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BBeaeHue

Pa3BuTre XuMHUM U OMOJIOTMM HEBO3MOKHO 0€3 IIMPOKOTO MCIOJIb-
30BaHUSI B XUMHUYECKUX M OMOXMMHUYECKHUX HCCIICTOBAHUSIX JIOCTHKE-
HUuMl QU3MKK U €€ HOBBIX METOJIOB HUCCIeI0BaHus BellecTBa. Mcmob30-
BaHUE (PU3MYECKUX METOJOB IMO3BOJISIET M3y4daTh OCHOBHBIC BOMPOCHI
TEOPUH XUMUYECKOTO CTPOEHUS: MOCIIEIOBATEIBHOCTh U KPATHOCTh XU-
MHUYECKHX CBS3€M, B3AMMHOE BIMSIHUE aTOMOB U TPYIII aTOMOB B MOJIE-
KyJI€, DHEPreTUUECKHUE, JICKTPUUECKUE U IPYTHUE MOJIEKYJISIPHbIC XapaK-
TEPUCTUKHU, TPOMEKYTOUHBIE POAYKTHI U MEXaHU3MbI PEAKIIUM.

3HauMUTENbHBIC 3aTPYIHEHUS, BCTpEUAlolecs Ipu BeIOOpe Ooliee
OOIMX MPU3HAKOB, HE MO3BOJSIOT OOBEIUHUTH OTJEIbHBIC TPYIIIbI
METOA0B B 001Iyt0 cucteMy. OOMENPUHATON KiIacCu(puKauu MeTo-
0B a”Hanu3a noka HeT. KomnuecTBo (DU3MKO-XUMUUYECKUX METOJI0B
aHajau3a JOBOJIbHO BEJIUKO — HECKOJBKO JIECSITKOB.

ABTOp HaCTOAIIErO MOCOOMsSI CTaBWJI CBOEH 3a/laye€il pacCMOTPETh
OCOOCHHOCTH PE30HAHCHBIX METOJIOB aHAIN3a, JTJFOMUHECIIEHIIUN U MacC-
CHEKTPOMETPUM U JaTh NMPAKTHUECKUE PEKOMEHIAINM, B KAKOM CIIy4ae
BO3MOKHO UCIOJIb30BAHKE TOTO WM JPYTrOro METOJ1a UCCIICOBAHMSL.

CrexkTpbl JIIOMUHECIICHITUU, KaK U MH(paKpacHbIE U DIJICKTPOH-
HBIE CIIEKTPbI, IPUMEHSIOTCS 1711 KAUYECTBEHHOTO U KOJIMYECTBEHHOTO
aHanu3a, Il U3YyUYEeHUS JIEKTPOHHO-KOJIEOATEIbHBIX COCTOSHUN MO-
JeKyJ, (PU3UKO-XUMHUYECKUX CBOMCTB PAacTBOPOB, Ta3000pa3HBIX,
KUJIKUX U TBEPJIIX 00pa3IOB.

Pe3oHaHCHBIE MeTOABl aHaIM3a (AJEPHBIA MArHUTHBIA PE30HAHC
Y DJIEKTPOHHBIN MapaMarHUTHBIA PE30HAHC) MO3BOJISIOT U3y4YaTh CTPYK-
Typy U JUHAMHUKY MOJIEKYJ, PaJUKaJOB, HOHOB B KOHJCHCUPOBAHHBIX
1 ra3oBoi (pazax BemiectBa. Criektpbl AMP u OIIP 005anaroT BBICOKOM
CHEIM(PUIHOCTHIO M TIPUMEHSIOTCS NI UJACHTU(MUKAIIMA COCTUHEHUM,
B CTPYKTYPHO-aHAJTUTUYECKUX 1EJISIX, JJIsi M3y4YeHUs OBICTPhIX OOMEH-
HBIX TMpoILIecCOB. Pe30HaHCHBIE METOJBI SBISAIOTCS d(D(PEKTUBHBIMU Me-
TOJIaMU HCCJIEIOBAHUSI XUMHUUYECKOTO CTPOCHMSI MOJIEKYJI, CTEPEOXUMU-
4eCKOM KOH(pUTypaliiy U KOH(POpMaIliy, U3yUYEHHUs CTPYKTYPbI CIIOKHBIX
OMOMOJIEKYJT — TMENTUI0B, OCIKOB U HYKJICMHOBBIX KUCIIOT.

Macc-cneKTpoMeTpusi MHUPOKO HCHIOJB3YEeTCs ISl ONpeIeSICHUs
MOJIEKYJISIPHOM Macchl W OpyTTO-(QOpMYyJ BELIECTB; YCTAHOBIICHUS
CTPOCHHMSI BEIIECTBA MO XapakTepy oOpaszyromuxcs pparMeHToB; Mpo-
BEJICHUS KOJIMYECTBEHHOTO aHAJIN3a BEIIECTB U CMECEH.



1. /lroMUHeC eHTHbIEe MeTOAbl AHAJIU3a:
dayopecueHunua u pocpopecueHuus

JIomunecyenyueil Ha3pIBalOT CBEUCHUE BEILIECTBA, BO3HUKAIOIIEE
IPU NIEPEXO/I€ MOJIEKYJ U3 BO30YKIEHHOTO COCTOSIHHSI B OCHOBHOE.

JIroMuHECIEHIINSA — JOBOJIBHO PACIPOCTPaHEHHOE siBiieHUE. [le-
PEBOJ MOJIEKYJI B BO30YKIE€HHOE COCTOSHHE MOXET OCYILIECTBIATHCS
Pa3IMYHBIMU ITYTAMH, KaK U PaCX0JI0BaHHE TPUOOPETEHHOM MPU 3TOM
MoJieKyJlaMu 3Hepruu. Ecinu Bo30yKIeHUE MPOUCXOAUT 32 CUET MO-
TJIONIEHUS 3JEKTPOMArHUTHOTO HW3JIYyYEHHS B ONTHYECKOM 00JacTw,
TO UCITyCKAaHKE U3TyUYECHUS HA3bIBAIOT (homoiiomunecyenyueil.

Xemuniomunecyenyua NpPeCTaBISET COOON HMCIyCKaHUE CBETa
B pe3yJbTaTe MPOTEKAHUS OMNPEACICHHBIX XHUMHUYECKUX peaKIui
(Hampumep, okucieHue 3PUPHBIX PacTBOPOB n-OpomdpeHmIOpomMuIa
MarHus BbI3bIBAET 3€J€HOBATO-TOJIy00€ CBEUEHHUE).

K uucny pa3HOBUIHOCTEH JTIOMUHECLEHIMH, KOTOpbIE HAOJIIO-
NAKTCA B HPUPOJAE, OTHOCUTCS MOJHUS (OPUMED 271eKMpPOaioMu-
HecueHyuu).

Hekotopeie Buiabl OakTepuii, pakooOpas3HbIX, pblO, TpUOOB, Me-
1Ty3, MOJIJTFOCKOB, TYOOK, YepBeil 00J1a/1at0T CITOCOOHOCThIO CBETUTHCS
(M3BECTHBIA MpPUMEpP — CBETISKM). Takoe sIBIICHUE HA3bIBAECTCS OUO-
arwomunecyenyueii. OHO 0OYCIOBICHO peaKIMeNd KUCIOpoaa C Belle-
CTBOM, HaXOJAIIMMCSI B OPTaHU3ME, KOTOPOE HAa3bIBAIOT JIOLHU(EPH-
HOM. JTa peakius Karaiusupyercs GepMeHTOM Jronudepason.

1.1. Teopemuuyeckue 0CHO8bI JIIOMUHECYEeHYUU

[Ipy HOpMAJIBHBIX YCIOBUSIX B OTCYTCTBHE BO30YXKICHHUS MOJIE-
KYJIbl HaXOJISITCA B OCHOBHOM CHHIJIETHOM (S() coctosiHuu (puc. 1).
Ha cxeme n300pakeH Takxke psll IPYrUX IHEPreTUUYECKUX ypOBHEU
MOJIEKYJI: CHHIJIETHBIE BO30Y:KIEHHBIE COCTOAHHA — S| S; U T. I,
JUIS1 KQXKJIOTO CUHIJIETHOTO COCTOSIHHS CYIIECTBYET COOTBETCTBYIOLIEE
tpurietTHoe coctosinue (T, T, u 1. 1.) Kaxaeiit U3 3TUX 3JI€KTPOH-
HBIX SHEPreTUYECKUX YPOBHEW UMEET PsJl MOJAYPOBHEU, KOTOPHIE OT-
BEUAIOT KBAHTOBBIM KOJIEOATEIIbHBIM SHEPTETUUECKUM COCTOSTHUSIM.



CIuUtONIHBIMM BEPTHUKATBLHBIMYM JIMHUSIMHM TIOKa3aHbl MOTJIONICHHE
WM HUCITyCKaHWE W3IyYCHHS, IMyHKTUPHBIMH — O€3bI3ITydaTelIbHbBIC
EePEXO/IbL.

DHeprusi, MorjIoImeHHass MOJIEKYJION, BBI3BIBAET MEPEX0,1 HA OJINH
13 0ojee BBICOKHX YpOBHEH (3TOT Ipoliecc 0003Ha4YeH Ha cxeMe Hud-
poii 1). Eciu mmepexoy 3akaHIMBaeTCs Ha KaKOM-TH00 KoJie0aTeIbHOM
MOAypOBHE BO30YXKIEHHOTO YPOBHS Si, TO MOJEKyJia 0Y€Hb OBICTPO
NEePEXOUT Ha YPOBEHb S;, TPU STOM DHEPTUS BBIACISCTCS B BHUJC

Teraa (9TOT mporece obo3HaueH mudpoi 2 — Oe3bI3IydaTeabHbIN
nepexon).
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Puc. 1. CxemaTuueckoe n3o0paxeHue n3MEHEHUN
B YPOBHSIX SHEPIUU MOJIEKYJIbI, KOTOPbIE MOTYT IPOUCXOJIUTh
IPY NOTJIONIEHUH U3Ty4YECHUS

PaccMmoTpum pazinuuusi Mexay BO30YXKICHHBIM CHHIJIETHBIM U CO-
OTBETCTBYIOIIIUM TPHUIUICTHBIM COCTOSHUSMH. Bo030yXICHHBIA 3JIeK-
TPOH CHUHIJICTHOTO COCTOSIHUSI UMEET CIIUH, aHTUMNapaJUICIIbHBIA DJICK-
TPOHY, C KOTOPbIM OH ObLI crapeH. B TpHIUIETHOM COCTOSIHMM JBa
BHEIITHUX AJICKTPOHA MUMEIOT OAWH M TOT K€ CIHUH, T. €. OHU HE MOTYT
MOJIOMTH OJIU3KO APYT K Apyry 0e3 HapyiieHus npuHiumna [Taymm.

Ilpunyun Ilaynu: Ha KaXIOM 3allOJHEHHOM 3JIEKTPHUYECKOM
YPOBHE MOTYT HaXOJUThCS TOJBKO JIBA JEKTPOHA, UMEIOIINE MPOTHU-
BOIIOJIOKHBIE COOCTBEHHBIE MArHUTHBIE MOMEHTHI (CITUHBI).



[TockonbKy B 3TOM Cilydae 3JIEKTPOHBI YJaJ€HbI IPYT OT JApyTa,
MPOUCXOJUT YMEHBIIICHUE 3JIEKTPOHHOTO B3aUMOJICUCTBUSI, OITOMY
TPUIIETHOE COCTOSIHHE Bcerjga oOjamaeT Oojiee HU3KOM JHEpPruei,
YEM COOTBETCTBYIOIIEE CHHIVIETHOE COCTOAHUE. OKOJIO KaKJI0ro
YPOBHS B KJIETKax (COOTBETCTBYIOIIUX Pa3HBIM OpOUTAIISIM) MMOKA3aHO
HaIpaBJIeHUE BO30YKJIEHHOTO 3JICKTPOHA IO OTHOIICHUIO K CIUHY
OCTaBILIETOCA JIEKTPOHA.

Ecnu Monekyiie cCooOImuTh S3HEPTUIO (KBAHT CBETA), TO MPOU30UJIET
Nepexo] OJHOTO 3JIEKTPOHA C 3alOJHEHHOTO YPOBHS (S)) Ha OJMH U3
HE3aMOJHEHHBIX ypoBHEW. MoJekyida TpH  3TOM  OKa3bIBACTCS
B AJICKTPOHHO-BO30Y>KJIEHHOM cocTOsiHUU. [Ipu nepexogax Mexmay CUH-
TJIETHBIMU YPOBHSMH (S|, S, U T. /1.) CIIMH JIEKTPOHA HE N3MEHSETCH.

Mosrnekyna B BO30YKJIE€HHOM COCTOSHUHU S| MOXET C OIpeJIeIeH-
HOM BEPOSITHOCTHIO PeaIn30BaTh CIECAYIOUINE MTyTH MPEBPAICHUS T0-
TJIOIICHHOW YHEPTHMU:

a) repenada PHEPTUM BO3OYXKACHHUS APYroil Mojekyle (kosieda-
TeJIbHas peslaKkcalys);

0) npeBpaiieHue B Temio (0e3bI3yyaTebHbId Iepexo] — Mpo-
ecc 3): Sy —>So;

B) (hOTOXMMHUECKAS peaklus: S; — MPOAYKT;

I) UCIIyCKaHuEe €€ B BHJC M3JIyuyeHHs (Ha cxeme — mpoiecc 4):
Sl —)SO + hV(bn-

N3nydenue, ucnyckaeMoe MpH TMEPeXoJie MEXKIY COCTOSIHUAMH,
UMEIOIIYI0 OJMHAKOBYIO MYJIBbTUILIETHOCTh, Ha3bIBAeTCS ¢hayopec-
ueHyuell,

) IEpeX0/1 MOJIEKYJIbI C S| HA OJIUH U3 KOJeOaTeIbHBIX MOTYPOB-
Hel (OMM3KUM 1O PHEPTUM) TPHUILIETHOTO BO30YKJIEHHOTO COCTOSTHUS
(T)) ¢ obpamenuem cnuHa 3ekTpoHa: S;—T; (Oe3bI3mydaTeaIbHbIN
nepexoj — mpoiecc S).

[lepexonpl ¢ M3MEHEHHEM MYJBTUILUIETHOCTH 3alpEIICHBI, 3TO
3HAQYMUT, YTO MPOIIECC BOZMOXKEH C MAJIOW BEPOSITHOCTHIO.

[Tporecchl  O€3bI3MYUATENHHOTO TIEPEX0ja MPOUCXOIAT OUYECHB
6e1cTpo (co Bpemenem mopsimka 10°—107% ¢). K oTuM GBICTPBIM mpo-
1eccamMm OTHOCSITCS:

a) BHYTPEHHSIS KOHBEPCHUS;

0) HTHTEpKOMOMHAIIMOHHAS KOHBEPCHSI.



Buympenneii koneepcueii HazpiBaeTcsl O€3bI3IIydaTeIbHBIN TIepe-
X0J1 PHEPTUU U3 BO30YKICHHBIX COCTOSHUSHUN 0€3 NU3MECHEHUS MYJIb-
TUIIJIETHOCTH.

3T0 03HAYAET, YTO B KaKOe Obl BO30YKJACHHOE COCTOSTHUE HU TIoTaa
MoJIeKyJ1a (Harmpumep S,), OHa OYEHb OBICTPO MEPEXOAUT B MIEPBOE CHH-
rJieTHOE cocTosiHue (S);. BHYTpeHHsIs KOHBEpCHS MOMKET MPOUCXOIUTh
Y MKy BO30YKIEHHBIMU TpUIUICTHRIMU cocTostHusIMHA (T, — Th).

Humepxkomounayuonnoit Koneepcueili Ha3bIBaAIOTCA O€3bI3Tyda-
TEJIbHBIE TIEPEXO/IbI MEKAY COCTOSHUSAMH PA3TUIHON MYJIbTUILICTHO-
ctu (Hampumep, S; —T;). Ha cxeme npouecc 0603HaueH nudpoii 5.

PaccmoTpuM MoOJIEKyITy, HaXOSIIYIOCS B BO30YXKICHHOM TpH-
mieTHoM coctosiHuu T;. CyllecTByeT HECKOJbKO IyTeH pacTpathbl
SHEPTHUH U3 JAHHOTO COCTOSHUS MOJICKYJIbI:

a) Oe3bI3TydyaTeNIbHbIN MEPeXoa B S, ¢ oOpallleHueM CIIMHA JJICK-
TpoHa (MHTepKOMOMHAIIMOHHAsE KOHBepcusi): T; — S, (mpouecc 060-
3Ha4eH 1udpoii 6);

0) dhoToxuMuYecKas peaKIius;

B) Mlepe/iavya SHEPTrUM BO30YKICHUS JPYTroi MOJIEKYJIE;

') UcnyckaHue kBaHTa docdopeciieHnu (mpoiecc 7):

T1 —> S() + hV(boccp.

N3nyyenue, ucmyckaeMoe TpHU TEPEX0oJie MEXKIY COCTOSHUSMHU
C pa3InYHON MYJIbTUILICTHOCTBIO, HAa3bIBACTCS ghocghopecuenuueil.

Bpewms xxu3nau (hiayopecleHIIuyu OpraHundecKuX MOJIEKYJI COCTaB-
mwrer 10°-10° ¢, a Bpems xwm3nu docdopecuenimn — ot 107 ¢
710 HECKOJIBKHMX CEKYHJ, TTOTOMY YTO MEPEeXOAbl MEXKIY COCTOSHUSIMHU
C pa3JIMYHOU MYJIbTUILIETHOCTHIO OUY€Hb MAJIO BEPOSTHEI.

OOcynum OoJiee MOJPOOHO MPOUCXOKICHUE CIEKTPOB (hiryopec-
HeHInHu U GochopecieHnu. PaccMOTpuM 3aBUCUMOCTD TTOTCHITHATb-
HOM sHepruu (E) 1ByXaTOMHOM MOJEKYJIbI (JIJI1 TPOCTOTHI) OT MEXK-
aToMHOTro pacctostHus (r). Ha puc. 2 n300pakeHbl KpUBbIE OTCHITHU-
ATBHOM PHEPTUH M KoJieOaTeIbHbIC TTOYPOBHU OCHOBHOTO (S() U T1ep-
BOTO (S{) CHHTJIETHOTO COCTOSIHUS ABYXaTOMHOU MOJIEKYJIbI.

MUuHUMYMBI KPUBBIX TOTEHIMATBHBIX SHEPrUi B OCHOBHOM
1 BO30YKJICHHOM COCTOSIHHM CJIBUHYTBHI, TIOCKOJIBKY OpOHWTajb, 3a-
TOJIHSIEMasi DJICKTPOHAMH B BO30YXKICHHOM COCTOSHUM, 3aHUMACT
OO0JBIITYI0 00JaCTh MPOCTPAHCTBA, YEM B OCHOBHOM COCTOSIHUH, U TIO-



JIO’)KEHUE PaBHOBECUS B BO30YXJICHHOM COCTOSSHUU COOTBETCTBYET
OOJIBIIIEMY MEXBSJICPHOMY PACCTOSIHUIO.

E A

[

r

Puc. 2. [1ornoienue u GayopeciieHIUs IByXaTOMHON MOJIEKYJIOM

Ilpunyun @panka — Konoona: nanbonee BEpOSTHBIM OyneT
TaKOW DJIEKTPOHHBIM MEPEXO/I, IPU KOTOPOM HE MPOU30MIET U3MEHE-
HUW HU B MEXBAJICPHOM PACCTOSHUU, HU B UMIYJIbCE (MPUHIMUII BEP-
TUKaJIBHOCTH MEPEeXojia N300pakaeTcsi BEPTUKATbHOMN JIMHUEH ).

W3 conocTtaBlieHHs IJWH CTPEJOK HAa pUC. 2 ACHO, YTO (DOTOHBI
UCITyCKAa€MOT'0 M3JIy4eHUs OOBIYHO 00JIaal0T MEHbIIEH 3HEeprue Hu,
CJIeI0BaTENIbHO, OOMbIIEH JUIMHOW BOJHBI, 4yeM (OTOHBI BO30YXKar0-
HIETO U3JIYYEHUS.

Ecmu B coorBercTtBuM ¢ npuHnunoMm Ppanka — KoHaoHa npen-
CTaBUTh COCTOSIHUS IBYXaTOMHOM MOJEKYJIbI, CHOCOOHOM MEPEXOIUTh
B TPUILIET, B BHUJIC MOTCHIMAIBHBIX KPUBBIX, TO KpuBbie (S;) u (T))
JIOJKHBI IEPECEKATHCS B HEKOTOpor Touke M (puc. 3).

[Ipu nornomeHnu cBeTa MOJIEKyIa MEPEXOAUT U3 OCHOBHOTO CO-
cTtosiHus (Sp) B MEPBOE AIEKTPOHHO-BO30YKIAECHHOE COCTOSIHUE (S)).
Mounekyna ObICTPO TepsAET U30BITOK KojebaTenbHOM 3Heprun. B Touke
nepecedeHus (S;) MOJOKEHUSI U UMITYJIbCHI JIep sl BO30YKIEHHOTO
CUHIJIETHOTO YPOBHS U MEPBOro TpUILUIETHOrO ypoBHsA (T) oka3biBa-



IOTCA OJMHAKOBBIMU. DTO 0O3HAYAET, YTO MOJIEKYyJa MOXKET IEepEerTH
HAa COOTBETCTBYIOIIMU  MOAYPOBECHb  TPUIUIETHOTO  COCTOSIHUS.
[Ipu 3THX yCIOBUSX BEPOSITHOCTh TOTO, YTO TAKOHW IEPEXO] MPOU30H-
JIeT, BEIMKa, HECMOTPS Ha MPABUJIO 0TOOpA, COTJIACHO KOTOPOMY TIie-
pEXObl MEXKY COCTOSIHUSIMHU C PA3JIMYHOU MYJbTUILUIETHOCTBIO 3a-
npernieHsl. Jlamee moreps koiieOaTenpbHON SHEPTHH B COCTOSHUU T
poA0JKAeTCs Oaroaaps BHyTpEeHHEH KOHBEPCHH.

EA\

1 E——

Puc. 3. [lornomenne u ¢hochopecneHIys 1ByXaTOMHON MOJICKYJIOM

[Tockonbky coctositHue T; obnamaer Oosiee HHU3KOW HSHEPTHEH,
4yeM cocTostHue Sy, cmnektp  ¢docdopecueHunn  HaOIOAaeTCS
npu OOJIBIINX JJTMHAX BOJIH, YEM CIIEKTP (IIyOpECIICHIINH.

Taxum oOpa3om, OHUM U3 CIIOCOOOB OTJa4M YHEPTUU MPHU TEepe-
X0Jle¢ U3 BO30YKJIEHHOTO COCTOSIHUSI B OCHOBHOE SIBJISIETCSI MCITyCKa-
HUE KBaHTa CBETa JIOMHUHECICHIMH. Yarmie Bcero Ttakum (OTOIJIEK-
TPOHOM CJIOKHBIX OPTaHWYECKHX MOJEKYJ SIBISETCS T-DIEKTPOH,
YyYaCTBYIOMIMA B 00pa30BaHWU JETOKAIN30BAHHBIX ABOWHBIX COMpS-
KEHHBIX CBsI3e MoseKysbl. CaMu Mepexobl ¢ MOTJOMIEHUEM U HC-
IyCKaHUEM CBETa B CUCTEME T-3JIEKTPOHOB MPECTABISIOT MEPEXObI
TUNA T-T* U T*-TT MEKIY OCHOBHBIM M BO30YXJICHHBIM CHHIJICTHBIM
COCTOSTHHEM.



1.2. lapamempul AIOMUHECYeHYUU
U OCHOBHbIE 3aKOHbI JIIMUHecyeHyuu

['maBHBIMH TIapaMeTpamMu JIIOMUHECUECHITUU ((PIyOpeCIiCHIIUHN )
SIBJIAFOTCS: CIEKTpP JIOMHUHECIICHIIMM, KBAHTOBBIM BBIXOJ, BPEMS >KHU3-
HU MOJIEKYJIbI B BO30Y>KIEHHOM COCTOSTHUM, CHEKTP BO30YXKICHUS.
PaccMoTpuM 3Tu mapameTphl.

Cnexkmp ¢hayopecuenyuu — 3aBUCUMOCTD U3JIYUYE€HUS OT JJIUHBI
BOJIHBI.

Keanmoewtii 6b1x00 (@) — 5TO OTHOLICHHUE KOJIMYECTBA KBAHTOB,
UCITYCKaE€MbIX C YPOBHS S;, K KOJIMYECTBY MOTJIONICHHBIX KBAHTOB:

(P:n(bn/nnorn (11)

Eciun Obl Bce mepexoabl BHU3 COMPOBOXKIAIWCH H3IYyUYCHHEM,
TO KBaHTOBBIN BhIXoJ ¢ =1. Ho 3a cueT moteps pekoMOuHaIuu (mpo-
I[ECCOB, KOHKYPUPYIOIIUX C (IyOpecIEHIMEN: TEeIUIOBbIE TMOTEPU
U T. J.), OH MEHBIIIC €AUHHUIIBI.

OnpenenuTh KBaHTOBBIM BBIXOJ MOKHO MO Memoody Ilapkepa —
Pucca. B o1MHAaKOBBIX YCIOBHUSIX CHHMAETCS CIIEKTP HEU3BECTHOIO
BEIIIECTBA U 3TAJIOHA C U3BECTHBHIM KBAHTOBBIM BBIXOJIOM ((p):

@ = @oxSxDy/ DxS,, (1.2)

rae Dy, D — onThyueckue miOTHOCTU ATAJIOHA U UCCIIEAYEMOIO
BEIIIECTBA;

Sy, S — muIOIIa M MO KPUBBIMH (DITyOPECIICHITH, COOTBETCTBEHHO.

B kadecTBe 3TaioHa MCHONB3YIOT (uayopectinH B pactBope NaCl
(0.1 M).

Bpemsa swcuznu monexkynsl B BO30yXJI€HHOM COCTOSIHUH (T) ompe-
TEeISeTCS CYMMapHOM BEPOSTHOCTBIO €T0 Je3aKTHBAIIHH:

=1/ (k(bn + kBH.K + kHH.K)? (1 3)
rae kg, — KOHCTaHTa CKOPOCTH (DIyOpeCHEeHIIUH;
Ky« — KOHCTaHTa CKOPOCTH BHYTPEHHEH KOHBEPCHH;
Ky« — KOHCTaHTa CKOPOCTH MHTEPKOMOMHAITMOHHOW KOHBEPCHUHH.

Cnexkmpom 6030yscoenusn (hiyopecyenyuu Ha3bIBACTCS 3aBUCH-
MOCTh MHTEHCUBHOCTH (hJIyOpPECIICHIIMM OT JJIMHBI BOJIHBI BO30YXK/1a-
FOIIETO CBETA:

Lyn / To= £ (b, (1.4)
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rae Iy, — MHTEeHCHUBHOCTH (PIyOpeCHEHIIUH;
I) — MHTEHCUBHOCTH MajaroIIero (Bo30yKIAKIIEr0) CBETA;
A\, — JIJTMHA BOJIHBI BO30Y>K/IAIOIIETO CBETA.

N3mepenue cieKTpoB BO30YKICHUS (DIIyOpeCIICHIIMN UMEET BaXK-
HOE 3HAYCHHE IS PEIICHUS LIEeJ0To psAja 3aaad. Tak, CekTp Bo30yx-
JICHUS JTaeT BO3MOXKHOCTh YCTAHOBHUTH CIIEKTp TMOTJIOMICHHS KOMIIO-
HEHTa, KOTOPbIA (hIIyopecupyeT B UCCIAEAYEMOUM CIEKTpaibHON 00-
JaCTH, YTO MO3BOJISIET UACHTU(PUIUPOBATH ATOT KOMIOHEHT. CpaBHU-
TEJIbHOE M3y4YCHHUE CTIICKTPOB BO30YKIACHUS M (PIIyOpecIeHIINN TT03BO-
JsieT 0OHAPYKUTh MUTPALMIO SHEPTUU BO3OYKICHUS MEXKIY pas3ind-
HBIMU KOMITOHEHTAMH B CJIOKHBIX CHUCTeMax. TakK, eclid B JBYXKOM-
MOHEHTHBIX CHCTeMax (IyopecuupyeT TOJbKO OJIMH KOMIIOHEHT,
a B CIIEKTpe BO30YKICHHUS ATOW (hIyOpPECUEHIIMN 3apeTruCTPUPOBAHBI
MIOJIOCHI, COOTBETCTBYIOIIINE IOTJIONIEHUIO 000X KOMIIOHEHTOB, 3TO
O3HAYaeT, 4YTO B JIAHHOW CHUCTEME NIPOUCXOIUT MUTPAIUS dHEPTHH
C OJHOTI'0 KOMIIOHEHTA HA IPYTOMH.

ABnenue QiryopeciieHIIMNT ONMCHIBACTCS PSIIOM 3aKOHOB.

3axkon Bagunona: Tax xak uciyckanue (QryopecrieHIIu Mpouc-
XOJIUT BCET/Ia C HIKHETO BO30YKICHHOTO HHEPTETHUYECKOTO yPOBHS
(S1), TO KBaHTOBBII BBIXOJ HE 3aBUCHUT OT JIJTMHBI BOJIHBI BO30YK/1af0-
IIETO CBETA.

Ilpaeuno Kawa: tak xak ucnyckanue (QpayopeclueHIInd TPOUCXo-
JIUT BCETJa C HUKHETO BO30YKICHHOTO SHEPTreTHYECKOro YPOBHS (),
TO (hopma criekTpa (IyOopEeCUEHIIMN HE 3aBUCHUT OT JIJTUHBI BOJIHBI BO3-
Oy’KJIafoIero cBeTa.

3axkon Cmokca: crexktp QiyopeceHIun OyJIeT pacrojioKeH
B OoJIee IMHHOBOJHOBOW 00JacTH, YeM CaMbIi JJIMHHOBOJIHOBBIM
MaKCUMYM B CIIEKTPE MOTJIOIICHUSI.

Crextp (GayopeclueHIMN CABUHYT B JITMHHOBOJIHOBYIO CTOPOHY
110 CPAaBHEHHIO C IMOJIOCAMU TIOTJIOMICHUS, T. K. YHEPTHS MMOTJIONIEHHO-
ro KBaHTa YaCTUYHO PACTPAYMBACTCS Ha TEIJIOBBIE KOJIEOAHUS. ITO
MPUBOIUT K TOMY, YTO SHEPIHs (HIyOpECICHIIMH MEHBIIE, YeM dHEep-
T'Usl TIOTJIOIICHUS KBaHTa CBETA.
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1.3. [I[pakmu4yeckoe npumeHeHue
JAMUHECYeHMHOU chneKmpockonuu

CHekTpbl JIIOMUHECHICHITUHY, KaK U a0COPOIIMOHHBIC 3JIEKTPOHHBIE
CIIEKTPBI, IPUMEHSIOTCS JIJI1 KaU€CTBEHHOTO U KOJMYECTBEHHOI0 aHa-
Ju3a, B CTPYKTYPHBIX HCCIEAOBAHUSX, ISl U3YUEHUS 3JIEKTPOHHO-KO-
Je0aTeNbHBIX COCTOSIHUNA MOJIEKYJ, (DU3NKO-XMMHUYECKUX CBOMNCTB
PacTBOPOB, Ta3000pa3HbIX, KUJIKUX U TBEPJbIX 00pa3iioB. 3MepeHue
JIOMUHECIEHIIUU MPOBOJIST HA CIIEKTpOodIyoprMeTpax.

Ecnu kBaHTOBBIN BBIXOJ JIIOMUHECIICHIIUK OoJibiie 1 %, To Takue
COCAMHEHUS JIETKO OOHAPY>KUBAIOTCS JIIOMUHECIICHTHBIM METOJIOM.
Korga Mbl ©MeeM JI€JI0 ¢ CHIIBHO JIFOMUHECUUPYIOIINM BEIIECTBOM,
TO (DJIyOPECIEHTHBIM aHaju3 OKa3bIBACTCS B THICAUYU (102—104) pa3
YyBCTBUTEIbHEE CIIEKTPOPOTOMETPHUUECKOTO.

Kpome Toro, 3ToT Metoj 0osiee CelIeKTUBEH, MOCKOIbKY (uryopec-
IMPYEeT MEHbIIeEe YHUCIO0 COSAMHEHUM, 4YeM Torjomaer. B cBs3u
C BBICOKOM YYBCTBUTEIBHOCTHIO XWUMHUYECKUW JIFOMUHECIICHTHBIN aHa-
JU3 IIUPOKO MCTIONB3YETCA B Pa3IMUHbBIX OOJACTSIX MPOMBIIUICHHOCTH,
BKJIFOYAs, XUMUUYECKYI0 M HE()TEXUMHUYECKYIO, B OMOJIOTHH, MEAUIIMHE,
I€OJIOTUH, B TMIIEBOM MPOMBIILIEHHOCTH, CEJIbCKOXO3SIICTBEHHOM
MIPOM3BOJICTBE, Ne(HEKTOCKOINH, apXEOJIOTH, KPUMUHAIIUCTUKE U T. 1.

Tak Kak YyBCTBUTEIILHOCTH JIAHHOTO METOAAa OYEeHb BBICOKA, €rO
MO>KHO MCIOJIb30BaTh TOJBKO U1l OYEHb pa30aBICHHBIX PACTBOPOB, KOH-
LHEHTpALKST KOTOPBIX TOpa3ao HIKE, YeM NPU U3MEPEHHUH TTOTJIOIIEHUSL.

Peructpaiuio CieKTpoB OCYIIECTBIISIOT IO COOCTBEHHOM (uryopec-
LEHIIMY WIK ¢ TOMOIIBIO (PIIyOpECHEHTHBIX 30HI0B WJIA METOK, BBOIU-
MBIX B H3Y4YaE€Myl0 MHUKPOMOJIEKYy. Paznuuaror ¢hayopecuenmmuoie
30HObI-KpacumeJiu, KOTOPbIE CBSI3BIBAIOTCS ¢ MAKPOMOJIEKYJIAaMH HEKO-
BAJIEHTHO (AJIEKTPOCTATUYECKUMHU W BaH-JIEP-BAAIbCOBBIMU CHJIAMHU),
U ¢hsiyopecuenmuole memKu, CBSI3aHHBIE XMMHUYECKOW CBs3bIO. M3Me-
pEHUE CIEKTPOB (IyOpECUECHIIMM TaKWX IPUCOCIUHEHHBIX METOK
Y 30HJ0B OCOOCHHO Ba)XHO IMPHU M3YUYEHUU CBONCTB HYKJIEMHOBBIX KHUC-
JIOT, BCACACTBUE MAJIO HMHTEHCHBHOCTH COOCTBEHHOM (DITyOpECIICHITHH.

K dayopeciieniuu B BUAMMOM 0071aCTH CIIOCOOHBI B OCHOBHOM J[Ba
KJIacca BEHIECTB: 1) OOJBIIOE YHUCIO MHUHEPATIOB M HEOPraHUYECKUE
TBEp/bIE JTIOMUHODOPHI; 2) OPraHUYECKHE U METAUIOOPTaHUYECKUE CO-
eIMHEHMS, 00J1aJaroIIie MHTEHCUBHBIM ITOTJIOIeHreEM B Y D-00J1acTH.
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Bonpocbl 0415 co6ecedo8aHus

1. [ToHdaTHE TFOMUHECTIEHIINY, €€ PA3HOBUIHOCTH.

2. TeopeTndecknue OCHOBBI JIJIOMUHECIIEHTHOTO METO/Ia aHAJIA3A.

3. [loHsiTHE O CHUHIJIETE U TPUILIETE.

4. BHYTpeHHS1 U UHTEPKOMOWHAIIMOHHAS! KOHBEPCHUH.

4 ®ayopecueHiys U GochopecieHITus.

5. Ilpuauun @panka — Konpona.

6. KBaHTOBBIN BbIXOJ. OnpeieieHue KBAHTOBOI'O BBIXO/IA.

7. 3aKOHBI TIOTJIOLIEHUSI CBETA, UCIOJb3YEMBbIE JJIsl OOBICHEHUS
JTOMUHECHIEHINH: 3aKoHbl CTokca u BaBuiona, mpasuino Kammy.

8. [[pyuMeHeHne TIOMUHECIIEHTHOT'O METO/1a aHAJN3a.

Tecmoebslie 3adaHus

1. Paznuuuss mMexay BO30YXICHHBIM CHHIJICTHBIM U COOTBET-
CTBYIOIIUM TPUILICTHBIM COCTOSHUSIMU COCTOST B CIICAYIOIIEM:

a) BO30Y)KJICHHBIM DJICKTPOH CHHIJIETHOTO COCTOSIHUS HMeEeT
CIIMH, MMapaJUICIbHBIA 3JICKTPOHY, ¢ KOTOPHIM OH OBLI CIIApEH; B TPH-
IIJIETHOM COCTOSTHMH JBa BHEITHHUX AJICKTPOHA MMEIOT OJIMH M TOT XK€
CIIMH; TPUIUIETHOE COCTOSHHE BcCerja oOjiajaeT 0ojiee HU3KOM IHEp-
TUeH, YeM COOTBETCTBYIOIEE CUHTJIETHOE COCTOSTHUE;

0) BO3OY>KJICHHBIA DJIGKTPOH CHUHIJIETHOTO COCTOSIHUS HWMEET
CIIWH, TIapaJUIeIIbHBIN 3JIEKTPOHY, ¢ KOTOPHIM OH OBLI CHIapeH; B TPH-
MJICTHOM COCTOSSHUM JBa BHENIHUX JJEKTPOHA HMMEIOT aHTHIIapall-
JIeIbHBIC CIIMHBI; TPUILUIETHOE COCTOSIHHUE BCeTaa 00J1aaeT OoJiee HU3-
KO SHEPrueH, YeM COOTBETCTBYIOIIEE CHHIJICTHOE COCTOSHHE;

B) BO30OYKJICHHBIN DJIEKTPOH CHHIJIETHOTO COCTOSIHUS HMEET
CIIMH, aHTHIApaUICIbHBIN 3JIEKTPOHY, ¢ KOTOPHIM OH OBLI CHapeH;
B TPUILJICTHOM COCTOSHUM JIBa BHEIIHMX D3JICKTPOHA HMEIOT OJIHH
U TOT € CHUH; TPUILUIETHOE COCTOSIHUE BCerja oOjagaer 0ojiee HU3-
KOM YHEPrueu, 4eM COOTBETCTBYIOLIEE CUHTIIETHOE COCTOSHUE;

') BO30YXKJICHHBI DJICKTPOH CHHIJIETHOI'O COCTOSHUS HMEET
CIIWH, aHTUIApaJUICIbHBIA 2JICKTPOHY, C KOTOPHIM OH OBLI CHapeH;
B TPUIUICTHOM COCTOSIHUH JIBa BHENIHUX DJICKTPOHA HMMEIOT OJWH
U TOT K€ CIIMH; TPUIJICTHOE COCTOSIHUE BCeraa oomagaeT 0osee BhICO-
KOM SHEPTrUeH, YeM COOTBETCTBYIOIIEE CUHTIJIETHOE COCTOSIHUE.

2. ®nyopeCUeHIMEN HA3bIBAECTCA
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a) Oe3bI3TyuYaTeNIbHBIM MEePeXo HEPTUM U3 BO30YKIECHHBIX CO-
CTOSIHUSIHUM 0€3 N3MEHEHUSI MYJIbTUIIJIETHOCTH;

0) U3My4YeHHe, UCITyCKaeMOe TIPHU MEePEX0I€ MEXKIY COCTOSTHUSIMH,
UMEIOIIMMHU OJIMHAKOBYIO MYJIbTUILIETHOCTD;

B) O€3bI3JIyUyaTelIbHbIC MEPEXOJbl MEXAY COCTOSHUSIMU pPa3iidy-
HOM MYJIbTUIUIETHOCTH;

') U3JIy4YCHHE, UCITYCKAEMOE TMPHU MEPEX0Jie MEXKIY COCTOSHUSIMHU
C Pa3JIUYHON MYJIbTUILJIETHOCTBIO.

3. [Ipu kakux JIMHAX BOJIH HAOJIOAAETCS CHEKTP (IyopecieH-
uu 1 pocdopecuenuu? Jlaiite 00bsiCHEHHE.

a) TPUILIETHOE COCTOsIHUE 00IafgaeT 0ojiee HU3KOM IHEpPrueu, uem
COOTBETCTBYIOIIEE CHUHIJIETHOE COCTOSIHHE, MOATOMY CIEeKTp ¢ocdo-
peClieHIIMM HaOIroaeTcs Mpu OONBINMX JJIMHAX BOJH, YeM CIEKTP
bayopecieHIny;

0) TpUIUIETHOE COCTOsIHHME O0OagacT Oojiee BBICOKON JHEPTHEH,
4eM COOTBETCTBYIOIIEE CHHIJIETHOEC COCTOSHHE, II03TOMY CIIEKTp
dbochopecueHny HaOIOAACTCA TPU OOJBIINX JJIMHAX BOJH, YeM
CIIeKTp (hIyOpECICHIINH;

B) TPUIUICTHOE COCTOSIHHE 00JagaeT O00jiee HU3KOM dHEPTHEH, YeM
COOTBETCTBYIOIIEE CHUHTJIETHOE COCTOSHHE, MOATOMY CIEKTp ¢ocdo-
PECLCHIIMM HAOII0IaeTCsl P MEHBIIMX JIMHAX BOJIH, Y€M CIEKTP
bayopecieHIINH;

') TPUIUIETHOE COCTOSIHUE 00JIalaeT 00Jiee HU3KOM dHEPTUeH, uem
COOTBETCTBYIOIIEE CHHIJIETHOE COCTOSHUE, MOATOMY CHEKTp Quyo-
peclieHIIMM HaOJro1aeTcsl Mpu OOBINUX JUIMHAX BOJH, YeM CIEKTP
dbochopecreHum.

4. BHyTpeHHEN KOHBEPCHUEN HA3BIBACTCS:

a) U3JIy4eHUe, UCITyCKaeMOoe TIPH TIEPEX0/Ie MEKIY COCTOSHUSIMH,
UMEIOIIYI0 OJIMHAKOBYIO MYJIbTUIIETHOCTB;

0) U3Iy4YeHue, UCITyCKaeMOe MPU MEePEX0/I€ MEXKITY COCTOSIHUSIMU
C Pa3IMYHON MYJIbTUILICTHOCTHIO;

B) O€3BI3NTyYaTeIbHBIN TEPEX0JT SHEPTUU U3 BO3OYKIECHHBIX CO-
CTOSIHUSIHUM 0€3 U3MEHEHUSI MYJIbTUILJIETHOCTH;

I') M3JIy4eHHe, UCITyCKaeMoe MPU TEPEX0Je MEKIY COCTOSHUSIMHU
C PA3JIMYHON MYJIbTUILUIETHOCTBIO.

5. ®ochopecrieHnInei Ha3bIBACTCS:
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a) U3JTy4eHHEe, UCITyCKAaeMOoe MPHU MEPEX0JIe MEKY COCTOSIHUSIMU
C Pa3IMYHON MYJIbTUILIIETHOCTBIO;

0) Oe3bI3llydaTesibHbIE MEPEeXOAbl MEXKY COCTOSHHUSIMHU Pa3iny-
HOU MYJIbTUILUIETHOCTH;

B) U3JIyYEHHE, UCITYCKAEMOE TIPU MEPEXOAE MEKIY COCTOSTHUAMM,
MMEIOIIYI0 OJIMHAKOBYIO MYJIbTUILIETHOCTB;

r) 0e3bI3NTydaTeNbHbIil Mepexol SHEPrUu U3 BO30YKIEHHBIX CO-
CTOSIHUSIHUM 0€3 U3MEHEHUS MYJIbTUILIIETHOCTH.

6. UaTepkOMOMHAIIMOHHOW KOHBEPCUEN HA3BIBACTCS:

a) U3JIy4eHHUe, UCIIyCKAaeMOe MPU MEPEX0JIC MEKAY COCTOSTHUSIMU,
UMEIOIIYI0 OJIMHAKOBYIO MYJIbTUILIETHOCTB;

0) Oe3bI3TydyaTeIbHbIN MEPEeX0]] PHEPTUU W3 BO30YKICHHBIX CO-
CTOSIHUSIHUM 0€3 U3MEHEHUSI MYJIbTUILJIETHOCTH;

B) U3JIyYEHUE, UCITYCKAEMOE MPHU MEPEXO0/I€ MEXKY COCTOSHUSIMU
C pa3NIMYHON MYJbTUILIETHOCTBIO;

r) 0e3bI3Iy4YaTeabHbIE MEPEXO0Ibl MEXKY COCTOSHUSMH pa3ind-
HOU MYJIbTUILUIETHOCTH.

7. Ilpu kakux IIMHAX BOJH HAOIIOJAETCSA CIEKTP MOTJIOMICHUS
u (ayopecueniuu? Jlaiite oObsacHEeHUE.

a) ciuekTp (IyopecleHIIMr CIBUHYT B KOPOTKOBOJIHOBYIO 00JIaCTh
IO CPABHEHUIO C IOJIOCAMU MOIJIOMICHHUS, T. K. SHEPTHUs MOIJIOMIEHHOTO
KBAaHTa YaCTUYHO PacCTPAYMBAETCSI HA TEIUIOBbIE KOJICOAHNUS;

0) ciekTp (GIyopecleHIIUN CABUHYT B JUIMHHOBOJHOBYIO CTOPOHY
10 CPABHEHUIO C I10JIOCAMU MOTJIOUIEHUS, T. K. SHEPTHS MOIVIOEHHO-
ro KBaHTa YaCTUYHO PACTPAyMBACTCS HA TEIUIOBBIE KOJIEOAHMS, MO-
TOMY 3Heprus (IyopecleHIIMM MEHBIIE, YEM SHEPrusl MOTJIOIIECHUS
KBaHTa CBETA;

B) CIIEKTp (PIIyOpecleHIIMU CABUHYT B KOPOTKOBOJHOBYIO CTOPO-
HY 110 CPAaBHEHHUIO C MOJIOCAMHU MOTJIOMIEHUS, T. K. SHEPIHUs MOTJIONIEH-
HOTO KBaHTa YaCTUYHO PAacTPAayMBAETCS HA TEIJIOBBIE KoJieOaHuUsl, MO-
TOMY SHEprusi QuyopecueHunn OOJIbllle, YeM SHEPIrusl MOTJIOIICHUS
KBaHTa CBETA;

I) CIEKTP (IIyOpECLEHIINH CABUHYT B JUIMHHOBOJIHOBYIO CTOPOHY
10 CPABHEHUIO C MOJOCAMU MOTJIOIICHUS, T. K. SHEPTHsl MOTJIOIEHHO-
ro KBaHTa MEHBIIE, YEM 3HEPTUs (PIIyOpECICHIINN.
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2. lapepHBIA MAarHUTHBINA pEe30HAHC

CHeKTpOoCKONUsI MarHUTHOTO PE30HAHCAa OTJIIMYAETCA OT JIPYTUX
BUJOB CHEKTPOCKOIIMM TEM, YTO PACIICIUIEHUE DHEPTETUYECKUX
YPOBHEN OCYILECTBIISIETCS TOJIBKO B IPUCYTCTBUM MAarHUTHOI'O I1O-
ns. BzaumopencTBue MOXHO HaAOMI0aTh, moMmenias oopasen OJIHO-
BPEMEHHO B JIBA MarHUTHBIX IIOJISI: OJHO ITOCTOSIHHOE, Ipyroe pa-
nuo4yacToTHoe (repemeHHoe). [Ipu ompeneneHHOM COYETaHUM I10-
Jer oOpazel] MoryiomaeT (WM BBIIAEISAET) SHEPTUI0, YTO MPUBOJUT
K U3MECHEHHIO CUTHAJa HA BBIXOJE BBICOKOYACTOTHOTO YCHUIMTEINS
U IETEKTOpA.

K pe3oHaHCHBIM METOJAM CIIEKTPOCKONMH OTHOCSTCS SJAEPHBIN
MarHuTHbI pe3oHaHc (AMP) u 351eKTpOHHBIN MapaMarHUTHBIN pe-
3oHaHC (DI1P). Cnextpsl AMP u DIIP narot 60ratyto CTpyKTYpPHYIO
uHQOpMALINIO, YTO JEJaeT UX HE3aMEHUMBIMH B XMMHU, OMOJIOTHH,
MEIULHNHE.

OtkpseiTue SIMP nMeeT BecbMa AJIMHHYIO U 3aXBaThIBAIOIIEC HUH-
TEpECHYIO TpensicToputo. IlpencraBieHus O TOM, YTO BJIEKTPOH
U aTOMHBIE f/Ipa UMEIOT COOCTBEHHbIE MAarHUTHBIE MOMEHTHI, OBLIO
BBeJeHO B ¢u3uky B. Ilaynu (HoOeneBckas mpemusi mo ¢usuke
B 1945 r.). Otto IlTepn BMecTe ¢ BanbTepoMm ['epimaxom skcnepu-
MEHTAJIBHO MOATBEPIUIIM 3TO B OIBITAX C ATOMHBIMU U MOJIEK YJIIAP-
HeiMu myukamu. OtTo IlTepH 6n1 yaoctoen HobeneBckoit npemuu
no ¢uszuke B 1943 r. ¢ GopMynupoOBKOM: «3a BKJIaJ B Pa3BUTHE Me-
TOJIa MOJICKYJISIPHBIX IYYKOB, OTKPBITHE U U3MEPEHUE MAarHUTHOTO
MOMEHTa mpotoHay. WM. Pabu akTMBHO W YCHEIIHO pa3BUBAM 3TO
Hanpasienue. OH BnepBble HaOmoaan sipnenue AMP B monekyisp-
HbIX Mydykax u nonyuun HoOeneBckyr mnpemuro no (usnke
B 1944 r. «3a pe30HAHCHBIA METOJI 3allUCH MAarHUTHBIX CBOWCTB
aToOMHBIX siaep». HoOeneBckaa nmpemust mo gusuke B 1952 r. Obuia
npucyxjaeHa AByM amepukanmnam: ®@enukcy bioxy (Crendopackuii
yHuBepcuteT) U Onapay llepcemnmy (['apBapackuii YHUBEPCHUTET)
«3a Pa3BUTHE HOBBIX METOJOB IS TOYHBIX SIJIEPHBIX MarHUTHBIX
U3MEPEHUU U CBA3aHHBIC C ITUM OTKPBITHS».
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2.1. Teopemu4yeckue 0CHO8bI Memoada

[TpuHLMIBI, HA KOTOPBIX OCHOBaHa SIMP-crniekTpockonus, BecbMa
npoctel. Kak WM3BECTHO, aTOMBI COCTOSIT U3 ATOMHBIX SIJIEP U DJICK-
TPOHHBIX 00oJoueKk. Kakmoe aToMHOE Sap0 HECeT MOJOKHTCIbHBIMN
3apsJl, KpaTHBIN 3apsaay sanapa Bogopona (mporoHa). [IpencraBum cebde
SIAPO B BUJIE IIapHKa, B KOTOPOM OoJjiee MIM MEHEe paBHOMEPHO pac-
MpeJIeJIeH MOJIOKUTEIbHBIN 3apsaa. Eciu mpeamosiokuTh, 4TO 3TOT
IIapUK BpallaeTcs, TO €ro 3apsij OyIeT ABUTaThCs MO KPYyroBoi opOu-
T€ BOKPYT OCH BpaleHus. Takum 00pa3oM BO3ZHUKAET KPYroBOM 2JICK-
TPUYECKUMN TOK. MI3BECTHO, YTO 3JIEKTPUUECKUMN TOK CBSI3aH C MarHuT-
HbIM T10J1eM. Clie0BaTeNbHO, BpAIAOIICECT PO UHAYLIHUPYET Mar-
HUTHOE II0JIe, T. €. SBIISICTCS MarHUTOM. Slapa MMEHT COOCTBEHHBIM
MOMEHT KOJIMYECTBA JIBUKCHMS, KOTOPBIM HA3BIBAETCS CIMHOM sJIpa
(I). Maruetusm siipa KOJIMYECTBEHHO BBIPAXKACTCS MArHUTHBIM MO-
MEHTOM. Eciin aToMHOE siApO MMEET CIIUH, TO OHO UMEET TaK>KE Mar-
HUTHBIM MOMECHT.

B SMP-crieKTpocKonuu OMpeaessioT SHEPrUi0, TPEOYIOUIYICs
JJI8 U3MEHCHHUS HaIlpaBJICHHUS MArHUTHBIX SIAECP B MarHUTHOM IIOJIE.
DKCNEPUMEHTAIBHO YCTAaHOBJICHO, YTO HE BCE aTOMHBIE sipa UMEIOT
MarHuTHBIM MOMEHT. Hanpumep, sapa 12C, 16O, 29 ¢ Ip. HEe o0Jaja-
FOT MAarHUTHBIMU CBOMCTBAMH M HE MMEIOT CIIMHA — 3TO S/[pa C 4YeT-
HBIM YHCJIOM HEUTPOHOB U IMTPOTOHOB. MAarHUTHBIMU CBOMCTBAaMH BCE-
raa o0nagaroT sAjpa ¢ Maccoi, BhIpakaeMON HEYETHBIM YHMCJIOM: lH,
13C, 15N, 170, 19F, P u T, 1., ¥ Si[pa C MacCou, BBIpA)Ka€MON YETHBIM
YHCJIOM, HO C HEUYETHBIM aTOMHBIM HOMEPOM (T. €. C HEYETHBIM YHC-
som mipotoros): “H (°D), "B, '*N u . 1. Crimr sigpa (I) ¢ HeueTHBIM
MAaCCOBBIM YHCJIOM PAaBEH HEUYETHOMY II€JIOMY YMCIY, YMHOKEHHOMY
Ha 1/2. CnuH siapa ¢ YETHBIM MAacCOBBIM YHCJIOM, HO HEYETHBIM YHC-
JIOM TIpOTOHOB paBeH (1, 2, 3), Kak npaBUII0, CAUHUIIC.

Ilpumep:

Spo H I Lil % IT"°NT5N 170 | ®F | PNa
Coun, I'| 1/2 132 172 1 | 172 52| 172 32

OnHuM K3 pacnHpOCTPAHEHHBIX SIAEP, CUTHAIBI KOTOPOrO MPUME-
Hst0TCs B metoae AMP, sBisiercs sinpo Bogpopoaa H, crimH kKoToporo
pPaBEH /2, U PE30HAHCHBIC JINHUU B CHEKTPax PacTBOPOB MOJYYAIOTCA
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Y3KMMHM, 4TO YIPOILIAET UX UHTEpHpeTario. Aapo 'H umeer camsrii
BbICOKMH MAarHUTHBIH MOMEHT Cpeav BCeX APYyrux saaep. IMeHnHo Be-
JUYMHA MarHUTHOTO MOMEHTA ONpPEAEIs€T MHTEHCUBHOCTh CHUTHAJIA
P OJTHOM U TOM K€ MAarHuTHOM moJje. KpoMe Toro, eCTeCTBEHHOE
COJZICPKAHUE 'H B npupojie coctapisier moutu 100 % (B orimuue
OT SIep JPYTUX aTOMOB, CIIOCOOHBIX K mposBieHUIo dpdexra AMP).
Ms1 Oyaem paccmaTpuBaTh B OCHOBHOM SAMP-cniekTphl siiep BOJI0pO-
na (‘"H). Onu HassiBarotcst criektpamu IIMP (IIpOTOHHOTO MAarHHUTHO-
ro pe3oHanca). [IMP ocHoBaH Ha mepeopUEHTAIMU OCEW BpalCHUS
anep Boaopoaa. [IpoToH u HEUTPOH UMEIOT CIHMH, paBHbIN 2. Cornac-
HO KBAHTOBOM MEXaHUKE SJpa, B3aMMOJICUCTBYIOIIME C BHEIIHUM
MAarHATHBIM TI0JIeM, UMEIOT 21+1 BO3MOXKHBIX OpHEHTAllMM U, CIEI0-
BaTEJIbHO, CTOJIbKO € DHEPreTUYECKUX ypoBHEW. Takum oOpazom,
€CIM sipa BOJOPOJa MOMEIICHbl B MOCTOSHHOE MAarHUTHOE IIOJIE
c HanpsKeHHOCThI0 Hy ¢ HampaBieHueMm «Z», TO OHH MOTYT OBIThH
PacIojoKeHbI TOJIBKO Mo HarpaieHuto noss (I; =+ 1/2) uau npotus
Hero (I;=-1/2). Haubonee sHepreTHYeCKd BBITOJHBIM SBISCTCS
HanpapJICHHE, COBIIAJIAIOIIEE C HapaBiieHueM 1os (puc. 4).

1
/ Iz=—- - (npomiE nonz)
E Eq ) 1\ h vhHg :
" h Iz=+ E{HD IO

Puc. 4. YpoBHH 3HEpPrUM NPOTOHA B MATHUTHOM MOJIE
(Eo — aHeprus sigpa B OTCYTCTBHUE MOJIA)

Takum 00pa3oM, MArHUTHBIE Si[pa BO BHEIIHEM (IIOCTOSTHHOM)
MAarHMUTHOM II0JIE€ MOTYT HaXOJIUThCS HA Pa3HbIX MAarHUTHBIX 3HEpPTe-
TUYECKUX YPOBHSX, IEPEXOAbl MEKIY KOTOPBIMH JOJKHBI COITPOBOXK-
JaThCsl TIOTJIONIEHUEM WIIM M3JTy4eHUEeM dHepruu. PazHOCTh 3HEpruii
MEXIY 3TUMU JABYMs cocTosiHUAMH (AE) nomxHa ObITH POMOPIIHO-
HaJIbHA HaNPsDKEHHOCTH Touist Hy, AeficTByro1ero Ha spo:

AE = yhH,/2T,

rae h — mocrosauas Ilianka,
Hy — HanpspkeHHOCTh MMOCTOSSHHOTO MAarHUTHOTO TIOJIA,
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¥ — KOHCTaHTa MPOMOPIIMOHATBLHOCTH, XapaKTepHAs I KaxK-
vy 13~ 15
noro tuma sapa ( H, °C, "N uT. 1.).

B SMP-cniekTpocKkonuu OMNpeaeseTcs dHEprusi, HeoOXoaumas
IJI. U3MEHEHUSI HAIPABJICHUSI MAarHUTHBIX SI€P B MAarHUTHOM MOJIE.
[Ipy BO3IEMCTBUM HA CUCTEMY SIAEP DJIECKTPOMATHUTHOTO HU3IYyUCHUS
(o06myuenue pamuoBoiaHaMu, AE = hv), COOTBETCTBYIOIIETO Pa3HOCTH
DHEPrUM COCEJHUX YPOBHEH, MPOUCXOAUT H3MEHECHHUE OpPUEHTALUU
MAarHWTHBIX SIIEp BEIIECTBA OTHOCHUTEIBHO HANPABJICHUS BHEIIHETO
noJs. Ecny neprneHauKyasspHO HANPABICHUIO CUIIOBBIX JIMHUM CHJIb-
HOTO MOCTOSIHHOTO MOJIsi MPUJIOKUTh OTHOCUTEILHO HEOOJBIIOE Bpa-
HIAOIIECECS MATHUTHOE MOJIE Y U3MEHATH €r0 4acTOTy, TO IIPU COBIIA-
JIEHWW YacTOT BpalleHUs Mol U siapa OyaeT HaOII0IaThCs SIBJICHUE
pPE30HaHCa, BBIPAYKAIOLIEECs B IEPEOPUCHTALMN OCEW BpPaLIEHUS SAEP.

BeposaTHOCTh NEpexo10B HA BEPXHUM U HUKHUN YPOBHHU OJVHA-
koBa. OJIHAKO YHWCIIO MAarHUTHBIX $JIEp, HAXOIAIIMXCS HAa KaKIOM
U3 YPOBHEM, PA3JIMYHO: 3aCEJICHHOCTh HWKHETO YPOBHS BBIIIE, IO-
CKOJIbKY CHCTEMa BCErJa CTPEMUTCS MEPEUTH B COCTOSIHUE C Ooiee
HU3KOM sHepruei. Takas mepeopueHTaIuss MOXKET OBbITh JIETKO 3ape-
ructpupoBana. [Ipubop perucrpupyer curnan [IMP. B pesynbrate
KpHBasi MOIJIOLIECHHS SHEPTUHU B 3aBUCUMOCTH OT HamnpsikeHHocTH (H)
MMEET BUJ ITNKA, MAKCUMYM KOTOPOT'O PACHOJIATaeTCs B TOUKE:

v =vH, /2. (2.1

OOHapyKeHNe MHAYLUPOBAHHBIX MEPEXO0JI0B MEXKIY SACPHBIMU
MAarHUTHBIMH YPOBHSIMH C MOMOIIBIO 00IydeHusd o0pasna nepemMeH-
HBIM MAarHUTHBIM IIOJIEM HAa3bIBACTCS A0EPHbIM MAZHUMHBIM Pe30-
HAHCOM.

Crextpsl AMP xapakTepusyroTcs CIEIYIOIMMHA OCHOBHBIMU Ia-
paMeTpamMu: XMMHUYECKHUM CIABHAIOM, KOHCTAHTOW CIIMH-CIIMHOBOTO
B3aUMOJCHCTBHUSI, MIUPUHON, (HOPMON U MHTErpaIbHOW MHTEHCUBHO-
CTBIO CUTHAJIOB.

2.2. Xumuyeckuil cosuz

CornacHo ypaBHeHHIO (2.1) pe30HaHCHBIM CIBUT MPOTOHA JI0JI-
YKE€H UMETb TOJBKO OJIHY XapaKTEPUCTUUECKYIO YaCTOTY JJIs 3aJJaHHOU
HanpspKeHHOCTU 1oJig. OgHaKo B JICUCTBUTEIIBHOCTH PE30HAHCHBIN

19



CUTHAJI POTOHA HAO0JII0AAaeTCA PHU Pa3HbIX YacTOTaX, B 3aBUCHUMOCTHU
OT TOT0, B KAKOM XMMHUYECKOM OKPY>KEHHH OH HaXOAUTCS.

CaBur pe30HaHCHBIX CUTHAJIOB OOYCIIOBJIEH TEM, UTO Siipa BOJOPO-
Ja B OPraHMYECKHUX MOJIEKYJIaX OKPYXEHBI JIEKTPOHaMH. BpaiueHue
AJIEKTPOHOB CO3JAET CBOE I0JIe, KOTOPOE HAKJIAJbIBACTCS HA BHEILIHEE
nosie (Hy), neficTBytoiee Ha SApO. DAEKTPOHBI SKPAHUPYIOT SIAPO OT
BHEIIHETO MATHUTHOTO ITOJIA, TIO3TOMY HAmpsKEHHOCTH ITOJII B HEMO-
CPEICTBEHHOW OJIM30CTH K APy OTJIMYAETCS OT HAINPSHKEHHOCTH BHEIII-
HEr0 MarHUTHOTO mnoJid. B pe3ynpTaTe 3TOro yciioBUE pe30HAHca sipa
BbIpaXkaeTcsi He ypaBHeHueM (2.1), a ypaBaenuem (2.2):

v=7vH, (1-6) / 2m, (2.2)

rae 6 — 0e3pa3MepHOE YMCI0, Ha3bIBAEMOE KOHCTAHTOM SKpaHU-
pOBaHUSL.

PaccTosiHue Mexay pe30HAHCHBIMU CUTHAJIaMU Pa3IUYHbBIX MPO-
TOHOB HAa3bIBACTCS XUMUUECKUM COBU2OM. AOCOIIOTHBI XUMHYE-
CKHI CIBUT (CMEIIICHUE CUTHAJA MO OTHOIICHUIO K CUTHAIY HEIKpa-
HUPOBAHHOTO MPOTOHA) AKCIEPUMEHTAIBLHO OIPEICIUTh HEBO3MOX-
HO, MO3TOMY XUMHUYECKUN CHABUT U3MEPSIETCA MO OTHONICHUIO K CUT-
HaJly 3TaJOHHOT'O BEIECTBA.

B kadecTBe cTaHmapTOB HUCHONB3YIOT TeTpameTwicwiadn (TMC)
uin rekcamerunaucuiokcad (I'MJC), xoTopble ya0OHBI TEM, YTO
JAI0T Y3KUE U CHJIbHBIE PE30HAHCHBIE CUTHAJIBI B 00JAacTH, TNE IO-
IJIOMIAIOT TOJBKO OYE€Hb HEMHOTHE BHJbI MPOTOHOB. BBOIMUMBII
B PacTBOP BEIIECTBA ATAJIOH JOJKEH 00JaJaTh HU3KON peaKIMOHHON
CIIOCOOHOCTBIO, XOpOIIEH PACTBOPUMOCTBHIO U J1aBaTh OJIMH YETKHM
curtan B cnekrpe. [Ipeumymectsom TMC (CHj3)4S1. aBisieTcs moJio-
KEHHE PE30HAHCHOIO CUTHala B 00Jiee CUIIbHOM II0JIE, YEM Y MOJaB-
JISIIOIETO OOJIBIIMHCTBA OPTaHMYECKUX BEIIECTB, a TaKke OOJIbIIoe
KOJINYECTBO MPOTOHOB Ha €IUHMIYY Macchl (12 CTpyKTypHO >KBHUBa-
JICHTHBIX CUJIBHO 3KPAaHUPOBAHHBIX MPOTOHOB), YTO IO3BOJSET HC-
MOJIb30BaTh ATAJIOH B MUHUMAJIbHBIX KOJIUYECTBAX.

PaccTosiHne MeXay curHajiamMmyd oOpaslia U 3TajJOHa 3aBUCHUT
OT HaIPSKEHHOCTH TPUJIOKEHHOTO TIOJISI WM YacTOThl. XUMHUYECKUMA
CIBUT BBIPAXKA€TCS B MWUIMOHHBIX JOJSIX BEJIMYMHBI HANPSHKEHHOCTH
BHEITHETO MOJIsl UM pe30HAaHCHOM yacToThl. O003HauaeTcs O (nenbra):
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§=[(v—v,) Vo ]x10°=[(H-H,)/ Hy ] x10° [m. .],

IJI€ V — PE30HAHCHAs 4acTOoTa JaHHOTO NpoToHa, [I'1 — repi;

V,— PE30HAHCHAs 4acToTa MPOTOHOB ATaloHa, [['1];

Vo — pabouas yactota npudopa [MI'11 — merarepii].

H — HanpspkeHHOCTh MOJis, MPU KOTOPOW HaOII01aeTcsl pes3o-
HaHC JIaHHOTO npoToHa [I'c — raycc];

H, — Hanps:KeHHOCTH MOJIsA, IpU KOTOPOU HAOIIOAeTCs pe3o-
HaHC ATanoHa [['c];

Hy — HanpsxeHHOCTh OCHOBHOTO BHEIIHETO moJis, [KI'c — Ku-
joraycc].

10 oTHOmICHKE (Ge3pa3MepHas BEIMUHHA) HMeeT mopsiiok 10 °,
NO3TOMY AJIsl yA0OCTBAa YMHOXAIOT Ha 10°. TlonydeHnas eQUHAUIA U3-
MEpPEHHS Ha3bIBACTCSI MUJUITMOHHAS 015 (M. 1.). XUMHAYECKHUE CIBUTH,
BBIPAXKEHHBIE B M. [I., HE 3aBUCST OT YCIOBUMN ChEMKH.

B npoTOHHOM MarHWTHOM PE30HAHCE MPUMEHSIOTCA JBE IIKaJIb
XMMHUYECKHX CABUTOB: O U T. B 1mkasie 0 3a HyJib IPUHUMAETCSI CUTHAI
TETpaMETWICUJIaHA U XUMUYECKHE CJIBUTH YBEIUUYUBAIOTCS B CTOPOHY
ci1aboro moisi, T. €. B CTOPOHY YMEHBIICHUS CTEIICHU SKPAaHUPOBAHUS
JAHHOTO MPOTOHA.

CrexkTp MOTJONMIeHUs MpeCTaBIsieT cO00N 3aBUCUMOCTh WHTCH-
CUBHOCTH TOIJIONMICHUSI OT BEIUYUHBI 0. OOBIYHO CHEKTpP BBITJISIUT
KaKk HaOOp Yy3KHUX PE30HAHCHBIX CHUTHAJIOB, COOTBETCTBYIOIIUX OT-
JEIIbHBIM THIMaM MPOTOHOB. BakHOE 3HAYECHME MMEET TaKK€ WHTECH-
CUBHOCTh CHUTHAJIOB (TUIOIIA/b TOJ CHUTHAJIOM), T. K. MOTJIOIIEHUE
SHEPTUU TIPU JTAHHOW YaCTOTE MPONOPLUHUOHAIBHO YMCIY IPOTOHOB,
JUISL KOTOPBIX TP 3TOM YacToTe HAOJIOJACTCs SIBJICHHUE pPE30HAHCA.
DTO MO3BOJIIET YCTAaHOBUTH, CKOJBKO MPOTOHOB OOPa3yrOT KaXKIIbIi
curHai. Takum obpaszom, criektp [IMP no3BosisieT onpeneanTs Koau-
YECTBO HEAKBUBAJIICHTHBIX THUIIOB MPOTOHOB M YKCJIO MPOTOHOB JaH-
HOro tuma. [{ns omnpeneneHuss MHTEHCUBHOCTA CUTHAJIOB COBPEMEH-
HbIe MPHUOOPHI CHAOKEHBI YCTPONUCTBOM JIJIsI DJICKTPOHHOTO MHTETPH-
POBaHUS CIEKTPOB, T. €. JUIS 3alUCU MHTETPAIbHOM KPUBOH, ITpeodpa-
3YIOUIIEH TUIOIAIN TMKOB B JIMHEMHBIE OTPE3KHMU.

3HAYCHUSI XMMHUYECKUX CIABUTOB OTHOCUTEIbHO TMC pa3ianyHbIX
TUIIOB MPOTOHOB NpuBOAATCS B Tabnmumax. s [IMP, Ttak xe, kak
u st Y - u UK-criekTpocKonuu, COCTaBJICHBI aTachl CIEKTPOB.
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Paccmorpum B kadectBe mpumepa crektp [IMP ykcycHoOM Kucio-
ThI (puc. 5). B crekTpe yKCyCHOM KUCIOTHI COOTHOIIEHUE JUTUH OTPE3-
KOB, COOTBETCTBYIOIINX TUIONIA I CUTHAIOB Tipr 0 =2,0 m 0 = 11,5 m. 1.,
coctaBisieT 3:1. DTO yka3bIBaeT Ha YUCJIO aTOMOB BOAOPOJIA: TPU DKBH-
BAJICHTHBIX MPOTOHA METWJILHOM TPYIIIbI U OJUH MPOTOH KapOOKCUJIIb-
HOW TPYIIIIbI, CUJILHO PA3IUYAOIIUECS [0 XUMUYECKOMY CBUTY.

Puc. 5. IIMP-criekTp yKCyCHOM KUCIIOTBI

B mikane T curnan terpamerwicuiana npussT 3a 10: T =10 — 5.
3HaueHNE XUMUUYECKUX CIBUTOB YBEJIUYMBAETCA B CTOPOHY CHUJIbHO-
r'o TOJIA.

XUMHUYECKUN CIBUT ABJSETCA OCHOBHOM Xapakrtepuctukou [TMP
U 3aBUCUT OT CTPYKTYpbl MOJEKyJbl. Ha BeIWUMHY XUMHUUYECKOTO
CABUTa BIHSIOT: 1) 3JE€KTpPOHHAs IJIOTHOCTh y MPOTOHA; 2) BTOPHUY-
HbIE MarHuTHBIE MOJIS, BO3HUKAIOIIME B PE3YJbTATE LUPKYJISIUA
AJIEKTPOHOB B COCEIHUX aToMax U cBs3six. O0a ¢akTopa Hemocpen-
CTBEHHO CBS3aHBl CO CTPYKTYpPOM MOJIEKYJbl. DJEKTPOHHAS IUIOT-
HOCTh Yy TIPOTOHOB OMNPEAEISIETCA XapaKTEPOM XHMHUUYECKOM CBSI3U
Y UHIYKIIMOHHBIMU d(DPEeKTaMU OKPYKAIOIIUX TPYIII, BCICICTBUE Ye-
ro 3KpaHUPOBAHWE MPOTOHOB OYJIET PA3JIUYHBIM U UX CUTHAJBI TO-
ABSITCA B pa3HbIX 00JacTAX crekTpa. UeM Bl AIEKTPOHHAS TUIOT-
HOCTh, T€M O0Jibllle €€ BIMAHUE HA BHEIIHEE IOJIE U, CIEJ0BATEIBHO,
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TeM B 0o0Jiee CHJIBHOM T0JI€ MPOSBUTCS PE30HAHCHBIN curHai. Bius-
HHUE ATOro (pakTopa COOTBETCTBYET TOMY, YTO IPOTOH, 00JIadaroIIuii
0oJiee KUCIBIMU CBOMCTBaMU (C MEHBIIIEH TUIOTHOCTBIO AJIEKTPOHHOM
000JI0YKH) PE30HUPYET B OoJiee cirabom moute.

Ilpumep: CpaBHUM BEJIMYMHBI XUMHUYECKUX CJIBUTOB MPOTOHOB
cineaytomux rpynnupoBok: >CH—, — CH, — u — CH3 (43 Tabnun xu-
MHUYECKHUX CJIBUTOB TPOTOHOB):

—CH,-CH< | —CH,-CH,~ | —CH,—-CH;
0=1,5wm. 1. 0=13m. 1. 0=0,9 M. 1.

Ha »7eKkTpoHHYI0 IJIOTHOCTh BOJM3M siipa CYIIECTBEHHO BIIMSIET
WHAYKITMOHHBIA 3(P(EKT 3aMeCTUTENs] U MPUCYTCTBUE COCETHUX He-
npenenbHbIX TpynnupoBok (3ddexT compsukeHus). Hampumep, atom
XJiopa 00J1aJlaeT OTpHUIIATeIbHBIM UHAYKITMOHHBIM 3 dextom (—Ig). ['a-
JIOTEH CMEIIAET 3JICKTPOHHYIO IUIOTHOCTh Ha C€0sl, YTO MNPUBOAUT
K MOSIBJICHUIO PE30HAHCHBIX CUTHAJIOB IMPOTOHOB B 0oJiee ci1adoM moJie:

Cl-CH< Cl-CH, - Cl - CH;
0=4,1wm. 1. 0=3,5Mm. . 0=3,1 m. 1.

2.3. CnuH-cnuHoeoe 83aumodeiicmeaue

BinsiHue Ha MarHUTHOE PKPaHUPOBAHUE MPOTOHA CIMHA JIPYTOro
HEAKBHUBAJIEHTHOTO IMPOTOHA, PACIOJI0KEHHOIO MPU COCEIHEM YTIie-
POJHOM aTOME, HAa3bIBAECTCS CHUH-CHUHOGBIM 63AUMOOEIICHIBUEM.
DTO ABJIEHUE MPUBOAUT K YCIOKHEHUIO CIIEKTPA.

B o6miem cityuae, eciii JaHHBIA TPOTOH B3aUMOJACHCTBYET C «H)»
SKBUBAJICHTHBIMU MPOTOHAMM, HAXOIAIIMUMHUCS Y COCEHETO YTIepOo-
HOTO aTOMa, TO €r0 PE30HAHCHBIN CUTHAJI JIOJKEH COCTOSITh W3 n+l
KOMIOHEHT (JTUHUM TOTJIOIIECHHUS ).

Mynemunaemnocms cucnana = n+l,

TJ€ /1 — YKUCJIO MPOTOHOB MPU COCETHUX aTOMAX YTIIEepOJa.
Mynemunaemnocms — 3TO YWCIO JIMHAWA B PE30HAHCHOM CHUTHA-
JIe, KOTOPBIE MOSIBIISIFOTCS B PE3YJIbTAaTE CHUH-CIIMHOBOT'O PACUIEIUICHHS.
TakuM o0pa3oM, B MPOCTEUIINX CiIydasiX MO MYJbTUILUIETHOCTH
curHana B crekrpe [IMP MOXHO oONpeneinuTs 4YuciIo TPOTOHOB
IIPU COCEAHUX YIrIepoAHbIX aToMax. CienoBaTelbHO, CIIMH-CIIMHOBOE
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B3aUMOJICHCTBUE JAaeT JOMOJHUTEIbHYIO IIEHHYI0 HWH(OPMAIUIO
O CTPOCHUU UCCIIETyEMOT0 BEIlECTRA.

Ilpumep: ecnv NPOTOH MPHU COCETHEM YTIIEPOJHOM aTOME OTCYT-
CTBYET (HampuMep, YKCyCHasi KUCJIO0Ta), TO CHUH-CIIMHOBOE B3aWMO-
NercTBrE HE TIposiBiisieTcs. B ciekTpe (puc. 5) BO3HUKAET OJAMHOYHBIM
curHaj (0/iHa JIMHUA) WA CUHTJIET.

[Ipu HaTUYMU «COCETHUX» TPOTOHOB HAOJIOIA€TCS PACIICTUICHHE
CUTHAJIOB.

IIpumep. Cucrema >CH, — CH — cymiectByeT, HanpuMep, B COSau-
Henuu ClL,CH — CH,CI. 3xech nBa tumna npoTOHOB «a» U «by». Curnan
SKBUBAJICHTHBIX MPOTOHOB METWJICHOBON TIpynmbl (a) paciienuTcs
Ha JIBA KOMIIOHEHTa (JINHUM) paBHOW MHTEHCUBHOCTH, T. €. IPEBPATUTCS
B nyosier. Curnan ot mpotoHa (b) paciienurcs Ha TpU JIMHUUA C COOT-
HOIIICHHEM UHTEHCUBHOCTEM 1:2:1, T. €. OynieT umeTh hopmy TpHUILIETA.

Puc. 6. Cucrema >CH2 — CH —
J — KoHCTaHTa CIIMH-COUHOBOT'O B3aUMOJEUCTBUS

KoHCTaHTBI CIMH-CIIMHOBOTO B3aWMOJIEUCTBUS (J) MOXKHO pa3iiv-
4aTh MO0 3HAKY KaK MOJIOKUTEIbHBIE I OTPUIIATEIBHBIE B 3aBUCUMO-
CTU OT OTHOCHUTEJIbHOM SHEPr€TUYECKOW BBITOJHOCTH TOW WJIM MHOM
B3aMMHOW OPUEHTAIIMH SIJICPHBIX CIMHOB BO BHEINIHEM MAarHUTHOM
nmoje. KoHCTaHTBI CIIMH-CIIMHOBOI'O B3aHMMOJJACHCTBUS TSKEIBIX 3JIe-
MEHTOB MEHSIOTCS 0 a0COJIFOTHON BEJIUYUHE OT HYJISI O HECKOJIBKHUX
ThICSAY. BennuuHbl pacliemieHuii curHaioB B crekrpax [IMP,
T. €. KOHCTAHThl CIIMH-CIIMHOBOI'O B3aUMOJICUCTBUSI HCIIOJb3YHOTCS
JUISl UACHTU(UKALIMY COSTUHEHUM, JJIsI ONPEeIeTICHUs MOJ0KEHUSI 3a-
MECTHUTEIISI, HAPALY C XUMAYECKUM CIIBUTOM.

XUMUYECKUE CIBUTH MPOTOHOB IPU HAJIWYMHU CIUH-CIIMHOBOTO
PACUICIUIEHUST ONPEACIISIOTCS PACCTOSSHUEM OT LIEHTPA MYJIbTUILIETA
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no curnana stainona. Cnekrp [IMP coenunenust ¢ Opyrro-popmysioi
C,H;CI12 moxHo onucath Tak: [ (~ 4,2 M. 1.) — CHy;

T (~5,8m. 1.)— CH.

Ilpumep. Cucrema > CH — CHj peanusyercs, Hanpumep, B CO-
eqnaennn ClL,CH — CH;. Ilo anamorum ¢ OnmMcCaHHBIM BBIIIE, CUTHAI
OT TPEX MPOTOHOB METUJIOBOM TPYIIIHI (a) OyIeT MPeICTaABIATh COOOM
nyoner. Curnan nporona (b) paciienuTcss Ha 4YeTbIpe KOMIIOHEHTA
U OyJIeT MPEJICTaBISATh COOOI KBAPTET C COOTHOIICHUEM MHTEHCUBHO-

cren 1:3:3:1.

Puc. 7. Cucrema > CH — CH3

Pacnipenenenre HHTETpalbHBIX HHTCHCUBHOCTEH JIMHUM B MYJTb-
TUILIETE NPEACTABICHO B TAOJIHIIE.

Tabnuna

Pacnpedeﬂeuue unmezpajibHblx UHMEHCUBHOCmEel TUHUU

Yucno Pacnipenenenue
Bun curnana . .

JINHUM WHTECHCUBHOCTEH
Cunrier 1 1
JyOner 2 1:1
Tpumer 3 1:2:1

KBaprer (kBaJpymier) 4 1:3:3:1

Ksunrer 5 1:4:6:4:1
Cexkcrer 6 1:5:10:10:5:1
Cenrer 7 1:6:15:20:15:6:1

AHAJIOTMYHBIM 00pa30M MOXKET OBbITh paccurTaHa hopMa CUTHAJIOB
B 00Jiee CIIOXHBIX CIIMH-CIIMHOBBIX cHUCTeMax. B Tom ciydwae, xorma
B3aMMOJICUCTBUE MPOTOHOB MIPOUCXOAUT C HECKOJIBKUMHU TPyITIaMU He-
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SKBUBAJICHTHBIX MPOTOHOB, MYJBTUIUIETHOCTh CHUTHANA OIPEACIIAECTCS
MIPOU3BEJICHUEM MYJIbTUILIETHOCTEN, KOTOPHIE XapaKTEPHbI JUISI KaXKI0M
u3 rpynm, (n+1)(m+1). MTHTEeHCUBHOCTH KpallHUX KOMIIOHEHTOB OO0JIb-
MIMX MYJBTUIUIETOB (N > 5) 4acTo OBIBAIOT HACTOJILKO MaJlbl, YTO HAaXO-
JISITCSL HA YPOBHE IITYMOB U B PEAJIbHBIX CIIEKTPaX HEPA3INUUMBI.

Takum obpazom, cnektp [IMP naetr Ham HSATh OCHOBHBIX aHAIU-
TUYECKUX KpUTEepUEB: 1) 0011Iee YHUCIO0 CUTHATIOB (YUCIIO TUIIOB HEIK-
BUBAJICHTHBIX MPOTOHOB); 2) MHTEHCUBHOCTh CUTHAJIOB (YMCJIO TPO-
TOHOB Ka’KJIOTO JIaHHOI'O THMA); 3) XUMUYECKUM CIBHUT (MOJIOKEHHUE
MPOTOHA B MOJIEKYJie); 4) MyJIbTUIIETHOCTh CUTHANA (YUCJIO MPOTO-
HOB IIPU COCEJHUX YTJIEPOIHBIX aTOMax); 5) KOHCTaHThI CHUH-CIIMHO-
BOIO B3aWMOJICUCTBHS (OCOOEHHOCTH PACHOJIOKEHUS TPOTOHOB
B IIPOCTPAHCTRBE: IUC-, TPaHC-(POPMBI; 0-, M-, TI-3aMEIEHUE B apoMa-
TUYECKOM KOJIbIIE). YKa3aHHbIC KPUTEPUU MO3BOJISIOT MOJIYUYUTh 1ICH-
HBIE CBEJICHUA O CTPOEHUH BELIECTBA.

Cnexktpockonusa SIMP sBisiercs onHuM U3 Haumbosiee MHQpOpma-
TUBHBIX UCIOJb3yEMBIX B HACTOsAIIEE BpeMsl (PUBNKO-XUMHUUECKUX Me-
TOJIOB UCCJIEJIOBAHUS CTPYKTYPbI BEIIECTB.

2.4. H3mepeHue cnekmpoe
NPOMOHHO20 MA2HUMHO20 pe30HAHCa

B AMP-criekTpoCKONMU Ha UCCIEYEMOE BEMIECTBO NEUCTBYIOT
OJHOBPEMEHHO JIBA MATHUTHBIX MOJISI: OJHO IMOCTOSTHHOE, a IPyroe
— paauouacTtoTHoe. OOpaseln moMemarT B JaTYMK CIEKTpOMeTpa
MEX Iy TMOJTIOCHBIMU HAKOHEYHUKaMU MarHuTa (puc. 8).

MarsuTr BBI3BIBACT PACIICIIICHUE JHEPrETUYECKUX YPOBHEH
MarHUTHBIX SJIEp, T. €. cO37aeT HeoOXOAMMBbIE YCIOBHS JJISI TTOTJIO-
HICHUS PAJUOYACTOTHOTO H3JIy4eHUs. PaguodacTOTHBIA TE€HEPATOP
BO30y)XJaeT IEPEeMEHHOEC MAarHWTHOE II0jie, TEPIEHIUKYISIPHOE
K IIOCTOSIHHOMY MOJIt0. [Ipy onpeaeseHHOM COOTHOLIEHUH 3THUX IT10-
JIe HACTYNaeT PE30HAHCHOE MOTJIOLIEHUE SHEPTUU, KOTOPOE PEru-
CTPUPYETCS PAAUOYACTOTHBIM JECTEKTOPOM. YCIIOBUS PE30HAHCA
MOKHO JOCTHYb JIMOO M3MEHEHHEM HANpPsSHKEHHOCTH TMOCTOSIHHOTO
MarHuTHOTO T0Jis, TM00 W3MEHEHHUE 4acTOThl reHeparopa. Ha npak-
TUKE HUCIIOJb3yETCS MEPBBIA IMTPUHIIMII.
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Puc. 8. [TpunuunuansHas cxeMa npocteiiiero AMP-cniektpomerpa

B Hacrosiiiee Bpemsi B 3aBUCHMOCTH OT LIEJEH MCCIENOBAHUS MC-
MOJIB3YIOTCS CIIEKTPOMETPhI MPOTOHHOIO MArHUTHOTO PE30HAHCa C pa-
ooueit yactoroit ot 100 1o 500 MI'u. B nmocnennue roapl Bce mmpe uc-
MOJIL3YIOTCSL UMITYJIbCHBIE criekTpoMeTpbl SAMP ¢ mpeoOpazoBanuem
@dypbe, UCITOJIB30BAHUE KOTOPBIX OTKPHIBAET HOBBIE BOBMOKHOCTH MEPE/T
UCCJIEIOBATENISIMUA, OCOOCHHO B 00JIACTH TOBBILIEHUSI 4YyBCTBUTEIBHOCTH.

BemiecTBo B mepBy0 ouepeab JOJKHO PacTBOPATHCS B BHIOpaH-
HOM pactBoputenie. PactBopurenun g IIMP-cnekrpockonuu
HE JIOJDKHBI COJIEPKATh MPOTOHOB, 3TO MOXKET OBITh YETHIPEXXJIOPH-
cteiii yriepon (CCl4), cepoyriepon (CS2) unum aedTepupoBaHHBIC
pactBoputenu. JUJIsi HEMOJMAPHBIX COCAUHEHUN TMOYTH BCETJIa MOXKHO
ucnonb3oBath CCl4, a 1Jis1 NOJISIPHBIX COETMHEHUN MOJIXOAUT XJIOPO-
dbopm (CHCI3, pe3onancHslif curdan 6 = 7,23 M. a.). Jlydiiie ucnosib-
30BaTh JIEUTEPUPOBAHHBIA XJIOPOPOPM ISl M30EKAHUSI HATIOKEHUS
CUTHajJa OOBIYHOTO XJOpodopma Ha aApOMATUUYECKUE MPOTOHBI XUMH-
YeCcKuX coennHeHur. Ecau mpoayKT He pacTBopsieTcs B xjopodopme,
VCTOJIB3YIOT JPYTUE JCUTEPUPOBAHHBIE PACTBOPUTEIN: JTUMETHII-
cynborcua-dg, aneron-dg, aneToHuTpui-d; , 0enzon-dg u D,O. U3-
MEpEHHUSI, MPOBOJIMMBIE B PA3JIMYHBIX PACTBOPUTEIISX WJIU C HUCHOJIb-
30BaHUEM PA3JIMUYHBIX CTaHJAAPTOB, MPUBOAAT K OJHUM M TEM K€ pe-
3yJIbTaTaM, €CJIM OTCYTCTBYIOT CHEHU(PUUYECKUE B3aUMOICHCTBUSA
MEK]ly PACTBOPUTEIIEM U CTAHJIAPTOM HIIH HCCIEAYEMBIM MPOLYKTOM.
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N3mepenue [IMP-CriekKTpOB OpraHMYECKUX COEIMHECHUH, IOJY-
YEeHHbIX Ha Mpubopax 0€3 HAKOMUTEJIEH CUTHAJIOB, MPOBOIUTCS
JIJ1s1 paCTBOPOB JIOCTAaTOYHO BBICOKOM KOHIeHTparuu (5-20 %). Uc-
CJIE€AYEMbII NPOAYKT PACTBOPSIOT B PACTBOPUTEIIEC U TOMEIIAIOT B aM-
nyi1y. B kadectBe cranpapta BheiOMparoT Terpametwicuian (TMC),
rekcametmwiaucuiokcad (I'MJIC), a ucnonap3yroTcsl HUKIOTe€KCaH, Me-
TUJICHXJIOpUJ Wi OeH3oi. CraHaapT MOXET ObITh BHYTPEHHUM
(HemoCpeACTBEHHO  JI00aBIsIeTCSs B AHAIM3UPYEMBIM  pacTBOP)
WJIM BHEITHUM, KOT/Ia CTaHJApT HAXOJUTCS B KOAKCHUAJIbHOM Karui-
Jsipe, PacroaoKEeHHOM BHYTPH MCCIEIyeMOro oopasiia.

BiusiHue Ha KayecTBO CHEKTPOB, a UMEHHO Ha HAOJIIOJaeMYIO
HIMPUHY U pEJIaKCAllMOHHBIE CBOMCTBA 00pasia, OKa3bIBAET BSA3KOCTH
pactBoputelisi. MOXHO pasnenuts pactsopurenu 1 SAMP-cnekrpo-
ckonuu Ha Bszkue (0enzon, MDA, IMCO, nupuauH, TOJIyod U BO-
71a) U HEBSI3KUE (AIIETOH, alleTOHUTPWII, XJI0pOohOpM, XJIOPUCTHIN Me-
TUJIGH U MeTaHoJ). JlOCTaTOUHO BBICOKOE pa3pelieHre MOXHO IMOJTy-
YUTh TOJBKO B HEBSI3KUX PACTBOPUTEIISIX, HAITPUMED B allETOHE.

KauecTBeHHBIE CIEKTPhl PETUCTPUPYIOT TOJBKO Ha BEIIECTBAX,
CBOOOJHBIX OT TBEP/ABIX YACTHUI[ M OT B3BEHICHHOW IBbUIH, MOITOMY
HEO0O0XO0JMMO TMPOBOJUTH (PUIBTPOBAHHE PACTBOPOB 0OOpasiia HEMo-
CPEACTBEHHO MPHU UX MEPEHOCE B aMITyy.

2.5. lIpumenenue IIMP

1. KauecTBEeHHBIN aHAIHU3.

Bcekope nocne otkpeitus sBieHus SIMP B KOHIEHCHPOBaHHBIX
cpenax craio sicHo, uTo SIMP OyaeT oCHOBO# MOIIHOTO METO/Ja HC-
CJICIOBaHUs CTPOEHUS BEIIECTBA U €TI0 CBOUCTB. J|€WICTBUTENBHO, UC-
caenys cruekrpsl JAMP, Mbl ucnonp3yeM B KaueCTBE PE30HUPYIOLICH
CUCTEMY SIJIEpP, YPE3BBIYANHO YYBCTBUTEIBHBIX K MATHUTHOMY OKpPY-
KeHuto. JIokajbHBIE K€ MarHUTHBIE TMOJA BOJU3U PE3OHUPYIOIIETO
A/lpa 3aBUCIT OT BHYTPU- U MEKMOJEKYJSIPHBIX 3(PEHEKTOB, YTO
Y OIIPENEISsIET NEHHOCTh 3TOTO BHUJA CIIEKTPOCKOIMUU TSI UCCIEN0BA-
HUS CTPOCHUS U MIOBEICHUS MOJIEKYJISIPHBIX CUCTEM.

B Hacrosiiee BpeMsi TpyJIHO yKa3zaTh TaKylo 00JaCTh €CTECTBEH-
HBIX HayK, rJi¢ ObI B TOW WJIM MHOM CTETIEHHU HE Hcmojib3oBaics SAMP.
Metonpl cnekrpockonuu AMP mmMpoko NpUMEHSIOTCS B XUMHUH, MO-
JeKyJISpHOU (hu3uke, OMOJIOTUU, arPOHOMUM, MEIUIIMHE, TIPU U3yde-
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HUW TPUPOAHBIX O00pa3oBaHUM (CIIOMA, SHTAps, MOJIYJIparoleHHBIX
KaMHEW, TOPIOYMX MHUHEPAJIOB U JPYroro MHUHEPAIBHOTO ChIPbS),
T. €. B TAKAX HAyYHBIX HAIIPABJIECHUIX, B KOTOPBIX UCCIECAYIOTCS CTPO-
€HHE BEILIECTBA, Er0 MOJIEKYJISIPHAS CTPYKTYpPa, XapaKTep XUMUYECKUX
CBSI3€M, MEXKMOJEKYJISIPHbIC B3aUMOJCUCTBUS U Pa3IuyHbe (POPMBbI
BHYTPEHHETO JIBUKCHUS.

2. KonnuectBennblid ananus. [Ipu ucnonb3zoBanun AMP kak me-
TOJa KOJIMYECTBEHHOTO aHaliu3a HET HEOOXOJMMOCTH B UYHCTOM 00-
pasie ompenaensemMoro BemecTBa. OIHAKO MCIOIB3YETCsS Kakoe-Irbo
VHIUBHAYAIBHOE BEIIECTBO B KAUECTBE BHYTPEHHETO CTaHIapTA.

3. Ilpumenenue SIMP B Onosioruv U MeIUIIUHE.

B HacTosimiee Bpemsi mosiydeHbl CrieKTpel SIMP MHOTrMX O€nKOB;
UCIIONIb3YETCS JJ1s1 HAOJIIOEHUSI 3a CTPYKTYPHBIMU U3MEHEHUSIMU, CO-
MPOBOXKIAIOIIMMU (GyHKIITMOHUpOBaHUE OenkoB. Meton AMP mmpoko
UCIIOJIB3YETCA JJISI U3YUEHUSI COCTOSTHUS BOJABI B pa3HOOOpa3HBIX OHO-
JIOTUYECKUX 00BEKTaX.

B SJIMP-criektpomeTpax MarHuTHOE I10JI€ CTAPAKOTCS CHENATh KaK
MOHO 00Jiee OJHOPOIAHBIM, 3TO HYXKHO JJISl YJIYUIICHUS CTICKTPalb-
HOro paszpenieHus. Ho ecnum MarHuTHOe T0jie BHYTpH 00pasiia,
HAa00O0pOT, ClIeNIaTh OYE€Hb HEOJHOPOJHBIM, ATO OTKPBHIBACT MPHUHIIU-
MMAAIBHO HOBBIE BO3MOXKHOCTH [UId HUcnonb30oBanusa SAMP. Heonno-
POIHOCTH TOJSI CO3JAETCSl TaK HA3bIBAEMBIMU I'PaJMECHTHBIMU KaTyII-
KaMH, KOTOpbIE€ pabOTaloT B IMape C OCHOBHBIM MarHutoM. B sTom
cllyyae BEJTMYMHA MAarHUTHOTO TOJISI B pa3HBIX 4YacTsAx oOpasia Oyjaer
pasHas, a 3To 3HauuT, 4To curdHan AMP MoxHO Ha0IO1aTh HE OT BCe-
ro obpasiia, Kak B 0OBIYHOM CIIEKTPOMETPE, & TOJbKO OT €r0 y3KOIo
CJI04, JJIs KOTOPOTo COOIOIAI0TCSl PE30HAHCHBIC YCIIOBUS, T. €. HYX-
HO€ COOTHOIICHWE MArHUTHOTO MOJISI U YacTOThbl. MEHS BEIMYUHY
MarHMTHOTO MOJIs (WJIM, YTO MO CYTH TO K€ CaMo€, 4YaCTOTy HaOto1e-
HUS CUTHAJIa), MOKHO MEHSTh CJIOM, KOTOPBIM OyJeT AaBaTh CUTHAI.

Takum o0Opa3zoM, MOXKHO «IPOCKAaHUPOBATH» 00Opasell Mo BCEMY
00BEMY U «YBHUJETH» €r0 BHYTPEHHIOIO TPEXMEPHYIO CTPYKTYpY,
HE pa3pylias o0paser KakKuM-TH00 MeXxaHudeckuM criocooom. K Hacrto-
AIIEMY BPEMEHHU pa3padO0TaHO OOJIBIIIOE YHCIIO METOIUK, TTO3BOJISTIOIINX
U3MEPATh pasziinuHbie napameTpsl SIMP (criekTpanbHble XapaKTepuCTH-
KU, BpEeMEHAa MAarHUTHOW peJaKcalluu, CKOpoCcTh camoauddys3uu u He-
KOTOpPBIE JPYTHE) C MPOCTPAHCTBEHHBIM pa3pellieHUEM BHYTPHU 00pasiia.
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Camoe MHTEpECHOE M BaXHOE C MPAKTUYECKONW TOYKU 3pPEHUS
npuMmeHenue SAMP-tomorpaduu Hanuiock B meauuuHe. B stoMm ciy-
yae MCCICAYyeMbIM «O00pa3IoM» SBIISIETCS YEJIOBEUYECKOE TEJIO.
SAMP-tomorpadust siBiseTcss OAHUM U3 caMbIX d(PPEKTUBHBIX U O€3-
OMaCHBIX (HO TaKXe M JOPOTHX) IMArHOCTUYECKUX CPEJCTB B pa3iny-
HBIX 00JIACTSIX MEAUIIUHBI, OT OHKOJIOTHUHU JI0 aKyIIEPCTBA.

Bonpocbl 0415 co6ecedogaHus

1. Snpa, umerone MarHUTHBIA MOMEHT.

2. TeopeTrnueckrue OCHOBBI METOA.

3. XuMHAYECKH CIBUT. DTalOHHOE BemecTBO. MAKTOPHI, BIIHS-
IOIME HA BEJIMYMHY XUMUYECKOTO CIBUTA.

4. CnuH-CIMHOBOE B3aUMO/ICHCTBHE.

5. Ananutnueckue napametpsl [IMP-cniektpa.

6. [Ipubopsl. [Tpumenenne [IMP.

Tecmoesvie 3adaHuA

1. B AMP-cniekTpOoCKONNYU ONPEIEIISIIOT:
a) HAIMPSDKEHHOCTD MOJIsI;  B) MAarHUTHYIO BOCTIPUMMYHUBOCT;
0) SHEPIUIO MOJIS; I') MATHUTHYIO UHIYKIHIO.
2. XUMUYECKHI CABUT ompejienseTcs no hopMyJie:
a) & = (Av/vy)-10° = (AH/H,)- 10°;
0) 0 = (Av/vy);
B) 0 = (AH/H,);
r) 0 = (Av/vy)/(AH/Hy).
3. Bknag B KOHCTAHTY 3KpAaHUPOBAHUS, BIUSIONIMNA HA 3HAYCHUS
XUMHYECKOTO CABUTA, 00YCIIOBJICH:
a) mapaMarHUTHOM COCTABIISIIOIICH; B) pa3HUIIECH COCTABIISIONINX;
0) TMaMarHUTHOW COCTABJISIONIEH; T') CyMMOM COCTaBJISIIOIINX.
4. Ctpyktypa coeauHeHust B AMP-cieKTpocKonuu ycTaHaBJIMBa-
€TCSI IO CJIETYIOIIUM OCHOBHBIM XapaKTEPUCTUKAM
a) MYJIbTUILIETHOCTBIO; B) UHTETPAJIbHON MHTEHCUBHOCTBIO;
0) XUMHUYECKUM CIBUTOM;  T') BCEMH MEPEUNUCICHHBIMU.
5. Ilomoxenne curHaiza TMPOTOHA THUAPOKCUIIBHOW TPYIIIbI
B JIMP-criekTpe 3aBUCUT
a) OT MYJIbTUIJIETHOCTH TPYIIIL;
0) KOHIIEHTpAIuH1, TEMIIEPATYPHI;
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B) UKCJia MPOTOHOB MPOJYKTA;

1) pabouei 4acTOThI CIIEKTPOMETPA.

6. B IIMP-cnektpe cmecH LMKIOINeKCaHa, TETPaMETUIICHIIaHA
u OeH3oJ1a coaepskarcs Tpu nuka mpu 6 = 0; 7,27; u 1,4 M. 1. Onpene-
JUTE, KAKOW CUTHAJI OTHOCHUTCSI K KAKOMY PaCTBOPHUTEIIIO:

a)0 M. 1. — nukiorekcan; 1,4 M.Ja. — TeTpaMeTUIICUIIAH;
7,27 M. 1. — OEH301II;

0) 1,4 M. 1. — numkiorekcad; 0 M. 1. — TeTpaMeTUIICUIIAH;
7,27 M. 1. — OEH301II;

B) 7,27 M. n. — mumkiorekcan; O M. 1. — TeTpaMeTHICHIaH;
1,4 m. 1. — OeH301I1;

r) 7,27 M. 1. — UMKIOrekcaH; 7,27 M. 1. — TeTpaMeTUJICUIIaH;

0 M. 1. — OeH301I.

7. B IIMP-cnekTpe HaOmromaeTcss CHCTEMa CHUTHAJOB, OTHOCS-
UXCs K amndaTHIecKOMy COSIMHECHHUIO: ay0JeT 1 kBapreT. Onpee-
JIUTE COYETaHHE TPYIIIL:

a) - CHZ - CHZ - 6) — CHZCHz, B) —CH- CH3, F) CH3 — CH3

8. B IIMP-cniekTpe HaOMIOMAIOTCA TPU CHUHIJIETA MPU XUMHUYE-
CKMX cABHUTIax O, paBHbIX 7,27; 7,33; 2,5 M. I. YCTaHOBJIEHO, YTO 3TO
CMECh U3 TPEX pacTBOpuUTENeil. Beibepute pacTBopUTENu:

a) TeKCAaMETUJIIIMCUIIOKCAH, XJI0po(opM; alleToOH;

0) O6en3o:1, xs10podhopM, alleToH;

B) xj0podopm, tumetundopmamui, OEH30II;

I') alleTOH, dTUJIOBBIM CIIUPT, OCH3OJI.

9. 'oMosiiepHOI Ha3bIBaeTCS CUCTEMa, 00Opa3oBaHHas:

a) TOJIbKO MTPOTOHAMH; B) MPOTOHOM U (PTOPOM;
0) MPOTOHOM U YTJIEPOJIOM; T) IIPOTOHOM M a30TOM.

10. Ha kayecTBO CHEKTPOB OKa3bIBaCT BIIMSHUE CJETYIOIIEE
CBOMCTBO PaCTBOPUTEIIA:

a) BA3KOCTb;

0) mokazaTesb MPeIOMJIICHHUS;

B) COJIbBaTallUOHHBIC CBOMCTBA;

T') BS3KOCTbh, COJIbBATAIIMOHHBIE CBOMCTBA.
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3. MeTox JJIEKTPOHHOI'O IIAPAMAIrHUTHOIO p€30OHdHCa

Teopuss MArHUTHOTO Pe30HAHCA MPUMEHHMA HE TOJBKO K sApam,
HO U K 3JIEKTPOHAM, MOCKOJbKY OHHU TakKe MMEIOT CIuH (§) u mar-
HUTHBIM MOMEHT. SIBJIECHUE 3JIEKTPOHHOIO MapaMarHUTHOIO PE30HAaH-
ca (OIIP) 6su10 oTkphiTO B 1944 1. E. K. 3aBoiickum B Kazanu. 3tot
METOJI B OCHOBHOM MPUMEHSETCS JIJI1 CBOOOHBIX PAMKAJIOB (YaCTH-
1[bl, UMEIOLIEH HECTTAPEHHBIN SJIEKTPOH).

3.1. IIpunyun memoda

HeckomIieHCHpOBaHHBI MArHUTHBI MOMEHT HECHApPEHHOTO
AJIEKTPOHA JENAaeT BCKO MOJIEKYJy IapaMarHutHou. IIpu orcyrcTBumn
BHEIIIHETO MArHUTHOTO TOJISI MAarHUTHBIE MOMEHTBI HECIAPEHHBIX
3JIEKTPOHOB OPUEHTHUPOBAHBI XaOTUYECKH.

B o0mieM ciyuae paspenieHsl Bcero 28 + 1 3HaueHU MarHUTHOTO
KBaHTOBOTO umcia (My). Eciu oOpasen; momeniaeTcs BO BHEIIHEE T0-
CTOSSHHO€ MAarHUTHOE MOJIE, TO SHEPreTUYECKUI YPOBEHb 3JIEKTPOHA
co cnuHOM S = 1/2 pacmieruisieTcss Ha JBa MOAYPOBHSA. MarHUTHBIN
MOMEHT HECMApPEHHOTO JIEKTPOHA MOXKET OPUEHTUPOBATHCS MO0 Ta-
paJIjIeIbHO MO OTHOIICHUIO K BHEITHEMY MarHUTHOMY TOJTO (S = — /2,
IIPU 3TOM PHEPTHUS DJIIEKTPOHOB YMEHBIIIAETCS) UIU aHTUIIAPAILICIBHO
(S=+1/2, sneprus Bo3pacraer).

[ToCKONBKY 2JIEKTPOH UMEET OTPUIATEIIBHBIN 3apsijl, €ro MarHuT-
HbIi MOMEHT HaIpaBJIEH MPOTHUBOMOJIOKHO CIHMHOBOMY MOMEHTY,
a HE B TOM K€ HAIlpaBJICHUU, KaK IS siApa. DIEKTPOHHOE CHUHOBOE
KBAaHTOBOE YMCJIO, B OTJIMYME OT Ciydas sSiAep, IJIs HHXKHETO YPOBHS
paBHO S =— 1/2 (puc. 9).

ik :E:
= =21/
E M— 5= +1/2 (DpoTHE MOIT)
% Eo AE=hv= gpHp
= x
£n l 5=-1/2 (mo momn)

Ei

Puc. 9. DHepreTnueckne ypoBHU 3JIEKTPOHA B MATHUTHOM I10JIE
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Pa3HOCTB DHEPrETUUECKNX YPOBHEN COCTABJISIET:
AE =E, — E;=gBH,,

rae g — Oe3pa3MepHasi TOCTOsIHHAS, TaK Ha3bIBaeMbIi g-(hakTop
(a7t cBOOOAHOTO 2JIEKTpOoHA g, = 2,002322);

B — marueron bopa;

Hy — Hanps>keHHOCTh BHEITHETO MArHUTHOTO TOJISI.

Hanoxum teneps Ha oOpaszern;, momumo noctosaHoro (Hy), u me-
PEMEHHOE MarHUTHOE TOJIE€ C YUCTOTOM v, MEPIEHAUKYJIISIPHOE MOCTO-
SHHOMY ToJt0. [[omycTUM, NOIEMCTBYEM MOHOXPOMATHYECKUM DJICK-
TPOMAarHuTHBHIM u3nydeHuem (E = hv).

[Ipu ycnouu hv = gBH, (ycioBue pe3oHaHca) NPOUCXOUT IO-
TJIOIIEHUE KBAHTOB M3JIYyUYEHHS U NIEPEOPUCHTALINS CIUHOB, T. €. Te-
pPEXO0Jl U3 HM)KHETO PHEPreTUYECKOr0 COCTOSIHUS B BepxHee (pe3o-
HAHCHOE MOIJIOIIEHHWE SHEPruM IEPEeMEHHOro Mojs) U HaoOOpOT.
3aceIeHHOCTh HUXKHETO YPOBHSI BBIIIE, YEM 3aCEIIECHHOCTh BEPXHETO
COCTOSIHUS. B cully ATOro KOJMYECTBO MEPEXOJI0B CHHU3Y BBEPX
00JIbIIIE YHCJIa TIEPEXO0/I0B CBEPXY BHHU3. JTO SIBJICHUE HA3BIBACTCS
I1EKMPOHHBIM NAPAMAZHUMHBIM PE3OHAHCOM.

TakuM 00pa3oM, €CJIiM YacToTa MEPEMEHHOTO MAarHUTHOTO TOJIS
MomnajiaeT B JUAMa30H SHEPTUM YACTHUIl, TO DHEPrus IMOTJIOIIAETCA,
U Mbl CHUMaeM KpuByto noryonienus. Crnektp IIIP npencrasnsier 3a-
BUCUMOCTb MHTEHCUBHOCTU MOTJIOIIEHUS] I OT HaNpsHKEHHOCTU Mar-
HUTHOTO noJis. [lo Texuuyeckum npuunHaM Ha OIIP-cnekTporpadax
PETUCTPUPYIOT HE CaM CHEKTP MOTJIOLIECHHUS, a €ro NEPBYIO MPOU3BO/I-
HYIO OT HaNpsI’KEHHOCTH BHEIIHETO MarHUTHOTO 1oJis (puc. 10).

/\ a

'
H

Puc. 10. Cnextp DI1P:
@ — JIMHUS TIOTJIOIIEHUSI; b — TiepBas MPOU3BOAHAS OT HANIPSXKEHHOCTH
BHEIITHETO0 MAarHUTHOTO TOJIs
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Tak kak nuHUM DIIP mornomenuss MUpoKH, TO MEPBasi MPOU3-
BOJIHAsI IAET JIy4llIee MPEICTABICHNUE O XapaKTeEPE CIEKTpa.

Ocp abcrucc — BeJNIWYMHA HAIPSKEHHOCTH TMOCTOSHHOTO Mar-
HUTHOTO TI0JI (H), KOTOpas MIaBHO MEHSETCS MPHU MOCTOSHHOM 4acTo-
te CBY-1mtonst 10 TOCTWKEHUSI 3HAYEHUI, COOTBETCTBYIOIIUX YCIOBHIO
PE30HAHCHOIO TMOIJIOMICHHST (MAaKCMMyM). 3HAY€HHE TEPBOM MPOU3-
BOJIHOW PAaBHO HYJIIO B TOYKE MAKCHUMYyMa PE30HAHCHOIO CUTHAJA.

3.2. lapamempuwi cnekmpoe 311P

[Ipu ananu3e CBOOOJHBIX PAJUKAIOB YUHUTHIBAIOT CIIEAYIOIIHE
napameTpsl ciekTpoB JI1P.

1. Ilonoscenue nunuu no2nouienus ¢ cnekmpe (g-gpaxmop, 3a-
BUCHUT OT DJICKTPOHHON CTPYKTYPbI OKPYKEHUS).

MarnutHOE noJie, AEUCTBYIONIEE HA 3JIEKTPOH, MOKET OTJIMYATh-
Cs OT MPUJIOKEHHOIO TOJI BBUIY TOTO, YTO MOCJIEAHEEC MHAYLIUPYET
JIOKaJIbHBIE NOJIs. M3MepeHne MoaoKeHns JMHAU B CIIEKTPE MTO3BOJIS-
€T ONpeAeuTh g-(haKkTop, a T. K. OH 3aBUCUT OT AJIEKTPOHHOTO CTpOEe-
HUSI TTAPAMAarHUTHBIX YaCTHUIl, MOXXHO CJIeJIaThb HEKOTOPbIE BBIBOJIbI
O CTpyKType. XapakTepHble 3Hau€HUs g-(haKkTopa y OpPraHUYECKUX
Y HEOPTraHUYECKUX PAIUKAJIOB TMO3BOJSIOT MPOBOAUTH HACHTU(UKA-
A0 ATUX YACTHII.

2. lTupuna nonocwvt no2nouieHus.

dopMa JIMHUM 3aBUCUT OT XapakTepa IBWKCHUS PAJUKaJIOB,
T. K. OHa ompeaensieTcs npoueccamu penakcauuu. [llupuna curnana
ONPENEIACTCA IBYMsI BUIAMU B3aUMOJICICTBUA.

A. Cnun-pewiemounoe e3aumooeiicmeue — Tpouecc oOMeHa
DHEPrUer MEXIAYy CUCTEMOM CIIMHOB U PELIETKOU, T. €. CPEAOH, B KO-
TOPOM HAXOJSTCA NapaMarHUTHBIC YaCTHUIIbI.

be3bi3nyyarenbHbple NEPEXOAbI MEKIAY IBYMS COCTOSHUAMU CIIH-
HOB, COITPOBOXIAOIINE B3aMMOJICVCTBUE C OKPYKEHUEM, HA3BIBAIOT
CRUH-peemoYHoU penakcayueu. XapaKTEPUCTUKON ITUX MPOILEC-
COB SBJIIETCA TaK HA3bIBAEMOE BPEMS CHUH-PEUIETOYHOM pElaKCaluu
(T}), KOTOpPOE OTpaKaET CpelHEe BPEMs KU3HU JAHHOTO CIIMHOBOTO
COCTOSIHUSI.

[IIvprHa TUHUY MOTJIOMIEHUSI 00YCIIOBJIEHA TEM, YTO BCJIEIACTBHE
IIPOLIECCOB PENAKCALMU COCTOSIHUE CIIMHA UMEET OIPENEIEHHOE Bpe-
Msl JKM3HU, YTO BBI3BIBACT YIIMPEHUE PE30OHAHCHOrO CUTrHaia. Bemu-
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yyHa T CHJIBHO 3aBUCHUT OT TEMIIEPATYpPhl, YBEINYUBASICH MPHU 3aMO-
paxxkuBanuu. Yem Oosibie Ty, TeM yKe JTUHHUS.

b. Cnun-pelnieTounas penakcainuss HE €IUHCTBEHHBIM Mpoliecc,
ONpPEACISIIOMNI MHUPUHY JUHUHU. CyIIECTBYIOT MPOLIECCHI, BBI3bIBA-
IOIIME W3MEHEHHUSI OTHOCHUTEIBHBIX SHEPTrUM CIHUHOBBIX COCTOSHUU
3a cyeT oOMEeHa PHEpruei B caMOM CUCTEME CIIMHOB. DTO TaK Ha3bIBa-
EMBIE HPOUEcCcbl CRUH-CHUHOB020 63AUMOOCUCHIBUA, KOTOPHIE Xa-
PAKTEPU3YIOTCS BPEMEHEM CHUH-CIIMHOBOM penakcauuu (71,). Yem
oonbiie T, Tem yxe nuHuA. IQPEKT yIMpeHus ucye3aet ¢ yBeande-
HUEM IOJIBUKHOCTH PAJTUKAJIOB.

3. Ceepxmonkaa cmpykmypa (CTC) cnekmpoe IIIP.

Hano yunthiBaTh, 4TO 3NEKTPOH ABHKETCA B IOJE SAEP, a OHU
MMEIOT CBOM MAarHUTHBI MOMEHT. MarHuTHbBIE MOMEHTHI SJIEP, BXO-
JAIIUX B COCTAB PaJUKaJIbHOU YACTHUIIbI, CO3JAIOT JOKAIBHBIC TOJI,
KOTOpBIE CKJIAJIBIBAIOTCSA ¢ BHEIIHUM mnosieM Hy 1 TeM caMbIM BIMSIOT
Ha iuHun JI1P, BhI3bIBas UX paciICIICHUE.

B3auMoiericTBue MarHUTHBIX MOMEHTOB HECIAPEHHBIX JIEKTPO-
HOB C MAarHUTHBIMA MOMEHTAMU SIAEP — ITO CEEPXMOHKOE 63AUMO-
delicmeue, KOTOpoe MPUBOJAUT K PACHICIUICHUIO JIMHUM U TOSIBJICHUIO
CBEPXTOHKOM CTPYKTYpHI B criekTpax JDIIP.

B opranmueckux paaukanax TaKUMU SIAPAMU SBIISIIOTCS, KaK Ipa-
BWJIO, MPOTOHBI. Tak, CyMMapHOE€ MarHWTHOE I0Jie, JEHUCTBYIOIIEE
Ha HECTIAPEHHBIN JICKTPOH B ClIy4yae BIMUSHUS OJTHOTO TPOTOHA, OYyIEeT
pPaCIICIUIATh KX/l DHEPreTUYECKU YPOBEHb Ha JIBA MOAYPOBHS.
B cnektpe DIIP Oyaer HabmoaaThCsl YK€ HE OJ[HA, a JIBE MOJIOCHI MO-
ryoiieHus. Eciu BIMSIOT 1Ba SKBUBAJIEHTHBIX MPOTOHA, TO TMOJIO0C OY-
JET TPU C COOTHOIIEHWEM HMHTEHCHUBHOCTEW 1:2:1, a ecinu mpoTOHOB
TPH, TO TIOJIOC YETHIPE C COOTHOIIEHNEM UHTeHCUBHOCTEN 1:3:3:1.

B ciyuae «n» SKBUBAJIEHTHBIX NMPOTOHOB B cnektpe DIIP Oyayt
HaOroaThes (n+1) TuHUN.

[ToMuMO MPOTOHOB K CBEPXTOHKOMY paclIeIuieHuIo criektpa I11P
MPUBOAUT B3aUMOJICICTBUE HECITAPEHHOIO AJIEKTPOHA C IPYTUMU S]I-
pamu. B obmiem ciiyyae eciiv B pajukalie COACPKUTCS «M» DKBUBA-
JICHTHBIX S7IEp, 007aJaI0MIMX SAIEPHBIM CTMHOM (1), TO YUCIO KOMIIO-
HEHTOB CBEPXTOHKOU CTPYKTYPHI OlpeiesaeTcs o hopMmye:

NCTC =2nl+1.
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Hampumep, oaHO B3aMMOAEHWCTBUE HECHAPECHHOIO JJIEKTPOHA
C AIpOM a30Ta N, mmerormum /=1, IPUBOJUT K TOSIBIIEHUIO B CIICK-
tpe DIIP Tpex nuuui.

4. HumencugHoCmb TUHUU NO2TIOULEHUA.

NHTEHCUBHOCTh JIMHUH TOTJIONICHUS MPSAMO CBSi3aHA C KOHIICH-
Tpalyen MmapaMarHUTHBIX YacTHUI[ B 0Opaslie: IUIOoNaab Moa KPUBOMH
MOIJIOIIEHUS MPOMOPLMOHAIIbHA KOHLIEHTPALIMM HECTIAPEHHBIX JJIEK-
TpoHOB. OOBIYHO [JI1 ONpPEJCICHUS] KOHLEHTPAIMU HWCMOJb3YIOT
cpaBHeHue curHaioB JOIIP uccnemyemoro obpasia u 3TajioHa ¢ U3-
BECTHBIM KOJIMYECTBOM MTapAMAarHUTHBIX YaCTHII.

3.3. Cnekmpomempul I1IP

Pe3oHaHCHOE MOIJIONIEHHE MOXHO HAOMIOJaTh, U3MEHSS YacTOTY
ANEKTPOMArHUTHOTO W3JIyYEHHsI TPU TIOCTOSHCTBE HAINPSKEHHOCTH
MAarHUTHOTO TIOJISI WJIM HAIIPSKEHHOCTH ITPU MMOCTOSIHCTBE YaCTOTHL. Tak
xe, Kak U B SIMP-criektpoMeTpe 13 NpakTUYECKUX COOOpaKeHUM Mpu-
MEHSIIOT BTOPOH CIIOCOO PErucTpaluy pe30HAHCHOTO MOTJIOMICHUS.

Cnextpometp IOIIP (puc. 9) cocTouT U3 37MEKTpOMarHuTa, co3aa-
IOIETO CTA0MJIBHOE MArHUTHOE TMOJI€; UCTOYHHMKA Pagr04acTOTHOTO
U3JIyYEHHUS; CUCTEMBI, MO3BOJIAIOLICH IMOJBECTH PAAUOYaCTOTHOE W3-
Jy4deHHe K o0pasily M 3aperucTpUpOBaATh PE30HAHCHOE MOTJIOIICHUE;
CUCTEMBI YCHIICHHUS U1 00pabOTKU CUTHAJA.

B kadecTBe MCTOUYHUKOB MOCTOSIHHOTO MArHUTHOTO TIOJISL PUMeE-
HAIOT 3JIEKTpoMarHutel. B cniekrpomerpax DIIP conmepxkarcs cxemsl,
ITO3BOJISIIOIINE MTPOBOJAUTH JIMHEWHOE W IUIABHOE W3MEHEHHE Hallps-
YKEHHOCTH TI0JISI C 3aJaHHOM CKOPOCTBIO U B 33IaHHOM JHaIla30He.

HNcTrouyHrkaMu paiiov4acTOTHOTO M3JIYYEHHS CIIY’KaT CIIeI[Uallb-
HbIE TEHEPATOPHBbIE JamIbl (Kaucmpownst). IluTaHre KIUCTPOHOB
OCYIIECTBIIICTCS OT CTAOWJIM3UPOBAHHBIX MCTOYHUKOB, C TEM YTOOBI
n30€KaTh U3MEHEHUI YacTOThl TEHEPUPYEMOTO U3TYyUCHHUS.

s nepenaun CBY-uznyueHus: Kk o0pasily MCIOJb3YIOT 60JIHO-
600bl — METAJNIMUECKUE TPYOKHU OMPEIECICHHOTO0 CEUCHUS. DIEKTPO-
MAarHMUTHOE M3JIyYEHHE OT KJIMCTPOHA MPOXOAMUT IO BOJHOBOJY B MO-
JBIA pe3onamop. Pe30HATOp pacloIOKEH MEXAY IOJIOCAMH DJICK-
TPOMAarHuTa, 1 UMEHHO B HEM IomelleH oOpasen,. Haznauenue peso-
HATOpa COCTOUT B KOHIIEHTPUPOBAHUHU Ha 00pas3lie IHEPTUU H3ITyye-
HUs, IPUXOIAILIETO OT KIIMCTPOHA MO BOJIHOBOAAM. Yamie Bcero npu-
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MEHSIOT IUJIMHIPUYECKUE WU MPSIMOYTOJbHBIC pe30HATOphl. B 111-
JUHAPUYECKUE PE30HATOPhI 00pa3ibl OOBIYHO IMOMEIIAIOT B TOHKHX
Kaluisgpax, a B MPSIMOYTOJbHBIX HCIHOJB3YIOT IIJIOCKHE KIOBETHI.
B ycnoBusx, korga B oOpasiie UMEIOT MECTO MEePEX0Ibl MEXKIY dJIeK-
TPOHHBIMU CIIMHOBBIMU YPOBHSAMHU, SHEPTUS U3JIYyUEHUS MOTIIOIIACTCS
1 Ha JETEKTOp MmamacT MeHbIne 3Heprun. O0srano curHan JI1P mox-
HO HaOJIOJaTh Ha ocHuuiorpade Wid perucTpUPOBaTh Ha JICHTE ca-
MornucIa (TIoJIy4aroT MEPBYIO MPOU3BOAHYIO TUHUM TOTJIONICHHUS ).
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Puc. 9. bnok-cxema cnekrpomerpa IIIP:
Hy — nocrosinHO€ MarauTHoe nosie; H; — nepeMeHHOe MarHuTHOE TOJIE,
MEPICHINKYISIPHOE TTOCTOSTHHOMY TIOII0; 1 — 3JIEKTPOMAarHuT;
2 — MUTaHWE KIUCTPOHA; 3 — KIIMCTPOH; 4 — BOJHOBO/I; 5 — PE30HATOD;
6 — AeTekTop; 7 — yculurelb; 8 — ocuiuiorpad;
9 — reneparop Ka4aroUIEUCs 4acTOThI

3.4. [Ipumenenue 3IIP-cnekmpockonuu

Meton OIIP npuoOpen Oonbiioe 3HaYCHUE B XUMHH, (PU3HKE,
OMoJIOTUH, MEIUIIMHE, TTIOCKOIBKY TMO3BOJSET ONMPENSNISTh CTPYKTY-
Pbl U KOHLIEHTPALIMM OPraHUYECKUX U HEOPTaHUYECKUX CBOOOIHBIX
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panukanoB. CBoOOAHBIE paguKaidbl MOTYT OBITh CO3/JaHbl XUMHYE-
CKUM METOA0M, (P OTOXMUMUYECKHU WIN NPU JNCHCTBUU U3ITYyUYCHUS BbI-
COKOM DHEPIUM.

Crnektp JIIP garoT cBOOOIHBIE pajKaIbl, MOJIEKYJIbI C HEUETHBIM
YUCJIOM 3JIEKTPOHOB, TPUIUICTHBIE COCTOSIHUSI OPraHUYECKUX MOJIEKYI,
MTapaMarHATHBIE NOHBI IEPEXOIHBIX METAIUIOB U KX KOMIUIEKCHI.

Meton OIIP Hauan nmpuMeHSTCS B OMOJOTHYECKUX HCCIICI0BaHN-
ax B 1950-e rr. bmaromapsi 7OBOJBHO BBICOKOW YYBCTBUTEIBHOCTH
Y BO3MOXXHOCTH B ONPEACICHUU NPUPOAbI MAPAMATHUTHBIX YaCTHII
ATOT METO/I HAIIEJ IIIMPOKOE MPUMEHECHUE JIJISI U3YUEHHUS 1IEJI0TO psiaa
OMOJOTMYECKHUX IIPOLIECCOB.

[ToMrMO curHanoB CBOOOJHBIX pagUKaloOB B TKaHSIX HAOMIOMaeT-
cst uenblit psia curHanoB metamwioB (Fe, Cu, Mn, Ni, Co). Otu Mertan-
Jbl BXOASAT B COCTAB METAUIONPOTEHMHOB, NMPUHUMAIONIUX Y4YaACTHE
B LIeJIoM psfe ¢GepMEHTAaTHBHBIX MpoleccoB. JKemesocomaepkaliue
0enku (IUTOXPOMBI, (DEPPETOKCHHBI) SIBISIOTCS KOMIIOHEHTaAMU DJIEK-
TPOH-TPAHCIIOPTHBIX LENIE B MUTOXOHAPUAX U XIJIOPOIIACTAX.

Merogom OIIP uccnemoBan uenblil psiag GhepMEHTAaTUBHBIX CH-
cTeM, OOHaApYy>KEeHbI CBOOOJIHO-paJUKaIbHbIE MPOJIYKTHI CyOCTpaTOB.
B psine ciydaeB okazaJioch BO3MOXHBIM HAOJII0/1aTh 32 OKUCIUTEIb-
HO-BOCCTAHOBUTEJIBHBIMU IIPEBPALICHUSIMU MOHOB METAJUIOB, BXOJS-
IIIUX B aKTUBHBIN IIEHTP (pepMeHTa.

OIIP-cniekTpocKkonus MIMPOKO MPUMEHSIETCS B HCCICAOBAHUAX
dboTOoCHHTE3a: U3ydaeTCsl MEXaHW3M NEPBUYHBIX CTaIUN pa3liesieHUs
3apsJI0B B PEAKIIMOHHBIX IIEHTPAX U JAIBHEUIIINK IEPEHOC JIECKTPOHA
IO L€ 3JIEKTPOHHOTO TPAHCIIOPTA.

[ToMuMO M3ydeHUs MEXAHW3MOB PEAKLHM, MPOTEKAOMNX C y4a-
CTHEM MapaMarHUTHBIX 4YacTuil, MeToj JIIP mupoko HCHOJb3YIOT
Y ]I UCCJEIOBAHUSI CTPYKTYPHO-TUHAMUYECKUX CBOMCTB MAaKpPOMO-
JEKyJ 1 OMoMeMOpaH.

B nocnennee Bpems Ui M3ydeHHUs] OMOJIOTMYECKUX U TTOJTUMEP-
HBIX CUCTEM YaCTO UCHOJB3YIOTCS METOJIBI «IapAMArHUTHOTO 30H]1a),
«CIIMHOBBIX METOK» M «CIMHOBBIX JIOBYLIEK». BCce OHM OCHOBaHBI
Ha HUCMOJIb30BAHUHU CTAOMIIBHBIX a30THOKUCIIBIX PAIUKaIOB PA3JIMUYHO-
0 CTPOCHUS, & TOYHES HA aHAJIN3€ U3MEHEHUM IIUPUHBI JIMHUMN CIICK-
TpoB DIIP, BbI3BaHHBIX BpalllaTeIbHOW M MOCTyMNaTeabHOn nuddy3u-
€U 3TUX PaJINKAJIOB.
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OcHOBHasg Hzesi METOAa CIHUHOBBIX METOK M 30HJOB COCTOMT
B PUCOCIVMHEHUH K TOW WJIM MHOW (PyHKIIMOHAJIBHOW rpynne Oeyka
CBOOOJIHOTO paJuKalia U HM3YYCHHUIO XapaKTePUCTUK €r0 CUTHAJIOB
OITP. Haunbonee ygo0HBI B 3TOM OTHOIIEHWH HUTPOKCHUIIBHBIE paju-
KaJIbl, COJIepKaIIue CBOOOTHOPAANKAIBHYIO TPy :

rae Ry u R, — pasnuunble XUMUYECKUE TPYTIIUPOBKH.

Memoo «cnuno8biX MemoK) 3aKII0YACTCS B TOM, YTO K Hemapa-
MarHUTHOM MOJIEKYyJi€ CTaOWJIbHBIM pajiiKail MPUKPEIIAETCS KOBa-
JICHTHOM WJIM KaKOW-TMOO NPpyTroW CBS3bIO Tak, 4TOOBI CBOOOJHAS Ba-
JIEHTHOCTh OKA3aJIaCh HE3aTPOHYTOM. XaPAKTEP ABUKEHUS OTUYETIUBO
nposiBIIsSIETC B (hOpME CHEKTpa U CIYKUT BaXKHBIM UCTOYHUKOM HH-
dbopmanmu 006 HCXOTHONW MOJICKYJIE.

Ecnu Monekyna BcTpauBaeTcsi B OEJIKOBYIO MOJICKYJIY U Tam
YACPKUBACTCS C TTOMOIIBIO AJIEKTPOCTATUUECKUX CUJI WK TUIPOd0O-
HBIX B3aUMOJICVCTBUM, TO TAaKas MOJIEKYJa HA3bIBACTCA CHUHOGHIM
30H00M. METOJT OCHOBAaH Ha MCCJICAOBAHUHU BPAIATEILHOW U MOCTY-
MaTEeJIbHOW TOJBUXHOCTH PAJIMKAIA-30H/Ia B BOJHBIX WA OpraHHAYe-
CKMX Cpellax WIM B Marpulle noiumepa. [logBrmkHOCTh pagukana 3a-
BUCHUT OT MOJBUKHOCTH MOJICKYJ OKPY’KAIOIIEH Cpe/bl, TOATOMY pa-
JUKaJ SIBJISIETCS CBOCOOPA3HBIM MOJIEKYJISIPHBIM JATYUKOM CTPYKTYP-
HOM M TMHAMUYECKOU HHPOPMALIMH O JIOKAIbHOM OKPY KEHUHU.

®opma curHaia OI1P, naBaeMoro CnMHOBOW METKOW WJIU 30HJIOM,
3aBUCUT OT MUKPOOKPYKECHUSI HUTPOKCHJIBHOTO PaJIUKaJIa, B EPBYIO
odepeap OT BPAIIATEIBHOU IMOJBUKHOCTH TOW T'PYMIIBI, B COCTaB KO-
TOPOW OH BXOJIUT.

OCHOBHOM HEIOCTAaTOK CIMHOBBIX METOK W 30HJIOB 3aKJIFOYAETCS
B TOM, YTO, XOTSI 3TH MOJIEKYJIbl U HEBEJIMKH, BKIIFOYASCh B JIUIIUIHBIN
OMCII0M, OHM HECKOJIBKO U3MEHSIIOT €T0 CBOMCTRBA.

B ocHOBe MeTOMIa «CRUHOBBIX 108YULEK) TICKUT PEAKIUS CHECIH-
aTbHO BBOAMMOW B HCCIENYEMYI) CUCTEMY HEIMMAPAMATHUTHOW MOJIE-
KYJIbI (JIOBYIIIKH) C KOPOTKOKHBYIIIUM PaJUKAIOM, TP 3TOM 00pazy-
eTcs cTaOuIbHbINA paaukai. KuHeTnueckoe noBeieHue oopasyromniero-
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csl CTaOUIIBHOTO pajiMKaja U €ro CTPYKTypa JaloT CBEICHUS] O KUHE-
THUKE Y MEXAHU3ME ITPOLECCOB B U3y4aeMOMN CUCTEME.

OObekTaMu  UCCJIENOBaHUS B XUMHM C  [PUMEHEHUEM
OITP-cnexkTpockonuu SBIAAIOTCA: 1) CBOOOAHBIE pajuKaibl B MpOMe-
AKYTOUHBIX MPOJYKTAaX OPraHUYECKUX PEaKUUii; 2) KHHETUKA PEaKIUi;
3) XuMUsl TIOBEPXHOCTHBIX SIBJICHUI; 4) pa3pylleHue, MporucXosiiee
B pe3ysibTare OOJydeHHus; S5) nmonumepusanusi, 0O0yCIOBIEHHas CBO-
OOJIHBIMM pajuKaiaMu; 6) CBOOOJHBIC pPagUKaJIbl, 3aMOPOKEHHbIC
IIPU HU3KUX TeMIEpaTypax; 7) METaUIbl MEPEMEHHON BaJEHTHOCTH
Y UX KOMIUIEKCBI.

Meton DIIP >¢ddexTrBeH B Mcclie10BaHUU KUHETUKHA U MEXaHU3-
MOB XMMHMYECKHX pPeakuui. Bo-NepBrIX, U3MEpEeHNne MHUPHUHBI JTUHAN
B cniekrpax JIIP MOXHO HCHONB30BaTh ISl ONPENEICHUS KOHCTaHT
CKOPOCTH ITPOLECCOB C y4aCTHUEM IMAPAMArHUTHBIX YACTHUL, XapaKTe-
PUCTUYECKOE BPEMS )KU3HU KOTOPBIX JIEKUT B UHTEPBAJIE 10°-10 " c.
Bo-BTopsix, Mmeron DIIP mo3Bonsier perucTtpupoBaTh ¢ BEICOKOW 4yB-
CTBUTEJIBHOCTBIO B Pa3HbIX YCJIOBUSAX MapaMarHUTHBIE YACTHIIbIL, YTO
JaeT IEHHYI0 WHGOpMAIMI0 O MEXaHu3Max peakuui. B-TpeTbux,
cnekrpoMerp IIIP MOKHO HCTIONIB30BaTh KaK aHATUTUYECKUM TprOOp
IUISl TETEKTUPOBAHUS B XOJAE PEAKIWM KOHUEHTPALMU PEATHPYIOLIUX
ITApAMArHUTHBIX MOJIEKYJ. Koan4ecTBO mnapaMarHWTHBIX LEHTPOB
B 00pasiie MponopIHUOHATIBLHO TUIOLIAY MO/ CIIEKTPOM MOTJIOIICHHUS.

Meron DOI1P mmpoko Ucnonab3yercs sl UCCIEA0BaHUsl OBICTPBIX
IIPOLIECCOB, CBSA3aHHBIX C U3MEHEHUEM MOJIEKYJIAPHOU CTPYKTYpPHI pa-
IUKAI0B. OTH TPOLECCHl BKIIOYAIOT 3aTOPMOKEHHOE BpaICHHE
Y KOH(OpPMaLIMOHHBIE NTEPEXOIBI.

JU1si KOPOTKOXHMBYIIMX PAJUKaJIOB YYyBCTBUTEJIBHOCTH METOHA
MOET OBITh MOBBIIICHA MyTEM HCIOJIb30BaHUSI MPOTOYHOU CUCTEMBI
WM HenpepblBHOTO o0nyueHus. Crnektpsl DIIP HecTaOMIbHBIX pagu-
KaJIOB MOKHO TOJIyYUTh, 3a)MKCUPOBAB UX B CTEKJIaX, MaTpUIlax 3a-
MOPO>KEHHBIX 0JIarOPOHBIX TA30B WJIM KPUCTAJJIAX.

Bonpocwsl 0415 cobecedosaHus

1. Teopetnueckue ocHoBbI MeToAa JIIP.

2. Ananutnueckue napamerpsl II1P-criexrpa.
3. Ciekrpometpsl D11P.

4. ITIpumenenue JIIP.
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Tecmoesle 3adaHus

1. YcnoBue pe3onanca B metozae JIIP:

a) v=vH, (1-6) / 2m;

0) 6 = (AH/Hy);

B) hv=gBH;

r) 0 = (Av/vy)/(AH/Hy).

2. B momeHT pe3oHnaHnca B metoae JIIP:

a) IPOUCXOJIUT TOTJIOIIEHUE KBAaHTOB M3JIy4YECHUs, MMEPEOPHUCHTA-
I CIIMHOB HE MIPOUCXO/IUT;

0) MPOUCXOIUT MOTJIOIICHUE KBAaHTOB W3JIYYEHHUS U TEPEOPUECH-
TallMy CIUHOB, T. €. MEPEX0J U3 HUKHETO DHEPTeTUYECKOTO COCTOS-
HUA B BepxHee W HaoOopoT. KomnuecTBO mepexo/ioB CHHU3Y BBEpPX
OoJbIIIE YUCiIa MEPEXOJ0B CBEPXY BHU3;

B) MPOMCXOJUT TMOTJIOIICHNE KBAHTOB HM3JIYYECHHUS U TIEPEOPHUECH-
Talliy CIUHOB, T. €. MEPEXO0J] U3 HUKHETO dHEPreTUYECKOr0 COCTOS-
HUSA B BepxXHee M Hao00poT. KoamyecTBO mepexo/0B CBEPXY BHU3
OO0JIbIIIE YKCJIa IEPEX0JI0B CHU3Y BBEPX.

3. ITapameTtpsl criektpoB DI1P:

a) g-haxkTop, MHUPHUHA TIOJIOCHI TOTJIONICHUSI, UHTEHCUBHOCTD JIH-
HUHU TOTJIOIICHUS;

0) oO111ee YMCI0 CUTHAJIOB, MHTEHCUBHOCTh CHUTHAJIOB, XMMHUYE-
CKHI CIBUT, MyJIbTUIUIETHOCTh CUTHAJIA;

B) g-(hakTop, IMIMPHUHA TOJIOCHI MOTJIOIIECHUS], UHTCHCUBHOCTD JIW-
Huu norsiomenusi, CTC cnektpos DIIP.
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4. Macc-cnekpoMeTpuA

JlaHHBIA METOJ MPUHIUMHATIBLHO OTIMYAETCS OT CHEKTPOCKOIH-
YECKHUX METOA0B. MeToabl MacC-CIIEKTPOMETPUH OCHOBAaHbI HA MOHHU-
3allMM BEIIECTBA, PA3JICJICHUM HWOHOB, COIVIACHO OTHOUICHUIO (M/Z),
U PErUCTpallii MacChl 00PA3YIOIMINXCS OCKOJIKOB.

Teoperndeckue M AKCIEPUMEHTAIbHBIE OCHOBBI MacC-CIIEKTPO-
MeTpuud Obud 3asioxkeHbl emie [l. JI. ToMcoHOM, KOTOpBIN BIIEpBbIC
B 1912 r. cozman npuOOp AJisd MOJYYEHHUS] MacC-CIIEKTPa IMOJIOKUTEb-
HbIX MOHOB. OJIHAKO €ro npubop UMeNl HU3Koe paspeuieHue. Ero yue-
HUK @.Acron B 1918 r. CyIIeCTBEHHO MOBBICH pa3pelieHue
1 Ha CBOEM IMPUOOpPE OTKPBUT U30TOMBI JIeMEHTOB. [IpakTuyecku ojiHO-
BpeMeHHO ¢ ®@. ActoHoMm B Hukaro A. Jlemricrep CKOHCTPYHPOBAH Ep-
BbIA MacC-CIEKTPOMETP, B KOTOPOM AHAJIM3ATOPOM CIIY>KUJIO TTONepey-
HOE MarHUTHOE T10JI€, & MIOHHBIE TOKH U3MEPSUIUCH JIEKTPUUECKUMU Me-
Togamu. Cxema ero UCIoiab3yeTcs U B COBPEMEHHBIX NprOopax.

HNonuzanuysi MoJIEKYJT JOJDKHA MPOBOJAUTHCA B TaKUX YCJIOBUSIX,
IpU KOTOPBIX OOpa30BaBIIMHCS HWOH BHE 3aBUCHUMOCTH OT METOJIa
MOHHU3AIUM HE MpeTepreBasl Obl HUKAKUX CTOJKHOBEHHM C JIPyruMuU
MOJIEKYJIaMH WM MOHAMHU. DTO HEOOXOIMMO JJIsl YCTAaHOBJICHUS B3a-
UMOCBSI3U MEXK]Ty CBOMCTBAMH MOHA U MOJIEKYJIBI.

4.1. Memodbsl uoHU3ayuUu

HMoHu3zanuys MOXKeT IPOBOJAUTHCS Pa3InuyHBIMU METOJAMH.
1. Memoo uonuszauuu 31eKmpoHHbIM yoapom (3Y)

D10 Haubornee pacrnpoCTPAaHEHHBIH METOJ TMOJIYYEHUs] HOHOB
B CBSI3U C MIPOCTOTOM M JTOCTYHMHOCTHbE) MCTOYHUKOB MOHOB M MX BBICO-
KoH 3 heKTUBHOCTHIO. JlomycTM, 4TO Yepe3 nmaphbl BEIIECTBA MPOXOIUT
MOTOK 3JIEKTPOHOB, 3HEPTUI0 KOTOPBIX MOHO ITOCTEIICHHO YBEJIUYH-
BaTth. Eciam 3Ta 3HEprusi JOCTUTHET OMNPENEIEHHOTO YPOBHSI, TO IPH
CTOJIKHOBEHHUH JJIEKTPOHA C MOJIEKYJIOM MOXKET MPOU30HTH «BBHIOMBA-
HUE» U3 HEE DJIEKTPOHA ¢ 00Pa30BaHUEM MOJIEKYJISIPHOTO MOHA:

ABCD + & ABCD ™ + 2¢&

MHOTOAaTOMHAsI MOJIEKYJIa ~ MOJIEKYJISIPHBIN MOH (KaTHOH-paINKal)
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Haumenbias sHeprus 60MOapAMPYIONTUX AJIEKTPOHOB, MPH KO-
TOPOH BO3MOKHO OOpa3oBaHUE W3 JIAHHOM MOJIEKYJIbl MOHA, Ha3bIBa-
€TCS IHep2uell HWOHU3AUUU 6euyeCmEa. JHEPTYsI NOHU3ALNN SBIICTCS
MEpPOU MPOYHOCTH, C KAKOW MOJIEKYJIa YIEP>KUBAET HAUMEHEE CBS3aH-
HbIM C HEW BJIEKTPOH. [[JIsI OpraHn4YecKux MOJICKYJ SHEPrusi HOHU3a-
U cocTaBisieT 9 + 12 »B.

Ecnu sHeprus 3JIEKTPOHOB 3HAYUTEIBHO MPEBBIIAET 3HEPTUIO
MOHU3AIIUM, TO 00pa3yIOIIUICs MOJIEKYJISIPHBIN MOH MOJy4aeT U30bI-
TOYHYIO SHEPTHUIO0, KOTOPOU MOXKET OKa3aThCsA JOCTATOYHO IS Pa3phbl-
Ba B HEM cBsA3el. IIporcxoaur pacraa MOJIEKYJISPHOrO MOHA HA 4a-
CTULIBI MEHbIIeH macchl ((parMeHTsl). Takoil mporecc Ha3bIBaeTCs
¢pacmenmayueii. B nipakTHKe MacC-CIIEKTPOMETPUU HCIIOIB3YIOTCS
anekTpoHsl ¢ 3Heprueit 30 + 100 »B, yto obecneunBaer ¢pparmeHTa-
A0 MOJIEKYJIIPHOTO MOHA.

Monexynapuoie uoHbl — 3TO TAKHE UOHBI, MACChl KOTOPBIX PaAB-
Hbl MacCe€ MOHU3UPYEMOH MOJIEKYJIbl. K cokaneHuto, HET MPsMbIX Me-
TOJIOB OMPEAECICHUS CTPYKTYPbl HOHOB. [103TOMY 4acTo MCHONB3YIOT
MPEIINOJIOKEHUE O TOXKIECTBEHHOCTH CTPYKTYPBhl MOJIEKYJISIPHOTO
noHa (M™) u HeiirpaneHO#l Monekyns! (M). BeposTHocTs 06pa3oBa-
HUSI MOJICKYJISIPHOTO MOHa OOJbIIE JJISI MPOCTHIX, MAJIBIX MOJICKYII.
C yBeM4eHHMEM 4YHClIa aTOMOB B MOJIEKYJIE YBEIUYHUBACTCS BEPOAT-
HOCTb (pparMeHTaIlu MOJIEKYJISIPHOTO HOHA.

N3BeCTHBI JBa OCHOBHBIX THUIA (hparMEHTAIUM MOJIEKYJISIPHOTO
MOHA — JIUCCOLUANMS U TIEPETPYIITUPOBKA.

Juccoyuayua — pacnag MOJEKYJSIPHOTO MOHA C COXPAaHEHUEM
NOCJIEIOBATENIBHOCTH CBA3€H. B pesynbraTe mpomecca odOpa3yrorcs
KaTHUOH U paguKal:

ABICD +

oY Yy

A" +BCD° A +BcD' AB'4+CD  AB 4D’

Jlucconmanus yrieBo0poI0B MPUBOJUT K (PparMeHTaM ¢ HEYeT-
HBIMU 3HAYECHUSIMU OTHOILICHUS M/Z.

Ilepezpynnupoéka CONPOBOKIACTCA W3MEHEHUEM II0CIIEI0BA-
TEJILHOCTU CBSI3€W, B pe3yjbTaTe 4Yero oOpa3yeTcsi HOBBIM KaTHOH-
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paJuKagl MEHbIIEH MACChl M HEUTpalibHash YCTOMYMBAS MOJICKYyJIa
(H,0O, CO, COuT. n.):

ABCD™

[leperpynnupoBka yrieBOAOPOAOB U KHUCIOPOJACOAEPKAIIUX CO-
€IMHECHUI MPUBOJIUT K (PAarMEeHTy C YETHHIM 3HAYECHHUEM OTHOIICHUS
m/z. 3mepenne Macchl 00pa3yromuxcs OCKOJIKOB U UX OTHOCHUTEIb-
HOTO KOJIMUECTBA TO3BOJISICT TMOJYYUTh IIEHHYI0 HHGOOPMAIIUIO
O CTPOCHUU OPraHUYECKUX COCTMHEHUM.

PaccmoTrpum  yctpoiictBo  Macc-cnektpomerpa  (puc. 10).
Macc-CcrieKTpoMeTp AOJAKEH COAEPH aTh Y3/bl JJISI BHINOJHEHHUS CJie-
nyronmx QpyHkiuii: 1) noHu3auu npoosl, 2) YCKOPEHUST HOHOB JJICK-
TPUUYECKUM TOJIEM, 3) PacHpeeTICHUs] HOHOB COIVIACHO OTHOIIEHUIO
m/z, 4) IeTEeKTUPOBAHUS MOHOB IO COOTBETCTBYIOIIEMY dJICKTpUYE-
CKOMY CHUTHAIY.

AD+ BC™*

e

BakyymHbIA
Hacoc

/flﬁ

Puc.10. YcTpolicTBO Macc-CIieKTpoMETpa:
| — HCTOYHMK 3NEKTPOHOB; 2 — MOHU3ALNOHHAA KaMepa;
3 — yCKOpUTENbHbIE NTACTHHBI (OTPULIATEIIbHBIN NOTEHIMA);
4 — MarHuT; 5 — 1IeNb; 6 — KOJJIEKTOP MOHOB (JIE€TEKTOP HOHOB)

Jlig moty4yeHusi Macc-CIeKTpa napbl BellecTBa HEOOIbIIMMH KO-
JNYECTBAMHU C MOMOIIBI0 CIEHUAIBHON CHUCTEMBI HAIyCKa BBOIATCS
B MOHU3AIMOHHYIO KaMmepy (2), rae nojaaepKuBaercs riryOOKuil Baky-
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yM (maBierre 10™° Mu pr. ct.). Monekyiisl BemecTBa 60MGapIupyoT-
CAd MOTOKOM 3JIEKTPOHOB, HM3IIy4a€MbIX pPacCKaJCHHBIM KatojaoM (1).
OO6pa3yrolyecs: MOHBI BBITAJKUBAIOTCS U3 HOHU3AIMOHHON KaMephl
HEOO0IBIION pa3HOCThIO OTEHIIMAIOB (3). [lomydaeMplii TOTOK HOHOB
yCKopsieTcs, QOKYCUPYETCSl CUIIbHBIM 3JICKTPUYECKUM TOJIEM U MOMa-
JIa€T B MAarHUTHOE IT10JI€ (4).

B pesynbrate 60MOapIUpPOBKH MOJIEKYJI BEIIECTBA JIEKTPOHAMHU
00pa3yloTCsl YaCTHUIIbl, UMEIOIINE MOJIOKUTEIbHBIN WIH OTPULIATEIIb-
HBIN 3apsijl, a TaKXKe HEUTpaiabHble YyacTUllbl. [Ipu nmpoxoxaeHuu mo-
TOKa YaCTHI] Y€pe3 MArHUTHOE T10JI€ HEUTPaIbHbIE YACTUIIBI HE U3MeE-
HAIOT HAIMPABJICHUS, & MOJIOKUTEIBHBIE U OTPUIATEIIBHBIC OTKJIOHS-
FOTCS B Pa3HbIC CTOPOHBI. BEIMYMHBI OTKIIOHEHUSI HOHOB ITPOITOPIIHO-
HaJIbHBI 3apsiy U 00OpaTHO MPOMOPIUOHAIBHBI X Macce.

Kaxapii OTAEIbHBIN HOH, XapAKTEPU3YEMbId KOHKPETHOM BEIIH-
YUHON M/Z, TpU JAaHHOM HANIPSKEHHOCTH MarHUTHOTO TOJIS IBHYKETCS
10 COOCTBEHHOM TpaekTopuu. MHTEpBaa CKaHUPOBAHUS MACC MOXKHO
U3MEHSITh, BAPbUPYS JIMOO HANPSHKEHHOCThIO MArHUTHOTO TOJIs, JTU00
MOTCHIAAIOM JJIEKTPUYECKOTO MOJIS.

B 00bI4HOII Macc-CIIEKTPOMETPUM TPUHATO PETUCTPUPOBATH
TOJBKO YaCTHIIbI, UMEIOIINE TMOJOKUTEIbHBIN 3apsij, T. K. Ipu OOM-
OapIMPOBKE MOJIEKYJl SJEKTPOHAMU TOJOXKHUTEIBHO 3apsSKEHHBIX
HMOHOB OOBIYHO OOJIBINIE, YEM OTPHUIIATENBHO 3apsiKeHHbIX. Eciiu HeoO-
XOAUMO HM3y4aTh U OTPULIATEIBHO 3aPSKCHHBIC HOHBI, CICAYET U3ME-
HUTbH 3HAK MOTEHIMAJa YCKOPEHHUS (YCKOPUTEIbHBIC MIACTUHBI).

Ecnu Ha BBIXO/IE MOHOB W3 MArHUTHOTO MOJSI YCTAHOBUThH PETH-
CTPUPYIOIIEE YCTPOUCTBO, TO YACTHIIbI, PA3IMYAOIIUECS 3HAYCHUSIMU
m/z, OynyT JaBaTh pa3jieibHble CUTHAIBIL. VHTEHCUBHOCTH CHUTHAJIOB
OyJeT TpOIOPIMOHANIbHA KOJUYECTBY YAaCTHIl C JAHHBIM 3HAYCHUEM
m/z. IHTEHCUBHOCTh CUTHAJIOB OIPEAEIISCTCA KaK MX BBICOTA, BBIpa-
KEHHas B MM. BpIcoTa muka ¢ MakCUMaJIbHOW MHTEHCUBHOCTBIO TIPH-
HuMmaetrcs 3a 100 % (6a30BbIil MK), THTECHCUBHOCTh OCTaJIbHBIX MHUKOB
MEPECUYNUTHIBACTCS MPOIIOPIIMOHAIBHO U BBIPAYKACTCS B MTPOIICHTAX.

C pocTOM OTHOIIEHUS M/Z pa3HUIA B OTKJIOHEHWH MarHUTHBIM
MOJIEM YaCTHII, PA3IUYAIOIIMXCS HA OJHY aTOMHYIO €IUHUILY MacCChl,
yMEHbIIAETCA. B CBA3M C OTUM BaXHOW XapaKTEPUCTUKOMU
MacC-CIIEKTPOMETPOB SIBJISICTCS UX pazpeutarouias cnocoonocms (R),
ONPEACISIONAs MAaKCUMAIBHYKDO MacCy HWOHOB, Pa3IMYaroluXCs
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Ha OJIHY aTOMHYIO CIMHHMIYY MaccChl (IJI1 KOTOPOH mpuOOp pasjaeiser
MUKW He MeHee yeM Ha 90 %):

R=M/AM,

rae M — makcumanpHas macca, 111 KOTOPOU NEPEKPhIBAHUE TTH-
koB meHee 10 %; AM — ogHa aToMHAasI €IMHUIIA MACChI.

Cranmaptaeie mipubopbl uMeroT R = 5000/1, a nns mpuGopos
c ABoMHOU QokycupoBKoi motoka noHoB R = 10000/1 u maxke 60Jb-
mie. Takue npuOOpsl CIIOCOOHBI YJIIOBUTH Pa3HUIY B MOJIEKYJSPHOU
macce noHoB 0 0,0001. Macc-crieKTpoMeTp ¢ IBOMHOU (hOKYCHPOB-
KOM MOXET JIETKO pPa3/ieIuTh MUKU HOHOB C OJIMHAKOBBIMH HOMH-
HaJIbHBIMU BEJIMUYMHAMHU MOJIEKYJISIPHBIX MAacC, HO Pa3HbIM 3JIEMEHT-
HbIM cocTtaBoM. Hampumep, wmoxer paznuuuth N, (28,0061),
CO (27,9949), u C,H,4(28,0313).

VYcra"HoBineHue  sMmnupuyeckoil  GopMyibl MO JIaHHBIM
Macc-CIEKTPOB — 3ajiaya HE MPOCTasi, HO €€ MOYKHO PEIINTh, UCTOJIb-
3ysl HOAXOSAIIUN alrOpUTM. {7151 mosrydeHust Mmacc-crekTpa Tpedyercs
HAYTOKHO MaJIO€ KOJIMYECTBO BEIIECTBA — OKOJIO | MKT.

2. Xumuueckasn uonuzauyun (XH)

B stoM MeTone oOpaszert 10 00JydeHHUs IMyYKOM 3JIEKTPOHOB pa3-
OaBIAIOT OOJIBIIUM H30BITKOM «raza-peareHta». BeposiTHOCTh mep-
BUYHBIX MOHU3UPYIOIIUX CTOJIKHOBEHUN MEXIY DJICKTPOHAMU U MO-
JeKyJiaMu 00pasiia Mmocje 3TOro HacTOJIbKO MaJia, YTO IEPBUYHBIE HO-
HbI 00pa3yIOTCs MTOYTH HUCKIIOUUTEIBHO U3 MOJIEKYJ peareHTa. B ka-
YECTBE PEareHTOB OOBIYHO MCIOJIB3YIOT Ta3bl C HU3KOM MOJICKYJISP-
HOM Maccoi, Hanpumep, CHy, n30-C4H,o, NH; u uneptHbie rassl (Ar,
He). BropuuHble MOHBI 00pa3yroTCsi B pe3yjbTaTe IMEpPeHoca aToMa
BOJIOPO/JIa WK DJICKTPOHA.

Ecnu razom-peareHTOM CIyKHUT METaH, TO PEaKIMU MPOTEKAIOT
B TAKOM MOCJIEI0BATCIBHOCTH:

CH,+&— CH," + 28

CH, +&— CH; +H" +28&
CH, + CH,— CHs'+ CH;4
CH;"+ CH,— C,Hs" + H,
R-CH; + CHs"— R—CH," + CH,4
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rae R-CH; — monekyia ucciienyemMoro BeIiecTBa.

WUccnenoBanus mokasanu, uto vactunsl CHs' u CoHs™ B cymme
COCTaBIISIIOT OKOJIO 90 % MOHOB, MPUCYTCTBYIOIIMUX B 3TOW CHCTEME.
Macc-cnekTpsl, oay4aeMbl€ MOCJIE XUMAYECKOW HOHU3AIUY, HAMHO-
ro Mpole, CoAepKaT MEHbIIIE MUKOB, U MO3TOMY MX YacCTO JIEr4ye UH-
TEepIPETUPOBATD.

3. Houusauuﬂ IIeEKMpPUUeCKUm nojiem

NoHuzanusi 3TUM METOJO0M JOCTUTAETCsl Ha AJIEKTPOJax B BHUJE
OCTpUSI WM TOHKOW MPOBOJOKH. [loa BIMSHMEM CHIBHOTO HEOIHO-
POJIHOTO MOJIsi MPOUCXOUT MEPEXO0]T FJIEKTPOHA OT MOJIEKYJIbI K aHOLY
3a 107 ¢ u o0pa3yeTcs MOJOKUTEIbHBIM HOH-pagukai. OOBIYHO
MIPU MOHU3ALHUU DJICKTPUUYECKUM TOJIEM HE MPOUCXOIUT 3HAYUTEIIb-
HOM (pparMeHTalMKM ¥ HAOII01al0T B OCHOBHOM MOJICKYJISIPHBIC HOHBI.

4. Macc-cnekmpomempus 6mopuiHvIX UOHOG

B sTom meToze TBepbIii oOpaseln; 00padaThIBalOT MyYKOM HMOHOB
OT BHEIIHEro ucrounnka. OOpa3oBaHre HOHOB JIOOOTO 3HAKA MOXKET
IPOUCXOJIUTh MO PA3IUYHBIM MeXaHu3MaM. Bo-mepBbIX, MCXOHas
moiiekysia (M) MOXeT MPUCOEIUHUTHCS K 3apsyKaeMoOMy aTOMy Me-
Tanmueckoro cyocrpara (Ag'), o6pasys MeTalIooOpraHUYecKyko da-
ctunty (Ag+M)’. Bo-BTOpBIX, MOJEKyda MOXET HOHH3MPOBAThCS
B IIPOLIECCE JIEKTPOHHOTO Nepexoaa ¢ 00pa30BaHUEM HOH-PAIUKAIIOB
M™ mm M™).

5. bomoapouposxa dvicmpelmu amomamu

B »sToM ciydae oOmywaromyid MOTOK COCTOMT W3 HEUTpaIbHBIX
aTOMOB, @ HE W3 HWOHOB. MOHBI MMEIOT BO3MOKHOCTh PEAarupoBaTh
C HEUTPAIBHBIMU aTOMaMHM WM BTOPUYHBIMHU JJICKTPOHAMH, TaK YTO
OHM TEPSIIOT CBOM 3apsll U COXPAHSIOT MOMEHT KOJMYECTBA JIBUKCHUSI.
[Hoaxonsauuii my4ok o0Opa3yroT aTOMbI aproHa, HO 00Jiee BHICOKYIO 4yB-
CTBUTEJIbHOCTh JIOCTHTalOT IMPHU KCIONB30BaHUM 00Jiee JOpPOroro Kce-
HOHAa. MeTton GoMOapAMPOBKUA OBICTPHIMH aTOMaMH BECbMa YCIEIIHO
MPUMEHSETCA MTPU U3YYECHHH CIIOKHBIX MOJIEKYJ, COEAUHEHUMN, Yy4acT-
BYIOIIMX B OMOXMMHUYECKHUX MPOLIECCaX, U JIEKAPCTBEHHBIX CPEICTB.
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4.2. 3akoHomMepHOCMU hpazmeHmayuu

Pacnan mMonekyiasipHOro MOHa OCYILECTBISETCS BCErJa 3HAYM-
TEJBHO JIETYE, T. K. OH MEHEe CTA0MJIEH MO CPAaBHEHUIO C MCXOJHOM
MoOJIeKyJIoM. C poCTOM JJTMHBI U OCOOCHHO Pa3BETBICHHOCTH LIETIH yT-
JIEBOJIOPOTHOTO PaAUKAIA YBEJIUYMBACTCS YUCIIO BEPOSTHBIX HaIpaB-
JIEHAW pacriaza MOJIEKYJISIPHOTO MOHA U COOTBETCTBEHHO YMEHBIIACT-
CSl ”HTEHCUBHOCTD €T0 UK.

HanpHelmmidc  xo pacliMppoBKH MAacC-CIIEKTpa OCHOBBIBACTCS
Ha 3aKOHOMEPHOCTAX (pparmenTarmu. [Ipeanonaraemerii myTh GpparmeH-
TalMU IPOBEPAIOT aHATIU30M IOJI0KEHNUN ITMKOB HEYCTOWYUBBIX NOHOB.

[IpuMepoM yCTAHOBIEHHBIX 3aKOHOMEPHOCTEHW (hparMeHTaluu
SABJISIFOTCS CJICTYIOIINE CXEMBI Pa3pbIBa CBS3EH.

1. B pa3BeTBIICHHBIX YIJIEBOAOPOAAX HanOOsee BEPOSTEH pa3phbiB
CBSI3€M Y MECTa BETBJICHHUS:

_ CH, oot

C—C,=8-C;-3-Cs—Cy—C;

L CH3 -

2. BeposarHocTts pa3psiBa cBsa3u C—H ymeHbIaeTcs ¢ yBeInueHu-
€M LENH yIriIeBoAopoja. DHeprus paspsiBa cBsizu C—C MeHsble, mo-
ATOMY CHavaja MPOUCXOJUT €€ Pa3phIB.

3. B apomatnueckux MpOM3BOJHBIX HAUOOJEE BEPOSITEH Pa3pbIB
B-cBsizu ¢ 0Opa3oBaHUEM TEPErPYNIUPOBOYHOTO TPOIUINEBOTO HOHA
(C;H,") mo cxeme:

B Y

o
H2 H2
@ C'-5-C —CH; —— 3

4. B Macc-ClieKTpax CIHPTOB XapaKTEPHBIMU OCKOJOYHBIMHU
MOHaMU ABJISOTCS (parMeHThl ¢ Maccamu 31 u M-1, KoTtopsie coOT-
BETCTBYIOT CJIEYIOIIEH CXEME pa3phbiBa CBA3CH:
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ot CH,—O'H(31) + R’
H
R-2-C—OH

J\lfb \ + .
& RCH=—O'H (M-1) + H

[IpeanonaratoT, 4To mpu O0Opa30BaHUM HMOHOB MPOUCXOJMUT CTa-
oummsamys 3a cueT obpaszoBaHus KpartHoi cBasm CH,=O'H(31)
wm RCH=0"H(M-1).

5. dns amuaoB HyN—CH,—R xapaktepeH pa3pbiB CBs3U ¢ 00pa3o-
Banuem noHa N,H=CH, (30). 3HauuTenbHbIM IO HMHTEHCUBHOCTH
Taroke sBisercs muk it nona H,N'=CHR (M-1):

+

_ _ ot

(Itl\a H2 B /
NHZ—CI-g—C —CH,

o \

H

N'H,—CHR (M-1) + H

6. B HenpenenpHbIX cHCcTEMax yTieBOJOPOIHAs LENb Pa3pbIBACT-
csl B J-TIOJIOKEHUU K JIBOMHOM CBA3WM M 00pasyeTcsi yCTOMYMBBIN all-
JIWJIBHBIN PATUKAT:

o B Y o
H2 H2 +
HzC:%_C _g_c _CH3 H H2C:CH_CH2 + H3C_CH2

7. MaCC-CHGKTp KCTOHOB COACPKUT CUTI'HAJIBI MOHOB U PAJINKaAJIOB:

-+

st P
N A —_
S

7 + .
2 \ R,—C=0 + R;

Ecnu ankunbpHas 11enb COAEPKUT TPpHU aToMa yriepojia uiu Oonee,
TO TPOUCXOJUT pa3pbiB P-CBA3M U Jajee NeperpynnupoBKa
C YYaCTHEM aTOMa BOJOPOJIA:
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R, R,
N :
CH—HC, R,—C=—C—R
Bv}{q St T HT R 4
“\El W, R,——CH=—=C—OH
L Rl/ ] R,

[lono6HbIe 1 OoJiee AeTaabHbIe 3aKOHOMEPHOCTH YCTAHOBJICHBI TSI
MHOTHX KJIACCOB CoeMUHEHUN. OHMU TO3BOJISIIOT B OMPEACICHHOW Mepe
OOBSICHUTH W MpeAcKa3aTh (YparMEeHTAIIMI0 MOJICKYJISIPHBIX MOHOB U Ha
OCHOBAHMHU MACC-CIEKTPA YCTAHOBUTh XUMHUYECKOE CTPOCHHUE MOJIEKYIL.

4.3. Bo3modcHOCMU mMacc-cnekmpomempuu

[To Macc-ciekTpy MOKHO OIPENETUTh MOJICKYJISIPHYIO Maccy Bellle-
CTBa. JTO HEOOXOAUMO /ISl YCTAHOBJICHUS MOJIEKYJISIPHON (HOpMYJIbI
BenecTBa (OpyTTo-hopmysnl). Macca atoma, U3MEpeHHas] C BBICOKOM
TOYHOCTBIO, OTJIMYaeTcsd OoT MaccoBoro uncia. Tak, mist CO, u C3Hg mac-
COBOE YHMCJIO paBHO 44, HO UX TOYHBIE OTHOCUTEIBHBIE MOJIEKYJISIPHBIC
Macchl paBHbI COOTBETCTBEHHO 43,989828 1 44,062600, T. €. pazHuna co-
crapisier 0,072772 a.e.M. Macc-CieKTpOMETp TO3BOJSET PaA3JIECIHTh
ITyYKH HOHOB CO, u C;Hy ', kor/a oHu TMOJTY4YarOTCs OJHOBPEMEHHO.

OrnpeniesieHle aTOMHOTO COCTaBa MO TOYHOMY 3HAUYCHHUIO MACCHI
MPOBOJUTCS C UCTIOJIb30BAHUEM TAOIUI TOUYHBIX MACC JJIsl pa3TUIHBIX
cootHomenui uncia atomoB C, H, O u N kak Haubosiee pacnpocrtpa-
HEHHBIX dJIEMEHTOB. TOYHOE M3MEpPEHHE MAcC HE 3aMEHSIET AJIEMEHT-
Horo a"anu3a. Oda MeToj1a B3aUMHO JIOTMOJHSIOT IPYT JIpyTa.

[Ipyu uccnenoBaHUM MacC-CHEKTPA JIOMOJHUTEIBHO K OIpeJese-
HUIO THITA MOJEKyIApHOro noHa (M") U3MepsIoT MUK U [T H30TOII-
HBIX MOHOB, BKJIFOUAIOIIUX OoJiee Jerkue Wik 0ojee TKeNble U30TO-
bl (C MaccoBbIMHU yuciaMu M+ 1, M+ 2, M = 3 u 1. .). OgHoBpe-
MEHHOE HAJIMYME HECKOJBbKHUX M30TOIMOB B MOJIEKYJIE MaJIOBEPOSITHO,
T. K. €CTECTBEHHAsI PaCIPOCTPAHEHHOCTh 00JIee TSKEIbIX N30TONoB C,
H, O u N He3nauurtensHa. Hanpumep, Bo.Pc=1x 10_2;
H:'H=1,6<10"%"N: "N=4x10"ur. 1.

Onnako st xiaopa ~>Cl : >’Cl = 3:1; mys 6poma " Br : ¥ Br = 1:1. Cire-
JIOBAaTENbHO, B MAacC-CIIEKTPE HAPALY ¢ HOHOM M' GyIeT mpucyTCTBO-
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BaTh MOH (M+1)" ¢ MHTEHCHBHOCTBIO, IIPOIIOPIMOHAIBHON PACIIPO-
CTPAaHEHHOCTH H30TOIMOB. B IIMPOKO HCIONB3yEeMBIX CIPABOYHBIX
Ta0IUIaX TPUBOAATCS OOBIYHO COOTHOIICHUSI MHTEHCUBHOCTEN MUKOB
MOJIEKYJIIPHBIX HOHOB C MacCOBBIMM urciaMu M+1 u M+2.
MakcumalibHOE 3HAY€HHE M/Z B MACC-CIIEKTPE BEIIECTBA MOXKET
MMeTh MOJEKYIISApHEIH noH (M™), Macca KOTOpPOTO paBHA MOJEKYIISp-
HOM Macce HuccielyeMoro coeAnHeHus. IHTEeHCUBHOCTh NTUKA MOJIE-
KynspHOro HoHa (M) TeM BBIIIe, 4eM TOT HOH CTaOMIIbHEE.
[IpakTHdecKn peaKo yaaeTcs YCTAaHOBUTH MOJHYIO CTPYKTYPY CO-
€MHEHUs TOJBKO Ha OCHOBE Macc-crekTpa. Haumbomnee sddexTuBHO
COBMECTHOE HCIIOJIb30BAaHUE HECKOJIBKUX (PU3UKO-XUMUYECKUX METO-
noB. Macc-ciekTpomMeTpusi, 0COOEHHO B COYETaHUU C XpoMatorpadu-
eil, SBNIsAeTCA OJHUM W3 Hambojee MH(POPMATUBHBIX METOJIOB HCCIIE-
JIOBaHUS CTPYKTYPBI BEIIECTBA (XpOMATOMACC-CIIEKTPOMETPHSI).
Takum oOpa3oM, BO3MOKHOCTHM METOJA: OINpPEACIICHUE MOJIEKY-
JSIPHOM Macchl U OpyTTO-(OPMYJT BEIIECTB; YCTAHOBICHUE CTPOCHUS
BEIIECTBA M0 XapakTepy oOpazyrommxcs GparMeHTOB; KOJIMYECTBEH-
HBIM aHAJIN3 CMECEU, BKJIIOYasl OINPEACICHUE MHUKPONPUMECEH; OIpe-
JICJICHUE CTENEHEH YMCTOTHI BEIIECTBA; OMPECIICHNE U30TOMHOTO CO-
CTaBa BEILIECTBA.
PaccmoTpuM B KadecTBE TMIpuUMeEpa MacC-CIIEKTpP HTaHOJIA
(puc. 11). OOBIYHO CIIEKTP MPEACTABIAIOT B BUJIE TUCTOTPAMM.

Lomn %0

+
100- 31(M-15)

901
80
70
60

307 28(M-H,0)"
40

30 45M-1)"
20

+
. 15(CHy)"* 46(M")

T ]
0 10 20 30 40 50 ms

Puc. 11. Macc-cniekTp 3TaHosna
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B coBpemenHbIx mpubopax o0paboTka MHTEHCUBHOCTU DJICKTPH-
YECKUX HMMITYJIbCOB, COOTBETCTBYIOIIUX MHKaM C Pa3IudyaroliMUCS
3HAUYCHUSMHU M/Z, TPOU3BOUTCS C MIOMOIIBI0 KOMITBIOTEPA.

Macc-cnekTpsl OpUBOAAT B TAKOW 3aIIMCHU: YKA3bIBAKOT 3HAUYCHUSA
m/z, a B CKOOKax OTHOCUTEIbHYIO MHTEHCUBHOCTH (%). Hampumep,
JUTS DTAHOJIA:

C,HsOH-macc-cniektp (m/z): 15(9), 28(40), 31(100), 45(25), 46(14).

Bonpocwl 045 cobecedosaHus

1. TeopeTnueckue OCHOBBI METOIA.

2. DHeprus noHuzauuu. Tumsl pparMeHTaIvN.

3. IIpuHuunuanbHas cxeMa Macc-CIeKTPOMETpA.

4. MeToapsl MOHU3AIMU: SJIEKTPOHHBIN yaap, XUMUYECKasi NOHU-
3a1us U JIp.

5. 3aKOHOMEPHOCTHU (PparMeHTalU MOJIEKYJISIPHOTO MOHA.

6. BO3MOXXHOCTH Macc-CIEKTPOMETPUHU.

Tecmoebslie 3adaHus

1. Tunsl pparmMeHTaIIuy MOJIEKYJISIPHOTO MOHA:

a) IUCCOIMAIINS — paclaj] MOJICKYJISIPHOTO MOHA C COXpPAaHEHHEM
MOCJIEIOBATEIbHOCTH CBsA3ed. B pesynbTaTe mporecca oOpa3yroTcs
KaTHOH U paJuKayl, 00pa3yroTcs pparMeHThl ¢ YETHBIMUA 3HAYECHUSIMU
OTHOIIICHUS M/Z;

MEePErpynnupoBKa — HU3MEHEHHUE IMOCIEOBATEIILHOCTU CBSI3EH,
o0pa3yeTcs HOBBIM KaTMOH-pAJANKAJl MEHBIIIEH MacChl U HEUTpalibHas
yCTOHYMBasi MOJEKYJa, (PparMeHThl XapaKTepU3YIOTCS HEUYETHBIM
3HAYCHUEM OTHOIICHUS M/Z;

0) meperpynnupoBKka — pacmaj MOJICKYJSIPHOTO MOHA C COXpa-
HEHHUEM I10CJIeIOBATEIbHOCTH CBsi3el. B pesynbTare mpoiecca oOpa-
3YIOTCSl KaTHOH M pajuKkall, o0pa3yloTcsi (parMeHThl ¢ HEYETHBIMU
3HAYEHUSAMU OTHOIICHUS M/Z;

IUccoMaIus — U3MEHEHUE MOCIIE0BAaTEIbHOCTH CBsI3€i, o0pa-
3yE€TCSd HOBBIM KAaTHOH-PAJMKANl MEHBIIEW MAacChl M HEUTpajbHas
yCTOWYMBasi MOJIEKyJa, (PparMeHThl XapaKTEPU3YIOTCS YETHHIM 3Ha-
YeHHUEM OTHOIICHUS M/Z;
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B) JUCCOIMAIIUAS — pachaj MOJICKYJISIPHOTO HOHA C COXpaHEHUEM
NOCJIEIOBATENIBHOCTH CBA3€i. B pesynpTaTe mnponecca oOpasyroTcs
KaTHOH U paJiukaj, 00pa3yroTcs (pparMeHThl C HEUETHBIMU 3HAUYCHMUSI-
MM OTHOIIICHHS M/Z;

NEeperpynmnupoBKka — HU3MEHEHHE IOCIJIEI0BATEIbHOCTU CBS3E,
o0OpasyeTcsi HOBBIM KaTHOH-PAJANKaI MEHbIIIEH MAacChl U HEUTpabHAs
yCTOMYMBAsE MOJIEKYJa, ()parMEHThl XapaKTEPU3YIOTCS YETHBIM 3Ha-
YEHHUEM OTHOIIICHUS m/Z.

2. BO3MOXHOCTH METOa MacC-CIIEKTPOMETPHH:

a) onpeJerieHue MOJEKYJSIpHOM Macchl U OpyTTO-POopMysl Be-
HIECTB, KOJMYECTBEHHBI aHAJIN3 CMECEH;

0) yCTaHOBJIEHUE CTPOEHHUS BEIIECTBA IO XapakTepy oOpasyro-
mxcsi GparMeHTOB, ONPeIeTICHUE U30TOIMMHOTO COCTaBa BEIECTBRA;

B) OIpEJICTICHUE MOJEKYJSIPHOU MacCchl U OpyTTO-POpMys Be-
IIECTB; YCTAHOBJIEHWE CTPOCHMs BELIECTBA MO XapakTepy oOpa3ylo-
muxcsi (PparMeHTOB; KOJWYECTBEHHBIM aHAIU3 CMECEW, BKIIIOYAs
OIpEJIETIEHNE MUKPOIPUMECEH; ONpEEIeHUE CTENEHEN YUCTOTHI Be-
IIECTBA; OMPEAECICHUE N30TOTHOTO COCTaBa BEILIECTBA.

3. BriOepute npaBUiIbHBIN OTBET:

a) BEpOATHOCTDH pa3pbiBa cBA3M C—H ymeHbIIaeTcs ¢ yBeJIHM4eHU-
€M ILEeNu YrieBoJopoaa; 3Heprusi paspbiBa cBa3u C—C MeHbIIE;
B apOMATUYECKUX MPOU3BOJHBIX HAaWOoOJIee BEPOSITEH pa3phiB B-CBA3U
¢ o0pa3oBaHUEM MEPErPYNIUPOBOYHOTO TPOIIHINEBOTO NOHA;

0) BepoATHOCTH pa3phiBa cBa3u C—H ymeHblaercs ¢ yBeIM4eHH-
€M LIeTH YTIIEBOI0POIa; dHeprus pa3psiBa cBsizu C—C Oouibliie; B apo-
MaTHYECKUX MPOU3BOJAHBIX HauOOJee BEPOSTEH pa3pbiB -CBs3U ¢ 00-
pPa30BaHKUEM MEPETPYNITUPOBOYHOTO TPOITUIUEBOTO HOHA;

B) BEpOSITHOCTH pa3phiBa cBsA3u C—H ymeHbIIaeTcs ¢ yBeJIMYEeHU-
€M LeNnu YyriaeBoxopoaa; 3Heprus paspeiBa cBiasu C—C MeHblIe;
B apOMATUYECKUX MPOU3BOJIHBIX HANOOJIEe BEPOSTEH Pa3phIB O-CBSA3U
c o0pa3oBaHUEM MEPErpyNIUPOBOYHOTO TPOIUIMEBOTO UOHA.
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