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JIUIIeH3UOHHOeE COoIJIallleHUe.

JaHHas IporpaMmMma SIBJISIETCSI IPOIYKTOM CBOOOTHO
pacipocrpaHsgeMblM B paMkax JdieHsud GNU General Public
License.

[Tosib30BaTest0 MAETCA IIPpaBO HA MCIIOJb30BaTh M OeCIIaTHO
pacIpoCTPaHATh JaHHBIU IIPOrPAMMHBIN ITPOAYKT.

OcHOBHBIMU mosuAsMU GNU GPL v1.0 gBiIgOTCA CJIeAyIOIHe
TpeboBaHUI:

* IIpemoCTaBJIEeHHEe UCXOQHBIX KOIOB, JOCTYIIHBIX I U3YUYeHUsd, K
OMHaAPHBLIM KO/IaM ITyO/JIUKYEMBIM C JaHHOM JIUIIeH3UEeH;

* HacjJeJ0BaHUeE JIUIIEH3UU B CIyuyae MOAUPUKAITUU UCXOTHOTO
KO/Ia, TO €CTb MOJAUGUITUPOBAHHBIN UJIN 00beIUHEHHBIU C
OPYTUM KOJ B pe3yJIbTaTe TaK Ke T0JKeH ObITh BBIIYIIEH IO/
suneHsued GNU GPL, ciieoBaTesIbHO, OBITH JOCTYIIHBIM JJIS
MOZUGUKAIUU JIFOOBIM KeJIar0IIHM.

ABTOpPBI He HeCyT HHUKAaKOM OTBETCTBEHHOCTH 3a BO3MO>KHBIE
II0TEPH I10JIb30BaTEJISI B IIPOIlecce MCII0Ib30BaHUS IIPOTrPaMMBEI.

JlaHHas mporpaMma oIllcaHa aBTOpaMU B CTaThax [11-13].



1. HasHaueHue.

[IporpaMMHBINA KOMILIEKC «CIIOH» SIBJISE€TCI HHCTPYMEHTAIbHBIM
CPeACTBOM I aHa/iu3a CIIEKTPOB IIOIVIOIEHUS MOJIEeKYyJ THUIIa
ACUMMETPUYHOI0 BOJIYKA. BXOOHBIMM [TaHHBIMU [JI1 HIPOTPaMMBbI
SABJISTIOTCS:

dau criekTpa (CIIUCOK JIUHUM),

dai1 mapaMeTpoB I pacyeTa BEPXHEero COCTOSHUS.
dai1 mapaMeTpoB I pacyeTa HUKHET0 COCTOSTHUA.
dai1 mapaMeTpoB JUIIOJIBHOI0O MOMEHTA.

BBIXOTHBLIMHU JaHHBIMU IIPOTPAMMEBI ABJISIOTCA O0AHK JaHHBIX II0
JIMHUSAM U UX KBAaHTOBOM HAeHTUUKAIIMU U 6aHK JaHHBIX YPOBHEU
sHepruu. CucreMa II03BOJIZeT II0JIy4aTh U3 OAHKOB [TAaHHBIX (GanIbl
OTUETOB B BHJEe CTaHZAPTHBIX TOTOBBIX TabJIMIl, KOTOpBIE IIOC/IE
HeOO0JILIION IIPaBKH MO>KHO BCTaBJIATh B ITyOJIHUKAITUIO.

[IporpaMmMa peayiisyeT MeTObl UAeHTUPUKAIIUU CIIeKTPaIbHbBIX
JINHUM:

1. Kom6buHaliuoHHOe paBuiIo Punbepra-Puria. [1]

2. OTHeCeHUe 110 OJHOU JIMHUU Ha OCHOBe TOYHOI'0 pacyeTa.
BTOpoil MeTOX HCHOJIL3yeTCd B Cay4dasdX, KOIja KOMOWHAITMOHHAas
PasHOCThL He MO’KeT OBITH HaMeHa, IIOCKOJIbKY TOJbKO OJHA JIMHUSA
Iepexo/ia Ha JaHHBIN YPOBEeHb JOCTAaTOYHO MHTEHCHUBHA, YTOOLI OBITH
3aperucTPpUPOBaHHOU, 13-3a OUE€Hb MaJIOM HHTEHCUBHOCTU OCTaJIbHBIX
JIMHUM JIUHUH.

[IporpaMMa HCIIOJIb3yeT PACUETHYIO IIPOIEAYPY, PeaU3yHIyI0

raMUJIbTOHHAH YoTcoHA [2]. [[y1g paboThI € JIETKUMU MOJIEKYJIaMH THUIIA



H,0, xorma Hab/rofaeTcd CWIbHAasA CBSI3b BpallleHWsd C U3TUOHBIMU
KoJIe0aHUAMHU, UTO BeleT K PacXO’KAeHWUI0 psfa YOTCOHa yyKe IIpU
HeOOJIbIIIMX  KBAHTOBBIX  YMHCJaX  BpallaTeJbHOM  3HEPIUH,
OpeqyCMOTPEHbI  METO[  IPOUIBOAAINIUX  QYHKIMU [3-5], u
armpokcumanuu  ITage-bopesnsa  [6-7] (cMm. 1. «TeopeTUueckue
OCHOBEI»). KpoMe 3TOro, Iojb3oBaTeslb MOXKeT WCIIOJIb30BAaTh CBOM
COOCTBEHHBIM (Qaly IpeacKasaHUM YacTOT U HHTEHCUBHOCTEH
IIepexoZ0B, YTO 3HAUYUTEJILHO pacliupseT coepy IIPUMeHEeHUS
CUCTEMBL.

PellteHre OOpaTHONl CIEKTPOCKOIIMYECKOM 3ajayu, T.e.
yTOYHEeHUe IIapaMeTPOB TaMUJIbTOHMAHA 10 II0JIyYeHHBIM U3 CIIEKTpPa
YPOBHSAM 3HEPTUHU, OCYIIEeCTBJISETCA MOIIOJHUTEJIbHOM IIPOrpaMMOM,
gFitHWatson.exe, BbI3bIBa€MOl K3 IpadUUeCKOro UHHTepdeiica
IporpaMmel qSlon.exe.

[IporpamMa (Slon.exe 103BOJIAET HAXOAUTH U IIPOCMATPUBATH
BO3MOKHbIE BapUaHThI KOMOUWHAIIMOHHBIX pasHoCTeH,
COOTBETCTBYIOIIIMX BBIOMpaeMOMy II0JIb30BaTeseM KoJjebaTeJlbHO-
BpalllaTeJIbHOMY  COCTOSHHUIO  MOJIEKYJIBI,  IIPeAII0I0KUTEJIbHO
HabogaeMoOMy B CIeKTpe. BcTpoeHHas oOy4yaeMas aBTOMAaTHKa
I103BOJIAeT OBICTPO HAXOAUTH HYKHBIM BapUaHT, WIH JIMHUIO (eCIu
UAeHTUQUKAIUA JaHHOT0 YPOBHSA IIPOBOAUTCA I10 OLHOU JIUHUM).

CylecTByeT peXMM II0JIHOCThI0 aBTOMaTH4YeCKOM 00paboTKu
KoJie6aTe/JIbHO-BpalllaTeJIbHBIX  COCTOSIHUM  OT  HayajJbHOIO [0
KOHEYHOTI0, KOTOphIe 3a7jar0TCs I10/Ib30BaTesieM. OJHaKo Kak I10KasaJia
IIpaKTHUKa, Ja’ke B CBOEM OCHOBHOM - II0JIyaBTOMaTHUYeCKOM pekKHuMe

IIporpamMmMa CIIOCOOHa Ha IIOPAOKH COKpPaTHUThL BpPeMs aHaJ/JIKM3ad



CIIEKTPOB. BcTpoeHHas aBTOMAaTHKa HUCIIOJIb3yEeT METO[,
MMOTeHITUANbHBIX QYHKIUU (MII®), KOTOpBhIHA $SBJIIEeTCI OTHUM U3
MEeTO/I0B TEOPHH pacliosHaBaHUg 06pas3oB [8-10].

JlaHHad ImporpaMMa OIMcaHa aBTopaMiu B cTaThax [11-13].

CocTasB 11akeTa:

HasBaHue HasHaueHHe
qSlon.exe N
3anyckaeMbId ¢pan rporpamMmel CJIOH.
flcalc57.exe .
byiok pacyera ypoBHeH 3HEpPruu, 4acToT U
UHTEHCUBHOCTEN CIIeKTPAJJIbHBIX IUHUU.
qFitHWatson.exe
[IporpaMmMa [IA TIIOATOHKU I1apaMeTpoB
raMUJIbTOHUAaHA YorcoHa, 160
aIIpOKCUMAaHTOB ITame-bopeJs 15W)0%1

IIPOU3BO/IIINE QYHKITUH.

2. OCHOBHEIE TeXHUYECKHE XapaKTePHUCTHKH.

THUIIBI TaAMUJILTOHUAHOB HCIIOJIBb3YEMBIX JIJIA



pacueTa BepXHHUX YPOBHEU IHEPIrUU:
1. raMmmIbTOHHAH YOTCOHA
2. annpokcuMarnuu Ilage-bopesa

3. MeTO/T TPOU3BOASAITHUX QYHKITHH

B0O3MO>XHO WHCITOJIb30BaHUIeE (l)afIJIa HpG,ILCK&l%&HHﬁ C pacCCHHuTaHHbBIM

CIeKTPOM, II0JTOTOBJIEHHOTO I10JIb30BaTEJIEM.

THUIIBI TaMWJIBTOHHUAHOB HCII0JIH3yeMBbIX /LIS

pacyeTa HIDKHHUX YPOBHeH SHEPTUU: TaMIJIbTOHUAH YOTCOHA.
BO3MO)KHO  HCHOJb30BaHWE  BHeITHHUX  GaliyioB  CO3JaHHBIX
[I0JIb30BaTeJIEM,  COZlep KalllMXx  Oojlee  TOYHBle  (HaIpUMep,

3KC1'[epI/IMeHTaJII:>HBIe) 3HaUeHUA HUKHHUX YPOBHeﬁ JHEPTIHUH.

THUIIBEI CHMMETPHUU MOJIEKYT : Cs, Coy

THIIBI BXOAHBIX 3KCIIEPHMMEHTAJ/JIbHBIX BEJIMYHH:

NHTeHCUBHOCTE, [Ioryoiienue, IIporyckaHue.

MaxcuMasIbHOe KOJIMUeCTBO OTHOBpPEMEHHO

obpabaThIBaeMbIX KOJie0aTeIbHBIX COCTOSIHUIMI: 30

0O6meM 3aHuMaeMbIt Ha HD:250 MDBairT.

boJjiee TOUHO HEOOXOIUMBIN 06 beM MOKHO PacCuuTaTh 110 Gopmysie



V=156+322N +(98N +15)], (J__+1) +150x10".

max

(N- KOJIMYeCTBO JIMHUM B CIIEKTPE, Jyrqxc - MAKCHMaTIbHOE KBAaHTOBOE

UUCJIO |, UMelollleecs B CIIeKTpe (IIpeAIloI0KUTeIbHO), NV KOJIMYeCTBO
KoJiebaTeJbHBIX COCTOSIHMI). IJTO — MHHUMAJbHBIM CBOOOIHEBIN
00 beM, KOTOPBIU TOJKEH OBITH II0CJIe TOro, KaK Bl 3amucanv Ha JUCK

BeCh IIaKeT.



3. TeopeTHuecKue OCHOBBI.

3.1 MeTo KOMOMHAITUOHHBIX Pa3HOCTEIH.

MeTozbl, IpUMeHseMble [JI1 OTHECeHUS JIMHUU B CIIEKTpax,
OIIpefiesIIITCI B IIEPBYI0 OYepedb CTeeHBbI0 CJIOKHOCTH CIIEKTpa.
CIIeKTphl MOJIEKYJI THIIa aCUMMETPHUYHOIO BOJIYKA He UMEKT SIBHO
PasIMYUMBIX 3aKOHOMEPHOCTEH, II0CKOJIBLKY, KaK IIPaBUJIO COCTOAT U3
IepeKpPhIBAKIINXCS I10JI0C. B TaKHUX CydasiX HeBO3MOKHO IIPOBOIUTH
UAeHTUOUKAIIUI0 CIIEKTpa II0 ero BUAY, KaK 3TO MOXKHO [ejlaThb B
cay4dae nByxaToMHBIX Mosekysn (HF, HClL, CO u T.x.). [liiga aHamsa
CIIEKTPOB MOJIEKYJI THIIAa aCUMMETPUYHOI0 BOJIYKa Haubosiee 4yacTo
HUCIIOJIb3yeTCd MeToJ, KOMOWHAIITMOHHBIX PasHOCTeM, II0CKOJIBKY
TOYHOe MPaBWIO - KOMOMHAIIMOHHOE IIpaBUIO Pupbepra-Putiia [2]
SIBJIETC  eQUHCTBEHHBIM  CIIOCOOOM  HAeHTUOUKAIIUU,  He
coZeprKalium KaKUX-1I160 MOJIeJIbHBIX IIpe/icTaBJIeHUN
(raMWJIbTOHHAHA MOJIEKYJIbl, KOHCTAaHT IIOTEHIIUAJbHON (QYHKIINH,

TUII0JIbLHOTO0 MOMEHTA U T.JIL.).



f BozbyxneHHoe

KONEGATEALHOE
COCTOAHHE

BEpalATEABHHE NOAYPOEHH

YacToTol
nepexonoB

] EV/ OcHogHOE
i2 KDAEGATEALHODE
i3 B COCTOAHHE

/

Puc. 1. [IprMep BBIIOJIHEHUS KOMOUHAITMOHHOIO IIpaBUIA.

IIOCKOJIBKY HIJ)KHHE COCTOSIHHUA MOJIEKYJ, KaK IIPaBHUJIO, XOPOIIIO
U3Y4YeHBbl, TO MOJXKHO [JOBOJIbHO TOYHO IIpe/icKa3aTh pPacCTOSHUS B
CIIEKTpe MeXX1y JIMHUAMU, 00pa3soBaHHBIMU IIepexX0oaMU C PasIMYHbIX
HIDKHUX YpPOBHEH HA OAUH M TOT JKe BepXHUM. CorJiacHO
KOMOHMHAITMOHHOMY IIPaBHJIy' B CIIEKTpe HIIYTCS TPYIIBI JIHHHUH,
00pa3oBaHHBIX IIepeXofaMU C HECKOJIBbKUX HWCXOAHBIX COCTOSHUM,
UMeIOIUX PasHyI 3HEPru, Ha O4HO KoHeuHoe. Ha Puc.1 B KayecTBe
IIpuMepa IIpuBeleHb] BpalllaTeJbHbIe IIOAYPOBHU IHEPTUU HUXKHETO U
BEpXHero KoJiebaTeJbHBIX COCTOSHUM. TakuM 00pasoM, COIJIACHO
KOMOWHAITMOHHOMY IIPAaBUWIy B CIEeKTpe HE0OXOAMMO HaWTH JIMHUY,
[[EHTPHI KOTOPHIX IIOIIAPHO YAOBJIETBOPSIOT COOTHOIIIEHUIO:

exp_ .,exp_ _ -
va Vn. ‘En EizH =<Avp, +Avp,

, (D

13pech vMeeTca BBMAY KOMGMHALMOHHOE MPABUIO HUXKHUX ypoBHen [2].



1

Ife Vi Vh' - HA3MepeHHBbIe U pacCYMTaHHBIe IeHTPHI IMHUM, N U Ny
HOMepa JIMHUM, v -OIIMOKH HM3MepeHHUH YacToT, i1, iy- KBaHTOBBIe

yycjaa HaAvyaJbHOTO YPOBHA, Fif. - YPOBHU IHEPTUM MCXOTHBIX
COCTOSAHUU. 3/1eCh IIpe/IIojgaraeTcs, UYTo 3HEePrUuu yPOBHEU OCHOBHOIO
K0JIe6aTeJIbHOTO COCTOSSTHUS OITpe/iesIeHbl C TOYHOCTBIO 60j1ee BHICOKOH,
yeM *» . OTMETHM, UTO COIJIaCHO (1) pa3sHOCTH He 3aBUCAT OT OIIIHUOKU
pacueTa BepXHHUX YPOBHEU H, CJIeJ0BATEJHHO, OT HUCIIOJIb3YeMBbIX I
pacueTa Mo/ieyIel.

JlJI1 pacueTa BEpXHUX U HIDKHUX YPOBHEMN 3HEPTUU MOJIEKYJIBI B
IIporpaMMe UCII0JIb3yeTcsa 3QpPeKTUBHBIN raMUIbTOHUAH YOoTCcoHa [1]

HY1=E"+| A~ (B'+ C") |J%47(B*+C")] >~ D}J #= D} 2
—DyJ +HY J+Hy ] ] *+H J ] *+H} ]+ (2)

1B'-C"
v Ty BTy 2T T+

rne E - KosebaTesbHasg saHeprusd, A,B,C - BpaliaTeJbHbIe IIOCTOSIHHBIE,
Ay, Hy ... - IIEHTPOGEsKHEIE IIOCTOSHHEIE. Pe30OHaHCHEIE 0II€PaTOPEI /IS
KoJiebaTeJIbHBIX COCTOSHUM V U V' UMEIOT BUL:

F, =FY +F J2+FY J2+F{ 2 (3)
- U1 pesoHaHCcoB Tulia epmu u /lapanHra-/[eHHUCOHA,

Cop=CY 1, + CY (] T 4)
- pesoHaHc KopuoJsirca 1epBoro ¥ BTOPOro IIOPSIIKOB.

B cucreMme IpexyCMOTPEHEI METO/IbI CYMMUPOBaHUA

pacXogAaIInXCcsa PSIoB - 3TO anlpoKkcuMaliuu Ilage-bopesd [5-7] 1 MeTox

IIPOU3BOIAINNX QYHKIIUH [3,4].

3.2 AnnpoxkcuManuu Ilaxe-bopesis.



B [5] mpepioskeH MeTo[, BBIUMCIEHUS CYMMBI PaCXOIAIErocsa psija,
olpefiesiieMOM B BHE aHAJIUTHUYECKOM (QYHKIIMH, UMeRIlen
pasioxkeHue B psapn Teiopa, COBIIaarolllee C MCXOTHBIM psagoM. OH
UCII0JIb3yeT bopesieBcKoe Ipeo6pasoBaHUe psifia C IIOCIeAYIOIer ero
[Tage-anmmpokcuManied. ITOT MeTOJ IIPUMEHSICA B psfe paboT [t
BBIUMCJIEHUS YPOBHEU ISHEPTUU aHTapMOHUYECKOI0 OCIIHJLIATOPA,
aHajusa 3pdekTa 3eeMaHa I BOAOPOZA, IIOTEHIIHMAJa C IBYMS
MUHHUMYMAaMH U psifia IPYrux 3aznad [6].

HNneqa nmpuMeHeHHU alllIpOKCUMaHTOB llage-bopess ojig BEIUYUCIeHUA
KB ypoBHell 3sHepruu MOJIeKyJ ObLIa BbICKa3aHa BIIEPBEIE
O.JLITIoJIIHCKUM B BHJe, TakK HasplBaeMOHM OJHOMEPHOH
armpoxcumanui [7].

CoryiacHo JaHHOMY  METOLy  MaTpHUYHEIe 3JIEMEHTEI
3¢PeKTUBHOr0O TraMUJILTOHMAHA IIOJYyYalTCI KaK  pesyJybTaT
obpaTHOrO IpeobpasoBaHusd Jlaltaca OJLHOTO U3 AIIIPOKCUMAaHTOB

[Iaze (B JaHHOM CjIy4ae HCIIOJIb3yeTCcs alIpokcuManTa [1/1]):

! c.c.+(c?—c.c. )t
KIW, (k) <E ,+ [ dte 0L 1%

0 Cl—Czt 2 o
- ; , . ¥ b b +(b*~b b )t
<]k|WV|]ki2>:<]k|])2(y|]ki2>{dte t 071 1 o¥1

b,—b,t
, Tie
co=| A— R+ P=E (1)
¢,=-DK'=D, I j(j+1)=D,j*(j+1)* (6)

C=H KO+H K j(j+1)+H 1 2 (j+1)2+H j°(j+1)°+L, Ko+ ...



by=[B-C|/2
by=-dy[ )+ (k+2)?]—2d ;j( j+1) (7)
b, =l [ K +(k+2)*+h [ 13+ (k=22 j(j+1)+ 2 j2(j+ 1)+

HHTerpas B.(1.7) MOXHO OLIeHUTH BhIpaKeHUSIMU
(jk|W,|ik)=(c,c,—c*)/c,+ c,E (c,/c,)c, /c,exp(—c, /c,) 8
, Te

E(-x)=-Jetttat

X

- MUHTerpaJbHasl 9KCIIOHEHTA.
AHaJIOTHYHOe BbIpa’kKeHHUe II0Ty4aeTCs I/ (ikjwy|ik +2) , C 3aMeHOH by

Ha Cp,.

BecbMa BaXHO TO, YTO BpalaTeJbHble U IIeHTPOOEKHBIE
IIOCTOSAHHBIE B BhIpaKeHMIX (3.2) U (3.3) UMeIT CBOM OOBIUHBIN CMBICII,
KaK U B ['aMuibTOHMaHe TUIla YOTCOHA [103TOMy MOKHO CpaBHUBATh
IIOCTOSAHHBIE, MPUHAJJIeKalllhe PasIMYHBIM  COCTOSIHUAM, IS

IIPOBEPKH PE3YJIBTATOB IIOATOHKH.

3.3 MeToa NpOoM3BOAAIINX QYHKIIUH.

MeTon Ipou3BOAINUX QYHKIIMN IperyokeH B.M.CTapUKOBBIM,
B.I.TroTepeBbIM B paboTax [3,4]. OH 0oCHOBaH Ha MUCIOJIL30BAHUU
HEeKOTOpPOM (QYHKIIUYU, Ha3BaAaHHOU IIPOU3BOJAIIEHN, IIPU pPasIoKeHUU
KOTOpou B psapn Teisiopa mosydaeTcd 3QpGeKTHUBHBIN BpalllaTeJlbHbIA
raMuJIbTOHUAH VYOTCOHAa. ABTOpPHI UCIOJIL30BaJIU 3OPeKTUBHBIA
raMUJIbTOHUAH B BUJe psAfa II0 CTeleHsIM IIPOU3BOJAINEN (QYHKITHH,

UMERIUN OOJIBIIUN PagluyC CXOAUMOCTH, UeM UCXOAHBIN (1.12). 3TO

2Takoe Xe CpaBHEHWe BO3MOXHO VM B MeTOAe MPOM3BOAAWUMX QYHKUMA [3,4].



II03BOJIIET C OOJIbIIIEM TOYHOCTHI BBIUMHCIIATH YPOBHH JHEPIHUHU

BBICOKOBOBGY)K,I[EHHBIX BpaniaTe/JIbHBIX COCTOSIHUM.

3.4 Peasmm3ainys 6J10Ka paciio3sHaBaHUS.

BTopo BaXHOU YacTbK) MHCTPYMEHTAJIBbHON IKCIIEPTHOM
CUCTEMBl  gBJIIeTCI  OJIOK  aBTOMATHUKH,  KOTOPBI  MOXKeT
CaMOCTOSTEJIEHO oIIpeesaTh IIPaBUJILHBIN BapuaHT
KOMOWHAITMOHHON PasHOCTHU, U OIIpPelesaTh HY)XHYI0 JIMHUI0, IIPU
paboTe ¢ OAMHOUYHBIMU JIMHUAMU. [[JIs1 3TOTO UCIIOJIb3YeTCd OLUH U3
MeTO/I0OB TEOpPHUHU paclo3sHaBaHUA 006pasoB, - METOJ IIOTEeHIIHaIbHBIX
¢yHkimi (MIID). 3TOT MeTO[ IT03BOJIAET CO3LaBaTh CUCTEMBI, KOTOPEIE
oby4daroTcd Ha IpumMmepax [8-10]. IlepBble Ba’kKHbIe IIOHATUS TEOPUHU

pacriosHaBaHUs ~ 00pa3oB  3TO  IIPOCTPAHCTBO  omucaHuiét X,

U, Uy, U, .|

IIPOCTPAHCTBO pelleHul U =| g

| T.€. COBOKVIIHOCTBb

BO3MOJKHBIX KJIaCCUQUKAIIUN OOBEKTOB, IIPOCTPAHCTBO CUTyalluU
L=[AAz2s.-] | BKJIIOYAlOIllee BCe BO3MOYKHbIE CUTyaIlUU, KOTOpBIE
BO3HUKAIOT B JIeICTBUTEILHOCTU. PelltuTh  3aZjlady  paclio3HaBaHUS

06pa3oB 03HaAYaeT MIOCTPOUTh 0TOOpakeHUe

u(x):X->U ,
HawIy4lllee B HEKOTOPOM, 3apaHee OIIpe/leJIeHHOM CMHBICJIe, HAIIpHUMep,
B CMBICJIe O6JTM30CTH K 0TOOpa>keHHI0 U*(X), CO37aBaeMOMY YUHTEJIEM.
PellleHHe 3a/lauM OITpeJlesIsieTcs UCII0/Ib3yeMbIM KPpUTepPHeM KadecTBa,
a TakKe MMeIOIeNcsa ampruopHON uHopMaliieil. Tak, eciild U3BECTHO

IIOJIHOE€ BEPOSATHOCTHOE OIIMCaHHE 3THX IIPOCTPAaHCTB, MOZKHO



IIOCTPOUTH barecoBo pelreHue. Yalre Bcero B 3a/fayax pacro3sHaBaHUA
00pasoB He M3BECTHEI JJajke ITapaMeTpHUYeCcKUe ceMeiCTBa COBMeCTHBIX
paciipefesieHMM Ha IIPOCTpaHCTBaX X MU A, II03TOMY IIPUXOLUTCH
IIPOBOJIUTEL OIleHKY JIMO0 COBMECTHBIX IJIOTHOCTEM paclpefesieHus
X,A, 1100 OIIeHUBATh Cpasy pelllaroliiee IIPaBUJIO, KOTOPOE eCTh He YTO
WHOe, KaK pasfesdromas obOpasbl II0OBEPXHOCTH B IIPOCTPAHCTBE
onrcaHuil X. ITU oba IOAXOAA HCIIOJB3YIOT OOUH M TOT Ke KJiacc
IIpOIleyp, ¥ HA3BIBAKTCA B JIATEpaType KaK "BepOATHOCTHBIN" U
"meTepMUHUCTKUMN". O0a II0IX0/la TeHepUPYIT OLHUH U TOT >Ke KJlacc
ponenyp. g IIOCTpOeHUs pasmessdilnuX QYHKITUU MCII0JIb3yeTCsS
WJIM  MeTOJ  CTOXaCTHYEeCKOM  aIlllpOKCHMAaIluW, HWIH  METO[,
IIOTeHIIMANBbHBIX GYHKIUU. IIpollenypa MeTofa IIOTEHIIHMAIbHBIX
GYHKITHM, IIPU OIIpe/ie/IeHHBIX peans3aliisaX, HUUeM He OTJINYaeTCsd OT
MeTOZa CTOXaCTH4YeCKOM armpokcumaruu. Ilogpo6HO 06 3TOM
HanucaHo B [8-10]. Ciegyroiasgs rjaBa COAEPKUT HEKOTOpPBIE
IOIIOJIHUTEJIbHBIE CBe[eHUsd 0 peans3allvid YKasaHHBIX MeTOJ0B B
ITAHHOU 3KCIIePTHOU CUCTEME.

B maHHOM 3ajade IIPOCTPAHCTBO peIleHUN COCTOUT M3 [BYX
3JIEMEHTOB - 3TO IIPUHATE 3a IIPaBUJILHYIO UJIU HellpaBUJIbHYI0 JIMHUI0
KOMOMWHAITMOHHOMN PasHOCTH, WIHU IIPOCTO JIUHUIO, eCJIU IIPOU3BOIUTCI
UoeHTUQUKAIUA 10 OFHOM JuHUU. /UId aHanusa KOMOMHAITMOHHBIX
pasHocTell U i1 PaboThl C OUHOYHBIMHU JIMHUAMHU B IIpOorpaMme
UCIIOJIB3YIOTCA [Ba OTHAeJAbHBIX 0JIOKa KjIacCUUKaIlUy JIMHUU.
KosimuecTBO NIPHU3HAKOB /I KOMOWHAITMOHHBIX pasHOCTEH - 7, A
ONVHOYHBIX JIMHUM - 3, BCe IIPU3SHAKU IIPeJCTaBJIgIT COOOHI

MaTeMaTH4YEeCKHEe BbIPa’KE€HHA IIPHU3HAKOB, KOTOPHBIE€ HMCIIOJIB3YIOTCA



caMUMH CIIEKTPOCKOIIUCTAMU. ITocTpoeHuUe u yTOUHEHUEe
paspesdgronien IIOBEPXHOCTH IIPOU3BOUTCA C IIOMOIIIBI0
peKyppeHTHOM TIporeaypsl MII®. Ilpu 00yuyeHUM II0JIL30BaTeJb
IIPOJIMCThIBAHWEM HaXOJUT IIPAaBUIbHBIM BaphUaHT KOMOWHAIIMOHHOMU
pasHoOCTH, IIOMeuaeT B HeM HY)KHble JIMHUU (TaM MOIyT OBITH U
clydyarHble JIMHUM, KOTOpPble MOXKHO VBHAETH II0 ILIOXOMY
BBITIOJTHEHHUI0O KOMOMHAITMOHHOTO IIpaBUja U 10 CUJILHOMY OTJIUYHUIO
HabJrolaeMOii  MHTEHCHUBHOCTU 3TOM JIMHHUKA OT pPaCyeTHOU
UHTEHCUBHOCTH). Ilocie TOro, Kak BCe HY)KHbIEe JIMHUU IIOMeYeHbI
Ha)KuMaeTcs KiaaBuila «T»(oT ciioBa teach).

B 1pomecce aHajsM3a CIEKTPOB BOABI B  PasIUYHBIX

CIIeKTPaJIbHBIX Jialla3soHaX, CIIeKTPOB M30TOIHAIX MoguduKanui HyO

OBUTH BBISIBJIEHBI CJIEIVIOIIIME KOMOMHAITUH CITEKTPOCKOITYECKUX
IMapaMeTpPoOB, BBIUHC/ASIEMBble [JIS KaKAOM OTHEeJbHON JIMHUU B

Ha60pe, KOTOpEIE ]'J;EJIECOOGpEBHO HCIIOJIB30BATh IIPpH paCliIoSHaBaAHHH:

1) OTKJIOHEHNE BKCHepHMEHTaJIbHOfI YaCTOThI JIMHHUHN oT

pacuyeTHOU:
s ko ) s k1

— ex calc
X,=In(1+v=P-v o) K ,

2) OTKJIOHEHIE BKCHepI/IMEHTaJIBHOfI HMHTEHCHBHOCTH JIMHHUH OT

pacyeTHOU:

x,=In(1+|sP—scal|"k0)" kL ,

1 1

3) OTKJIOHEHHE 3SHEPTUM BEpPXHEro COCTOSHUS, BBIYHUCIEHHON U3
W3MEPEeHHOTO I[eHTpa JIUHUY, OT SHEPTUH, BBIYUCJIeHHON KaK CpelHee

10 BCceMy Habopy
X,=In(1+Ecalc_Eexp

,k(2)>,k12 ,



JTOT IIPU3HAK YKa3bIBA€T TOYHOCTH BBIIIOJTHEHMA KOM6I/IHaI_II/IOHHOI‘O

IIpaBHJIa OJId KOHKpETHOﬂ JIMHHH.

4) OTKJIOHEHNE BKCHepHMeHTaHBHOﬁ HMHTEHCHUBHOCTH JIMHHUH OT

CpeaHel 110 BceMy Habopy pacueTHOM MHTeHCUBHOCTU:

X,=In(14]s -5 KO KL

5)  IIPONOPIMOHAJIBLHOCTH M3MepeHHBIX u pacuyeTHBIX

UHTEeHCUBHOCTEMN JINHUIMI,

exp|

[ calc
ST ’

X,=1-ces

Ime @ {sca"‘, seXp} KO3QOUITUEHT KOPPeIAivid Me>K1y BbIUNUCIeHHBIMU

U HaliJleHHBIMU HHTEeHCUBHOCTSIMU 110 IIPOBepsieMoMYy Habopy

1< _ _

1 HZ%(XFX)()’F)’)

K{X,yJ: = s
Ik

1 IRRTE TR ST
— Zl (x;=X) n—1,-=zl(yi y)

B Bepcuax 2026 1. ITOT INIPHU3HAK BBEIUYHUCIAETCI Yepe3 OIeHKY
PoseHnbJiaTTa-Ilap3eHa /i1 IUIOTHOCTH paclpefeeHUs IIPOIIOPIIUNA
PacyYETHHIX U HAOJII0JaeMbIX UTEHCUBHOCTEU JIMHUU.

6) OTHOIIIEHWEe CyYyMMAapHOMW WHTEHCUBHOCTU BCeX HaWJIeHHBIX

JIMHUU K BRIYUCJIEHHOU 00111ed UHTEHCUBHOCTH JIMHUIMI:

Z sexp
Z Scalc

7)  TOYHOCTb COOJIIOJIeHHS KOMOWHAITMOHHOTO MpaBWja i1 BceH

X;=In|{1+In|| K|k ,

TPYIIIIBI

xS:\/anlZ [Ee_ e 1000
i



KoMmoHeHTH! 5), 6), 7) UCIIOJIB3YIOTCA AJI9 KaXKI0U JIMHUU OTHAEeJbHO,
HO XapakTepusyeT BeCb Hab0p I1eJIMKOM, U II0JIy4alTCd OAUHAKOBBIMU
JUIs1 BCeX JIMHUM B Habope.

"IIpaBUJIBLHBIM" GepeTcd Habop, UMEINUN JUHUI C MaKCUMaJIbHbIM
I10JIO’KUTEeJIbHBIM IT0Ka3aTesIeM pasfessatonieii yHKud f(x).

dyHKIUU U3 [8] OBLIM B3ITHI B BUJIE
_faxln+1))-f (xln+1)) o
S Y HFa] ©

+e ecau f(x,c)<0 u JAuHUA nNpasuabHas
flxl= o

—e ecau f(x,c)>0 u aAuHus owubouHas

¢ - MaJlasd BeJIMYMHA HY>KHa I OoJiee 4YeTKOM pabOTHI 6JI0Ka, ObLIa
BbIOpaHa ¢=0.01. BelpakeHue (9) cpabaThiBaeT TakK, UTO IIOCJIe IIara
obyueHUs1 n+1 MepIENITPOH MOKasbiBaeT /i X[n+1] To, 4TO II0Kasas
yuautens, f(X[n+1]) =f*(x[n+1]) (m1a garHOTO CIyYas

flxln+1

, )=elx[n+1]] ), ykaselBas, 4TO X JIEKUT HEe Ha CaMOM

paszessironiel II0BEpXHOCTH, a B6JIU3U OT Hee. basucHble QyHKITUN Ha
IIPOCTPAHCTBe BeKTOPOB X=R; ecTh BCeBO3MOYKHBIE IIPOM3Be/leHHUs

BHJIa
s=7
Wn(x) = I1  yi(xs)
h+h+.+i <3
X2 2i+1
, THe W) =Njex@- S}Hi(x) , H,(X) - IOJIMHOMEI IPMHTA, N;= T

-HOPMUPOBOYHBIN MHOKUTEb.
Vcnosb30BaHUE  IPOIeAyphl  paclio3HAaBaHUSI  IPOUCXOTUT
cyIeyrITUM o6pa3oM. CHauasia IIPOU3BOAUTCS IIOMCK BCEX BAPUAHTOB,

MPUOJIVDKEHHO YIOBJIETBOPSIIOIINX KOMOWHAITMOHHOMY IIPaBMIY (CM.



puc.1). HarimeHHble [JII JAaHHOTO VYPOBHS SHEPIHU BapHaAHThI
KOMOWHAITMOHHBIX PAasHOCTEM, 3aHOCATCA B CIlelfUaJbHBIA MacCCUB.
3artoMurHaHue He00XO0QUMO I TOTO, YTOOBI CCTeMa MoIJia paboTaTh
He3aBUCHUMO OT OJIOKOB paclo3HaBaHUs, B II0JIyaBTOMaTHUYeCKOM
pe’kuMe UM UTOOBI IIPOBOAUTL OOyuyeHHe. 3aTeM BCe BapUaHTBI
06pabaThIBAlOTCA KJIaCCUQUKATOPOM, KOTOPBIM HAXOAUT U OTMeUaeT
IpaBUIbHbIE JIMHUM, BK/IKYAETCd PeXMM IIPOCMOTpPa BapHaHTOB U
I10JIb30BATEJI0 IIPefoCTaBJIsAeTCa (Ha sKpaHe MOHUTOpPA) HaWIydIlIUui
U3 HUX (cofeprKallluii JUHUIO C HAUOOJBIIUM 3HaueHUueM QYHKIIUU
f(x)). Eciam 06JI0OK pacmo3HaBaHMA [JONYCTHJI OIMHMOKY, KakK yxXKe
0TMeyYaJioCh, He IIpephIiBad padboTy, MO>KHO OCYII[eCTBUTH T000yUeHUe C
HUCIIOJIb30BAHUEM BapUaHTOB KOMOMHAITMOHHBIX pasHOCTeN Mg
NAaHHOIO0 YPOBHA XPaHAIMNXCI B MacCHBe, KOTOpPble MOYXHO TaKXe,
IIPOCMOTPeTh U UAeHTUQUIIMPOBATH (3aHECTH COOTBETCTBYIOIIYIO
HUHpOpMAaIMIO B 6aHKU JaHHBIX).

[Ipy wugeHTUOUKAIIUU II0 OJHOM JIMHUU, [JId KaKIou
pacCUMTaHHOM JIMHUKA KOMOMHAITMOHHOM PA3HOCTHU MIIYTCA TPHU
JIMHUU OJIrDKaUllve 110 YyacToTe. Bce 9THU HalleHHbIE JIMHUU 3aHOCATCSI
B OOIMH MacCUB U II00YepeaHO aHaausupyrrTcd. Ilocse 3TOro
BbIOMpaeTcd Hawiydlllad HW3 HHUX, T.e. JHUHUA C HauOOJbIINM
3HayeHUWeM pasfessdrolled ¢yHKIUU. IlepBble [Ba IIpU3HaKa
coBIamarT ¢ 1) u 2). TpeTuit rprusHaK (Kak y>ke 0TMeuaJsioCh, UX BCEro
TPHU) - 3TO BBIpaKeHHe, OTpakawlllee OTHOIIEHWe pPacueTHOU
UHTEHCUBHOCTH  JIMHUHA II0 CPaBHEHHUIO C  pacyeTHHIMHU

HMHTEHCHUBHOCTSIMM OCTaJIbHBIX JIMHHUM B KOM6HHaHI/IOHHOﬁ Pa3HOCTH:

ccalc

1+S

Sexp

X 3=Ln

}'15—1



9TO JIOTUYHO, IIOCKOJIBKY CaMasd CHJIbHadA JIMHHUA WM J0JI’KHa B

IIEPBYIO oUepenb IIPOABUTECA B CIIEKTPE.



4. TexHuuyeckKoe onucaHue.

4.1 CTpyKTypa nIporpaMMEl.

CucteMa «CiIoH» peasM30BaHA Ha CIIeIfHaJIM3UPOBAHHON BepCUU
a3bIKa «Lisp», paspab0TaHHOM aBTOPOM, U COCTOUT U3 HECKOJIBLKUX
KOMIIOHEHT, OCHOBHBLIE M3 KOTOpPBIX H300pakeHbl Ha Puc.2. Biok
pellleHKWsT OOpPaTHOM CIIEKTPOCKOIIMYECKOM 3ajgauyd, T.e. IIOATOHKA
napaMeTpoB raMWIbTOHHAHA I10 II0JIyYeHHBIM U3 CIIEKTPa YPOBHAM

9HEPIUH, B JaHHOU BEPCUU He peaIm30BaH.



OAOTOHE

MNony-aeT.pexum, YPOBHEH
0BYYEHHE JHEDTH
Pexum
ABT.pEXHM
npocHoTpa
Pacyer
CNEKTpa
5 Bankn nanHe
enakTopl— .
OBH
Cnexrp
TabanuL YpoeHu
HOEHTH HKALHH IHEPTHH
Puc. 2 biiok-cxema cucteMbl «CJI0H».

[IporpaMMa TpebyeT ciaeayrolinye Gpaabl BXOAHBIX JaHHBIX.
1. a1 ciekTpa.
2. ®ai1 mapaMeTpPOB BEPXHEro COCTOSIHUS.
3. a1 mapaMeTPOB HUKHETO COCTOSTHUS.
4. ®any1 apaMeTpoOB [JUIIOJBHOIO MoMeHTa. Paiyi I1apaMeTposB
OUIIOJILHOTO MOMeHTa. B aToM ¢aiije 110 IMOPSIAKY BIIMCHIBAIOTCH:
KoyinyecTBO I10JI0C CHMMETPHUHU B, KOJIMYECTBO I10JI0C CUMMETPHUU A,

KO/JIMYEeCTBO [AHAaroHaJIbHBIX IIapaMETPOB [JIA KEI)K].IOﬁ IIOJIOCHI,



KOJIMYECTBO Pe30HAHCHBIX ITapaMeTpoB, cTaTcyMMa, Gt, Gtl, HIKHIA
rpaHUIla CIIeKTpa, BepXHAd IpaHUIla CIIeKTpa, C/AeAyrollee CJI0BO
Jr060e {3apesepBUPOBAHO IIPOrPaMMMCTOM}, TeMmmeparypa. Ilocie
9TOr0 UAYT BCe IIapaMeTphl AUIIOJBHOTO MOMEHTa /I IIepBOU
II0JIOCHI, BCe IapaMeTphl JUIIOJLHOTO0 MOMEHTA /IJI1 BTOPOM I10JIOCHI
U T.1.. KosimyecTBO ImapaMeTpoB I Ka’KAOM II0JI0CHI PaBHO 8 I
cuMMeTpuu "C2v" U1 16 mia cumMmerpuu "Cs". {Paciuupenue ".par” }.

IIpu ucrios1b30BaHUU Qaniia IIpecKasaHul, 3TOT Gpaiy He Hy KeH.

BBIXOIHBIE TaHHBIE ITPOTPaMMBbI 3aIIHMCHIBAIOTCS B
CIIeITMaIu3UPOBaHHbIE OT/e/IbHbIe 6aHKU JaHHBIX /11 YPOBHEH

JHEPIHUH, X IJId CIIEKTPaJIbHBIX JIMHUM C H,Z[GHTH(])HK&LII/IEI;'I.

4.2 biiok pacuera. (J/1s1 TeX KTO X04YeT HCII0JIb30BaTh CBOIO
npoueaAypy BbIYHCIEHUA YPOBHEH JHEPIrUU U IapaMeTpoB

CHeKTPaJIbHBIX JIMHUN)

B arod 1ysaBe omMcaH OJIOK pacuyéra KOMOWMHAIIMOHHBIX
pasHocTeit. OmnuceiBaeTcd  ¢GopMaT  BXOAHBIX  JaHHBIN,  [IJId
I10JIb30BaTesIel, KOTOphble 3aX0TAT KCII0JIb30BaTh CBOK COOCTBEHHYVIO
Ipoueaypy pacuéra. Ecaiu 3Toro He IUIaHUPYeTCd, TO JAHHYIO IJIaBY
MO>KHO IIPOITYCTUTD.

IIpolexypa  pacuera  YpOBHeM  3HepruM, 4YacToT H
UHTEHCUBHOCTEU JIMHUM CfeJaH B BUJe OTAEJbHOU IIPOrPaMMbI

«FLCALC57.exe». 9Ta IIporpaMMa BBEIYUC/ISAET BCe JIMHUU VI TaHHOIO



KBaHTOBOTO uymuciaa J, u maiad Bcex Ka u Kc. Ilepen samyckoMm 3ToM

IIpOrpaMMBbI CUCTeMa 3allUChIBaeT Ha JUCK TeKCTOBBLIM Qaiiyl C UMeHeM

«ITPCONF.FL5», B KOTOpPOM IIOCTPOYHO VyKas3aHbl He0O0XOJUMEIe

mapaMeTpHbl:

5. IlepBasg cTpoKa 3ape3epBUPOBaAHHAL

6. M4 ¢atiia criekTpa.

7. dal1 ITapaMeTpPOB BEPXHET0 COCTOIHUI.

8. ®ai1 mapaMeTpOB HUKHETO COCTOSTHUA. *

9. ®ai1 rmrapaMeTpoB JUIIOJIEHOT0O MOMeHTa.*

10. bBaHK [JaHHBIX [UII YpOBHeW sHepruu. B 3ToM OGaHKe
HAaKaIUIMBAIOTCA IIOJIyUeHHBIe W3 CIEeKTpa VYPOBHU ISHEPIUU.
{Pacmupenue ".db7"} Ecau Bl ellle He co3faayd 60aHKU JaHHBIX IS
TAaHHOM TPYIIILI COCTOSHUM, TO 3TO MOXKHO CJeJjlaTh BHayajle
paboThl, KOMaHAaMHU MeHI0 "Patin'/"BaHK_ypoeHell_dHepauu".

11. BaHK JaHHBIX I CIEeKTPAJIbHbBIX JIMHUU . { Paciiupenue ".db7" }
B 3TOM 6aHKe HaKaILIMBAKTCA Pe3yJbTaThl OTHECEHUS JIMHUN TeM
WU UHBIM IIepexojaM, B IIpollecce aHasn3a crekrpa. Eciu Brl elre
He cOo3aBaji 6aHKOB JaHHBIX I JaHHOIO CIIeKTpa, TO 3TO TOXKe
MOJXKHO  CcfejaTb  BHadasje  paboThl, KOMaHAAaMH  MEHH0
"daiin"/"BaHK_0aHHbIX_no_udeHmuguxkauuu'.

12. dann copeprkaiuii o6yyeHUe pacCIO3HaBaHUK IIPaBUJIBHBIX
BApPUaHTOB U JINHU.

13. HWMd HUXKHETO0 COCTOSHUS.

14. Tum usMepeHUs.

15. Twun raMuIbTOHHUAHA.™ 371eCch yKa3bIBaeTCd OAHO U3 Tpex: Watson,

Pade-Borel, G-functions.



16. Ywucio, ykaspiBarolllee 10 KaKOM 0a30BOM JIMHUU BeCTHU IIOMCK
(ecsix Bce pacCcUyuMTaHHBIE IMHUU BLICTPOUTH B IIOPSIKEe BO3pacTaHUA
pacyeTHBIX UTHTEHCUBHOCTeM). OOBIYHO XBaTaeT 3 UJIH 4.

17. Tun cumMMeTpUu.* 31ech yKasblBaeTCs 04HO U3 AByX: C2V uiu CS.

18. CTpoka 3apes3epBHpPOBAHA.

19. Ctpoxa 3apes3epBHUpPOBaHaA.

20. MwuHUMaIIbHAA UHTEHCUBHOCTH, IIPeII0JIOKUTETIHEHO
HabJrolaemMad B criekrpe.*

21. KoJymtuecTBO IIpoBepsieMbIX 0a30BBIX JIMHUU BIIPAaBO U BJIEBO IIPU
IIOMCKe KOMOMHAIITMOHHBIX PasHOCTEN.

22.  TOYHOCTH BBIIIOJIHEHUSA KOMOMHAIIMOHHOTO IIpaBUJIa.

23. MwuHHUMaJIbHOe KOJHWYeCTBO JIMHUM B KOMOHHAIIMOHHOM
PasHOCTH.

24. JlaByieHue B Toppax.

25. JIIMHHAa OIITHUYeCKOro IIYTU B CAHTHUMeETpax.

26. Macca MOJIEKYJIBL.

CUMBOJIOM «*» TIIOMeYeHbl CTPOKU B KOTOPBIX YyKa3aHbI
mapaMeTphl, He0OXOAUMbIe IIPU pacyeTe. B KOMaHIHOM CTPOKe BbI3OBA
6JI10Ka BBIYUCJIEHUHN, YKa3bIBAOTCI HOMep KoJiebaTeJIbHOTO COCTOSIHUSA
(HyMepaIiys ¢ eJUHUIILI), KBAHTOBOE UUCJIO |, ¥ BA JIIOOBIX CJI0BA. ITU
CBelleHUs1 HeOoOXOOUMBI B Cjay4yae, €CJHd II0JIb30BAaTeJb 3ax0ueT
HUCI0JIb30BAaTh CBOK BBIUUCIUTEJBHYH IIporeaypy. Kpome 3toro,
IIpoIie/iypa AO/DKHA 3allUChIBAaTh BCE HACUUTAHHbIe KOMOUHAITUOHHbIE

Pa3sHOCTH 11 JAaHHOTO KBAHTOBOTO YHCJIA | (/I BCEX COCTOSTHHUM C



pasHeiMu Ka Kc), B TekCcTOBBIN ¢Qaityi ¢ uMeHeM «dif.tmp», B

ciIefyroIieM ¢opmare :

Ctpoka 1.

Ctpoxka 2.

Ctpoka 3.

Ctpoxka 4.

CTpokKa X.

MMa mepBOro BepXHEIro COCTOAHUSA [JIA TaHHOIO J.
(ITepBoe mo Ka Kc BpalateJabHOE COCTOSHUE, IJIA
DaHHOTO J.)

BepXHUN YypOBeHL 3HEPIrHUH, KOJIHUYECTBO JIMHUU B
KOMOHWHAITUOHHOM PasHOCTH.

HmwxHUNU ypoBeHbL 3Hepruu, 4YacToTra Iiepexofa U
UHTEHCUBHOCThH IIEPBOM JIMHUU KOMOMHAITMOHHOMN
PasHOCTH.

HmwxHUN ypoBeHbL 3HEPruH, 4YacToTa Ilepexofa H
WUHTEHCUBHOCThL BTOPOM JIMHUU KOMOWMHAITMOHHOM
PasHOCTH.

Hm.o. ..

HmwxHUNU ypoBeHb 3HepPruu, 4YacToTa Iiepexofa H
UHTEHCUBHOCTH I10CJIefHe JIMHUU

KOMOMWHAITMOHHOM Pa3HOCTH.

CTpOKa xX+1. Nma BTOPOI'0 BEPXHETO COCTOAHMA JId JaHHOTO

J. (Broporo mo Ka Kc BpamaTesibHOro COCTOSIHUSA, IJIA

IaHHOTO ]).

CTtpoka xX+2. BepXHU1 YPOBEHb 3HEPTUH, KOJIMYECTBO JIMHUMI

B KOMOMHAITUOHHOM Pa3sHOCTH.

Ctpoxka x+3. HmwKHUN ypoBeHb 3HEpPruH, yacToTa IIepexoa

U UMHTeHCHBHOCTH HepBOfI JIMHHUH KOMGI/IHaHI/IOHHOfl

Pa3HOCTH.



CTpoka x+4. HipKHUU YpoBeHb 3HEPTHM, YacToTa Ilepexoja
U UHTEHCUBHOCTh BTOPOU JIMHUHN KOMOWHAITMOHHOM

Pa3sHOCTH.

Hm.o...

Crpokay. HipkHUI ypOBeHL 3HEPruy, 4YacTrora Iliepexoma U
UHTEHCUBHOCTH II0CJIefHEe N JIMHUU
KOMOWHAITMOHHON PasHOCTH, I IPeAIocJaeSHero
(ro Ka Kc) BpaiaTessbHOr0 yPOBHSA U1 TAHHOTO J.

Ctpoxka y+1. HNMs1 1mocjie;Hero BepXHEro COCTOIHUA [IJIg
na”HHoro J. (Ilocieguero 1mo Ka Kc BpalaTesibHOrO
COCTOSHUS, U1 TAHHOTO ]).

CTtpoka y+2. BepxXHU1 YpOBEeHb 3HEPTUH, KOJIMYECTBO JIMHUMI
B KOMOMHAaITMOHHOM Pa3sHOCTH.

CTtpoka y+3. HiKHUN ypoBeHb 3HEpPruH, 4acToTa IIepexoja
U MHTEHCUBHOCTH II€PBOM JIMHUU KOMOMHAIIMOHHOM
PasHOCTH.

Ctpoka y+4. HmKHUNU ypOBEHBb HEPruy, YacToTa Iiepexoja
U UHTEHCUBHOCTH BTOPOU JIMHUM KOMOMHAIIMOHHOM
PasHOCTH.

Hm.o. ..

Crpoka z. HKHUU YypoOBeHL JHEPIHMU, YacCTOTa Ilepexojta U
HUHTEHCUBHOCTH Ioce Hen JIMHUU
KOMOHWHAITMOHHOM pPasHOCTH, 114 ItocaenHero (Ka Kc)

BpaIaTeJIbHOTO YPOBHSIL.



Kak y»xe oTMeudasiocb, KpOMe HMEKIerocsi BBIUHCIUTEIHHOIO
6JI0Ka,  II0JIb30BaTeJb  HMMeeT  BO3MOXXKHOCTH  HCII0JIb30BaTh
coOCTBeHHBIN (Qaiyl IIpefCKasaHUM IIepexX0of0oB, C YyKasaHUeM
KBAHTOBBIX YHCeJl BepxXxHero U HIDKHEro CcocrogdHum. HWHorga
COTPYAHUKHU Has3bIBAIOT TaKOU ¢alyl « CMHTETUYEeCKUU CIeKTp». O TOM
KaK IIOAKJIIOYaTh 3TOT Qaiyi pacckasaHo B IyaBe «IloAroToBka K

paboTe»



5. IToaroToBKAa K pabore.

5.1 VcTaHOBKA CHCTEMBI.

U1 yCTaHOBKU CHCTEMBI «Slon» HY>XHO CO3[1aTh OT/EeJIbHBIA
kaTtaJsior (Hammpumep «C:\Slon») 1 pacriakoBaTh B Hell apXUB.
3ammyckaeMbli ¢panr gSlon.exe. IToib30BaTesIb MOXKET CO3aTh SIPJIBIK
Ha paboueM CTOJIe, YKasbIBAIOIWI Ha 3Ty IIporpaMmy. Ilocsie aToro

CHCTeMa I'OTOBa K pa60Te.

5.2 IloaroroBKa BXOJHBIX M BHIXOAHBIX ¢alIoB.

[Tepen Hayasi0M paboThl HEO6XOAUMO IOATOTOBUTE (JIy4llle BCETO
B OT/leJIbHOM KaTaJIore) caefyroliye Gpambl:

daiyl CrieKTpa - COMep KUT CIIMCOK JIMHUU. B IIepBOM KOJIOHKE
YacToTa, BO BTOPOMl UHTEHCUBHOCTb, B TPETheM OIlMOKa U3MepeHUs
4acToThl. {Pacmupenue ".spe"} JIMHUU JOJDKHBI UATU 110 BO3pPaCTaHUIO
YaCTOTHI.

daly1 mmapaMeTpOB BepXHEIr0 COCTOSHUS, PACIIOJIO’KEHHBIX B
OOILIEIIPUHATOM ITopszKe: E - 11 Bcex IoJioc , A - I BCeX I10JI0C, B -
IUI1 BCeX I10J10C, C - /11 BCeX M0JIOC, JlesbTa ... - IJIs1 BCeX II0JIOC U T.J. .
{Paciupenue ".dat"}. OuepenHocTh ciaenyroinas: E, A, B C, DK, Djk, Dj,
dk, dj, Hk, Hkj, Hjk, Hj, hk, hjk, hj, Lk, Lkkj, Lkj, Ljk, Lj, 1k, 1kj, ]jk, 1j, Pk,
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38.

Juia  anopoxkcuMarii  Ilapge-bopesss  ucmosbsyerces 28

JHUaroHa/JIbHBIX IIapaMeTpoB JIIA K&)K,ZLOIE IIOJIOCBHI. Jta


../../../../../C:/Slon

raMiJbTOHHAHA YOTCOHA MCIIOJNb3yeTcsa MO0 36 [auaroHaJbHBIX
rnapaMeTpoB. i1 MeToZa HPOU3BOIAINUX QYHKIIUKA 39 mapamMmeTp -
napameTp o [3,4]. Pe3oHaHCHBIX ITapaMeTPOB Ha Ka’KAYI0 I1apy II0JIOC
10:

FO, FK, Fj, Fxy, FxyKk, Fxyj, FKkk, F1, F2, F3 nj1g pesoHaHCOB Tulla PepMu 1
Cyk4, Cyk3, Cxzk, Cyk, Cy, Cxz, C1, C2, C3, C4 s pe30HaHCOB TUIIA
KopuoJsuca.

Ecix BBl XO0TUTE UCII0/IL30BAaTh BMECTO PacueTHOro 6Jioka ¢aiii
npeacKasaHuil, TO Bbl JO/DKHBI COCTaBUTH (aiyi, B KaXKIOM CTOKe
KOTOPOTI0 3alIUChIBAETCS OfHA JINHUA B BUJIE:

v x1 Vib_Bepx.]] Ka Kc Vib_Hmwxk. J° Ka~ Kc'l X2
E_HIK.

, TIe: v - yacrora,x1-mroboe CJIOBO (3ape3epBUPOBaHO),

Vib_BepX. - UMs BepXHero KoJjiebaTeJIbHOTO COCTOSIHMA,

J'’Ka'Kc' - BpaljaTesbHble KBAHTOBbIE UHCJIa BEPXHEr0 COCTOSTHUS,

Vib_HIXK. - ©UMS HIDKHET0 KojiebaTeJbHOI0 COCTOAHUS, | Ka™
Kc" - BpamlaTesbHble KBAaHTOBBIE UHCJIA HU)KHETO COCTOSHUSA, [ -
UHTEHCUBHOCTb, X2-1000e CJI0BO, E_HIXK. - ypoBeHb 3Hepruu
HI)KHEIro COCTOsSHUS. FIMeHa KoJsie6aTeJbHBIX COCTOSHHUN He T0JKHBI
UMeTh IIP0o0esIoB, U IOJOKHBI COBIAZaTh C UMeHaMHU KoJiebaTeJIbHbIX
COCTOSHUM, NPONHCAHHBIMU B OaHKe JaHHBIX YPOBHEN 3IHEPrUU.
HimokHee KoJjiebaTeJbHOE COCTOSHHE TaKKe He JTO0/DKHO MMeTh
npobesoB M COBIIQZaThb C MMeEHeM HI)KHEro KoJie6aTeJbHOro
COCTOSHUSA, KOTOpPOe IIOTOM OyaeT IPONMCAHO, WIHU Y>Ke IIPOIIMCAaHO
(3TO JIeTKO IlepelpaBJ/IsIeTCs) B YCTaHOBKAX, IIPU paboTe IIpOrpaMMbl

(cMm. mastee «ITopgaoK paboThI C IIPOrPaMMOLi»).



[Ipu ucoosib30BaHUM (Qaiijia IpejcKasaHuil, ¢alyl mapaMeTpPoB

BEPXHET0 COCTOSAHHA HE MCIIOJIb3YETCH.

daiiy1 mapaMeTPOB HIDKHEIO COCTOSAHUA. {PaciuvpeHue ".par'}.

[Ipu UCII0Ib30BaHUHU daiiyia mIpeficKasaHUH, 3TOT Qaii He HyKeH.

Ecyix BBl XOTUTE UCIIOJIB30BaTh 3KCIIEPUMEeHTalIbHbIe HIDKHUE YPOBHU
9HEPTUH , TO HY>KHO UX 3aIIUCaTh I10 IIOPSIAKY B TEKCTOBBIA (paliI C TeM
’Ke UMeHeM , HO C pacuiupenuem "[" .

daiiy1 mapaMeTpPOB [AUIIOJIBLHOIO MOMeHTa. B aroMm ¢aiie 110
IIOPSKY BIIMCBIBAIOTCA: KOJTMUEeCTBO I10JI0C CHMMETPHH B, KOJITUYECTBO
II0JIOC CUMMeTPUU A, KOJIHUYECTBO AUATOHAJIbHBIX I1apaMeTpoOB [JIA
Ka’>K/[I01 I10JI0CHI, KOJIMYECTBO Pe30HaHCHBIX IIapaMeTpoB, CTaTCyMMa,

Gt, Gtl, HIKHII TpaHUIlA CIIEKTpa, BEpPXHsAd TpaHUIla CIeKTpa,
CIefyrolllee CJI0BO Jiro6oe {3ape3epBHUPOBAHO IIPOrPaMMUCTOM},
TeMIiepaTypa. Ilocjie aToro UAyT Bce ITapaMeTpPhI JUIIOJIHLHOI0 MOMEHTA
IUI1 IIepBOM IIOJIOCBHI, BCe IIapaMeTphl IHUIIOJIBHOIO MOMEHTa I
BTOPOM II0JIOCEI U T.I.. KosinuecTBO IapaMeTpOB I Ka’K[A0M IT10JI0CHI
paBHO 8 miId cuMMeTpuu "C2v" U 16 19 CHUMMeETPHUHU "Cs".
{Pacmupenue ".par" }. IIpu ucnosb3oBaHMU (Qaiia IpefcKasaHUu,

3TOT pailyl He HYKeH.

BaHK [JaHHBIX [JI1 YpOBHeM 3Hepruu. B 3ToM 6aHKe
HAKaIlJIMBAIOTCA IIOJTyYeHHbIe M3 CIIeKTpa YPOBHU JHEPTHH.

{Paciupenue ".db7"} Ecau Bbl ellle He co3masn 6aHKH JHaHHBIX [JId



MTAHHOM T'PYIIIBI COCTOTHUM, TO 3TO MOKHO CllejlaTh BHauaJjie paboThl,
KOMaHJaMU MeHI0 "Create"” Ha IlaHe/J U HaCTPoeK, 06 3ToM Oymer
CKa3aHO B CJIEYIOIIIEN IJIaBe.

baHK JaHHBIX U1 CIIEKTPaJIbHBIX JIUHUM . { Pacimupenue ".db7" }
B aTOM 6aHKe HaKaIlJIMBAKTCA pe3yaAbTaThl OTHECeHUS JIMHUN TeM WU
UHBIM IIepexofaM, B IIpollecce aHasnusa criekrpa. Eciu Bel ere He
co3aBajiv 6aHKOB JaHHBIX [IJIA TAaHHOTO CIIEKTPa, TO 3TO TOXKE MOKHO
cleslaThb BHavaJie paboThl, KOMaHAaMU MeHI0 "Create” Ha IaHeH

HaCTPOeK, 00 9TOM Oy/IeT CKa3aHo B CJIeyIOIlle IiaBe.



6. IlopsiIOK paGcoTHI C IPOrPaMMO}i.

ITocsie ITIOATOTOBKYU (aijioB, YKa3saHHBIX B IIpeAbIAYIIleM paszesie
MOJKHO 3allyCTUThH IporpaMMy "qSlon.exe”. B pasgesie MeHIO

"Options"/"Parameters" yCTaHOBUTH I1apaMeTpPhI IIOUCKA JIMHUMA.

File Edit ‘iew Options Build Help

‘® B @ | Minimalintensity 1,000e-10 EE L & % B

Combination presision: 0,01000

Vibrartion state Interval of search: : 10 2 &) Ecale: Saved :

(0] |  Beseline imk: 3 | (7317.922667 | Eestm: | (101) 7317
Minimal lines number i bination : 2

Var. 3 (from 10) il et b L R == Search combination earch single line

£ Files and parameters

Line M Lowe ne Observed line Energy

1
| - 23,7944 7284,1283 3.85E-01 72841229 3.78002-01 7317817250

[TapaMeTphl IIOMCKa 3TO MUHUMAaJIbHasi UHTEHCUBHOCTb JIMHUU
«Minimal intensity», TOYHOCTH BBIIIOJIHEHUS KOMOHHAITMOHHOIO
npaBwia «Combination precision», UHTepBaJl IIOKCKa BIIPaBO-BJIEBO
OT OJirbKauIIeld K pacuéry 6asoBod suHHM «Interval of search»,
MaKCUMaJIbHasi HUCIIoJb3yeMass II0 c4yeTy 0Oa3oBagd JIMHUSA B
KOMOMHAIIMOHHOU pasHOCTU «BaseLine limit», ecii UX yIOPALOYUTH
10 yOBIBAHUIO PACCUUTAHHONM HWHTEHCUBHOCTU. ECJIM B HaWIeHHOU
IPyIIle JIMHUM KOJIMYEeCTBO JIMHUU MeEHbIle 3TOM BeJIMYUHBI, TO
IpyIla B pacCCMOTPEHUHU He y4dacTByeT . Hanipumep «3» 03Ha4vaeT, 4TO
oyayT UCKATbCA TPYIIIIBI JIMHUY, YII0BJIETBOPSIIOIITUX

KOMOMHAITUOHHOMY IIpaBWJIy, CHayajla B KaueCcTBe 0a30BOM JIMHUU



(IepBOM JIMHUM, K KOTOPOU IIOTOM IIOABICKUBAKOTCI OCTaJIbHBIE
JuHUY) OymeT OpaThCd CHayajla caMas CHIbHas (II0 pacuyeTHOU
UHTEHCUBHOCTH) JIMHUY, IIOTOM BTOpas II0 MHTEHCUBHOCTU, U 3aTeM
TpeThs. (Ecim 6bLIO 6BI YKa3aHO «4», TO IOCJEe 3TOTO ITPOBOJUICS OBl
IIOMCK C YeTBEPTOM II0 WHTEHCHUBHOCTU JIMHUEU U T.J.).

MuHHUMaIbHOE KOJHWYeCTBO JIMHUM B KOMOHHAIIMOHHOM
pasHoCcTH 3amaérci B NyHKTe «Minimal lines number in
combination». Bce uMerolyecs B ClieKTpe Habopbl IMHUM, B KOTOPBIX
HaWleHO MeHblllee yKa3saHHOIO KOJIMYecTBa JIMHUHN, OyAyT
IIPOIYCKATHCA. ITO YUCJIO He TOJKHO ObITh MEHBbIIIE 2.

IIpu BeIOOPE ITyHKTa «Parameters», IOSBUTCS AHUAJIOT HACTPOEK.

Files || Model | Other | Prediction
Spectrum file:

fhome/sap/Projects/QSLON/demoS3/tothl. spe =
Upper state parameters:

fhome/sap/Projects/QSLON/demoS3/par53.dat = || Prediction file
Low state parameters:

fhome/sap/Projects/QSLON/demo53/h200.par & |« Experience data
Dipol moment parameters:

fhome/sap/Projects/QSLON/demoS3ftran_t53.par =

Upper energy levels bank:

fhome/sap/Projectsf/QSLON/demo33/lev2. db7 = Create
Identification database file:

fhome/sap/Projectsf/QSLON/demoS3/toth3.db7 = | Create

Recognition parameters:
fhome/sap/Projects/QSLON/demo33/T_53.5GN
Lower vibration state name:

(000)

| @ OK || @ cancel |



YcTaHOBUTE MMeHa BXOOHBIX M BBIXOAHBIX ¢GaiyioB. Eciu Bl
XOTUTE WUCIIOJb30BaTh CBOM Gali IIpeAcKasaHUi, TO 3TOT ¢ama
HasHayvaeTcd BMeCTO ¢aiia I1apaMeTpoB BepXHero COCTOSHUA, U II0
YMOJIYaHUI0 UMeeT TaKoe ’Ke paclmpeHue «.dat». I[Ipu sToM HY>XHO
BKJIIOUUTDH «TaJIOUKYy HAIIPOTHUB COOTBETCTBYIOLIEHM CTPOKU I1aHesau. O
TOM, KaKWM [O/DKeH ObITh ¢Qaiyl IpeAcKasaHUU HaIMKCaHO B
HpeIbIyIe Iiase.

HiMeeTcss BO3MOJXKHOCTH HCIIOJIb30BaTh (aiiyi HIDKHUX YPOBHEN
9HEpPIruH, TO ITOT ¢aMl [O/DKEH HMeTh TOXKe HMs, YTO u ¢Qaul
[IapaMeTpoB I pacyéTa HIDKHUX YPOBHEM, HO MMeTh paclllUupeHue
«lev». [lma 3Toro HY)KHO BKJIKYHUTH «TaJIOUYKy HaIIpOTHUB
COOTBETCTBYIOILIEH CTPOKHU ITaHEJIH.

Ecsii 6aHKU [aHHBIX ellle He CO3J4aHbl TO HUCIOJBL3YUTEe B
COOTBETCTBYIOIIUX CTPOKaX KjaBUIIU «Create». [Ipu co3gaHuU 6aHKa
NaHHBIX YpOBHEM JHEpPruu, CHUCTeMa CIPOCHUT MaKCHUMaJIbHOe
KBaHTOBOe 4uCO |, ¢pailyi KOMMeHTapueB, B KOTOPOM 4epe3 IIpobes
IOJDKHBI OBITH IIepeyncIeHbl KMeHa I10JI0C B Baltei 3ajjaue, ¥ CIIpOCUT
HUX KOJIUYECTBO.

B caMOM KOHIIe 3TOTO CIIMCKa CTOUT KOMaH/a BhIOOpa ¢aiiia
cojiepKalero obyyeHUe paclIO3SHABAHUIO IIPABWIBHBIX BapUaHTOB
KOMOMWHAITMOHHBIX PasHOCTEX U OQUHOUYHBIX JIMHUU. EC/IM BBl XOTUTE
HayvaThb oOy4yeHHe CHayvajJa, TO MOXXHO 3aZaTh CUCTEMe UM
HeCyIIeCTBYIOIleI0 Ha [TaHHBIM MoMeHT ¢aiia. Ecau Bel XoTuTe
HUCIIOJIb30BAaTh yXKe HMeloluuca ¢ai, TO HY)XHO yKasaTb

COOTBETCTBYHOIIUU ¢aiyl. {PaciiupeHue ".sgn"}. IIpH 3TOM cHUcCTeMa



CIIDOCUT paspellleHHe IepenucaT ¢ai. HyXHO OTBETUTH
II0JIO’KUTEJIbHO.

YcTaHOBUTE MM HUDKHEIO COCTOSIHUS, B cCaMOM HU3Y (ecyu Bel
cobupaeTech HCIIOJIb30BaTh UMERINUICA y Bac ¢air mpepckasaHUy,
TO 3TO UM [OJ/DKHO COBIAJATh C UMeHeM HIDKHero KoJjebaTesIbHOIOo
COCTOSIHUA B daiiiie IIpefcKasaHUM U He UMeTh IIP06eJsIoB.)

[Tociie sTOTO IIEepedUTe HA BKIAAKy «Model»

Files | Model | other | Prediction

Energy levels model

Simmetry 2V v Hamiltonian type : Pade-Borel
Simmetry & bands number: 4 o Diagonal parameters ; | 38 &
Simmetry B bands number: 2 O Riesonance parameters : o O
Experience Intensity model
Measured : intensity w Stat summ: | 173,700000 &
Path lenght : 0,0000000000 o Gt: 1,000000 o
Pressure : 43400,000000 ] Gt1: 3,000000 O
Alpha d : 296,000000 o Low: 2750,8000000000 &
Mass of molecule : | 18,00 O Up: 7389,7000000000 [}
Temperature : 296,000000 4] Br: 0,000010 O

% OK || @ Cancel |

B,ZKECB YCTaHaBJIXMBAE€TCA THII TaMHJIbTOHHMAH4, THUII CHMMETPHHU
MOJIEKYJIBI, X1 YCJIOBHA 3KCIIEPXMMEHTA. Ha CJIE,HYIOH.{GI‘;I BKJIaJKe IIaHeJ/JIn
MOZKHO BKJIIOUUTDH HJIN BBIK/IIOUUTD IIOATBEPIKIAECHUE IIPH IIepe3allkiCHh

UIeHTUPUKATTAYN JTUHUH.



Files | Model | Other | Prediction

GroupBox
| Ask on overwrite lines ass

| Lower energy level Comb

Single linesviewnu 1 &

[ @ oK || @ cancel

Omnmua «Lower energy level comb» BKIIo4aeT M3sMeHeHUe 3HaKa
YPOBHEU JHepruy, II0JIydaeMbIX K3 YacTOT JIMHUU U 3JHepruu
UCXOJHOI'0 COCTOSTHUA I1epexo/a.

ITosre «Single lines view» oIlpefesseT BLIBOAHUMOE Ha 3KpaH
KOJIMYECTBO COCeIHUX JIMHUHM CIIpaBa U CjIeBa OT KaKI0U JIMHUU B
IpeAliojaraeMo KOMOMHAITMOHHOM PasHOCTH, OJrKauiled K
PacyEéTHOU.

Bxiagka «Prediction» 103BOJIZeT HaCTpPOUTHL IIPpOrpaMMy Ha
HY>KHBI GopMaT BXOAHOTO ¢aiiia C IIpe/AcKasaHUEM IlapaMeTpoOB
CIIEKTPaJIbHBIX JIMHUU. Paiiyl JOJDKEeH cofepsKaTh CTPOKU C YacCTOTOH,
UHTEHCUBHOCTBI0 JIMHUU W HUX KBAHTOBON HAeHTHUOUKalUel. Ha

IIaHEJIX YKa3bIBAIOTCA HOMEPA KOJIOHOK Ka’KI0ro 13 IIapaMeTpPOB.



[Tocsie HACTPOMKU MOYKHO BBIMTH U3 JUajIoTa U HauaThb paboTy.

Bribop BpallaTeJIbHOIO YPOBHS IIPOM3BOJUTCI CTpPeJKaMU BIIPaBO U
BJIEBO. BEBIOOp KoJy1e6aTeJIbHOIO COCTOSIHUS IPOBOAUTCI CTpeKaMU

BBEPX U BHHS.



File Edit Wwiew Options Build Help

‘ed e m=E DOEBOER EEL LS T X0

Vibrartion state: . 4| Rotation state: J: |3 | Ecale: Saved : (101) 7517,7449 0,25 4 Diff: 0,028 P: 0,124
(101) (330 7517716893 | Eestm. | (L01) 7517,7449 0,25 4 Dif: 0,028 P: 0,124
Var. 2 (from 12),base 0, best 2 << | == | search combinatiort earch single ling | Prevwar. || Nextvar
Line N Lower rot.state Lower Energy Predicted line Observed line Energy Eexp-Ecalc

275,4971 7242,2198 3,01E-05

A
<IN A< < BR<)

Assignment:

SN A E N b
| I

~
~
w0

3amycTuTh paboTy ¢ BLIOPAHHBIM COCTOSIHHMEM MOJKHO KJIaBUILIEH
«Enter». IIpH 9TOM BKJIHUYUTCA PEXKUM IIPOCMOTPa KOMOMHAITUOHHBIX
pasHocTeit. Ecoii HU OQUH BapuaHT KOMOWHAITMOHHONM PasHOCTU He

HaNJleH, TO BKJII0YaeTCd PesKUM IIPOCMOTPa OAMHOYHBIX JIUHUH.



File Edit Wwiew Options Build Help

‘ed e m=E DDEDBOER BELL T X0

Vibrartion state: 1 %] Rotation state: J: (3 | Ecale: saved : (I

(101) EEL 7517,716893 E estm.: ]
Combination 5, view 3 around << >> | Search combinatior| earch single ling Prevvar, || Nextvar |
Line N Lower rot.state Lower Energy Predicted line Observed line Energy Eexp-Ecalc

2

1

7375.4384

0,10147

-0,11450

C NN IR IR AN JN< N JR<]

B o, Ovg W B A, W
e e w

,_.
o
[

w w
e w W W | e

W ow

11 I

Assignment:

Br160p JIMHUM B 000UX pe’XUMaX IIPOU3BOJSUTCS CTpesKaMu. /ijid
IIPOCMOTpPa BapUaHTOB KOMOWHAITMOHHBIX PasHOCTEM MCIIOJIb3YIOTCI
Ky1aBUIU «PgUp», «PgDn», 1 KJIaBUIITYU Ha ITaHeJIM UHCTPYMEHTOB.

[loMeuaTh JIMHUU I 3aHeCeHUS UAeHTHUOUKaAlMU B OaHKU
OAaHHBIX KJaBuIllell «Space». /I KaKIOW JIMHUU MOYKET OBITH
3allMCaHO [0 IIATH HUAeHTHUKAIU. ITO HeoOXOAMMO B CIydasx
HaJIOKeHUsI YaCTOT pasHBIX IIepeXOofoB. 3aHeCeHHe UAeHTHU(PUKAITUU

JIMHUH IIPOU3BOAUTCA KHOIIKAMH Ha IIdHEJIM HHCTPYMEHTOB HJIA

MEHIO EE, U TOpsyuMHU KiaBuitamMu W, Ctrl+W, Alt+W (write) B

IepBoe BTOpoOE U TpeThbe I10JIA COOTBETCTBEHHO. CTI/IpaTB



UIeHTUPUKAITUI0 MOYKHO KOMaHJIaMU EE U KJaBUIlIaMH D,
Ctrl+D, Alt+D (delete). CyimrecTByeT KOMaHIa  3aHeCeHU

UIeHTUOUKAIITUK B HMelolydecs CBOOOAHBIe moJsd. /IjId  9TOro

HCIIOJIB3YETCA KOMaHOa Ha ITaHe/JIM MHCTPYMEHTOB M MEHIO E, nim

ropsgdyasg kiaBumia Y. VIaasITh HUJeHTUQUKAIIMI0 K3 HY)XHOTO II0JII

MO’KHO OTMETUB €eT0 «MBIITbI0» 1 BEIOpaB KOMaHIY E WM Ha’KaB Ha
KJIaBUaType KiaaBullly Delete. ViamuTh UeHTUPUKAITUIO IO/ TEKYIIlee

KOJIe6aTe.JII:>HO-BpaH_IaTEJIBHOE COCTOsdAHHE, BHECéHHYIO paHee MOZKHO

8
o L .
KoMaHzol ¢ =. [IpH 3TOM HeHTHOHUKAIMS AaHHas GyleT CTépTa U3

BCeX JINHUM CIIEKTPa, KOTOphIe eé cofiep>Kar.
[Ipu mpocMOTpe KOMOMHAIIMOHHBIX Pa3sHOCTeN YPpOBeHb IHEPTHUU

BBIUUCIIAETCAd KaK CpegHee II0 IIOME€YUEHHBIM JIMHUWAM. Bo Bcex

PeENKUMaX 3allMCh YPOBHA 3HEPIHUH IIPOU3BOIUTCA KOM&HﬂOfI nin

KJIaBUIllEN «S»(save). CTUpaHHe YPOBHS IIPOU3BOIUTCSA KOMaHI0M E
WM KIaBuIlen «C»(clear).

Jloid 00y4deHHsI CHCTEMBI OIIpefieIEeHUI0 HY)KHBIX BapHaHTOB
KOMOMHAIIMOHHBIX Pa3HOCTEN HY>KHO BhIOpATh IIPaBHUJIbHBIN BapHUaHT,

IIOMETUThb HY>XHbBIE JIMHHKW B HEM, H BBI6paT]':> COOTBETCTBYIOIIIYIO

IIPOCMOTPa OAHMHOYHBIX JIUHUM JIIA 06Y‘I€HI/IH HY?>KHO IIOCTaBHTBH
KypCOp Ha JIHKHHHWIO, IIOMETHUTD (nm Pa3oTMETUTL €€, €eC/Ikh 3TO
HeIIpaBUJIbHAasA JIMHUA U Brl XoTHTE IIOIIPaBHUTDb CI/ICTEMY) %! BblﬁpaTb

COOTBETCTBYIOIYI0 KOMaHAy MeHI0, WU HaXKaTh Ty jKe KJIaBUIITy «T».



[IpocMOTp OTUETOB 06 HAeHTUPUKAIIMU JUHUU B CIIEKTpe, U O
HalJIeHHBIX YPOBHSIX SHEPTUHU IpousBoauTcsa koMannamuy Merro Ml u =

COOTBETCTBEHHO.

®ain [paeka Bwp Cepewmc HacTpolka Cnpaeka

= i :
| @ Co3pate é OTHPEITE H CoOXpaHWUTE H CoxXpaHWTh Kak @ 3aKpeI T %) OTMeHnTE nefcTENE | & MoeTopuTe
| a8 4

7094, 7340 3, 20E-02 0, 0000 3, 2000E-02 il
7095, 4440 1,53E-04 [eyeelele] 1,5300E- 04

7095, 6727 1,20E-03 0, 00oo 1,2000E-03

7095, 8551 7,74E-02 [eelelele] 7, 7400E-02 7,9e-02 (101) 5 2 4 B 2 5 (ooo) ;

7095, 9650 3, DCE-06 0, 000e 3, 0000E- 06

7096, 3759 1,96E-03 0, 00oo 1,9600E-05

7096, 8413 2,47E-03 0, 0000 2,4700E-03

7097, 3409 2,16E-03 [eeelele] 2,1600E-03

7097, 3774 2,12E-02 0, 00oe 2,1200E-02 2,0e-02 (161} 4 4 0 5 4 1 (eee)

7097, 3870 9, 00E-04 0, 0000 9, 0000E-04

7097,5244 6, 50E-03 [elyelelele] 6,5000E- 03 6,7e-03 (101) L 5 o 2 (eo0)

7097,7137 2,58E-04 0, 00oe 2,5800E-04

7098, 0942 2,54E-03 0, 0000 2,5400E-03

7099,19386 3,33E-05 0, 0000 3, 3300E- 05

7099, 2488 5, 06E-03 0, 00oo 5, 0600E-05

7099, 7044 2,32E-03 [eelelele] 2,3200E-03

7100, 6437 7.,88E-03 0, 0000 7,B8800E-03

7100, 6752 3,33E-04 0, 00oo 3, 3300E-04

7100, 8298 1,50E-03 [eelelele] 1,5000E-03

7161, 6281 7,55E-05 [eyelelele] 7,5500E- 05 :]
7101, 2800 1,24E-05 0, 0ooe 1, 2400E-05

7102, 0524 8, BOE-05 0, 0000 8, BOOOE- 05

7102,1300 2,60E-06 [eyelelele] 2,6000E- 06

7102, 5057 6, 25E-04 0, 0ooe 6, 2500E-04

7102, 9667 6, 0SE-05 0, 0000 6, 0S00E- 05

7103,1143 3,51E-05 0, 0000 3,5100E- 05

7103, 8297 2,97E-03 0, 0ooe 2,9700E-05

7104,1960 4,10E-05 [eelelele] 4,1000E-05

7104,5410 1,00E-05 0, 0000 1, 0000E- 05

7104, 6187 6,12E-02 0, 00oo 6,1200E-02 6.1le-002 (161) 4 31 5 3 2 (oea) :

7105,7614 9,50E-03 0, 0000 9,5000E-03

7105, 85486 1,01E-01 [eyeelele] 1,0100E-01 9,7e-02 (101) L 223 (000) ;

7105, 9395 1,20E-03 0, 00oe 1,2000E-03

7106, 4893 4,85E-05 0, 0000 4,8500E-05

7106, 5440 2,56E-05 [eyelelele] 2,5600E- 05

7106, 7770 5, 0CE-03 0, 00oe 5, 0000E- 05

7106, 8365 7,B0E-03 0, 0000 7,B0O00E-03 R
7107, 0529 2,60E-02 [e]elelele] 2,6000E- 02 A

<L )< >
CTpoka: 1 CTonbeu;: 1 BCTAEKA CTPOMHOE  toth3.txt

®ain [paeka Bwp Cepewmc HacTpolka Cnpaeka

= i :
| @ Co3pate é OTHPEITE H CoOXpaHWUTE H CoxXpaHWTh Kak @ 3aKpeI T %) OTMeHnTE nefcTENE | & MoeTopuTe
| a8 4

Vib.state  (101] -
State Energy Nlines RMS Note ]
2 ‘e 0 7249,818370 I 0,000000 Diff: -0.001 P: 0,000
i ¢ e | 7272,999988 3 0,104430 Diff: -0,002 P: 0,102
G . | 7284, 742646 2 0,013500 Diff: 0,002 P: 0,030
E ok B 7289,981125 2 0,007000 Diff: 0,008 P: 0,025
Z i 2 7317,917368 4 0,235412 Diff: -0,005 P: 0,140
Z T 7325, 228092 4 0.114152 Biff: -0,011 P: 0,143
3 i | 7341,802741 4 0.117268 Diff: 0.613 P: 0,16l
2 2 A 7376,579238 3 0,117922 Diff: 0,019 P: 0,076
Z 228 7377,976838 4 8.136267 Diff: 0,021 P: 0,133
3 .0 3 7382, 288246 5] 0.151284 Diff: -0.013 P: 0,192
3 4 3 7386, 248454 5 0,183041 piff: -0,019 P: 0,184
3k 2 7418, 058306 5 0,097713 Diff: 0,016 P: 0,182
3 2 2 7445, 579462 4 0,064952 Diff: 0.008 P: 0,148
a2 1 7451, 872964 5] 0,115989 Diff: 0,016 P: 0,179
33 3 7517, 498310 4 0,127867 Diff: 0,027 P: 0,126
33 8 7517,744888 4 0,247026 Diff: 0.028 P: 0,124
4 0 4 7464, 436951 7 0,157881 pDiff: -0,024 P: 0,220
. A e 7466, 235430 5 0,002736 Diff: -0,028 P: 0,160
4 1. 3 7517, 212247 5] 0.199388 Diff: 0.016 P: 0,210
4 2 3 7536, 566095 51 0,192072 Diff: -0,002 P: 0,232
& L2 2 7552, 365267 7 0,148200 Diff: 0,011 P: 0,221
4 3 2 7611, 810502 5] g.lese77 Diff: ©.613 P: 0.185
4 31 7613, 430589 7 0,200886 Diff: 0,016 P: 0,249
& =4 3 7707,639216 5 0,314168 Diff: 0,015 P: 0,188
4 4 0 7707,718450 5 0.258998 Diff: 0.017 P: 0,188
5.8 5 7563, 945042 5] 0,198277 Diff: -0,031 P: 0,256
R [ 7564, 672519 a8 0,908040 Diff: -0,033 P: 0,324
5 1 4 7636, 972942 5] 0,229377 Diff: 0,011 P: 0,197
5 2 4 7648, 766631 7 0,264760 Diff: -0,009 P: 0,250
8 2 3 7677, 258266 5 2,350316 Diff: -0,003 P: 0,080
3 3 3 7729,553142 a8 0,116699 Diff: -0.008 P: 0,237
R 7735, 326207 a8 1,702438 Diff: 0,004 P: 0,150
5 g 3 7825,819520 a8 0,126293 Diff: -0,002 P: 0,257
5 41 7826, 304451 7 0,159681 Diff: 98,003 P: ©8.233
i | 7945, 967183 o 0,441915 Diff: -0,007 P: 0,001 A
5 5 8 7945, 967510 E 0,926535 Diff: -0,008 P: 0,073 2

<L )< >
CTpoka: 1 CTonbew;: 1 BCTABKA CTPOYHOE  lev2.txt




7. IlepeyeHb KOMaH/J B pe>KuMaXx IPOCMOTpPa IMHUH.

7.1 Pe>XuM IPOCMOTPA BApHAHTOB KOMOUHAITMOHHBIX Pa3HOCTEN.

B maHHOM pe’kuMe Bbl MOJKeTe IIpocMaTpUBATh BapHUaHTHEI IPYIIIL
JIMHUM, YIOBJIETBOPAIOIIUX KOMOWHAIITMOHHOMY IIpaBUIy Pupbepra-
Puria, 3amuchlBaThb B 0aHKU [JAaHHBIX HAeHTUQUKAIIUIO JIMHUU U
HaWleHHbIle YPOBHU 3Hepruu. Bce [eHCTBUS MOIYT IIPOU3BOLUTHCSA
yepes MeHI0, KOTOPOe BBI3bIBaeTcd KIaBuiller F1, Mu yepes «ropsyue

KJIABUIITH». [opsTure KJIaBUIITH CIEAYIOIIHE:

Jlucmambs HaliJleHHbIe BAPUaHTEI PgUp, PgDn.

Bwioupams AUHUIO CTpeJIKU BBepx,
BHUus.

ITomeuams TUHUU MOKHO KJIaBUIIIeX "IIpoGen".

3anucbt udeHmug@ukauuu 1js1 IOMeUYeHHBIX

JUHUM B Habop N% 1,2,3 coorBeTcTBeHHO "W", "Alt-W" , "Ctrl-

W".
CmupaHue udenmuguxkayuu B Habope

N% 1,2,3 cOOTBETCTBEHHO "D", "Alt-D", "Ctrl-D" -
3anuce ypoeHs 3HePTUU I10JIyYeHHOI'0 yCpegHeHeM

10 IIOMeYeHHbIM JIMHUAM "S" {Save} .
CmupaHue ypo8HA IHEPTUHU - KJIaBHUIIIa "C" {Clear}.
O6yuams crcTeMy HY>KHO IIOMETUB IIPpaBUJIbHBIE

JIMHUU U 3aTeM Ha)KuMas KJIaBUIILY "T" {Teach}.
CnaowHOU npocmomp cnekmpa "V" {View}.

Bbix00 U3 pexxuMa "Esc".



ITpocMOTp JaHHOU CIIPaBKU "H" {Help}.
Pe’XuM IIpocMOTpa MepeKIr0UaeTCsI CIeIYIOIIMMU
KJIaBUIIIaMU:
"A" - BLIBOAUTH UIEHTUQUKAIIHUIO BCEX JIMHUM.
"L" - BBIBOAUTB OJIMKamIlve TPy JINHUU.

"N" - BBIBOAUTH UIeHTUOUKAITHUI0 OHOM JIMHUU.



7.2 Pe>KMM IIPOCMOTPA OAUHOYHBIX THHUH.

B maHHOM pekuMe BBl MO)KeTe 3aIllMChIBAaTh B OAHKU JTAaHHBIX
UIeHTUQUKAIIMIO 110 OJHOM JIMHUU U Hal/leHHble YPOBHU SHEPTUMU.
Bce [melCcTBHUSI MOTYT IIPOU3BOAUTHLCSI dYepe3 MeHI0, KOTOpOe
BBI3bIBaeTcd KiaaBullell F1, Wi yepex «ropsguue KJIaBUIIN». ['opsune

KJIABUIITH CJIEAYIOIITHE:

Bvioupambs AUHUIO CTpeJIKH’ BBepx,
BHus.
INomeuams TMHUU MOKHO KJIaBUIIIEH "IIpoGea".

3anuce udeHmuguxkauuu 111 TIOMeUYeHHbIX JIUHUUA

B Ha6op N% 1,2,3 COOTBETCTBEHHO "W", "Alt-W", "Ctrl-W".
CmupaHue udenmuguxkayuu B Habope

N% 1,2,3 COOTBETCTBEHHO "D", "Alt-D", "Ctrl-
D"
3anuce ypoeHs 3HePrUuU I10JIyYeHHOI'0 YCpeqHeHUEeM

10 TIOMEeYeHHbIM JIUHUAM "S" {Save}.
CmupaHue ypoeHs 3HEPTUU "C" {Clear}.
Ob6yuams crucTeMy HY>KHO IIOMETUB/Pa30TMeETUB

HY>KHYIO JIMHUI0 U 3aTeM Ha)kuMas kiasuiy "T" {Teach}.
CnaowHoOU npocmomp cnekmpa "V" {View}.
Bbix00 U3 pexxuMma "Esc".

[IpOCMOTp JaHHOM CIIPaBKHU "H" {Help}.



ITooroHka mapamMeTpoB 3¢ ¢eKTHUBHOI0 raMHIbLTOHHAHA B

nporpaMmMme (Slon

Ha tekymmuii momeHT, nporpaMmHbii makeT CJIOH (gSlon)
SIBJISETCA CaMOAOCTAaTOYHOMW CHCTEMOU, KOTOpasd COOEPXKUT He
TOJIbKO HMHCTPYMEHTHI, OJII HUOEeHTU(HUKAIIMKA JIMHUU B CIIEKTPE C
HUCIonb30BaHueM omnucanHon MHC m KOMOMHAIIMOHHOTO MpaBUjia
Punb6epra-Putiia [[GERTSBERG]], HO u mporpaMMHbI [OJisi IIOATOHKH
rmapaMeTpoB 3(pPeKTUBHOTO raMuUIbTOHHAHa YoTcOHa (12) monekyn
THUIIa aCUMMETPUYHOr0 BOIM4YKa y cuMmmerpum CS m C2V u
rmapaMeTpoB 3¢ HeKTUBHOTO OUIIOJIBHOTO  MOMEHTa [ |, C
OPy2KeCTBEHHBIM MHTEP(ECOM I10JIb30BaTEN .

[Tom HaGopoM IapaMeTpPOB X mogpa3yMeBarTCsa
BpalllaTelbHLIE, IIEHTPOOEXKHbIe M PE30HAHCHBIE ITOCTOSIHHBLIE IS
TPYOObBl PE30HUPYIOUIUX KojlebaTeNbHBIX COCTOSTHUN: Ev -

KojeOaTeslbHaAsA 9HEPrus, BpallaTelibHbBIe MNOCTOosTHHBIe AY, BY, C' ,

IIeHTPOOEeXHEIe IIOCTOsIHHEIE DYy, HY% ..., U PE30HAHCHEIE

IIOCTOSTHHBIE.

ITycTh JaHBI:

- QYHKIIUA 3aBHUCHUMOCTU YPOBHI 9HEPIUU MOJIeKyJbl E(q| x ), OT
Habopa KBaHTOBBLIX YMCeJI 0003HAUEHHOI0 CHMBOJIOM ¢, UMeIIlas
TapaMeTPBl  x= ), , Xy, -+ Xnpar| > TA€ Npaw — KOJHYECTBO HMCKOMBIX
IapaMeTpoB

-COBOKYITHOCTD 3KCIIePUMEHTAILHBLIX YPOBHEMN 9Hepruu

E?P={E,*?, E;*?, ... \Enexp’ '}
- COOTBETCTBYHOIIIiE UM HaOOphl KBAHTOBBIX UMCEJI OIUCHIBAIOIIIUX

KBaHTOBO€E COCTOAHHE

Q"={q:™™, @27, Quexy” ">}



, Tme N, — KOJIMUYEeCTBO UMEIOIIUXCSI IKCIIepUMEHTAIbLHBIX YPOBHEH
9HEPIUH.

IlycTh UMeeTca MOJiesIb 3aBUCUMOCTH MeXX1y q U E, U3BeCTHad C
TOYHOCTBIO 10 HEKOTOPOTO IIapaMeTPUYecKoro ceMmericrsa E(q| y ),

E;=E(q; x)+&, )

, Tme & - IIOTPEIlHOCTH H3MepeHUl, W CTOUT 3aZaya OIleHKU
rmapaMeTpoB y .

Mwl OyzmeM HCKaTh IlapaMeTphl y dysrumm E(q| y ),

YOOBJIETBOPSAIOIINE MUHUMYMY GyHKIMOHaNa J( y ):

N exp

1 exp|2
J(x)= ; ?{E(qilx)—ﬂ,- ? (2)
, TIe 0; — OIMMOKM M3MepeHHus ypoBHeU sHepruu EP. 3amuiieM

YCJIOBUS IKCTpeMyMa I QyHKIuoHana J( y ):

6](){) _ i=0,Nexp O; - 0
0 0x ’

0 2 SIE(alx)-E eyl
0](x) _ _=0New O, ol 3)
0x, 0 X, - ’

1

0 Z —Z[E(CM)()—E@XDP

8](;{) — i=0, Nexp Ui L J _ O

a){Npar a)(Npar
B3sB IIpOM3BOIHEIE II0JIYYUM CUCTEMY YPaBHEHUU



Z 1 aE(Q'X)

4lx)-EX®| = 0,
i=1,Nexp 01-2 91 ( x)- J
1 8E(q-|x)[
— A E(ql)-ET®] = 0
i1 Nexp 0_12 a)(z ] (QI|X) 1 J (4)
1 0E(x;|x) -
Y 55, Elal0)-EP® = 0

2
i=1,Nexp O; a)(Npar

[TockoabKYy Mozenb E(q| x ) He JJUHeWHa IIO IlapaMeTpaMm x ,
NaHHasg CUCTeMa ypaBHEHUWU OyneT HeJIWHeWHOU. 3ajava IIOMUCKA
MUHHUMyMa QYHKITMOHAaJIA | pelraeTcs UTepalfMOHHO, COIJIaCHO CXeMe
IIPUBEIEHHOMN HIKe. BBe1éM 3aMeHy IlepeMeHHOU y

x=2"+A (5)
r7e )’ HeKOTOopoe HauajabHOe IIPHUOJIMIKeHIHe BeKTOpa IIapaMeTpPOB
X . A - BEeKTOp IIpHUpalleHuii K ImapameTpaMm »° . HCII0OIb3ys
pasjokeHHe B psg Tatiopa B OKPECTHOCTH TOUYKH 5 , MOYKHO

3aITCaTh.

N 9Elalx)

E(qlx+A)~E(ql")+ ZAX | (6)

0% 4=y
0O603HaUYMM HOBYI0 QYHKITHIO E KaK
N U9E(alx)
E*(qlA)=E(qlx")+ Z Aoy e (7)

(8)
U IIOCTaBUM 3ajiauy II0MCKa 3HaUYeHUU IapaMeTpPOB 3TOM QYHKIUU A,
YIA0OBJIETBOPSAIOIINX MUHUMYMY GyHKIMOHaMa J( x ). Torga cucrema
ypaBHeHUU (4) OymeT JUHEMHOM CUCTEMOM OTHOCHUTEJILHO KOMIIOHEHT

BeKTOpa 4:



Npar

1 0E(qilx) E(qlx) -
izo,%expo-_i2 6%1 |X:X0 E + z A axj |}(:)(0_Ei - 0 s

1 0E(ailx) VS aE q|;() on|

1 9E(qlx) 0. Noar BE(qx)

- E(qg. + AN A _EexP - 0
i:O,ZNexp 012 a)(Npar |X:ZO (qlb() Jzzl J 8)(J |)(:;(0 I

[lepepaciipefiesiuB  cjgaraeMble, IIOJyYUM CUCTEMY  JIMHEWHBIX
ypaBHEHUH BUIa

AAT = B (8)

,Tme A’ - BeKTOp cToJIGeI] IOIIPaBOK K ITapaMeTpaM  ° ,

Nep q [0 E(q,lx) 0 E(qlx)
A I<Z:1 0 0 X |x=xo>< OX; |x:;c0 &)
New 1 (9E(q,l%)
_ 1 q\x [ 0 exp |
Bj__k; p T%XOXLE(%U{ )—ER? (10)

CucreMa JIMHEWHBIX ypaBHeHUU (8) peltaeTcd CTaHZAaPTHBIMU
nponeaypamu. Ilporiegypa (5)-(8) moBTOpseTca [0 CTabmMaIU3aliviud
3HaueHUsd QyHKIMoHasma J( y ).

B KauecTBe OIIMOKHM OIIEHOK IIapaMeTpoB x Oepyrcd 68%
LOBepUTeJIbHBIN UHTepBasl. /ljid 3TOrO, IIOJIyYeHHble NUaroHaJbHbIe
5JIEMEHTHI 00paTHOM MaTPUILI A’ yYMHOXKAlOTCI Ha BeJHYHHY
CpeSHEeKBAIPaTUUYHOIO OTKJIOHEHUd (2) ¥ Ha KBAHTUJIL YPOBHA a=0.68
t-pacupezenenusa CteroieHTa [14], 114 yncia crerieHe CBOOOABI Ny,

8=V A;'Xx RMSxty,,.(0.68) (11)

, e RMS — cTaHgapTHas OLIUOKa B BUJIE.

N ex]
1 p

“N..N.) > | E(qilx)- explz - (12)

par) i=1

RMS (y)=



3.1.2 NMoaroHka napameTpoB 3P PEeKTUBHOI0 ANMNOJILHOrO MOMEHTA

B nporpamme qSlon

ITonronka (yTouHEeHuUe) IapaMeTpoB 3¢ GEeKTUBHOTO
OUIIOJTIBHOTO MOMEHTa [ IIPOU3BOOUTCSA C HCIOJIb30BaHUEM
COBOKYIHOCTH OAHHBIX 00 MHTEHCUBHOCTSX JIMHUHN

HIOEeHTUPUIIMPOBAHHLIX C IIOMOIIBIO IpOorpaMMEI gSlon
, T1e Npor — KOJIMUeCTBO UCKOMBIX ITapaMeTpOB
-COBOKYIIHOCTh  HAeHTUQUIIMPOBAHHBIX  IKCIIEPUMEHTAaJIbHBIX
HMHTEHCHUBHOCTEM JINHUM
IPP={L", L, ..., Inexp '}
- COOTBETCTBYIOII[IE MM HAaO0phl KBAHTOBBLIX YMCEJ HCXOTHOTO U
KOHEYHOI'0 COCTOSTHUU IIPU IIepexoie
G“P={g,"", 2%, Grexp’ >}
, rme N, — KOJIMYEeCTBO UMEIOIIUXCSI IKCIIepUMeEHTAIbHBIX YPOBHeN
9HEpPIUU.
IlycTh UMeeTCd MOJe/Ib 3aBUCUMOCTU MeXAy g U I, ©U3BeCTHas C
TOYHOCTBIO 10 HEKOTOPOTO IIapaMeTPHUYeCcKoro ceMeucrra I(g| u ),
I,=1(g;, u)+n, (13)
, Toe 7 - HOOTPEIIHOCTH HU3MEpPEeHUN, U CTOUT 3ajada OLEHKH

BEKTOpa IapaMeTpPOB u
O1leHKa mapaMeTpPOB OUIIOJIBPHOTO MOMEHTa IIPOM3BOOHUTCS IIO

cxeMme uneHTu4dHoOu (5)-(8), mnst momenwu (13) u mapaMeTpPoOB  u

Ha pwuc.3.3-3.6 mpenctaBieHbl ¢parMeHThl paboThl OPOrpaMMEI

MOATOHKM Mopgenu. [Tonmb3oBaTesnb MOXKET OCYHIECTBIISTH ITOOTOHKY

OTMEUYEHHBIX IlapaMeTpPOB TaMHJIbTOHHAHAa K KOHTPOJIUPOBATH

II0JIydaeMble JOBEPUTEJIbHBIE MHTEPBAJIbI U OTKJIIOHEHUS PACYETHHBIX

YPOBHEM 3HEPTUHU OT 3KCIIEPUMEHTAIbHEIX.



Dialog_FitHWatson

Diagolal Resonances Energy levels Dipol moment | Lines data
(101} (021} (120} (200

E (W] 7249.81962 |[M] 6871.51195 |[ | 6775.16281 |[ | 72015
A (M| 2.5965e+01 | (M| 3.3361e+01 | [_| 3.4455e+01 |[_ | 2.6368

(W] 1.4212e+01 | [M| 1.478%e+01 |[ | 1.4668e+01 |[ | 1.4116
c (W s.9663e+00 | [_| 8.8457e+00 |[_ | 8.7556e+00 |[ | 8.9330
Dk [EPERFEECEERN [ 94357202 | ] 1.0927e-01 | [ | 3.0809
Dk (M| -5.9085e-03 | [ ] -1.1184e-02 -1.2681e-02 | [_] -5.811:
pDj [ ] 1.3098e-03 |[ ] 1.6538e03 |[ ] 1.6371e-03 [ | 1.2416
dk [ ] 1.0645e-03 | [ | 7.0821e-03 |[ | 2.9728e-02 |[ | 1.0076
di [ ] 49052e-04 | [ ] 7.2434e-04 |[_] 7.3955e-04 |[ | 4.9092
Hk [ ] 1.0671e-04 |[ ] 1.0882e-03 |[ | 1.5385e-03 [ | 2.7751

L R e L e M1l o~ meman na Tl - mmm-

Fit H UnDo Pade-Bore

B save

Errors: >50% >20% >10%

Pucynok 3.3. DBxkiroueHune U BHKJIIOYEHHWE [IOATOHSAEMBIX IIapaMeTpOB

raMuJIbTOHHaHa BEPXHUX YPOBHEN SHEPIUu.

Dialog_FitHWatson

Diagolal Resonances Energy levels | Dipol moment Lines data
Rotation RMS Eexp 1 Vibration state

V1 l:l 000 0.00e+00 7249.81832 A =

vi|[] 101 20301 |7273.00001 | .

V1 l:l £ ok [ | 2.35e-02 | 7284.74256

W1 EI 110 9.20e-02 | 7289.98102

V1 EI 20 2 1.24e-01 |7317.91735

vi|[] 212 |492e-01 |732522817 Calculate

V1 l:l 211 3.87e-01 | 7341.80283

V1 l:l 22a 1.31e-01 |7376.57923 =

V1 l:l 2 2.0 1.57e-01 |7377.97682 =

vi [ ] 303 | 712e-01 |7382.28858 * v | Max)for AT

PRk e R e e ey & C Max ] for test

FitH UnDo Pade-Bore ~

H Save

Errors: >50% =20% >10%



Pucynok 3.4. TIIpocMOTp OTK/JIOHEHHHN pacy€Ta ypOBHEM SHEPTruM OT
HabGmogaeMbIX 3HAYEHMWM, BKJIIOUEHHWE U BHIKJIIOYEHUE YPOBHEN IJSHEPruud B

IMOATOHKY.

Dialog_FitHWatson

Diagolal Resonances Energy levels | Dipol moment Lines data

(101) (021) (1200 (200}
1 (W] 1.3320e02 |[H| 3.6770e-03 [ | -7.8660e-04 |[_| -4.8560¢
2 (M| o.coooe+00 |[H| 0.0000e+00 |[H] 0.0000e+00 ||| 0.0000e
3 [M| -9.3700e-06 |[M| 0.0000e+00 |[ | 0.0000e+00 [ | 0.0000e
4 [ ] -1.0zs0e-04 || | -3.0820e-05 [ | 2.0570e-05 [ | 1.1590e
5 [ | o.ooooe+0o |[ ] o.oo0oe+00 | [ ] -1.5340e-05 [ | -4.0390e
& [ | 5.7970e-05 |[ ] 3.2570e-05 |[ ] 9.6950e-07 [ | 0.0000e
7 [ ] o.ooooe+oo |[ ] -2.3420e-06 |[ | 0.0000e+00 |[ | 0.0000e
8 [ | o.ooooe+oo |[ | o.ooooe+oo | [ | -6.5950e-07 |[ | 0.0000e
9 [ | o.ooooe+oo |[ | o.ooooe+oo |[ | o.0oooe+00 | [ | 0.0000e
10 [ | o.ooooe+oo |[ | c.ooooe+oo | [ | o.0oooe+00 || 0.0000e
- [ o~ | S [P o~ i PR o~ | o P

Fit H UnDo Pade-Bore
E{ Sawve

Errors: =>50% =>20% >10%

Pucynok 3.5. DBxkiroueHne U BHKJIIOYEHHWE [IOATOHSEMBIX IIapaMeTpOB

9(pPEeKTUBHOTO OUIIOJIBHOTO MOMEHTA.



Dialog_FitHWatson

Diagolal Resonances Energy levels Dipol moment Lines data
V R-Upper R-ground Calculated ~ S
PR g 3 ~ [ for fit
1 1 0 0<-101 F226.0253 2.07e-01 oy L
at i Lines
2 2 00 0-=-101 B847.7176 1.49e-02
3 |3 00 0= 111 6738.0257 2.27e-04 Load e dota
4 4 OO0 0<-1 1 1 T71le4. 4048 B8.93e-03
Calculate
5 5 0 0 0=-1-1 1 T7407.89030 2.74e-04
(=Y B g 001 1.1 6097.0049 5.80e-07
7 1 101« 202 7202.9112 1.10e-01 Fit Dip.Mament
8 1 S EEp i ok I e 4 7242 3686 2.83e-01
9 1 P FRs b [ e Bl i | TF252.8357 9.46e-02
0| 2 10 1= 202 B8825.0504 7.8%9e-03 E )
- 96 lines calculated.
FitH JnDo Pade-Bore 88 lines assignment found.

S

Errors: =>50% =20% >10%

PucyHok 3.6. IIpocMOTp OTKJIOHEHHM PACUYETHBIX MHTEHCUBHOCTEM JIMHUU OT

HabJIolaeMbIX 3HaYeHUM, BKITIOUEeHNUE U BHIK/IIOUEeHNE TUHUM B IIOATOHKY.



8. KoMy mporpaMMEL.

,[[JIH KOMITHJIAITHH ITaKeTa HYy?>KHO

1. YCcTaHOBUTE KOMITUJIATOP Qt-creator 2005T.
2. PacriakoBaTh apXUB UCXOAHBIX TeKCTOB. II0IBATCA ABe IIAIIKU C
npoektamu (tsdk-slon, gtsdk-sloncalc.
3. KayKaplil U3 IIPOEKTOB HY>KHO OTKPHITH IIporpaMMoi Qt-creator
Bepcuu 2005T. ¥ IporsBecTH COOPKYy. [lepexn coopkoi mmpoekTa (tsdk-
slon, Hy>XHO OTKpPBITH ¢aiia glob_var.h 1 oTpegakTHUpoOBaTH CTPOKU B
HauaJie 3TOro ¢aiia caeqyrIUuM 00pasom

st OC Linux:

#define PLATFORM_LINUX

/[#define PLATFORM_WINDOWS

1 OC Windows:
/[#define PLATFORM_LINUX
#define PLATFORM_WINDOWS

4. daiin flcalc57.exe us mpoekTa qtsdk-sloncal u ¢pai gslon.exe.
Hy’>KHO CKOITMPOBAaTh B OHY OT/EJIbHYI0 00IIYI0.IIalIKy, B KOTOPOM
TakKe TI0JDKHBI CoZleprKaThcd Bce ¢paniinl *.dll mpuHaiexarme

oubsnmoTeke Qt 13 makera Qt-creator.



CnHucoK JiuTepaTypsl

1. I''Tepubepe, KoJsiebaTesibHO-BpalllaTeJbHbIe  CIIEKTPHI
MHOTOQTOMHBIX  MOJIeKyJ. M.,  H3gaTeJbCTBO  HMHOCTPaHHOM
JUTepaTypsl.- 1949, 403 c.

2. Watson J.K.G., Determination of centrifugal distortion
coefficients of asymmetric top molecules. //J.Chem.Phis.- 46, 1935-1948
(1967)

3. S.Graffi, V.Grecchi, G.Turchetti, = Summation Method for the
Peturbation Series of Generalized Anharmonic oscillator. //IL Novo
Cimento, Vol. 4 B, N.2 (11 Agosto 1971)

4, V.L.Starikov, S.A.Tashkun, and VLG.Tyuterev, Description of
Vibration-Rotation Energies of Nonrigid Triatomic Mjlecules Using
Generating Function Method. //].Mol.Spectrosc. 151,130-147 (1992).

5. V0.G.Tyuterev,V.I.Starikov, S.A.Tashkun and S.N.Mikhailenko,
Calcuations of Rotation Energies of Water Molecule Using the
Generating Functions Model. //].Mol.Spectrosc. 170, 38-58 (1995).

6. B. Simon, Large Orders and Surability of Eigenvalue Peturbation
Theory: A Mathematical Overview. //International Journal of Quantum
Chemictry, Vol. XXI, 3-25 (1982).

7. O.L.Polyanskii, One-Dimensional Approximation of Effective
Rotational Hamiltonian of the Ground state of the Water Molecule.
//].Mol.Spectrosc. 112, 79 (1985)

8. M.A.AtlizepmaH, 3.U.bpagepman,/1. 1.Po30H03p, MeTo]
IIOTeHIMAJIbHBIX QYHKIIWH B 3a/iavyax 00ydyeHUs1 MalinH. M.Hayka

1970.



9. M.B.HegeabCoH,P.3.XacomuHcKkuil, CToxacTuueckas
aIlIpoKCUMaIugd U PeKypeHTHOe olleHuBaHUue. /MockBa 1972./
10. JIJI.JIesuH, BBeJleHUe B TEOPUI0 paco3HaBaHUA 00pasoB./TOMCK,

1982/.

11. A.ILIIJepbakos. IIlpuMeHeHUEe MeTO0B TeOPHUHU pacCllO3HaBaHUA 00pa3oB
VI UAeHTUQUKAIIUU JIMHUM B KoOJiebaTeJbHO-BpalllaTe/JbHBIX CIIEKTpax.
OnTuka atMocdepsl U oKeaHa, T.10, 1997.- N. 8. c1p. 947-958.

12 Pshenichnicov A.M., Shcherbakov A.P. Computer-aided system for automatic peak
searching and contour fitting in molecular spectra. SPIE, 2000, No 4341,

P.60-63.

13. IIJlepbakos A.IL, bvikos A./l., Haymenko O.B., [TweHu4Huko8 A.M., Cunuua
JLLH. JKcIepTHas CHUCTeMa Il UIeHTUOUKAIIUU JUHUM B KoJjebaTeJabHO-
BpalaTeJbHBIX ClleKTpaX. //OnTuka U creKTpockorusa 2003, ToM 94, Ne4, c.
580-589

14. A.A.bopoBKOB. MarTemMaTuyecKas CTaTHUCTHUKa: Y4yeOHUK. 4-e wusnCII6.
H3gaTesnbcTBO «JlaHb» — 2010 (VueOHUKH [IABY30B.ClieliaibHas

Jureparypa), 704c.



