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r .l1. KonhIJIOB 

2 - 3412 

HCCnE~OBAHHH no Kl1HEMATJ1KE PE30HAHCOB 

ABTOpecpepaT nttccepTaUHH Ha COHCKaHHe yqeHoA 

CTeneHH ilOKTOpa ~H3HKO-MBTeMBTHqeCKHX HayK 



K11HeM8THK8 npeapameH11l! aneMeHT8pHh!X qaCTIIU nocne OTKph!TIISI peaoHaH

COB nonyq11na HOBhll! TOliqOK K pa3BIITIIIO. KopOTK8SI )Kl!3Hb pe30H8HCOB He naeT 

B03M0)KHOCTH IIX HenocpenCTBeHHO Ha6nIOil8Tb; aoapocno 3Haqea11e MeTOilOB, no-

3B0lISIBllll!X no CBOl!CTB8M npo.!lyKTOB pacnana cy ill!Tb O CBOl!CTfiax pacnaamel!CSI 

qacr11uh1 • noaano611nacb 6onee rny6oKaSI paapa6oTKa cnoco6oa nneHT11cp11Kau1111 

qacTIIU II pe8KU11ll, cnoco6oB onpeneneHl!SI KB8HTOBh!X q11cen pe30H8HCOB, CBOHCTB 

nnarpaMMhI .[lan11Tua; nonyq11n11 paaa11T11e cnoco6bI 11neHT11cp11Kau1111 peao11aacoa 

no HenonHhJM naHHblM 06 IIX pacnane; BOllllIO B 0611xon MonenHpOB8HHe 11ayqae

Mh!X pe8KU11l! II T.n. 

8 n11ccepT8UHII 113lIO)KeHbl 11ccne.rioaaHHSI aaTopa no KHHeM8Tl!Ke p0)Kil2HIISI 

H pacnana KOpOTKO)KIIBYlllHX 3neMeHT8pHblX qacTHU. Uenb 3TIIX IICCnenoaaHHl! 

6b!lI8 ilBOSIK8SI. vf11orna K
0

l!HeM8Tl!K8 paCCM8Tp11B8lI8Cb K8K BeTBb TeopeT11qecKOl! 

MexaHHKH, 06nana10masi CBOIIMH CTporo noKaayeMhlMII TeopeM8MH, KOTOpbie IIHTepec

Hhl C8MII no ce6e 6eaOTHOCl!TenbHO K IIX npa~T11qeCKOl! Uf>HilOCTII; H Torna enn11-

CTBeHHOl! ·uenbIO 6b!lIO 0Tb!CK8Tb II ilOK838Tb 
0

T8KHe TeopeMhl, CBSI38Tb Me)Kny co6ol! 

Ha nepBblll B3f'lISiil He CBSI38HHbie xapaKTepl!CTIIKH pacnanoa, BbISICHHTb He 38BIICSI

ll.ll!e OT ill!H8MIIKH CBOl!CTB8 cneKTpOB nponyKTOB pacnana ·uni! aanpemeHHble o6-

lI8CTH cpaaoBOf'O npOCTp8HCTB8, H8l!TH HOBbie Mon11cp11K8UHH nnarpaMMbl .[lanl!TU8 

II T.n. 

Ho ropaano qame 11ccnenoaaa11si 11Men11 yT11n11TapHy10 HanpaaneHHOCTb, K11-

HeMaT11qecK11e TeopeMhI 6hw11 He caMouenbIO, a opynueM, npuaaaHHbI~ o6nerqHTb 

3Kcnep11MeHT8TOpy uneHT11cp11Ka·u1110 pe30H8HCOB, H3MepeHHe IIX M8CCbl, 3HeprHH, 

11a11paaneHHSI. CnoaoM, pa60ThI Hocnn11, KaK ::ipaauno, MeTonnqecKHl! xapaKTep n 
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wnH HaBCTpeqy noTpe6HOCTSIM 3KcnepHMeHTa. r:io'3TOMy pa6oTbI, BKmoqeHHbie 

B .nnccepTaUHIO, B KaKol!-T0 Mepe 0Tpa)KaIOT IIHTepecbI I! B03M0)KH0CTI! 3KCne·p11-

MeIIT0B, npe.nIIplIHHMaBWl!XCSI Ha c1rnxp_ocpa30TpoHe Ol-1Hl-1. Peqb H~eT 06 H3Y"° 

qeHHII MHoroqaCTIIqHbIX pe3oHaHC0B, 0 pa.n11au110HHbIX pacna.nax pe30HaHC0B, 0 

noTpe6HOCTI! B KOCBeHHbIX MeTo.nax 11.neHTl!q:JHK8Ul!I! pe30H8HC0B. 3TH aonp0Cbl 

paccMaTpl!Ba IOTCSI B .nuccepT8Ul!I! .ll0B0flbH0 .neTanbH0 • 

.UuccepTaUHSI • C0CT0l!T. 113 .llByx qacTel!: nepB8SI qacTb - "K11HeM8TIIK8 qac

Tl!U II pe3oHaHcoa• - coCT0IIT II3 qeTbipex .rnaa, BTopasi •- Mo.nenupoaaH11e po)K

.neHIISI II pacna.na pe3oHaHcoa" - 113 .nayx. 

t.J a c Tb J. KHHEMATHKA t.JACTHU 11 PE30HAHCOB 

rnaaa I . BoccTaHoaneu11e_ 3uepreT11qecK11x cneKTpoa 

pacnaaw11xcsi qacTHU 

B 3T0l! r11aae pewaeTcsi 3a.naqa aoccTaHoaneHHSI cneKTpa 3Hepr11ll nepa11q

HbIX qacTHU no xap8KTep1ICTHKaM npo.nyKT0B pacna.na. TaKHe 3a.naq11 1!3.llaBH8 

/1-3/ 
pewanHCb B q:Jl!3l!Ke K0CMHqecKHX nyqel! , HO PSl.ll HHTepeCHblX M0MelIT0B 

ycK0flb3Hyn OT BHBMaHHSI nepBbIX IICCne.noaaTenel!. 8 § 1 cpe.ncTB0M .llflSI Boe-

H8 .nae qaCTIIUbl .1 II 2 CJIY)KIIT 

/23/ > 
CTaHoaneHIISI cneKTpa npH pacna.ne qaCTIIUbl 0 

· 3HepreT1IqecKHl! cneKTp 0.llH0l! 1!3 BT0pl!qHbIX qacTIIU. TToKa3aHo , qTo ecnH 

wKany 3Hepr1Il! 

n WI +PI 
u l = tn m, 

(LI Ha 3TIIX cneKTpax nepecq1ITaTb B WKany 6hICTpOT 

TO CBH3b Me)K.ny"cneKTpaMII" n 0 (u 0 ) II n 1 Cu 1) B H0BblX 

nepeMeHHbIX aecbMa ynpowaeTcsi. 3To no3aonsieT o6Hapy)KIITb paHee He 3aMeqeHHbie 

CB0l!CTBa cneKTp0B. CneKTp nepa11qHb!X qacTIIU (nepecq11TaHHbll! K 6bICTpOTaM), BbI

pa)KaeTCSI qepe3 T8K0l! )Ke cneKTp BT0pl!qHbIX 

( r.ne u* 
. I 

n Cu l=-k- 1
~ n'Cu +Au* 

0 0 I O I 
A=l,8,5 •.• 

II k -KoHCT8HTbl, onpe.nenSieMbie M8CC8MII qacTHu). CTOflb )Ke 

HeCJIO)l(HO CBSl38Hbl cneKTpbl 06e11x BT0pliqHb!X qacTIIU 

n 2 Cu 2 ) = ~ [ n I C j u 2 - u ; J + A u "
1 

) - n 
1 

Cu 
2 

+ u * 
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+Au i ) ] . 
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K poMe Toro, pa3nuqHb1e TQqKH 0.llH0I'0 I! T0I'O )Ke cneKTpa T8K)Ke CBSl38Hbl Me)K.llY 

co6oll 

n1Cul)=n,C2u: - u ,l-n ,c2u:+u,l+n1C4u /-u ,>-n!C4u~+ u ll+ ••• 

OTCIO.ll8 cne.nyeT pS!.ll npaKTIIqeCKIIX Bb!B0J;t0B. EcnH 3HeprHH (LIO nepaHqHblX 

qacTHU orpaHnqeHbI q11cnoM m O w i* / .m 1 , TO 'cneKTp' n 1 (u 1 ) CHMMeTpH-

qeH 0TH0CHT8flbH0 U *, , 111!K B •cneKTpe• n t Cu I ) npHX0.lll!TCSI_Ha 0Cb 

cHMMeTpHH; 11 ero nono)KeHHe 
.naeT Macey nepa11qHol! qacTHUhI. 'CneKTp' n 1Cu 1) 

M0)KeT 6b!Tb pa361IT H8 yqaCTKI! .llfll!H0l! u* 
1 

TaKHe, qT0 cyMMB nnowa.nel! 

yqacTK0B C q(!THbIMII H0MepaMII paaHa cyMMe nnowa.nel! yqacTKOB C HeqeTHb!MI! 

H0MepaMII. Bee 3T0 n03BOnSieT 11.neHTII<pl!U1Ip0B8Tb nepa11qHbl8 qaCTIIUbl no 1!3Mepe

Hl!SIM 3HeprHH T0flbK0 O.llH0l! 113 .llBYX ( 113BeCTHb!X) BT0puqHbIX qaCTIIU. 

/4/ 
B- § 2 aBT0p, 0TT8flKl!B8S!Cb OT pa60Tbl .• Bb!B0.lll!T ypaaHeHHe, Il03BOJISI-

IOWee B0CCT8HaBJIHB8_Tb cneKTP 3Hepr1Il! nepBIIqHb!X qacTHU, . 3HaSI 3HeprHIO II Hanpaa-

/24/ · 
neHHe BTOpliqHol! qaCTi!UhI. Cpe.llCTB0M_ .nnsi 3T0I'0 M0I"YT cny)Kl!Tb: a) cneKTP 

1 W1+P1n 
npo.nonbHblX 6bICTP0T u 1 = -2-fn . , 6) cneKTP • flO)KHbIX" 6bICTpOT 

WI - PI II 
nepaHqHol! qacTHUbl, B) cneKTP cyMMbl 3Hepr,rn I! npo.nonbH0P0 l!Mnynbca BTOpliqHol!_ 

qacTIIUbI s = w 1 + P I I\ • Bo3HIIKaIOT l!HTerpanbHbie ypaaHeHHSI <Ppe.nronbM8 C 

S!.llp0M , onpe.nensieMbIM M8Tp1IqHbIM 3neMeHT0M pacna.na II 38B!!CHWl!M TOflbKO 

OT p83H0CTII Bbi6paHHbIX nepeMeHHbIX; OHi! .nonycKaIOT q1IcneHHbie peweHHH. B 

cnyqae ( B) noKa3aH0, qTo cneKTP s o6na.naeT nHK0M B ToqKe, onpe.nensieMoll 

T0flbK0 MaccaMH qacTIIU. <PopMynhI § 2 B 0TnHq1Ie OT cpopMyn § 1 cnpaaeEtJIIIBbl 

H npH H81!30Tp0ilHb!X pacna.nax H npH pacna.nax Ha HeCK0flbKO qacTHU. 

B § 3 cpe.ncTB0M .nnH B0CCT8H0BneHIISI cneKTpa w O cny)KaT yrnosb1e 

pacnpe.neneHHSI npo.nyKT0B pacna.na. TToKa3aHo, qTo 2cn11 B pacna.ne O ➔ y + Y 

cneKTP K0CHHyC0B .,, yrnoB paaneTa Y -KB8HT0B eCTb nC71), TO cneKTp 3Heprul! 

nepaHqHol! q8CTIIUbl Bb1pa)KaeTCSI cpopMynol! 

NCw )=_..:!2..__P_o_ 
0 1T wo 

5 
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dw
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m O ) • 
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rne 

cf,(x)=yl-x J n(71)yl-71 d71 

X v-;i::-;. 

t 

Ecn11 Ha Y -KaaHTbl pac11anaeTCH HeCK0nbK0 copT0B qaCTIIU, TO II0HBnHeTCH 

B03M0}KHQCTb B0CCTaH0BIITb ClleKTP CK0p0CTeil B STOA CMeCII qacTIIU, He 3Hag IIX 

np11p0Jlbl. vfHTepecHa TaK}Ke 0611apy}KeHHaH 0JlH03HaqHaH CBH3b Me}K}ly ClleKTp0M 

3Hepr11il y -KaaHT0B II cneKTp0M yrnoB pa3neTa 

I 2 m n/w 1 ) = J 2 
rr E 1-2~ 

n(71)yl-71 d71 
E =w 1 + 

4 Cu I 
V 7/ - (1 - 2 m 

2 
E -

2 
) 

KpoMe Toro, B § 3 BbIBe}leHbl ypaaHeHIIH, Il03BOnmom11e B0CCTaHaa1111aaTb cneKTp 

N ( eu O ) 110 yr11aM BhmeTa ( 111111 paaneTa) B npo113aonbHhlX pacnanax -1111m b 6bl 

np11 sT11x suepr1rnx cymecTaoaa1111 11pene11bHble yr11bl BbmeTa (paaneTa). 

r11aaa II • KocaeHHbie MeT0Jlbl 11neHTllffil!Kau1111 peaoHaHC0B 

KocseHHb!MII Mb! Ha3bIB8eM MeT0Jlbl ll}leHTll!pHKau1111 peaoHaHca, YJl0BlleTB0pll

IOm11ecH HenonHb!MII }l8HHb!MII 0 nponyKTBX era pac11ana. KocseHHb!MII MeTonaMH 

o / I 5/ /6/ . 
6b1n 0TKpblT rr • • OHi! ycneWH0 paapa6aTblBalllfCb B UEPHe II B 

17 8/ -
HT3<t> • • KocaeHHOil l!Bllnacb 6bl ll}leHTlf!plfKau11H peaoHaHca no IIIIKY B 3Hep-

reT11qecKoM cneKTpe 11ponyKT0B era pac11ana (cM. r11aay I). Bo II -a r11aae 

n11ccepTau1111 paccMaTpllBBlOTCH naa K0CBeHHblX MeTona. OJlllH npencTaBnHeT co-

/25/. . /11 ' 
60!0 II0llblTKY o6o6memtll MeTona, pa3BIIT0I'0 B • OH IICX0}ll!T 113 l!}lel!, 

qTQ Jl0ll}KHbi cymeCTB0BaTb TaKHe !pyHKUIIII n Ha11paa11eH11A uponyKT0B pac-

11ana, qTo 11pene11bl 11x 11aMeHeH11H 6ynyT 011pene11HTbCH cKopocTbIO peaoHaHca. 

Tor-na Il0llBIITCll B03MQ}KH0CTb IIJleHTll!pllUl!poaaTb pe30HaHc B JlByxqacTHqHblX 

peaKUHllX ( B HIIX CK0p0CTb BbmeTa peaoHaHca !pHKCHp0B8Ha) 110 o6pb!BY B cneKTpe n. 

B § I 11cc11enyeTCll pHJl TaKHX cpyHKuna, c11oco6Hb!X KocaeHHbIM o6paaoM 

0611apy}Kl!BaTb pe30H8HC 110 era pac11a}laM Ha Tpll 111111 qeT blpe y -KaaHTa;, .. 

B HeM 0TMeqcmo TaK}Ke, qTQ B peaKUllllX TIIII8 1T - +p ➔ N +L__. ay .ctocTa-

TQqHo aacpHKCHpOBaTb HanpasneHHll acex BT0pllqHbIX qacTHU, qT06LI B0CCT8H0BIITb 
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l"lCe IIX IIMnynbCbl II TeM caMblM HJl<?HTHcpHUllpOBaTb pe3011a11c; 6onee T0f'0, 113MepHB 

0llH0 T0nbK0 pacnpeneneHl!e HanpasneHitil BbilleTa HyKII0H0B 0Tnaq11 N' M0>KH0 

cocTaBHTb IIHTer-panbH0e ypaa11e1111e, 0}lH03HaqHQ B0CCTaHaBmIBa!OI!lee cneKTP 11e

.ll0CT810m11x MACC 

B § 2 paccMaTplIBB!OTCSI KacKallHb[e pacnanbI pe3oHaHC0B Tl!Ua A ➔ 1 + t. 2+ 3 
2 

JI BblqlfcneHb( rpaHIIUbl II q,opMa cneKTpa ID 12 0HH }l0CT8T0qHo pe3KII II onpene-

nst!OTCH MaccaMI! CIICTeM ,\ · 11 a ;, no II0ll0>KeHl!!O 1·paH11u cneKTpa 
2 

111 ]2 M0>KH0 
2 

B0CCTaH0BllTb ID A II Ill a ; Kp0Me roro, CIISIB cneKTp m 12 • M0>KH0 0JlH03H8qHQ 

/26/ 
B0CCTaHasnnsaTb cneKTp ID 

A 
flepen HaMII l\.!eT0Jl, II03B0nHIOmna H}leHTHcpH-

uuposaTb peaoHaHc A, 11a611IOJlaH m1wb qacTb nponyKT0B ero pacnana. 3TOT 

MeT0Jl 11awe11 caoe np1tMe11e1111e npn noncKax 

I I II 

/9/ 
A 1J -peoo11a11ca 11 11p11 11cc11e-

noaamrn MH0I'0IIH0HHblX CIICTeM 

r11aaa Ill • CneKTDbl. s<pcpeKTIIBHblX Mace B npl!MblX II 

KacKaJlHbIX pacnanax 

rnana noca11we11a Bb1q11cneH11IO peao11auc11oro cpo11a. 3necb cnenyeT paa1111-

qaTb naa cnyqaH. nepahtil - J{0I'Jla pe aoHaHc onpene IIHeTcH Ha cpoHe qacT11u, 

ue B3allll,fOJleilcTBY!OmllX npyr C npyroM B M0MeHT p0>K}leHIIH, - 3T0 TaK Ha3b1-

naeMblil "npHMOit" pacnan Ha•ianbH0ro C0CT0SIHHH; BT0poa - Karna qacTHUbl, 06-

paoyIOllHie ·,t,011 •, caMH B03Hl!Ka!OT B IIT0I'e pacnana JlpyrHx P0JlHBWIIXCSI qac-

Tl\U. 0 IH:>pB0M cnyqae (§I ) cneKTP \\{ :,1 V scp!peKTHBHOil MaCCbl V qacTHU 

113 n P0JlllBWIIXCSI naeTCSI qJOpMynoa 

,. 

" ( \l I' ) = \, ( \1 v m I' ,. ' m" ) Sn- v+ I (\1 n ; \I v ' m I'+ I' .. 'm n ) \I 
V ' 

rne 

Sk 

S k -cjJ830Bblil o6beM k 
/27/ 

qaCTIIU flpHBOJlllTCll cpopMynbl Jlnll pacqeTa 

11 naeTCSI npoCTBSI np116n1I>KeHHaS1 cpopMyna 

31.1-5 
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I' ,ne QI = M I - m I- ••• - "'1 ; 113 Hee, B '18CTHOCTII, cne,nyeT, '!TO fll!K B pe3oHaHCHOM 

,j,oHe npHXOtlllTCSI HO 

3 v- 5 
~I v ml+ ... +mv+ 

3 n -7 
01 - m m ). 

OCHOBH8SI qacTb rnaBbl 

c:poHa B K8CK8,[lHblX pac,ia,nax 

Ill noCBHLUeHa 3a,naqe Bbl'IHCneHIIH pe30H0HCHOI'O 
/IO/ . 

(5nepBb1e ee pewan n1rncK11lr ). B § 2 noKa-

3aHO, '!TO tlflSI 11p0113BOflbHO CflOl'KHOI'O KacKa,na pacnatxOB CyIUeCTByeT OHan11-

Tl1'1eCKlll! MeTOLl paC'leTa Cllt!KTpa 3c:p(peKTIIBHbJX Mace nI060l! rpynflbl '!aCTIIU, 

B03HIIKWIIX B tlBYX CKOnb yrotxHO OTtxclneHHbIX aeTBHX K8CKatxa • C nOMOIUblO 

peuenTa, ccjiopMynlfpOBaHHOI'O B § 2, C nerKOCTblO Bbl'll!CflHeTCH, Hallpl!Mep, cneKTp 

m \ , OT pacnana 
,. I y 

X ➔ ;::011 o ➔ Aoyy y' IIHTerpan COCTOHlilll! 3TOl! 

ClfcTeMbl npeLlCTaanHeTCSI B a11ne tlBOl!HOI'O lfHTerpana 

S 4 = f 

2 
d m ,\ 11 

2 p -~'ff'1_.,\rr 

2 
fdmAy' 

B 113BeCTHbIX npeLlenax· IICKOMJ;,ll! cneKTP nony'IHTCSI nepeMeHol! nopHtxKa. IIHTer-
, • .'\, r.,_ ·'. • 

p11pOB8HIISI. Ha OCHOBe npaBHn il· 2 .B § 3 npoBeneHo MIIO)KeCTBO no,no6HhIX pac-

'!eTOB cneKTpa 3c:pc:peKTIIBHblX M8CC CIICTeM Ay' B f;flO)KllblX KacKaaax pac-

nanoa THna 

X Vo 0 0 x ➔ A~~~c\u 
0 

X ➔ A OT/ 
0 

➔ - 11 11 

LAy Lyy· ~y' 
4-rr o yy 

Lyy• 
'-

11· T.tx. 3TH pac'!eThI HY)KHhI nnH 6onee rny6oKoro aHan113a npH'IHH, cnoco611b1x 

Bbl3B8Tb Ha6nIOnaawlfl!CH Ha OflbJTe fll!K B cneKTpe M8CC A y . ,UoK838HO, 

B '!8CTHOCTlf, '!TO ecn11 qaCTIIUbl ,\ O II X MOI'YT npyr OTHOCHTenbHO 
I..+ yy 

,npyra flOKOIITbCSI , TO B cneKTpe m 
2 

nHK npHXOLlllTCSI Ha m A( m· • + m ) Ay . 1\ X 

BHe 38BIICIIMOCTII OT Toro, H8CKOflbKO CflO)KHbIM 6bm K8CKan, np11seLlWlll! K 

pO)KtleHHIO '18CTll.ll ,\ o II X;. 3TO CllflbHO orpaHH'IIIB8eT B03MO)KHOCTII 11H

TepnpeTau1111 Ay -n11Ka. 

8 
~ }' 

CT8BHTCSI 3a,naqa 060611.leHHSI ,n11arpaMMbl .l]anHTU8 Ha K8CK8tlHbie . pacna

tlbI; flOK838HO, '!TO np0113BOflbHO Cfl0)KHOMY KacKany LlBYX'l8CTlf'IHI,IX pacna,noB Mo

)KeT 6bITb scer,na nocTaaneHa s COOTBeTCTBHe MHOI'OMepHaH <lrnrypa .l]annTua; a 

cnyqae KacKannoro pacnana Ha 4 'IBCTHUbI - KaKHM 6h1 nyTeM OH HI! wen - <IJHry

pa ,UanHTU8 OK83bIB8eTCSI nsyMepHol!; ee w11p·11Ha naeT cneKTp 3cjlljJeKTIIBHblX Mace 

/27-31/ 
B 3TOM K8CK8txe ( § 4). CoAep)KaHH_e rnashl III 113fl0)K8HO B pa6oTax 

rnasa IV MeTon onge.ue neHHH QfllfHl!_II __ 'leT_HQCTll 

MHOI'OMe~OHHblX ge 30H8HCOB 

/12 13/ 
Kori:ta Olllll! 38 npyrHM 6b1m1 OTKph!Tbl HeCKOnhKO TpeXIIllOIIHLIX pe30ll111ICOB • ' 

K83anocb, '!TO oqepeLlb - 3a '!eThipexn110HHb1M11 pe30HaHcaM11, B.vLOr11eseuK11il 

II 8BTOP 3a,nan11cb aonpocoM O B03MO}KHOCTSIX onpeLleneHIIH cnHHa S II 'leTHOCTII P 

T8KIIX pe30H8HCOB. 6bIB•Wlle B TY nopy B XOLly MeTOtlhl onpe,neneHIIH S II P 

1121 
cymecTBeHHO onnpanl!Cb Ha 3118Hl!e tlllH8MIIKI! c11nbHOI'O pacna,na , '!TO He 

/32/ 
yKpennsino nosepHSI K HIIM, B pa6oTe 6binO ·flOK838HO, '!TO MO}KHO nocTaBIITh 

B COOTBeTc:rs11e Ka}KtlOl! KOM6l!H8UIIII l!30Clll!l!a T , cnnHa S II 'leTHOCTII p 

CBOIO 3anpeweHHyIO o6nacTb B npoCTp8HCTBe IIM0YilbCOB BTOpll'IHhlX fll!OIIOB; npll 

OTblCKaHIIII 3TIIX 3anpeTOB 11rpa 11neT e,nl!HCTBBHHO Ha TO)KtleCTBeHHOCTII nllOHOB 

II He B03HIIK8eT Hy)Ktlbl B 3118HIIII Teoprrn CllflbHOr'O B3811MOLlel!cTBIIH; 3TII aanpeTbl 

6bmll Bhl'IIICneHbl nnsi pacnanos pe30H8HCOB C pa3nl!'IH.bIMII T • s . p Ha 3 11n11 4 

n110Ha; OKaaanocb, '!TO, B '18CTHOCTII, np11 pacnanax Ha 4 fl!IOH8 KIIHBM8THKa ao

rrycKaeT nHIIIb orpaHH'!e1111oe 'IIIcno pa3nII'llih!X aanpeTos; nee oHn 6brm1 rrni1ABHhl 

11 pacKnaccmjllin1Iposa11b1 ( § I). 

4 T06bi npl!MeHl!Tb 3TII peaynbT8Tbl K onpeneneHIIIO KBaHTOBhlX 'lllcen pe-

30H8HCOB,Tpe6osanocb o6ol!TII ewe _onHy TPYtlHOCTb: HBB03MO)KH0CTb npencTaBIITb ce6e 

MIIOr'_OMBpHoe npocTpaHCTBO IIMnynhCOB, B KOTOpOM B03HIIK8/ll! aanpeTbI. 6bIJ1 ~hltlBH

HyT MSTOtl "npo6HbIX c:pyHKUlll!"' KOTOpbll! He Hy)Knancg B 118I'J1HtlHbIX rrpencTasne

HIIHX; cyTb ero COCTOIIT B TOM, '!TO ecn11 ypasHeH11e aanpemeHHOl! KOHcjrnrypau1111 

eCTb U = 0 , TO B pacnpenenemrn no u non}KeH 6bITb cnan np11 u = o. MeTon 

npo6HhlX c:pyHKUlll! He np11MeHHflCSI Ha npaKTIIKe ( 4 - flllOHHbie peaonaHChl C 

/Jq/ 
nocTaTO'JHOl! CTaT!ICTIIKOl! 6binll nonyqeHbl COBCeM He,naBHO ) • HO ero B03MO)K-
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_HoCTII 6bmn 11ccnenoaaHbl Ha MonenbHbIX pacnanax ( § 1,2 ); oKaaanocb, qTo onH11 

aanpeTbl 0TJU!qa!OTCSI OT :Upyr11x ·c11noi!' - 06-i.eMOM o6nac:TII ql830B0I'O npocTpaH

CTB8, 6Illl3KOi! K aanpemeHHOl!; l!MeeT CMb!Cil n0ilb30B8TbCSI Jllllllb 'CIIIlbHb!Mll• npo6-

Hb!Mll cpyHKUIISIMII. B § §' 3 II 4 pa3B11B8IOTCSI. cxonHble MeTonbI onpeneneHIISI KB8HTo-

BbIX q11cen peaoHaacoa, _pacnana10w11xcsi Ha KIT IT' K ITITIT II Ha Tpll cpoTo-

Ha; B qaCTH0CTll, noKaaaHo, qT0 pacnan CKansipH0i! qaCTl!Ubl Ha Tpll cj:,oTOHa M0)KH0 

0Till!qllTb .OT pacnana BeKT0pHoA no 0TCyTCTBl!IO B nepB0M cnyqae KaK CllMMeTpllqHblX, 

T8K II K0ilm!HeapHblX TpoeK tpOTOHOB (aTO CB0i!CTB0 HenaBH0 nonb1Tan11cb Hcnonbao-

BaTb nnSI npoBepKll 
+ - / 15/ 

C -qeTH0CTII npH aHHHI'IIIlSIUIIH e e ➔ 3 y ) • coxpaHeHHSI 

Conep)KaHHe rnaab1 JV /32-35/ /44/ 
6b!Il0 ony6nllK0B8HO B pa6oTax H B neKUHH 

4acTb II. TTPHHUHTTbJ MOilEnHPOBAHH.H MHOfOlJACTHlJHbJX 

CHCTEM 

npHHUIIIlbl MonenupoBaHIISI MHoroqaCTJ!qHblX peaKUHi! 6b!IlH anepBbie pa3BHTbl 

/36/ 
aaropoM ewe B 195d rony , Karna 6omo noKaaaHo, qT0 .q11cnoaaS1 o6pa6oTKa 

TaK H83b!BaeMblX 'cnyqal!Hb!X aaean· cnoco6Ha naTb 0TBeT Ha MH0I'He Bonp0Cbl, 

He nonnarowHeCSI 8H8Ill!TllqecK0My pacqeTy. Co BpeMeHn 0TKpb!TllH peaoHaHC0B Mone-

;mpoaam1e wupoKo aowno B 0611xon aKcnepHMeHTaropa. II 

n0CBHllleHa 113Il0)1(eHIIIO np11Huunoa M6nem1poaa111rn. (rnaaa V 

qacTb nnccepTa111111 

) II !IX npaKTHqec-

K0My npHMeHeHl!IO ( rnaaa VI ) • 3anaqa MonennpoBaHl!H C0CT0IIT B TOM, qT06b! 

~reHep11poaaTb Ha cqeTH0A Maw1rne K0MnoHeHTbl l!MnynbC0B qacTIIU, CBH3aHHbie 

aaK0Ha11.:111 coxpaHeHHH aHepr1111 11 11MnynbCa II pacnpeneneHHbie no cnyqaii110My aaK0HY, 

11penn11cbrnaeM0My TeopeT11qec-K11 11aaecT110A aMnnnTyno~ po)KneHHSI. llnsi peweHl!H 

aanaq11 np11MeHHIOTCH aaK0Hbl penHTIIBIICTCK0A Kl!HeMaTHKII. 8 § l pewaeTCSI 0CH0B

HaH II Han6onee TpynHaSI aanaqa - npeo6paaoaaH11e npocTpaHcTBa HM nynbCoB n 

qacTllll B 

KyppeiiTHaSI 

( 3 n - 4 ) -MepHblH 

npouenypa: 

Me n0K0SI qdCTIIU 1,2 •••••• , k 

Ky6. llnsi :aToro npennaraeTcSI cnenyrowaSI pe-

4 -11MnynhC. P k k -oa qacTHUbl aanaeTCSI B CIICTe-

nocne qero oH nepeaonHTCSI B na6opaTopHy10 CHc-

TeMy, a 0CTalOlll8SICSI qaCTb nonHoro 4 -11MnynbCa np11xonllTCH Ha nonro 0CTaBlllHX-

CS! qacTIIU 1,2 ....• k-1 ; 3HaSI ee, nerKo nepeATII B ClICTeMy RX II0K0H, nocne qero 
/27/ 

npouenypa '10B TopSieTcsi c aaMeHoA I.: Ha k - I . 3Ta npouenypa \ 6bma ncnonb-
/ 16 17/ 

aoBaHa TaK)Ke B pa6oTax ' • Enaronapsi ei!, ynaeTCH o6ecneql!Tb nonanaHlle 
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".'.'I-.._: 

cnyqaAHbIX ToqeK B cp11aHqecKy10 o6naCTb cpaaoaoro npocTpaHcTaa c nepaoro paaa. 

B § 2 Bb1qncnS1eTcS1 Bee, C K0T0pb!M cnenyeT cyMM11p0B8Tb cnyqaAHb!e T0qKH npn 

H36paHHOll napaMeTpH38Ullll np0CTpaHCTBa l!MnynbC0B, II CTaBll'ICSI aanaqa no11cKa 

on.T11ManbHoll (TaK H83b!BaeMoll 
11
H11aenHpy10wei!') napaMeTpHaau1111, K0TopaSI non)KHa 

YCKOPl!Tb cxonHM0CTb cpenHIIX no cnyqai!Hb!M cyMM8M K ceqeHHSIM 11n11 BepoSITH0CTSIM 
/37/ 

Monen11pyeMbIX nponeccoa 3To HIIBem1py10wee npe.ocTaaneHHe cpaaoaoro npoc-r-

paHCTBa aaBHCIIT cywecTBeHH0 OT a·MnnHTY.llb! npouecca. B § 3 paccMaTpHaaeTCSI cny

qai!, .Karna 8Mnn11Ty.oa SIBflHeTCH uenoa cpyHKUHell HMnynbC0B qacTIIU ( T8K0Bbl, HanpHMep 

cpeH0Me11onor11qecK11e aMnn11Ty.llbl pacna.ooa peao11a11coa); B § 3 Hail.oeHo .llnSI aToro 

/38/ 
cnyqasi IIHBenHpyrowee npe.llCTaBne1111e , noaB0flSIIOlllee 38 CqHT8HHb!e MIIHYTbl 

re11ep11p0B8Tb Tb!CHqH MHoroqacTHqllblX ( n .ll0 20) 3Bea.o. O.oHaKo 3T0 npe.o-

CTaBneHne OTKa3b1B8eT, K0l'.lla npouecc conpOB0M.llaeTCSI onH0MeaoHllbIM o6MeHOM 

OHO 11e yqHTb!BaeT HanHqHe nonroca 6nna rpaH11u cpaaoaoro npocTpa11cTaa. B § 4 

0TblCK11B8eTcH OnTHM8IlbHaSI rrpoue.oypa M0.llen11p0Ball11S1 .llilSI cnyqaSI, K0l'.ll8 aMnnnTy.lly 

. C q11Ta10T no 0.llll0Me3oHH0ll M0.llen11; oHa C0CT0HT B p03b!!'pb!We :aq>cpeKTIIB-

Hb!X Mace qaCTIIU, B03HIIK8IOlllllX B yanax .011arpaMMbl II poab1rpblllle IIMnynbCa npo-

Me)KyToqHorq Meao11a; 3T0T npe.oaap11TeilbHblll. p03bll'pbllll n03B0nSieT aaTeM np11Me-

Hl!Tb B K8M.ll0M yane npoue.oypy npe.llbI.llYlllero naparpaq>a. 

/39/ B § 5 nanaraeTCSI Bbl.llBHHyTaSI l-1.B.nony6ap11HOBblM II 8BT0p0M H.lleSI pac-

qeTa .llHarpaMM <Pei!HMaHa UyTeM M0.oen11p0B8HHH; Olia 38MeHSieT o6wenpHHHTOe 

Bb1q11cneH11e lllnypoa ycpe.oHeHHeM no C0CT0HHIISIM B l!MnynbCH0M II CnHH0B0M npo

/22 42/ CTpa11cTaax 11 6bma pean11aoaaHa B pa6oTax ' 

nocne.oHHH, VI rnaaa .n11ccepTa111111 nocBSillleHa npaKT11qecKoll pean11aau1111 

/40/ 11.nell onT11ManbHoro Mo.oen11poaaH11S1. B § l 11anara10TCH H.lle11 nporpaMMbl <POPC , 

KOTOpag U03B0IlHeT paccqHTb!B8Tb peaoH8HCHblA cpoH B CllOMHbIX K8CKa.nax 

p0)K.ll8I01llllXCH II pacna.naromlixcH qacTIIU. C Il0M0IIlblO 3T0ll nporpaMMbl 6bln npoae

.neH PH.ll pacqeTOB .nnH 3KCnepHMeHT0B no nol!CKaM HOBb!X pe30H8HCOB, npe.nnp11H11-

MaBlllllXCH B 01-1.fll-1/g, l l, 18 - 20/. 

B § 2 11anaraeTCH XO.ll Mo.nennpOB8HIIH pa60Tbl ycTaHOBKII, per11cTp11py10mea 
/21/ 

pa.n11au110HHb1e pacU8.llbl peaoHaHCOB ; OHO COCTOIIT B reHepau1111 nporpaMMOll 

<POPC OMll.ll8eMb!X KaCKa.ll0B pacne.ooa pe30H8HCOB, BBe.lleHIIH B rionyqeHHb!e cny-

qal!Hbie 3Be3.llbl 3KCnep11MeHTailbHb!X norpelllH0CTei! 113MepeHHi!, BBe.lleHHII 3KCnepn-

MeHTanblIOi! OTceqKH no yr:,naM II 3HeprHHM II no.ocqeTe aq>q>eKTHBHOCTel! per11cTpa

UHH 3THX 3Be3.ll II 0)KH.ll8eMblX cneKTP0B acpcpeKTHBHblX Mace. nporpaMMa ycnelllHO. 
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B KaqeCTBe noKaaaTenbHOrO peaynhT8T8 pa60Tbl 3TOl! nporpaMMbl npOBOllHTCSI 

aHanna BbillBIIHYTOro M .C.XsacTyHOBbIM npenno)KeHHS! 11neHTH¢1IU1IpOB8Tb pe-

30H8HChl He no IIX a¢¢eKTIIBHOl! M8Cce, a no nopeHu- tpBKTOpy; Monen1Ip0B8H1Ie 
/31/ noKaaano , qTo B nsyxqacTIIqHbIX peaKunsix, 11 npn npyrlix, npaKTIIqecKII ocymec-r-

BHMbIX, ycnoBIISIX nopeHu-·¢aKTOp MO)KeT anaoe-aTpoe ynyqmlITb ;:iaapewe111Ie 

6nlI3KIIX no Macce pe30H8HCOB. 

B § 3 nplIBO,!llITCSI HecnO)KH8SI ·,, nporpaMMa-MIIHIIMyM •• noaaonSIIOll.18SI 

npOCTO Monen1Ip0B8Tb 2-3 - qacTIIqHbie 3Be3,!lbl O,!llIH8KOBOro seca; MIIMOxc

,!lOM nonyqaeTCSI HOBbll! TIIn ,!lliarpaMMbl ilanlITUa nnsi Tpex qacTIIU. HaKoHeu, 
' ' 

B § 4 onHCbIB8eTCSI npaKT1IqecKaS1 pean1Iaau1IS1 II,!lelI Monen1IpoaaH1ISI ¢el!HMaHoa-

CKIIX rpa¢oa: pacqeT ceqeHHSI ¢oTOp0)K,!leHIISI nap npoMe)KyToqHbIX K0pOTKO)KIIBy
/42/ ll.llIX 6o30HOB Ha sinpax II Ha npoTOHe 

, /23-q2/ 
Conep)K8HIIe ,!llICCepTaUIIII 6bmo ony6nlIKOBaHo B pa60T8X II B neK-

/43-45/ , , 
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