OCHOBHbIE KOHLEMNUWMI
XUMUHECKMX TIPOLLECCOB



XNMNA = 2TO HAYKA O
BELLIECTBAX N X

NPEBPALLLERUAX, MAM, KAK
BAPMAHT HAYKA O
XNMMHNHECKNX SAEMERTAX U NX
COEAMHEHNAX




KOHLUEMNTYAAbHBIE CMCTEMbI XM
MOXHO TPEACTABNTE CAEAYIOLLNM
OBPA3OM:

XVII B. — YHEHME O COCTABE BELLLIECTBA;
XIX  B.— CTPYKTYPHAA XMMUA;

XXB. — YHEHNE O XMMNHECKMX
[MTPOLLECCAX;

CEPEAMHA XX B. — SBOAIOLUMOHHAA
XMMUAL.



YyeHne o cocraBe

MEPBbIV ABRITAGEIHLIV CNOCOB
PELLIEHAY MPOBAEMbI
MPOMNCXOXAEHNA CBOUCTB
BELLIECTBA MOYBMACS B XVII B. B
PABOTAX AHTAMMCKOIO YHEHOTO P.
EOUAS.



S —mm——

KOHLEMUUA XUMUYHECKOTO SAEMEHTA
NOABMAACDH B XMMININ B PESYABTATE
CTPEMAEHWA HEAOBEKA OBHAPYXUNTb
[MTEPBOSAEMEHT MNMPUPOADI. P. BOMADB
[TOAOXUA HAHAAO COBPEMEHHOMY
[MTPEACTABAEHUNIO O XMMHUHECKOM
SAEMEHTE KAK O NMPOCTOM TEAE, NMPEAEAE
XNUMHNHECKOTO PASAOXEHNA BELLLECTBA,
MEPEXOAALLEM BE3 M3MEHEHWA N3
COCTABA OAHOTO CAOXHOIO TEAA B
APYTOE.




ATOM — DJIEKTPOHEUTPAJIBHA S CUCTEMA
B3AUMOJIEUCTBYIOIINX DJIEMEHTAPHBIX
YACTHUIL. COCTABHBIE UACTU ATOMA — SJIPO U
JIEKTPOHBI.

XUMWYECKUMY DJIEMEHT — 3TO OITPEJIEJIEHHBIN
BUJI ATOMOB, XAPAKTEPU3VIOIINNCSH
OJIMHAKOBBIM 3APSIOM SIJIPA.
MN30TOITBI — 3TO XUMHWYECKUWE DJIEMEHTBI, ATOMBI
KOTOPBIX OTJIMUAIOTCS YNCJIOM HEUTPOHOB
(IIOPTOMY Y HUX PABHASI ATOMHAS MACCA), HO
COJIEPKAT OJJMHAKOBOE UMCJIO IPOTOHOB U
[TORTOMY 3AHUMAIOT OJJHO U TO KE MECTO B
[TEPUOJNMYECKOU CUCTEME DJIEMEHTOB. TEPMUH
«130TOII» BIJI BBEJIEH B 1910 I. AH[JIMVCKUM
PAJTUOXUMUKOM @. COIJIN.
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«CBOMCTBA MPOCTbIX BELLLECTB, TAKXXE OPMbI M
CBOUNCTBA COEAMHEHNN SAEMEHTOB HAXOAATCH B
[NMEPUOAMNHECKOWN SABUCHMMOCTN OT BEAMHMHDBI
SAPAAA AAPA ATOMAY.

KBAHTOBO-MEXAHUYECKOE OBOCHOBAHME
MEPMOAMYECKOTO 3AKOHA A.M. MEHAEAEEBA
[TPU ABVDKEHUW BOKPYT SIJIPA Z-2JEKTPOHBI
PACTIOJIATAIOTCSI B COOTBETCTBUU C KBAHTOBO-
MEXAHWYECKUM 3AKOHOM, KOTOPBIN HA3BIBAETCS
[IPUHIIUIIOM TAYVJIH (1925 T.):

1. B JIFOBOM ATOME HE MOKET BbITh JIBVX OQUHAKOBBIX
WIEKTPOHOB, OIIPENEJIAEMbBIX HABOPOM YETBIPEX
KBAHTOBBIX YHUCEJI: [ JIABHOI'O N, OPEUTAJILHOIO L,
MATHUTHOTO M M MATHUTHOI'O CITAHOBOI'O M

2. BCOCTOAHUAX C OIIPEJEJIEHHBIM 3HAYEHUEM MOI'Y
HAXOIUTHCAH B ATOME HE FOJIEE 2N DJIEKTPOHOB.



INEKTPOHHASA OBOAOYKA — COBOKYITHOCTD

DJIEKTPOHOB B MHOT'O2JIEKTPOHHOM ATOME,
MMEIOHINX OJHO 1 O KE I'NTABHOE KBAHTOBOE YHNCJIO
h
1869 I 1. MEHJEJIEEB OTKPBIJI IEPUOJJMYECKUI
3AKOH USMEHEHWA XUMHUYECKNUX 1 PUZNYECKNUX
CBOUCTB 2JIEMEHTOB B 3ABUCHUMOCTHU OT UX

_ ATOMHBIX MACC.

OU3NYECKNUHN CMBICJI ITOPAJKOBOI'O HOMEPA Z-
OJIEMEHTA B HEPHQI[HqECKOfI CUCTEME BbblJI
YCTAHOBIJIEH B AJEPHO MOIEJIN ATOMA PE3EP®OPIA:
Z COBITAJAET C UM CJIOM ITOJIOXKUTEJIbHBIX
OJIEMEHTAPHBIX 3APA1OB B A/IPE (ITPOTOHOB) U,
COOTBETCTBEHHO, C UNCJIOM SJIEKTPOHOB B
OBOJIOYKAX ATOMOB.



ATOM H: 7Z=1 (HA OBOJIOUKE 1 DJIEKTPOH), HAXOJMTCS HA TIEPBOM
OBOJIOYKE — K B COCTOAHUMU 1S, T.E. N=1, L=0 (S-COCTOAHUE), M=0,
M =+/- L/2 (OPUEHTALIIA ET'O CITMHA TTPOWU3BOJIBHA)

ATOM HE: 7Z=2 (HA OBOJIOUKE 2 DJIEKTPOHA), HAXOSATCS HA
TIEPBOU OBOJIOYKE - K B COCTOSIHUU 1S, C AHTUITAPAJIIEJIbHOU
OPUEHTALIMEN CIIMHOB.I'EJIMUEM 3AKAHUUBAETCS I IIEPUO/I.

ATOM LI: 7=3, HA OBOJIOUKAX 3 DJIEKTPOHA: 2 — HA TIEPBOI
OBOJIOYKE (K-OBOJIOYKE) B COCTOSIHUU 1S U 1 — HA BTOPOI (L-
OBOJIOYKE) B COCTOSIHUU 2S. IUTUEM HAUMHAETCS 11 [TIEPUO/]

TABJIULIBI.

ATOM BE: 7=4, HA OBOJIOYKAX 4 DJIEKTPOHA: 2 - HA TIEPBOM
OBOJIOUKE (K-OBOJIOYKE) B COCTOSIHUU 1S U 2 — HA BTOPOI (L-
OBOJIOYKE) B COCTOSIHUU 2S. IUTUEM HAUMHAETCS 11 [TIEPUO/

TABJIULIBI.

V CJIIEAYIOUMX HIECTY JIEMEHTOB — OT B (2=5) 10 NE (Z=10) -
WUJIET 3ATIOJIHEHUE BTOPOI OBOJIOUKHU, TIPU DTOM DJIEKTPOHDI
HAXOJISITCSI KAK B COCTOSIHUU 2S, TAK U B COCTOSIHUM 2P.

YV ATOMA NA Z=11. Y HE['O IIEPBASI 1 BTOPASI OBOJIOUYKA
[TOJTHOCTBIO 3AITOJIHEHBI (2 9JIEKTPOHA HA [IEPBOI U 8
SJIEKTPOHOB HA BTOPOU OBOJIOYKAX). 11 SJIEKTPOH
PACIIOJIATAETCS HA TPETBEN OBOJIOUKE (M-OFOJIOUKE), 3AHUMA
HAVWHUSIIEE COCTOAHUE 3S. HATPUEM OTKPBIBAETCA III IIEPUO/
INEPUOJIMYECKON CUCTEMBI.



KOHLUENUNA XUMUYECKUX COEAUHEHUMN.

B HAYAAE XIX B. X. MPYCT CPOPMYAUPOBAA 3AKOH
NMOCTOSHCTBA COCTABA, B COOTBETCTBUU C
KOTOPbIM AFOEOE MHAMBUAYAABHOE XMMUWYECKOE
COEAMHEHUWE OBAAAAET CTPOITO OMNPEAEAEHHBIM,
HEM3MEHHBIM COCTABOM M TEM CAMbBIM OTAMYAETCS
OT CMECEM.

TEOPETUMECKOE OBOCHOBAHUE 3AKOHA MPYCTA BbIANO
AAHO AX. AAABTOHOM B 3AKOHE KPATHbIX
OTHOLIEHUN -COTAACHO 3TOMY 3AKOHY COCTARB
AKOBOIO BELLIECTBA MOXHO BbIAO MPEACTABUTL KAK
MMPOCTYIO POPMYAY, A DKBUBAAEHTHBIE COCTABHBIE
YACTM MOAEKYABI — ATOMbI, OBO3HAYABLLMECS
COOTBETCTBYIOLLUMMUM CUMBOAAMM, — MOTAMU
3AMELLATECS HA APYTVME ATOMBI.



— HAUMEHDBIIAA YACTUYKA BELIECTBA,
CITOCOBHAA OITPEAEJIATDH ET'O CBOUCTBA U

CYIIECTBOBATH CAMOCTOATEJIBHO.

XUMHNYECKAS CBA3b - BUA B3AMMOAEMCTBUS
MEXAY ATOMAMUN N ATOMHO-MOAEKY AAPHBIMIA
HACTMLUAMUN, OBYCAOBAEHHBIM COBMECTHBIM
MCTNOAb3OBAHNEM NX SAEKTPOHOB. CYLLLECTBYHOT
KOBAAEHTHbIE, MOAAPHbBIE, MOHHBIE 1 MOHHO-

KOBAAEHTHbIE XUMHNHECKME CBA3MN.

XUMWYECKOE COEJIMHEHUE - ONPEAEAEHHOE
BELLIECTBO, COCTO4LLIEE M3 OAHOTO MAM
HECKOABKMX XMMMYECKMX SAEMEHTOB, ATOMbI
KOTOPBIX 3A CHET B3AMMOAEMCTBMA APYT C APYTOM
OBbEAMHEHbI B YACTULLY, OBAAAAIOLLLYHO
YCTOMYMBOM CTPYKTYPOM: MOAEKYAY, KOMMAAEKC,
MOHOKPMCTAAA MAU MHOM ATPETAT.



———

nepI/IO,EI,I/I‘—IeCKaFI CNCTEMa ArIEMEHTOB OoripeaendeT and
Ka>Xgoro aJfieMeHTa.

-TUN N 3apsg 3aps>KeEHHOW YacTuubl (MOHA),

-TUMNbLI - XUMUYECKUX  coeduHEeHUW, B KOTOpble MOryT
BCTyNaTb atOMbl JAHHOIO 3NIEMEHTA, T.e., N0 CYyTU, XMMUYeCKue
doopmynbl Monekynn,

-TUMNbI XMUYECKNX CBA3EM, KOTOpble MOTyT peann3oBaTbC4d

B TUNax Monekyrn,
-TUMNbI XUMUYECKNX pPeakLunii, B KOTOPble MOXET BCTynaTtb

NAHHbIN 9NEMEHT.



MOAEKYAblI MOTYT COAEPXATb ATOMbI TOABKO
OAHOIO SAEMEHTA, B 2TOM CAYHAE TAKME BELLLECTBA
HA3BIBAIOTCA PO CTBIMM.

BELLLECTBA, MOAEKYAbI KOTOPbLIX COCTOAT N3
ATOMOB PA3HbBIX SAEMEHTOB, HA3bIBAIOTCH
CAOXHbIE BELLLECTBAMW UAU XMMUHNHECKIMA
COEAMHEHWMAMM, HANTPUMEP: COEAMHEHMA PA3HbLIX
SAEMEHTOB COEAMHEHMIN C KMCAOPOAOM
HA3BIBAIOTCHA OKCHNAAMU, C PTOPOM — PTOPHAAMMN,
C XAOPOM — XAOPMAAMN.

BCE XMMUHECKWNE COEAMHEHNA OBBbEAMHEHDI B
KAACCHI, M HA3BAHNA COEANHEHNIN PA3HbBIX
KAACCOB OlPEAEAAETCA COTAACHO
MEXAYHAPOAHBIM CTAHAAPTAM HOMEHKAATYPbI
XMMHNHECKNX COEAMHEHNI NIOTAK.



TPAANUNOHHO XMMUHECKME COEAMHERWAS
[MOAPASAEAAOT HA HEOPIAHMHECKME — COEAMHEHNA
BCEX SAEMEHTOB MNEPMOANHECKOMN CUCTEMDI - 1
OPIFAHWMHECKME = COEAMHEHNA YTAEPOAA
HEKOTOPbBIX APYTUX SAEMEHTOB, B KOTOPBIX ATOMbI
YITAEPOAA COEAMHEHBI MEXAY COBOWM B LLEMN
(COOTBETCTBEHHO OPOPMNANCH
PYHAAMEHTAABHBIE HATNTPABAEHNA XMMUHECKOU
HAYKN — HEOPTAHUYECKASA 1 OPTAHUHECKAA XMMKA).
BCEIO XMMUHECKNX COEAMHEHNN HA HACTOSALLINA
MOMEHT N3BECTHO HECKOABKO MUAANOHOB, 1 NX
KOAMHECTBO MNMOCTOAHHO PACTET 3A CHET CMHTE3A
HOBbLIX OPTAHUHECKMX COEANHEHNNA.

B HACTOZALLEEE BPEMA M3BECTHO SAEMEHTOB, A
HNCAO OBPAI3YEMbIX MMM NMPOCTbLIX BELLLECTB OKOAO



XUMUYECKAS PEAKLLUA, EE CKOPOCTb, KWHETUKA U
KATAAU3, BUOKATAAU3ATOPDI
ANA YCTAHOBAEHNA COCTABA XMMNHECKUX
COEAMHEHMI OYEHb BAXEH 3AKOH NOCTOAHCTBA MX
COCTABA.

TEOPETMHECKN 3AKOH NMOCTOAHCTBA COCTABA
OBOCHOBAA AHTAMNCKNN ECTECTBOUCIIBITATEAD A.
AAABTOH B CBOEM 3HAMEHUTOM 3AKOHE KPATHbLIX
OTHOLWEHWWN: « COEAMHEHMA COCTOAT M3 ATOMOB
ABYX UAWM HECKOABKUX COEAMHEHNW, OBPAIYIOLLINX
OlNPEAEAEHHBIE COYETAHUA APYT C APYTOM).

B EFO HYECTb BCE XMMUNHECKME COEAMNHEHNA
[MTOCTOAHHOTIO COCTABA (A UX TIOAABAAIOLLLEE
BOAbLLUMHCTBO CPEAM BELLLECTB) HA3BIBAIKOT
AAABTOHNAAMMU.



T CTEXVOMETPUS — PA3AEA XUMMU. B

KOTO
MACCOBBIE NMA
MEXAY PEATU

POM PACCMATPHNBAIOTCHA
1 ObbEMHbBIE OTHOLLUEHWA

PYIOLLUMMM BELLLECTBAMMU.

3AKOHbI CTEXMOMETPUUN TAKXE
HEMPEAOXHbI, KAK N AKOBbIE APYTME
ECTECTBEHHOHAYYHbIE 3AKOHbI, KPOME
TOTO, X 3HAHUNE OYEHb NMOAE3HO AAA
[TPUKAAAHOU XUMUNIU, TTOTOMY HTO
[MTO3BOAAET KOAMHECTBEHHO PACCHUTATD

BBIXOA

XMMMYECKOWM PEAKLMN U

HEOBXOAMMOE KOAMHECTBO NMCXOAHDIX

BELLLECTB.



MPOLECC MOAYYEHMS HOBBIX XMMMYECKMX
COEAMHEHWUM C YHETOM CTEXMOMETPUYECKMX
COOTHOLLIEHWUM OBbIHO 3AMMUCHIBAETCY B BMAE
YPABHEHMS XMMMYECKOM PEAKLLUM, HAMPUMEP:
6HCL + 2HNO, = 3CL, + 2 NO + 3H,0

rAE

XUMMYECKME POPMYAbI CAEBA OT 3HAKA PABEHCTBA
OBO3HAYAIOT MICXOAHBIE BELLIECTBA,

XUMMYECKME ©OPMYAbI CIIPABA OT 3HAKA
PABEHCTBA OBO3HAYAIOT MPOAYKTbI PEAKLLAM,
_LMPPI MEPEA POPMYAAMM XMMUYECKMX
COEAMHEHUM SBASKOTCS T.H. CTEXMOMETPUYECKMMM
KODPPULMEHTAMM: OHU PACKPBIBAIOT MACCOBBIE
(MAM OB bEMHBIE) COOTHOLLIEHMS BELLIECTB.



B YPABHEHWIN XMMMYECKOW PEAKLMM HALLIEA
CBOE OTPAXEHME ELLLE OAMH BAXHbIN
PYHAAMEHTAAbHbBIN 3AKOH ECTECTBO3HAHWA
— 3AKOH COXPAHEHWA BELLLECTBA, OTKPbITbIN
BEAVKNM PYCCKMM YHEHBIM M.B,
AOMOHOCOBbIM N HESABNCHMMO OT HEIO
BEAMKNM PPAHLLY 3OM A.A.AABYASBE.
MMEHHO B COOTBETCTBMIN C STMM SAKOHOM
N NOAYHAETCA MATEMATHUHECKOE BbIPAXEHNE
- YPABHEHWE, T.E. MACCA AAHHOIO
SAEMEHTA CAEBA OT 3HAKA PABEHCTBA
AOAXHA bblTb PABHA MACCE 3TOTIO XE
SAEMEHTA CITPABA OT 3HAKA PABEHCTBA, A
CTEXMOMETPNHECKNME KOS PPUNUMEHTHI
YPABHMBAIOT (XUMMNHECKKNN, A HE TOABKO
MATEMATUHECKHNN TEPMUH!) AAHHYIO
PEAKLUMIO.




[MPOHNKHOBEHWNE

BAX

MATEMATUHECKMX MOHATUN,
BbIPAXEHWN, TEPMMHOB (YPABHEHWA,
KOSPPNUMEHTHI) B HAYKY XMMUIO,
CMELWEHME TEPMHOAOTI M O3HAYAET, HTO HA

HOM NCTOPHNHECKOM STATIE

POPMUNPOBAHNA XMW KAK HAYKWN (XVIII-XIX
BEKA) OHA PA3BMBAAACH B COOTBETCTBUMN C
HAYHHOW NMAPAANTMOW TOTO BPEMEHM -
KAACCHHECKOUM MEXAHUKOMN.

[TPUMERUTEABH
MOTI'AA bbl bb

O K XMW DTA NAPAANTMA
ITb BLIPAXKEHA CAEAYIOLLMM

OBPA3OM: AFOEOM 3AKOH MPUPOALI MOXHO

[MPEACTABUT
COOTHO

5 B BUAE MATEMATHUHECKOT O
LIEHNA, 3ANMCBIBAEMOTO C

YHAC

MEM XUMUNHECKNX POPMYA.



1E OAMH MHTEPECHbBIM CAYYAM
[MPOHNKHOBEHNA KAACCHUHECKOTO
HEKOTOHOBCKOTIO NMOAXOAA B XMMUIO —
[NOHATNE O CKOPOCTU XMMHNHECKOW
PEAKLVNV. N AANSA BBIHMCAEHNA CKOPOCTI
XNMMIMNHECKUNX PEAKLLMN BBEIAO
MCTNOAb3OBAHO HbIOTOHOBCKOE
[MPEACTABAEHME O BPEMEHW KAK HE
3ABNCHALLLEEM OT CBOMCTB BELLLECTBA M
[TPOCTPAHCITBA TNMPOCTON AAUTEABHOCTMH.
HPOLECC XMMWHECKOM PEAKLLAM MOXHO
PACCMATPUBATb KAK POLIECC M3MEHEHMA
KOHUEHTPALUMM HAYAABHbBIX M KOHEYHbIX
[MPOAYKTOB PEAKUMN U, COTAACHO
KAACCUHECKON MEXAHUKE, ANA AKOBOTO
[MPOLUECCA MSMEHEHWA (ABVXKEHWA) BO
BPEMEHW BCETAA MOXHO PACCHUTATDH
CKOPOCTb 2TOIro MSMEHEHWA.




COBPEMEHHbIE KBAHTOBbIE MTPEACTABAERHNA O
XMMUNHECKUX TTPOLUECCAX PACCMATPUBAIOT
XMMUHECKYIO PEAKLUMIO KAK TEPEPACTIPEAEAEHUE
INAEKTPOHOB MEXAY CTATUCTUHECKN-BEPOSATHBIMU
SHEPFETMHECKUMU YPOBHAMMN YHACTBYIOLMNX
MOAEKYA, COSAAHNE MEXXMOAEKYASAPHBIX
[TPOMEXYTOYHbIX PEAKUMOHHBIX KOMIAEKCOB U
[TOAYHEHWE HOBbIX TIPOAYKTOB KAK SHEPTETUHECK
BbITOAHBIX COCTOAHMIN MOAEKYA. B PAMKAX 3TUX
[MPEACTABAEHNN KAACCHUHECKAA CKOPOCTb PEAKLNA
HE MMEET CMBbICAA, T.K. KAXAOE HOBOE
SOHEPTETMHECKOE COCTOAHMNE PACCMATPUBAETCA B
PAMKAX NMPOCTPAHCTBEHHO-BPEMEHHOT O
KOHTMHYYMA, N TIEPEBOP SHEPTETMHECKKNX
COCTOAHNUN TTIPOAOAXAETCA AO AOCTNXEHUS
HAMBOAEE SHEPTETMHECKKN BEIFTOAHOTO.



3SAKOHOMEPHbBIM STATTOM TMPUMEHEHWNA
SHAHWIN Ob YCAOBUNAX NMPOTEKAHMS
XMMUHECKUMX TTPOLUECCOB CTAAO
PA3SBNTUE HAYKN O TOM, KAK MOXHO HA
HMX OKA3bIBATb BAUAHME N MM
YIIPABAATE. TAKAA HAYKA TTOAYHUAA
HA3BAHME «(XMMUNHECKOW KMHETVKIY, B
KOTOPOM TAKXE HALLAA OTPAXEHME
KAACCHUHECKAA NMAPAAVTMA — BEADb
KUHETHUKA 3TO HAYKA O ABMXEHUN.




BEILIECTBA, KOTOPBIE ITPY JIOBABJIEHUU K
PEAKIITMOHHOMN CMECH CITOCOBHbBI YBEJIUYUTD
CKOPOCTbH PEAKIIUU, TP STOM CAMU OHU
OCTAIOTCSI HEU3MEHHBIMU (HE MEHSIIOT CBOU
COCTAB) HA3BIBAIOTCS KATAJIM3ATOPLL, TE.
VCKOPUTEJIU , A UX TIPUMEHEHUE —
BEILECTBA, 3AMEJIJTISIIOIIUE HEKOTOPKIE
HEXEJATEJLHBIE XUMWYECKUE TTPOLIECCHI
(HATIPUMEP, TOT XE ITPOLIECC KOPPO3UU
METAJUIMYECKOT'O )KEJIE3A) HA3BIBAIOTCS
VHIMBUTOPEL, T.E. BAMEJUJIATEJIU.



CIPYKTYPHASA XUMUS

TEPMUWH «CTPYKTYPHAA XMMWA» YCAOBEH. B HEM
[TOAPAIYMEBAETCHA TAKOM YPOBEHb
XNMMUNHECKMNX S3HAHNUA, TTIPN KOTOPOM,
KOMBUHUNPYA ATOMbI PA3AUHHBIX XMMHNHECKMX
SAEMEHTOB, MOXHO CO3AATb CTPYKTYPHbIE

POPMYAbBI AFKOBOTO XUMMHECKOTO .
COEAMHEHMNSA. BO3SHUMKHOBEHWME CTPYKTYPHOW
XM O3HAHAAQO, HTO MNMOSABMAACH
BO3IMOXHOCTb AAA LEAEHATIPABAEHHOI O
KAYECTBEHHOI'O NMPEOBPA3OBAHWMA BELLLECTB,
ANA CO3AAHNA CXEMbI CUHTE3A AKOBbIX
XMMUNHECKMX COEANHERWIN, B TOM HNCAE U
PAHEE HEM3BECTHbIX.



OCHOBbI CTPYKTYPHOW XMMWU BLIAU
SAAOXEHbBI AX. AAABTOHOM, KOTOPbIN
[TOKA3AA, HTO AKOBOE XMMMNHECKOE BELLLECTBO
[MTPEACTABAAET COBON COBOKYTTHOCTb
MOAEKYA, COCTOALLUMX N3 OTTPEAEAERHHOT O
KOAMHECTBA ATOMOB OAHOTO, ABYX AN TPEX
XUMUHECKMX DAEMEHTOB. 3ATEM N.-4.
BEPLLEANYC BBIABMHYA MAEIKO, HSTO MOAEKYAA
[MTPEACTABAAET COBOW HE NMPOCTOE
HATPOMOXAEHME ATOMOB, A OINPEAEAEHHYIO
YHNOPAAOHEHHYIO CTPYKTYPY ATOMOB,
CBASAHHBIX MEXAY COBOM
SAEKTPOCTATUHECKMMIKN CUAAMMUN.



B 1857 . HEMELIKKMM XMMUK P .-A. KEKYAE
OMYBAMKOBAA CBOM HABAIOAEHNA O
CBOMCTBAX HEKOTOPBIX 2AEMEHTOB,

KOTOPBIE MOTYT SAMERATE ATOMb
BOAOPOAA B PAAE COEAMHEHMI, 1 BBEA
HOBbIMI TEPMMWH — CPOACTBO
(KOAMHECTBO ATOMOB BOAOPOAA,
KOTOPBIE MOXET SAMECTNTb AAHHbIN
XUMUNHECKNMN SAEMEHT).

HNCAO EANHUNLL CPOACTBA, NPUCYLLLEE

AAHHOMY XMMMNHECKOMY SAEMEHTY, OH

HA3BAA BAAEHTHOCTHIO.



MHAS CTPYKTYPA

MOJIEKYJIAPHASA CTPYKTYPA
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YHEHWME O XMUMUNHECKNX
[MPOLECCAX.

TPETUI YPOBEHb XMMMYECKOTO 3HAHAS.
[MOA BANAHMEM HOBbLIX TPEBOBAHNA
[MTPOM3BOACTBA BO3HMKAO YHEHME O
XMMUWHECKUX TIPOLECCAX, B KOTOPOM
YYUTBIBAETCA MSMEHEHWNE CBOMCITB
BELLLECTBA NMOA BAUAHNEM TEMIEPATYPHI,
AABAEHUNSA, PACTBOPUTEAEN N APYTNX
PAKTOPOB.




“VYEHWE O XMMMYECKMX NPOLEECCAX — OBAACTb HAVKM, B
KOTOPOM OCYLLECTBAEHA HAMBOAEE TAYBEOKAS
MHTEFPALMS PU3UKM, XM U BUOAOT MM,

B OCHOBE 3TOIO YHEHMA HAXOAATCA XMUMUHECKAS
TEPMOANMHAMUKA U KUHETUKA, NMOSTOMY OHO B PABHOW
CTENEHN NMPUHAAAEXUT PUIUKE N XMMUNA.

OAHMM N3 OCHOBONOAOXHNMKOB 3TOIO HAYHHOTO
HAMNPABAEHNA CTAA PYCCKMMN XMMKMK H.H. CEMEHOB,
OCHOBATEAb XMUMNHECKOW PN3NKNA.

YHEHWME O XMUMMNHECKUX NMPOLUECCAX BAINPYETCA HA MAEE,
4TO CNOCOBHOCTb K B3AMMOAENCTBMNIO PA3AMYHBIX
XMMHWHECKMX PEATEHTOB OTPEAEAAETCA KPOME BCEIO

[MPOSEIO N YCAOBUNAMMU MNMPOTEKAHNA XMMUHECKMX
PEAKUMN, KOTOPBIE MOTYT OKA3bIBATb BO3AEMCTBME HA
XAPAKTEP N PESYABTATbBI 2TMUX PEAKLLMN.



PPAHLLY 3CKMNN XMMUK A. AE LLUATEABE B KOHLLE XIX B.
CPOPMYANPOBAA TMPUHLUNIM MTOABMXHOTO
PABHOBECWY, OBECTTEHMB XMMIMKOB METOAAMMU
CMELWERNA PABHOBECUHA B CTOPOHY OBPA3OBAHMS
LLEAEBBIX TTIPOAYKTOB. 2T METOAbBI YTTIPABAEHNA U
[MTOAYSYMAN HASBAHME TEPMOAMHAMMHECKHX.
KAXAAA XUMNHECKAA PEAKUNA B TTPMHLMTIE
OBPATMMA, HO HA TTPAKTMKE PABHOBECHE
CMELLAETCA B TY AU UHYIO CTOPORY. 3TO 3ABNCUT
KAK OT MPUPOAbI PEATEHTOB, TAK U1 OT YCAOBUMA
[MPOLECCA. PN BBICOKOM AABAEHNIN CUABHO
MEHAOTCHA PNINHECKME M XMMINHECKHME CBOMNCTBA
BELLIECTBA. HATNPUMEP, TP AABAEHWNI 20 000 ATM.
METAAA CTAHOBUTCHA SAACTHUHHBIM, KAK KAYHYK.



SBOAIOUMOHHASA XMMUA.

YETBEPTbIM YPOBEHb XMMWYECKOIO 3HAHMS. B 60—70-E
[T. XX B. NOABUACHA HETBEPTbLIN CINOCOB PELLEHNS
OCHOBHOW MPOBAEMbI XMW, NCTTOABbIYIOLLLMIA B
[MTPOMNI3BOACTBE MATEPMAAOB CAMBIE
BLICOKOOPIAHN3OBAHHBIE XUMHUYECKNE CHUCTEMBbI,
KAKME TOABKO BO3MOXHbI B HACTOZALLLEE BPEMAL.

B OCHOBE 3TOIO CITOCOBA AEXUT MPUHLLAT
MCMNOAb3OBAHNA TAKNX YCAOBMIN, KOTOPbBIE
[MPUBOAAT K CAMOCOBEPLLUEHCTBOBAHUIO
KATAAMSATOPOB XMMHNHECKMX PEAKLMM, T. E. K
CAMOOPIAHMN3ALNN XMMUHECKINX CNCTEM. B
CYLWLHOCTH, PEHb MAET Ob MCITOAb3OBAHMM
XUMUHHECKOT O OTIbITA XNBOW MNMPUPOAbLI. 2TO
CBOEOBPA3HAA BMOAOTUN3ALNA XMMUIA.



A SBOAIOUMOHHBIMA TMTPOLUECCAMK B XM
NOHUMAOT NMPOLECCHI CAMOIPOMI3BOABHOTO (BE3
YHACTUNA HEAOBEKA) CUHTE3A HOBbBIX XUMUWHECKMX
COEAMNMHEHNA, ABAAIOLLLIMXCA BOAEE CAOXHBIMA
BbICOKOOPIAHN3OBAHHBIMU TTIPOAYKTAMM MO
CPABHEHNIO C MCXOAHBIMAN BELLLECTBAMM.

B XX BEKE B CBETE OBLLUMX 2BOAIOUMNOHHbLIX
[MPEACTABAEHNIN B ECTECTBO3HAHUM PA3BMBAETCH
HOBAA HAYKA — SBOAIOUMOHHAA XMMUNA, HAYKA O

CAMOOPTAHMN3ALNN M1 CAMOPA3BANTNI
XMMUHECKMNX CNCTEM.

B PAMKAX SBOAIOUMOHHOUM XMW N3YHAIKOTCHA
[MPOLECCbHl CAMOTINPOMN3IBOABHOTIO CHUHTE3A HOBbIX
XMMUHECKUNX COEAMNHEHNIN, ABAAKOLLUMNXCHA BOAEE
CAOXHbIMN N BBICOKOOPTAHM3OBAHHBIMI
[MTPOAYKTAMK IO CPABHEHUNIO C MCXOAHBIMMA
BELLLECTBAMMU
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KMBBIX CUCTEM COCTABAAOT TOABKO LLECTb SAEMEHTOB,
[NMOAYYMBLUMX HASBAHME OPTAHOIEHOB:

YTAEPOA - ©, BOAOPOA -, KUCAOPOA - ©, A30T - I, POCPOP- I,
CEPA-5 - OBLLAA BECOBAA AOAA KOTOPBLIX B OPTAHMN3ME
COCTABAAET BOAEE 97 %.

3A HUMM CAEAYIOT 11 DAEMEHTOB, KOTOPBIE MPUHMMAIOT YYACTME B
NOCTPOEHMM MHOTUX PU3MOAOTMHECKM BAXHBIX KOMIOHEHTOB

] ] ] ) BUOCUCTEM:

HATPUM - NA, KAAWMM - K, KAABLIMI - CA, MATHUM - MG, XEAE3O - FE,
KPEMHMWI - SI, AAKOMMUHMI - AL, XAOP - CL, MEAb - CU, LMHK - ZN, KOBAAbT-
CO. X BECOBAA AOAS B OPTAHM3ME - 1,6 %.

ECTb ELLLE 20 DAEMEHTOB, YHACTBYIOLLMX B NMOCTPOEHNI
PYHKUMNOHNPOBAHMIN OTAEABHBLIX CINEUNPUHNHECKMNX BUOCHCTEM, AOAYA
KOTOPbLIX COCTABAYET 1 %. YHACTHME BCEX OCTAAbHbBIX SAEMEHTOB B
[MOCTPOEHNMN BUOCKCTEM NMPAKTUHECKU HE SAPHKCHNPOBAHO. 1 B
ABMOTNHECKOWM CPEAE ECTb CBMAETEABCTBA Ob OTEOPE SAEMEHTOB.
BOAEE 99 % BCEX NMPUPOAHBIX COEAMHEHNIN COAEPXAT TE XE 17
SAEMEHTOB, HA AOAKO BCEX OCTAABbHbBIX NPUXOAMNTCA MEHEE 1T %
COEAMHEHNWN.



