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OBIIWI XAPAKTEPMC'fflKA PABO'ru 

AKTY8JhHOCTb :i;ia.6oTH. Ba:HCHO:0: ocodeHHOCTbIO a.npoH-aJWOHHHX 
ll aJWOH-H,UepHHX B38HMO,U8:0:CTB~ rrpn BHCOKHX 9HeprHHX HBJIH8TCH 
Ha.rrnqne adcopdUHOHHHX 9qxl)8KTOB, ~YWfPOBaHHHX ITOMepoHlillMH 
odMeHaMH. POJib adcopdUHH, HarrpHMep, oqeHb Be.JrnKa B 
HHMI03HBHHX rrpoueccax B Tpexpe,IOKeOHHO:0: OdJiaCTH. l13ytl8Hli8 -
adcopdunoHHHX aqxlleKTOB B aTRX pe.aKUHHX rrpe.ucTaBJIHeT doJibmo:0: 
HHTepec C ToqKH 3p8HHH orrpe,U8JI8HHfl, TpexrroMepoHHO:0: Bepmmm 
11•27. Heorrpe.ueJieHHOCTb Tpexpe,IOKeommx BepmHH, HMeroman odHtiHo 
MecTo, o.uHaKo, saTpy,UHHeT BH,UeJieHHe BMa,Ua adcopdunoHHHX 
rrorrpaBOK K Tp8Xp8,IOK8OHHHM q>OpMyJiaM~ Ilc>9TOMY C ;rO~H 3p8HIDI 
rrp6BepKH Tpexpe,IOKeOHHO:0: MO,U8Jrn C adcopdune:0: (TPMA) dOJibIBO:0: 
HHTepec rrpe,UcTaBJIHeT atta.rrns rrpoueccoB, B · KOTopt:lx · ,UoMmmpyeT 
O,UHOITllOH~ OC5M8H, TB.K KaK ,UJIH 9THXp8aK~ BKIT8,U ,UHarpru,u,ru: 
IlTI!P. MOJK8T dHTb (pHKCHpOBaH C TOqHOCTbIO ,UO q>OpMqlaKTOpa~ 
yqP.:THBaIOmero CXO,U ,Il_;.M83OHa C MaCCOBO:0: ITOB8pXHOC'I'I1:. HsyqeHHe 
TaKHX pe~ B TPMA HHTepecHO TaKJKe C TQqKH 3p8HHH 
orrpe,U8JI8HHH ceqe~nn- (HJrn Rn) B3aHMO,U8:0:CTB~~ 

B CJiyqae aJWOH-H,U8pHHX coy.uape~ adcopdUJiH MOJK8T M8HHTb 
ceqeHHe BO MHoro pas. IToJIHHe · aJWOH-H,UepHHe ceqeHHH y,UaeTcH 

OITllCaTb, yqHTHBaH adcopdunomme aqxlleKTH, CBH38HHH8 C ~yrHMH 

rrepepacceHHHHMH (rrp:m5JIHJKeHHe rJiaydepa-CHTeHKo (IIT'C) 13• 1) c 
. H8dOJibIBO:0: rrpHM8CbIO BMa,Ua HeyrrpyrRX rrepepaciceH~ 15, 61:· ·B 

ITOCJI8,UHH8 ro,ttli, O,UHaKO, dHJIO OdHapymeHO, qTo ,UJIH pH,Ua 
~IJ;8CCOB B KX,U MOJKHO OJKH,UaTb dOJibllIHX OTMOH8~ OT_ IIT'C 

· I • 81 , T. e. · dOJibIBOro BMa,Ua B adco~umo HeyrrpyrRX 

rrep8l)8CC8SUrn::0:~ K STHM rrpDU8CCaM OTHOCHTCH pe~UHH, B KOT~~HX 
,nHHaMWieCKH BH,U8JI8HH ~OMIIaKTHl:l8 KBapKOBH8 KOHq>HrypaUHH / 7 . /, 
CJiado B3aHMO,U8:0:CTByiomH8 c· HYIµ(OHaMH H.npa, BBH,UY RX' MaJioro 
pa3M8pa /IO,II/_ HsyqeHHe TaKHX 'pea~ rrp8,UCTaBJIH8T 

sttatmTBJib~ mrrepec KaK c ToqKH speHHH · rrpoBepKH 
q>YH,UaM8HTaJibHOro. rrpe,UcKa3aHHH KX,U od YM8Hbill8Hlili ceqe~ 
B3aHMO,U8:0:CTBHH aJWOHOB C YM8Hbill8HH8M RX pa3M8poB, TaK H C 
TO~ 3p8HHH BHHCH8HHH M8XaHH3MOB pac~eHHHH a,UpoHOB 
(HarrpHMep, ,UJIH TIOJiyqeHHH HHq>OpMaUHH O rrpHpo,Ue oC5pa3OBaHHH 
MmmMYMa B ceqe:mm: rrpouecca n-p ... n°n rrpH ltl"-0,6 craB/c} 2, o 
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M0X8IDI3Max NN-pacceSUlli.fI Ha 00Jibl1Il10 yr Jill H T ~ .ZJ:~ ) • 

M3Y1:IeHHe aOcopOI..UiOHHHX sqxlleKTOB B a,ZJ;pOH-.fI.ZJ:0PHHX 
coy,ZJ;apeHH.fIX rrpe,ZJ;cTaBJI.fIO'r HHTepec TaIOKe C TOtJKH speHH.fI 

KCCJI0,ZJ;OB8IDI.fl ItpO.fIBJieHH:0: KBapKOBHX sqxlleKTOB B CTPYKType .fl,Zl;pa. 
KBapKOBa.fI CTPYKTypa HYKJIOHOB H .ZJ:ByxrJIIOOHH'aH rrpKpO.ZJ:a noMepoHa 
B KXJ{ .ZJ:OJDKffil ItpKBO,ZJ;KTb K norrpaBKaM HOBOro TKIIa. K rrrc, 
CB.fI3aHH!lM. C TSM, :t!TO .ZJ:JI.fl KOHq>HrypalUtlt .fl.ZJ:P8 C nepeKpl:lBaIOIUKMHC.fI 
KBapKOBHMK BOJIHOBHMK qJYHKI..Ui.fIMK HYKJIOHOB npe.ZJ:IIOJIOlK0HH.fI.III'C ·He 
BilIIOJIH.fIIOTC.fI. IlOSTOMY H3Y1:I0HH0 KBapKOBHX norrpaBOK K III'C 
OTKpUBaeT_B03MOlKHOCTb.,ll;JI.fI noJiytJeHH.fI HHq>OpMaUHH,O KBapKOBHX 
BOJIHOBHX <PYHKI..Ui.fIX . MHOrOKBapKOBI:lX KOHq>HrypalUifi · . _ B · .fl.ZJ:P8X, 
HarrpHMep, O 6g-KOMIIOH8HTe B.BOJIHOB0:0: (pYHKI..UfH B .ZJ:8:0:TpoHe. 

ll8Jb J)8,60TN COCTOHT B 8H8JIH38 P.fl.ZJ:a npotieCCOB 
8.ZJ:POH~8.ZJ:P9HHHX H 8.ZJ:POH-.fI.ZJ:8pHHx B38HMO.ZJ:8:tlCTBK0:, B KOTOpux 
BalKHYJO pOJib HrpaIOT aOcopOuKOHHI:le sqxlleKTI:l. IlpH STOM O.ZJ:HO:tl H3 
r.naBHHX .. 3a,ZJ;8tJ ,ZJ;KCC8pT81.UfJ1 5'.IBJI.fI8TCfl HCCJI8.ZJ:OBaHHe TaKHX 
8.ZJ:PQH-.fI,n;epHHX peaKWtlt, .ZJ:JI.fl KOTOpux Ha B8JIH:tJHHy aOcopOI..UiOHHHX 
sqxl)eKTOB CYm8CTB8HHO .BJIH.f!IOT Itp8.ZJ:CKa3UBa8M08 KXJ{ CBO:tlCTBO 
3aBKCHMOCTH C8tJ8HH.fI,B3aHMo~e:tlcTBH.fI 8.ZJ:POHOB,OT HX pasMepoB I1 
KBapKOBa.fI CTPYKTypa HYKJIOHOB.fl.ZJ:P8. M3Y1:I8HH8 9THX rrpoueccoB 
BalKHO C TOtJKH 3p8HH.fl ·HCCJI8,Zl;OB8IDI.fl . .ZJ:HHaMHKH 8.ZJ:POH-a,ZJ;pOHHoro 
pacrie.fIHH.fl H po:7IB,KBapKOBI:lX CTeneHe:tl CBOOO.ZJ:H B CTPYKType .fl.ZJ:P3. 
UeJibIO paOOTI:l ·.fIBJI.fleTc.fI TaKJKe aHaJIH3 · ~I03HBHHX .' rrpoueccoB , B 
Tpexpe,Zl;lK80HH6:A: OOJia~TH, - B . . KOTOpHX .ZJ:OMKHHpyeT M8X3HJ13M 
O,n;H~IIHOHH?PO OOMeHa C Y1:I8TOM aOcopOI..UiOHHHX norrpaBOK. 

HayqHaH HOBH3Ha. Pa3BI1T qiopM3JIH3M · .ZJ:JI.fl pactJeTa 
KHKJII03I1BHI:lX cetJeHH:0:-Jf cnHHOBI:lX MaTpHU nJIOTHOCTH p830H8HCOB B 
TPMA .ZJ:JI.fl rrpoueccOB, B KOTOpHX .ZJ:OMHIDrpY8T BKJia,ZJ; ,ZJ;KarpaMMI:l IIlllP. 

IIpOB8.ZJ:8H:. CI1CT8M8THtJ8CKKA: - .aHaJIH3 · OOJibillO:A: ·,. COBOKYJIHOCTH 
8KCnepHM8H-TaJibHHX .ZJ:aHHllX no rrpoueccaM 9Toro •. TKIIa, B TPMA. 

~ . ' . 
IloKa3aHo, :t!TO YtJ8T aOcopOUJ,IJ,I H800XO.ZJ:HM .ZJ:JI.fl rrpaBHJibHOro 
OIIHCaHH.fl ceqe_HH:0: 9THX peaKIUf8. BrrepBI:l8 Ha ,oqHoBe pesyJibTaTOB 
aHaJIH3a HHKJII03HBHHX rrpoueccoB 11 .ZJ:ByxtJacTHtJHUX peaKUKA:, B 

; .-· ) - . 

KOTOpl:lX .ZJ:OMHHHpY8T M8X8IDI3M IIHOHHoro OOM~Ha, · BilIIOJIH8Ha 
ItpOB8pKa COOTHOmeHKA: (p8KTOpI138I..UfJ,I . .ZJ:JI.fl qiopM(paKTOpoB BepmHH 
B33HMO.ZJ:8:0:CTBJf.fl Il-M830Ha C tJ8CTJfUaMK I1 K08qxl)HUI18HTOB JII1BH8BOro 

-: ' . . ' ~ ' , - ' 

·ycHJieHH.fl, BBO.ZJ:HMHX .ZJ:JI.fI.Y1IeTa HeyrrpyrHX nepepacce.HHlfA. 
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BrrepBI:le_ nocTpoeH qiopMaJIH3M ,ll;JI.fl Bll:tllfCJI8HH.fI CTPYKTYPHHX 
qiYHKWtlt rrpouecCOB C ,ll;OMKHHpYl{llI{HM BILJia,ZJ;OM . TI-OOMeHa .. B 
Tpexpe,Zl;lK80HHO:A: oO.naCTH B CJIY1Iae 8.ZJ:POH~.fl.ZJ:8PHHX coy,ZJ;apeHKA:. 
TipO,Z1;8MOHCTpI1p0BaHO xopomee OIIHC8IDI8 8KcnepHM8HT3JibHHX ,ll;aHHllX 
no peaKUJ,IJ,I IT-A ➔ p0 X. 

BrrepBI:l8 B paMKax TPMA -· _.ItpOB8,ll;8HO H3BJI8tJ8HH8 ceqe}-ijl:0: 

rr±rr--roalfMo,ZJ;ertcTEKA: .ZJ:O srrrr~200 rsB2 HS _,n;aHHllx no rrpoueccaM 
n±p -➔ X6++, n±n ➔ Xp. • 

BrrepBI:l8 B paMKax M8TO,ZJ;a co0CTB8HHI:lX COCTO.fIHH:0: KXJ{ 

IIpOB8,ll;8H aHaJIH3 rrpouecCOB KBa3Hynpyroro pacce.fIHH.fl IIHOHOB H 
+ . 

peaKUIDl nepesap.fl.rorn: rr- ➔ Il°(T)) Ha .fl.ZJ:Pax B oOJiaCTH OOJibmHX 
SHeprKA: H MaJIHX yrJIOB pacce.fIHH.fl. IloKa3aHO, tJTO B CJIY1Iae 
peaKUIDl nepesap.fl.rorn: HeyrrpyrHe rrorrpaBKH CTaHOB.fITC.fI 
CTOITpOU8HTHO BalKHHMK •. Ha OCHOB8 cpaBH8HH.fl pesyJibTaTOB 
paCtJ8TOB C 8KCnepHM8HT8JlbHHMK ,ll;aHHHMK ITO P8aKI..Uf.fIM rrepesap.fl.I(KH 
' ~ : .. 
Brrepme nOJIY1:I8HO ITO.ZJ:TB0plK,ll;8HH8 B 8.ZJ:POHHHX peaKI..Uf.fIX 
rrpe,n;cKa3HBa8MOro KXJ{ .fIBJI8HH.fI UB8TOBO:A: rrpospa:tIHOCTH .fl.ZJ:Pa ,I(JI.fl 
KOMITaKTHllX 8.ZJ:POHHI:lX CHCTSM~ Ilpo,n;eMOHCTpl1pOBaHa B03MOlKHOCTb 
H3Y1:I8HH.fl IlpHpo.ZJ:I:l MHHHMYMa B C8lJ8HHH rrpouecca IT-p ➔ IT0 n. rrpH 
ltl~0,6 (rsB/c) 2 ITYT8M aHaJIHsa peaKUHH TI-A ➔ IT0 X. 

BrrepBI:le rroKa3aHO, :t!TO _,IJ;JIH Itp01\8CCOB pacceSUlliH 8.ZJ:POHOB H,a 
.fI.I(8pHHX HYKJIOHaX C OOJibmo:A: rrepe,n;aqe:A: HMIIYJibCa, BH,ll;8~.fIIOOtHX 
KOMIIaKTHH8 KBapKOBI:l8 KOHq>Hryp81.UfH, B03MOJKHO' HapymeHHe 

qiaKTOpKsarum: xecTKo:A: 8.ZJ:POHHO:tl. aMIIJIHTY.ZJ:H pacceSUlliH H 
aOcopOI..UfOHHHX , (paKTOpOB, CB.fI3aHHllX .. co B33HMO,n;e:tlCTBH8M 
HatJaJibHHX H KOH8tJHHX 8.ZJ:POHOB C .fI,n;epHO:tl_cpe,n;o:A:., 

BrrepBue rrpoBe.n;eH aHaJIHs rrponecca pA ➔ ppA ,n;JI.fl OoJibmHX 
y:rJIOB pp-pacceSUlliH B KB8HTOBOM8XaHHtJ8CKOM rro,n;xo,n;e C yqeTOM 
B33HMO,I(e:tlcTBJf.fl KBapKOB B HYKJIOHe B rrpe,n;acHMIITOTHtJ8CK0:0: 
sirepreTHtJ8CK0:0: oOJiaCTH. IlOKa3aHO, •. tJTO ,ll;JI.fl ,IJ;ByxKOMIIOH8HTH0:0: 
MO,ll;8JIH aMIIJIHTY.ZJ:I:l pp-pacceSUlli.fI Ha 90° He B03HHKa8T OCI.\IDIJI.f!UIDl 
IT8paM8Tpa l\B8TOB0:0: Itp03pa:t!HOCTH. 

BrrepBI:l0 HCCJI8,ll;OBaH HOBI:l:tl BH,II; rrorrpaBOK K rrrc, CB.fI3aHHHX C 
KBapKoBO:A:.cTpYKTypo:0: HYKJIOHOB a,n;pa. IloKasaHo, :tITO K:sapKome 
rrorrpaBKH K cetJeHHIO hct-pacceSUlliH MOrYT 6HTb Be.JlliKH TOJibKO B 
CJIY1I88 IlpHCYTCTBJf.fl B ,n;e:0:TpoHe mecTHKBapKOB0:0: KOMITOH8HTH. Ha 
OCHOB8 aHaJIH3a 8THX ITOrrpaBOK ITOJIY1I8HH OrpaHH:tl8HH.fl Ha pa3M8p 
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meCTJ1KBapKOBoro COCTOHHllil B ,ne:A:TpOHe. ITO~Y1!8HH yc~OBHSI 
rrpllMeHHMoCTH nrc ,n~SI ormcamrn _ ~qxpepeHIU1a~hHoro ceqeHllfl 
hc1-paccemnm rrpH I~ I tO. · 

ill)aKTWiecKaa iieHHocT1,. ITpoBe,neHHHn B paOoTax aBTOpa 
8H8Jrn3 JfHKJII03MBHHX IIpOU8CCOB IIpH X➔I C .I(OMIDllipYJOmHM B~a.I(OM 
rr-oOMeHa B paMK8X TPMA rrpe,ncTaMSI8T MHTepec KaK C TOtIKM 
3peHMH BHSICH8HMH B03MOlKHOCTH pmcaHMSI 8KCrrepllM8HT8~bHHX 
.I(aHHHX no KOHKp8THHM peaKUHHM B Tpexpe,IOKeOHHO:A: Mo,ne~._ T8K. H 
C TO~H 3pemm pemeHMSI IIpaKTJ1q8CKll BalKHO:A: 3a,naqn orrpe,ne~eHMSI 

+ -·- ' 
ceqeHHn rr-n--B38llMoAe:A:cTBMn. 

. . . + 
Bmro~emun aBTopoM atta.Jrn3 rrpoueccoB rrepe3_apSI.nKH n-A --

IT0( T}) X IlO.I(TBep~~ rrpe,nCK83HBa8Myro'oopHOBCKllM irpHOJIIDK8HH8M KXJl 
38BllCHMOCTI:, c~qeHMH B38HMO.I(8:0:CTBHSI 8.I(pOHHO:A:. CHCT8MH C 
HYKJIOHOM OT ee pa3Mepa. 3TOT !p8KT rrpe,ncT~MSI8T He TO~bKO 
CaMOCTOSIT8~bHHn T80p8TJ1q8CK11n MHTepec, HO B8JK8H_T8IOK8 C TOqKH 
3p8HHSI ITpaKTJ1q8COO ,pacqeTOB HeyrrpyrMX ·rrorrpa~K K I1I'C B 
pas_JIWIHHX a.npoH-SI,nepHHx peaKUllSIX. Hcc~e,noBa.HMH aBTopa peaKuMn 
rrepe3apSI.I(lill Ha 'SI,npax ' mrn:rumpo:sa~ rrpoBe,neHMe ,nByx 
8Kcrrep~8HTOB.H8 cepnyxOBCKOM YCKOpHTe~e_ KO~~aOopauHSIMll ITP03A 
H I'IDIEPOH. _ 

Pa3pa0oTaHHHn B .nnccepTaUMll KBaHTOBOMexaHJ1q8CKHn rro,nxo,n 
' .. ' . 

C Y1!8TOM M8JKKBapKOBOro B38llMO.I(8:A:CTBllSI ,!(~SI pacqeTa rrapaMeTpa . , 
UB8TOBO~ rrpo3p8qtt0CTH B rrpouecce pA ➔ ppA MOJK8T OHTI:, 
HCITO~b30BaH IIpH 8H8~38 _npyrMX 8.I(pOH-SI.I(8pHHX p88KU11n, B 
qacTHOCTH, .I(JISI peaKI.U{A: C Y1!8CTH8M TSIJK8.Jil:lX KBapKOHM8B. 

ITpoBe~eHHHn atta~3 rrorrpaBOK K nrc ,nJISI hd-pacceSIIDISI BaJKeH 
C TOtIKM 3p8HMH rroJiyqeHMSI MH!pOpMBUMll O KBapKOBO:A: BO~OBO:A: 
IPYHKUMll NN-cHcTeMH B oOJiaCTH Kopa H c TOtIKM 3peHMHBorrpoca o 
rrpe,neJibHO:A: TOqttOCTH, C KOTOpO:A: MOJK8T 0HTb BHtlliCJI8H8 aMIT~Ty,na 
hd-pacceSIHMH B no,nxo,ne, He yqMTHBaiomeM · KBapKo:i3o:A: CTPYKTYPH 
HYKJIOHOB. 0TB8T Ha ITOCJI8~ BOIIpOC MHT8p8C8H. B. CBSI3H C 
38.I(aqe:A: 8KcrrepMM8HT8JlbHOro orrpe,neJI8HMSI ceqeHJi::A: B38llMO.I(8:A:CTBHSI 
a.np0HOB C H8:A:Tp0HOM. 

Ha 38JllliTY BHHOCHTCH CJ8JIYIOlllli8 OCHOBHH8 rroromettna: 
I. Pa3pa0oTia ipopMaJIM3Ma Tpexpe,IOKeoHHo:A: Mo,ne~ ·c 

aOcopOUMe:A: .I(JISI rrpoueccoB, B -KOTOPHX ',noMIDmpyeT M8X8Hll3M 
o,nHomioHHoro oOMeHa. 
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2. OOpaOOTKa OO~bIDO:A: COBOKyrrHOCTH 8KcrrepllM8HTaJI~HHX 
.naHHHX rro llHKJII03MBHHM peaKUMSIM B Tpexpe,IOKeoHHo:A: oOJiaCTH, B 
KOTOpHX .I(0MllHllpY8T ,I(HarpaMMa I1I1IP B paMKax TPMA. ,lleMOHCTPauHSI 
BalKHOCTH Y1!8T8 aOcopC5UJ1ll .I(JISI rrpaB~hHOro OIIMCaHMSI _ ceqeHHn .H 
CITMHOBHX MaTpMU IT~OTHOCTH p830H8HCOB B 8TMX rrpoueccax. · 

3. ITpoBepKa COOTHomeHMn !p8KTOpH38UMll ,!(~~ ipopM!paKTOpoB 
B~pmim .B38llMO.I(8:A:CTBHSI n-M830Ha C qaCTJ1U8Mll . H K08qqJJ1UM8HTOB 
~HeBoro YC~8HHSI, yqHTHBaJOmMX.B~a.I( HeyrrpyrMX rrepepacceSIHHn 
B ao~op0UHOHHH8 rrorrpaBKH. ,I(JISI · llHKJII03MBHHX H .I(Byxqac~x 
peaKuMn, B KOTOPHX .I(OMllHMpyeT -TT-OC5M8H. 

4. OOoOmeHMe TPMA Ha C~Y1!a:A: SI,nepHHX Mllill8He:A: MS! 
rrpoueccoB C .I(OMllHMpyromm,1 B~a.I(OM·TT-OC5MeHa. OIIMcaHMe ,!(8HHHX rro 
peam..um n- _. p0 • 

. + ~ 

5. H3MeqeHHe ceqettMn n-n.-B38JiM0,!(8:A:CTBMn B paMKax TPMA 
H3 8KCIT8pllM8HT8JlbHHX .I(8HHHX ITO p88KUMSIM TT±p-> :}{8++, TT±n-> Xp. 

6. Hcc~e,nOBaHMe B paMKax M8T0,!(8 C00CTB8HHHX COCTOSIHHn 
. . 

KXU po~ HeyrrpyrMX rrepepacceSIHHn · B-. KBa3llyrrpyroM pacceSimm ,., . . ' . ' 

IIMOHOB Ha SI,npax rrpH BH?OKMX 8HeprHSIX H M8.Jil:lX yr~ax pacceSIHMH. 
_ .. 7. AHa~3 B paMKax M8TO.I(a C00CTB8HHHX COCTOSIHMn KXJl 

~·. i . • + 
rrpoueccoB rrepesapSI,nKH n-A ➔ If>(T})X B oo~acTH OoJihmMX sHeprMn 
H _ I t I ¾I ( rsB/·c) 2• ITo,ni'BePJK,D;eHMe rrpe,ncKasuooeMoro KXU 
YM8Hhill8HHSI ceqeHMSI B38llMO.I(8:A:CTBHSI a.np0HHO:A: CHCT8Mll C HYKJIOHOM 
rrpH YM8Hbmemm p83Mepa8TO:A: CHCT8Mll. 

__ 8. ITo,nTBepJKJJ;eHMe Ha ocHoBe atta~sa ,naHHHx rro rrpoueccy 
TT-A~ TT0 X M8X8Hll3M8 o0p830BaHMSI MllHMMYM8 B ceqeHMll peaKUMH 
TI-:'p ➔ TT0 n rrpH ltl.~0,6 (rsB/c) 2 38 cqeT MHTepl)epeHUMll p-rroJIIOCa 
C p(P-B8TM8Hll8M. 

9. .UoKasaTeJibCTBO ·-• B03MOlKHOCTH HapymeHMH ipaKTopH38UMll 

JK8C,TKO:A: 8.I(pOHHO:A: 8MITJIHTY.I(ll H aOcopOUMOHHHX (paKTOpoB, 
CBSI:3aHHHX . c nor JiomeHMeM B SI,nepHo:A: cpe,ne ,nJISI rrpoueccoB 
pacceSIHMSI qacTMU Ha CBSI38HHHX HYKJIOH8X C 00~1:,mo:A: rrepe,naqe:A: 
MMITYJihCa. 

IO. YB8.JIJ1q8HJ18 IIOJIHpH38UMll_ IIpOTOHOB OT ,naqn ( HJIH 

rrapaMeTpa 8CllMM8TpMll IIpH paCC8HHIDf rro~HpH30BaHHHX IIpOTOHOB) B 
KBa~HyrrpyroM pacceHmm qaCTMU Ha CBSI38HHHX ~YKJIOHax. 

II. KBaHTOBOM8XaHHqecICMn 8H8~3 C yqeTOM M8JKKBapKOBOro , 
B38MM0,!(8:A:CTBHH rrpouecca pA ➔ _ppA ,!(~SI OOJihmMX yrJIOB pacceSIHMH 
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B rrpe.uacl1MJITOTIB18CKO:tl 9HepreTIBl8CKO:tl OOJiaCTH~ 
I2. AHa.llli3norrpaBOK HOBOro· Tillla K III'C, CBSI3aHHHX C 

KBapKOBO:tl CTPYKTypO:tl HYKJIOHOB H ,I(ByxrJIIOOHHO:tl IIpllpO,I(O:tl 
noMepoHa. noKasaTeJibCTBO MaJIOCTH 9TllX norrpaBOK ,I(JIH aMTI~TY.I(ll 
hd-paCC8HHllfl B CJITJae OTCYTCTBHH B ,!(8:tlTpoHe rrpllM8CH 

6g-KOMTIOH8HTI:l. 
I3. rro~eHHe orpaHIBieHllft Ha pasMep mecTHKBapKoooro 

MemKa B ,I(8:tlTpOH8 nyTeM cpaBH8Hllfl pacqeTHI:lX 3Haqe8llft KBapKOBI:lX 
nonpaBOK K otot(pd) C OTKJIOH8HllHMll 9KCnepllM8HTaJibHI:lX ,I(aHHHX 

oT npe.ucKasaHllft rrrc. · 
I4. IloKa3aHO, qTo, .H8CMOTpH Ha OOJibillYIO B8JIIBlllHY 

KBapKOBHX norrpaBOK K aMTI~Ty,I(e. hd-pacceHHHH rrpH ltl;i!O B 
CJITJae·Ha~ 6g-KOMTIOH8HTI:l B ,!(8:tlTpoHe, rrrc ,I(OJDKHO ,I(8BaTb 
npaBMbHI:l8 pesyJibTaTH ,I(JIH aMTIJIHTY.I(ll hd-paCC8HHllH, ec~ rrpH 
8TOM HCnOJib3Y8TCH HYKJIOHHaH BOJIHOBaH ¢YHKUllH ,!(8:tlTpoHa, 
OTillCHBaIOIUaH .uamme no ed-paccemmro.- · 

.AmX>6au,rnJ w6oTH H ny6.mmaI1IDr. ,UHccepTal.Uffl. HaTillcaHa no 
MaTepHaJiaM I 11 onyOJillKOBaHHHX paOoT, CTillCOK 1<0Topux IIplmOAllTCH 
B KOHIJ;8 aBTOpe¢epaTa AllCC8pTau:m1. 0CHOBHbI8 pesyJibTaTH 
,I(OKJI~~cb Ha ceccHHx OT.ue~eHHH H.UepHott¢nsHKH AH CCCP, ila 
BceCOI03HO:tl 3llMH8:A: mKOJie no $H3UK8 BHCOKllX 8Heprllft (EaKypHaHll, 
I99I r.), Ha paOoqnx' COBemaHHHx lfMpol;lli.::.:8~,89,90", Ha 
Mem.nYHapo,I(HO:tl KOH$epeHI.Ulli no a,lij)OH-H,I(epHHM B3allMO,I(8:tlCTBllHM 
( Ea.JIB.TOH, I983 r·. ) , im Mex.uYHapo,I(HO:0: KOH$epeHU;IDi no qaCTHUaM 
H H.I{paM·(PANIC XII, Cambridge, 1990), Ha HayqHf:lX C8MllHapaX 

OMID1, H<I>B3, IDOOI<I> MI'Y. 
,zrnccel)Tarnrn. ,UHccepTauHH COCTOHT H3 BBe,n;eHllfl, 

Tpex rJiaB H 38KJII()qeHllfl, B KOTOpoM nepeqHCJI8HI:l OCHOBHI:l8 
I . . 

pesyJibTaTH. OOmllft oO~eM AllCCepTau:mi cocTaBJIH8T CTpaHHU 
Manrn:HOTillCHOro T8KCTa, BKJIIOqaH 37 pHCYHKOB H CTillCOK ,~TepaTypH 

H3 II2 HallM8HOBaHll:tl. . 

CO,ltEPJA.mm PABOTl-1 

Bo BBBJiemw; ¢opMYJ!llpYIOTCH npoOJieMll, P§lCC,MaTpHBaeMHe B 
AllCCepTau:mi- ,llaeTCH KpaTKllft oOsop IlOJITJ8HHI:lX pesyJibTaTOB~ 

Ilel)B8H rJia,Ba IlOCBHm8Ha aHa.Jlli3Y C TJ8TOM aOcopOrmoHHHX 
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norrpaBOK llHKJII03HBHHX peaKUH:A: B Tpexpe,I(lKeOHH0:0: oOJiaCTH,. B 
KOTopux ,I(OMllHllpY8T BKJla,I( AllarpaMMH TII11P. B § I 8TO:0: rJiaBH ,I(aH 
BHBo.u ¢opMYJI TPMA .UJIH cTpYKTYPHI:lX $YHKUH:A: rrpoueccoB rr±N ➔ 

o · + - *o -*o ++ p x, K (K )N ➔ K (K. )x, pN ➔ ~ x, p(n)N ➔ n(p)X. 

Bf:lqHCJI8Hll8 CflllHOBHX CTPYKTYPHI:lX $YHKUH:A: ,I(JIH peaKUH:A: pom,neHllH 
pesoHaHCOB BHTIOJIH8HO B CHCTeMe KOOp,I(llHaT roTqipM,D;a-)J.llteKCOHa, B 
OT~qJfe OT OOI:l~O HCTIOJib3Y8MOro ,I(JIH BI:lqlfCJI8HllH aOcopormoHHHX 
norrpaBOK S-KaHaJibHoro CilllpaJibHOro (p()pMa~sMa /I2,I3/. 
Y.n;oOCTBO HCnOJib3OBaHllH CHCT8MH roTqipM,D;a-)J.llteKCOHa oOycJIOBJI8HO 
T8M, qTo llM8HHO B 8TO:tl CHCT8M8 KOOp.I(llHaT ocoOeHHO HarJIH,I(HO 
IIpOHBJIH8TCH BJIHHHlle aocopOUHH Ha CflllHOBI:l8 MaTpHUH IlJIOTHOCTH 
pesoHaHCOB"" B peaKUHHX c· ,I(OMllHllpYJOmHM BKJla,I(OM AllarpaMMH TII11P. 
,lJ,JIH· BI:lqlfCJI8HllH llHTerpaJIOB no l1MIIYJibCaM, npoT8KaIOmHM no 
pe,I(lKeoHaM, B03HHKaIOUU1M rrpn pacqeTe aOcopOrmoHHHx norrpaBOK~ 
HcnoJibSOBaH AllCKpeTHH:tl aHaJior ~-rrpe,n;cTaBJieHIDI Eoro.mooore 
n~MesoHHoro nponaraTopa. BKJia,n Heyrrpyrnx rrepepacceHHllft 
~THBaJICH BB8,I(8Hll8M KO8(pq)lfUH8HTOB JIHBHeBOro YCHJI8Hllfl, 
KOTOpHe HapH.UY C rrapaMeTpaMH, ~THBaIOmHMH CXO,I( Il-M83OHa C 
M8CCOBO:tl noBepXHOCTH, CqHTa~Cb CBOOo,iuiliMH napaMeTpaMll 
MO,I(e~. 

B § 2 rJiaBH I npoBOAllTCH cpaBH8Hll8 pesyJibT8TOB pacqeTOB 
B TPMA C 9KCnepllM8HT8JlbHI:lMll ,I(aHHI:lMll no ceqeHllflM H CIIHHOBHM 
MaTpHUaM nJIOTHOCTH pe30HaHCOB paccMaTpHBaeMHX rrpoueccoB. 
PesyJibT8TI:l SToro cpaBH8HllH noKa3HBaIOT, qTo ·aocopOUHH 'B8l!CH8 
,I(JIH npaBMbHOrO OTillC8HllH aOCOJIIOTHI:lX BS~ ceqeHllft STllX 
rrpoueccoB H IlOB8,I(8HllH MaTpHU IlJIOTHOCTH pe3OHaHCOB rrpH x, 
O~3KllX K I. HcilOJib3YH 3Haqemm rrapaMeTpOB, OTillCI:lBaIOII(ID{ 
¢opMqiaKTopu n-MesoHHI:lx i:iepillllH H KoaqJqJHUHeHTu JIJmHeooro ·. 
YCllJI8HllH, nOJITJ8HHI:l8 HS · aHa~sa . ,I(aHHHX no llHKJII03HBHHM 
p8aK1UfflM H. ,I(ByxqacTIBIHI:lX pe~,·B KOTOpHX TaIOK8 ,I(OMllHllpY8T 
n-oOMeH \ B § 2 rrpoBe.n;eHa npoBepKa COOTHOme~ (paKTOPH38UIDi 
,I(JISI 9TllX Be~. IlOKa3aHO, qTo COOTHOID8Hllfl qlaKTOpH38UIDi 
xopomo BHTIOJIHHIOTCH. Ilo,n;oOHaH npoBepKa corJiaCHH napaMeTpoB 
pe,I(lKeBciooc Mo,n;eJie:A:, noJITJeHHHX HS aHa~sa .n;ByxtiacTIBIHHX H 
HHKJII03HBHHX pearo:iira, B ~TepaType paHee He IIpOBO,I(HJI8Cb. 

B § 3 rrepooa rJiaBH rrpoBOAllTCH aHa.Jlli3 rrpouecca rr± ➔ p0 Ha 
H.n;epHoa MHIII8Hll. Ilepexo,n; OT HYKJIOHHoa K H,n;epH0:0: MHIII8HH 
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YI3e.JmllliB8eT poJib aOcopOumi~ 3TO OOCTOHTeJibCTBO ,neJiaeT TaKHe 
rrpoueccu ocoOeHHo HHTepecHHMH .UJIH rrpoBepllli TPMA~. PesyJibTaTu 
pacqeTOB cneKTpDB p0 -Me30HOB B TPMA xopomo corJiaCyroTCH C 
.U8HHHMH .UJIH SI.npa 9

Be rrpH PJiaO = 43 TuB/c 1141. B § 3 
rrpoBe,UeHO TaKJK~ cpaBHeHHe pesyJibTaTOB pacqeTOB B TPMA C 
pesyJibTaTBMH ;ynpomeHHoro qieHoMeHoJiormecKoro rro,uxo.ua 
Koqioe,u-X8HceHa1151• IloKasaHo, qTo Hs-sa OoJihmoro pa,nHyca 
B38.HMO.Ue:0:CTBIDI .UJIH Il-OOMeHa rro,uxo,u Koqioe,u-XBHceHa IIpHBO,nHT K 
OOJibnrnM OlllliOKaM B HHKJII03HBHHX ceqeHHSJX pe~ C ,UOMHHHpY1{llIU1M 
BKJI8,nOM IIHOHHoro _OOMeHa. 

B § 4 nepB0:0: rJiaBH, HCIIOJib3YH rrapaMeTpH TPMA, IIOJiyqeHHHe 
IIpH aHa.mrae pe~ pN ➔ ~++x, p(n)N ➔ n(p)X,. IIpOBO,nHTCH 
H3BJieqeHHe ceqe~ n±rr--B38.HMO,Ue:0:cTB~ Ha OCHOBe ,naHHHX no 

. . ± . ++ + 
ceqeHHSJM rrpoue_CCOB. IT p ➔ x~ . • rr-n. ➔ • Xp. CeqeHHe 
rr+n_--B3a.HMo,ne:0:cTBIDI orrpe,neJieHo ,no s!111 ~ . 100 - raB2, a 
rr-n--B3a.HMo~e:0:cTBIDI ,no srrrr ~ 200 raB. HsBJieqeHHe ceqe~ 
ITIT-B38.HMO,ne:0:cTBHa B 4)opMaJIH3Me C aOcopOUHOHHHMH rrorrpaBKaMH .no 
8Toro B JIHT0paType He IIpoBO,I(HJIOCb. Ilo~eHHHe B paMKax TPMA 
3HaqeHHSJ ~t 0Ka3~Cb Ha 10-15% HIDK0 3Haqe~. IIOJiyqaeMHX B 
q>opMaJIH3M0, He yqHTHBaIOII\eM aocopOUHH. 

§ 5 rJiaBH I rrocBSimeH 00CYJK,IJ;8HIDO pesyJibTaTOB aHaJIHsa 
rrpoueccoB c .noMHIDIJ)~ BKJia,noM rr-oOMeHa • 

B r.rraBe II 11poBO,nHTcH aH8JIH3 rrpoueccoB - KBasHYIIpyroro 
pacceSIHHSI H pe~ rrepesapSI,nllli Ha H.npax. B § l aTo:0: rJiaBH 
npooo,nHTcSI aH8JIH3 rrpouecca KBaSHYIIpyroro pacceHHHSI IIHOHOB Ha 
H.npax IIpH HeOOJII,JllliX ltl (~I (I'sB/~) 2 ) H OOJiblllliX s. IlpM 8TOM 
rro.u OOJiaCTI,ID OOJII,~ s IlOHHMaeTCSI. OOJiaCTb 8HeprHa,, ,UJIH 
KOTOpHX MOJKHO rrpeHeOpeq1, H3M0HeHHeM MelKKBapKOBHX paCCTOSI~ B 

HaneTaromeM a.npoHe B rrpouecce ero rrpoxoJK,IJ;eHHSI qepes H.npo (.UJIH 
Il-Me30Ha -.8TO SH~pI'HH BHme He~KOJII,KHX .uecSITKOBTuB). B .§ 2 
BTopo:0: rJiaBH,B ST0:0: Ee KHHeMaTmecK0:0:. OOJiaCTH HCCJie,UyroTCH· 
aocopOUHoHHHe s(WJeKTH .IlJISI rrpoueccoB c HSMeH~HHeM KBaHTOBHX 
-cmceJI Il±A_ ➔ T}(II°)x, pA ➔ ,AAx. 

P,83YJibT8TH_pacqeTOB § I, BHITOJIH8HHHX C HCIIOJib30BaHH8M 
,llMII, napaMeTpa UBSTOB0:0: rrpospaqaocTH (Tr), orrpe,neJIHeMoro KaK 
OTHOmeHHe· 
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... 

,, 

I ,; 

~)' 

0 
Tr= _hA 

A OhN 
( I·) 

(OhA hN - ceqeHHH rrpouecCOB Ha H,UepH0:0: H HYKJIOHH0:0: MHm~HHX), 
,UaIOT • .UJIH 8T0:0: B8JIH1lHHH 3HaqeHHSJ, 0JIH3KH8 K IIp8,UCKa3aHHHM III'C 
co CJiaOo:0: t-3aBHCHMOCTbIO. TaKHM oOpa30M, BKJia,n HeyrrpyrHX 
rrepepacceH~ ,UJIH KBa3HYIIpyroro paCC8HHHH IIHOHOB OKa3HBa8TCH 
H800JibmHM. 3TOT qJaKT CBH3aH C ,UByxrJIIOOHH0:0: IIpHpo.U0:0: 
saTpaooqHoro IIOMepoHa B KX,U. IlpH B38.HMO,ne:0:CTBIBf KaJK,IJ;oro 
rJIIOOHa C OT,UeJibHHM KBapKOM B Il-M830He OTCYTCTBYIOT KBapllli 
CII8KTaTOpH. B pesyJibTaTe ,name .UJIH 3H81lHTeJibHHX rrepe,UaHHHX 
HMITYJibCOB (g ~ 1/rIT) IIpH IIOM8pDHHOM 00M8H8 XapaKTepHH:0: pa3M8p 
qq-rrapH OKa3HBa8TCH rropH,nKa pasMepa Il-Me30Ha. E.lrn:30CTb 
ceqeHHH B38.HMO,Ue:0:CTBHH ~aKHX qq-KOHqJHrypaUH:0: C HYKJIOHOM K OITN 
IIpHBO,nHT K TOMY, qTo aOcopOUHH OK83HBaeTCH 0JIH3Ka K 
paccqHTaHHo:0: B nrc. CHTYBUHH, O,ntt~O, M8HH8TCH rrpH rrepexo.ue K 
peaKUHHM rrepesapH,nKH, ~- qepe3 00M8H BTOpmHl1MH 
pe,umeoHaMH, ,UJIH KOTOpHX O,UHH KBapK MomeT OHTb· Cil8KTaTOpoM. 
J{JiffMexaHH3MOB pacceHHHH C KBapKOM _ Cil8KTaTOpOM aMITJIHTy,na' 
rrpouecca ,noJimHa, B OCHOBHOM, orrpe,ueJIHTbCH qq-KOH(fJHrypaUHHMH C 
rrorrepeqttHM M8lKKBapKOBHM paccTOHHH8M rl ~ l/q (rrpH g ~ 1/rrr>
IIoaTOMY.UJIH peaK~ rrepesapH,nllli MOJKHO OmH,naTb cymeCTB8HHOro 
yBeJIHqeHHH Tr C pocTOM ltl no cpaBHeHIDO C rrpe,ncKa3aHH8M III'C 
(.UJIH.peaKUH:0: rr+(IT-) ➔ n°,T} B orrpe,neJieHHH Tr qJaKTop A cJie,nyeT 
saMeHHTb Ha A-z(z), r.ue z - sapH,n H.npa). B § 2 rrpouecc 
rrepesapH,nllli IIHOHOB B T}-M830H paccMaTpHB88TCH KaK H.n~ qepes 
oOMeH A2-pe,IOKeOHOM. PesyJibT8TH pacqeTOB .UJIH peaKUHH rr- ➔ T} 

,ne:0:CTBHTeJibHO IIOK83HBaIOT 3Ha1lHTeJibHH:0: pocT Tr C YBeJ?meHHeM 
ltlWxopomo corJiaCyroTCH C 8KcrrepHMeHT8JibHHMH .UBHHHMH rrpH 
EJiaO = 40 _TuB 116•171, IIOJiyqeHHHMH Ha H.npe 12c. 

AHaJIHs rrpouecca rr- ... ➔ rr0 B § 2 rrpoBe,neH .UJIH ,nByx 
BapHaHTOB MeXaHH3Ma oOpa30BaHHH MHHJ1MYMa B ceqeHHH npouecca 
IT-p ·;:+ Ile>n rrpH I -t I "" 0, 6 ( raB/ C) 2 • PaCCMOTpeH M8XaHH3M · C 
saHyJieHHeM BHqeTa p-pe,nmeoHa rrpH ltl ~ 0,6 (TuB/c) 2 H 
MexaHHSM C HHTepqiepeHI.Ui8:0: p-rroJIIOCa B p!P-B8T~8HHSI. B 
ITClCJI8,nH8M CJiyqae. B _aMIIJIHTY.nY rrepesapH,nllli ,naIOT BKJI8,n H 

,nHarpaMMH Oes KBapKOB crreKTaTopoB._ .llJIH BKJia,na STHX ,nli8rp8MM 
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MOlKHO o:im,naTb OOJibmon aocopOr.urn B H,l(epHOfi cpe,ne H .B OOJiaCTH 
OOJiblIIHX nepe,namrux HMIIYJibCOB. 3TO ,l(OJilKHO TipHBO,I(HTb K CMememno 
TIOJIOE8HIDI MHHHMYMa TipH nepexo,ne OT HYKROHHOfi K g,neytton 
MIDII8HH.;CpaBHeHHe C ,l(aHHHMH TIO ¥r.ueccy n- ➔ n° ,l(JIH HAPa 2c, 
TIOJiyqeHHHMH npH EJiaO = 40 I'9B /I •171, TIOKa3HB88T, qTo Jiyqmee 
corJiamrn C SKCII8pHM8HTOM HM88TCH ,l(JIH BapHaHTa C 
HHTeppepeHUHe:0: p-oOMeHa H plP-B8TBJieHHn. BHqHCJI8HH08 B STOM 
BapHBHTe Tr xopomo corJiacyeTCH c ,l(aHHHMH paOoT /IG,I?I_ B TO 

Ee Bp8MH npe,l(CK838HHH ill'C HaXO,l(HTCH B pe3KOM TipOTHBOpeqHH C 
,namnn.m /I6,I7/_ 

B § 2 TipHB8,l(8llli T~e pesyJibTaTH pacqeTOB Tr ,l(JIH pa,na 
g,nep B npouecce pA ➔ Mx, BHII0~8HllliX B, paMKaX 

KBapK-AHKBaPKOBOfi MO,l(8JIH TipOTOHa H A-rHTiepoHa. KaK H B CJiyqae 
. + 

peaKUIDl n-A ➔ n°(~)x, Be.JIHllliHa Tr B sTon peaKI..Ulli npeBumaeT 
npe,ncKa3aHH8 ill'C H pacTeT C YB8~8HH8M nepe,nattttoro HMTIYJibCa. 

B 38KJIIOqeHHe § 2 rJiaBH IT npHB8,l(8lil,I aprYMBHTH B IIOJib3Y 
Toro,. qTo B lK8CTKHX npoueccax, BH,l(8JIHIDmHX KOMIIaKTlllie 
KB8pKOBH8 KOHq>Hrypar.urn (C pa3M8poM ~I/g) Tr B 8CHMTITOTHK8 g,.. 

w MOJIC8T.He CTp8MHTbCH KI, K8K TipHHHTO cqHT8Tb 17•91• 3TOT 
BHBO,l( ,l(8JI88TCH Ha OCHOB8 BHa~a Tr B npouecce n- ➔ D, B 

KOTOpoM Tr npeBumaeT I TipH OOJiblIIHX I t I . 3To CBfl38HO C 
3H8KOTI8p8M8HHHM xapaKT8poM aMIIJIHTY.!Ul npouecca Il-p ➔ Dn B 
38BHCHMOCTU OT M8lKKB8pKOBOro paCCTOHHIDI B 
TIOB8,l(8HH8 aMTIJIHTYAH nepesapH).(KH, H8CMOTpH 
KOMIIaKTllliX qg~KOHqlHrypauHfi B npe,neJie OOJiblIIHX 
OTCYTCTBHID ~8KTOpH38l.Ulli llC8CTKOro M8XaHH3Ma 

gg-nape. TaKoe 

Ha BHA8JI8HH8 
I t I , npHBO~ K . 

aOcopOUHOHllliX. sqxpeKTOB g,nepHOfi cpe.zn,r. 

paccem-JJIB H 
BHCK838HO 
BNL· · /I8/ npeATIOJIOJKeHHe, qTo 00HapYJK8JW08 _ B SKCTI8pHMeHTH8 

yOHBaHHe Tr B KB83HYTipyrOM pacceHHHH IIpOTOH0B_Ha yroJI 90° npH 
E JiaO ~ IO I'sB MOJK8T OHTb . CBH38H(? . HME3_HHO C . 3H8KOIIepeMeHHHM 

X8paKT8pOM aMJIJIHTYAH • pp.-paCCeilfflfil_' no Meu:sap~OBHM 
paccTOHHIDIM •.. TaKoe· IIOB8,l(8Hli0 aMitJIHTY'All ·pp-pacceHHIDI Ha 90°, 
B03MO_lKHO,. B03HHK88T B pE33YJibTa~e ... · CJIOlKHIDC: ~T_Elppep~HUHOHHHX 
aqxpeKToB· npH cYMMHpo:samm· -orpoMHoro lilfcJia qie:RHMaHoBeimx 
JJ.HBrpaMM, onpe,neJiHI<XnHX aMIIJiHTy.ny pp-paccesiiooi: Ha OoJibmHe·yr.m1 
/I9/ . 

B § .• 3 rJiaBH II 00CYJKAaIOTCH IIOJIH-pH38UHOHHH8 aqxpeKTH B 
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npoueccax KBaaHYTipyroro pacceHHIDI. H3-sa MeHbmero norJiomeHIDI 
pe,nmeoHH0:0::aMTIJIHTYAH rro cpaBHemno C IIOMepOHH0:0: npH g ~ I1/rh 
Tip8,l(CK83HB88TCH YBB~eHHe IIOJIHpH38l.Ulli TipOTOHOB OT,l(aqff B 
KB83HYTipyrOM pacceHHHH IIHOHOB Ha HApa. )LIIH pacceHHIDI 
IIOJIHpH30B8HllliX TipOTOHOB Ha HApaX rro aHaJIOI'WIH0:0: np~e 
,l(OJIJK8H YB8~TbCH rrapaMeTp acHMMeTpHH. 

B § .. · 4 BTOpo:0: rJiaBH paccMaTpHB88TCH KB83HYTipyroe 
pacceHHHe TipOTOHOB Ha HAPaX (npouecc pA ➔ ppA') TipH ltl ~ s B 
npe,naCHMTITOTHqecK0:0: OOJiaCTH 8Heprn:0:, B KOTOpo:0: CYm8CTBeHHa 
9BOJIIDUHH BO~OBHX qlYHKIUf:0: IIpoTOHOB B npouecce npOXO]KA0HIDI 
qepes HApo. HHTeyec K ST0:0: 39Aaqe CBfl38H C 00HapYJK8HHHM,'B 
8KCII8pHM8HT8 / 81 .HBJI8HH8M H3M8H8HHH SHepreTnqecK0:0: 

38BHCHMOCTH Tr B npouecce pA ➔ ppA' npn aC.M. = 90° C 
BOapacTa~e:0:.Ha yO~ npn EJiaO ~ IO rsB. OCHOBH0:0: U8JibID § 

2 HBJIH8TCH BHqncJieHHe Tr ,l(JIH STOro npouecca B 
KB8HTOBOM8XaHHq8CKOM IIOAXO,l(8, ~THB8rom8M B38HMO,l(8:0:CTBH0 
KBapKOB 'B TipOTOHe. KBaHTOBH8 sqxpeKTH H M8llCKB8pKOB08 

B3aHMO,l(8:0:CTBH8 B ~uecce ~XOJ!(A8HIDI 3q-CI.fCT8M.1Iepe3 HAPQ He 
yt!HTllBaJIHCb B paOoTax: 120, II, IIOCBHmeHllliX · · BHB~Y ,l(aHllliX 
/IBI_ IlpH STOM, K8K H B.120, 211, MH B § 2 npeATIOJiaraeM, qTO 

,l(JIH 'JK8CTKOro M8X8HH3Ma pp-pacceHHHH BHIIO~H8TCH rHTIOT838 
~8KTOpH38UHH aMTIJIHTYJUl pp-pacceHHIDI H aOcopOUHOHllliX qlaKTOpoB, 
CBH3aHlllix c rrorJiomeHHeM B H,nepHo:0: cpe,ne. 

B38HMO,l(8:0:CTBH8 KBapKOB -~TllB88TCH B HepeJIHTHBHCTCK0:0: 
OCUHJIJIHTOpH0:0: MO,l(8JIH. 39Aaqa yqeTa H3M8H8HIDI'BO~OBHX qlYHKUHfi 
3g-CHCT8M B g,nepH0:0: cpe,ne CBO.I(HTCH K BHqffCJiemno onepaTOpoB 
SBOJIIDI..Ulli ,l(JIH OCUHJIJIHTOpoB C KOMIIJI8KCH0:0: rrepeMeHHo:0: qacTOT0:0:. 
B § 4, IIOCJie npe,ncTaBiieHHH H,l(epH0:0: IIJIOTHOCTH B BJm8 
CTYJI9HqaTo:0:.qlYHKI..Ulli, pacqeT STHX orrepaTOpoB BHIIO~H8TCH rryTeM 
BHqffCJI8HHH :: ,I(HCKp8THOro ., rayccoBCKoro. qlYHKUHOH8JibHOrO 

HHTerpaJia~ )LIIH aMTIJIHTy.zn,rpp-pacceHHIDI B § 4 paCCMOTp8HO ABB 
MO,l(8JIH. B rrepBOM . BapH8.HT8 ., npeATIOJiaraeTCH lK8CTKH:0: M8X8HH3M 

pp;pacceHHIDI, BHA8JIHIDmlf:0: B MOM8HT B38HMO,l(8:0:CTBHH 

3g~KOH®Hrypar.urn C pa3M8pOM r ~ I/~ /I9, 2o/. Bo BTOpoM 
BapHBHTe ·cmaeTCH, .1:ITO . aMIIJIHTy,l(a .. pp-pacce.a:HIDI 8CTb CYMM8 
zecTK0:0: ,aMTIJIHTY,l(H H.aMIIJIHTY,l(H JiaH)Oll$BCKoro THTia 1221, He 

.Bll,l(0JI.flIOOl8~ KOMII8KTHHX 3g-KOH~HI'ypauHfi. MsyqeHHe SToro 
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:sapHaHTa :rrpe,ncTaBJIH9TCH HHTepecHl:lM B CBH3H C paOOTO:.A: PaJICTOHa 
H IDrpa 1217• B 1211 Ha OCHOBe KaqecTB8HHllX OU8HOK OHJI c,neJiaH 
BHBO,D;, qTo ,D;8HHH8 BNL /IS/ MOJKHO OIIHC8Tb B ,D;ByxKOMIIOH8HTHO:.A: 

MO,ne~ aMII~Y,llLI pp-pacceHHHH. Jt)IH OTHOID8HHH BKJIB'AOB B 
aMII~Ty,ny ,nByx M9X8HH3MOB B 1211 HCTIOJib30BaJIHCb peayJibTaTH 
llOWOHKH no ,IJ;aHHl:lM ,IJ;JIH c'eqeHHH pp-pacceHHHH Ha 90°. 

PeayJibTaTH pacqeTOB § 4 BTOp0:0: rJiaBH TIOKa3HB8IOT, qTO B 

OOOHX Ba¥H8HTax ,IJ;JIH aMII~TY,llLI pp-pacceHHHH MOlKHO o:rrncaTh 
,IJ;8HHH8 / 81 .no E ~ IO raB. IlpH E); IO TuBcorJiaCHH c, ,naHHl:lMH 
HST KaK ,IJ;JIH :sapHaHTa C :m:ecTKHM M8X8HH3MOM,.TaK H ,IJ;JIH :sapnaHTa 
C .n;ByxKOMTIOHeHTH0:0: ~Ty.n;o:.A:. B nepBOM CJiyqae Tr npo,noJI:m:aeT 
pacTH npH E · ); IO raB. Bo BTOpOM :sapH8HT8, npH.' HCIIOJih30BaHHH 

rrapaMeTpHaaumiaMTI~TYA PaJicToHa H ITHpa 1211 , npH E); IO TuB 
cymeCTByeT oOJiaCTh SHepr~, r,ne Tr TIOHH:m:88TCH. 0.n;HaKO STO 
YM0Hbill0HH0 Tr cymecTB0HHO CJiaOee· HaOJIIO,naBmerocH, B /IS/ H 
rroJiyqeHHoro B paOoTe PaJICTOH8 H ITHpa 1211 ; .l B pesyJibT8T0 
KaqecTB0HHllX pacqeTOB. 00CYJl[,IJ;0HH0 pesyJibTaTOB, TIOJiyq0HHllX B 

rJiaBe II, npoBO,nHTCH B § 5. 
r.JiaBB rn nocBHmeHa aHa~sy nonpaBok K, rrrc, . cBHsamrnx c 

KBapKOB0:0: CTpyitTypo:.A: HYKJIOHOB, H83B8HHllX BHID0 KBapKOBHMH 
nonpaBKaMH. PaccMaTpHBaeTCH CJiyqa:0: a.npa .n;e:.A:TpoHa. B BBO,n;H0:0: 
qacTH rJiaBH fil ,naeTCH oomaH TIOCT8HOBK8 3MaqH O KBapKOBHX 
nonpaBKaX K IIl'C H oOcy:m:.n;aeTCH cxeMa BH~CJI8HHH STHX nonpaBOK 
,IJ;JIH ceqeHHH hd-B38HMO,IJ;8:0:CTBHH B 8,zr,,nHTHBH0:0: KBapKOB0:0: MO,IJ;0~, 
T.0. B npe,n;rroJIOE:8HHH, qTo 38TpaBO~ TIOMepoH B38HMO,ne:0:CTBY8T 
C O.n;HHM KB8.pKOM. B ST0:0: MO,IJ;0~ KBapKOBH0 rronpaBKH K otot(hd) 
OK83HB8IOTCH Ma~. CymeCTB0HHO M0Hbill0, qeM BKJIB'A HeynpyrHX 

rrepepacceH~ npH 9H8prHHX B COTHH raB. 
0cHOBH8H qacTb rJiaBH fil nocBHmeHa BHqHCJI8lllfiO ,KBapKOBHX 

rronpaBOK lt 8MTIJIHTYA0 hct-pacceHHHH _B paMKaX .n;ByxrJIIOOHH0:0: 
MO,IJ;e~ TIOMepoHa. B § ! OIIHCHB80TCH napaMeTpH38UHH 

mecTHKBapKOB0:0: BO~OB0:0: cpymmmf ,ne:0:TpOHa~ BoJlliOBaH (pyttKUHH 
,ne:0:TpoHa 38IIHCHB88TCH B BH,n;e CYMMH aHTHCHMM8TpH30BaHH0:0: TIO 
M8TO,ny pe30HHpyiomKl{ rpyrrrr / 23 • 24/ .n;ByxHYKJIOHH0:0: BOJlliOB0:0: 
cpymanrn H BOJlliOB0:0: (f)ymanrn mecTHi<BapKoBoro MeIDKa· B s 6 

, • - ,,< 

COCTOHHHH. IlpoCTp8HCTB8HHll8 BOJlliOBH8 (pymmmf HYKJIOHOB H 
s 6 -coCTOHHHH B3HTH B OCUHJIJIHTOpH0:0: cpopMe. B. § 2 B paMKaX 
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.n;ByxrJIIOOHH0:0: MO,ne~ rroMepoHa TipOBO,nHTCH BHBO,It cI>oPMYJI, 
H800XO.n;HMHX ,l{JIH pacqeTa rronpaBOK K 8MTI~Ty.n;e hc1-pacceHHHH.'. B 
§ 3 TipHBO,IJ;HTCH pesyJihT8TH ~CJI8HHHX pacqeTOB, BHTIOJlli8HHllX no 
ll>DPMYJiaM § 2. PesyJihTaTH pacqeTOB § 3 TIOK83HB8IOT, qTo ,n;JIH 
CJiyqaH BOJlliOB0:0: IPYHKIUlli ,ne:0:TpoHa Oe3 TipHM8CH s 6 -coCTOHHHH 
KBapKOBHe nonpaBKH K aMTI~Ty,ne hd-paCC8HHHH npeHeOpeJmMO 
Ma.mi. IlpH Ha.JIHllllH npHM8CH mecTHKBapKOBOro COCTOHHHH TIOnpaBKH· 
K p83YJihT8TY IIrC ,l{JIH aMTI~TY,llLI hct-pacceHHHH MoryT ,l{OCTHraTb . . 

OOJihID0:0: B8JimHHH. B § 3 TIOJiyqeHH orprumqeHHH Ha·· pa,neyc 
6g-npHM8CH B ,ne:.A:TpoHe, c~e,ny}OOU{e H3 YCJIOBHH, qTo KBapKOBaH 

rronpaBKa K (Jtot{pd) H8 npeBHID88T BeJIWmHY ~o,4 MOH (C STO:.A: 
TOqttOCThID 9KcnepHM8HTaJihHH8 ,l{8HHH8 no (Jtot{pd) MOJKHO OIIHC8Tb 
B IIl'C). B § 3 TIOK838HO T8Kllt8, qTo, H8CMOTpH Ha cymeCTB8HH08 
BJIHHHH8 npHMeCH 6g-COC~OHHHH Ha aMTIJIHTYAY hct~pacceHHHH npH 
t;i{), IIrC ,l{OJIEHO ,n;aBaTb TipaBHJihHHe 3HaqeHHH .nHIIXl>epeHUHaJihHOro 
ceqeHHH hd-paCCSHHHH, ec~ ,n;Byx~OHH8H BOJlliOBaH IPYHKUHH 
,ne:.A:TpoHa TI03BOJIH8T OIIHC8Th 9JI8KTpoMarHHTHH:.A: (J>opMcpaKTOp 
.n e:.A:TpoHa. 

B 38K.Jil()q0mm: H3JIOZ8HH BHBO,llLI H OCHOBHHe p83YJibT8TH 
,n;HccepTBUHH: 

I. B paMK8X Tpexpe,ll;llteOHH0:0: MO,D;e~ · , C aOcopOizylOHHHMH 
rronpaBKaMH pa3pa0oT8H <liOPM8JIH3M ,ltJIH BH~CJI8HHH ceqe~ H 
CTIHHOBHX ' MaTpHU TIJIOTHOCTH p830H8HCOB B ~HCTeMe 
rorcppH,D;a-)J.EeKCOHa B OOJiaCTH X, 0JIH3KHX KI, .n;JIH npoueccoB, B 
KOTOpllX ,ll;OMHHHpY8T M8XaHH3M IIHOHHOI'O OOMeHa. 

2. Ha OCHOBaHHH ·, oOpaCSoTim OOJibID0:0: COBOKynHOCTH 
8KCI18J)HM8HTaJibHHX ,1(8HHHX no HHKJII03HBHl:lM a.npoH-a.npoHHHM 
npoueccaM, B ceqeHHe KOTopmc ,naeT BKJIM .n;HarpaMMa I1IllP, 
C,ll;8JI8H BHBO,I( 0 BalEHOCTH yqeTa aCScopOUHH ,ltJIH npaBHJihHOro 
OIIHCBHHH ' _ceqe~ TIO.I(OCSHHX .. pe~ H M8TPHU TIJIOTHOCTH 
pe30H8HCOB npH x➔I ,ltJIH · 8THX npoueccoB. TIOK838HO, qTo 
acscopCSUHH YM8HhmaeT ceqeHHe peaKizy{:0: sToro THna Ha ipaKTop ~ 2. 

3. BrrepBHe npo.n;eMOHCTpHpoB8HO corJiaCH8 cp()pM(paKTOJ)OB 
B8p!IIHH B38HMO,IJ;8:.A:CTBHH Il-M830Ha C qacTHtiaMH H K08~Hlzy{8HTOB 
JIHBHeooro ycHJieHHH, yqHTHBaD!tHX HeynpyrHe nepepacceHHHH, 
TIOJiyq88MHX H3 8H8JIH38 HHKJimHBHIDC pe8Kizy1:0: H H3 8HaJIH38 
,nByxqacTmHIDC npoueccoB. 
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4. Pa3BHT Tpexpe,nJKeol-IHH:8 IPOPMaJIHsM .nns npoueccoB c 
.l(OMHHHpYIOOlJiM BKJIB)J;OM IT-oOMeHa B cnY'{ae s.nepHHx MH1IIeHH8. 
IloKa3aHo, qTo rrpe.ncKa38Hllil. MO.l(eJIH xopomo cornacymcs c 
.l(BHHllMH no npoueccy IT-9Be➔p0X. Tipo.neMoHcTpHpoBaHo, qTo MH 
pacqeTa_ ceqeHH:8 peaKUIDt aToro TIDia He npMMeHHM cT~apTHIDi 
(t>opMBJIH3M rnayOepoBCK0:0: MO.l(eJIH, B KOTOpoM He Y'{HTHB89TCH. 
rrepH(pepmecKIDt xapaKTep o~ormoHHoro.oOMeHa. 

5. Bnepme npoBe.neHo Jra~eqeHHe ceqeHH:8 
± -IT IT -B38ID.10.l(8:0:CTBHA JIB 8KcnepMMeHT8nbHllX .l(aHHHX no ceqeHIDrM 

. ± ++ ± ' . npouecCOB rr p➔Xll , IT n➔Xp B .. paMKaX ; Tpexpe,nJKeOHHOro 
(t>opMBJIH3M8 C Y'{8TOM aOcopOUHOHHHX norrpaBOK. IlOK83aHO, qTo 
Y'IST 00cop0r.um rrpHBO.nHT K YMSHbmeHHIO 3HaqsHH8 o (IT±IT-) Ha 

tot 
10-15%. 

6; BnepBHe B paMKax M8TO.l(a co0CTB8HHHX COCTOHHH:8 KX,l{ 

Hccns.noBaHa ponb Hsynpyrmc nepepaccesHH:8 B npouecce 
KB83HYIIpyroro pacceHHIDr IIHOHOB Ha HApaX rrpH BHCOKHX 8Heprmrx 
B oonacTH Ma.JIHX yrnoB pacceHHHH. IloKa3aHO, qTo Jra-3a 
AByxrJIIOOHH0:0: rrpnpo,nu noMepoH8 B KXJl. BKJIB)J; . Heynpyrmc 
rrepepaccesHH:8 B STOM npouecce OKa3HBaeTcH Man H cnaoo 3BBHCHT 
OT nepe.naHHoro ID.1nYn1ca. 

7. Bnepme B paMKaX M8TO.l(a co0CTB8HHHX COCTOHHH:8 KX,l{ 

IlpOB8.l(8H Y'{8T Heynpyrmc norrpaBOK K III'C B· npoueccax 
nepe3apH,IJ;KH IT±A➔IT°(TJ)X, pA➔MX B o0n8CTH BHCOKHX SHeprHa,:· H 
ltl~I (!'8B/c) 2• IIOKa3aHO, qTo CB0:0:CTBO UBSTOB0:0: npo3pa"!ffiOCTH 

HA-pa ,I(JUI KOMilaKTHllX KBapKOBHX CHCTeM. .nenaeT ,' H8YIIpyrHS' 
rronpaBKH CTOTipOU8HTHO cyrqeCTBeHHHMH B 8THX. peaKUIDrx. AHa~ 
8KCnepMMSHTMbHllX .l(aHHHX no.l(TB8PJK,na8T rrpe.l(CK83HB88M08 ;KXJ{ 

yOHBaHHe ceqeHIDr B38ID.10.l(8:0:CTBIDr · B)J;J)OHHllX CHCT8M c·, YMBHbmeHHeM. 
HX pa3MepoB. 

8. M:3 atta~0 aKcrrepm.1eHTanbHllX .naHHUX • .. no npoueccy 
IT-A➔n°x nonY'{SHO no.l(TB8J)JK.n8HHS B nonb3Y M8XaHJIBM8 oOpa30B8HIDr; 
MHHHMYM8 B ,nHqqiepsHUHMbHOM csqeHHH npouscc0 n-p➔IT°n rrpH ltf 
~ 0,6 (!'8B/c) 2 38 cqeT HHTepf)epettr.um p-noJI10Ca c BKJIB)J;OM plP -
BST~Sl-lmt. 

9. Bnepme noKa3aHO, qTo .nns npoueccoB pacceHHIDr Ha 
HASPHHX HYKJIOHax c Oonbmo:0: nepe.n0qe:0: ID.1nYnbc0 Q s0 cqsT 
ZSCTKHX M8XaHJIBMOB, BUASJISOOD,HX KOMilaKTHlle KBapKOBHe' 
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KOH~Hrypar.um, B03MOlltHO HapymeHHe ~TOPJIBBUHH Z8CTKOi 
BMTIJIKTY.lnl paccsHHHH H aOcopOUHOHHHX -~TOpoB, CBH3aHHllX C 
BJIHHHHeM s.nepHo:0: cpe,nu; Bcne.ncTBHs· aToro n0paMeTp UBSTOB0:0: 
npo3pa"!ffiOCTH'MOJIC8T HS CTpSMHTbCH Kl npH q➔Q). 

IO. TIOKa3aHO, qTo HBJieHHe UBSTOB0:0: npospa"!ffiOCTH H.I(pa ~H 
KOMilaKTHHX KBapKOBHX CHCT8M npHBO~ K YBSJ1Hq8IDfiO nonHpJIBBUHH 
rrpoTOHOB OT.l(a~ (HnH 8CHMM~TpHH B cnyqae pacceHHHH 
JIOnHpIIBOBaHHHX_rrpoTOHOB) B npoueccax KB83Hyrrpyroro pacceHHHH 
Ha HApaX. 

IL . Bnepme rrpoBS.l(SH_ KBBHTOBOMSXaHWiecKIDt paciisT · c 
Y'{STOM M8lltKB8pKoBOro B3811MO.l(e:0:CTBHH napaMeTpa UBSTOB0:0: 
rrpospatIBOCTH B rrpouecce pA➔ppX B IIp8.l(8CHMilTOTWl8CK0:0: OOnaCTH 
8Hsprna H yrnoB pacceHHIDr ec.M.~. 90°. IIOK83aHO, qTo B 
.l(ByxKOMilO~SHTH0:0: MO.l(eJIH_ 8MIIJIKTY,nH pp-pacCSHHIDr HS B03HHK89T 
OCUHn.JIHPyYOOl8rO noB8'A8HHH napaMeTpa UB8TOB0:0: npoapa"!ffiOCTH. 

rn.· Bnepme HCCne.l(OBaHH nonpaBKH K nrct CBH38HHHS C 
' < , .' • ' '_ .. ~. ' • , '. 

KBapKOB0:0: . c'TpYKTypo:0: HYKJIOHC>B: . TIOKa3aHO, qTo B cnyqae 
hd-paCC9HHIDr KBapKOBHe nonpaBKH OK83HB8IOTCH MMH, ecJIH 
KBapKOBaH _ BOJlliOBaH -~YHKUHH- .ne:0:TpoH8 He CO.l(Spll[HT IIpMM8Cb 
6q;;_KO?,IDOH0HTH. . , 

··., ' 13. }i3 aHMJIB8 K138.PKOBHX nonpaB.OK K otot ( pd) B cnyqae 
Ha~ B )(8:0:TpoHe rrpHMeCH 6q-KOMilOH8HTLl nonY'{eHll orpaHWieHIDr 
Ha pasMep 6g-KOMilOH0HTH B .iie:0:TpoHe. 

!4. IlOKa3aHO, qT~, H8CMOTPH Ha OonbmyIO Be.JIHqHHy 
KBapi<oBHX nonpaBOK K ·8MJIJIKTY.ne hd-pacceHHHH npH ltl¢0 B 
CnY'{8S H~H 6g-KOMIIOH8HTH B .l(S:0:TpoHe, III'C .l(OJDltHO .l(8B8Tb 
rrpaBWibHlle pesynbT8TH .nnn ,nHqq>epeHUHMbHOro ceqsHHH 
hd-paC~eHHHH, ecJIH rrpH 8TOM HCrronb3Y8TCH HYKJIOHHaH BOJlliOBaH 
~YHKUIDI .ne:0:TpoH8, OnHCHBaIOOtBH .l(8HHH8 rro 8d-paCC8HHHIO. 

QcaoBHHe wsYJibTaTH wccemamm ony6,nmcoBBHU B pa6oTax: 
1. 3axapoB E.r., OepreeB B.H. AOcopOUHOHHHe rronpaBKH K 

Tpexps~eoHHHM (t>opMYnaM H peaKUHH HHKJII03HBHoro poz.neHIDr 
++ l 11 (!236). fl~. 978. T.28. 0.1339-1348. 

2. 3ax8poB E.r., CepreeB B.H. AHMIIB pe8KI..U{8 
n±cK-)N➔p0(R*0)X B paMKaX Tpexpe~eOHH0:0: MO.l(8JIH C 
aOcopOUHe:8. fl~. 1979. T.30. 0.236-244. 
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3. 3axapoB E.r., CepreeB B.H •. .AHaJrns rrpoueccoB pp(n)~➔Xn(p) 

B paMKax Tpexpe~eoHH~a MOAeJrn c yqeToM _aOcopOtiHommx 

IlOnpaBOK. fl~. I983. T.3~,• C.!5.55-15,62. 
4. 3axapoB E.r., CepreeB B~~- Ormcrume rrpouecca n-A➔p0~,, B 

00JI8CTH WP8rM8HT81.{HH IlHOHa B ,paMKaX M0TOA8 KOMJIJISKCHllX 
MOM8HTOB. fl~. 1983. T • . 38. C. 1087~!094. 

5. 3axapoB .E.r., CepreeB B.H. Ormcrurn:e rrpoueccoB * * . . . ' 
K+(K-)p➔K 0 (R 0 )X B Tpexpe~eoHHoa MOA8Jrn c. yqeTOM 
aOcopOl..{HH. fl~. I984. T.39. C.920-923. . 

6. 3axapoB E.r., CepreeB B.H. Ms~eqeHHe rro~x ceqettHn 

Il±fl--B3ffifMOA8acTBHn H3 aHaJrnsa rrpoueccoB TI±J)-7Xll++, TI±n➔Xp 
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