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I.Bse.oeaHe 

naHHbie no pp-pacceSIHHIO npH aaeprHSIX E s 310 Mas no.osepranHCb cpaaOBOMY aaanHay 
Ill 

B pS!.Oe pa60T 1 063op KOTOpbiX npHBO.OHTCSI, aanpHMep 1 B , HaH6onee 3HB'iHTenbHbiM .OOCTH-

:>KeHHeM nocne.oHHX neT s aToA o6nacTH HBnHeTcH npe.ocTasneHHe 'iepea cpaaosbie c.osHrH sceA 
12-51 

COSOKynHOCTH HMeiOIUHXCSI axcnepHMeHTBnbHbiX .OBHHbiX no pp- pacceSIHHIO TaKHM 

nyTeM y.oanOCb S 3HB'iHTenhHOA-Mepe npeo.ooneTb HeO.OH03HB'iHOCTb cpa30SbiX perueHHA 1 S03HH-

KBIOIUYIO npH aHanHae peaynbTBTOS 1 nony'ieHHbiX npH O.OHOM 3HB'ieHHH aHeprHH 1 H yCTBHOSHTb 

aaepreTH'ieCKYIO 38SHCHMOCTb cpa30SbiX C.OSHrOs COCTOSIHHA C f < 4 S HHTepsane OT 9 1 7 .00 

345 Mas. 

BbiiiOnaeaHe s ny6He aa weCTHMeTpOSOM CHHXpOUHKnOTpoae 6onhweA 'iBCTH nporpaMMbl 

HCCne.OOSBHHSI pp-s3BHMO.OeACTSHg OTKpbinO S03MO:>KHOCTb npoBe.OeHHSI cpaaosoro aaanHaa S 

o6nacTH aaeprHA 1 r.oe aeo6xo.oHMO Y'iHTbiSaTb npoueccbi o6paaosaHHSI " -Meaoaos. He.oasao 
161 

XowHaaKH " Ma'IH.oa 1 oueaHs aa ocaose paasHToA Maa.oenbCTBMOM peaoHaHcHoA Mo.oenH 

o6pa30S8HHSI TT -Me30HOS S HyKnoa-ayKnOHHbiX coy .oapeHHSIX MHHMbie 'iBCTH cp830SbiX CZISHrOB 
3 1 • 
P- 1 D

2
- H · F - coCTOSIHHA, npoHasenH cpaaosbiA aHanHa .oHcpcpepeHuHanbHbiX ce'ieHHA ynpy-

roro pp-pacceHHHS1 1 nonHpHaauHH H .oenonHpHaauHH npH 660 Mas 6ea y'ieTa acpcpeKTOB xyno-
__:;;r. 
HOSCKOrO S38HMO.OeACTBHSI H SKna.Oa O.OHOMe30HHqro 06MeHa. npH TOil: :>Ke aHeprHH aHanH3 

.,.pp-pacceSIHHSI Ha OCHOSe SCeX HMeiOIUHXCSI S ny6He .OBHHbiX, 6bm SbiiiOnHeH TBK:>Ke 3ynbKapae-

• 181 esbiM H CHnHHbiM c y'ieTOM xynoHoscxoro saaHMo.oeACTSHSI H sxna.oa o.oHoMeall>Haoro o6-

Meaa, ao 6ea y'ieTa o6paaosaHHSI " -Meaoaos s 
3 F -cocTOSIHHHx pp-cHcTeMbi. B nocne.oyi0-

191 
WeA pa6oTe aTHX BBTOpOB cpa3bl 6binH Bbl'iHCneHbl C y'ieTOM penHTHSHCTCKOA nonpaBKH npH 

BKniO'ieHHH s aaanHa axcnepHMeHTanbHbiX aaa'ieHHA napaMeTpa R • npH aTOM 6bma Hcnpas-
181 

neHa OWH6Ka1 .oonyiUeHHBSI S npH Bbl'iHCneHHH BKna.oa O.OHOMe30HHOA .OHarpBMMbl, 'iTO He 

npHseno K cyrueCTBeHHOMY H3M6HeHHIO cpaaOSbiX C.OBHrOS HaH6onee BepOS!THoro peweHHSI 1 HO 

yMeHbWHnO 'iHCno peweHHA. 

8 HBCTOSIIUeA pa6oTe 6bm npose.oeH cpaaOBbiA aHanH3 pp-pacceSIHHSI Ha 6onee WHpOKOA 

OCHOBe C BKniO'ieHHeM peaynbTBTOit" He.OBBHHX H3MepeHHA napaMeTpa A ( 90°) H nonHbiX Ce'ieHHA 

scex HeynpyrHx npoueccos. 3ToT aHanHa 6bm ocaosaa aa cne.oyiOIUHX npe.onocbmKax: 

( 1) C pocTOM aHeprHH see 6onhwyiO ponh HrpaiOT nepHcpepR'iecxRe aeynpyrRe npoueccbi1 
18,91 

H noaTOMy Henb3SI C'iHTBTb 1 KBK aTO npe.ononaranOCb B 1 'iTO nornorueHHe OTCyTCTByeT 

npH 660 Mas B 
3F - COCTOSIHHSIX 1 KOTOpbie cornaCHO pe30HBHCHOA MO.Oemr o6pa30SBHHSI 

2.3 

" -MeaoHoB MoryT .oasaTb sxna.o B aeynpyrRe npoueccbi. 

( 2) • Ynpyroe pacCeSIHHe B COCTOSIHHSIX C f 2c 5 MO:>KeT 6biTb npe.OCTasneHO TOnbKO 
. 110-121 

SKna.OOM O.OHOMe30HHOro 06MeHa B cornaCHH C , 

II. 3xcnepRMeHTanbHbie .oaHHbie 

B Ta6nRue I co6paHbi Rcnonb30BBHHbie s aaanRae 
112-231 

aKcnepHMeHTMbHbie .OBHHbie 



I 

I 

' 
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Ha6mo.llae-

M8SI BeJIH-
OUM 

qHH8 
rpa.ll. 

u(8), M6/cm 5 
660 M3B 10 

15 
20 
25 

657 M3B JO 
40 
50 
60 
70 
80 
90 

p 11,6 
6J5 M3B 16,2 

20,8 
27,6 
27,6 
J4,4 
41,2 
47,9 
54,5 
61,0 
67,5 
7J,8 
80,1 
86,J 
90,J 

Ta6nHua I 

VicnOJih30B8HHble B cp830BOM 8H8JIH3e Ll.8HHbie. 

HH»<e o6osHaqeHH51 Ha6moLl.aeMolt BeJIHqHHbi yKasaHa ::meprHSI 1 

npH KOTOpolt STa BeJIHqHH8 H3MepeHa. 

3KcnepHMeHT8Jib- Pa6o- Ha6mo.lla- 3KcnepHMeH-

HOe 3HaqeHHe Ta eMaSI Be- I)UM T8JlbHOe 3Ha-

JIHqHHa rpa.ll. qeHHe 

18,~1,1 /1J/ D 54 0,99-!:0,25 
11,0;t0,7 6J5 M3B "' 72 o,69;t0,20 
8,67;tG,.')J 90 0,9J:t0,17 
7,75;t0,48 108 0,28±0,16 
6,56;t0,40 126 0,57;t0,20 

5,58±0,15 /14/ R 54 0,450;t0,084 
4,7S;t0,26 6J5 MaB 72 0,49J;t0,077 
J,99;t0,20 90 0,264±0,070 
J,41;t0,1J 108 O,J25;t0,056 
2,94;t0,12 126 0,489-!:0,121 
2,20;t0,05 A 90 o,195;tO,o61 
2,07;tO,OJ 608 M3B 

-0,022;t0,095 /12/ C.~~:p 90 0,22;t0,18 
0,197;t0,046 660 13B 

0,276;tO,OJ9 c NN 54 0,57;t0,14 
0 '- J84;t0 '04 9 640 M3B 72 o,65;t0,15 
0,402;tO,OJJ 90 0,9J;t0,21 
0,400;tO,OJO u, .M6 

0,424+0,029 660 M3B 41,4±0,6 
O,J7a±0,027 

u(/ pn),M6 
O,J57;t0,02J 657 laB 

10,9t_1,1 
o,J07;t0,021 

a(d d),w6i 
0,279;t0,027 657 M3B- J,1;t0,2 
o,195;tO,o28 0 

u(rr pp),M6 

0,167;t0,026 660 J13B J,22;t0,17 
0,084±0,040 

-0,016;t0,025 
--------

Pa-

6oTa 

/15/ 

/16/ 
/15/ 

/17/ 

H8CT;' 

pa6 • 

..,;:r"-

/18/ 

/19/ 

I 

/20/• 
I 

/21/, 
I 

/22/ 

/2J/ 

..... 

/24 25/ 
B Ta6nHuy He BKmoqeHbl pesyJibTaTbi BhinOJIHeHHbiX CeneKTopoM H Ll.p. ' H3MepeHHit Ll.Hcpcpe-

peHuHaJibHblX ceqeHHlt ynpyroro pp-pacceSIHHSI npH 660 ~aB. ConocTaBneHHe STHX pesyJibT8TOB 

I 13 14/ 
c pesyJibTaTaMH pa6oT BoraqeBa H BsopoBa ' JIOKasano, qTo oHH HecoBMeCTHMbi 1 npHqeM 

/24 25/ -
BblqHCJieHH8SI H3 L1.8HHbiX pa60T 

1 
B9JIHqHH8 OTHOllleHHSI X 2 /x 2 CyMMbl B3B9lll9HHblX KB8Ll.-

paTOB OTKJIOH9HHlt TOqeK OT fiJ18BHOit KpHBOit K qHCJIY CTeneHeit CB060Ll.bl npellbl:lll89T 1171 qTO cy-

21-2 /1314/ 
llleCTBeHHo 6oJibllle oTHollleHHSI X x , oTBeqaiOruero Ll.8HHbiM pa6oT ' • 

4 

---~ 

• 

t 



B aaanas 6hm sKmo'l:eH T8K)f{e pesynbT8T He.llasaax H3MepeaaA napaMeTpa A ( 90°). B aTHX 

/26/ H3MepeHHHX acnonb3osancH npo.llOnbHO nonHpasosaHHhrA ny'IOK npoToHos c aaepraeA 612 Mas 

H aKcnepHMeHTanbHaH ycTaHosKa, cneuaanbHO npe.llH83Ha'l:eHHaH .llnH aa6niD.lleHHSI TpoAaoro pac-
/27/ . 

CeSIHHSI , neTanbHOe OfiHC8HHe aTOI'O aKcnepHMeHTa 6y.lleT .ll8HO OT.llenbHO, 

/28/ 
TaK KaK asseCTHO 'ITO s o6nacTH aaepraA 600-660 Mas .llHcpcpepeauaanbHhre ce'l:eHHH 

ynpyroro pp;...pacceSIHHSI 'IYSCTSHTenbHb! K H3MeHeHHID aaepl:'HH, TO cpa30BhiA aaanH3 OTHeCeH .It 

aaeprHH 657 Mas, npa KOTopoA 6hrna H3Mepeaa yrnosaH saBHCHMOCTb a(O) • KpoMe Toro, .HM_e

nocb S SH.lly 1 'ITO 3H8'ieHHSI a(()) 6brnH H3MepeHbi C HaH60nbiiieA OTHOCHTenbHOA TO'IHOCTbiD, 

B OTHOIIIeHHH .llpyrax aa6niD.llaeMhiX aenH'IHH 1 acnonb3osaHHhiX B aaanase, npe.llnonaranocb, 'ITO 

OHH He npeTepneBaiDT CyiiieCTBeHHbiX H3MeHeHHJl Ha npOTSI)f{eHHH paCCMaTpHsaeMOI'O HHTepsana 

aaepraA. 

Ill. rl pe.llcTaaneaae aa6niD.llaeMhiX aenH'IHH 

/29/ MaTpaua ynpyroro pp-pacceHHHH sanachraanacb a BH.lle (eM., aanpaMep
1 

) : 

. -+ -+ -+ ..... -+-+ -+-+ -+-+ -+-+ 
M (()) = Y:za(()J[l +(a1 n)(a n)] + Y:z b(O)[l-(a n)(a n)]+Y:ze(()}[(u m)(a m)+ 

:l l 2 l :l ( 1 ) 

+ (i1 f)( it fJl+ Y:zd(()}((u m)(U' mJ-(i!
1
7.)(i! fJl+ Y:ze(0}[(3if)+~ "3Jl. 

l :l l :l :l 1 :l 

3.lleCb (jl Hi/ - CfiHHOBbie onepaTOphr nepaoro H BTOpOI'O npOTOHOB COOTBeTCTBeHH0
1 :l 

... k + f' • ... k X k' k--- k ... ' n e = m 
lix k' I I k + k 'I I k.- t 'I 

k H k'- HaqanbHhiA H KOHe'l:HhiA HMnynbCbl pacceHHHOI'O npOTOHa B CHCTeMe UeHTpa Mace. 

AMnn&Ty.llhi pacceHHRH a, b 1 e d , e HBnHJOTCH cpyHKUHHMH aaepraa H yrna pacceHHHH (} 
.--5-
B cHcTeMe ueHTpa Mace. Ha6nJO.llaeMh!e aenH'IHHhi a pp:-pacceHHHH csHsaHhi c aTHMH aMnnaTy-

.llaMH COOTHOIIIeHHSIMH: 

2 2 :l 2 2 
a(())= Y:z(lal + lbl +lei +ldl +lei), 

a (0) P(O) = Reae*, 

a(OJ[l-D(())]= lel 2 + ldl 2
, 

a (0) R ((J) = Reab* cos (0 -(}JI ) + Rei e b*sin((J -(}JI )+ Reed*cos0
11 

, 

a (O)A((J) = -Reab*sin(0-011 ) + Reieb*cos(O-~ )-Recd*sin0
11 

, 

a(O)Cxp(O) = Reide*cos(a'-a)-Rebc*sin(a'+ a)- Read*sin(a'-a), 

a(O)[l- C (0)]= I bl 2 +I el 2 
, 

NN 
a = 2rr lm [a(O) + b(O)] , 

t k 

/30 31/ (J 

(2) 

CooTHOIIIeHHH (2) aanHcaah! c y'ieToM penHTHSHCTCKHX acpcpeKTos 1 ; 3.lleCb a = - () 
2 Jl 

a '= ;..-- cpJI' () H cp - yrnhi pacceHHHSI H OT.lla'DI B C .U.M.1 a (}
11 

H cp
11 

- TO )f{e B na6opaTop-

HOA CHCTeMe KOOp.llHHaT. t.{epe3 a((}) 060(JHa'l:eHbi LlHcpcpepeHUHanbHbie Ce'leHHSI pacCeSIHHSI ae

nonHpH30BaHHOI'O ny'l:Ka, a qepes a, - nonaoe ce'l:eHHe pacceHHHH. nocne.llaee H3 cooTHOIIIeHHA(2) 

npe.llcTaanHeT co6oA onTH'l:ecKyJO TeopeMy, KOTopaH csH3hraaeT nonaoe ceqeaHe 'IHCTO .11.11epaoro 

pacceHHHH C aMnnHTy.llaMH a(fJ) H b((}) npH (J ""0 B Bhipa)f{eHHHX
1
.llnH KOTOpbiX HCKnJO'ieHbl Kyno

HOBCKHe .ll06aBKH. 

5 



B npeLI001IO)KeHHH 0 qTo B38HMOLieilCTBHe B COCTOSIHHSIX C BbiCOKHMH yr1IOBbiMH MOMeHTSMH 

(f > f_J MO:>!<eT 6b!Tb OfiHCSHO B 0LlHOMe30HHOM npH61IH)KeHHR 1 M((J) RMeeT BHLI: 

rae M(tl)- qacTb 

rH'leCKHX cp830BbiX 

MOMeHTSMH f <f - .... 

PS P C PC 
M(O):M(tl)-M +M +AI +M , 

(3) 

8Mfi1IHTY Llbl 1 OfiRCbiB.SIOlllSSI HS61IIOLISeMbie Be1IR'lRHbl npR OOMOlllH cpeHOMeHOJI0-

/32/ PS ' 
CLlBHrOB 1 M - BK118Ll OLlHOMe30HHOro 06MeHa B COCTOSIHHSI C yrnOBblMH 

p /33-35/ 
1 ltl - nonHbiA BK1ISLI OLIHOMe30HHoro o6MeHa B aMn1IRTYLIY paccesHHSI 1 

PC 
M OTHOCHTCSI K napUH81lbHbiM B01IHSM C ltf C - BK118Ll KY1IOHOBCKOrO B38HMOLieJlCTBHSI, l.{neH 

f > f mu R B03HHKSeT BC1IeLICTBHe TOr01 qTO T01lbKO cp83bl pacceSIHHSI Bbip8)K810TCSI qepe3 CyMMbl 

PC 
cpa3, OTBe'lSIOlllRX pa31IH'lHbiM BHLISM B3SHMOLiellcTBHA. Bbi'lRcneaHe M noKS3a1I0 1 'ITO BK1ISLI 

3TOrO 'l1IeHa B Af((J) He npeBOCXOLlHT 1% OT BK118L18 OCT81lbHbiX 'l1IeHOB1 H 003TOMY Ha LlSHHOM 

PC 
3Tane aaanH38 qnea M ae y'lHTbiBancs. KynoHOBCK0~3SHMOLieA<::TBHe paccqHTbiBanocb no 

HepenSITHBHCTCKHM cpopMy1ISM, 

IV. Y'leT aeynpyrHX npoueccoB 

/36/ 
MaTpHua M(tl) napaMeTpH30Banacb qepe3 cpa3bi c qepToA (eM. cpopMyny (3.15) B ) 1 

HO 3TH cp83bl CqHT81IHCb KOMfi1IeKCHbiMH: fl "' 8 + iy , MHHMSSI 'lSCTb cp830Bb!X CLIBRrOB 'Y CBSI-

38H8 C K03cpcpHUHeHTOM nornoweHRSI COOTHO.WeHHeM: 

• 
e- 2Y = r . (4) 

--3 
flornoweHHe B COCTOSIHHSIX 

3P 
01l12 H F2,3 OfiHCbiB8110Cb COOTBeTCTBeHHO y<::peaHeHHbiMH 

K03cpcpHuHeHTSMH r H r. 1 BBeLieHHbiMH TeM *e nyTeM 1 KaK 3TO caenanH XowH38KH IfS"MaqH-
/6/ I " 

aa , HOc HcnpaBneHHeM oneqaTKH, coaep)KaweAcSI B cpopMyne (8) HX pa6oTbi. B aToll <PopMyne 

_-·~-

KB8Llp8Tbl Koa4J4JHUHeHTOB nornomeHHSI r I H r 3 LlOJI)KHbl Bblp8)K8TbCSI qepe3 KB8Llp8Tbl K09¢q:>H

UHeHTOB nornoll.{eHHSI 1 OTBe'lSIOlllHX p83HbiM j • Koa4J4JHUHeHT r 2 OfiHCbiBSeT nornoweHHe B 

I 
COCTOSIHHH D 

2 
• B COOTBeTCTBHH C pe30HSHCHOA MQLie1lbiO npRHHM8110Cb1 'ITO B OCT81lbHbiX COCTOH-

HRSIX nornoweHHSI He npOHCXOLlHT. f1011Hble Ce'leHHSI .PeSKUHll o6pa30BSHHSI Me30HOB Bblp8)K81IHCb 

qepe3 Koa<P<PHuHeHTbi nornoweHHSI cneay!Oll.IHM o6pa3oM: 

u(11 +d)+ u(11+(pn)
1

) .. .E.!!_ (1- r
2

2
), 

21:2 

+ 
u(11 (pn)p)+ u(11°pp) = b[9(1-r:)+12(1-r:)]. 

2k 

(5) 

Pa36HeHHe BenH'lHHbl ceqeHHSI u (11 + pn) - /21/ + 
1 HallaeaaoA B pa6oTe 1 Ha 'ISCTH u ( 11 ( pn) 

5
) H 

U (11+(pn) ) 1 OTBe'lSIOll.IHe KOHe'lHbiM S H p - COCTOSIHHSIM HYK1IOHOB B peaKUHH pp -+ 11+ pn , 
p /37/ 

nepaoaaqanbHO 6bi1IO caenaao B cornaCHH c pe3y1lbTaTaMH Bbi'lHcneHHA CopoKo , HO 3aTeM 

OTHOWeHHe U (11 + (pn) )/ u (11 + pn ) B8pbHpOB.8110Cb T8K1 'IT06bl o6ecne'lHTb CTSTHCTH'leCKH 
s 

HSHnyqwee OfiHCSHHe BCeX HS61IIOLISeMbiX_ BenHqHH. 

V. MeTop H pe3Y1lbTSTbl pacqeTa 

B aaanH3e 6bi1IO HCn01Ib30BaHo 45 3Ha'leHHA aa61110LiaeMbiX BenH'lHH ( TpH nonHbiX ceqeHHH 

u(11+ d) 1 u(11+pn) H u(11°pp) BBOLlH1IHCb B pSC'leT B KS'leCTBe LlBYX Be1IR'IHHI CKOM6HHHpOB8HHbiX 

6 
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' 
(3) 

33-35/ 

c 

CYMMbl 

a~~:na.a 

b no 

), 

CBH-

(4) 

5) 

H 

cornacHo cpopMy~aM(5)). OnpeLXensnoc& 12 napaMeTpOB - 9 cpaaoabiX c,aa&roa aonH LlO f = 4 

BKniO'IHTenbHO H 3 KOacpcpHUHeHT4 nornomeHHH B 
3 
p- 1 

1D- H 
3F - COCTOHHHHX. napaMeTp CMe-

2 

WHBaHHH f 2 CHa'lana nonaranCH paBHbiM HyniO. ¢a30Bb!e CLlBHI"H BOnH C f ~ 5 Y'IHTbiB4nHCb 

B O.QHOMe30HHOM npHCniDKeHHH. npH aTOM KOHCTaHTa CBH3H 11 -Me30H-HyKnOHHOI"O B3aHMO.Qelt-

2 0 
CTBHH I npHHHManac& paaHolt 0,08, Macca nHoHa nonaranac& paaHolt m ( 11 ) • c:Paaoabie CLlaH-

ru H KOacpcpHUHeH'!bl nornomeHHH OnpeLXenHnHCb MeTOLlOM HaHMeHbWHX KB4Llp4TOB Ha aneKTpOHHO

C'IeTHOlt MaWHHe 06'beLlHHeHHOI"O HHCTHTyTa HLlepHbiX HCcneLlOBaHHlt. noHCK MHHHMYMOB ¢yHKUHo-

2 
Hana )( npOH3BOL1HnCSI CO cny'laltHbiX Ha'!anbHbiX 3H8'1eHHlt napaMeTpOB MeTOLlOM nHHeapHaa-

/38/ 
UHH 

B peayn&TaTe 70 noHCKoa 6blno HaltLXeHo LIB a peweHHsr co aHa'!eHHHMH x 2 < .3 5( 2 (X 2 = 3.3). 

nonyqeHH&Ie Ha6op&I <Paaoa&Ix CLXBHI"OB H Koa<}:JcpHuHeHTOB nornomeHHH npHBeLXeHbi a Ta6nuue II. 

Ta6nHuall 

¢a30Bble CLlBHI"H B I"paLlycax H KOaQJcpHUHeHTbi fiOI"nOI.UeHHH 

¢430Bb!e CLlBHI"H H KOa<}:J- PeweHHe 1 PeweHHe 2 
cpHuHeHTbi nornomeHHH x 2= 36,67 )( 

2 -=60,09 

1 
8( 50 ) 

-J1,5 ± 4,0 -7,6 + J,1 

8 (3po) -: 52 ± 10 -18,0 + 4,8 

8('1>1) -J6,9 + J,7 -5,7 + 1,8 -
8 (3P2) 18,8 + 1,2 -4J,1 ± 1,5 

8 (l D2) 11,7 + 2,2 7,8 + 2,5 -
8 (

3
F 

2
) - 4,2 + 1,8 0 + 1,1 -

3 0,2 1,4 J,O 1,2 8 ( F
3

) - ± + 

8(
1
F

4
) 1,6 ± 0,7 12,2 + 0,6 

8( 1G
4

) 7,9 ± 0,7 6,5 ± 1,1 

rz 0,954 ± 0,019 0,819 ± 0,024 

r 0,668 ± O,OJ8 0,558 ± O,OJ4 2 

r 0,781 ± 0,020 0,912 + 0,016 3 

2 I _ 2 .. 
)( )( 1,11 1,82 

BepoHTHOCTb Toro, 'ITO )( 
2 ~ 36,7 npH x 2 = .33 , cocTaanseT 31%. .llnsr BToporo H3 HaltLXeH-

2 
HblX peweHHlt )( a60,1, a COOTBeTCTBYIOI.U4SI aepOSITHOCTb pasHa npHMepHO 0,2%. Ha aTOM OCHO-

B4HHH peweHHe 2 a LXan&HeltweM He paccMaTpHaaeTcSI. CneLXyeT OTMeTHTb, 'ITO peweHHSI, Halt-

/6 9/ 2 
.aeHHble B pa60T4X 

1 
1 He CoanaLXaiOT C nony'!eHHbiMH peweHHSIMH H, COI"naCHO )( -KpHTepH10 1 

OfiHCbiBaiOT HMeiOI.UHeCH aKcnepHMeHTanbHble Ll4HHbie CO 3Ha'IHTenbHO MeHbWeJt LlOCTOBepHOCTbiO, 

'leM peweHHe 1 H3 Ta6nHUbi II. Ha pHc. 1 noKaaaHa HaltLXeHHaH aaaHCHMOCTb x 2 oT aenH'IHHbi 

7 



U ( 11 + (pn) )/ u (11 + pn ) .llnH H8Hnj"'wero peweHHH. MHHHMYM .llOCTHraeTCH B TOM cnyqae, Kor-
S 

.ll8 3TO OTHOWeHHe paBHO 0,24. 

4T06bl nposepHTb yCTOJ!:'IHBOCTb peweHHH 1, npOH3BO.llHnOCb BapbHpOBaH"He 38cj:llfKCHpOB8H-

Hb!X paHee napaMeTpOB. npH B8pbHpOB8Hiflf napaMeTpa CMeWHB8HHH l2 If KOHCTaHTbl CBH31f 

2 0 0 
11 -Me30H-HyKnOHHOrO B38HMO.llel!:CTBHH f 6binO Hal!:.aeHO, 'ITO l 

2 
==- 1,6 ;t_1 ,8 ' If 

2 
f '"0,064±_0,024, Tor.aa K8K OCTanbHble napaMeTpbi npaKTH'IeCKH He MeHHnH CBOHX 3H8'1eHHJ!:. 

1 
3aMeHa cpeHoMeHonor~~:qecKoro cpaaosoro c.asitra 8 ( G 

4 
) Ha ero 3H8'1eHHe, Bbi'IHCneHHOe B 

O.llHOMe30HHOM npH6nH:>KeHHH, npHso.aHna K soapacTaHHIO OTHOWeHHH x 2/ 5( 2 OT 1,1 .ao 2,3. 
3 

BKniOqeHHe s aHanHa, KpoMe £ 2 , TaK:>Ke l 4 H cpaaosoro c.as~~:ra 8 ( H 
4

) npHso.a~~:no K 

2 -2 
yMeHbWeHHIO OTHOWeHHH X '/x OT 1,1 .llO 1,0, npH 3TOM, O,llH8KO, 3H8'1eHHH BCeX OCTanbHbiX 

B8pbHpyeMblX napaMeTpOB H3MeHslnHCb He3H8'1HTenbHO, HO B03p8CTanH HX OWH6KH. Hal!:.aeHHble 

3 • 
3H8'1eHHH l H 8( H )He CHnbHO OTnHqanHCb OT COOTBeTCTBy'IOWHX 3H8'1eHHl!:, Bbl'IHCneHHbiX B 

4 4 

O.llHOMe30HHOM npH6nH:>KeHHH. J.13 npHBe.lleHHOrO paCCMOTpeHHH cne.ayeT, 'ITO HCnOnb30B8HH8H 

s aHanHae aKcnepHMeHTanbHaH HHcpopMauHH o pp-saaHMo.ael!:cTBHH s6nH3H 660 Mas He Tpe6yeT 

BKniO'IeHHH B cpeHOMeHOnorH'IeCKHJ!: 8H8nH3 COCTOHHHJ!: C f ?:, 5. TaK K8K CyWeCTBYIOWHe .ll8HHble 

o HeynpyroM pp-saaHMo.ael!:cTBHH B paMKax peaoHaHcHol!: Mo.aenH MaH.aenhcTaMa y.aosneTsopH-

TenbHO OnHCbiB810TCH TpeMH H'eaaBHCHMbiMH napaMeTp8MH 1 TO H8 .ll8HHOM aTane Ka:>KeTCH He

onpaB.ll8HHbiM sse.aeHHe 6onbwero 'IHCna sapbHpyeMbiX napaMeTpos .anH Toro, 'IT06bi yqecTb no-

3 3 3 3 3 
OT.llenbHOCTH nornoweHHe B p- , P- , p - · 1 a T8K:>Ke F - H F - COCTOHHHHX. 

0 1 2 2 :J 

Bbi'IHCneHHbie no Hal!:.aeHHbiM cpaaoBbiM c.asHraM yrnoBbie aasHcHMOCTH Ha6nro.aaeMbiX sen~~:

'IHH BMeCTe C HX aKcnepHMeHT8nbHblMH 3Ha'leHHHMH, HCnOnb30B8HHbiMH B aHanHae, nOK838Hbl Ha-

pHc. 2-4. Cne.ayeT OTMeTHTb1 'ITO .anH peweHHH 1 senH'IHHa x 2 
pasHOMepHo pacnpe.aeneHa no 

-v-~-

.ll8H~blM paanH'IHblX 3KCnepHMeHTOB. 

VI. 06cy:>K.aeHHe peaynhTaTOB 

AHanHa noKaaan, 'ITO cywecTsyrowHe aKcnepHMeHTanbHbie .aaHHbie o6 ynpyroM pp-pacceH

HHH B6nH3H . 660 Mas MO:>KHO CT8THCTH'IeCKH Ha.lle:>KHO npe.llCT8BHTb nocpe.aCTBOM 
1 S - 1

3 p - 1 0 0,1,2 
1 . 3 1 . 
D-, F - H G - cpaaosblx c.as~~:ros, ecnH TOnbKO .aonycTHTb, 'ITO B o6paaosaHHH 11 -Meao-

2 2,J,4 4 • 
3 1 3 

HOB HapH.llY C p - H D -cocTOHHHHMH acpcpeKTHBHO yqaCTByiOT T8K:>Ke F - COCTOHHHH • .[lel!:CTBH-
2 3 2,3 

TenbHo, nornoweHHe B 'nep~~:cpepH<~ecKHx' F -cocToHHHSIX ~;>Kaaanocb .aa:>Ke 6onbWHM, qeM s 

3 p -coCTOHHHHX. 8 CBSI3H C aTHM Cne.ayeT OTMeTHTb, 'ITO npH HecKOnbKO 6onbWHX aHeprHHX 

- + 
aHepreTH'IeCKHl!: cneKTp Hel!:TpOHOB H pacnpe.aeneHHe Q -aHa'leHHl!: 11 p -cHcTeMbl B peaKUHH 

/39 40/ 
p + p -+ 11 + + p + n xopowo onHcblsaeTcH nepHcpepH'IeCKol!: Mo.aenhiO HeynpyrHx npoueccos ' • 

XapaKTepHblM CBOi!:CTBOM Hal!:.aeHHbiX cp830BbiX C.llBHrOB HBnHeTCH TO, 'ITO OHH, K8K aTO 

nOK838HO Ha pHC, 5, MOryT 6biTb CBH3aHbl nnaBHbiM.H KpHBbiMH C COOTBeTCTByiOWHMH cpa38MH 

12 4/ 
YLAM -peweHHH ' , KOTopoe npe.acTaBnHeT pp-pacceHHHe s .aHanaaoHe aHeprHll oT 9, 7 .ao 

/3/ 
345 Mas, a TaK:>Ke c peweHHeM 1 H3 • Mo:>KHO .ayMaTb, 'ITO 3TH nnaBHbie KpHBbie s KaKoll-

To Mepe oTpa:>K810T OCHOBHbie OCo6eHHOCTH aHepreTH'IeCKOft 38BHCHMOCTH cp830Bb!X C.llBHrOB HH3-

WHX COCTOHHHl!: pp-cHCTeMbl Me:>K.ay 310 H 660 Mas. EcnH aTO T8K1 TO OHH CBH.lleTenbCTByiOT 

0 TOM, 'ITO Ha npOTH:>KeHHH paCCMllTpHsaeMOrO HHTepsana 3HeprHJ!: O.llHH H Te :>Ke COCTOHHHH 

HrpaiOT cywecTBeHHyiO ponb B pp-B38HMO.llei!:CTBHH 1 CBOftCTB8 KOTOporo npH aTOM He npeTepne-

8 
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J J 
B810T 38MeTHblX H3MeHeHHit, fiOCKOilbKY K8K CHHrneTHbie J 5

0 
3 3 3 

, D
2

- , G 
4

- , TaK H TpanneTHbie 

p -. p -. p 
0 J 2 

- {paaosbie CLlSHrH He MeHSIIOT csolt 3HaK, ToT 4JaKT, 'ITO npa 660 Mas cpas-

HHTellbHO sellHKH Te )l{e CaMbie lP830Bble CLlBHrH, 'ITO H npH 310 Mas, no-BHLlHMOMY, o6yCI10BileH 
3 J 

BllHSIHHeM H8 ynpyroe pacceSIHHe HeynpyrHX npoueccos, npoHCXOLlS!UlHX TOilbKO S p - 1 D 
2 

- H 
3 
F

2
,

3
- COCTOSIHHSIX Ha-aa peaoHaHCHOlt npHpOLlb: 1T 

Me'ISTellbHO, 'ITO npH 660 Mas1 TaK)I{e KaK H npH 
-+-+ 

3 
310 Mas, P - 4JaaosbiA 

2 
CLlSHr fiOilO)I{HTe-

neH, 'ITO xapaKTepHO LlllSI LS -cHI11 KOTOpbie SISIISIIOTCSI CHilaMH npHTSI)I{eHHSI 1 KOrLl8 COHH napan
-+-+ 

neneH op6HT81lbHOMY MoMeHTY. YKaaaHHe Ha To, 'ITO npH SbiCOKHX aHeprHSIX LS -cHilbi Hrpa!OT 

60ilblllYIO pOilb B pp-pacceSIHHHI HenocpeLlCTSeHHO ClleLlyeT TaK)I{e H3 TOrO 4JaKTa, 'ITO npH 
0 

660 Mas 3Ha'leHHe napaMeTpa LlenonS!pHaauaH LlllSI yrna 90 s cacTeMe ueHTpa Mace 6nH3KO K 
/16/ 3 

eLlHHHUe , 4TO )l{e ~caeTCSI F - 4Ja30Sb!X CLlSHros, TO OHH Mallbl, 
"--- 2,J,4 

J 
0co6oro paCCMOTpeHHSI 3acny)I{HSaeT noseLleHHe 5O -4Ja30BOro CLlSHra, MOHOTOHHO y6bi3a!O-

WerO C poCTOM aHeprHH 1 XOTSI H He TaK CHilbHO, KaK S peweHHH, H8ltLleHHOM XOlllH38KH H Ma

'IHLl8, CKopee y LlHSHTellbHbiM SISnSieTCSI To, 'ITO snnoTb LlO 660 Mas 4JopMy aHepreTH'IeCKOlt 3asa-

CHMOCTH aT OrO cp830SOrO CLlBHra MO)I{HO y LlOSileTSOpHTellbHO BOCnpOH3SeCTH, eCilH SOCfiOilb30SaTb
/41/ 

CSI HaALleHHbiMH HoaecoM napaMeTpaMu paano)l{eHHSI <PYHKUHH kctg [8fSaJ+kf] s npH611H)I{e-

HHH a<P<l:>eKTHBHOro paLlHyCa, 
0 

J 
0 peLlCtta3aHHaSI TaKHM nyTeM sellH'IHHa 5O -<Paaosoro CLlSHra 

pasHa -34,5 , TOrLla KaK ee 4JeHOMeHOilOrH'IeCKOe 3Ha'leHHe paSHO ( -31,5±.,4,0) O, 3T0 1 SHLlHMO, 
J 

oaHaqaeT, 'ITO snnoTb LlO 660 Mas noseLleHHe SO -<Paaosoro CLlSHra Ka'leCTSeHHO MO)I{eT 6b!Tb 

OnHCaHO Ha OCHOSe noTeHUHallbHOit MOLlellH HYKnOHa C TSepLlb!M OTTallKHS810UlHM cepLle'IHHKOM, 

AsTop&I sblpS)I{aiOT 6naroLlapHoCTb C.M.EuneHbKOMy, IO.M.KaaapuHosy, P.M.PbiHLlHHY 

H H.A.CMopOLlHHCKOMY aa none3Hble LlBC&yccaa. 
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PHc. 1. 3aaHCHMOCTb X 2 

.am1 peweHHH 1. 

Q4 Q6 
6(:r..+(pn)5 )/6 {.1lpn) 

+ + 
OT aenH'IHHbl OTHOllleHHSI U (" (pn) )/ u (" pn) 

s 



.r~ 6(8) 
20 

... 

O' I I 

f5 30 45 60 75 90 

asr p 
• l_m_l. 

I 
q4 

q3 

q2 

qt 

ol ~I I I I I 

I~ 30 45 60 75 -
Yeon pacceRHUR 8 Ll,. , zpaa. 

I I 
-o,t 

Pxc. 2. Yrnoaas saaHCHMOCTb ~xqxpepeHuHanbHoro ceqeHHH H nonspH38UHH 
a ynpyroM pp-paccesHHH. Bep'I'HK&nbHbtMB wTpaxaMH noKa3aH Ko
pa~op OWH60K KpHBbiX

1 
Bbi'IHCneHHbiX no 4Ja30BbiM C~BHr8M pewe

HHH 1. YK838Hbl acnonb3oaaHHbte aKcnepaMeHTanbHble ~aHHble. 
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110 
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!J20fl PQCCIIfiHUSI 8,.. , .,U. 

Puc, 3. Yrnoaa.H aaBHCHMOCTb napaMeTpoa TpoAHoro pacceSIHHSI. 
YKaaaHbi Hcnonb30BSHHble SKcnepHMeHTanbHbie .aaHHbie. 
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Yaon pacceRHUR Bu., ,apaa. 

PHc. 4. Yrnosas aasHCHMOCTb KO<~cpcpHuHeHTOB cnHuosoll Koppen!IUHH, YKaaaHbi Hcnonb3o

saHHbie 3KCnepHMeHT8nbHble .llBHHbie, 
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"lll;;; I ~ E,Mad 

PH c. 5. 3uepreTH'IeCKB!I aasHCHMOCTb CHHrneTHbiX z S - , z D - H 
1
G- - H 

TpHnneTHbiX 3p - ,3 p • H3 P, - cpaaosbiX c.t:U~Hros.' CnnoiiiHbie 
KpHBbie npH <~u'bprHslx .ac 3'i5 M<~s npe.acTasnsiOT YLAM -peweHHe, 
npH <~HeprHH 657 M<~s yKaaaHbl cpaaosbie c.asHrH peweHH!I 1 uacTos
well pa6oTbi, WTpHXOBbie KpHBbie npose.aeHbi BHayanbHo. 
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