2) MarHuTHbIE MacC-CIIEKTPOMETPHI.

Macc-cnekrpomerp
Mass-spectrometer

Macc-cnekTpomMeTp— npuOOp AJis1 ONPEACIICHUSI MACC aTOMOB (MOJIEKYIT) [0 XapaKTepy
JIBUYKEHUSI UX HOHOB B AJIEKTPUUECKOM U MArHUTHOM TOJISIX.

HelTpanbHblil aTOM HE IOABEPIKEH JEUCTBUIO AIEKTPUUECKOTO U MATHUTHOTO 1ojs. OgHako,
€CJIM OTHSAThH Y HEro Win J0OAaBUTh €My OJIMH U O0Jiee 3JI€KTPOHOB, TO OH IIPEBPATUTCS B HOH,
XapakTep ABUKEHHUS] KOTOPOTO B ATHX MOJIAX OyJET ONpeAeNaThcs ero Maccoi u 3apsagoM. CTporo
rOBOPsI B MacC-CIIEKTPOMETpax OIpenesaeTcs He Macca, a OTHOLICHUE MACChI K 3apsny. Eciu
3apsJl U3BECTEH, TO OJHO3HAYHO OINPEEIISIETCS Macca MOHA, a 3HAYUT Macca HEUTPAIBHOTO
aroma u ero sjpa. KOHCTpYKTUBHO MacC-CIIEKTPOMETPBI MOT'YT CHUJIBHO OTJINYAThCS APYT OT
apyra. B HUX MOTYT UCITOJIB30BAaThCsl KaK CTaTUYHbIE NOJIS, TAK U U3MEHSIOIMECS BO BpEMEHN
NOJISl, MATHUTHBIE W/WIIN SJIEKTPUYECKHE.

PaccMmoTpum ouH 13 Hanbosee NpoCThIX
BAapUAHTOB.

Macc-cneKTpOMETpP COCTOUT U3 CHEAYIOIINX
OCHOBHBIX YaCTEH:
@) IOHHOTO MUCTOYHUKA, IJIe HEUTPaJIbHbIE aTOMBI
MPEeBPAILalOTCs B MOHBI (HapuMep, Mo
nevictBueM HarpeBanus win CBY-nosnst) u
YCKOPSIIOTCS DJICKTPUYECKUM T0JIEM, 6) 00JiacTu
ITIOCTOSIHHBIX DJIEKTPUYECKUX U MarHUTHBIX TIOJIEH,
16) NPUEMHHKA NOHOB, ONPEIEIISIOIIETO
KOOpPAMHATHI TOYEK, Ky/1a IT01aJal0T UOHBI,
IIEPECEKILINE ITHU ITOJIS.

N3 nonHOro uctoyHmka 1 yCKkopeHHble HOHBI
4yepes e 21onajatoT B 00J1acTh 3 MOCTOSSHHOTO
Y OHOPOJHOTIO IEKTPUYECKOro E U MarHuTHOro  |Cxema Macc-criekTpomerpa: | - HOHHBII

B, morneii. HanpasieHne 31eKTpUIeCcKoro moJist HCTOYHHEK, 2, 4 - Ienesbic AHadparnsl, 3 -
obnacTb OOHOPOIRBEX H DOCTOAHHBIX
SIEKTPHYCCKOID H MAarHHTHOTO MOJIET (CHIIOBBIE
JHHHHE J0CKTPHYCCKOTG TOAA HanpaB/ICHEI
BAOJIb [IJIOCKOCTH PHCYHKA M MOKA33HbI
CTPCIKAMIM, 00NacTh MArHUTHOIO 1014 NOKa3aHa

3a/1a€TcA MOJIOKEHUEM IUIACTUH KOHJIEHCATOpa U
MOKa3aHO CTpesKaMu. MarHuTHoe nose
HaIPaBJIECHO NMEPIEHIUKYISIPHO IJIOCKOCTH
pucyHka. B obmnactu 3 snexrpuyeckoe E u

MarHuTHOE B, 10JIs1 OTKIIOHSIOT HOHBI B ITPHXOBKOIL, €ro CHIOBBIE THHHH
IIPOTUBOIOJIOKHBIE CTOPOHBI U BETUYHUHBI NEPOCHANKYIAPHBI MVIOCKOCTH PHCYHKA), 35 -
HaIPSHKEHHOCTH DJIEKTpUYeCcKoro nois E n 00MIACTh OTHOPOAHOTO H MOCTOAHHOTO
MHJIYKIMH MATHHTHOTO Trofst B ozio6pansl Tak, | MATHUTHOTO nond (CHMOBBIE THHIH

NeprneHANKYIAPHBI IUIOCKOCTH PHCYHKA), O -

YTOOBI CHJIBI MX ACHUCTBUA HAa HOHBI TPacKTOPHA HOHA, 3 ACTEKTOP.

(coorBercTBeHHO qE M qVB |, m1e q —3apsin, a v —

CKOPOCTb HOHa) KOMIICHCUPOBAJIU JIPYT Apyra, T.e. 0bu10 qE = qvB,. IIpu ckopocTn nona v =



E/B OH JBMXKETCsI HE OTKJIOHSSACH B 00JIACTH 3 M MPOXOJHUT Yepe3 BTOPYIO MIeb 4, ronajas B
00J1aCTh 5 OHOPOIHOTO U MOCTOAHHOTO MarHUTHOTO MOJIA ¢ MHAYKUKEH B,. B aToM mose nou

JIBUKETCSI TIO OKPYKHOCTH 6, paauyc R koTopol onpenensercs u3 COOTHOIIEHUS
Mv2/R = quz, rae M — macca noHa. Tak kak v = E/Bl, Macca MOHA OTPENIEISACTCS U3

COOTHOIICHUS
M =gB,R/v =B B,R/E.

Takum 06pazom, Ipu U3BECTHOM 3apsijie HOHA ( €ro Macca M ompenensiercst paanycom
R kpyroBoii opouTtsl B obnactu 5. st pacu€ToB yqo0OHO UCIOIB30BaTh COOTHOILIEHUE B CUCTEME
€IMHMUII, TPUBEAEHHON B KBAJPATHBIX CKOOKAX:

M([Tx] = 10°ZB [Tn]B,[Ta]R[M}/E[B/m].

Ecnu B kauecTBe JIeTEKTOpa MOHOB 7 KUCIOJIB30BaTh (POTOMIACTUHKY, TO ATOT PAJUYC C
BBICOKOM TOYHOCTBIO MOKAXET Y€pHAsi TOUKA B TOM MECTE MPOSBICHHON (DOTOIIIACTUHKH, Ky/ia
Momaaall My4oK HOHOB. B COBpeMEHHBIX MacC-CIIEKTPOMETPAX B KAUE€CTBE IETEKTOPOB OOBIUHO
MCIIOJIB3YIOT AIEKTPOHHBIE YMHOKUTEN UM MUKPOKaHAJIbHbIE IIACTUHKU. Macc-ClIeKTpOMETp

MO3BOJISIET OTPENEIISATh MAaCChl C OY€HBb BRICOKOM OTHOCUTENHHOU TOYHOCTHI0 AM/M = 108 -
107,

AHanm3 Macc-CeKTPOMETPOM CMECH aTOMOB Pa3JIMYHON MacChl MO3BOJISIET TAKXKE OMPEICIIUTh
WX OTHOCHUTEJIBHOE COofiepKaHue B 3TOM cMecH. B yacTHOCTH, MOXKET ObITh YCTAHOBIIEHO
COJIEP>KaHNE PA3TUYHBIX U30TOMOB KaKOTO-JIM00 XUMHUYECKOTO DJIEMEHTA.

OCHOBBI TEOPUUM PABOTDI
MATHUTHBIX MACC-CITEKTPOMETPOB

MarHuTHbI MacC-CIEKTPOMETP SIBJSIETCS] HAauboJiee paclpoCTPaHEHHBIM PUOOPOM,
HCIIOJIB3YEMBIM JJIsl OPraHUYECKOTO aHain3a. Ero monmyiasipHOCTh ONpeaeseTcs: pa3iIuyHbIMU
(daxTopamu. Bo-niepBhIX, MPUBIEKAIOT OTHOCUTEIbHAS MPOCTOTA KOHCTPYKIIUHU U JIETKOCTh B
yrpasiieHuu. Bo-Bropsix, pazpemenue 300+1000 yierko 1ocTUraeTcst mpu UCIOIb30BAHUHT
HEOOJIBIIINX 0 Pa3Mepy Macc-CIEeKTPOMETPOB, a paspeienue ot 300 qo 7000 — B mpubopax,
UMEIOIIUX OOJbIINE TeOMEeTpruYecKre pasmMepbl. KpoMe Toro, 6ompIoe 3HaU€HUE UMEET
HCTOPUYECKOE TpeyOeKICHIE, CBSI3aHHOE C TEM, UTO CaMmble MepBble OUOIMOTEKH CIIEKTPOB
Macc ObUIM COCTABJIEHBI UMEHHO C IMOMOIIbI0O MATHUTHBIX MaCC-CIIEKTPOMETPOB.

IIpunumn padorel. B ocHOBe npuHIMIIa padOThl MArHUTHOIO MACC-CIIEKTPOMETPA JIEKHUT
ABJICHUE IIPOCTPAHCTBEHHOIO Pa3/EJICHNs IIyYKOB HOHOB, IBWKYILUXCSA B OHOPOIHOM
MarHUTHOM I10JI€, B 3aBUCUMOCTH OT UX UMITYJIbCOB, a IPU (PUKCUPOBAHHON IHEPTHUU — OT
OTHOILEHHUS MACChI K 3apsiay.

KoHCTpyKIIMsI THIMYHOTO MarHUTHOTO aHAJIM3aropa nokaszana Ha puc. 1. MoHsl,
00pa30BaHHbIE B MOHHOM UCTOYHUKE |, YCKOPSIIOTCS U Yepe3 11eIb UCTOUYHUKA S HAIIPaBIISIOTCS

B OAHOPOAHOC MArHUTHOC I10JIC CO CKOPOCTHBIO V. I[JI}I HOHOB, UMCIOIIHUX 3apPiAa € U MACCY m,



3aBUCUMOCTDH KMHETHUYECKOM 9HCPIruu OT YCKOPAIOUWICTIO IMOTCHIMAJIA U OIpCACIIACTCA
CHEAYIOIINM YPAaBHEHUEM:

eU =mv* /2. (1)
I/IOHBI, rnomnagas B MaroHuTHOC I10JIE C HHﬂYKHHGﬁ B, HAQYMHAIOT ABHUIaThCs IO AYyTI'C€ OKPYKHOCTH
pazuyca r BCIEICTBUE ACHUCTBHS HA HUX CUIIbI JIopeHIa, KoTopast urpaer poib
LHEHTPOCTPEMUTEIILHOWU CUJIBI:

evB=mv*/r. (2)

HckiitoueHue CKOpOCTH U3 MEPBBIX JBYX YPAaBHEHHM MPUBOAMT K XOPOILIO U3BECTHOU opmyrie:

3)

Taxum o0pazom, Npu MOCTOSTHHOM PAaIUyCe F Macca OHO3APAIHBIX HOHOB, (POKYCHPYEMBIX B

B?r?
2U

m/e=

iedab S; ¥ MOMaIaroIuX Ha

KOJUICKTOP, ITPOIIOpIUOHAIbHA [

|
KBaJpaTy WHIYKIIMA MarHUTHOTO +H Bron
noJist 1 00paTHO “«
MPOTIOPIIMOHATIEHA
S> Sy

YCKOPSIIOILIEMY HAMPSKEHHUIO.

Puc. 1. IIpuniunuanesHas cxema 180-rpagycHoro
MarHUTHOTO Macc-CIeKTpomeTpa: 1| — MOHHBIM
HCTOYHUK; 2 — KOJUIEKTOP HOHOB, S| U S, — 1Ienun

Pa3Beprka criekTpa Macc OCyIIecTBISIETCS MO0 MyTeM U3MEHEHUS YCKOPSIOIIEro
norenuuana U, n10o myTeM u3MeHEHUs! MHAYKIIMU MarHUTHOTO noJisg B. [y GonbIIMHCTBA
MPUMEHEHUH MIPEANOYTUTEIbHEE U3MEHATh MHAYKIIUIO MAarHUTHOTO TOJISI, OACPKUBAst
MTOCTOSTHHOM BEJIMYHMHY yCKOPSIONIEH Pa3HOCTH MOTCHIIMAIOB. DTO OOBSICHIETCS TEM, UTO TPU
pPa3BEpPTKE CIIEKTPa MACC UBMEHEHUEM YCKOPSIOLIETO NOTEHIHANA IIPU ITIOCTOSHCTBE MAarHUTHOTO
1oJis1 3 (PEeKTUBHOCTH TPAHCMUCCUU MOHOB JIETKUX MAacC ropasio BhIIIE, YEM JIJIsi HOHOB
00X Macc. Bo3HUKaeT NUCKpUMMHAIUS TSHKETBIX HOHOB, KOTOpas YBEJIMUMUBACTCS C POCTOM
Macchl HOHOB. [10CKONIBKY AMana3oH TSKEIbIX MAcC SBJISETCS HAauOoJee BAXKHOU YaCThIO
CIIEKTpa, pa3BepTKa Macc U3MEHEHUEM HANPSHKEHUSI IIPOU3BOAUTCS TOIBKO B OCOOBIX CITydasX,

Koraga NIBSMCHCHHUC MAaIrHUTHOT'O ITOJIsSI HCBO3MOXKHO.



IIprunHBI BO3HUKHOBEHUS adeppanuii. B paccMOTpEHHOM BbIIIE BBIBOJE
IIPEANIOIIAraaoCh, YTO B MACC-CIEKTPOMETP BBOAUTCS UICAIBHBIN, TO €CTh MOHODHEPTETUUECKUI
Y NIapaJIJIENbHBIA My40K HOHOB. OTIINYME peaIbHOIO BBOAMMOTIO ITy4YKa HOHOB OT UJI€AJIBHOTO
MPUBOJUT K HEBOZMOKHOCTH TOUHON (DOKYCHUPOBKH Iy4YKa Ha BBIXOJIHYIO LIENb. DTO IPUBOJUT K
BO3HUKHOBEHUIO HCKaKeHUU — abepparuil. CymecTByOT T€OMETPUUECKUE U XPOMATUYECKHE

abeppauuu [4].

Puc. 2. Bo3zHukHOBeHHE cpepuyeckux abeppariuii
B OZIHOPOJJHOM MArHUTHOM IOJIE: FO” — abepparus
Iy4Ka HOHOB B (JOKyCE MEPBOrO MOpsiIKa

Ha puc. 2 nokazanbl TpaeKTOPHUU UOHOB C Pa3IMYHBIMU HaYaJIbHBIMU HAMPABICHUSIMU
JBKEHUS. VIOHBI IBUKYTCS IO OKPYKHOCTSAM OJMHAKOBOIO Pajnyca, OJJHAKO IIEHTPhI 3THX
OKpPYKHOCTEH He coBmajatoT. Benencteue aToro pokycupoBka He SIBISETCS UACaTbHOM, U
HIMPUHA ITyYKa MOHOB Ha BBIXOJI€ aHAJIM3aTOpa B CIy4yae MOHOIHEPIeTUUECKOr0 UCTOYHUKA
COCTaBJIAET 707, IIe O — yroj pacceMBaHus. B 2THX yCIOBMSAX BO3HUKAET Pa3HOBUIHOCTD
reoMEeTpUIECKOM adeppaliny, Ha3piBaeMas cepruuecKoi abepparueil.

C npyro#i CTOPOHBI, K YBEJTUYCHHUIO IIMPUHBI BBIXOJSIIETO MyYKa MPUBOIUT pazopoc
HMOHOB T10 CKOPOCTSIM, TaK KaK MPH TOM HOHBI OYIyT JBUTATHCA 11O OKPYKHOCTSIM Pa3HOIO
paaunyca. Bo3Hukaromas BCIeACTBUE 3TOr0 abeppanusi Ha3bIBaeTCs XPOMaTHUECKOM.

Paspemaomas cnocodHocThb. Eciiu BXoHaA 1I€7h UMEET IIHUPUHY S, TO Ha BBIXOJIE
HIMPUHA TTyYKa MOXKET YBEJIMIMBAThHCS 110 S11+0S, rae S — pacuimpeHnue HOHHOTO MydYKa B
pesynbTare adeppanuii. OTCrofa ClieyeT, YTO MMPUHA BHIXOAHOW MIENH S> TODKHA OBITh HE
MeHbIIe, yeM S;+0S. Paspenrarommas cnocoOHOCTh P MAarHUTHOTO MacC-CIIEKTPOMETPA MOXKET
OBITh BBIpKEHA (POPMYIION:

p = M/AM = r/(S,+S,+dS) = r/2(S,+08S), 4)
Tac S2:S1+6S1.



Taxum 006pa3om BUIHO, YTO paspelaroniasi CliocOOHOCTh NPSAMO MPONOPLHMOHATIbHA
pannycy TpaeKTOpUU MOHA U 0OOPaTHO MPOMOPLHUOHANbHA ITHUPUHE IIETH. YBEIUUEHUE
paszperaronieil crnocoOHOCTH MOXKET ObITh JOCTUTHYTO 32 CUET YMEHBIICHUS pa3MEpPOB BXOAHON
I1EJIM, O/THAKO 3TO MPUBOAUT K MaJCHUIO YyBCTBUTEIBHOCTH PUOOpPaA, YTO SABISAETCS
HEXEIaTeIIbHBIM.

JI1s noCcTHXKEHUS BBICOKOTO Pa3pelIeH sl P MHUPOKHUX MIENAX HEOOXOIMMO UCII0NIb30BaTh
MacCC-CIIEKTPOMETPHI ¢ OONBIIMMHU TEOMETPUUECCKUMU pa3MepaMu sl OTYUYCHHs OOJBIITNX
paanyCcoB OTKJIOHEHHs ITy4Ka HOHOB. OJHAKO Ha IIPAKTUKE, HAIIPUMED B ra30BOM aHAJIM3E,
TpeOYyIOTCS 3HAYUTEIBbHO MEHBIINE PAJNYChl TPACKTOPUII HOHOB. DTO OrpaHUYMBAET LIMPUHY
mienel u Tpedyer 0osiee CUIbHBIX MATHUTHBIX MOJIEN WM 00JI€€ HU3KUX YCKOPSIIOIIMX
NOTeHIHANIOB. Tak KaK yCKOPSIOMIMI MOTEHIIMA, HEOOXOAUMBIN JI71s1 (POKYCHUPOBKH HOHOB
OIPEIIEIICHHON MACChl, YMEHBIIAETCS C YBEJIMYCHUEM MACChl HOHA, TO BOZHUKAET OTPAHUYCHUE
JMana3oHa aHaIM3UPYEMBIX Macc. DTO OTPAaHUYEHHE CBSI3aHO C TEM, YTO TEIJIOBBIE CKOPOCTH
MOHOB MOTYT OBITh COIIOCTaBUMBI CO CKOPOCTBIO, IPUOOPETAEMON HOHAMU IPU IPOXOKACHUU
YCKOPSIIOILLEH Pa3HOCTH ITOTEHIMAJIOB.

[Momyuum opmyiy Juist onpeeeHns pa3pelaroniel CnocCoOOHOCTH CEKTOPHOTO
MarHuTHOTO Macc-criekrpomerpa. Ha puc. 3 npencraBieHbl TpaeKTOPUM IBUKEHHSI HOHOB B
CJIy4ae BBOJa HEMOHODHEPIETUYECKOIO PACXOIALLETOCs IIyYKa HOHOB.

YcenoBue GOKyCHUPOBKY B paiiaibHOM U aKCHAJIbHOM HAIIPABICHUAX ONPEAEIACTCS
BBIPAKECHUSAMMU:

tga _ A (1=-A,ctgk,) +A,(1+A, ctgK,]
W _032)\])\2—(1+Alcth0)(1—Azcthk) ’ )

Puc. 3. MonHo-onTruyeckasi cxeMa CEKTOPHOTO MarHUTHOTO aHAJIM3aTopa:
JI® — nunus pokycos, OII — dokanbHas MIOCKOCTH



tgQY _ A (1+A, ctgk, ) +A,(1-A, ctgK,) ‘
Q QAN —(1=A ctgk, ) (1+A, ctgk, ) ©)

rae Ai=0i/ro, \2=b/ry — BXOJHOE 1 BBIXOJHOE TUICYH aHAIU3aTOpa B SIUHHIIAX Fo; A=A+ ;
— 2
w=./1+4, —kodppunuent pacupeaenenus mons: H = H, (1 +An+4,n° + ) , TIIE
n= ( r— 7”0) /1y ; Q=\—4, ; ocTansHble 0003HaUEHN IPUBENEHHI Ha pHC. 3. 1 OTHOPOJHOTO

nonst 4 =4, =...=0, w=1,

VBenuueHue aHaliu3aropa B paaraJIbHOM N dKCHMAJIbHOM HAIIPaBJICHUAX UMCECT BU !

B, :—\/g\zzw2 +(1—)\2cthk)2E(8\12002 +(1+)\lctho)ZE, (7)

o ~—[F T o TRE bl

Jlucniepcust anaim3aropa mo MaccaM B (POKyce pacCUuThIBaeTCs 1o Ghopmyie:

Dy:(ro/zooz)g—A2cthk—B,(1+Alctho)§AMﬂ. ©)

0
Pa36poc HOHOB II0 SQHCPIuAM B MArHUTHOM aHAJIN3aTOPC IIPHUBOAUT K ITIOABJICHHUIO

XpoMaThuecKor abeppali nepBoro mopsiaka

v
D£=(r0/2002)@—)\zcthk—Br(1+)\]cth0)§A7_ (10)

0
KpOMC TOI0, B aHAJIU3aTOPC HMCIOT MECTO XpOMATHYCCKasdA, TCOMCTPUICCKAsA U CMCIIAHHBIC

abeppaly BTOPOro MOPAAKa, CyMMa KOTOPBIX PaBHa:
6 j j
r*:zzrii:ro ZYii(aiaj_aiaj), (11)

rae Y, — abepparmonnsie ko3P duimeHTs [4]; A%, A, A7, A", — MakCUManbHBIC 1 MUHUMAJTbHBIC
3HAYCHHUs MapaMeTpoB O, O;=tgd; O,=tg[3 (O ¥ 3 — MOJOBUHBI YIIIOB PACXOUMOCTH HOHHOTO
MMydYKa B paJdajIbHOM U aKCHAJIbHOM HAMpPaBICHUSX COOTBETCTBEHHO); O3=5/Fy, Os=h/ro; (s h —
paarabHas M aKCHAIbHAS KOOPIWHATHI BRIX0O/Ia HOHA U3 TJIOCKOCTH SN HCTOYHHKA, IICHTPY
e cootBeTcTBYeT s=h=0); As=e=AV/V, — sHepreTnuuecKuii pazdopoc NOHOB; 0= y=AM/M, —
pa3dpoc KOHOB 10 MaccaM [UIsl COCEAHMX MacCOBBIX uucel O¢=1/(My+0.5)=1/M,].

Takum 00pasom, MmotHast IMPUHA H300paKEHUS ITyYKa PH MIUPUHE IIeTu S paBHa:

r=B,|S, +D, +r. (12)

Pa3pemaromas cnocoOHOCTh MarHUTHBIX aHAIU3aTOPOB



p= D, M
B[S, + D, +1y ¥, e, — o) AM (13)

I[JI?I OIIpCaACIICHUA paspema}omeﬁ CITOCOOHOCTH HCIIOCPCACTBCHHO I1O MACC-CIICKTPY

UCIIOJIb3YyEeTCA MpaKkTuyeckas popmyra:

*

D, M
0.5(r +r") AM

p= (14)

rae »' v r” — MKUprUHA MMKOB, U3MEPEHHAsl HA YPOBHE BBICOTHI ITMKA, HA KOTOPOM OIPEAEIIAETCS

paszpelaroiias CiocooHoCTh; D*, — nucnepcus, u3MepsiemMas Kak pacCTOSHUE MEX]TY IByMsI
MUKaMHU.

B MarHuTHBIX aHaTU3aTOpax pean3yeTCs MPUHITUT OO0, €CIIA pactpeneeHus mo o;
JUTSI HOHOB Pa3HBIX MAacC COXPAHSIOTCS U SIBJISIFOTCSI HE3aBUCUMBIMU, TO TIPH HACTPOIKE JTFOOO0TO
IyYKa KOHOB Ha IPHEMHYIO IIIeJTb OHKM OyIyT UMETh 10o100HYy10 hopmy. Torma nmpu oquHAKOBBIX
3aKOHE Pa3BEePTKU U BPEMEHU 3aMuCH 10001 TnHUU (popMa MaccoBOTO MUKa, pa3periaronias
CIIOCOOHOCTH U KOA(h(PUITMEHT MPOMyCKaHUs aHATU3aToOpa HE 3aBUCAT OT Macchl HOHOB. Takoi

3aKOH Pa3BEPTKH HA3BIBAIOT ONTUMaNbHBIM. [1InprHa nMKa B €IMHALIAX BPEMEHU T IIPHU 3aIUCH
CIIEKTPA OINPEAEISIETCS BBIPAXKEHUEM
T=M/(MDp), (15)

rne M’ = LdM/dt[]— ckopocTh pa3BepTKHU.

OrpaHudeHue CKOPOCTH Pa3BEPTKU ONPEIEISIETCS YCIOBUEM T = T, T/ie T, — HaUMEHbIIas
BpEMEHHas IIUPUHA TTHKa, KOTOPHIA MOXKET OBITh 3aIMCaH 0€3 UCKAKCHHH, CBI3aHHBIX C

KOHCYHBIM BPCMCHEM IIPOJICTA NOHOB. Toma HNMCCM:

————>pT. /M
vt 2P M (16)

WHTerpupys 310 BbIpakeHUE B npeaenax ot My 1o M u ot 0 10 ¢, noryyaéM MUHUMAJIBHO

HEOOXOJIMMOE BpEeMsI PETUCTPAIIMH yUacTKa CIeKTpa 0e3 uckaxkenuit ais Mo< M:

—t=pt. In(M/M,), (17)
a ICKOMBI ONTHMAaJIbHBIN 3aKOH Pa3BEPTKU — IKCIIOHCHITMATBHBIN:
M =M exp(—t/pt,) . (18)
VY4eT 3T0ro COOTHOIIEHUS JAET ONTUMAJIbHBIN 3aKOH pPa3BEPTKHU MAarHUTHOTO TTOJIS:
H =H,exp(—t/pt,) (19)
WA YCKOPSIFOIIETO HATPSDKCHHS
U=U,exp(—t/pt,). (20)

AHAJIN3ATOPBI C 180-I'PA/JYCHBIM OTKJIIOHEHWEM NOHHBLIX ITYUKOB



AHaJIM3aTOPBI TAKOTO TUIIA, KaK IPaBUJIO, HCIIOJIb3YIOT OJHOPOJHOE MAarHUTHOE T0JIE
(w=1). Takue moJs 3HAUUTENIBHO MpoIe GOPMUPOBATH, TOCTATOUHO MTPOCTO OOECIIEUUTD
BBICOKYIO OJJHOPOJIHOCTD moJist. I1pu yrie orkinonenus P=180° u3 (4) cnexyer Ai=A= 0, T.c. B
HTOM CJIy4ae BbIXOJHAs I€JIb UCTOYHHWKA MOHOB U NIPUEMHas IIeJb AETEKTOpa AOKHbBI OBITh
YCTAHOBJICHBI HA TPAHUIIE MArHUTHOTO OIS (TIpH 3TOM Ko=K,=90°). B akcnaibHOM
HanpasiieHUH QokycupoBka oTcyTcTByeT (Q=0).

OCHOBHBIE HOHHO-ONITUYECKUE MapaMeTPhbl TAKOTO aHAJIU3aTopa CIeAyIOLIHE:

. macriepeus 1o Maccam D, =M/ M, .
. yBenuuenue P, =1;

. xpomaruueckas abeppaums ' = D, =r,AV/V, ;

—_ 2. —_ 2. —_ —
. reoMeTpuuecKue abeppauuu 7, = —1,0,"; 1, =—10,"; 1, =1, =0;

. yron HakIoHa muHKK PokycoB 8, =90° | ee kpupmzna K, =0 ;
—_ 2 2
. paspemaromas cnocobnocts P =1,/ + AV /V, +ra” +rB.° + S H,

e 3« — 3HadeHue [3, mpu KOTOPOM aKCHalIbHAs KOOPAMHATA TPACKTOPUH B IJIOCKOCTH IIETH S HE
MIPEBBINIAET MTOJIOBUHBI €€ BHICOTHI.

Macc-cnexkrpomeTp co 180-rpagycHbIM OTKIIOHEHHEM MOHOB ObLI BIIEPBBIE MOCTPOCH
Hemcrepom B 1918 romy. O0bruHO Takue npudopsl umeroT paspemienue 200+400. [T1aBHbIC UX
JIOCTOMHCTBA:

- TPOCTOTa KOHCTPYKIIUH;

- HMOHHBIE MMYYKHU HE MPOXOAST 00JIACTh KPAeBOI0 MOJIs;

- MEHbIIIAasl IJIMHA IMyTU JBUKEHUSI HOHOB IO CPABHEHHUIO C CEKTOPHBIMU aHAIM3aTOpaMu U,
CJIeI0BaTeNIbHO, MEHBIIIEE BIMSHUE PACCEUBAHUS HOHOB U 0OBEMHOTO 3apsiia.

DTO NMO3BOJISIET YMEHBIIUTh SHEPTUIO HOHOB, B PE3YJbTATE YETO YMEHBIIIAETCS PAIUYC
CpPEIHEH TPaeKTOPHH, UTO, B CBOIO OUYEPE/Ib, CHIXKAET radapuThl MArHUTOB U JIOMYCKAET
MCIOJIb30BAHKE MOCTOSTHHBIX MAarHUTOB, JUIsl KOTOPBIX HET MpooOsieM (PiayKTyaluii MAarHUTHOTO
TOJISI BO BPEMEHHU.

Ananmzatopsbl co 180-rpaayCHbIM OTKIOHEHHUEM MOHHBIX MYYKOB UMEIOT CIIEAYIOIIUE
HEJOCTaTKU:

- MCTOYHUK MOHOB HAaXOAMTCS B 00JIACTH IEUCTBUS KPA€BOIO MAarHUTHOTO TOJISI, UYTO TPUBOJIUT
K TUCKPUMMHAIIMH 110 MacCaM;

- HaJU4Me KPaeBOro MarHUTHOTO MOJIsi B 00JIACTH MPUEMHOM IIENH IE€TEKTOpa 3aTPYIHSIET
MPUMEHEHUE IEKTPOHHOTO YMHOKHUTEJS;

. HEIb3S YCTPaHUTh chepruueckyro abeppainio, KOTOpasi CHUKAET Pa3peiaonlyio
CITOCOOHOCTD;

- MAarHUTHI UMEIOT OOJIBIIYIO MacCy MO CPABHEHHIO C MAaCCOM CEKTOPHBIX aHAIN3aTOPOB.
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