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: B .ctoKna~e B.VI.BeKcnepa Ha IX Mem.ctynapo.ctHofi:. Koncj:JepenuHH no cPH3HKe BhJco

KHX sneprHA [ 1] yKa3biBanocb,. "'TO pe3Koe npeBbJW.eHHe .ctHcj:Jcj:JepeHUH811bHoro ce"!eHHH 

0 
pa.cceHHHH npoTona na. npoTone npH 8,5 Bsa no.ct 0 nan 3HaqenHeM, BhJ"'HcneHHhJM 

.ctnH 6ecci1HHOBoro cny"'aH npH "'HCTO MHHMbJX cnaHrax cj:Ja3, MomeT 6hiTh o6ycnonneno 

JIJI60 H811H"'H6M 110MHMO . nHcj:Jp8KUHOHHOro . 1 T8K:n<6 H nOT6HUH811bHOrO p8CC6SIHHH1 

11H60 CH11bHblM p8311H"'H6M p-p-B38HMO.ctefi:CTBHH B CHHrneTHOM H TpHnneTHOM COCTOSIHH~X, 

npn· aTOM 11011HOe C6"16HH6 p-p-B38HMonellCTBHH 11pennonar8110Cb paBHblM 30 M6, 

Ha. X Mem.ctyna.po.ctHoll KOHcj:JepeHUHH no cPH3HKe BhJCOKHx sneprHll coo6wanocb o6 H3Me

peHHH nonHhiX ce"!eHHll p-p B38HMonefi:cTBHH no HMnynbcos p=l0,2 Bsn /c B UEPH'e. 

CornacHo aTHM naHHhJM npH 8,5 Bsn G =(42,5+1) M6, 
T.t - . 

0 
.O.ncj:Jcj:Jepenunanbnoe ceqenHe non 0 npH HOBOM 3H8"1eHHH (.;' B npene6pe)KeHl!ll . 

Tot 
CI1HHOB.h1MH B38HMO.Qefi:CTBHSIMH COCT8B11SI6T 115 M6/cTep,, TOrna K8K SKCneprrMeHT nprr-

BO.QHT K 3H8"16HHIO 120 M6fcTep, yme 11pli . 3,5° B c.u.M, 1 r.cte BKnan KY110HOBCKOrO 

pacceHHHSI yme HecywecTBeHeH. 

. ~i20)1:;49~ 
AH811H3 SKCI1epHMeHT8 110 MeTo.Qy 6eTe r 2] H no OIITH'IeCKOi! MOnenH .Q11SI 6ec

CIIHHOBOrO C11Y'li1H He .QaeT OnH03H8"1HOro OTBeTa H8 BOrrpoc 0 H811H"'HH BewecTBeHHOH 

'l8CTH 11MI111HTY.clhl pacceSIHHHo 

B nacToHweA pa6oTe npaMenen nonxon, necK011bKo OTnH'IHhiA OT npenhinywrrx 

nonbiTOK 8H811H38 STOrO OnbiTa, J.13BeCTHO, 'iTO BCH COBOKYIIHOCTb S!Bnenull II xapaK

T6pii3YIOLUHX HX B611H'IHH1 o6ycnOB116HHhiX B38HMOneACTBHeM npoTOH8 C npoTOHOM 1 K8K 1 

nanpnMep, y11pyroe H Heynpyroe pacces!Hrre H HX nonHhJe ceqenuH, nonHprr3aUHSI H T,.ct. 

nonmHbl. onHChiBBTbCH O.QHHM H TeM me na6opoM · cj:Ja3, .O.nH na.xomneHHSI ::>Toro na6opa 

cpa3 He06XO.QHM nonHhllt Ha6op aKcnepHMeHTOB (3], nocK011bKY rrprr 8,5 6sB BbJII011HeH onuH 

H3 9THX SKCI16pHM6HTOB 1 38.Q8'l8 pewanaCb cneny!OWHM o6pa30Mo Mbl 3anaB811HCb 

BHnOM 110T6HUH81!81 npH'l6M panH811bH8H 38BHCHMOCTb ero 6panaCb B cj:JopMe 38KOH8 

1aycca: · 

Jlol1yCK8H1 'iTO npH ·6o1!bWHX SHeprHSIX cnpaBe.Q11HBO KB83HK118CCH"'eCKOe nprr6nrr-

• -14 ). 
memre ( A -o,ee.10 eM .ct11H 8,5 Baa , BhJ"'HCnHnrrch n sToM npH61!H)KenHu cnnrrrrr 

cP83 H 110 H3B6CTHbiM Bb!p8:n<6HIHIM .Q11H S116M6HTOB 

.ctncj:Jcj:JepeHunanbHOe ceqeHHe y11pyroro pacceHHHH, 

Bhi"'HC11H110Cb 
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noLl06Hhlit :»<e MeTOLl Bbi'IHCJieHlHI CLlBHf'OB cpas npHMeHeH B pa6oTax(5} H [21 
LlJISI CJiy'laSI paccestHHSI npOTOHOB'H8 6eCCTIHHOBhiX 

BesLle pacqeThl aenncb LlJIS! e tfftl = 28 H LlJISI 
tnDX 

stLlpax. PaccMOTpeuo 

tlitlbl= 29. ,.,,.,1( 

•1 MOLlenn. 

noK838H0 0 'ITO SKCnepHMeHT He MO:»<eT 6hiTb onncau npn noMown 6eccniiHOBoit 

MOLleJIH K8K npn OTCyTCTBIIH 1 T8K H npH H8JIH'lHH BeWeCTBeHHOfi 'l8CTH TIOTeHUHana 

(MOLleJIH 1 H 2). 

TaKnM o6pasoM, npnBneqeune npeLlnono:»<eunSI 0 H8JIH'lHH TIOTeHUH8JibiiOrD paccest~ 

HHSI II uecyweCTBeHHOit pOJIH CTIIIHOBb!X B38HMOLleliCTBHfi npOTHBOpe'liiT OTibiTY • 

8 MOLleJIII 3 TIOK838H0 0 'ITO CHJibHOe pa3JIH'lHe B38HMOLleliCTBHH B CHHrJieTHOM II 

TpHTIJieTHOM COCTOSIHHSIX He o6ycnOBJieHO CTIHH-op6HT8JII:>Hh!M B3811MOLlei1CTBUeM. 8 MOLle

JIH 4 TIOK838H0 0 'ITO 9KCnep11M9HT M0:»<9T 6b!Tb OTIIIC8H 6es IlpOTHBOpequJt C ll3MepeHHhiM 

nonHhiM HeynpyrnM ceqeHneM IIJlH npeLlnono:»<eurrrr, 'ITO pasnll'lHe BsauMOLleilcTBnil 

B CHHrneTHOM H TpHnJieTHOM COCTOSIHHSIX o6ycnoaneuo B38llMOLleliCTBHeM BllLlB (St ·Gi ). 

N.o,Q.enl:> 

3aLl8IOTCSI: U.r::: 0; V= -·i we .1tr.." 

n H3MepeHHhie LlncpcpepeHurranl:>uoe n no;moe ceqe<me ynpyroro pacceSIHHSI, TorLla 

(1/) ,.,, = O'f.t = Cilt-1 ; cxi =0. (o603Ha'leHIHI CTanna [ 41 ). 3Ta MOLleJib 
,, I I 

OTII!Cb!B8eT CTOJIKHOBeHHe 'IHCTO TIO!"JIOW810flHIX TO:»<LleCTB9HHbiX. 6eCCTIHHOBbiX 'i8CTHU 0 

B aToM cnyqae OTJIH'IHbl OT HyJISI TOJibKO 'ieTbipe aneMeHT8 M -MaTpliUbl 1 

npn'ieM Bee oun paBHhi Me:»<LlY co6ofi~ 

MeTOLlOM H8nMeHbWilX KB8Llp8TOB Bhi'IHCmtnaCb H8IiJIY'lW8SI KpHB851 , napaMeTpbl 

naHnyqweil KprrBoil: 
' 13 -1 r:::: (1.068:!:,0,039) 10 CM . 

-13 
2 '1. 0 = ( 1,15 a 0,045) 10 CM 

ur=(53,8:!:. 5,4) Msa. 

11onHoe ceqeHne ynpyroro paccestHnn1 KaK ll CJieLlOB8JIO O:»<HLl8Tb1 COBTI8Ll89T B npe-

Llenax oilln6oK c onhiTHbiM aHaqenneM. 0LlHBKo, nonuoe ceqeuue Heynpyrnx aaanMoLlei1-

CTBni11 Bbi'lHcneuHoe n6 STHM napaMeTpaM, oKasanocb TIO'lTH · B 2 paaa 6on1:>we ll3Mepeu-

uoro: ; 
""'lll.t'Uit, 
'OUre/ =40 M6 :!:,2,5 M6 1 T0f'Ll8 K8K ~''""· 0 =22 M6o 

W.d 

·,, 
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Mop,enb 2 

3all810TCSI: 
% ,. 

-1 t V =- (u+ iw-) e n H3MepeHHhie Lin¢¢epeHuHanbHoe, H nonHoe .ceqeHnSI 

ynpyroro pacceSIHl!SI, TorLia 

J 

J a =O; 

3Ta MOL18Jlh COOTBSTCTByeT CTOJlKHOBSHHSIM OSCCriHHOBhiX TO)KLl8CTB8HHbiX '18CTHU
1 

npH 

H8J1H'IHH riOT8HUJ18JlhHOrO paCCSSIHHSio napaMeTpbl H8HJ1yqwefi KpHBOH paBHhl COOTBST

CTBSHHO: 

1 
u 

13 -1 (1,027 :t, 0,040) • 10 CM 

"' ( +12,7 :t. 8,75) Maa 

'Ur = (48,44 :t. 7,10) Maa 

2ro = (1~19 :t. 0,048)•10-13 

IlonHoe ceqeHne ynpyroro pacceSIHRSI coanaLiaeT c 

K8K H B MOLlSJlH 11 riOJ1HOe C8'18HH8 Heynpyroro B38HMOL18HCTBHSI OK838J10Cb 3H8'1HT8JlbHO 

6onbwe Ha6ni0Ll88Moro H paBHhiM (38 :t. 2,5) M6: YlcKannch peweHHSI Llmi U .( 0 
c 

( KOHCTpyKTHBH8l1 HHTepcpepeHUHH j 1 LlJlSI qero B K8'18CTBe H8'18JlbHOrO 3H8'18HHSI opanoCh 

U =- 40 Maa, B npouecce 

ohin LlOCTHrHyT BHOBh npn U =+12,7 ./'V\aa. 

3Ll8Cb Fj - 3H8'18HH9. T80p9TH'I8CKOII: BSJlH'IHHbl 

cnepnMeHTanbHOe sHa'leHne jf- B TO'IKe .t; , 

Ka OribiTHOro 3H8'18HHl1 /!£ B TO'IKS .X• 
(fJt '-

N\emlly TSM B STOll: MOL19J1H CJ18Ll0B8J10 O'mHL18Th MHHHMyMa H LlJlSI U < 0. 

TaKoA MHHHMYM yLiae't'Cl1 nonyqnTh1 ecnn sacpnKcHpoaaTh G'c:,.J = (22:t,2) Mo. 

PaccMOTpeHHhie BhiWe LlBe MOL19J1H CBHLlSTenhCTBYIOT a nonbsy Toro, 'ITO pesynh

TaThl OribiTa H8Jlb31l O(lbllCHHT:., riOT9HUH8JlbHbiM H LlHcppaKUHOHHhiM paCCSHHH9M
1 

ecnn 

npeae()peqb 838HMOL18ftCTBHilMH 1 38BHCl1WHMH OT CriHHOB npOTOHOB.-
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Mo.aenb 3-

8 STOH M0.09liH B38HMO.Qell:CTBHSI 1 38BHCSIWH9 OT CIIHHOB IIpOTOHOB
1 

Y'IHTbiB,aliHCb 

rryTeM BB9.09HHSI B Bblp8:iK9HH9 IIOT9HUH8ll8 CIIHH-op6HT8:11bHOf'O 'ili9H8 

r.ae 

V = 11("-)+ .f!: dV(7.) (g + ~) z: 
't d'C.. 1 ... 

.,2z'l. 
l!(t):a- (u• iw) e 

( 1) 

8 STOM Clly'lae (jj=o ; ~~ .. t ~ 0/.t._ ctt,t-J 
OnaaKo aemPmHa cmm-op5HT8llbHOro 'illeHa B Bbipa>KeHHH ( 1) rrpH 6onbWHX aHeprHSIX 

.aon)KHa 6hiTb Mana. 3To BbiTeKaeT H3 cne.ayrouiHx coo6pa>KeHHft. npe>K.ae acero 

.OJ151 K8)K.QOI'O e .QOli>KHO 6b!Tb BbliiOliH9HO yCliOBH9 [ 61 , 

.S+J . s L. I et-2 ee' \2" .i. (2) 
I 

l·ls-11 

Ilanee, H3 Bb!pa>KeHHSI .OliSI C.OBHra tP83 pacceSIHHSI B TpHIIli9THOM COCTOSIHHH .OliSl IIOT9H

Ul!8ll8 (1) 

~ E . [1 ,lt 
o = (zn·iur)-;- r;:-'e- ;(t·~~ . 
l,J -felft · ( f .z e "f'U J:~tJ-1) 1.-+ zar .z · __ ·· J=t . r . . . . !l(e .. ,) 1 = t-J · 

cnenyeT, 'ITO .Ql!Sl -KB>K.QOI'Q e .QOli>KHO 6hiTb BbiiiOliH9HO ycnOBHe 

...!. - 4ar(t-~ot')~ 0 1'' v '-
l!liH 

a.~ 
I 

41:r~-~-~J 
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dir(t) 
J3KnS.l:l CnHH-OpOHTSnbHOrO 'lneHS BenHK npH MSKCHMyMe -;;;r-
'leMy COOTBeTCTBY~T t =15-16. nocKonbKY r ~ 1•1013 

CM -
1 

1 -26 2 
a~ M lO CM • 

Y'IKTbiBSH ycnosxe (2) • KMeeM 

a<< ...L. 
64 10

-26 2 
• CM , 

noaTOMy C.l:lBHrH tPS3 B CHHrneTHOM K TpHnneTHOM COCTO.IIHHHX Mano pa3nK'I8IOTCH 

Me:lK.l:lY "COOOIOo 3Ta OUeHKS 3HS'IeHH.II KOHCTSHTbi CnKH-opOHTSnbHOft CBH3H ropS3J:l0 

MeHbWe UHTHpyeMoro B nHTepaType ( 7] t nony'leHHOrO no OUeHK8M H3 OUbiTOB 

npH MeHbWHX aHeprK.IIX. 

. ~6 2 
,LJ.ng HSHny'IWeft KpKsOft npH tPHKCHpOBSHHOM, a. =:!:.0,05.10 CM H nony'leHHbiX 

npH aTOM napaMeTpax 0 =(0,836 :!:.0,027) 1013 
CM-

1 U =-(1:!:_4) M9s 

tlf' •(23,3:!:.1 14) Mas ycnOBHe (2) .l:ln.ll TpHnneTHbiX COCTOHHHft" He BbinOnH.IIeTC.II
0 

TaKHM o6paaoM noTeHuHanoM BH.l:lS ( 1) He y.l:laeTC.II onHCSTb aKcnepHMeHT. 

Mopenb 4 

Pe3KOe pa3nH'{He cpaa B CHHrneTHOM H TpHnneTHOM COCTOHHH.IIX MO:lKeT ocywe

CTBHTbCSI npH 'IHCTO MHHMOM nOTeHUHane BH.l:l8 

r.l:le 

B aToA MO.l:lenH 

0TnH'IHbi OT Hyns aneMeHTbi MSTPHilbi pacceHHHH M = M , M M 
H •4,.& ' QO ' ~S ' 

nDH'IeM Mss 3H8'1HTenbHO 6onbwe Tpex OCTanbHbiX aneMeHTOB. npH -A =0,81 

napaMeTpbi HSHny'IWeft KpH:SOA .l:lHtPtPepeHUHSnbHOrO Ce'leHH.II p8BHbi COOTBeTCTBeHHO 
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·-13 -1 . 3- = ( 1,35 :!:_ 0,115) •10 CM 

.2 -13 t 0 = (0,91 :!:_ 0,104) •10 CM 

Uf = ( 127 :!:.. 63) Mas. 

no nony'!eHHhiM napaMeTpaM H C,llBIII'8M cJl83 Bhi'IHClleHbl nOliHhle Ce'!eHIISI II Ce'!eHIISI 

CIIHI'lleTHhlX II Tpii nneTHhlX COCTOSIHIIii 

s 
~ee =34 M6 

6.~ =62 MO 

"' (;_ .S =96 M6 
Tot . 

1. 
Get= 1 M6 

O•'t = 10 M6 

"' t . 
0 .... = 11 MO 

Too. 

nocne,llHIIii pe3yllbT8T COBna,llaeT 

Me, npiiBe,lleHHOl!: B pa6oTe [ 8] 
c d5(o") 

d..Q 

~<;, 
Ell Tot 

Gs t = 
Tilt+~ Tot 

0 S95· 
.I ' Q(l)= 2.,3; 

H'T.t. 
g. = 24 M6 + 8 MO ... -
6iot= 32,25 M6 :!:_ 8 MO 

~= 154 MO 

dll. CT 

1 B!>i'IIIClleHHhlM no OnTII'IeCKOH Teope-

d6 (tY) ~ {y(t)(61'ot)~152£l! 
dll. 4h~ 

TaKIIM o6pa3oM 1 Ha6op cpaa, nony'!eHHhiii B aToll: MO.llenii npiiBO.lliiT K 3Ha'!eHIIHM non-
'-" To-1 ,..., Tot • . 

HhlX Ce'!eHIIl!: QtneP II 'CI 0 01III3KIIM K H3MepeHHhlM Ha OnbiTe, 

l13 BCeX paCCMOTpeHHhlX MO,lleneii nocne,llHSISI K8:lKeTCSI !J81IOOnee npaB,llOnO,llOOHOH 

B p8MK8X IICXO,llHhiX npe,llnOliO:lKeHIIii, 

ABTOpbl nOllb3yiOTCSI cnyqaeM Bblp831ITb Oll8I'O.ll8pHOCTb 38 IIHTepec K p80C>Te 

II none3Hhie o6cy:lK.lleHIIH aK"a.lleMIIKY B.l1,Bexcnepy, npocp, .H.A,CMopO.lliiHCKOMy II 

A.A.noryHosy II B,C,BaparneHKosy, 
::::J 

PyxoniiCh nocTyniina B II3.llaTellbCKIIl!: OT.llen 
14 CeHTS!OpSI 1960 I'O,ll8, 
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.D.orronHeHire rrpn KoppeKType 

·nocne C.ll8'IH pyKOIIHCH S H3.ll8TenbCKII:ii OT.llen 6hinH rrony'!eHbl pe3yllbT8Tbl pac'!e
TOS no MO.llenn 5, Hn)Ke· npnsO.llHTCH sTn peGynbTaThi, 

Mo.llenb N.>5 

8 8TO:ii MO.llenn paCCMOTpeH KOMIIneKCHb!H IIOTeHunan SH.llB 

S + 1 ... -• . . &02 r2 
V= -1 (u1+. iw1) + (-1) (u2+ iw2 ) (ui u 

2
) - I e 

KaK n s MO.llenn 4. a1,1 + 1 =a!, I = al,J-li ai = 0 • 0TnH'!Hhi oT HYliH cne.llyrorune 

sneMeHThi \1 -MaTpRUhi: \1n = M Af00 i .II 55• 3a.llasanocb .llHcpcpepeHunanbHoe ce'!eHne 

ynpyroro pacceHHHH u nonHoe ce'!eHne p-p-s3anMO.lle:iicTsrrH 
r 

u Pac'!eThl shln~nHeuhl 
r ) r · 

.llliH .llSYX 3H8'!9HI!H IIOliHOI'O ce'!eHHH U =(30,0:!:_2,0 M6 H U =(42,5:!:_1,0) MO, .0.nH 

y .ll06CTSa nporpaMMHpOS8HHH H C'!eTa HlUYTCH napaMeTpbl CHHI'neTHOI'O IIOTeHUHana H 

Sel!H'!HH8 OTHOlUeHHH rny6HH HM TpHIIlleTHOI'O H CHHI'lleTHOI'O IIOTeHUH8liOS 

. 22 
v5 ·(u5 ~ iws) 

e- &02 r2 Vt=-XV =- X(u + iw) e -19 r ·s s . s 

npn u =(30,0+2,0) M6 Hanny'llllee pellleHne 
- 2 

nony'!eHo .llJlH us= -0 • O:mn.llaeMaH n 

"' (F.- f(x.)) nalt.lleHHaH semr'lHHhi S= ~ . ' r npaKTH'!eCKH COSI18.ll8IOT, n apaMeTpb! H8HJlY'!lllefi 

Kp!ISOlt 
s, 

X =0,039 :!:,0,0 16; 
13 -I 

&0 =(1,306:!:_0,104), 10 CM j Ws =(439,:!)88)Msa'; 

W 1 = 122,5 Mas; 

s ·2,2 pa3a MeHbllle 

w2 = 105,5 Mas 

npn u f, 10 S Sbl'l, O:IKII.ll8eMOI'O 3H8'!eHHH1 T,e, p8C'!9TH8H Kp!!S8H 

11pOXO.llliT O'r OIIb!THb!X TO'!eK Ha paCCTOHHHJ.I 0, 725 
. '\ 

OlllHOKH, Cne.lloBaTenbHo, sapuanT 

u f, 0 MeHee sepoHTeH '!eM sapuaHT u =0, s s 
npu u' =(42,5:!:_1,0) M6 li us r 0 pellleHne cyruecTsyeT TOllbKO .llJlH X < l. 

B 8TOM. cny'!ae OK838Jl0Cb s = 5,3 II pH s. = 7. napaMeTpbl HaHny'!lllelt KpHSOlt 
Bbl'l. O:IKH.ll, 

'X =0, 172:!:,0,067; 

u1 =41,5 N\ss 

13 -1 
&0 =( 1, 158:!:_0, 103) • 10 CM 

W1 = 77,9 N\ss 

us '=(110+28) N\sa 
. '- IV =(206+123)/v\ss 

s -

u2 = 22,6 Msa W2 =42,5 Mss 

no.ll'l9pKHeM, 'ITO M8llll!Ha Sb!6pana us> 0 II X < 1 IIpii H8'!8llbHb!X '3H8'!eHIIHX' 

us= 0 II X ""l • .D.nH cpnKcuposanHoro us = 0 pellleHIIe He y.llanoch Ha~TII, 

Pe3roil.mpyH s paMKax ucxopHhiX npe.llnono:meHnfi, npnXO.lliiM K cne.llyro_ruiiM .ShiBO.llaM: 

YTO'!HeHire 3Ha'!eHHH IIOliHblX ce'leHJilt p-p-B381IMO.llejfcTSJIH 1 · npuseno 6b! K COOTBeT-

CTB9HHOMY yTO'!HeHIIIO B9Jlii'lHHhl aeruecTBeHHOI'O noTeHuHana. Me:m.lly TeM, neGasucu-
T 

MO OT 38.llaB89MOI'O 3Ha'!eHIIH U 1 8H8l!H3 IIpiiBO.llii1' K CIIllhHOMy npeBb!lU9HHIO p-p-:-

S38IIMO.ll9HCTBIIH S CIIHI'lleTHOM COCTOHHHII Ha.ll S38IIMO.ll9HCTSII9M S TpiirrneTHOM COCTOH

HIIH1 IIPH'l9M T8K.Oe P83liH'lii_e o6HJaH9 f·38HM.OA9HCTSIIIO cmur-.CIIllli ,ro-
1 

• (; 
2
) 


