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[lenb HACTOAIMIMX PEKOMEHIAIMH K padoTe MO M3yUYEHHUIO MaTepHalioB JIEKIUi B Kypce «Macc-
CHEKTPOMETPUS B OPraHUYECKOM XMMHU» — CIOCOOCTBOBATH B NPUOOPETCHHMHM YMEHHH CIIyIlaTh
JeKIMM W TPaBUIBHO MX KOHCIIEKTHPOBATh;, CHCTEMATUYECKH M OCO3HAHHO paboTaTh HaJ
KOHCIIEKTaMU C IIPUBJICYEHUEM JIOIIOJHUTEIbHBIX HCTOYHUKOB.

Jis AOCTHIKEHHsI MOCTABJICHHOW LENM HEOOXOIUMO MOCEHICHHE JIEKUUH C TOTOBHOCTBHIO
3¢ ($eKTUBHOIO BOCHPHUATHUS H3jaraeMoro marepuana. [IockoiabKy BOIPOCHI, paccMaTpUBaeMble Ha
JEeKIMHU, B OIPEICICHHONW CTEMEHU CBS3aHbl C MNPEIBIAYIIMMH TEeMaMH Kypca, HEOOXOIUMBIM
YCIIOBHEM MOATOTOBKHU K JIEKLIUU SIBJIETCS CUCTEMaTH4ecKasi paboTa 110 OCBOEHUIO Kypca.

Bo Bpewms nekunu CTyACHT AOJKEH COBMECTUTD 1B MOMEHTA: BHUMATEIIBHO CIIYIIATh JIEKTOPA
U OJIHOBPEMEHHO BECTH OCMBICICHHYIO 3alMCh M3J1araéMoro Marepuajla, COCTaBIIAd KpaTKHH
KOHCIIEKT. YMEHHME COCPEAOTOYECHHO CIyIIaTh JIEKLIMHW, AaKTMBHO BOCIPUHHMMATh W3JIaracMble
CBE/ICHUS SBJISIETCS HENPEMEHHBIM YCIOBHEM HMX TIJyOOKOrO M IIPOYHOIO YCBOEHHS, a TaKxkKe
pa3BUTHS YMCTBEHHBIX CIIOCOOHOCTEN.

KOHCIEKT sBIsAETCS MOJIE3HBIM, KOI/Ia 3allMCaHO CaMOE CYILECTBEHHOE, OCHOBHOE. He HyxXHO
CTPEMUTHCS 3aIIMCATh JIOCIOBHO BCIO JIEKIUIO, M IIPOCUTH JIEKTOPA HECKOJIBKO pa3 MOBTOPATH OJHY H
Ty e (pa3y. Jlekuus He sABIAeTCA YPOKOM-TUKTAaHTOM. KOHCIEKTHUpYyeTCs TOJIBKO caMOe€ Ba)KHOE:
(GOpMYITHPOBKH ONpEAETICHU M 3aKOHOB, BBIBOJBI OCHOBHBIX YpaBHEHHHA W (QOPMYI, M TO, YTO
CTapaeTcsi BBLICIUTH JIEKTOP, HA YEM aKIEHTUPYEeT BHUMAHUE CTYACHTOB. 3alliCh JEKUUI
PEKOMEHJIyeTCSI BECTH 10 BO3MOXKHOCTH COOCTBEHHBIMH dopmynupoBkamu. llenecooOpasno
pa3paboTaTbh COOCTBEHHYIO CUCTEMY COKpAILEHHH CI0B, 3HAUKU, CHMBOJIBI.

Terpane Ui KOHCIIEKTA JIEKIMH HYXHO CcJelaTh NMPAaKTUYHOH W YHOOHOH, Tak Kak OHa
SBISICTCA OCHOBHBIM MH(OPMAaTHBHBIM UM HAlpaBISIOIMM HCTOYHUKOM IIpU IOJIrOTOBKE K
pa3JIMYHBIM 3aHATHAM, 3a4e€TaM M 3K3aMeHaM. B Terpagu ciexyer OTACIWTH MOJA, IA€ MOKHO
U3JIOKUTh CBOM MBICIIM M BOIPOCHI, NOSBUBIIMECA B Xone Jekuuu. [lone3Ho onHy M3 cTpaHul
OCTaBJISATh CBOOOTHOM /JIsl 3aHECEHHUs ONOJIHUTENIbHON NH(OPMALIUU 110 JAHHOW TeMe, MOITYy4eHHON
U3 Ipyrux ucroyHukos. [locne mpociymmuBaHus JEKIUMM HEOOXOAMMO MpOpadoTaTh IMOJyYSHHBIH
matepuain. Ilpu pabore ¢ KOHCIEKTOM cCJenyeT MOMETUTh MaTepuallbl, BBI3bIBAIOIINE 3aTPYJHEHUS
JUIsl TIOHMMAaHHs, M II0CTapaTbCsd HANTH OTBETHl HA 3aTPYAHUTEIBHBIE BOIIPOCHI, HCIOJb3Ys
pekoMeHayemMyo JuTeparypy. Eciaum camocTosiTensHO HeE yaaercs pa3oOpaThCsi B MaTepuale,
HE00X01uMO c(OpMYIMPOBATH BONPOCH! U OOPATUTHCS 332 TOMOIIBIO K MPENOAaBaTeNo.

[TpucTynas K U3y4eHUIO TOW WM MHOM TeMBbl (pa3ziena) MaTepuaia, cileyeT YsICHUTb MpeIMeT
U HCXOJHBIE TMOJOXEHHUsS TEMbl, a TAaKKE €€ B3aUMOCBSA3b C JIPYTMMHU TeMaMH. BakHO MOHATH
B3aMMOCBSA3b PpA3JE]OB Kypca, NPEICTaBISIIOLIMX OCHOBHBIE IIOJIOXKEHHUsS JAHHBIX TEOPHH.
HeoOxonnMo BBISICHUTH TMPOMCXOXKIEHHE, OIpelneieHne, (U3NUEeCKUil CMBICI M TpaHUIlbI
IPUMEHUMOCTH BceX (PU3UUECKUX BEIMYUH U MOJEJEH, paccMaTpUBaeMbIX B TeMe. TOJbKO TBepaoe
3HaHME JAHHOI'O MaTepuajia OTKPBIBAET BO3MOXXKHOCTh HM3YyYEHHUS COOTBETCTBYIOIIUX (PU3NYECKUX
3aKOHOB U TEOPUH.

[InanomepHasi W 1eIeHaNpaBIeHHas] 00pabOTKa JICKIIMOHHOTO MaTepHalia 00eCTICUHBAET €ro
HajexkHoe 3akperuieHue. [Ipu pabore Haa M3ydaeMbIM MaTepuajioM B TOW WJIM HHOH CTENeHU
11€J1IeCO00Pa3HO HMCIOIB30BaTh PA3IUYHbIE BHJIBI MaMSATH: 3pUTENbHYIO (3allOMUHAs 3pUTEIbHBIE
o0pa3bl, WUTIOCTPAIlMH, PpACHOJOKEHHE TEKCTa), CIYyXOBYIO (IIEpEeYUThIBAs 3aluCh  BCIYX,
nepeckasbiBasi TEKCT) U IBUTATENIbHYIO (J1easi BBITUCKH, HAOPOCKU U PUCYHKH).

[Ipy wu3y4eHHH TEOpPETHYECKOW 4YacTh Kypca PEKOMEHIYeTCsl [OIOJHATh COOCTBEHHBIN
KOHCIEKT JIEKIIHH, MaTepruagamMu U3 ydeOHHKa, OJIy4eHHbIMH Ha KOHCYabTalusaX. [Ipu aTom cnenyet
NpUIEPKUBATHCS TJIaHA [T ONMCHIBAEMON YacTH Kypca COTJIACHO KOHCIEKTY JIEKIUI UK YUeOHUKY.
CocraBiieHHe TaKoro KOHCHIEKTa Yy4uT paboTe ¢ pa3HOOOpa3sHbIMU HCTOYHMKAMH, DPAa3BHBAET
CHOCOOHOCTH BBIpaXaTh CBOM MBICIH CIIOBAaMHM M MEPEHOCHTh UX Ha Oymary (M MHbIE HOCHUTEINN),
MO3BOJIET JIydllle 3allOMHHATh U TMOHMMAaTh MaTepHall M CYUIECTBEHHO YIPOLIAeT MOJITOTOBKY K
JK3aMEHY.

B n1r060M ciydae mosie3HO COCTaBJICHHE JIOTUYECKHX CXEM HM3ydaeMoro marepuana. JlaHHBIHA
METOJ CIIOCOOCTBYET JIeTaIbHOMY OCMBICIICHHIO M 00001eHrI0 MaTepraia. Heo6xoaumo perynsipHo



OTBOJUTH BPEMs ISl NOBTOPEHMs IPOWIEHHOIO MarepHuaa, IpOBEpsisi CBOM 3HAHMS, YMEHHUS U
HaBBIKU 10 KOHTPOJBHBIM BompocaM. Takum 00pa3oMm, yMEHHE CIIyIIATh JIEKIIMIO U MPaBUJIBHO €€
KOHCIIEKTUPOBATh, CUCTEMAaTUYECKH, JOOPOCOBECTHO M OCO3HAHHO pPadOTaTh HaJ KOHCIIEKTOM C
MPUBJICYCHUEM JIOTIOTHUTEIbHBIX HCTOYHUKOB — 3aJI0T YCIEIIHOTO YCBOEHUS y4eOHOro MaTepuania.

1. OCMBICIIEHHOTO BOCHPUATUS TEOPETHMUECKOTO MaTepualla pPEKOMEHIYeTCs 3apaHee
03HAaKOMMTHCS C BOIPOCAMU, PACCMATPUBAEMbIMH Ha JICKIIUH.

Conep:kaHue TMCHUILVIMHBI, CTPYKTYPHMPOBAHHOE 10 TeMaM (pa3aesam)

Pasznen MOAYJIA ‘ Couepma}me

1. Bseneuue

Ilonsitne Macc-cnexkrpomerpuu. Mceropus pasButuss Macc-crnekrpomerpu. Pomp macc-
CHEKTPOMETPHUH B OPraHM4eCcKor XUMHUHA. OCHOBHBIC IOHATHUS M OIPEIECICHHUS.

2. Ou3nveckre OCHOBHI M TEXHUKA MACC-CIIEKTPOMETPUH

2.1. OcHOBHEIE IMPUHIMIIBI CTPYKTypHaﬂ CXEMa MAaCC-CIICKTPOMETpPA, €Io OCHOBHLIC
MacCC-CIICKTPOMCTPHUUN JaCcTHU U UX HAa3HAYCHHUC.

2.2. dusznyeckrue OCHOBEI U du3znyecKkrue OCHOBLI HOHU3ALMU U MaccC-
TCXHWKA NOHU3alun CIICKTPOMETPUUCCKOI'0O paciiaia HOHOB. KHaCCI/I(bI/IKaIII/IH

MCTOA0B MOHH3AIlUH. OcCHOBHEBIE MCTOJAblI HOHHU3allNH, UX
JOCTOMHCTBA, HCJOCTATKU U obnactu IIPUMCHCHUAA.

2.3. dusznyeckrue 0OCHOBEI U ®du3nyecKue OCHOBBI pasaciiCHus HOHOB IIPpU ABUKCHUN
TCXHUKA pa3aCICHUA B DJICKTPUYCCKUX U MArHUTHBIX IOJIAX. Knaccnq)mcaum[
HOHOB MacCC-aHaJIUu3aTOpPOB. HpI/IHI_[I/IHLI pa6OTBI n YCTpOﬁCTBO

OCHOBHBIX THUIIOB MAacCC-aHAJIN3aTOPOB, IPUMCHIACMBIX B
OpPraHUYeCKO XMMUH, UX JTOCTOMHCTBA, HEAOCTATKH 1
00J1aCTH IPUMEHEHHS.

2.4.  Duznyeckre OCHOBBI U Knaccudukanus MeTo10B 1€TEKTUPOBAHNS HOHOB.
TEXHMKA I€TeKTUPOBaHUA | OCHOBHBIE METO/BI JETEKTUPOBAHUS HOHOB, UX
HNOHOB JIOCTOMHCTBA, HEJJOCTATKU U 00J1aCTH NPUMEHEHUSI.

2.5.  ®duznyeckne OCHOBBI U Ha3naueHnue METOL0B IIPEABAPUTEIBLHOIO pa3IeIeHUS
TEXHUKA CcMeceil OpraHu4ecKuX COeIMHEHUH, X Kiaccuukarus
[IPEABAPUTEIILHOTO U Qusnueckue ocHOBbI. OCHOBHBIE IOCTOMHCTBA,
paszeneHus HEJO0CTaTKU U 00JIaCTH NPUMEHEHUS

XpomaTorpaduyecKux, AMEKTPUIECKUX U
ANEKTPOXPOMATOTPAPUIECKUX METOIOB
MPEABAPUTENILHOTO pa3/IeICHUsI.

2.6. ®usnyeckue OCHOBBI U [ToHsiTHE O TAaHAEMHON MAaCC-CIIEKTPOMETPHH.
TEXHUKa TaHJIeMHOM Macc- | CTpyKTypHas cXeMa TaHJE€MHBIX MacC-CIIEKTPOMETPOB.
CIIEKTPOMETPUU Knaccudukanms u gpuzndeckre 0CHOBBI METOIOB

JIUCCOIMAIIMU HOHOB B TAHJIEMHOMN MacC-CIIEKTPOMETPHH.
OCHOBHBIE THUIIBI TaHACMHBIX MacCC-CIICKTPOMETPOB.
OCHOBHbBIC AaHATTUTHYECKHE PEIKUMBI pAOOTHI TAHIEMHBIX
MacC-CIeKTPOMETPOB.

3. HpaKTI/I‘-ICCKI/IC OCHOBBI HHTCPIIPCTALIUH MACC-CIICKTPOB

3.1.  OcHOBHBIE KJTACCHI OprasndecKue COeIMHEHHS ¥ IPUHLIAIIBI UX
OpraHUYECKUX knaccupukanuu. Mzomepus. [IpyHIMIBI HOMEHKIATYPBI
COeTMHEHNN OPraHNYEeCKUX COCTMHEHUH.

3.2.  IlpakTuyeckue OCHOBBI OcHOBHBIE HarnpaBiieHUs pparMeHTalluyd HOHOB: MIPOCTOM
aHayM3a (pparMeHTalnuu pa3phIB YIIIEPOIHOM CBSA3H, SITMMHUHAPOBAHUE
HMOHOB HEUTpaNbHBIA MOJIEKYI, aJUTMILHBINA 1 OCH3UIbHBIN

pa3phIBbl, pEAKIIMK paciajga HOHOB, HHUIIMUPYEMBbIE
paZiuKaJIbHBIM U 3aps10BbIM HEHTPOM. OCHOBHBIE




Pasznesa monyas

Conep:kanue

IpaBujIa pacrana HOHOB.

3.3.  OcHoBHbIE paBWJIa U [Topsiiok MHTEpHIpEeTaluu Macc-CIeKTpa.

HOJIXOJbI K XapakTepuctudyeckue HoHbl. ['oMosiornueckue cepun

UHTEpIpeTaluy Macc- MOHOB. MOJIEKYJISIpHBINA HOH, HEOOXOJUMBbIE YCIOBHS

CIEKTpa [IUKa MOJIEKYJIIPHOTO MOoHA. OnpeeneHye 3JIeMEHTHOTO
COCTaBa MOHOB 110 U30TOMHBIM ITHKaM.

3.4.  OcHoOBHBIC TpaBUIIA OcHOBHBIE HanpaBieHUs! PparMeHTallMd U OCHOBHBIC
UHTEpIpeTaluy Macc- IpaBUJIa HHTEPIPETALIMUA MacC-CIIEKTPOB aJIKaHOB,
CIEKTPOB AlMKINYECKUX AJIKEHOB U AJIKUHOB.

YIJIEBOAOPOAOB

3.5, OcHoBHBIE MpaBuUIIa OcHOBHBIE HanpaBiIeHUs! PparMEeHTAIlMd U OCHOBHBIC
MHTEpIpeTaluy Macc- IIpaBUJIa HHTEPIPETALIMU MacC-CIIEKTPOB LIMKJIOAIKAHOB,
CIIEKTPOB LUKJIOAJIKEHOB U JIKMJIOEH30JI0B.

KapOOLIMKINYECKUX
YIJIEBOAOPOAOB
3.6.  OcHoBHbIE paBUIIa OcHOBHBIE HanpaBiIeHUs! pparMeHTallui U OCHOBHBIE

MHTEpIIpETAllUd Macc-
CIEKTPOB CIIUPTOB

[paBujia MHTCPHPETAINN MACC-CIICKTPOB HACBIIICHHBIX
CITUPTOB, ITOJIMOJIOB K AJIMIUKIIMYCCKUX CIITMPTOB

4. OCHOBHbIE HAIIpaBJICHUs] IPUMEHEHHSI MACC-CIIEKTPOMETPUU B OPraHMYECKON XUMUHU

OCHOBHBIC HaIpaBJICHUA IIPUMCHCHUA MACC-CIICKTPOMETPUHN U 0COOCHHOCTU HCIIOJIB3YCMBbIX
MCTOAOB U TEXHOJIOTHH B KOCMHYECKUX HCCICOOBAHUAX, DKOJIOTHH, He(i)TeXI/IMI/II/I,
KIIMHAYECKOM XUMHUH U MCIUIHUHC, TCHOMUKC, KDUMHWHAJIVMCTUKE.




KpaTtkunii KOHCIIEKT JIEKIMOHHOT0 MaTepPHAaJia

loHATUE 0 MmacCc-CNeKTpoMeTpuUu

Macc-cnektpomeTpusi —  (PU3UKO-XUMUYECKMA  MeToA
aHanusa BelecTBa, 3aKNYalwWUINCA B MNepeBode  €ro
B MOHU3MPOBaHHO opMy € NnocriefyHownM NPOCTPaHCTBEHHOM
pasgeneHveM U permctpaumen Nony4eHHbIX MIOHOB.

Macc-cnekTp no3BOngeT caenaTb BbIBOAbI O MOINEKYNAPHOM Macce
cCoednHeEHWNA, ero CoCTaBe U CTPYKType

OCHOBHbIe peluaeMbie 3a4auu:

*  WUOEHTUPUKALMS BELLIEeCTB;

+ yCTaHOBIEHWUe CTPYKTYPbl HEU3BECTHOTO COEAUHEHUS;

*  M3yYeHue NpoLieccoB dparMeHTaLMn MOHU3NPOBaHHbBIX MOMEKYI.

MpeumyLlecTBa Macc-CNeKTPOMETPUM:
* YyBCTBUTENbHOCTb;

*  VH(OPMATUBHOCTb;
* HaOeXHOCTb.

OcCHOBHbIE NOHATUA U onpeaeneHuA

« WoH - aneKkTpuyecku 3apshkeHHas uvacTula BellecTBa, MMelLlas
MONOXUTENbHBIA UNWU OTPULIATENbHBIA 3apPSAA KPaTHbIA aneMeHTapHOMY
3apsay

* m/z — De3pasMmepHas BeNnuYMHA, paBHAd OTHOLUEHMKO MacCbl WOHA,
Bblpa)XeHHOM B a.e.M., K ero 3apsgy, BblpaXeHHOMYy B 4uUcne
afeMeHTapHblXx 3apggoB ©e3 ydera 3Haka. [IpumevaHue: 4Yacmo
yKasblgaemcs 8 [a

- [HanetoH (da) — eanHnya macchl, He Bxoagaulasa B cuctemy CW, paBHag
YHUPULMPOBAHHOW aTOMHOW eQUHMLE MacChbl

« To4yHaa macca — 3KCNnepuMeHTarnbHO onpeaeneHHass Mmacca uoHa

+ MoHOM30TONHAA Macca — Macca WOoHa, BblYMCNEHHas € MOMOLLbH
Macc Haubonee pacnpocTpaHeHHbIX M30TOMOB KaXJoro anemMeHTa

+ HomuHanbHaa macca MOHa — mMacca WMoHa wnuM monekynsl (B [a),
BblUMCIIEHHAA C UCMNOMb30BaHMEM Macc Hambonee pacrnpocTpaHeHHbIX
N30TOMOB Ka)OOro anemMeHTa M OKpyrneHHaa 00 Onukanwero uernoro
yucna.



Macc-cnekTp — 3aBUCUMOCTb MHTEHCMBHOCTU WMOHHOMO CUrHana kak
dYHKUNM 3HAYeHNS m/z B hopme rpacumka unu tTadbnuubl

Muk— nokanusoBaHHaa 0bnacTb MOHHOTO CUrHana B Macc-crnekTpe
LLinpuHa nuka — nonHag WwmnprHa nuka Am Ha nonoBUHE ero BbICOThI
MHTeHCUMBHOCTE MKUKa — BbiCcOTa UMK Nnowjagb nMka B Macc-cnekTpe.
Paspewatwwans cnocobHOCTL — Macca nNUKa B Macc-CNekTpe,
[O€eNeHHas Ha pasHOCTb Macc MeXxay nukamu, npu KOTOpPOW cocegHune
MUKN pas3gensarTed, To ecTe m/Am.

PaspeweHune no macce — MUHMManNbHaa pasHocTb Am mexay AByMA
MAKaMn PaBHOW BbICOTbI, Takas, YTO pasfeneHne Mexay STUMU NMKamm
MPOUCXOOUT Ha ONPELENEHHON BbICOTE, BbIPaXXEHHOW B NMPOLEHTaXx

Am 50%

U ANMNAPATYPA
MACC-CNEKTPOMETPUMU
Bnok-cxema macc-cneKrpomerpa

Cucrema Paypenenne ObpaborTka
ssoma || Howsames — "TE T 9 Peructpauns —’qu:onumun —» Cnexrp

Kommsiorep




Cucrembl BBOAA

Bxon

BbannoH Hanycka

K nacocy
Houustit
HCTOYHHK

Mpamoun BBOA,

MembpaHHbIY BBOA,

membpana

dusnyecKkue OCHOBbI

W annapaTtypa MOHU3aLuu

dusnyecKkme oCHOBbI MOHU3ALUN

‘ TUNbl MOHOB B MAcC-CNEKTPOMETPUU

MO 3HaKy 3apaga NO USMEHEHUIO
no BEAUYMHE 33pAaa
¥ YUCAY INEKTPOHOB CTPYKTYPbl MONEKYAbI

oAHO3apaAHbIe M . KaTUOHbI M* — MONEKyNApPHbIe

KaTUOH-paguKaabl

|7 MHorosapagHbie M™ M - " NCeBoOMONEKYNADHbIE

KnactepHeie [M,]* ’ @HUOoHBI M™ - dparmeHTHbIE

aHWOH-PaauKansi
M « -

neperpyn-
OCKONOYHbIE
NUPOBOYHbIE




Punsnyeckme ocHOBbI MOHUN3aUUNUN INEKTPOHaMHU
YpaBHeHve peakuun: M+e=MT" 428

OHeprua noHusauum (3N) — MMHMManbHaa aHeprnsa, Heodxogumasa ans
OCYLLECTBMEHMS NOHU3AL N HENTPaNbHOW MONEKyrbl.

[nga 6onbLUMHCTBA OpraHnYecknx coeanHeHnin AW coctaBnaer 612 aB.

BepoaTHOCTb MOHM3aUMM UMeeT BenuuuHy nopaaka 104 n 3aBucuT
OT 3HEPrMn NOHU3UPYHOLLUX SMEKTPOHOB.

]
2
Onsa ctaHpapTHbLIX cnekTpoB Y =
3HEPrust MOHU3UPYOLLUX INEKTPOHOB E
coctaenser 70 3B S
0 50 100 150
DHEprus ANeKTPOHOB

3aBMCUMOCTb BENWUYMHBI MOHHOTO TOKa
OT SHEepruyM UOHU3UPYIOLLIUX 3MEKTPOHOB

dusnyeckmue 0CHOBbI MACC-CNEKTPOMETPUYECKOro pacnaga

ObpaszoBaBLUMACA MPU MOHU3ALMUA SNEKTPOHAMU MOIEKYNAPHbIA NOH
nony4aeT n30bITOMHYH BHYTPEHHIOK 3Hepruto B ananasoHe 0 + 20 3B.

®parMeHTHbIE UOHLI — UOHbI, 0Bpas3yLLMecs Npu pacnage MOMNeKynsapHOro MoHa:
- OCKOno4Hble — 06pa3syroTca B peaynbrare NPocThbiX Pa3pbiBOB CBA3EN;
ABXY* —» AB*+ XY"

* MeperpynupoBoYHbLIe — KPOME paspbiBOB MNpoOMCXoaUT obpasoBaHMe HOBbIX
cBA3ein

ABXY* — AY* + BX




P(E) — byHKUMS NNOTHOCTU BEPOATHOCTU NOSABIIEHUSA UOHA
k(E) — ckopOCTb peakummn Macc-crnekTpoMeTpuyeckoro pacnaga

OHeprug  guccoumaumm  —  MUHUMarnbHag  SHEpPrus  MOHWU3UPYHOLLMX
3MEKTPOHOB, NPU KOTOpon obpasyeTcs pparMeHTHbIN NOH

OHeprus nosgBneHns — MUHUMarnbHas 3HEPrUs VOHU3UPYIOLLMX SMEKTPOHOB,
MpPU KOTOPOI hparMeHTHbIV UOH PerncTpUpyeTcs B Macc-crnekTpe

Ig kB) e e

6
5

E

O
Ecnu nuMK MOMeKynsipHOro WMOHa OTCYTCTBYeT B Macc-Chnekrpe,
MONMyYeHHOM MNpPU 3HEPruM HOHUSUPYHOLIUX 3rnekTpoHoB 70 3B, ero
He OyJeT U NpU MeHbLUEW SHEePrUumn 3NEKTPOHOB.
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Macc-cnekTp anekTpoHHoro ygapa atunnponuoHata (M = 102 [a)
NpY 3HEPrnax MOHN3npyLmx anektpoHos 70, 20 u 14 3B.



Teopun macc-cneKTpomeTpuyecKoro pacnaga

1. KBasupaBHoBecHada Teopusa PoseHwwToka (KPT)
2. Teopwusa Panca-Pamnc6epra-Kaccenga-Mapkyca (PPKM)

Ob6e Teopun basnpyroTcd SONYLLEHNSX:
1. [ABWKeHMS YacTuL He3aBUCUMbI APYr OT Apyra.

2. [IBwKeHna agep MoryT ObiTb OMMCaHbl YPaBHEHUAMWU KNacCUYEcKon
MEeXaHMKU.

3. Bce MUKPOCOCTOSIHMSA YacTul, pPaBHOBEPOSATHbl, T. €. 3Heprus
PaBHOBEPOATHO pacnpenenseTcsa no BCeM CTENEHSM ¢BOOOAbI MOHa.

4. CyulecTByeT sHepreTudyeckas rpaHndHas NoBepxHOCTb, pasdenstollas
poauTEnbCKMEe U JoYepHME MOHbI, KOTOpasi MOXKET NnepeceKkaTbCsl TONbKO
B OOHOM HarnpasreHuu.

Mpouecc noTepn aNekTpoHa HeUTpanbHOM MoneKyrnon npoTtekaet 3a 1016 ¢
KonebaHuga aoep HaumHawoTteda yepes 10712=10°12 ¢,
MoH B BO30YyKOEHHOM 3MNEKTPOHHOM COCTOSAHUM XKUBET nopsaaka 108 c.

K - KOHCTaHTa CKOpOCTH,
N-1 N
k= (E—Eyp) v- YaCTOTHbIN ¢hakTop,
=V E E - n30bITOK BHYTPEHHEN 3HEPruM,
EO - KpuTUYECKanA 3HEPIUM KOHKPETHOWN peakuuu,
N - 4ncno ocUMNNATOPOB.

MeTtactabunbHble UOHDI

MetacTtaOunbHbIA MOH — WOH, o00pa3oBaBWNNCA € WU3ObITOYHONM
BHYTPEHHEN  3Heprueint, npeBbllLAKWEN SHEPrU  Auccouualmu,
HO CO BpPeMeHeM W3HW, AOCTATOYHbIM Ang Toro, 4YToObl MOKMHYTb
NCTOYHMK MOHOB.

MeTacTabunbHbii NOH pacnagaeTcqd 0o AeTeKTUPOBaHNA.

PEFMCTDMD}(EM&H Macca MeTacTabuIibHOro NoHa

m; M, — Macca poanTeribCKOro MoHa,
my M, — Macca go4epHero MoHa

MeTacTaburbHble MOHbI npPoABNAKTCA B BLUAE cnabbix YWKWPeHHbIX NMAKOB.

Bpen — yxyawaroT paspelleHne B cnekTpe
[lonb3a — NO3BONAKT YCTAHOBUTL NPOTEKaHWNEe KOHKPETHOW peakumm



OB30P
METOAO0B MOHU3ALUU

lMpupoga

MeTopg Tun noHos OcobeHHocTH

UoHusauum

[TepBblit MmeTOA MOHU3ALUK B

[a3oBbit paspa — Pazps ATomapHbie MOHbI
HPRA PAA p MaCC-CNeKTPOMETPUMN
M3amepeHue U30TonHbIX
Monusauumna % S
™ COOTHOLLIEHUN, INEMEHTHbIN
TepmounoHusauua HarpeBaHuem ATOMapHbIe UOHbI
Tl aHaIn3 CNeaoBbIX KOIMYECTB,
(noBepxHocTHan)
aHanu3 TBepapix npob
===
Sample
s " vapor —
f P 3 Sample lllamnl_¥; lons
iy

o Be .
» R ——
— 3V} To analyzer

Sample filament __+
Cxema rasopaspagHoro Cxema TepMOUOHU3ALLUOHHOIO
UCTOYHUKa UOHOB UCTOYHUKa UOHOB

Mpupoga
MOHM3aL MK

Tun woHOB OcobeHHocTH

INemMeHTHbIA aHanun3

Wckpoeo# Mn
Pazpapg, ATomapHbIe MOHbI CNefoBbIX KOIMUYECTE
WCTOYHWK MOHOB SS
B TBepAbIx npobax
- TP MnazmeHHbIK JnemMmeHTHbIW aHanus3
Tnewowmidi pazpag ATOMapHbIe UOHbI
GD WCTOYHWMK CNe0BbiX KOMMYECTB

MNamepeHune M30ToMHbIX
ATomMmapHbIe MOHBI COOTHOLLEHWA, 31EeMEHTHbIN
aHa/13 CNeoBbIX KONWUYEeCTB

WMHAoYKTMBHO- ncn [nasmeHHbIH
CBA3aHHaA naasma ICP WCTOYHWMK



©]
RF H
o

v Sample
electrodes

Spark plasma

lons
Dap®

DO —
og0°

©)

To analyzer

Cxema UCKPOBOro UCTOYHMUKa UOHOB

Ar plasma
negative glow
Dark \space
Sample
cathode
lons
@—r

@

Repeller —

+HV

1t
]

® — To analyzer

Cxema UCTOYHMKA UOHOB
C TNELWMM paspagom

Mpupoga
MOHU3aLUK

Induction region

Analytical zone

Load coil

Initial radiation zone

Expanding gas jet

Cxema UCTOYHMKA MOHOB
€ MHAYKTUBHO CBA3aHHOMW N1asmoi

Tun noHos

OcobenHoctn

Mer Cokpa
E weHue

HMonnzaumna n3, 3y
3/IeKTPOHAMM El
Xumuueckan
MOHKW3aLMA Cl
Xumuueckan
MOHM3aLMA XMAO
npu atmocpepHom APCI

AaBneHKuu

HMonwnzauus,
WMHAYUMPOBaHHAaA
3NEKTPOHAMU

MoHuzaums,
MHAYLMPOBaHHAaA
3NEKTPOHaMU

HMonunzauus,
MHAYLMPOBaHHAA
3NEKTPOHAMMU

MonekynapHble
WOHbBI NETYYUX
coeflMHEeHUH

MonexynapHble
MOHbBI NeTy4nx
coefiMHEeHUMn

MonekynapHble
WMOHbI HENETYUYMX
coelMHEeHUH

Hebonbluime monekynsi,

[X-MC, cozpnanune bubnnortek

CrNeKTpOB

Hebonbwme monekynsl,
X-MC

Hebonblume monerysl,
HX-MC



MOHM33IJ,MH S/IEKTPOHaMH

A-B" + & (Bo3Gyxpenue)
m -~ A-B' 42z (Homm3awms)
—— = Anon — +n
K ¢ —= A-B' "+ (n+1)é (MHOrOKpaTHas HOHU3AIHA)
A-B

q } E g —= [A]*+ [B]” + & (06pasoBanwue HORKOM nape1)
—=[A)*+ B +25 (AACCOUMATHBHAS HOHK3AIHS)
L. A-B"” (3axBar anekTpona)

ONEeKTPOHHbIN yaap — Hanboree pacnpocTpaHEHHbIN METOL MOHMU3aLUK

[locTonHcTBA:

* YHUBepcarbHbIN,

*  HaOeXHbIN;

*  CyLUEecTBYHT 0OLLMPHbIE BNBNMOTEKN criekTpoB JY.

XU nonoxurenbHbiXx MOHOB
1. MpoToHupoBaHue
M+BH* - MH" +B
2. MNepesapsagka
M+XP MY +X
3. 3nexkTpoduabHOE NpUcoeAnHEH e
M+ Xt - Mx+

4, OTpbiB aHNMOHa

AB+X* - AX+Bt
Cxema KOMBMHMpPOBaAHHOro UCTOYHUKa DU U XU
Hmm Cenapatop XU oTtpuuaTenibHbIX HOHOB
~ 107 1. JenpoToHuposaHue

)A’ A~ +BH — AH+B~
__m-, - 2. Nepesapsaka
‘...-o- B+A—._.B_.+A
3. HykneodunbHoe npucoeauHeHue
B+A™ — AB™
4. HykneodpunbHoe 3amelleHme

Cxema UCTOMHUKA MOHOB, AB+C —-BC+A™
paboratowero npu atMmochepHOM AaBNeHUM



Mpupoga

HMOHM3aUMK

Tun uoHoB

OcobeHHocTH

doToMoHM3aLMA

PesoHaHcHanA
MHorodpoToHHanA
WMOHMU3aLUA

DoTomoHnzaums

npu atmochepHom

AaBleHUKn

dU
Pl

MU
MPI

OUAL
APPI

doTomoHu3auMA

doTtomonmzauna

DoToMOHM3ALMA

Mpupoga

HMOHHW3aLMH

MonerynapHble
WUOHbBI JIETYUUX
coefiMHEHWH

MonekynapHble
WMOHbI IETYYNX
coefiMHEeHUN

MonerynapHble
MOHbI HENETYUMX
coeflMHEeHUIH

Tun voHoB

Hebonblwimre monekynbl,
X-MC

M®W sbicokocenekTMsHa,
aHaNKM3 CNeJOBbIX KOMYECTB
Beulecrsa

HebBonbwime monekynbl,
HX-MC

OcobeHHoCcTH

[Nonesaa MoHKW3aUMA

Moneean gecopbuma

M
Fl

na
FD

NoHwusauma
B 3/IEKTPUYECKOM
none

Hecopb./voH.

B 3NeKTpuyeckom
none

MonerynapHbie
WMOHbBI IETYYMNX
coeIMHEHWA

MonerynapHbie
WMOHBI HENETYYUX
coeMHEeHWH

MaArkaa noHmsauma

Msarkan WMOHM3aL WA



MoneBoit aMUTTep Ha OCHOBEe Kapbuan3nPoBaHHOM BoNbdpamMoBO HUTH

a extraction voltage b extraction voltage
;——— MKV — :‘— 11kV ——i
FIIFD probe ]-—--8—8----L—> N FyFD proe ]—-—-6-8————'—9 o
\ \ ™~ beam \ \ ™ beam
E sample on field emitter
u\ sample vial J
] on DIP

Cxema uctouHuKa noxos NU/NA
a—B pexume AN
6 — B pexxume N4



CpaBHeHMe CreKTpoB
3U (EI), XM (CI) u 1A, (FD)
TpudeHuNxN10pMeTaHa

243 FhC'

70 eV EI
w
"
o]
Ll
-2 165
-
ind
-G
o oH! oHe
w 7
[ gy ) NPT | Jl _Il
- - - - - - - W s M omm e w Mz
- 243 pnct
: »] iscbutane C|
'35.
]
= e
EE—
pd
! B
= -
2 a4 +
= ] Fh.C-OH
2 2 189
2 P i
“ o - we - " L] e ™ R b Bl - lﬂl
278 PhG-Ort
-
FD
-
-
» -Gl
-
324
- Ph,C-OH ™
~ 260
» PhCT 243
o L-CH
‘o TE m m e W e e = =iz

Mpupoga

HMOHHW3aLUMUM

Tun moHoB

OcobeHHocTn

Tepmocnpe#

JnekTpocnpei

HecopbunorHoe
3IEKTPO-
pacnbineHue

TPH
Tsl

3PU
ESI

J19PU
DESI

Pacnbinenue

Pacnbinedwne

Pacnbinenume

MonekynapHble
MOHbI HENeTYUMX
coeJMHEHUH

MonekynapHble
MOHbI HEJIeTYUMX
COeMHEHMIA

MonekynapHble
MOHbI HEJIeTYYMX
coeJMHEHWA

HX-MC

Msarkaa noHusaums,
HX-MC

bez I'IEOSOI'IO,QTOTOBKH



Reduction

High Voltage
Power Supply

o =

TDC

anHU‘MI'I ZIeKTpopacnbliIeHUuA

Nebulizer

Spray
capillary |

Nitrogen  (at HV) /

\ |
\n
MW"NW
.\

N

sashgé

capillary

Sample

/ﬂs
s
@D

Cone with
orifice

Cxema ucto4yHuka 13PU

Cokpauwy,
eHue

Mpwupoga
HMOHHM3ALUH

INpotusoanextpon  Cenaparopst

4
7
H /2 g
E|— |
g NS
= AN
N \ ‘
\
18]
N, Knacocy
Cxema ucto4HuKa 3PU

ZSPRAY™

ION BLOCK

CONE GAS

Cxema UCTOYHMKa Z-cnpen

OcobeHHocTH

BTopuuHO-MOHHaA
mMacc-
CNEKTPOMETPUA

bombapauposka
BbICTpbIMM
aTomMamu

[lnaszmenHan
necopbuma

BMMC
SIMS

EBA
FAB

na
PD

Necopb./MoHus.,

WHOYLUWpOBaHHAaA
Yactuuamm

Hecopb./voHuns.,
MHOYUMPOBaHHAA
YyacTuuamm

flecopb./voHus.,
MHOYLWPOBaHHaA
YacTuuamm

MonerynapHble
WMOHbI HENTETYUMNX
coeMHeHWUH

MonekynapHble
WMOHbI HENETYUMX
coeauHeHWK

MonekynapHble
WMOHbI HENTETYUNX
coefuHeHWM

AHanu3 NOBEPXHOCTU
MeTanios, n/n wu
AN3NEKTPUKOB

Msarkas noHmMsaLma,
Honblive monexkynbi

Markaa noHuzaums,
Bonblire MoneKkynbi



pramary ncdent beam
Cs+ (SIMS)
Xe (FAB)

slectrony)

NazepHan
necopb./moHuns.

MaTpuuHo-
aKTWBMpOBaHHaA
nasepHan

aecopb./monns.

MaTpuuHo-
AKTUBWPOBaHHaA
NazepHan
aecopb./monns.
npu aTMochepHoOm
AaBneHun

Nau

MA/IOU

MANIN
AL

HOHU3aLMH

[ecop6./vonus.,

MHAYUMPOBaHHAA
doToHamm

[ecopb./vonns.,

MHAYUMPOBaHHaA
doToHamu

Jecopb./voHns.,

UHAYUMpPOBaHHanA
doToHamm

MonerynapHbie
MOHbI HENEeTY4MX
coeMHEeHWH

MonekynapHble
MOHBI HENeTyUMX
coefMHEHWIA

MonekynapHble
MOHbI HENeTyuMx
coefIMHEeHWIH

OcobeHHOCTH

M3MEPEHHE MN30TOMHbIX
COOTHOLIJEHHﬁ, aHanm3
CNnefoBblX KONMWYeCTB

MArkaa MoHM3aLMA,
Honbluve Monerynbl

Markaa MoHM3aumA,
BonblIKMe MoAekybl



¢

Cxema nasepHoi MOHU3aLUK
Ha maTpuue

Cxema ucroyHuka nosos MANAU

OB30P
MACC-AHA/TU3ATOPOB

OcHOBHbIE NapameTpbl Macc-aHann3aTopos

Ananusarop Marnmrabiii Dpenns < Dunsrp macc it ‘ Opbutpan
ﬂpOl'IGTHN“ NoBywKa
OueHb Huzuoe- Huzkoe- Huakoe- Ouenb Ouens
Paspewerne
BHICOKO® BLICOKOR cpegHee BBICOKOE BbICOXOE BbICOKO®
Ouert Hu3axan- Ouenb Owens
TouHoCTh Maccs Bbicokan Huakan
BbICOXanN cpeHan 8bICOKan BbicONKan
- Ouenb HeBonbluoi-
[uanazonmacc  Cpepnuia ol HeBonswon ik HeBonbwoh CpeaHuiz
Yyscren-
RO Buicokan Buicokan Buicokan Buicokan CpenHan Cpeannn
Ounamuueckui Ouens 6 Hebonbwoii- c Coe,
Anana3loH Gonswoin Coeppmit o cpeaHnin il ook
Honuuecrsen- Ouens Cpeaxui-
SRR s RN Xopowmi Cnaboii CpeamHui Cpeauwi
boicTpo- tbn OyeHsb Cpegnee- CpegHee- Huakoe- Huskoe-
AeicTane sbicoKOe BHICOKOE BuiCOKOE tpeaHee cpeaHee
Merounme Henpepbigx./ Henpepsian./  Henpepwsw./  Henpepbis./
HOHOB Henpeobet.  —nynscy,  TOTRERRBH: e, UMDYABCH, UMNYIBCH,
Cpepnee- Mpocroe- -
Ynpasnenue g a & lpocToe lNpocroe Cpeanee Cnownoe



180° marHUTHbIW Macc-aHann3aTop

F,=qVB (V.B) m _er’B’
U

mV?/r =qVB <

ideal flight path

divergent ions

approximate
direction
focus

radius
source collector

slit slit

Aemncrep, 1918

MarHUTHbIW Macc-aHann3aTop ¢ 4BOUHOU POKYCUPOBKOU

Slit
Outer electrostatic \
analyzer plate

”
-
"
-

Inner electrostatic
analyzer plate

— NMpamasa reomeTpua Martrayxa-fepuora
| Focus/steering 1936




MarHUTHbIN Macc-aHanM3aTop ¢ ABOMHOU POKYCUPOBKOMK

intermediate slit —I LFFR 2 collision cell

focusing element -, focusing element
LU &

I electric sector
magnetic sector dl uo :
/ \Jm =350 FFR 2
, \
// a \\
L ~ {\:’ P, =65° —|=- collector slit
/& 752
Q SEM  conversion dynode
/
,/\c O6parHas reomeTpus Hupa-[)XoHCOHa
N/~ source slit
3 FFR 1 collision cell 1953

y/—ion source

JOCTOMHCTBA MarHUTHOro macc-cnekKTpometpa

— paspelwatuwada cnocobHocTs cBbiwe 100000;
— BbICOKad BOCMPOU3BOAMMOCTb;

— TOYHbIN KONMMYECTBEHHbIN aHanus;

— LUMPOKWIM AnanasoH.



BpemanponeTHbli macc-aHanMU3aTop

1. E_.=mV22
2. E_=ezU
3' EKBH=E3JI t —_— m
4. t=5s/V - 2 ez U
CruBeHc, 1946
] : Ooaacrts apeiida
B0 O
S O O o
5 o o) E
= ‘o o %
2 o0 Oo 2
E O o _°
= 0

4 INC IR

BpemanponeTHbii macc-aHann3aTop
C NPOCTPAHCTBEHHO-BpeMEHHOU GPOKYCUPOBKOMU

V, (pulsed)  Laser pulses E =3imv?=qU+Imy]

’ v, (0)> v, (0)> v (0) Linear mode

s’ | ; bl ot o : detector

¥ [ ! b ol

Sample e ¢ m— — | v
plate o:—o : * - * : 7
1 2 3 4 5 '
Vv, 1 I

t t t
Extraction region Acceleration region Field-free region

Bunnn n MaknapeH, 1955



detector

PednekTpoH

Ek =%mv2 = qU -+ -%-mvg v' (o" in
vo(®) > vg(e) > vp(0) linear mode)

B.A. MambipuH, 1973

Linear mode
detector



BQQQIIEKTQOH C OPTOroHa/ZAbHbIiM BBOAOM

HenpepbiBHbIN

l pel*)
i |
= -— : < = MCTOYHUK UOHOB!

________ focus 2
(energy)

TOF
direction

A.®. lopoHoB, 1994

Vm(#)

[ OCTOMHCTBA BpemMmANpPoNeTHOro macc-aHanmsaropa

- UMeeT OoJiee BBICOKYI0 UYBCTBUTEIBHOCTD 110 CPAaBHEHUIO CO
CKaHUPYIOLIUMHU IIPUOOPAMH;

- IM€ET O4YeHb BBICOKYIO CKOPOCTh 3aIIUCH CIIEKTPa (HECKOIBKO COT
CIIEKTPOB B CEKYH/Y);

- IMeeT MPAKTHYEeCKH HeorpaHUYEeHHBII IHara3oH Macc;

- IMeeT pa3penaronryo crnocodHocts 6oee 10000;

- MOKET padoTaTh ¢ caMbIMH Pa3HOOOpa3HBIMH UCTOYHUKAMHU
HOHOB;

- ABJISICTCS UJIeaJIbHBIM BTOPBIM aHaINU3aTOPOM UL pabOTHI B
peKUMe TaHIEMHON Macc-CIIeKTPOMETPUH;

- OTHOCUTEILHO HEOOJIBIINE pa3Mephl.



KBagpynonbHbii PunbTp macc

2o 11
gy S veenees GRS G
2 i s
=3 2q, cos2r)y =0 E:
elU 2eV 0] g ‘:’M‘ ﬁ #\ ,‘“‘
RS m,ioz(m: v G m,ro:,m2 . ?, i : V w v V‘

Maynb, 1953

[ ocToOMHCTBa KBagpynonbHOro GunbTpa macc

- KBaipymomp jerko yrpapiseTcsi KOMIbIOTEPOM

- Nmeet xopormwuii quHamudeckuii auarason (10°)

- CTBIKyeTCs CO BCeMU CHCTeMaM# BBOJIA

- CnocoOen 0e3 Mo pUIIUPOBAHUS pa3/IeIsiTh U
IIOJIOKUTEIIbHBIE, U OTPULIATEIbHbIE HOHBI

- beicTpoTa ckanupoBaHus (TTOTHBIN CIIEKTP 3a 5 CeKyH/)

- HeGonpmue pasmepsl

- JlemeBu3Ha

- BosmoskHOCTH pa®oThI ITpH MOBBIMIEHHOM (10 5 x 10~ MM pT.CT.)
JTaBIIeHUN



KsBagpynonbHana MOHHAA NOBYLUKA

a lon source

Resonance

RF ‘.0“‘
Veos(S21+¢)
Detector

[10CTOMHCTBA KBaApynosibHOW MOHHOM /10BYLLKMU

— paspeLluaroLlaga cnocobHocTh cBbile 10000;

— camble Manble pasmepsbl (aHanuM3aTop nopsaka S cm);

— camas HU3Kasa CToMMOCTb Nprbopa;

— BbICOKAaA YyBCTBUTENBHOCTb;

— AManasoH Macc B pexnme pesoHaHcHoro Beisoga ao 20000 [a;
— BO3MOXHOCTb MHOrocTagunHon Macc-cnektpometpum MCn,



Ulrz) = ’g(z2 - ";) + ’5‘(3,,,)2 1n[§’~] +C

2(f) = zy cos(wt) + 4/ (2B fk) sin(w?)

o =/ (g/m)k

‘ R - /‘4

%;”f/ﬂm 75 é%zm, :
v Q%7 gy RN 5 Nt
%»: . \
A.A. Makapos, 1999 | - I~

Amplifier Amplifier

[locToMHcTBa 0p6UTPINA

— paspeLuatoLlada cnocobHocTe cBbiwe 100000;

— TOYHOCTb N3MEPEHUA MACChI MNPEBOCXOONT TOYHOCTb
KBaApynorbHbIX U BPEMANPOJIETHbLIX aHATN3AaTOPOB,

— KOMMakKTHbIX (aHanu3atop nopagka 10 cm);

— KOHCTPYKLMA NpoLLe U AeLUEBre No CPaBHEHUIO C
CEKTOPHbIMW aHanuaatopamu n aHanusaropamu VILIP M.



Macc-aHanusartopbi
MOHHOrO LUMKNOTPOHHOrO pe3oHaHca
¢ npeobpaszoBaHuem Pypbe
1930 - /loypeHc (ULP) gB |
1951 — Commep, Tomac (MLP 8 MC) it =iy =
1974 - Komuccapos, Mapwann (ULUP Nd)

®s

,gg 1 R CS
S
DETECTION

EXCITATION QRF EXCITATION ®RF

OFF
ON OFF

Cxema macc-cnektpomertpa ALP N®

skimmer 2
\ actively shielded
ESI superconducting magnet

on source skimmer 1 ion transfer optics
\\ hexapole \
| oo\ \ [
\Ll \\/\ vI \ \‘[—l \\' n /\
«
4 < | |
= '7—— ( 0 ] (.

I 1=
1,10, I
—ll i lI |l \‘

ICR cell

—

atmosphenc 1 mbar  10"'mbar 10°mbar 10*mbar  10°mbar 10" mbar
pressure

(1 mbar = 100 Pa)

AdocronHcrea ULUP Mo

— camagd BbicoKas paspeluarouian cnocobHocts (8000000);
— camag BbICOKasi TOUHOCTb naMmepeHuna maccbl (0,0001 a);
— BO3MOXXHOCTb MHOroCcTagMnMHOM Macc-crnektpometTpum MCn.



OB30P

OETEKTOPOB
Uunmnugp ®apapen

—~—— <—|<—

YT '

MMKpOKaHaanble NNaCTUHDI

MCP Chevron plate zstack e

ions
ions

1-2 kv T ATV, <
electrons % 9 \ B \\\\\\‘ 2
1 LG

output current

VNI | 2w
BT 2w

yne

outpl'Jt current



B3Y ¢ KOHBEPCMOHHbIM AUHOAOM

pei 158
conversion =
conversion dynode voltage ——
dynode +/- 15 kV
! v/
positive or .
negative ions .
7 SEM voltage —
1-2 kV =
ﬁEM /
77777
AetekTop $OKaNnbHOM NNOCKOCTH
phosphor .
screen fiber optlc
magnet vacuum window
{i fiber optics
/ photodiode
MCP arrays gy
J BeCb CMNEeKTp cpa3sy

ion source




METOAbI
NPEABAPUTE/IbBHOIO
PA3ZIE/IEHUA

MeToapbl pasgeneHumn

Xpomartorpaduueckue IneKTpuuecKue

JneKTpo-
Xpomarorpadpuueckme

Xpomartorpadua

Benzon

Mwuxaun Lisert
1906 r.

¢

Xnopoguan  Hie
o,

MNopowox

OcHoBaHa Ha
nepepacnpegeneHnm
MOMEKyn mexay
NOABUXXHOM U
HenoaBMXKHOM dha3omn




/

lasosan xpomarorpadpus

laso-

(PKX)

laso-
MUAKOCTHARA TeeppodasHan

xpomartorpadua  xpomarorpapus

(rTX)

Buabl xpomartorpadpum

XPOMATOIPA®UA

CBepxKpuTHUECKan
dniongHan xpomarorpadus

HuaKocTHO-
WMUAKOCTHaA
xpomarorpadua
(HOKX)

¥uakocTHas xpomarorpadpua
(¥X)

HugrocTHo- ‘

¥ugrocrTHo-

TeeppodasHan
xpomarorpadua

(KTX)

HopmanbHo-
dasosan

(HOX)

\
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TaHpemHan
Macc-CneKTpomeTpua

TaHOgeMHass Macc-CNeKTPOMeTpUA — S5T0 METOA MOonyYeHus
CTPYKTYPHOW NHOpMaLUK 00 NoHax c MOMOLLIbIO
nocrnenoBaTenbHbiX CTagui  U30NMUPOBaHUA, parMeHTauum wu
aHanusa MOHOB MO Maccam.

MC/MC — gByxcTaguniHag
MC" — MHOrocTagunHas

WNOHHBbINA MC 1 fluelka MC 2
WCTOYHUK aKTUBaLLMKM

Cnocob akTMBauum MOHOB

Anccoumauyms, Auccoumnaums, Anccoumnayms,
WMHAYUMPOBaHHaA UHAYUMPOBaHHAaA MHAYUMPOBaHHanA
CTONKHOBEHMUAMM doroHamm , 3INEKTPOHaMH

Ynerpa- MuorodoToHHan
BbiCOKO- dbuonertosan uHbpakpacHas Auccoumauma
IHepreTuuHan doro- ¢oro- npu 3axsare
auc AnccouMaLma avccouuraums 3NeKTpoHa
v
Husko- Auccoumnauyma Auccoumaymn
IHepreTuyHas u3nyueHnem npu nepegaue
Aanc abconoTHo 3NeKTpoHa

yepHoro Tena



} Tunbl TaHAEMHbBIX MacC-aHanU3aTopos

TaugeMHble B NPOCTPaHCTBe TaHgemHbie BO BpeMeHN
Hernbpnambie ~ Tubpugubie \ ) ‘ Uup ne

Yertbipex- TpoitHoit MMC-BNMC
CEeKTOPHbIN KBagpynosnb
v Qg-BNmcC KW/-opbutpan
TaugemHbIN e
BNMC

Qg-UUP No

CraHpapTHbIe TAHAEMHbIE PeXUMbI

Pexnm Uens I Incnepument

CranuposaHue Monyuenne cTpyKkTypHOI MC1 u30AMpYET MOH-NPEAWECTBEHHWK;
MOHOB-NPOAYKTOB MHGOPMALMK O MOHE MC2 pervcrpupyer cnexkTp MOHOB-NPOAYKTOB
Cranmposanue Haxompaeuue noHos,
MC1 ckaHMpyeT No BCem MOHAM-TIPEALLIECTBEHHMKAM;
MOHOB-NPeAWecTEeHHUKOR Aaiowmx obuLmi R o 40
MOH-NPOAYKT Py i poAy
Oremn b s uouoa,. MC1 1 MC2 ckaumpyloT COTAACOBAHHO CO CABHIOM
HERTPaNbHBIX NOTEpD TEPRIOUMX OfHY M Ty Ke Had : A% e iise T/
HeTpansHylo rpynny
MOHUTOPUHT Onpegenenne sewecreac  MC1 maonupyer OAMH MOH-NPEAILECTBEHHUK;

BbibpanHbix peakumin XapaKTepHow peakuwen MC2 naonupyet GAMH MOH-NPOAYKT
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Qg-BrNmc

Flight tube common with TOF

§ § lon Mirror
Collision cell ;’ ||
common with | ,
a0a |
lon optics common with O & 0QQ ' \
' 5 Quad Mass Filter (Q1) Octopole 2 l.' 't":—'&
ctopole 1 = = Detector
. e \ Tl il 550 =
— ._ l lon Pulser
Lens 1 and 2 Collistan Cell'; DC Quad
Rough Pump Turbo  Turbo Turbo Turbo
Knaccupuxkauua
W HOMEeHKAnaTypa
OpraHnu4yecCKux
coeauHEeHU

MpuHyMNblI KNaccupuKauum

OpraHn4yeckune coeguHeHUA — KNacc XMMUYECKUX COeaUHEHWMN,

coAepXalmx Yyrnepoa, 3a MCK/IOYeHMe KapbuaoB, YronbHOWM
M CUHUNBHOMW KUCNOT U UX NPOU3BOAHDIX.

Kpome yrnepoga (C) B cOCTaB OpraHUYecKux BeLUeCcTB BXOAWUT, Kak
npasuno, Bogopopg (H), a Takke retepoarombl — vawle kucrnopog (O) unu
a3oT (N), pexe cepa (S), pocdop (P), ranorens! (F, Cl, |, Br) unu metannsl

(Fe, Pb).

MpuaHakn, nexawmn B oCHOBe Knaccudpukaumm:

1) CTpoeHne ckeneta Monekynbl;

2) CTeneHb HaCbILEHHOCTU, KOTopaa oOnpedenaeTca npupogoi CBA3N
MeXay aTtomMaMu yrnepoga — oguHapHas WNKW KpaTHaa (OBoWHas,
TpouHag);

3) Hanuumne PyHKUMOHANbHbLIX TPYNN K UX Npupoaa.



OcHOBHbIE Knaccbl coeaguHeHun ™

OopraHn4yeckue
coeagnHeHunA

yrnesogopoabl dyHKUMOHaNbHbIE
NpousBofHble
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npegenbHble Henpege/ibHble
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anMuymKnuyeckme apomMmaTtuyecKkue retTepoyukinyeckme

AOO 0000
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fomonorua u nusomepua

Fomonoru4eckuit pag — psSg XMMUYECKUX COEOWHEHUIA OQHOMO CTPYKTYPHOrO
TMNa, OTNMYaKLWMXca APYr OT Apyra MO COCTaBy Ha OMpEeneneHHOe YNUCno
MOBTOPSOLLNXCS CTPYKTYPHbLIX €4NHNL, (FOMOMOrMYecKylo pasHOCTb)

Nzomepua — 4dBNeHUe, 3aKnwuvawlleecqa B CYLWECTBOBaAHUU XUMUYECKUX
COeAVHEHMA — WU30MEPOB, — OOMHAKOBbLIX MO AaTOMHOMY COCTaBy, HO
pPasnnyarLMXca No CTPOEHWUKD UITK PAaCcNONOXeHUK aTOMOB B NMPOCTPAaHCTBE.

ICH;
Hy 3

/
Tunbl U3oMepuUK: H3C\\C/c\CH3 ho—dhs
H;
1) cTpykTypHas usomepus: o
: & o
*  U3OMepus YrnepofHoro cKeneTa; e o e o,

*  u3oMepua YHKUMOHaNbHOW rpynnel (Mexknaccosasd);

CHy HiC OH
+  M30OMepus NonoxeHus (YHKLUWMOHANbHON rpynnbl; U
OH

2) npocTpaHCTBEHHAs M3oMepusa (CTepeonsoMepus):

CH;

*  ONTUYECKAHd U3OMEepUA (FHAHTUOMEPUA);

H O o OH |
C CH
H T, 8
*  OMacTepeoMepus: “O\Hj\]/w\o HO)]Y[\H/OH oS
o OH H
y |

OH O
o O-OnacTepeoMepnd;

H
O c CHs
o T guacTtepeomMepuna HO OH HiC

0:0

OCHOBHbIE TePMUHbI HOMEHKANATYPb!

r—o0

\
/
\

T——

OpraHuMyecKuid pagukan — OCTaTOK MOJIEKYNbl, U3 KOTOPOM yganawTca OgWH WM
HECKO/IbKO aToOMOB BOAOPOAAa M MpM 3TOM OCTawTca cBoOOAHBIMM OfgHa MAM
HECKO/IbKO Ba/IEHTHOCTEN.

PopoHauanbHaa CTPYKTypa — XMMMWYECKas CTpyKTypa (uenb aTOMOB yriepoga MM
LMKAN), COCTaBNAOLLAA OCHOBY Ha3blBAEMOTO COEANHEHMA.

Xapakrepuctuueckaa rpynna — &YyHKUMOHaNbHaa rpynna, cBA3aHHas C
POAOHA4YaNbHOM CTPYKTYPOM MAKM HYAaCTUYHO BXOAALLAS B €€ COCTaB.

3amectutens — nwbBoOM aTom UAKM rpynna aToMoB, 3amellatoliMe B OpraHu4eckom
CoeAMHEHUM aTOM BOAOPOAA.

JlokaHT — undpa unm bByKea, yKasbiBaloLlaa MNONOKEHUE 3aMeCTUTENS UNWU KpPaTHOM
cBA3MU.



7 KoHCTpyKUUA Ha3BaHUA IE
No 3aMecTUTe/IbHON HOMEHKANaType

Ha3BaHuUe coeguHeHuUuna

npeduKcbl KOpeHb cydodukcbl
BCe 3aMeCTUTe/In, Kpome CTerneHb TOJIbKO CTapLuian
CTapLiel XxapaKTepucTuyecKon Ha3BaHWe POAOHAYa/IbHOM | HEHaCbILEHHOCTH XapaKTepucTnuyecKan
rpynnbi B afidaBUTHOM NOpAAKe CTPYKTYPbI POAOHAYaNbHOM rpynna
CTPYKTYpPbI
Knacc coegjuHeHui [pynna [pedpukc

a2 10TCHOTIPOH3BOTHEIC Br, I, - I ~Cl | bpomo-, Hosto-, rropo-, X;1opo-

[Ipociute mpuput OR AIKOKCH-~

Cyrpduant SR AJIKHITHO-

Knace Xapaxktepucruieckasn rpynna
COBAMHOHUA dopmyna* npeduke cydhpuke

KapSomonere COOI -0Bast KHCII0Ta

KHCT0TH COOII KapGoKCH- -KapGoHOBAS KHCIOTA

Cyandrononnie Z SO.H ) , -

KHCTOTE .Ea 50, cvipo- ~CY/IMPOHOBASE KHC 10T
B CH-0 IKCO -l

AJILIACT ML S A J ks 5 '
5 CII O dopmu- -KapOIL/ICI I,

o () 20y~ .

Keront £ >('=0 OKCO OH
2

Cuuptol, peHo I | = OH IWIPOKCH- -oi**

Tuozm i SH MEPKaITo- ~THOI

AMuIIL A\ NII, AMMIO- ~aMUIt

Npasuna nocTtpoeHUAa Ha3BaHUA

Mpaeuno 1. BeiGop cmapulell Xxapakmepucmu4eckol apynnbi. BbiABnAlT Bce UMeloWwMecs
samecTutenn. Cpegu XapakKTepUCTUYECKUX Fpynn ONPefensioT cTapluylo rpynny, WCRNONb3ys LWKany
CTapWWHCTEA.

rMaBHyto Lienb aTOMOB Yrnepoaa W OCHOBHYH LMKIMYECKYHO CTPYKTYpPY. [MaBHyH Lenb aToMoB yriepoaa
CnegyrowuM KpUTEpUAM:

+ MaKcUManeHOE YUCNO XapaKTepUcTUYECKUX rpynn, oGo3HavyaeMbIX Kak npedonkcamu, Tak u cydocpukcamu;
* MaKkCMManbHOe YWNCIIO KpaTHbIX CBA3eN;

* MaKcuMManbHaa AnvHa Uenu aToMOB yriepoaa:

+ MaKcMManbHOE YUCNO XapakTepucTUUIeCKUX rpynn, o6o3HaYaeMbiX TONbKO NpediMkcamu.

N KpaTHbele CBA3N nony4yvni HamMeHelne HOMepRa.
MpaBuno 4. HaseaHue 6/10ka POGOHAYaNBHOU CMpPYKMypbi CO cmapuiell XapaKmepLcmu4yeckoll

Ha3BaHUK  POACHAYaNEBHOM CTPYKTYpbl  NPUCOedWHAT  cydpcpuke, obozHavawwmii  CTaplyto

XapaKTepucTUUEeCKyH rpynny.

MpaBuno 5. Mpegukckl. JawT HazsaHe 3amecTuTenAm, obozHavaembiM npedukcamu B andaenTHOM
nopsagake.

undppamm, COOTBETCTBYIOWMMW HOMepY aToMa Yrnepopa, ¢ KOTOpbIM CBA3aH 3aMecTWTenb. B pycckoi
HOMeHKnaType undpbl yka3bieakoT nepes npedukcamn n nocne cyddrKcoe.



NMpumepbl NOCTPOGHUA HA3BaAHUA

3amecTuTe N :
BPOMO, ®TOPO, XJIOPO

PofloHavansuas cIpyKtypa E Br Y ; Crapmas |
— 2408KA% Y2A€POdHAR Yenb — t---- » H 21 _F | | »apaxrepucmideckas
3TAH t-3 (1 F <-4 | Tpymma OTCYTCTBYET |

2-6pomo-1,1,1-TpudTopo-2-xnopoataH (pTopoTaH)

EmarcTeennas
3amecrurens: METHJT || XAPaKIepHCTH-
PoponavaibHasg crpykrypa e YCCKAA [PYIMa:
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MocTpoeHue CTPYKTYPbI NO Ha3BaHUIO

3anucaTb POAOHaAYANbHYIO CTPYKTYPY - OTKPbITYHO LieMb UMK LINKIT;
NPOHYMEPOBAaTb aTOMbI YINEPOAa;

paccTaBUTb 3aMECTUTENN;

[oNUcaTh aToMbl BOAOpoAa.

2-rugpokcunponat-1,2,3-TpukapboHoBas Kucrnora (MMMOHHOW KUcnora)

Z-ruapokcunponad-1,2,3-TpukapboHoBas Kucnora

T 2 3
C—€—C
OH
1 2l 3
HOOC—C—(P—C—COOH
COOH
OH
Hooc—Cfiz--él:—cH2 —COOH
COOH

OCHOBHBbIE NMPABUNA
PACNALA UOHOB
B MACC-CNEKTPUMU
Mpocro# paspbis

YrnepoaHoOMn CBA3M

4
Sy b o) o i rbeey
—C—CH-C— —= — —cf* i ?_
Jatilg il
ANKUNBHBIA AnNKUNbHBIA
KatuoH-pagvkan G paauKkan

[lna pa3BeTBNEHHOrO YIMepoaHOre ckeneta NpeanoyTUTENneH pasphis
CBSI3U1 B Q-NOMOMEHUMN K pa3BeTBNeHUIo (a-pa3pbii)



ANUMUHUPOBaHUE onePuHa
U3 aIKWNIbHOIO MOHA

| /T )| l Nt b
—C—C—Ct — —C* + C=C
A I 7 N\

ANKUNBHbBIA ANKUNbHBIA OneduH
WOH NOH
(B-paspbis)

ANnunbHbIK pa3pbls

PaspbiB CBA3W B A-NONOXKEHWUMN K KPATHOWM CBA3W 3aTPyAHEH

BeH3unbHbIK pa3pbiB

1 |
Ar—CHz—(IZ— e Ar-—CHE +‘|G—

Pa3pbiB CBA3M B G-NOMNOXEHUM K apOMAaTUYECKOMY paaukany 3aTpyaHeH



Peakuyuu, UHULUUPOBAHHDbIE
PaAUKANIbHbIM UEHTPOM
Ha rerepoarome

Bty ety (- -0 — CHj+C=0m)
: (R
AR — & +p=k | = — R‘+RC§6]
R
4 $ r .
g — Repex N} —R-RLal- G, — R—F + CHy=cH,
xaiz-a“z

AKTUBHOCTb paauKanbHOro LeHTpa Bo3pacTaeT B creaylLlem nopsake

ranoreHdbl — KuUcnopopg,cepa — asor

Peakuyuu, MHUULUUPOBAHHbDIE
3apAA0BbLIM LLEHTPOM
Ha rerepoarome

+ : 4 :
A(:B—X — A"+ B-X (GHs-O0-CHs —> CzH;"' 0-C>Hs)
R . .
A- BC+‘—’A B-X —e A'+B-X [ :C=O+_’ R'+RC=0
R )

+ \
ACB-X — A"+ B-X [Czns-g-Czus—— CzHS + HO- Gy
),

AKTMBHOCTb 3apa40BOro LieHTpa BO3pacTaeT B CNeayoLeM nopgaake

d30T — KUCIopoA4,cepa — rasfioreHbl



MeperpynnupoBo4Hble Npouecchbl

1. WecTtuuneHHana neperpynnupoBka (neperpynnupoBka Mak-IlachdepTn)
MHUUMKMpPYyeMaq paguKkanbHbIM LLEHTPOM MUrpaLmMsa aToMa BoAOpoaAa B KaTUOH-
pagukanax, cogepxawymx HeHacbliweHHyto rpynny C=X (rae X - C, O, N, S),
yepes NPOMEXKYTOYHOE LUECTUYNIEHHOE NepexoaHoe COCTOSHME

N R 8 HO Bk
H .y HO HO
éb ﬁ e— g? | === ! —_—
“a” N Yoy N G Naty i oy
Kd{ HO It
| ¥ —CHO _ R— CH=CH,
oy Na

MeperpynnupoBoYHbIE NpoLecChbl

2. YeTeIpexuneHHas neperpynnupoBka
NHUUMMpyemas 3apg40BbIM LEHTPOM MUrpaumg atoma Bogopoda B KaTuoHax
N KaTUOH-pagukKanax yepes npoMeXXyTo4YHOE YEeTbIpEXUSIEHHOe NepexoaHoe

COCTOdHMNEe
He g1
Jf. - RCHCH,
CHy=N<CH,

CHy=

w-§+

3. SnNUMUHUpPOBaAHUE HENTPaANbLHON MoneKy bl HX
MHULMMpPYEMas 3apsaoBbIM LEHTPOM MUrpauug atoma Bogopoaa ms
pasfnYHbIX MOSTOXKEHUI B KATUOHAX N KaTUOH-pagukanax

o TG ¥

| — A—B—B% HX
A—B—B



Kakue peakuuu pparmeHTaLmum, MHULMUPOBaAHHLIE pPaAuKanbHbIM U
3apAaO0BbLIM LIEHTPOM, AOMKHBLI NpoTeKaTk NPU pacnage MoneKynsapHbIX
MOHOB criefyoLWmnX CoOeANHEHUN:

1) avatuncynedua (yaaneH n-3rieKTpoH S).

/H H\ /H H* H H H H —CH, " H\ /H H\ /H
et YT ) /\C{\« /\C{\ > N
HaC 5 CH3 H,C S CHy 5 CHj
m!zl: 89 m/z = 90 \ mlz[ 75
H H H H ; W H
H H H
Y ¥ MY,
O <O —CaHsS HC 3 CHz \\\\‘\EMCH
HaC S /CH2 \\_H/ / 2
\—«H ‘\_ H
—CoH, l l —CoH, l —CoH,
/H /\C/ \C/ \/
¢ e " SN O
HiC e \\Sﬁ 3 HiC SH SH
miz =29 miz =62 m/z =47
m/z =61 . STUINA 3TaHTMOMN MeTurneHcYNbLMoHUA

STUNEONHCYINBEMOHUN

Kakue woHbl 0Opa3syloTcs B pesynkrarte neperpynnupoBKku
Mak-NaddepTn Ana cnegyoWmnx CoOeagUHEHUN:

1) neHrTaHans.

HyC H HiC /™~ on 4o
G £ - 4 |
\g/ s \(i’:) oH ~CiH; ﬁ I
3 —_— -—
H cI |c H é- J <IZI e -c//FC\H
2 . 2 ~ - H
\9«/ “ \Sz/ H " ! miz =44
' atewon
M=952a8
HsC H
H =
bl I
H.C C HiC +e
\ﬁ AR \CH OH ~CyH,0 g |
2
| — He” ey,
m/Z = 86 HZC \/}9 \
ﬁ, i m/iz =42
nponeHx



OcHOBHble NpaBKAa pacnaga MoHa

1. O6uee npaBuno ctabunbHOCTU

M3 anbTepHaTuBHbIX HanpaeneHui pacnaga woHa Hawbonee BEpPOATHO
HanpaeneHue, npueogsllee K Bonee TepmoavHamMUYecku CcTabunbHbIM
npoaykTaMm peakuuu (hparMeHTHbIM MOHaM ¥ HEWTPanbHbIM MOMNEKynam).
Takum obpasom, 4yem Oonblie oTpuuarenbHas Tennota obpasoBaHus
(sHTanbnua, —AH) npoaykToB peakumu, Tem Bonblue MHTEHCUBHOCTL NKKa
COOTBETCTBYHOLWEro NoHa B Macc-CnekTpe.

Tepmuyeckue koHcTaHTel BewecTs. MNog pea.B.N. Mywko, BUHATKA. M., 1965-1981
http://www.chem.msu.ru/cgi-bin/tkv.pl

2. MNpasuno Bblﬁpoca MakCMManbHOIO anknnbHOro pagukana

M3 anbTepHaTMBHbIX HanpaeBneHWi pacnaga WoHa, CBH3aHHbIX C
BbiOpocoM ankunbHbiX pagukanoB, Hawbonee BeposTeH Bbibpoc
MakcumManbHOro pagukana.

-’R" _Rz.
M-R]" < M > [M-Ry]

I, m/z[M—R,]

I, m/z[M—R,]

MHTeHcuBHOCTL Npu Bbibpoce MeTunbHowW rpynnel CH.' nonydaercsa
3aBbllleHHoNn B 2 pasa.

MHTeHcuBHBIM NUK uoHa [M-H] ykasbiBaeT Ha TO, 4yTO arom yrnepoaa,
OT KOTOPOro OTWennsercs aroM BoAopoda He CBA3aH € ankunbHbiMU
rpynnamu.

3. MpaBuno pacnaga HeYeTHO3INEeKTPOHHbIX UOHOB
(npasuno CTuBeHCOHa)

AB* + XY* «— ABXY*" — AB" + XY*
AY* + BX « ABXY* — AY + BX*

Mpu pacnafe HEYETHOAMEKTPOHHOIO WOHa BEepPOATHOCTh 0DpasoBaHuA
bparMeHTHbIX MOHOB C MeHbLLEeWn 3Heprinen noHnsauum dyger Gonblue.

4. MpaBuno pacnaga YeTHOMEeKTPOHHbIX UOHOB

A*+B—AB*"—-A+B*

Mpu pacnage YeTHOINEKTPOHHOIO WOHa BEPOATHOCTL obpasoBaHuA
dparMeHTHbIX MOHOB ¢ BoNbLWKMM CPOACTBOM K NpoToHy Byaet Bonble.



OUEeHUTL MHTEHCUMBHOCTHU NEePBUYHbLIX (PParMeHTHbIX HOHOB,
o6pa3oBaBLIMXCA NPYU NOTEepe MONEKyNAPHbLIM UOHOM
ankunbHbIX hparmMeHToB:

1) emop-NeHTUNN300YTUNITUNAMMH.

CHJ CHQ A S
Lo N s |
GHZ 4
H;C/ \c/ *\H PN

N o CHy
_CH . P D
Ha b —CH, * > —CiH; He? T T TN
I \ C|H3 H,C | H;

H; CHy

TH’ H)C,/CH’ o H,C/CH\&/.'-‘\?/C\E:/‘C"’ <|:HJ HQT CH,
H,c/CH\C/r:'\C/gz\\c/cm: o - - —C%\A H;c/CH\ﬁ/”%cH
miz = 156 | - m/z =128 2 <I:H3
: _ 128 G s
Lz = 100 % hse = 15100 % =82 %
OCHOBHbIE NOAX0AbI
K UHTEPNPETAL UM
MACC-CNEKTPOB
MopAaaok uHTepnpertayuu
Mmacc-cnekrTpa

1. W3ayunTb oBymin BUA cnekTpa, BoiSBUTL FPYNnbl NUKOB
XapakTepucTU4eCKUX NOHOB.

2. Wcnonb3ys M30TONHbIE MUKW, BbIBECTU 3NEMEHTHbIN COCTaB BCEX
XapakTepucTUYECKMX MOHOB, ANS KOTOPbIX 3TO BO3MOXHO; NOACYUTATL
CTeneHb UX HEHACbIWEHHOCTHU.

3. BbisiBUTb MONEKYNAPHLIA MOH NMBO0 YCTaHOBUTL €ro HeCTabUNbLHOCTL.

4. OTMEeTUTb BCe BaXKHEMLLINE HEYETHOINEKTPOHHbIE (PparMeHTHbIE UOHBI,
obycrnoeneHHble neperpynnMpoBO4HbLIMU NpoLieccamm.

5. lpunucatb BO3MOXHbIE CTPYKTYPbI CEPUAM MOHOB C HU3KOWM Maccom v
NepBUYHLIM HEVTPanbHbIM hparmMeHTam.

6. YcTaHOBUTbL CTRYKTYPY MONEKynbl U cxemy parmeHTaumm
MOMNEeKyNnapHOro MoHa,



XapaKrepucTtuyeckue UoHbl

1. MonekynsapHbIA UOH.

2. Haunbonee Taxenble NoHbI, 00pasyoLMecs N3 MonekynapHoro B
pe3synbTate Bblbpoca NpocTerLwmX YacTuL.

3. VoHbl, xapakTepu3syolumecs Hanbonee MHTEHCUMBHBIMY NMMKaMN B
creKTpe.

4. [omonornyeckne cepum MOHOB, pasnuyarLLnecs Ha roMonorn4yecKyro
pa3HocTb — 14 [la.

100 I, % 43
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70 55
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29 69
100 110 420 430 140 1850 160 170 180

T
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fomonornyeckue cepum MOHOB

156

6 1
|

ol R T N T R M U NN NN N

20 30 40 §0 LR

Knace cocanmenns Dopuyna m/z

Anxan (o ; x4 15,29, 43, 57, 71, 85...
Anxensi, nagrenst CHY...; 27, 41, 55, 69, 83...

ANIKHMBL, JRENH! GRY.; 25, 39, 53, 67, 81...

Crmprut, npoctuie adpupst | C,Hy41O% | 31, 45, 59, 73, 87....
AnbAervas, KeTOH® CaH2.-1O% | 29, 43,57, 71,85...

Kncnorst, cnoxmsie hupst C.H;.-;O{ 45,59, 73,87, 101...

Trons, Cynsduast C.Ha2.41S* | 47,61, 75, 89, 103... (no *8)
AMHHEL C.Hz2.4+2N* | 30, 44, 58, 72, 86, 100...
ANKIIXA0pH IS C.H,,CI*t | 35, 49, 63, 77, 91, 105... (no ¥*Cl)
Anxindropis C.H,F* 19, 33, 47,61,75...
AnKrAGpOMIIL C.HzBr* | 79,93, 107, 121... (no ™Br)
ANKHITHONMAS C,HaI* 127, 141, 155, 169...

Hurpuns C,Hj,.2N* | 40, 54, 68, 82, 96...
Ansxunbensonn 38, 39, 50-52, 63-65, 75-78, 91, 105, 119...




MoneKynapHbIX UOH

HeobGxoanmele yCnoOBUSA, KOTOPBIM AOMKEH COOTBETCTBOBAaTE MUK

MONEKYNSAPHOro MoHa

1) MMeTb camyro DOMbLLY Macc B CMEKTPE;

2) ObITb HEYETHOANEKTPOHHbBIM;

3) ObITb cNOCOOHBLIM 0Opa30BLIBaTL BaXKHENLLNE MOHbI ¢ OONbLLION
MacCoW 3a CHET BblOpoca peanbHblX HeUTpanbHbIX YacTul;

4) BKNKO4aTb BCE NIEMEHTLI, Hann4mne KoTopbix B 06pas3Le MOXKHO YBUAOETb
Mo coparMeHTHbIM MOHaM.

cTeneHb HeHaCbIWEeHHOCTH (‘-IHCHO KpaTHbIX CBSA3EH M LI,HK.HOB)

1 1 X — 4mncno 4-saneHTHbIx atomoB (C, Si)
— = y —u4uncrno 1-saneHTHbIx atomoB (H, F)
R=x ) y+ 2 z+1 Z —4ncno 3-BaneHTHbix atomos (N, P)

ONs HEYEeTHOINEKTPOHHOro noHa R uenoe

CsHgN,O,CIBr
x=5, y=9+1+1=11, z=3
R=5-11/2+3/2+1=2

PacnpocTpaHeHHble HEUTParbHbIe YacTULbI, 3TMMUHUPYEMbIe MOHAMMU
« monekynsl — CO, CO,, H,0, C,H,, HHal;
» pagukanel —Alk’, H*, Hal", OH"

Motepu us M* ot 5 o 14 n ot 21 oo 25 [1a KpaHe ManoBepPOATHbLI.



Onpep.enel-ma INEMEHTHOIo
COCTaBa MOHOB

OneMeHTHbIe COCTaB MOHA MOXET ObITb YCTaHOBINEeH NO U30OTONMHLIM MUKaN

OcCHOBHbIe TUNBbI aneMmeHToB — A, A+1, A+2

AnemMeHTbl TMNA A: AnemMeHTbl TMNA A+1: SnemMeHTbl TMNa A+2:

Bopgopoa - 'H Yrnepog - C Kucnopopg- O

®Top - F A3zor - N Kpemuun - Si

®occop - P Cepa - S

Nop - 127] Xnop - Cl
Bpom - Br

OnpeaeneHue A+2 aneMeHTOB

AnemMeHTbl TMNa A+2

SnemeHT UsoTton WUHTeHcuBHOCTL, %
150 A

100,00
Kucnopop, Q) A+l 0,04
30 A+2 0,20
28Gj A 100,00
KpemHuii 295j A+l 511
30Si A+2 3,38
5 A 100,00
Cepa =5 A+l 0,79
345 A+2 4,44
5Cl A 100,00

Xnop
= A+2 33,63
7°Br A 100,00

bpom
81Br A+2 97,75

Ecnu nHteHcuBHOCTEL NKMKa M+2 coctaBnsieTr MeHee 3% OT MHTEHCUBHOCTH
nuka M, TO UOH He COoOepPXKUT aTOMOB XJ10pa, 6poma, Ccepbl U KPpeMHHUA



OnpepeneHue A+2 anemeHToB

Ecnn noH cogepXuT HeCKonbKo atoMoB xropa, bpoma nnu cepeil,
TO OH 0bpa3yeT mynetunnetr M, M+2, M+4, M+6 u T.4.

[1lna pacyeTa MHTEHCUBHOCTEN NUKOB B MynbTUNNETe yaobHo
ncnonb3oBaTh cneayowme otHoweHnna: CI(3:1), Br(1:1), S(25:1)

Mpumep pacyera

Cl, Br, Cl,Br,
3:1)%x(3:1)=9:3 (1:1) x(1:1)= 1:1 (9:6:1) x(1:221)=9: 6: 1
3:1 1:1 18: 12:2
9:6:1 1:2:1 9:6:1
9:24:22:8:1
Yucno
ATOMOB yTAICPOaa A+l A+2 A+3 A+4 A+S
"ml“"“ X - - - - PacnpocTpaHeHHOCTb
22 | 001 0 0 0 M30TOMOB yrnepoaa:
3 33 | 003 |<o001 0 0 120 _ 0
4 44 | 007 |<001 |<001 0 C-100 %
5 5,5 012 | <001 |<001 [<0,01 BC-11%
6 66 | 018 |<001 |<001 |[<001
7 77 | 025 |<001 |<001 |<001
8 8,8 0,34 <0,01 <0,01 <0,01
9 99 | 044 | 001 <001 |<0,01 MHTeHCUMBHOCTL NUKa yrrepoaa
10 1,0 | 054 | 002 | <001 |<001
1 12,1 0,67 002 | <001 |<001 A+m
12 132 | 080 | 003 |<001 |<001
13 143 | 094 | 004 |<001 |<001 1(%) = 100C*(0,011)™
14 15,4 LI | 005 | <001 |<001
15 16,5 1,27 0,06 <0,01 <0,01
16 17,6 1,45 | 007 | <001 |<001
17 18,7 1,65 0,09 <0,01 <0,01
18 198 | 1.8 | o011 |<001 |<001 Yucno atomoB yrnepoaa
19 209 | 207 | 013 | <001 |<001
20 220 | 230 | 015 |<001 |<001 Ly 1/14
30 330 | 526 | 054 | 004 |<001 .0l
40 44,0 9,44 1,32 0,13 0,01 0,011
50 550 | 14,8 254 | 032 | 003
60 660 | 21,4 455 | o7 | 009
70 770 | 292 7,29 134 | 019
80 880 | 382 109 | 232 | 039
90 99,0 | 48,5 156 | 374 | 068
100 110 59,9 21,5 5,74 1,21




e B - LB

A30THOE npasuno

Ecnu coeauHeHMe coaepXWUT YeTHOE YMCNO aTOMOB a3oTa MMM asoTa
B COCTaBe HeT, TO ero MmonekynsapHaa Mmacca 4YeTHadA, eCrim YHUCJro atToOMoOB
d30Td He4YeTHoOe, TO MOoJieKyJidpHaA MacCa HeYeTHad.

He4YyeTHO3NEKTPOHHLIA MOH MMeeT YeTHYK Maccy, ecriu COAePXMT
YeTHOe YUCNO aTOMOB as30Ta, YeTHOIMEKTPOHHLIA MOH UMEeeT YEeTHYH
Maccy, ecCJyin CogepPxuUT He4eTHOE YUCITO aTOMOB 430TA4.

PacnpocTpaHeHHOCTb U30TOMNOB a3oTa:
“N - 100 %
N - 0,37 %

MHTeHCUBHOCTL NUKa asoTa
A+m

1(%) = 100C;;*(0,0037)™

YcraHoBuTh GpyTTO-hopMyny COeAMHEHUS MO Macc-CneKkTpy

g

L ma | 1% || w2 %

37| 830 64| 44
38 |146 || 65 | 405
39 |16 || 66 | 533
0 (203 || 67| 235
a1 les| 14| 28
w|21ll7s| s
so|o7ll76| 12
st|83(l77] 16

s3|ssil7] 12
Il ss 132 || 94 100
| l.lllLlh,,. . 62| safl9s| 66
© ™ n © " 100 63 | 94 || 96 04

mw:

Mo oBwemy Bray cnekTpa onpegensem rpynny nuKoB MOMNEKyNSpPHOTO MOoHa:
M =94 (100%), M+1 = 95 (6,6%), M+2 = 96 (0,4%) — HOMUHanbHaa macca 94 [la.

MHTeHCcUBHOCTL NuKa M+2 meHblue 3%, cneaoBarenbHO COEAUHEHUE HE COAEPXUT
xnopa, 6poma, cepbl ¥ KPEMHUA, MOXKET CoepKaTb KUCNOPOA.

Mo nuky M+1 Haxoaum 4mucno atomoB yrnepoga — 6 (6,6/1,1=6) — macca 72 [la.
YcraHaenueaem Bknag yrnepoaa B nuk M+2 — 0,18%;

OcrtaBwwuecs 0,22% (0,40-0,18) moryT npuxoguTtbes Ha 1 atom kucnopoga — 16 [a.
OcraBwasnca macca 94-72-16 = 6 npuxoauTcs Ha 6 atoMoB Bogopoaa.
BpytTo-thopmyna coeauHenuns — CgH:O.




OcHOBHbIE HanpaBNeHUA

dparmeHTauum
AUMKNUYECKUX

YyrnesoAopoaos U

UHTEepnperauuns

MX Macc-CnekTpos

®parmeHTauua H-aIkaHoB

AnkanoBas cepusa — C Hy..y"

C,H.* =29/a
C3H7+ =43 fla
C.H,* =57 fa
CcH,.* =71 fla
Cs""«;g+ =85 ﬂa
C;Hys* =99 la

AnkenoBag cepusa— C H,, "

C,H,* = 27 [la
CgHs‘ =41 [a
C.H,* =55 la
C.H,* =69 fla
CGH"‘ =83 ﬂa
Cqu:}‘ =97 ﬂa

Cepusa - C, H,,"
C,H," =28 la
C3H5* =40 ﬂa
C.,H;* =550a
C.H," =68 [la
CoHi;* = 84 [la
C,Hy. = 98 [la

MonekynsapHbie NUKKU MaNnoUHTEHCHBHBI, Nukn [M-CH;]* orcyTcrytor

Peatadecans

Mass Spectran
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¢parmeuraqua' W30a/IKaHOB

"

MonekynsipHbie MUKW W30arnKaHOB YMEHbLLIAKTCSH C POCTOM Pa3sBeTBNeHHOCTH

HiC

7

CH+ —> R7

\CHg

UHTEHCMBHOCTL COOTBETCTBY HOLWMX KapOoKaTMOHOB Bbiwe,

4YeM OnS U30MEepPHbIX H-anKaHoB



Tetradecane, 3-medhl-
Mass Spectrum
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®parmeHTauUa aNKeHoB

WNHTEeHCUBHOCTL MOMEKYNAPHbLIX MUKOB afIKeHOB Bbille, YeM Y ankaHoB.
FomMonornyeckue cepum Te xe, HO ankeHoBas cepus Gonee MHTEHCUBHa.
YCTaHOBUTL MO CNEKTPY NonoxeHwe ABOWHOW CBA3W NPaKTUYECKU HEBO3MOXHO.
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¢par~\e|-rrauua aNKUHOB

MHTEHCUBHOCTE MONEKYNAPHBLIX NMMKOB ankKWHOB KpanHe mana,

AnkuHosas cepua — C H,, 1*

C,H* =25[a
C;H;* =39 [la
C,Hs* =53 [a
CsH;‘ =67 ﬂa
CeHs" =81 [la
C;Hy* =95 a - Pentadecyme

Mast Spectrums
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MeperpynnupoBOYHbLIE MOHLI H-aNKUHOB cneyudPUYHbLI U
MOryT ObITh UCNONL30BaHbLI ANA OnNpeaeneHns NONOXEeHUA TPONHOW CBA3MU

R

-RCH,* R RCH, -
s
miz =m/z[R] + 81

1-Pentadecyne
Mass Spectrum

CreHy
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OcHOBHbIE HanNpaBNeHUA
dparmeHTauUm
Kapbouuknmuueckux
Yrnesoaopoaos U
UHTEepnperauua
UX MacC-CNEeKTPoB

LluknoankaHbl (HadpreHbl)

1. UHTEHCMBHOCTb MONEKYNAPHbIX MMKOB NagaeT ¢ yBenu4ieHUeM AnNuHbI
3K30UUKIINYECKOro 3aMecTUTensa U HamobonbLlaa Ans ankUNUMKIoreKcaHoB.

2. Hanbonee MHTEHCUBHAaA cepuUsa — ankeHoOBasd, ¢ yBenuvyeHueM AnuHbI
ankunbHOro 3aMecTUTensa — ankaHoBas.

3. UHTeHCUBHbIE MUK HEYETHOINMEKTPOHHBIX MOHOB (YeTHaa mMacca), CBA3aHHbIe
C ANMMUHUpoBaHUeM aTuneHa C,H, (m\z=28) npu packpbITUU LUKNa.

AnkeHoBag cepusd — C,Hy, ¢~ Ankaxosag cepns — CHopq*

CoH,* =27 la CsHs® =41 [a C,Hs* =290a C:H.*=71[a
CH;” =55[la CsHg® =69[Ma  cyucctme CsH;* =43 [1a C,Hg* =57 [la
CeHy*=830a C/Hi3*=97[0a ssspeen  CgHqig*=85[0a CyHqs* =99 a
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®parmeHTayua

SNMUMUHUPOBaHNE MeperpynnupoBka
ankunbHoOro pagukana C ANMMUHUPOBAHUEM aflkaHa
. R

4+ #~_R + + e .
c—c¢” —CHR’ _CH, c—¢ —CH;R +_CH, )

s —> CH D, —> > G

miz = 67
miz = 55 _
miz = 83 miz = 82

PackpbiTe LUMKna

. +
+ I —C2H4 R _(:2]_]:4 + R
H . ﬁ

Cyclohexane, ethyl-

Mass Spectrum

Relatve Intensity
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LUuknoankeHbl

1. UHTEHCUBHOCTb MOMNEKYNAPHbIX MUKOB Oonblue, YeM ANA LUUKII0aNKaHOB.
2. Hanbonee NHTEHCUBHAA CEPUA — aNKUHOBAsA, C YBeNM4YeHUEeM ANUHbI
ankKUNbHOro 3aMecTUTEnNA — allkaHoBasA.

3. NIHTeHCUBHbIE NUKU HEYETHOIMEKTPOHHbIX MOHOB (YeTHaaA mMacca),
CBA3aHHbIe C PETPOAUEHOBBLIM pacnagom LMUKna.

AnkuHoBsaa cepna — CyHo, 5" AnkaHoBas cepus — C Hon.q*

02H+ =25 ,D.a C3H3+ =39 .D.a C2H5+ =29 ,D.a C5H11+ =71 ,D.a
C4H5+ =953 ,El,a CSHY+ =67 ﬂa Cyclohexene Cng =43 ,El,a C4H9+ =57 ,D.a
CeHo* =81[a C/H;* =952  iuusprm  CgHis* =85[a C,Hye* = 99 [la
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®parmeHTayua LUKN0ANKEHOB

PeTpoaveHOBLIN pacnag unkna

P

m/z 54

@ =)=, J—

m/z 67

PacKpbITUe LUMKNa ¢ NeperpynnupoBKOM



AnkunbeHnsonbl

1. Bonblasa UHTEHCUBHOCTb MOMEKYNAPHbIX MUKOB.

2. Hanbonee NHTeHCUBHaA cepUs — ankKundbeH3onoBas.

3. UHTEeHCUBHbIE MUK HEYETHO3NEKTPOHHbIX MOHOB (YeTHaA macca),
CcBA3aHHble ¢ Nneperpynnupoekon Mak-lladdepTtn.

AnknbeH3onoeag cepug

C3H3+ =39 ,D.a C5H5+ =65 ,D.a

Ph(CH,)' =91fla  Ph(CH,)," =105 fla Ph(CH,);* = 119 fla
Benzere, n-buyl-
Mass Spectrum
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®parmeHTayua srop-bytunbeHsona
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OCHOBHbIE HanpasneHUA

dparmeHTauum
CNUPTOB
W UHTepnpertayua
MUX MacC-CNeKTpoB



CnupTthl

1. UHTEeHCUBHOCTL MONEKYNAPHbLIX NUKOB Mana u CHUXaeTcs or NepBUYHLIX K
TPETUYHbLIM CNUpTam

2. Mpucyrcrytor nukn [M+H]* u [M-H,]*, saBucsawme or gasnexHns obpasya.
3. MIHTeHCUBHbBIE Cepusl — CNUPTOBaR, aNKeHOBaA U ankaHoBas

Cnuprosas cepusa — C H,,.,0" AnkeHoBas cepust AnkaHoBas cepus

CH;0" =31[a CHy' =27[da C,Hs* =29 [a
CaHsO” =45 /8 CiHs" =41[la  CiH," =43/la
C;H;0" =59 la CH;* =55[1a C,H," =57 [la
C4Hy,0" =73 [la C:H,* =69fla CiH, " =71[a
CSH"O* =87 ﬂa FDecanil CBH"‘ =83 ﬂa CGH13‘ =85 ﬂa
CgHmo. =101 ﬂa Mass Spectram
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neperpynnuposkac 3JJIMMUHUPOEaAHUEM MOMeKy bl BOAbI
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JlaGopaTopHble pabOThl HANPABJICHBI HA 3KCIIEPUMEHTAILHOE TOATBEP)KICHUE TEOPETUUECKUX
MOJIOKEHUN U POopMHUpOBaHUE yUEOHBIX U MPO(ECCHOHATBHBIX MPAKTUUECKUX YMEHUH. BrinonHenue
CTyACHTaMH J1a0OpaTOpHBIX pPadOT HANpaBICHO Ha OOOOIIEHHE, CHUCTEMAaTH3alHIo, YriyOleHue,
3aKpeIyIeHHe TMOJYYEHHBIX TEOPETUYECKUX 3HAHMM 10 KOHKPETHBIM TeMaM JUCUUIUIMHBI U
dopmupoBaHHEe HEOOXOAWMBIX YMEHHH M HABBIKOB — B XOJE BBINIOJHEHHUS 3aJaHUH Yy CTYACHTOB
bopMUpPYIOTCS MPaKTUUYECKHE YMEHHUS M HaBBIKM OOpalleHHs c JabopaTopHbBIM 00OpYHOBaHUEM,
anmapatypoil a TakXKe HWCCIIEJOBaTeNIbcKUe YMEHHs (HaOM0IaTh, CpaBHUBATh, AHAJIM3HPOBATDH,
yCTaHaBIMBATh 3aBUCUMOCTH, JIEJIaTh BHIBOABI U 0000IIEHUS, CAMOCTOSATEIHHO BECTH HCCIEAOBAHUS,
oopMIATh pe3ynbTaThl). JlaHHbIe 3a1aUn pEIaloTCs B JIAOOPATOPHOM MPAKTUKYME.

Metonuueckue ykasaHUs [0 TPOBEICHHIO Ja0OPaTOPHBIX pPadOT BKJIIOYAIOT: IENb PadoTH,
npuOOpHl M PUHAIICIKHOCTH, HIEMEHTBI TEOPHU, METOJI SKCIIEPHUMEHTA, MOPSIOK BBIOJIHEHHS PaOOTHL,
BOTIPOCHI ¥ 3aIaHUS JJII CAMOKOHTPOJISI, OMOIrorpadmaeckuii Cimcox.

Jnsi BBITIOJTHEHUS JIAOOPATOPHON Pa0OThI CTYACHTHI ACIATCS Ha OpHTrajpl MO JBA-TPH YEIOBEKA.
Kaxnass Opurama BBITONHSIET J1IaOOpPaTOpHYIO paboTy coriaacHO rpaduKy BBIIOJHEHUS pPadoT,
NPUBEICHHOMY Ha CTEHJIE B KaXK/I01 JIAOOPATOPHH.

CryaeHThI BBIOIHAIOT Cleayolue JadopaTopHble paboThI:

Ne paGotsr Ha3zBanue nabopaTopHoii paboTbl

1 BoccranoBnenne 6pyTTo-hopMysIbl COSAMHEHUS 110 MACC-CIICKTPY

2 Wnertudukanus anuKINIeCKUX YIICBOIOPOIOB IO MACC-CIEKTPY

3 YcraHOBNIEHHE OCHOBHBIX HAIpaBIIeHUI (parMeHTalii HWOHOB  ANUITUKIHYECKUAX
YIIIEBOIOPOIOB (HA(QTEHOB) IO MX CHEKTpaM

4 YcraHoBNeHHE OCHOBHBIX HANpaBICHUH (parMEeHTallMd HOHOB apOMaTHYECKHX
YIJIEBOJOPOAOB IO MX CHEKTPam

5 WuTepriperanusi Macc-ClIeKTPOB CITUPTOB

IIpu pabore B mabopaTopuu CTyAEHT OOSA3aH BBHINOJIHATH MpaBWJIa TEXHUKH O€30MacHOCTH, C
KOTOPBIMH OH 3HAaKOMHTCS] Ha BBOJTHOM 3aHSITHH.

[Ipy MmOArOTOBKE K BBHIMOJHEHHUIO JIAOOPATOPHOM pPabOThl HEOOXOAMMO H3YYHTh OIHMCAHHE
npeacTosimeil  paboThl, O3HAKOMHUTBCS 1O Y4eOHOH JUTEepaType C HOBBIMH MOHATHUSMH U
paccMaTpuBaeMbIMH B JJAHHOHM paboTe 3akOHOMEpHOCTsMU. [Ipuns Ha 3aHATHE, CTYJCHT JOJDKEH MMETh
3aroTOBJICHHYIO B COOTBETCTBHH C YCTAHOBJICHHBIM 00pa3iioM ¢opmy ordera. OTYET OJKEH COACPIKATh:
Ha3BaHue JabopaTopHO paboThl, 1Edb paboThl, HCMONIB3yeMoe O0OpyIOBaHUE, CXEMBI YCTaHOBOK,
TaOINIIBI U3MEPEHUH, pacyeThl U Tpa(uKH, pacyeT MOTrPEeLIHOCTH, BBIBOBI 110 padoTe.

Beimonnenuto  1abopaTtopHOii  paboOThl MpeNIIecTBYeT IPOBEpKAa 3HAHUM CTYAEHTOB — HX
TEOPETUYECKON TOTOBHOCTH K BBINOJHEHHUIO 33JaHHs, TOHMMAHUS BBIIOJIHEHHBIX HMU H3MEPEHUH,
NpPaBWIBHOW WHTEPNPETALUHN TONyYCHHBIX pe3yabTaToB. J[ms oOnerdyeHuss MOATOTOBKM K cjaaye
TEOPETUYECKOI0 MaTepuana IOJIE3HO OTBETUTh HAa KOHTPOJbHBIE BOIPOCH, CHOPMYJIUPOBAHHBIE B
OIHCaHUH.

[lepen BbIOIHEHHEM PAaOOTHI CIEAYET U3YUUTh YCTAHOBKY U IPUOOPECTH HABBIKM pabOTHI HA HEM.
[Ipu oOHapyXeHMHM HEHUCIPABHOCTU YCTAaHOBKM HEOOXOAMMO COOOLIMTH O HeW mnpenojasarento. s
YCIIEIIHOTO BBINOJIHEHUSI J1a0OpaTOPHOM paboOThl CTYAEHTY HEOOXOAMMO pa3o0paTbCsi B YCTPOWUCTBE
YCTAHOBKHM WM MakeTa. [IpoBepuB mpuOOps! YCTAaHOBKH, MTOJITOTOBUB UX K PabOTe, CTYACHT MPUCTYIAET K
HAOMIOICHUIO TeX d(PPEKTOB WM SBICHUH, KOTOPHIM TMOCBAIICHA naHHas padoTta. OTCYET M3MEpsIeMbIX
BEJINYMH TI0JIaraeTcsi MPOU3BOANTH C MAKCUMAaJIbHOM TOYHOCTHIO. [l03TOMY mepen cHATHEM pe3yIbTaToB
U3MEPEeHU HeOOXOAMMO MPOBEPATH HYJIEBBIE MOKa3aHUs NMPUOOPOB M yCTAHOBUTH IIEHBI JICJICHUS Ha
mKkanax. B oTuer 3aHOCATCS pe3ynabTaThl BBHIMOJIHEHHS KaXJIOTO MYHKTA 3aJaHUs (CXEMBbI, THarpaMMbl
(rpaduxu), TaOIUIBI, PaCYEThI, OTBETHI HA BOIPOCHI MYHKTOB 3a/1aHus, BBIBOABI U T.I1.)

OOpaboTka pe3yiabTaTOB HM3MEPEHUN HE MEHee BakKHAa, YeM IPOBEICHHE OSKCIIEPUMEHTA.
MHorue ¢u3nyeckue 3aKOHBI, MOJYYEHHBIE B pe3yJbTaTe AHKCIEPUMEHTAIbHBIX HCCIEIOBaHMA,
BBIPAXAIOTCS B BUAEC MaTeMaTUYECKUX (DOPMYII, CBS3bIBAIOIIMX UYMCIOBbIE 3HAYCHHS (DU3MUECKUX



xapakTepucTuk. [losToMy HEOOX0oAMMO, 4YTOOBI TMPHU BBITOJHEHUH H3MEPEHH ObLTH pa3yMHO
COTJIACOBaHbI APYT C OPYrOM TOYHOCThH OMpENeleHHs pa3iuyHbIX BenudyuH. Ecnu B maboparopHoit
paboTe uccienyercs 3aBUCHMOCTb OJIHOM BEIMYMHBI OT JPYroil, TO 3Ty 3aBUCHUMOCTb CIEAYET
NpelCcTaBuTh rpaduuecku. BrluucieHne MCKOMOW BEIWYMHBI COACPKHUT U PacyeT MOTPEIIHOCTEH
U3MEpPEHUsI B COOTBETCTBUMU C TpaBmwiamu. llocie mpoBeneHUs HEOOXOAUMBIX H3MEPEHUH U
BBIUMCJICHUM CTYACHT MPEACTABIIAET OTYET Ha MOAMNKUCH Ipenoaasaresnto. [lonHocThio 0dopMIIeHHBIN
OTYET MO BBIMOJIHEHHON paboTe MPEICTaBIsAETCS Ha CISAYIOIIEM 3aHITHH.

Kaxxayro BbIIOTHEHHYIO paboTy CTYIEHT AOJDKEH 3allUTHTh B YCTaHOBIEHHBbIE Cpoku. [lpu
HOATOTOBKE K 3alIiTe PaboT HEOOXOJMMO PACCMOTPETh COOTBETCTBYIOLIHI TEOPETHUYESCKHUI MaTepral 1o
y4eOHHMKY WM KOHCIIEKTY JICKIIMH, a TaKKe BCE BOINPOCHI, CBSI3aHHBIC C BBHIIOJHEHHEM padoT — 110
OTIHCaHUAM JTabopaTOpHBIX padoT. [Ipu 3ammre 1abopaTopHOil pabOTHI CTYACHT JOKEH MOKa3aTh 3HAHHUE
TEOPUH M METOJOB W3MEPCHUs, HCIONb3yeMbIX B padoTe, yMeTh aHAIM3HPOBATh MOJYYCHHBIC
Pe3yJbTATHL.
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OO0mme cBefeHHNs 0 CAMOCTOSITEILHON padoTe CTYAeHTOB

LlenssiMu caMOCTOSITEILHON paObOTHI CTYIEHTOB SIBIISIFOTCSL:

— CHCTEMAaTU3allKs U 3aKpEIUICHUE 3HAHNN, YMEHUIN U HABBIKOB;

— yrayOJieHue U paclIMpeHHe TEOPETUIECKUX 3HAHUH;

— Pa3BUTHE YMEHHI HCIIOJIB30BATh CIIPABOYHYIO JOKYMEHTALUIO U CIELUAIBHYIO JINTEPATYPY;

— pa3BUTHE TIO3HABATENbHBIX CIOCOOHOCTEH ¥ AKTUBHOCTH CTYACHTOB: TBOPYECKOM
MHULMATUBBI, CAMOCTOATEIbHOCTH, OTBETCTBEHHOCTH U OPIaHU30BAHHOCTH;

— (GopMHpOBaHHE CAMOCTOSITEIILHOCTH MBIIIICHHUSA, CHOCOOHOCTEH K CaMOpa3BUTHIO,
CaMOCOBEPILICHCTBOBAHUIO M CAMOPEaIN3aL1u.

3amaua JAHHOTO Kypca — IIOATOTOBKA OakaliaBpOB, BIAJCIOMIMX METOAAMU IPOBEICHHS
aHaJIM3a BEIIECTBA B 3aBUCUMOCTM OT KOHKPETHBIX YCJIOBHMHM pEIIaeMbIX 3a7ad; O3HAKOMIICHHE
CTYZICHTOB C COBPEMEHHOW aHAJTMTUYECKON ammaparypoid U (popMHUpPOBaHUE MPAKTUYECKHX HABBIKOB
paboThl ¢ TOJOOHOM anmapaTypoil 1 HaBBIKOB IIPOBE/ICHUS aHAIM3a COCTaBa BEILLECTBA.

CamocrosTenpHas paboTa 3aKII0YAETCS B OATOTOBKE K JICKIIMAM M JJAOOPATOPHBIM 3aHATHSIM,
9K3aMEHaM M 3a4eTaM, O3HAKOMJICHMM C OCHOBHOW M JONOJHUTEIBHON JuTepaTypoii. OCHOBHBIM
IPUHLIMIIOM OpPraHU3alMl CaMOCTOSITEIbHOM pabOThl CTYJEHTOB SIBJISETCS KOMIUIEKCHBIM IMOAXON,
HalpaBJIeHHbIH Ha (OPMHPOBAHUE HABBIKOB TBOPUECKOM NEATENBHOCTH CTYIEHTa B ayAUTOPUHU U
JIOMAIIHEN MOArOTOBKE K COOTBETCTBYIOIIMM BHUIAM 3aHATHHA. /[ yClemHOM camMoCTOSATEIbHON
paboThl CTYIEHT JOJDKEH IUIAHHPOBaTh CBOE BPEMs B COOTBETCTBUM C pabodel mporpammoi
JUCIUIUINHBI.

B yuebHOM mpouecce BBIICNAIOT JBa BHUAA CAMOCTOSATENIBHOM paboOThI: ayqUTOpHas —
camocTosiTeNibHasE paboTa BBINOJHAETCS Ha Y4E€OHBIX 3aHATUSAX [0  HEMOCPEACTBEHHBIM
PYKOBOJICTBOM IIperojiaBaTelii U IO €ro 3aJaHui0; BHEAYJUTOPHas — CaMOCTOsATeNlbHas paloTta
BBITOJIHAETCS CTYIEHTOM 110 3aJJaHHIO MPENo1aBaTelsl, HO 0€3 ero HeMoCPEACTBEHHOTO YUacTHs.

AynuTopHas ~ caMOCTOsATENIbHAs paboTa  CTYAEHTOB  OCYHIECTBISETCs Ha  JICKLMSX,
MPAKTUYECKUX 3aHATHUSAX.

[Tpu BBIONIHEHNM 33 JaHUH BHEAYAUTOPHON CAMOCTOSITENIbHONW PaOOThI CTYACHT JI0JIKEH:

— CTPOTO BBIMOJIHATH BECh 00BEM 3aJaHUI CaMOCTOSATENBHON pabOTHI;

— IIPEJOCTABUTh MIPETIOAABATENIO BBITIOJHEHHBIE 3aJaHUS Ha IPOBEPKY;

— IIOCJIE N3y4YEHUs KaXKI0M TEMBI TOTOBUTHCS K YCTHBIM OIIpOCaM;

—BBINIOJIHUTh BCE 3aJaHMs, HE3aBUCHUMO OT IPOIYyCKa 3aHATHH IO YBa)KUTEIbHBIM WIH
HEYBaKUTEIbHBIM IPUUMHAM.

OCHOBHBIM TPUHIMIIOM OpPraHU3allUd CAMOCTOSTEIbHONH pabOThl CTYAEHTOB SIBISETCS
KOMIUIEKCHBIN MOJX0/1, HalpaBJIeHHbIH Ha (OPMUPOBAHNE HABBIKOB PEIPOIYKTUBHOW M TBOPUYECKOM
JEATEIIBHOCTH CTyJIEHTa B ayJUTOPUM, NPU BHEAYAUTOPHBIX KOHTAaKTaXx C IIPENOJABaTEIEM Ha
KOHCYJIBTAIIUAX U B XOJ€ IOMalIHEN IOATOTOBKH.

[Tpu BeIONIHEHNM 3aJJaHUN BHEAYIUTOPHON CAMOCTOSTENIbHOW PaOOThI CTYACHT JI0JIKEH:

— BBINOJHATH BECh 00bEM 3aJJaHUIl CAaMOCTOATEIbHON PabOThI;

— IIPEOCTAaBUTh MIPETIOAABATENIO BHINIOJIHEHHBIE 3aJaHHsI HAa IIPOBEPKY;

— IIOCJIE N3YUYEHUs KaXKI0M TEMBI TOTOBUTHCS K YCTHBIM OIpOCaM;

— BBINOJIHUTH BCE 3a/JaHUs, HE3aBHUCHMO OT IPOIYCKA 3aHATUH IO YBAaXXUTEIbHBIM WU
HEYBaKUTEIbHBIM IPUUHHAM.

CamocrosTenbHas paboTa CTYIEHTOB BKJIIOYAeT B ceOsl Cileqylolue BHIBI paboT: U3ydeHHE
MaTepuaioB JEKUUH, MOArOTOBKA K BHIMOJHEHHIO M 3aIIUTe Ja00paTOpHBIX padoT, MOATOTOBKA K
DK3aMEHY.



