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OHi.WI XAPAKTEPHCTHKA PAEO'ill 

AKTYaJil,HOCTb TeMI.1. B TIOCJie,nHee ,necSITWieTlle IlpOBO,IL!ITCSI HHTeH
CHBHl1e TeopeTuqecKlle ll 3KCTiepllMeHTBJibHl1e llCCJie,nOBaHllSI CBOHCTB MYRb
TllTIORbHUX rHraHTCKHX pe30HaHCOB. HcCJie,noBaHlle 3THX Bl1COICORelKail(UX 
COCTOSIHHH BaJKHO C TO~ll ;3peHllSI TIOHllMaHllSI npnpo.nu ICO~eKTljBHIDC smep
HUX B036YJ!i,I(eHmi. 06MICTOM llCCJie.noBaHllSI HaCTOSIIUeil: ~ccepTawrn SIBJ!ffiOT
CSI ceqeHllSI qJOTOITOrRoIUeHllSI )J,}ISl smep rrepeXO.nHOH o6RaCTll A~ I9U. Onpe-
,neJISllOIUYID pom, B qiopMllpOBaHllU ceqeHllSI rrorROIU8HllSI '}" -KBaHTOB a.npa-
Mll B o6RaCTll aHeprmi IO - 20 MaB u:rpaeT ll30BeICTopHUii EI - peaoHaHC -
rHraHTCICllli )UIIlOJII,HUH peaoHaHC (f,lI.P). 

CymecTBOBaHlle rJI.P 6~o npe.ncKaaaHo Mur,nBJioM eme .no ero 3Kcne
pHMeHTa.m,Horo o6HapyiKeHllSI Ha OCHOB6 TIM~accHqecICoro npe,nCTaB
ReHllSI O smpe ICaK O COBOKynHOCTH B38.llMOilpOHllKaIOIUHX IlpoTOHHO:li H H8HT
poHHott Jltll,IUCOCTe:li. B TIOCJie.nHee BpeMSI ,noCTHrHyTI.1 3HaqllT8JII,HUe ycrrexH 
B OTillCaHllll CBOHCTB rJI.P B TIO~YMmtpoCKOnHqecICott ICBa3llqacTHqff0-qlOHOH
HOtt Mo,ne~ a.npa, pa3BHTO:li CMOBI,6Bl1M li COTpy,nmIKaMll B Ollilli. B 
paMICax 3TOro rro.mco.na 6~H npo.nMaHU pacqeTI.1 CBO:liCTB r,up KaIC )J,}ISl 

cqiepuqeCICIDC, TaIC H )J,}ISl ,neqiopMHpoBaHH~ qeTHo-qeTHUX smep. HHTeHCllB
HO p83BHBaeTCSI B HaCTOSIIUee BpeMSI ll rro.nxo.n npaawr CYMM RPA. OH TI03-
BOM8T ITMyqaTb aHaJillTHqecrui:e OU8HIDI ITMOEeHHtt ueHTPOB TSIJKSCTH 
paa~qaux :rpyrrn COCTOJIH!Ui I'.UP. 

HecMOTpSI Ha MHOroReTHJO~ HCTop:mo 3ICCIT8PllM8HT8Jll,HOro H3yqeHHSI 
rJI.P, .naHHHe no ceqeHHSIM qioTonor~omeHHSI )J,}ISl psma HHTepecHUX o6~ac
Tett smep HOCSIT qiparneHTapHI.1:li xapaICTep. B nepByro oqepe,nb 3TO OTHO
CllTCSI IC SJM>aM nepexo.nHUX o6~acTett. HaH6o~ee no~o HCCJie,noBaHI.1 
CBO:liCTBa rw )J,}ISl nepexo,naott o6JiacTll A~I50. IIepBHe CHCTeMaTHqecKHe 
HaMepeHHSI ceqeHHtt qioTonor~omeHHSI 61.1RH npoae.neHH B CrY a 1968-
70 rr. , ll3MepeHH ceqeHllSI )J,}ISl H30TOITOB Jld , 5m H Gd • B ,na.m,Hett
meM peaym,TaTH )J,}ISl noCJie,noBaTem,HoCTett uaoTonoB Jld H Sm 6~H 
y-ToqaeHH B CaICRe. 

,lJ..Jm: nepexo.naoro p~oHa A ~ 190 IC MOMeHTY HaqaJia Hamett pa.6oru 
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.na.mrne no ceti:ellli/IM q:()TonorJiomeHWI npa.KTlitJ:SCK.II OTCYTCTBOBBJ.llI. :3TOT 
paiioH BKJIIOti:aeT B ce6SI H30Tomr 1,,./ , Os , Pt H Hg , pacnoJiozemrne 
MSJP:,Izy" xopowo .neq:opM.HpOBaHllliMH JI,D;paMH pe,D;K030M0JII,HW{ MeMeHTOB li 
cqiepHti:eCKHMH JI,D;pa.MH B pailoHe· ,ll;BW!l,IOI MarHti:0CKOrO 208 pt, . UeJIUH pSI,11; 

cneu;li(plltJ:eCKHX oco6eHHOCTeil cneKTPOB 3TliX SI,D;ep B TS'IeHHe MHTSJII,HO
ro BpeMeHH npIIBJieKaeT K paiioHy A ~I90 BaHMaHHe aKcnepHMeHTaTO
poB H TeopeTRKOB. BpamaTSJII,Hl:l0 nOJIOCll, nocT!)oemme Ha COCTOSIHHSIX 
KOJIJieKTHBHOH npHl)O,ll;ll," BCT!)e'IaIOTCSI BO BCex JI,D;pax nepexo,D;Horo·pattoHa • 
CneKTpll :upacT-ypoBHeil no Bll,ll;J 6JIH,Ke K cneKTpa.M ,neq:opMHl)OBa.HllllX: 
SI,D;ep, 'ISM K cqiepHti:ecKHM. Ha q:()H0 ,ll;OBOJII,HO IlJiaBHOro j'M8HI,1118HIDI B8JIH
'Illlill KB8,IJJ)JnOJII,HOil ,neq:opMarmH c pocToM A npoHcxo,D;HT CKatJ:KOo6pas-

• Hoe .H3M8H0HHe .neq:opMa.uHH OT BliTSIHyToil· K CWIIOCHy-TOH q:opMe. Brumyro. 
pOJII, HrpaeT reKca,D;eKanOJII,HaJI KOMilOH8HTa .neq:opMau;li.lI, Pesym."TaT!l 
3KCrrepHMeHTOB ITO pacceSIHHIO 8,IJJ)OHOB yita31lB8IOTHa cymecTBOBaHHe pas
JIH"lliil B napaMeTpax pacnpe,neJieHKli npoTOHOB H H8HTpoHOB MSl SI,D;ep 
3TOro paiioHa. TaKHM o6pasoM, pacnmpeHHe o6JiacTH HCCJI8,ll;OBaHllil CBOHCTB 
r.D.P Ha pa.lioH rrepexo,ll;HllX SI,D;ep A~ 190 npe.ncT8.BJii!eTCSI Bec:E.Ma a.KTJBJ.II,-
HID,!. 

UeJII, pa6oTH: CIICTeMaTHti:ecKOe aKcnepmvieHTBJ.II,HOe HCCJie.noBaHIIe 
ceti:eHllli q:()TOIIOrJIOlll8HIDI B o6JiaCT.II EI-pe30HaHCa MSl SI,D;ep nepexo,D;Ho
ro paiioHa A,.... I90. Ilp.H a TOM pew8Jllfc1, CJie.nyroume sa,natJ:H: 

I. IlOJIYtJ:HTl> ,ll;OCTaTotJ:Hoe KOJIH'I8CTBO Ha,IJ;0,KHHX 8KCII0PliM8HT8J.lI,HliX 
,naHHHX no ceti:eIIBIDI! q:oTonorJiomeHHH MSI pSI,D;a nsoTonoB M0M8HTOB nepe
xo,D;Hofi o6JiacT}r. 

2. IlpoCJie,D;HTl> SBOJIIOim!O BH,D;a ceti:eHHH r,n:p II ea KOPPElJISllUilO c II3Me
HeHHeM CBOHCTB HH3K03HepreTH'I8CKHX KOJIJI8KTHBHHX COCTOSIHHil, KOTopue, 
Ka.K Il3B8CTHO H3 cneKTpOCKOilH'I8CKHX ,ll;aHHHX, npeTepneBaIOT MSl SI,D;ep 
3TOrO paiioHa CJlll8CTB8HHl:l0 H3M0H0HHSI C poCTOM A. 

3. YCTaHOBHTl> CTeneHl> npHMeIIBMOCTH p8.3.1.IH'lHHX. TeopeTH'I8CKHX no.n
XO,ll;OB, B TOM tJ:.HCJie .II MRKPOCKOIIH'IeCKHX, MSI OnHCaHHSI CBOHCTB r,m> 
nepexo,ll;HUX SI,D;ep II yrJiy6HT1> Hawe noHIDJaHHe MexaHH3Ma r,m>. 

· 4. IlOJIYtJ:HT1> cBe,neHHSI o q:opMe SI,D;ep nepexo,D;Horo paiioHa A~ 190 
H3 aHaJIH3a BH,D;a ceti:eHllil q:()TOITOrJIOU!8HHSI, a Ta.Kllte H3 cpaBHeHHSI noJiy-

. (,JI 
tJ:8.lllillX BeJIH'Il!H napaMeT!)a KBa,D;pynOJII,HOli .neq:opMa.uH.II fi2 C ,ll;aHHHMH 
.DJ)yr.HX HCTO'IHllKOB. 

Ji,JIJI YJIJ'IWSHHSI TO'IHOCTlI H3?48pemw: ceti:eHllil noTpe60BaJIOC1, np.HH
l.O!ID!BJ.II,HO YCOB8pu!8HCTBOBaT1> HCilOJll,3J8MJiO annapaTypy H MeTO.nHKY H3-
1.1epeHHii, a Ta.K.'l>e IlpoB8CTH ,ll;OIIOJIHilT8Jil,Hll8 II3MepeHHSI 1.ffiOZ8CTB8HHOCTH 
q:oToHeiiTpoHOB • 

Ha.Y;IHM HOBil3Ha H Ilpa.KTlI'I8CKM U8HHOCT1> pa6ow.B ,ll;aHHOH pa6o
Te snepsue nsMepeHH ceti:eHM ifoTonorJiomeHHSI MSI nsoTonoB 183 W , 
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I85,I87Re • I87,I900,s, I9I,I93zr H I94,I95,I96,I98pt npHti:eM 

H3MepeHHSI MSI H30Tonos rn2,rs3 ,I84 W , 187 Os n 194,I96,I9B Pt 

. Bnepsue npose.neHl:l c aKcnepHMeHTBJ.II,HUM pas.neJieHHeM BKJia.n;a ( 1, n ) 
n ( J', 2n ) pe8.KllHtt. BnepBue npoCJielteHa aBOJIIOUWI. BH.na ceti:eHKli I'.ll.P 
B nepexo,D;Hoil o6JiacTH SI,D;ep A ,., 190. Haii,neHo, 'ITO MSI HHX xapaKTepHa 
q:opMa ceti:eHHSI q:oTonorJIOUl8HllfI C ynuJpeHHWd BllCOK03HepreTHtJ:0CKHM Ma.KCH
Mj'MOM. :3TO yitaSHBaeT Ha B8.lKHOCT1, ytieTa l' - CT8Il8HH CB060,ll;ll MSI 
061>JICH8HllfI CBOHCTB SI,D;ep 9Toro pailoHa. C llOMOllll,ID IIOJIYtJ:8I!HUl(p83JJil,
TaTOB y;ItaJIOCl> npoBepHTl, cnpaBe;JJ;]IHBOCTl, TeopeTH'I8CKHX pacti:eTOB ceti:e-. 
Hn:li fJU> B paMKaX KBa3HtJ:aCTH'IHO-qx>HOHHOli MO,ll;eJIH JI,D;pa H B qJeHOM8HOJIO-_ 
rHtJ:eCKOM no.nxo.ne JU{M, a T8.Kllte npo,neMOHCTpHl)OBa.Tl> B8.lKHOCT1> YtJ:8Ta 

"pacna,n;HUX" CBOHCTB COCTOHHllil I'.ll.P. AH8.1IH3 ll0Jryt{8HHHX ceti:eHII:li Il03BOJIHJI 
onpe,neJIHTl> "q:oToSI,nepHUe" .3HaqeHHSI napaMeTPa RB8,IJJ)JnOJII,Hoit,neq:opMa
~ SI,D;ep li xapaKTep H3M8H8HH.fl ,neq:opMarmn B paiioHe A "'190. IlpoBe,D;eH
Hllli aH8Jllf3 He IIO,ll;TBep,K,D;aeT npeo6Jia,narum CWIIOCHYT!lX .neq:opMarmil MSI 
H,nep A> I90~ 

IlOJIYtJ:eHHHe aKcnepHMeHTBJ.II,Hl:le .namme o xapaKTepRCTRKax EI-peso
HaHCa MOryT 6llT1, HCIIOJII,30B~ npli H3YtJ:8HHH rHraHTCKHX pe30HaHCOB 
.n;pyrnx MyJII,THilOJII,HOCTeH MSl YtJ:9Ta BKJia,n;a I'.ll.P B nOJIHoe ceqeHRe. 

B xo.ne pa60T!l ycoBepneHCTBOBaHa M9TO,ll;HKa H3MepeHII:li Ha IIyqK8X 

TOPM03HOro H3JIYtJ:8HllfI, 'ITO Il03BOJIWIO nOJIY'IaTl> ceqeHHSI q:()TOIIOrJiome
HH.fl B o6~aCTH r,n:p, cpaBHHMl:,!8 no KaqecTBY C H3MepeHHSIMH Ha IlYtJ:Kax 
KB8.3HMOHOxpoMaTnqecKIDC q:()TOHOB, npH 3HatJ:HT8JI1,HO M9Hl>illliX MaTepHBJ.II,
HllX saTpaTax. 

HsMepeHHHe ceqeHH.fI q:oTonorJioI11eHHH npe.ncTaBJISlDT TaIOKe Henocpe.ncT
BeHHyro IIpaKTH'I8CKyro neHHOCTl, - OHH MOrYT 6.!lTl, HCnOJII,30BB.Hll M.fl pa3-
pa60TKH M8TO.nHK l - · aKTHBau;liOHHoro aHamrna, pacqeTa 3amHT p8.3JIHtl
HllX o6~8KTOB OT IlOTOKOB TOpM03HOro HBJIY'i9HH.fl H C~OHKOCTH KOHCTPYK
UHOHH!lX MaTepHaJIOB B IlOJIJIX li3JIJ'I9HHSI. Umf,pOB!18 9KCnepHMeHTBJ.II,Hl19 
,D;SHHHe· nepeJUll{!l B "UeHTP ,ll;aHH!lX q:()TOSI,D;epHIDC 9KCll9PHM8HTOB" npH 
HHWI~ MI'Y. 

Anpo6mµm pa60T!l H nydJmKagHH. OCHOBBHe pe3yJI1,TaT!l ,ll;HCCepTanHH 
,ll;OKJI8,IUlB8JIHC1, Ha XXIIl, XXYlil BC!!COXl3HHX COB8IllaHlifJX no SI,nepHoii cneKT
poCKOIIHH H CTP,YKType aToMHoro JI,D;pa, a TaKllte npe,ll;CTaBJIHJIHCl, Ha MeJK,ey"
Hapo,D;Hol ·KOHqiepeHIUm no H36pmIHliM_ BOnpOCaM CTPYKTYP!l JJ.IU)a (,lly6Ha, 

, 1976 r.) HI BceCOD3HOM COBe111amm no B.BTOMaTH8anHH Hay,nmx HCCJI8,ll;OBa
Hn:li B SI,D;epHoii qJH3liK8 (~eB, 1976 r.). 0CHOBH08 co,neplltallll'.e pa60Tll 
H3JIOE8HO B ny6Jnm.aIJ;mix /I - II/. 
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06'.beM .H CTJ?YI$Typa ;gnccepTa.mm. ,Il;.HccepT8.IJ;IDI COCTO.HT .H3 BBe.ne

HIDI, mecT.H rJia.B, 3aI(JIJ()qeHIDI .H npMoieHIDI. 06'.beM pa60TH - 156 CTpa-

mm T9KCTa, 19 Ta6.7Ilill; li 40 pliCj'HKOB. Cn.HCOK JIHTepaTypH BKJI!O-
qaeT 153 HrurMeHOBa.HllH. 

Ha 3811JliTV BllHOMTM Me,p;yromue OCHOBHHe pesyJII,TaTH: 

I. PaspaOOTa.Ha .H .H3roTOMeHa annapaTypa ,lJ,1Ill .H3MepeHIDI KpHBblX 
BblXo,na li MHOJK9CTB9HHOCT.H (lX)TOHeHTPOHOB, pa60Ta.IOlllaH _Ha .rrHH.Hli c 3Bv1 
"O.n;pa-1013". YcoBepweHCTBOBa.Ha MeTO.n;HKa H3MepeH.HH Ha IIytllia.X TOPM03-
Horo .H3JiyqeHIDI. 3To Il03BOJIMO IlOJiyqHTb ceqeHIDI (lX)TOTIOrJiomeHIDI B 06-
JiaCT.H r,ll.P, cpa.BHHMHe no KaqeCTBY C .H3M9pH9MblM.H Ha IIyqKax KBa3HMOHO
xpoMaT.HqecKI!X qx)TOHOB, np.H 3HaqnTeJII,HO M9filIIIHX, MaTepliaJII,HblX 3aTpa
Tax. 

2. Cos.n;a.Ho 1.mTeMaTHqecKoe 06ecTieqeHHe _qx:>Toa.n;epHoro sKcnepHMeH

Ta, a TaKJKe TiaKeT nporpaMM ,Il;HaJIOrOBOH CliCT9MH npe.n;BapHT9Jll,HOH o6pa
'cloTKH .D:a.HliblX Ha 3BM THTia PDP - 8. 

3. HsMepeHH ceqeHHR tJx)TonorJiomeHM B .n;HanasoHe sHeprHir 
7 MsB ~ £ l ~ 22 MaB C 3KCTiepliM9HTaJII,HHM pas.n;e.lreH.HeM BMa.n;a 
( r, n ) H ( 3', 2n ) pea.KUllli ,lJ,1Ill H30TOTIOB 182, 183, 184, . 186 1,,/ , 
!87 Os u 194 , 196, 198 Pt a TaKJKe ceqeHM qx:>TonorJiomeHM wm 
Io5, 187 Re , 190 Os , 191, 193 Ir 11 195 Pl • 

4. H3M@9HH Kp.HBH9 MHOJK9CTB9HHOCTli qx.>TOHe:ll:TpOHOB ,lJ,1Ill .H30TOTIOB 
rn1ra , rnz-; 183, 184, 186 w , rn7 Os u 194, 196, 198 Pt 
H npoBe.n;eH I!X-a.H8Jlli3 C TOtJKil speHM npliM9HliMOCTH CTaTHCTHqecKOH 
Teopnu a.n;eprmx pearu.nrn. 

5. IloJiyqeHH B9JI.IJ:q,Ilil,l HHT9I'paJ!bHblX ceqeHH:ll: 60 , MOM9HTOB 

6_1 , d_2 ceqeHli:ll: qx.>TonorJiomeHM, cpe.n;Hnx aHepr:0:n r,n;p, a TaKJKe 
napaMeTpoB KBa.n;pynofilHOH ,neqx.>pMau;H.H uccJie.n;yeMHX a.n;ep nepexo.n;Horo 

pa.fioHa A ~ 190. 
6. Ha.fi.n;eHo, qTo .JJ.]Ill a.n;ep nepexo.n;Horo pa.fioHa A ~ 190 xapaKTep

Ha qx.>pMa ceqeHHii C ymlipeHHhlM BhlCOK03HepreT.IJ:qec.KHM MaKCliMJMOM, npli
qeM OCHOBHhle ll3M9H9Hli/I C poCTOM A TaKJKe npo.HCXO,IJ;f!T.B o6JiaCT.H 
SToro MaKCliMJMa. IloCJie.n;Hee o6CTORT9JibCTBO j'Ka3h!BaeT Ha BaJKHOCTb. 
yqeTa l' - CT9TI9Hll CBq6o,IUI .JJ.]Ill OTillCa.Hl1/I f.IJ.P STUX H.n;ep, 

7. IlpoBe.n;eH a.H8Jlll3 pe3JJibTaTOB annpoRCl!Mau;HH ceqeH.Hll qx)TOTIOrJio
memm cyMMOli pesoHaHCHblX Kp.HBHX C pasJIU~ijM COOTHOIII9Hll9M moma.n:eii, 

~R CE 
a TaKJKe pesyJibTaTOB cpaBH9HM B9JI.HqHH .fl2 C B9JIIl'll!H8Mli J,~ , 
IIOJiyqeHHh!MH li3 . 3KCTiepli.'Vl9HTOB TIO KyJIOHOBCROMY B036Y)K,Il;eHmo. B paMKax 
TaKOro a.HaJ!li3a He TIO,Il;TBepJK,UaeTM Ha::ruq;m CTIJIIOCHJTOH .neq'x)pMau;HH y 

1rnoTonoB Ir u Pt . 
8. IlpoBe.n;eHo CpaBH9HHe 3KCTI9pHMeHTaJibHHX ceqem1ii (lX)TOIIOrJiome-

.j. 

~ 

HWI C npe,Il;CKa38llli/IM11 KBa3.HqaCTll~O-qJClHOIIHOH MO,Il;eJI.H ,Il;)I!l: .H30TOTIOB 

'y/ u Os , a Ta.KlKe c pacqeTaMH B qieHOMeHOJioruqecKoM Tio.n;xo.n:e Jl.KM 
wm usoTonoB W , Os u Pt • IloRasa.Ho, qTo .JJ.]Ill TioJiyqeHrur corna-
cWI SRCnepHMeHTaJibHHX u TeopeTuqecKHX KJlllBHX ceqeHWI Heo6xo.D:HMO 
yq.HTh!BaTb OC009HHOCT.H pacna,n;a COCTORHWI I',li.P. 

CO,UEP]{AHHE PAEOTH 

Bo BBe~eHH.H IIOKa3a.Ha aKTJaJII,HOCTb pacloTH, cqx,pMyJIIipOBa.H~ ee 
:q9JII,, KpaTRO ll3JIOJK9HO co.n:epJKa.Hlle .n;HccepTa:qHH H npl!B9,ll,8Hb! OCHOBHhl9 
IlOJIOJK9HM, BHH9C9HHHe Ha samHTy. 

IlepBafI rJiaBa npe.n;cTa.BJIHeT co6ofi o6sop aKcrrnpi~MeHTaJib
Hofi: .HHqx.>pMau;.Hll o q'x)pMe a.n;ep nepexo.n;Horo pafioHa AN 190 u ee aBo.mo
:qH.H C pOCTOM A• IlpHBe.n:eHH CII9KTpOCKOilHqecKll9 ,Il;a.HHHe 06 3Hepr1mx 
H.H3KOJI9JKaI!UlX ROJJJieKTHBHblX COCTORHHH ll O B9JillqHHax MaTpllqttHX SJieMeH
TOB 3JI9KTPOMarHllTHHX nepexo.n;oB MeJK.n;y HHMll ,lJ,1Ill paccMaTpHBaeMblX a.n;ep. 
IlORa3aHO, qTo cymeCTBYJO!Ull9 TeOp.HH CBJI3h1Ba.IOT 3BOJIJOI..µll0 cneKTPOB ,lJ,1Ill 

noCJie.n:oBaTeJII,HOCTeir HsoTOTIOB W , Os , Pt u Hg c 11sMeHeHHeM 
qx.>pMhl a.n;ep, npllqeM cymeCTBeHHJlO poJib B ,Il;aHHOM CJiyqae nrpaIOT ;r -
CT9TI9Hb CBOOO,llll li yqeT reKca.n;eKaTIOJII,HOli KOMilOH9HThl .n:eq'x)pMau;HH. 

TeopeT.HqecKHe pacqeTH•npe.n:cKa3HBa.IOT nepexo.n OT BHTRHYTOH .neq'x)p-
Mau;lill R,Upa K CIIJIIOCHYTO:ii B pafioHe AN 190. 3TOT BHBO.D: TIO.D:TBePJK,naeTM 
H3MepeHIDIM.H BeJIHq,IH KBa.n;pynoJibHblX MOM9HTOB COCTORHllli 2; . CHCTeMa
Tll3llpOB8.Hbl HM9D~H9CR B RHTepaType COOTHOW9HliR,CBR3~B8lO~He B9Rll4HHY 

pacmeIIJieHHR r,rrp co 3HaqeHHHMli TiapaMeTpoB .neq:opMau;HH R,Upa, PaccMoTpe
HH SRCTI9pHM9HTaJil,HH9 pe3JJII,TaTU TIO .n:eq'x)pMau;HOHHOMY pacmeMeHID!l ce
ti:eHmt-r,rrp .JJ.]Ill xopomo .neq'x)pMHpoBaHHblX a.n;ep A= 150-:- mo. IloKaaatto, 

,Jr -- -q To B9Jmq.Htta OTHOIDeHI1/I moma.n;eu pe3OH8HCOB C K = 0 ll l BH-

qHCJIH9TCR li3 aKcnepHMeHTaJII,HHX ,Il;aHHHX C OOJWJIUMH TiorpemHOCTRMH, 
onpe.neJIHeMUM.H KaK CTaTHCT.HqecRott TOqttQCTbID KIJHBOH ceqeHM, TaK .H 

CllCTeMaTHqecRHMll ipaKTOpaMH. 3HaqHT9JIT,HO Ha,IJ;eJKHee li3 aKCTI9pliM9HTaJII,

HblX .D:aHHHX onpe.n:SJIHeTCH OTHomeH.He aHepruii STI!X .n;Byx pe3OHa.HCOB, B 

rJiaBe TaroKe paCCMOTpeHl:l pe3JJII,TaTH H3MepeHUH TiapaMeTpOB .neq:opMau;li.H 

f,J. B aKCTiepHMeHTax TIO pacceRHmo pa3JI.Hqttl,IX qacTim Ha R,Upax nepe
xo.n;Horo pafioHa A~ 190. CpaBH9H.He pesyfilTaTOB, TIOJiyqeHHHX B 3KCTie
PllM9HTax no KJJIOHOBCROMy B036YJK,neHmo a.n;ep,c ,naHHUMH TIO pacceRHmo 
a.npoHOB, TIO-Bll,Il;HMOMY, JKa3HBaeT Ha cymeCTBOBaHlie pa3JIJ!qli:ll: B qx.>pMe 
pacnpe.n:eJieHI1/I TIPOTOHOB H HefiTpOHOB .JJ.]Ill a.n;ep STOro pafi:oHa. 
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Bo BTOP9H rJIB.B8 Oilll:CB.Ha armapaTYl)a H M8TO,IUJKa npoB8.1{8HRlI :e:cCJie
,l{OBB.HHft ( 1, n ) :e: ( 1', 2n) peruaiwt Ha nyt!K8 TOJ)MOSHOro H9JIY'!8HWI 6e
TaTpOHa CI'Y,IlpOB8,1{8HH8 llO,l{O6Hl:llC HCCJI8.l{OBa.Imil CBSISaHO co 3Ha'llIT8Jll,lWMI! 
8KCnepm.1eHTaJII,HHMlI Tpy;IWOCTJWH, ROTOpHe B OCHOBHOM o6yCJIOBJI8HH 
H8np8pHBHHM xapaKT8poM Cll8KTpa TOpMOSHOro H3Jly,i8HH.FI, Ilp:e: 8TOM 8KCll8-
pHM8HTaJll,HO H3M8l)H8TCJl'. BHXO.I{ q0TOHelTpOHOB HS o6pas:rm KaK qiymanm 
I'paHH'll!Oit 8H8pI'HH Cll8KTpa l - KB8.HTOB: 

El 

Y{r.
1
i J =d. 7mt1Jt W{~~ £J~expfE}dE·c-l(E~m") D-iE :mcixJ, 

max E , max, ..,. 
th 

r.l{e 'vj (E~, E) - Cll8KTP TOpMO3HOro H3Jly,i8HIDI; _ 
IJ(E:m~> - ~· onpe.l{eJIJn00!8Ji 38.BHCHMOCTJ:, HHT8HCHBHOCTH nyqKa 

HSJiyqemm OT £ J' mQ/t - C yqeTOM 'JYBCTBHT8JII,HOCTH HCllOJn,SyeMoro ,1{O3HM8T-
pa; i . . 

E.{E.,,,,J- sqxlleKTHBHOCTJ:, per:e:CTpauIDI q0TOH81TpOHOB; 
.,(, - tnlCJIO H,D;ep MHll!8HH, 

HaxolR,ll;eHHe cei:relid :e:a :e:aMepeIDioii KpHBoit BHXO'Aa - Tmm,maa o6paTBM 
sa,naqa, OTHOCJIIIl8JiCJl'. K RJiaccy H8KOppeKTHO llOCTaBJI8HHl:DC sa.nai:i:, "ITO Ha
Jial'aeT BHCOKHe Tpee!oBBHIDI Ha oe!MM Heoe!~o,IUIMOtt CTaT:e:cTHKH ( .iY:::: 
~ O,I% NIH B8PXHHX SHepr:e::lt). KpoMe TOr0,BHIIl8 ·nopora ( 1', 2n ) 
pea.KitHH HSMepeHHHil: BHXO,I{ HM88T BH.I{ 

YJNcn. {£:mq" J = Y r,n {£~malt} • 2 Y 1',2n ( E:.!max ). 

.IJ,,m pa3,1{8JI8HHII BRJIB.nOB nap~am.HHX pe~ Heoe!xo.zuwo IlpOBO.l{HTJ:, ,l{O
llOJilmT8JIJ:,HH8 HSMepeHIDI • 

.IJ,,m HSM8P8HIDI KpHBHX BHXO,l{a q0TOH8:ltTpoHOB C aRcnepm.1eHTWll,HHM 
pa3.1{8JI8HH8M BRJIB,llOB ( 1, n ) H ( l', 2n ) pe~ B (,TY C yqac
TH8M aBTopa C!wra paspae!oTaaa :e: H3roToBJieHa armapaTYl)a, pae!OT8DlllM 
B p8lltllM8 OH-J.IallH C 3IM "O,It.I>a-IOI3" (BllOCJI8.l{CTBHH 3aM8H8Ha Ha C!o
Jiee C!HCTpO.l{eficTB-ynnyD "CapaTOB-2"). EJroK-CxeMa 8RcnepHMeHTaJU,HOit 
YCT8HOBKH npHBe.l{eHa Ha p:e:c, I. lfCllOJII,30B8.HH8 3Rf llOSBOJmJlO cymeCTB8H- . 
HO YJIY'lJllllTl:, Ra'l8CTBO nOJiyqaeMHX.'AaHH!:llC aa C'l8T npHMeHemm onepaTHB
Horo ROHTpoJISI sa xapaKTepoM nocTynaJalleit HHqopM~_ :e: pae!oTol axcne
pHMeHTaJll,Hott YCT8HOBKH. 

3KcnepHMeHTaJll,HOe pa3,1{8JI8HHe BHXO.l{OB ( 3', n ) H ( l', 2n ) peaK-
~ npo:e:SBO~OCL np:e: llOMOlltll cTaTHCTH"l8CROro M8TO'Aa wra.maa 
MOM8HTOB pacnp8.1{8JI8HHJI "lHCJia aapernCTpHpOBaBBHX qioTOHeitTpOHOB, 
Ewr paspae!OT8H pH,Il; YCOB8p!ll8HCTBOBamrit M8TO.zt:e:RR HSMepeHHil: Ha 
nyqR8 TOpMO3HOI'O H9JIY'!8HWI: 
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Pnc. I. EJroR~eMa 
YCT8HOBKH NIil H3M8-
peHIDI KpHBHX BHXO.l{a 
H MHOllt8CTB8HHOCTR q0-
TOH8itTpoHOB. 

r-
1 
I 
I 

l~w11um. 
I r -i.=;.;..i = 
I - I 
I y.nyvo11 -/.hNtpV1111lf/JNOl1 JC'~J L------------------

I. lfSMepeHHe qlymw;HH JJ(E i1'ma;eJ IlpOBO~OCJ:. ~- peJKHMe CK8H:e:poBa
HHII no SHepr:e::e: ycKOpemmx 8JI8KTpoHOB, 'lTO llO3BOJIWIO ,l{OCTHrHYTJ:. TO'l
HOCT:e:,cpaBHHMOI C TO"lHOCTJ:.D KpHBOfi BHXO.l{a g0TOHelTpOHOB. 

2. CRaH:e:poBB.HHe np:e: HSMepeHHH KpHBOI BHXO.l{a q0TOH8fiTpoHOB 
npoH3BO,ItWIOCl:, TaKHM oe!paSOM, ti:TOC!H YBeJIH'lHTJ:. BP8MII H3M8p8HIDI NIil HH

T8PBWIOB 8Hepr:e::e:, npe.l{CT8BJIJIDIUDC HaHC!OJil,Jll:e:il: HHTepec. 
3, BnepBH8 B HSMepeHHll'.X Ha llyqKax TOPMO3Horo HSJiyqeHHII npm.!8H8H 

M8TO,I{ "KOJIJ:,U8BHX11 OTHomeH:e:il: NIil yqeTa BJIIDIHHII 38.BHCHMOCTH sqxlleRTHB
HOCTH per:e:CTpauHH q0TOH81TpoHOB OT me 8Hepr:e::e:. 

4. IlpHCTaJll,H08 BHmt!aHH8 y,D;8JI&1IOCJ:.: a) JIHHettliocTH SH8PI'8Tliti:8CKOI 
I'pa.nyHpOBKH H IlpOB8PK8 ee .l{OJiroBpeMeHHol CTae!WII,HOCTH; Cl) BH8C8HHD 
nonpaBOK Ha npocti:eTH per:e:cTp:e:pynnett armapaTypH; B) KOppeRTHOMy yqe-
TyqoHa H T,.I{. . 

Bee 8TH ycoBepmeHCTBOB8HH.li llO3BOJIWIR llOJiyqaTJ:, ceti:eHHII q0Tonor
~Olll8IDUI B pa!OH8 r,np~ cpaBHHMH8 no Ra'l8CTBY C H3MepeHHIIMll Ha nyqKax 
KBa3HMOHOxpoMaTH'l8CKHX 1' - RBBHTOB, np:e: MeHJ:.m:e:x MaTep:e:Wll,HHJC 
aaTpaTax. B Rati:8CTB8 npHMepa Ha p:e:c. 2 iHB8.1{8HH C8'l8HIDI q0TOllOI'JIO
lll8HH.FI ( r, n ) H ( l',2n ) perutnmi NIil I 1ra ( KOHTp0Jll,HH8 HSMepe-
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P:e:c. 2. Cpa.BHeHHe no
~yqeHHHX B .l{aHHOit pa
C!oTe ceqeH:e:il: qoTonor
JIOllleHIDI ( 1' • n ) H 

( 1 ,2n) pea.KUHtt NIH 
I8Lra C peayJIJ:,TaTa
MH I'pynnH CBICie 
(Kp8CTHKH), 



HIDI).·TaM .lK8 ,IT.JIB cpaBH8HlliI .I(B.HH pesyJU,TaTH H3MepeHmi rpynrrH CaEJie, 

ITpllM8H.IIIO!Il8ll KBa3liMOHoxpoMaTH'!8CKmi rryqoK' J'- KBB.HTOB, Bo BTopoil 
rJiaBe TaroKe cpaBHllBa.IOTCR pesyJII>TaTH pac'!eTa ce'!eHmi H3 KPllBHX BHXO
.n:a, rrpo.n;eJiaHHHe pa3Jill'!IillMH M8TO.I(aMII. Il0Ka3B.HO, 'ITO rrpH corJiaCOBB.HHH 
ruara pac'!eTa co cTaTl!CTH'I8CKOll TO'IHOCTI,IO KpllBOll BHXo.n:a M8TO,I( IIeHqnm,
.n:a-Jieil:ca .n:aeT BITOJIHe rrplleMJier.rue pesyJU,TaTH. 

B Tp8TI>8ll rJiaBe OITllCaHO MaTeMaTH'I8CK08 o6ecrre'IeHH8, paspa60TB.H

Hoe ,rr.,m rrpoBe.n:eHI!R aKcrrepRMeHTOB rro orrpe,n:eJieHmo ce'IeHmi qx:>TorrorJiome
mm Ha JillHHll c 3BM. B ero COCTaB BXO,IJ;IIT rrporpaMM!:l, pa6oTa.IOUU:!8 B pea.7.II,
HOM MaCIIITa6e BP8M8HH ll 06ecrre'IRBaIOmR8 Herrocpe.n:cTBeHHo rrpoBe.I(eHlle 

. 3KCrrepRMeHTa, a TaroKe ITaKeT rrporpa.MM, pa6oTa.IOmllX B pe.lKID/le 'AllaJIOra 
11 '!8JIOB8K-3ai" ll CJiy,,.'talljIDC ,IT.JIB 3KCrrpecc-o6pa.6oTKll pe3JJII,TaTOB ll3Mepe
Hmi. 0CHOBH08 Tpe60BB.HHe K rrporpaMMaM rrepBOH rpymm - MaKCllMaJil,HOe 
6HCTpo.n:eficTBI18, IT03TOMY OHll narrncaHH B Ro.n:ax, UCITOJll,3Y8MHX 3:IW 

"O,I(Pa-!013", "CapaTOB-2", ll B HlIX llCIIOJI1,3YIOTCR apmp.!8TlN8CRll8 orre
pari;m! C q>l!RCllpOBB.HHOll 3aITRTOll. 06MeH llHqopMfilU!8ll Me~ 3BM ll ll3Me
pUT8JI1,HOR arrrrapaTypofi rrpOllCXO'AMT IIO rrporpaMMHo-yrrpaBJIReMOMY KB.HaJiy • 
HCITOJll,3Y8TCR R3HK 'Allp8RTllB, 38,ll;aBaeMHX 3RCIT8PllM8HTaTopoM Ha 6JIOR8 
yrrpaBJieHIDI. IloCJie rroJiyqemm paspemeHI!R Ha o6MeH llHTeprrpeTaTop pac
lilll@OBHBaeT co.n:e~lle 'Allp8KTllBH H rrepe.n:aeT yrrpaBJieHlle B err (COBO
KYITHOCTI, rrporpaMM) , pea.IDISYKIJlYIO .n;a.HHyID 'AHPSKTl!BY. · IIp,IMepH CII: 

l) CITO - rrporpa.w.ia YCTaHOBKll Ha'!aJII>HOI'O COCTORHIDI BHelllHR:X pe
rliICTpOB, a TaroKe o6JiaCT8ll ITaMSITliI 3BM, OTB8,I(8HHHX rro.n: HaKOITJI8Hll8 
I1H(lX)pMaI.U!I1; . 

2) CII1 - rrporpaMMa H3MepeHIDI KpHBoit BHXO.I(a C aH8JIH30M MHO.lK8CT

B8HHOCTH qx:>TOHeil:TpOHOB ll .n:eMOHCTparn,reil: pesyJU,TaTOB Ha ,I(HCITJiee (pic.3); 

Pnc.· 3. EJioK-cxeMa 
rrporpaMMH CII1 • 

3) CII2 - rrporpaMMa ll3MepeHilff 3aBllCll

MOCTH llHT8HCliBHOCTll ITY'J:Ka 7' - KBB.HTOB 
OT 3HeprHll ll ,I(P. 

3a,n;a'!H o6pa60TKll pesyJU,TaTOB 3KCITepn
M8HTa xapaKT8PH3YIOTCR T8M, ,'ITO He BCer.n:a 
sapaHee IIOJIHOCTI>IO orrpe.n:eJieH 8JII'OPHTM me 
pemeHIDI. Han6oJiee 3qxp8KTllBHO B 3TOM CJiy
qae B3allMO.I(8llCTBHe 3RCIT8PlIM8HTaTopa ll 3:IW 
MO.lKHO OCYJ!l8CTBllTI> rrpn pa6oTe B .I(HaJIOI'O
BOM pe.lKRMe, ITpH'!8M C B03MO.lKHOCTI,IO rpacpn

'!8CKOI'O rrpe.n:cTaBJieHrur .n:aHHHX. C aToil 
Il;SJU,IO 6wr paspa60T8.H ITaKeT rrpHRJI~ 

rrporpaMM, opIIeHTllpOBaHHHX Ha pemeIIBe sa
,n:aq o6pa6oTKll MHOrOKB.HaJil,HOll 3RCIIepHMeH-
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TaJil,HOli llHqx:>pMarn,Ill. 3Ha'!HT8JII>HO coKpaTHTI> o6~eM ,I(llaJIOra IT03BOJIIIJIO 

BBe.I(eHne B8KTOPHHX orrepau;mi. Ms arrrrapaTypHHX cpe,n:CTB .I(HaJIOra llCITOJll,-

3yeTCR: MeKTpll'ISCKM mmiyll{M MalllllHKa ( 3IlM) " Cons ut.11 
, rpac_p:uqecKllll 'AUCIT

Jie:it, Ha6op KOHCTB.HTOHa6npaT8JI8ll II qJYHKIJ;IiIOHaJII,HHX KHO IT OK. Sa,n:amre BBO'AUT
CH B mi,:n;e 'AHP8KTl!BH C rrapaM8T];)aMll C 3IlM.CllCT8Ma MO.lK8T pa6oTaTI> KaK B 
pelKI!Me IICITOJIH8HIIIJI OT,I(8JII,HHX ,I(llp8KTl!B, Tart II rpyrrrr .I(l!p8KTIIB, HaxO~CH 
B IlaMHTll 3Hli. 'ITO IT03BOM8T ITpOII3BO'AUTI> o6pa6oTicy" no CJIOlllliBIIIllMCH aJiro
pIIT!~aM.Paspa6oTaHHHll ITaK8T nporpaMM II03BOJIH8T CyI!l8CTB8HHO ITOBHCllTI> oue
paTllBHOCTI, o6pa60TKH 3KCIT8pIIM8HT8JII>HOll llHqiop~II B CJiyqae,Kor.n:a o6~eM 
o6pa60TKll ,I(OCTyTI8H ,IT.JIB LlliH.II-3Hv1.CTPYKTypa ITaKeTa .n:aeT B03MOJKHOCTI, rrpo
ll3BO'AUTI, ero ,I(8JII,H8llill88 paClllllp8Hll8 683 ll3M8H8HIILlI '!aCTll,HaITIICaHHO:it pa.

Hee. 

C llCITOJU,30BB.Hll8M OITllCaHHOI'O rraKeTa 6wrn COCTaBJISHH rrporpa.MMH 
rrpe,IU3apllT8JU,HQll CTaTllCTll'ISCKOH o6pa60TKll HaKOITJISHHOll qx:>TOH,n:epHOll llH
qx:>pMarn,Ill, pac'!eT rrpHBe.n:eHHHX KpllBHX BHXo.n:a, pac'IeT KpllBHX qx:>ToHei1T

poHHHX C8'!8Hmi MSTO.I(OM IleHqnm,.n:a-Jieil:ca ll T.,n:. 
B '!8TBepTo:li rJiaBe paCCMOTpeHH KOHKpeTHHe yCJIOBWI ll pe3JJU,Ta

TH II3MepeHmi KpllBHX BHXO.n:a·n: MHO.lK8CTBeHHOCTll qx:>TOH8HTPOHOB ,IT.JIB 

llCCJI8,I(OB8.HHHX ll30TOITOB. 
. H3MepeHWI rrpOBO,I(liJIHCI, Ha ITyqK8 TOPM03Horo ll3Jiyqemm (25 MaB) 6e
TaTpoHa CI'Y B .I(HarrasoHe 3Heprd 7 - 22 MaB. HcrrOJII>30B8JIHCI, ll30TOITHO 
o6orameHHH~ MHmeIIB. IIo ll3MepeHllliM KpHBlIM MHO.lK8CTB8HHOCTll qx:>TOHefiTpo

HOB orrpe,n:eJie~ rrapaMeTpH COOTHOIIISHHR CTaTllCTll'I8CKOH Teopnn: H,n:epHHX 
peaKIJ;d, OITllCHBa.JOO{eI'O Bltlia,D; ( f, 2n ) peaKIJ;Hll B IIOJIH08 C8'!8HH8, 'ITO 
II03BOJIIIJIO BHeCTH 3KCttepHM8HT8.7.II,Hyro rrorrpaBKY ,IT.JIB ITOJIY'J:8HIDI ce'IeHIDI 
qx:>TOIIOrJiomemm BHIIl8 nopora ( J", 2n ) peaKIJ;Hll. IloKa3B.HO, 'ITO ,IT.JIB 

IIOJiyqeHIDI napaMeTpa ITJIOTHOCTll ypoBHe:11:,·coBrra,n;aromero C pe3yJU,TaTaMll 
11H8q>OTOH,n:8pHllX: 11 ll3M8p6Hrui, He06XO.I(IDIIO rrpe,n:noJiaraTI>, 'ITO ,., 30% 
peaKIJ;d H.I(ST He qepes CTa,D;IDO COCTaBHOI'O R,IJJ)a. Pac'!eT C8'!8Hlill qx:>TO
norJiomeHHR Ilp0ll3BO,I(IIJICH MeTO.I(OM IIeHqx:>JU,,I(a-Jieil:ca C maroM l MaB 6e3 
~llMeHeHIDI KaKllX-Jill60 orreparn,rtt CrJiaxIDlaHHR (KpOM8 185 • rn7 Re li 

B:°!, · '!!~ ~~~::ra~T~::~~:e~;o=JI~:~;:0;II~e.n:e: ¥~r1;.:c• 4. 

HaxO.IJ.ffilUDCCJI Ha pOTarn,IOHHOM KOHIJ;e nepeXO,IUIOI'O pallOHa A ~ 190, pac
Ilt8IIJI8Hli ira .D:Ba MaKcmzyMa.,IJ.im TSDK8JIHX II3oTorroB Pt ce'!eHWI npe.n:cTa&
JIRIOT 0060!1 0,I(llH MaKCllMYM, KOTOPHll CJie.n:yeT oim.n;aTI> ,IT.JIB Bll6parn,IOH
HHX H,n:ep. Me~ 3TllMll rpB.Hllll;aMll rrpOllCXO.I(HT ,I(OBOJI!,HO ITJiaBHOe ll3M8-
H8Hll8 BH.I(a ce'!eHHR: MaKCllMJMH C6.7llil!ta.IOTC.fl'., Ilpll'I8M BHCOK03HepreTII
'!8CKHll MaKCllMJM ITOCTeIIeHHO ymllpH8TCR. 

Taxm.i o6pa30M, ~OB8~8Hll8 ce'!eHllil OTJIH'Ia8TCH OT H3B8CTHOI'O ,IT.JIB 

H,n:ep nepeXO,IUIOrO pailoHa A ,.., 150. OTO pasJIH'!He MO.lKHO 06'l>SICHHT!, 
B paMKax MO,I(eJll! B3aHMO,I(8llCTBIDl ,I(llIIOJII,HHX H KBa,IJJ)yTIOJII,HliX CTeneHett 
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P:e:c. 4. Ce'leHWI qoTonor~omeHKli .IUIJI 

JQtep nepexo.Dl!oro paloHa A ~I90. 

CBo6o,u;u. OHO CB/I38HO C TeM, 
'ITO .IVllI H,Itep o6JraCTH A .., I90 
B8.lmyIO pom, :e:rpaeT 1' - CTe
nem, CB06o,u;u, B TO BpeWl 
rum .IVllI paloHa A ,., I50 Ha6-
Jl!O,I{a0TCJI Wll'KOCTI, K fl "".'K0-
~068.HIDIM llOB0pxHOCTH Jl,IJJ)a. 
CpaBH0HH0 llOBe~eHRSI ce'lelid 
,IUIJI 'l0TIWX H H8'l0THHX H30-
TOllOB llOKa3HBaeT, 'ITO 'A0-
6~eHHe O,IOIOro HYKJIOHa Ma
~o H3M0Rl!8T CBOICTBa H,Itep 
aToro paloHa • 

CpaBH8HH8 C peay~Ta
TaMH .IU>YI'IDC aBTOpoB 'A8MOHCT
p:e:pyeT xopomee cor~ac:e:e Ha
lIIHX C0'l8W C HSB8CTmlMR H3 
nTepaTypH. C8'l8HKli qx)TO
nor~omeHKli ,IUIJI HSOTOllOB 
IB3 w IB5,I87 Re , 
I87,I96 Os I9I·,I93 Ir 

• I94,l95,l96,I98 Pt HSM8-
pe.HH HBMH Bll8PBH8. 3Ha'lemm 
HHT8I'pWII,IWX C8'l8W HMO
M8HTOB t!,_1 H. 6.,e llpH

B8'A8HH B Ta6mtne I. Cpe.Dl!80 sHa'leHHe HHT8I'pWII,HOro C0'l8HKli OT nopora 
( 1, n > peru<nHR 'AO 20 MaB COCTaBJ1118T ,IUIJI HCM8'AOB8HHHX H,Itep . 
I,036 ± o,oro B 8'AHH:imax 60NZ /A. 8TOT pesy~TaT corMCyeTCJI c pe
ay~TaTaMB HSM8peHd Ha llytlKSX KBa3HMOHOxpoMaTH'l8CKHX f- KBBHTOBi 
TaK,B MY'lae :e:soronoB Os rpynna J!HBepMOpcKol ~a6oparopn nMY
'IHJla I,0I6 ± 0,039 •. 

B r~aBe TaKZe paCCMOTp0HO BJllilDU'l8 BHdopa BH'Aa annpoKcm.mpynnel 
WYHitnBH H 'A:0'.anasoHa annpo1tcm.rmnm.Ha sHa'lemm nMY'la9MHX npH aroM 
napaMeTpOB • .IJ,rui BH'IHM8HWI cpe.Dl!el 8H8PrHH EI-peaomca B MY'IM 
Jteqop!,mp()BaHIWX H,Itep npe~01teHa qopMy~a 

E.m ={Em,+ RE.m~J/(R,.I}, 

r'Ae R - OTHomeHHe wroma.itel annpoKcm.mpymutt Kl)HBHX. 

IO 

Ta6JI!'f!ML! • HliT8I'panI,.HH8 C8'l8HWI H MOM8HTH 6_1 , 6_
2 

JI,Iij)O do 

(MaB•M6) 

d0 &1nf. L dint'- ~1.ndr.ln) &. 
- - --- I 6O1/l/A (MaB•M6) 60Nl/A 60 · (M6 ) 

t5.z 
(M6 /MaB) 

IBlTQ 

182 W 

I83 w 
I84 w 
I86"' 

IB7 Os 
I9IIr 

2765(53) 

28I6(27) 

2684(50) 

2902(28) 

2930(26) 

2786(55) 

2757(63) 

2835(57) 

286!(27) 

2797(65) 

2944{2!) 

28I3{32) 

I,058 3481 

1,069 3668 

I,0I4 3447 

I,093 3747 

I,095 3775 

I,030 35I2 

0,999 374I 

r,021 · 3899 

r,022 3759 

01996 3766 

I,045 3883 

0,992 384I 

J:,33 

1,39 

I,30 

l,4I 

I,4I 

1730 

I,36 

1,40 

I,34 

I,34 

l,38 

1,35 

0,29 

0,22 

0,26 

0133 

o,38 

0,22 

I95{3) I4,23{30) 

I99{2) I4,57{14) 

I93{3) I4,52(28) 

207(!5) I5,40(15) 

193rr 
I94 Pl 

195 Pt 

I96 Pt 
I98pf 

0,2I 

0,25 

0,3I 

210(2) 

199(3) 

199{3) 

205{2) 

210{2) 

204{3) 

213{2) 

236{2) 

I5,74(14) 

14,75(27) 

14,85(25) 

I5,33(20) 

15,35(14) 

15,39(22) 

I5,96{II} 

15,43(!8} 

B IIR:TOI r~aB8 8H8JlHSHpyIOTCJI HSMepeHHHe ceqeHRII qx)TOllOr~omeHWI C 
~~D no~emm cBe'Aemd o <Ix>PJle H,Itep nepexo.Dl!oro paloHa A,.., I90. 

8KcnepmaeHTMI,HH8 ce'lerum qoTonor~omeHRII annpoKCmmJlOBaJlHCI> 
CYMMQI pe80H8HCHHX Iq)HBHX ,IUIJI npoBepKH M8'AyIOmIDC r:e:noTes O qopMe H.lt
pa: 
0 r:e:noTesa-ce'lemie OnHCHBaeTCJI CYMMOI 'ABYl: Iq)HBHX c llpOHSBOJII,Hml 

COOTHOW8HH8M wroma.itel R- ('A8qx)pMHpoB8HH08, aKCHaJII,HO-CHMM8TpH'l-
H08 Jl,IJJ)O), . 

I I'HIIOTesa - ro xe, R = 2 {BHTJIHYTM 'A8qx)pM~}, 
2 rHnOTesa - TO lite, R = 0,5 (CllJil)CfiYTM 'A8qx)PM~}, 
3 r:e:noTesa.-ce'leHHe OllHCHBaeTCJI 0.Dl!OI KpHBOI ("cqiepH'l8CK08" Jl,llJlO}, 
4 r:e:noTesa-ce'leHHe on:e:cHBaeTCJI cyw.iott Tpex Iq)HBHX c O'AHHaKOBHMH 

wroma.wn.m (H0aKCHaJII,H00·Jl,IJJ)O}. 
AH8J1Hs pesy~TaTOB allnpOKCHMaI.tHH C8'l8Hd qoTonor~omeHH.11 CYMMOff 

peSOHaHCHHX Iq)HBHX 'AMT M8.ItYJ)llll'l8 pesy.nnaTH: . 
l. 0llHCaHH8 C8'l0HKli O,ItHO!~SOHaHCHOI KpHBOI ("cqepH'l8CK08" Jl,IJJ)O} 
BOSMOlltHO T~KO B MY'!M · Pf. (CM. pHC. 5} • . 
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PHC. 5. OTHOllleHIDI l npoBePJieMwc 
rHIIoTea o BH.ne ceqeHIDI qx:>Tonor.;ro
meHIDI. TpeyrOJil,HRKH- 1~ /x; , 
KpeCTHKH- 1.:/"X.

0

2
, Kp:{JK.O~-x:11: • 

CMOlllillie JIHHHH - ypoBHH 3HaqHMoc

TH F -KJ>HTepIDI. 

~.N 01 

~-

o.,_ Os IR P. • 

·o., 

~ 
t ~Ht f 

190 195 A' 

PHC. 6. CpaBHeHH8 BMlftnIH 
ft:R (TO~H, KPYJK-0~) CO 
aHaqeHHJIMH J,

2
t.£ (TpeyroJII,

HHKH, KpeCTHKH) ,IJ,JI/l My
qaeB J2 > 0 H ftz ~ 0 • 

2. lICIIOJI!,30BaHHe ,IJ,JI/l arrnpOKCHMar.um CYMNfl.l Tpex pe30HaHCHHX KPHBHX 

0,1.UUiaKOBO:il I1110llla,D;H He ,ll;aeT 3HaqHMoro y.;r~eHH.lI onHCaHIDI ceqeHHii no 

cpa.BHeHHIO co M~aeM ,ll;Byx pe30HaHCOB. 

3. BeJIH~a OTHOill9HH.ll I1110llla,D;efi pe30HaHCHHX KpHBHX C K7=r H 0-
onpe,ll;eJmeTCJI H3 ,IlaHHHX C 60JI!,lllOH CTaTHCTHqecKOH OIIIH6Koii H He no3BO

Jm8T c,D;eJiaT1, aaKJIIOqemm o BH.ne ,D;eqx>pMamm HCMe,D;yeMHX R,Uep. 
4. AnnpOKCHM8.lU1ff ceqeHHfi C qiHKCIIpOBaHHHM OTHOW9HH9M I1110l!la,ll;9H R = 2 
,IJ,JI/l Bcero paitoHa R,Uep aHaqHMo He OTJIHqaeTCJI OT M~M anrrpoKcHMa.1.um 
6ea sToro orpaaHqeHH.lI (cM. pHc. 5). 

5. AnnpOKCHM8.I.U1H C qiHKCHpOBaHHHMH OTHOW9HIDIMII I1110llla,D;9ii R = 2 H 
R = o,5-rroKaaHBaeT, qTo ,IJ,JI/l R,Uep A< 190 npeo6.;ra.naroT BHTJIBYTHe 

,D;eqx>pMallHH, a ,IJ,JI/l R,Uep A> 190 nOJIOEeHHe Heonpe,D;MeHHoe. 
6. Cp8.BH8HH8 napaMeTpoB. ,ll;eqx>pMallHH fl,.~11 , BHqHM8HHHX IIO 3HaqeHIDIM 

napaMeTpa K , no.;r~eHHHM npH arrnpoKCHM8.I.U1HX c orpaaHqeHRHMH R = 2 
H R = 0,5,c ,ll;aHHHMH, H3BeCTHHMH H3 3KcnepHMeHTOB no KYJIOHOBCKOMY 
B036YJK.,D;eHmo R,Uep //, noKaaHBaeT, qTo corJiacHe Ha6JIIO,D;aeTcR TOJil,KO 
,IJ,JI/l M~M R = 2 (cM. pHc. 6). IloKaaaao, qro noMe,IJ,HHH peayJII,TaT 
He qYBCTBHTeJieH K ~eTy BMa.na HeaKCHaJil,HOll ,D;eqx:>pMamIH, a TaKEe K 
HaJlliqHJO reKCa,D;eKaIIOJII,HOH ,ll;eqopMallHH. 

TaKHM o6paaoM, B paMKruc np0Be.Ilem1oro aawmaa s~cnep.1:1MeHT~HHX 
.IlaHHHX IIO ceqeHRHM (!OTOIIOrJIOl!leHIDI He IIO,ll;TB9plK.IlaeTCJI HaJlli1ffl9 y llCMe
,ll;OBaHHHX H30TOIIOB r,. H Pt CilJIIOCHYTOii ,D;eqx>pMallHH. 0,ll;IDIM H3 B03-
MOlKHHX IIYTeil o6MCH9HH.ll 3Toro pe3yJII,TaTa MOX9T 6HTI, npe,IlilOJIOEeHHe 
O pa3JIH'fflH qx>pM pacnpe,ll;M9HHH IlpOTOHOB H H9iiTpOHOB ,IJ,JI/l R,Uep A> 190. 
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KaK H3BeCTHO, BeJIH1fflHH l>iE xapaxTepH3JIOT pacnpe,D;eJieHHe IlpOTOHOB 

B R,Upruc, a ft:11 qyBCTBHTMI,HH K pacnpe,ll;eJieHHIO Bcero BemecTBa .fI,JJJ)a. 
HsMeHeHHe (lX)pMhl R,Uep ,IJ,JI/l rrepexo,D;Horo pa.iJ:oHa A,.., 190 MOlKHO npe,D;CTa

BHTI, M8,ll;yIOII{HM o6pa30M: Ilpil nepexo,ll;e OT z = 76 K z = 78 IlpOHCXO

,IlHT il3M8H8HHe <fopMhl OT BHTRHYTOH K CilJIIOCHYTOii TOJII,KO ,IJ,JI/l pacnpe,ll;e
JISHHR npoTOHOB, qro COIIpoBOiK,ll;aeTCJI H3M8H8HYl8M 3JI8KTPOMaI'HHTHHX xa-

PaKTepHCTHK .fI,JJJ)a 92: . M2J o,+ .H T.,ll;. Pacnpe,ll;eJISHHe HeiiTpOHOB 
coxprumeT Ilpll 3TOM BHTRHYTYID qopMy, IIO KJ)aHHSH Mepe ,IJ,JI/l H30TOITOB Pt 

B IUITOH r.;raBe pacCMOTpeH TaKE8 BOIIpOC Ha,D;SJKHOCTH ITOJI~aeMh!X 

BMilqnff fl/JI . IloKa3aHO, qTo BeJinqHHa K = ~ l , KOTOPM HCITOJII,-

3Y8TCJI ,IJ,JI/l BH1fflMeHHa fi:a , Ma6o ,38.BHCHT
1
~T oco6eHHOCT8ll o6pa-

60TKH .IlamIHX H onpe,D;eJmeTca c ToqaocT!iIO oK~ 0,5% ,IJ,JI/l xopoIIJo ,D;e

qopMHpOBamJ!:lX R,Uep H oK :: l,5 - 2% ,IJ,JI/l R,Uep Kmru;a ITepexo,ll;Horo 

paitoHa (nptr rrepecqeTe B_ Pa 3TO COOTBSTCTByeT TOqffQCTH 2 - IO%). 
~TO KacaeTCJI MO,ll;9JII,HOH 38.BHCHMOCTH B8JIH1fflH fl:1 , TO ee y,D;aeTCJI 

~8CTI,, eMH HCITOJil,30BaTI, O,IlHH H TOT ~e Bif.Il pacnpe,ll;eJieHIDI I1110THOCTH 
aE · 

(npRMoyrOJII,HOe, l!X3PMH8BCKOe) KaK IlpH HaJCOiK,ll;9HHH fi , TaK il Ilpil 
BU1fflM9HIDIX fl:JI . 2. 

B mecTo.li r.;ra.Be IlpOBO,IlHTCJI CpaBH9HHe il3MepeHHUX ceqeuHfi qJOTOITor

JIOlll8HIDI C pesyJII,TaTaMH pacqeTOB ITO KBaanqacTHqffO-q:oHOHHO.li MO,ll;SJIH 

(~\lM), a TB.KlKe C pactreTaMH ITO ,IlHHaMHqecKo.li KOJIJieKTliBHO.li MO,ll;9JIH (.UKM). 
Kax H3B9CTHO, B PaMKaJC ).(KM Ilp8,ll;CKa3UBaeTCJI cymeCTBOBaHHe KOp

pe~H M8iK,ll;y CBO.liCTBaMH HH3K03HepreTHqecKHX KOM9KTIIBHHX COCTOJlliHH 
.II,I(pa H BH.nOM ceqeHIDI qJOTOITOrJIOII{SHH.lI B pa.iJ:oHe r,llP. HaMH 6UJIH IlpO,ll;eJia

HU pacqeTu ceqeHHfi qoToITor.;romemm B paMKruc .ILKM ,IJ,JI/l H30TOITOB W 
Os n Pt c · ncrroJII,soBaHHeM aKcITepHMeHTaJI!iHUX ana<reHHfi aHeprHfi n 

MaTpHqaID{ 3JieMeHTOB KBa,n,pyrrdJII,HHX ITepexO.IlOB M9iK,ll;y Hil3K03HepreTHqecKH-

MH KtOM9KTHBHHMH COCTORHHRMH .fI,JJJ)a. Y'!HTUBaJIHCI, COCTOJlliIDI 0g , 2g 
H 21' ,IJ,JI/l H30TOITOB BCSX 3JI8M8HTOB H,KpOM8 ·Toro, COCTORHH.ll a; , 
2j ,IJ,JI/l il30TOITOB w . Cpa.BHeHHe IIOJI~eHHHX peayJII,TaTOB ,IJ,JI/l H30-

TOITOB Os C peayJII,TaTa.Mil ,D;pyrHX pacqeTOB ITOKa3HBaeT, qTO rrpo,ll;e-

JiaHHUe HaMl! pacqeTU BOCIIpOH3BO,IUIT OCHOBHUe qepTU ITOB8.Il9HH.ll ceqenHfi 

qX)TOITOrJIOII{9HHR, paCC'IHTamJUX C 60.;ree ITOJIHHM 6a3HCOM. CpaBHem1e 
3KcnepHMeHT~HIDC ceqeHHfi c peayJI!iTaTru.m pacqeTOB B paMKruc .IJ.KM ,IJ,JI/l 

il30TOITOB W ITOKaaHBaeT, qTo ITOJIY1fflTI, KOJIHqeCTBeHHoe cor.;racne 
y,D;aeTca TOJII,KO B c.;ryqae,ecJIH ~9CTI, 3aBHCIDl!OCTI, r1 OT 3Heprim B036~e
HIDI (CM. PHC. 7). Haii,D;eHo, qTo HaHJI~ee cor.;racHe ,ll;OCTHraeTCJI B c.;ry-

qae ff = 0,023.t E '' 9 
(MaB). TaKHM o6pasoM, BH.Il orn6aromeil KpHBott ce

qeHHR 0Ilp8.Il8JIJI8TCJI He TOJil,KO pacnpe,D;eJieHHeM CHJIU ITepexO,ll;OB ITO 
11BXO,IJ,HHM" COCTOJIHµJIM, HO 11 "pacrra.n;HHMH" CBO.liCTBa.Mil ,IlHITOJII,HHX COCTOJI
HHH. 
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IS ZOfO .. rs ta 

PHc. ? • BJmsnme ompmra .mx
noJII,HHX COCTOSIHlltt Ha Bll,It 
1q>Imoil ceqeHM, nOJiytmeMoil: 
B pac'!eTax no .II.KM. B Bepx
HeM pH,JJy ft a C (nymtTlll) -
3 MaB, CIIJIOIIIHBJI .l1HHIDI -

4 MaB, mTpmc-nymtTlll) -
5 MaB). B HIDKHSM pH,JJy fi = 
:: aE,1' 9 (MaB) (nymtTllp-.. 

0,021, CIIJIOIIIHBJI JIHHllJI -
0,026, WTpIDCOBBJI - 0,031). 

HHTerp8JJJ,HH8 xapaKTepHcTmm ce'leHd qoTonorJiomemm, BwmCJieH
HHe B paMKax K1I®l,cpaBHHB8lOTCH C aKcnepHMeHTBJII,IWMH peayJII,TaTa.MH B 
Ta6.mme 2. Bm:tHo, 'ITO TeopM xopomo BOCIIpOH3BO,DlIT HHTerpaJII,HHe 
C0'!8HllJI, o6JiaCTJ:, J!OK8JIH3anHH EI - pe80HaHCa H pacmeIIJieHHe pe80HaHCa 
Ha ,llBa MaKCHMYMa, CBJI8aHHOe C ,IteqopManHeil: R,IJJ)a. Ha PHO. 8 pe8yJII,Ta
TH pac'!eTOB no K1I®l cpaBHHBaIOTCH C aKcnepHMSHTaJII,HHMH C8'l0HHS:IMH MS! 

nepexo.ItHHX smep W 11 Os • oTo .ItaeT B08MOJKHocT:& oneHHT:& pQJII, 

Tll~.l!_IIll;a2. TeopeTH'l0CKH8 H aKcnepHMeHT8JI:&HHe HHT0!'p8Jll,Hll0 
xapaKTepHCTHKH ce'leHd 

H.nJ)o 

6 lnl 
(MaBi16) 

l{:r-

6i.nt 
~-
6inl 

lH•O· 
(MaB) 

E,H•r 
(MaB) 

A£ 
(MaB) 

J2; Ji, 

aKcn. 

Teop. 

3KCIT. 

Teop. 

3KCIT. 

Teop. 

3KCIT. 

Teop. 

aKcn. 

Teop. 

aKcn. 
:lKCn. 

l82W 

2,82(3) 

. 2,46 

2,5(6) 

2,53 

I2,60(8) 

18\J 
2,90(3) 

·2,47 

4,2(I.2) 

2,51 

I2,42(8) 

12,4 12,3 

15,36(15) 14,98(15) 

I4,8 

2,?6 

2,4 

14,9 

2,56 

2,6 

I86W 

2,93(3) 

2,63 

4,5(I.?) 

2,50 

l2,4?(IO) 

12,3 

14,82(16) 

14,9 

2,35 

2,6 

0,25; 0 0,24; 0 0,23; 0 
0,2?;-0,08 01 26;-0,09 0,24;-0,09 

Ilpmaeqrume: a) TeopeTH'leCKHe pesyJII,TaTH MSI 188 Os • 
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a 
1870s 
2,79(6) 

2,?5 

l,9(I.I) 

2,45 

12,93(8) 

12,4 

15,3(2) 

15,0 

2,3? 

2,6 

.0,20; 0 
0,2I;-0,08 

" 
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300 
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PHc. 8. CpaBHeH11e aKcnepHMeH
TBJII,HHX CS'leHllil qoTonorJiomeHM 
C paC'l8T8Mll no RBasR'IaCTll'IHO
qoHOHHOil MO,IteJill R,IJJ)a. CITJIOIIIHBJI 
JIHHWI - A = 0,8 MaB, a mTpmco
BM - 4 ~ I,5 MaB. 

B8aHMO.Iteil:CTBHJI ItBa8l!'!aCTRn C 
q()HOHaMH. KaK H8B0CTHO, MS! 
cqx3p11qecKIDC smep 3TOT M8XaHH8M 
onpe,IteJUieT 06JiaCTJ:, J!OK8J.lll8anHll 
pe80HaHca, C ,Itpyroil: CTOPOHH, 

.. MSI ,1teqopMlll)OBaHHHX smep ero 
pQJII, H88Ha'lllT8JII,Ha H lppa.I'MSH
TanHJI pesoHaHca onpe,IteJIJieTc.a: 
,1teqx,pMan11eil: R,IJJ)a. ·.IJ,.rr;r smep ne
pexo,ItHoil: o6JiacTn CJie.nyeT, no
Bm:tHMOMY, O.llill,ItaT:& npoMelltyroq
Horo nOJiollteHWI. 06pamaeT Ha ce-
6sr BHHMaHl!e TO, 'ITO orm5aromBJI 
ceqeHM ,nOJiyqeHHBJI no K1I®l MSI 

l!80TOnOB W , Be,IteT oe6H aHaJ.10-. 
rn'!Ho pacc'!llTaHHHM no .II.KM ce
-qeHHeM MS! CJiyqBJI fi. : COnsf 
(CM. pnc. 7). OTO 06CTOSITeJIJ:,CT
BO, nO-Bll,ItliMOMY, YKa8hIBaeT Ha 
Heo6XO,ItHMOCTJ:, yqeTa B pac'!eTax 
no K'tl@I pacna.mmx xapaKTep11c
THK ,ItmIOJII,HHX COCTOSIHitii. 

B 88.KJIIO'!SHllll KpaTKO nepe'!llCJieHH OCHOBHHe pesy.Ji:&TaTH npo,IteJ!aHHOil:· 
pa6orn. 

B npMOllt8Hl!ll npoBe,IteHa Cl!CTeMaTl!8anHJI HMSIOIIll!XCH B J!l!TepaType 
3KCITepHMeHTMI,HHX .ItaHHHX no BSJ!l!'ll!Ha.M MaTpl!'IHHX 3J!0M0HTOB E2-ll E4-
nepexo,ItOB B OCHOBHOil: nOJioce 'l8THO-'q0THHX smep pail:oHa A= 160 - 200. 
IlOJiyqeHo COOTHomeHHe M8llt,Ity BeJIH'IHHOil: npHBe,IteHHoro MaTpll'IHOro a~eMeH
Ta E.2-nepexo,Ita H 4JYHitnHeil: pacnpe,1tMSHWI ITJiornocTn 3apsma R,IJJ)a MSI 
H0aKCllaJII,HOro CJryqBJI: 

<2•11M{£2JII_01->= f rp{r, 8, cpJ~:O~o (B) + :;
2

, [ ~alB,cp)+ ~-:, {B,tp}}} dv, 

r,Ite A~ H A:2 - K03q:qJRnl!eHTH pasJioxeHWI BOJIHoBoil: 4JYHitnlll! 
/ti.IM)= l. A~ {fi,J') 1/1,.,/. IIpoBe.rt_eHH BH-qnCJiemm 8Ha'leHllil 
napaMerpa RBa,ItpynOJII,Hott .Iteifx)pMaJ.tHH JJa npn pasJllillH!:lX npe.ItnOJIOllte
HWIX O Bm:te ITJIOTHOCTll pacnpe,It8J!8Hl!SI sapsma C yqeTOM BJ!HSIHIDI reKca
,It0KallOJIJ:,HOtt .Iteifx)pMannn l! B08MOlKHOil: H8aKCllaJII,HOCTll R,IJJ)a. 
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