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KOPOACGRGKAA AKAACMHUA HAVK

NHOOPMAIIMOHHASA CITPABKA
Pycckosi3piunas 2JIEeKTpOHHAs BepcuUs

I[NECHb MOJIEKVYIJI

3a nocnenHue roasl pusnku u3 Muctutyra anepHoit pusuku Makca Ilnanka u Kanzacckoro
YHUBEPCUTETA MPOBEIH PAJl YHUKAIbHBIX BHICOKOTOUYHBIX U3MEPEHU MUKPOMHUpA IIPU TTOMOITU
Jaszepa. B yacTHOCTH, OHM BIIEpBBIE IETAIBHO U3MEPUIM PE30HAHC, BOZHUKAIOIINM B MOJIEKYJIE
nenTepus (TSKEIOro BOAOPOIA).

Monekyny aeWtepusi, Kak 1 MOJIEKYJy BOJOpoJa, 00pa3yloT JBa aromMa, COOTBETCTBEHHO,
OHa MMeEET JBa AJpa (KaXJ0€ COCTOUT U3 MPOTOHA U HEUTPOHA) U ABa 31eKTpoHa. DaKTHUUECKU
(¢u3HUKN paboTaau C MOHOM JAEUTEPHS - MOJIEKYJIOH, IMIIEHHOW OAHOTO AJIEKTPOHA.

O06a sapa KoneOII0TCA ¢ HEKOTOPOW 4acTOTOM (KOTOpasi MOXKET MEHSIThCS, HalpuMep, Ipu
HCKYCCTBEHHOM BO3/IEMICTBUU Ha MoJieKyny). IIpu onpeneneHHbIX 4acToTaXx B CUCTEME MOKET
BO3HHMKATh pe3oHaHc. MccimenoBaTenn CpaBHUBAIOT €r0 C MY3BIKAJIBHBIM aKKOPJIOM, KOTOPBIN
BO3HHKAET U3 COYETAHUS ONpPEACIEHHBIX HOT (AKyCTUUYECKMX BOJIH (PUKCHPOBAHHOW YaCTOTBI).

Llenpto mocnenHed pabOThl HEMELKO-aMEPUKAHCKOM TpyNIbl ObLJIO HM3y4YUTh HMEHHO
SABJICHUE MOJIEKYJISIPHOIO PE30HAHCA: IIPU KAKUX YaCTOTaX OHO BO3HHUKAET, KAKUX AMIUIMTY]
MOTYT MPHU ITOM JOCTUTaTh KOJEOaHUs SI€pP, MOXKHO JM HA CUCTEMY BIMSTH HCKYCCTBEHHO.
Cnenyss mertagope My3bIKaJbHOTO aKKOpJa, (U3MKM Ja)Ke CO3JalM ayauo MpeACTaBICHUE
CBOET0 MCCIIETOBAHUS - MOYKHO TOCIyIIaTh IECHb MOJIEKYJL.

Kak n MHOroe apyroe B MUKpOMHpE, 4aCTOTa KOJeOaHUI YacTUIbl KBAHTOBAHA, T.€. MOKET
IpUHUMATh HE JI000€ 3HAUYCHHWE HAa HENPEpPhIBHOM IlIKajle, a OrPaHUYEHHOE KOJMYECTBO
(UKCUpPOBaHHBIX 3HAaYeHUHN (KBAHT - Heaenumasl nopiusi). COOTBETCTBEHHO, KBaHTOBAaHA U
4acTOTa, MPU KOTOPOM BO3ZHUKAET MOJEKYJSPHBIM pe3oHaHc. Kaxaoe 3HauyeHHWe 4YacTOThI
COOTBETCTBYET KBAHTOBOMY COCTOSIHHIO CUCTEMBI.

Yro0Obl mpeAcTaBUTh ceOe 3TO CBOMCTBO, MOXKHO CPaBHUTh MOJIEKYJIY C MY3BIKaJbHBIM
MHCTPYMEHTOM, KOTOPbIH CIOCOOEH UIPaTh TOJBKO HA HECKOJIBKUX (PUKCUPOBAHHBIX 4aCTOTaxX
0€3 MPOMEKYTOUHBIX BApUAHTOB.

VYBuaeTh KosiebaHusl MOJIEKYJIbI, JUISIIMECS HUYTOKHBIE JOJIU CEKYHJbl, HEBO3MOXKHO Jaxe
B 3JIEKTPOHHBIM MHKpockomn. [[ns HaOmoneHHs HCMOIb30Bajach CHEIHATbHASI TEXHOJIOTHS,
pa3paboTaHHas B MHCTUTYTe Makca Ilnanka: 7Ba CBEpXKOPOTKHUX JIA3€PHBIX UMITYJIbCA, IEPBBII
BO30Y’KJIa€T MOJIEKYJLy U BBI3bIBACT JBHKEHUE s1€p, BTOpoH "Gororpadupyer” cucremy.

Pesynprar aHanmsa MOJIEKYJIBI IEUTEpUS 3TUM METOJOM IPEIACTABICH HAa WJUIKOCTPALUN:
o ocu adCHHUCC OTJIOKEHO BpeMs MEXKIY JIBYMs HMIIyJbcaMHu (TO €CThb (paKTUUYECKU BpeMs
MIPOBEJICHUE H3MEPEHHUs), MO OCH OpAMHAT - pacCTosiHuE Mexay sanpamu. llockonbky B
MHUKPOMHpPE MOJI0KEHUE YACTHUIIbI, KAK IPABUJIO, ONMCHIBAETCS BEPOATHOCTHBIMA METONAMM, Ha
rpaduke NpUCYTCTBYET TPEThE U3MEPEHHE: LIBET, KOTOPBI 0003HA4YaeT BEPOATHOCTh TOTO, YTO
A/Ipa HaXOATCSI MMEHHO Ha TAKOM PaCCTOSHUU.

[lonyuuB 3TH NaHHBIE, YYEHBIE CMOIVIM NPOAHAIM3UPOBATH 'BKJIAJ' KaXJAOW YacCTOTHI B
o01Iyt0 KapTHHY (IOJ0OHO TOMY, KaK MY3BIKAHT MOJKET pPAcCIbILIATh OTAEIbHbIE HOTHI B
akkopzae). CreuuanbHbld MaTeMaTHYeCKUM amnmapar - npeoOpazoBaHus Dypbe - MO3BOJISET
PA3JI0KUTh CIIEKTP HA YaCTOTHI U MIOHATH, YTO MPOMUCXOANUT HA KaXJI0W YacCTOTE.

Pesynbratsl aHanu3a npencTaBieHsl Ha cxeMax (a), (b) u (c).
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Ha cxeme (a) m300pakeHbl 4acCTOTHI T€X KBAHTOBBIX COCTOSIHHMM, B KOTOPBIX BO3HHUKAET
pe30HaHC.

Ha cxeme (b) mpuBeneH monenbHBIN pacyeT Jyisl ciayyas, KOTJla CUCTeMa He IMOJBepraeTcs
JIa3epHOMY BO3JICHCTBUIO U BEAET CEOSI €CTECTBEHHBIM 00pa30M.

Ha cxeme (c) maHbl pe3yabTaThl SKCIEPUMEHTA: HOH HAXOJUJICS B DJIEKTPOMArHUTHOM IOJIe
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Ha cxemax (b) u (c) mo ocu abcuucc OTIOXKEHO PACCTOSHHUE MEXKAY SApaMU, MO OCH
OpJWHAT - 4acToTa (4eM HIKE TOYKa, TeM OoJibllie 4yacToTa). [[BeTHbIe MOJOCKM MOKa3bIBAIOT
XapaKTEPUCTUUYECKOE PpACTIPENICTICHUE PACCTOSIHUS MEXKAY SApaMHd B COOTBETCTBYIOIIEM
KBAaHTOBOM COCTOSIHUM - TO €CTh T€ 3HAUCHHUSl PACCTOSIHUS, KOTOPBIE, CKOpEe BCEro, MMEIOT
MecTo. benas criomHas TUHUS - TOTEHIIMATbHAS KpUBAsi, TCOPETUUECKHUIN MpeIeN aMIUTUTY bl
(ecnu paccTosiHUE MEXY SApaMU MPEBBICUT MPEAET, MOJIEKYJIA pacaieTcs).

Kak moxHno Bumets Ha cxeme (b), siagpa ¢ HanOoMbIeld BEPOATHOCTHIO HAXOAATCS MO0 Ha
MUHUMAJIBbHO BO3MOKHOM, JIMOO Ha MaKCHUMaJIbHO BO3MOXKHOM PACCTOSIHUU JAPYT OT Jpyra.
MakcumanbHas aMIUIUTy/1a 3aBUCUT OT KBAHTOBOT'O COCTOSIHMSI: YEM BBIIIIE YACTOTA, TEM YXKE
007acTh, B KOTOPOW BO3MOKHBI KOJI€OAHMSI, TEM MEHBIIIE DHEPTrUU HYKHO, YTOOBI pa3opBaTh
MOJIEKYJIy Ha aTOMBI.

Cxema (C) mOKa3bIBa€T, YTO JIa3€PHBIC HMIYJbCHl CYIIECTBEHHO BIIUSIOT HAa CHCTEMY.
Ha onpenenennpix wacTtoTax KkoyiebaHus "BBIXOHAT"' 3a TMOTEHIUAIBHYIO KPUBYIO.
DTO 03HAyYaeT, UTO MEPBbIN UMITYJILC MOXET BBI3BAaTh PE30HAHC, KOTOPBIN pa3pylIUT MOJICKYJTY.
B TtakoMm cnydae BTOpOW MMMyJibc JTUOO HE OOHApYXKUBal siAep BooOIle, b0 (purcupoBan
pacnaja MOJIEKYJIbI.

Pesynbrarel ananuza uccienoBarenu "o3Byursd'. Hactora 3Byka "ayawo wiumrocTpanuu'
3aBUCHUT OT YaCTOTHI KOJICOAHUI MOJIEKYJIbI, @ TPOMKOCTD - OT PACCTOSIHUSI MEXAY SJIpaMHu.

Huuezo ydueumeﬂbuozo d)us’uku He OmKpoliu, HO OHU e6nepevle ocyuiecmeuiu
HACMOIBKO MOYHbIE UMEPEHUA nO00OHbBIX npovyeccoe, pa3pa60ma.flu HO6YI0O MEXHOI02UI0
Uuccie006anus MUKpomupa, noopoﬁuo onucaiu AejieHue MOJNEKYJIAPHO20 Ppe30OHAaHca,
BbIAAICHUIU, KAKUE K6AHMOBbIE COCMOARUA NPUCYULU MOJIEK)le 0eﬁmepu}l. KpOM@ mocz2o, Oonu
YmMOUHUIU, KAKOE 6/IUAHUE HA MOJIEK)/IYy OKa3bléeaem Jjia3ep u npu KAKUX UMEHHO YC/lOBUAX
OHa pacna()aemm = umo nomeHuudjilbHO MolHcem npueooumbc;l 01 ynpaejienusn
XUmMuueCKumu peakuyuimu.
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