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OEIIWI XAPAKTEPllG'IBKA PAEOT'd 

AKT:{aJILHOCTL. HaytJ:eHHe CllHHOBOlt 3aBHCHMOCTH CMLHHX B3aHMo.nel1-
CTBHli B HaCTOSllll99 BpeMH. RBJIS!GTCR. O~HM H3 rnammx HarrpaMemrlt <pH3HKH 

BllCOKHX ::rneprHlt. 3KcnepHM9HTl:l c llOJmpaaoBaHHHMH nytJ:KaMl! II Mlfll!elillMH 
BKJIJO'IJ:91lli B rrporpaMM!l Hccne.noBaHHlt Ha YCKOpMTenRX 6onI,UJHHCTBa <pH3H'IJ:8C
KHX na6opaTopnl1 MHpa. 3TH ::lKcnepHMSHT!I JlBJLll!OTCR O'IJ:8HL MOlltllliMH, .nopo

rocTO.flJJtlIMil,H ,nnR RX BllllOnHSHHR Tp96YJOTCR. 3Ha'lllTenL!Il19 aaTpaTl:l BpeMeHH 
pa60Tl:l YCKOPHTGJIJl. B CM3H C 3THM coa,naHHe IlOJI!lpH30BaH!Il1X MHmeHelt C 
6onLIIIlIM co,nep,itaHHeM Bo.nopo.na (.nel1Teprui) H BUcoKofi rronapuaa:b;Hefi RBJIJl
eTcR Ba11rnolt rrpo6neMol1. Oco6oe BHHMamre rrpu coa.naHHH MHmeHefi o6pamaeT

CR. Ha pa6otJ:99 BemecTBO, B KOTOpOM R,Ilpa BO,Ilopo.na Mll .nellTeprui MOryT 
6UTL IlanRpH30Ballli. GoBepmeHCTBOBa~ne BemecTBa MHm9Hll OTKpllBa8T HOBH9 
B03MOl!tHOCTll ,nJIJl HCM9,IlOBaHHR IIanRpH3a:a;HOHllliX RBJieHHii, ynytJ:maeT Ka'IJ:9-
CTBO 3KCil8pHMeHT8JILllliX ,naHlllix M YM9HI,UJa9T MaT8pllaJILH119 aaTpaT!I Ha 

aKcrrepHMeHTH. 
AKTYaJILHOCTL .namrofi pa6oTbl orrpe,neMnaCL H906XO,IlHMOCTLD paapa6oT

KII B OIDIII M8TO,IlOB·CIIHT83a BemecTBa MHmeHelt C IlOJIJlp!I30BaHHllMH R.IlPaMH 
BO,nopo.na H .nel1TepHR ,nnR 3KCrrepHM9HT8JILHllX HCM9,IlOBaHIIl1 CIIHHOBliX RBJIS
HHfi B <pK3UK9 BUCOKHX 3H9prult Ha YCKOpUTSJI!lX OIDilf (]Jy6Ha, JI.ml), H~ID 
(GepnyxoB) u Jillil~ (JieIDIHI'pa,It). 

GHHT83 HOBliX pa60tn!X B91!{8CTB ,nJIJl ITOJmpH30B~UilWX MI!Ill8H9fi RBJIJlST
CR. cnOl!tHOlt 3KCil8pHM9HTaJ!LHOl1 33,ItatJ:elt. 3TO CBR3aHO C Y.IlOMSTBOpemreM 
pa3nH'IJ:llliX, tJ:aCTO rrpoTHBOpetJ:HBllX Tpe6oBaHHl1, rrpe,nMMRSMUX K BemecTey 
Mlflll9HU. G O,IlHOlt CTOpOllli, H906XO,IlHMO llOny'll{TL MaKCHMa.JILHlle 3HatJ:eHM 
ITOJI!lpll3a:a;HH MHill8IDI. G ,npyrolt CTOpollli, CHHT93 pa6otJ:RX B91!{9CTB .noneH 
o6ecrretJ:HTL CTa6nnLHO BOCilpOH3BO,IlHMU9 o6paamz; B91!{9CTBO. ,IlOnl!CHO 6HTL 
y,no6HUM npn 3KCIInyaTa:a;HH MIDI19HR BO BpeM!l .IlnllT9nLHHX C9aHCOB Ha YCKO
pHTSJI!lX. _Oco6M CJIOlltHOCTL B03HHKa9T rrpu coa,naHRH pa6otJ:HX B81!{8CTB ,nnR 

Ml:lmeHelt c "aaMopo~eHHolt" rroJIJ1pnaa:a;Hel1 R.Itep Bo,nopo.na u ,neltTepIDI c BH
coKHM CO,Il9~aHH9M IlOJIJlpnayeMHX R,Ilep, BllCOKOtt CT8Il9HLID RX IlOJIJlpH3a:a;Hll 
H rrpo,nOJI!tllTSnLHUM Bp9M8H9M penaKca:a;HH. 

Hal!6o~ee IlO,IlXO.IlSllllHM o6~9KTOM .nJIJl ucnonLaOBaHRR B Ml!Ill9HllX JlBJl!lllT
CR. opraHRtJ:ecKHe coe.nnHeHHR. Moneeynu aTUx coe,nnHeID!lt .nocraTOtJ:HO 6ora

'lli BO.IlOPO.IlOM, KOTopa:lt MOM9T 6HTL 3aM91!{9H Ha ,Il8HT9pnlt, HHS co.nepl!W.T 

TRlltenHX R,Il9p. IloHCK M HCM9.IlOBaHH8 HOBllX BemecTB ,nnR llOJIJlpll30BaHHUX 
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Mmll9H9ft CllCT9MaTnqecKH B9.IJYTC.fl C 60-x ro.n;oB B (pllSHqecKliX Jia6opaTOPll.flX 
Ha BC9X YCKOpllT9.1IJIX Mlipa. 0.n;HaKo, H9CMOTpll Ha 60JII,D109 ~CJIO 8KCIT9pll
M9HTaJILHllX pa6oT, BllIT0~9HmlX paHee, B COB9TCKOM COID39 He 6wro ITPOB9-
.n:eHO CllCT9MaTHqecKoro llCCJie.n;OBaHIDl opraHHqecKHX coe~H9Hlitt ll M9TO.n;OB 
ITpHrOTOBJI9HHR Ha llX OCHOB9 pa6oqnx BemecTB ~ ITOJIJipll30BaHHllX Mmll9-
Heft. 

IIpe.n;cTaMeHHaR ~ccepTan;1m ITOCBrul{8Ha CllHT83Y ll llCCJie.n;oBaHHID op
raHHqecKHX BemecTB ~ MID!leHeft C ITOJIJipll30BaHHID.m ~aMH BO.n;opOM ll 
.n:eftTepM. B Hefi o6o6meHl:l pa6oru, BHITOJIH9HHH9 ITO 8TOfi ITpOMeMe B COOT
B9TCTBIDI C ITpOM8MHO-T9MaTnqecKHM IIJiaHOM Jla6opaTOPHH ~epHHx ITp06JI9M 
(.IDIII) OIDIB. 

lleJIL pa6oru cocTo~a B cos.n:arn pa6oqnx BemecTB MIIllleHett c "saMo
po1KeHHoft" ITOJIJipll3an;rrefi ~ep BO,n;opo.n:a ll .n:eftTeplUl ~ 8KCITepHM9HTOB Ha 
ycKOpHT9.1IJIX OIDIB, H~.B:3 ll JilIB~. KpoMe 8TOro, B ~ccepTan;rrID BMIDqeHl:l 
ITOHCKH HOBHX BemecTB n HOBHX cnoco6oB ITPHI'OTOBJI9HIDl pa6o~x BemecTB 
Mlllll9Hll, ITpe.n;ITpllHRTH9 B CJI9.IJYIDmHX HallpaM9HHRX: 

- cos.n;aHne TBep.n:oro BemecTBa Mlllll9Hll C IIOJIJipll30BaHHHMH ITPOTOHa.M!'l; 
- cos.n:amre BemecTBa Mlllll9Hll C ll0Blllll8HHOH CTOHKOCTLID K ~a.n;I:IOH-

HllM ITOBpe~eHHRM; 

- llCCJie,n;OBaHH9 M9TO.ll:OM 8JI9KTpOHHOro rrapaMarHHTHoro p030HaHca 
(SIIP) CBOHCTB CTa6MLHoro KOMIIJI9KCa llRTHBaJI9HTHOro xpoMa (Cr(V)) B 
pasDqHHX paCTBOpllT9.1IJIX C n;emID B03MOEHoro llCITML30BaHll.fl 8TRX paCTBO
poB B KaqecTBe pa6oqnx BemecTB MlillleHeft. 

IlpaKTHqecrn ll9HHOCTL ll Hay,µtM HOBR3Ha pa6oru. B ~ccepTan;rrn 
pemeHa ITpoMeMa cos.n;aHM pa6oqero BemecTBa ~ MRmeHefi c "saMopo1KeH
Hofi" nOJIJipnsan;rreft .a.n;ep Bo.n:opo.n:a n .n:efiTepM. "3a.MopoEeHHaR" Mlill!eHL B 
OT~~e OT o6HqHOff ITOMpll30BaHHOtt Mmll9Hll Tpe6yeT BemecTB C 60JILmllM 
BP9M9H9M peJiaKcan;rrn. OTO CBll3aHO C T9M, qTo B "3aMOpOE9HHOfi" llOJIJipll-
30BaHHOH Mllm9Hll BllCOKafl noJIJipnsan;rrR .n:o~Ha COXpaH!iTLC.fl ~T8JILH09 
Bp9Ma sa cqeT O~llr,ll;eHM BemecTBa .n:o T9MII9paTYpH HUES o,r KB OTHOCR
T9JILHO Hll3KOM MaI'HHTHOM ITOJie. !IOSTOMY .lt1IJl TaKoft Mlllll9Hll Tpe6yeTCR oco-
6oe XUMllqecKoe BemecTBO, KOTOpoe CITOC06HO o6eCIT9~TL BHCOKYID CT9IT9HL 
llOJIJipnsan;rrn s:i.n;ep ll 6HCTpoe .ll:0CTHE9Hll9 ITOJIJipnsan;rrn B coqeTaHllll c ITpo
.n:omtnT9JILHHM Bp9M9H9M p9MKCan;rrll .n:ocTHrayTOft llOJIJipll3an;rrn • .IT.Im 8TllX 
n;eJieft 6wm BH6paHH ll CllHT98llp0BaHH Heo6xo.n;m.iHe pa6o~e BemecTBa: KOMll
JI9KCH08 coe.n;nHeHne Cr(V) B nporralJ,IUlOJie-I,2 C%0HCHOHCH3, B qacTHqHO 

.n:eftTepnpOBaHHOM 8T~Me CD20H-CDzOH, B ITMHOCTLID .n:eftTepRpoBaHHOM 
8T~M9 CDzOD-CDzOD, B ITMHOCTLID .n:efiTepnpoBaHHOM ITporraH,IUIOJie-I,2 
CDzODCDODCD3. MmneHH C "saMOpOE9HHOfi" ITOMpllsan;rrefi ITpOTOHOB ll .n;eftTpO
HOB ncnomso~cL Ha ycKopnTeJDix OIDili, H~BS, Jllffi~. KoMWieKcHoe coe
~HeHHe Cr(V) B ITponaH,IUIM8-I,2 6wro llCITML30BaHO B KaqBCTB9 pa6oqero 
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BemecTBa Ml1lll9HH B 8KCll9pHM9HTax ITO YllP:fI'ONif paccrummo npOTOHOB ll 'TI--
M930HOB Ha nOJIJipll30BaHHHX npOTOHax. KOMWI9KCH09 coe~H9HU9 Cr(V) B 
ITO~OCTLID .n:efiTepupOBaHHOM ITpOIIaII,UJIMe-I' 2 6HJIO llCIIOJIL30BaHO B KaqBCT
B9 pa6oqero B9l!l9CTBa Mllm9Hl'I C 11 3aMOp01K9HHOfi" llOJIRpFisan;rrett R.n;ep .n:efiTe
pHR. C l'ICIIOJILSOBaHH9M :noii Mlllll9HII BllIIOJIH9HO H8Mepe1me asHMy-TaJILHOH 
acllMM9TPIDf po~eHHR<n°-Me30HOB Ha IIOJIJIPll30BaHHHX .n:eftTpOHaX. . 

KoMIIJieKCHOe coe.n;HHeIDie Cr(V) B .n:eiiTep}IpOBaHHOM 8TaH.I1HOJie ;,:cnom-
30BaJIOC.L B KaqecTBe pa6oqero BemecTBa Mli!ll9HU C IIOJIRJ)llSOBaHHH!IIH .n:eil
TpOHaMH Ha YCKOpllTeJie .fillli~. 

MlllneHH HCIIOJIL30~CL 60Jiee qeM B 20 ceaHcax pa60Tl1 Ha ycKop:.rTe
MX (6oJiee 2000 'JaCOB) H npo.n:.oJilKaJOT llCllOJIL30BaTLCR B HacTorunee BpeMil. 

Ta.KHM o6pasoM, cBoeBpeMeHHoe n y.n:aqHOe perueuue B .JJHIT OI1ffi1 npo6-
JieM!f BemecTBa Mlfmew,1 c "saMopollteHHoil" noJIJipusan;rreii R.n;ep rrosBOJnIJio Bll
llOJIHHTL B TeqewAe IIOCJie.n;HHX 20 JieT IIlllpOKYJO rrporpa.MD.ry llCCJI9,llOBaHll1 
IIOJIRpll3a.n;I:IOHHHX RBJieHHM rrpn CTOJIKHOB9HHH a,n;pOHOB. 

06o6meHHHM B ~ccepTan;rrn OIIHT cnHTesa pa6oqnx BemecTB HMeeT 
rrpaKT'dqBCKYJO n;eHHOCTL npn IIJiaHHpOBaHllll C03MHHR llOJIRplI30BaHHHX MHme
uett. B pesyJILTaTe ITPOBe.n;eHHHX B ~ccepTan;rru HCCJI9,llOBaHHM BnepBHe B 
COB9TCKOM Come paspa6oTaH M9TO,IJ; CIIHT93a pa6oqero BemecTBa - KOMIIJieK
ca er( v) B rrpoITaH,llHOJie-I, 2 . ,n;JIJI MHm9HH C "3aMOp01K9HHOM" IIOJIJipll3a.n;I:19H 

IIPOTOHOB. 
BnepBHe: 
- OcyI!19CTM9H CHHT93 KOMIIJI0RCa Cr(V) B llOJIHOCTLID .n:ettTepupoBaHHHX 

,JUIOJiax, qTo II03BMHJIO cos.n;aTL pa601Me Bell10CTBa ,llJIR MHID9H9M C "saMO
pOlK0HHOH" IIOJiflpH3a:uireil .n:eii:TpOHOB; 

- OCYIIl9CTM9H qJOTOXID,rnqecruIH CHHT93 HOBoro B0ll19CTBa ,llJIR Mlilll9HH 
no.n: B03,IJ;9HCTBH9M JiasepHoro U3JrJqemIR Ha pacTBOpH xpoMaTOB B Il9HTaHOJie; 

- llCCJie,IJ;OBaHO TBep.n;oe pa6oqee B9ll19CTBO MHlli9HH Ha OCHOB9 llOJIH8Tll
JI0Ha C .n;o6aBJI9IDI9M HMliHOKCllJILHOro pa.n:uKaJia; 

- npoBe.n:euo llCCJie,n;oroHHe M9TO,IJ;OM 3ITP pacTBOpOB CTa6FIJILHOro ROMII
JI0KCa HMBA-cr( v) B pa3JIHqHHX CIIHpTaX, llCilOJIL3Y9MHX B Mllll19HRX. 

Anpo6amm u ny6JIHKalllfH. PesyJILTaTI,I .n:uccepTan;rru ,n;oKJia.n;HBaJIHCL Ha 
MeJK,JzyHapo,n;HOM CHMIIOSuyMe ITO IIOJIJipH3an;rromruM RBJI9HllRM B qJll3HK9 BHCOKJIX 
8Hepr:1il (JJ.y6ua; I98I)' Ha 8 BcecOID3HOM COBemaHHII no qJH3lltJ:9CKHM ll Ma
T9MaTHqecKHM M9TO,IJ;aM B Koop.n:nHan;rrOHHOil XHMHH (KnrneHeB, I983), Ha MelK
,IJyHapO.n;HHX ceMHHapax no blllIHOBHM RM9HHRM B (pll3llK9 BHCOKHX 8Heprnil 
(IlpOTBHHO, I983-84 rr.), Ha MeJK,JzyHapo.n;HOM COBemaHHH "~ll31IKa c opneH
TIIpOBaHHHMll R.D:paMII" -· I985 (EexuHe, <ICCP, I985), Ha YIT MelK.IJYHapo.n;HoM 
CIIMII03uyM9 no CilllHOBHM RM9HHRM B (pll3HK9 BllCOKHX sHeprnfi (IlpOTBllHO, 
I985), Ha BcecOIDSHOil KOHqJepeHn;rrll "IlpHM9H9Hll9 MarHHTHOro pesonaHca B 
HaPO.n;HOM X03RMCTBe" (KasaHL, I988), Ha MelK.IJYHapO.n;HOM COBemaHHH "\l/H3llKa 
c opueHTHpOBaHHHMH ~aMH - I988" (Ilpara, <ICCP, I988). Ilo MaTepHaJiaM 
.n:uccepTan;rrn orry6JIHROBaHO IO pa6oT. 
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CTpyKTYpa ll o6~eM nrrcceoTarom: • .llll:ccepTan;rra COCTOHT ll3 BBe;nemrn, 
meCTll r~aB, 3aKJmqeHIDI ll CimCKa D;HTHpyeMoll JIHTepaTJpH, BKJIJOtralOillero I09 
Ha.HMeHOBaJIHll. 06~eM ,Ite:CCepTan;rru COCT~eT 90 CTpaHun, BKJIJO'lall 23 
pucYHKa u I4 Ta6Dn. 

CO,ll;EPL\ID!E PAEO'IH 

Bo BBeneHHH o6oCHOBaJia aKTYaJILHOCTL TeMaTHKII ll n8J.IL ,Ite:ccepTan;rrH. 

B rRaBe I ll3JiaraDTCR npe;nCTaBReHHR O ,Ite:HaMH~CKOil ll0Rapll3an;rrli 
smep (.ll,IllI), Tpe6oBaHHR K BellleCTBaM ~ MllllleHell C llMapll30BaHHHMH ~
paMH, KpaTKO ll3JiaraIOTCR OCHOBH llpID/leHeHHR MeTO,na SIIP ~ rrpe~apuTeJIL
Horo llCMe;nOBaHHR pa60'lliX BellleCTB MllllleHH. 

Bo IT rJiaBe c;ne~aH o6sop pa60T llO llCMe;nOBaHHD BellleCTB llpOTOHHllX 
MHIDeHell Ha OCHOBe opraHHqecKHX C09,Ite:HeHHll C ;no6aBReHHeM CTa6wrLHHX 
CB060;nHHx ~KMOB. HMOllteH MeTo;n llpllrOTOBJieHHR TBep;noro BellleCTBa 
MRmeHH Ha OCHOBe llDRR3TllJieHa C ;no6aBReHHeM CB06o~oro ~KaRa. 

MOJieeyRH rrpocmx opramtqecKHX coe,Ite:Hemttt ;nocTaTo~o 6orarn Bo;no
po;noM ll He co;neplltaT TRllte~x ~ep. OCHOBHHM ll30TOllOM, OMa.rtruolIIHM Mar

HHTHHM MOMeHTOM, B opraHHqecKoll MOJieey~e RBJIReTCR smpo aTOMa BO;nopo
;na. fu>yrrre COCTaBMl!Xlll!e aTOMH TaKHe, KaK 12c ll IGO, He 06Ra,naDT CilllHOM 
H MarHHTHIIM MOMeHTOM, a BMa,n; HX ll30TOllOB, OMa.rtaDlllllx MarHHTHHM MO
MeHTOM, HeBeRHK: I,I08% 13c (I= I/2) rr 0,037% 170 (I= 5/2). 

,If,na OCYllleCTBJieHIIB rrpouecca ,Ite:HaMHqecKoll llOMPll3aD;HH B BellleCTBe 
llpOTOHHOil MllIDeHH He06XO,ItlIM!l HecrrapeHH!Ie s~eKTPOHH. HocrrTe~ TaKHX 
3.JieKTPOHOB RBJIIDJTCR opraHHqecKHe CB06o.zorne Pa,n;HKaJIH. ,IT,na Toro, qTo6u 
llOJIYllRTL pa6oqee BellleCTBO MmIIeHH,B pa3JmqHHe opraIIuqecKHe coe.ItHHeHIDl 
(rrpe;ne~LH!Ie yr~eBo;nopo~, crrHpTH, s~upu, apoMa.TrrqecKHe yr~eBo;nopo~, 
rro~epu) IlYT8M paCTBOp0HliR_BBO~CL CTa6HJILHlle pa,n;HKaJIH. 

B 70-e ro'AU OCHOBHHe YCMHR sapy6elltHllx Ra60paTOplltt 6HRH HallpaB
~eH!I Ha llOllCK TBep;noro pa6oqero BellleCTBa Mm11eHH. :3TO o6~CHRROCL TeM, 
~o rrpRMeHeHHe TBep,)loro pa6o~ro BellleCTBa CYllleCTBeHHO ynpo~o o6c.ny
UBaHHe MHmeHett C ncnonsoBaHHeM pe~PHlltepaTopa paCTBopeHIDl 3He B 4He. 
C 3TOil ne.nm llCMe;nOBaJIHCL pa3Jmqfflie nORHMepH C pacTBOpeHHHMH B mnc 
CTa6RJILHHMH ~- O~aKO npe,IVIaraeMHe BellleCTBa He ll03BORRJIH no
JIY'mTL BHCOKYJ) CTeneHL nOJIJipll3aD;HH llpoTOHOB. 

B ,Ite:ccepTanHH c;neRaH HOBHtt mar B pemeHHll npoMeM!l C03MHHR TBep
;noro BelllecTBa MmlleHH. B &aqecTBe pa6oqero BemecTBa npe.IVIozeHo ucnon-
30BaTL nwms~eH co CTa6HJILHllM HMHHOKC.ll'JILHHM pa'AHRaJIOM 2,2,6,6-
T8TpaM8TWIIIHnep~H-I-oKCWIOM (TMIIO), KOTOp!lft BBO'AHJICR B n~ep llY
TeM ,Ite:qxpy3liH. Ilpe,IVIOllt8HH08 BemecTBO co;nepuT 6Mee I4% CB060'AHHX 
(nOJIJipll3Y8MllX npoTOHOB); OTHOm8Hll8 qHMa Ilp0TOHOB, CM3aHHllX B aTOMaX 
yr~epo,na, K qHCJIY CBOdO'AffilX IlpOTOHOB paBHO 3. Pa6oqee B8lll8CTBO npnro
TaBJIHBa.Jm M8.JcrD!lHM 06pa30M. 4 

IlMll3TWI9H Hll3KOil MOTHOCTll llCilO~L30BaJICR B BH.IJ;e rropOIIIK8. ll rro;n
BepraJICR rrpe~apllTeJILHOMY OTlltliry B BaeyyM9 (ro-5 MM pT.CT.) rrpll TeM
rrepaTy-pe 80°C B T8qeHHe 5-6 CYTOK. 8aT9M aMrry~a C ITOpOIDKOM 3aITO~llil
mcL 'IBCTHM rasoo6pasHHM reJilleM ll Bero aTMocq,epe rrpoBOAMOCL Hacu
lll9Hlie ITORH3TMeHa rrapaMH pa,n;lilta.Jia. 

CrreKTp SITP 'IMITO, BBe;neHHOro B ITMll3TWieH B KOJmqeCTBe IOI9 CM-3 , 
rrpn KOMHaTHoll TeMIIepaTy-pe rrpe;ncT~eT co6oil: xopomo pa3pemeHH!Ill Tpu
MeT C pacCTORHlleM Mel!U(y KOMIIOHeHTaMH CBepXTOHKOil CTPYKTYPH (CTC) 
15.ro-4 T. IIpu TeMIIepaTy-ie Hnllte I K crreKTP SIIP TpaHc~pMUpyeTca B n
HHD C ITOJiylllllplmoll 80• IO- T CO Ma60BHpalK9HHOil CB9PXTOHKOH CTpyitTy-poll. 
C ue~LD yrrpOlll9HllR CTPYKTYPH crreKTpa pa,nn:KMa B ITOJIII3T'AJieHe lICITOJIL30-
BaJICR TaIOKe 'IMITO, B ItOTOpOM aTOMH a30Ta 14N (crmH ~pa I = I) 6HRH 
3aM9H8Hll Ha 15 N (crruH smpa I = I/2). O;nHaKO TaKM 3&\l9Ha HB ,naRa YBB
JIUqeHHa ITOMpnsan;rrn. MaKClIMaJILHOB 3HaqeHll8 ITOMpll3aD;Hll rrpOTOHOB coc
TaBWIO 50% B MaI'HllTHOM ITOJ.19 2,7 T rrpu T = 0,I K. nocTlirHYTM ITOMpll-
3aWIB MOlKBT 6UTL "3aMOp0lKBHa" B CHHlK9HHOM ;no 0,5 T MarHHTHOM rro~e rrpu 
OXJiaHtA9Hilli B9lll9CTBa ;no 0,05 K. 

ITpOB9ABHHHe HCCJie;nOBaHUR IT03BO~IDII1 c;neJiaTL BHBo;n: C03;naHO HOBOB 
TBep;noe pa6oqee B9lll9CTBO .I(JIJI rrpOTOHHOil ITOMpll30BaHHOH Mll'.lli9HU Ha OCHO
Be ITOJII13TlIJI8Ha Hll3KOIT MOTHOCTU co CTa6JIJILHIIM UMIIHOKCllJILHIIM ~KMOM 
'IMITO. Pa.nn:KM BBO;nWICR B ITOJillMep llYTBM ,nllqq!Y31111. STOT crroco6 paHee 
HB rrplIMBHRJICR rrpll rrpHrOTOBJIBHUll pa6oqux B9lll8CTB .I(JIJI MUID8H9ll. 0CHOB
Hll9 ;nOCTIDK9HI1R OiffiH B 06.JiaCTli cos;naHUR TBep;noro pa6oqero B9lll8CTBa MU
WBHI1 Ha OCHOBe opraHuqecKoro C08,nllH9HHR C ;no6aBJieHU8M CTa6IIJILHoro 
CB060;nHoro pa,n;llKaJia rrpUBe;neHll B Ta6JillU8 I. 

Bill rJiaBe llMOllt9H MSTO;n rrpurOTOBJIBHIDl pa6oqero B9lll8CTBa MlllliBHll 
Ha OCHOBS KOMIIJISKCHIIX coe;nuHSHllil ITRTllBaJI9HTHOro xpoMa Cr(V) B ,nllOJiax. 
0co6oe BHHMaHllB y;neJI9HO C03AaHllD pa6oqero B9lll9CTBa Mlllli9Hll C "3aMOpO
llt8HHOil" rroJIRpll3an;rrell rrpOTOHOB. 

KOMIIJIBKCHHB coe;nnHBHUR Cr(V) o6pa3yl!)TCR KaK rrpOM9lJtYT0qH!IH rrpo
;nyKT peaKD;Hll OKllCJillT8JILHO-BOCCTaHOBllT8JILHOro B3aUMo;neilCTBllR coe,nnHe
HllH Cr(VI) (xpoMaTOB) c ,nllOJiaMll. CTa6HJILHOCTL KOMIIJISKCOB Cr(V) orpa
HUqeHa, raK KaK OHH crroco6H!I K AaJILHeltmeMy- BOCCTaHOBJieHlllO ;no Cr(III) 
Ccr(VI) - Cr(V)Cr(III)). B pa6oqeM BBllleCTBe M:mlleHll H906XO,nIIMO HaRH
'lli9 TOJILKO KOMITJIBKCOB Cr(V). ITpHCYTCTBll9 coe;nnHBHllil Cr(III) BSCLMa HB
llt9JiaTBJILHO, TaK KaK OHR CYlll9CTB9HHO YMBHI,lllaJOT BpeMR CITllH-pemeTOqHOH 
peJiaKCa!lilli ITORapll30BaHHIIX llpOTOHOB. CI1HT83 KOMIIJieKca Cr(V) B ,nllOJiax 
MOl!tHO rrpOBO;nl!TL MYMSI aJILTepHaTllBHHMU rryTJIMH: ~OTOXHMUqecKUM HRH B 
YCJIOBHRX llOJIHOro OTCYTCTBllR CBBTa (TeMHOBHM rryTBM) rrpu HarpeBaHHH. 

B 70-e ro~ M:mll8Hll C "3aMOpOllteHHOll" ITOJiapnsan;rran CTaRH Heodxo;nn
Mli ~ HCMSAOBamrtt npa&TllqecKH Ha BCBX yCKOpllT8MX. MeTo;n no~eHUR 
CB9pXHH3KllX TeMIIepaTyp llYTBM pacTBopeHAA 3He B 4He, paspa60TaJimrli: B 
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C1I 

Ta6JIII~ I. Pesym.Ta'l"li E:CCJI8.lt0B8.H!L'i .ItE:!Ia.Mll:"!8CKOR IlOJI.llpH3aIJ;lill Ilp0TOHOB B pa3JIH"IllllX 
opraHII"!8CKE:X B8Il!8CTBax, CO.lt8Pllt8JllliX CB060,nHl,18 pa,ItHKaJill 

Jia6opaTOprui UEPH H = 2,5 T; T = I,05 K OHillI 

CTa6II.JU,Hl,18 CBO 60,ItHl,18 pa,ItIIRa.Jlli H=2,69 T; T=O,I K 
OpraH.B8IIt8CTBO ~OPMYJia .n:~nr no IMA rr.n IIAI{ 'Il,filO 

;ie) I 2 I 2 I 2 I 2 I 2 I 2 

MeTHJIMeTrutp~T [c5Ha02} n 3 I4% IO IO% 4 22% 
(pacTBOpliT8JI!, XJIOpo<lioPM XJIOpoqJOpM 68H30JI 
noJIIICTlipOJI [0aHa] n I-3 30% ** 4 20% 
( pac TBOpE:T8.JI!,) .ltHXJIOpaTaH TOJryOJI 

fOJIIIE:306~HJier [c4Ha]n 6 7% 
pacTBop Te.JI!> TeTparH,Itpa-

[CHaj n 
qJYpaH 

no.JIE:aTHJieH I,5 I.4-20% T=I, 3 K 
(nopomoit) . (HII3R.IlJIOTH. 0,5 50% T=O,I K 

BI,! C • ,ItaBJI • ) 3 0,3 50% T=O,I K d=0,92 rlcM 

CTa6HJI!,Hl,18 CB060.ItHH8 pa,l~JUtaJIR: .ll~III'=I,I ,ItH(p8HHJI-2-nHKpWII'H,Itpa3liJI, no - nopipIIpORCH.It, :&MA - I,3 
6H.ItHipeHHJI8H-2-<p8HliJI8..JIJIWI, rm - nopiplipmr.ItllH, IIAK - IlIIItpE:JI-aMHHORap6a3IIJI, TMIIO - 2,2,6,6 T8TpaM8Tll.JIIIll-
nepH,ItHH-I-oKCE:JI. · 

* KOJIOHRa I - ItOH:USHTpaD;rul pa,ItHRaJia B Bee.%, KOJIOHKa 2 - M8.RCHM8.JI!,HM IlOJI.llPII3aD;ll.fl. 
** 06pase~ liCCJI8,ItOBaJICH B Jia6opaTOpII.!lX ClllA. 



Jillll 011.ffii, npe~OCTaBJI.fl9T HOBH9 B03MOlKHOCTll B T9XH!IB9 noJIJipll30BaHlIHX 
Mml!9H9H. IlpllM9H9Hlle aToro M9TOM CTllMy-JIBpOBa.JIO C03MHU9 OCHOBHOH qac
TU "3aMOpOlK9!IlIOH" M!Iill9HU - MOl!lHOro peippmitepaTopa, B KOTOpOM ·MOlKHO 
ox.na~aTb B91!l9CTBO MliIIl9HU ~o CB9pXHU3K!1X TBMIIepa'cy"p. Tpe6oBa.JIOCh Hali
TU no~xo,IUllllee BemecTBO ~ MRmeHu, cnoco6Hoe o6ecnequTb BHcoeyro noJIJI
puaawrIO npOTOHOB (80-IOO%) u npo~OJI1IUIT9JibH09 BpeMll peJiaKcawru (cOTHil 
'laCOB) npn CB8p~HU3KUX T8Mil8pa'cy"paX B MarHUTHHX IlOJIRX Hailp.fllK8HHOCTblO 
H = I-0,5 T • 

.lJ,Jm aTOH neJIB 6HJIO CIIHT93UpoBaHO pa6oqee B9Ill9CTBO MUm9HU - KOMII
JI9KCH09 coe~uHeHue er(V) B npona~oJie-I,2 CH3-CHOH-CH20H. MH BH6pa
JIB M9TO~ CUHT83a B T9MHOBHX YCJIOBU.f!X. Ilo.eyqeHHOe KOMilJI9ItcH09 coe~He
HU9 UCCJI8~0Ba.JI0Cb MeTO~OM 3TIP. Ilpu T = I K UCCJI9~0BaJilICh TaKlK9 TaKUe 
xapaKTepucTUKU o6paanoB, KaK Koa@iuwreHT ycuJieHU.fl noJIRpuaawru, BpeMll 
peJiaKCaUJIU H BpeMll ycTaHOB1I8Hll.fl IlOJIJIPII3awru. B peayJibTaTe npoBe~eH
HHX UCCJI9~0BaHUH 6HJia OTpa6oTaHa M8TO~IIKa CUHT83a KOMilJI8KCa C OilTU
Ma.libHHMII noJIJipusaUIIOHHHMU xapaKTepUCTUICaMil. 

Hcxo~HHe coe~nHeHHR B cuHTeae: nponaH~oJI-I, 2 (IUO MapKu "-q" u 
6uxpoMaT KaJIU.fi K2 c~°';, MapKU "x-q". Ilpona~uo;r neperoHRJic.fl, a 6uxpoMaT 
U3M9Jib'!aJIC.fl B ny~py u BHCymHBaJIC.fl B TeqeHUe 2 '!aCOB npu 120°c. 06pas
uµ Im C pa3JIHqHOH KOHn9HTpaUJI9H Cr(V) CUHT93HpOBaJIIICb CJI8.JJYlOilllIM o6pa-
30M: CM8Cb npona~UOJia-I,2 u 6uxpoMaTa (B OTHOill9HUil no Becy 24:I) ne-
p9M8lllliBaJiaCb MarHHTHOH MemaJIKOH B TeqeHHe ISO MIIH. npu IlOCTO.flHHOli T8M
nepa'cy"pe 65°c u ~aBJieHUn: IO-I5 MM pT.CT. Ko;r6a, B KoTopott npoxo~UJia 
peaKWJ.fl, 6HJia coe~HH8Ha C o6paTHHM XOJIO~l-LlibHUKOM u aamuma;racb OT B03-
~ettcTBUR CB9Ta. tiepea ISO MIIH. KOHneHTpaWJ.fl Cr(V) COCTaBJIJIJia I• rn20 

CM-3• 3aTeM paCTBOp KOHn9HTPHPOBaJIC.fl B T9'!9HHe IO-I5 MUH. nyTeM OT
roHKH ~OJia npu YM8Hbill8Hllli ~aBJieHU.fl ~o I MM pT.CT. 

-ttt 
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Ilo.eyqeHHOe KOMilJI8KCH09 
coe~HeHHe npe~cTaBJI.f!JIO 0060ft 
pa6oqee BemecTBo MIImaHU. Beme
CTBO UCCJI9~0BaJIOCb M9TO~OM. 
3IlP. CneKTP 3IlP npe~cTaMeH Ha 
pn:c.I. Kottn9HTPaUII.fl napaMarHUT
HHX neHTPOB U3M8pEJiaCb M9TO~OM 

Pn:c.I CneKTP 3IlP cr(V)-KoMTI
JieKca B npona~oJie-I,2 npn: 
T = 293 K. CJieBa - cneKTp 3TIP 
aTaJIO!Ilioro o6paana. 



3IIP Ha eneKTpoMeTpe Varian E-12 nyTeM epaBHSHll.fl IL1Ioma.nett non KpHBoil 
nor~omeHIDI Hee~e.nyeMoro o6pasua H aTaJIOHHoro o6pasIJp., KOTopHil npen
eTaBJUIJ.1 eo6oil paeTBOp .Ill{ e ll3B8eTHOfi KOHUSHTpa:a;aeil IIMlIHOKeMLHOro pa
~KaJia' a Taroite IIYTSM epaBHSHHH napaMe TpOB H ( Ll.. H) 2 lleM8,Dy8MOr_o 06-

. pasu,a ll 3TaJIOHHOro BemeeTBa - llO~a nH68H30JIXpOMa [er+ (C5H5)j J-. 

IlpHeyTeTBU8 Cr(III) B o6pasu,ax HS 6~o 3aM8'I8HO npu Heno~t,30BaHllll 
eneKTpOMSTpa 3IIP e 'IYBeTBUT8~1,HOeTLD 1011

A H emrH•speTe~. 
B hneeepTaUJIU pemeH~ npo6~eMa pa6o'!ero BemeeTBa ,lT,/IJi n:syx: paMH'I

HHX MUmeHeii OIDIB e "3aMOpOllt8HHOH" noJIHpusa:a;aett npoTOHOB. B MlIIIl8Hll 
0IDilI'l976 r., KOTOpaH B HaeTomnee BpeMR. npono~eT nenOJit,30BaTLe.fl B 
Jllill~, 6wra noeTUreyTa noJIHpll3a:a;aH npOTOHOB, paBHM 98.±2% npn T8MII8pa
TYP8 T = 0,3 K B MarHHTHOM no~e 2,69 T • .I{oeTHrHYTM noJIJlpn:sa:a;a.fl "sa
MopollteHa" npll T = 0,035 KB MaI'HIITHOM no~e H = l T. 06~eM pa6o'!ero 
o6pasu,a 15 eM3• KoHUSHTPauH.fl Cr(V) B o6pasue eoeT~a l,8~8:~·1020 
eM=-3. 

B MmIISHH QIDilf 1980 r., KOTOpM nponoBaST nenO~t,30BaTLe.fl B il~B3, 
noJIHpll3a:a;aH npOTOHOB eoeTaBJIHeT 87±3% B o6pasuax e KOHUSHTpauuett 
crjV) npH6Jil:!sn:Te~1,Ho 1,5~8:~•lifo eM-3• 06~eM pa6o'!ero BemeeTBa 60 
CM. BpeM!l pe~aKea:a;an: npOTOHOB B MarHllTHOM no~e H = 0,45 T eocTaBJIHST 
6o~ee 1000 '!acoB npu T = 0,02 K. MmneHH Ha ocHoBe cuHTesnpoBaHHHX Be
mecTB ncno~30~C1, B 3KcnepllM8HTax no ynpyrOMY paccemtllD npOTOHOB 
ll <Jr -Me30HOB Ha nOJIJlpii30Bamrux npoTOHaX. 

B IY r~aBe npoBeneHO HeMenOBaHll8 MeTonoM aIIP eTa6llJILHOro KOMll
~eKea xpoMa (v) HMBA-Cr(V) - ~OKCUM8TM6yTUpaTOOKeoxpOMaT (V) KaJIIDI 

MOHOrJI~aTa, paeTBopeHHoro B pa3Jil:!'IHHX cmrpTax, C ne~LD B03MOlltHOro 
Heno~L30BaHH.fl B Ka'I8eTB8 pa60'IllX BemeeTB MHlll8H8fi. 

B 1978 r. B aJIA 6u~o ellHT83HpoBaHO CTa6llJILH08 K0~8KeH08 eoe~
HeHHe xpoMa (v) - HMBA-Cl;(V) K focr(o2coc(cH3)c2%>2} •H2o. 06osHa'IHM 
K [ocr¾l •820, rne X = o2coc(CH3lc2H5• Ko~eKe epasy lite Harne~ npHMe
HeHHe B pa6oi:mx BemeeTBaX MmIISHefi. llenOJIL30BaHll8 3TOro KOMIL1I8Kea yn
poma.n:o TSXHO~OrlID npuroTOMSHH.fl BemeeTBa Mllm8Hli. Ewio npllH.flTO eimTaTL, 
'ITO paeTBOp!:l HMBA-Cr( V) B ellllpTax HMSDT onHopo~fi eocTaB, 

HecMOTP.fl Ha TO, 'ITO KOMIL1I8Ke HMBA-Cr( V) npencTa~ 60JILmOfi llH
Tepee ,lT,/IJi MmlleHeil, no Hae OH He 6wr ll3Y'!SH MeTonoM aIIP. B ~eeepTa:a;au 
npoBeneHO lleMenoBaHll8 noBe~SHH.fl HMBA-cr( v) B npon~OJie-1, 2 (.Ill{), B 
neilTSplipOBaHHOM 3T~OJie (.I{8.I{) li B 3TaHOJI8. 0eo6Hil llHTepee npeneTaB
~O HeMenOBa;Hlle KOMlIJISKea B .na.n e ne~LD eosnaHU.fl pa60'!Sro BemeeTBa 
Mm118Hll e nOJI.flpll30BaHHHMli neilTpOHaMll. IlOKa.3aHO, 'ITO np:a KOHneHTpa:a;a:a 
HMBA-cr(v) B .na.n, paBHOtt l,6.1a2°,1-1020,o,7-lifo CM-3, qx:>pMa JIHHllli 
eneKTpa aIIP He MSH.fleTe.fl. OnttaKO npn pa3B8~8HHH o6pa3Ilp. e KOHneHTpa:a;a
eil o,7.1a2° CM-3, npHH.flToil sa enuHHny, .na.n B oTHomeHHH 1:5, 1:15, 1:50, 
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Puc.2 UeHTpaJit,HH8 Jil:!HHH cneKTpOB 8IIP 
(Ocr¼>, pacTBopeHHOro B .na.n, e KOH
neHTpa:a;a.flMH: a --0,7-lifo eM-3, npu
H.flToil sa e~HHny; 6 - 1:5, B - l:I5, 
r - 1:50, n - l:250 npH T = 293 K. 

1:250 cneKTp 3IIP H3M8H.fl8TC.fl 
(puc.2). MsMeHeHHe TeMIIepaTY
pH TaIOKe npHBO~llT K cymecTBSH
HOMY npeo6pasOBamno qiopMH Jil:!
mru:. 3KcnepITMeHTaJILHHe naHHHe 
cBITneTS~t,eTBYDT O TOM, 'ITO B 
KOMIL1I8KC8 HMBA-Cr(V)-K [ocr~ 
nponexo~T o6MeH Jil:!raH,D;a X e 
Mo~eey~oil .na.n. B pesy~t,Ta.Te 
3TOro B paeTBOpe nprrcyTCTBYDT 
HS O~HH, a TPH KO~eKca: 
l - l 0Cr¼]1-, II -[ocrxrnam] 1:
rn - [Ocr(.na.n> 2]1-. rrono6oo 
~uraH,D;HHil o6M8H npolleXOnlIT H 
B II.I{, H B 3TaHo~e. TaKUM o6-

pa30M, 6wro cne~aHO 3aMID'I8Hll8, 'ITO KOMIL7I8KC Hlv!BA-Cr(V) HeyeToilimB ll 
BCTynaST B peaICnHD e paeTBOpHT8~8M, o6pasy.fl H8CK0~1,KO pa3Jil:!'IHHX napa
MarHHTHHX KOMlIJISKCOB, KpoMe Toro, npll o~alK,ll;SHHH pacTBOpOB Hap.fl,Dy e 
o6pa30BaHH8M eT8M006pa3HOH 4J8.3H B03MOlltHa KPllCTaJIJil:!3a:a;aH HMBA-Cr(V) 
HJII:! pacTBOpHTSJIJl, 'ITO npuBonuT K arpera:a;an napaMarHUTHHX USHTpOB li 
llX HSOnttOpO~HOMY paenpene~SHllID, PaeTBOpH HMBA-cr(V) B ~o~ax naDT 
MSHLIDYD H MeHee BOenpOll3BO~MYD noMpusa:a;aID, 'ISM KOMIL1I8KeH Cr(V), 
eHHT83HpOBaHHH8 B ~o~ax. Hrumi:me B pa60'I8M BemeeTBe MHmeHH HSCKO~t,
KHX pasJIH'IHHX napamrHHTHHX npHMeeett OMOlltH.fleT pe~aKca:a;aoHHHe npouec-
CH. 

Bee BHm8HMOllt8HH08 no3BO~MO c~e~aTt, BHBon, 'ITO paCTBOp HMBA
Cr(V) B Ka'I8eTB8 pa6o'!ero BemecTBa Mm118Hll YCTYITaeT KOMIL1I8KCaM Cr(V), 
CllHTesupoBaHHHM B ~OJiax IIYTSM BOeCTaHOM8Hll.fl Cr(VI). IIpoBeneHHHe ne
MenoBaHH.fl n03BO~ OTKa.3aTLe.fl OT npHM8H8Hll.fl B MmIISH.flX OIDIB HMBA
Cr(V). 

Jl Y r~aBe HMO'at8H eUHTes li llpOB8~8HO HCC~enoB8HH8 KOMIL118KC8 
Cr(V) B ne!TepHpoBaHHHx nuonax - aTaHnuo~e H nponaHnuo~e ,lT,/IJi MmlleHH 
e nOJIJlPH30B8HHHMH ~9ilTPOH8MH, 

C l980·r. B JIHil omm npoBo,ItllTea pa6oTH no eosnaHHD MIIllleHH c no
MpusoBaHHHMH nettTpOHa.MJr. O~HO H3 HanpaMeHlltt 3TOtt pa60TH - paspa6oT
Ka MeTon~ CHHT83a pa6o'Iero BemeeTBa MmIISHll. 

BemeeTBO ,lT,/IJi MmileHll C llOJIHpH30BaHHHMH nefiTpOHaMH nomtHO HMeTt, 
BHeOK08 eonel)lltaHHe nettTpOHOB li ynoM8TBOP.flT1, TeM llt0 Tp060Ba.HIDIM, 'ITO 
li BemeeTBO npoTOHHOtt MHID8Hll. Il03TOMY npH eosnaHHH BemeeTBa Mmll0Hll 
,lT,/IJi eHHT83a KOMIIJISKCHHX eoenuHeHllil xpoMa (V) neneeoo6pa3HO 6wro lle
ll0~1,30BaT1, neilTepupoBaHHHe sTaH.D;Ho~ <.na.n> n npon~OJI (.IJ.IUO. B nap-
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B!lx ormTax Mbl npHMeHR.JIB Tom,Ko .ua.u. B pa6oTax sapy6e11nrnx Jia6opaTopuit, 

3alllfMa!W(IIXCJ1 npo6JieMOll pa6o'!ero B8!ll8CTBa ,n;ei1TpOHHOll Mlil118IDI, cymeCTBO

BaJIO MH8IDI8, 'ITO H8B03MOlltHO nOJIY'!llTI, KOMilJI8KC Cr(V) nyTeM BOCCT:1HOB

JI8IDIJ1 Cr(VI) B nOJIHOCTI,JO ,n;ei1TepJipOBaHIIHX ,IJ;HOJiaX Il 'ITO ,IJ;JIJl o6pa30BaID1Jl 

KOMilJI8KCa-, no KpaiiHei1 Mepe, B rH,IJ;pOKCMbHllX rpynnax H806XO,!J;HMO coxpa

IDITI, aTOM!l BO.n;opo.n;a. II03TOMY CJIHT83 KOMIIJI8KCa Cr(V) B UEPHe JI ,n;pyrnx 

Jia6opaTOpHRX npoBO,IJ;HJIH B '!aCTH'!HO ,n;ei1TepJipOBaHHOM 3TaH,IJ;HOJI8 CD20H

CD20H, IIpu He06XO.I(ID.IOCTU ncnOJII,30BaTI, .ua.u CD20D-CD20D B Ka'!8CTB8 napa

MarIDITHOii: ,n;o6aBKH B .I(JIOJI BBO,!J;HJIH nyTeM pacTBopeHHR ROMilJISKCH TIDla 

HMBA-Cr(V). 

B ,IJ;HccepTawm c,n;eJiaH HoB!li1 mar B pemeIDI:a npo6JieMH pa6otrero Be

mecTBa MHillSlliI na OCHOBS KOM!IJISKca Cr(V) B .ua.u. Paspa6oTaHa MSTO,IJ;HKa 

C.HHT83a KOMIIJI8KCa Cr(V) B .ua.u CD20D-CD20D, llccJie.I(oBaHa .I(JIHaMl1'!8CKaR · 

noJIRpirnauim ,n;eiiTpOHOB B CHHT83HpOBaHHllX o6pasnax. IlpII 3TOM B Millll81Il1 

omm B WDB3 (CepnyxoB) 6HJia nOJIY'!9Ha noJIRpH3auim ,n;eilTpOHOB, paBHM 

37±3% B 06'heMe Ml1ill8IDI 60 cM3 B MarIDITHOM noJie HallpRllt8HHOCTI,IO 2,I T 
npn T8Mn9paTy-pe 0,2 K. Pa6o'!ee B8lll8CTBO II03BOJIR8T MUIIISIDI pa6oTaTI, B 

"3aMOpOllt8HHOM" p9lltl'IM8, 

O.mmKO Jl,IIJl CD3-CDOD-CD20D HM88T no cpaBH8IDIR) C .ri:a.u OTHOCHT8JII,HO 

60JII,myIO .I(OJIR) nOJIRpuayeMHx ,n;ei1TpOHOB K '!HCJIY BC8X HyKJIOHOB, KpoMe To

ro, illHp1rna JlllHJIH 3IIP KOMilJI8KCa Cr(V) B mm Ha IO% Yllt8, '!9M y KOMIIJieK

ca Ha OCHOBe .U3.U. IIo T80pMH .mm KOH8'IlIM TSMnepaTy-pa, .I(OCTHraeMaR 

M9PHHMH cmrnaMa B npouecce noJIRp.1rnaumr, o6paTHO IIponopUHOHaJibHa mH

pHH9 JIHHl'llf 3IIP napa.'lfarIDITHHX BRJIID'!8IDii1, OTB9TCTB8HHllX sa JJilf.[. CJie,n;o

BaTeJibHO, T8Mll8paTy-pa R,D;epHllX CIIllHOB B KOMilJI8KC8 Cr(V) B mm MOlK8T 

6HTI, CaMOH HJI3KOH, 'ITO COOTB9TCTBY8T MaRCUMa.JII,HOH noJIRpusauirH H npo

.I(OJilKHTSJibHOMY Bp8M8HH peJiaKCaUlf,I IlOJIRpH30BaHHllX ,n;efiTpOHOB. IIOCJI8.I(H88 

oco6eHHO BalKHO ,IJ;JIR Millll8H'1 C "3aMOpOlK9HHOtt" IlOJIRPH3aUHefi ,n;eiiTpOHOB, 

C U8JII,JO 003,IJ;aHHJl pa6o'!ero B8!ll8CTBa M.11ill8HH C "3aMOpOlK8HHOH" nOJIRpH3a

uirett 6HJIO CllHT83UpOBaHO KOMIIJI8KC_H08 C08.I(llH8HH9 XpOMa ( V) B mm . CDJ

CD0D-CD20D, 
HcXO.I(Hll8 C08,1lllH8HlIR B CllHT838: .I(9HTepnpoBaHIIHH nponaH,IJ;HOJI-I, 2 

CD3-CDOD-CD20D, co,n;eplltamuil 98,3 aT%, JI 6uxpOMaT KaJIHR.¾Cr207, .lJ,7m 
0Ilpe,1l8JI9HHR H30TOilHOfi. '!lICTOTll mm aHa.JIH3llpOBaJICJ1 MSTO.I(OM R,!J;9pHOrO 

MarIDITHoro p930HaHca. lliJIO YCTaHOBJISHO, 'ITO OCHOBHH9 IlpllM8Cll BO.I(Opo

,n;a co,n;eplltaTCJl B CD-rpyrrnax. OD-rpyrrna, KOTOPM YtJ:aCTBYST B o6pa30Ba

IDill ROMilJISKCa, ,IJ;8HT8pllpOBaHa Ha 99% ll BHme. CnHT83 KOMIIJISKCa Cr(V) B 

mm rrpOBO,IJ;WICR CJI8,n;yID!lllIM o6pa30M: CMSCI, mm ll 6nxpoMaTa (B OTHOlli8Hlll1 

ITO Bacy II:I) rrepeM9IllllBaJiaCI, MarHUTHOii MemaJIKOH IIpJI TeMnepaTy-pe 80°c 

B BaKYYMS (H9CKOJII,KO MM PT,CT,). ~apes 75 MIIHYT nOJIY'!aJIOCI, KOMilJI8KC

H08 C09,IJ;llH9Hll8 Cr(V) C Heo6xo,n;HMoii ROHU9HTpauirett. IlOJIYtJ:9HHHfi ROMilJISKC 

aHaJIR3llpOBaJICR M9TO,IJ;OM !3IIP. IIIHpllHa JIHHilll !3IJP M9llt,lC' TOintaMII MaRCHMaJII,

HOro HaKJIOHa COCTaBJIRJia H = 3,5,I0-4 - 5•I0-4 T rrpll T = 298 K, 
IO 

l 

Ta6JnU]p. 2. OcHOBHHe IIapaM8TpH Wfill8Heii C IIOJIRpU30BaHHl1MJI 

,n;eiiTpoHaMH Ha OCHOB9 opraIDI'!8CKllX C08,IJ;HH8Hllll 

BemecTBO ~OPMYJia IlapaMarH. TeMn,K MarHUT, IlOJIJip. JJa6opaTop,m, 
UEJHTpH B pe- noJie ,n;efITp. ro,n; 

lKllM8 T % 
.mm 

8TaHOJI c2n6o CB060,n;HI1i1 I 2,5 7 UEPH, 1970 
pa,D;UKaJI 
noIXJ>upoKcn.n; 

EyTaHOJI c4n 10o -"- 0,5 2,5 22 UEPH, 1971 

EyTaHOJI c
4
n 10o 

_n_ l 5 26 UEPH, 1971 

!3TaH,ItaOJI c
2
D

4
(0H) Cr(V)-KOMil- 0,2 2,5 38 UEPH, I974 

JI8KC, nOJIY-
'!8HHHH BOC-
cTaHOBJISH. 
Cr(VI) 

IIponaH,IJ;HOJI C3D6(0H)2 -"- 0,2 2,5 44 UEPH, I974 

IIpoIIaH.I(HOJI JJ% C3D6(0H)2 -"- 0,5 2,5 24 UEPH, 1974 

66% c
3

n6(oD) 2 
IlpoIIaH,ItaOJI CM9CI, 

c
3

n 6(0H) 2 : .. -''- 0,5 2,5 40 UEPH, 1976 
·c

3
n

6
(0D) 2 

ITponaH,IJ;HOJI 37% C3D6(0H)2 _n_ 0,3-0,5 2,5 40 UEPH, I979 
6J% c

3
n6 (0D) 2 

JJa6.Pesep-IIpoIIaH.I(HOJI JJ% C3D6(0H)2 -"- 0,43 2,5 36 ,n;oIXJ>a 
66% CJD6(0D) 2 (AHrmIR), 

I979 

!3TaH,ItaOJI 25% c 2n 4(0H) 2 _n_ 0,3 2,6 30-37 OIDIH, I982 
75% c 2D4 (0D) 2 

0,5 2,5 24±3 KEK 8TaH,ItaOJI c
2

D
4

(0D) 2 
Cr(V)-KOMil-
JI9KC B CTa6, (lliJOHUR) , 

=a 
I979 

-Cr(V) 

!3TaH,IJ;HOJI c
2

D
4

(0D) 2 
Cr(V)-KOMil. 0,3* 2,08 37±3 OIDil1, I984 
BOCCTaHOBJI, 
Cr(VI) 

IIponaH,IJ;Hoi· C3D6(0D)2 -"- 0,3* 2,08 40±,2 OIDil1, I986 

* B "3aMOpollt8HHOM" p0lltllM8 T = 0,02 K. 
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KormJISKCll Cr(V) B .mm B JIUTepazype He omrnaHH. B ,I(HccepTaI.J,Uli 
npoBe.neHO liCCJie.I{OBaHHe KOMIIJISKCOB MSTO.I{OM 3IIP. CneKTpaJILHlle napaMeT

pll KOMIIJISKCa B He.nei1TepHpOBaHHOM .nuoJie xopomo corJiacyroTCil C JIUTSpaTYp
HllMH .I{aHHllMli. 

B CliHTS3MpOBaHHOM KOMIIJISKCS 6llJI liCCJIS.I{OBaH nponecc .ll!IB. B liIDHe 
I986 r. Ha YCKOpUTSJie WliB3 ( CepnyxoB) 6llJia BB9.I{9Ha B 3KCJJJIYaTaI.J,UID MH
meHL C "3aMOpOJKSHHOi1" TIOMpMaanireil .neil:TpOHOB. B pa60'!SM BSillSCTBe' 
npe.ncTaBMI<II\SM co6oil KOMIIJISKCHOe C00,I(HHSHM9 Cr(V) B .mm, IlOJIY'!SHa no

Mpn3an,m ,n;efiTpOHOB, paBHM 40±2% B MarHMTHOM IlOJie HaTiplllKSHHOCTLID 
2,08 T Ilpli T = 0,3 K. 06~eM pa60'!ero BSillSCTBa 60 cM3 • nocTMrHYTM no
Mpli3ail;IIil 6!lJia 11 3aMOpOJKSHa" npn T = 0, 02 I{ B MarHMTHOM TIOJIS HaTipilJKSH
HOCTLID H = 0,53 T. BpeMll peJiaKCaI.J,Un cocTaBMO 6oJiee IOOO '!aCOB. 110:meHL 
lICilOJIL30BaJiacL B 3KCTI8pUM8HTe Ha ycKopnTeJie H<DB3 (CepnyxoB), B ROTO
poM BnepBlle 6UJia U3MepeHa acHMMeTpUH Bllxo.na'II°-Me30HOB B UHKJIID3liBHllX 
pSaKI.J,UilX'Ir+d -'II°+X, K-+d -11°+X, p+d -11°+X npn HMIIyJIM8 40 
raB/c. 

TaKUM o6pa30M, HaMU BnepBUe OCYJIISCTBJISH CHHT83 KOMIIJieKca Cr(V) 
B TIOJIHOCTbID .neilTepnpOBaHHHX ,nIIOJiax ,nM M!IIDSHSll C TIOJmpli30BaHHUMll .neil
TpOHa.MU. OcHOBHllS peayJILTaTll, TIOJIY'!SHHll8 B JiffiI OHiIH B o6JiaCTM pa60'IBX 

BS!IISCTB M.I!DSHII C TIOMpl130BaHHHMII .neilTpOHaMU, npHB9.I{8Hll B Ta6JIUne 2. 

B YI rJiaBe U3JIOJKeH CJ?OTOXHMII'!ecKui1 cuHTe3 coe.n11:Hemui xpoMa (v) B 
Il9HTaHOJI8 ,nM noMpU30BaHHOli MHmeHU C IlOBllill8HHOi1 CTOliKOCTLID K pa.I(Ha
I.J,UOHHllM IlOBpeJK.n;eHIDIM. 

0.nHOaTOMHlle CnHpTll, TaKHe,KaK Il8HTaHOJI C5HIIOH, o6Jia,naroT IlOBll
meHHOH CTOliKOCTLID K pa,nHaI.J,UOHHllM Il0Bp8JK.n;8HHilM no cpaBH8HHID-C .I{liOJiaMII, 
KOTOplle mnpOKO liCTIOJIL3YIOTCil B IlOJIRpli30BaHHllX MlIIDSHilX. B 3KCTiepHM8HTax 
Ha YCKOpllT8JlilX -qepea BS!IISCTBO MilillSIDl npOXO,nHT ny'!OK ycKopeHHllX -qacrun, 
Bli3llBail pa.ni1aI.J,UOHHll8 TIOBpelK,ll;eHrut B9Ill9CTBa. 3TH TIOBp91K,ll;9HID!. CHIDKaIDT 
.nocTnreyTYID TIOMpU3aI.J,UID ii,nep. CHlll!tSHli8 IlOJIRpli3anHR IlpliHRTO oneIDIBaTL 
xapaKT8pliCTli'!SCKOH .I{030ll ,ll;8IlOJiilpU3anHH MlfiD8Hli ~O' CTIOC06HOH CHli3liTL 
IlOJIRp,rnan,rn B 8 ia3 OT Ha'!aJILHOll BSJIU'IHHll. )J.IDl MH!ll8Hli Ha OCHOB8 ,I(HOJIOB 
~o = (I-2,5)•IOI 3JI8KTPOH/c~ • .lLJlll Mlllll8Hli Ha OCHOBS ll8HTaHOJia ~o = 
= 5•IOI4 3JI8KTpOH/~. . 

KpoMe Toro, Mlllll8HH Ha OCHOB8 ,nHOJIOB co.nepJKaT IO% (B8COBllX) no
JIRpR3Y8MHX npOTOHOB, a Mlllll8HU Ha OCHOB8 ll8HTaHOJia co.nepJKaT I4% IlOJiil
p113yewx npOTOHOB. 

Y"lHTllBail 3TH xapaKT8pliCT:arut Il8HTaHOJia, a Ta.Kllte CBOllCTBa Cr(V) B 

Ka'!SCTBe napa.MarHUTHoil .no6aBror K pa6o'!eMy B8Ill8CTBY MHmeHU, neJiecoo6-

pa3HO 6llJIO CHHT83lipOBaTL Cr(V) B Il8HTaHOJI8. O.nHaKO T8MHOBOro BOCCTa

HOBJI8HUil Cr(VI) B Cr(V), KaK B ,ll;liOJiax, B ll8HTaHOJI8 OCYJI18CTBliTL HS 

Y.ItaJIOCL. 
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B ,nHccepTanHH npe,D;JiollteH HOBllil cnoco6 CIIHTeaa coe,nHHemm Cr(V} B 

neHTaHOJie. C 3T0ll neJILID 6llJIO npoBe,neHO UCCJI8)t0BaHU8 cp()TOXI!Mli'!8CKRX li 
IlOCJIS.nynilHX T8MHOBllX peaKIJ;Hil npu Jia38PHOM 06JIY'!SHHU pacTBOpOB 6nxpo

MaTa aMMOHUil (EXA) (NH4)2Cr2~ B ll8HTaHOJI8 C5H110H. 3KCilOHUpOBaHU8 
paCTBOpa reJIUil-Ka,nMHSBllM Jia3epoM ( J... = 441 HM) Henocpe,n;CTBSHHO B pe-
30HaTope pa,nHOCll8KTpOM8Tpa npUB8JIO K IlOilBJI8HHID xapaKT8pHoro ,Il;Jifl Cr(V) 

ClirHaJia 3IIP Cg = I,973. KuH8Tli'!SCKU8 KpHBll8 li3M8HSIDm KOHnSHTpan,ra 
coe,nHH8HHli Cr(V} B WOTOXUMH'!8CKUX li T8MHOBllX nponeccax npliB8.It8Hll Ha 
pnc.3. Blr,m!o, 'ITO npn BllRJIID'!8IDrn CBSTa KOH~HTpaUllil C08.I{HH8Hnil Cr(V} 

_, 1l~ 
H 

3l 1tl'T 
H 
jj:iff 

PHc.3 CneKTPll 3IIP coe,nHHSHHil Cr(V) 
B Il8HTaHOJI8. I - pacTBop o6Jiy'!8H 
1 MHH. CB8TOM Jiaaepa ( ,il = 441 HM) 
(KOHn8HTpan,lil EXA - Io-2 MOJIL/JI); 

2 - '!8p93 0,5 MHH. llOCJI8 npeKprune
HHil 06JIY'!8Hllil (KoHneHTpaI.J,Uil EXA -
10-2 MOJIL/JI); 3 - paCTBOp 06JIY'!8H 
Jia3epoM B T8'!8Hli8 1 MHH. (KOHn8HT
pan,m EXA - I MOJIL/JI, T = 295 K); 

4 - paCTBOp 06JIY'!8H JiaaepoM B T8-
'!8Hli8 1 WiH. (KottneHTpan,m EXA -
l MOJIL/JI, T = 77 K). 

U3M9Hil8TCil H93Ha'<!HT9JILHO, a ~op
Ma JIUHHli 3IIP OCTa8TCil IlpaKTli'!8C~ 

Kli H8H3M8HHOH. Il0Bllill8HH9 Hcxo.n

HOil KOH~HTpaI.J,Uli EXA B pacTBOpe 
npliBO,I(HT K 3Ha'!HT9JILHOMy nowme
HHID liHT8HCHBHOCTH Cil8KTpa 3IIP 

Cr(V). Ilpn 3TOM Ha6.mo.naIDTCil '!8-
Tllpe JIUHHH CTC OT 53cr. CooTHo
meHHe liHTSHCllBHOCTett H illllpUH 

KOMilOH8HT CTC CBU.I{8T9JILCTBY8T, 

'ITO OHH npnHa,D;JI8JKaT Cil8KTPY coe
,I(HH8HUR Cr(V) O,nHoro copTa. 

B UCCJI8.IIY8MOli CUCT8M8 HS o6Hapy
llt8HO coe.nnHSHliil Cr(III) li .npy!'HX 
napa.MarHHTHUX npo.nyKTOB. 

.lLJlll llOBHill8Hllil pacTBOpliMOC
Tli EXA B Il8HTaHOJI8 B paCTBOp .no-

6aBJIRJica KPaYH-a~up .nu6eH3o-I8-
KpaYH-6.Ilpu 3TOM CKOpOCTL ~OTO
reHepaI.J,UH coe.nuHeIDiil Cr(V) 3a
M8THO llOBllilla8TCil. 0,nHaKO ,Il;JIHT8JIJ,
H08 06JIY'!8HH8 npHBO.nHT K 6ucTpott 
ru6eJIH C08,nHH8Hlill Cr(V) • 

Ha OCHOBaHHli llOJIY'!8HHUX p83YJILTaTOB 8CTL Bee OCHOBaHUil OllW,Il;aTL, 

'ITO coe,nHH0Hliil Cr(V), CHHT83HPOBaHHll8 no.n B03)t8llCTBH8M Jia38pHoro o6-
JIY'!8Hllil, CMOI'JT 3~KTHBHO pa6oTaTL B noMpli30BaHHllX Mliill8HIIX. 

B 3aKJIX)~8Hlili CWOpMyJIHpOBaHll OCHOBHll8 p83YJILTaTll .nHCC8PTanHH: 
I. BnepB!:le B COB8TCKOM Come CHHT83HpOBaHO pa60'!88 B8Ill8CTBO ,nJill 

noMpH30BaHHllX npOTOHHllX MHm0H0ll - KOMllJI8KCH00 C08,ItHH0Hli8 Cr(V) B 
npona.H,ItHOJie-I,2 ,Il;Jifl MHillSHett C "3aMOpogeHHott" IlOJiilpH3an,I8tt. Ha OCHOB8 

CHHT03HpOBaHHOro B0Ill0CTBa C03,naHll ,nB0 llOMpH30BaHHll8 npoTOHHll8·MHm8-

Hli c pa60'!HM o6~eMOM I5 H 60 cM3 • 
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IlOKa3aHO, '!_TO CIIHT93llpOBaHH09 B9!1!9CTBO Ha OCHOBe KOMIIJI8Kca Cr(V) 
B npoITa.H.zt;fOJie-I,2 IT03BOJI.ll9T ITOJiy'faTI, ITOJI.llpll3au;mo npOTOHOB, 6JIH3Icy!O 

K 100%, npll BpeMeHH peJiaKcauim 6oJiee IOOO 'IDCOB. 
B MilllJ9Hlt ofueMOM I5 cM3 B MarIDITHOM nOJie 2,69 T npu T91\fil9pa.TYpe 

0, 3 K ITOJiy1!8Ha IlOJI.llp,rnaU!IJl (98±2}%~ J(OCTHrHYTaJI IIOJI.llpll3aIJJIJI "saMopa
)KlfBa.eTCJI" npa TeMIIepaTYpe o. 035 K II DOJie- I T. MlI!I19HI, IICilOJII,30BaJIUCI, 
B :rncITeplIM8HTax Ha CllHXPOUIIKJIOTpoHe OU.ff!{ B 1975-76 rr., B HaCTOJIIItee 
Bp8Mll pa.60TaeT B 3KCIIBpllM8HT8- Ha yCitoplIT9JI9 .illffi~ (.JieIDUII'pa.)l). 

B MRIJI9HII 60 CM3 IIOJiy1!8Ha IIOJI.llQII33.U!IH,IIpOTOHOB, pa.BHaJI (83±3)% 

B MarHIITHOM ITOJie H = 2,I T ITPH TeMIIepa.TYpe 0,4 K. B "3aMOpOl!t9HHOM" 
pel!tITMe IlplI TeMIIepaTYpe 0,02 K ll IlOJie 0,45 T BpeMJI peJiaKCaU!lli IlOJI.llp~-
3anaa 6oJiee- IOOO 1!3.COB. MlrmeHo IICilOJI:&3Y8TCJl B 3KCilepilM9HTax Ha YCKO
pHTe-Jie n~ro (CepnyxoB). 

2. Bnepme OCyJQecTBJie-H CllHTea KOMilJI8KCOB Cr(V) B ITOJIHOCTI,10 ;u;eii

TepHpOBaHIIlIX ;D;HOJia.X. Cos;u;aHHOe pa601Iee B9!1!9CTBO - KOMIIJI9KC Cr(V) B 

IIOJIHOCTI,10 ;u;eiiTepzpOBa.HHOM nponaH,zmOJie-I,2 o6ecrre'IRJIO MaKCHMaJThHY!O IIO

JIRp,I3aU!IIO ;u;eiiTpOHOB, Pa.BHY!O 40±2%. BpeMJI pe-JiaKcanaJI IlOJI.llpII3anau ;u;en
TpOHOB rrpH T = 0,02 K H H = 0,53 T cocTaBJIJIO IOOO 'IDCOB. 3To B8111eCT
BO BH6pa.HO B Ka'!eC-TBe pa601Iero B9!1!9CTBa JµIJl MHIIJ9HH C "saMOpOl!teHHoii" 
IlOJIJlpll3anae:ii JI;D;ep ;u;eiiTep,m, KOTOpa.Sl 6uJia 003,llaira B .rum OIDJlll B I986 r. 
ll 6HJia IICilOJII,30Ba.Ha B 3KCil9plIM9HTaX Ha ycxoplITSJie B n~ro (CeprryxoB). 

3. Bnapme C03;D;aHO TBep;u;oe npu KOMHaTHOli TeMnepaTYPe B9!1!9CTBO 
JµIJl MIIIDeHII C DOJIJIPII30BUHHI1l/[H npOTOHa.MH Ha OCHOBe IlOJIII3TIIJI9Ha. C IIMH
HOKCJIJII,HllM CB060;u;HHM CTa6JIJioIDlM pa;u;!IKaJIOM. Pa601Iee B9!1!9CTBO MHID9IDI 
co;u;e~JIT 6oJiee I4% CB06o,n;HHX npoTOHOB. IIOJUiplI3aUI:l.ll npoTOHOB COCTa.Bli
Jia 50% B MarIDITHOM noJie H = 2, 69 T npn TeMIIepa.TYpe T = 0, I K. IIoml3a
Ha B03MO~OCTI, IIpIIM8H8HIIJl :3Toro B8!1!9CTBa B MHlll9HII C "3aMOPOl!t9HHOi1" 
IlOJIJip,rnanirni1 ITPOTOHOB. 

4. BnepBlle OCYil!8CTBJI8H qioTOXHMH1!9CIIBi1 CIIHT93 rro;u; ;u;eiiCTBII9M Jia-

39pHoro 06Jiy1I8Jrtl.ll coe;u;HH9HllJl Cr(V) B II9HTaHOJI8 C USJII,10 003,na.IDIJI pa60-
1Iero B9!1!9CTBa r.mmeIDI, o6Jia;D;alOil!ero IlOBllill9HHOli CTOHKOCTI,10 K B03;D;9HCTBUIO 
pa..zmaIJJIOHHllX IlOBpel!QJ;eHuii. 

5. IIpoBe;u;eHO llCCJI8,IJ;OBaHHe M8TO,IJ;OM 3IIP CTa6JIJII,HOro KOMIL'l9KCa 
cr(V) HMBA-cr(V) B pacTBopax nporragnnoJia-I,2, ,n;eiiTepupoBaHHoro sTaH
;D;HOJia II aTaHOJia C U8JII,10 II3Y1!9HHJl B03MOl!tHOCTH HCilOJII,30BaHHJl 3TOro KOMII
JieKca B pa.601IeM B0!1!0CTB0 MHID0HH C TIOJillpH30BaHHllMH npOTOHaMH ll ,n;eiiTpo
Ha.MH. IloKa33.HO, 'ITO 3TOT KOMIIJI0KC no CBOHM xapaKT0pllCTHKaM YCTYITaeT 
KOMilJI0KCaM Cr(V), CllHT03llpOBaHHl1M B ;D;HOJiax. 

6. IlOKa3aHO, 'ITO pa.spa6oTaHHH8 M0TO;D;ll CIDIT83a H KOHTpOJI.ll TI03BO

JIJlll'.lT IlOJIY'!aTI, pa.601!00 B8!1!0CTBO ;D;JIJl IlOJI.llpll30BaHHllX MiI!Il0Hefi, xapaKT0-

pllCTllKII KOTOpux C TO'I_HOCTI,10 IO% TIOBTOpJIIOTCJl. 
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