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npn 8H811H3e BOIIpOca 0 COXpaH eHHI! <JeTHOCTH D CHilbllbiX B3aHM01l9HCTBH51X 

HCXOllHM H3 TOrO, 'iTO 38KOH COXpaH9HH51 K OM6 HHH pOBaHHOA 'ieTHOCTH SIBITSieTCH 

OCHOBHbiM 3 8KOHOM CHMMeTpHH B IIpHpone H B blnOITHSleTCSI B O BCeX B38HM01leACTBH-

SIX, 8 COXp8H9HHe IIpOCTpaHCTBeHHOA 'ieTHOCTH B OTllellbHbiX B38HM01l9RCTBHSIX 

SIBITSieTCSI Cll91lCTBH9M llOITOITHHTellbHbiX Tpe60B8HHR HHB8pH8HTHOCTH , K ~THM IIOITO

>f< 9HHSIM MO>f<HO IIpHllTH, 9CITH C'iHT8Tb , 'iTO CBOACTB8 npOCTp8HCTBa - epeM9HH 

OTHOCHT9llbHO 0Tp8>«9HHA IIpOSIBITSIIOTCSI 'i9pe3 110B91l9HH9 Tex 'i8CTHU , K OTOpb!e H8 

1l8HHOM aTane paaenTHH C'iHTaiOTCSI aneMeHTapH biMH . Torna H3 HecoxpaHeHHH 'ieT

HOCTH B Cll86b!X B38HM01l 9RCTBHSIX MO>f<HO Cll enaTb BbiBOll , 'iTO IIpOCTp8HCTBO-Bp9MSI 

H9 061181l89T CBOACTBOM CHMM9TpHH OTHOCHT91lbHO 0Tpa>«9HH SI npocTp8HCT89HHblX 

KOOp1lHH8T H nOSIBITSI9TCSI H e06X01lHMOCTb HCCnenoaaTb COxpaHeHHe 'i9THOCTH a 

K8>f<1lOM a38HM01l e AcTaRH . 

I 1 2 / 
KaK noKa3aHo a ' HecoxpaHeHHe 'ieTHOCTH a CHilbHhlX a3aHMoneAcTBHHx 

MO>«Ho O>«H1l8Tb a Tex npoueccax , a KOTOpbiX yqacTayiOT K-Me30HbJ H rHnepOHbJ, 

npH B9CbM8 abiCOKHX ~HeprHSIX cymecTaeHHYIO POilb IH'P810T npoueCCbl o6pa30B8HHSI 

K - Me3oHoa " rHnepoHoe, a Ta K >«e yaenH'iHaaeTcH aKnan K - Me3oH - rHrrepoH

HbJX CHIT B npOU9CCbl a38HM01l9ACTBHSI g{ - Me30HOB H HYKITOHOB , n0:3TOMy peaKUHH, 

npOXOllSIWHe npH BbiCOKHX 3HeprHSIX np91l CT8BITSIIOT B9CbMa 60ilbWOH HHTepec C 

TO'iKH apeHHH coxpaHeHHH 'ieTHOCTH a CHilbHhrx B38HM01leAc"'BHSIX. CnenyeT aal\le

THTb, 'i TO npH B9CbMa abJCOKHX 3HeprH SIX npeo6nanaiOLUYIO pOilb Hrpa lOT npOU9CCbl 

po>« neHHH 11 ayx-Tpex H 6onee 'i8CT K U . 

8 H8CTOSILU9A 38MeTKe np08H81lH3HpyeM npoueCCbi , B KOHe'iHblX COCTOSIHHSIX 

KOTOpb!X HM eeTC SI N I, a HM9HHO: paCCMOTpHM KaKH9 

8CHMMeTpHK a pacnpeneneHHH pO>f<LJ,9HHbiX 'i8CTHU CBHJleTellbCTBylOT 0 H9COXpaHe

J:HH 'i9THOCTH B C lfllbHbiX a3aH M01leACTaHSIX 1 HCCile.ayeM a KaKHX peaKUHSIX H M9>f<LJ.Y 

K8KiiMH 'i8CTHU8MH llOS!alleHHe T 8KH X 8CHMM9TpKA 6y,0,9T 6onee BepOS!THbiM, a TaK-

>«e 011p91l911HM Clly'iaH , B KOT Opb!X aCHMM9TpHS! OT pacnan a r~<mepOHa , KaK OllHOH 

H3 N 'i8CTHU a KOH9'iHOM COCTOSIHHH, 6yneT CaH1l9T91lbCTaOa8Tb 0 H9COXpaHeHHH 

'i9THOCTH B CHilbHhlX B38 HM01l9A CTBHRX. 

PaccMoTpHM peaKUHIO anna 

-- C1 + c.% + .. . + 

a K OH9'iHOM COCTOSIHHH KOTOpOH HM99TCSI 

c"" 
' N -qacTHU , npH'ieM cnHHbJ qacTnu 

npOH3BOilbHbJe, nonepe'lHoe ce'leHRe aToro npouecca 38nHuJeM a aune 
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co.oepma w He He HHBapHaHTHhl OTHOCHT911bHO o n e pa-

UHH OTpa m eHHH npOCTpaHCTBeHHblX KOOp .OHH8T . HanpaBHM BeKTOp k no ocH1 

HanpaBneHHH BeKTOpOB 
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6y.oeM xapaKT9pH30BaTb yrnaMH -
H ~ ' a ~ - 83HMYT81lbH b!A 

y r o n, KOTOpb!A cne.oyeT OTC'IHTbiBaTb OT Bbi.OeneHHOA ITIIOCKOCT.H., o6pa30BaHHOA 

BeKTOpaMH 

..... 
k H f; , r.oe }r HMITYilb C 1110601!: H3 KOHe'!HbiX 'laC THU. 

K oa¢ ¢ Hu He HTbl A B,K, c{l(./. HBIIH IOTCH '19THb!MH ¢ YHKUHHMH y r noa 

H ( Y1cK I if) 
qeTHOCTb qneH A 

v: - .... 
, a (ni PK) 9CTb He'leTHhle ¢YHKUKH 'f ( 

, nerKO ITOKa-

38Th, 'ITO CO XpaHS:IOWKA B C9'!eHHH He .oaeT a C HM M eTpHH B 

p acnpe.oeneHHH '18CTHU OTHOCHT 91lbHO Bbi,lleneHHOA ITIIOCKOCTH H Ha060pOT - He COXpa-
....., --.. ........ ...... 

HHIOWH9 '!9THOCTb '1119Hbl BH.lla B,K (nt ~) HllH ciKl. (n{l!(. A) .oa.oyT aCHM-

M9TpHIO B pac n pe.o en e HHH qacTHU OTHOCHT91lbHO Bhl .O eneHHOA ITIIOCKOCTH. 

TaKHM o 6pa30M, ecnH '19THOCTb He coxpauHeTCR a CHilbHbiX B 3 aHMo oe l!:cTBHHx, 

TO .llOIJ)KHbl ITORBHTbCH aCHMM9TpHH OTHOCHTenbHO 11106ol!: H 3 ITilOCKOCTeA, 11pOXO.OH

W 9A '19p93 Hanpa8119 HH 9 HMITY1lbCa na.oa iOweA qacTKUbl H HanpaBI1 9 HH 9 H MITYilb C a 

1ll0t50A1 HO BIT011H9 onpe.oeneHHOA KOH9'1HOA '!aCTHUb!! a/ B pacnpe.a e neHHH KaKoA-

11Ht50 .opyroft, BIT011H9 onpe.oeneHHOA , K O H 9'1HOA '18C THUbl H11H 6/ B CYMMapHOM 

pacn pe.o eneHHH 2 , 3 I N - 2/ocTaBU.'HXCH KOH9'1HbtX qacTHU. Cne.oyeT aaMeTHTb, 

'ITO 9C11H '!9 THOCTb H 9 C0Xp8HSI9TCR 0 T O .ll01l)KHbl ITOHBHTbCSI aCHMMeTpHH OTHOCH

T91lbHO IT1lOCKOCTeA 1 npOXO.llSIWHX qepe.3 HanpaBI1 9 HHSI 1ll06biX KOH9'1H b!X 'laCTHU, 

K8K B p a cnpe.o en eHHH HaqanbHOA '18CTKUbl, TaK H OCT8BWHXCH KO H ~'IHblX '18 CTHU. 

Ylccne.o yeM aonpoc o TOM, a KaKHX npo u ecc a x H oT HOCHTenbHO pacnpe.oene

HH H K8KHX '1 8 C THU MO)KHO O)KH .O aTb nOSIB119HH9 aCHMM9TpRA, CBH3aHHbiX C H9COXpa-

H 9 HH 9M qeTH OCTH B CHilbHbiX 838HMOL19ACTBHSIX0 EC11H OC HOBhl.B.8TbCSI H8 HBWH" 

coo6pameHHHX o Bbl.oeneuuoA ponH K-MeaoH""rKnepoHHbiX B 3 8HMo.oeAcTBHA, TO 

cne.oyeT o m H.o aTb nosumeHHS Tpe(5yeMbiX acHMMeTpHA e pacnpe.oeneHKK Tex 6a

pHOHO B H M 9 30HOB, Cpe.OK XOTOpb!X HM9IOT CSI CTp8HHbl9 qacTHUblo ..Qanee, 6one e 

I I 

.I 
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BepORTHbiM RBns:reTcs:r, no MOe My MHeHHIO, nOSIBJleHHe 3THX aCH MMeTpli~ B pacnpene

neHHH TeX '18CTHU, KOTOpble pO.OKJlKCb B ueHTp8Jl bH blX coy.aapeHIHIX K, H8060pOT 1 

SIBJlS!eTCR M8J10 BepORTHbiM nORBJleHRe 8CKMMeTpKH B pacnpe.aeneHHH TeX '18CTHU, 

'18CTb H3 KOTOpb!X HJlH nORBHnaCb npH nepH<tJepH'IeCKHX B38KMO.aeACTBHHX HliH IIOI!y

'1Hll8 ManyJO nepe.aaqy HMnynbca B paccMaTpHBaeMoA peaKUHH, HanpHMep, a upo-

uecce J/1--+- d. - 1\ 0 + K-+ p Tpy.aHo O>KH.aaTb Tpe6yeMoli acKMMeTpHH /ec.nH 

/4/ 
OH He H,aeT KaK ,aayxcTyneH'I8Tbi A npouecc H8fi0!106He / , T8K K8K pOJlb O.QHOA 

H3 KOHe'!HbiX 'laCTHU B po>K.aeHHH CTp8HHblX '18CTHU BeCbMa Mana, nos:rsneHHe 8CHM

MeTpHH B pacnpe.aeneHHR K - Me30HOB OTHOCHTenbHO nnocKOCTH, o6pa3oBaHHoA 

na,aaiOWHM § -Me30HOM H I"HnepOHOM B peaKUHS!X BH.08 

Jl-+ f> -- 1\0 
+ K 0 

+ (v'r) 

/r.ae (#'r) - n106oe 'IHcno J!T - Me30H08 1 CYMM8pHb!l! aneKTpH'IeCKHll 38pS!Jl 

KOTOpb!X paBeH HynJO/ S! BJ1S! 9TCSI T 8K>Ke M 8 J1089pOS!THbiM IY..OTSI H 6onee BepOSITHbiM, 

<!eM B ..J!T-+d- ;1"+}(
0

+ /> I , T8K K8K npHCyTCTBHe .!1/ -Me30HOB B KOHe'I

HblX COCTOSIHHSIX He S!BJlSieTCS! He06XO.Q HMbiM, 

Eonee sepoS!THbiM s:rsnHeTCSI noHsneHHe cooTBeTCTBYIOWHx HecoxpaHeHHIO 'leT-

HOCTH 8CHMMeTp HA B pacnpe.aeneHHH TeX n - KoHe'IHbix qacTKu ( 2 ~ n ~ N - ~) , 

po>K.aeHHe I 17- I I nJ06biX qacTHU H3 KoTopbiX aanpeweHo 38KOH8MH coxpaHeHHH 

HnH CTpaHHOCTH HnH '!Hcna 6apHOHOB HJlH aneKTpH'IecKoro 38pH.aa . Po >~<.aeH He Ta-

KHX n - qacTHU SIBJ1SI9TCSI CBSI38HHbiM ueJlbiM, cpe,aH HHX HeT '18CTHU, KOTOpb!e pO,aH

JlHCb nonyTHO npH nepH<tJepH 'IeCKHX B38HMO,aeACTBHSIX. 

PaccMoT p HM pe a KUHH aHaa 

.!li-+j - n + Ko+ Ko + (N',-)' $!"-+)'-- /V' + p+ n+ K-+ (-v'7) 
.........----

s++ f -- 1\ o + K+ + gr+ + (N'roj, 

K++ f-- 1\o + K++ K~ + (.Nr), 
............... 
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f + /' --- L:: + + K 0 

+ f + ( ,.v;. J , f..,.. f - f-+ n + .,. ... ..,.. (v'r~ · 

K OT Opble np9llCT88n.RIOT 5onhWOA HHTepec C TO'IKH 3p9HH.R COXp8H9HHSI '19THOCTH 

8 CHnhHblX 838HM0ll9ACT8HSIX . noll'19pKHYTbl9 'lneHbl npeaCT8Bn.RIOT COBOKynHOCTh 

Tex Tpex I HnH 'leTbipex / 'IBCTHU, po>KaeaHe nl06biX a ayx I HnH Tpex/ H3 K OTO-

p b!X 38npeweHO 38KOH8 MH COXp8H9HHSI H H8XO>Kll9HH9 Tpe5yeMbiX 8CHMM 9T pHA B 

pacnpeaeneHHH xoTopblx H8nHeTc.R 6onee aepo.RTHhlM. 

OononHHTenhHblA HHTepec npeacTa8n.RIOT peaxuHH, a xoTop blx a e coxpaHR IOT-

/ 5 / ~ ~ 
C H, BB9ll9HHbl9 B t KB..aHTOBbl9 'IHCnB ;)I H ~.a, t npH'19M CTp8HHOCTb -&=-~1-t:f.&. 

/6/ 
n aAc npeanonO>K Hn , 'ITO 8 STHX pea " UHSIX '19THOCTb MO>KeT H 9 COXp8HSITbCSI, 

K T8XHM peaXUHHM OTHOCSITC.R, HanpBMep, 

.!Ji + f - 2:-+ K o-+ $T -t + ( N ';ro) ' .!11"-+ f - f + K --t- Ko + (.¥"-:r) 

.T--t- j> ~ 2:++ K. -t-+ :Jr-..,.. !lr-+ (N7-J, 
- Jr ... -1-t------... ::£++ K++ {Nr), 

.ffr+-t-f ~ K-t-+ K.o-+ t ...,.. (...v7r J K+ />-- L ++ .!A-+ (N'-roj" 

K++ ~ ~ ~ -t- Ko-+ ,r++ (NT-';) ' 

-------------
K+-+ ~--- ;1•+ K"+ Ko+7T++T+ + {K~~ --------------
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p+ f- .z::+ + K++n + (N'.,-) 

no,aqepKHyTble qneHbl 3,aeCb TaK>Ke npe.acTaBnSI lOT HHT epeCyiOWHe HaC COBOKyn -

HOCTH qaCTHU, 

Cne.ayeT 3aMeTHTb, qTo ecnH npH Hccne .aoaaHHH acHMMeTpHH a pacnpe.aene

HHH O.aHOA H3 BTOpHqHhlX qaCTHQ OTHOCHTenbHO nnOCKOC)H , o6pa30BaHHOA Kaqanb

HOft qacTMueA H .apyroA /anonKe onpe.aeneHHOA/ BTOpHqHoA qacTHueA 1 ocTanbHhle 

qacTHUhl He 8HanH3Hpy!OTCR , TO B 9TOM cnyqae Mbl npHXO,aHM , no cyweCTBY 1 K 

cyM~HpoBaKHJO a c H MMeTpHA OT pR.aa pa3nHqHbiX npoueccoa. AcHMMeTpHH o T pa3-

nHqHhlX peaKUH ft , ecnH qeTKOCTb He COXpaHS!eTCR , MOryT YCHnHBSTb .apyr n pyra 

HnH OCna6nS!Tb 1 HO COBepweHHO RCH0 1 qTo ecnH TaKaS! CyMM8pH8SI SCHMMeTpHS! 

6y.aeT 06Hapy>KeHa , TO OHa 6y.aeT CBH,a9T9nbCTBOBaTb 0 H eCOXpaH e HHH q eTHOCTH 

B CHnbHbiX B38HMO.QeftCTBH SI /no K paAHeA Mepe B O.aHOA H3 CYMMHpyeMblX peaK-

UHA/, 

B /2 I ,....-+ b - A 0 + K 0 OOKa3aH0 1 qTO ecnH B peaKUHH THna ~ 1- /\ 

6 6 .... 0 6 y.aeT o Hapy>KeHa npo.aonbHaSI nonRpH3auHR /\ - rHnepoHa, To OHa y.aeT 

cny>KHTb CBH.aeTenbCTBOM HecoxpaHeHHSI qeTHOCTH npH po>K.aeHIHI K-Me3o uoa H 

rHnepOHOB , EcnH B KOKeqHOM COCTOSIHHH KpOMe rHnepOHa HMeeTCSI eu.le .ane HnH 

6onee qacTHUbl 1 TO npH COXpaHeHHH qeTHOCTH B CHnbHbiX B3aHMO.aeACTBHS!X MO>KeT 

noRBHTbCSI npo.aonbHaR nonRpH3auHR rHnepoHa. O.aHaKo , a cnyqae coxpaHeHHSI 

qeTHOCTH 1 ecn H He OT6Hp8Tb TOnbKO TaKHe cnyqaH 1 r.ae KaKaR-nH60 .apyraR qac

THUa HMeeT .aaHHOe Hanpaan e HHe /HnH K8KHe- nH60 .apyrHe KOppenHpOBSHHhle 

cnyqaH/ 0 TO npo.aonbHSSI nOnRpH3aUHSI rHnepoMa He npHse.aeT K nORBneHHIO SCHM-

MeTpHH B pacnpe.aeneHHH np09KUH ft H Mnynb COB .!71 - Me30HOB pacna.aa Ha nnoc-

KOCTb po>K.aeHHR rHnepOHa, npo.aonbHSSI nonRpH38UHSI rHnepoHOB npHBe.aeT K 8CHM

MeTPHH B pacnpe.aeneHHH !if -Me30HOB OT pacna.aa rHnepOHOB OTHOCHTenbHO 

nnOCKOCTH nepneH.QHKynS!pHOft nnOCKOCTH po>K.a9HHR r..llllepOH8 H 6yaeT cny >K HTb 

CBH.QeTenbCTBOM HeCOX p8H9HHSI qeTHOCTH B CHnbHhlX B38HMO.aei!:CTBHSIX B TOM cny-

qae, ecnH Mbl He 6y .a eM Bbi6Hp8Tb rHnepOHbl nyTeM KOppenRUHH HX C Hanpa ~e

HH.SlMH K8.KHX-nK60 .apyrHX KOH9qHblX qaCTKU , npHqeM CSMH rHnepOHbl MO>KHO pac

r;MaTpliBa'tb KAK n.p.u Q:lwtc.a.p.OBAHHO.U. Te.K H npH JU06oM yrne po >K.aeHHSI , T aKHM 
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o6pa30MJ 8CHMMe<rpH SI B pacn a .aax rKne p O RO B T OJlbK O TOr.aa 6y,aeT CJlY)K HT b CBH

.aeTeJlbCTBOM R eCOXp8HeHHSI 'leTHOCTK npH p O)K.Qe HH H , eCJlH npH C y MMHpOB8HH H OT

.Q9JlbHb lX CJlyqae B 6y.a eT npO HCXO.QHT b y c pe.aHeHif e no y r naM p O )K .Qe H H SI OCT 8Jlb H blX 

KOHe'iHhlX 'i8CTifU , 

B a axniO'ie HHe a a M eT H M , 'iTO o TKp brTHe aecoxpaHeHHSI "'eTHOC TH a c Hn&H brx 

B 3 8HMO.Q eftCTBHSIX H e TOJlbKO 6w llO.QTBep.a HJlO npaBHJlbHO CTb H C X O.O HhlX llOJlO)KeHHft 

HO .aano 6 hl B03 MO )K ROCTb npoBe CTH 6onee rny60KHA 8H8J1H3 pSI.aa HBJ19 HHA : aw6o p 

Me)K,ay B03MO>ftHbl M H M O.O HcPHK8UHHMH B CHCT9M8THK9 aneMeHT8pHbiX "18CTHU, n p o

aepK8 rHnoT e3bl a apH.aoaoR HHSapHaHTROCTH, . B br SI C H e HHe ponH K -Meaoa- r HnepOHHbi X 

C H Jl B H,aepH bi X C HJ18X H .ap, 
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