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B pa60Tax/l,2 / uanoJKeHhi MeTO.Qhi rpy6oro KonH'!eCTBennoro ananuaa a neMeHT­

noro COCT8B8 HeKOTOphiX o6pa3UOB C JICnOnb30B8HHeM pacceRHHSI H8 6onbWHe yrnhi 

npOTOHOB H a -'18CTHil. 

B pa60Te131 
noKaaana nepcneKTIIBHOCTb npHMBHeHHR ans aTOll uenu TRJKenhlx 

HOHOB, yCKOpeHHhiX H8 llHKnOTpOHe. 0.QR8KO .[10 H8CT051Wero BpeMeHH He npOH3Be.QeH 

nonHhii! K.OnH'!eCTBeHHhifl paC'!eT 'IYBCTBJITenbHOCTH B H36HpaTenbHOCTH M e TO.Q8 ana-

nH38 BeWeCTB C llOMOUlbiO pacCe51HH51 TSIJKenhiX 38p51lK e HHhiX '!aCTHll H He onpeaeneHhl 

npHHllHllHanbHhle B03MOJKHOCTH B rpaHHllhl npBMeHHMOCTH 3TOrO MBTO.Qa. 

aaHHa51 pa60Ta llOCBSIUlBHa pac'!eTy 'IYBCTBHTBnbHOCTH H H36HpaTenbHOCTH 3TQ­

ro MBTO.Qa B 3aBHCHMOCTH OT MaCChi HCHOnb3yeMOil 'laCTKllhi, OT o6naCTH MaCC 51J:1Bp 

aneMeHTOB, llO.QBepraiOUlHXCSI ananuay, H OT pa3nK'IHhiX ycnOBKi! llOCTaHOBKH OllhiT8 

( TonmHHhl MHwenu, Tenecnoro yrna aeTeKTopa H ap.). 

}. l136HpaTenbHOCTb MBTO.Qa 

KaK K3BeCTHO H3 KKHeMaTHKK npouecca ynpyroro pacceRHKR, a neprBR pacceR­

HOII '!aCTHllhl B na6opaTopnoi! CHCTeMe onpeaenSieTCR !j>opMynoi! 

E E 
L 

2 2 
M + m + 2 M m cos () " 

2 
( M + m) 

nepBOHa'lanbHaR 3HeprBH '18CTHUh1 0 

MaCChi 51.Qep 6oM6apaHpyiOuteA '!aCTHilhl H MHUleHH, 

yron paCCBSIHBSI B CHCTBMB UeHTpa MaCC. 
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BHll80, 'ITO a8epra!l pacce!I880ll 'lllCTHilbi !IBn!leTc!l ljly8KI1Hell MaCChi Slllpa pac-

C9HBaTenSI. 

Ha aToM oC80BhiBaeTCSI npH811Hn a8anaaa MeTOllOM pacceSIHH!I aapS!lKe88biX qac­

THn: 88611JOllaSI B CneKTpe '!aCTHil, paCC9!188biX 8a T08KOJI MHW98H, K8KOll-nH60 XapaK­

T9p8bill MaKCHMyM, 8eTpyll80 no era :381'!praa onpeAenaTb Macey Slllpa aneMe8Ta, pac­

ceSI8HJO 8a KOTOpOM 06SI3a80 nOSIBI198H9 :3TOro MaKCHMyMa, a no H8T98CHB80CTH naKa 

nony'IHTb KOI1H'19CTBO Slllep :3TOrO :3119M98Ta B MHW98H. 

Ha ljlopMynhi ( 1) nerxo nony'IHTb senH'IH8Y d t.t E L , xapaKTepaayJOWYJO H3Me­

ne8ae a8epruu pacceSI880ll '!aCTHilbi npa H3M9898HH MaCChi Slllpa - pacceasaTenH 8a 

B911H'IHHY d M 

m(M-m }(1-cos 8 
d E • 2 E 

t.t L 0 

c (2) dM 
(M+m) 3 

Ecnu Tenepb B ljlopMyne (2) d t.t E L aaMe8HTb 8a 6 EL- MH8HManb80e paccToHHae 

no :38eprHH M9lKllY llBYMH MaKCHMYM8MH .B cneKTpe ynpyro paCC9!188biX '!aCTBil, llaJO-

wee B03MOlKBOCTb pa3ll911BTb 8TH llBa MaKCBMyMa B onpell911HTb BX B8llBBHllyanb8YJO 

B8TeBCBB80CTb, TO senB'IB8a 6 M 6ylleT HM9Tb CMb!Cil MB8BMallb80rO paCCTOSIHB!I 

no MaCCe M9lKllY :3119M98TaMB, KOTOpb!e ewe MOlK80 pa3ll911BTb npB a8allB39 A888b!M 

cnoco6oM. 

6M 
M 

6EL 

2 E 
0 

( M + m )
1 

Mm(M-m 1 -cos 8 
c 

(3) 

6M 
6 M - npellellb80e Maccosoe paapewe8ae MeTOlla B a6conJOTHbiX ellH8Bilax, a M 

6M 
B OT80CBT9/Ib8b!X. l.ieM M98bW9 B911B'IB8bl 6 M B -.-- , T 9 M Bb!W9 B36BpaTellb80CTb 

MeTOlla, noaTOMY B36Bp8T91lbHOCTb K011B'I9CTB9880 MOlK80 xapaKT9pB30BaTb B9flH'IH8a­

M 
MB 1/6M B --

6M 
0'!eBHll80, 'ITO sena'IH8a 6 E L nponopnao8anbua WHpHBe M08011BHHH B 

CneKTpe paCC9SI88biX '18CTBI1, npH'19M K0:3~BilB98T nponOpllBOHallb80CTH llOfllK98 3a­

BHC9Tb OT OT80CBT9/Ib80ll B8T98CBB80CTH llBYX 6nB3KHX pa311H'!a9Mb!X 11H8Hll B OT TQ­

ro, 'ITO Mbl 6ylleM n08HMaTb nOll CflOBaMB 'llBe pa311B'Ia9Mbl9 11B8HB'. 

B npamume nyTeM MaTeMaTaqecxoro a8anaaa B03MOlK80 paanenHTb a onpelle-

llHTb BHllBBRllY8/Ib8bl9 BHT98CHB80CTH llBYX '1p93Bbl'lal!HO 6nH3KRX llpyr K Apyry 

llRBHll, OAHaKO TO'I80CTb onpenene8B!I HHT98CHB80CTell 6ylleT 89 Bb!COKOJI, oco6eHBO, 
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eCJ1H cjlOpM a MOHOJ1HHHH He TO'IHO OIIHCbiBBeTCn 8H8J1H'1'H'Ie CKH 1 'ITO H HMe eT MeCTO B 

aeM C T BUT e1lbHOCTH. 

B can3H c 3 TH M 6yaeM rrpearronaraTb, 'ITO aBe 6nB3KHe J1BHBB B crr e KTpe yrrpy-

POPO paccenHH n pa31lH'IBeMbl 1 eCnH OHH ewe rrpeaCTBBnniOTCn B BHae aByX MBKCHMY­

MOB H BeJ1H'IIfHB IIHT e HCI!BHOCTH C'leT a B 1IpOBBJ1e M eJKay HHMH He IIpeBbiiUBeT 2 / 3 OT 

HHTeH<'IiBHOCTH B HB I!MeHhWeM MBKCHMyMe. 

npeanonaran KpOMe TOPO, 'ITO MOHOnHHHH HMeiOT rayCCOBCKYIO (jlOpMy, IIOJ1Y'IHM 1 

BE 
6E 

L 2 In 2 
( y In 3 W + y In 3 ) , 

(4) 

B E WHpHHB MOHOJ1HHIIH HB ee IIOnyBbiCOTe, 

W - OTHOWeHHe rrnowaaa 6onee HHTeHCHBHOil nHHHH K IIJ10IUBaB MeHee HHTeHCRBHOil. 

B 3 TB X rrpearrono>KeHHnx, 6e3ycnoBHO, eCTb rrpoa3Bon, KOTCpbiil, oaaaKo, He CKB3bi­

BaeTcn HB KB'IeCTBeHHOM IIOBeaeHHH BCeX paCC'IHTbiBBeMblX 3HB'IeHBH H HB IIOpSinKe 

noacTaBHB B (jlopMyny (3) 3Ha'leHHe a nn to E m 
H a y , rrepe-H 1 3 8MeHHB 

M 
IIHWeM 3 TO BblpaJKeHHe B BHae , 

6 M 
-M-

BE 
s 

( 1 + y ) 1 
( yIn 3 W + y In 3 ) 

2 In 2 

1 

2 

y(l-y) -cos(} 
e 

--¥--- f I (y) f 2 ( (} e )f 3 ( W) · 
0 

(5) 

BHaHo, 'ITO rrepeMeHHbie B 3Toli (jlopMyne pa3aenniOTcn, nosToMy aanbaeliwHfi auanu3 

(jlopMyJ1bl 6yaeM npOH3BOaBTb OTae nbHO ann KB >KaOfi (jlyJIKUHB CBOePO nepeMeHHOPO. 

Haanyqwee pa3peweHae no Macce aoc TaraeTcn npa yrne pacceSIHHn (} e = 180° 

H CyWeCTBeHHO yxyawaeTCn ann MeHbWHX yPJ10B. '"iyBCTaHTeJlbHOCTb MeToaa UpB 

3 TOM He3HB'IBTeJ1bHO ynyqwaeTcn, n03TOMY OnTHMBnbHbiH ann BHBJ1B3B yron paccen­

HHn 'IBCTHU paBeH 180°. 

Ha pac. 1 noKa3aaa 3aaHCHMOCTb f s. ( W ) OT OTHOIUeHHn KOHUeHTp8UBH 6nH3-

KBX no MBCCe sneMeHTOa, KOTOpb!e Tpe6yeTCn pa3nH'IHTb IIpH aaanH3e. EcTeCTaeHH01 

Tpe6oaaHHe abiaeneHHn ace 6onee cna6ofi nHHHH Ha cnaae BHTeHCBaHOH npBaOn&T K 

He06XOaBMOCTB ace 60nbwero paCCTOnHBn MeJKay HBMH. 
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Ha pac. 2 aao6paJKeaa aasacaMoCTb 
t.M 

• ¢yHKUBH H.MeeT MHHHMYM OT y 
M 

npa y = 0,268. 3TO 03HS'IaeT 1 'ITO AIISI KBlKAOrO 3HS'IeHHSI MBCCbl SlAPS 3IIeMeHT8 1 

noAsepraromerocSI aHanaay1 cymecTByeT snonHe onpeAeneHHOe 3Ha'IeHae MBCCbl pac­

ceasaeMoii 'IBCTH!lbl 1 npH KOTOpOH H36HpaTeiibHOCTb MeTOAa 6yAeT HSHIIY'Illleii npH 

npo'IHX paBHblX ycnoBHSIX. CneAoBaTelibHo, AIISI KaJKAoll o6nacTH aHanaaapyeMblX 3ne­

MeHTOB He06XOAHMO Bbl6Hp8Tb AIISI BHBIIH38 no paCC9HHKIO Ty HIIH HHYIO 'IBCTH!ly. 

Ha pHC. 2 BHAH0 1 'ITO B AOBOIIbHO lllHpOKOll o6naCTH U,6 '> y > 0,15 3HB'IeHIIe 

<jlyHKUHH f l ( y ) He CHIIbHO OTIIH'ISeTCH OT MHHHMBIIbHOrO 1 n03TOMY AIISI KSlKAOM qac­

THUW npH HCnOIIb30BBHHH ee AIISI 8HSIIH38 no pacCeSIHHIO HMeeTCSI HHTepBBII MBCC 

BHBIIH3HpyeMblX 3IIeMeHTOB 1 .UIISI KOTOpb!X MOlKHO nony'IHTb XOpowee MSCCOBOe pa3-

peweHHe MeTOAa. 

B Ta6naue I npHBeAeHbl 3TH 3Ha'IeHHH. 

npa npaBHIIbHOM Bbl60pe yrna paCCeSIHHSI H MSCCbl paCCeHBSeMOi! 'IBCTHUbl 

H AnSI onpeueneHHoro 3Ha'IeHHSI f 
3 

(W) BenH'IHHa npeuenbHoro Maccosoro paape-

weHHSI MeTOAB 6yueT onpeueiiSITbCSI TOIIbKO lllHpHHOll MOHOIIHHHH B CIIeKTpe pacCeSIH-

8E 
Hb!X 'IBCTHU -E- KOTOpaSI 38BHCHT OT 3HepreTH'IeCKOrO paapeweHHSI UeTeKTOpa 

pacceSIHHblX 'IBCTHU, MOHOXpOMSTH'IHOCTH ny'IK8 1 TOIIlliHHbl MHWeHH H BeiiH'IHHbl Te-

necHoro yrna .ueTeKTopa pacceSIHHbiX qacTau. 

npennonaraSI, 'ITO pa36poC 3HeprBH perHCTpHpyeMblX 'ISCTHU 38 C'I e T K8lKUOrO 

H3 nepe'IHCIIeHHblX napaMeTpOB IIOA'IHHSieTCSI rayCCOBCKOMy pacnpeueneHBIO, IIOIIY'IHM 

2 2 2 2 
(8E) 2 

.. (BnE) +(8d E) +(8ME) +(c5
0

E). (6) 

npeAIIOIIOlKeHHe 3TO 6e3yCIIOBHO He CTporoe, OUHBK01 KBK ylKe rOBOpHIIOCb 1 AaH­

Hblll paC'IeT He npeTeHAYeT HB Bb!COKYIO a6ConJOTHYIO TO'IHOCTb paCC'IHTblBSeMblX Be-

IIH'IHIL 

Ysena'IeHae TonwHHbl MHWeHH a BenH'IHHbl TenecHoro yrna, yxyuwaSI aa6apaTenb-

HOCTb MeTOA8 1 npHBOllHT K ynyqweHHIO ero 'IyBCTBHTeiibHOCTH. 

Bo BTOpOll rnaBe 6yUeT o6CylKUSTbCSI BOIIpOC 06 OIITHMBIIbHOM. Bbl6ope STHX 

napaMeTpOB npH IIOCTBHOBKe OnblTB. 

B TO lKe BpeMSI yBena'IeHae 8 n E a 8 d E yxyuwaeT aa6apaTenbHOCTb a He 

BnHSieT HB 'IYBCTBHTenbHOCTb MeTOA8 1 IIOSTOMy 3TH BeiiH'IHHbl B KOHe'IHOM HTOre H 

onpeuenHJOT npeuenbHble B03MOlKHOCTH MeTOAa aHanaaa no pacceSIHHJO aapSilKeHHbiX 

'ISCTHll. 
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fiy'IKH aapsnKeHHbiX 'IHCTHU, nony'!aeMbie aa ycKopaTengx Baa-Ae-fpaaiPa, HMeiOT 

MOHOXpOMHTH'IHOCTb AO 0,01 %, HB llHKnOTpOHHX B03MOlKHO IlOIIy'IHTb MOHOXpOMHTH'I­

HOCTb 0,2- O,a%1 41• ITonynpoBOAHHKOBbie noaepxnocTno-6apbepHbie AeTeKTOpbi aa­

P!IlKeHHbiX 'IHCTHU HMeiOT paapemeaae .. 20 KaB An!I a -'laCTHil • .lln!I 6onee T!IlKenbiX 

'IHCTHil paapemeHHe AeTeKTOpOB YXYAlllHaTC!I. 

fipeAilOnara!I lllHpHHY MOHOIJHHHH B ClleKTpe 38p!IlKeHHbiX 'IHCTHU 

npa CIJSAYIOil!HX 3H8'1eHHSIX OCTaJibHbl~ napaMeTpOB B ljlopMyne l5) 

y• y OIJT 0,268 

w 

L\M 
nony'IHM, 'ITO npeAellbHOe paapemenae no Macce -r = 2%. 

OcnoaHbie BbiBOAbi pac'!eTa aa6apaTenbHOCTH MeTOAa TaKOBbi: 

1. C HCilOnb30B8HHeM cymeCTBYIOil!HX yCKOpHTenell H TeXHHKH perHCTpHilHH 38-

plllKeHHbiX 'IHCTHil B03MOlKHO IlOily'IHTb BbiCOKYIO H36apaTenbHOCTb MeTOAH ananaaa 

Bell!eCTI!I nocpeACTBOM paCCe!IHH!I T!IlKenbiX 38p!IlKaHHbiX 'IHCTHU • 

2 • .lln!I AOCTHlKa!IH!I xopowell ua6apaTenbHOCTH npa ananaa e na coAeplKaHHe 

a eemecTeax cpeAHHX a T!I)f(enbiX a neMenToe Tpe6yeTC!I npi!Menenae ycKopeHHbiX TSI-

lKenbiX HOHOB m > 10. 

a. fipH HCIJOnb30B8HHH T!IlKenbiX HOHOB THKHX KaK 0 U , Ne 20 , Ar 
40 

H36Hpa-

Tenb!IOCTb MaTOAa AOCTaTO'IIIO Bb!COK8 B O'!ellb WHpOKOM HIITepeane MaCCbl ana-

nH3HpyeMbiX aneMe!ITOB 

4 •. OnTHManbllbiMH ycnoea!IMH nocTanoeJtH OIJbiT a nn!I AOCTHlKeHH!I naanyqwell 

H36Hp8Tenb!IOCTH !IBn!IIOTC!I: 

0 e y y ~ 0, 268 ' 
OIIT. 

8 E 

E 

II . 4yecTBHTenbnocTb M e ToAa 

.. 0. 

4yBCTBHTenbHOCTb OllHCbiBaeMOrO MaTOAa ana!IH3a onpen enSieTC!I BbiXOAOM pac­

Ca!IHHbiX aap!IlKa!IHbiX 'IHCTHU, KOTOpbill, B CBOIO O'lepeAb, nponopUHO!IaneH Ce'!eHHIO 

ynpyroro paCCa!I!IH!I, IlOTOKy naAaiOil!HX '!aCTHU, TOnUIHHe MHWeHH II reOMeTpH'IeCKo­

MY $aKTopy. Hcnonbaoaaa $opMyny Peaep$opAa An!I AH~penuaanbnoro ce'!eHH!I 

0 
ynpyroro paCCa!IHII!I Ha 0e- 180 ,nerKO IJOny'IHTb 
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p e 

C(dN/dt) E-M 
min o 

z:z~(l+yl 2 ncJb 
(7) 

rne P npenenhHO 06HapylKHBaeMaSI KOHU9HTpaUHSI SJ19M9HTa B B91U9CTB9 MHIU-

HH B BeCODb!X npOUCHTaX; 

(dN/dt) 
min 

1 
MHHHManhHO lJ.OITyCTHMaSI CKOpOCTh C'leTa ( cmr") HOHOB, pacCeSIHHb!X 

Ha Slllpax naHHOro sneMeHTa; 

C - KOS cjlcjJHUHeHT, 3aBHCSIIUHH OT Bbi60pa CHCTeMbl ell.HHHU; 

Z B Z M m 
- aap S!ll Slllep 6oM6apnHpy!Omeil 'laCTHUbl H onpenenSieMoro s n eMeHTa; 

TeneCHb!H yron )leTeKTOp B C HCTeMe UeHTpa MaCC B CTep8llHaHaX; nc 

J 
1 

ITOTOK 6oM6apllHpy!OIUHX 'IB C THU ( ~ 

b - TOJ11UHHa MHWeHH B MKr/cM
2 , 

npenenhHaSI 06HapylKHBaeMaSI KOHUeHTp B UHSI npOnOpUHOHanbHa MHHHManhHO Heo6-

XOllHMOi! CKOpOCTH C'leTa HOHOB, pacceSIHHb!X Ha MHWeHH, KOTOpaSI 3aBHCHT TOJ1bKO 0T 

Tpe6yeMOH SKCITpeCCHOC'tB aHaJ1H3a H OT tjlOHa )leTeKTOpa sapS!lKeHHb!X 'laCTHU, K.poMe 

TOrO qyBCTBHTenbHOCTh MeTOlla nponopUHOHanbHa ITOTOKY 6oM6apllHPYIOWHX 'laCTHU, 

KOTOpb!H onpenenSieTCSI J1HWh KOHCTpyKUHeil HCITOJ1h3yeMoro YCKOpHTenSI, 

3asHCHMOCTh p OT TaKHX napaMe TpOB KaK B [l il y 6onee cnolK-

Ha, TaK KaK H3MeHeHH9 STH X napaMeTpOB BJ1e'leT 3a C060H H3MeHeHHe H36HpaTenh­

HOCTH M9TOlJ.a, 3TO npi!BOlliiT K He06XOlli!MOCTII Bb!60pa OITTHManhHb!X 3Ha'leHHil STIIX 

napaMeTpOB llJ1SI 0 6ecne'l9HHSI, HaiTpi!Mep, HaHnyqweil 'IYBCTBIIT9J1hHOCTH aHanH3a ITpB 

3a)laHHOH 1!36HpaTenhHOCTH !liTH ITpH llpy rHX ycnOBHSIX, 

Ha 

06ecne'leHHe He06XOllHMOil H36HpaTenhHOC TH aHanH3a Tpe6yeT, 

BE 

Eo 
He npeBblwana onpeneneHHoro 3Ha'leHHSI 

BE 

Eo 
8 In 2 

~M 

M 

yll-y) 

( 1 + y ) s ( y' ln 3 W + y' ln 3) 

nnSI onpe n eneHHOCTH 3ll.eCh npennonarai!OCh, 'ITO e c = 180°. 

l1a cpopMynbl ( t:i) cnenyeT, 'ITO 

<BME)2+<BnE>2 (BE)
2

-(0 E)
2
-(ll E)

2 

n d 

'IT06b! Bei!H'IH-

(8) 

\9) 

Ecn!I a naHHYIO cjlopMyny noncTaBHTh aHa'leHHSI ll E H3 cjlonMynbl \8) H 

B n E H ll dE , nony'leHHb!e sKcnepHMeHTanhHO, TO nony'IHM B8J1H'IHHY s HepreTH'le-

8 



CKOrO pa36poca, OCTaromerocg 88 yaOBneTBOpeHHe Tpe60B8HHH 'IYBCTBHTenbHOCTH K 

yaenaqenaro Tenecnoro yrna H TonmHHbi MHwena. ccnu HMeromeecg pa3M biTHe s aep-

raa 3a C'leT ny'IKa a aeTeKTopa npeabiwaeT 3Haqenae 8 E 

Mynbl (~), TO STO 03H8'18eT, 'ITO QSHH8ll H36apaTenbHOCTb 

nony'!eHa npH TSKHX yCnOBH!IX OflbiTa. 

PaccMoTpHM T enepb cnyqai!, Koraa 

, nonyqaeMoe H3 lj>op­
~M 

He MO)f{eT 6biTb 
M 

Tpe60B8HHe H8Hny'!Wei! '!YBCTBHTenbHOCTH, KSK BHQHO H3 lj>OpMynbi \ 7), BbinOn­

HlleTCll npa ycnoaua MaKCHManhaoro 3Ha'!eHHll npoH3Beaeaag P b 

nerKO flOK838Tb, '!TO C y'leTOM OQHHSKOBOH lj>yHKUII OHSnbJIOH 38BHCHMOCTH !} 

H b OT BenH'IHH 8 ME H 8 QE 

HlleTCll, Koraa npou3aeaeaue 8 M 

ycnOBHH, 'ITO 

( <jlopMynhi 11, 12), aauaoe Tpe6oaauae Bbmon-

E. 0QOCTHraeT MSKCHMyMa, a HMeHHO npH 

8 M E .. 8 p E • -
1
- v ( 8 E) 

2 
- ( 8 n 

v2 
3aag BenH'!HHy SHepreTH'!eCKOrO pa36poca pacceRHJibiX '!SCTHU 38 C'leT KOoeq­

BOi! TonWHHhl MHWeau H Tenecaoro yrna, neTpyauo Teneph pacC'!HTaTb npeaenhno­

aonycTHMbie 3Ba'!eBHR nocneanux anll nocTH)f{eHHll 3aaanaoli H36apaTenboocTH MeToaa. 

{) 817 8 0 E ( 1 + y )2 

3 Eo y 

8._. E 

b - -
(1:.!) 

2 (dE/ d x) m 

rae (dE/ d x) - yaelihahle nOTepu saepruu '!aCTHUbi c Maccoii m B semeCTae. 
m 

B STHX lj>OpMynax HMeeTCSI HeTO'IJIOCTb, CBSI38HJiall C TeM, 'ITO <jlopMa SHepreTH­

'!eCKOrO pacnpeaeneaag paccel!JIHbiX 'ISCTHU ae gangeTCll rayccoacKoli. 

KoM6HBHpyg Tenepb <jlopMynbl 7, ~! 10, 11, 12, UOny'!HM OKOH'ISTenbaOe Bblpa-
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(1.98 +0.01SM
2/s ) 2 

(dE/dx)
111 

(dN/dt) , 
p c c "''" 0 

zm 
J z m 30. 7 ( 1 _ y ) 2 !'! M 2 

-- -
(l+y)c lin E 2 

(y'ln 3W + y ln3 )2M2(1+yf 

( d 

)'2 ----;:<~3) 

rne f 0 - aHeprH!l 6oM6apnapyJOmefi qacTHUbi Ha enHHHUY MaCChi ( MaB/ HyKn.). 

B aTofi <jlopMyne z 
M 

Bbipa>KeHo qepe3 M c noMO!UhJO nonyaMnapaqecKofi 

38KOHOMepHOCTH, J:l8101Uefi XOpOiliYIO TO'iHOCTh J:IU!l BC9X aneMeHTOB, KpOMe renHSl H 

Bonopona. 

tl nepByJO rpynny COMHO>KHTenefi Bb!H9C9Hbl B9UH'iHHbi, 38BHC!liliH9 TOUhKO OT 

dN 
KOHKpeTHbiX 3KCnepHM9HT8UhHbiX ycnOBHfi OnbiTa(J,--,f ), OHH onpenen!liOT a6co­

d t 0 

UIOTHblfi ypOB9Hh 'iYBCTBHT9UhHOCTH, K nono6Hb!M >Ke napaMeTp8M OTHOCHTC!l H 

lin E 
-----d~-, OJ:IH8KO,OH 6onee CUO>KHblM o6pa30M BXOJ:IHT B <jJOpMyny H CB!l38H C J:tpy­

E 
rHMH ~epeMeHHblMH, 

YyBCTBHTenhHOCTh naaefiso yxynrnaeTC!l (B03pacTaeT P) c yBenaqeaa e M aaep-

rHH 'i8CTHU f O , OJ:IH8KO, 6p8Th O'i9Hb HH3K09 3H8'i9HH9 

HO BBHilY CHUbHOrO yBenH'i9HH!l B 3TOM cnyqae B9UH'iHHbl 

nnn '! TaK>Ke HeBhiron­
(dE dx)m 

, 0nTHM8nh­
z, 

Hall aHeprHn, cornacao HaWHM oneHKaM, ne>KHT B pafioHe MaB/ HyKn. , 'i'l'O xopowo 

COrnacyeTCSl T8K>K9 H C 'l' pe60B8HH9M, 'iT06bi 3HeprH!l 'i8CTHUbl 6bin8 HH>K9 KynOHOB­

CKOrO 6aphepa CHCT9Mbl 'I8CTHU8 + SljtpO MHW9HH, 
tdE/ dx) 111 

CBOJ:IK8 J:l8HHbiX 0 B9UH'iHHe Z 2 H3 pa60Tbl (5) J:l8H8 H8 pHC, 3. 

Ha pacyHKax 4, 5, 6, 7 naHa cepa: 38BHCHMOCTefi 'iYBCTBHTenhHOCTH npa 3a­

naHHOfi a36apaTenbHOCTH OT MaCChi aneMeRTa ( M 1, aa KOTOpbifi npoa3BOJ:IHTC!l aaa-

nHa, J:IUS'I p83Hb!X 60M6apJ:tHpyiO!UHX 'I8CTHU, p83UH'IHOfi H36HpaTenbHOCTH H B9UH'iH­

lind E 

~ 
llpH 3TOM C'iHT8UOCb, 'iTO B9UH'iHH8 

Hbl 
( d F/ d X ) 111 

He M9H!l9TC!l J:IU!l J:l8HHOfi Zm 
'i8CTHUbl c H3M9H9HH9M M aTo HMeeT MecTo B cnyqae, ecna pe'ih HlleT o6 o6-

Hapy>KeHHH H960nhWHX KOUH'I9CTB 3U9M9HT8 C M8Ccoa M B B91U9CTB9 C 38~HK­
(d E/dx ) 111 

CHpOB8HHblM COCT8BOM no OCHOBHblM KOMnOH9HT8M, 3H8'i9HHSl J:IU!l 6binH zm 
TOpMO>K9HHIO 38p!l>K9HHbiX 'I8CTHU B 8UIOMHHHH B3SlTbl H3 pe3ynbT8TOB OnbiTOB no 

( pHC, ( 3) I BBHJ:IY OTCYTCTBH!l npyrHX J:l8HHbiX. 

J.13 pHCYHKOB 4, 5, 0 BHJ:IHO, 'iTO 

6M lin E 
Me>KJ:ty B9UH'iHH8MH -M- H -+ 

10 

BHJ:l KpybiXECHUbHO 38BHCHT OT COOTHOW9HH!l 

Ecna n ~ -0, TO Bena'iaRa P nnaBHO 



yMeHblllaeTCSI C yaenH'!eHHeM M, He HMeH MHHHMyMa. B o c TanbHblX cny'!aSIX HMe-

eTCH KpHBaH C MHHHMYMOM, KOfKP):THhle xapaKTepHCTHKH KOTOpoli 3aBHCSIT OT 'IHC­

tiM 
neRHOro coOTHOll!eHHH Me)!(AY E H 

.lid 

M 
1:3 cnyqae , ecnH 

8 .n dE 
-~-- > 

Eo 

8 In 2 y ( 1 - y ) 1'1 M 

( 1 + y ) 
3 

( •/ In 3 W + y'ln 3) M 

( 14} 

liHKaKHM 06pa30M HeB03MO)!(HO o6ecne'IHTb Tpe6yeMyiO H36HpaTenbROCTb aHanH3a 

( 
6M 

Ml. 
DpH 3a~HKCHpoaaHROM 

8 E 
n d 

---- 'IYBCTBHTenbHOCTb aHana3a pe3KO yxyAlllaeTCH 
Eo 

c yny'!ll!eHHeM H36HpaTenbHOCTH AnSI acex gneMeHToa. 

KBK BHAHO H3 pH C. 7, C yaenH'IeRHeM MaCChi 6oM6apAHPYIOll!eA '18CTHUbl !IpH 

UOCTOSIHCTBe BCeX OCTanbHblX IIapaMeTpOB MHHHMyM <jlyHKUHH CMell!8eTC51 B CTOpOHy 

60nbll!HX M8CC, YlllHpS!eTCSI o6naCTb Mace, AnSI KOTOpb!X 3Ha'!e HHe <!J 6nH3KO K 

HaHMeHbll!eMy H yMeRbll!aeTCl! <!J m!n 

Ha pac. 8 IIOKa3aHa 3aBHCHMOCTb <I> mtn OT MaCChi 60M6apAHPYIOll!eA qac-

THUhl. 

Yl3 3THX pHCYHKOB cneAyeT , 'ITO c rrpaM e lleHHeM ace 6onee TH)!(enhiX 'IBCTHU 

'lyBCTBHTenbHOCTb 8HanH38 !IpH 38AaHHOM H36Hp8TenbHOCTH yny'lll!8eTC51 H paCll!HpH­

eTCSI B03MO)!(HOCTH npHMeHeHHH 3Toro cnoco6a AIIH aHanH3a ll!HpOKoro PHAB gneMeH­

Toa rre pHOAH'leCKOM CHCTeMbl gneMeHTOB. 0AHOBpeMeHHO rrpeACT8Bfll!IOTC51 B03M0)!(H~ 

CTH Anl! AOCTH~<eHHSI BhlCOKOM H36HpaTeiibHOCTH 8H8IIH38 38 C'!eT ero 'IYBCTBHTenb-

HOCTH . 

A6coniOTHaH aenH'IHHa 'IYBCTBHTenbHOCTH orrpeAenHeTCH KOHKpeTHbiMH ycnoaHSIMH 

OIIhiTa. HarrpHMep, HCIIOnb3Yll rry'IOK HOHOB Ne 
20 

c 3HepraeA 1 M3BIHyKnOH HHTeH-

1 Bn E 
CHBHOCTblO 1 li({K8 , rronaral! (d E/ d t) =0,1-- , W = 10, ~=1 %, B03MO)!(HO 

m!n CeK r. 0 -3 
IIOIIY'IHTb 'lyBCTBHTeiibROCTb 8R8IIH38 H8 3IIeMeHT bl C MaCCOM b 150, iJ8BHYIO b10 % 

rrpH H36HpaTeiibHOCTH f::.MM = 5%. 

f10A06HbiM )!(e o6pa30M B03MO)!(HO paCC'IHT8Tb 'lyBCTBHTeiibHOCTb 8H8nH38 !IpH 

III06biX !lpyrHX 3KCIIepHMeHTaiibllblX 3Ha'!eUHl!X H !IpH III060li Tpe6yiOIUellcH H36Hpa­

TeiibHOCTH. DpH 3TOM , c ornacHo q>opMynaM II, 12, paCC'IHThiBaiOTCl! Heot5X O!lHMhie 

!lflll llOCTH)!(eHHll !laHHOM 'IYBCTBHTeiibHOCTH 3Ha'leHHll TOIIIUHHbl MHllleHH H TeneCHoro 

II 



yr11a. Ha OCHOBe aMeiOIIIaXCSI (j!OpMy11 B03MOJICHO A9118Tb paC'IeTbl a npa J:lpyroll no­

CT8HOBKe 3a):la'la. HanpaMep, pacqeT M8KCaMa11buoA aa6apaTe11bHOCTa aua11a3a npa 

38A8HHOll 'IYBCTBaTe11bHOCTa a 3KCnpeCCHOCTa 8H8nB38. 3KCnpeCCHOCTb 8H811a38 

BXOAaT B paCC'IHTbiB89Mbie B911H'IHHbl 'le pe3 napaMeTP ( dN/ dt) - MHHHM811bHO A<>-
mlll 

nyc·raMylO CKOpOCTb C'I9T8 pacceSIHHbiX '18CTBU. 

8 38K1110'19HHe C11eJ:lyeT OTM9THTb, 'ITO OCHOBHbiMa napaMeTpaMa, OT KOTOpbiX 

38BaCSIT B03MOlKHOCTH ABHHOro CITOC06a 8H811a3a, SIB11SIIOTCSI TOK ny'IK8 acno11b-
811 E 

3yeMOrO yCKOpRT911SI H Be11a'!aHa -T;--
Ec11a RCIT011b30B8Tb yCKOpRTe11b, ):18IOIIIRA TOK 

TO ABHHbiH CITOC06 8H811R38 He 6y):leT ycTynaTb no 

Bn E 
•10 MKa npa d < 0,1 %, 

E 
'JYBCTBHT911bHOCTH 8K~aBaQaOH-

HblM M9TOJ:l8M, B TO BpeMSI K8K B llpyrHX OTHOW9HRSIM (aKCnpeCCHOCTb, B03MOlK­

HOCTb 8H811a3a MHOrOKOMITOH9HTHbiX CaCTeM a Ap.) 3TOT MeTOJ:l 8H811H38 npeBOCXo­

J:laT 8KTHB8UHOHHbl9 CITOC06hi. 

ABTOpbl 611arOJ:l8pSIT npO<j>. r .H • <l>11epoaa 38 RHTepec K pa60Te. 

Ta611aua 

Macca 

ITBABIO-

we A f 1 4 lU 15 :.!0 ~5 30 35 
'18CTa-

bl 

0611acTb OT:.! OT7 OT 16 OT :.!5 OT 3::1 OT 41 Bb!W9 BblWe 

Mace ):10 10 AO 40 AO 100 AO 150 AO :.!00 AO :.!:>0 50 60 
8H811a3R-

pyeMbiX 

3119M9H'• 

TOB 

12 
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J (W) .. 
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I 
1 2.0 LfO 60 80 ' 100 S,/ S2 "' W 

Pac . 1 . 3aBHCHMOCTb f 3 (W) OT OTH OWeHHSI KOHUeHTpaUHil 6IIH3KHX no MaCCOBOMY 

qacrry aiieMeHT OB 0 K OTOpb!e Tpe 6yeTCSI pa3IIHqHTb IIpH 8HBIIH3e. 
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PRe. 5. 3aaHeHMOCTb qyaeTBRTenbsoeTa OT Maeeoaoro qaena orrpenenseMoro 
aneMeBT8 npH HenOnb30B8BHR HOBOB e MaeeOBbiM qHenOM 10. 
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aneMeBT8 ITpH HeiTOnb30B8BHH HOBOB e MaeeOBbiM qaenOM ~0. 

19 



.. 10--~ <P 
)' ,. ,. 
~· 

"I~ ..: . 
!I~ 
t' 
~ 
~ 

>C 

~ 

~ 
:ti/..,.. 1(5~ 
. t> u3 £ (0-~ 
. 9 

-tJ ...._ 

~!') 

~ 
<>-0'-

Cr 

{0-J 

0 

-'W-- · 2"/o /1-m·lf 
a- mdO 

~ .3-m•f6 6'~nb = as1o ~-rn-co 

4o so teo (60 eoo 
Nocco&e l.iUcf10 
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