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cJlaaOBbiH 8H811H3 HYK1IOH-HYK110HHOrO pacceHHHSI llpH 9HeorHHX, 1Je)KSIUHX BbiUJe llOpora 

Me30H006pa30B8HHSI, 3SMeTHO YC110>KHHeTCH. nocTSHOBKS 38.QS'IH B .QOCTSTO'IHO 06IUeM BH.Qe 

Tne6yeT npose.oeHHSI 'lpe3Bbi'ISIIHO UJHpOKOH nporpSMMbl HCC11e.QOBSHHII ynpyrHX H HeynpyrHX 

/1 I 
HyK1IOH-HYK110HHblX CT011KHOBeHHII , nporpaMMbl, KOTOpaH B 6nH>KSIIUJee BpeMSI BpH.Q 11H 6y-

.oeT BblnOnHeHa. B csH3H c STRM, no-BH.ORMOMy, uenecoo6pa3HO, c.oenas HexoTOpble npe.onono

)f{eHHR OTHOCHTellbHO OpOUeCCOB Me30H006pa30B8HHSI, llpOBeCTH cp830Bblll 8H811H3 DO HeCK011bKO 

MeHee o6meA nporpaMMe. TaxoA aaanHa pp -.oaHHbiX npa saeprHH 660 Mss B npe.onono)f{e-

HHH cnpaBe.Q11HBOCTR pe30H8HCHOH MO.Qe11H Maa.oen&UJTSMS .Q11H HeynpyrHX CT011KHOBeHHH npH 

121 
SToll saeprHH 6bln ae.oaBHO BblllOnHeH P .H. 3yn&KapaeeBbiM H H .H. CanHHbiM • Aaanaa .oan 

sec&Ma HHTepecHbiA pe3yn&TaT. Bbln HaA.oea e.oHHCTBeHHbiA Ha6op cpaaOBbiX c.osaros c paayM

z x/ 
HbiM )( 

Ha'IHHaH cosMecTHblll-cpaaosbiA aHa11H3 npH saeprHH 660 Mss, aBTOpbl noHHMana, 'ITO 

npH TOA CpSBHHTen&HO He6on&UJOA 9KCilepHMeHT811bHOA HHcpOpMSUHR, KOTOpoA OHH pacnonaranH, 

BpSILl 11H MO)f{HO 6y .QeT BOCCTS HOBHTb 8Mil11HTy .OY HYK1IOH-HYK110HHOrO pacceHH HSI CT011b )f{e 

13 41 
O.QH03HS'IHO, KSK STO 6binO c.oenaHO paaee B 06118CTH SHeprHA .00 nopora Me30H006pa30BSHHSI ' • 

TeM He Meaee MO>KHO HS.QeHTbCSI, 'ITO ll011Y'IeHHble pe3y11bT8Tbl OKS>KyTCSI ll011e3HblMH npe)f{.Qe 

BCero npH ll118HHpOBSHHH 6y.oyiUHX 9KCilepaMeHTOB. 

Ha nepBOM sTane aHa11H38 noacJt pemeHHA npoaaso.oancH npH f m•• : 4, T.e. HS'IHHaH c 

MoMeHTOB f • 5, aMnnHTy.oa 6panac& B o.oHoMe30HHOM npH611H)f{eHHH. PenHTHBHCTCKHMH 

121 
scpcpeKTSMH npH yqeTe Jtynoaa npeae6perana. B cooTse~cTBHH c pe3yn&TaTaMH pa60Tbl cqa-

Tanoc&, 'ITO Me30H006pa30B8HHe H.QeT, e OCHOBHOM, H3 COCTORHHA C ll011HbiM H30TODH'IeCKHM 

CllHHOM : }, COCTOHHRft ~~.t,z H ~ D
2 

, 8 BO BCeX .OpyrHX Clly'laHX BliHSIHHeM Heynpy-

rHX CT011JtHOBeHHA MO)f{HO npeHe6pe'l&. <l>a30Bble C.QBHrH B011H C 1 6binH B3S!Tbl H3 pa: 

. 60Tbl 
12

/ H C'IHT811HCb llOCTOSIHH biMR. <l>a30Bbie C.QBHrH B011H C 0 H8XO.QH11HCb H3 YC110BHR 

MHHHMyMa CYMMbl KBS.Op8TOB B3BeiUeHHbiX OTK110HeHHA pSC'IeTHbiX KpHBblX OT 9KCnepHMeHTam,-

HbiX np -.oaHHbiX IT a6n. 1 I. 

Ha nepBOM sTane 6bmo c.oenaao 70 noacKOB peUJeHHA co cny'laAHbiX Ha'!an&HbiX ycnosaA. 

npa STOM H8A.QeHO qeTblpe peUJeHHR C x 2 = 44,6 42,0; 42,7; 48,3 npH ? 18. Ka,K-: 

.ooe H3 HSA.QeHHbiX peUJeHHA llOBTOpR110Cb 110 KpaAHeA Mepe .QBS-TpH paaa. 

Bon&UJaH sena'IHHa oTHOUJeHHR x 2 !)(T H 3aMeTHbie ouJH6KH cpa30BbiX c.osHros B011H 

= l, JtOTOpble Ha nepsoM sTane Ke Y'~HTbiB811HC&, aacTaBH11H YTO'IHHT& see HaA.oeHHbie pe-

UJeHHH sap&HpyR cpa30Bble C.OBHrH BCeX B011H H KOHCTSHTy CB!i13H f 2 /26 napaMeTpos/. YTo'l-) r -, 
HeHHble peUJeHHH HMena x = 80, 74, 76, B2 /Ta6n. 21, npH x = 44. TaKHM o6paaoM 

OTHOUJeHHe )(Zj)(J XOTSI HeCK011bKO H yMeHbUJH110Cb / )( 
2/7: 1,7-J,!:!/, HO no-npe>KHeMy 

OCTSB8110Cb Hey.QOB11eTBOpHTe11&HbiM. nposepxa ll0Jt838118, 'ITO HSH6011bll1HA BK118.Q B )( 
2 

.011R 

0 "" 0 scex peUJeHHA .08B811H TO'IKH R,,/72 I H c n n /54 I Is cyMMe OT 11 .00 16 e.oHHHu/. npa 

0 
STOM BK118.Q OT R/1'/72 / OCT8B811Ciil llpHMepHO O.QHHSKOBO BbiCOKHM /6,5-!:I,Q e.QHHHu/ .Q11H 

BCeX peUJeHHA, B TO BpeMH KSK BK118.Q OT C~': /54°/ 118.0811 OT .QeBHTH e.QHHHIL BO BTOpOM 

.QO ,Tpex e.QHHHU B qeTBepTOM peUJeHHH, npH yTO'IHeHHH 6bl118 TSKA<e c.oenaHa OOilblTKS onpe-

x/ 
nocnenHee, no-BH.QHMOMy, YK83bJBSeT HS TO, 'ITO B HCXOLlHblX rtpe!lll01IO,l<eHIHIX 

H811Sr8IOTCR K8XHe-TO .QOCTSTO'IRO iKeCTXHe orpSHH'IeHHSI, 

3 



3 3 
.llenHTb MHHMble 'ISCTH ci:>a30BbiX C.llBHrOB 51 H D

1 
H napaMeTpa CMeWHBaHHH t

1 

3Ta non&ITKa, O.llHaKo, He yBeH'Ianac& ycnexoM, yKaaaHHbie napaMeTpbi 6&InH HaA:.lleHbi c owu6-

KaMH 6onee eTa npoueHTOB. 

no HaA:.lleHHbiM cPa30BbiM C.llBHraM 6&InH ·paC'IHTSHbi sneMeHTbi MaTpHIIbl nepeXO.ll8 H aa

BHCHMOCTH SKCnepHMeHTan&HO Ha6niO.ll8eMbiX BenH'IHH OT yrna pacCe51HHH /puc. 1-4/. 

B HaCTOHwee BpeM51 BpH.ll nH MO:>K HO Bbi6paTb H3 HaA:.lleHHbiX peweHHit HSH6onee LlOCTO

BepHOe. Cne.llyeT, OL(HaKO, aaMeTHTb, 'ITO TOnbKO B peweHHH 4 /Ta6n. 2/ Ha6niO.aaeTC51 O.aHa 

xapaKTepHaH 'lepTa Hau6onee BepoHTHoro B o6nacTH sHepruA: LlQ nopora MeaoHoo6paaoBaHH51 

/4/ 
cP830BOrO Ha6opa l • 3TO e.llHHCTBeHHOe peu..eHHe, KOTOpOe YK83biBaeT Ha TO, 'ITO B pac-

/4/ CMaTpHBaeMOM cnyqae,TaK :>Ke KaK H B o6nacTH SHeprHA: .llO nOpOrA Me30H006pa30BaHH51 
I 

0 
np -pacceHHHe Ha yrnbl, 6nH3KHe K 180 , npOHCXO.llHT TOn&KO B CHHrneTHOM COCTOSIHHH 

0 
n p -cucTeM&I. npaB.aa, oTpuuaTen&H&IA aHaK AlrP B6nuau yrna 90 nnoxo cornacyeTcH c 

npe.llCK83aHHHMH nepBoro Ha6opa. YfHTepeCHO 3aMeTHTb TaK:>Ke, 'ITO B OTnH'IHe OT OCTan&HbiX 

'Pa6nuua 1 

aaHHble, HCnOnb30B8HHble npR npOBe.lleHHH cPa30BOrO aHanzaa npH SHeprHH 660 ~SB 

-
I13MepeHHaSI 3HeprHa, rrpu qHCJIO JIHTepaTyp-

BeJHrtnma 
IWTOpon BeJIHCb HJ:tl! HCTO'I-

ToqeK H.Tt11\ H3MC:QeHVIH 1 M3B. 

q 660 I2 5,6 pp 

p 6.35 I4 7 
PP 

D 
6.35" 5 8 

pp 

R 6.35 5 9 
pp 

CPP 660 3 IO nn 

CPP 
lcp 660 I II 

pp 
u, 660 I !2 
(J 

np 6.30 !9 I.3,I4 

p 6.35 8 !5 
np 

np u, 580 I !6 

. Und (O) 

(J (0) 6.30 I 
np 

4 

.... 

~-· 

• I 



Ta6nHua 2 

/17/ 

• <Pa30Bbie c.cranrn BOnH B rpai::tycax /rrapaMeTpH3SUHI'I CTarrrra H np. I npH T= 660 Msa 

~ 

I 2 3 4 
f 2 O,C!l8,I0,006 0,076::t0,006 0,074;t0,006 o,078::tO, 005 

's 
0 -20,498;:!:7,824 -31,940±4,700 -22,989::t7,887 -17,108::t5,611 

ss 
f -12,505::t12,61 27 '739±5,249 28,710±6,550 17,538::t4,831 

3p -.'32' 463:!;6' 279 -37 '732;t6,588 -33,215;t6,085 -37,133::t7,687 
0 

'p 15,081±7,378 12,092::t5,007 13,641±6,744 -15,242±4,414 
I 

3 
~- 13,316±3,824 -16,736±5,183 -14,115±3,642 -16,877±4,748 

3p 64,451±17 ,44 41, 512t.5, L~34 61,9I9t.14,93 56' 480±8' 269 2 

(l 24,477t;.7,393 27,667t;.6,140 -7,355 t. 3,694 - 5,072±6,615 
3
D1 - 17,99It.6,868 -11,1§0t;.3,817 -8,946±.2,396 -28,275±2,1~56 

zD 
2 2,573t.3,102 2, 737t,3,823 4, 499t.2, 798 6,188±.2,064 

3 
22,095t.10,127 15,223±.6,950 8,913±.4,662 - 4,620t5,226 D2 

3D 4,978±4,584 - 7,411t;.2,825 3,945t;.3,155 - 6,101±2,414 R 8 3 
e 

( -2 1,034t5,082 - 2,479t3,077- 0,719t4,888 0,646t3,353 
3 F - 5,076±9,956 - 7,138±1,172 - 5,104t1,072 - 5,591t0,987 2 

zF 3,416±2,214 5,031t2,870 5,906±2, 762 -14,844±2,683 
3 

-~:f. 
3F 3,943±1, 712 1,980±1,295 3,065t1,286 2,200ti,311 

3 

'F -2 ~~~70t.I ~079 -3;&8It0~685 -2~066±1,036 - 3,74~±0,842 
4 

(3 16, 793±1,673 I2,465::t2,756 -I9,220::ti,858 I3,404::ti,594 
3G - 4,887t.I,532- 3,736t.I,I05 - 3,583±2,008 -I2,453t.I,539 3 

zG 8,482;t0,855 8,067t;.0,84I 8, 220::t0, 9 2I 7 ,e50::t0,995 4 

'G 5,716t2,753 I4,705::t2,876 I5,50I::ti,978 I5,654t1,6I3 4 

3G 
5 1,200:2,703 6,04I:I,544 5,316;t1,383 - 7,051;t2,273 

3p 
0 - 2,771+7,966 3,368±8,163 -1,550±7,083 8,32I±I0,804 .,.. 

'p 
l - 1,071!4,173 - 0,565!3,373 -1,638!3,598 - 1,777;!:3,310 1 Dl8 

3 
34,532~,661 p2 17,632!4,149 32,323:6,255 25,347!4,336 

'D 18,679;t5',372 23,818±7,357 18,171±4,924 I6, 566.t4, 494 2 

x2 80,0 74,0 76,0 62,0 

5 



Ta6nHna 3 

.LlaHHble, Hcnom.3osaHHble .am1 onpe.aeneHHH <Pa3os&IX c.asHros npH aaeprHH 380 Mas 

H3uepeuuaSI 
BCJIHqnua 

u 

"" 
P,, 

v,, 
PP 

c"" 

PP c,., 

u,., 
p .. , 

3IIepnm, np!ti 
KOTopoi1 npon3;.. 
BO,l{villRCb Ml3MC-
pCH~Uit laB 

380 

4I5 

382 

382 

382 

400 

350 

\..liiCJIO 
ToqeK 

26 

7 

I 

I 

I 

23 

I2 

.. 

llUTCpaTyp-
Hliit RCTQq-

H:HR 

I9 

20 

2I 

22 

22 

20 

20 

peweHHI 'leTsepToe .aaeT OTpHU8T9JibHyiO seWeCTS9HHyiO '18CTb 8MfiJIHTY .Obi np -paCCeHHHSI 
/18/ 

snepe.a. nocne.aaee no.aTsep>K.aaeTcH pe3yJibTaTaMH, nony'leHHbiMH paaee s npH aHaJIH3e 

pacceBHHH npoTOHOs Ha H.apax yrnepo.aa H pp -pacceHHHH s o6nacTH Manblx yrnos • 

~ 

.Ll.JIH TOrO, 'IT06bl npOCJI9.0HTb H8CKOJlbKO XOpOWO Hait.aeHHble peweHHSI COOTS9TCTSYIOT 

<Pa3os&IM c.asHraM aa6opa 1 s o6nacTH MeHbWHX aaeprHA, 6&ma c.aenaaa non&ITKa nposecTH 

<Pa3osbll aaanH3 ayxnoa-ayxnoaaoro pacceHHH~ npH aaeprHH 380 Mas, onHpaHCb Ha HHTepno

nHposaHHble 3H8'1eHHSI cP830SbiX C.OsHros. VfcnOJib30S8HHble .08HHble npHse.aeHbl S T86JIHIIe 3. 

nony'leHHble peweHHSI .00CT8TO'IHO y .OOSJieTsOpHTeJibHO fiO.OTsep>K.08IOT MOHOTOHHblil: X8p8KTep 

3aBHCHMOCTH 8 (T) • Pac'leTHble KpHbble axcnepHMeHTSJibHO aa6niO.aaeMbiX xapaxTepHCTHK 

pacceRHHR npHse.aeHbl aa pHc. 5-8. 

Kax y>Ke y~ta3blsanocb, ae see axcnepHMeHTanbH&Ie .aaHH¥e, nony'leHHble npH aaeprHH 

660 Mas1 o.aHHaxoso xopowo onHCblsaiOTcR aaA.aeHHbiMH peweHHRMH. B csH3H c aTHM 6&mo 

c.aenaHO YTO'IHeHHe peweHHil: fiOCJie HCKJIIO'IeHHR H8H60nee .08JI9KO 'Sb1CK8KHS8IOWHX' TO'I8K 

('U72°) H lj,J.108°)). npH aTOM aail.aeHO, 'ITO peweHHH MeHSIIOTCSI He 0'19Hb CHJibHO, a X 2 

na.aaeT .ao 60 e.aRHRU. 

B 3aKniO'IeaRe asTopaM npHHTHO no6naro.aapHTb B.n • .Ll>Kenenosa 3a o6cy>K.aeaHe pe -

3YJibT8TOB H C.M. 6HneHbKOro, p.M. p biH.OHHa, n.c. AmrHpesr H IO.n. KyMeltHHa 38 .aHc-

KYCCHH DO BOnpOC8M, B03HRK8BWHM npH Sblfi0JIH9HHH pa60Tbl. 
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• 
TafinHua 4 

/17/ <PaaOBbre CLlBHrH BOnH npH T "' 380 MaB /napaMeTpHaauHR CTanna H .ap. I 

x' 

3 p 
0 

lp 
• 

tD 
:.i 

sG 
5 

7I,2 

0,049:t0,005 

- 4,53 :t I,7I 

- I0,67:t 4,89 

- 20,80:t 4,88 

- 25,43;5,03 

- I4,93:t2,23 

24,94:t1,30 

34,I8:t2,70 

- 2I,03:t2,45 

I4,I6:t0,62 

I,84:t3,43 

8,50±2,40 

7,70z0,97 
0,06z-I,05 

0,49;t0,91 

7,57+0,59 

2' 29:t0' 59 

7 

f "' 4 maz 

58,4 

o,065:to,oo8 

-6, 45:t2,26 

- I4,13:t3,73 

- 17,30:t10,59 

- 2I,87:ti6,62 

- 15,35:t~' 19 

25,88:t1,86 

34,76:t4,75 

- 20,88:t3,51 

13,94;t0,76 

0,08 :t10,14 

6,47 l 2, 34 

6,89 + 2,51 
o,11 :t1,76 

- 4,60:t 7,08 

- 7,20:t 1,04 

2,07:!: I,IO 

2,45+ 3,3I 

- 5,06:!: 2,30 

1,06+3,07 

+ 8,60.:t 4,96 
- 0,70ti0,71 
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CD 

·-·~ 

O,p(tfJ 12,0 
(·I} fO,O 

'•,\ 
'•j> 

I 
! 

Dnp(,J f,O 

(-s) qa 

0,6 

0,11 

q2 

• \.---.. 

2/1 = . : ::;:;_ . .'- . .!.. .!_ -~· 0 I -·~ ·'- L -- ---

o I 20 t~ 6~ ,~ ~~\ tZU t~o ,;o X t;,o I" 

Pnp(.JJ o,3 
(·3) 0,2 

qf 

0 

-o.t 

-0,3 

·O,'t 

RnpC-81 q7 

(-7} 0,6 

O,lt 

0,3 

q2 

qt 

oJ 
-~t 

-o,2 

-43 

I . ¥1~' I , \\ , . J 20 ItO 6ii /'00 120 i~\ f6IJ I f80 ° 

Pxc. 1. 3aBKCHMOCTb aJtcnepHMeHTanbHO Ha6mo.aaeM biX aenH'IHH OT yrna pacceHHHSI npH 
sHeprHH 660 Mea, pacc'IHT&HHaH no ¢a3oBbiM c.aaRraM peweHHA 1,2,4. 

t -aKcnepaMeHTanbHble .aaHHble, acnonb30B8HHble .anH npoae.aeHHH aHanH3a. 
1 - KOpH.aop owH6oK. 



~ ~ ) ' , ~ 
llnp tzJJ f,O 

(-9} qs~ 

0,6 r 
q4 

0 

•0,2 

•0,4 

·0,6 

c:;r?JJ o,6 [ 

(-IJ) O,S 

qil 

0,3 

0,2 

0,1 

0 

-O,f 

-0,2 -
PHC. 2. 

A 
,,, 

Cn": tJ) 0,8 

r - _vf/ \\ (-15) 

.. 

180 J• 
0,3 

2 0,2 

0£ ~ ."o j6oT so 'f) ,2o \ t4ojf \(60 tao -J• 
•O,f 

-0,2 

•0,3 

-~" 

-0,5 

tOO 120 (1{0 (60 180 Jo ·0,6 

-o,7 

·0,8 

3aBHCHMOCTb 9KCDepHMeHT8JibHO Ha6nwaaeMhlX BeJIHqlfH OT yrna paccegalfg DpH 

aaeprHH 660 Mae, paccqaTaaaag no ¢aaOBbiM caBHraM peweHHii 1 ,2,4. 
i -aKcrrepHMeHTaJibHbie aaHHb~e, HcrronbaoaaHHbie ang rrpoeeaeHHg aaaJIH3a. 
I -KopHaop owH6oK. 
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P•c. 3. 3a&HCBMOCTb &KcnepHMeHTanJ:oHO Ha6mo.llaeM&IX aenHqRH OT yrna paccesrHHR npR 

eaeprRR 660 Mea, paccq&TaRHaR no cP830B&Il!4 C.ll&RraM peweRBI 1,2,4. 
f -&KCnepRM8RT&nbH~e .ll8HH~e, HCDOn&3088HH~e .llnR npOB8.ll8RHR 8H8nR38, 

I -KopH.llOP owsl5oJt. 
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PHc. 4. 3aBHCHMOCTb sKcnepHMeHTanbHO Ha6mouaeMbiX senH'IHH oT yrna pacceSIHIIR npH 
sHeprHB 660 Mss, paCC'IHTaHHast no <Pa30B~>IM CllBHraM pewelfH"A 1,2,4. + -sKcnepHM9HTS(IbHbi9 uaHHbie, Hcnonb30BSHHbie unst nposeueHHSI aHanHaa. 

f -KopHllOP owH6oK. 
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PRe. 5. 3aBHCHMOCT& a~~:cnepHMeHTan&Ho aa6nro.oaeMbiX aenH'IHH OT yrna pacceHHHs npH 

&HeprHH 880 Maa, pacc'IHTaHHaB no Hal.oeaH.biM ctJa30BbiM CLlBKraM. · 

f -&JtcnepHMeHT8.1IbHble Ll8HHble, HCDOn&30B8HHble Ll.IISJ npOBe.oeHKH 8.H8.1IH38. 

I KOpHLlOP OWH60it. 
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Pac. 6. 3aBHCHMOCTb sKcnepaMeHT81lbHO Ha6moaaeMbiX BeJIH'iHH OT yrna pacceSIHHSI npH 

sHeprHH 380 MsB, pacc'iHT8HH8SI no HaH:aeHHbiM ¢aaoBbiM cD.BHraM. + -sKcne rmM eHT81lbH b!e D.8HH b!e, HCll0Jlb30B8HHb!e D.JlSI npoBeD.eHHSI 8H8JIH38, 

I - KOpHD.OP ow H60K. 
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Pac. 7. 3aBHCHMOCTb sKcrrepuMeHTenbHO aa6moLtaeMbiX senH'iHH OT yrna pacceHHHH rrpH 
saeprHH 880 Mss, pacc'IHTSHHaH rro aaA.oeHHbiM <Paaos~:orM c.osaraM. 

f -sKcrrepHMeHTanbHble .oaHHble, Hcrron~>aosaaa~:ore .ons rrpose.oeHJ.rH aaanuaa. 
I -Kopa.oop owa6oK. 
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PHc. 8. 3aBHCHMOCTb 9KcrrepHMeHTanbHo' Ha6moAaeMbiX senH'IHH oT yrna pacceHHHSI rrpH 

&HepriJH 380 Mas, pacc'IHTSHHaH rro HaiiAeHHbiM cpa30BbiM CABHraM. 

! -sKC!IepHMeHTSnbHb!e ASHHbie, HCIIOnb3088HHbie AnSI !IpOBe,AeHHH aHanH3a. 

I -KOPHAOP OWH60K. 


