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B·Be.aeane 

npoueCCbl paccesHIHI TT -M930HOB Ha HYKIIOH8X H npoueCCbl pO.lK.Q9HHH 

TT -M930HOB npli B381iMO.Q9fiCTBHHX TT -Me30HOB C 'HyKIIOH8MH paCCMaTpH-

B81IHCb pH.OOM aBTOpOB C fiOMOIUblO pa31IH'!Hb!X MOLl9119fi, 

/2 I 
TaK

1 
¢epMH nbiTancs. o6'bsCHHTb npoueccbi ?6paaoBaHHH M930HOB Ha 

. 131 
OCHOBe CT8THCTH'I9CKOfi MO.Q91JH, EeneHbKHfi H .ap. ycoBepweHCTBOB81IH CTa-

THCTH'I9CKYIO TeOpHIO ¢epMH, BB9.QH B paCCMOTp9H.H9 pe30H8HCH09 B38HMO.aefi-

CTBH9 TT -Me30Ha C HYKIIOHOM B COCTOHHHH C TTTN"' J=-3/2 • nna.aeM6ayM H 

. . /4 5/ 
WTepHxefiMep ' .ann o6'bHCH9HHH .aaHHbiX o6 ynpyroM H aeynpyroM B3aHMo-

.aefiCTBHH TT -Me30HOB c ayKn~HaMH, no aaeprnn na.aaiOruero 
TT 

Ha 1,5 BaB npe.ano.lKnnn H3o6apayiO Mo.aenh HyKnoaa, OHH, npe.anonarann, 'ITO 

B036y:K.ueHHbifi HYKilOH cyruecTByeT peanhHO B cocTOHHHH c T:rN"" IJ"' 3/2 • Co-

rnacHO STOfi M0Ll91IH 1 LlOII.lKHO OTCYTCTBOB8Tb o6pa30B8HH9 TT -Me30HOB B 

COCTOHHHH C H30TOfiH'I9CKHM CfiHHOM 

/6/ T8Tbl rOBOpHT 0 TOM, 'ITO aTa MO.Q91Ib He HaXO.QHTCH B •XOpOllleM COrllaCHH 

C Ofib!TOM, noaTOMy, 'IT06b! ycT8HOBHTb, fi0'19MY B03HHK89T T8K09 paCXO.lK.Q9HH91 

H906XO.QHMO y'!eCTb TaK>K9 B38HMO.aei!:CTBH9 TT -M930H8 C HYKIIOHOM B KO-

H9'1HOM COCTOHHHH C H30TOfiH'I9CKHM CfiHHOM TTTN = ~ 

17891011/ 
HeKoTopbie aBTOpbi ' ' ' ' npnxo.anT K Bb!Bo.ay, 'ITO B npoueccax, 

o6yc1lOB119HHbiX CHllbHbiM B38HMO.QefiCTBH9M, HrpaeT p01lb TT-11 -B38HMO.aefi-

- /12/ 4 /13/ CTBH9, ¢pe3ep H ..-yllbKO H y yK8381IH, 'ITO BK1110'19HH9 .QBYXM930H-

HOrO . p-pe30H8HC8, a TaK.lK9 p930H8HC8 B CHCT9M9 H3 Tp9X TT -Me30HOB C 

nonHbiM n3oTonnqecKHM cnHHOM T"""' 0 , noaBonneT o6'bHCHHTb aneKTpoMar-

/14/ 
HHTHYIO CTpyKTypy HYKIIOH8, 3Kcn epHM9HT .aaeT YK838HH9 Ha CYIU9CTBOBa-

HHe TaKoro peaoHaHca, 

1. AMnnHTYLlbl peaKuHi!: rr
1
N

1
-+rrjrr*N; 

B H30TOfiH'I9CKOM npocTpaHCTB9 

¢eaoMeHonornqecKoe onncaane npoueccoB o6pa3oBaHHH 1T -M~30HOB 

npH B38HMO.aefiCTBHH 7T -M930HOB C HYKIIOHaMH B n~OCTpaHCTB9 H30TOfiH'I9C-
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KOI"O Cfli!H8 CBOLlHTCS! K BBeaeHHIO 'leTb!pex He38BiiCI!MbiX 8MfiJIHTYLlo BepOSIT-

HOCTb nw6oro 1!3 npoueccoe o6pa3oBaHHSI 1T -Me30HOB MO)!(HQ Bblp83HTb B 

S!BHOM eu'ae 'lepe3 '19Tbipe He3aBHCHM hie 8MfiJJUTYLlbl, 0603H8'1HM 8MfiJJIITYJlY 

ripOU ecca o6pa30B8HHS! 1T -M e3 OH8 llpH CTOJIK HOBeH HH 1T -M e30H8 C HyK-

llOHOM 'l'z 'lepe3 \I (TT1 'l' 1 -+rrj rr* 1\l'1 ) 1 I"Ll9 llHJleKCOM /x/ 0603Ha'leHbl 

BTOpli'IH.bi8 '18C.THUhi. 

AMfiJIHTYLlhl npouecco~ B npeacTaBJieHHH·, KO.I"Ll8 B KOHB'IHOM COCTC'fiHHH 

BBOLlHTCP. fiOLlCHCTeMa H3 LlBYX n-Me30HOB 1 BbipamawTCS! CJieJlyiOlUI!M o6pa30M: 

3a ec& 

M'rr+p -+prr+rr)c~(y'iTsR32 + B3 ) 

M (rr+p ... prr0 rr-i)=~(y175 n;,- nJI) 

M(rr+p -+nrr+rrf-)=-v'4/5 B
32 

M(rr-p -+prr0 rr-)=y'Yz(N51J +1/313 +2/3 n ) 
32 31 Il 

M(rr-p-+nrr-rrJ=-v"'f<Vf75n -1i3B -2/3B) 
32 31 II 

M ( rr-p ... n rrt rr-) = -v' 1/3 ( VI/5 332 + B.u -. B
1
z-V2' 0

10
) . . 

M ( 77-p ... n TT-TT~ =- VI73 ( VI75 n, - B31 +Bit+ v'2 RIO ) 

M ( 77-p .. n 77°77°) =- V273 ( y'.2/5 832 + Bzo ). 

+ - . 
M ( rr0 p ... n rr0rr ) =- ( v'1/5 lli2 + 1/3 Bst- 1/3 Bu ) 
M ( IT

0 p ... n rr+ rf') =- ( v'175 B3, -1/3 B,11 + 1/3 B11 ) 

M ( rr0 p ... p rr+ IT-) = 1/3 ( y'275 3_,2 + y'2 B
31 

+ ~ B
11 

+ B
1
.,) 

M(ifp-+prr-~)c1/3(y'2753 -V2B -0rB +B ) 
~ 32 31 u 10 

M ( IT0 p .. piT0 rr0 ) = 1/3( y'S/5 B - B ) . 

/1 I 

32 10 • 

Bij o603Ha'laeT 'leTbipe aMnJJuTy Llhi pea~uuu B H30TOIIH'IecxoM npo-

CTpaHCTBe, n epBblll HHJleKC. OTHOCHTCS! K H30TOIIH'IeCKOMy CfiHHY CHCT9Mbl 

IT -Me30H-HyKJIOH 1 COOTBeTCTBeHH0 1 T =Yz ·= 3/2 ITN l B H8'18JibHOM COCTQSI-

HHH 1 BTOpofi IIH119KC - K KOHe'IHOMy COCTOSIHHIO C T TfTT 0,1,2 IIOLlCHCTeMbl 

llBYX rr -Me30HOB. 

B apyroM rrpeacTaBJieHHH 1 KOI"Ll8 B KOHe'IHOM COCTOSIHHH BBOLliiTCSI IIO,ll-

CIICTeMa H3 IT -Me30H8 II HYKJIOH8 1 8MIIJI.IITY .llbl pa3JJII'1Hb!X rrpou eccoB Bb!pa-

maiOTCS! _cne.oyiOIUMM o6pa3oM: 
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M(/p -+p7T+tf)=y'3/5 A33 

M (IT+ p -+p If"+) =-·v 1/3 ( 2/VS -\3 3 - -\31 ) 

M( "+P -+niT+ IT+) =-y'i73(\i'215\
3
+y'2A

31
) 

M ( "- p -+ ptf1T-! =l/3yi73 <4.fo."\, 3+ A,1 +V2Art 2 A11 ) 

M("p -+p7T-tf )=-1/3 \'173 (v1/5 A312A 31+'V2 A13+2A 11) 

1\1 ( rrp -+nIT- 1T +) <= li3J/3 (y875 A
33

...,12 A
31 

+A 
13 

-l/2 -\
11 

) 

M(IT-p -+niT-IT-+)=-v'f73 (y2/5 -\33-A13) 

l\1{7T-p -+niT0 1T0 )=-l/3/ff3 (\12/5-\33+\/2 -\ 31+2-\13-{2 All) 

M (IT0 p -+n1To7Tt) =-1/3 V173 (4V2/5 A3iVZ "-
3

; -\ 1_;{2 All) 

M(IT0 p -+n7T+IT0 )=1/3 \/f73 (y2/5-\ -2yZ A -.\ ·'1/2-\) 
. 33 31 13 I ( 

M(IT0 p -+piT+IT-)=Vf/3 (y4/5 \3+v1 ~~ A
13

) 

M (ITO p -+ pu IT+)= -1/3 v173 (4/v's A33 -2 -\jz" 0r \3+2-\, I) 

M (ITO p -+ p IT
0 IT0

) = 1,13 v 1/3 ( y'4,Ts A3r 2 A 3!" V2 Al3+ All). 

121 

3necb Aik -aMITJli!Tyna peaKUIIII B H30T-OITII'i9CKOM rrpocTpaHCTBe. nepBbltl IIH-

L:l9KC OTHOCIITCH K 1130TOITI!'l9CKOMY CITIIHY CIICT9Mbl I IT - ~ I - B Ha'lanb-

HOM COCTOHHI!ll 'J;N='4,'!, 1 a BTOpOit l!HL:l9!{C - K KOH9'lHOMY COCTOHHl!IO rron-

Cl!CT9Mbl (IT-~) C li30TOITll'l9CKl!M CfiliHOM 

· llHcf>cf>ep9HUl!aJlbHbl9 C9'l9ffl!H naHHblX rrpOU9CCOB Bblpa:»<:aiOTCH B ITIT 

rrpencTaBJJSHllll "!apes aMrrJliiTYnbt cnenyiOIUl!M o6pa3oM: 

du = :£ c,J C!n TJ IJ q;,_n ' 
l,m c:: Z,l 

},n = 0,1,21 

a B rrpencTaBneHHH (IT-"l), B Bl!ne: 

du = :£ C1k q, A tk A~ 1 
I, k, h, I= 1,3 

I 31 

141 
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2. LlucpcpepeHuuaJihHbie ce'-!eHH>l u yrnoBaSJ aaBUCHMOCTh 

peaKuuu 1lj N1 -+ 72*"* N; 

Hn me rrpHBO.llSITCSI yrilOBhie 3aBHCHMOCTH ce4eHHSI o6pa3oBliHHSI TT- Meao·-

Ha 
/15 16/ 

7T -Me30H8MH H8 ITpOTOH8X ' • 

Ha '-l8JlhHaSI BOJIHOBS$1 cpyHKUIISI ClfCTeMbl ( Tr -N) 38.ITIIChiBa9TCSI B BII!le: 

I I< z: 
•/J = f .p ( S ) X ( T, T ) , 

Ha'l. z " /5/ 
llu: e r.oe ITJIOCK8SI BOJIHa, KOTOpaSI XapaKTepl!ayeT ITy'IOK TT -MeaoHoB, na.oa-

IOIUHX H8 HerrOJIS!pH30BaHHY 10 M Hill eHb HyKJIOHOB, rp (s~) -ciTIIHOBOe COCTOSIHHe MII-

weHII, H X ( T,'I;,) -uaoTOIIH'-leCKOe COCTOSIHUe CHCTeMbl 7T -Me30H-HYKJIOH
1 

T nonHhiii uaoTonu'lecKHii CITHH cncTeMhi, a T"' - ero npoeKuHSJ Ha och z 

B H30TOITH'leCKOM rrpOCTpaHCTBe. 

Ecnu orpaHH'lliThCSI y'leTOM s -, Tl_ H n -coCTOSIHHii 7T -Me30Ha B 

KOHe'lHOM COCTOSIHUH, TO Mbl ITOJIY'lllM cne.oyiOU{ne B03MO:>KHbie rrepeXO,llbl 

1Ta6n. 1/. AMIIJJHTY.llhl elf H Cj1 HM eiOT eM hiCJI an eM eHTOB s 
s 

-MaTpliUbl. 

Vfa Ta6Jli1Uhl 1 BH.llHO, 'ITO aMITJJI1TY .llbl 8 32 u 8
10 

co.oep:»<aT -u 

-cOCTOSIHHSI !lBYX 7T -\te30HOB, a - 8
31 

H 8
4 P -cocTOSIHHe. B caMOM 

o6rueM cny'lae 8 32 H 8
10 

co.oepmaT 'IeTHhie BOJIHhi .oByx 

8.31 H 8
11 

He'leTHbie. 

7T -Me30HOB, a 

8onHOBaSI cpyHKUHSI ua Tpex 'laCTHU c y'leToM op6uTaJILHoro MOMeHT~. 

D 

HYKJIOH8 OTHOCHTeJibHO .llBYX 7T -Me30IJOB H ero CIIHH8 38ITHCbiBaeTCSI B BH-

.ae: 

r.oe 

M T . 
t/J =V; Z1 "=S~~:'£(\sm 1 m.llsllm)(llkm~l/t kMOx 

KOH€!'1. rnl + m. "'ffi; m; + ''1~ = m., 

( . ., " I 
mtm2mtm2 mt 

M· 

m +m.,=!\4; rrrz+ r = Tz 
m8 m 1 

m2 nm")(npm"rl npT T.,) )( y 
m ~ 

% z 
m 1 m2 r 

T T IV • 
mt m2 P 

vl = ! ~ ( Is m m I Is ll m ) ( ll I m '11 Ill I M I ) X m. y ml y "'" 
I • 7T 7T 7T m I I 

m + m = m 
I s 

m + "'= M 
7T 

7T 

B OJ1HOB8SI 'l8CTh ClfCTeM hi 'I aCTHU, 

16/ 
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,,t1, y ml( ON, cpN) ; 
1 1 

tr7T ""' 1r "' Y" < e" • ¢" > 

SlBJISl!OTCH wapOBh!Mif cpyHKUiiHMif OT apryMeHTOB ( ON • cpN) If < e", ¢">, 
yrn hi (ON, cpN) -xapaKTepH3yiOT HanpaBJit'Hifa BhiJieTa Hy·K 'lOHa B CHCTeMe 

ueHTpa Mace CTaJIKI!BaiOW11XCSl 7T -Me30Ha If HyKJIOHa 1 ( 077 , cp7T ) -HanpaBJie• 

HUe BhiJieTa T7 -Me30Ha B ClfCTeMe UeHTpa Mace. 

z~,~ ::£ (m1 m2m;m;:m1 m2 n'll")(npm•rlnpTT.,)r"1rm;w; 
T m

1 
m

2 m;+m~"'m 
m.,+r "'T.r 

onpeLtensteT H30TOCIHqecKOe COCTOSIHHe CHCTeM hi Tpex qaCTHU. n pH STOM 
, .. 

r 1 

If 

II 

r '"2 
m xapaKTepH3yroT lf30TOfiHqecKHe CCIHHhl T7 

qecKH~ CllHH HYKllOHa. 

-Me30HOB, a w' 
p 

ml 
H30TOnH-

CpeL(Hee 3HaqeHHe CllHH-TeH30pa HyJieBO!"O paHra < ~> CBSI3aHO C LlHcp-

cpepeHUifallbHhlM ceqeHHe~ HCllYCKaHI!Sl HyKJIOHa B Ha!IpaBJieHHH (ON' cpN) 

If 17 ~Me30Ha B HanpaBJieHHH ( ~ . 4 ) B HX CHCTeMe ueHTpa Mace COOT-

HOWeHneM: 

< Tg> ~ 

.s 

3 

~-~be OTT, cPzr; P,) ' 
d ~(ON, cpN) dQ(0

77
,cpN)dpN 171 

rLte k ,;li'X , pN - HMllYJlbC HYKllOHa B CHCTeMe UeHTpa Mace B3aHMOL(eficTBy-

rowHX TT -Me30Ha H HYKJIOHa, P -cpa3-0Bhifi oo'beM Tpex 'UICTnu • 

.UHcpcpepeHuHaJibHhie ceqeHHSI npoueccoa oopa3 OBaHHSl 7T -Me30HOB 

llpH B3aHMOL(efiCTBHH TT± -Me30HOB C !IpOTOHaMH llOCJie ycpeLtHeHHSl llO apry-

M eHT8M cp If 
N 

cp , HMeroT cneLtyrownfi BHLt: 
7T 

1. · da"+P "'}(a +a cosO +a cos 20 +a ~os 2 8 +a cos 2 0 cos 0 ) 
17+ 17 +n 0 l N 2_ N 3 rr 4 n: N 

TT+ . 2 2 2 . 
d a 0 p+ "'

1H< h + b cos e + b cos e + b cos e + b cos e cos e )+v' 4.-<b cos 0 + b cos 0 cosm] 
TT'!Tp 0 I N 2 N 3 T7 4 1T N v 6 TT 6 TT N 

d c:;:.J,P "'~H< b0 + b1cos ~ + ~ cos
2

0N + b3coiOTT + b
4
coifl, cos ON) -4(b

6
cos 017 + b

6
cos Orr cos ON)] 

2. 

3. 

TT- p 2 2 ' 2 da =Yz[(d +d cosO +d cos 0 + dcos 0 +d cos 0 cos 0 )+(d cosO+ d .ros 0 cosO '1 1T-1To P 0 1 N 2 N 3 7T 4 7T N I 7T 6' 7T N 
4 •. 

5. da;:::;_ p = ~H( do+ dlcos ON+ d, cos 20N+ d3cos
2

07T + d,cos 201T cos ON)-( d,cos 0"+ d,cos orr cos ON)] 

da1T- p "'_1_[( go+ gicos 0 N + g2cos'8 N + g lol e" + g ,cos 
2
01Tcos Or)+( g,cos e" + g,cos 0" cos ON) j rr+rrn 9 

6. 



9 

1'.09 K09cpcpHUH9HTbl paano>KeHHH a1 b, d,' , g, H hI HBllHIOTCH 

cpyHKUHHMH OT HMIIy.TJbC8 IIpOTOHa B CHCTeMe U9HTpa M8CC CT8ni<HB810IUHXCH 

IT!. -Me30HOB C IIpOTOH8NIH H Bbipa>KaiOTCH B BH,lle llHHeAHbiX KOMOHH8UHA 

aMIIllHTy.o nepexo.oa C* 
II • 

3. Haxom.oeaHe H30TOIJH'!eCKHX aMnnHTY .o 

H3 OfibiTa 

l1a BbipameaHA /1 I H /3/ BH.oao, 'ITO npouecchi II H III IY H y 

TaK me KaK YI H YII paannqa!OTCH aaaKOM nepe.o HHTepcpepeaunoaHbiMH qne-

aaMH Bjj • l1aMepeane HHTepcj:lepeauHOHHbiX 'lneaoa noM.o>KeT ycTaaoBHTb paa

/17/ 
JlH'IHe M9>K.OY 9THMH npOU9CC8MH 

n pH nepecTaHOBKe IT -Me30HOB B KQHe'IHOM COCTOHHHH npOU9CChl II 

H Ill IY H y YI H YII nepexo.oHT O.OHH B .opyroA • .OnH ycTaaoaneHHH 

pd3llH'IHH M9>K.OY BepOHTHOCTHM H 9THX npOU9CCOB H900XO.OHMO perHCTpHpOB8Tb 

.oae 'laCTHUbi: O.OHH IT -Meaoa H ayKnoa HJ1H .oaa IT -Meaoaa. Cornac'J~I 
nepBbiM IT -Me30HOM H83biB89TCH 10T 1 npoeKUHH HMIJYllbCa .KOTOporo Ha aa

npaBJ19HH9 HYKllOHa B C.U,M, CT8JlKHB810IUHXCH 'laCTHU liMeeT H8HOOJlbWee an

re6paH'I9CKOe 3H8'16HH9. 

Onpe.oeneaRe Mo.oyneA aMIIlliiTY.O 1:\j HllH Aik H .cpaa Mem.oy HHMH ae 

Tpe6yeT ycTaHOBll9HHH CIJHHOBhlX H YI'llOBhlX 38BHCHMOCT9A, .OllH 9TOI'O .OOCTa

TO'IHO H3M9p9HHH IIOllHbiX C9'19HHa. COOTBeTCTBYIOIUHX npoueccoa. EcnH perHCTpH-

PYeTcs TOllbKO ayKnoa. TO paanH'!He Me>K.oy npoueccaMH II H III IY 

v H YI H YII ycTaHOBHTb H6/lb3H, 3To BH.OHO H3 Bhlpa>KeHHA /8/. npH pe.-

I'HCTpauHH TO/lbKO HYKilOHa H8.00 ycpe.OHHTb STH Bblpa>KeHHH no BCeM yrnaM 

()IT 

cos (J 
IT 

II H 

1 'ITO npHBO.OHT K HC'I93HOB9HHIO BCeX 'lll.9HOB C H9'19THhlMH CT9119HHMH 

• TaKoe H::':-.iepeaHe .oaeT cyMMapHbie aepoHTHo CTH napa~:>Ix npoueccc>a 

III IY H V YI H YII o6paaoBaHHH MeaonoB no.o .oaHHhlM yrnoM 

, nonHbl9 C9'19HHH 3THX napHbiX IIpO.U9CCOB paBHbi: 
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IT+ d a p - f a ( :1- 0 + ) dn r da ( -f + 
rt+ITO p- ct1t IT p -+ lT IT p >< t . dn-- IT p -+ IT ITO p ) d (} 

arr-p = J ~- ( 77-p • IT0 1T-J>) dO+ J _j~ (IT-,l -+ IT-17'0p) dO 
IT-1T"p du · dO · 

/9/ 
aiT-p =J~(IT-p -+IT-1T+n)d0 +J_QQ__(:;-p-+1T+,,··n)d0 
"+"-n dO dO 

Ha BbipameHnit /8/ BH.llHo, 'ITO .llJISI ycTaHOBJieHHSI pa3JIH'!Hst Mem.z:ty yKaaaa

HbiMH npoueccaMH HS.llO U3MepHTb B OT.lleJibHOCTU: npouecc, K0r".ll8 nepBbiM 

+ 
" -Me30HOM stBnsteTcst " -Meaoa; npouecc, KOI".lla nepBbiM 17' -Meao-

HOM SIBJISI9TCSI 17' 0 
-M-e30H • 

AHaJIOr"H'IHO .llJISI BTOpOfi napbl npouecCOB H900XO.llUMO II3MepHTb B OT-

.ll9JibHOCTH npouecc, KOI".ll8 nepBb!M 11 -Me30HOM stBJisteTcst 11 -Me30H) H 

' + 
npouecc, Koraa nepBbiM rr -MeaoaoM stBnsteTcst rr -Meaoa. 

HaKoaeu, .z:tJISI TpeTbeti napbi Hymao H3MepHTb npouecc, ·xoraa nepBbiM 

17' -Me30HOM SIBJisteTcst ,- -Meaoa H npouecc, Koraa nepBbiM " -Me-

30HOM stBJiste TCSI 11° -Me30H o 

M epofi pa3JIH'IHSI BepostTHOCTeii npoueccoB II H 

YI H YII stBJISIIOTCst 1 COOTBeTCTBeHHO, K09cpcpHUH9HTbl 

m. 
hi • 

IY H y 

dj H gi npH 

H9'19THbiX CTeneHstX cos (}17' .Pa3HOCTb .llHcpcpepeHUHSJibHbiX Ce'!eHHti napHbiX npo-

ueccOB, B3SITast B o5nacTH yrnoB fl<ON < 17'/2 H 0 < (}" <rr/2 , xapaKTepHayeT Me-

PY sToro paaJIH'IHSI,EcnH o6oaaa'!HM ee '!epea ,\a(rt+p ... 17'0 ) , fla(1T-·p ... " 0 ) 

H fla(rr-p -+ 11+ )) TO COOTBeTcTBYIOLUHe pa3HOCTHbie Ce'!eHHSI npouecCOB 

II H III IY H y YI n YII MoryT Ob!Tb aanncaHbi B cneayiDmeM 

BH.z:te: 1T/21T/2 + + 
fla(1T+p .. rr0 )= f f [da

17 
P (OIT, ON)- da 17 P (Orr,OJ] d0(017') dO(ON) 

o ·o 1To1T+p ,+.,(l P 

~2~2 -

o\a(rr-p-+ rr0
) = f f [da17

_ ~ (017 , (}N) -da 17
' p (0

71 
,ON)]dO (0

17
) dO (ON) 

0 0 0 ." 11 p 710 rr- p 

/10/ 

17/211/2 -
.~a(17-p ... rr+)= f f[da 11 P ((} ,ON)-darr-P (0 ,ON)] cl'1(0) dO(ON) 

~17~ 11 Crr~ " 17 
0 0 

He Bee yKaaaHHbie B /1/ n 121 npouecchi MOmHo Ha5niOaaTb B aettcTBHTenb-

HOCTH. Tax, HeoTib3st ocymec'l'B!iTb HenocpeacTBeHHO npouecc 170 -p. 

H'a COOTHOUJeHHti /3/ H /4/ cneayeT, 'ITO HMeiOTCst '!eTb!pe aMUJIHTY.llbl H 



1 1 

WCCTb cj:la3 MC)!<.llY HHMH, .!J:JIH O.llH03H8'1HOro Onp9,ll9J19HHH HX He05XO.llHMbl 

10 HeaaBUCHMbiX aKcnepHMCIJ,T8JlbHbiX Be.rm'IHH, Ho 3KcnepuMeHT .llaeT 5 non

HhlX Ce'leHHfi H TpH HHTep~epeHUHOHHhlX 'IJleHa ~U 0 TO eCTb Bcero 8 BeJlH

'IHH, .!J:JIH TO'IHOrO onpe.llCJleHHH H30TOfiH'IeCKHX 8MflJ1HTy .ll H_ <f"Ja3 Me*.llY HHMH 

B ( TT-TT H ( 1T-·~) npe.llCT8BJleHHH" H8.ll0 npHBJle'lb K8KHe- JIH50 .llBe !le-

Jlli'lliHbl H3 rr0 
-p coy.llapeHHfi, HanpHMep_, ceqeHHH u"Op H .'\u(rr0p ->lfTil'"), 
· ~ 1T+rr-p 

8MeCTO li3MepeHHH flOJlHOrO Ce'ICHHH U+ ~ MO)KHQ BOCfl0Jlb30B8TbCH COOTHQ-
TT 1T p 

2ozr+P -u~ P -u11-P +2ifP -4u 11-P =u"0 P +2(2u 11•P -u110P ) , 
1fl·1T+n TT-t~p . 1T0rr p TT-ir+n 1T0~n 1T01T+ n . TT0 1T0p 17'-ir+p 

KOTOpoe fiOJiy'laeTCH H8 OCHOBe rHnOTe3hl H30TOflH'IeCKOfi HHB8pHaHTHOCTH, 

AMnJIHTY.llbl 1J ij H cj:la3bl Me*.llY HHMH MQ)!{HO TO'IHO onpe.lleJ1HTb 1 ecnH 

HCflOJlb30B8Tb CJ19.llY!Oll.{He COOTHOWeHHH: 

urr+p =miB3J
2 

TT+TT+n 

- 2. 2 

u"_! <=11$1 ~d + 1/9 IB I + 914!B) +mlB I mil I cos ¢,1,11 1T7rp 31 1 31 
/11/ 

11
- 2 2 2 2 

U
11
+:-n =.m[m1B3d +l93zl+ll\zl +2l3zJ-vmiB,llBzol cos<h,,z0 -21 B31ll Uul cos¢:u.u 

ulf""p <= 2/9 [2/ll I D J 2+ i B 1
2 
+v B/6 I B I I B I cos¢ ] 

rfrf n 3 zo 32 to 32,10 

/12/ 

Au(1T+p ->rrO) =vm I n32llflzl cos ¢32,31 

Au(rr-p->rr0
) =:m<vmiD,;zllll31 l cos¢32, 31 +2lll

32
IIB

11
1 cos ¢

32
,

11
) 

\a("-r .. rr+> "'m [y 41-' I BJ2IIB 3t I cos¢ 32,Jz -v m I OJ) lllzJcos¢ 32,n -2V-!1 B3zll BzJ cos¢ 3t,zo+ 

+2v21 null nzol cos <Pu,to ] 
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A:v~nnHTY.!lbl Rij n HHTepci:JepenunonHbie qnenbi BbiRa>KaiOTC.51 qepea sKcne-

pHMenTanbHbie B9ni1'11IHbl cne.nyiOLUIIM o6pa30M: 

:1 + I R I = J/4 a" P 
n "+"+" 

I H 12 "+ P • . "+ P 
31 =a - ta 

"+"oP "+"+n 

I 0 j 2=-a~P +a~P +3arp +arp 
' J · 11+ 11+0 11+1fp 11-~p 11o11o0 

-3 a"oP 
17+ lT-p 

2 + + ill l=!i(a11 P-3a"P 
1 0 ' 1T+ 17+n ~17op 

-.1a"-P +a 11 -P - . 0 
-3a11 P +6a 11 P 

rtflp ·~rn 11o11o n , ~n-p 

. + ~ I fl II B I cos¢ = 1H2a" P -5a P 
' 31 11 31,11 

~~n ~1Top 

-.1 a"-P 

n-tPp 

-12aiT""P 

11o11on 
+ 12a 110 P 

TT+n-p /13 I 

I + + n II n I cos¢ =~h'sn(-2a 17 r +3a" r 
32 10 32,10 17 +17 +n 11+17op 

+3a17 -P -3a"-P +12a 17-P ..Qa17 "p ) 
17+11-p 17-17°p 17+17-n 17°7T0n 

IH 1111 Ieos¢ =ys;4 \a("+P .. "0
) 

3Z 31 32,31 

Jn32 llfi 1 lcos¢32 , 11 ='H\a(17-p ->17°)-1;J.\a(17+p ... 17°)] 

I fl31!1 B 10 I cos ¢ 31 10 =3! 2v' 2 (.\a("0 P .. it"!-\~ \a(17-p .. " 1-z; 2'1/ s \a(r. -p .. "0)+ . . 
+1!3lti2VJ-1)~a(TT+p _."o)] 

I II I a( +- - + + 
R11 f310 Cos¢11, 10 =J/2\/2[\ 1T0 p -m 17 )+\a( 17 :' .. 17 )-2!3•\a(IT p .. ~)], 

AMnnHTY.!lbl -'ik H aMnni1TY .Ubi 

A ='1/576- <VI~ n + n 
33 . 32 31 

\31=/1/6('1/5'132- 331) 

n .. 
IJ CB5138Hbl COOTHOLU 9RII51MH: 

• 

A ='1/273(-JfB + B ) 
13 II IO 

Azz= vl/a(v2 Tllt- B to ). 
114/ 

Bbipa>Kena51 .UJI51 ·\ jl,; qepea sKcnepaMenTanbHbie Be.rtH'IIiHbl IIMeiOT BH.!l: 

I A 331 ~ s 16 [a n:'"~ +.·\a ( 1T + p ... " 0 
) ] 

1T 'If p 

2 "+P "+P + 
'l\31 1 "'1!6[6a + +a· -!},\a( 'It p ... tfl) J 

.· 1T rr+n 1T+rr0 r 

2 rtf' p 17-p 17° p I :\1 I =t/J[-2a' +'~a +.1a +3[1\a(tflp .. n+-n-)+Aa('lf-p .. 17~-2!J Aa('lt
1
+p ... 17°)]] 

J "~17+p "+"-n "+"-P 
/15/ 
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+ 

I - IT+ p + + 
,A33IIAJIIcosf!33 31=y's;d3!2C1 + + -a"+ PO +2.\a(IT r-+ 11°)] 

. ' " " n " " r 
- + - 0 . iA

33
IIA

13
i cos'1

33 13
= I/12VS/2l-2a11 P -1a 11 P + 6a11 P +6\a(11°p-+ 11+11-) -3\a(n---p -+11)-

' 11+11op 11+11-n 11+11-p . /15/ 

-2 \a(IT+p-+ 11°)) 

. + + - - . -· 0 

I A II A I cos '1 = 11 12V 2 [-12 a"+ ~ +2fla 11
0 P+ +lP,dT _P 0 -l!'la11 _ ~ +72a

11
0 g -t2a~ f+ 

31 13 31,13 IT IT n 1111 p ·11 11p IT IT n 11'1Tfi 1111Jl 

... -+ ... .... 

AMnnHTYLibi 8'3
2 

H 8'3
1

, OTHOCHT8nbHbi8 cj:la3bi 8 32• 8 31 H '8 32 ~ 11 , 
a T8K:lK8 aMnnHTYLibi A

33 
H A'3l H .H:X OTHOCHT8nbH8SI cj:Jasa, K8K BHLIHO H3 

/13/ H /15/, MOI'YT 6biTb onpenene~bi SKcnepHM.eHTanbHO, OcTanbHbie aMnnH~ 
TY Libi H HHTepcjJepeHUHOHHbl8 'in8Hbl HBnHIOTCSI cjJyHKUHSIMH OT H8Ha6niOLI88MbiX 

Ha npHB8LI8H8 38BHCHMOCTb M8:lKLIY BenH'IHH8MH 



·-~~. . 

IJ .. lAuJ 
! '\,1 

14 

H r{ ... l!!J_ 
in 1 • 

II 

3Ty 348HCHMOCTb MO>KHO 3itnHC8Tb 8 BH.ae: 

' "'"' K +5 +2v'5 K cos P.u..JL- , 
5K 2 + 1- 2y'5 K cos ¢J12 .~ 1 

r.ae i/JU,.I~RB11~9TCR napaMeTpOMe 06114CTb 3H8'19HHA orp8HH'I9H8 CHH3y .QEIYMR 

EI9TEIRMH KpliEIOA: 

K' +5 -2v'5 K 
h' .. -""5'J(r.;r + 2y'5 " ) 

KOTOpasr HM99T ropH30HT411bHhl9 8CHMOTOThl b2 • 5 ( J( .. 0 ) II h2•1/5 (J( .. oo 

H BepTJIKolllhH)'IO 4CIIMTOT'y J( • y'5 ( b~ .. O) 
Caepxy oCSnacT& orpaHH'IeHa Tax>Ke' .QB)'MR aeTBRMH KpHBoA 

I 
h'. K +5 +2~~1C_ , 

5K1+l-2y5 K 

KOTOpaR HMeeT .aae ropH30HT41JbHhie 8CIIMTOTbl 

H BepTKK811bHYIO 8CHMTOT)' J( •1/\1'5 (h .. oo) , 

h'· 5(K .. o)" h 2 
.. 1,'5(J( .... ) 

4, npHCSnKmeahie Oll8KKJI r;tenlf'IHK Olf 

Hs ·npe,abi.aymero paceMoTpeKHa cne.ayeT, 'ITo He ace aMnnnTy.abt Blj 

., ... • K KX apryM9HTbl MO>KHO O•tpe.aenHTb Henocpe.aCTBeHHO K3 SKcnepHM9HT8nbHbiX 

.aaHHbiX, fllosToMy, aap&Kpya ae.aocTynHbie napaMeTpt.I
1 

Mbi Mo>KeM ycTaHOBHTb 

TOIIbKO 803MO>KK)'IO OC5118CTb 3H8'19HHA STHX 8Mfi11HTy,a, Mo>KH0
1 

npaa.aa, HC

XO.QHTb. K3 K8KHX.;.TO .QOCT8TO'IHO !Ip88.QOfiO.QOI5HbiX npe,afi0110>K9HHA, O.QH8KO 

fi011)''10HH~e T8KHM of5p830M Oll9HKII H811b3R paCCM8TpH88Tb K8K OKOH'IaTen&-

Hbte. 

H3 Bblpa>KeHKR /13/ BII.QHO, 'ITO xaa.apaT MO.Q)'IIR 8MQ1JHTY.Q n lj 
IIHTep<flepaHUHOHHble 'flleH&I Me>K,ay 8MQ11HT)'.Q8MK C 'leTHbiMH H30TOfiH'f9CKHMH 

cnHHaMJI T, H Me>K.ay aMniiMTy.aaMM c He'leTHbtMH H30TOnM'IecxHMH cnHHaM H 

B&Jpa>KaloTcR TOIIbKO 'lepe3 nonH&te ce'ISHHR, EcnM npeael5pe'lb a Ill/ o.aHHM 

HHTepcjJepeHUHOHHbiM 'IIIElHOM, TO fiOIIY'IHM CHCTeMy H3 5 ypaBH9HHit C 5 H9H3B9CT" 

HbiMH, PeW8HH9 STOH CHCT9Mbl 311BHCHT TOnbKO OT fi011Hb1X C9'i8HHA, 

. ~' 
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PaccMoTpHM llBB oueHKH, npelliiO.TIO)KHB, 'ITO 

M 8.Tlbl IIO cpaBHBHHIO C OCT8.TlbH biM H BB.TIH'I HH8M Ho .UnH STHX llBYX cny '18BB 

HMBBM: .. .. 
116 I 

In I=-·~(- Ga17 +P ~1a 17 p -+6a 17 p +6a 17 - p 
zo 77°77+ p 77°77- p 77-77+-n 77°77°n 

In lin I cos,/.. - 1578 1/ (-2a 17+P +a 17+P -t.1a 17-P -0' 17-P +12a 17-P 
32 10 '~'32,10-~ 4 17+77tn 17o17+p 77o17-p 17+17-n 17o77on 

H ·• ... 

117/ -t.1a 17_ ~ !-~a"+ p- -<J a 17
0 ~ 1717p 7777n 7777n 

+ + I R ll!J I cos rP = 14 (-2 0' 
17 p + 0' 

17 p 
31 11 3 I ,11 17+7f+- n 77+ 17° p 

npH SHBpi'HH 17 -Me30H8 500 ,1\1\SB HMBBTCH ll0CT8TO'IHOB KO.TIH'IBCTBO 

SKCIIBpHMBHT8.TlbHhlX CBBllBHHA 0 CB'IBHHHX p83.TIH'IHhlX K8H8.TIOB peaKUHH, ll.TIH 

. 16 I 
TOI'O, 'IT06bl CllB.TI8Tb OUBHKH H30TOIIH'IBCKHX 8Mll.TIHTYllo B pa6oTe 6bi.TIH H3-

77+p "+P 
6 

11,19,20,301 
M epBHbl IIO.TIHbiB CB'IBHHH peaKUHH 0' + + H 0' i • Vfa pa OT · MO:>I<HO 

77 77 n 77 ·77°p 
17 p 17, p 

llp!i6.TIH3HTB.TlbHO OUBHHTb IIO.TIHbiB CB'IBHHH IIpOUBCCOB 0' - + 0' 0 - H 

""" 7777p 
0'

17
-p npH. STHX )KB SHBpl'HHX,· n pH OUBHKB IIpBllllO.T18I'8.TIOCb 0 'ITO BK.Tl8ll0M 

17°77° n 
u 17 P 

llpyrux Heyrrpyrux npoueccon rrpH ·sToil sneprHH MO)KHO npeHe6pe'Ib,H-Il'~zr-::n =2,9. 
0' ~p-

17 17 p 
41!C.TIBHHbiB 3118'lBHHH 8MII.TlliTYll H HHTepcpepei!UHOHHbiX 'I.TIBI!OB IIpH 3HBpl'HH na-

llBIOUIBI'O 17 -Me3oHa 500 M ss rrpHBBllBHbi B Ta6nHue 2, 

Ta6n'Hua 2 

Cllena11noe 
.. .. .. .. 
n3; Azr o o3; Ozo = 0 

M.6 M6' 

1,41 1 ,41 

1 ,41 .- 1,41 

9,5 7,5 

lll11l 2 3,5 5,4· 

- 1,9 0 
.. 

111 11n I cos 'P 
32 10 32,11 

In 1111 I cos <P 31 11 
0 -1,5 
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Ha TaOJllflthi 2 cneAyeT, 'ITO npH aToll aaepr'HH ace aMnJJHTY.llbi Jlij ae paBHbl 

HYJliO, AMllJlliTY.llbl n, H R,u SJBJJSJIOTCSJ npHOJlli3HTe.rtbHO O,llliH8KOBb!MH, STO 

YK83 biBaeT 118 TO, 'ITO S• H p; COCTOSJHHSJ .llBYX 11 -Me30HOB .ll8 lOT O.llliHa-

KOBbiJl BKJ18.ll npH nepeXO,lle H3 H8'18JlbHOJ:'O COCTOSJHHSI C H30TOllli'IOCKHM CnH-

HOM T11 N"'3/2 • Ha cpaanennH aMnnnTY.ll ID,I. IR,I H IRzJ • I llul 
CJlO,llyeT, 'ITO BepOSJTHOCTb nepeXO.ll8 H3 H8'18JlbHOJ:'O COCTOSJHHSJ C H30TOllH'lec-

KHM CllHHOM TITN = 1/2 npK STolt aaeprKn 6onbwe, 'leM aepOHTHOCTb nepexo-

ll8 H3 COCTOSJIIHSJ c TIT N .. 3/2, 

M em.Qy pe'leHnHMK o6paaoaaanH OllHoro IT -Meaona npn aaa.nMOllellcT-

BHH IT+ 1 11-· H rf M930HOB C npOTOHSM H HM910TCS1 npOCTbl9 COOTHOW9HHH
1 

KOTOp~e MOI"YT O~Tb ll0J193H~ llpH HHTepnpeTSUHH SKCll9pHM9HT8JlbH~X llSH-

HblX! 

... IT+p. IT+p -IR I'' lh I' u11+ u ,+,+n + u nP,+p · u + D,u 

u,-·a"-P +urt-p +uiT-p =z;.J[IR l2+llli 2+2<IR I2 +IR 12
) l 

,oiT-p ,+il'-n rf>nPn u u . u zo 

·unP =urf'P +u,oP +urfp .,zo[2(jl3 I2 +ID I2 >+1B I2+1B 121 
,+ ~ p ,a, +n rf'rf'p u u u z o 

n,pH aToM u
11
+ , u

71
_ H u,o ca.staa Hbi M em.Qy coooll cooTuoweaHeM 

U...o ,.. Y, (C1 + + C7 - ) • 
1T 1T IT 

/18/ 

/19/ 

CooTHo.weHHH, noaaonHIOLUHe onpe.QeJlHTb aepOHTHOcTn nepexo.QOB H3 aa

'ISJlbHOJ:'O cocTOSJHHSJ c T rtN = 1/2 H T I1N = 3/2 .anst np)l~eccoa oopaaoaaaHSJ 

OllHOJ:'O M930H8 1 HMeiOT BHll! 

u J/.2 .. u,+ 1 u Ya = y, ( 3u
11
_- u ,+ ) . /20/ 

3TH COOTHOW 9HHS1 COBll8ll810T C T9MH1 KOTOpbl9 llOJlY'IBIOTCSJ llJlSJ npOU9CCOB 

pacceaHHH 11 -Meaoaa aa HyKnoae, 

16 19 20 22 24 2'3 25 261 
Ha aKcnepMMeHTAJlbHbiX peaynbTaToa ' ' • • • • • llPH necKonb-

KHX aneprHHX Momao c.QenaTb oueHKH nonHbiX ce'leHHA u,+ , u,- , u,o , H u~ , 

KOTOpbl9 nOM 9lU9Hbl B Ta6JJHU9 3: 
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Ta6nuua 3 

E" (11T+ (7 Uo u,' (7+ ~ •2 u_ (7 

500 2,85 9,6 6,7 13 0,3' 0,22 

990 11 21,2 16,1 26,3 0,5l 0,42 

1100 15,3 15,3 15,3 15,3 1 1 

npu cocTaaneHHH Ta6nuuw 3 6wnu ucnonbaoaaaw aaa'leHHH nonawx ceqe

HHA o6paaoaaaHH aapg)KeHHhiX qacTHu 1 a ae cyMMa ceqeauA. npoueccoa 

H1 COOTaeTcTaeaao, 

"-P -+7T-~p • BKnaA LlPYI'HX npoueccoa o6paaoaaHHH aapg)KeHHhiX qacTHU a 

nonaoe· ceqeaue1 KpoMe aKnaAa OT o6paaoaaaHH OLlHOro aapg)Keaaoro 

aoaa,cocTaanHeT npH aaeprHH OKono 1,5 Baa npu6nuaHTenbao 3 M6 1 a npu 

500 Maa npeae6pe)KHMO Man. npuae.rieHHble 3Ha'leHH.II yKa3h!BaiOT aa To, 'ITO 

aepOHTHOCTb nepexoAa LlO aueprHH OKono 1 Baa 113 aaqanbaoro cocTOHHHH 

T"N = 1/2 6onbwe no cpaaaeaHIO c aepoHTHoCTbiO nepexoAa ua T
11

N = 3/2. 3TOT 

cpaKT I'OBOpHT 0 TOM, 'ITO B3alfMOL19ACTBHe LlBYX 1T -Me30HOB a COCTO.IIHHH C 

T = 0 6onbwe, 'laM a cocTOHHHH c T =? 2. BenH'IHHa nonaoro ceqeau.R u 
1T1T 1T1T 0 

yKa3biBaeT, '!To aepo.RTHOCTb npouecca (~-·p) ae Mana. 

6. 3aa'!eHHH aMnnHTYLl Rij oKono nopora oGpaaosaaHH 

M930HOB 

PaccMaTpuaa.R aKcnepuMeaTanbHhle peaynbTaTbl LlO nonaoA saepruu LlByx 

1T -Me30HOB B HX c.u.M., paBHOA 400 Msa, MO)KHO llpHLlTH K Bb!aOLlYt 'ITO 

LlO aToA aaeprHH aKnaA rr~1T -aaaHMOLleAcTBH.R c T"" = 1 npa6nH3HTenbao 
. /27 I · 

pasea ayniO, 'ITO 6bJno aenocpeLlCTBeaao noKaaaao a pa6oTe • 3To cunbao 

ynpowaeT HHTepnpeTaUHIO OCTanbHhlX SKC119pHM9HTanbHhlX peaynbTaTOBo B STOA 

o6naCTH aaeprHII COOTHOW6HH.II /11/ ynpowaiOTC.II H 1103TOMY .lln.ll onpeAeneHH.II 

Rij -aMnniiTYLl .llOCTaTO'IHO aaaTb 3 ce'!eHII.R. CllcTeMa ypaaaeauA /11/ cTa

HOBIITCH B STOM cnyqae Aa)Ke nepeonpeAeneaaoA. AMttnHTYLlbl II HHTepcpepea-

UIIOHHble qneHbl B L18HHOM cny'!ae paBHhl! 

I B 1'2 
=5u 11+ P = 614 u"+P 

J:J rr+rr+n rr+,,p /21/ 
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lfl '= 12(-2a"P -+-1a"P -"-1arrp 
' I o' TT- rrop rr• TT-n rrorron 

:n32:: RIO~ cos¢>32,10\·.,/8 (-a" r_ -3.'2ai'T ~ +1 a" p ) . 
. rr0rr p rr+rr n TT "rr0 n 121 I 

KaK BliAHO na 1211, AJJH onpe.aeneHnH IR32\ , \1\
0
! n cpa3hl 1> 32 , 10 Heo5-

XO.::lli:\10 3H8Tb !IOJIHbl9 C9'l9HHSI a 11-P 1 a 11 p 
+ + rr+rr-n rfrfn 

li 0AH6 li3 !IOJIHhlX C9'l9Hlifi 

a" P 
TTOTT- p 

, · a"-tP + , a~ ~ • OCT8JibHhl9 8!\l!IJIHTYAhl li cp83hl 
,ITITn IT!Tp) 

OK83h!B810TCSI paB-

H bJM li Hymo, 

+ . -+ 
J'V\eX<,ay C9'l9HliS!Mli a"~ t a11+P+ li a"+Po npli STOM yc.TIOBlill ll!\199TCH 

· rr0 rr p . IT IT n IT IT p 
COOTHOW9Hil9: 

77 p TT+ IT+ 
a - =a+ q_ = 1·ta + P 

IT rr•p IT IT n TT rr0 p' /'!2 I 

128 291 
B pa5oTax ' Ohino uaMepeHo nonHoe ceqeHue a"-£ < 0 2 5xl 

o "' t M 11 

a"+-~"' 10,6 !. 0,131 M5, Ho TaK KaK 
rr IT n 

TOHHHe ABYX " -Me3oHoB c TITTT = 1 

'ITO a:-~ -::!11.5! B32 l2 ~ 0,2 MOt O•TKy,aa 
TT.TT p 

nmny.ahl I nlol
2 

ll llHTepcpepeHUiiOHHOI"'O 

2IB l2
-,1 s;.sl11 1\R lcos¢

3 0>2,5 zo : 32 to . 2,1 

77 TT p . 
!Ipll STOfi SH9pl"'llll ll30TO!IIl'I9CK09 coc-

He urpaeT ponu, To ua sToro cne.ayeT, 

I 12 , T1 2 , ::; 1 M5. BepxHHH rpaHUua aM-
.... 

'I.TieHa 8
32 

8
10 

paBHa 

130 '31 I 
npu SH9pl"'llll 317 Ms:B • ecnu llC!IO!Ib30B8Tb peayJJbT8Tbl paOOTbl • 

- . -p 
no ll3MepeHUIO ce'IeHufi a 71

0 !1_ ~ 10,2 + 1,21 M5 u a"_+ ~10,71 + 0,171M5, 
ITITp - TTTTn -

MOX<HO oueH!lTb B9JIIl'lHHhl I 11321
2 

ll 11Bzol
2
-,ls;.s 111,21113101 coso32,IO I, KOTOpbie 

OK83 hiB810TCH paBH hiM H tV 1 MO H- 3 M0 1 COOTB9TCTB9HHO, 

npu sHeprllH 370 M SB 11"-199TCSI AOCTaTO'IHO 3KC!IepllM 9HT8JJbHhiX aaH

HhiX AJJH TOI"'0 1 'ITOOhl CA9JJ8Tb OU9HKH BCOX aM !IJJilTYA H llHTepcpepeHUilOHHhiX 

/19 30 I . 
'IJJ9HOB. n pH 9TOfi 3Hepruu Oh!JJH H3MepeHbl B • !IOJJHbie C9'i9HilH 

·u:rrp ~ 10,5 + 1,51 M5 H a"-P r.J /1,19 + 0,'37/ Mo. Yfa cpaaHeHUH non-
1701100 - - - 17+11-n -

HhiX C9'19Hliil. a" p 'll a 17 p AJlS! 3apS!)K9HHhiX '18CTHU !Ipll SH9pl"'Ii11 370 ,'V\95 li 
IT+IT-n /19 30-/ ' , 

427 MsB, u3 pa6oThi ' MO>KHO npe.anonaraTb, 'ITO nonHoe ce'IeHue peaK-

x/ 3Ta B9JJH'IIlH8 HBJISI9TCH BepxHefi I"'p8HilU9A C9'19HliSI, 
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"-P 
UHif "-P .. ,,o"-pnMeeT eemP.IHHYa"o"-P_0,3 M6. YncneHHble aHa'leHnsr aMnmtTy.o It 

HHTep¢epeHUHOHHoro 'l!leHa paBHhl: 
J 2 

lll.ul ivl,5 I l\ 01-3,4 

XoTH nonHbJe ce'leHnH .oaHHbiX peaKunlt naMepeHbl c 6onbUJHMH OUJH6KaMn, 

Bee. >Ke MO>KHO CK834Tb0 'ITO llpll 9THX 9HOprHHX 4Mll!IUTY.08 8
32 

He paBHa 

HYlliO BC!le.OCTB!le TOro, 'ITO Ce'leH!le a";e_ .f.() o AM!l!lHTy.oa B
10 

T4K>Ke He 

"" p 
paBH4 HY!ll0 0 .llOTOJ>:!.Y 'ITO O.OH8 8M!lllHTY.08 B

32 
He MOX<eT 06'bHCHHTb 6onb-

" p (7+-
IT " n 

• A6conJOTHoe aaa'leane HHTep~epeauuoauoro qneaa ue 

Mano. 
a_2 

_Jz:~o 

0 TO OHO He paBHO Ecn11 paccMoTpHM OTHOUJeaue nonHbiX cetfeanlt a ~P 
IToiTon 

2 0 KSK ll01IY'I89TCH H8 OCHOBe npe.onono>KeHHH, 'ITO COCTOHHHH .OBYX 

" 
30HOB c naoTonu'lecK!tMH cnnaaMH T;riT = 2 .H TITIT = 1 He .oaJOT BKna.oa a non-

/31 I /19 30/ 
Hoe ceqeune, KaK npe.ononarann B • Hcno.rJb3YH .oaHHbJe pa6oTbi • ) np.t 

aHeprnu na.oaromero a -MeaoHa 370 M sa nony'!aeM OTHOUJeaue 
aiT+p-
""" .. t 
u~P 
~IT•n 

B b!UJ e M bl noKaaanH, 'ITO aMn.rtHTY .oa 1332! He paeua HYJJJ0
1 

a H.i!TepcilepeHuuou-

Hbiit 'IJ19H He ~i8Jl H HMeeT OTpHU8T9!lbHbllt 3H8Ko Bee· 9TO llpHBO.OHT K YBOJJH'Ie

HHIO y'K438HHOrO OTHOWOHHSI, 

6, 0 B03MO>I<HOCTH npoaepKH H3058pHOit MO.OOJlH 

/4 5/ 
PH.o pa6oT nnu.aoH6ayMa H WTepHrxeltMepa • Ob!Jl llOCBHlUOH 

Heynpyroro B3anMo.oeltcTBHR IT -M e30HOB c npoTOHSMH, B STHX · pa6oTax 

llp01!9CC o6p830BGHHSI .OO!lOJlHHTOJlbHOrO IT -Me30H8 p8CCM8TpHB89TCH K4K 

npouecc, ll.OYlUHit 'lepe3 o6pa30B8HH9 B036y>K.09HHOrO HYKJ10H4
0 

B COCTOHHHH C 

/21 22 32/ • T,N .J "' 3/2. AHaJJH3 9KcnepuMeHT8JlbHbiX .oaHHbiX ' ' !lOK43biBaeT
1 

'ITO 

sTa Moae.TJb aaeT xopowee cornacue .OJJH aHepreTH'Iecxoro cneKTpa 

30HOB 8 peaKUHH 
t H Xy.owee .OJlSI M930HOB 8 p98Kl!HH 

IT p .. "o"- p • 

B uao6apHolt Mo.oenu o6paaoBaHHH 'vieaoHoa npe.ononaraeTcR, 'ITo uaoTo

nu'!ecKoe COCTOSIHHe C Tall/ a 1/2 8 KOH9'1HOM COCTOHHifH He HrpaeT pOJJV. H .OOJl>K·• 

Hbl ObiTb paBHbl HY.TJIO Bee nepeXO.Obl C llOJlHbiMH MOM9HT8MH,OT.IJH'IHblMH OT]=J/2 

3TO 03H8'149T 1 'ITO 8MllllHTYLlbl 

llPHBO.OSIT K TOMy, 'ITO M9>K.OY llOJlHhlMH C9'19HHSIMH 

3TH YCJlOBHH 

peaKuua 
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IT+p -+7lt-1Top II IT+p-+ IT+1T+n .aon:lKHO+Ob!Tb ene.ayiOLUee eOOTHOLUeHIIe. 
IT 'l 

a IT+ ;oP. 

/6 I 
O.aaaKo onbiT .aaeT 

a71+p 
71+71+n 

= 6,5 

+ 
" r aiT1r 

a IT p 
1T+IT+n 

= 1,5 . 

3Ta p83HIIU8 M9:lKLlY aKenepiiMeHTanbHbiM 3Ha'leHHeM OTHOLUeHIISI II OTHOWeHIIeMt. 

noilyqaeMbiM 113 'MO.aenll, I"OBOpliT 0 TOM 1 'ITO Bee 1130TOIIII'ieeKHe eOeTOSIHIISI 

yqaeTayro'r 11, s qaeTaoeTII, I A,1 \l o . 

M hi 6y b. eM paeeMaTpHBaTb 6onee o6maii eny'laii, B KOTopoM 6y.aeM yqH-

TbiBaTb K8K 1130TOIJII'ieeKOe eoeTOSIHlle e TITN 

TaK:lKe see opoiiTanbHbie MOMeHTbi. 

= 3/2, TaK 11 c TITN = 1 /2, a 

0nbiT
1 

KOTOpbifi IJ03BOnHeT nposepiiTb 113008pHyiO MO!:lenb, MO:lKHO oeymeeT-

BIITb H8 IIy'lKe IT+ -Me30HOB B WllpOKOfi oonaeTif aHeprllii, oeooeHH~ B 00 

naeTII aaepr1111 1300 Mas, H3MepHH aemi'lliHbi a":P+ , a~+p H l\a(77+p-+ rr
0 

). 
rr rr n II' ~p 

Eelill 11.3BeeTHbi aTH aenH'iiiHbi, To MO:lKHO onpe.aenHTb H30TonH'ieeKHe aMnnHTy-

Llbi, a 'TSK:lKe cP83bl M9;i<Lly HIIMII • 

.LlnH paeeMOTpeHHSI oonaeTH B<l3MO:lKHbiX 3Ha'ieHIIii aMnnliTYLll A33\ll I A311 

yLlOOHO saeeTH ene.ayiOWlle 0003Ha'leHIISI! 

71+ r 
(7. + 0 

a= 7777p 
71+p 

a71+71+n 

H h=~~ 
\Al-

31 

H a p11e. 2. npHBe.aeHa oonaeTb .aonyeTIIM biX 3Ha'leHHfi a 

eTaBnHeMaH ceMefieTBOM KpHBbiX! 

z· 
a = 13J5 h -20 h cosO, u+5J5 

'A/5 h2 + 20 h cos !!33,3'1+ 10V5 

e napaMeTpoM COS 0
33

,
31 

~ .QonaeTb orpaHH'ieHa eHH3Y KpiiBOA 

13y5 h
2

- 20 h + 5.,/5 aa,,,,, =0 
?.y5 h2 + 20h + 5y5 

KOTOpaH IIM99T rop~30HTanbHhle aeiiMIJTOThl a = 6,5 ( h ... oo ) H 

II LlOeTHI"89T M IIHIIMyMa a= •,4 np11 h = 1/y5. 

Caepxy o6nacTb orpaHH'leHa .a BYM H seTBHM H KpHson, 

a = 13h1 +20h"+5&_ 
'133,13= 71 2y5 - 20 h + 10V5 

II K , npe.a-

a = 'lz ( h-+ I) ) 
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KOTOpaH liMBBT .O.Be ropH30HT8.TlbHhl8 8CHMI1TOTb! a = 6.~ ( h ... "" ) . ) 
a=~~ 

( h ... f) ) Ii O.:.tHY BepTHK8,TJbHYIO 8CI1!1.I !1TOTy np!i h = ,':;. 

Ha pHc. 2 BUlB npnse.o.eHbi: KpHBaH cosn33,31=7T/2 • KOTopaH HMeeT 

MOHTOHHYIO 38BHCHMOCTb H KpHBaH \a(IT+p-+ 7T
0

)=f) KOTOpaH npe.o.cTaB.TJHBT 

C.TlY'I8H CHMMBTp!i'IHOro HCI1YCK8HHH IT -MB30HOB OTHOCHTe1lbHO HMI1 11lbC8 HyK
+ 

"P 
110H8, l-13 pH C. 2 BH.O.H0 0 tJTO 8CJ1H a ,~il0p ~a~6,.'), TO B03MOlliHbl8 3H8'IBHHH 

aiT+tln 

38KJ1IO'J8Hbl B o6naCTH 0.9 < h < "'• 3To oaHa'IaeT, 'ITO ecnn a 

6b! p8BHO 6,5, TO 9TO He MOr/10 HBTJHTbCH .ll.OK83'aT81lbCTBOM CI1p8BB.ll.niiBOCTH 

H3068pHOli MO.[J.8J1Ii 0 T8K K8K 8MI1.Tlll Ty .ll.bl A 31 1 MoryT HMBTb O'JBHb 

W!ipOKYIO o6naCTb 3H8'18HHii np!i O.O.HOM Ii TOM :>I<e a '· .llnH a = 1,5, KaK 

B-H.llHO H3 pHCYHK8 2 I h npo6eraeT 3H8'J8HiiH 0,4 ~ h :::; 2,8. 3TH un!j>pbi ro-

BOpHT 0 TOM, 'ITO I·\ I 
I . 31' ne MO>KeT 6biTb MBHbuJe L'1l ~ 3 j . To me caMoe nony-

q a eTcH npn h ~ cons! , BB.TJ!i'IUH8 Cl 113MBH HBTCH B pe3y1lbT8T8 -lf3MBHeHHH 

-· 

l-1HTepeCHO OTMBTIITb, 'ITO B IT- IT pa36HBHHH 3H8'IBHiie a= 1 ~ COOTBBTCT-

syeT HYI18BOMY BK.TlB.llY COCTOHHHH CT1m ~ 1, a a.·+ "" COOTBBTCTByeT Hyne-

BOMY BK118LJ.Y COCTO HHHH C ~777 = 2. 

7. PeaoHaHCHOe saanMo.o.eiicTBne .asyx IT -M 830HOB B 

H30TOI1H'JE'CKOM· COCTOI!HHH c T !TIT = 1 

Pa3Hbie aBTOpbi o6cyn<.aanu Bonpoc o B03MO>KHOCTH cymecTBOBBHHH pe3o-

HancHoro saanMo.aellcTBUH .asyx " -Me30HOB B cocTOI!HHH c T
7777 

= P=L I:Ppe3ep 

. /12 I . 
H I:Py.TlbKO ) HC!101lb3YH L!8HHbl8 0 paccellHJI!i 9118KTpOHOB Ha !1pOTOH,aX

1
npn 

o6~HCH8HIIH ¢opM-¢aKTOpa L!11H MarH!iTHOro MOMBHTa HYK110H8 yK8381lH, 'ITO pe-

301l8HC MO:>I< BT ll8XOL!HTbCSI B c6nacTii 9HBprHII OT 

u Han6onee sepoHTnoe nono:menne aToro peaoHauca 

np!iW.Tlli K BbiBOLty, 'ITO OH H8XOL!liTCH npn ru 2 =22m~ 

K838HO, 'ITO L(O 
2 

= 8,2 m7777 peaoHaHc B cocTOI!HliH c T 7777 1 He H8XOL(HT-

114/ 
CH. 3pBHII II Ltp. !10K838/111 9KCI18pHM8HT8.11bHO cyu~eCTBOB8HH8 TaKOro p830-

nanca npri w 2 
= 30m 2 • B § 4 6bi.TlO noKaaaHo, 'ITO np11 

IT 

COCTOI!HHB C T ; 1 L(88T cymecTBeHHbiH BK118.ll B ce'JBHIIB. 
!TIT 

w 2 =132m2 
' 7T 
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119 ~4/ 8 H8CTOSILUeit pa6oTe HCIIOnb3YIOTCSI SKC.nepHMeHTanbHbie pesynbT8Tb! ' • 

H a pHc. 3 npHSelleHa aaSHCHMOCTb nonaoro ce"'eHHSI pacceSIHHSI rr·- p, nonao-

ro ce"'eHHSI npouecca 

IIpH S38HMObeitcTSHH 

TT- p-+ rr0TT0n II IIOnHOI'O Ce"'eHIISI 38pSimeHHb!X "18CTIIU 

rr· -M e3 OHOS C 1Ip0TOH8M 11. n ocne)J Hee COll ep m HT 
1 

S oc~ 

HOSHOM 1 CYMMY ce"'eHIIil KaHanos TT-p -+TT-TT+n II TT-p ...:rr-1T0 p, SKnBll llPYI'HX Ka

Hanos S IIOnHOe Ce"'eHHe 38pS!meHHb!X "'BCTIIU COCTaSnSieT IIpHOnH311Te1bHON3MO 

npir aaeprlllll,56as. npellnonaraeM, 'ITo see npoueccbi, KOTOpb!e KOHKypHpy!OT 

c npoueccaMII rr-p .... rr-rr+n 11 rr-p-+ rr-rr0 p I 4 -qacTII"'Hbie npoueccbi, npoueccbi co 

CTpBHHb!MII "'BCTHUaMH II T.ll.l He IIMeiOT pe30H8HCHOI'O xapaKTepa S STOit 

oonacTII aaepr111t. 

Ha pHc. 3 SHllHO, 'ITO np11 aaepr1111 nallaJOmero rr- -Meaoaa oKono 

600 Mas 11 900 Mas ceqeaue o6paaosaHHSI aapSimeHHbiX "'BCTIIU HMeeT MaKCHMyr 

M bl 1IpH6nH3HT9nbHO IIpH TOM me 3H8"1eHH.H 1 'ITO. 11 Ce"'eHHe ynpyroro paCCeSIHHSI 

(rr--p).· 

Llanee IIpelliiOnaraeM, 'ITO aTH MBKCIIMYMbi nony"'a!OTCSI 3ll C"'eT S38HMO-

lleilcTSHSI Memlly TT -Me30HaMH II HYKnOH8M H S KOHe"'HOM COCTOSIHHH C 

TTTN 312 H c T TTN 112. l-13 COOTHOWeHHSI 12 I cnellyeT, 'ITO :BC9 TpH Ce"'eHHSI 

17 rr-p • 17"-P H a"-P 
rr-tflp rr-rr+n rr-tfl p 

. COllepmaT aMIInHTYllbl A33' AlS , a TaKme A31' 
A 11 • 3To Tpe6yeT, "'TOObi 

• TT-p 
II Ce"'eHH9 17 0 IIMeno MaKCHMyM IIpH TOil me anep-

rr0rr n 
I'HH 1 'ITO H CYMMapHOe Ce"'eHHe ( 

17
rr-p + 

17
rr-p • Ho SKcnepHMeHTanbHbie 

1!'0TT-P TT+TT-n 
cl:JaKTbl OTpHUaiOT aTo. PoeT If IIOTOM CIIall S C9"19HHH 

TT- p 
17 0 0 c aaeprHefi Mom,-

I!'TTn 
Hd oobSICHHTb TeM, 'ITO q12 6onbwe, "!eM a312 llO aneprHII OKono 1,1 Bas 

H ooa aTH ce"'eHHSI pacTyT llO anep.rHH rr -Meaona oKono 800-900 Mas, a 

IIOTOM a 
1/2 

CifnbHO CIIall89T. 

llp9lliiOnaraeM, 'ITO MBKCHMYMbl S Ce"'eHIIH OOpa30S8HHSI 3apSimeHHb!X 

"'aCTHU SISnSIIOTCSI peaynbTBTOM S3aHMOlleilCTSIISI llSyx TT -Me30HOS. Yf3 CO-

OTHOWeHHSI 111 I SllllHO, 'ITO CyMMa Ce"'eHHil npoueCCOB rr-p-+ rr+rr-n H rT' p-+ rr-rf'p 

COllepmHT COCTOSIHHSI C TTTII' "' 1, S TO SpeMSI KaK C9'I9HH9 npouecca 

rr-p-+ Nn He COllepmiiT cocTOSIHHSI llSYX rr -M'eaonos c T TTTT "' 1, 

OHO COllepmnT COCTOSIHIISI cT TTTT "' 2 H T TTTT "' 0, KOTOpb!e SKniO'IeHbl TaKme 

s cyMMy yKa3aHHbiX BbiWe npoueccos. nocKOnbKY nonaoe ce"'eHHe peaKUHH 

.rr· Jl.-+ rr0 rr0 n He HMeeT MaKCHMyMa1 TO OCTaeTCSI IIpelliiOnaraTb 1 'ITO aTH MaK-

CHMYM bl S03HHKBIOT sa C"'9T: B38HM Oll9fiCTBHSI ·B COCTOSI!fHH C T TTTT 1. 

·I 
I 
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Ecnu paccMaTpuBaTh yrnoBwe pacnpeaeneanst ayKnoaoB B peaKunn 

/14 21 22 32/ 
11-p-+ 11-11+n H 11-p-+ 11-11°p ' 1 

' 1 TO BllaH0 1 'ITO OHII Bbi.TIBT810T npeu-

/35 36/ 
MYlllBCTBBHHO H83aa, 3To HBnBHHB uaomoaaeTCH II aiJH ynpyroro paCCBHHHSI' 

1 

'ITO cooTBBTCTByeT Manon nepeaa'Ie nMnynhca HyKnoay. 

Ecnu npaHstTh sKcnepuMeHTanhHbiH cpaKT, 'ITO ayK.TIOHbi Bbi.TIBTaiOT npeHMy

wecTBBHHO Ha3aa, TO MO:>KHo rrpu5nu3nTe.TihHO oueanTh, KaKofi nonaofi saeprn11 

aByx 1T -M B30HOB B 11X C,U,M, COOTBBTCTBYIOT STU M8KCI1MYMbl, 3TH OUBHKII 

COOTBBTCTByJOT BepxueMy npeaeny anSI DO.TIHOH SHBp~HII aByX 11 -MB30HOB, 

KOraa HyK.IJOHbl BbinBT810T C HY.TIBBbiM HMOy.l'lbCOM, HO OHII B aefiCTBiiTBnhHOCTif 

Bbi.TIBT810T C KOHB'IllbiMH IIMilY,IJhC8MII, noJIO:>KBHIIB nepBOrO MaKCHMyMa Ilp11 STOM 

HaXOai1TCSI npH IlOnuofi SHBpi"HII aByX 11 -MB30HOB B IIX .C.U,M,, w2 =)6,2m; 

H BTOpOr0 1 npH (U 
2 = 30,5 m! • n epBbifi M8KCHMYM H8XOaHTCH B o5naCTH SHBp-

I"Hfi, npeacK838HHOfi TBOpBTIIK8MH. CpaBHBHIIB C SKCilBpHMBHTanbHb!MH pB3YnbTa-

/14 I 
T8MH H3 pa50Tbl 1 rae IlOnO:>KBHHB rrepBOI"O MaKCHMyMa COOTBBTCTByeT 

w2 = 15,4 m2 
H BToporo W 

2 = 30m 2 
; IlOK83biBaBT1 'ITO pe3ynbT8Tbl Haxo-

11 11 

aHTCH B XOpOWBM COrnaCHH C H8ll!BH OUBHKOH. 

npll paCCMOTpBHHH SKCOBpHMBHT8.1lbHOfi 38BHCHMOCTH IlOnHOI"O CB'IBHIIH 

+ /21/ 
( r.- p) OT SHBpi"HH B /puc.41, B3HTOfi H3 , Bl1a11M 1 'ITO B o5naCTH 9HBpi"HH 

60u M sB anst naaa10mero 11 -MB30Ha HBT M8KCHMYM8. 3TO MO:>KHO OO'bS!C-

HHTb TBM, 'ITO nepexoa H3 Ha'IanbHO!"O COCTOHHUH C T11 N = 3/2 HaeT cna5o" 

npn STOlt SHeprUH. KpoMe TOI"0 1 COCTOHHHB C T1111 = 1 COa ep:>KHT TOnhKO peaK-

UIIH 11+p-+ 11+11°p 0 C HBll KOHKypHpyiOT ynpyroe paCCBHHI1B H p,eaKUHH 11+p -+11+11-+n, 

KOTOpbie Bnonne MoryT MacKupoBaTb MaKcnMyM coo~BeTCTByiOmnM" T "" = 1. B 

o5nacTH SHBp1"11H 900 MSB B nonHOM CB'IBHUH BHaeH rop5, KOTOpbiH COBilaaaeT 

IlO OOJIO:>KBHUIO C M8KCHMYMOM H3 rr··- p B3811MOaellcTBHH, M O:>KHO rrpearrono -

!"8Th, 'ITO OH. COOTBBTCTByeT H30TODII'IBCKOMy COCTOHHHJO C TTTTT = 11 T,K, BepogT-

HOCTb nepexoaa 113 H8'I8nhHOI"O COCTOHHHH C T TT N = 3/2 rrpH STOlt SUBpi"HH 

CT8HOBIITCS! 3H8'II1TBnbHOfi, 

noao5Hblfi aHanH3 peaKUHH 
+ + + 

rr p -+rr rr n , 

MaKCHMYMbl pesynbT8TOM B38HMOaeltCTBIIH Me:>Kay 11 -Me30H8MI1 B H30TOITH-

'IBCKOM COCTOHHHH C T 
TT11 

= 1. B o5nacTH saeprHH 1370 MsB anst naaarowero 
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rr -MesoHa K3 pHc. 3 BK.llHO, 'ITO nonHoe ce'leaHe pom.lleHKSI sapsmeHHbiX 

'18C'rlfU llpH rr·-p CTOnKHOB9HHK KMeeT M8KCHMYM • Ha pKC, 4 MOmHO BH.ll9Tb
1 

+' 
'ITO nonaoe C9'19HK9 Tf- P. B38HMO.ll9itCTBHSI HMeeT B STOtt o6naCTH 9H9pi'HH 

- + 
MaKCHMyM, AHanH3 pesyn&TaToB rr -p H rr -p asaHMO.lleRcTBHtt roaopHT o 

TOM, 'ITO 3TH M8KCHMYMbl MOr'YT !l01Jy'laTbCSI B pesynbT8Te B38HMO.llettCTBHSI 

.ll ayx rr -M esoHOB a H30TO!lH'IecKOM cocTOHHHH c T rrrr = 2 HnH c T rrrr = 1, 

3KC!l9pHM9.HTanbHble pesynbT8Tbl B HaCTOSIUl99 BpeMSI He Jl0CT8TO'IHbl JlnSI To

ro, 'ITOI5bl O.llH03HS'IHO pa3Jl9nHTb 9TH COCTOSIHHSI,, Momao !lp9Jl!lOnaraTb 1 'ITO 

9TH MSKCHMYMbl COOTB9TCT,BYIOT H30To.t'IH'I9CKOMY COCTOSIHHIO .llBYX ff, -Meso-
' . . /37 I 

HO!I c;i Tffll' '" 2, K8K llp9JlllOnaran 1 JlnSI MSKCHMyMa H3 38BHCHMOCTH llOnHo-

+ 
r'O C9'19HHSI. Tf - p CTOnKHOB9HHSI, 

Ecnn HSI.lJ~ BbiBO.llbl npaBHnbHbl, TO JlOnmaa HM9Tb MeCTO cne.llyiOUHISI 

KapTHH8 M8KCHMYMOB 

TafinHua 4 

E" rr+p .. ,+rr+n rr+p .. rr +rr0 p "-P .. "+"-n 11'-p .. 11'-rrop 

600 H9T 1'rrrr al . T1111•1 Trrrr "'1 

900 HeT T"" .. 1 Trr11=·1 T1111 .. 1 

1370 T1111 .. 2 TIT, =2 T 1111 =2 Tll'll' m2 

KaK BH.llHO Hs TaonHUbi 4, a o6nacTH saeprHu na.z:taiOUlero 

1370 nona~>Ie ce'JeHHR acex npoueccos .llonma~>I HMeT& MaKCHMyM, 

B. OnbiT no onpe.lleneHHIO B3aHMO.llettcTBHSI .ll.BYX rr 

B COCTORHHSIX c T 1717 a() H T rra '"1 

rr-p .. "o"o n 

HeT 

HeT 

T 1111 =2 

11 -Mesoaa 

-Me30HOB 

H afini0Jl9HH9 B38HMO.ll ettCTBHR 8 'IHCTbiX H30TO!lH'I9CKHX COCTOSIHHSIX 0'19Hb 

aamao JlnSI yHcaeHHSI CYlllHOCTH aTHX B3anMO.llettcTBHtt, Taxne axcnepHMeHTbl 

MomHo ocyUleCTBHT&, ecnn Hcnon&30BaT& HYKnOHbl nnH nerxne Sl.llpa. H anpHMep, 

saepreTH'J9CKHe C!l9KTp~ nerKHX Sl.ll9p B peaKUHSIX! 

"+rr++rr
d + d .. He 

d + He" .. 

+ rro i ,o 
L~+rr++ rr-

1+ ,o + rro 

·. 

I 
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U03BOnHIDT H3yqHTb B38HMOaelcTBHH aByX 17 -Me30HOB B H30TOUHqecKOM 

COCTOHHHH T TTTT 0. 

ToqHo T8K >Ke sHepr-eTuqecKHI cneKTp Haep 

p+L~ ... L~ +11++ 11° 

U03BOnHeT H3yqHTb B38HMOaeiCTBHe aayx 17 -Me30HOB B H30TODHqecKOM 

COCTOHHMM '1;,.17 = 1. EcnM SHepr-HH D8a8IDLUei'O UpOTOH8 p8BH8 680 Msa, TO 

nonH8H ·sHepr-MH aayx 17 -Me30HOB B MX C.U.M. MO>KeT aOCTMI'8Tb 

npM STOM MO>KHO p8CCM8TpMB8Tb o6n8CTb ao nepBOI'O M8KCHMYM8> H80niDa8-

eMOI'O B nonHbiX ceqeHMHX po>KaeHMH 38pH>KeHHbiX q8CTHU UpM 1;138HMoaeACTBHM 

17 -Me30HOB C DpOTOH8MM. 

+ 
9. OnbiT H8 nyqKe 17 -Me30HOB 

,UnH TOI'O, qTOObl OnpeaenHTb 38 cqeT K8K?I'O H3 MeX8HH3MOB 

HnH ( 17- ~) B03HHK8IDT M8KCHMYMbl B cpMI'. 3 H 4, Heo6xoi::zMMO. BbJUOnHMTb 

onwTw no per-ucTp8UHH aayx q8CTMU B npoueccax 

17 N ... 17* 11* "'* 1·1 1 _,1 

l-fa COOTHOWeHHH 11 I BMaHo, qTo 8MDnMT,Ya8 B
32 

BXOaHT BO Bee npo-

ueccw a6p830BaHHH 17 -Me30H8 B apyi'OM npeaCT8BneHMH; K8K IIHaHO H3 121, 

T8KYID ponb HI'pa!OT aMnnHTyabi A33 H A31" npH per-HcTp8UHM aayx 

Me30HOB B pe8KUHH npu p83HbiX sHepr-HHX n8a8Iomero 17 -Me-

30H8 MO>KHO yCT8HOBHTb KOTOpOe H3 B38HMOaelcTBMI HBnHeTCH OTBeT-

CTBeHHhlM 38 M8KCHMyM. 

npeanono>KHM 1 qTo (~-17) -B38HMOaeACTBHe npeo6n8a8eT. l-iaMepeaHe 

17 + -M e30HOB H UpOTOHOB anH pe8KUHH 17+ p _. 1f>17+p noaaon~T npu ua.,-

aecTHoA 8MnnnTyae B
32 

onpeaenHTb 8MnnHTyay a
31

• 

Ecnu npeo6n8.a8eT I 17- N I -aa8HMoa elcTBHe, To anH Tor-o, qToObi 

ycT8HOBHTb, K8K8H H3 8MnnuTya A
33 

unu A
31 

YK838HO B § 61 H8ao H3MepHTb OTHOW8HH8 ~~331 
,. 311 

IDLU8I'O n-Me30H8. 

npeo6n8a8eT, K8K Obino 

npu paaHbiX aaepr-HHX naaa-
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BbiBOLlbl 

1. Yfa Bbipa>KeHHst 181 ·cnenyeT, '!TO ."lHtj•cpepeHunanbHbiB ce'!BHiist npo-

UBCCOB liMe lOT 8CiiMM BTp!i'IH loiH xapaKTep OTHOCHTeJlbHO BNJlBTa Tf -MB30HOB 

TOnbKO Torna, Korna npouecc conpoBO>I<LtaeTest o6paaoBauneM LlBYX IT -Me-

30HOB B C0CT051H!Hf e TTfiT ~ 1. 

2, TaK KaK He Bee npouecebi BaanMon. eiicTBHst IT -MeaouoB e uyKnoHa-

MU MOT'YT 6b!Tb OCYIIleCTBJieHbl 3KCilBpUMeHT8JlbHO, TO HeJlb351 CTpOT'O 0Llli03Il8'1" 

HO onpenenuTh Bee aM nnHT>' Jlbi Bij H Aik u HHTepcpepenuHOHHbie '!.TIBHbi, 

3. OTcyTcTane (IT-rr) -BoaiiMOJleiicTBiiH B cocTOIIHHii c non-

127 I 
-Me3onoa B ux e.u.M. 400 M sa, noKaaaauoe B paooTe

1 

TITrr = 1 no 

noii aueprrm L!BYX Tf 

COBMeCTHMO C OeT8JlbHblMii Ll81ll!blMI-I TOJlhKO B TOM eny•rae, eenu IlOMUMO yqac· 

TH51 COCTOIIUHII hBYX IT -Me30!IOB C T ITrt = 0 TaK>l<e naeT 3aMeT.Hbifi BKnan 

H COCT051HH e Ll BY X rr -Me3oHoB c T 
rrrr 2. 

4. npn OOJlbUJHX SHBpf'HIIX Il8Ll810lllBro 71 -Me30Ha
1

B 48CTHOeTH IlpH 

p00 M.9BJ Y48CTBYIOT Bee M30T011H'!eCKHB eoeTOstHHII 1 HX OTHOUJBHHB MeHstBTell C 

SHeprHelL 

5. Ce'!eHne o6pa3oBallHII IT -MB30HOB IlpH B38HMOLlBfieTBMH 77° ";'MB30HOB · 

IlpOTOH8MU 6JIH3KO IlO BeJlH'!IIHB K Ce'!BHHW npouoeeOB o6pa30B8HHH Me30HOB 

npH B38!-IMOLlt;HCTBHH Tf -Me30HOB C IlpOTOH8MH, 

6, .[lnH peweUHH BOllpOC8 0 CllpaBetlJIHBOeTH H3008p!IOH MOLleJIH nnHLlBH-

6ayMa-illTBH!If'XBiiM epa, H8Ll0 H3MepHTb OTUOUJeHHH BepOHTIIOCTBH o6pa30B8UHSI 

M e.30HOB B eoeTOHHii HX C T "' = 3/2 M T N = 1/2, 3KcnepnM BHT8Jlbll0 9TO 
71n IT + 

eBOLlHTCH K H3MepeHHIO BellH'!Hil a":P+ , a"-t ~ H!\a(rr+p-+rr
0 )a wHpOKOii OOIIaC'-

rtrtn ""P 
TH ,gHeprHH H OCOOeHHO npn 9HeprHH /1300-1400/ MsB, 

7. 3KenepHMBHT\8JlbHOe OCYII(BCTBJIBHHB IlOJlHOT'O OllbiTa IlO 00p830B8HHIO 

M B30HOB B LLo HpOKOfi OOJ18CTH SHBprHH Il03B0Jli1T· onpeneiiHTb npnpony 8HOM8Jllifi, 

KOTOpbiB H801110Ll8BTCSI H8 Ollb!Te, H YK838Tb K8KOMY COCTOHHHIO OHM eOOTBBTCT" 

ByWT, 

8. AaanHa MaKCHMYMOB B suepreTH'lecKoli 3aBHCnMoeTU: ce'!BHHSI o6paaoaa-

HHSI 38pH>I<BHHblX '18CTHII B (IT -p) B38HMOLlBHeTBHU II pH sae prHn rra rta Iomero 

.• 
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rr -Me3oaa 600 MaB• H 900 1\\as no3BOnSieT npe.nnoJiaraTb 1 'ITO OHH nony-

'ISIOTCSI B pe3ynbTaTe B38HMOA9RCTBHSI ABYX 1T -Me30HOB B H30TOflH'I9CKOM 

COCTOSIHHH C Trrrr = 1 npH W
2 

= 1612 m; H W :1 = 30 15 mrt
2 

• 

9. Mo:>KHO npe.nnonaraTh, 'ITO WHpOKHH M8KCHMYMJ KOTOpbiH Ha6niOA8eT

CSI B aHepl"'9TH'I9CKOH 38BHCHMOCTH nonHOI"O C9'19HHSI o6pa30B8HHSI 38pS!:>K9HHbiX 

'18CTHU B (rr-.:..p )' CTOnKHOB9HHH H B nOnHOM C9'19HHH (rr+- p )-cTOnKJ:IOBeHHSI B 

o6nacTH aaeprHH 1370 Maa, nonyqaeTCSI 3a c'leT B3aHMo.neficTBHSI ABYX rr 

M930HOB B H30TOfllf'I9CKOM COCTOSIHHif C TTTTT = 2. 

ABTOp Bbipa:>KaeT 6naro.napHOCTb n.M. CopoKO 'H n.JJ.. ConOBbeBy 38 

HHTepec K pa6oTe H AHCKY<':CHH, a TaK:>Ke n.Vf. nany.nycy 38 none3Hbl9 3aMe-

'18HHSI. 

h' 

1/JIJD 

111/J 

/1) 

0,01 

QOOI 

P If c. I. 06nacTb BOO MO:>K a biX 3 a a 'leHui!: :1 I A 12 
h= __ :J_3_ H k J Bu I 

I A I :1 I B I 
:Jt :Jl 

KpHB8SI COOTB9TCTByeT ¢32,31 '='It, 

Kp»aaSI II - cp 32,31 "'rr/2 H KpHBa~ Ill 
-¢32,31 =0. 
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d. 

tl/00 

tOO 

10 
d. •6,5 

d.•Q.S 

cJ,. •(),25 

tU 

p H c. 2. 

0.1 h·~ h•'IJ 

05JiaCTb B03MI))KHbiX 3HaqeHHfi a 

ID 

+ 
rr p+ a,o, r 
~ 
a" P 
,+,+n 

h tiD 

h= ffi 
31 

K pHBaSI 1 cooTBeTcTBye'r fl33,31 =0, KplfB8SI lf-fl33,3t-=7t/2 

K pH BaSI III - n 33,31 = 1T If IPif BaSI. IV - .'~u( rr+ p ~ :f') =o 

. i 
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20· 

• • 

ro· 

12110 rsao 15()() 1700 Tr, 

p H C. "3. 3Hepr•eTH'I9CK8SI 38BHCllMOCTb rtOJIHOr'O C8'I9HHSI peaKUHH (17"-p) 
KpHBaSI 1 COOTB8TCTBye-r· ynpyrOMY- paCC9SIHHIO (:r-'p) 

1 

KpHB8SI 17 -po)K.ll9_!!Hl0 38pSI)K9HHhlX 'I8CTHU !IpH 

B38liMO.lleiicTBHH 11 -Me3oHoB c npoTOHa:'-.iH H KpHBag III-
peaKnHII :r-p .. :r0:r0 n 
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