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C.A KV¥YTOJHH

0 MHOTOBPEMEHHOCTH B KBAHTOBBIX CHCTEMAX XMMHYECKOW KHHETHKH
W BHIYUCJIEHUUM MPEAIKCIOHEHIMANBHBIX YJEHOB
B MOHOMOJIEKYJISIPHbBIX MPOUECCAX

CoBpemeHHan TeopHs XHMHYECKOH KHHETHKH
SIS PA3IeNeHHS] PA3JAHUIBIX XHMHYECKHX COCTOS-
HHfl, TO €CTH KBAHTOBLIX CHCTEM, HCIOAbL3YCT O1-
HH JIHLIL  SHEPreTHUECKHe M NPOCTPAHCTBEHHO-
KOl(UTypaHOHHble HHTEPBA.THI.

Teopus akTHBAUHMOHHOIO aKTa, paccMOTpeHHas
B paGorax dipunura n [loaansn [1—2], B KoTO-
pbiX MpeAcTaBIeHua 00 AKTHBHOM COCTOSHHM, 00
31E€prun aKkTHBalUMu U 00 IHepreruyeckom Gapbe-
pe CBSA3LIBAIOTCA TOJLKO € 3HEPTeTHYECKHMH H
MPOCTPAHCTBEHHO-KOH(DHUIYPAILHOHHBIMH HHTEpBA-
1aMu, He 1o3BoasieT OOBICHWTb pacxoxieHue
Mexay 3KCﬂepHMeHTaﬂbeIMH H TCOPCTHYECKHMH
3HAYEHNAMHE YACTOTHBLIX YIEHOB Y MOHOMOJEKY-
J9PHBIX peakiuil, koTopoe Aocturaer 104—10° pas.
Yayuiienune TEOPHH CTOJKHOBEHMIT myTem yuera
MHOTHX cTeneHei ¢ceofoabl B CA0OKHIBLIX pacinanalo-
LWHXCA MOJeKy/laX, nposefentoe [HAIIENLBYLOM
[3] u Kaccemewm [4], ne oTkpbiio nyTeil K noctpoe-
HHIO OGIeH TEOPHH XHMHYECKOH KHHETHKH H Bhl-
UHCAEHHKO A0COMIOTHRIX CKOPOCTEH peakiiuil.

B pa6ote H. H. KoGoaesa [5] naetcsi KpuTHuec-
kil ©0630p TEOpMH AKTUBHOTO KOMILeKca Ifi-
punra-TTonsnsn 0 TEOpUH MHOTUX cTeneHell cBo-
6oap [uumenssyna-Kaccens  # Aokasbipacred
HECHOCODHOCTD ITHX TEOPHI OOBACHHTE BBHICOKHE
MPeasKCTOHEHIHANLHEIC MHOKHTEMH, TO €CTh Bbi-
COKHE SHTPONWH NpH MOHOMOJEKYJIHAPHBIX npo-
ueccax.

CyliecTBeHHo HOBBIT M0AX04 B TEOPHH onepe-
JKAIOULET0 KOMIJIEKCd B XHMHUYECKOH KHHEeTHKe,
crenanubiil B padorax [6—7], 3akmiouaercs B He-
O00XONHMOCTH YueTa TPeTbEro BHAA HHTEPBAJOR
MeMIY COCTOAHHSIME — BPEMEHHOrD HHTepBa.sa.
[Tpu 3tom Hapsiay ¢ TPAHCAAUHOHHLIM Bpemenem
H. U. KofosesbiM npu anaause  ypaBHEHHS

JHe-Bpoitas ykasuiBaeTes Ha HE0OXOAUMOCTh yue-
Ta «COOCTBEHHOrO» BPEMEHH 4YacTHIbl, KOTOPYIO
MOMKIO MPEACTABHTL KakK «BPEME‘HHUﬁ OCIHIIA"
Top». Takas uacthua He npebblBaeT MOCTOAHHO
Ha HEKOTOPOM HyJeBOM poHTe BpeMeHH, a Ko-
JAebaeTest OKOJIO HErO ¢ BPEMEHHON aMIHTYRol

S (t)

XapakTepucTHueckKoe BpeMsi T MOMKeT OblTh
HA3BAHO AHCIEPCHOHHBLIM MW KBAHTOBLIM BpeMe-
HeM YACTHIUBI, B OTJIHYIIE OT TPaHCASLHOHHOI'O
H/H CBETOBOTO BpeMeHH, Kak (opMbl KaaccHue-
CKOI0 MEXaHHYeCKOro ABHKEeHHS.

Beenennas H. M. KoGozeBwm mHOroBpemen-
HOCTL TO3BOJIMIA JaTh VAOBAETBOPHTEIbLHYIO
KaaccHPHKALNIO 15 MOHO- # OHMOJEKYJISAPHBIX
MPOLECCOR.

Tak kak npeanonaaraercs, 4TO and HACTHIBI
CVILECTBYIOT TOJNLKO T€ COOBITHA, KOTOPbIE JeXar
B npejenax AHCIEPCHOHHOTO BPEMEHH, TO Kasa-
JOCH CYLIECTBEHHBIM BBISICHHTH CBOHCTBA TAKOro
spemern. C 3TOH menbl0 aBTOPOM HACTOSILETO
coobuienuss OblT0 NPeANpPHHATO obllee HCCAEN0-
BAHME 10 MHOTOBpeMenHoMY popmasnamy [10].

B nacrosimem cooOuieHnn paccMarpHBaeTcs
CYNeprozHLHs TPAHCAAIUHOHHOTO At M AHCTIEPCH-
OHHOTO BpeMeHnu Ot*. DTHM BpeMeHHbIM HHTepBa-
JlaM [PHBOAATCA B COOTBETCTBHE IIPOCTPAHCTBEH-

HO-KOH(UTYpaltHOHHBIe HHTepBaasl Ax U dx. Kou-

thurypanuonnomy npocrpancrsy f(Ax, At) coort-
BeTCTBYET VHHBepcaabHas nocrosinHas c=3- 10'°
csMlcex, XapakTepucTHUecKas 408 TPAHCAAUHOH-
HOro (CBETOBOTO) BPEMEHH.
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B EpauToBofl MexaHHKe HCKJII0YAETCH CVILEe-
CTBOBAHHME «TOHUEUHBIX» COCTOAHMI  ypaBHEHHCM
I'efisendepra:

Ax Ap = h; (2)
At AE> h. (3)

Munumanpnas BpeMenrHas HeonpeaeseHHOCTD
yacTHllLl, AaBaemasi vpasHeuuwem [elizenGepra
(3), onpeaeasier BETHYHHY XAPAKTEPHCTHUECKOTO
BpeMeHH 4acTHIlbl (4) HA penaTHBUCTCKON TpaHu-
e no Kobozesy:

- (4)

me

ol

A fmm =2

B paGorax H. A. Kosuipesa [8-—9] u3 actpono-
MHYECKHX Ha0MoAenuil H 1a00pATOPHBIX OHLITOB
¢ BPAILEHHEM THPOCKOTIOB 00CYIKIATACH BOZMONK-
HOCTh CYILECTBOBAHHSA HAPAAY ¢ OOLIMHEIM Bpe-
MEHHONOJAOOHEIM BEKTOPOM B  UYEThIpeXMepHOM
MHOTOOOPA3HN €llle W MCeBI0BeKTOPHOTO BpeMe-
Hi, Gnarogapsi KOTOPOMY MOMKHO OTAHUHTB MPH-
YHHY OT CAeACTBHA B HPHUHHHOCAEJACTBEHHOI CBSI-
3u. LEeam XapakrepucTHkoil BpeMeHHONOAOOHOTO
BeKTOpa B 4-M MPOCTPAHCTBE CAYVIKHUT CKasaplas
BeJMYNHA €, PABHAS CKOPOCTH CBETA, TO MCEBIO-
BEKTOPY BPEMEHH CTABUTCS B COOTBETCTHBHY Viil-
BepeaJbHbIl NceBlockaaap ¢, HMeuHli pas-
MEPHOCTL CKOPOCTH. 3JKenepuMmenTaqbloe 3HA-
YeHHC ¢¥ onenuBaetcs BesAnnoi ~ 7 - 107 ea/cex.
H. A. KosvipeBeim BbIAeasieTcss  TpoCTpai-
CTBEHHBIH HHTEpBan §x, KOTOPLI onpepensercs

HM KaK ITPUHSBEILEIIIIE VOHBepCcanbLuoro Mneenio-
cKaaapa ¢® HMellero pasMepiicTL  CKIPOCTH
H BPEMEHHONO HHTEpBa a Ht*

dx=p"™ 6% (5)

Beauuuna §t* ne MoKer ObITh MEHbUIE BeJHuH-
Hbl HAUMEHBIIErD BPeMeHHOTo WHTepsaja T, 1pu-
uumaemoro H. M. KoGozesnim B KauecTse Mutin-
Ma/bHOH BpeMelHoil HeoNpeaeaeHHoCTH TaCTHILLL.
[Tosromy moxHO DOcTyAHpoBaTh, YTo 8% =1. B
3TOM cayuae, noiactasass. (4) B (5), moayuaem:

b =[]0 -

¢ | 2me

Bpoasi dazoBuiii mpocTpaHCTBENNLIT HHTEPBAT
JTHCTIEPCHOHHOIO BpPeMeHH, pPaBHblil 2mdy, moay-
yaeMm:

b= Diligs = D=0 B [ :('*]_L‘= ngL. (7}

¢ 2me ¢

-
3naueiua € #u ¢* p—
7

Torda, nogcraBnags

noayvaem:

i (8)

4TO B TOUHOCTH PABHO MOCTOSIHHOMN TOHKOI CTPYK-

Dp

TYPbl, KOTOPdS BblpamaeTCH KaK o= ?* TD eCTh

i

ot - zf—"': 7107 cajcex (9)
(

(e — BeaHunHa sapala 31eKTpoHa).

[Toctoaunas TOHKOH CTPYKTYPBl M3 OpHBEICH-
HBIX cO0OpaMeHuilt XapakTepu3yeTcs OTHOIWEHHEM
ABYX VHHBEPCAIBHELIY NOSTOAHHBIX, KOTOpLI¢
onpelensior TpancaauydoHnoe | JHCHepenonnoe
BpemMa MpH JICKTPOMATHATHOM B3aHMOACHCTHIII
B KBAHTOBLIX cHeTemax. [Ipn apyrux supax Bsam-
MO,U.E‘I?CTBI-[FI MATCPHANBHBIX  CHCTEM [Cl‘I..‘Ibii(JM,
c1aboM M TPaBHTALHOINOM) OTHOIIEHHE
CBOMCTB BPeMEHH (AMCHepPCHOHHOr0 | TPAHC/Sf-
LI.HOHI-[{)I"O] G}’;‘IET XAPAKTEPH30BATLCH HHBIMHA
3HAUEHHSAMU YHHBEPCAALHBIX NOCTOAHHLLX.

anBt’,U,tEHHhIB COU()[)EI)KE!HHH MOJTBEPNKAAIOT,
uro Besuunna 8t¥, koropoit onepupver H. A. Ko-
3LIPEB, PaBHA BEJAHUHHE JHCIEPCHOHHOT) BPEMEHH
T, kotopeim  onepupyer H. M. KoGozes 6t* =,
MOCKOJBKY Takoe onpepejeHue o Jaer CcoBna-
AEHHE ¢ IKCHEPHMEHTaJbHbIM 3HaueHuesm, Hail-
JEHHBIM H3 ACTPOHOMHYECKHX HadoaeHI.

C}-’[LLECT‘BE‘HHO OTMETHTL, YTO aHaJHTHUEeCKOe
3HaYeHHe BeJHYHHBL OX, onpenenensoe H3 vpap-
Hernust (6), paBHO NPHHATOMY PajHVCy 3JEKTPO-
Ha: 2,82+ 10 ~13 ca.

H}'}KHO CYHTATEL, YTO BCAKAA KBAHTOBOXMMHYEC-
ckas cuereMma (paxryueckn nabaionaercs B
CMEIAaHHOM TPAHCASUHOHHO-AHCIEPCHOHHOM BPC-
menn. TlosTomy KHHETHKY NpeBpauienns KBaHTO-
BOXHMHYECKHX CHCTEM TaKKe cleayer npeiacrap-
JATh, NPOTEKAILel B cyNeprno3upoBaHioM Tpall-
CAAHOHNHO-AHCITEPCHOHHOM BpeMeHH.

M3 npusenennpix coobpaennii ciaenyer, uro

IRCHEPHMEHTANIBHO TOJVUAeMas BeJaHUNHA npeﬂ-'

IKCNOHEHIHATLHOTO yleHa A B MOHOMOJEKYA58p-
HOI PCAKINH MOXKET PACCMATPHBATBCA Kak cpefl-
Hee I‘t‘DMETp]‘Il!eCI\'DB MNPpeIakCnonenHanbHBLIX HIe-
1o A1 m A 1+ XapaxkTepuayouLux npespatienne

ARTHBHOTO KOMILIEKCA COOTBCTCTBEHIIO B Tpani-
CASILHOHHOM W AHCHIEPCHOHHOM BPEMEHH,

A=Y A 4. (10)

Takum o0pazom, npeaskcnosenTsr A; , Ap-

MO HBL OLITH TIpefeTaBaeHbl Kak (PyHKIUHH, cO-
OTBETCTBEHHO, TPAHCASAUHOHHOrO M AHCHEPCHOH-
HOPO BPEMEHH.

Pa3ssnTee npeacTaBaeHus OTHOCHTETLHO OH-
HAPHOTO (TPAHC/SILHOHHO-THCIEPCHOHHOTO) —Xa-
paKkTepa BPeMeHH MOryT GLIThb HCMOJIL3OBAHLI ATd
KraccHPUKalM  MOHOMOJEKVIASIPHBIN  peakiimil
Ha MELJIeHHBIE, HOpMAJbHEIe, OBICTPLIE H CBEPX-
ﬁ[;ICTI)I)I(') H OUeNKH BeJMHYHH HX TIPpea3KCHOHCH-
UHAJABHLIX Y4JI€HOB. B TOM ciayuae, KOrga akTHB-:
HBITT KOMIIEKC HAXOAWTCA BHYTPH HAHMEHbUIETD
MPOCTPAHCTBEHHO-BPEMEHHOTO  HHTEpBajad, TO
ecTh TOJLKO BHYTPH KOHMHIYPAUHONHOTO IPO-
crpanctBa  f(Ax, At), nam f*(6x, 6t*), TO

ABYX -

~
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npeaskcnonentsl Ay W Ay MOryT ObITh BhIpame-
HbI:

Ay =1/AL (11)
A= 1/ot*. (12)

B Gunapuom (TpancasiHONHO-AHCIEPCHOHHOM )
BPEMEHH 3TOT aKTHBHBLII KOMIVIeKe GyAer HMeTh
elle JOMOJMHHTeAbHBIE COCTOAHUS B KOH(pHTYpa-
unonnoM npocrpancrse f(Ax, 6x, At, 6t*) p —
uaMepenuil. f npuHuMaer oObldHble 3HAUCHH:
0,1, 2, 3, 4. f=4 — COOTBETCTBYET PEAATHBHCT-
CKOMY Caydaw A5t aKTHBHOrO Kommiekea. f=0—
COOTBETCTBYET HAXOHIEHHIO AKTHBHOIO KOMILIEK-
ca BHYTPH [POCTPAHCTBEHHO-BPEMEHHOTO HHTEP-
Bana ana#Aa TP'CIHC.‘IFIUHO-E'II*IDFD HJITH ﬂHL‘ﬂEp‘CH(}I-IHI}FU
BPEMCHH.

Takas gonoaunrtensHas komOWnanua  uHena
crenedell ¢BoOOABl AAA AKTHBHOIO KOMIJIeKca B
AAHHOM KOH(HUrypalHoniioM npocrpanctse 8 -
HAPHOM (TpaicasHOHHO-THCTIEPCHOHHOM) (PPOH-
Te Bpemeny pasia +=2f. I'me anak «+» xapak-
TEPH3YET CHMMETPHIO MPOCTPAHCTBA OTHOCHTEh-
HO TPAHCJAAUHOHHOTO BpDEeMeHH, a 3HaK «—» —ero
acuMmeTpHio [9], 4TO SKBHBAJEHTHO BbIpaXKaeTcs
ppeJeHueM AMCMEPCHOHHOTO BpeMenH [6—7].

B stom oOwmem caydae A u Ay MOXKHO Bbl-

pPa3uTh:
A =)@ (13
A= (o)) (14

HJIH 3aMeHAx

At=Ax/c u 6t*=06x/c*, nonyuaem:
A = (c/Ax) (clAx) T2 = (c/Ax) ‘+2%; (15)
Ay = (c*/dx) (e*I5x) (c*/6x) 128, (16)
[MoxcraBaaa (15) u (16) B (10), umeewm:

23
—
—

Aa=YV [e/Ax) B (e¥px)'—2"=

(B \B 1 1 eNda /. fe ).'1 SN
=||— | ——— || — —ha| — P
“_-_\x) ¥ Ax tx J( r*) ]/ (Il i E e ]/ L

; Ba\3 1
i'-l'-._—:(—"— i _.——___\:’ (17}
Ax ) Y Ax bx -
roe I 3 — 34BHCHT OT METPHKH, HO OAHO H3 3H4d-

qenuit h=1.

B raduauue npuBoAMTCH KJAACCHPHKALMA HaC-
TOTHBIX UJIEHOB MOHOMOJIEKYISPHBIX PEAKIHIT npH
p=0, 1,2, 3, 4.

BE‘..’IH‘U'IHH YACTOTHOTD wWaeHa No TGD]JHH 31"1—
punra-Toasuen paBaa = 10'3 ¢ex !, uto coor-
BETCTBYET «HOPMAJBHONH»  MOHOMOJIEK YIS PHOI
PeaKiHN, 208 KOTOPOil BeNHYHHA YAaCTOTHOTO YJie-
Ha, BblUMCJAeHHas [0 NOJYUeHHOMY YPaBHEHHIO
(17) ans p=1 (rada. 1) pasna 10'? cex— !,

3
TaGanua 1
AupexTunn. - . .
kBaHTOBOE | XapakTep peakiluH bax IEL,TGTHO'_U e
wpean, 3 i CeR
0 .Mensennme pe-| i) ¢ et
aKuun*®
. ¢
1 LHopmansnbie M2V e
peakunn® e%y
2 .beictpue peak- | . e \2
uHu* 2 (f_,r Voo
3 l .CrepxonicTpuie ¢ \?
| peakuun* by o A
&) | ¢
A —
n(w) Ve

Ouennw seaumunupt Ay . BooGuie rosops, neer-
Jla MOEHO BhIOpaTh (HAa30BOE MPOCTPAHCTBO Ta-
KuM oOpasom, uto snavenns iz =1. Ecau ke
npenea [17] paccmatpuBaTh Kak

ax

Hn‘;—:{-—‘ﬁ,’ (1?!
5 i
lim {__\E — 1 (18)

BeJHYHHY, MaJ0CTh KOTOPOH ONpeaeIsercs CooT-
HOWEHHEM OX U AX MPH VCJIDBHH, 4TO ABE TOUKH
B (pazoBom npocrpancree f(Ax, At) pasanuaiorcs
na 360° a B dasoBom npocrpauncrse f*(dx, 6t*)
CYILECTBYET KOHEYHBLIT HHTepBan (rae npHunia
OTIHYACTCS OT caedcTBusi) MeHbire 360 ° u npe-
ae (18) nopmupyeresi, To umMeeM:

by B )2
(5 ... SN | - L .5 £
Ax ) Ax fx (Ax)?Ax Bx
lim —— =1
(dx)a (19)
i, CAC10BaTEeILHO,
1 1

Hfee——=— 20
J Ax fx = (20}

M3 stux coobpaxenuii nonyuaerca rabauua 2
KO PHIHENTOB A 5 [PH PA3NHUYHLIX B H NPHBO-
AATCA YHCJAEHHBIC 3HAYEHHS YACTOTHLIX UYJIEHOB
A cex .

Tadawua 2
B I[ €] 1 ' 2 ‘ 3 } 1
fgy 1 1 ] =2 =
A3 cen) 1;n I T I U A 1022

Takum oGpasoM, paceMOTpeHHE MHOTOBpPEMEeH-
HOCTH B KBAHTOBLIX CHCTeMaX XWMHUECKOI Kitie-
THKH N03BOJIAET Kaaccn(PHIHPOBaTh MOHOMOJIEKY -
JAAPHbIE PEAKLUHH M OLUEHMBATH BEJIHUMHBI Npel-
IKCNOHEHILHA/IBHBIX YWICHOB [JIA PA3HLIX KJ14CCOB.

Beauuntbl  MPeAIKCIOHCHIHAIBHBIX — UWICHOB
Oanski K Tem, Koropsle noayuna H. M. Koboszes
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B TEODHH OlEepexawollero KoOMIvlekca ¢ HCHojb-
30BaHHeM BpeMeHnHOH sHTponud. B 3roit ke pa-
OoTe OHM MOJYYEHBl NMYyTeM HCNOAb30BAHHS MHO-
roppemenHoro opmanuima.

BbIBO 1 bl

|. PacemoTpeHa MHOrOBPeMEHHOCTb B KBAHTO-
BBIX CHCTEMAX XHMHYECKOH KHHETHKH Kak cynep-
MO3HIHA TPAHCASIHOHHOTO (CBETOBOrO) BpeMeni
H JHCnepeHonHoro, passupaeMoro B paborax
H. U. Kotosesa u H. A, Kosbipesa.

2. TeopeTHyecku BLIBEAEHO aHAJHTHYECKOE Bbi-
pakenne 415 VHHBEPCAAbHON NOCTOSAHHON Xapak-
TEPHCTHYECKOH A7 JAHCHEPCHOHHOTO  BPEMEHN:

=2 =7.10°

H. A. Kosbipesbiu.

3. TMocTostHHAA TOHKOH CTPYKTYPbl HHTEPIPETH-
pyercst Kak OTHOLIEHHe ABYX CBOACTE BpeMeHH
JHCTIEPCHOHHOrO H TPAaHCAALUHOHHOTO B caydde
3JIEKTPOMATHHTHbLIX B3aUMOAENCTBHIL.

4. O0HapyxKeHbl aHATHTHUYECKHE 3aBHCHMOCTH
MeH 1y HPE,ELBKC]’!OHEHLI’,HB.I"I!:HHMH YACTOTHBIMH

emlcex,  paHee  MoOJyueHHOE

YAeHaMH B MOHOMOJAEKYJAAPHBIX PeakUHAX H VHH-
BEPCAJBHBIMH MOCTOAHHBIMH (¢ W ¢*) TpaHcas-
LHOHHO-AHCHepeHontoro spemenn. [loayuennbie
3ABHCHMOCTH MO3BOIAIOT OUEHHTh NPEAIKCIOHEH-
LHAJTBHBIE 4leHbl H OOBSICHHTH H3BECTHLIE CAyUan
KHHETHKH MOHOMOJIEKYJSIPHBIX PEaKLHil. '
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