?»e.rmquna OTKJIOHEHHST 4acTHIULI B Mar-
HUTHOM MoJie 3aJaHHOH HANPFKEeHHOCTH ONpee/sieTcsi MacCol YacTHILbl
¥ BEJMYHHON ee 3/IeKTPHYECKOro 3apsAfa. TOMCOHY ynmaioch H3MepuUThb
COOTHOLIEHHE Macchl H 3apfilla YACTHILI, XOTS H3MEeDHTh 3TH BEJHYHHH
OTHe/bHO OH He CMor.

Kak wu3BectHo, Hammenblued Maccodi o6Janaer aroM BOIOpOfa, H
€Cc/IH NPeAno/OXHTh, YTO 4YacTHIlA KATOAHBIX Jyuefl HMeeT TaKylo xKe
Maccy, TO 3JeKTpUYeCcKuit 3apsaj ee Ko/KeH ObiTh B COTHH pa3 GoJblle,
YyeM HauMeHbILUH{ M3BECTHHIH 3apsf (3apsj HoHA Bofopona). B To ke
BpeMsl ec/IH TNPEeANoJIOXHTh, YTO 3apsijl YaCTHUB KaTOAHHIX JydYedl pa-
BeH MHHHMaJbHOMY 3apsily, HaOMi0oaeMOMy y HOHOB, TO B 3TOM cJy-
yae Macca YacTHUB HOJXHA GBITb BO MHOTO pas MeHblue Macchl aToMa
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Bogopoaa. ITockonbky ToMcoH onpejean/ TOJBKO COOTHOIUEHHE MacChl
H 3apajga, TO paBHOBEPOATHH ObLIH 00a BapHaHTa.

Tem He MeHee MMeJHCb BeCKHe NMPHYHHBI CYMTATh, YTO YACTHILA Ka-
TOAHBIX Jyuell HaMHOro MeHblue jwboro atoma. B 1911 r. amepukan-
ckuil pusnk Pobept duapioc Musuinken (1868—1953) vamepus, BrnoiHe
TOYHO, MHHHMAaJbHBIH 3JEKTPUYeCKHil 3apsi, KOTOPHI MOMXKEeT HecTH
YacTHLa, W TeM CAMBIM JI0Ka3a/ CHpaBel/IMEOCTh TAaKOro Mpearosoxe-
HHA.

Ecay vacTHma KaTOAHBIX Jyyell HeceT TaKOii MMHWUMAJIbHGLIA 3apsj,
ee Macca JOJ/DKHA COCTaBJaATh Jaumib 1/1837 Macce aToma Bojopoaa.
Takum obpasom Ob/la OTKpBITA NEpBasi U3 cyOAMOMHbIX 4ACMUY,.

Eme co BpeMeHH OTKpBITHAl 3aKOHOB 3JeKTpoJu3da Papages (cM.
ra. 5) ObiTOBaJO MpeACTaB/ieHHE, YTO 3/1eKTPHYECTBO MOXKET MepeHo-
cuTbesl YactHuamu. B 1891 r. wpaanackuit ¢usuk Jxopmrk Jlxoncron
Croyun (1826—1911) paxe NpeioXH/ Ha3BaHHe OCHOBHOH eIuHHUbI
3JIEKTPHYECTBA (HE BRABafCh B JETaly, YaCTHLA 3TO WM He 4acTHUa).
Ou npemnoxkua HaswBaTh ee azekmporom V. Wrak, B pesysbrarte
H3yueHHsl KaTONHBIX Jyyell OblJ1 OTKDBIT «aTOM 3JEKTPHYECTBa», O KO-
TOpOM yyeHble XyMaJ/d M rafaiu GoJlee nmojyBeKa. ¥YuuTbiBa# BaXKHOCTD
paborst k. k. TomcoHa, ero MOMHO CYMTATH MEPBOOTKpPBIBATENEM
9JIEKTpOHA.

doToajekTpudeckuil addexT

OcraBanoch yCTAHOBUTB, CYILECTBYET JIH KaKafi-1u60 CB3b MexAy
S/IeKTPOHOM U atoMoM, MraK, 3/1eKTpoH — 3TO YacTHlla /eKTPHYecTsa,
aTOM — YacTHLA BellecTBa; H TOT H APYro# Moryt ObiThb JIMIIEHHBIMH
BHYTpPEHHEll CTPYKTYpbl KOHEUHBIMH YacTHLAMH, COBEpIUEHHO He3aBu-
CHMBIMH APYT ot gpyra. M Tem He MeHee Ma/io KTO COMHeBaJcsl B TOM,
YTO KaKaf-TO CBA3b MEXJY aTOMOM H 3JIeKTPOHOM CYyLIecTByerT.

B 80-x rogax XIX B. Appenuyc paspaGoTa/ TeOpHIO HOHHOH aHMC-
couHauud (cm. ra. 9). OGwbsicHas MoBeneHHe HOHOB, OH HCXOIH/ W3
TOTO, YTO HOHBI — 3TO 3JIEKTPHUYECKH 3apsXKEeHHbIE aTOMbI HJH TPYINMbE
aToMoB. B TO BpeMs GoJbIIMHCTBY XHMHKOB TaKoe OGbACHEHHE MOKasa-
N0ch abCypAHBIM, HO BIOCJAEACTBHH BBIICHHJOCH, YTO OHO Hmeer riy6o-
KWl CMBICJ.

Ecau s/ieKTpoH npucoeaunuTcs K aToMmy XJopa, TO NMPH 3TOM MOJY-
YHTCA aroM XJiopa, HecyIlHi eAUHHYHHIHA oTpHuaTeNbHLI 3apdan, T. e.
obpasyercs uor xaopa (xaopud-uox). ECNHM K Ipyfie aTtoMoB, COCTOSA-
e M3 aroMa cepbl M YEThIPEX aTOMOB KHMCJOPOAA, NPHCOSAUHATCH ABA
3JIEKTPOHA, TO B Pe3yJbTaTe MOJYUHTCA cytbpam-uown, HeCcymui ABoi-
HOH OTpHuaTeJbHBbI 3apal, U T. . TakuMm 00pasoM MOXHO JIErKo
OGBACHHTL OPHYHHLI 06pa3oBaHUA BCEX OTPHUATENLHO 3apAMKEeHHbIX
HOHOB,

Ho xak o6pasyloTcst NMOJ0XKHTENLHO 3apsiKeHHble HOHEI, HanpuMep
uon Hampus? VoH HATpHUA — 3TO aToM HATpHf, HeCywMil eanHHYHbIA
MOJNOKHTENbHbIH 3apsifl, HHKaKUMH JAHHBIMH O CYLIECTBOBAHHM TMOJO-
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MUTEJLHO 3apANKEHHON YaCTHILBL, aHAJOrHYHOH 3JEKTPOHY, HCCJAERo-
BaTesid TOro BpeMmeHH He pacrnosaranu. [losromy ocrapanocs gomyc-
THTb, YTO TMOJIOXKHTEJLHLIA 3apAJ MOXET CO3]aBaThbCA B pe3yJbrare
yXOla ONHOTO WJM ABYX 3JEKTPOHOB M3 aroma. MHeiMu cioBamu, 3tH
OIMH HJIH JIBA 3JIeKTPOHA AOMKHbI ObITh KaK Obl 4acTbiO camMoro aromal

210 JonylleHHe HapyllaJo BCe NMPHBbIYHbIE NPENCTABAEHHS, U TeM
He MeHee OHO ObwIo, Kak mokasasn B 1888 r. nemeuku#t ¢usnk Ienpux
Pynoasp Tepu (1857—1894), BrnosHe BepoOATHHIM.

B 1886—1887 rr. Tepu, mpomyckasi 3/JeKTPHYECKYIO HCKPY 4epes
BO3NYWIHbIF 3a30p Mex1y ABYMA 3JeKTpoaamH (TaK HaspiBaeMblH MCK-
poBOH MPOMEXKYTOK), O6HAPYKHJ, YTO ApH OOMAYYeHHH KaTtoAa yJAbTpa-
(HONETOBLIM CBETOM HCKpa BO3HHKala Jerde. 1o H Apyrue nogobHbe
fBJeHHA, HaOJrofaeMble NPH OCBEIlEHHH MeTaJlJIOB CBeTOM, Kak Onuio
YCTAHOBJIEHO BIIOCTEACTBUN, OOYCJAOBJACHBI (homossekmpuveckum -
chexmon *.

B 1902 r. nemeuxuit ¢usux Pumunn Spyapa Aurton JleHapn
(1862—1947), paGorasiuuii paHbuie accucTeHTOM B JaGoparopuu Iep-
ua, Mokasad, 4To (OoTO3/NeKTpuuecKuit s(deKT BbI3bIBaeTCH 3IMUCCHEH
DJIEKTPOHOB H3 MeTtasa.

®orossekTpUUecKuil (pdeKT XapakTeped A9 MHOTHX MeTaJ/lloB,
NnpuyeM Merasl HCNYCKAKT 3JIEKTPOHBI MO Ilet’lCTBHEM CBE€Ta Jnaie
B OTCYTCTBHE 3JIEKTPHYECKOro TOKA HWJIH 3JEKTPHYECKOro 3apsijia B He-
nocpeacTBeHHOH GAU30CTH OT HHX. Jror (akT Jaa MOBOA Mpexnona-
rath, YTO aTOMbI METa/l/10B (a BO3MOXKHO, H aTOMbI BOOGLLE) COAEPIKAT
3JEKTPOHBL.

O)lHaKO B OObLIYHOM COCTOSIHHH AaTOMBI He HeCYT SJIeKTpHUeCKoro
3apsaja. 1'!03Tomy €CJIM aTOMbI COACPIKAT OTPHUATENbHO 3apAXKeHHble
3JIEKTPOHRI, OHH J0J/IKHbI COAEepPXKaTb H [IOJOXHTE/NbHO 3apsaXKeHHble
YaCTHIb!, 4eil MOJOXKHTeJbHBIH 3apaj KOMMeHCHPyeT oTpHuaTe/bHbIH
3apsi 3/eKTPOHOB. JleHapa mosaraj, YTO aToMbl MOIYT OPEACTABJISTH
cofoil CKONJIeHHEe KaK OTPHLATENIbHO, TaK H MOJOXHUTEIbHO 3apAXKel kX
4acTHU, PasJHYarouuXxcsa TOJbKO 3apAaaoM. Takoe npennoJjoxeHue Ka-
3aJ0Cb COBEPLIEHHO HEBEPOATHLIM — MOYEMY B TaKOM CJay4yae aToM
HHKOI'Ja He HCMYCKaeT MOJIOKHTENbHO 3apsKeHHbIX dacTHu? M mouemy
OH BCErfia HCIYCKAeT 3JeKTPOHB H TOALKO 3/JeKTPOHLIP

INbitages pewnts 3tor Bompoc, JIk. [lx. Tomcod npeamno/ioxud,
YTO aron fpencTasJ/iser co0oil TBepAblil lWap M3 NONOKHTENLHO 3aps-
¥eI'HOTO BellleCTBAa, B KOTOPHIH, KaK M3IOMHHKH B MHPOre, BKpaleHsl
OTPHLLATEIbHO 3apsKeHHble 5JEKTPOHbl. B 006blMHOM aTome oTpHuATe b
HBI 3apsfj 3JEKTPOHOB NOJHOCTBIO HeATPAIU30BAH INONOMKHTENbHBIM
3apsiioM caMoro atoma. B pesysbrarte mpHCOeAMHEHHS HOMOJHHTENb-
HbIX 3/IEKTPOHOB aTOM MOJYYaeT OTPHLATENbHBIH 3apsj, a B pe3y/bTaTe

* Wan npocro ¢oroaddertom. (Ipyrue naspanua — BHewEni doTosdexT, GoTo-
aackTpounasn avnccenn.) Cucrematrueckoe nceneiopanne ¢orosdierra B 1888 r. nauan
pyccknit ¢uank Anexcanap I'puropresnu Croneros (1839—1896).— Hpum. nepes.
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MoTepH HeCKONbKHX NMEepPBOHAYANbHBIX 3JIEKTPOHOB — [OJIOMHTEJbHEIM,
Opxako 310 mpefcTas/ende Tomcola NOMAEPKKH He moaydndo. XoTs
TIOJIOXKHTE/ILHO 3apSKeHHbIe YaCTHLH, ANIeKBATHEIE JIEKTPOHAM, B nep-
Bble gecATHJeTHss XX B. OCTAaBaJHMChb HEU3BECTHLIMH, [OJOMHTEJBHO
3apsiJKeHHbIe 4aCTHLBI, MpaBia APYroro BHAA, OTKPLITH! GHLIH.

B 1886 r. loabawrefiH NpoOBOAMJ 3KCNEPHMEHTHl C pPelleTdaThiM
Kato/loM B BakyyMHo# TpyGke. Ou Hawen, 4To B TO BpeMmsl, KaK Katoi-
HBIE JIyYH PActpOCTPAHAIOTCH TONBKO B OJHOM HaNpaBJeHHH — K aHO-
Ay, uepe3 OTBEPCTHA B KaToje MPOXONAT APYIHE JIyYH, KOTOpLie pac-
npocTpaHsiioTcss B 06pATHOM HanpaBJeHHH.

[MockonbKy HanpasseHue pacrnpocTpaHeHmsi 3THX Jyuelt ofpaTHo
HANpPAaBJIEHHIO DPAcnPOCTPAHEHHA OTPHIATENBHO 3aPSXKEHHBIX KaTon-
HBIX JIyue#, TO BIOJIHE BO3MOMKHO, YTO OHM COCTOSAT H3 MOJIOKUTENbHO
3apsixenHbX 4actul. [unoresa moarsepauJsiach, Korjaa yJajock onpe-
JEeMUTh, KAK 9TH JYYH OTKJIOHAIOTCA MariutHeiM noneM. B 1907 r.
k. IIxk. TOMCOH MpeasioMuJ HasbiBaTh MX NOAOHCUMENSHO BAPSIKHCEH-
HbLMU AY4aMU.

3TH JyYH OT/IHYa/JHCh OT 3JIEKTPOHOB HE TOJbKO 3apsajfioM. Bce
3/IEKTPOHBI MMEIOT OIHY M Ty Xe Maccy, pasuylo 1/1837 macce Bono-
polla — caMoro JIeTKOro aTtoMma; 4YacTHUbI NOJIONHTENbHO 3apfKeHHLIX
Jyde#l pasjvYyaJuch MO Macce B 3aBHCHMOCTH OT TOrO, CJelbl KaKHUX
rasoB COJepajlicb B BaKYyMHOH TpyOxe, a MAacChi YACTHLY MOJOMKH-
TeJIbHO 3apsiKeHHbIX Jyuell ObiIM TaKMMH e, KaK ¥ MacChl aTOMOB.
Macca caMoit Jlerkoit YacTHUB PaBHfAJAach Macce atoMa BOJOPOJA.

Auranitcknit pusuk (ypoxeneu Hoso#t 3enannun) Dprect Pesep-
dopn (1871—1937) pemns, HakoHel, NPH3HATb, YTO €AHHHIA TOJOXKHU-
TeJILHOTO 3apfifia NPUHUHIHANBHO OTJIMYaercs OT 3JeKTPoHa — efu-
HHLBI OTpUllATe bHOro 3apsina. B 1914 r. Pesepdopa npennoxun npu-
HATb B K44eCTBE OCHOBHOH EIHHHUSI MOJOMHUTENbHOrO 3apsifa 4acTHIY
MOJIOKUTENLHO 3aPAIKEHHBIX Jyuell ¢ HauMeHbulled Maccoll, paBHOH
Macce atoma Bogopofia. Koraa, yxe mnosanee, Pesepdopa 3samsJcs
H3y4YeHHeM sepHbIX peaKuui (cM. ra. 14), oH caM HEONHOKPATHO MOJY-
YaJl YacTHLL, HAEHTHYHLIE DY BOAOPOAA, YTO OKOHYATE/NLHO YOenMJIo
ero B MPaBUJbHOCTH TaKo# Touku 3penusi. B 1920 r. Pesepdopa npex-
JIOXKHJI Has3BaTh 3TY OCHOBHYIO MOJIOMHTENLHO 3apsKeHHYIO YacTHUY
nPOMOHOM.

PanuoakTMBHOCTE

CyecTBOBaHHE NOJIOIKHTENbHO 3apPAMEHHBIX YaCTHIL BBHISIBHIH H
MCC/ICAOBAHHMA COBEPUIEHHO HHOTO Poja.

Hemenkoro ¢usnka Buavrenbma Koupapa Pentrena (1845—1923)
3aHHTEPECOBANO, [OUEMY KATOAHBIE JYYH 3aCTaBJSIOT HEKOTOpHE Be-
mectsa cBetHThbest. UToOH Ha6a104ath 3TO A0BOALHO c1afoe cBeyeHHe,
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Pentres npoBomHa ONBITH B 3aTeMHeHHONl KOMHATE H 3aKphIBaj Ba-
KYYMHYIO TPYOKY TOHKHM YepHbM KaprouoM. B 1895 r., pa6oras c Ta-
Ko#t TpyOKO#, OH yJIOBHJl BCMBILKY CBeTa, HCTOYHHKOM KoTOpo#l Gbiia
fIBHO He TPy6Ka. Kak BbIACHHMJIOCH, CBETHJICS KPaH, MOKPHITHIH (oro-
Oymaroi, KoTOpbiii HaXOH/ICA NOBOJMLHO AajieKo of TpyOku. [Mpuuem
CBETHJICH OH TOJILKO B TOM CJ/ly4ae, ec/i¥l Ha HEero nomnajain KaToAHbIe
JY4H.

Puc. 21. B HcnoapsoBannuiit Pentrenom npuGop ana nonydenus X-aydei (peHTreHoB-
CKHX JIy4e#) BXOJH/IH: BHCOKOBOJIbTHAA HHIYKIHOHHAA KaTylKa (@); 6ymMaxiblit 3KpaH,
MOKPHTHH I HAaHOMJaTHHaTOM 6apws, KOTOpHIA CBETHTCA NOA AeficTBHeMm ayuell (6);
TpyOKa, 3aKpHTaA IHIHHAPHYECKHM YepHBIM KapPTOHHHIM KpanowM (6), M KaTogm, Hcny-
CKaiomuii SJeKTPoHH (2).

Pentren npuiuen K BbIBOLY, YTO KOrjlla KaTOAHBIE JYYH HAaTaJNKHBA-
I0TCSl HAa aHOJ, BO3HMKaeT KaKoe-TO W3/yyeHHe, KOTOPoe MNPOXOAHT
CKBO3b CTEK/0 TPYOKH, KapTOH H BO3JleficTByeT Ha Marepuasbl, Haxo-
aaurecst BHe TpyOku. Pentren nepeHocua dorofymary B COCEHIOI KOM-
HaTy, HO M TaM OHA MNpoJloyKasia CBeTHTbCSI A0 TeX Mop, noka Gbiia
BKJIIOYEHA yCTAHOBKA KAaTOMHBLIX Jydel, T. €. OTKDHLITOE UM H3JYyYeHHe
NPOHHKANO Jaxe CKBO3b CTeHbl. IDTO BCENPOHHKAIOLEe H3JyueHHe
Penrren nassan X-aywamu *. (Co BpeMeHeM OblLIO yCTAHOBJEHO, 4TO
PEHTIEHOBCKUE JYYH MO CBOEil MPHPOJAE aHa/MOrH4HLl cBery, HO obJia-
Jaior ropasfio Gosblueili Hepruei.)

Du3nKu cpasy ke 3aHHTEPECOBAMUCh ITUM OTKphiTHeM. Cpeln Tex,
KTO MepBBIM Hayasl 1i3y4aTh PEeHTTeHOBCKHE JyuH, Obll u (paHiyscKkuil
¢dusuk AuryaH AHpu bBekkepean (1852—1908). Ou sauumanca ¢hayo-
pecyenyueli — cBeuennem, HaGJojlaeMbiM Yy psifia Belllects nocae o6-
JYUeHHs] HX COJIHeYHbIM cBeToM. EFo mHTepecoBano, He CONEPKHUT JiH
tnyopecueHTHOe cBedeHHe PEHTTeHOBCKHE JYYH.

* B Hawefl cTpaHe NMPUMEHACTCA TePMHH «PeHTreHOBCKHE JYuu».— [lpus. nepee,
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B 1896 r. Bekkepenn 3aBepHy.1 QoTONJEHKY B uepHyi0 OyMary H
OCTaBHJl ee Ha COJIHEYHOM CBeTy, NOMeCTHB HA Hee KPHCTa/sl CoelHHe-
HHfl ypaHa, cuuTaBluerocs ¢uiyopecuentHsiM, OOHYHBIE CBET HE MOMXKET
npoiiTH CKBO3b YepHyto GyMary 4 BoaJedcTBoBaTh Ha (OTONJIEHKY, B TO
BpeMsi KaK peHTTeHOBCKHe Jyyd NpoilyT CKBO3b OyMary, u NJeHKa
npu 3stoM nouyepHeer. Koneuno, Bexkepenn oOHapy:kuJs, uyto mMieHKa
noyepHesna. OfHAKO BCKOpe BHIICHH/IOCh, YTO KPHCTa/J/l BbI3BIBAET
noyepHeHHe MJIEHKH, Aaxe ec/i ero He o6/yYalOT COJTHEYHBIM CBETOM,
T. €, daxe B TaKHX YCJAOBHAX, Korja (uiyopecueHuHsi HeBO3MOMKHA.
Kopoue rosopsi, KpHCTa/sl MOCTOSIHHO HCIYCKaeT MPOHMKAolee HaJy-
yenune!

[Monsckuil yyenwiit (paGoraswas Bo ®panuun) Mapusi Kiopu-Ckio-
nosckas (1867—1934), neppasi xeHwuHa-QU3KUK, HA3BAJIA ITO SIBJIEHHE
paduoaxmusHocmoto. OHa yCTaHOBH/IA, YTO PajHOAKTHBHO He CoefuHe-
HHe ypaHa B LeJOM, a TOMbKO aToM ypana. Ilpuuem ypau coxpauser
3TO CBOMCTBO BHE 3aBHCHMOCTH OT TOrO, B KAKOM COCTOSIHHH OH HaXo-
OHTCA — B MeTaJ/IHYecKof aJieMeHTHOH opMe HJIH B BHIE COeAHHEHHS.
B 1898 r. Kiopn-CKnofoBcKas OTKpbLIA, YTO TSKEJNBIH MeTaa TopHH
TaKxKe pajadoakrtHBed. Jrtu HccaefoBanus Mapusi Kiopu-Ckiogosckas
NPOBOAKJIA BMecTe ¢ MykeM — ¢panuysckum ¢usnkom [Tbepom Kiopu
(1859—1906).

JloBO/ILHO CKOpO OBLIO YCTAHOBJEHO, YTO pajHOAaKTHBHOe H3Jyye-
HHe ypaHa H TOpHS HMeeT CJIOXHYW0 Npupony. Iloa mefictBueM Maruut-
HOrO 10Jig JIYYH OTKIOHAJHCH TaKdM 00pasoM, YTO MOXHO OBUIO pas-
JIHUMTL TPH THNA H3AyueHus. Pesepdoph Haspas STH TPH cOCTaBJsAIO-
[mye paaHauHHd NepBBIMH TpeMSl GyKBaMH rpeyeckoro andasura: assgha-
Ayuu, Gema-ayuau U 2aMMa-AYHU.

[MockonbKy raMMa-Jiyud He OTKJOHSJIHCH MOJ NeHCTBMeM MarHuT-
HOro mnoJisi, T0 GBUIO pelleHo, YTO OHH MOJOOHBI CBETY, a TOYHee —
PeHTreHOBCKHM JiyyaM, Ho ofsagaior elne Gosbluelt suepruefd. Bera-
JIyud OTK/IOHSJIHCh B MarHATHOM MoOJie, NMPHYEM B TOM Ke HanpaBJeHHH
H Ha Ty Xe BEJHYHHY, YTO H KaTtoAHble JyuH. Dekkepean pewn, yro
3TH JIYYH COCTOSIT H3 GBICTPHIX 3JeKTpoHOB. [To3TOMY OTHe/bHbIE 3/1eKT-
POHBI, HCMYCKaeMble pafMOaKTHBHBIMH BellleCTBaMH, NMOJYYHJIH Ha3Ba-
Hue Gema-wacmuy. Ocranoch ellle OnpefeNuTb NPUPORY aibta-ayued.

DKcnepHMeHTH! ¢ afba-TyyaMH B MAarHHTHEIX NOJAX MOKas3ajiH, YTo
OTKJIOHeHHe 3THX Jyuefl MPOTHBOMOJIOXKHO OTKJOHEHHIO OGera-Tyuefi.
CnepoBartesbHO, afba-yun 3apsikeHnl nosoxateabHo. [ladee, mno-
CKOJIBKY a/b(a-yud OTKJIOHSIOTCS OueHb ¢/1a00, OHH HO/IKHBI 00/a-
JaTh oOueHb OoJablIOA Maccofi. M, Kak BbISICHHJIOCH BMOC/AEACTBHH,
Macca anb(a-yacTHi, B yeThipe pasa GOJblUe MacChi YacTHL, Ha3BaH-
Heix Pesepdopaom npomonamu.

Takoe cooTHolIeHHE Macc, Ka3anock Obl, TFOBOPHJIO O TOM, YTO
anb(a-Nyuyd — 3TO YaCTHUBI, COCTOAIIHE M3 uYeTthipex nporoHoB. Of-
HaKO B 3TOM CJyyae 3apsfiji KaXJIo# TakoH yacTHubl Ao/KeH GbiTh paBeH
3apsilly YeThIpeXx MPOTOHOB, a OMLITHI MOKAa3anH, YTO OH PaBeH 3apafy
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TOJILKO ABYX NpoToHOB. McXoas u3 910ro, MOXHO GBIIO NPeAnoIoKHTh,
YTO HapsAy C YeTHIPbMs MPOTOHAMH ajb(a-yacTuila COAEPKHT TaKKe
ABa 3JeKTPOHA. DTH 3/1eKTPOHbI HEeHTPANH3YIOT JBa H3 UeThipeX MOJO-
MHTeNbHBIX 3apAf0B, HO MAcChl YacTHIbl NPAKTHYECKH HE YBeJHYH-
BaloT. 37Ot TOYKH 3peHHS HCCAENOBATENH MPHIAEPXKHBAJNHCh B TEUeHHE
npaMepHO TpuAnatd Jer. [Tosarasy taxike, 4TO H ApPYTHE MONOXKH-
Te/IbHO 3apfiKeHHble YacTHLb ¢ GoabLIofi Maccofi mpeAcTaBadoT coGol
aHaJorHyHble KOMOWHALHH NMPOTOHOB H saeKTpoHoB. Oanako npu Ta-
KOM TOAXOAe psijl BONPOCOB OcTaBaJjcsl HepelueHHmM. CyliecTBoBasu
COMHEHHWS] OTHOCHTEJBHO TOrO, MOMKeT JH afbda-yacThlla COCTOAThH H3
TAaKOTO MHOMECTBa MeHbUIHX YacTHL.

Tonbko B 1932 r. anraniickait pusuk xefimc Yensuxk (1891—1974),
NPOBOASA ONBITH, WHALHATOPOM KOTOpHIX Gbln Peaepdopa, otkpeut yac-
THIY C TaKOH ke Maccoil, Kak H Y NMPOTOHA, HO B OTJIHYUHE OT NIPOTOH2
He Hecyume#t Kakoro-1u6o sneKTpHueckKoro sapspa. [lTockonbky 3ta
yacTHILA 3JeKTPHYeCKH HefitpajibHa, ee HasBadH HedmpoHom *.

Hemenxknit ¢puznk Beprep Kapa IefizenGepr (1901 —1976) cpasy xe
NpeANo/IOKAA, YTO MOJOMKHTENbHO 3apsiiKeHHble YacTUUbl OOJbILOH
Macchl MpeACTaBafioT co00i He MPOTOHHO-3JeKTPOHHEIE KOMOHHALHH,
a MpoTOHHO-HefirpoHHble. CorvacHO 3TOMY NpefNoJOXKeHH:0, ajbda-
YacTHLLA COCTOHT H3 JABYX MPOTOHOB H JABYX HeHTPOHOB; CyMMAapHBIH
HNONOKHTENbHEIH 3apAjJl TAKOH YacTHUBLI paBeH JIBYM, a CyMMapHas
Maccd paBHA YeThipeM MaccaM OJHOro NpoTOHA,

®u3uky Hauutd, YTO adbda-yacTHua, cocToflllas H3 yeThipeX (a He
H3 1lectH) cy0aTOMHEIX YacTHIl, Jyylile COOTBETCTBYeT TEODeTHYeCKHM
BHIKJaAKaM, H HAes MPOTOHHO-HEHTPOHHOrO CTPOEHHS aJb(a-yacTHil
YTBepAHJIACk.

* Ewe B 1920 r. YeaBHK KCnepHMEHTABHO JIOKa3al PaBeHCTBO 3apsijia siipa Mno-
PAAKOBOMY HOMepy 3JeMenTa.— [Tpusm. nepes.
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ATtomHoe sapo

Mopankosbiii Homep

PannoakTHBHOe H2JyuelHe ypaHa H TOpHA BecbMa c1ado, ero TpyaHo
ynoBuTh. M3yuasi paamoakTuBHOCTH MuHepasoB ypaHa, KiopH o6Hapy-
XKHNa, YTO pfAJ MHHEPaJOB C HW3KHM COAepr<aHHeM ypaHa, HampuMep
cMoafHas ofManka, oOnagaior Gonbuiedl HHTEHCHBHOCTBIO H3JYUeHHsI,
uem uucthill ypad. Kiopn npuiina K BHIBOAY, 4TO B TOM MHHepajne
KpPOMe ypaHa CONEPMKHTCS €lle KaKoi-TO pafiMOaKTHBHLU1 3JIEMeHT,
IlockonbKy OHa 3Ha/la, YTO BCé KOMMOHEHTHI, COAepIKallHecs B CMO-
JAsHOH oOMalKe B 3aMeTHBIX KOJHYecTBaX, HEPaAHOAKTHBHBI, TO HEH3-
BeCTHHIH 3JIeMEHT, cOjepXaHHe KOTOpOro 3aBeaoMo OBLIO BecbMa
HH3KHUM, NO/KeH Obil GbiTh Ype3BHYaiiHo pajnoakTHBHLIM 1), B reuenne
1898 r. Mapus u Ilvep Kiopu nepepaboranu GoJbllioe KOJHYECTBO
CMOAHOH O6MaHKH, NbITafick OBHAPYXHTb HOBLIH 3/ement. Y B uione
TOTO K€ rofia STOT HOBLIH 3jiemeHT Obli Hafizen. B yectb poanusr Mapun
Kiopn ero uassaiu nosonuem. B nexabpe Obl1 OTKPLIT emle Ofu!
ajieMeHT — paduii. PajuoaKTHBHOCTb pajus OKasaiach YpesBbluaiiHo
BBICOKOH: MHTeHCHBHOCTb ero uanyuesnsa B 300 000 pas Goablie, uem
y ypana. CopepXanue pajns B pyle BechMa Mado. Tak, H3 OfHOH
TOHHBI pyObl cynpyraM Kiopu ynajoch noayuuTb Tolbko okoso 0,1 r
panus.

Jlpyrue cu/BbHO pajHOAKTHBHLIE 3/1eMEeHTHl OBIJIM MONYYEHB! JIHIIb
B CACHOBBIX KoauuecTsaXx. B 1899 r. ¢panuysckuit xumuk Axgpe Jlyn
He6uepu (1874—1949) orkpeun axmunud. B 1900 r. Hemeukuii ¢usuk
Dpuapux Apuct Hopu (1848—1916) oTkpbil pannoOaKkTHBHBIH ras,
KOT1OpHIH NOJAy4W/a HasBaHue padona. Pajon — ofuH H3 WHEPTHHIX
rascs (cM, 1. 8), pacnonarawoiiiiics B nepuopnyeckoit tabiuue HHxKe
KcenoHa, Haxoneu, B 1917 r. nemeukue xumuku Orro an (1879—
1968) u Jiuze Mefitnep (1878—1976) oTKpbliu npomaxmunuli.

DKCepHMEeHTATOPE Hayalli MPUMEHSTb 3TH PEAKHE pajHOaKTHUB-
HbI® 3JIEMEHTH C MOIIHBLIM H3JY4eHHeM B «PafHalMOHHLIX MYLIKaX»,
CBHHell MOIVIOUIAeT H3JY4YeHHEe, W eC]H KYycOueK BelllectBa, COAepiKa-
LIEro OMH U3 PatHOAKTHBHBIX 3JIEMEHTOB, NOMECTHTh B OCBHHIOBAHHAIN
KoHTeflHep ¢ HeboJbLiMM OTBEDCTHEM, TO H3 KOHTeHHepa Bhifijer
TOHKHI NYYOK paJMOaKTHBHBLIX Jydeil, KOTOPHIl MOXHO HarnpaBHTb
Ha BHIODAHHYIO 3KCIIEPUMEHTATOPOM MUUIEHB.

Haun6onee 3¢pekTHBHO «pafMaunoHHbIE NYIIKH» Hcnogab3oana Pe-
sepdopA. Hauuuas ¢ 1906 r. on GomGapaupoBan ObicTpPuMM afbda-
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YacTHLAMH TOHKHE JIACTOYKH MeTaslsia, Hanpumep 3oJota. BoabmuHerBo
asba-4acTull NPOXOAHJH CKBO3b JIMCT MeTa/l/la, HEe WCOBITHIBas MpH
3TOM HHKAaKoro BOBJ{GI?ICTBHH H He OTKJOHSAACH. DTH YacTHIIL! perucr-
pHpoBanuch Ha (UiyopecleHTHOM 3KpaHe, MOMELIeHHOM M03aJd JIHCTa
Meranna. ONHAaKO HEKOTOpbIE YaCTUIlbl pacceHBanCh, MPHYEM MOA
GonbIUMMH MO OTHOLIGHHIO K MJIOCKOCTH MeraJuia yrJiamu.

TonumuHa son010ft hobru, cayxuBiiefi MHIIEHBIO, COOTBETCTBOBAMA
ABYM ThICsidaM aTOMOB, H TeM He MeHee GOMBIIMHCTBO afbda-yacTull
GecnpensTCTBeHHO MPOXOLAT yepe3 Hee, CJAENOBATENbHO, MOXKHO ObLIO
NpeanoNoXHTb, YTO aTOM He siBJAfiercsi ChJowHsM. B To ke Bpems
HEeKOTOphble aib(a-dacTHIlbl, CTaNKHBasACh ¢ (OJAbrofi, pesko OTKAOHSA-
10TCS, CNefloBaTesbHO TAe-TO B aTOMe JIOMKHA ObiTh MOJOKHTENLHO
3apsukeriHasi ofiactb, B KOTOpoH cCOCpPelOTOYEHa MPAKTHYECKH BCA
Macca atoma.

PasBuBas Teoputo cTpoenuns amoma, Peseppopa npuinen K BHBOZY,
YTO B LICHTPE aTOMa HMEeeTcA OYeHb MasieHbKoe fIAPO, KOTOpOe 3apsKeHo
NOJOKHTENbHO H COAEPXKHUT BCe NPOTOHH (M BCe HEHTPOHEL, KaK Mo3jHee
BBIICHHJIOCB). Amomnoe 20po NOMKHO ObiThb OYeHb HeGOJbLIMM (MO-
CKOJIbKY JIMIIb Q4YeHb MaJafd 4acTh aﬂb¢a~qacmu OTKJAQHACTCA, CTaqa-
KHBAsCh C MHLIEHBIO), HO B 3TOM fJpe IOMKHA ObITh COCpeNOTOUEHa
NpaKTHYECKH BCSl Macca aTtoMa.

Bo BHemHHX 006aacTsaX atoMa HaxomaTcss OTPHUATE/bHO 3apAxeH-
Hbple SJEKTPOHBI, Macea KOTGPLIX CiiHLIKOM MaJa, 4ToGbi OHH MOIJIH
MelaTh MPOXOMIEHUI0 anba-yacTiil. XOTH Macchl NPOTOHA M anbha-
YACTHIBI CPAaBHHMBI C MacCOH aToma, M NPOTOH, H ajba-dacTHIbI —
5TO roJible aTOMHBIE faj]pa. Our 3aHHMAIOT TaKoe MaJeHbKoe npocTpax-
CTBO IO CpaBHEHHIO C atroMaMH, 4YTQ, HeCMOTpHA Ha GO.HI:!.LIle Mmaccey,
HX TaKxke MOXKHO CYMTaTh cyOATOMHBIMH YacTHLLAMH.

C OTKpPBITHEM fJApa aTOMa BHOBb BCTaJl BOMNpPOC O HeAeJHMOCTH
aroma. flapo — cepaue aToMa, OHO OKPYXKeHO H 3auuuleH0 06J1aKOM
SMeKTPOHOB, H HHKaKHe XHMHYecKHe NpeBpalleHHs ero He 3aTparH-
Bator. MiMeHHO 3Ta HenaMeHHOCTb fiipa Oblla MPHYHUHON TOro, YTO BCe
nonayuennsie 10 90-x romos XI1X B. skcnepuMeHTa/bHBIE JAHHBIE TO-
BODHJ/IH O HEJENHMOCTH aToMa.

OfHaKO H3MeHeHHs OJHOTO THIA 4TOM HCIBLITHIBAeT H MPH OGBIYHBIX
XHMHYECKHX peaKUHMsX: C «MNOBEPXHOCTH» aToMa MOTYT YAaluThCs
HecKOJIbKO 3JIeKTPOHOB HJIM e Ha 3TOH «IMOBEPXHOCTH» MOTYT pa3Mme-
CTHTbCA HECKOJIbKO AOMOJHHTENbHBIX 3JIEKTPOHOB, XOTS 3JIEKTPOHHOE
06/1aKO KaK TaKOBOE MOXMET MPH 3ITOM COXPAHHTbCA. 3TO OTKPHITHE
NO3BOJNHJO OKOHYATEJbHO pPEIHTb Npo6JeMy HOHOB, CTABUBIUYIO B
TYNHK TPH NOKOJIEHHS XHMHKOB.

Eme co Bpemen [JaibToHa OblJIO H3BECTHO, YTO PasHble aTOMBI OT-
JHYAlOTCs APYT OT Apyra Maccoi (cM. 1. 5), HO ueM 06y C/I0B/AeHO ITO pas-
JHune? Kak OGBACHUTL 3TO pasjHyHe, HCXOAS W3 MOJEAM aroma,
npepiokenHo#i Pesepdopaom? OrBeTHTh Ha 3TOT BOAPOC MOMOIJIO
U3yyeHHe PeHTreHOBCKHX Jyueidl, Hemeukuit ¢puank Make Teopop Pe-
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auke Jlays (1879--1960) B 1909 r. nauan GomGapaupoBaTh KPHCTAMIBL
PeHTIeHOBCKHMH JyuamH. Baaromaps 3THM sKchepuMeHTaM, NpH3HaH-
HBEIMH KJ1aCCHYeCKMMHM, OBIIH yCTAHOBJEHH JBA CYLIECTBEHHBIX (aKTa.
Kpucraiasl cocToaT W3 aroMoB, o006pasyoiliUX KpPHCTalIHYecKylo
pelleTKy, KOTOpas pacceHBaeT peHTIeHOBCKHE JYy4YH CTPOro onpefe-
JIeHHBIM oGpasoM. TeopHus pacceMBaHHs (HAH AHPPaKUHH) pPeHTreHOB-
CKHX Jiyueii MO3BOJIHJIA CBA3aTh OAUHY 60AHb. PEHTTEHOBCKOIO H3Jy-
YeHHs ¢ napaMeTpamH 3JeMeHTapHOH syellKH KpucTa/Ja.

Aurnuiicku#t puank Yapasa I'nopep Bapkna (1877—1944) caenan
clefyomni BakHbi war., OH YCTaHOBHJI, 4TO MPH pacceUBaHHH PeHT-
TeHOBCKHX Jyyel pas/JHYHBIMH 3/jeMeHTaMH o0pasylorTcsl NYYKH peHT-
TreHOBCKHUX Jyueil, KOTOpbie MPOHHKAIOT B BelleCTBO Ha XapaKTepHCTH-
yeckde BeauudHbl., Kaxnwii 3ssemeHT co3faer ocobbiii HaGop peHTre-
HOBCKHMX Jyueli. B TpyGke Kpykca HCTOYHHKOM TaKHX PeHTTreHOBCKHX
Aydelt CTAHOBHJICA MOA JefiCTBHEM MydYka KATOAHBIX JydeH aHTHKaTOR
(KoTopbi H3roraBJMBajd U3 pasNHYHBIX MetaslsioB). Jlpyroit amr-
aufickuit ¢usuk, enpu I'sun xkedpuc Mosau (1887—1915), ucnons-
3ysl B KayecTBe aHTHKAaToJla pa3jHuHble 3eMeHTs, B 1913 r, yeradosun,
yTo YeM Gosbine aTOMHas Macca 3JieMeHTa, TeM MeHblle NJIHHA BOJIHBI
o0pasyioUuxca pPeHTreHOBCKHX Jydel. 2rta obpartHas 3aBHCHMOCTD,
JOKa3biBal Moand, cBf3aHa C BEIMUHHON [0JIOXKHTENbHOrO 3apsja
sigpa atroma. Yem Gonblue 3apsj, TeM Kopoue LJIHHA BOJHbBI PeHTIeHOB-
CKHX Jlyded.

Mcxogs U3 AAMHBI BOJIHBEIL, MOXKHO BBIYHMC/AHTB 3apsj sjpa aroma
aoboro snementa. Takum ofpasoM B HTOre YyHajoch MOKAasaTh, 4TO
3.haAn sApa Bogopona paseH -1, reaus -2, autus 3 U Tak Janee
BIJIOTh JIO ypaHa *, 3apsg siapa Koroporo pased +-92.

Benuv-riia 3apaga sgpa MojydyHJsia HasBaHHe NopA0Ko8020 HOMEPQ
saemennia, 1.au amomuozo Homepa. Cpasy Xe CTa/lo MOHATHO, YTO,
pacnoJiarasi JeMeHThl B MOpSIKe YBeJHYeHHs aToOMHOi Maccel, MeH-
IeneeB NG CYTH JeNa PacnoJOXKHJ 3JeMeHThl B NMOpsjKe BO3pacTaHus
HX aToMHbIX HOMepoB. O Tex ABYX CNyyasX, KOTAA OH NOMECTHJ aToMbl
¢ Gonbie#t Maccoit BrnepelH aTOMOB C MeHbmlei Maccoll (cM. ri. 8),
MOCKOMBKY 3TH aTOMEI € MeHbileH Maccol TeM He MeHee HMEIOT GOMbIIHH
NopAQKOBBIH HOMep, Mbl GyjneM roBOpHTb 0cob0.

Ha atom 3rtane, HakoHeu, CTalo BO3MOXMHBIM 3aMEHHUTBL Onpenese-
HHe 3jeMenta, naHHoe bBoiinem. Cornacwo Bo#no, 3aemedT — 3to
BELIECTBO, KOTOpOe HeJib3s pa3v/iokWUTL Ha 0oJiee MpOCTHIE BeIECTBA,
HOBOE OMpefeNeHue 3J1eMeHTa 3BYYHT TakK: 3JIeMEHT — 3T0 COBOKYII-
HOCTb aTOMOB C OJHHAKOBBIM 3apszOM fjpa.

BrnepBbie Takie cTano BO3MOMHBIM TOYHO IMPEACKa3aTth, CKOJBKO
3JIeMEHTOB elle OcTasock OTKPhTh. B 1913 r. Bee snemenTs ¢ nopsn-
-KOBBIMH HOMepamH 0T 1 10 92 GblIH y2Ke OTKPBITH, KPOME 3JIeMeHTOB

* DTH 3HaueHHs OCHOBAHBl Ha JOMYyLIEHHH, COMAacCHO KOTOpOMY 3apfj HpOTOHA
NpPOH3BO/ILHO YCTaHOBJEH PaBHHM -1, a 3apaj snekTpoHa pabed —1.
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¢ MopANKoBHIMH HoMmepamu 43, 61, 72, 75, 85, 87 w 91. B 1917 r. 6bin
OTKPHT npomaxmunul (nopsaakosbiit Homep 91), B 1923 r.— eagpuud
(nopsaakoBetit HoMep 72), a B 1925 r.— penudl (mopsagkosbiii HOMep 75).
B pesyabrare B MmepHonHYecKOd TabJHie OCTaBaJHCh TOJIbKO YeThipe
He3anoJiHeHHbIE KAeTKH, COOTBETCTBYIOUIME 3/1eMEHTaM ¢ MOPSIIKOBBIMH
Homepamu 43, 61, 85 u 87. OcTaBasoch OTKPHITH TONBKO YeThbipe 3Je-
MeHTa, HO cAenarb 3To He yjgaioch eme # B 30-e romet (em. ra. 14),

ITocKoMbKY MNPOTOH — eIMHCTBEHHAs MOJOXKHTEIbHO 3apsKeHHas
yacTHIa, oGHapy>KeHHass B sJApe, TO TNOPSANKOBHI HOMEp 3JeMeHTa
paBeH YMC/Iy MPOTOHOB sjpa. B sAgpe aMoOMHMHHS, MOPANKOBBIH HOMED
Koroporo 13, mo/mkHO cogep:katbca 13 npoToHOB, HO TaK KaK €ero
aToMHas Macca pasHa 27, TO B ero sijpe, Kak GbLIO yCTAHOBJIEHO NO3JHee,
JOMKHO cojepxartbes eie 14 HefitponoB. Hefitponbt uaMeHsioT Maccy
sipa, HO He BJHMAIT Ha ero 3apsaia. B aape aroma HatpHs, nopsaKOBbIH
Homep Kortoporo 11, atomHas macca 23, fomkHO cofepaxarbes 11 mpo-
ToHOB ¥ 12 HefiTpoHoB. (M nporoHbi, W HeATPOHB HAXOXATCA B sApE,
MOITOMY HX HasbiBAlOT HYKAOHamU *.)

B HOpMalNbHOM COCTOSTHHH aTOM 3JIeKTPHUECKH HeHTpanaeH. 3ITo
O3HAYaeT, uTO KaKIOMY TMpPOTOHY B SAIpe COOTBETCTBYET 3JeKTPOH,
pacnonoxeHHbl Ha nepudepuu atoma. CnefoBaTesibHO, YHCIO JEKT-
POHOB B HEHTPaJbHOM aTOMe DaBHO NOpPSAKOBOMY Homepy. Tak,
B aToMe BoJopofa Bcero 1 aneKTpoH, B arome Harpus ux 11, B atome
ypaHa 92 u 1. p.**

AnekTpOHHBle 000104KH

Korga nBa atoma crainKHBAalOTCA H BCTYNAIOT B peakUHIO, OHH HJIH
cOeNMHAIOTCA BMecTe, 0606LLeCTB/IsAA CBOM 3JCKTPOHL!, HJAH e BHOBb
pacxoisTcs moc/e nepepacnpefenenis 31eKTposos. MmenHo 3To 0606-
LIeCcTBJeHHE HJH MNepepacnpefie/ieHHe 3JeKTPOHOB H BHI3BIBAGT HaMe-
HeHHe CBOHCTB BellecTB, HaOJMOfaeMoe NMPH MNpPOBeAeHHHM XHMHYECKHX
peakuui,

KpomoTauBoe W TILATENbHOE H3yyeHHE peHTTeHOBCKHX Jyued
nokasano, uro ¥ obobuiecTBieHHe, W MepepacipejeseHle 3/eKTPOHOB
_MOUHHSAETC KaKOMY-TO OIpeNeieHHOMY IMOPsIAKY, H B pe3yJibTare
6biia BbABHHYTZ caelyiomas runoresa. Okpyxawmoumue siZpo artoMa
3]€KTPOHBl MOAPA3NENAIOTCA Ha OonpegeseHHble Ipynnsl ¥ obpasylor
TaK HasblBaeMble IAeKmpoHHble 060aouku. Damkaiiias K aapy aroma
o6oJiouka nosayynia Hassanue K-ofosouka, a mocienyrouHe o6osoukit
OBIM HasBaHbl cootBercTBeHHO L-o6omouka, M-o6osouka, N-o6o10uka

* Ot matHHCKOro nucleus — anapo.— Mpum. nepes,
** [lonoxurebHble HOHb 00pA3yIOTCA B pesysbTaTe MOTEPH 3JEKTPOHOB, a OTPH-
‘aTe/IbHble HOHB — B PesyJbTaTe MPHCOENHHEHHA SMeKTpoHoB. CrreoBaTebHO, Y HOHA
HaTpHA Meubllle 3/eKTPOHOB, 4eM Yy AaTOMa HaTpHA, a Y HOHa XJopa HX GoJblue, YeM
¥ aTtoMa xuiopa.
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u T. A. CornacHo srofi runorese, Ha Gauxkafunell K fapy 060JA0UKe
MOTyT pacnofararbes TOJMbKO [Ba 3JeKTpola, Ha caepyiomedl L-oGo-
JIoyKe — BoceMb, Ha M-000/10uKe — BOCEMHaauaTth H T. A., T. €. 4eM
Janbie o6ojlo4ka yja/leHa oT sjapa, TeM Gosbile SJAeKTPOHOB Ha Hel
Moxer pacnonaratbcs. Hanpumep, Tpu 3JeKkTpoHa atoma JHTHA,
OAMHHAJLATE 3/IEKTPOHOB aTOMa HaTpHA M IeBATHAALATL 3JEeKTPOHOB
aToMa KaJslHs pacnpejesisiioTcst Mo 3/JeKTPOHHBIM 000J104KaM B CJeqylo-
e nopsigke: Li 2, 1; Na 2, 8, 1; K 2, 8, §, 1.

Y KaxIoro aroMa LIEJOYHBIX METalJIOB 3JeKTPOHbI pacrpefes-
I0TCA TaKHM 06pasoM, YTO BHEWHI0W 000JOYKY 3aHHMaeT TOJBLKO
OAMH 3JeKTpoH. [loCKONMbKYy npH CTOJIKHOBEHHH ATOMOB B KOHTaKT
BCTYNAKT HMEHHO BHEIIHHE 3MeKTPOHHbIE 00OJOYKH, TO CAEAyeT OXH-
RaTb, 4YTO YHCIO 3JEKTPOHOB Ha BHewmHefl ofo/ouke W ompejenser
XHMHYECKYI0 aKTHBHOCTB 3JIEMEHTa, SJIeMeHThl C aHAJOTMYHBIMH BHeIll-
HUMH 3JICKTPOHHHIMH OCONMOYKAaMH HMEIOT CXOAHble CBOHCTBA, KaK,
HanpuMmep, BHILEYNOMSHYTHIE Ie/IOYHBIE METaJlJIbL.

Paccyxaas Ttakum o6pa3oM, MOXKHO CKasaTh, YTO LIeJIOYHO3e-
MeJIbHBIE 3JIeMeHTH! (MaruHii, KaJblUHii, cTpoHuHii u Oapuil) MoXoxH
ApYT Ha Apyra Takxe M0 3TOH MpUUHHE: Y KaKAOro H3 HHX Ha BHeIlHeH
ofosiouke No ABa sJeKkTpoHa. Ha BHemsux oBon0OYKAX aTOMOB raso-
rexos (¢ropa, xnopa, 6poMa H HOAA) MO CeMb JIEKTPOHOB, @ Ha BHEIUHUX
060/104Kax WHePTHBIX Tra30B (HEOHA, aproHa, KPUNTOHA H KCEHOHa) —
Mo BOCeMb,

Cocranss nepuoiuyeckyro Tabauuy, MeHleneeB, pasymeercs,
CaM TOr'o He 3Has, pachojIoXHJ 3JIeMeHTHl B COOTBETCTBHH CO CTpOEHHEeM
SJEKTPOHHKIX 000J0YeK HX aToMOB.

B Gonee TamxenniX aTtoMmax, B KOTOpPLIX YHC/O 3JIEKTPOHOB BCe pacTeT
¥ pacrer, YBeJHUUBAETCA YIIC]O 3EKTPOHOB Ha BHYTPEHHUX 060/I0YKaX,
HO Ha BHeluHe#i 00QJIOYKE YHCNO 3JEKTPOHOB OCTAeTCsl MOCTOf HHLIM,
Tak, manpumep, nopspgkosble HOMEPA pPeJKO3eMENbHLIX S/EMEHTOB Jie-
xar B mpenenax or 57 no 71 skmoyntensHo. M xors no mepe npoasu-
HeHUA Mo nepHonHuecKof Tabnuue Mbl HaGMIOKaeM yBeJlHUeHHe YHMCMa
SJIeKTPOHOB Ha BHellHefi ob6ojouke, Bce pelKO3eMe/bHBIE 3JEMEHTHI
HMeIOT 110 TPH 3/IeKTPOHA HA BHellHeH 060/0yKe. ITO TOXKASCTBO BHEIU-
HHX ofosloyek OOBACHAET, MoueMy SJeMeHTh! 3TOH IpyINnbl TaK HeoXHu-
JNaHHO OKasaluch TMOXOMKH APYT Ha Jpyra 1o CBOHCTBaM.

Korna Menzenees coctaBnfi/i MePHOAHYECKYIO TaBGAHILy, OH HCXOMHJI
H3 BaJIeHTHOCTH 3/1eMEHTOB, MOCKONBKY O paclpenefeHHH B HHX JeKT-
POHOB B TO BpeMs eMy ellle HHYero He OwIO H3BeCTHO. Tenepb BMOJIHE
pasyMHO OblJIO NPEANONOXKHTb, YTO Ba/JEHTHOCTb 3JIeMEHTa Ompefe-
Jsercs ero 3JMeKTPOHHOH CTPYKTYpo#.

Hemeukuft xumur Puxapa Aterr (1869—1910) B 1904 r. ykasan,
YTO SJEKTPOHHAS CTPYKTYpa HHEPTHHIX TasoB JOJIKHA OHTh OCOGEHHO
ycToHunBOf. ATOMBI MHEPTHBIX [a30B HE TNpPOABJSIOT TeHACHUHH K
YMEHBIUEHHIO HJTH YBeNHUEHHIO YHCAA 3JEeKTPOHOB Ha BHEILHHX 3JEHT-
POHHBIX OGO/IOUKAX M MOITOMY HE yYacTBYIOT B XHMHYECKHX peakuHsX.
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MoxHo 6u10 clenaTh BHIBOA, YTO 3JIEKTPOHHLIE OGOJIOUKH HHEPTHBIX
rasos HaHGoslee YCTOHuMBEI,, a ApyrHe aToMbl MOTYT OTAaBath HJIH
NpUHHMATh JIEKTPOHBI, MOKAa HX 3JIEKTPOHHA#A CTPYKTypa He CTaHeT
Takol ke, Kak y O/uxafillero HHepPTHOTO rasa.

OnuHHaAUATh S]EeKTPOHOB HATPHSl pacrniojiaralorca B nopsiake 2, 8,
1, a ceMHafllaTh 3/1eKTPOHOB XJiopa — B nopsiake 2, 8, 7. Ecaun narpuit
OTHACT, a XJOp NPHMET OIMH 3/JIeKTPOH, TO NepBbld NpHOOpeTeT 3JeKT-
POHHYIO CTPYKTYpPY HeoHa (2, 8), a Bropoll — S/IeKTPOHHYIO CTPYKTY DY
aprona (2, 8, 8). Arom HaTpua, OTAaB OTPHIATENbHO 3apsKeHHHIH
3MeKTPOH, MpeBpalllaeTcsi B TOJOXHTENbHO 3apsKeHHbIH HOH HAaTpHA.
ATtom xJopa, NoONYYHB 3/EKTPOH, mpeBpailaercss B OTPHUATENbHO
sapsKeHHBIHI HOH XJopa. [Ipo1HBOMOMOXKHO 3apsiKeHHbIE HOHBl MOX
JIeHCTBHEM 5JIEKTPHUECKOTO TMPHUTSAMKEHHA CTPEMATCA COENHHHTHCH.
Hmenno sto u npeanonaran Bepuenuyc cronerve Hasam (cM. ra. 7).

[MpuBefieHHble paccy:kieHusl OOBACHAOT, MoUeMy BaJleHTHOCTb
Harpus Ao/kHa Oubth paBHa |. Harpnit ne Moxer oraats GoJblue
ONHOTO 5/1eKTPOHa 0e3 HapyileHHs YCTOHUMBOH 3/AeKTPOHHOIl CTPYK-
Typst 2, 8. AToMm XJI0pa no To# Ke NPHUHHE He MOMeT NPHHATH GoJbie
OAIHOTO 3JeKTpPoHa. B To e BpeMsi Kanbuui (3JJ€KTPOHHAs CTPYKTYypa
2, 8, 8, 2) crpemurcs OTAATh ABA SMEKTPOHA, a KHCJOPOA (3JIEKTPOH-
Has cTpykrypa 2, 6) crpemurcsl NpuHATh ABa SjeKTpoHa. Y o06oux
9THX 5/IeMEHTOB Ba/leHTHOCTb paBHa 2.

Mexny npouuM, B pesyabTare T4KOTO Nepexofa IeKTPOHOB H
NPOHCXOAHT NepeHoC 3apsaa, H NMOITOMY-TO XHUMHYECKHe peaKklHy MoryT
CJAYKHTb HCTOYHHKOM 3JIEKTPHYECKOrO TOKa, KaK 3T0 Mokasasn Boabra
Gonee croneTHs Haszall (cM. ra. 5).

B cBere HOBbIX mpeAcTaBJeHHii O CTPOEHHH aTOMa SKBHBAJEHTHAas
Macca paBHa aTOMHOH Macce 3JieMeHTa, JeJIeHHOH Ha ero BaJleHTHOCTh
(cM. ra. 7), WAM, MHBIMH CJIOBAMH, JEMeHHO'T HA YHCJAO OTAABaeMbiX
HJIH TNPHHHMAEMBIX 3JIEKTPOHOB.

Onnako AGerr paccMaTpvBai TONLKO MOJHHEIA nepexoll 3JeKTPOHOB
OT OJHOrO aroMa K JApyromy, npusoasfmufi x ofpasoBaHHIO pasHo-
HMEHHO SapsXKEeHHbIX aTOMOB, KOTOpHIE 3aTeéM YJepXKHBAlOTCH BMecTe
mof, JeficTBHEM 3/MEKTPOCTATHYECKOrC NMPHTSMKEHHs, APYTHMH CTOBaMH,
Aberr paccmarTpuBaJl 3JeKTpOBaJeHTHOCTh ¥, JIBa aMepHKaHCKHX
xumHka [[xuns6epr Hetoron JIsrouc (1875—1946) u Mpsuur Jlenrmiop
(1881—1957) B nepuon nocye 1916 r. HesaBHCHMO APYT OT Apyra pac-
LHPHJH 3TO monsiTHe. OHH, B YacTHOCTH, OOBSICHHJH CTPOEHHE MOJie-
KyJsl XJopa. B Monekyse xsiopa ABa aTtoMa XJiopa MpPOYHO CBf3aHBI
ApyT ¢ Apyrom. HHKaKHX NMpHYMH A8 Nepexoja SJeKTPoHa OT OQHOTO
atoMa K ApYromMy, HECOMHEHHO, He CyUIecTBYel, M aToMbl XJopa He
MOTYT YIepKHBaTbCA BMecTe NMoJ AeficTBHeM OOGLIYHOTO 3JeKTPOCTaTH-
9eCKOro nNpuTAxeHHs. TeopHH MexaToMHOro MNpuTsxenus DBepue-
auyca u AGerra He oGBACHSIOT, Kak o6pasyeTca Takas MOJeKy.Ja.

Jlstouc u JleHrMiop npeAnosioKHIM, YTO B JAHHOM CJIydae MOMKET
NPOHCXOAHTL 00oOLLecTB/AeHHe SJIEKTPOHOB: Kax[plii aToM <«NpeACTaB-
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JisleT B COBMECTHOE II0JIb30BAHHE [0 ONHOMY 371€KTPOHy». IJTH 3/eKT-
POHBI OCTAOTCA 1a BHELIHWX 3JeKTPOHHEIX 000/104Kax 00OlX aTOMOB.
ChnenoBarenbho, pacrnpejesieHie 3J€KTPOHOB B MOJIEKYJ/E XJOPa MOXKHO
u3o6pasntL crenyroutinm ofipasom: 2, 8, 6}, 6, 8, 2 (1 — mapa coBMecTHO
HCTOJNb3yeMBIX JEKTPOHOB, BXOAAUIHX B SJIEKTPOHHbIE 000JOYKH KaX-
Joro M3 atomoB). B pesysabTaTe atom XJ0pa, BXOHAUIHH B MOJEKYJly
XJiopa, xapakrtepusyercs GoJjiee cTaGH/IbHBEIM paclipelleJIeHHeM 3JeKT-
poHoB (2, 8, 8), yem y ormenbHoro aroma xqaopa (2, 8, 7). Mmensno no
9TOH NpHYHHE MOJEKyJia XJopa HAMHOIO MeHee peakuHOHHOcNoOcobHa,
yeM OTAe/bHbIE aTOMbl XJ0pa, KOTOpHe OHCTPO OOBEAHHAIOTCH B ABYX-
aTOMHYIO MOJEKYNY.

Ilnst Toro 4To6e 060O6ILECTBIEHHBIE MEKTPOHBI OCTaBaTHCh HA BHELl-
HHX IEKTPOHHBIX 000J0YKaX aTOMOB, 3TH aTOMBL JOJ/IXKHBI OCTABaThCH
B KOHTaKTe pyr ¢ ApyroMm. Yrofbl oTOpBATh ONHH TAKOH aroM OT ApY-
roro, Heo6XoJAMMa 3HaYyHTeNbHas 3Heprds. Kakawlli aToM, KOTOPHIH
ofpasyeT XUMHYeCKOe coelHHeHHe B pedyJberate o0obllecTBIeHHA
naphl 3JeKTPOHOB, 06/1akaeT BAJEHTHOCTBIO |. ITOT THN BaNEHTHOCTH
MONYUU] HAHMMEHOBAHHE KOGAACHIIHOCHID.,

Teopus Jlbtouca — JlenrMiopa nossoaser o6bsICHHTH, Kak o6pa-
3YIOTCS CBRI3M MeX(AY aTOMaMH yrJjepoja H/AH MeXAy aroMamH yrie-
PoOZia ¥ aToMaMH BOAOPOJA B OPraHHYeCKHX COeAHHeHHAX. BonbmmHeTBO
OpraHHYecKHX MOJIEKYJT MOHKHO JIETKO NpPEACTaBUTb 3AeKMPOHHbIMU ¢hop-
Myaamu, B KOTOPHIX MpekHHe wWTPpUXH dopmya Kekyne (em. ri. 7) —
570 00oGllecTB/IEHHBE [apHl 3JEKTPOHOB.

LelictBuTenbho, anrauiickoMy xumuky Hasuny Buncenty Cemx-
Bixy (1873—1955) B 20-x rogax XX B. yjajsoch paclpocTpaHHTb Mo-
H5THE KOBAJICHTHOCTH Ha Heopranuyeckue coeivHeHusi. B yactHocTH,
OH MCIOJIL30Ball ero IJIs KOOpAMHAUHOHHHIX coennHeHHA Bepwepa (cM.
ra. 7), K KOTOPEM ObiJI0 TPYAHO MPHMEHHTH OOBIUHBIE MPEACTABJACHUS
Kexyne.

Bce nofo6HBle XMMHYECKHE H3MEHEHUS 3a71ParHBaloT TOJMbKO 3JeKT-
POHHI; MPOTOHBI LEHTPAABHOrO AApa BO BeeX CAydasaX (Kpome OAHOIC)
HaZexHo 3aMumeHs. MckarodeHHe cocTaBasfeT JHIIb BOJXOPOA, SAPO
KOTOpOro COCTOHT M3 OZHOro nporoHa. EciiM aTom BOAOpPoAa HOHH3yeT-
¢ B pesyabrare yla/jelusi eJHHCTBEHHOTrO ero aJieKTPoHa, TO MPOTOH
ocTaercd He3alLHIUEHHBIM.

B 1923 r. natckuit xumnk Moransec Huronayc Bpencren (1879—
1647) npenaoxii HoBOe onpejie/ieHHe KMCJAOT M OCHOBaHHE (cM. ra1. 5).
Kucnora, no onpenenenuio BpeHcrena,— 3To coeaMHenwe, cTpems-
Lieecss OTAaTb NMPOTOH (HJHM HOH BOAOPOAA), TOrja Kak OCHOBAaHHe —
3TO0 CoelHHeHHe, CTPEMSAILeecs OPWUCOSNUHHTE MPOTOH. 3Ta HOBas
TOYKAa 3peHHSs He ToJbKO 00o0muJia u3BecTHoie (aKThbl, YIOBJIETBOPH-
TeJIbHO TPAKTOBABIIHECS Ha OCHOBE (1apwX npeactaBieHuil, HO 4
MO3BOJHJIA 3HAYHTEJBHO PACIUHPHThL MOHHTHE KHCAOT W OCHOBAHHI W
HCIIONb30BATh €ro B HOBhHIX oObnacrsX.
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Dusnueckas opraHHyeckas XHMuA

Hauwnas co Bpemed JlaByasbe XHMHMKH MOIJIH [MpeacKa3blBaTh,
B KakoM HampaBJeHHH MOHAYT T€ UM HHBle ObICTPHiE MOHHBIE peaKUHH
OTHOCHTE/NBHO HebOoMbIUHX MOJeKYyJ, H MorM MomuduiupoBaTbh 3TH
PeaKiHd ¢ HeJbl0 UX MPAKTHYeCKOro Hcmosab3oBanus. HMayuats ciox-
Hble MOJeKyJibl ObuIo ropaszo TpyaHee. MensieHHBe peaKUHH OpTaHH-
YeCKHX COEAMHEHHH TakxKe ropasjio TpynHee MOANABATHCh aHAMH3Y,
Yacto peakuud MOIVIH HATH HECKOJAbKHMH MyTAMH, M HaNpaBUTh pe-
aKUHIO 0 HYXHOMY MyTH XHMHKY MO3BOJIAJIH €ro MacTepcTBO 3KCIe-
pUMeHTaTOpa M HHTYHMHHS, a He ry0oKoe MOHMMaHHe npollecca.

C nosiBNeHHeM 3MeKTPOHHOH MOIENH aTOMa XHMHKH-OPTaHHKH CMOT-
JIH MO-HOBOMY B3MVISIHYTb Ha 00/JacTb CBOMX Hcc/leloBaHuii. B KoHle
20-x rogos XX B. aurauiickuit xuMmuk Kpucrohpep Muroaba (1893—
1970) u psim APYrUX XHMHUKOB MOMHTAIHMCE MOJOHTH K OPraHHYECKHM
peakuyaM ¢ MosuuHi TeopuM cTpoeHus aTtoMa, oOBACHAS B3aUMOMeH-
CTBHE MOJIGKYJ MepeXx0oJoM aJIeKTPOHOB, B oprannuyeckoll XWMHH Haya-
JIH MHTEHCHBHO MCNOJIb30BAThCA MeToAbl (uspyeckoit Xumuu. BaxHoi
OHCHHIUIHHON cTaNa (hu3u4eckan OpeaHu1eckan Xumus. ‘

OnHaKo NONBLITKH HCTOMKOBATH OPraHHUeCKHe PeaKlMH TONBKO KaK
pesyJbTaT MepeMellleHUs 3JeKTPOHOB K ocofoMy ycleXy He MpUBEH.

% TeyeHHe NepBoi yetBepTd XX B., ¢ MOMEHTA OTKPBITHS 3JIEKTPOHA,
CYHTANOCh JAOKa3aHHBIM, YTO SJeKTPOH [MpeicTaBiser co0oil OueHb
MallenbKHii xectknil mapuk. Onnrako B 1923 r. dpanuysckuit dpusmk
Jlyu Bukrtop ne Bpo#ns (pox. B 1892 r.) npeacraBua TeopeTHYecKoe
000CHOBaHHe TOrO, YTO 3JEKTPOHHI (a TaKMe M Bce [pyrHe yacTHilbl)
ofnanaioT BoMHOBbIMH cBoictBaMH. K konuy 20-x rogos XX B. 3ra
runotesa Obiia MoAaTBepkAeHa 3KClepHMeHTaTbHO.

TTonuur (mepBbIM NPeAnoJOKHBIUWHA, 4TO MOJeKyJbl GelIKOB H HY-
KJIeHHOBBIX KHMCJOT MMeloT ¢opmy cnupand, cM. ra. 10) B mavane 30-x
rofos paspaboTan MeTOAbl, MO3BOJIHBIUHE [PH PacCMOTDEHHWH OpraHH-
yeCKHX peaklUHH yYHTHIBATh BOJHOBYIO MPHPOAY 3JIeKTPOHOB.

OH mpemnosoxua, uro ofo6uiecTBleHHe Mapel 2J1eKTPOHOB (MO
Jletoncy w JleHrMiopy) MOXKHO TPaKTOBaTk KaK B3aHMOJeHCTBHe BOJIH
UM (epeKpLIBaHHe SJIeKTPOHHBIX 006/1aKoB. XHMHYecKOH CBs3H, H30-
6paxaeMoil B CTpyKTypHOH Teopun Keky/e 4epToH, B HOBBIX MpeAcTaB-
JIEHHAIX COOTBETCTBYeT 006/1acTh MaKCHMa/JbHOTO MepPeKPbIBAHHS 3JEKT-
ponHbIX 0o61akoB. [Ipu 3TOM OKasasoch, YTO MepeKpblBaHHE SJMEKTPOH-
HbIX 06/IaKOB HHOTAA MPOHCXOOUT HE TOJNBKO B eJHHCTBEHHOM Hampas-
JleHHH, HM300paXKaeMOM BAJIEHTHOH CBS3bIO B CTPYKTYpHOH (opmyJe,
Unaye roBopsi, HCTHHHYIO CTPYKTYPY MOJIEKYJbl Helb3d MNPeiCTaBHTb
Aaxe NPUOIMMKEHHO HHKAKOH CTPYKTYPHOH (opMYJIOR B OTHENbHOCTH.
Ee MoxHO, OnHaKo, paccMaTpHBaTh Kak MPOMEXYTOUHYIO MeXiy He-
CKOJBbKUMH THIOTETHYECKHMH CTPYKTYpaMH, KaK «De3OHaHCHbiAi ruG-
pH» 5THX CTPYKTYP. BaxkHO OTMeTHTb, 4TO 3Heprua Taxkol peasbHOM
MOJIeKy/Ibl HUXKe, YeM MOKHO Obl1o Gbl OXHAATb Ha OCHOBaHHH OGO

& o
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oTAeNbHOR peloHaHcHOM «kyaccHdeckoi» cTpykTypul. [Ipo Takme mo-
JIeKYJIbl TOBOPSAIT, YTO OHH «CTaOHNM3HPOBaHb! PE30HAHCOM», XOTH pe-
8OHAHC B JAHHOM CJ1yyae, KOHeUHO, He pealbHOe (DU3HYeCKOe siBJeHHe,
a ymoOHasi TeoperHuecKasi KOHUENUUS A1s1 OOBSCHEHHs yCTOHYUBOCTH
H CBOHCTB HEKOTOPHIX MOJEKYy.JI.

Teopus pesonanca* okasanach 0cOGeHHO MOJIE3HON AJIST MOHUMAHMUS
cTpoends1 GeHsosa, ellle co BpeMeH KeKyJe (cM. ri1. 7) MpUBOAMBIIEro
XUMHKOB B 3aMemiaTesibcTBO. ®opmyny Oensosa ofbigHO H306pakanau
B BHJe IIeCTHYTOJbHHKA C YePelyOLUMHCA OAWHAPHBIMH M ABOHHBIMH
cBsi3siMi. OgHako GeH3on MOYTH MOJMHOCTBIO JHIIEH CBOHCTB, Xapak-
TepHBIX ANA coeAHHeHHUH C IBOHHBIMH CBA3SMH.

Ho ana GeHsosa MOMHO HamucaTh BTOPYIO, COBEpIUEHHO PaBHO-
neHnyo d¢opmyay Kekyse, B KOTOpofi NMpocTeie ¥ JBOiHbIE CBfA3H
NOMeHAIOTCA MecTaMH MO cpaBHeHHIO ¢ NepBoil ¢opmynoii. PeanbHas
MoslekyJsla OeH30/1a OMUCHIBAGTCA KaK PE30HAHCHBIH THOPUA JABYX
cTpyktyp KeKyJse; aneKTpoHbl, OTBeTCTBeHHble 3a 00pasoBaHHe MABOf-
HHIX CBA3el, AeNOKANH30BaHbI, «pa3Ma3aHbl» MO KOJbLy, TaK YTO BCe
CBSI3H MeXJy aroMaMH Yriiepofia B GeH30/e PaBHOLEHHH U SBJASIOTCH
MDOMEKYTOUHBIMM MeXIy KJacCHYeCKMMH OIHMHAPHBIMM H ABOHHBIMH
cBA3AMH. FIMEHHO B 3TOM COCTOMT NPHYHHA NOBHILIEHHOH CTaGUABHOCTH
H ocofeHHOCTeHl XHMHYECKOro rnosefieHHst GeH3oxa.

Kpome ctpoenus Gensona npeicraBJeHHs O BOJHOBBIX CBoOMHcCTBax
3/MEKTPOHOB MNOMOTJIH  OOBACHHTE M Apyrue sompocel, [Ilockonbky
yeThipe 3JEKTPOHA, HaXoAfdulMecs Ha BHeluHel 060/OYKe YrJIepPONHOrO
aToma, SHEpreTHYeCKH He BIIOJIHE SKBHBAJICHTHBI, MOMXHO ObL10 Obi
AOMYCTHTb, YTO M CBSA3H, oOpasylollecs MexAy YT/IePOXHbIM U COcef-
HHMMH C HUM aTOMaMH, HecKOJIbKO pas/Myalorcs B 3aBHCHMOCTH OT TOro,
KaKHe H3 3JIeKTPOHOB Y4aCTBYIOT B 00pa30BaHHUH TOH HJH HHOM CBA3H.

OaHako 0Ka3aloeb, YTO YeTHIPE 9JIEKTPOHA, MNOACGHO BOJHAM,
B3aHMOMEfICTBYIOT APYT ¢ APYroM M 06pasyIoT 4eThipe «CpeflHHe» CBSA3H,
KOTOpHIE TOJIHOCTBIO SKBHBAJEHTHH H HaNpaBJeHb K BepIIMHAM TeT-
pasfipa, Kak B TeTpasapHueckoM atome Bawut-Topda — Jle Bens.

OnHoBpeMeHHO pe30HaHC MoMor OOBACHHTD CTPOEHHE TPyNNbl
HeoOBYHBIX COAHHEHHH, C KOTOPLIMH XHMHKH BNEPBble CTOJKHYJHCH
B Hayase XX B. B 1900 r. amepukanckuit xumuk Mosec ['omGepr (1866—
1947) nwitanca nosyuuTh reKcaeHuAITaH — COSAMHEHHE, B MOJEKYyJe
KOTOpOro JBa aToMa YyrJepola COeAHHeHB C MIeCTblo OeH30MbHBIMK
KoJbliaMH (Mo TPH Ha KaxAbl# atoMm yriepona) *.

Bmecto storo coenuHenus I'oMGepr moayyH 1 OKpalueHHbIH pacTBOP
KaKoro-To BecbMa peakUMOHHocnocoOHoro coeaunenus. [lo pany
npuynd TomGepr cuuTas, 4TO OH MOMYUHJ mMmpuUeHusmemun — «no-

* 3neck H Jajee aBTOP 4YPe3MePHO MpeyBeNHUHBAET PO/b KOHIENUHH PE3OHAH-
©€a, He YNOMHWHAs O ee HelocTaTkax. KpHTHuecKHH anaiNu3 TeOpPHH pe30HAHCA CH,
Peymos 0. A. TeoperHueckHe OCHOBb OpraHHuecKoh XHMHH, H3n. MIY, 1964,
cTp. 94—08, a takke Xwxkesv B, Xvwmuueckana casb. [lep. ¢ anrm— M.: HJI;
1959,— [ pu.t. ped,
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JIYMOJIEKYJ1y», COCTOSILYIO0 H3 YI/IePOJHOr0 atoMa U TpeX GeH30bHbIX
Kojel, B Kotopoli Yetsepras CBA3b aroMa yr/iepoja HeHAchIlleHHA,

310 coenHHeHHe HANOMHUHANO ONHH M3 TeX PaAHKaNOB, NpeicTaBJe-
HHe 0 KoropbiX Gbwio BBegeHo B XIX B. A1 oO6bscCHeHHS CTpOeHHs
opraHHyYecKdX coemauHeHu#t (cM. ra. 6). OnHako, B OTJIMYHE OT paiHKa-
JIOB CTapoil TeopuH, oGHapyeHHas 'omGeprom MoJieKy/a CyuiecTBo-
Ba/la B M30JMPOBAHHOM BHJIe, 4 He Kak (parMeHT APYroro coeauHeHus,
no3TOMY OHa Gblia HasBaHa c60600HbLM PAdUKAAOM.

C pasBHTHeM B3JeKTPOHHBIX MNPeACTaB/eHHH O XHMHYECKOH CBSA3H
CTaN0 SICHO, UTO B CBOOOAHBIX panvKalax, HalpuMep B mpugpenuime-
muse, HeHachlleHHOR cBA3W (B TepMHHaX Tteopun Keky.ae) B pamkax
HOBLIX MPEeACTaBJIeHHH COOTBETCTBYeT lleclapeHHblH 37eKTPOH. OObIYHO
TaKHe MOJIEKYJbl C HeclapeHHbIM JIEKTPOHOM HCKJIIOYHTENLHO peaKuH-
OHHOCMIOCOGHE! M OLICTPO MpeBpalllaloTes B APYTHe BelllecTsa.

OnHako ec/ii MOJIeKYJla MJIOCKas H CHMMETPHYHAs (Kak MoJeKyJa
TPU(EHHAMETHIZ), TO HecNapPeHHBIH 3JEKTPOH MOMET «pa3Mas3aThesi»
mo Bceft MOJIeKYJle, YTO NMpHBeleT K crabuJH3alMH pafHKana.

Korfa K H3yueHHIO OPra#H4YecKHX peakuu# MNOJOWINM C MO3HUU
TEOpHH 3JeKTPOHHOI'O CTPOEHHs, CTA/N0 OYEBMIHO, YTO PEaKIMH 4YacTo
BKJIOYalOT cTaaHio o6pa3opaHHA cBOGOAHBIX paaHKanos. Takue cBO-
GojHble pamMKaJbl, KakK [PaBHMIO, He c€Ta0HJHM3HPOBaHHbIE 33 CYeT
pe3oHaHCa CYLLeCTBYIOT TOJBKO HeNpoAo/KHTeJbHOe BpeMs H ofpa-
3yloTcs BCerna ¢ TpyaoM. MMeHHO u3-32 cloKHOCTH 06pasoBaHHA Mpo-
MEXYTOYHbIX CBOGOINHBIX DPagHKaJOB GOJBLIHHCTBO OPraHHYECKHX pe-
aKUuuil [pPOTEKaloT TakK MenJeHHO.

Bo sropoit yersepty XX B. XHMHKH-OPraHHKH CTajlH Bce TayOike
NPOHUKATh B CYTb OPraHHYeCKHX peakuui, ¥ H3y4dUB MeXaHusM peak-
uui, MOCTHIHYB CaMO CYIIECTBO Npouecca, CMOTJIH CHHTe3HPOBaTh
TaKHe MOJIEKYJbl, CJOMHOCTb KOTOpLIX MOpakana XHMHKOB Oosee
PaHHHUX MOKOMeHHH.

OznHaKO MpejcTaBJEHHT TEOPHH Pe30HaHca NMPHMEHHMbI HE TOJNbKO
B opraHuyeckoii XumuH. OCHOBBIBasChb Ha cTrapbiX MPeACTaBIeHHAX,
HeNb3sl, B YACTHOCTH, YETKO OGBACHHTL CTPOeHHE MOJeKyJs 6opoBofo-
ponoB. ¥ aroma Gopa C/NMIIKOM MaJO BAJIeHTHBIX 3JeKTPOHOB, 4TOOBI
obpasoBanoch TpeGyemoe uHcao cBasefl. EcaH ke NpHHATH, YTO JIEKT-
POHBI COOTBETCTBYIOMIMM 06Pa30oM «PasMasaHbl», TO MOXKHO MPeNLTOKHUTh
NPHEMJIEMYIO CTPYKTYPY MOJEKYJI.

Xotg ¢ MOMeHTa OTKpPbITHS HMHEPTHHIX ra30B CYHTANOCh, YTO OHH
HM B KakHe peakuuu He Bcrynaior, B 1932 r. [oawnr Beickasan npep-
NOJIOXKEeHHe, YTO aTOMbl 3THX ras3oB [O/#Hb OOpa3OBHIBATH CBS3H.

[NepsonayanbHo 310 mpeanoyoxenve [losvnra npomwwio Hesame-
YyeHHBIM, HO B 1962 r. B pesy/braTe peaklUHH HHEDTHOrO rasa KCeHOHA
¢ ropom 6b1 monyyeH ¢mopud cerona. Bekope Beaen 3a HHM Obla
noslyyeH pajf APYTHX coelMHeHUH KceHOHa ¢ GTOPOM H KHCIOPOZOM,
a TaKxKe COeIMHEHHS pajioHa M KPHITOHA,

’ -
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Hayuenne cTPOEHHS atoMa MPHBENO K HOBOMY MOHHMaHHIO Mpo-
ﬁﬂEMbI, HO OJJHOBpPeMeHHO Mnepen y‘-IEHb.[MH BCTaJ pAN HOBBIX BOHPOCOB.

B 1900 r. Kpykc (cm. ra. 12) o6Hapy:KHJ, YTO CBEXeNpPHTOTOB-
JIeHHble COeHHEHHs YHCTOro ypaHa 06JajaidT TOJMbKO OYeHb He3HauH-
TeJbHOA pagHOaKTHBHOCTBIO M YTO C TEeyeHHeM BpPEMeHH DPaliuOaKTHB-
HOCTb 3THX coennHeHui ycuauBaerca. K 1902 r. Pesepdopn u ero
COTPYAHHK aHrauiickuit Xxumuk ®penepuk Commn (1877—1956)
BBICKA3a/H MpeANo/ioKeHHe, YTO ¢ HCMyCKaHHeM aJiba-dyacTHub! MpH-
poja atoma ypaHa MeHsieTcd M 4yto ofpasoBaBluMiics HOBbIF aToM JaeT
Gosiee CHABHOE H3JNy4eHHe, 4YeM caM ypaH (Takum ofpa3om, 3Mech
yunTeiBaJOCch HabmozneHne Kpykca). SToT BTOpO# aTOM B CBOIO ouepe/b
TaKxe pacuienasercsi, ofpasys emle ofiHH atoM. [leficTBHTeIbHO, aTOM
ypaHa MOPOXJaeT UeJYO CePHI0 PaJHOaKTHBHBLIX 3JIEMEHTOB — pa-
Juoakmuenbii pad, BKMoYAWUHK paguil U nolonu#t (cm. pasa. «Ilo-
PAIKOBBIA HOMEp») H 3aKaH4YMBAIOIWLMACA CBHHLOM, KOTOPHIH He fB-
Jgsercd pagHoakTHBHEIM. MmenHo mo stofi npuuuHe papu#, nosoHHi
¥ [pyTHe peflKHe PaiuOaKTHBHBIE 3JIEMEHTbl MOXKHO HAHTH B YPAHOBLIX
MHHeDpasax. Brtopoit panHoakTUBHBIN ps TaKke HAYHHAETCH C YypaHa,
TOT[a KaK TPETHH paAHOAKTHBHLIA pal HayHHAeTCAd C TOPHA,

1
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Puc. 22. [Tepuon monypacnajia pajioHa ONpeleNfAloT, WIMEpss Uepes pABHHE Npome-
KYTKH BpeME€HH KOJIHYECTBO OCTABIIErocs BellecTBA. nOJ'ly‘-IEI!HHFI 34BHCHMOCTb Nnpej-
crapaaer coboif «3aTyXalouly0» IKCMOHEHIHANbHYIO KPHBYIO y==¢= %,

YMeCTHO CIIPOCHTb, MOYEMY DallMOaKTHBHbIE VIeMeHTbl, MOCTOAHHO
pacnagasicb, Bce e Mpojo/mxkawor cymecrsosars? B 1904 r. srtor so-
npoc paspemna Pesepdopn. Msyuas ckopocTs pagHOakTHBHOrO pac-
naza, OH MOKasaJ, 4YT0 Nocje OoNpele/ieHHOro MepHoda, pPas/MYHOrO
JJIsT Pa3HBLIX 3J1eMEeHTOB, pachajaercsl MOJOBHHA JAHHOrO KOJHYecTsa
TOr0 HJH HHOTO PaJiMOaKTUBHOIO 3/eMeHTa, 3TOT NepHOoA, XapaKrepHbiit
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S KaXKIOro OTAeMbHOrO THNA pafvoaKTHBHOrO BelllectBa, Pesepdopn
HasBaJ nepucdom noaypacnada (puc. 22).

[lepuon nosypacnaja pajaus CcOCTaB/feT, HalNpHMep, HEMHOrHM
Mexee 1600 sier. Ha nporskeHHH reosOTHYecKHX 300X J06Goe KOJMHYe-
CTBO paldsl B 3eMHOH KOpe, KOHEe4YHO e, NaBHO Obl HcYeasio, ecaH Obl
OHO TMOCTOSIHHO HE MOMOJIHSJIOCh B pe3yJ/braTe pacnaia ypaHa. To ke
camoe MOXHO CKa3aTh W O APYrHX NpoAyKTaX pacfala ypaHa, B TOM
YyHc/e M O TAKHX, MepHOJ MoJypacrnaga KOTOPHIX H3MepseTcst AOJASMH
CeKYHIBIL.

Tepuon nonypacnaga camoro ypasa coctaeaser 4 500 000 000 ner.
10 rpoMajHBIi NepHO BpeMeHH, H 33 BCIO HCTOPHIO 3eMJH pacracTbes
MOTJa JIMIUb YacTb MepBOHAYaAbHLIX 3anacoB ypaHa. lTopuii pacra-
JAaeTcs  elle MelJeHHee: ero [MepHOd MoJypachaia CcoOCTaBJfeT
14 000 0600 000 ner.

Takne OrpoOMHbIE MPOMEKYTKH BPEeMEHH MOXKHO ONPEeJie/IUTh TOJbKO
NyTeM MOACYETa YHCIA aJfba-yacTHu, HCIYCKaeMblX NaHHOH Maccod
ypaHa (uaH Topus). Pesepdopa moacuuTeiBan anb(a-yacTuupbl, perdcr-
pupys HeGoJbiUHe BCOLIIUKH, BO3HHKAIOWMHE NpH COyAapeHHH anabda-
YaCTHI[ ¢ 3KpaHoM M3 cy/abhHla UMHKA (T. e. NP MNOMOIM TaK Hasbl-
BAEMOI0 CYUHMUANAYUORHOSC CHEMHYUKA).

[NosiBneHne KaxJo# HOBOH anbda-yacTHUBI 03HAYan0, 4TO pac-
najcs eme OAMH aToOM ypaHa, Tak uro Pesepdopi mor ompejenuts,
CKObKO aTOMOB pacnajaercss B ceKyniay. Mcxons H3 uchmosabsyemoil
UM Macchl ypaHa, Pesepdopza onpenennn obllee YHC/IO aTtOMOB ypaHa,
Pacnonaras TakMMH XaHHbIMH, ObLJIO yKe HETPYAHO PaccyuTaTh Bpems,
Heo0X0AHMMOe /17 pacrnaja MOJIOBHHBL HMEIOIErocsl KOJHYecTBa ypaHa.
Kak BHIACHHNOCH, pPeyb HIAET O MHAIHApHAX JeT.

Pacnan ypana — HacTO/NIBKO MOCTOSIHHBIN H XapaKTepHBIH npotecc,
YTO €ro MOKHO HCMO/b30BATh 1J1 ONpeleseHHs Bo3pacTa 3eMid.
B 1907 r. amepuxaHckufi xumuk Beptpam Bopnen Bonteyn (1870—
1927) npennosoXKHs, 4TO 0pPH TAaKOro polla onpeleNeHHAX MOXKHO
PYKOBOACTBOBATLCS COJEpaHHeM CBHHILA B yPaHOBHX MHHepaJax.
Ecam mpefnonioxuth, 4TO Bech CBHHell B MUHEpalaxX MNOSBH/ICA B pe-
3yabTaTe pacfaja ypaHa, TO JIerKO BblYHC/AHTb, CKOJNbKO Ha 31O MO-
Tpe6oBanock BpeMeHH. C NOMOIIbIO 3TOMO MeTOdA YAAA0Ch CNpeNesIHTh,
4TO BO3pAcT TBEepIOH 3eMHOM Kopbl MCUNCJIAETCS M0 KpaHHed nvepe de-
THIPbMS MHJJIHADAAMH JIET.

Tem BpemeHem Comnn NPoAO/KAJ ONHCHIBATL H3MelleHHA aToMa,
BbI3bIBaeMble 0THayYeit UM cy6aToMHBEIX yactuil. Ecau atom tepser anbda-
yactauy (3apana +2), ofwmui 3apsAn ero aiapa ymeHbluaeTcss Ha ABa H
9/IeMEHT NlepeMelllaeTcs B NepHOAHYecKo# Tab/uLe Ha IBe KAETKH BJCLO.

Ecan atom Tepsier Geta-uacTuily (31eKTpOH ¢ 3apsizom —1), To Aapo
npuobperaer AONOJHHTE/NBHBIH MONOXKHTENbHBIA 3apsl *' u anemeHt

* Bo Bpemena Cofi CuHTaNH, 4TO B /i HMEIOTCA JIEKTPOHB! H NOTeps AApoM
GeTa -qacTHUBI OCTABASET Hey PAaBHOBELIeHHEIM JONOMHHTENbHBIA [IPOTOH H, CIEJ0BATe b=
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nepeMelilaeTcq B MepHoAHYecKol TabnHLe HA OJHY KiaeTKy Bnpaso. Ecau
aToM HCIyCKaeT ramMma-AyuyH (HesapskKeHHble), TO 3anac 3Hepruu Mpu
9TOM MeHsleTcsl, HO COCTaB YaCTHLl He 3aTparHBaeTcs, TakK 4YTo OH O C-
TaeTcs TEM JK€ CaMbIM 3JeMEeHTOM.

PyKOBOACTBYSAICh 3THMH NpaBH/IaMH, XHMHKH CMOTJIH OGCTOSiTENbHO
H3YYHTb MHOrHe DaJHOAKTHBHbIE PIBL.

H3otonn

C OTKpbITHEM pAIHOAKTHBHBIX 3JEeMEHTOB Mepell yueHbIMH BCTaja
cepbeaHas npo6/eMa: YTO IeslaTh C pasWYHBIMH NMPOAYyKTaMH pachaja
ypaHa u Topusi? MX OTKpbIBanu JecsiTKaMH, a B MNepHOAHYecKOH Tal-
JIMIe OCTaBaJoch MAaKEMMYM TOJABKO JEBATH MeCT (OT MOJIOHHS C MOpsd-
KOBbIM HOMepom 84 n0 ypaHa c mopsimikoBhiM HoMepoM 92), Ha KoTOpEHie
HX MOXKHO Obl10 OBl MOMECTHTB.

Tak, arom ypaHa (mopsiakoBbiii Homep 92) wcnyckaer anbba-ua-
cruiy. [lopsaxoBelii HOMep HOBOTO 3/71eMeHTa, coryacHo mpaeuay Cop-
I, 90. 3710 03HayaeT, YTO aTOM ypaHa AO/KeH 00pa30BaTh aToM TOpHA.
OnHako nepuox moaypacnana oObIYHOTO TOpHA H3Mmepsiercsd 14 munnu-
apJlaM# JeT, TOrla Kak Nepuod MoJaypacnafa TOpHsi, MONyYeHHOro U3
ypaHa, COCTaBJseT Bcero 24 JHs.

Pasznnuus HaGnofaloTcs Jaxke NPH NOJNYYeHUH HepaJHOaKTHBHBLIX
anemenToB. Hanpumep, Puyapacy (cheumanucry MO aTOMHBIM Maccam,
cM. ra. 5) B 1913 r. ynanoch NMoKasarb, YTO aroOMHasi mMacca CBHHLA,
MOyYeHHOro B pesy/abTare pachnaja ypaHa, HeCKOJbKO OTJIHYaeTcs
OT aTOMHOWH Macchl OOBIYHOI'0 CBHHLA.

Y Comny XBaTHJO PelIHMOCTH OpeAno/OXHTb, YTO OJHOMY H TOMY
e MecTy B MNepPHOAHYEeCKOH Tal/HLe MOXeT COOTBeTCTBOBaTh Gosee
OXHOro BHAa atoMoB. Mecto Homep 90 MOryT 3aHHMartb pasJiHyYyHLIE
PasHOBHIHOCTH TOpPUsA, MecTo Homep 82 — pasJiMYyHble Pa3sHOBHIHOCTH
cerHua u T. I. Conau HasBa/l 5TH Pa3HOBMIHOCTH aTOMOB, 3aHHMalOMUe
OJIHO H TO *e mecto B tabauue, wsomonamu (OT rpeyeckoro topos —
MecTO).

H3oronel, 3aHuMalonide OIHO M TO XK€ MecTO TabJHLbl, NOJMKHEI
HMeTb OIMH H TOT JK€ NOPS/AKOBLI HOMep M, CJIelOoBaTe/bHO, OIHO
H TO XK€ YHC/10 NPOTOHOB B s/pe ¥ OXHO H TO YK€ YHCJ/0 3JeKTPOHOB Ha
oBonoykax. M3oronn snemeHTa AOMMKHBI 06/1alaTh OAMHAKOBBIMH XH-
MHYECKHMH CBOHCTBAMH, TaK KaK 5TH cBOHCTBa 3aBHCAT OT YHC/AA H
pacrno/ioKeHHsA B aTOMax 3JEKTPOHOB.

Ho xak B TtakoM ciydyae OGBACHHTH pa3inyve B pPaldOaKTHBHBIX
CBOMCTBAX M B aTOMHHIX Maccax?

HO YBeJHUHBaeT NOJIOXHTENbHbIH 3apsi. B HacTosuiee BpeMs NMPHHATO CYHTAThb, YTO
AP0 COAEPIKHT TOJbKO MPOTOHB! H HeHTPOHBL. D/JEKTPOH Ke 06pasyeTcs H BbITANKHBa-
eTca, KOrja nefiTpoH npeoGpasyercst B MPOTOH, TAK KAK YBeJHYeHHe NOJOXKHTENbHOrO
8apaja 3KBHBAJEHTHO IIOTepe NMyTeM BbIOPACLIBAHHS OTPHIATENbLHOTO 3apsja,
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B npomnom seke IlpayT BbABMHYJ CBOIO 3HAMEHHTYIO T'HMOTE3Y
(cM. ra. 5), coraacHO KOTOpOH BCe aTOMbI COCTABJeHH W3 BOJOPOAA,
TaK 4TO BCe 3JeMeHThl J0J/XKHbI HMEeTh LUEeJOUHC/NeHHbIE ATOMHbIE MACChI.
O)],HEKO, Kak BBISICHHAOCH, OONBILMHCTBO ATOMHBIX Macc SIBJSIOTCS
HEUENOYHCNEHHBIMA, H 3TOT (DaKT, Kasanoch, OMpoBepraj runoTesy.

HO. COrJlaCHO HOBBLIM [peACTaB/JEHHAM O CTPpOeHHH aroma, aToMm
MMeeT #]po, cocrosiuee U3 NpoToHOB (M HelTpoHos). IlpoTonbr M He#-
TpOHBI MNPHMEPHO paBHHI MO Macce, H, CJAEIOBATENbHO, MacChl BCeX
4aTOMOB [O/KHH GbITh KPaTHBIMM Macce atoMa BOAOPOAa (COCTOSILIEro
u3 opHoro nporoua). [unoresa [lpayta Bospoamsach, 3at0 BHOBb
BO3HHK/AH COMHEHHS OTHOCHTE/NbHO TOr0, KakHUMH JOJKHbI ObITH aTOM-
HbIE MAaccChl.

B 1912 r. k. Ixx. Tomcon (KoTopbift, KaK Mbl y>ke FOBOPH/IH BHIILE,
OTKPbLI 3/JEKTPOH) MOABEpPr JY4H MONOMHTEAbHO 3apsiKeHHbIX HOHOB
HeoHa BO3JeHCTBHI0 MArHHTHOrO MoJsi. MarkHTHOe moJe 3acTaBJsiJIo
HOHbI OTKJIOHATBCS, H B pe3v/bTaTe 3TOr0 OHHM Monajgand Ha ¢oro-
naacTHHKY. Ecau Obl Bce HOHBI GbLIH OJMHAKOBHIMH IO Macce, TO OHH
BCE OTKJIOHHMJIMCH Obl MAarHHTHBIM MOJIeM Ha OOHMH H TOT JKe yroJ, H Ha
¢doronnenke moaBuaoch Obl obecupeyerHoe mATHO. ONHaKO B pesy.b-
TaTe ITOr0 3KCMepuMeHTa TOMCOH MONYYHJ ABA NSATHA, OAHO H3 KOTOPHIX
6b110 MpuMepHO B flecaTh pas temHee apyroro. Corpyauuk Tomcoua
®p3Hcuc Yuabam Actod (1877—1945), ycosepiueHcTBOBaBIIHI NO31Hee
a1oT npubop, MOATBEPAHJ] MpPAaBH/JABLHOCTb NOJNYYEHHBIX AaHHBIX. AHa-
JIOTHYHbe pe3y/bTaThl GbIM MOAYYEHB! U LIS APYiHX JEeMeHTOB. DTOT
npuGop, NO3BOJIABIIKE pas3fenaTh XHMHYECKH MOAOOHBIE HOHBI Ha MYyYKH
HOHOB C DasHOi Maccoif, MOJyYyHJ HasBaHHe macc-cnexmpozpaga.

BeanunHa OTK/IOHeHHS ONHHAKOBO 3apIKeHHbIX HOHOB B MarHuT-
HOM [TOJIe 3aBHCHT OT MacChl 3THX HOHOB, HOHBI C Gonbilueli Maccoi
OTK/IOHAIOTCA MeHbiue, U HaoGopor. Takum o6pasom, ombitht TOMCOHa
H AcTOHa MOKa3a/H, YTO CYIIECTBYIOT ABa BMJa aTOMCB HeoHa. Y Ofi-
HOrO THMa aTOMOB maccogoe 4ucao paBro 20, y apyroro — 22. B pesyab-
TaTte Onpejie/leHHs] OTHOCHTe/NbHOH YePHOTBI NATeH GbWIO yCTaHOBJEHO,
uro cogepxanue HeoHa-20 B 10 pas Gosbiue, yem HeoHa-22. INosgHee
66110 OOHApYXKeHO TaKke HajHyHe HeGOJBIIOTO KOJAHYecTBa HeOHa-21.
Ecnu, paccuntbiBasi aTOMHYIO Maccy HeOHa, HCXOAHTH H3 ITHX HaHHBIX,
TO OKaXKeTcs, YTO OHa paBHa mpumepro 20,2.

Hpyrumu cioBamH, Macca OTAeIbHBIX aTOMOB MpeicTaB/deT coboil
le0e 4dHCa0, KpaTHOe Macce atoma BOJOpoAa *, HO aTOMHas Macca
OT,U.EJIbHOI‘O 3JIeMEHTa — 3TO CpeAHee aTOMHBLIX MAaCC COCTaBJSAIOMHX
er0 aToMOB, M MOSTOMY OHA MOXET U He ObiTh LEJbIM YHCJIOM.

CpenHsii aTOMHas Macca 37eMeHTa ¢ GOJBLIHM YHCJOM H30TOMOB
B HeKOTOPHIX CJAY4YasdX MOXKET oKasaTbcsl 60Jblle, YeM cpeflHdAs aToM-

*B ILEHCTBH'PE.'II:HOCTH Mdcca 4TOMd He cOBceM KpaTHa Macce aToMd BOAOpPOAA.
He6oabimHe oTKAOHEHUA B Macce He HMEIOT 3HaYeHH JJIsi XHMHH, HO HMEIOT OTHOWeHHe
K TOH OrpoMHON 9HeprHH, 34KJIOYeHHOM B sajpaX, KOTopas MNO3BOAHIA CO3/3Th
aromuyio 6om0y 1 nepefiTH K aToMHoil 3HepreTuxe (cM, I, 11),
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Has Macca ajnemeHTa ¢ Go/lee BBICOKHM MOpSIIKOBHIM HoMepoM. Ha-
npuMep, y TeJsypa, NOPSAKOBLIA HOMep KOTOporo 52, HacuMThIBaeTcs
ceMb H3otomoB. M3 HHUX gBa cambiX TAXKeNBIX “30TONA — Teaayp-126
W Teanyp-128 — apnstorca HaubGosee pacnpoctpaHeHHeiMH. Cieno-
BareJbHO, aTOMHas Macca teqaypa npubamxaerca K 127,6. TNopsiaxo-
BHIi HOMep Hofia 53, T. e. Ha efuHHuy Oosbiue, yeM y Teaaypa, Ho y
KOMla TOJMBKO OfMH H30TON — WOI-127, H, c/lefoBaTeNbLHO, €ro aToMHas
macca 127. Korma Menzenees B cBOeli MepHONH4yecKoH tabauile mome-
CTHJA HOM 33 TeAAYypOM H TeM HapyIUWJ MOPAAOK, AMKTYeMBIi aTOMHOMH
Macco#, OH, He 3HAs 3TOro, CJaeNOBaJ 3apalaMm sifep, T. e. Pu3HuecKOH
CYHIHOCTH MepHOIHYECcKOrOo 3aKOHa.

[NpuBefem eine omuH nomoGHEI MpuMep. Y Kaaus (MOPSAKOBELH
Homep 19) Tpu usorona — Kanuii-39, kKanu#-40 v Kanuit-41, HO HaW-
Gosiee pacnpocTpaseH camblii Jerkuit usoron — xanuii-39. B pesyib-
Tate aToMHas Macca Kaaus 39,1. Ilopankosbili Homep aprouna 18, u y
Hero Takxe TPH M30TONMa — aprou-36, apron-38 u aprou-40, ogHako
HauGosiee pacrnpocTpaHeH caMblil TAxesablH H3oton — aprou-40. B pe-
3yJIbTATE AaTOMHAs Macca aproHda pasHa mpumepuo 40.

[Tonb3ysice macc-cmektporpadoM, MOXKHO H3MepfiTb MacChl OTHAe/b-
HHIX H30TONOB W ONpejetsiTh coflepkanue 3tux wu3zoronos. [lonyuus
e TaKue JaHHBle, MOXXHO PacCYdTaTb yCPeIHeHHYI0 aTOMHYI0 Maccy
sjeMeHTa. TOYHOCTH TAKOrO MeToja ONpele/leHHs AaTOMHOH Macchl
HaMHOTO BbllLE, YeM Yy XHMHYECKHX METONOB.

PasniMyHble U30TOMbI JIAHHOTO 3JIEMEHTa HMEIOT OMHAKOBbIE 3apsabl
silep, HO pasHble MaccoBble ucna. CoefloBaTeNbHO, B S/pax pas/iHy-
HLIX H30TONOB CONEPXKHTCH OAHHAKOEOE YHCJ/IO NPOTOHOB, HO Pasiuiy-
HOe yHc/I0 HeHTpoHOoB. ¥ HeoHa-20, Heowa-2] u neona-22 no 10 mpo-
TOHOB B sifipe, NOPALKOBLIH HOMEP BceX 3THX u3otonos 10, U 3/eKTPOHEL
pacnpefeseHbl no ofosoukam tak: 2, 8. OaHako B aape HeoHa-20 co-
aepxutca 10 npotonos natoc 10 HelitpoHOB, B sinpe HeoHa-21—10 mpo-
ToHoB nJoc 11 HeiitpoHos, a B sAApe HeoHa-22—10 OpoTOHOB MJHOC
12 HefiTpoHOB.

BoabiunHCTBO 3/1eMeHTOB (HO He Bce) cofiepkar usoronbl. B 1935 r.
amepuKaHcKufi ¢uank Aptyp keddpr Hemncrep (1886—1950) ycra-
HOBHJI, HAampRMep, YTO MPHPOAHBLIA YpaH, aTOMHasi Macca KOTOPOro
(238,07) Becbma 6Giu3Ka UeJOMY 4YHCAy, NpeAcTas/sier coboil cmech
aBYX wu3otonos. OIWH #3 H3OTOMOB COZEPXKHTCH B NpeobaaiaroileM
(99,3%) xonmyecrse. flapa storo usorona coctoAT u3 92 NpoOTOHOB
‘u 146 HeliTpowos, T. e. ofilee maccoBoe unc/ao paBHo 238. 3to ypau-238.
Conepxxande apyroro Haotoma, ypaHa-235, cocrasaser Bcero 0,7%;
B sZpe 3TOr0 H30TOMAa HA TPH HEHTPOHA MEHbLUE.

[TockonbKy pamHoOaKTHBHbIE CBOHCTBA 3aBHCSIT OT CTPOEHHS aToM-
HOrO fAIpa, a He OT 3JeKTPOHHOrO OKDYMKeHHf, H30TOMblI OLHOrQ 3Jje-
MeHTA MOTYT HMMeTb MOXOXHe XHMHYeCKHe CBOWCTBA M COBepLICHHO
PasJMYHYI0 PalMoaKTUBHOCTb. B To Bpems kak mepuon mosypacnaja
ypaHa-238 pasen 4 500 000 000 sier, mepuop nonypacnaja ypada-235



Amomnoe adpo 169

cocrasiser Tosnbko 700 000 000 ner *). O6a sty 3seMeHTa — MNepBbie
3JeMEHTH! JABYX OTAe/bHbIX PAAHOAKTHBHBEIX DSIJOB.

CyulectBOBa/M TeOpeTHYeCKHe MPeANoChIIKH, MO3BOJsIOMHEe Npef-
NOJIOXKNTb, YTO H BOAOPON — MpOCTeHIIMHA M3 S/1EMEHTOB — TakKe
MOXKeT HMeTh Mapy H30TOmoB. $1Apa OGLIYHEIX aTOMOB BOJAOPOAA CO-
CTOSIT M3 OJHOro MpOTOHA, T. €. OOBYHLIH BOXOPOA — 3TO BOHOpOA-l.
B 1931 r. amepukaHckuit xumuk I'apoabg Kasiron IOpu (1893—1980)
NpeAno/oKHJ, 4To Gosiee TAXKeablH H30TON BOAOPOAA, €C/H OH CYIUecT-
BYyeT, JNOJKeH Kumerb NpW Gosiee BBICOKOH Temnepatype, MCHOApsThCs
Gosee MelsIeHHO, HaKaMJHBasAChb B OCTATKE.

[TeiTasick o0Hapy)uTh 3TOT Gostee TAXxeabIH H30TON BOomopoxna, [Opu
Haya/l Mel/IeHHO BBHIApHUBATh YeThlpe JIUTPa XKUAKOro sogopoma. M B
mocielHeM KyOuuyeckom canTtumerpe Bomopoaa [Opu zedictBuTeNbHO
Halle/l HeCOMHEHHble MPU3HAKH MPUCYTCTBHS BOAOPOAA-2 — H30TOMNa,
ApPO KOTOPOro CONePKHMT OAMH MPOTOH U OAHH Heiitpod. Bopopon-2
Obl1 Ha3BaH dedmepuen.

He cocraBu.1 uck/modenHsa u kucaopox. B 1929 r. amepukanckomy
XUMHUKY Yuabamcy ®psucucy Dxuoky (pox. B 1895 r.) ymanoch mo-
KasaTb, 4YTO KHC/IOpPOJA HMeeT TPH H3atona. HauGosee pacmpoctpanen
Kucnopoa-16, Ha ero gomo npuxoaurces oxkosno 99,8% Bcex aromos.
B axpe xucnopozna-16 8 nporonos u 8 nelitporos. B siape kucnopoza-18,
BTOpPOro Mo pacnpocTpaHeHHOCTH H3otona, 8 npotoHoB U 10 HelitpoHos,
B alpe KHcaopona-17, Kotopelf o6HApYyIKeH JHIb B CJENOBBIX KOJIH-
yecTBax, 8 MPOTOHOB ¥ 9 HeHTPOHOB.

10 cospano npobaemy. Eme co Bpemen Bepuennyca aromubie
Macchl 3JEMEHTOB pacCUMTHIBAMKCH NPH HOMYIIEHHH, MTO aTOMHas
Macca Kucropoxa pasHa 16,0000 (cm. ra. 5). Ho atromnas macca kuc-
Jopofa Moria ObiTh TOAbKO pacCYMTAHHOH CpejlHed aTOMHON Maccoi
Tpex M30TOMOB, a COOTHOUIeHHe H30TOMOB KHC/AOPOAA MOrO OT 06pasia
K 00pasily CHJAbHO MEHAThCH.

DHU3WKH HayanW OMpeleNsTb ATOMHbIE Macchl HCXOAS M3 aTOMHOH
Macchl KHcaopoaa-16, pasuoit 16,0000, B pesyabrare 6bl1 mosyues
pAl BenuuWH (usuueckas amomHas macca), KOTOpble Ha OYeHb He-
GO/bIIYIO MOCTOAHHYIO BEJIHYHHY MPeBLILANH Te BeJHYHHbI, KOTOPHLIMH
N0/1b30BAMHCh H KOTOpble MOCTeNeHHO YTOUHSAJM Ha MPOTSKEHHH BCero
XIX B. (xumuxeckue amomuvie Geca).

B 1961 r. mexayHapojHble OpPraHu3aui¥ Kak XUMHKOB, TaK H
(PH3HKOB COTNACHJMCh NPHHATH 3a CTAHLAPT aTOMHYIO Maccy yrJeposa-
12, npuusiz ee paBHofl Touno 12,0000. AToMHble Macchl 3/1eMEHTOB,
pACCUHTAHHBIE C YYeTOM HOBOTO CTAaHAapTa, MOYTH TOYHO COBMAfalOT
CO CTapbiMH XHMHYECKHMH aTOMHbIMHM BecaMH, M, KPOMe TOrO, HOBBIii
CTaHJapT CBA3aH TOAbKO C OJHHM H30TOMOM, a He MJesAo# H30TONOB.

* DTHMH e NPHUHHAMH OOGBACHAETCA TAaKKe Pa3fHyue B MepHOAaX MoJypacnaja
npupogHoro Topusa (Topu#-232) W Topus, NONYYEHHOro B pe3y/bTaTe Pacnaja ypada
(Topuii-234), o KoTOpOM roBOpHJAOCH B Hauaje rAaBbl.
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Slnephbie peakuMH

Hosble npespaumesus

[Tocae TOro Kak €rasio 0YeBHIHO, YTO aTOM COCTOHT U3 Go/1ee MENKHX
YacTHL, KOTOphle MPOM3BOJBHO MeperpynnupoBLIBAIOTCS NPH paiHo-
aKTHBHBIX Npeo0pa3oBaHUAX, CJAeNyOWKH war Kasancs NoYTH Npeaon-
peneneHunIM. ’

Uenopek Hayuyu/acd ¢ NOMOMWbIO OOBIYHBIX XHMHYECKHX peakLuit
"0 CBOEMy YCMOTpPeHHIO MepecTpaHBaTbh MoyeKy.abl. [louemy Obl He
MoNbiTaThes MepecTpauBaTh AAPa aTOMOB, HCIONB3Y adepHbie peakyuu?
[TpoToHBI ¥ HeHWTPOHB! CBSi3aHB! rOpa3fo MPOYHee, YeM aTOMbl B MoJsie-
KyJe, # oOblYHble METOMbl, HCMO/b3yeMmble IS MPOBeleHHsT OOBIYHBIX
XMMHYECKUX peaKuuil, ecTeCTBeHHO, K ycrexy He npuBeayT. Ho Benb
MOXKHO MOMBITAaThcA pa3paloTaTh HOBblE METOMHL.

INepBuifi war B 3ToM HanpasJeHdd Obl1 chenad Pesepdoprom V5
OH GoMOapAMpOBa pasiHuyHble rasbl ajnbda-yacTHUAMH H 06HapyKHJI,
YTO KaXKablfl pas3, Korjaa anbga-uacTHua yjaapseT B SOpPO aTOMa, OHA
HapyllaeT ero CTpyxkrypy (puc. 23).

B 1919 r. Pesepdopa y:ke cMOT mokasaThb, YTO ajib(a-4acTHLb MOTYT
BbIOHBATH NMPOTOHBEI M3 Ajep a30Ta U 00BEAMHATBCA C TeM, 4TO OCTa-
Hetcsi ot sigpa. HauGosee pacnpoctpaHeHHbIM H30TOMOM a30Ta SIB/SETCS
aszor-14, B siIpe KOTOpOTO CONEpPMTCA 7 MPOTOHOB M 7 HelTPOHOB.
Ecnd 3 storo sfpa BbIGHTb NMPOTOH W A06aBUTb 2 MpoTOHa H 2 Hel-
TPOEa anbtha-yacTHLBl, TO MONYUYHTCS sApPo ¢ 8 mpotoHaMH H 9 Heiir-
pOHaMH, T. €. AAPO KHcaopoda-17. Asbha-uacTHiy MOXKHO paccMar-
pHBaTh KaK reqauii-4, a npotoH — kak Bopopox-l1. Takum obpasom,
resepdopsl MepBbHIM YCHNEINHO TPOBEN HCKYCCTBEHHYO AJEpPHYIO pe-
AKUHIO:

Asot-14 + resuii-4 — gucaopon-17 4 sogopon-1

INpeo6pasoBaB OAMH 3JeMEHT B APYro#, OH OCYLIECTBHJ TpaHCMy-
Taguio. Tak, B XX B. ocyumecTBuJach caMasi 3aBeTHas MeyTa ajiXH-
MHKOB.

B nocnexylomue narh Jer Pesepdopn nposen cepHIo APyrHX sigep-
HBIX peakuuil ¢ Hcrmo/b3oBaHueM asba-yactui. ONHAKO BO3MOKHOCTH
ero OblIM OrpaHHYeHHl, MMOCKO/IbLKY DaAMOAaKTHBHBIE 9/eMEeHThl JaBa/H
anba-vyacTHubl TOIbKO co cpeauedl sxepruelt. Heo6xoaumbl Guu ua-
CTHUBl C ropa3fo GoJbIIMMH 3HepTHAMH.
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gonseq anb@Pa-yacmuly

Puc. 23, Cxema onurta Peseppopaa. Henyckaemble anbda-yacTHUB OTKJIOHAIOTCA NMPH
NPOXOXAEHHH Yepes 30/10TyI0 GO/IBIY; BeJHUHHA OTKJIOHEHHS (HKCHPYeTCA NPH coyxa-
PeHHH MACTHI ¢ (IyOpeclUeHTHHIM 3KPaHOM.

Du3MKH NPHHAJIHMCL 3a CO3JaHHe YCTPOHCTB, MpelHa3HaYeHHbIX
ANsl YyCKOPEeHHs 3apsKeHHbIX YacTHI B 3JeKTPHYECKOM MoJe. 3acTaBHB
YacTHILbI ABUTATHCS ¢ YCKOPEHHEM, MOXKHO OblI0 MOBBICHTH HX 3HEPTHIO.
Aurauiickuit pusuk Jhkon dyrnac Kokpodr (1897—1967) coBmectHO
CO CBOMM COTPYAHHKOM HpA~:icKUM puankom JpHectom Tomacom CuH-
ToHOM YoatoHoM (pom. B i903 r.) mepBeiMH paspaGoTaiu HIE yCKO-
puTeasi, MO3BOJABLUETC NONyYaThb HaCTHilbi ¢ JHepruedl, AOCTATOUHOH
ANsl ocyulecTs/eHUs saepHoi peakuud. B 1929 r. rtakoft yckopHuTenn
6bi1 moctpoed. Cnyctss TpH ropma 3TH ke H3MKH GomOGapamposaau
ATOMbl JIHTHS YCKOPEHHBIMH NPOTOHaMH M MOAYYHJIH a/ibga-4acTHLbL
ATy silepHYIO pPeaKuHIO MOXHO 3alHcaTh C/edytouum obpasom:

Bonopon-1 + antuii-7 — reanii-4 -+ reanii-4

B yckoputene Kokpodra — YontoHa W psige Apyrux MopoOHBIX
YCKOpHTE/IEH YacTHIL MepeMertasich Mo NpsMoadHeRHOH TpaeKTopHH.
ITonyuuts B TakoM YycKOpHTese 9acTHIUbI C BBLICOKOH 3HEeprueil MOXHO
GBIO TONBKO MPH AOCTATOYHOH AJMHE MyTH 4YacTHL, MOITOMY YCKOpH-
TeJH TaKoro THMA ObIM 4YpesBbldafiHo rpomosakd. B 1930 r. amepu-
Kanckuit dusnk DpHect Opsaupo Jloypene (1901—1958) npemnoxua
YCKOpPHTe/Nb, B KOTOPOM YacTHUH JIBHraiuch no cjaabo pacxomsmeHcs
CHpasd. JTOT OTHOCHTE/bHO HeOOoMbLIOH yuKtompox Mor AaBaTh Ya-
CTHUBI ¢ KpaHHe BBHICOKOH 3Heprueil.

[Mepebiii oueHb maneHbKH# HHKAOTPOH JloypeHca sBasercd npen-
1LIECTBEHHHKOM COBPEMEHHBIX T'HFaHTCKHX YCTAHOBOK B MOJKHJOMETpa
B OKPYXXHOCTH, KOTOpPble HCMO/Jb3YIOTCA B MOMCKAX OTBETOB Ha CJIOXK-
HefiluMe BOMPOCH!, CBA3AHHBIE CO CTPOSHHEM MATEPHH.

B 1930 r. aurauitckuit dusuk INayns Anpuen Moppuc Ilupak (pox.
B 1902 r.) reoperuyeckn oOOCHOBa/] MpeAlOJIOKEHHE O TOM, 4TO H
NPOTOHBI U 3JEKTPOHBI AO/DKHBI MMETb CBOM aumusacmuybi. AHmu-
dnekmpon JoJkeH oOnalaThb Maccod 3/1eKTPOHA, HO Jo/MKeH ObiTh
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3apAXKeH MOJIOKUTE/IbHO, AHMUNPOMOH JOJKeH 06aafaTh Macco
npotoHa, HO OniThb 3apsi’KeH OTPHILLATE/bHO,

Antusiexktpon Obn o6HapyxeH B 1932 r. aMepHKaHCKHM (H3HKOM
Kapsiom JIsBunom Annepcorom (pon. B 1905 r.) Bo Bpemsa ucc/iefioBanus
KocMHYeCKHX Jyuyelt *. Korla KocMH4YecKHe JydYd CTaJKHBAIOTCS C
SipaMM atoMoB B artmocepe, TO NPH 3ToM 0OPas3yIOTCs YaCTHLbLI, KO-
TOPbIE OTKJIOHSOTCSA B MArHUTHOM MOJIE HA TAKOH XKe YTIoJl, 4TO U 3JeKT-
poHbl, HO B MPOTHBOMOJOKHOM HampasJeHHH. YacTHuel Takoro pona
AHzlepCOH HA3Ba/ No3UMpPOHaMU.

AHTHOPOTOH He yaaBajoch OGHADYXKHTb €llle B TeueHHe YeTBEePTH
cronetus. [TockonbKy macca antunpotoHa s 1836 pas Gosbliue macchl
AHTH3/IEKTPOHA, TO AAS oOpasoBaHHsl aHTHNpoToHa Tpebyercsa B 1836
pas Govibllie 3Hepruu, H Nostomy 10 50-x rogos XX B. 370 NpespaileHue
Geuio Heocymectsumo. B 1955 r. amepukaHcKuM (HsMKam OMHJIHO
Cerpe (poxn. B 1905 r.) u Oysny HemGepaeny (poa. B 1920 r.) ynanocs,
MCMO/Ib3Y 5 MOIIHBIE YCKOPHTEIH, MOJYYHTh H OGHADYKHTb aHTHIPOTOH.

Bruto ycranosneHo, 4TO MOTYT CyulecTBoBaTh TaKHe CBOeoGpa3Hbie
aToOMBl, Y KOTOPLIX OTPHLATE/LHO 3apFKeHHLIe fjpa, Cofeprkaliye aH-
THIIPOTOHBI, OKPYXKeHbl MOJIOKHTENbLHO 3apsiKeHHBIMH MO3HTPOHAMH.
EcTecTBeHHO, YTO TaKOe aumusetyecmso He MOXKeET JIOIT0 CYUIeCTBOBATD
HH Ha 3emJe, HH, BepoATHO, Jaxke B Npenenax Haweld [anaktukw,
MOCKOJIbKY MPH KOHTaKTe BellleCTBa C AHTHUBEIIECTBOM OHH AHHUTHJIH-
pyloT (YHHYTOXKAlOTCS), BHICBOGOMKIAA OTpOMHOe KOJHYECTBO 3HEpPTHH.
M Bce-Tak# acTpoHOMBI 33a10TCS BOMPOCOM, HE MOT'YT JIH CYILIECTBOBATh
lanaktiku, NocTpoeHHble W3 aHTHBeulectBa? EcAH Takoe BO3MOXHO,
T0 00HapyxHTb TakHe [anakTHkH OyZeT oueHb TPYIHO.

“CKyCCTBCH Hafg paaiHOAKTHBHOCTh

B pesysbrate ycnewHoro nposeieHHs MepBbiX fALePHBIX peaKUui
OblIH MOJIyYeHBl yXKe H3BEeCTHble, BCTpedalouiHecs B NpHpoAe H30TOMI.
OpHaxko monyuyeHHbe TakMM o6pasoM HeHTPOHHO-NMPOTOHHBIE KOMOH-
HaLKWH MOTIM OTJIHYAThCSl OT KOMOHHALHMH, XapaKTepHHIX AJas NMPHPOX-
HplX H3oToMOB. Beap nepsbie opraHHYecKHe MOJIEKYJbl, CHHTE3HPO-
BalHble XHMUKAaMM, OT/IHYAAHCh OT MOJEKYJ NPHPOAHbIX CoeNHHeHHH
(em. ra. 6). HefitpoHHo-NpoTOHHBIE KOMOGHHALUMH HOBOTO THMA GBLIH
noaydeHo! B 1934 r. dpanuysckumu pu3ukamu cynpyramy ®peepHkoM
JKoano-Kiopu (1900—1958) u HMpen »Koauo-Kiopu (1897—1956) (mous
M3BECTHHIX (H3HKOB cynpyros KIiopH, MpocnaBHBLIMXCS OTKPbITHEM
pamudg, oM. ra, 13).

Cynpyre  onuo-Kiopu GomGapiupoBanyu anioMHHUH aabga-ya-
CTHLAMH, H TIPH 3TOM BBIICHHJH, YTO aJIOMUHUHA NPOLOJIIKAET HCIlycKaTh
YacTHUBl H (0C/e OKOHuaHHa GoMmGapAHpoRKH. B pesy/brate mpose-

-
* KocMHuecKHe yun COCTOAT M3 YacTHL, NPOHHKAIOUHX B aTMochepy 3emaH u3
KOCMHUYECKOr0 MpOCTPaHCTBA. 3TH yacTHIBL, I/IABHBIM 06Pa30M MPOTOHBI, PA3TOHSIOTCA
JI0 MOYTH HEBOOOPA3UMBIX 3HEPTHH 3JEKTPHUECKHMH TIOJIAMH 3BE31 M CaMOl FalakTliKIi.
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JEHHBIX HCC/IeNOBAHUH OblIM OTKPBITH amomMuuui-27 (13 nportoHoB
maoc 14 Heitirporos) u ¢ocdop-30 (15 nporonos maioc 15 HefitpoHos).

Ho docdop, serpevalomuiics B npHpose, MMeeT TONBLKO ofHY pas-
HOBHAHOCTb aTtomoB — tocop-31 (15 mporoHoB mmoc 16 Hedirponos),
caenosatenbio, Gocpop-30 — HcKyccrBeHHBIH H3oton. [lpuuuna, mno
KOTOpO# 3TOT W30TON He BCTPeuaercs B NPHUPOAE, OYEBHAHA: MEPHOR
noaypacnaga ochopa-31 cocrasaser Bcero 14 aueli. Hsnyuenwe
HMeHHo 3Toro u3otona M Habmoxanu cynpyru YKoauo-Kiopu.

Cynpyru Konno-KiopH mepBbIMM OTKDBLIH SIBJEHHE UCKYCCMBEHHOL
paduoaxkmusrocmy. K HacTosilleMy BpeMeHHM MonyueHo Gosiee THICAYH
paaHoaKTHBHEIX H30TOMOB, He BCTpeyalomMXca B MpHpome. Y Kamxaoro
3/1eMeHTa HMeeTCsl OAUH HJIH HeCKO/bKO paJHoaKTHBHLIX H3oTonos. OfnH
panvoaKTHBHBIA H30TON HMeeTCsl [Jaxke y BOLOpOJa; MepHoA MoJypac-
naja BOZOPOAa-3, Ha3bIBAEMOrO TaKke mpumuem, coctTasaser 12 ner.

B 1940 r. amepukanckuit xumuk Maptun J1. Kamen (poxa. B 1913 r.)
OTKpHI HeoOBblYHBbIAl pagvoakTHBHEIE H30TON yrsepoaa — yriepol-14.
Hexkotopoe koauuecTsBo 3TOro Hsotonma obpasyercs B artmochepe B
pesyabrate GoMOapAHUpPOBKH a30Ta KOCMHUYECKMMH JyYaMmd. 1O O3Ha-
YaeT, YTO BCE JKHBLIE CyLIeCTBa, B TOM YHCJE H Mbl, TIOCTOSHHO BAbiXaeM
HEKOTOpOE KOJIHYECTBO YI/epoAa-14, Koropeifl MoTOM MOMajzeT B TKaHH.
AmepukaHcku#t Xumug Yuanapa ®psuk JIu66u (pox. B 1908 r.) mpen-
JIOXKHJT ONpeAefATe BO3PACT apXeoJOrH4yeCKHX HAXOMOK, HCX0as H3
cofep:KaHHs yTriepofa-14. AHancruuisii MeTod uMcOoab3yercd MNpH
onpeje/ieHHH BO3PacTa 3eMHOR Kopb: €ro OnpelenfilOT, HCXOA M3
cofiep:KaHua ypaHa W cBuHUMA. Tagkum o6pasoM, XHMHA NpHILIA Ha
noMouib HCTOPHKAM M apXeoJoram.

OcyiecTB/isisi CHHTe3 XHMHUCCKHX BEIeCTB, MOMCHO 4acTh OOblu-
HBIX H30TONMOB 3aMeHHTb Ha pelkHe cTabH/bHble H3otonu. Hampumep,
BOJOpOA-1 MOXHO 3aMeHHTb Ha BOJOPOA-2, yraepoa-12 — Ha yraepoa-13,
a3zotr-14 — Ha a3ot-15, a Kncnopoa-16 — Ha kucaopoz-18. C nomounbio
TAKHX MmeueHblX coeQUHeHU MOXHO H3ydaTh MeXaHH3MBl peakuuH,
MPUHCXOAAIINX B MHBLIX TKaHsnX. HosaTtopom B Takoro poaa pa6ore
Obll  amepHKaHCRUi Guoxumuk Pynoand [louxefimep (1898—1941),
KOTGphift, HCMOMb3yst BOXOPOA-2 H a30T-15, mposen BamHble Hccaeno-
BaHHA KHPOB H OesKoB. [Jocie oKoHYaHHsi BTOpPOHl MHPOBOM BOWHHBL
TaKile H30TOMbl CTanu Gosiee AOCTYMHH, YTO MO3BOJHJO NMpoBecTd Gosee
TIaTeLHOE H3YYeHHe MeXaHHM3MOB peakuu¥. [IpHmepoM Toro, Kakyio
POb MOTYT ChIrpaTh H30TOMNbI, CAYXHT paGora amepHKaHnckoro GHO-
xumika Measuua Kensuna (pox. B 1911 r.). B 50-x roaax XX B. on
npHMeHHJ Yriepod-14 aas u3yueHHs MexaHusMa peakuwui GpoToCHH-
te3a. PaGoty a1y KenBuH npogesnan ¢ TakoH o6CTOATENBHOCTBIO, KO-
TOpas BCEero JWIb NBajAilaThb MeT Hasal CYHTANACh COBepleHHO He-
BO3MOXHOH.

Benen 3a uckyceTBeHHLIMH M30TOMaMH (QH3MKaM yAanoCh NOJYUHTH
¥ HCKyccTBeHHbie 3anemeHTel. B 1937 r. usoOperarenb UHKJIOTPOHA
Jloypenc npoBen GomMOapaMpoBKy obpasua moauGreHa (mopsaKOBbLIH
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HoMmep 42) pefirponamu (spa BoAopoAa-2), nocje 4ero OTNPaBHJM 3TOT
o6pasen, Cerpe B Pum ([Tosauee Cerpe nepeexan B CIIA u yxe Tam
OTKpBIA aHTHNPoTOH.) Cerpe TilaTeNbHO H3yuil o6pasell H OGHAPY KU,
YTO OH COHNEPXKHT CJleflbl HOBOTO pAAMOAKTHBHOIO BellecTBa — Kak
BOOC/IEACTBHH BBISICHH/IOCb, 3JleMEHTA C [OpAAKOBBIM HOMEpOM 43.
K sToMy BpemeHH 3 ieMeHT elle He ObJl OTKPHIT B NMPHPOAE (HeCMOTps
HA HECKOJIbKO HenoATBEpAHBLIHXCs HSBECTHﬁ), W MO3TOMY €ro HasBaJH
mexreyuem (OT TPEYECKOro — UCKYCCTBEHHBIH).

Co BpemeHeM OB 3aMOMHEHB! TPH OCTaBIUHXCH B NEPHOJAHUYECKOR
tabnuue npoGena (cM. ra. 8). B 1939 n 1940 rr. GuiiH OTKPHITH 3Jie-
Menter HoMep 87 (¢panyui) v Homep 85 (acmam), a B 1947 r.— aze-
meHT HoMep 61 (npomemuii). Bce 3TH aneMeHTH pagHOAKTHBHEL.

Actat n ¢panuuit obpasylotcss U3 ypaHa B OYeHb MaJbiX KoaWye-
CTBax; MO-BHAWMOMY, HMEHHO O 3TOH NMPHYHHE HX He YAAJOoCh OTKPHTb
panblie, TeXHeuu#i u npomerHHl obpasyiorcs B ellle MeHbLIHX KoJuye-
CTBaX. ITO eJHMHCTBEHHbIE 3/IEMEHTH! C MOPAAKOBHIMH HOMEpaMH MeHblle
84, He uMelome cTabHAbHBIX H30TOMOB.

TpauncypaHoBble 3JE€MEHTHI

Brauane OomGapaupoBKa aTOMHLIX sJep BeJach MOJOKHTEbHO
3apAXKeHHBIMH YacTHLAMM: TNpPOTOHAMH, AeHTpoHaMH M aJnda-yacTu-
wamu. [TockonbKy OJMHOMMEHHO 3apfiX<eHHBIE YACTHIH OTTaJKHBAIOTCH,
TO MOJNIOKHTE/NbHO 3apsKeHHble fJpa aTOMOB OTTAJKHBAIOT MOJOMH-
TEJBHO 3apfiKeHHbIe YaCTHUB, H 3acTaBHTb ABHiKyllHecs ¢ Goablued
CKOPOCTBIO YaCTHIIL! peoflofieTh OTTa/JKHBaHHe U CTOIKHYThCA C sAPOM,
BeCbMa CJIOXHO, TaK 4YTO sJiepHble peakUUH TPYAHO OCYUIECTBHMHL.

C oTkpuiTHEM HefiTpoHa (cM. 1. 12) y XHMHKOB NOSIBHJIHCH HOBBLIE
BoaMoxkHocTH. Hefitpousl npeAcraBasiior cofGofi HesapsiKeHHbE 4a-
CTHUB, M aTOMHbie fjipa WX He orraskusaior. Hanmpasus uefitpon B
HYXKHOM HamnpaBJeHHH, €ro JeTKO MOMHO 3aCTaBHTh CTOJNKHYThCH C
AAPOM.

Hranbadckuit ousuk dapuko Pepmu (1901—1954) nepsuiM obcros-
TeJbHO H3yuHs GomGapAupoBKy HefitpoHamu. CBoilo paGoTy OH Hauan
NOUTH Cpa3y ke, KaK TONbKO y3Han o0 oTKpuiTHH HelitpoHa. OH oGHa-
PYKHJI, 4TO NY4YOK HefITpOHOB HHHLUHHpYeT sfiepHbie PeakuUHH ocobeHHO
SLpEKTHBHO, eC/IM OH MPOXOAHT yepe3 BoAy HJM napaduH. Jlerkue
aTOMBI 3THX BelIeCTB NMPH Ka}JOM CTOJIKHOBEHHU TMOTJIOUWLAI0T HEKOTopoe
KOJIHYECTBO 3HEPrHH HeHTPOHOB, HO CaMMX HEHTPOHOB NMpPH 3TOM He
nornomawt. CreloBaTtenbHO, HEHTPOHBI 3aMefSIOTCA HACTONBKO, YTO
B KOHEYHOM HTOre ABHXKYTCA CO CKOPOCThbIO OOBIYHBIX MOJeKyJl, Haxo-
OAUIMXCA NpH KoMHatHo#l teMneparype. Takue mensosoe Hedmponst
HaxoaaTcsl BOJIM3H OTJAE/bHHIX sifiep B TeueHHe CeKYyHJbl HWJIH HeMHOIHM
GoJiee, clieoBate/lbHO, BEPOATHOCTb TOrO, UTO AP0 MOIJOTHT HefiTpoH,
B 3TOM cJlyuae Bhiiuie, yeM npH GomOapavpoBKe OLICTPLIMH HEHTpPOHAMH,
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Korpa atomuoe sifipo morjoulaer HeATPoH, OHO HeoGs3aTesbHO
CTAHOBHTCH HOBBLIM 3JIEMEHTOM; MpPH 3TOM MOXKEeT oﬁpasosarbcs npocTo
Gonee Tsxennlit Hoton. Tak, eciu KHcopofi-16 npuoGperaer HeATPOH
(maccoBoe uuciio 1), To OH cTaHOBHTCA KHcsaopolom-17. Oguako, npu-
coefiMHssT HEHTPOH, 3JIEMEHT MOMKEeT MpeBpaTHTbCHl B PalHOAKTHBHELH
usoton. B stom ciyuae sjeMeHT OOLIYHO pacnajiaercsi ¢ H3jydyeHHeM
Gera-yactHunl, a coraacHo mnpasuay Coamd, 3To o3Hayaer, 4TO OH
CTAHOBHTCSI 3/IEMEHTOM, 3aHHMalollHM Gosiee BBICOKOE MeCTO B MepHO-
puueckoft Tabauume, Takum o6GpasoM, ecad Kuclopod-18 mnoaydaer
HeMTPOH, TO OH fpeBpallaeTcs B PaiHOAKTHBHHIH KHCJopoA-19. Sror
H30TOMN H3Jy4aeT (era-4acTHIY H CTaHOBHTCA CTaGHJBHBIM ¢ropoM-19.
Takum oGpa3som, GomGapAupys Kucjopoi HeHTPOHaMH, ero MOXKHO
npeBpaTuTh BO PTOP.

B 1934 r. ®epMu 3ansscs GomGapAMpOBKOH ypaHa HeHTpOHAME @
TeM, 4ToGbl ySHATh, HEMb3sl JIH MOJYYHTb aTOMbl ¢ GoJibluefi Maccok,
YeM ypaH (mpancypanosvie sremenmot) ¥. B To BpeMms y ypaHa Onpld
HauGoMbIIHA MOPAAKOBLIH HOMep B NepHOAHYecKoH TabjHiue, HO BO3-
MOXKIIO, YTO Y 3/1eMeHTOB C GOJIBIIHMU NOPSAKOBLIMH HOMEPAMH GJIHILKOM
KODOTKHH nepHol floJlypacnaja.

CHauana PepMH JeHCTBHTE/NbHO NOAYMaJ, YTO OH CHHTE3HPOBaJ
sneMeHT @ HoMepoM 93, HO pesyJibTaThl 3KCMEPHMEHTa OKa3a/HCh
OYeHb 3aMyTaHHLIMH H TpuBeJH K eule GoJlee ApaMaTHYeCKOMY MOBO-
pory, uto GyJer omHcaHo 4yTh MNo3jHee. ViMeHHO 3TH pa3paboTku
OTBJIEKJIH Ha HEeCKOJbKO JieT BHHMaHHe yYeHBIX OT H3YUeHHs BO3MOXK-
HoCTell MoJyyeHHSs TPAHCYPAHOBHIX 3/1GMEHTOB.

B 1940 r. aMepukaHckufi ¢usuk 3IasuH MaTtHcOH MakMH./1JlaB
(pon. B 1907 r.) u ero konnera xumuk Puannn Xomx ibacod (poa.
B 1913 r.), nposomsi HefTpoHHylo GoMGaplAMpOBKY ypaHa, AeficTBH-
Te/lbHO OOHApYKUJH HOBLII THN aToMa — aroM C MOPSAKOBLIM HOMe-
poM 93, Kotopuifi OHE HasBaJH Henmynuem. [lepHoa nosypacnana faxe
HanGo/ee JONTOKHBYLLEro H30TOMA HenTyHUA-237 cocTaBJseT HeMHOTUM
Gosee ABYX MHJIJIHOHOB JieT, T. €, COAEpXKaBIUHACST KOrAa-TO B 3eMHOH
Kope HeNnTyHHH [OJIKeH yie MAaBHo pacnactees. HenTyHnii-237—
NepBLI 3/1eMeHT YeTBepTOro pajHOAaKTHBHOrO paja.

3arem, B 1941 r., Makmusnan # amepukanckuit ¢usuk Inenn Teo-
nop CuGopr (poa. B 1912 r.) nonyunsnu u ujentuduuMpoBand naymo-
Hutl — 3JeMeHT ¢ nopsAJAkoBbiM HoMepoM 94. I'pynna yuennix Kanudop-
HUHACKOrO yHHMBepcHTeTa, BosryaBssiemas CuGoproM, Ha (POTSIKEHHH
NocAeAyIOIHX AecsTH JeT Boliedausa Goflee MOJYMIOXKHHLI 3/1eMEHTOB,
B TOM Yucae amepuyud (Homep 95), kropuidl (Homep 96), Gepxaud (Homep
97), xaaugpoprudi (Homep 98), sdnwmernuil (nomep 99) u epmudt
(nomep 100).

Opnako nosyyatb Kaxjbiil clelylomufi 5/eMeHT CTaHOBHJIOCH BCG
TPYAHEe H TPyJHee, U BbIAENUTH €ro yAaBajoch BCE B MEHbIIHX ¥ MeHb~
wux KonuyecrtsaXx. BoJsiee Toro, mepHox mosnypacnajaa Kaxaoro nochie-
JyIOLIero 3/1eMeHTa OKaselBa/lCs Kopodye, YeM Y MpemLyllero, Tak 4ro
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KaXJBH HOBBIH 3JIEMEHT Mocsle noJiydeHust sce Guictpee M OhicTpee pac-
nagancs. Hecmorpst Ha 310 B 1955 r. Gb1 noayuen mendenesud (Homep
101), B 1957 r.— nobeaud (nomep 102), B 1961 r.— soypeHcu#t (Homep
103). B 1964 r. coBerckve DH3HKH COOGUIMJIH O MONYYeHHH (MHKPOKO-
JIHUeCTB) 3JieMeHTa ¢ MOPAAKOBHM Homepom 104 *,

CuGopr u ero rpymna yCTaHOBHJ/IH, YTO TPAHCYpPAHOBbIE 3/eMEHTHI
MOXOXKH ApYr Ha Apyra, KakK MOXOMH APYyr Ha Apyra pefKo3eMe/bHble
anemeHT! (cM. . 8). OObAcHAETCA 3TO CXOACTBO TeMH e CaMBbIMH
NPUYHHAMH: HOBBIE 3JMEKTPOHBI Pa3MellaloTcsl Ha BHYTPEHHHX 3J/1eKT-
POHHBIX 060/10YKaX, a BHEIUHAN 3/eKTpoHHas o00/I04Ka C TpeMs 3.1eKT-
poHamu ocTaercid HenaMeHHOW. [lepBbifi psifl 37eMeHTOB, HauHHaIO-
mufica ¢ JaHraHa (nopsakoBui HoMep 57), moJlyduHs HaspaHue paja
Aanmanoudos, a Gonee HOBbIH, HAauMHAOWIMHCA C AKTHHHA (MDopsaKo-
Bbill HOoMep 89) — pAnoM axmunouodos.

C orkpbitTiem Joypescusi GblAM MoNydyeHbl Bce aKTHHOMAb. [lpen-
noJaranoch, YTO 3JIEMEHT C NopsAKoBeiM HomepoM 104 Gyzer 3uauu-
TeJbHO OTJIHYaTbCAA M0 XUMHYECKHM CBOHCTBAM OT aKTHHOWOB.

finepnasn GomGa

Bephemcsi tenepe Kk paGore ®epmu mo GomGapaupoBke ypaHa Heil-
TpoHamu. [lpeanonoenne o tom, 4To B pesyJbTaTe GoMGapiAupOBKM
MoJy4YeH 3J/1eMeHT ¢ NopsaAKOBeIM HoMepom 93, B TO Bpems NOATBEpAHTH
He YJaJochb, TAK KaK MONbITKH BHILENHTb 3TOT 3JIEMEHT YCNeXom He
yBEHYaHCh.

Cpeast ydYeHHIX, 3aHMMaBIIMXCA H3yuyeHHeM De3yJILTATOB TaKOH
GomGapaupoBku, Obwih Ian u MefiTHep, OTKphiBluHe ABaAllaTh JeT
Hasal nporakTHuit (cM. r. 13). Dt uccnefosarenu obpaGoTanu
Gapuem GomGapAMpOBaHHHIH YypaH, B pesysbTaTe B 0CalOK BbiNaJa
KaKas-To (pakuus CHABHO PaAdOAaKTHBHOTO BelleCTBA. 3Jta peakuHs
sacrapuia I'ana 1 MefiTHep YCOMHHTBCA B TOM, YTO CTTHHM H3 NpPOAYK-
ToB OGoMOGapaHpoBKH Obl1 pafuii: 3/eMEHT M0 CBOMM XHMHYECKHM CBOH-
cTBaM o4eHb OblJ TOX0XK Ha GapHif, 1 MOXKHO ObLIO OXHIATh, YTO paiui
conpoBoxkiaeT Gapufi B J/MOOLIX XMMHUYECKMX mnpeBpallleHusx. M Tem
He MeHee H3 3TUX OapuiicomepKauuXx ¢pakiHii MoAYYHTL panui He
YAa/0Ch.

[Tpumepro B 1938 r. I'an npeano/noxu.a, YTo noiydeHHas (pakuus
MOXeT ObiTh pajHOAKTHBHHIM H30TOMOM camoro Gapus, oGpa3oBas-
mHMest M3 ypaHa. Takof panuoakTHBHbI Gapuit MOMET COeNHHHTbCS
¢ OObIYHBIM OapHeM, H Pas3fieIiTh WX OOBIYHBIMH XHMHUYECKHMH CIIOCO-
6amu Heso3moxkHo. OnHako o6pasoBaHHe TaKoOro COeANHEHUA Mpef-
CTaB/JAJOCH BECbMa COMHHTe/NBHbIM. Bce filepHble peaklHH, U3BeCTHbIE

* Hmeercss B BHAY KypuaTOBHil, Ha3BaHHbIA B 4ecTb coBeTcKoro ¢mauka Hrops
Bacunpesuua Kypuartosa (1902—1960) — Bhifatowwerocs y4eHOro ¥ opraiH3aTopa aToM-
HOH NpOMBILIEHHOCTH B Halueli ctpane,— [Ipunm. nepes,
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kK 1938 r., npHBOAMIM K M3MEHEHHIO MOPSAKOBHIX HOMEPOB 3JIEMEHTOB
Toibko Ha | u 2 enunuuel. Ilepexon or ypaHa K Gapuio o3Hayas, 4uto
NopsAAKOBBI HOMep 3JeMeHTa yMeHbIHJac Ha 36 emuuul. 3TO MOIIO
NpPOH3OHTH TOJIBKO B TOM Cayuae, ecid Obl aTOM ypaHa pasfesics
npuMepHo mofoaam (pacuyenrenue adpa amoma ypara). T'an He pe-
maJgaca — Mo KpaiiHel Mepe ny6iHyHO — Jaxke o6CyKAaTh BO3MOXHOCTD
TaKOro paculerJieHus.

B 1938 r. uamucrckas ['epmanusi BTOpraach B ABCTPHIO H aHHEK-
cupoBana ee. ABctpHiickas rpaxaanka Jluse MefiTHep BBIHYX/eHa
6si1a smurpuposate B UIseuuio. B ceere nepexuTtoro mochielCTBHS
BO3MOMHOH HayyHOH OWWOKH NpeACTaBJAAJHCh €H CTOAb MaJjo3Hada-
IHMH, 4TO oHa onyGuiKoBaaa TeopHio I'aHa o Tom, 4TO aroMHLie AzApa
ypaHa npd GombapiupoBKe HEHTPOHaMH NOABEPraioTCA paculeNJeHHIO.

3ra crarbs BhizBada OoJbLIOH MepernonoX, TaK KaK yueHble cpasy
NOHAJH, K KaKHM yXacHBIM [OC/TeJCTBHAM MOMET NPHBECTH 3TO AB-
Jgenne. Ecin atom ypaHa nocie mordiollleHnsi HeHTpoHa pacnafiaetcs
Ha JBa MeHBIIMX aToMa, B fpaXx KOTOPBIX MeHblue HefTpOHOB, 4YeM B
sfipe atoMma ypaHa *, TO M30BITOUHBlE HEHATPOHBI NOJMHBEI H3/]Yy4aThCs,
M ec/H MX MOIJIOTAT [pyrHe aTOMbl ypaHa, TO OHH B CBOW O4Yepelb
TaKKe pasleniaTcst, YTO MpPUBENET K H3JYueHHIO ellle GOJIbLIEro yuc/aa
HeHTpPOHOB.

Pacuenniesne oAHOro aromMa ypaHa npuseller K paclleneHHio
HeCKOJIbKHX aTomoB. PesyabraT yenwod s0epHod peaxyuu OKaxKeTcs
nonoGeH pesy bTaTy OOHYHOH XHMUYECKOH LleNHOH peakluu, HanpuMep
peakuuu Bojopofia # XJopa (cM. ri. 9). OoHaKo NOCKOJbKY sjlepHhule
peakuun cBfisaHnl ¢ OOMEHOM ropasio GOJNbIUMMH SHEPTHAMH, 4YeM
XHMHYeCKHe peaKIMH, TO pe3y/bTaThl fAllepHOH lenHOW peakKLUHM OKa-
HKYTCA HeCcpaBHUMO Gosiee MOILHBIMH.

Mup cvosasn Ha nopore BTOpOH MHpOBO#t BOHHH. [lpaBuTennbcrBo
CHIA, noHumas, 4TO CMEPTOHOCHAf 3HEPrUs ATOMHBIX $ep MOXKeT
ObiTh HCMOJb30BAHA HAUMCTAaMH, MPHCTYMHJIO K pealM3auud Hcclelo-
BaTe/IbCKOA MporpamMmbl Co3JaHusl UeNHOW sJepHON peaKuuu H moay-
YeHHS fJlepHOrO OpyXHA.

Tpyasocreii okasanoch odenb Muoro. [lpexie Bcero BHIACHHUJOCH,
4TO LenHaa sfepHas peaKUus BO3MOXKHA JIMIIL NpPH HAJMYHH HeKO-
TOpol HoBosbHO GosbLIOH Macckl ypaHa — TaK HasblBaeMoll xkpumuue-
ckoti maccet. K MoMEHTY xe Hadana paboT ydeHLie pacrniojiarali He-
3HAYHTE/IbHEIM KOJMHYECTBOM YypaHa, Tak Kak 1o 1940 r. ypan kak
TaKoBOH NMOUTH He npumeHsa/cs. Kpome Toro, HeHTPOHBI HEOGXOLHMO
Obl10 3aMeANATb C TeM, 4TOOBbl BEPOATHOCTb WX MOIVIOWIEHHA YpPaHOM
yBesqMuunach. B KauecTBe TakuX 3amedaumened, KaK BHSCHH/IOCH,

* Crtporo roBops, aToM ¢ Gosbluel Maccoll HMeeT GoJbliee YHCNO HEHTPOHOB MO
OTHOILICNHIO K ero MaccoBoMy 4HcTy. Takum ofpason, Kaabluii-40 conepaxut 20 HeiiTpo-
HOB, 4TO coctasiser 0,5 ot ero MaccoBoro uncsa, a ypan-238 comepkHT 146 nefiTpoHOB,
yto cocrasaseT 0,65 ero maccosoro uucia,
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MOXHO HcnoJb3oBaThk OsoKHM rpaduTa HAH TAXKeNyio BoAy (Body, B
KOTOpo# BONOpPOA 3aMeHeH Ha JefiTepuit).

Ipyrasi TPpyAHOCTb 3aK/aiodanack B TOM, YTO He KaMIblH aToM
ypaHa, NOFJOTUBLIME HeHTPOH, NpeTepneBaeT fllepHOe paclllenJjieHHe.
SlnepHomy pacinensieHHio mojABepraerca AOBOJBLHO PeNKHH H30TON —
ypau-235. [loaromy HeoGxoaumo Obwio paspaboTaTh cnocolbi OTHese-
HHSl U HAKOMJeHHA JaHHOTo H3otoma. 1o Obwla GecrnpeueeHTHas
safava: pasfiejleHHe H30TOMOB B TakHX GoabliuX Maciurabax HHKOrAa
paHee He nposoiuJock. MccsenoBaHns MokasanH, 4To B 3THX LeJfX
MOXKHO HCNOJB30BATh rekcadTopul ypana, MOITOMY OIHOBPEMEHHO
TpeGoBasock oTpafaTeiBaTh METOAHKY paboThl ¢ coelMHeHWsAMH (ropa.
Tlocne oTKpbiTHA NJYTOHHS, KOTOPBIH, KaK BBHIACHHJIOCH, TaKke MOA-
Bepraerci siilepHOMY pacilenyexiio, Obljo Ha/laXeHO MPOU3BOACTBO
ero B OOJBLINX KOJNHYeCTBaXx.

Bosrnasasa Bcio 3ty pabory Pepmu, xoropuiit B 1938 r. nmokuuyn
Hranuio u nocenuncs B CHIA. Broporo mekaGpa 1942 r. amomneut
peaxktiiop, paboraBluMii Ha ypaHe, OKCHJe ypaHa H rpadurte, Obi1 MpH-
BeleH B «KPUTHUCCKOe COCTOAHHe», B Hem MNoifepXKuBanack lenHas
peakuud, L B pesyJibTare JeJleHHA aroMHOro sipa ypasa Owbwia noday-
YeHa 3HeprHs.

K 1945 r. GoutH M3rorosJielibi yeTpoH#CTBa, B KOTOPLIX NMPH MOAPLIBE
HeGobILOro 8apsAja B3PLIBYATOrO BelIeCTBa, NEOHCXOMMJIO cOIHKeHNe
IByX nmopuu# ypana, CymmapHasa Macca S3THX ABYX NMOpUHH ypaxa mpe-
BhllIA/Ia KPUTHUeCKylo. B.uaronapa BosleficTBHIO KOCMHYECKHX Jyuell
B atMoctepe BceTAa HMeIOTCA clyyafiHbie HeHTPOHBI, TaK 4YTO B KPHTH-
YecKOH Macce ypaHa cpa3y e HauMHa/ach UenHas siflepHas peaklns,
KoTopas collpoBOXJallach B3PbIBOM HeBeOMOfl O TeX Mop CHJbI.

[MepBast Takas «A-GomGa», HAH «aToMHas GoMGa» (/M NpaBHALHEe
Gomba pacwensenus) Oblia B3opsaHa B Hione 1945 r. B Asamoropio,
iwt. Holo-Mexuko. K crenyiomemy Mecsilly GBIJIH HSTOTOBJIEHEI elle ABe
GomGbl, KOTOpble B KOHIlE BTOPOH MHPOBOH BOWMHEI OblaH COpOlLeHbI
Ha sinoHckKHe ropofa Xupocuma u Haracakh.

Onuako jefieHHe siApa aTOMa ypaHa NpHMEHSeTcs He TOJbKO ¢
uensio paspyiwenus. Korma npouecc nonyuenus 3HeprHH NOAAepPHH-
BaeTcs Ha NMocTosHHoM Ge3onmacHoM ypoBHe, pacilen/eHHe Aapa MOXKHO
HCMOJb30BATL H B LEJNAX CO3HAaHHS. B nATHAECATHIX — IecTHAecs-
THIX Tofax GbL10 MocTpoeHo Goablioe YHCAO A0EPHLLX peaKmopos, npei-
HasHaYeHHBIX [J1 NOJAYYEeHHS SJEKTPHYeCKOH 3Hepruu ®.

Buigenennem Go/blUOro KOJHYECTBA 3HEPrHH COMPOBOXKIAETCH He
TONLKO JeNeHHe THAKENnX aToMoB, Ho H oObelHHeHHe ABYX JIErKHX
anep B opHo GoJee Tsixkenoe (mepmosdepHoui cunme3). KonoccannHoe
KOJIHYECTBO 3HEPrHH Bhijensiercd, HanpHMep, MpH COelMHEHHH flep
BoJlopojia, NpUBOAsAiNeM K o0pa3oBaHHIO rellHs.

Ina Toro yroful 3acTaBUTh OOBEAUHHTLCS aTOMbl BOJOpOAa, He-
06X0HMMO Tpeofo/eTh 3aC/0H U3 3JeKTPOHHOTo ob.naka, uTo TpeGyer
orpomuofi sHeprud. Takue peakuuH npoHcxoAst B raybunax Connua
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u apyrux ssesi. ConHeuHast 3Heprusi (KOJHYECTBO KOTOpOA He yMeHb-
1aeTcs B TedeHHe MHJIMApOB JIeT) ABJAETCS 3HeprHefi fAepHoro
CHHTE3a.

B 50-x romax XX B. 6bi1 paspaforaH cnocol MosyuyeHus SHeprHH,
HeoGXoauMOH ANA fAfepHOro cHHTesa. B KayecTse uCTOYUHHKA 3HEPruH
6ulia ucnosb3osaHa Gomba pacllen/ieHHs, H B peayJbrare Gbuia moay-
geHa ffepHad GomGa ellle Gosbliefi pa3pylHTeNbHOR CHJIBI, KOTOPYIO
HasweBAIOT NO-pasHoMy: «BoflopodHad GomGa», «H-Gomba», «TrepMosaep-
Hast GomOGa», HO Gosiee NMpaBHJILHOE Ha3BaHHe —— GoMOa mepMoAdepHOZO
cunmesa.

PaspaGoranbl H ucmbrTadel GoMGbl TepMosiIepHOrO cHHTe3a ¢ Mo-
TeHUHAJIOM pa3pylleHHs B THICAYH pa3 GoJIbIIMM, YeM y nepBeix GoMO
pacmennesns. Onsa Gosplaa GomGa TepMOANEPHOrO CHHTE3a MOXET
MOJIHOCTBIO Pa3pyLIMTh caMblit KPYMHHIA rOpoOf MHpa, & ec/iH B30pBaTh
BCe UMelollHecsi ceiuac GOMOLI TepMOSiIEpHOrO CHHTE33, TO B3PHIBHAN
BOJIHA, NOXKapel H paduoaxmuenbie 0CaOKU YHHYTOKAT BCE IKHBOE
Ha 3eMJe.

OnHako TepMosifiepHblfi CHHTE3 MOXKHO (M Jo/kHol) Hcnoab30BaTh
He 1,151 paspyuenus. Onnoll u3 HauGonee BaKHBIX 3KCIEPHMEHTANbHBIX
paboTt, MPOBOAMMEIX B HACTOALEE Bpems, ABJAETCHA NONLITKA MNOTYYHTD
Ype3BblYaiHO BBLICOKHE TeMIMleparypbl, B COTHH MHJJIHOHOB I'pajlycos,
yOpasJsembiM cliocobom (a He B lleHTpe B3pbiBawowefica GoMObi pac-
WenJeHus) 4 NOANEPXKHBATbL 3TH TeMNepaTypsl JLOCTATOYHO AOJT0, C
TeM 4yToObl Hauanach pPeaklUHsi TepMOsiIepHOro cuuTesa .

YnpaBnsfi CKOPOCTBIO TAaKOH peakLi¥, MOXHO co3laTb (aHTacTH-
yecKHe 3anachl sHepriu. B KauecTBe TON/HBA MPHrojeH AeHTepHH, HIH
TsKesblli BOAOPOA, KOTOpBIi B OrpOMHBIX KoJuyecTBaX (BrosiHe M0-
CTaTOYHBIX HAa MHJUIHOHBI /eT) HMEeTCi B BOJE OKEaHOB.

Hukorjia pasbiue 4e/oBeYecTBy He I'PO3HJIO TaK peanbHO MOJHOe
YHUYTOXEHHe, HO H HHKOTJa paHblle Ye/OBeYeCcTBO He MOIJIO PacCyH-
ThIBaTh HAa TO TNpollBeTaHHe, KOTOPOE BO3MOKHO B CJyuae OTKasa OT
npuMeHeHHA TepMosepHoro opyxus. Ho cyae6a uenoBeuecTBa He
MOXeT 3aBHCETb OT Mporpecca ToJbKO OIHOH H3 obnacTed HaykH.

Mbl npHoGperaemM 3HaHuA. IJTH 3HaHHA JaeT HaM HayKa.

Teneps Mbl HOMKHBI OBITH elle H MyZApbiMH]



Mpumeuanns

Mpumeuanus x ra. 1

1) A. AsHMOB CBA3bIBAET HAKOMJIEHHe XHMHUECKHX 3HAHUH Mpex e BCEro ¢ nosBe-
HHEM H Pa3BuTHeM MeTaanyprun. OIHAKO peMecqeHHAS XUMHS PeBHOCTH GblIa ropazao
wmupe. [lapannensuo ¢ meraanyprueil pasBHBANaCh TEXHHKA H3TOTOBJEHHS KPAacoK
(MHHEpAbHEIX H PACTHTENbHBIX) H KpawWweHHs, H3roTOBJAEHHA CTeKNa H KepaMukH. Ha-
pPANy C MeTanaypruefl BaHOH OCHOBOH AaflbHefillero PasBHTHHA SKCNepHMeHTaIbHOH
XumMuH 6blTa dapMauus.

2 Cample jipeBHHe H3e/HA H3 MeLH HacuuTeiBaloT 9200—8750 ner no H. 9. Onu
HaiileHEl B HEOJHTHYECKHX MOoCe/eHHAX B BepXoBbAX p. Turp. HMsneana u3 Meau, Hail-
nennEe Ha TeppHTopuH Helnewnedl Typuwu, natupytotes 6400—5700 rr. no u. 3.

3) JKenezo zemMHOr0 (He METEOPHTHOrO) MPOHCXOMIEHHA OLLIO H3BECTHO HapolaM
IOxunoro Kaskasa yxe B 2100 r. o H. 3.

% O npouecce poPMHPOBAHHA NpEACTABJAEHHIT 06 «3JeMEHTaX-CTHXHAX» cM.: Axy-
mun A. B. Mudoaoruueckne HcToKH y4uenus o6 saementax. B ku.: Beeo6wasn neropus
XHMHH. BO3HHKHOBEHHE ¥ PAa3BHTHE XHMHH C JpeBHeHmAX Bpemed no XVIIB.— M.:
Hayka, 1980, c. 74—91.

% OueHn BaXHbIM 1/ GOPMHPOBAHHA KAaYeCTBEHHO-XHMHUECKHX N pe/CTaBleH il
o BeulectBe 6RO BBefieHHOe nociefopateseM Paleca Anakcamanapom (ok. 610—
546 rr. no H. 9.) NOHATHe &MELPOV — NMepBOHAYAJ0, NOpPoXKaAlowee GeCKOHEYHOe MHO-
roo6pasue BCero CyIero ¢ Pas/iHYHEIMH KauyeCTBaMH.

§ Hurepecno, uto Jlykpeuuft Hu pasy He ynoTpeGua B cBOel No3Me CI0BA «aTOM»,
HO HCMOJb30BaJ Gosee necsiTKa CHHOHHMOB. HekoTopeie H3 HHX (¢KOpnyckysa», «3ses
MeHT») No3aHee NoJYUHJIH PaCHpoCTPaHeHHe B A3HIKE HaYKH, HO B HHOM CMBICTE.

7) Tlo mMatepuasnaM 31oil riaBel cM.: Beeobulas Heropusi XHMHH. BosHHKHOBeHHe
H Pa3sBHTHE XHMHH C ApeBHefiux Bpemer no XVII s.— M.: Hayka, 1980, 399 c. (Yacts
nepBas. Mcrokun xumuseckux snawni); Koawun B. A. UepHas MeTal1ypris u Metanno-
o6paboTka B [dpesneit Pycu.— M.: Hag-so AH CCCP, 1953; Jlyxac A. Marepuanut &
pemecnentuie npoussonctsa [pesnero Erunta.— M.: WJI, 1958, 747 c.

lpumevanus k ra. 2

U H B [penrem Pume, H nosanee B BusaHTHIICKOM rocynapcTBe HaKOMJEHHe XH-
MHUeCKHX 3HaliHil MPoJoJxKaoce Grarofaps passutuio hapmanud. Tak, «[eonoH:Ka»,
komnu/siiis 13 20 KHur, nprnuceiBaeMas Kaccuny Baccy (VII B.), conepixana maccy
NPaKTHYECKAX PEIeNTOB H MHCTHYECKHE TOJKOBAHHA XHMHUCCKHX TPOLECCOB,

2 Hecropuanuui Hob Dnecckuil MHOro cpenan iJs pacnpocTPaHeHHs 3/1HHHCTH-
YeCKHX XHMH'ECKHX BO33PeHHIi B apabckofi HayKe H OCTalCs B ee HCTOPHH MO/ HMEHeM
Aiftio6a anb-Pyxasu (ok. 769—835).

M TIponuKHOBEHHE ATXHMHUeCKHX yuenni#i B EBpony wiio TpeMs MyTsMH: uepe3
BuzanTuio (camMbiii panHuii nyTs, HO GLICTPO YTPaTHBLUHI 3HaueHHe), Yepe3 Cupuio, Era-
ner 1 Cuuhuio (0Ka3aBLIKil BJAHSHHE HA pasBuTHe HAYKH B MOxuofi Mranuu) u yepes
IMupenerickni? nosyoctpo Gmaromaps apabekol kyasType Marpu6a (om.: Mey A.
MycyanmaHekuii Pereccane.— M.: Hayka, 1966, 437 c.). OnHakc XHMHYECKHE 3HAHHA
HaKaNIHBaANCL H B Ipyrux pernoHax: Kurae, Cpenneit Asau u Ha Kaskaze. He moc-
JleHIo POJib PH STOM Hrpasa dapMauus. [IpuMepoM MOryT ClyMHTL TPYABl apMsiH-
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-ckoro Bpaua X1I B. Mxurapa l'epauu (cm.: Mxumap Iepayu. YTemeHue npu JHXopaj-
Kax.— EpesaH, Afiactan, 1968, 244 c.).

<" % [lpunucpiBas P. Bakony y6exjenne, 4TO «3aJ0ToM nporpecca aBAseTcs KCINe-
-pEMeHTanbHas paGoTa», A. A3UMOB He yKa3blBaer, 4TO «onblt» Mo B3koHy He TOAbKO
SKCTIePHMEHT B COBPEMEHHOM CMBICIE, HO M MHCTHYECKOE «03apeHHes,

) 5 370 oueHp yNpolIeHHOe 06BACHEHHE CTONHOIO HCTOPHUYECKOrO Npouecca, Hauap-
‘merocsi B X B. H nponosixaswerocst 1o XVI B. U nolyunsluero xassanue BTOPO# Npo-
*MbluLTeNHOM peBontoudn. OH HavalcA C yCOBEPIIEHCTBOBAHHA 3eMJENallecTsa, CO3jia-
HHA HOBLIX THMOB YNPsH H IUIYroB. 3aTeM MOCJAEN0BAJIO CO3ialHe BOJIAHLIX H BETPs-
HbIX MEJTBHHL, MOILHOCTh KOTOPHIX Yike noctdrana B X1—XII sa. 40—60 mowanunsix
-CHJ. TOT NPHPOCT MOIWLHOCTH AT TOMUYOK pasBuTHIO MeTamaypriy. B XIII B. mexu jns
neuelf CTal® MPHBOAHTL B JeficTBHe BOJOH, B pe3y.ibTaTe TeMNepaTtypa B MiaBHAbHOM
neul npespicuia 1500°C, uTo no3BoANIO MOAYYaTs YyTyH. PasBuAKCE TKAYeCTBO H CYK-
Hoenune. B cepenune XV B. 6pim H306pereH nevatHulll cranok. Buuto coznano mHoxe-
CTBO IHAPOTEXHHYECKHX COOpYXKenHH. B CTPOHTENbCTBE BMECTO MOHOJHTHBIX PHMCKHX
. KOHCTPYKHH{ Ha4aJH NMpHMeHATh HOBHle Goslee JierKHe KOHCTPYKuuH. Bech KoMmackc
_5TUX (PaKTOPOB NPHBEJ K I'PaHIHO3HLIM COLHAMBHEIM NepemMenaM H ruéenu peonaii ua.
© 8 [llyxapdun C. B. T'eopruit Arpukona.— M.: Usn-so AH CCCP, 1955.
p " Aepukosa I'. O ropHom jene u merannyprud. Tlog pex. C. B. Ulyxapauna.—
.M.: U3n-Bo AH CCCP, 1962.
y ® [lapauensc MONOXKH HAYATO BAXCHOMY HaNpaBJAeHHIO B XUMHH, NOJYYHBLIEMY
.Ha3BaHHe HATPOXHMHH (OT rpeueckoro wxtpdd — Bpau). MaTpoxumus ceirpana sax-
. Hy10 poJib B Gopb0e C ROrMaMH CpefHeBeKOBOH CXOJACTHYECKOH MeIHuHHb. B pa3Bu-
.THe XHMHYECKHX NPe/ICTaBIeHH} HATPOXHMHKH TaKKe BHOCH/IH JajeKo He TOABKO OfiHY
MHCTHKY. MaTPOXHMHA He TOMBbKO MBITaMach MOJBECTH XUMHYECKOE OCHOBAaHHe NOJ Teo-
PHIO I'yMOPaabHOH NaTONOTHH, HO H CO/IeHCTBOBAIA SMITHDPHYECKOMY MPOTPeccy XHUMHH.
MaTpoxHMHKH BBENTH NPeACTABJEHHA O KHCJAOTHOCTH I LIEJTOYHOCTH, OTKPEUTH MHOro
HOBbLIX COEJIHHEHHH, Haya/H CTABHTL TiepBble BOCNPOH3BOIHMbIE (XOTA NaseKko He Beerja
METOJOJOTHYECKH MPaBHIbHBIE) 3KCNepHMENTHI. K YHCAY HaTPOXHMHKOB MPHHALNEXKANH
-$1. B. Ban l'easmont, ®panunck CuasBusi, Anmxeno Cana u Aanpeii JluGasui, koro-
_poro A. AsumoB owHG0YHO NpuuKCAAeT K anxumukaM. HaTtpoxumus B onpeneneHnod
Mepe o6eruu/ia pa3sBHTHE TeXHHYeCKOl XuMuH Bo3pox aenus, NPHHAB Ha cebs TOPMO3 -
HlHEe XHMHYECKYIO MBICJIb TPaJHUHH MHCTHYECKOTO TEOPeTH3HPOBAHHA, HCMOMbL30BAHUN
He JOCTYITHOr0 HEMOCBSILEHHbIM ASLIKA H T, M. TeXHHYeCKas XHMHA Hauana Gecmpenart-
CTBEHHO HAKaNJIHBaTh H OMHCHIBATL SMNHPHYECKHH MaTepHas.

¥ Haubosee BceoGbeMTIOUHME TPYAAMH 10 HCTOPHH aJIXHMHH ABJAIOTCA CeAyio-

mue: Lippmann E. 0. Entstehung und Ausbreitung der Alchemie. Berlin, Springer,
1919; Ruska J. Arabische Alchemisten. 2 Bd. Heidelberg, Winter, 1924. [lozpo6usie
ceenienns o [lapauesnnce H ApYrHX HATPOXHMHKAX MOMKHO HaliTH B HauGosee JOKYyMeH-
THpPOBaHHOf ucTopuH Xumuu: Partington J. R. A History of Chemistry. Vol. II, Lon-
don, Macmillan, 1959, a Takxe B kH.: Sudhoff K. Paracelsus, ein deutsches Lebens-
bild aus der Renaissancezeit. Leipzig, Bibliogr. Inst., 1936, Page/ W. Paracelsus,
An lntgrgguction to Philosophical Medicine in the Era of the Renaissance. Basel. Kar-
‘ger, 1958.

O texuuveckoit xumuy cM.: Pecmep I'. Hcropusi xumuueckoii TexHuku. [lep. ¢ Hem. /
Tlox pen. M. A. Bnoxa c BBogHoit crateei A. E. Jlyukoro,— Xapexos, Hayuro-tex-
HHYeCKOe M31-BO YKpawuHs, 1938, 304 c.

TMpumeuanns k ra. 3

1 Tot ¢<nepexo1Hslit NepHO», O KOTOPOM FOBOPHT A. A3HMOB B 3Tofi rnaBe, hakTH-
YeCKH OINHCHIBAeTCSl H B caeayiowedl raase. B 37T0T nepuon chopMHpoBaduCh OCHOBEI
"SKCNepHMeHTabHOH XHMHH, OCHOBaHHOH HA H3MepeHHH (U3HYECKUX BeJJUYHH, H Obl1a
co3nana nepsas BceoObemaioUlas XHMHYECKas TeOPHA — TeopHs QuorxHcToHa.

2 [lpodgeccop [Magyarckoro yuusepcutera Canropuo Canropuo (1561—1636)
Ha HECKOJILKO JeT paHbiue Ban enbMOHTa HCNOMB30Ba) B3BellHBaHHE KaK METOJ HaMe-
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PeHHs NPH H3yueHHH o6meHa BewecTB. CAHTOPHO NMPOBO/JKJ B3BELIHBAHHE B CMElHAJbs
HOH CKOHCTPYHPOBAaHHOH MM KaMepe-Becax.

3) P. Boiiab CTABHA H NMOJJHHHO XHMAYECKHE ONBITH H JIaXKe TaKHe OMHTH, KOTo«
pHie MOXKHO HA3BaTh GHOXHMHUYECKHMH. [1eJ10 B TOM, YTO OH HHTePecoBaJcs He TOJIbKO
GHIHYECKHMH H3MEPEHHAMH CXKHMAEMOro BO3aYyXa, ero 3aHUMaJa TaKXe CYmHOCTb ro-
peHHs H ApixaHus. M ~o0TBeTCTBYyIOlHE ONBITH, MPOBE/IEHHbIE HM H €ro COTPYJHHKAMH H
Noc/aeloBaTeNIAMH, TIPHBEJH K BAXHBIM XHMHueCKuM BoiBopaM. CospemenHuk Boftis
Jxon Mefioy 3aMeTws1, 4TO B BO3JLyX€ COJEPIKHTCS BElIECTBO, HEOGXOAUMOe A5 rope-
Hust u aeixanus. Cu.: Kpusoboxosa C. C. Buonoruueckoe okucaenne (HCTOPHYECKH
ouepk).— M.: Hayka, 1971, 168 c.

Y Partington J. R. A History of Chemistry. Vol. II, London, Macmillan, 1959,

Mpumeuanns K ra. 4

L Cwm.: Hopdpman A. I'. JlaByasve.— M.: Hayka, 1962, 328 c.

2 Tpyawm M. B. JloMonocoBa noapo6HO OCBEwieHBl B OTEYECTEEHHOH# HCTOPHKO-
HayuHofl nutepatype. B. H. MenwyTkun B cepuu moHorpadufi (Menwymwun B. H,
M. B. Jlomonocos Kak (u3HKO-XHMHK. K HcropHr xumuH B Poccun.— CII6., 1904;
Merwymeun 5. H. Tpynst M. B. JlomonocoBa no dusuke u xumuun.— M.—JI.: U3g-80
AH CgCP, 1936; Menwymxun 5. H. Muxafino Bacuasesuy JlomoHocoB. JKH3sHeonnca-
nue. U3n. 3-e. [Nox pen. C. M. Basunosa u JI. B. Moa3sanesckoro.— M.—J1.: Hag-so
AH CCCP, 1947) npoBen riy6oKuit aHaJIH3 ONy6IHKOBAaHABIX TPynoB JIoMoHocOBa H
apXHUBHBIX MaTePHAJIOB H MOKa3as, 4To JIOMOHOCOB BBeJl MHOTHe NPeACTaBAEHHS, NMOy-
yHBLUKE PACMPOCTPaHeHHE JHLIb MHOTO fecaTHaeTHi cnyera. Kak nokasana Jlioc Jlan«
xesen (cm.: Janncesen /1. JlomoHocOB K (ppaHuysckas kyabtypa XVIII 8. B ¢6.: Jlo-
morocos, VI, — M.—J1.: Hayka, 1965, c. 27—62; Langevin Luce. Lomonosov. Sa vie,
son oeuvre. Paris, Edition sociales, 1967, 320 pp.), Tpynnl JloMoHocOoBa GblAH H3Be-
ctHel Bo ®pannnn. Cu. Takxe: [Tasarosa I'. E., Pedopos A. C. Muxaua Bacuibesny
JlomoHocoB. Kusue u TBOpuectBo.— M.: Hayka, 1980, 279 c.

3 [lo matepuanam 5Toll riaBul cu.: Cososses FO. H. Hctopua xumuu. Pasputue
XHMHH C JpesHefiwnx Bpemen o koHua XIX B.— M.: Ilpocpewenue, 1976, 367 c.;
Dyzyposcxutt H. A. Ouepk obuwiefl uctopun xuMun. OT npeBHefilINX BpeMeH 0 Hayaaa
XIX B.— M.: Hayxka, 1969, 456 c.

Mpumeyanus K ra. 5

1 Hcropust GoPMHPOBAHHS NPeiCTABAEHHH O XHMHYECKOM COeJUHEHHH PaccMoT-
peHa B KH.: [llenmyrosa 3. H. X aMuueckoe coelMHeHHE H XHMHYECKHA HHIHBH] (O4epK
pasBHTHA npeicTasiaenuit).— M.: Hayka, 1972, 212 c.

2 Cm.: Jassmon [ox. C60pHAK H3GpaHHBIX pa6oT no aTomucTuke. Ilox pex. u ¢
npumevanuaMu B. M. Kenposa.— M.: F'ocxumusnat, 1940, 244 c.; Kedpos 5. M. Ato-
muctuka JdaneToxa.— M.—JI.: Tocxumusgar, 1949, 312 c.

3) Cm.: Buxose I'. B. Ameneo Aporagpo. OuepK XKHSHH H JesTeNbHOCTH.— M,
Hayxka, 1970, 184 c.

Y Cwm.: Conoeves 0. H., Kypunnoi B. H. flko6 Bepueanyc, JXusnb u pestens-
HocTb.— M.: Hayka, 1980, 2-e uzn., 320 c.

5 Cum.: Kydpasyes I1. C. dapapeii.— M.: [Npocewenne, 1969, 168 c.

® Cs.: Kpuyman B. A. Po6ept Boitne. Txon Jaaston. Ameneo Asoragpo. Cos-
JATeNd aTOMHC-MOJEKY/ASPHOrO yueHHst B Xxumud.— M.: [MpocBewenue, 1978, 144 c,

lNpumeuanus k ra. 6

D Cu.: Ulamun A. H. Buokatanna u 6HOKaTaTH3aTOPbI (HCTOPHUECKHH OYepK).—
M.: Hayka, 1971, 196 c.

2 Cu.: Mycabekos 10, C. Hcropuueckan c.eHka cuHTe3a Bémepa,— Bonpocn
HCTOPHH eCTeCTBO3HaHUs H TexHuku, 1957, eun, G, c. 66—73,
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3 Cum.: Mycabexos I0. C. Mapcenen Beprtio. 1827—1907.— M.: Hayka, 1965,
231 c.

Y Cm.: Uamun A. H., Nwcabpausosa H. A. PasBuTHe XUMHH aMHHOKHCJIOT.—
M.: Hayka, 1974, 152 c.

5 Bro yTeepkpeHue yxe ycrapeno. B 1963 r. Bnepsbie Gbl1 CHHTE3HPOBAH NMPH-
poaHblil 610Kk — HHCyHH. Cefiyac METOJIB cHHTe3a GeJKOB 3HAUHTENBHO YCOBEpLIEH-
CTBOBaHB!, H I1X CHHTE3 yKe He ABIfAeTcH npobnemoii. X HMHKH MOTYT CHHTE€3HPOBAThL H
APYrHe CIOWHeHUIHE NIPHPOLHble GHOMOMHMEPBl — HYKAeHHoBble KHcaoThl. Ca.: [la-
mus A. H. Xumuueckuit cunrea Genka (MctopHueckuii ouepk).— M.: Hayka, 1969,
115 c.

8 Cm.. Buwoe I'. B. Asryct Kekyme. 1828—1896. OuepK XH3HH H JefiTe1bHO-
cti.— M.: Hayxa, 1964, 236 c.

7 Cm.: Mycabexos I0. C. l0ctyce JIn6ux.— M.: Hzp-so AH CCCP, 1962, 215 c.

8 Cum.: Ulopaemmep K. BosHHKHOBeHHe H pPa3BHTHe OpraHHYeckoi xumuu.— M.:
1937; Buwkos I'. B. Hetopus oprannueckoil xuMuH. OTKpHITHE BaXKHeALWHX oprannve-
ckux coenuHenuit.— M.: Hayka, 1978, 379 c.

Mpumeuanus k ra. 7

D O nocTpyKTYPHBIX TEOPHAX OpPraHH4YeCKoH XHMHH (TEODHH PajHKalOB, TEOPHH
sTepHHa, TeopHy 3aMeweH:a [lioMa, «crapoil» teopun Tinos [lioMa H «HOBO» TeopuUH
tunos 1. . )KeBlapa cm.: Bowkos I'. B. Hctopus KnaccHueckoli TeOpHH XHMHYECKOTro
crpoenust.— M.: Man-so AH CCCP, 1960, 311 c. O Bxnage Hapas ¢£enepmca Kepapa
(1816—1856) B pa3pHTHe TeOpeTHUYECKOH OpranHYecKOH XHMHH CM.: Paepwmedn M. I.
Iapas XXepap.— M.: Hayka, 1968, 163 c.

2 O BOZHHKHOBEHHH YUeHHs O BAJEHTHOCTH H MOSBJEHHH NMOHATHA ¢XHMHYECKas
cBsi3b» cM.: Bowcos I'. B, HcTopus opraHHuecKoll XHMHH. C-rpymyrnaﬂ Teopua. Ousm-
deckas opraHuyeckas xumus. PacuerHsle Metogst.— M.: Xumus, 1976, 360 c.

3 Bnepssie A. M. ByTJ1epoB H3/T0KH/I CBOH B3IVIf/lbl HAa TEOPHIO CTPOGHHA B JeK-
UHAX, TPOYHTAHHLIX HM B Kasanckom yHuBepcurete B 1860 r., a B 1861 r. Ha Chesne
HEMEIKHX eCTeCTBOHCTBITATE/ I BRICTYNHA C NOJPOGHHIM AOKJajoM Ha 31y Temy. Ca-
MBIM TVIaBHBIM BKJIajgoM ByTireposa, orauuaromum ero Tpyas ot paGor A. Kekyne u
A. C. Kynepa, 6bL10 noceioBaTeIbHO NPOBOJHMOE NOJOMXEHHE O B3aHMOCBS3H MEXJy
XHMHUYECKHM CTpPOEHHeM H CBOHCTBAMH Mo/eKys. D10 caenaso MOHSTHE O XHMHYeCKOM
CTPOGHHH BaXKHEHLUHM TEOPETHUECKHM JeMeHTOM XHMHH. [logpo6Hee cM. ymoMaHYyThle
poiwie kuur I'. B. BulkoBa (npumeuanus 1 u 2).

Y Cu.: Bowkos I'. B. Anexcannp Muxaiouy Byriiepos. OuepK MH3HH H lesiTeNb-
HocTH.— M.: Man-so AH CCCP, 1961, 218 c.; Buwkos I'. B. O npuoputere A. M. ByT-
JIepoBa B CO3JlaHHH TeOPHH XHMHYECKOro cTpoenns. B kH.: Marepuasb! o HCTOPHH OTe-
yecrBeHHol xumuu.— M.: Hsa-so AH CCCP, 1953, c. 20—32.

% Cm.: Bowcos I'. B. Wcropus cTepeoXHMHH OPraHHYECKHX COeJHHeHHH,— M.:
Hayka, 1966, 372 c.

8 Cm.: Ho6pomun P. B., Coaceves FO. H. Bant-Topd.— M.: Hayka, 1977, 272 ¢,

? Tlo maTeprasaM 3Toll riaBpl cu. Takxke: Paepwmerin M. I'. Hctopast yuenus o
MosekyJie B xumuH (10 1860 r.).— M.: Han-so AH CCCP, 1961, 368 c.

Mpumeyanns k ra. 8

1) Cm.: Pueyposckudl H. A. OTKpbITHE 3MEMEHTOB H NMPOHCXOXKJEHHE HX Haspa-
Hufi.— M.: Hayka, 1970, 207 c,

2 Ha koHrpecce mnpucyTctBoBanH pycckde yuenne A. [1. Bopomus, H. H. 3u-
nuH, T. Jlecunckuit, JI. M. Menpnenees, f1. Hatancon, J1. H. luwkos. O C. Kannuuna-
po cu.: Bwkos I'. B., Kpuyman B. A. Cranucinao Kanununapo. Ouepk XH3HH H Je-
aTensHocTH.— M.: Hayka, 1972, 215 c.

8 Cu.: Kedpos 5. M. lens ognoro sesuxoro oTKpuitHs.— M.: Couskrus, 1958,
B60 c.; Kedpos b, M, @unocopckuit anaau3 nepsulx Tpysos [, M, Mengeneena o ne-
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proauyeckom 3akone (1869—1871).— M.: Han-s0 AH CCCP, 1959, 294 c.; duzypos-
ckuia H. A. Omutpuit UBanosus Menpenees.— M.: Han-so AH CCCP, 1961, 315 c,

# Tlo matepHanam 3Toil Ta1aBbl cHM. TaKwe: Maxapena A. A. 1. H. Menpnenees u
¢bu3uko-xHMHYeckHe Hayku. Onwit HayuHoH Guorpaduu [I. H. Menpeneera.— M.:
Atomusnat, 1972; Tpucgoroe 1. H. CTPyKTypa H rpaHHUB! NEPHOHYECKOH CHCTEMBI. —
M.: Atomusnar, 1969, 5. M. Kedpos, . H. Tpugonos. 3aKoH nepHOAHYHOCTH H XHMH-
yeckHe snemenTsl. OTK puiTHS B xpoHodorun.— M. : Hayka, 1969, 194 ¢.; Coaosees I0. H .,
Hempoe J1. I1. Bunbam Pam3aii, 1852—1916.— M.: Hayka, 1971, 239 c.

Mpumeuanus K ra. 9

b Cu.: Conosees 0. H. Tepman Wpanosuu Fecc.— M.: Hag-so AH CCCP, 1962,
104 c.
B . VY. 'n66c — oxHa U3 Benwuafiinx (HUryp B HCTOPHH ecTecTBo3HaHHA. OH
BHEC B XHMHIO HOBblfi CTHJb MullieHHst. 'H66C haKTHYECKH 3aJOXH/I OCHOBbI HOBOH
o6NacTH HayKH — XHMHYECKOH TepMOIMHAMHKH. D710 TeM GoJee yJHBHTeNbHO, YTO OH
HHKOrJa Cepbes3so He u3yuan xmmHio. O 3Hauenwud Bkiaaga [H66ca B HAYKY TOBOPHT
TaKoii (haKT: nocse ero CMepTH B TeUEHHe NSTHIECATH JeT paboTaM, OCHOBAHHBEIM Ha €ro
Tpynax, npucyxaanuce HoGenesckue npemuu. Cu.: Ppanxpypm ¥ . H., Ppenc A. M.
Hokoszafia ¥Yunaapa [u66c.— M.: Hayka, 1964, 279 c,

" B. OcTBasb 04eHb MHOIO CeNIaN anist pa3sBuTHA QH3nuecKof xuMuu. On paspa-
6aThIBAN TEOPHIO 3NEKTPOTHTHYECKOH IHCCOUMAUMH, OTKPbLJ 3aKOH pasbaBieHus, Hocs-
wuil ero ums, sacnyra OctBanbaa otmevensl B 1909 r. HoGenescko#t npemueii. Ognako
OH 6Bl TaKXKe aBTOPOM «3HepreTH4ecKoi» TeopHH — ojiHON U3 pasHoBHaHOCTEH «H3H-
YecKOro» HaeanH3Ma, B KOTOPOil MaTepusi paccMaTpHBajach Kak (opMa nposiBleHust
suepruu. B. M. Jlennn naspan OcTBanbga «0ueHb KPYMHBIM XHMHKOM, HO OMEHb MyTa-
HbiM unocodom» ([lonu. cobp. coy., 5-e usn., T. 18, ¢. 173). 06 OcrBanbje cM. npekpac-
;X,rlo Guorpaduio: Podnewi H. H., Coaoeses 0. H. Buasreasm OctBanba. 1853—1932.—

.: Hayka, 1969, 375 c.

9 ToBops 06 OTKPHITHH H H3Y4YCHHH SJeKTPOJHTHYECKON NHCCOLHALHMH, HeMb3sf
-3a6piBaTh 0 paGoTax npubaaTuiickoro yueHoro Teomopa I'porryca (1785—1822). B
1805 r. oH pasBHJ TEOPHIO 3JeKTPONPOBOAHOCTH pacTBOPoB, B 1818 r. npeanoxun teo-
PHIO COCTOSIHHS MOJIEKY /1 (HOHOB) B pacTBope. B 9Toft TeOPHH OH Pa3BU; NpeJiCTaBleHHE
0 TOM, YTO ATOMBI BEWeCTBa MOryT NpHOGpeTaTh 9NeKTPHYECKHE 3aPA/BI H YTO CBOHCTBA
TAaKHX aTOMOB OTJIHYHBI OT CBOACTB aTOMOB HejfitpansHuiX. Brorpaguio T. I'potryca car.:
Cmpadewie A. I1. Teopop porryc. 1785—1822.— M.: Hayka, 1966, 184 c.

8 Cwm.: Coaosves I0. H., Pueyposckuid H. A. Csanre Appennyc.— M.: Hap-so
AH CCCP, 1959, 179 c.

6) (uanyeckan XHMHA ABJAAETCH ONHOHA H3 HamGosee cNOXKHBIX obmacTell XHMHH,
H H3JI0XHTH €e HCTOpHIO, PoC/ieHTs (POpMHPOBaHHe OCHOBHHIX NMOHATHH Ha NoayTopa
NecsiTKax CTpaHHil, odeHb TpyAHO. [loxnpo6Hee o paspuTHH 9Tofi 0GJACTH HAYKH MOMCHO
npouHtaTh B KH.: Coaoévee 1O0. H. Ouepku no ucropun usnyeckoit xumun.— M.: Hay-
Ka, 1964, 342 c.

Mpumevanns k ra. 10

b 3o coMunTensHoe yteepxaesne. [1pex e Bcero c oMol b0 XHMHYECKOTO CHHTE-
33 MOXCHO MOJIYYHTB COEJIHHEHHS, OTCYTCTBYIOLLHE B NpHpoJe. ITO H €CcTh IMaBHas 06-
J1aCTh, I'Jle CHHTE3 MOXeT KOHKYPHpoBaTh ¢ GuocHHTesoM. Kpome Toro, paaBHTHE XHMHH
nponoaxkaercs H ceffuac, nosiBnelHe GHOTEXHONOMHH BO BCEX €€ OTBETBJEHHAX CYJIHT
HeoGbiuaiilbliil Mporpecc B 06/1aCTH HCKYCCTBEHHOrO NMOJYYElHs CAOKHeHWHX Npupon-
HBIX COeJHHeHHH,

B P. Bynsopy Gbln e TONLKO 6MeCTAMM XHMHKOM-CHHTETHKOM, €My NpHHAje-
AT TaKKe BaXkHble 0606112 I01He HCCNELOBAHHSA 110 MEXAHH3MY OPTaHHUYECKHX peakuMi.

3 Pa6oT no WCTOpUY aHAAUTHUECKON XHMuH oyeHp Mano, Camas noc1enss MOHO-
rpagus: Comprehensive Analytical Chemistry. Ed. G. Svehla. Szabadvdry F., Robi-
anson A. The History of Analytical Chemistry. Amsterdam, Elsevier, 1980, 303 p,
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8 Ca.: llamun A. H. Uctopus xumuu Genka.— M.: Hayka, 1977, 349 c.

8 OcHoBHbie TPyabl J. ®Hwepa H ero GHOrpadHueCKHH OUepPK MOXKHO HPOYHTATH

B KH.: 3. Puwep. Usbpanrue Tpyau.— M.: Hayka, 1979, 639 c.
XapakrepHo, uTo 3. Qulliep He TOJbKO CO3JaJ NPeACTABJIEHHE O THME CTPOEHHA BeaKo-
BBEIX MOJIEKYJl, HO H BHICKA3aJ1 BAXKHOE MOJOKEeHHe O TOM, 4TO GeJIKOBble MOJIEKYJbl MO-
ryT o6/afaTh OQHOBPEMEHHO H XHMHYECKOH H GHOJOTHYECKOH HHAMBHAYaJbHOCTHIO
Gararofaps cnoco6HOCTH 06Pa3oBLIBATE GECHHCIEHHO® MHOMKECTBO H30MepoB. JT0 ToJIo-
MeHHe — OJIHO H3 (yHIAMeHTaJbHBIX NpelcTaBaeHHil MOJeKyaapHofi GHONOTHH. ¥ IH-
BHTEJIbHO, YTO XHMHK OLEHHJI ero 3HaueHHe Mo MeHbluel Mepe Ha JiBa JeCsTHAETHS PaHb-
e, YeM 370 clefand GHONOTH.

7 O M. C. Lipete u ero pPo/H B CO3AaHHH XPOMATOrPadHH HMeeTcst OGLIHPHASA JIHTe-
aTypa. Hau6oJsee nonto oHa npencrabaeHa B GuGauorpaduu K KH.: Cenuenxosa E. M.
uxaun Cemexobuy Llper. 1872—1919.— M.: Hayka, 307 c.

® 3a HccnedoBaHHA CTPOEHHS HHAMBHAyanbHeX Geakos @. CeHrepy B 1958 r.
Omna npucyxaeHa Hobenesckas mpemus. ONHAKO MOC/e 3TOFO OH NepeKAIOMH/ICH Ha
pa3paboTKy METOLOB ONpejeqeHHsl CTPOEHHS HHIHBHIYaJbHBIX HYKJEHHOBLIX KHCIOT.
DaKTHYECKH 3TO OLIIN NOKCKY Ny Tefl K ONpeie/IeHHIO CTPOEHH sl TeHOB-HOCHTe el Hache l-
cTBeHHON HH(OPMAUHH B OPraHH3MaXx XHBbIX cyulects. B koHue 70-x rogos 3TH pa6oTh
YyBEHYaJHCh YCMEeXoM, B 1880 r. ®. CeHrepy Gelia BHOBb npucyxjena HoGenesckan
NpeMHsl Mo XHMHH — GecnpenelieHTHbIH cly4ait B HcTopHH XHMHH. Jo Hero HoGenes-
CKY!0 TpeMHIO ABax sl nonyuana M. KiopH, HO OHH pa3s no XxHMHH, a BTOpo# pas no
dusuxe. Isyms Hobenebckumu npemusiMu no ¢usuke 6o otmeuen JI. Bapaun, u ase
HoGenesckne npemun noay4un JI. [ToauHr, HO OJHY MO XHMHH, a IPYTyIO 33 JesTelb-
HOCTb B 3aLLHTY MHpa.

9 YBaekaTeNbHYI0 HCTOPHIO CO3AAHAA MOJENH Ae30KCHPHGOHYKNEHHOBOH KHCIOTH!
onucan J1. Yorcon B craBuei 3HaMennTofi KHure «[{Bofinas cnupans. BocnoMuHanua
06 otkpeiTHH cTpykTypsl JHK» (M.: Mup, 1969, 152 c.). Ho H3noMKeHHe HCTOPHH STHX
HanpaBiaeHH#l 6yAeT HEMONHbIM, €C/IH He YNOMAHYTh O TOM, YTO H3yYeHHe GHOMoaHMe-
poB — GeJIKOB H HYKJEHHOBBIX KHCJOT, 8 TAKKE HH3KOMOJEKYJs PHEXQH3HONOTHYe-
CKH AKTHBHHIX COeJHHEHHH — NpHBeNo K (OPMHPOBAHHIO HECKOJIBKHX HampaBiaeHHi
B 06/1aCTH B3aHMOJIeHCTBHA XHMHH H GHoJoruu. KnaccHueckast GHOXHMHS JONOJHHAACH
MONeKyAsipHON GHoMNOrHel, MOJNEKYNspHOH TeHeTHKOH, BO3HHKJA GHOOpraHuvecKas
xumud. Ceffuac 3ToT nmpouecc npHBea K HOPMHPOBAHHIO HOBOTO HANpAaBJAEHHA B HAY-
Ke -— (DH3HKO-XHMHYeCKO# GHOJOrHH. ITH COBbITHS Bbl3BANIH PeBOJIIOHOHHBIE Npeobpa-
30BAaHHA COBpeMeHHOfl 6HONOrHH. A. A3HMOB BKJI0YA€T 9TH HanpasJieHHs B chepy HeTo-
puH GHOMIOTHH, HO cefiyac y»e HeBOSMOMKHO OTpBIBATh HX OT XHMuH. K coxanenHo, u3-
JIOXKEHHEe HX HCTOPHH B JaHHOM H3LaHHK JOCTATOYHO MOJIHO CAeNaTh HEBO3MOXKHO, [a H
HCTOpHA HX TOJIbKO HauHHaeT paspabareiBathcsi. CM.: Olby R. The Path to the Double
Helix. Seattle, Univ. Washington Press, 1975. 510 p.

10 Tlepen nepsoit MHpoBOfi BofiHON pycckuit xuMuk ['puropuit Cemenonuy [letpos
(l886—195g) pa3pa6oTan MeTOA MOJYYeHHS CyNb(POKHCAOT NpH ouHCTKe Heptu. Hed-
TstHble CYJAbGOKHCAOTH, MOJYYHBIUKE Ha3BaHHe «KOHTakT [leTpoBa», HCMONL30BaAHCh
B KauecTBe ObICTPOASHCTBYIOWErO PACLIENATe/st MHPOB NPH KOHTAKTHOM MeToJie nepe-

_pabotku nocnenaux. B 1910—1914 rr. I'. C. IleTpoB, HCNoAb3ys ¢KOHTAKT» IAS KOH-
JieHcauHH (heHONOB ¢ aNbJerHAaMH, NOJYYH/ NepByI0 naacTMaccy «KapGosHT», He yCTy-
nasuyio 6aKennty.

1) OcroBononaratoige HecliedoBaHHA B 06J1aCTH METONIOB CHHTe3a CHHTETHYeCKHX
KayuyyKoB BHIMOJMHHAH pycckue yuensle C. B. Jle6enes, H. JI. Konpakos, A. E. da-

_sopekuit u ap. C. B. Jle6enes B 1910 r. pnepsbie Nonyuu o6pasew, CHHTeTHYECKOro 6y-
TaJHeHoBOro Kayuyka. B 1926—1928 rr. o c rpynnoft coTpyIHHKOB paspa6oTas MeTOx
NoXyueHHs HaTpPHH-GyTagHeHoBoro Kayuyka. CM.: Cepeuenxo C. P. Axkagemur Ceprei
Bacunbesuy Jle6eses. JKusHp U HayuHas JeateibHocTs.— M.: M3n-Bo AH CCCP, 1959,
127 c. Cosnanne CK 65110 BeIfaOWHMECS JOCTHXEHHEM H B KaTajuse.

B CCCP nesaBucumo oT pabor [I. A. Heionena 6l pazpaBoTaH METOL nosyyeHus
XJIOPONpeHa — CHHTETHYECKOTO Kayuyika — aHajlora HeonpeHa.

12) Cosnanne anoOMHHH#-OpraHHYecKnx KatanusatopoB K. llurnepom u cmewaH-
HBIX MeTaJIOpraHuvecKux Katanusatopos [l. HaTra nosBoanao cHavana lluraepy B 1a-
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GopaTOPHbIX YCAOBHSX, 4 3aTeM HaTTa B NpOMBILITEHHBIX MacuTabax OCYWECTBHTb NPo-
necc crepeacrnenuHueckoil noanmepuzaund. B pesynbrarte G511 CHHTE3HPOBAH fuCe
MOJIHH30MPEH, aHAJOTHYHBIHA MO CTPYKTYpe H CBOfCTBAM HATypanbHOMY KayuyKy. B Co-
Berckom Coiose HCCNENOBAHUS CTepeocrnennuuecKoro KaTaaH3a H CTEpeoperyJispHuIX
noaumepos Benn B. A. Joaronnock, B. A. Kapran u ap.

13} Tlo matepuanam 3ToH rnaBet cu.: Coaosses I0. H., Tpugonos . H., lla-
smun A. H. Hctopust xumuH. PasBrTHe OCHOBHbBIX HanpaBieHH#l cOBpeMeHHON XHMHH.—
M.: [Npoceewenne, 1978, 352 c.

Mpumeyanus k ra. 11

L Brorpaduu Benukux xumukoe. Ilep. c wnem./Tlox pea. I' B. Brkosa,
C. A. Morogusa.— M.: Mup, 1981.

2 A. A3HMOB JHLIbL OYeHb KPAaTKO KacaeTca Pa3BHTHS OJHON H3 BaXcHefIHX H B
[O3HABATENLHOM, H MPAKTHYECKOM CMbIC/Ae 06JacTeil XWMHH — XHMHH SJeMeHToOpra-
HHYeCKHX coegHHeHuil. He ynmomunHaer o H o pa6orax Bukrtopa I'punbapa (1871—
1935), noayuusiwero B 1900 r. MarHHfi-raJoreHOpraHHYecKHe cOeJHHEeHHs (peaKTHBH
I'punbspa). Bknaa coerckux yuennx [1. I1. Hlopeiruua, A. E. Ap6ysosa, .&) H. He-
cmennona, K. A. Kouemkosa, K. A. AnjpuanoBa B pa3BHTHE 3JeMEHTOOPTaHHYECKOMH
XHMHH ocoberHo Benuk. [{ocTaTouHO YMOMAHYTh O CHHTE3e KPEMHHHOPTaHHYECKHX
coepuuenuil, nposelernnoM K. A. AHApHaHOBLIM, yxe B 30-X rollax 3anaTeHTOBaBILIUM
CBOH OTKPHTHA. He ynomunaer A. A3uMOB H 06 OTKPBLITHH OPraHUYECKHX COeNHHEHHH
nepexoiHpIX MeTannos. Bmecte ¢ Tem cHHTe3 deppoueHa, MHOGeH3HAXpoMA Gbl CBOEOG-
pa3noii XHMHYeCKOHA ceHcauweH H CTHMYJHpOBAaJ MHOTOMHC/EHHblE TEOPeTHYECKHEe H
JKCNepHMeHTalbHbe HeenenoBaHuA. Ca.: Coaceves 10. H., Tpucporos 1. H., Ula-
#mun A. H. Uctopust xumuu (npuMeuanue 13 & ra. 10).

® [o maTepuanam 3Toif rnasbl cM.: Paseutie opranuueckoil xumuu B CCCP, (Ce-
pus «CoBeTcKas HayKa W TexHHKa 3a 50 ner»).— M.: Hayka, 1967, 575 c.

Mpumeuanus Kk ra. 12

b Cu.: Bowos I'. B. K uctopuu OTKpbITHS 31eKTpoHa.— Bonpocst HeTopHu ecte-
CTBO3HAHHA H TexHukH, 1969, swin. 3 (28), c. 71—72.

® [lo matepuanam sToii raasel ca.: Jsoyuyu Mapuo. Heropus dusuku. [lep, ¢
HTan.— M.: Mup, 1970, 464 c.

[pumevanus Kk ra. 13

Y Cum.: Tpugonos . H., Kpusomasos A. H., Jucnesckud 0. H. Yuenue o ne-
PHOIHYHOCTH H YUeHue O PaJIHOAKTHBHOCTH. KOMMEHTHPOBaHHAA XPOHOMOrHA BaXKHed-
wWHX cobuTHil.— M.: Atomusmar, 1974.

D Cu.: PasButie yuenust o BasentHoctd. C6. nox pea. B. H. Kysneuosa.— M.:
Xumus, 1977, 248 c.

3) 06 HCTOPHYECKOM 3HAYEHHH TeOpHU pesoHaHca cu.: Bowos I'. B, Hcropus opra-
Huueckoll xumHu. CTpykTypHas Teopus, PHsHuYecKas opraHuveckas xumHs. Pacuer-
sble Metoqu.— M.: Xnmua, 1976, 360 c.

Y Cm.: Kownun JI. B., MycaGexos 0. C. Bo3HHKHOBeHHE H Pa3BHTHE npejCcTaB-
Jenuit 06 opraHuuecKHX cBo6oHHX pagukanax.— M.: Hayxka, 1967, 216 c.

5 Cm.: Kpusomasos A. H. ®penepux Conmu. 1877—1956.— M.: Hayka, 1978,
208 c.

® Cu. takxe KH.: Bowos I'. B. Vicropus 3MeKTPOHHBIX TeopHil OpraHHuecKoOH
xumun,— M.: HMap-s0 AH CCCP, 1963, 423 c,
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Mpumeyanus K ra. 14

Y Cum.: Cmapocerscxan-Huxumuna O, A. Sprect Pesepgopn (1871—1937).—
M.: Hayka, 1967, 316 c.

B Cm.: Tpugponos . H. CTPyKTYpa u rpaHHusl NepHOAHYECKON cHCTEMbL— M.:
Aromuzgar, 1969, 271 c.

3 CCCP 6bla1 NMepBuIM FOCYAapCTBOM, HAYaBLUIAM HCIIOAB30BATH ATOMHYIO SHEPTHIO
B MHPHBIX Lensx. 27 uioHs 1954 r. B r. O6HunCKe 6pla MyLIEHa NMEPBAas B MHPE ATOMHAs
sneKTpocranius MouHocTsi0 B S MBT. 5 neka6psa 1957 r. B CCCP 6bl10 criyLueHo Ha Bogy
mepBoe B MHpe CYAHO FPa{laHCKOTO Ha3HAYEHHS C s/lepHOf CHJOBOM YCTaHOBKOH —
ATOMHBIA J1€IOKOJ «JIeHHH».

% B CCCP BenyTcs [IHPOKHE HCC/IEIOBAHHS O COSAAHHIO YCTAHOBOK 10 ynipaB/sie-
MOMY TepMOosiIepHOMY CHHTE3Y,
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