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llff8Jll,BOOTI, ppo6Jleg I qe:9 pago;u 
CBepxTegy,nte ([asY He8 C IICll8B!a IX OTJq)Y'l'llJl B !972 ro,ey OOT81lTCJI 

Bal~ee IBTepeclDDI B IB'l'8BCIBBO 13y,i&BIIYM o6'I.8KTOII B qil3BK8 KOB.It8B

CBPOBaBBOl'O COCTOJmBS. DOJlee CJI<>ml08 cnapllB8lD!8 aTOMOB He
3 

B Tl)BDJ18'l'

B08 OOCTOJDll8 DplBOJll'f K 8Ba'UT8.llBO dOJiee pasuoodpasBIDI B OJlomnBI 

oBOICTBSMHe8 11ae ([asoBOro nepexo,1ta·no opmmeBD> co oBepXIJP()BO.JtBllm

MII, r.tte DpOIOXO,JtBT cnapBB8BB8 8Jl8KTl)OBOB B caarJI8TBOe COC'l'OJDIB8. B 
He8 CYJ1t8CTBJH B8C1tOJ1l,KO CB8px'l'8xy,D!X ([as ( K BaCTOSilll81fY BpeueBB 8E

cueplDleBT8JJJ,BO odBapy&eBY 'l'pl cBepxTelCY'Dle q8SY A-, Ar, B-), ~-
m;ae Iq)(lle CB8px'!'eity'UX CBOIOTB T8.D8 OBOIOTB&MJI 1181'H8TBKOB I D,lt

Kll KplCT8JIJlOB. 

IJapaMHJ>011 DO,PJtltKa B He8 oueTCJl K<311I.18KCBM llaTPB~ 3 x 3 A ij, 
do.umoe UOJIO OT8D8Bel OBOdO;llll KO'l'Opol (3Lb2:I8) DPIBO.JtH, B 'qf!O'f-

. BOO'!'I, K dor&TOl(Y CDeKTPY KOJL181t'l'IBBYX BOBd~e:ul, OO.lt8PElll8UY !8 
B8'l'B81 B K8JU(OI «see. Hoo.leJJ;OBaBH KOJ1.11e1t'l'HBBHX IIOJJ; ,Ita8'f BUHyJ) BB

«,o,1118IUD) 0 BBJ''l'p8BBel CT,PYK'fYP8 Da1)811e'l'pa DOps;ltlt8. B ,JtBHSIOIKe ero OT8-

DeBel OBOdo.JtY. 
lJaoTI, ltOUeKTJIBBHX IIOJJ; (ae«,o1omme 110.JtY) B086Ylt1tSl)'l'CJI B JJII,'l'p& -

SB,YltOBHX 8KCll8,PIM8HTax,.JU)11'8Jl 1180!1, (ODIBOBY8 BOJIBY) - B 8ltCDIPlll8B

'f8X DO llD;&pllcuy Mal'BBTBOYY' p180B8HOY (JDIP), DOHOIIY l8Y1Je11B8 8TBX 110.lt, 

OJIICHB8IJllt)IX o.JtBOBP8118BBO ,JtBa OOBOBJIYX 118'f0,Jta ICOJl~o:samra o:eepx,egy

"181'0 Hes - ynT,P88BYZOBHe 11 JDIP axonepBileBTH, oueTOJl BUmlll I u
'l'Y8Jll>BIAI• 

P88.U1DIH8 BOIJf,'flll8HIJI, ftltJl8, K8K .Jtl]JOJJJ,B08 BBU110.1telo,.1BH, 8Jl8Ili
'!'})B"l80E08 I H8l'IDITBOe DOU, OB8pxT8ltJ'UI DOTOJC, S~K!Y BJ)8118BU Dpl'I

BO,U'l' JC D;8JIOUY' PJlltY 13118B9DI B OD8K'l'pe KOU8KTBBIIKX 110.Jt. 'CJacn HIX 

3®1eKTOB, '1'8.UX,UK. lll)O.J{OJ1HYI JD1P B A- I B-qaaax, ~Ir 1180TO!lil DO

D8p8"1H01'0 £IMP B A-4Ue, 1'1,lijl()JtlB8Kll"leODI ~•r 'UOTO!W D.Po.JtOJlUOl'O 

BIIP BA- B ~ax • .IJIBtbd I 88.IJIBdBHI 8~K!Y 8e8111Ba .US B~ 

BO~ 1110,11;, dKIDI DOJIY"'l811Y pasee • PllD; BOBlilX &qql8K!OB, Blil8BaBBYX Bl,11118-

YDCIUBJ''!'illll B031fY1118BHJDIII, ,anx, KU pa0111eue11e 1e«x,10HBHX MQ.ll Do.Jt 

,1tel0TBJ1• ll03lfYlll&IIII, OYJll&O'fl!OBaBBe 110.1t E =2A( pi, -MOJt) :e uucTBe pe

ao1&HooB, D8p8C8"18U8 B8TB8I KOJLl8ltTBBBYX 110,Jt Dpl B8BJ'A8BHX aDyllOaX 

I ~. BII8pBH8 DOJIY"'l8B 8:BTOp(BI. 

B DOOJ18,ltB88 Dp811R B OBll31 C ll0JIBJl8Bl811 8ROD8pllll8BTOB DO 18Y1JeBIU) 

IIOB08TOIIBYX 0Jl08B Hes, 8,JlCOpdlpo:aaama: Ba D~om, p88lt0 BOB,POO n
!8,PeO x «8Hxe TOBDX -re.uema: D.leBOK. c,uoB11TCJ1 ~ •a111a
BH D08MOAHX cplSOllilX JI8p8Xo.Jt0B B HIX, B 'q8Q'fBOO'fl, B OB8PJ:'!'8K,Y"l88 

OOO'!'OJDlll8, a '1'8m K0.1Jl8K'll1Bma: B08dya;Jt8Blll, ODIOH'B8Dql[X,UK I B 

'l'p8DIIPBOII OJIYV.8, JJ11,Tpa8:eyICOBH8 I JD1P 8KOD8,PB118Bnl. 
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PaCTBOPH He3 B CB8pXT8KY'I8M He4 11aBHO H33'llaDTCB 'l'80p8THQ8CKH H 3K
cnepHM8H'l'a.1lbHO. B CBB3H C 3'l'HM 8CT8CTB8HHO B03HHKaeT BOnpoc O nepexo-
11e H !pElpMH-KOMIIOH8HTH p8C'l'BOpa /He3/ 'l'8iate B CB0pXT0KY'!00 COCTomme. 
XoTB 110 CHX nop H8'l' 3KCnepHMeHTaJlbHhllC ~oKasaTBJll,CTB 'l'8Koro nepeXOlla, 
TeopeTHqecKmc pa6oT, nocs.mneHHNX aToA npo6xeue, llOCTaToqHo MHoro. 

B pfiAe·pa60T llpBAUOJiara.uocb, ~TO o6pa30B8HH8 xynepOBCKHX nap B 
TpexuepHOM paCTBOpe npOHCXOjUIT B $-cOCTOHHH,. 01Uf8KO 6WIO noKa38HO, 
Q'l'O B Ollp81leJI8HHOA"o6nacTH KOH~eHTpa411A K 11aBJ18HHA p -cnapKB8HKe B 
He3 6y11eT np01lfiOqTHT8JlbHblM. B jUICC8pT84HH snepsse l!33'll8HH KOJIJ19KTKB
Hbl0 CBOACTB8 CB0pXT0KYllHX paCTBOpOB He3-He4 B CJI3'll88 p -cnapKBaHHSi 
B !pE!pMH-UOllCKCT0M0. 

CnCllKHOCTb U8paM9Tp8 nopaµa CBepXT9JcylnlX (p83 He3 , KpOMe p83H006-
pa3HB KX CBOACTB, B81l0'1' K 3H8QH'l'eJibHblM Tpy1UfOCTHM npH TeopeTHqeCKOM 
OnKC8HKK CBOACTB caepxTexytiHX (p83. 3TO lleJl89T 4enecoo6pa3HSM KCUOJtb-
30BaHH0 µs OIIHCaHHB He3-Mo11eneA / aHanOrHQHbllC, HanpKMep, MOlleJIK Blll!i 
µa CBepxnpOBOllffHKOB/ C nOCJI0llYDJlH)4 Yll0~0M 6oxee CJIOZH!ilX 3qxp0KTOB 
/HanpHMep, jUIUOJ!bHOro B38HM0118ACTBHB, 3qxp0KTOB CKJibHOA CBJi3H B llPY-
rHx/. . 

CY111.eCTByeT 11aa OCHOBHHX 8JlbT0pHaTKBHHX TeOpeTK~ecKKX M0TOl18 H3y
~0HKB KOJIJ10KTHBHLIX CBOACTB CB0pXT0KYll0rO He3 - 60Jiee Tp8jUl4HOHHlilft 
YeTOll KHH0'l'KQ0CKOro ypaBH0HHB K M8TO11 qlYHKl\HOH!UlbHO!WKOHTKHy!UlbHOro/ 
KHT8rpHp0B8HHB, KHT8HCHBHO p83BKB88wA B UOCJI01Uf88 BpeMB. IlocJl81lffHA 
M0~01l, HCUOJlb3yeMHA B µccepTa411x, OK83!,1Ba8TCB B8CbM& 3qxp0KTKBHblM 
npK HCCJl8110B8HKK KOJIJl8KTKBH!JIX B036~eHHA. IloCJiellOB8'1'8JlbHOe ipyHK411-
0H8JlbHOe HHTerpKpOB8HH9 no "6HCTphD4" H "MeµeHHHU" !pE!pYH-nOJIBM C ne
pexo110M K scnoMoraTeJibHHM 6oae-nonJD1, OTB9~8lllllKM eyneposcxHM napaM 
KB83Kq>8pMKOHOB, 003BOJIBeT nOCTpOK'l'b M0118JIK q>epMK-CKCT8MW C p,-cnapK
B8HK8M, nneHKH He3 , a Taiate csepxTeKYllero pacTsopa He3-He4 c p-cnapK
BSHKeu B q>epMK-KOMI10H0HT8. B paMKax 3TKX M0118J18R no.nyqeHH qlYHK4HOHa-· 
JIW 31PP9KTKBHOro /"rHjlpOjUIH8MKQ8CKOro"/ 11eRCTBHB, OUHCWB81llllH8 see~-
3ffq0CKB8 csolcTsa paccMSTpKBaeuwx CKCTeM K, B ~acTHOCTH, cnexTp xox
neKTHBHHX BO~~eHHfl. 

UeJI&D 11aHHoA pa6oTW BBJI.IIJIOCb noCTpoe1me noCJie11osH8JlbHOA MHKpO

cKo~ecKoR T00pKK KOJIJ18KTKBHbllC B036~eHHR B csepXT0JtYllllX (p838X He? 
KCCJ181l0B8HH0 Ba.HeAmHx xapaKT8pHCTKK K CBORCTB KOJIJI8KTKBHWX MOil napa
M8Tp8 llOPSllKB, T8KKX,K8K ~8CTO'l'H K S8TY%8HK8 KOJIJI8KTKBHblX MO~, yc
TOAQKBOC'l'b rOJlllC'l'OyHOBCKIIX MOil 8'1 OTHOCHT8JlbHO paCU8118, KS3'lleHHe BJIK
JIHKB IU(IIOJlbHOro BS8HMOl18ACTBHB, MBrHKTHOro H 3Jl8KTpKqecxoro noxeR, 
CBepXT0XYll8rO UO'l'OK8 H 11pyrKX B03M)'ll18HHR H8 cneKTp KOJLl8K'l'HBHliX MOil• 
lteJibl) pa60TW 6WIO 'l'8KJt0 HCCJI01l0B8HK0 csepXTe~eCTH B KOJIJI0K'1'HBHlllC 
soi6~eHKR s nneHKax He3 , 6oae-cnexTpa ceepxT~KYllKX pacTBopos Hes
He s c.nyqae p-cnapnBa.WISJ.1 s q>epMH-no11c11cT0M0. 
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HayqHM HOBHSH8 J)e3YJJb'l'8TOB 
Cn~~e pesyn&TSTH nonyqeHH B µccepTa411H snepswe: 

I. Bl:,ltlHCJl0HW aHeprHH scex KOJIJ18KTHBHbllC MOil B B-cpaae Hes npH Heayxe
BWX HJUJYJtbC8X B036~eHKR~ 

2. B1,1t1HCJ1eHH aHeprKH scex H84JOHOHHHX MOil a A-qiaae He3 c 3'll8TON aaTY-
xaHHs:. 

3. HcCJiellOBaHa YCTOittiKBOCTb rOJlllCTOyHOBCKHXIIOll BA;- B-, 2.A- (p838X. 
4. Ilpe11CK838HO CY111.8CTBOB8HHe µyx csepXT8K3'llHX (p&S / a,.. K f, / B 

IVIeHKax He
3

, JlOKa38H8 ycTORQHBOCTb 3THX (p83 OTHOCHTeJlbHO MUHX B03-
MY!ll8HHI • .I(OK838HO CYIJl8CTBOBaHKe csepxT8K3'll8CTH B IlJleHKax He3• 

5. Ilo.neocT&D K33'lleH cneK1'j> KOJIJieKTHsrn,oc soa!SYK,U8HHII B ti- H 8 -qia3ax 
nneHOK He

3
• B!iNHCJieHH ~8CTOTH 11 3a'fYXaHKe H04JOHOHH!iX MOil, HX µa

nepCMH, CKOpOCTb rOJillCTOyHOBCKKX MOll,_8 T8De Hcc.ne11os8Ha YCTOR
liHBOCTb qJOHOHHOro cneK'l'p8. 

6. P83BHT M0'1'01l 3'll8T8 jUIUOJibHOro B38HMOllellcTBHB H 3Jl8K1'pffq8CKOro no
JIB B 4JOPM8JIH3Me KOHTKHyaJlbHOro HHTerpMa. Hccne11osaHO BJIHHHH8 lUI
UOJibHOro B38KMOllelcTBHB K 3T.0KTpHtJecxoro ROJlff Ha cneKTf'KOJIJI8KTHB
HHX MOil• 

?. Hccne11os8HH KOJIJl8KTHBHH0 B03ISYll,lleHHH B csepxTexytmX pacTBOpax 
He3- He4 npH p-cnapHBaHKH B Hes. 

8. H33'lleHO.BJIHHHH8 11eqiopua41111 ll{eJIH B q>epMK-cneKTpe, Bhl3B8HHOI jUlfiOJib
HHM B38KMOJl8IICTBHeM, M8rHH'l'Hhlll H 3Jl8KTpKQ8CKHM IIOJIHMH, csepxTeeyqKM 

fiOTOKOM H 3qql8KT8MH Bp811leHHll,Ha KOJIJI8K'l'HBHH8 MOllbl napaueTpa no
PBllKa s 13-qiaae He3• Ilon3'lleH PJQl aoswx agxf>eKTos, TaKHX,KaK pac-
111enneHHe CKBODIHHr- / f1'j'. -I, 11ellcTBHT0JI&HoR CKBODIHHr- lr_j_t I MOil 

H MOllbl 2 !J / p8 I no11 11eRCTBHeM B03Mylll8HKA, CY111.8CTB0B8HH8 r-wo11 B 
K8Q8C'l'Be pe30H8HCOB, nepeceqeHH0 B8'l'BeR $t- H r1,- MOJl C pa3JIHQ• 
HhD4H :Ji llpH H0HyJl8BWX HJUJYJibCBX I ,11JI. 

IlpaKTJNecxaa ~8HHOC'l'b µccep'l'8~11 COCTOHT B TOM, ~o B 88A B 
p8MK8X 8jUIHOro noµo11a - M8'1'0Jl8 KOHTHHy&llbHOro ·HHTerpHp018HKB - noc
Tp0888 MHKpOCKOIIJl1l8CK8H T80pHS KOJIJl8KTHBHWX B231SYK,UeHHR B csepxTexy
~KX ~sax Hes, lll8KK8X Hes H pacTBopax He3 -He , OIJHCWB8Jlll8B O,ItHOBpe
M8HBO µa OCHOBHWX ~8'1'0118 axcnep11MeHT8JlbHOro HCCJl8Jl0118HKH csepx
Texyqero Hes -·y.nbifP83BYKOBYe II ma> axcnepDeHTH. 

IlpK 3'1'0M IICCJl81lOB8HH K8K rOJl,ttCTOYHOBCKH8 MO,!Ui, BBJUDlllll8CB OTpa
•eHK8M CBOICTB CHllll91'1)HH CHC'l'eMH, '1'8K H H84JOHOHHH8 MOllbl, CBJISamme 
c paanH'llHl,IMJf KOJ1e6&HKBMK cauocorJiacoaaHHoro n0.1s. 

B µccepTa~x npe11cxaaaa 48.11111 P.!Ql aqJf,eKTOB, JlOIJYCKaDlplX a1tcne
p11MeHTMbHyl) npOBepxy, 'l'HHX,K8K p8Clll8M8HH0 KOJIJl8KTJIBHWX MOJl ROil 
ll8ACTBH8M B03Yylll8HHR, nepece~8HH8 B8'1'881 KOJIJI8K'1'HBHHX MOJl npll H8Hy-
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neel:IX HWJYllbCax, ceepxTeKyqHR nepexoµ B IlJleHKSX He3, ycTOfttJHBOCTb 
I'OJI~CTOyHOBCKHX MOµ H µpyrKe. 

B qaeTHOeTH, pe30H8HeHoe norno111eHHe yJibTP83BYKB B pt -Moµy, o6-
H8t>YE8HH08 B MarHHTHOM none, µo.lI1lHO HM8Tb MeeTO T8Kllt8 B 3JieKTPHqee
KOM none, npH HaJIHqHH eeepxTeKyqero OOTOKa H B pnµe ~pyrHX CJlytlaee. 

3neKTPHqeeKoe noxe npHBO~T K pacmeMeHm:> MOil c ~=Z, JtOTOpoe 
~ODT Ba6.1JJWlTI:,OJ1 B y,IHPBSBYJtOBKX 811tOD8pllllaBTSX • 

P~ peayJibTaToe, nonyqeHHl:IX e ~ccepTa~, noµTeel)X1leH 3KcnepH
M8H'l'aJibHO (HanpHMep, pac111eIJJJeHHe rJi,-uolW npH H8HYJI8Bl:IX HMIJ,YJibCax eos-
6yJqteHHR, CYl!l8eTBOB8HH8 pt -MOµ B KaqeeTB8 peaoH&Heoe, µyxwepHaH 
eeepXTeKyqeeTb B IlJleHKax He3). 

,!\HeeepT&qHH· :µaeT 6oxee rny60K08 nOHHJl8HH8 KOJJJJ8KTHBHHX eeoReTB 
eeepXT8KytlHX qia3 He3 , OllKeHBaeT 88.EHI,18 oeo6eHHOeTH eneKTP8 KOJIJ18KTHB
HNX YOµ. 

Pe3yJibT8TH, nonyqeHHHe B µeeepTaqHH, eTHMYJIHpyDT nocTaHOBttycpH
rHHaJibHHX 3KenepHY8HTOB, B qaeTHOeTH YllbTP83ByJtOBhlX H HMP, no H3y
qemuo eeoReTe eeepxTeKyqero He3, e TOY qHeJie M8HOK He8• 

Ha 3811JHTY BHHOeHTeH CJI8J1Yl)!lp!8 qonoxeijllH: 
l. B A-qiaae 3HeprHH eeex H8ipOHOHHl:IX YOµ ffBJIJOOTeff KOMDJleKeHWYH. <.liH3H• 

qeeKH 3TO eBH38HO e BOSYOllHOeTbD paenaµa B036yJqteHHff HS Hexo~e 
qi8pMHOHH. Bee HeipOHOHHHe YOIW 38TyX81l'f' ywepeHHO, noeKOJibtty MHmO,le 

qaeTH 3HeprHR eoeT&BJlffDT nopaµa 15% OT B811l8eTeeHHbDC, '1'8K tlTO Heipo
HOHHHe MOIW YOryT H86Jm~8TbCff K8K pe30H8HeH B 3KenepHY8HT8X no nor~o
memm yJI&TP&aByKa. YqeT aaoryxaHHa npHeoµT e ewiy µenepeHommx eo
OTHomeHHR K HSMeHemm qaeTOT He4J<>HOHHHX YO~. KOTOpue OTJIHll81lTea OT 
BHltHCJieHHIIIX eeeMH 11PYrJOOf 8BTOpaYH Ha 2-4%. B npH6JIH&8HHH CJl860R eeJl-
3H B A-qiaae nOHBJIJl!)Tea 4 ~onOJIHHT8JibHbl8 q_cl ..UOjlH, eY1118e'!'BOB&HH8 xo
TOpWX ftBJil'18Tea CJl8~eTBK8~ HBJIHqKa eKpYToi eKJD18TPHX• B o6JiaeTH HH3-
KHX 1!8B.18HHII, rile aiplieKTU eubHOI eBHSH Yant, 3TH YOIW 1!0JmHl,I H86XD-
1!8Tbea axenepKN8H't8nbHO. YqeT S~KTOB CHJJbHOA CBl'13H yY8Hbm&8T qHe
JlO r!-wo11,; c 9 1!0 5, npH STOY 4 rf-wolW nepaXOj!JIT BO "jfo.ppu,f -
yoµw. Bltlll)qeH!le Yal'HHTHoro noxa yweH&maeT qxCJio il ◄ol! c 9 l!O 6 e 
npH6JID8HHH CJI860I CBS3H He 5 1!0 4 llPK ytl8T8 aqipeKTOB CHJlbHOR CBl'ISH 
sa etieT nos:BJieHHli m.eJfeR1'U e eneitTPe gtl-woµ. 

B B-qiaae H8ipOHOHHhte YOjlH pacmeIJJJBDT/Jli C poeTOM BOJIHOBOro eexTopa. 
MolW e j:2, p8Clll.8IJJlliDTea B TpH rpymIY B8TBel KQ1l8JI, 'lTO Be,te'l' R Tp08-
RpaTBOJJY pac11en.1emm cneKTpa norJIOll8HJUI ffYJlb-SBYK8 B 3'fH YOIW, 3K
cnepl048HT8JlbHO H86~88MOyY µa 1!eReTBHT8llbHOI CKBOOIHHI'-MOJIW r$f✓-
Kos4q!HqHeHTU µenepeHK Jl)Ili eeex F -KOi! oxasue&llirea xowmexeHlDffl, 
ll'f'O (lts!IITleeu CBSISSHO C BOSMOUOCTbD HX paenaµa H8 0'1'1!8JlbHble qiepw
OHY. 3muule K03ippHL\lle!ffOB µcnepeHH nosBO.ll'J9T 60.1ee 'l'OqHo Onp81!ensTb 
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HS ynbTP83BYKOBhlX 3KenepHMeHTOB T8lU18p8'f'YPHyD S8BHeHMOCTb ~enH B 
qiepu-cneKTpa. 
2. B HSOTPODHOR B-qiase see Jcl -MOIW yeT0'1liHBH o,aoeH'1'8JlbHO paenaµa 

Ha 6ose-BOS6yJqt8HHS, 
B BHH30TPOIIHl:IX qesax A H 2,1{, rµe m8Jl& B qiepwr-eneKTPe Hcqesa-

eT B BlaqteJieHHOY HanpaBJieHHH (oeb op6HT8JibHOR SHH30TPODHK B A-qiaae H 
HanpaBJieHHe BHemnero YarHHTHoro no.JIB e 2.n-qiaae), ycTOfttJHBOeTb j~o~ 
saeHeHT 0'1' yrxa YeZIIY HMIJ,YnbeOY KOJJJl8K'l'HBHOro B036yJqt8HHli H e*eJieH
HhlY H8npaBJieHHeY. Bos6yJqteHHa OK83HB811Tea yeTOfttJHBWH, eexa MX HYnynb
eu neuT BJ:IYTPH HeKOTOpHX KOHYCOB, ODHe8HHl:IX OKOXO BW118JieHHoro Hanpae
XeHKB, BH8 xoaycoe yeTOlqHBOC'l'H 3HeprHK BOS6yJqteHHR 'eTaHOBliTCli KOYn
xexcHWMH, trl'O CBli38HO C B03MOZHOe'l'bD pacnaµa ttynepOBCKHX nap. 
3. B TOHKHX MeHKax He3 (YOH08'l'OYHHX H llByxaToYHh!X) npH KOHeqHl:IX TeY• 
nep&'f'YPaJ: B03YOX8H qe3oewR-nepexo1! B esepXT8Kytiee eOCTOl'IHHe, eellS8H
HWI e nonBJieHHeY e·cHeTeMe aubHBX Kopp8JlffqHR 6ose-no.11eR, y6HB8lllllHX 
mue iiiaaoBoro nepexo~a cTeneHHhlM o6paaoY. 8HepreTHtleeKH HaH6oJiee eu
ro,IUWIIII SBJiaDTeli pe CBepXTeKyqHe iiiasH - Q,, H /, - e napllllffpllllH 
nopaµa f J'a,.,fd;;., +i~,_)H f(tf'a..,~., +tz.J,;2,)eooTseTeTseHHo, yeTolliH
eue OTHOeHTen&HO MaJil:IX BOSYYl!leHHR. 06e ?SH HSOTPOIIHl,I, TewepaTl7Pa 
iiiasoeoro nel)8XO~a e eeepXTeKyqee eoe,onHHe onpe~eJiaeTea ipopwynon 1;;= 
= z kf/f ~pr C - il~;; J ~I ) • CneKTP KOXJieKTKBHl:IX BOS6yJqteHHR B KU
µoR iiiase COeTOHT HS 12 MO~, HS HIIIX 3 Y01!H B ~ -qiaae H 4 MOIW B & -<Pa
se HBJlm>Ten roxµeiroyHoeeKHYK, Oe'l'aJibHble YOIW - HeipoHOHHHe. Bee grl-uo
lW ye,olqKBH OTHOeHTeXbHO paenaµa, Heqx>HOHHhle M01!H Ce OTXHtiHe OT Tp8X
YepHoro eJiyqaa) OeTSDTea Blilp0Zll,8HHWMH DpH H8ffYJieBl,IX JOlnyX&cax. 
4.l{oJJJJeKTHBHWl eneKTP ceepxTeKyqmc pae'!'BOpOB He3-He4 DpH p-cnapHBBHHH 
B qi8pYH-DO~eHCT8M8 COl!epai(T 19 BeTeel B TPeXMepHON CJ[ytl88 H 13 - B. 

µyxwepHOM. BS8HMOaeRC'l'BHe MeZIIY ipepMH- H 6oae-noaeHeTeYllllH paeTBOpa 
Bel!eT K "eaqeDJlelDPl" 3BYKOBHX YOA o6eHX noaeHCTeM H nepeHOpMHpOBK8 HX 
eKopoeTel. 
5.KopoTKO~eReTBYlllllee µnOJibHOe B38JOIO~eleTBHe (M8rHHTHOe H ~po
B8HHOe sneK'fPHll8CKOe) TOtiHO ytlKTHB&eTca B ipOpYUHaMe KOHTHHYUIIHOrO 
mrrerpua nocpe~CTBOY BBeAeHHa ~ODO.IHHT8JlbHl:IX CTeneHeR CB060IW, CBli• 
38HHHX C YaI'HH'l'H!,114 ( 3X8KTPHTleeKHM) nOJI8Y I nopOJ!t,lteWWM M8l'lll!TBWm ( 8JI81C-
,TPHqecKIDOI) YOYeHTllllH KB83HllBCTHq. IloeirpoeHHlie B HHX CJiyqaax @'HKqH

OH8JIH rH11POJ1HH8111Neexoro l!eReTBHS OIJHeUB81lT HBJieHllfi ffMP H eHe'!'eyY BO 
nHellHeY aBeK'fPKqeeKOY noJie. Bes yqe,a 1!8ipOpMBL\IIK a8JIK s qiepux-enex'l'p8 
µnOJlbH08 B38JOlO~eleTBH8 H 3JieKTpHqeeKOe none BeµyT K nepeHOpMJlpOBKe 
saxoHoa µenepcHH gl~ol!: µnox&aoe ssaKYOl!eAeTBHe nepeHopMHpyeT exo
pocTb CnHHOBYX BO.IH B B-qiaae, 3.leKTPHtieexoe none llPHBOl!RT K 8HHSOTPO
IJHK cx~poeTH seyn, y6HB&lllllel B Hanp8BJI8HHax, OTnHllHWX OT HanpaBJieHHJI 
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nOJlfi (a A-K B-qiasax). AHaJiorH'lffiIDt 3ipl:eKT HMeeT MeCTO B caepXT8eytlHX 

MeHKax He3 • 
6.,ll.HnOJlbHOe B38HMOj18RCTBKe H BH8mHH8 B03MymeHHa, T8KH8,K8K 3Jl8K

TpHqecK08 H M8rHHTH08 noxa, rp~eHTH TeMnepa'l'YP, apam.eHHe,npHBOjlH'l' 
K nepecTpORKe acero cneKTp8 KOJIJl8K'l'HBHWC B036~eHHR. IlpH 3TOM OCHOB
HblM M8X8HH3MOM MHHHHH B03MY1118HHR HS KOJIJl8KTHBHhlR cneKTp HBXHIITCH OpH~ 
eHTSI.\HOHHHe aipl:eKTW H 11eq>0pM8~Ha tllBJIH B !FBPMH-cneKTpe. 

,ll.HnOJlbHOe B38HMOj18RCTBH8 BW3HB88T noaaxeHHe me.neR nop~a B8JIHqH
HH npOjlOJlbHOrO flMP B cn8KTp8 CnHHOBHX BOJIH, ~TO 03HaqaeT B03MOllHOCTb 

_MHKPQCKO~ecKoro OnHC8HHH HMeHHR flMP Ha fi3HK8 KOJIJl8KTHBHHX MOjl. 
,ll.HnOJlbHOe B38HMOj18RCTBH8 H BH8111HH8 B03Mym8HHfi npHBO/lRT K p8Ctllen

Jl8HHD H8q>OHOHHblX MOjl, KOTOpoe MOllHO H86J1Dj18Tb B YJlbTp83BYK0BHX 3Kcne
p1U48HT8X, 8 T810lt8 K nepeceqeHHD B8Taea MOjl C J::2, npH H8ffYJl8BHX HM

JJYJIJ>08.Xo PaClll8DJl8HB8 H9q>OBOBHYX MO.It B 8Jl8KTJ)B'118CROM DOJ18 MOSHO HadJm
,n&Tlo B UOJISIX nopJJ.It[(8 5•I05+2,6•I06 B/CII. 

,ll.HnOJlbH08 B38HMOj188CTBH8 R BH8mHH8 B03Mylll8HRfi npRBOjlST K B03MOZ
HOCTR Cyul8CTB0B8HHH pt -MOjl B gaqecTBe p830HaHCOB, qTo B8j18T K no
RM8HHIO pe30H8HCHHX M8X8HH3M0B norJ10tll8HHR YJlbTp83BYK8 HS xpan cneKTp8 
norJIOtll8HHH H8pJQIY C M8X8HH3MO~ pacna;ia KYJI8POBCKHX nap. Pe30H8HCH08 
norxOllleHHe yJ1bTp83ayKa a pS-woµy, Ha6J11l11aameeca a MarHHTHOM noxe, jlOJI
ZHO Ha6Jroj18TbCR T8Klt8 B 3Jl8KTpR~8CKOM TIOJl8 npH H8JIHqHH caepxTeeyqero 

noToKa Ha pnae apyrKX cJ1yqaea. 
&rH TIOJIOZ8HHH COCT8Mm:>T HOB08 nepcneKTKBH08 Haytffl08 H8np8BX8HH8 

B ili'3HK8KOB,lt8HCRpOBaHHOro COCTOJDIWI:HCCJl8j10B8HH8 H npHM8H8HH8 KOJI
Jl8KTHBHhlX MOjl nap8M8Tp8 nopnµa B caepxTeeytlHX KB8HTOBHX ZKµOCTHX. 

IHqHhlR BM8jl 8BT0p8 • 
AHccepTSI.\Hfi o6o6otaeT pesyJlbT&TW, noJ1yqeHHHe Jl~Ho aaTopow, a TS!Olte 

B coaaTopcTae c B.H.Ilonoaw. 
B _pa6oTax, ony6.mmo:aamwx B C08BTOpCTB8, 8B'1'0py npKH811JI8JOiT amSop 

H8np8BJl8HHH HCCCJ18j10BaHH8, TIOCT8HOBK8 38jl8~, p83BHTH8 M8T0j18 HCCJl8jlO
B8HHft npKM8HKT8.nbHO K noCT8BX8HHblM ssaaqSM, OCHOBHOR 0608M auqHCJIH
Te.nbHOR pa60TW, 8 T81tJt8 q,H3~8CK8H KHTepnp8T8WfH pesyJlbT8TOB H HX 0606-
meHHe. 

AaTopy npRH811Jl8llH'l' TIOCTp08HH8 MOjleJIH M8HKH He3 , MOj18.nH caepxTe
JCYll8rO pacTaopa He3-He4 , a TaKJte o6o6tlleHHe MOjleJIH TP9xwepHoro He

3 µn 
CJiyqan yqeTa jlHnOXbHOro B38HMOj188CTBHH H 3Jl8KTpHqecKoro noxn. 

.ADpo6amu1 pagom 
PesyJlbTaTw µccopT~H jlOM8jlliBUHCb KB ceccKH OH~ AH CCCP (Moc

Kaa, 1980), Bcec003H!,IX C0881ll8HHJIX no qt18KK8 HH3KHX '1'8Mn8P8TYP Hl'-21 
(XapbKOB, 1980) H Hl'-22 (KHmHHeB, 1982), 4-R o6tlleR ltOHifiep~H O'l'j18Jle
HHH KOff118HCKpOBaHHOR M8T8pKH EaponeRCKOro qM3~8CKOrO o6tll8CTB8 (raara, 
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roJIJISHJlHH, 1984), 17-R MezµyHap0!1ffOR KOHifiepeHI.\HK no <pR3KKe HH3KKX 
TeMnepaTYP 1-, T -17 ( Kap.ncpya, iPr, 1984), Ha HByqHHX ce1omapax a noldki 
HM.B.A.CTeKxoaa AH CCCP, OIIB:K, nilli HM.M.H.Ka,unmHa, ~ m,.A.~.Hoiplle 
AH CCCP, HID{ @!Smut PrY ,Ha lllltOJie no cnepxTeitytZecTH H Hs6paHHhlM aon
poc81l caepxnpOBOJlHMOCTK (BaeypHaHH, 1985,1986), B Jl860paTOpHH HllSKRX 
T8M118paTYl) X8JIDCRBKCKOrO T8X~8CKOrO YHHB8pCHT8T8 (~smµa, 
1984), B yHHB8pCHT8'1'8X r.Typgy, Taunepe, Oyxy, IOB.froKDJia (~HJIHH-
jlHH, 1984). • • 

lly6JIHK8UHK. Ilo M8'1'8pH8Jl8M jlHCC8pT8qHH oey6.nHKOB8HH pa60TW [ 1-17] • 
06oeM H C'l'pYK'l'ffl. ,ll.HccepTSl\HH COCTOHT H3 BB8j18HHH, ceMH rJlaB, 

38KJIOqeHHH H CTIHCK8 JIHTepaTYPW, BKJIOqaJllllero 103 H8HMeHOB8HHH. Pa60T8 
H3JIOZ8H8 HS 208 CTpSHHqax MamHHOIIHCHoro T8KCT8 H COj18pllHT 8 pHCyHKOB 
H l T86JIHey. 

ConeRJSHH8 pa60TW 
Bo BB838HHH j18H8 TIOCT8HOBlt8 3&a&qK, Kp8TK8S X8p8KT8pHC'l'Hlt8 OC

HOBHOro M8TOj18 HCCJl8Jl0B8HHn - M8'1'0Jl8 KOH'l'HffY8JlbHOro HHTerpKp088HHH 
H COjlepZ8HR8 jlHCC8p'1'8qHH no rxaa&M. 

B nepaoR rJl8B8 npHBe~eH KpaTKHR o6sop OCHOBHHX CBORCTB CBepxTeiy
llllrO He3 H Jl8HO T80peT~ecK08 OIIHC8HK8 CB8p'l'8eyt!KX q>83 B paMKax YO
j18JIK He3 , nocTpoeHHOR 118TOJlOM !pYHKqHOH8JlbHOro HHT8rpKp0B8HHH. 
Moj18Jlb OIIHCWB88TCH !pYHltl\HOH8JIOM rRJlPOJ1HHSIOA8CK,.oro aeRCTBHH ( M'A) 

,1 _., ~ + ( , 1 ,( t,.,,,, n + M (c,c+) 
i'fv = a 4- C;,r., pic.0, If) + Z <U/4 M" /0 0 1 ' (l) i½~ {'1 I 

onpejleJIHDllUW ace ipHSHqecKHe CB08CTB8 UOJl8JlbHOR CHCT8MW. 
3~ecb Ci:4,(pJ-. qiypD8-KOMnOH8HTW 6ose-no.11eR C,·4,,(~'f} t OIIHCWBUllllllX 

1tynepOBCKKe napli ltB83H4JepMHOHOB y noaepXHOCTK ~P¥JI, 9' -nponopqMO
H8.llbHO 8MMHTY~8 napHoro pacceHHKH KB83KqacTH4, '/:f ~nepaTop, 38BK
CmllHR OT 6ose-no.11eR H TI8p8M8Tp0B KB83H4)epMHOHOB. CsepXT8eytlH8 lpl13W 
noxyqaoTCH K8K H8TpHBH8.llbHH8 pemeHKH ycJIOBHH 3KCl'pell8JlbHOCTH Jt8RCT
BHH s $1., = 0 • TpK H3 HHX 0'1'0~8CTBJIHOTCH C 3KCnepKM8H'l'UbHO OTKpWTW-

IOI q>8381lK A • A1 t B. 2 

HccJ1011oaaHHe BTOpoR aapHaqHH 11eRcTBHH S St, µn aTKX q>a3 nossoJ1s
eT OnpeJleJlHTb qJl(CJIO rOJijlCTOYffOBCKHX MOJl 8 moc. B A.,.qiase RX OK83WB8-
eTCJI 9 (sayKOBNB H Op6HT8JlbHli8 BOJIHW), 8 ~3e - 4 (3BYKOBY8 H CIIH
HOBW8 BOJIHW), a 2,l\-4>&se - 6 (aBYKOBWe K op6HTUbHW8 BOJIHW). 

Bo 'TopoR rxaue npoaeJteHo BJ:NHCJleHHe noJ1Horo cne1tTpa 1toueKTHB
HWX UOjlx 8 A-q>ase npH HYJl8BOM KMTIYJlbCe B03~yaj18HKR H B 8-q>Sse - npK 
H8ffYJl8BOM_HM}lYJlbC8. 

x/ OTweTlrtY, tn'O B jlHCC8pT8qHH paccuaTpHB80'1'CJI 6eccTOJlltHOBHT8JlbHW8 
MOjU,I, µs KOTOpliX BWUOJIHJl8'l'Cff yCJIOBHe w'L >'> ,( , rJl8 W -~8CTOT8 KOX
Jl8ltTHBHOR MOjU,I, "f: - BpeMJI CTOJIKHOB8HKR ltB83HqacTKq. 
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B-q-,aaa H30TpOIIHa H 3aKOH jlHCnepCHH KOJIJI8KTHBHWC MOil B HeR maeeT 

BH.Jt 
£2.(K} = ...fl.t. +J..K~ 

tieTb!p8 M011f:l H3 18 fiBJISIIOTCfi rOJIJLCTOyHOBCKHMU, 
CYJll8CTBOB8HHe CBfi3aHO C HHBapH8HTHOCTbll ll8RCTBHfi 
npeo6pa80B8HHfi BOJIHOBOR qlY!f.KI.\HH KOHJl8HCaTa · 

C14, - I,(, e,L'f Ct4,,, 

(2) 

Jl.118 HHX ll.. = 0 • HJC 
$fv OTHOCH'l'eJibHO 

aaBHCJmlero OT tl8'1'b!p8X napaweTpoB. 0cTaJibHhl8 14 MOil fiBJifiD'l'Cfi H8!pOHOH
HWH - HMeDT uienb npH K = 0 • qacTOTH aT~ll 6WIH BbNHCJieHH B pa6o
Tax B110BHHa, HaraH, BOJib<pJ18 11 llP• /..fJ.. = ,t8/5 Ll - f'$t j Jl.= {12,/5 ~-$,~ 
.ll.= ZLl - p8 -wo,u;il. 0/lHSKO aKcnepHMeHTMbHO B036YlllleHHfi reHepHpyt>TCfi 
yJibTp83BYKOM C H8HyJl8BW HMIJYJlbCOM, 3TO 03H8tl88'1', tl'l'O JlJlfi OIIHCSHHfi 
3KCn8pHM8H'l'aJibHOR CHTY84HH He06XO/lHMO Kp0M8 tlSCTO'l' H8!pOHOHHb1X MOil 
3H8Tb 81118 H K03qxpi14H8HTbl JLHCnepcHH J. • . -CJ.tytiaR H8HyJl8Bl,IX I< 6LIJI paccMOTp8H B·pa60T8X BJLOBHHa H BoJib<pl18 
N8'1'01lON KHH8'1'Htl8CKOro ypaBH8HHfi H B pa60T8 HaraH C HCD0Jlb30B8HH8M 

ypaBH8HJIJ1 BeTe-COJIIIHTepa. 0/lHSKO pl, -M011f:l, a B pa60Te BoJib<pl18 T81Qte 

5 B8'1'Belt r~ir- H $f-MOll,C 'l'OtlHOO'l'bll 110 K
2 

HCCJl91lOl!laHY H8 6YJIH. 
B JlaHHOR rnaae HCCJl81l0B8Hhl BC8 18 KOJIJl8K'l'HBHl,IX MOil B B-qiaae npH 

MaJimc HMIJYJibcax. BI,ltlHCJieHY cxopocTH 9l-u.op., tiacTOTbl .It H Koaqx1JHq11-
eHTbl JLHCnepcHH J.... H8!pOHOHHWC MOP,. 

Alta BliNHCJieHHs KOJIJieKTHBHoro cneKTpa B o6nacTH T8MIJepaTyp 'fc,T~ 
..,Tc H806XOJ1HMO p83JIOU'l'b &tide (1) 110 <pJIYK'l'Y84HfiM 6oae-noJieR C,4{P) 

Jo) f, 
Hap. KOHJ18HC8'1'HLll4H SH8tl8HHfiMH C.ir,.(pJ. pa3JlHtlHWMH Jl.118 pa3JlHtlHWC q,aa. 

Cll8Jl8B B wmtqHOHaJie rSti, C/lBHr c,,Jp)-- c~t ff)+ c,·a..ft) . ,Bl:lll8JIHM 
KB81lp8THtlHyll qiopwy 

Z:. c!a,{p)cig(p)Aijc.,Mp)+ · ca) 
r +ff ( c.uiJp)cir,{-f) + c1a-{;,Jcjs (-p))B,1a-e{p), 

onpe118JlfilllllYII B nepBOM npH6JIHJt8HHH 6oae-cneKTp, ROTOpl:dt HaXO,ItHTCa 

148 ypa.BH8HWt JdQ=O. (4) 

31l8Cb Q_ - M8TpHq8 KB~S'l'HtlHOR !pOpMJ,I, Onp8Jl8Jlfi8MU K03qxpHqH8HT
HIOO( TeHSOpaYH Ai.ja,Up), B'da,l(f) • 3TH seJIKtiHHli npono~oaall&HH HH• 
TerpaJISM OT npQHa&elleHHI rpHHOBCKHX cpyHKqxl ipepMHOHOB. UpH BliltlKCJle
HHH S'l'HX HHT8rp8JIOB B8CbM8 8~K'l'HBHW OK88YB88TCfi DpReM ~ettaMaaa, 
06WtlHWA B peJifiTHBHC'l'CKOA KBU'l'0BOI Teopn. C ero DOMOlllbll·xerKO 6e-

i PYTCJI •~erpUH no napaMe'l'pllll KHlllql8pD0H0B • Pauaru 8&'1'811 noJiy-
. -ti0HHYe B1ip8Jl8HHS: no M8lll,D,I IOOJYX&Calil doae-BOadyz,ttemdt I< • pemax ypaa-

H&HRe ('t) ' IIOXytDD( ,HCKOW8 saxoim llJICnepcHH JUUi 9"- -, ,,,. -, r~t 
-11011. ('.g -«OJU,1 ll0Tp860B8.IK CII8I.\HU1>HOro RCCll81lOB8HHfi, OOCKOJlbJtY JUlfi 
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HHX p83JlOK8HH8 DO 148l!WM IDmyJlbCall H8npHM8HHMO: KOSqxpH4H8H'l'bl T8Koro 
z. I, 2. 

p83JIOJB:8HHfi ml81l'l' CHHryJIRpHOC'l'b npH W = - -, .1 • KosqxpHqH8H'l'bl jlHCnep-
CHH JUlfi BC8X pl, -NOil OK83blBBIITCfi KOMilJI8KCIWMH, tlTO CBfi38HO C B03MOZ• 
HOC'l'bll pacnap.a B036~eHHR Ha OT/leJibHW8 ipl.llfflOHbl. 

~t • H ,..~ -M011f:l, BYpOZll8HHH8 npH HyJl8BOM HMnyJlbce, pac111ennn
ll'l'Cfi B TpH rpymw B8TBeR K91l8H (npH 3'1'014 Bblp0Sll8HH8 B8TBeR C ±.'.1.z 
OCT88'l'Cff), Momo Ha6Jm1t8'l'b TpH IIHKa ~ C08K'l'p8 nornomeHHH HyJlb•3BYK8 

B KUIIYI) H3 MOil C j:2, • ,Itxa ,..~t -MOil 3'1'0 pacuienneHH8 H86JUlllBJIOCb 
3KcnepHM81ft8JlbHO illHB8p8MOM H llP• B 1982 ropy. 
YpaBM8HH8 µa OIJp81l8Jl8HHB cneKTp8 H8 HOHHblX MOil B A-qie.38 HM811T BHll 

S., di .f-i'-l wz. + 11(1-;<z.} l,,i,, "''-+-It '1-x,. + uJ =O 

0 
( 1 w,/wz.+'f(,/-x2) wl+l/(I-:;<'} -w ~ 

J,, J ,.1 w
2+).{,/-;l-} k,, /w'+'l(l-x1)'+w _ 

0 
0 

t {!-x; w{w1+1/(l-xt)' {w1+1/fl-x9-w - .J 

(5) 

npHtleN B8'1'l!lb, COOTB8TCTByDlll8fi llOCJ18/lH8MY ypasHemm, llBYKP8THO Bbl

POZll8Ha. 
BbNHCJl8HH8 ll88T Cll8llYlllllH8 pesyJib'l'&Tbl: 

~(OJ= ~
0 
(~96-i ~31); Ez(O)=A,,(~ 1'1-i 0, 13). (6) 

IlocKOJlbKY cneKTp KOJIJl8KTHBHblX MOil B A-qiase Tp8Dp8THO Bblp0Z}l8H,•no
Jlytl88M, tl'l'O H8!pOHOHHbll C08KTJ>B A-qiase COCTOHT H3 'l'p8X B8TB81t E1 H 
m8CTH • ¾· TpeXKp8THOe BiipO-steHHe cneKTpa B A-q,ase CB838HO c. HCII0Jlb-
30B8HH81l npH6JIIUt8HHfi CJl860R CBfi3H, KO'l'Opoe xopomo BHIIOJIHfi8TCfi npH wa- · 
JlliX /lSBJI8HHJDC. 4 JlOIIOJIHHT8JlbHY8 a-'- -MOWl, Cytl8C'l'ByillllH8 B npH6,!ID8HHH 
CJ1a60R CBff3H, OBfi31lHHH8 C HUINJlelf llODOJIHH'l'eJlbHOro c.1ytialtHoro BblpoX• 
ll8HHJI, T8U8 MOryT H86J1111L8'l'bCff npH MU!ilt Jl8BJieH11mc. 

CpaBH8HK8 DOJ!yti8HHSX B JLHCC8pT8qHH SHeprHA KOJIJI8KTHBHl,IX MOil (6) 
C pesyJibT8'1'8MH BoJibip118 H Tasopll'l'8 H llP• nOK831iB88T, tlTO B811l8CTB8H
Haa tlSCTb R,5 E.,fo) Ha 2% OTJlRtl88'l'Cfi OT MOWl .ZLt,, , llOJlytieHHOA .Bo
Jlb~8 M8TOllOM KHHeTHt10cxoro ypaBJ1eHHB, a Re ~{O)HS. 4% OT sneprHH 

"da,,plH,B"_~ MOJUI E=l,22A0 • O't'JIHtlHe CBfiSaHO c Teu, tiTO BO scex p.py
rHx pa6oTax aHeprHH MOil BbltlHCJl8Hli 683 ytl8T8 38'l')'X8Hllff, tlTO B CHJIY 
JLHC08pcHOHHHX COO'l'HOmeHHR npHB8JIO K OIDH6Ke H B B!AllCJl8HHH 11eACTBH• 
TeJlbHHX ~aC'l'eR aHeprHR. YtieT B JU(CC8p'l'8qHH S8TYJC8HWI KOJIJleKTHBHHX 
B036YJQt8HHI D03BOJIHJI 60JI88 'l'OtlHO BbNHCJIHTlt H 11X tl8CTOTY. IloJiyqeHHaa 

B JlPYI'HX palSoTax "/f.a.f'P'Hfr" - uo11a E=~5b4,s paccM8TpHBa011OR Mo
ll8llH A--<IJasa ee sosHHK&eT. OllffaxO 111HpHH8 3'l'OI MOJUI ft !!! trl.4J/l CTOJib 
B8JIHK8 ( Ha nopSllOK 6OJlbll8, tl8M y IIOJlytl8HHOR B NO1l8JIK " e-la!ppi.,., " 
- Mo~ ft= ff wet>, tl'l'O "/la,f'piH-a,- '!. MOila sBJia0Tca JIJ1oxo onpelleJiea-
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HOii H noTOMY He CTOJib HHTepecHotic TOqKH speHH.H 3KCnopmteHT8, KSK 
xopomo onpep.eJJeHHan" dappi"'fr " - Mop.a. qHCJIO MOll (,%4,. {TpH) H 
"c.lo.ppl11.s, " -MOjl {meCTb), nOJiytl8HHblX B p.HCCepTSWfH H B paCioTe BoJib
cp11e, coenap.aeT. 0TJlffqH8 CB.1138HO C no.HBJI8HH8M B MOj18JlH qeT!ip8X p.onoJIHH
TeJJbHblX g,d_ -wop., 0 KOTOpYX ynOMHHaJIOCb BLIIDe, CyDl8CTBOB8HH8 KOTOpi,IX 

{CB.1138HHO' C npHCiJIHJt8HH8M CJlaCioll CB.IISH) MOlltHO cqHTSTb 3!pp8KTO~ MaJIHX 

ll8BJl8HHlt. 
qTO KacaeTC.H MHHMYX qacTell sHeprHlt H84)0HOH1WX Mop., TO OHH a1,1qH

CJl.HJIHCb JIHlllb B Op.HOii paCioTe Tsaopp.Ta H p.p., rp.e p.JI.H 38TyX8HH.H "clo.p
pl"f -wop.1,r noJ1yt1eHa BeJJHqMHa O, 41J

0
, qTo CioJibme noJiyt1eHHoro HSMH sHaqe

m1.11 0, 13A0 • BeTBll ze E~~ 96A0 TsaopjlTOM H 11p.eo0Ci!lle He noJiyt1eHI,1, TSK 
qTO sp.ecb HX 38'ey"XSHH8 Bl,[qHCJl8HO enepaue. 

MHHMue qacTH saeprHlt E.,(O} H Ez.fo) OKasueaDTC.H nop.Hp.!<a 15% OT ee-
111ecTeeHHux, II08TOMY saTyxatrae MOP. MO»IO Ctl'HTSTb yMepeHHblM, a CSMH 
B03CiYJ!118HH.II HaCiJIDll8Tb KSK pe30H8HCY. 

8 3TOR ~e rJiaee paCCMOTp8HO BJIH.IIHH8 3!pp8KTOB CH.ll>HOlt CB.113H H 
MarHHTHoro noJis Hli CTPYKTYPY KOJIJieKTHBHoro cneKTpa e A-ipase. IloKasa
HO, qTo ytl8T 3qxp8KTOB CHJibHOlt CB.H3H yM8HbmaeT Q'HCJIO ti -Mop. C 9 p.o 
5 (4 MOp.!l nepexoµT BO "{ftl.ppl," -MOp.!,!). BKJinqeHHe MSrHHTHOro nOJIJl 
yM8HbmaeT ql(CJlO g,<f, -14011C9110 6 B npMCiJIKJt8HHH CJiaCiolt CB.H3H H C 5 
110 4 npH ytl8T8 3(pp0KTOB Cwn.Hott · CBJl3H. 

B TpeT&eR rJiase HCCJl8jlOBaHa yCTOftQ'HBOCTbgJ-wo11 no OTHOm8HHIO K 
pacnap.1111 0,llHOro BO~CiYJ!118HHJl HS HeCKOJibKO p.pyrHX BA-,· B-, 2,U-ipasax 
He3 • 

8 H30Tp0nHOR 8-qiase pacnap. 4)0HOHa HS OTJleJJbHI,18 gJ8pMHOHI,1 sanpellleH 
HS-38 Cyal8CTBOB8HH.11 noporoaoR 3HeprMH - 3HeprHH CB.H3H q>epMHOHOB B 
K)'nepOBCKOR nape 2,~, Pacnap. B03Ci~8HH.11 Ha µa HJlH H8CKOJibKO BOSCiy
lKjl8HHR Toro lite THna KHHeMaTHtl'eCKH sanpe11teH, ecJIH diE/J1l<0 H 
1tpHea.11 E/K.}sarHCiaeTc.11 BHHS OT xacaTeJJ&HOII u.K • &ro 3KBHBaJieHTHO 
noJIOUTe.JlbHOCTH K03qql(~8HT8 llHCnepcHH Y B 38KOHe µcnepCHH 

Efi{/= u.,Kf1-r1<2J · <?>. 
npH MaJIYX K • Il03TOMy eonpoc oCi ycTOftQ'HBOCTH ¢ - MOil CBOllH'l'C.11 K BY
qHCJ18HH!l nonpaeoK K JIHH81tHOMy 38KOHy 1lffCDepcHt. B!lllHCJl8HH8 DOK83YB8-
8T ycTOftQ'HBOC'!'b ecex p-..011 B 8-qiase. 

B aHHSOTpomn.cc qiaaax {A, 2,U) 3Hepr8TaqecKa.H lll8JI& B i{lepMH-cneK
Tpe 38BHCHT OT aanpaBJieHHa B HllllYJlbCHOM npOCTpaHCTBe H acqesaeT B BY
p.eJieHHOM aanpaBJieHHH~ IlosTOMY sp.ec& aHepreTHqecxH eosMoseH pacnap. 
q>OHOHS HS _OTp.8JlbHY8 i{lepMHOHY. Bonp>c ze oCi ycToltq11eoc,11 9J. -MOil JIO 
OTH0■8HJD) X pacnw HS H8CKO~bXO 6038-BOSCi~eHJtl, sax H 8 8-qiase, 
CB01lffTCH ·x H8X~8HHI) JIOIIpaBOK K HH81HOMy SaKOHy llHCDepcn. BW1lllc
JI8HH8 JIOK8SYB88T, qTo·ao3Ci~eHHe ycTOlllfflBO, ec~H ero HMIJ;yJibC JI8JtHT 
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BBYTPI HeltOTOpHX KOHYCOB, oncammx OKOJlO ~8Jl8HHOl'O HaDpaBJleJUIJI. 
BHe o6JlacTel YCTOl1D!BOClll 3H8PI'BI B03CiP',l(emtl OT8HOBnCS RClilIIJ.teltCHY
MB, '!TO qasnecltl CBJISaBO O B03JIOJmOCTH> paOII3,Il;a B03Ciµ,-neHII Ha IC
XO.itm,le qiepmow. mmynOH 11:0TOPHX CiJm31tB It Bll,lt8JleHHCl(Y HaDpaBJ1!3Blll. 

l3Hqa0J1eB118 lIOIJpaBOlt It JlllHeilHCl(Y saKOHY ~Cllepc:e:a B B-qese Ilpo

B0,IUITOJI C lICIIOIIIJ.I> p8.3J10Z8HHS K03cpll!IUl8HTHWC T8H30p0B A,;;a-t (p), 
e,,.a,IJP) .no U8H0B"'W~ K!c.lK

2
(wui /li/....yo,n W 1!18JlO, Ita1t B l< ) • JT.na A-

'I z. ,-. 'I,. 
B 2.Il-qas ltOa@l!IUleBTH llpl W , K , BOOCiJQe roBOpJI t J1orap1q14111eo-

z. J. z z. 
1tB S8BIOJI'f OTO.:aw+<,:~,. lloaTOMY ,tt.JIJI 3TIX qa8 lIOJJpaBKB It JIBHelHCl(Y sa-

11 "-A,.,,1: 
ROBY ,ItlOI18pCBB MOJmO llo.uyqlll, auyp8.THO BH'IBOJ!RJI TOJWtO 11JleHY~ f-,-

. 8ROII8pBM8H'f8Jll,HYe HCOJle,ItOBaBBJ! TOBKHX IJJleHOlt He8 , a T8ltU MOBO

CJl08B Hes, 8,ltCOpCiBpOBSHHHX Ha no,n;noue, IIOKa3HB8JlT, 'l'fO lIOB8,It8HH8 
IJJleHltl CTSHOBHCJI "Tl)eD18pH1,111" llpB TOJIIQIIHax B 'rpl I CiOJiee c.aoa H 00-

TaeTCH ".ItBYDepJD,111" WU! MOB08TCIIIH01'0 H ,ItBymTCIUIOl'O CJl08B. Ta.KOi BH

BO,It CJ18,nyeT, B 118.C'lHOCTB, 18 18M8p8HIJI T8IIJl0811ltOCTH. Kax B ,tt.JIJI TpeX
MepHOl'O He8 B8&Hffllll M8TO,It8MJI ICOJle,ItOBaHHJ! IJJleHltl He8 .no.mu CTaT~ 
YJll>'fP88:eyltOBH8 JI l1MP 81tOil8pBM8HTY, MBltpOOltOIIB'leC1t08 OlIBOSBBe KOTOpYX 
OCHOBHBaeTCJI Ha T80PBI KOJlJlelt!DHHX BOSCiP',1(8HBI B IJ.ll8Hll:8X He8• 

B '18'filept9I r.&aBe ,IOICC8P!8Itlll lIOCTl)08Ha MO,It8Jll, Il.leHltll He8 • B 88 
pmmax BCOJle,noBaHY BOSMODH8 CBepxTexy,:me <Ie,3H B ueimax Hes• l(Be 18 
BBX, o6osua11aewe o:u a. 1 g , sHepren11ec1t1 Ha.aCio.nee BHl'0,1tHH I yc,ol
'IJJIBH OTBOCHeJIHO M8JlHX B03lilYl'eH11I. IlOJIHOOTlill 13y,leHY 11:0.ILIU!BBHHe 110-
.ItH Dapaueirpa lIOps;ll.lt8. B 008BX qasax, Kalt rt ,Tax I H8qJOHOBHl:le. . 

Mo,ne.u. lI.leHD ODIClUl&HCJI ~r.ll, COBlI,w,m;IM DO <lX>J.J118 C 41YJmIUIOHa
JlClil (I), HO B O'!'JIB1118 OT Tp8D8.PHOro CJJy1J8JI 1Iap8M8Tl)Clil lIOps;ll.lt8. B meH
Kax He8 DlIJleTca 1tOMIJJla1tcwui: Ma'fP~ 2x3Ai:C:ee1tTopmdl BB,1te11:0iI1po6eraeT 
.ltB8 8H&'leHBJI I,2; 180TOIIB'leCXBI HB,1t81tC } - Tl)I SlfA118HU I,2,3) • 

HsBeOTBO, 'ITO B ,ItByDlepma: OIOTelllaX llpB KOBe'IJIHX !Sllll8pa'fYP8X 
He M0a8'f CiHT~ Ciose-1t0B,1teHCaTa. 0,JtB8KO, 11:alt lIOKaSaBO, B 118.CTHOC!B, B 
pa6oTax Bepesncmro I IlouoBa, BOa11oua 0BepxTe1ty,1ecn 11 Cies Ciose-
1t0:iutnoaora, OYB8llll8J! o ,na.nHIIIOI xoppe.lmlllaa, ydHBAIIJIIDPJ uae ► 
SOBOl'O nepexo,u. Be 8KODOB8~8JWIO, a CiOJiea M8,lt.118HHO. Bo.nee TOl'O, 
pJJ;Jt peaynTa'fOB, D~IBBHX IlpB "HUBHOM" Dpe,ItIJOJlOZ8DI O OYJlleOTBO
BaBJIJI KOB,Jt8B0a'fa, OOftUl'fOJ[ B 01.18 I Dpl Cio.nee 'l'O'IHCII paoOIIO'rp8BBB, 
Y'llftlBIIIII~. uo CSost-JtOQ8BC&'f Ha 0811(11 ,neJle "pasw8'fCJI" ,n;n:111110-
BO.IBOJIWIIJI WJ''f18IU!all• 3TO OTJIOOB'fOS:, B 118.CTJIOOTB, It 'f81111epa!'Yl)8 
«8BOB01'0 DepSXOJta, KOTOPYI) IIODO salTB 18 YOJlOBDJ! DOSBll8HHJI H8TP)I
Bl&u.llHX p8118DI ypa.BB8BIS /$ /., = 0 • IIoJJy1laeM US 'fc_ 

T. = lKeC,. u '·re - ffC,: ) (8) 
e ,r f 2z.K,, 1j,l · 

3~8Cb C.. JIOCTO.HHH8Jl 311Jl:epa. 
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Boawoziraa CB8pX'l'8icytlH8 lpS3H HCCJl8JlYl)'l'Cff CHaqaJia B 06Jl8C'l'H l'lm3-
6ypra.Jlafqtay / T-TG / << Tc . • 0HH nosBJUmTcB xax H8'l'pHBH8.IIbHhle peme

HHB ypaBHeHHff J'S~O. HMelllllero BH/l 

-A+vAP+Z{trA.,.A}A +ZAA:4 +2/{A1;4-2AATA'''-A .. frAAr::D. C9) 

3HepreTHqacKH H8H6onea BHro11mt /lB8 HSO'!'pOIIHl,18 4)83H C nap8M8'1'p8WI no

Pff/lK8 

ev = f ~4{t+i~z), g = /(1,S.·f +~1,Jl2,). 

ByqHCJl8HH8 BTOpOlt B8pH8QHH /l8ACTBHff f2.s't, nOK83HB88T YCTOltlUIBOCTb 
o6aHX 4)83 ( Q/ H ~ ) O'l'HOCHT8Jlbff0 MMblX B03Mylll8HHA B npOH3BOJlbHOM 
MarHHTHOM none, n03BOJlff8T Onp8j18JlH'l'b illgHOHHl,18 napeMeHHHa (Hy.Jl8BH8 co6-
CTB8ffffhl8 sneweHTH KBSjlpaTKqnolt qiopwJ

1Se.,) H BHffCHHTb Bonpoc 06 HBMe
H8HHH qffc.na gl- --MO/l npH Bl(JmqeffHH M8rHHTHOrO nons. 

B Q.... -qiase npH H=O cyntecTBytlT TpH tl-uo/IH, a ocT8.JlbHhl8 /l8BBTb 
MO,ll BBJUIXl'l'CB ff8qi0ff0Hffl,D(H. rrpH BKJD>qeffHH M&rHll'l'HOro IJOJlff O/lff8 'f"-wo11a 
npH06p8T88T ~e.nb nopff1lK8 !'."' H C'fSHOBKTCff BeqJOHOHHOI. · 

B £ -qiase HS 'tJ8THp8X ~011 (npH H=O) 11Be ciraHoBsTcs H8qJOHOHHWH 
npH BKJIIO'tJ8HHH MarHHTHOro nOJlff. 

OTMeTHM Cynt8CTBOB8HH8 B 0~8KlC 4)838X µywepHoro 3BYK8 BoroJI!l60Ba
AH,llepcoHa E = CFK/li, a TaKJte ycTOlltlHsocTb Bcexp-wo11 B o6eia: qiaaax 
OTHOCH'l'8.JlbHO pacn8jla. 

311ecb i1a BH"tJHcJleHhl saKOHhl /lffCnepcHH scax HeqJOHHblX MOil B Q...- H B
ipaaax. 

rrpe11CK838HH8 CB8px'l'8KyqHX 4)83 B I1Jl8HK8X He3 CTHMyJlHpOBaJIO HX jl8.1Ib
H8All188 '1'80p8TH'tJ8CK08 HCCJl8j10B8HH8, 8 Tana 3KCD8pID18HTaJlbHhllt nOHCK 
CBepxTexytiero nepexo11a, KOTOplil 6HJI B 1985r. o6HaPYJleH Caxpaµea H ,lij>. 

B STOA Ke rnase paccMO'l'peHo nosa11eHHe xopp8JlaTOpoB 6ose-nOJ1:e8 
(.C;,Jx;,i)';jlJ(y,<i:)) npH r=fx-y/-..., , Onp8j18JIJWlllllX HUHtlH8 CB8pxTeey
qxx CBOICTB B CHCT8M8. Kax OTM8'118Jl0Cb BHlll8, IUJ.SI CyDl8C'l'BOB8HJUI csepx
'1'8Kytl8CTH B µywepHOI CHC'1'8M8 3'1'0'1' KOppeJiffTOp j10l1Jt8H y6WB8'1'b Ha 60.Jlb• 
mHX paccTOBHHSIX H8 3KCnOH0HQH8JlbHO, a 6onee •eµeHHo. B STOA rxase 
DOK838HO, '11'1'0 KOpp8llSITOp 6ose-nonel y6WB&8'1' C'1'8D8HHHM o6pa30M IUJ.SI 
CHC'1'8W BO BH811H8M none, '11'1'0 j10K&SYB88'1' Cynt8C'l'BOB8HH8 CB8pXT8Kyti8C'l'H 
B DJl8HK8X He3 B M8I'HK'l'KOM IJOJl:8. B o6meM CJ1yti&8 noxas&HO, '11'1'0. 'l'eOpllSI 
µyHepm,oc CB8px'1'8icytlHX CKCT8H THIJ& He3 IJPK H8Hy.Jl8Bl,IX '1'8WI8p8'l'fP8X CBff-
3aH8 C 31ijlll'll81 06 a~TO'l'mt8 ROPPB.lUiTOPOB .i-IIOJIJl µywepHOI 8BUH

)tOBOft T80plllll. . 
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PacTBopu Ha3 B CB8pxT8KytJeM He4 /l8BHO H3Y"tJ8DTCB TeopeT~qecKH H 
3KcnepHM8HT8JlbHO. B CBB3H C 3THM 8CT8CTB8HHO B03HHK88T BOnpoc O nape
XO/l8 q>epMH-KOMnoHeHTH p8C'l'BOpa (He3 ) Taue B csepxrexyqee COC'l'OflHHe. 
Xo~epr rIOK83aJI, qTo $ -cnapHB8HHe np8j1nO'IITH'l'eJlbHO npH HH3KHX KOH
Q8ff'1'p8QHBX Ha3 (110 6,6%), B TO BpCMff K8K npH KOHqeHTpSQHffX He3 60.nee 
6,6% H 11aBJ1eHHH 20 8'1'14 p-cnapHB8HH8 6y11eT npej1nO'IITHT8JlbfflilM C TaMne
paorypoA 4)830BOro nepexo11a OT 10-4 K 110 10-2 K ( B 38BHCHMOCTH OT KOH
Q8H'l'paQHH). ft -cnapHsaHHa CSH.10 HsyqeHo B pfflle pa6oT. 

B IJJJ~OI rnasa H3Y"tJ8HH KO.DJl8KTHBHhl8 CBOACTB8 CBepxTeeyqHX paCTBO
poB He3- He4 npH p -cnapHB8HHH s He3 • HcCJte11osaHH KOJIJI8KTHBHue MO)tli 
K8K 'l'p8XMepHhllC, T8K H /lByM8pHIDC paCTBOpOB. CneKTp KOJLII8KTHBHHX B03-
6Yll/leHHR B 'l'p8XMepHOM cnyqae COCTOHT H3 19 MO/l, B 1IByMepHOM.- H3 13. 
0/lffa H3 19 (13) MO/l np8j1CT8B.JlfleT co6oA 8BYKOBYJO MO/lY 6osa-no11cHCT8Mli, 
OC'l'8JlbHhle 18 (12) COOTBeTC1Bytl'l' p83JlH'lllWM KOJIJ18KTHBHHM B036Yll/leHHSIM 
q>epMH-~O,ll;OBCTaH • 

B 3T08 rnase nOC'l'p08H ~~ p8C'l'BOpa, HCCJiej10B8HHe KOTOporo noKasa
.no, 'IITO B38HMOj18itC'l'BH8 6038BCKOA H q>epMH8BCKOR rIOj1CHCT8M npHBO/lffT B 
nepBOM npH6JlHlteHHH K 38QeDJl8HHD 3BYK0BhllC MOil q>epMH- H 6ose~no11cHCTeM, 
µ11 cxopocTeA KOTOphllC no.nytieHo 6HKBll/lPSTHOe ypasHeHHexl 

1 .i. .z. z zt' z u," - U,l,( CF + J.o taF) + c,,rio (t - l Bl' KF)=o. (IO) 
.3 h1 3m 8 n-.z.cF 

311ecb ;/.: =-f. -DJIO'l'HOC'l'b (Sose-KOff/l8HC8Ta He4 ' ta -aM1IJIHTY/l8 napaoro 
B38HIIO/l8ACTBHS B 6ose-no11cHCT8M8. 

Hs(lO) c.ne11Ye'l', 'IITO ssaHM011eAcTsHe no11cHcTeM, onpe/leJJBeuoe aMill[H
moA t8F , He M8HBeT CY)m KB8,llp&TOB CKOpOCT811 SBYKOB u.: + u..! , 

a. .z. 
HO yM8Hbm88'1' npOH3B8/l8HH8 u.:., u;.t, no cpasaemm C 'l'8MH ll'.8 B8.JllfllHffaMH 11,1lSI 
HeB38HMO/l8ACTBYJO!llHX 11-PYr C 11pyrow rI01ICHCT8M. .1. 

,lucno~bHOe B38HMO/l8ACTBHe,. necMOTpfl Ha CBOD M8JIOCTb (EI>"' 10 K), 
npHBO/lHT K Pff/l1 BUH!iX CJle/lCTBHA. TaKM8 SIBJ[8HHSI, K8K cµHr Iionepe1.1ao
ro IDlP a A"'iJ838, npo11onbHHI JJMP BA- H B-qiasax, c11.ns OCQH.Jl.JlBTopos 
11,JISI $'j- -MO,ll CBSl38HH C 11HnOJ1bHJ,IM B38HM0j18IICTBH8M. 3n:8K'l'pM'll8CKOe none 
MOll'.8'1' npHBO/lH'l'b K OpH8H'1'81.\HOHHl,DI s'M8KT8M B A-qiase - BHCTl)8HB8'l'b op-
6HT8.JlbHhl8 ~OM8H'l'LI KynepOBCICHX nap e nepn8ff11HKYJlffPHO £. 

rrosTOMY npe11cT8BJIS18'l'CSI B8llffl,D,f H HHTepeCHI,JU Y"tJ8T /lffnO.DbHO
ro B38HMO/lellc'l'BHSI CAB) H aneK'l'pHtlacKoro no.n11 (3II) 11 HsyqeHHe HX B.ll'.H
SIHHS H8 cneK'l'p KOJLll8KTKBHlilX MOj1. 

B mectol r.nase pasBH'l' M8'1'0/l yti8'1'8 AB Harr. rrpH 3'1'0M nap8M8'l'p n~
Pff/lK8 CIIII> c'IIKH8'1'c11 HesoaMYllleHHHM Cslil3HBaeMa11 AB Harr 11eifiopMSQHa IIlI 

x/ YpaBH8HH8 npHB8118HO IUJ.SI TpeXMepHoro cnyqas. 
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paCCMOTpeHa B CJI8.IJY)Jl{8tt rJiaB8). C IlOMOUU,D pa3BliTOro M8TO'Aa ,Ray-qeHO 

BXHl'iHHe A8 Han Ha KOMeKTHBHHe uoaw nn. 
Ann 'l'Otraoro yt.e'l'a B38ID40aeffcTBHl'i (napHoro) B qx>pMMH3Me KOHTHHy

aJibHOro HHTerpana Heo6xo~Mo Bee t1nem,r 4-ro nopnµa no nonJ!ll, onH
CNBSl)!IUle B3aHMoaellcTBHe, K8KHM-JIH60 o6pa30M CB8C'l'H K xssapaTHIIHW 
IIJl.l'i nonyt.8HHl'i rayccOBl,IJC qlYHKI.\HOHanbm,cc HHTerpaJIOB, KOTOpNe BlilllHCnH
lOTCII TO'IIHO. 

B cnyt.ae AB npo4ellYPa nepexoaa K rayccoew HHTerpanaM ocyt11ecTBJ111-
eTcR nepexoaou OT CT8!918pTHoro ODHCSHHH ABK OilHCSHHD ero C nOMO~blO· 
MarHH'l'HOrO nong (Mil} H (x,'f) , nopozµ.aeMoro MarHH'l'lilD(H MOM8HT8MH KB8-
3H'll8C'l'Hq, IUIH qero noa 3H8K

0

HH'l'j!rp&Jia no "Mep,neHHHM" q,epMH-nOnml BBO
~'l'CS rayccoe HHT8rpaJI no IJOJIIO H(x;r). Caenae 38'1'8)1 B HOBO!! nepeMeH
HOII casHr Ha xe1111paTHt1HyIO qx>PMY no MeµeHHW q,epMH-nonBM, YffH'IITO•a10-
111Hlt ttl[~H AB, nonyt.HM rayccoe HHTerpan no ue,ureHHhlM q,epMH-nonBM • 
non10 H(l,-c) (nepeff}:ts rrpH 3'l'OM K 6oae-no.1uw c.,a,Cp) }. Base rayc
coa HHTerp&JI, nonyt.HM !K'A,. OIJHCNBSDIIIH!t see CBOIICTBB CHC'l'8Mli C yqeTOM 
AB, B '118C'l'HOCTH, SBJl8HHII fill?. 

AHMOMl'tlHBII ~es HCIJOnb3Y8TCS H C qenbIO yqeTa arr,. nonspHayn~ero 
STOW He3

, MeJQIY KO'l'OpbD4H B03HHKBeT 3JleKTpH'll8CKOe ~nonbHOe B38HMO
~~IICTBHe. 8 3TOM cnyqae see CBOµTCS K BBe~eHIO) aneK'l'pH'lleCKOro nonn 
E (x, <e )_, nopolljtaeuoro HHllYI.\HposaHHWH µnonbm,am MOMeHTSMH aTOMOB 

He3 rJ.1 f ( IX1 - IJOJUlpH3yeMOC'l'b 8TOM8 He3 , £ -BHeDJHee all) • 
rrpH Blil'IIHCneHHH BJIHJIHHH AB Harr KS KOUeKTHBHHe MOjUi IIIl IJOK83BKO, 

'11'1'0 B nepBOM IIpH6JlH&eHHH o6a B03~8KHS snHffll'l' JlHllb Ha 3-d-MoaH. Tax, 
ABB 8-q,aae nHlllb nepeHOpMHpyeT CKOp0C'l'b CIIHHOBWX BOJlH 1 8 all IIpHBO~T 
K 8HH30'1'p0IJHH CKOpOCTH 3ByKa, KOTOpas y6HBaeT B H8IIp8BJieHHSDC, OTnH'II
HhlX OT HarrpasneHHS nonn. AHMOrH'IIHliff 3qxp8KT HMeeT MeCTO H B nJ(eHKax 
He3 • 

B aToR ze rnase HayqeHo BJlHJUIHe BHe111Hero MarHHTHOro nons Ha xon
neKTHBHHe MOjUl B A-K 8-qiaaax C IJOMO~IO Hccne~OBaKHl'i BTOpoR sapHaqHX 
aellCTBHB <i~1i,,. PacCMO'l'peH BOIIpOC O no.aaen■ 'II.IIBOB,l&JRIO..-X OT DO

u, B OD&npe Be(pHIOIJDa 11(),lt • 

J,(y K3YtfHJlK BJIKJIHH8 A8 Harr C IJOMO.blO yqeTa ~OIJOJIHHTenbHWC ltll8HOB 
B CB060,!1HOR 3HeprHK, CBS38HHHX C 3THMH B03MytlleHHBICI. fic:Ho, O,!lHBKO, 
'IITO AB, xax K no6oe BHel!IHee soawy•eHHe, HarrpHMep, an, MIT, csepxTexy
t1HII IJOTOK (Cil), pa3JIHtfHhle 3qxp8K'l'li BpBllleHHSf,BJIHffll'l' Ha C'f'PYK'l'YPY nrr, 
BY3HBan ero ~eqiopwaqHIO. rrpH'lleu, KaK 6y~eT noxaaaHo e rnase Yil, STO 
BJIHIIKHe B8Cb~ c5ec!'eeHHo. B A~ae BHelDKHe B03Mylil8~qMKC~YJ)T 
HarrpasneHHR l-H d,, -BeKTopoB, 'IITO se~eT 1t o6paaoa8JDm t- H J:. -'l'eK

CTYP CO~TBeTCTB8HHO, 8 Taae IIpKBOµT K ~eqx>pM!U!HH ■8JIH B q,epMH-cneK
Tpe (,llJII} • 
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B B-qase JlB B BB8111HB8 B03MYD18BJUI qmtCBpYJIT BanpaBJ18BB8 1i:, -B8KTO
pa (B yroJI. 9 ) ~ 11!0 B9'A8'1' K odpasOBaBJDJ °ii: -T8KC'fYP, BBT8BCBBBO B3y-qa-
8MIDC K8.K BMP,· Tait B y.lll,Tpasl3YROBmm M8'1'0,)(EIIOI. KpOMe ,oro,.llB B BBem
BBe B0311YD18BBa DPBB(),IU[T K JIJll no~ OTBomeaHa 9B8pl'JIB B08N3Jll8HBa K 

KOll,)(eHcaTBOI aueprn. HeCMOTPJI Ha CBOJ> M8JlOCT1', JIJll DPBBO.IU1T K ~8J1(11J 
pa;v BUHHX CJ18,1(0TBBI. llOID!MO mm18Y]I~ BBJieBBI mlP, CBll88BHHX 
C JJJII, BB.nYlUIPOBaBHOI JlB, JIJll BH3HB88'1' T8.RB8 ~KTH, Ra1IC l'B,Iijl0,UH8MB-

118CKBI OJtBBI' Dp0,ll;OJll,BOro mfP B A- B B-qasax He8 , CB118amml C JJJII, ody
CJ10B.ll8BBOI ClI, H8JlB1!81md a®>eKT 3e8118Ba Ma r~f-MO,)(U,BHS:samml JIJll 
Mal'WITHI:DI DOJlEIII B mz'B8 • . 

B C8pMOI rme BCCJ18,1(0Ball0 BJll!.flllH8 JJJII, BHSBaBBOI.Il,B,ClI,aII,Mil aw,
qiexTar.m BPaill8Imil {mtx:pm.m R r.e:pOMBI'HeTRSMOM) Ha KOJlJ18KTRBHli8 MO,!Ui B 
13-qaae. IIOK8.88BO, 11'1'0 JlB ~pBBOJtBT K DOJIBJI8BBl),1!{8J18I Dops;rnm B8JlB'llIHH 
DP0'A0Jll,BOl'O BMP B CD8ltT1)8 Dp0,1(0.111»BHX CDBHOBHX BOJJB, UO 08Ba1U18'1' B03-
MO&OOT1' Mllltl)OCKO!IJ1118CKOro OIIICaHHa Dp0,It0Jll,BOl'O BMP Ba .mnm:e KOJLlleK

TJIBBYX 110,Jl;. JtB. B8,1(8'1' K CYll!80'1'BOBallHJ) pS-u:o,It B Ka"l8CTBe p830BaHCOB, 
DPBBO.Ita K DOJmJI8BBD p880B8HOBHX 118xaBISIIOB DOl'J101!{8BBa YJU,'l'p88:eyJta Ba 
ltl)all . DOl'J1011l8BBa 118.PJW' C 148:mmtSMOII pacD~ KyJI8pOBCDX nap, a Taue 
K DOJIBJ18HHJ) DO KpalBel Mepe O,ItBOro DIBa B m4P 8KOD8p&8BT8Jt OKOJlO 
E ~ 2Ll • JtB BH8HBa8'1' T8.Kll8 ~ac!lleDJ18BB8 ?i- B rtr;--u:o.u;, OTBOCBHJU,

BSJI :B8J11111J1Ba KOToporo I,3•10-. IIOC:KOJir.KY TO'DIOO'l'l, ynTpas:eyKOBHX 
9ltOD8PBll8BTOB B B8.0TOJJlll88 BP8IIJI .It0CTJ!l'J18. I0-4 B B8DpepUBHO pa.cT8T, 
110&0 OD,Ita'n, "ITO 9'1'0 pac111eDJ18B18 IIOZBO dy;tt8T Bad.JJJwl'fl, B 9KOD8PB
IIIBT8X C HYJ1Jr-8Bylt014 B rurazalu!EIM 6Y'AYUl811. 3TO pac111eDJ18BB8 DPIBO.ItH 
,1(0DOJ1IDIT8Jll,BO K D8P8C8118BII> B8TB81 ?'f- I ift'-MO'A C pa8JlB'IIBHlllf Ja 
npB B8HYJl8BHX mmy.n:r:.oax B086ya;D;8BII. 

JIJll Sa 0"18'1' MIi DpHB0,1U1T K DODpal!XaM B CD8K'fl)8 KOJLII8KTBBHlalX 'JI.O'Awlf.

Qua :EIHSHBa8T pao111eDJJeBJ1e r$j-- a: i:t'-110.n:, o6yCJIOB7mB8.llllee Kalt B8JIJIBel
BHI a(MleKT 8eE1118Ba, Be.ItYJIIIII x dpeoe11ea11m BeTBeft .1=2 IIO'A c pasut1-
HYYH :Ji B oanma: ll8.I'BIITBHX Dcwa:' (nops;rnm I,5 Kl'c), Tait a Depecne
sae S'l'BX B8TB81 DpB ~8HY.ll8BHX DmyJU,OSX B086ya;D;8BHI. 

arr BH3HBa8T 8HaJIOl'Jl'IIBH8 B8N:8B8BDa B CD8K'l'p8 KOJLJ18ltTBBHHX 11(),lt. 
JJ,l1J! Ha.d.u>.I(8BJIJI paC1118DA8HHa r-tt9 I ~ ;t0,1( B arr B yJD,'fl)8,3:eyKOBHX 9KO
D8PDl8BTU B8odXO.ItlllH DOU OT 5•105 'AO 5•Ia6!A(DpB P..0 B Ba KPBBOI 
DJ18l!Jleu.11). Omeflll, 11TO BeJIB111Ha Dpodoboro DOJlll B He8 pa.Baa 2, 7 • 6& ' 
IO cii, T8lt 11'1'0 a@leK!H 3II Badm}taitllH B yn'l'paS:eyKOBHX 9KOD8pBll8BT8.X 
B 11&CTB !plSOBOI ,Itllarp811MH (Dpll BJISKIIX .It813.ll8BB.IIX) • 

ClI Be,ll;eT Jt pa.cnt8DJI8BBI) KmgtOI 118 B8q>OBOBBHX IIO'A Ra TpB rpymm 
BeTBel. P&Olll8DJl8BB8 $f'- B i$'r -110,Jl; II0.118T 884mw,•1>CJ1 B yn'l'paS:sy
JtOBWC 9KOD8PDl8B'f'8X Kalt Tl)B IIBKa B DOl'Jl01Jl8BJUI DY.U.-3By.Ka B ~ 
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110.ztY, DOOltOJll,X,Y Ofll00H8Jll>B08 pao!ll8IJ.ll8BH8 a'n!X YO.it B od.11.aon T8MD8-

paTYl) ~(0,3-:-0,5) Tc_ upH llt-;:t,fHH/c (Iqlli'l'l1i80KB8 OltOpOOTJI B B-qe.-
38) DOPJWta 10-2 (.zt,llJI ItB8,lij)8.TOB 'll8.0TOT) • Pf, -110,Ita '1'aKZ8 ,Jta8'l' O,ItlB 

,lt0nOJIHBT8nm.tl DBK B DOl'Jl0lll8Blm Yll'rpaS:syICa I ,1tBa -mma B JIIP 8KODe-· 

PBll8B'l'ax. B OJJy'm8 j=.Z. MO.it. pa01Jt8DJ18Bl18 DpBBO.itH K D8P808118BIO> 

BeTBel B'fBX 110.it upa Beey.nema JDIDYJll,Cax. OTMeTIII, ·uo B.nBSBBe CII 
p&OT8T 0 poOTCII 'l'8MD8p&i'YPH• 

Hoo.ne.itOBaBl8 B.nlmlll.11 Jllll, BH3B8BBOI BJ!Xl)JDIB B l'IIIPCllal'B8D311CII, 

DOICaSYBaeT, 'IITO :eIUl8,1{ mapel sa 0118! ,lt8qlOJll8ItilB 1118JIB 118Jl. O;ltBaKO OB 

11ou, BOSpacH B 6Hn. 60Jiee sa11eTBHM B oCSJrao,s T- 0 1 BBslUIX .itaue

BJII. 
H8,1taBBO o6Ba,PY38BO p830H8BOH08 DOl'.U0Dt8BB8 BY.U.-S:eyJW. B pt -110-

ltY B MBI'BHBOII DOJ18. PesyJlHaTH, DOJJy118HBH8 B 8'l'OI I'JI8B8, DOKaSHBa-

l)'l', 1ITO . H8 'l'OJIJ.ltO uam1moe lIOJ18, HO B 8.U8ICtpB1180lt08 DOJl8, CB8l)X'f8-

eym DOTOK 'f8U8 JJpBBO,Itll'l' IC CJll8CTBOBaBlll 8'l'OI 110,ltH B Ka1180'l'B8 pe
SOBaBoa B DoaB.neBD> Ba 1Cp8J> DOl'.UODt8BBa pesoBaBCBJa ll~SIIOB DorJI0-

1118BJ!JI BYJiJ,-8:eyJW. Ba~ C M8X8BB811CII pac.u~a K3JJ8POBCICBX nap. 
B 8&lt.11Jl118BJl8 ODl8'fllll, 11'1'0 Dp0Jt81lOBOtpBpoBaBBaa B .Jtl~PTaIWI 

-qyBC'l'BB'l'e.u.BOC'J/li 0.D8Kfl)& KO.lLl8ICTJIBma 110,lt IC pas.nBtJIMI BOIIQll8BJLIDI 

IODOJJJ,BYHOJI oel11ao B cmte'l' 81118 IIBP8 JJplll8BaTl>Oa B Jt8Jll,B8b811 Ma 
DSJ118BB.II pa8Boo6pasma CBOICTB OB8l)X'f8Ky1DIX qas Hes ICU B J.lli'fl)a

SBYJWBHX, 'l'aK I B JIIP 8K0.D8PBll8B'J/ax. 
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