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},05 HCITOnb30B8HHH AeHTpOHa ang nonyqeHHH CBeaeHHH 

0 napaMeTp8X pacCeHHHH CB050AHbiX HyKnOHOB 

KaK H3BeCTHO, MHOrne aaTOpbr H3yqaroT KBa3Hynpyroe pacceHHHe npOTOHOB 

Ha HeHTpOHe aeHTpOHa C uenbiD nony"!eHHH CBeaeHHH 0 CM060AHOM np -pacceHHHH, 

0nbiT 06bi"'HO COCTOHT B TOM (CM. pHC, 1 ), "'TO ny"!OK (nongpH30BaHHbiX HnH Heno­

nStpH30BaHHbiX) npoTOHOB naaaeT ua ael!Tepocoaep>Kamyro MHIUeHb H perHCTpnpyroT­

CSt OAHa HnH ABe "!aCTHUbi, BbtneTa!OIUHe H3 MHIUeHH no (jlHKCHpOBaHHbiM HanpaaneHH­

HM. npn perHCTpaUHH ABYX "!aCTHU yrnbl HX pa3neTa Bbi6HpaiOT B COOTBeTCTBHH C 

Tpe6oaaHHSlMH KHHeMaTHKH paCCeSlHIISl CB060AHbiX HyKITOHOB, 

npn HCITOITb30BaHHH pe3y ITbTaTOB TaKHX 3KCnepHMeHTOB 06bi"'HO npeanonaraJOT, 

"'TO nonStpH30BaHHbre ceqenHR ueynpyroro Nd -pacceStHHH 6nH3KH K cyMMe cooT­

aeTCTBYJOIUHX Ce"!eHHll p p -H j)n -paCCeHHHH np.ll H3MepeHHHX no CXeMe pHC, 1 a 

HITH K nonHpH30BaHHOMy Ce"!eHHIO pacceHHIHI COOTBeTCTBYIOlUel! napbl HyKnOHOB npH 

H3MepeHHHX no cxeMe pnc. 16. 

B HMnynbcHoM npn6nn>KeHHH HHTepecyJOIUHe Hac ce"!eHHH MoryT 6biTh Bbi"!HCne­

Hbi no (jlopMyne 
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t 1t 
3aecb 11 aanee 11Cnonh3YJOTCH o6o3 HB'WHIIH, PpnMe HHBllllleCH paHee B pa6oTe He-

TPYilHO noKa3aTh, 'ITO 3 T Y tjlopMyny MO>KHO npeacTaBHTb a a11ae c yMMbi , 3BBUCIIMOCTb 

oTaenbHbiX '!neHoa KOTopoll OT aayx'!aCTII'!HbiX aMnniiTYil M pacce HHUH HyKnoaoa 

" " " xy 

X II y I! MeeT Bllll Sp I M k p M + s I . n epBblH 113 TBKIIX 'llleHOB oniiCb!BaeT 
1 in em 

B Kil81l OT PBCCeSIHJISI T O>KileCTBeHHbiX '!8CTIIU , BTOpOH - OT pacceSIHIISI '18CTIIU He-

" . 
M = p 

'l-~ 1" l• 
, B03HJIK810IUeH 113 8M-M TOlKileCTBeHHblX, TpeTIIH - OT 8MnlliiT Yilbl 

nJJII T Y llbl np -pacce HHII H rrp11 aHTHCII MMeTpii38UII II N d - CHCTeMbl no K OHe '!Hb lM Co-

CTOHHIISIM TO>KileCTB e HHbi X HYKllOHOB . 0 CT 8llbHble c n araeMble OnHCbiB8!0T p83lli!'{Hble 

II HT eptjlepe HUJIOHHbie 3tjJtjle KT b i. 

Hcao, qTo nocTa TO'!HO npocTyJO CBSI::Jh Me>Kn y a eynpyrHM Nd -pacceSIHHeM 

u napaMeTpaMH cao6onHoro NN -pacceHHHH MO>KHO ycTaHOBHTb lllllllh a TOM cnyqae, 

Korna: 

a) nepBhie naa qneaa tjlopMynbi a n sr Bbi'{I!Cne HHSI nonHp!!30BaHHbiX ceqeaHll 

( •none3Hb!C" qnenb!) Hllll XOTH 6bl OllHH H3 HHX (rip II H3MepeHHHX no CXeMe pH C. 16) 

6nH3KH K cooTaeTCTBYJOIUHM nonsrp1130BaHHbiM ce'!eHI!HM NN -pacceHHH~j 

. 6) cyMM8pHbiH BKll81l B nOllSipH30BaHHOe ceqeHHe OCTallbHb!X ( •MeWa!OIUHX•) 

'llleHOB Man flO CpaBHeHH!O C BKllallOM qn e HOB "none3HhiX•. 

HBHbie BhipalKeHHH Spl q e pe3 K03tPtPHUHeHTbl aMnllHTyll NN -pacceSIHHSI 

oqenb rpOM031lKII II B pSIJle cnyqaeB MallO HarnSIJlHhi. no3 TOMy, He npHBOJlSI 3 THX 

BbipalKeHHll, Mbl orpaHH'{HMCSI lll!Wb KOHCTaTa!luell ReKOTOpb!X HX OC06eRHOCTeJI:, 

1. Wnypbi, axoaHml!e a nepabie aaa qneaa pacqeTaoll tjlopMynhi, HMeJOT TY >Ke 

3aBHCHMOCTb OT K03tjltjJHUIIeHTOB NN -aMnnHTYil, KaK H cooTBeTCTBYJOIUHe nonSipH-

30BaHHbie ceqeHHSI CB060ilHbiX HYKIIOHOB, HO MOryT OTllH'{aTbCSI OT fiOC!IellHHX que-

!IeHHhlMII MHOlKI!TellSIMH, 

2. TpeTHH qnea, conep>Kamull aMnnHTYilhi M ,. H M+ 
H 

, a TaKlKe HHTep-

tjlepeHUHOHHhie qneHbi, aapsray c KOM6naaUHSIMH K03tPtPHUHeHTOB NN -aMnnHTyJl, axo-

JlSIIUHX B BhipalKeHHH, OnHCbiBa!OIUHe fl0llSipH3aUHOHHb!e ceqeHH SI NN -paccesrHHSI;-

aHanorH paccMaTpnaaeMoro KBa3Hynpyroro npouecca, coaeplKaT 11 TaKue KOM6Haa­

UHH, KOTOpb!e B Cnyqae pacceSIHIISI CB060JlHh!X HYKllOHOB He BCTpeqaJOTCSI, 

3. npll pacceSIHI!H HenonHp1130BaHHb!X HYKllOHOB Ha aenonHpH30BaHHbiX aellTpo-

HaX nOnHpH3aUIIII TO>KneCTBeHHblX qaCTIIU B KOHe"!HOM COCTOSIHIIII Oni!Ch!Ba!OTCSI pa3-

HhiMH KOM6Haau HSIMH NN -aMnnHT yn, B oTnH'!He oT cao6oaaoro PP -pacc eSIHHSI, 

rae OHII, COBnaaaSI no Belll!'!l!He, pa3nHqaJOTCH lll!Wb no 3HaKy. 3TOT 3QxPeKT CB SI3aH 

4 

l 

C H8!I l!'{l!eM Tpex "!aCTIIU B paCCM8Tp!!BaeMOH Cl!CTeMe ll C T e M, q• 

COCTOSIHHH qaCTl!Uhl , o6pa3yJOIUl!e aeliTpOH, MOry H8XOJlHTbCSI lll!lll 

COCTOHRHII. 

Anan113 o6mell CTpyKTYPbi tjJopMynbi ( 1) n oKa3biBaeT, 'ITO pe: 

peHHH no cxeMe p11 c . I a M oryT, a o6meM cnyqae, aaMeTHO OTnaq 

nonSip1130BaHHb!X ceqeHHH pacce HHHSI TOlKileCTBeHHh!X H HeTOlK!leCTB 

no3TOMy 060CHOB8HHOCTb HCnOllb30BaHHII T aKHX JlaHHb!X npH onpeae 

poa cao6oanoro NN -pacceHHHH npeacTaansreTCSI aecKOllbKO coM 

npOTHB, B OnbiTaX, COOTBeTCTBy!OIUHX pHC. 16, CBOIICTBa BOllHOBOll i 

Ha II KHHeMaTHKa peaKUHH n03BOllSI!OT Ha!leSITbCSI, 'ITO BKllaJl OJlHOf'O 

qneaoa 6yaeT npeaanapyJOIUHM. OaaaKo 11 B 3TOM cnyqae nonyq€ 

OUeHOK pOnl! OTilellbHbiX JlBYXHYKllOHHhlX aMIIlliiTYJl B tjlopMI!pOBaHH 

H bi X ceqeaall N d -pacceSIHHSI ocTaeTcSI Kpallae lKenaTe:IbHhiM. 

2. BKII8!lbl OTAellbHbiX ABYXHyKnOHHbiX 8MIIllHTYA B Ce': 

Heyrrpyroro pacCeHHHH HyKnOHOB A9HTpOH8MP. 

nocKOllbKY OCHOBHbie I!OllOlKeHHSI HCI!Ollb3YeMOH HaMil TeOPHH 

/ 1,3/ 
HHSI HOCSIT HepenSITIIBHCTCKHll xapaKTep, Bbl'{l!C!IeHHSI 6yJleM 

3 HeprHH JlOCTaTO'{HO Manoll, '!T06bi penSITHBI!CTCKHe 3<l><!JeKThl 6b1 

cymeCTBeHHbl H, B TO lKe B peMSI !lOCTaTO'iHO 60llbWOH, '!T06bi HMII: 

lKeHHe MOlKHO 6blll0 C'!HTaTb !IpHMeHHMh!M, 

nyc1'b IIy'!OK HYKIIOHOB naaaeT Ha ael!TepHeBy!O MHWeHb II peri 

TOlK!leCTBeHHble qaCTHllb!-IIpOJlYKThl peaKUHI!, npe!liiOllOlKHM, 'ITO 

OIIhiTa Mbi 3HaeM 3HeprHJO aan eTaJOmero HYKilOHa, tPHKCHpyeM yrn:c 

TOlK!leCTBeHHhiX qacTHll 11 H3MepsreM 3HeprHJO oaaoil 1!3 HHX. Co 

3THM ycnOBHSIM IIO!ISlpH3 0BaHHOe Ce'!eHHe 6yaeT OIIHChiBaTbCSI tjlopM· 
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/ 1 I 
>u03Ha'ieHIHI, PpnMe HHBWHeCSI paHee B pa6oT e • H e -

~yny M OlKHO npeJlCTaBHTb B BH)le CyMMbl, 3aBHCHMOCTb 

llB)'X'iaCTH'iHb!X 8 Mn1!HTYil M 
xy 

pacce SIHIIH HyKnoHos 

In 
;+ • n epB hl A H3 TaKIIX 'iJJeHOB OnHChlBBeT s l 

l e HHbiX 'iaCTIIU, BTOpOA - OT pacceHHHSI 'laCTIIU He-

" . 
aMn1!11T YJlbl M ~ p 

'2:.1 1 " I' 
, B03HIIK8K>WeA K3 aM-M 

lRTKCHMMeTpH3 a!U!Ii N d -CKCTeMbl no KOHe'!HbiM Co-

IO HOB. 0CT81!bHb l e CnaraeMbie OnKC biBaK>T p831!1i'lHbie 

!pOCTyK> CBH::Jb MelKJlY H e ynpyraM Nd -pacceHHI!eM 

~ -pacceSIHKSI MOlKHO yCT8HOBKTb 1!KWb B TOM cnyqae, 

opMynbr nnSI Bbi'li!CneHHH nonHpH30BBHHbiX ce'!eHHH 

6bi oaaH 1!3 HHX (npH H3MepeHI!SIX no cxeMe p11c. 16) 

1 SipH30BBHHbiM ce'ieHIISIM NN -pacc eSIHHH; 

!101!S!p1!30B8HHOe Ce'ieHHe OCT81!bHbiX ( 'MeWBK>WI!X') 

BK1!8.QOM q neHOB "none3Hb!X' . 

q epe3 K03<\J<jJHUI! eHTbl 8Ml11!HTYil NN -pacceSIHHSI 

~yqaeB M81!0 HarnH.QHbl. n o a TOMY, He llpHBO.Qll 3 TI!X 

1li!Wb KOHCT8T8UI!eA HeKOTOpb!X HX OC06eHHOCTelt, 

~pBbie .QB8 'iJJeHa paC'ieTHOA <jlopMynbi, HMeK>T TY lKe 

NN -aMnnHTyJl, KaK 11 cooTseTCTBYK>WHe nonHpH-

IYKJJOHOB, HO MOryT OT1!1!'i8TbCH OT nocnellHHX 'iKC-

.IUHA 8Ml11!HTYilbl M,. I! M+ 
?0 

, 8 T8K>Ke I!HTep-

KOM611HBUHHMH Koa¢¢auHeHTOB NN -aMnnBTyJl , axo-

JoiUI!e nonHp1!38UI!OHHble c eqe HHH NN -pacce HHHSI;-

taaynpyroro npouecca, coaep>KaT H T BKHe ·KOM6HHa­

fi i!SI CB060JlHbiX HYKJJOHOB He BCTpe'iBK>TCH. 

JK30BaHHbiX HyKnoHos Ha HenonSipH30BB HHbiX aeATpo-

X 'i8C TIIU B KOHe'!HOM COCTOSIHHH OnHCbiB8K>TCH pa3-

nnBTya, B OTJJH'iae oT cso6oaHoro p p -pacceHHHSI, 

, p831!H'iaK>TCSI 1!1!Wb no 3H8KY. 3TOT 3<jJ¢eKT C BH38H 

4 

1 

J 

C H81!1i'iHeM Tpex '!8CTI!U B paCCM8 TpHB8eMOA CHCTeMe Jl C TeM, 'iTO B Ha'i81lbHOM 

COC TO HHI!I! 'i8CTI!Ubl, o6pa3YK>lllHe ael!TpOH, Mory HliXOllHTbCSI 1li!Wb B TpHn1!eTHOM 

COCTOSIHHK. 

AHanH3 o6weA cTpyKTYPbi <jlopMynbi ( I) n oKa 3 brBaeT, 'ITO pe3ynhTaTbi H3Me-

peHHH no cxeMe p11 c . Ia MoryT, s o6meM cnyqae, 3aMeTHO OTJJH'iBTbCH oT cyMMbi 

n01!S!p1!30B8HHbiX Ce'JeHH H pacCeHHH H TO>K.QeCTBeHHblX H HeTO>KileCTBeH!tbiX HYK1!0HOB. 

no3TOMY 060CHOB8HHOCTb HCnOnh30B8HHSI T8KHX llBHHblX npH o npeneneHHH napaMeT-

pos cso6oaHoro NN - paccenHHH npencTaBnne TCH HeCKOnhKO coMHHTenbHOA. Ha-

llpOTHB, B onbiTaX, COOTBeTCTBYK>lllHX pi!C. 16, CBOACTB8 B01!HOBOA <jlyHKUI!H .QeHTpo­

H8 I! KI!HeM8THK8 peBKUHI! n03B01!HK>T HBJleS!TbCSI, 'ITO BKl181l OllHOrO 113 'none3Hb!X' 

qneHos 6yneT npeaanapyK>lllHM. OaHaKo H B aToM cnyqae nony'!eHBe qacneHHbiX 

OUeHOK p01!H OT.QenbHbiX llBYXHyKnOHHblX 8Mnl1HTYll B <jlopM!!pOBBHI!I! nonSipH30B8H-

Hb!X ceqeHHH N d -paccenHHSI ocTaeTC SI Kpal!He >KenaTei!bHbiM. 

2. BKna.abi OT.Qe llbHbiX .aayxH~KnOHHbiX aMnnHTY.U B ceqeHBSI 

Heynpyroro pacceSIHHSI HyKnOHOB geATpOH8MH 

nocK0 1!bKY OCHOBHble nono>KeHJHl HCI101!b3yeMoll HaMil TeOPHI! N d -pacceH-

/ 1,3/ 
HHH HOCSIT HepenSITHBHCTCKH H xapaKTep, Bbi'JHC1!eHHH 6yneM npOBO.QHTb .QnSI 

3 HeprHH llOCTBTO'lHO ManoA, 'lT06bl pe1!SITHBI!CTCKHe acjxj>eKTbl 6bi1!H He CJJHWKOM 

Cy!lleCTBeHHbl 11, B TO >Ke speMSI llOCTBTO'!HO 60nhWOli, '!T06bJ IIMllynhCHOe npa6na­

lKeHHe MO)I(HO 6bl110 C'!I!T8Tb npaMeHHMbiM. 

nycTb ny'lOK HYK110HOB nanaeT H8 nellTepHeByK> MHWeHb H perHCTpHpyK>TCH .QBe 

TO>K.QeCTBeHHble '!aCTHUbl-llPOllYKTbl peaKUHH , npe.Ql101!0>KH!M, '!TO llpH llpOBe.QeHHH 

OnbiT8 Mbl 3HaeM 3 HeprHK> H81!eT8K>!llero HYKilOHa, <jJHKCHpyeM yrnbl ( n.c.) BbineTa 

TO>KnecTBeHHbiX '!aCTHn H H 3MepSieM aHeprHK> onHoll 1!3 HHX. CooTseTCTBYK>wee 

/ 1/ 
3 THM ycnOBHSIM 1!01!S!pH30B8HHOe Ce'JeHH e 6yneT OllHCbrBaTbCH <jlopMynoA 

A 
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M <e ,o) a<-k' ))1+ s·lx 
13 3 3 2 

k 2, q 

I 2k - k Cos~ + k 
1 

Cost\ I 
2, q 0 1 0 2 1 2 

l~l 

j ~ 

k Cos -k Cos~ 2 
=.!._(k Cos~ -k Cos~ )± 01 ~2 1 12 .~k -k k Cos~ +_!t_b)· 

2 0 I 02 I 12 2 I 0 I 1 01 ( h C )2 
k 

2,q 
(3) 

OT BHyTpauefiTpOHHOI"'O ABH*eHHH 3aBKCHMOCTb NN -aMnnaTyu M 
12 

, M 
13 

, M 
23 

y'!TeM, Bbi6apaH unH Ka~<uofi 3Hep!"'HK '!BCTKUhi 3H8'!eHHH 8MITnHTYA 1 COOTBeTCT­

ByiOWHe 3cjxjleKTKBHhiM 3Hepi"'HHM H y!"'naM NN -pacceHHHH, onpeuenHeMhiM <PopMyna­

/ 1/ 
MK (16) H (17) pa60Thl 

Dpo!"'paMMe Bhi'!Hcneaafi nocTpoeaa TBKHM o6paaoM, 'ITO BH8'18Tie AnH KB*AOI"'O 

3H8'1eHHH 3Hepi"'KH El H8XOAHTCH 3<jJ<jleKTHBHhie 3Hep!"'HH e , e 
2 ' 

NN -pacceHHHH (J 2 ' (J 3 ' (J 2 3 3aTeM no aTHM rrapaMeTpaM H 

e •• 
H yl"'nhi 

3H8'!eHHHM 

Koa<!>¢HuHeHTOB NN -aMrrnHTYA 
/2/ 

B pa6oTe orrpeuenHIOTCH uayx'!aCTH'IHhle aMrrnH-

TYAhi, Bhi'IHCnHIOTCH aauaHHhie ce'!eHHH H rronHpa3aUHOHHbie rrapaMeTph1. Pac'!eThi 

BhiiTOITHHnacb AITH cpeLIHHX 3Ha'!eHHH aMrrnHTYLI NN -pacceHHHH 6ea y'leTa rro!"'pew­

HOCTefl HX 38LI8HHH 1 T8K K8K T8KOH y'!eT CHITbHO yaenH'!HIT 6b! p8CXOLI M8WHHHOrO 

BpeMeHH 1 He rrpHHOCH cymeCTBeHHOH ITOnb3b! B ITOHHM8HHH ponH OTLienbHh!X LIBYX'I8C­

TH'!Hh!X B38HMOLieHCTBI!H B p8CCM8TpHB8eMOM rrpouecce. 

B Ka'leCTBe rrpHMepa rrpHaeneM peaynbT8Thi pac'!eToB ce'!eHHH H aCHMMeTpHH 

x) Nd -pacceHHHH nnH crrenyiO!IlHX ycnoaHA orrhiTa : 

H8'18ITbHllH aHep!"'IIH HaneTaiomero ayKnoaa E = 0 150 Maa; 

yl"'nb1 (n.c.) BhliTeTa rrepBOH '18C~Hllhl f\=20° , ¢= 00; 

yrn hr (n.c.) BhlneTa BTOpOA '18CTHUhl El= 70°, ¢= 180°. 

DonHpH38UHH rranat< wero rry'!Ka paaaa 100% H opHeHTHpoaaHa rro aopMana K 

nnOCKOCTH pacceHHHK. 

x) 
Eonee rrpoc roi1 OTibiT TIO£l06Horo THTia - H3MepeHHe aCHMMeTDHH oacceRHIH1 

TIOnflpH30B8HHbiX TipOTOHOB J:le/iTpOH8MH C perHCT08UHeH nHWb H8TIOfJBneHHH aayx TIDO­

TOHOB 6bm BbiTIOnHeH HBMH / 4 1 rrpH aHeprHH Ha'lanbHbiX rrporoHoa 635 Maa. 0J:lHaKo 

a pac'lerax rrpoaeccoa Nd -pacceHHHH TIPH aroii aHePrHH Heo6xo£lHMO y)Ke V'lHTbi­

B8Tb penHTHBHCTCKHe aqxpeKTbl. 

6 

x) 
Mo*HO noKaaaTb , 'ITO rrpH Bhi6paHHhiX HBMH vcnoa11HX Ka: 

CKH B03MO*HOMY 3H8'!eHHIO 3Hepi"'HII rrepaoi! '18CTIIUhl COOTBeTCT 

aaaqeane 3Hep!"'BB E2 • HeonaoponaocTb cywecTayeT nHWb B cp 

o6naCTH aHepl"'afi E 1 , 6m!3KHX K aaH6onhweMy aaa'!eHHIO aToli 

B bi'!HcneHHhte H8MH 38BHCIIMOCTH a Knanoa oTnenbHhiX NN 

HHe Nd -pacceHHHH o T aaep!"'Hfi E I npl!aeneHhi aa p11c. 2a, a 

MeTpHH pacceHHHSI OT TOli *e BenH'IHHhl - HB pHC. 26 . 

Dony'le HHb!e pe3ynbT8Thl IT03BOnHIOT cuenaTb CnSAYIOWHe Bbl 

1. CneKTp paCCeHHHb!X HyKITOHOB HMSeT pe3KI!fi M8KCHMY ~ 

3 Hep!"'lll! CoyuapeHHSI IT8pb! penrcTpapyeMb!X HYKITOHOB , 6n1!3KOfi K 

mefi '18CTIIUhl II ITPH He3H8'1BT eiTbHOM VXOLie OT 3Hep!"'eTH'!eCKOli 

2. DpH OITHC8HHOfi ITOCT8HOBKe OITbiT8 aenongpH30B8HHOe ce 

CHMyMa no'ITH nonaocTbiO onpenen!leTCH uayxqaCTH'!Holi aMrrnHTYA 

LleCTBCHHb!X HyKnOHOB H OTTIH'!8eTCSI OT 8H8TIOI"'II'IHOI"'O Ce'!eHHSI CB• 

ceHHHH ae 6onee, '!eM aa 5-10%. 

3 . AcHMMeTpi!H paccesrnH!I a6nH3H MBKCHMyMa crreKTpa OJ 

H86TIIOLI8n8Cb 6bi rrp11 pacceHHHH B TeX *e yCTIOBHSIX CB060LIHb!X I 

Me*AY 3THMH aenH'IHH8MH He npeBOCXOLIIIT 10-15% . 

4. C yuaneHH9M OT M8KCI!MYM8 paCTeT BKnBLI B cPOPMI!POB8H! 

MeTOHH pacceHHH!! uovrHx uayxqacTH'IHbiX aMnnnTvu. DoH aToM v 

*e ne¢eKThl 3HeprHH 1 onpeuenHIOWHe YXOLI B38HMOL{el!CTBYIOWHX 

cTeM oT a aenreTH'!eCKofl noaeoxaocTn. B MecTe c TeM CYMMapac 

CB rrp11 ynaneHIIII OT ~8KCIIMYM8 pe3KO IT8A8eT. D03TOMy pOITb 

rryHKTe adJdJeKTOB ITPII paCCMOTPeHHb!X YCITOBHHX OK83h!B89TCSI H 

TaKHM o6paaoM , BhmonaeHHhie HBMH pac'!eThi rronTaeo*LIBIO 

rronb30B8Tb naHHhie o Nd - pacceHHHI! nrrn rronyqeaHH caeneaali 

ce<JHR<I caooonHbTX avKnoHOB. ecrm rroroewHOCTII B 10-15% !!Bn!IJ< 

Do11 6onee *eCTKHX Toe6oBai!H!IX pacCMOTPeHBe uetiT poaa KBK 

mefi CB060AHb!e aefiTpOHbl 1 SIBITSISTCH MBnO o60CHOB8HHh!M LIB*e 

6nR*eHIIH. 
__ x_) __ . -~-- - --

PenHTHBHCTCKHe pac'leTbi KHHeMaTHKH peaKuHii A + B .. C 

C TipOH3BOnbHblMH MBCCBMH 6binH BblTIOnHeHbl B K8'leCTBe .Y'!e6 

aei1 wxonbi M 8 .il.y6Hbi M.TonoaHHOil. Aaropbi 6nd::'O£lapHbi aa s 
H o6y'lHB11leMy ee rrporpaMMHpoaaHHIO A.J1. CanTbiKoay. 

7 



... +" 
1
3

)a(-k
2
))] Sl x k 2, Q 

I 2k - k Cos~ +k Cos/\ I 
2,q 01 02 1· 12 

\~) 

jk CosA -k Cos~ ''I 2 
1 -k Cos~ )± 01 '-"0 2 1 12 .(k -k k Cos~ +-2.Lb) · 

02 I 12 2 I 01 I 01 (hc)2 (3) 

NN -aM nnHTya M 
12 

, M 
13 

, M 
23 

n11 K8>Kaofi 3HeprBH 'IBCTI!Ubl 

OT BHyTpllaefiTpOHHOr'O aBH>KBHIIH 

3H8'1BHIIH BMITniiTya, COOTBBTCT­

lblM aHeprHIIM 11 yrnaM NN -paccei!HIIH, onpeaenHeMblM cjJopMyna­

a6oTbr1 
1 1

• 

lbi'!IIcneHIIH nocTpoeaa TaKIIM o6paaoM, 'ITO BHa'!ane anSI Ka>Kaoro 

E, H8XOaHTC S! acjJcjJeKTIIBHbiB 3Heprllll e 11 yrnbr e , e 
2 ' H 

3aTeM no 3TIIM napaMeTpaM 11 3H8'19HHS!M 82,83,823 

I -aMrrnaTya 
/2/ 

a pa6oTe OnpeaenHIOTCH !lBYX'I8CT!PlHbiB aMnnK-

CH aaaaHHbre Ce'!eHHH 11 nongpaaauaoHHbre napaMeTphr. Pac'!eThi 

cpeaHIIX 3HB'IBHHH aMnnarya NN -pacceHHHH 6ea y'leTa norpew­

H, T8K K8K T8KOH y'!eT CHnbHO yaenH'!Hn 6b! p8CXO!l M8WHHHOr'O 

>CII cyrueCTB9HHOH nonb3bl B ITOHHM8HHII pOnH OTaenbHhlX !lBYX'I8C­

CTBHH B p8CCM8Tpi!B89MOM npouecce. 

rrpHMepa npHBB!l9M peaynbT8 Thl paC'!BTOB CB'IBHHSI II 8CIIMMeTpllll 

x) 
IS! cneayiDmax ycnoaHll onbrT a : 

<~epra SI HaneTaiDmero HyKnoHa E = 
0 150 Maa; 

BhlneTa nepaofi '!ac~ auhl <"'=20°, d> = 00; 

BbinBT8 BTOpoll '18CTIIUbl E>= 70°, </>= 180°. 

naaa~<" mero ny'!Ka paana 100% 11 opHeHTl!poaaHa no HOp Mana K 

iHSI . 

>C TOH OITbiT ITOJ106Horo THll8 - H3MepeHHe 8CHMM91'DHH DfiCCeRHIHl 

•OTOHOB aeflTpOHBMH C perHCTPBUHeJi flHWb H8llDfl BfleHHH OBYX nno­

eH HBMH / -'u npH 3HeprHH HB'lBflbHblX ITPOTOHOB 635 JI13B. 0J1HBKO 

:cos Nd -pacceHHHR ITPH aroil aHePrHH H eo6xoaHMO YJKe V'lHTbl­

·ne aqxpexTbi. 

6 

x) 
Mo>KHO ITOK838Tb , 'ITO npH Bbi6paHHbiX H8MH ycnOBHIIX Ka>KaOMY KHHBM8TH'Ie-

CKH B03MO>KHOMY 3H8'1BHIIID 3HeprHH nepBOH '18CTHUbl COOTBBTCTByeT eaHHCTBBHHOe 

aaa'!eHae 3Hepraa E2 • HeoaHopoaHOCTb cymecTayeT nawb B cpaaaaTenbHOfi yaKofi 

o6nacTH 3Hepri!A E 1 , 6nH3KIIX K Haa6o.'lbllleMy 3Ha'!eHHID 3TOH aenH'!I!Hhr. 

Bhr'!HcneHHhre HaMH aaaHCI!MOCTH BKnaaoa OTaenbHb!X NN -aMnnHTya a ceqe-

Hl!e Nd -paccesHHH OT aHeprllfi E 1 npaaeaeHbl Ha pac. 2a, a aaaHCHMOCTb aCHM-

MeTpHII paCCBIIHIIH OT TOM >Ke BenH'II!Hbl - 118 pHC. 26. 

nony'leHHbiB peaynbT8Tbl n03BOniiiDT caenaTb cneayiDllii!B BbiBOabl: 

1. CneKTp paCCBHHHblX HyKnOHOB IIMBBT pe3KIIH M8KCHMYM npa 3!)>dJeKTHBHOH 

3HeprHH coyaapeHI!H napb! perHCTpHpyeMblX HyKnOHOB, 6nH3KOll K 3HeprHH H8.'!9T810-

meli '!aCTHUhr H npa H93H8'11!TenbHOM vxoae oT aaeoreTa'!ecKoll noaeoxHOCTH. 

2. npa OnHC8HHOH nOCT8HOBKe OnbiT8 HenongpH30B8HH09 CB'IBHIIB B6nH31! M8K-

CHMYM8 ITO'ITII nonHOCTbiD orrpeaenHeTCS! llBYX'!8CTH'IHOH 8Mnn11Tyaoll paCCBIIHHS! TO>K-

aecTBCHHhiX HyKnOHOB 11 oTnH'!aeTCII OT aHanorH'!HOro ceqeHI!II cao6oaHoro pp -pac-

cei!HHII He 6onee, '!eM Ha 5-10% . 

3. ACHMM9Tp1111 paCCBS!HHS! a6nH311 M8KCHMYM8 CneKTpa 6nH3Ka K TOll, KBI!BS! 

Ha6niDaanacb 6br np11 paccei!HHII a Tex >Ke ycnoaaHX cao6oaHhiX HyKnOHOB. PaanH'IHe 

MB>Kay 3TIIMH B9.'!H'IHH8MII He npeBOCXOaHT 10-15% . 

4. C yaaneHIIBM OT M8KCIIMYM8 paCTBT BKnaa B !)>OpMIIPOB8HIIB C9'19HIIS! II 8CHM-

MBTpHII paCC9S!HIIS! aoyrHX aBYX'18CTH'IHbiX 8MnnHTYa. noll 3TOM VBB.'!H'IHB8IDTCS! TSX-

>Ke aecjJeKTbl aHeprHH, onpeaenSIIDlliHB YXO!l B38HMOaelkTBYIDIUIIX !lBYX'I8CTH'!HblX CH­

CT9M OT 3H9Pr'9TII'I9CKOll nOBBPXHOCTH. 8MeCT9 C TBM CYMM8PHOB C9'19HH9 ITPOUBC-

Ca rrpl! yaaneHHI! OT M_3KCHMYM8 pe3KO naaaeT. noaTOMY ponb YK838HHblX B aTOM 

nyHKTe 3!)>dJeKTOB npH paCCMOTPBHHblX ycnOBHS!X OK83b!B89TCSI H83H8'1HTBnbHOli. 

TaKHM o6paaoM, BbmonHeHHbre HBMH pac'!eTbi noaTaep>KaaiDT B03MO>KHOCTb HC­

nonbaoaaTb aaHHbre o Nd -pacceSIHHH anSI nony'leHHH caeaeHHfi o napaMeTpax pac­

cesmlHI CBOOOnl{blX HVKnOHOB. BC.'!H norOelliHOCTH B 10-15% HBnSIIDTCSI aOnVCTI!MbiMH . 

noll 6onee >KBCTKHX Tpe60fl8iii!HX paCCMOTPBHIIB !lBliTpOH8 K8K MHIUBHl!, CO!lep>Ka­

mefi CB060aHbiB HefiTpOHbi, S!BnS!eTCS! MBnO 060CHOB8HHbiM aa>Ke B HMnynbCHOM npH-

6nH>KBHHH. 

--------- . ---- ----
x) PenRTHBHCTCKHe paC'leTbl KHHeMBTHKH peaKUHil A + 8 .. c + D+ E anH 'lBCTHU 

C npOH3BOflbHbiMH MBCCBMH 6blflH BbliTOnHeHbl B ICB'leCTBe yqe6HOil 38J18'lH Y'leHH­

ueil wxonbi M 8 JJy6Hbl M.ronoanHoll. Aaropbl 6nd:--oaapHbl 3a 3TH Bbi'lHcnenJJR eli 

H o6y'lHBWeMy ee rrporpaMMHpOBBHHIO A.H. CanTbiKOBy. 
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PeeucmpupyHJU{aR 
cucmeMa 

Pecucmpup!fiOI.J{tJe 
cucmeMbt 

Pac. 1. CxeMa onbtTa no a3y'<eHHIO Nd -p8cce!IHH!I. 
a) OnbtT c peracTpauaeA ouaoA pacce!IHHoi!: qacTHUbi. 
6) OnbtT c perucTpauaeA .uayx pacce!IHHbiX '<BCTHU. 
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P.11c. 2. BKnaAbt OTAenhHbtX ABYX'I8CTH'IHhrx B38HMOAei!cTBIIll B ce'leHHe 11 

aCIIMMeTpHIO Nd -paccel!Hllll: a) Ce'leHHe HenonHpHaosaHHoro Nd -
paccenHHll; 6) acKMMeTpllll paccestHHll nonstpl!aosaHHbrx HyKnoHoB Aell-

TpoHaMII. AMnm!TyAa Nd - pacceHHHll B3stTa B BHAe: 

1). AN ~ M a (~ ) + (1- P ) M a (it ) , 
d 02 I 12 03 2 

2). /,' ti M a (i: ) + M a c:: 
2 

), 
,Nd ,,02 1 03 

3). ANd~ M02 a (it I)]. 
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