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B coe).lliHeHllilX c o6meii cpopMyrroii MXAO4, r1-1e M = Cs, Rb; X = H, D; A = S, Se 

Ha6rrro).laeTCll cpa30Bblll nepexo1-1 B cynep!i0HHYIO cpa3y, KOTOpblll conpoB0JK).laeTCll YBeJilfqeHlieM 

Ha HeCK0JibK0 nopll/.lK0B li0HH0ii np0B0/.lliM0CTli [l]. KpoMe BbIC0KOll np0B0).lliM0CTli no li0HaM 

B0/.I0po1-1a (1-1eiiTepllil), B cynep!i0HH0ii cpa3e 11a6rrro1-1aeTCll CB0llCTBO CBepx11JiaCT1fql{QCTII. 

I1olillpH3aUIIOHHO-OITTllqecKlie II MexaH1fqecK11e liCCJie).I0BaHllil Il0Ka3aJIII, qTQ KpllCTaJIJI CsHSO4 

aHarrornqHo rJIIIHe HJIII IlJlaCTHJIIIHY rrerKO Mel!lleT CB0IO cpopMy [2]. 
<l>a30Bblll nepexo1-1 B cynepll0HHYIO cpa3y 0CTaeTCll /.10 HaCTOllmero speMeHII npe1-1MeTOM 

11ccrre1-1osaH11ii [3 l, MIIKp0CK0illfqecKal! np!ipo1-1a KOToporo He llCHa. OTMeTHM 3).leCb, qTQ BbIC0Kal! 

II0Hl!al! np0B0/.IIIM0CTb B03HIIKaeT B pe3yJihTaTe nepeop11eHTaUII0Hl!bIX ).IBlllKel!llll TeTpa3Ap0B 

SO4, K0TOpbie np11B0/.ll!T TaKlKe K /.IIIHaM11qecK0MY pa3ynopl1/.I0qeHIIIO ceTKII B0/.I0p0/.IHbIX CBll3eii B 

cynepll0HH0ii cpa3e. KpoMe TOro, pa3ynopll/.l0qeH11e B0AOPOAHOii Il0/.ICIICTeMbl II op11eHTaUII0HH0e 

pa3ynopl1/.I0qe1111e TeTpa3Ap0B SO4 M0ryT 6bITb np11q11Hoii B03HIIKH0BeH_llll BbICOKOH 

nrracrnq11ocrn B Kp11cTaJIJie CsHSO4 [2]. 
TaKIIM o6pa30M, M0lKH0 npe1-1noJI0lKIITb, qTo MIIKpOCKOn11qecK11ii MexaHH3M nepexo11a B 

cpa3y C BbICOKOii npoB0AIIM0CTbIO CBll3aH rr1160 C pa3ynopl1/IQqeH11eM II0H0B B0/.I0po11a, rr1160 C 

op11e11TaUII0Hl!blM pa3ynopl1/.I0qeH11eM TeTpa3Ap0B SO4, np11qeM 3TII l!BJieHllll CBll3aHbl Apyr C 

ApyroM. 

I1p11 113Me11e111111 TeMnepaTypbl II ).laBJieHllll KpllCTaJIJI CsHSO4 IICilblTbIBaeT Plli-1 1-1pyrnx 

cpa30BbIX nepeX0/10B, B TOM q11crre II B cpa3bl C BbICOKOH npoTOHHOH np0B0/IIIM0CTbIO I, VI II VII 
[4,51 (CM. p11c. I). )lrJll Il0HIIMaHllll MIIKpOCKOnllqecKOii np11p0.Llbl 3THX cpa30BblX nepeX0.Ll0B 

11eo6xo1111Mo 3HaTb Kp11cTaJIJI11qecKyro CTPYKTYPY 11, qTQ oco6e11110 BalKH0, CTPYKTYPY so1-1opo1111hIX 

CBllJeii B pam11q11bIX cpa3ax. Kp11CTaJIJI11qecKal! CTPYKTYPa cpaJ np11 aTMOccpepHOM ).laBJieHlill 

(cpa3bl I, II II III 11a p11c. I) 6bIJia onpe11erreHa C Il0M0mbro HeiiTpOHHOH (7,8,9] Ii pemreHOBCKOii 

.u11cppaKUIIII r 10,11 ). HecMOTpll Ha 3KCnep11Me11TaJibllbie Tpymmcrn, nepBbie HeiiTpOHHble 

IICCJie,Ll0BaHllll cpaJ BbIC0K0ro wi.BJieHllll Il03B0JIHJIII onpe11err11Tb rpynnhI CIIMMeTp1111 cpa3 IV II V 
KpllCTaJIJia CsHSQ4 [ 12, 13 ], 0).IHaK0 KpllCTaJIJI11qecKal! CTPYKTypa cpa3 BblC0K0fO AaBJieHllil He 

6blrra onpe.uerre11a. I1 pe1-1sap11TeJibHblll TeopernqecKIIH aHaJill3 B03MOlKHOll CliMMeTp1111 cpa3 

BbIC0K0ro 11aBJieHllll I 14) II 3KCnep11MeHTaJibHbie pe3yJibTaTbl [12,13] Il03B0JIHJIII YKa3aTb 

CIIMMeTpllIO KpllCTaJIJia CsHSO4 BO Bcex cpaJax BbIC0K0ro )1aBJieHllil [6] II paJBIITb 

cpeHoMeHorrornqecKyro Teop11ro cpaJOBbIX nepexo11os MeJK.ny HliMli [15]. KpoMe Toro, B pa6oTe 

I 15] nocTpoeHbI CTPYKTYPhI so1-1opoAHhIX CBllJeii B cpa3ax II II III np!i aTMoccpepHOM 1-1aBJieH1ili, 

K0TOpbie corrracyIOTCll C 3KCnep11Me11TaJibHbIMli HaMIO).leHllilMII [8,10]. 
B 11a1111oii pa6oTe Ha 0CH0Be no1-1xo1-1a, npeAJI0lKeHH0ro B pa60Te [15], Il0CTp0eHbl 

CTPYKTYPhI so1-1opoAHhIX CBll3eii KpllCTaJIJia CsHSO4 B cpa3ax BhIC0Koro 1-1aBJie11ID1. B crre1-1yromeM 

pa311erre o6cyJK.neHa npoCTpaHCTBeHHall CliMMeTpllil cpa3 !lblC0K0ro ).laBJieHllil B CsHSO4. 3aTeM 

noCTpoeHbl CTPYKTYPbl B0/.I0p0/.IHbIX CBll3eii B cpa3aX BbIC0K0ro ).laBJieHllil. B 3aKJIIOqliTeJibH0M 

paJ11erre np1rne1-1eHbl peJyJihTaTbl pa60Tbl Ii o6cyJK.neHbl B03M0lKH0CTli ).laJibHeiinmx 

3KCnep11Me11TaJibHbIX liCCJie).IOBaHliH. 
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Puc. 1. <Pa10BaJ1 iJua2paM.Ma KpucmaJl./la CsHS04 B nepe.AieHHblX iJaBJieHue-meMnepamypa. 

Pa3JlUlJllbte qJll3bl 0601/lalJe/lbl pUMCKUMU IJUqJpaMU /, ... , VIII. HenpepblB/lblMU JlU/lUJIMU noKa3a/lbl 

!JKCnepUMeHmaJtbllO onpeiJeJte/lllbte 2paHUIJbl 4'a1 [ 4,5 ]. IlpepbtBUCmbtMU JIUIIUJIMU yKa1a11a 

603MO:JK/lllJI !JKCmpanOllJIIJUJI 2paHUIJ qJa3. IllmpuxnyHKmUpHOU JlUHUeu cxeMamulJeCKU 

0601HalJeHa 2pa1tu1Ja meopemulJecKu npeiJcKa1aHHOU 4'a1bt VIII [6] 

CHMMeTpHll i!Ja3 BbICOKOro i.awieHHJI 

Kp11cTaJJJI11qeCKllll CTpyKTypa CsHSO4 B cyrrepttoHHoii cpa3e I c CHMMeTptteii D4/
9 

(cM. 

p11c.2) 6wrn orrpeJleJJCHa C IT0M0[Uh!O JlllcppaKI_\HOHHbIX HCCJICJ(OBaHHll (9,11]. TTpHMHTHBHllll 

lJqeiiirn KpllCTaJJJIHqecKoii· perneTKH, IT0CTpoeHHllll Ha BCKTOpax TpaHCJIJll_\llll a, = (-t,t,t,), a2 = 

(t,~t,t2 ) _ii a3 = (t,t,-t~), COJlCp)l(IIT J(Be cpopMyJihHhIC CJ(IIHlll\bl CsHSQ4, 3J(CCb t = a/2, t 2 = c/2 11 

a= o,5729(9) HM, c = 1,421(1) HM - rrapaMeTpbl peIIICTKH (11]. 

<l>a30Bb!H rrepeXOJ( 113 cpa3bl I B cpa3y II rrpllB0J(IIT K YJlB0CHHIO 061,eMa rrpllMIITHBH0ii 

llqeiiKII ll IT0HHJKCHIIIO CIIMMCTp1111 D4/
9 ➔ C2/ Och CHMMCTp1111 BTOporo rropl!JlKa 

MOHOKJIIIHHoii ipa3hI C2/ HarrpaBJieHa BJl0Jib Kp11cTaJJJI11qecKoro HarrpaBJieHllll [ 110] (HJI11 I 1-

10]) TCTparoHaJihH0ii cpa3bl D4/
9 

( CM. p11c.2). <l>a3a III HMCCT TaKYJO )KC M0H0KJIIIHHYJO 

CIIMMCTpll!O C2/ H aHaJIOI1iqHblll YJlB0CHHhlii 061,eM rrpHMIITIIBH0ii 51qeiiKII ITO cpaBHCHIIIO C 

cpa3oii I, 0J(HaK0 0Cb CllMMCTpHII BTOporo rrop51J(Ka MOHOKJIIIHHOH cpa3bl III HarrpaBJieHa BJ(0Jib 

HarrpaBJICHllll (100] (HJIII (010]) TCTparoHaJibHOll cpa3hl I (10]. 

. JLrrn o6'bl!CHCHllll YJlB0CHllll 061,eMa rrpllMIITIIBHOll llqeiiKH rrpH cpa30BOM rrepexoJ(e D4/9 

➔ C2/ Heo6XOJ(IIMO paccMOTpCTh B0JIH0Bh[C BCKTOpbl k, = (110), k2 = (1-10) ll k3 = (001) Ha 

rpaHlll\C 30HhI 6p11JIJIJ03Ha. <Da30Bhiii rrepexoJl c B0JIH0BhIM BeKrnpoM k1 (HJI11 k2). rrp11BOJlllT K 

MOHOKJIIIHHOH CHMMeTpllII C 2/ C HarrpaBJieHHCM' 0CII CIIMMCTpHH BT0poro rropl!J(Ka .. 
0

B}(0Jib 

Kp11cTaJJJinqecKoro HarrpaBJieHllll Tttrra [ 1101 . ( cpa3a II). <DeHoMeHoJiornqecKllll TeopHl! ,3rnro 
' ' ' ' ' 5 

cpa30BOro ._rrepexoJ(a 6bma pa3BIITa B pa6oTe. (16].' MoHOKJIHHHllll cpa3a CHMMCTPIIH C2h C 

HarrpaBJI~HH,CM 0CII CHMMCTpIIH BTOporo rropl!JlKa BJ(0Jih (100] (cpa3a III) B03HHKaeT B pe3yJihTaTe 

cpa30BOro ,rrepeX0J(a C B0JIH0BblM BCKTOp0M k3 (14], . . ' 
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Puc. 2. Kp11c11uU1J11/'ICCKaJ1 fl'ICliKa CsHS04 <J l')'l1C/J1W111w1i t/Hne I. l/y11KlllllJJllhtMII JtllllllflMII 

110Kaw111,1 <Jov.w:..:11Me <J<Hlop0<)11h1e C<Jf/111 moJthKO 1)J1J1 o,hwzo 11e11111paJ11>11020 memrun,)pa S04. 
BeK/110/Jt,/ 111pa11CJlfll/llll KJJllC/lll/JlJl/l'l('CK()/i JJCIIICIIIK/1 ofioma'll'llhl a,, a2 II a.1 

B Ta6;111nc llpl!BC)lClll,l BCC B0lM0iKllhlC rpa10111,1c ucpcxo.ur.1 ll'l rpalLI I, cmnallllb!C C 

B0:1110111,IM BCKT0poM k1. KaK Bll,Llll0 111 Ta6:111111,1, rpa·m111,1ii 11cpcxo.u 110 uenp11B0/iHM0MY 

11pc.uCTan.:1c111110 't2 llpl!B0)lllT K npoCTpa11crnc1111oii 1py1111c l)i,,16
, y KOTopoii HMCCTCll 

~IOII0K.'lllllllall 11ompy1111a C21.5(x) C 0CblO Cl1MMCTp1111 rnoporo ll0pll)lKa B)l0Jlh KpHCTaJIJIHqeCK0ro 

11a11pa1nc111rn X. Alla'Hll'll'lllall M0II0KJlllllllall ll0)llpy1111a C21,-\r) C ()CLIO CIIMMCTpHII BT0poro 

11opl!J1Ka BJI0:11, KpllC'faJl!lll'ICCK0ro 11a11paBJICIIH~ _\' IIMCCTCll y rpyrmLI D2/ (HerrpHBO)lllMOC 

11pcJICTalUCIIIIC 't4). TaKIIM 06pa10M, rpa1a Ill C MOIIOKJIHllllOii CHMMCTpHeii C2/ II 11anpaBJICIIHCM 

0CII cm1~1CTp1111 ,noporo ll0pll/lKa B,Ll0JII, Kpl!CTaJIJill'ICCK0ro 11anpaBJICllllll I 100] (HJIII (010]) 

~IOiKCT ll0llBIIThCll B pc1y:1LTaTC llCll0'IKII cpalOBhlX nepexo.uos: D4,/9 ➔ D2i/6 ➔ C2/(x) HJIII 

1)41/'
1 ➔ D2,,° ➔ C21,\r). 

llna 11apa~1cTpa nopllllKa, 0llHCblBaJOIUHC rjiaJOBblC nepeX0)lbl HJ opTopoM6H'ICCKOii cpa3hl 

D21,
1
~ n ~IOII0K.lllllllble rjiaJLI C21,5<x) H C2/(y) (CM. Ta6n111.1y), COCTaBJilllOT C,llllllhlll 

llBYXKmlllOl!einllhlii napa~leTp nopll.UKa B TeTparo11aJib!IOii cpaJC D4,/
9

. AHaBOrH'lllllll CIITyal(llll 

mreeT ~,eCT0 11 )lJill llBYX cpaJOBblX rrepeX0)l0B H3 cpaJbl D2/ B M0II0KJIHHHLIC cpa3b[ C2/(x) H 

C21,-\r) (c~r. n6n111.1y). CJIC)lOBaTeJJhHO, npH HJMCHCHHH TCMnepaTypu (HJIH J(aBJICHllll) B CsHSO4 

B0JM0JKHbI qia;30Bue rrepexo.uu D2/
6 ➔ C2/(y) HJIII D2/ ➔ C2/(x). 3KcnepHMCHTaJibHbie 

IICCJie)l0BaHHll [ 12, I 3] ,!ICHCTBIITeJlhllO o6HapylKHJIH, qTQ cpa3a Bb[C0K0ro ,llaBJICHllll IV HMCCT 

CIIMMCTpHIO C2/. OTCJO,lla M0JKH0 C,!ICJiaTb BhlB0,11, '!TO B CsHSO4 peanmyeTCll CJie,11yJOIUal! 

uenoYKa cpa30BhIX nepexo,110B: D4,/9 ➔ D2/6 ➔ C2h5(x) n cpa3a VI HMeeT CHMMeTpHJO D2,/
6 

[6]. 
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Ta611ui1a 

BOJMO)l{Hbte (pa30/Jbte nepexoobt U3 qJQ3bl I, C/JJl3QHHbte C /JOJlHO/JblM /JeKmopoM k3 = (001) Ha 

zpaHllt/e 30Hbl EpUJlll10:ma. 8 tjJu2ypHblX CK06Kax YKQ3QHbl MQKCUMQJlbHbte MOHOKJlllHHbte 

1l(}()2pynnbt. Hanpa1J11eHue ocu cUMMempuu 1Jmopo20 nop11iJKa y MOHOKJlllHHbtX noiJ2py1111 yKa1aHo 

/J KJ)_\'2JlblX CK06KaX 

C1Ja3a I HenpllBO/l,IIMOe Hll3KOCIIMMeTp114Hble 

npe,n:cTaBlle1111e ma3bI 

"CJ D2/ { C2i/ (x), C2/(y), C2/(z)} 

D41,19 
't2 D2/6{ C2/(x),C2/(y), C21,5cz)} 

't3 D2/ I C2/ (x), C2/(y), C21,4cz)} 

't4 D21,6 I C2,,4(x), C2/(y), C2,.4(z)} 

OTMeTIIM 3,n:ecb, '!TO napaMeTp nopll,n:Ka cpa3oBoro nepexo.n:a D4,.
19 ➔ D2/

6 
(nepexo,11 

MelK,!1y cpa3aM11 I 11 VI) 11 napaMeTp nopll,n:Ka cpa3oBoro nepexo.n:a D4/
9 ➔ C2/ (nepexo.n: Me)!(,[(y 

cpa3aM11 I 11 II) COCTaBJUIIOT e/l,l!Hblii napaMeTp nopll,n:Ka JI.JUI npacpa3bl o/ Kp11CTanrra CsHSO4 

[17]. Ha 3TOM OCHOBaH!!II B pa6oTe [14] 6w1 C/l,eJiaH Bb!BO/l. O,TOM, '!TO ITOCJie/l,OBaTeJibHOCTb 

cpa30BblX nepexo.n:os D41,19 ➔ D21/6 ➔ C2/(x) llBlllleTCll Ha116onee sepol!rnoii. 

J:(anee, B COOTBeTCTB1111 C 3Kcnep11MeHTaJibHb!Mll pe3yJibTaTaMII [12,13], cpa3a V l!MeeT 

CIIMMeTp11IO C2/ IIJI11 c/. B 06011x CJIY4al!X o6beM np11MIIT11BHOii ll'!eHKII paBeH y.n:soeHHOMY 

o6beMy npHMl!TIIBHOII ll'!eHKII cpa3bl I. IlpoaHaJII1311pyeM 3TH ,UBe B03MOlKHOCTII. Ifa Ta6JI11Ubl 

B11,UHO, '!TO MOHOKJil!HHal! cj:,a3a C2i/ MOlKeT ITOllBl!TbCll B pe3yJibTaTe uenO'!KII cpa30Bb!X 

nepexo,n:os D41, 19 ➔ D21,5 ➔ C2/(y). B noJIHoii aHanorn11 c npe,Ubl/l.YlllllM aHaJI1130M nepexo,n:os 

Me)!(,[(y cpa3aM11 I ➔ VI ➔ IV, 3aKJIJO'!aeM, '!TO cj:,a3a VII 11MeeT c11MMeTp1110 D2/ 11, KpoMe TOro, 

B03MOlKeH cpa30Bbiii nepexo.n: D2/ ➔ C2/(x) [6]. HoBal! cj:,a3a VIII c11MMeTp1111 C2i/ 

cxeMaTll'!eCKII ITOKa3aHa Ha p11c. 1 UITpHxnyHKTllpHOII JlllHHeii. 

PaccMOTpHM .n:pyroii CJiyqaii, Kor,n:a cpa3a V 11MeeT c11MMeTp1110 cl TeopeTHKO-

rpynnosoii aHaJill3 cj:,a3 Bb!COKOro ,n:aBlleHllll [14] ITOKa3bIBaeT, '!TO cpa3a CllMMeTpllll c/ MOlKeT 

B03H11KHYTb KaK npoMelKyrO'!Hal! Me)!(,[(y HenpOBO/l.lllllell cpa3oii II CllMMeTpll11 C2/ C 

HanpaBl1eH11eM OCH C11MMeTp1111 BTOporo nopll/1Ka B/l,OJib KpHCTaJIJIH'!eCKOro HanpaBlleHllll [ 1 IO] II 

cj:,a3oii Di. TaKHM o6pa30M, cpa3a VIII /l,OJilKHa IIMeTb C11MMeTp1110 D/, a O Cl!MMeTpllll cpa3bJ 

VII B ,n:aHHoii cxeMe TeopeT11'!ecKoro aHaJI113a, 11114ero onpe.n:eneHHOro cKa3aTb HeJib3ll. 

H3 TOro cpaKTa, '!TO cpa3a V He rpaHH411T c cpa3oii II (cM. cpa30BYID ,n:narpaMMY Ha p11c.l), 

MOlKHO c,n:eJiaTb Bb!B0/1, '!TO 6onee BepOllTHOii rpynno11 C11MMeTp1111 cpa3bl V llBlllleTCll rpynna 

C2/. OTMeTHM, '!TO 3KCnepHMeHTaJibHOe onpe.n:eneHne TOJibKO HanpaBlleHllll OCII CIIMMeTp1111 

BToporo nopllnKa B cpa3e V MOfJIO 6bI CTaTb /l,OITOJIHl!TeJibHOII npoaepKOII B03MOlKHOII CIIMMeTplrn 

cpa3bl V. TaK, B cnyqae rpynnhI C2,,2 ocb C11MMeTp1111 BTOporo nopll,n:Ka 11anpaBlleHa B/l.OJib I JOO] 
(11JI11 [010]), a B CJIY4ae rpynnhI c/ - B/10Jib [llO]. 

4 

B 3aKJI10'!eH11e 06cy,n:11M CIIMMeTplllO cpa3bl III' ( CM. p11c. l ), KOTOpal! 6wia o6HapylKeHa B 

pa6oTax [5,18-20]. Ifa ITOJIOlKeHllll 3TOH cpa3bl Ha cpa30B0ll .n:11arpaMMe (p11c.l) MOlKIIO 

npe.n:noJIOlKIITb, '!TO OHa llBlllleTCll npoMelKyrO'!HOii Me)!(,[(y cpa3aMII III II IV. B 3TOM cJiy'!aC 

rpynnori CIIMMeTplrn cpa3bl III' l!BJUieTCll rpynna c/ [6]. C1Ja3a III' MOlKeT ITOl!Bl!TbCll TaKlKe B 

pe3ymTaTe cpa3osoro nepexona II ➔ III'. Ilpoae.n:e_HHblii BblUie c11MMeTp11iiHb1ii aHaJI113 cpa30BbJX 

nepeX0/10B ITOKa3aJI, '!TO B CsHSO4 1la6JI10)1alOTCll KaK MIIH11MYM /l,Ba pa3Jill4llb!X no CIIMMCTp1111 

napaMeTpa nopll)1Ka. Hanp11Mep, /l,Jlll BOJIHOBOro BeKTOpa k3 /l,Ba napaMeTpa nopllnKa IIMelOT 

CIIMMeTp1111 't2 II 't3. 113 ycJIOBllii COBMCCTHOCTII 11enp11B0)111Mb!X npe,n:CTaBlleHHii [14] CJie,n:yeT, '!TO 

3TH napaMeTpbI nopll,n:Ka, HO C BOJIHOBbIM BeKTOpOM kJ, IIMelOT CIIMMeTplllO "CJ 11 't2 

COOTBeTCTBeHHO. Ilp11 KOll/l,e11cau1111 napaMeTpa nopll,n:Ka CIIMMeTp1111 't2 (BOJIHOBOii BeKTop kJ) 

npo11cxon11T cpa30Bbiii nepexo.n: I ➔ II. J:(aJibHeiiUial! KOll/l.eHcaullll napaMeTpa nopll,11Ka 

CIIMMeTp1111 "CJ MOlKeT np11BeCTII K cpa30BOMY nepexo.n:y II ➔ III'. B 3TOM cnyqae cj:,a3a III' IIMeeT 

CIIMMeTp1110 cl 

B CJie,n:y10111eM pa3)1eJie C ITOMOlllblO no.n:xo.n:a, pa3BIITOfO B pa6oTe [ 15], ITOCTpOeHbJ 

CTpyKTYPbl B0/10p0/1Hb!X CBll3eii KpilcTanrra CsHSO4 B cpa3aX BbJCOKOfO ,n:aBlleHllll. 

CTp)'Krypa BO,n:opo,n:HLIX CBll3eii B l)Ja3aX BblCOKOfO /l,3WIC!llfll 

B Ha'!aJie ITOCTpOHM CTpyKTypbI BO,n:opo,n:HbJX CBll3eii B cpa3ax II II III, KOTOpb!e 6wm 

onpe,n:eJieHbl B .n:11cppaKUIIOHHbIX 3KCnep11MeHTax [8,10]. Ha p11c. 2 ITOKa3a!lbl BOCeMb IT0311U11ii B 

11yJieBoii npHMIITIIBHOii ll'!eiiKe KpHCTaJIJia CsHSO4 B cpa3e I. 3TH IT0311U1111 C paBHOii 

Bepol!THOCTblO 3a1111Ma10T )1Ba npoTOHa, CJie)10BaTeJibHO, B cpa3e I peanmyeTCll J_\IIHaMl!'!eCKII 

pa3ynopl!/l,04eHHal! ceTKa B0/10p0/1Hb!X CBl!3eii. OTMeTIIM, '!TO npoTOIIHble IT0311UIIII B ,11pyrnx 

KpHCTaJIJlll'!eCKIIX ll'!eiiKax ITOJIY4alOTCll 113 IT0311Ullii, ITOKa3aHHblX Ha p11c.2, C ITOMOlllblO 

TpaHCJil!Ullii Ha BeKTOpbI peUieTKII. KpoMe TOfO, npoTOH }la B0,110pon11oii CBll311 MOlKeT 

HaX0)111TbCll B ABYXbllMHOM ITOTeHUHaJie, II B 3TOM cnyqae '!IICJIO npoTOHHblX IT0311U11H 

y,n:aa11saeTCll. 

Ha p11c. 3 ITOKa3aH npouecc ynopll/l.O'!eHllll npOTOHOB B HyJieaoii np11MIITIIBIIOH ll'!eiiKe 

np11 KOll/l,eHcau1111 nepB114HOro II /l.BYX BTOp114llblX napaMeTpOB nopll,UKa [ 15]. J:(Ba BTOp114HbIX 

napaMeTpa nopll)1Ka IIMeIOT BOJIHOBOii BeKTOp k=O, IT03TOMY BO BCex npHMIITIIBHblX ll'!eiiKax 

npoHCXO/l,l!T 0/l,IIHaKOBOe ynopll/l.O'!eHHe npoTOHOB. Koll/l,eHcaum, BTOp114HOfO napaMeTpa 

nopl!,n:Ka CIIMMeTp1111 B2g np11B0/l,11T K TOMY, '!TO npOTOHbl. ynopll/10411BalOTCll B on11oii 113 ABYX 

IT0311Ullii /1BYXbllMHOfO ITOTeHUllaJia Ha B0/10po,n:Hoii CBll311 (CM. p11c. 3a). J:(pyroii BTOp114HbIH 

napaMeTp nopll,n:Ka Cl!MMeTp1111 Eg (p11c. 3b) np11B0/l,IIT K )1aJibHeiiUieMy 4aCTll4HOMY 

ynopll,UO'!el!IIIO npOTOHOB. Kml/l,eHcaullll nepB114H0fO napaMeTpa nopll)1Ka C BOJIHOBblM BeKTOp0M 

kJ= (110) np11B0)111T K ITOJIHOMY ynopl1/10'!eH11e ABYX npoTOHOB B HyJieBoii npHMIITIIBHOII ll'!eiiKe 

(p11c. 3c). B np0113B0JibHOii npHMIITIIBHOii ll'!eiiKe C pan11ycoM-BeKTOpOM R1 3aHl!Tble 11 

CB060,n:Hble IT0311U1111 Ha p11c. 3c MelllllOTCll MeCTaMII B 3aBIICIIMOCTII OT cpa30B0f0 MHOlKIITeJill 

exp(-ikJR1)= ±1. CTpyKTypa ao.n:opo,n:Hb!X CBl!3eii Kp11cTanrra CsHSO4 B cpa3e II noKa3aHa Ha 

p11c. 4. KaK B11,11110 113 p11c. 4, B0/l.OPO/l.Hble CBll311 op11eHTllpOBaHbl B/l,OJib Kp11CTaJIJill4eCKOfO 

11anpaBlleH1!ll [111], '!TO cornacyeTCll C 3KcnepHMeHTaJibllblMII pe3yJibTaTaM11 [9]. 
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Puc. 3. llpm1ecc y1wp1u)o<Jelll1J1 tl«yx npommwa a 11y1ze«ou npUMumuo11ou Jt'leUKe npu <J1a1000.M 

lll'J)l'.\"O(le 111 ,jJ£11h/ / B 1/1my II [ 15 ]. '[e.MllbLMU KJJY:lKKa.MU IJOKUJallbl JallJllnble 1103Ul/UU, a 

C<Jl'I/Ulhl.M/1 Kf'.\':JKKll.M/1 c«o6or)11bte 1w1ut/UII a). l/acmu<J11oe ynopJ1oo<Je11ue 11pomo110« npu 

1<:01u)e11ca11u11 BIIW/J/l'l/Wco napaMempa 11opJ1tlKa c1LM.Mempuu B2g c BOJlllOBbLM «eKmopo.M k=O. 
/, ). ,aw11>11e1i111ee _\'llOJJH(){)'lC/111(! /lfJ{)//l{}H()(J IIJJII KOll()e11C£ll/llll Bl110JJ1l'lll020 napa.Mempa llO]JJl<)Ka 

CIW.Ml'lllf'/111 l:\g (k=O). c). lloJl/lOC .\'llOfJJltlO'lC/1/le <>«yx llfJO/IUJ/l{)(J llJJll KO/ltleHC(ll/llll nepBU'lH020 

llll/1(1.\ll'IIIJ'll IWJ'fl<)Ka CIUt.MCIIIJ'IIII T2 C BOJlllOBbl.M BCKIIIOJJO.M k1 =( / /0) 

il,uiee uonpomI npyKTypy nouopollIIhIX cmneii B cpaJe III. Cornac110 nposeuemmMy 

Bl,IIIIC CIIMMCTp11ii110My a11aruny. cpaJa Ill B01IIIIKaCT B pe1yJihTaTC CJICllYIOil\Cii I{CIIO'IKII cpa30BbIX 

11epexo11on: cpa·ia ( ➔ cpa·ia VI ➔ cpa1a III. Ha p!IC. 5 IIOKa3aIIO 'IaCTll'IIIOC ynop"llO'ICIIIIC 

11ponHIOll ll cy11ep11omioii cpa3C VI. KOTOpoe pear11nyeTC" TOJll,KO B CJIY'IaC llBYXl,"~moro 

IIOTCIIl{ll,Uia Ila B()llOpOJ{IIOii Cirn111. Ko11ue11caI11rn IIapaMCTpa IIOP"llKa CIIMMCTplllI B.1g C 

llOJIIIOBI,IM llCKTOpOM k = () IIp!IBOllllT K cpa10BOMY uepexouy VI ➔ III. a KOil)lCIICaI{lrn 

uapaMCTpa Imp"llKa c11M~Inp111I B2g - K uepcxo1!y VI ➔ IV. C-rpyKTyp1,I nouopolllihIX Cirn·ieii B 

cpa·iax III II VI IIOK,naIII,I Ila pnc. 6a II h COOTBCTCTlleIIIIO. KaK BII)lIIO In p11c. 6a. llOllOpOllIII,IC 

cirn111 n <fi,nc III uaupa1t•IeIIhI BllO.'Ih Kp11na'IJI1l'ICCKorn uaupa1t·Icmrn .r. Ou, c11~1~1e-rp1111 Irroporn 

IIOP"llKa MOIIOKJI1III1Ioii <fia·i1,I III TaKJKe 11a11paine11a nuo.•11, .r. 'ITO mn11ocn,m couacyeTc" c 

3KCI1Cp11MCHTa1IbllhIMII ua6.:110J{CI1Irn~III 1101. 

~--~~➔ Klt=-_v ~ 
t ----- t 

-~ /I'\:. 7>..: 

~-/4, 
t 

X 

y 

Puc. 4. llpoeKt/UJI Kpuc11WJ1JlU'lecKmi c111pJw111ypbt CsHSO.i a ¢me I Ha 11J10CKOClllb xy. /..l11q1pa.M11 

JKa3Ullbl KOOJ)OUH(llnbl ,nempa30J)08 SQ4 ll0 OCU z. BooopOOHble CBJ/311 B pme II IWKmaHbl 

nyHKlnllJ)llbLMU JlllHllJI.MU. CmpeJlKa.Mll llOKa3aHbl C.MeU/eHUJI llJJOlllOHOB 8 OOH}' 113 08_\'X ll03lll/llll 

iJayXb11.MH020 nomeHl/U(IJla Ha aooopooHou caJ11u 

6 

r JI!. 

' A 

l. 

a 

b 

I I 
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Puc.5. a). ,a11Ha.Mll'lCCKII pa1y11opJ1tlO'lC/l/l(/JI CCIIIKll (J{)()Optu)11h1X CBJIJCli (/ cy11ep110I///Oll 1/une VI. 
l..lw/1p1LM11 .\'l{(IJ{//lbl /{(){)/)(){IH(llllbl mempaJt)poB S04 /1() OCll ;:. C111pe1tKll.MII //(//{(11(//lhl C.Mell/CIIIIJI 

11po1110110« « o,)11y 111 tl«yx 110111111111 tl«_1·x1,n.1,11w20 110111e111111aJ1a till «otlop(}()11mi c«nm. h). 

'lacll/ll'l/10(' y11op11,)0•1e1111e tl«y.r llfl0/1/()ll()(J B 11_\"JIC(J()// IIJIILM/1/11/l(J/l(}// Jl'lCtiKe IIJIII KO/lt)e11cll1/llll 

/JIIWJlll'l/1020 lllf/)(LMe111pa 11opJ1tl1<:a c1LM.Me111p1111 IJ1g c «011110,11>1.M <Je1<:111opo.M k= 0. c). ,aw11,11e1i111ee 

'll/Clllll'l/1()(! _l"llllJIH<)O'lC/1/ll' llJIOIIIO/l()(J IIJIU 1{()//lle/lClll/1111 lll'/)(Jll'l/102() 11apa.Me111pa 1wp11tlKa 

C/1.11.\tl'IIIJIIIII T! C (J()Jl/l()(Jhl.M (J('l{l/l()f10.M k3 

$ :~_,,. !~ ' 1/2 

I I I 
I I > 

I I I 

~ 
~ I I 
I I 

~ v 
;~,;,;~ ,;, 

I I 

i i 

$ 
I 

$ I 
I 

I I 

X X 

a b 

Puc. 6. C111p)Xlll)JJa «ooopooHbtX caJ11eu o ¢me Ill (a) u o </Ja1e IV (b). /..lu</Jpa.Mu yKmm1bt 

KOOJJOIIH(llllbl mempa!!OJJOB S04 no ocu z. CmpeJlKa.Mll 110K(l3(1Hbt c.MeUJellUJI npomoHOB B 0011y UJ 

onyx no1ul/uu oayXb11.MH020 nomeHIJU(IJla Ha aooopoiJ11ou co111u 
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Puc. 7. a). }JuHG.MU'lecKu pa1ynop11001LeHHGJ1 cemKa BooopooHbtx cB111eu B cynepuoHHOu <jJGJe 

VII. ll,u</Jpa.Mu JKG3GHbt KoopouHambl mempG3opoB S04 no ocu z. CmpellKG.Mu noKaJGHbl 

CMClt/eHUJI npomOHOB 6 OOHJ U3 OBJX n03UlJUU 06JXbJIMH020 nomeHlJUGJlG HG BOoopooHOU C6Jl3U. 

b). l/acmu'lHoe ynop11001LeHue i!Byx npomoHOB B HJJleBou npUMumuBHou 111LeUKe npu 

KOHOeHCGlJUU Bmopu'LH020 napa.Mempa nop110Ka CUMMempuu B1g C 60JlH06bLM BeKmopoM k= 0. c) 

U d). /JBa BapuaHma 603MOJKHblX 'lGCmU'lllblX ynop11001LeHUU npomoHOB npu KOHOeHCGlJllU 

nepBU'lHOZO napa.Mempa nop110Ka cUMMempuu 'l°J c BOJlHOBbLM BeKmopoM k3. B CJlJ'lae BapuaHma 

(c), 6Ce /l03UlJUll (Ha noJlOBUHY 3Gll0JlHeHHbte KPJJKKU) 6 npUMUmU6HOU Jl'leUKe Jlu6o 3GHJlmbl 

'le/1JbtpbM11 npomoHG.Mu, Jlu6o nycmbt, B 3GBUCUMocmu om <jJa10Bo20 MHOJKumeJlJI exp(-ik1Ru= ±1 

Bb!ille 6blJIO TI0Ka3aH0, '!TO cpa3a III' (CM. p1IC. 1) M0)KeT 6b!Tb npoMe)KyrO'IHOII Me)KJ.(y 

cpa3aMII III II VI. B 3TOM cnyqae ·cTPYKTypa B0J.\0P0J.\Hb!X CBl!Jeii B cpa3e III' aHanorntJHa 

CTPYKType, TI0Ka3aHHOII Ha p1IC. 6a, HO C pa3pbIBaMII B0).{0p0).{HblX CBll3eii II o6pa30BaHIIeM B 

MeCTax pa3pbIB0B ).{IIMepHOII CBll31I Me)KJ.(y 6JI1I)KalfllIIIMII TeT(la3).{paM1I SO4 (CM. p11c. 6b). B 

cnyqae, ecnlI cpa3a III' TI0l!Bm1eTCll B pe3ymTaTe nepexo).{a II ➔ III', CTPYKTypa B0J.\0p0J.\HblX 

CBll3eii TI0JIH0CTblO aHaJI0flf'll!a CTPYKType, TIOKa3a1111oii Ha p1IC. 4. 
)lanee noCTp0HM CTPYKTYPhl B0J.\0P0J.\Hb!X CBll3eii B cpa3ax V, VII II VIII. 3rn cpa31,1 

B03HIIKaJOT B pe3yJihTaTe cne).{yIDll.llIX nepexo).{oB: I ➔ VII, VII ➔ V II VII ➔ VIII. Ha p1Ic. 7a 

TIOKaJaHa CTPYKTypa B0).{0p0).{llblX CBll3eii B cynepl!OHHOII cpa3e VII. 3Ta CTPYKTypa TI0CTpoeHa Ha 

OCHOBe tJaCTII'IH0ro ynopll).{0'leHl!ll np0T0II0B B 11yneBOII np1IMIITIIBHOII ll'leiiKe, K0T0poe 

TIOKa3a110 Ha p11c. 7d. OTMeTIIM, '!TO ynopl1).{0'lem1e, TI0Ka3aHH0e Ha p1IC. 7c, llBJilleTC51 Me11ee 

Bepol!Tllb!M II3-3a B03HIIKH0Bel!l!ll B0Jil!bl 3apll).{0BOII IIJI0TII0CTII. Ha p1IC. 8 TI0Ka3al!bl CTPYKTYPbl 

BO).{OpO).{HblX CBll3eii B cpa3ax V II VIII. O111I npe).{CTaBJil!IOT co6011 ).{Ba pa3Hb!X TIITia TI0JIH0ro 

ynopll).{O'leHl!ll npOT0l!0B, B031!11KaJ0111ero 113 KOll<p1Irypa1urn,n0Ka3al!HOII Ha p1IC. 7a. 
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Puc. 8. a). jJUMepHGll cmpyKmypa BOOOpooHblX C6Jl3eU 6 qJG3e V, Komopa11 603HllKllCl11 6 

pe3JJlbl11lll11e KOHOeHCGlJUU napa.Mempa nop110Ka cUMMempuu B2g C 60Jlll0/JbLM 6eKmopo11t k= 0. 
b). CmpyKmypa BooopooHbtX cB111eu 1J <jJa1e VIII, B03HUKa10u1a11 B pe1yJ1bmanie KOHorncalJuu 

napa.Mempa nop110Ka cUMMempuu B38 (k=O). II,u</Jpa.Mu JKG3GHbl KoopouHambt mempa::H)po6 S04 
no ocu z. CmpellKG.MU llOKG3GHbl CMelt/ellUJI npomoHOB 6 OOHJ U3 c)Byx ll03UlJUU ()BJXbJIM/1020 

nomeHlJUllJlG HG /JOOopooHOU C6Jl3U 

B 3aKJIIO'leHIIe ).{aHH0I"O pa3).{eJia noCTp0IIM ceTKy B0).{0p0).{HblX CBll3eii B cpa3e VIII, B TOM 

cnyqae, ecJIII 3Ta cpa3a IIMeeT C1IMMeTp1110 D/ KoH).{eHCaL11Ill Tpex BT0PII'IHbIX napaMCTpos 

nopll).{Ka CIIMMeTp111I Aiu, B2g II B2u C B0JIH0BblM BeKT0p0M k=0 npl!B0).{IIT K tJaCTll'IHOMY 

ynopll).{0'leHIIIO J.\BYX np0T0H0B B HyJieBOII 11p1IMIITIIBHOII ll'leiiKe, K0Topoe ll0Ka3a!I0 Ha p11c. 9b. 

OTMeTIIM, '!TO B03M0)KHa KOH<pllrypallllll, nplI KOTopoii 3alll!Tbl JIH6o 6JIH)KalfIIIlle 1103llllllll K 

TeTpa3).{py SO4 (TeMHbie Kpy)KKII Ha p1IC. 9b), JI1I60 ).{aJibHl!e TI0311LIIIII (CBCTJible KPY)KKll 11a pHc. 

9b). KmmeHCalll!ll nepBII'IH0ro napaMeTpa nopll).{Ka CIIMMCTPIIII 't2 C B0JIH0BbIM BCKT0p0M k1 
=( 110) 11p1IB0).{IIT K ll0JIH0MY ynopl!).{0'leHIIIO np0TOH0B B HYJICBOII nplIMIITIIBHOII ll'ICIIKC. 

CIIMMeTplIIIHblll aHaJill3 ).{0llYCKaeT ).{BC B03M0JK!lble KOll<p1Irypau1111, K0T0pbie II0Ka3aHbl Ha p11c. 

9c II d. 3TII ).{Ba pa3JIII'lllbIX Tl!lla ynopll).{0'ICHIIll M0ryT IIMeTb MeCT0 JI1160 ).{Jill 6JI1IJKallIIIIIX 

TI0311llllll (TeMHble KpyJKKII Ha p11c. 9b), JIII60 ).{Jill ).{aJibHIIX 110311llllii (cBeTJibie KPYJKKII Ha pHc. 

9b ), 1103TOMY Ha p11c. 9c II 9 npe).{CTaBJICHa T0JibK0 0).{l!a 110311ll1Ill Ha BO).{OpO).{HOII CBll31I. Ha p11c. 

9a ll0Ka3aHa CTPYKTypa B0).{0p0).{HblX CBll3CII, K0T0pal! ll0CTpoeHa Ha 0CH0Be KOH<pllfypaL11III 9c, 

11p1I'leM ).{Jlll II0CTpoeHIIll l!Cll0Jib30BaHbl 6JI1IJKa1JII11Ie TI031ILIIIII. IlplI IICll0Jib30BaHIIII ).{aJiblllIX 

110311llllll, HanpaBJieHIIll CTpeJI0K Ha p1IC. 9a Heo6xo).{HMO II3MCHIITb Ha np0TIIB0ll0JI0JKHbie. 

3aMCTIIM TaKJKe, '!TO np11 CMe111eHl!II HatJana K00p).{l!HaT Ha BeKTop (0,1/2,1/4) ll0JiyqaeTCll 

CTPYKTYPa B0).{0p0).{HbIX CBll3CII, K0T0PYIO M0JKH0 II0CTp011Tb Ha 0CH0Be KOH<pllrypau1111, 

llOKa3aHHOii 11a pHC. 9d. KaK BU).{H0 ll3 p11c. 9a, B0J.\0p0).{llblC CBll3ll HanpaBJieHbl B).{0Jib 

KpllCTaJIJill'ICCK0I"O HanpaBJICHllll [110]. IlpoMeJKyr0'IHal! cpa3a V B ).{aHH0M cnyqae 6y).{eT l!MeTb 

CTPYKTYPY B0).{0p0).{Hb[X CBll3CII, ll0Ka3aIII-IYIO Ha p1IC. 4, HO C pa3pb!BaMll II nepecTpoiiKOII 

B0).{0p0).{HblX CBll3Cll 110 TllllY, npe).{CTaBJieHH0MY Ha pHC. 9a. 
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P11c. 9. a). CmJl_l"Klll_\'Jlll ,m,loJ10,l111,ix rn111e1i ll ,j1£11c VII!, ll Cll_\'4lle ecJ111 <J)(lw VII! 11.Meem 

Cll.M.MC/11/Jllf{) D/ I>). 'lac11111411oe y11op1u)o4e1111e {){J_l"X IIJIOIIIOl/(){J {J 11_\"JIC{JOI/ llJJII.Mlllllll{J/IOli Jl4CliKe 

IIJIII KO/l{lcl/Cll//1111 IIIJICX {J/110f1/{41/h/X llllJJll.MClllJJOll ,wp11,)Ka c'it.MMClllJlllll A111, B2g II B2,, C 

,m111wllM.M llf!KIIIOJIO.M k=O. c) 11 d). /1.lla llOJMO)KIIMX 1111111a 110J111oio _\"IIOJIR<lo4el/1111 llJIOIIIOIIOll ll 

II/Jll.lfll/111/lll/Oli Jl4CliKC ll/Jll KO/l{)CI/Cll//1111 IICJ1lllf41/0l0 llllJlll.lfCIIIJlll CII.M.MC/11/llflf T2 C fJOJII/Olll>l.lf 

llCKIIWJIO.M k1 =( I JO), Km1wJ1Me ll/lltll<Ul11111 K o,l,uni 11 /1/{Jli ;i,;c CIIIJl_l"KIII_\J)C (c11. 1111c. 9a) 

O6cy)K,'{e1111e pe3yJJbT3T0B II BblB0,lbl 

C IIOMOillblO n:opcn1Ko-rpy1111om,1x ~ICT0ll0B II0CTp0Clll,1 npyi;ryp1,1 B0J!0p0Jllll,IX c,rn·icii 
KpllCTa.rma CsHSO4 BO BCCX cpa1ax BhlCOK0l"O )laR'ICIIIlll. C-rpyKTyp1,1 B0J10pom11,1x CBfflcii B 11a1ax 
II II III noKaJallbl, CO0TBCTCTBCIIIIO, na p11c. 4 II 6a. 3n1 c-rpyKTyp1,1 cor:1acy10TCll co 
CTPYKTypaMII, 3KCnep11Mel1TaJJbllO onpellC!ICllllbl~111 B m1qipaKllllOIIJll,IX 11cc:1CJI0B,IIIIIHX 17-111. 
'-laCTll'IIIO y11opllllO'JeHHbJe npyKTYPhl BOllOpOllllblX CBll"lCii B cy11cp11011111,1x qia·;ax YI (c11M~tCTp1rn 

. D21,
16

) 11 VII (cmtMeTpm, D21,
5

) 11p11Be)lel!LI Ila p11c. 5a 11 7a. C00TBCTCTBCIIII0. no:IIIOCTl,IO 

ynopllllO'leHHble CTpyKTypbl BOllOPOllHblX CBllJeii B cpa1ax IY(C2/). Y(C2/) II VIIl(C2,/) 
noKaJaHhl, COOTBeTCTBe11110, 11a pnc. 6b, Sa II 8. CTpyKTypa BOllOp0llllbJX CBll1Cii B 

npoMelKYTO'IHof1 cpa1e III'( C/) npellCTasm1eT co6oii cyncp11m111u110 llByx CTpyKTyp. Kornp1,1c 

llOKa3aHbl Ha p11c. 6a II b. 

On1en1M TaKlKe Mettee sepOllTIIYIO B03MOlKHOCTb Toro, '!TO cpa1a VIII ll~ICCT cmt~ICTpIIIO 
D/, a cpa1a V - CHMMeTplllO c/. 8 3TOM CJIY'Jae CTPJKTypa BOllOPOllllblX CBll3eii B cpa1e VIII 
np11se.ne11a Ha p11c. 9a, a CTpyi;Typa BOllOpOllHhlX CBllJeii B cpa1e V llBJillCTCll cynep110311u11cii llBYX 
CTPYKTYP, noKaJaHHhlX Ha puc. 9a n 4. 
. .!l.rrn IIOCTpoeHlill CTPYKTYP BOllOPOllllblX CBllJeii B .na1111m1 pa6oTe 6wm JICIIOJlbJOBallbl 16h 

1103HUHII, KOTOpbie pacnoJJOlKeHbl Me)Klly 6J111JKaiiWIIMH TCTpa::i.npaMII SO4 (CM. puc. 2). Eonee 
Toro, Y'JTeH llBYXbllMHblH llOTeHUllaJJ Ha BOllOPOllHOII CBll31!, '!TO npllBOllllT K YllBOCIIHIO o6mero 

IO 
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\ 

'IIICJia ll0311UHii (B pa6oTe [15] 3TH 1103HUHH 06o111a'!eHbl 16h€Bl6h). CHMMeTpHHl!blll aHaJJll3 

IIOKa3bIBaeT, '!TO TOJibKO Ha OCHOBe YllBOCHHl,IX 110311UHH MOlKHO IIOCTpOIITb ceTKY BOllOPOllllbJX 
CBll3eii B cynepHOIIHOii cpa3e VI C CHMMeTpHeii D2/6. TaKIIM o6pa30M, B cpa3e BblCOKOro 
.naBJieHlill VI llOJllKHbl ua6rrio,naTbCll a11rapMOHll'ICCKHe ::icpcpeKTbl B llliHaMIIKC npOTOHOB. TaK KaK 
3KCnep11MeHTaJibHbl~ HCcrre.nosaHlill [13] 0611apylKHJIH TOJibKO rapMOHll'ICCKOe IIOBCllCIIHe 
npOTOHOB B cpa3e BbICOKOro ,naBJIClllill V, MOlKHO npe.nnoJIOlKHTb, '!TO a11rapMOHH'ICCKl!e ::icjlcjleKTbl 
B cpa3e VI 6y.nYT Mettee 3aMeTHb;MH, 'ICM aurapMOHH'ICCKHe ::icjlcjJeKThl, KOTOphie 6unu 
0611apyJKe111,1 s cpa1ax II a III [13]. 

KpoMe Toro, HHTepec110 3KcnepHMeHTaJibHO HCCJie,noBaTb BJilillHHe .npyrnx B03MOlKHbIX 
THllOB npOTOHHhlX ll03HUHii (11anpHMep, Se ll03HUHH [22]) KaK 11a CTaTll'ICCKHe, TaK 11 11a 

.n1111aMH'ICCK11e CBOHCTBa ceTKH BOllOPOllllhlX CBll3eii. Bo3MOlKHO, '!TO Se ll0311UIIII 11rpa10T 
onpe.nerre1111yio porrh B BbICOKOH npOTOHIIOII npoBO)lllMOCTH [22], ll03TOMY BJIHllHlle Se 1103HUHii 
Ha .n11cpcpy1uio npOTOHOB MOlKIIO HCCJie.QOBaTb B cynepHOl!HblX cpa3aX VI H VII. 

8 3aKJIIO'leHHe aBTOpbl BblpaJKalOT npmHaTeJihHOCTb JI.A. lllysanosy, A.B. EerryIIIKIIHY II 
B.rr. .[(MHTpHeBy 3a o6cy)KlleHHe pe3yJihTaTOB pa60Thl. ,llaHHall pa6ma BblllOJIHeHa npH 
no.n.neplKKe P<ll<NI, rpaHT N 96-02-18751. 
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