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BBe.neHHe 

!IpOBe,:n;eHHble B TIOCJie,:n;HHe I'O,JJ;hl ::nwnepK.TI.19HThl ITO MCCJie,nOBaHMKl 

HHKnro3HBHOrO o6pa30B8HRH a,:n;pOHOB B a~OH-HYKJIOHHHX H a,:n;pOH

H,:n;epHHX CTOJIKHOBeHIDIX/I-? I cBY,IJ;eTeJThcTBYJOT o TOM, 'tiTO KBapKOBa.R: 

cTpyKrrypa a,:n;poHOB npo.fiBJI.ffeTc.ff He TOJTh'KO· B JKeCTKHX, HO H B MHrKRX 

a~oHHHx. B3aHMo,:n;eilcTBRRX (MaJ.IHe PT . ) .. dl'o CTRMYJmPOBaJio pa3pa-
., 

60TKY p~a KB8pK-napTOHHhiX MO~eH9H, npeTe~mRX Ha K0~9CTB9H-

HOe OTIHCaHHe 3KCrrepHMeHT8JlbHhiX ,:n;aHHhiX. !IpoBepKa STHX MO,:n;eJieH B 

pa3JIH't1HHX npoueccax H npH pa3~'t1HhiX aHeprmHx .ffBJI.ffeTc.ff o,:n;HOH M3 

Ba~Hx 3a,:n;~-q WH3HKH BhiCOKKX sHeprHH. 

Pa3BHTHe WH3HKH BhiCOKKX sHeprHH conp~eHo c orpoMHUMH 3aT

paTaMH Ha C03,:n;aHHe YCR?PHTeJieH H ,:n;eTeRT~pyromHX YCT8HOBOK; STO 

Tpe6yeT T~aTeJIDHOrO rrpOrH03HpOB8HHH aKcrrepHMeHTanDHOH CHTYSnHH, 

T.e. M8T9M8TH't19CKOrO MO~eJIKpOB8HHR YCJIOBxa 3KCnepHMeHT8 Hs,rqae

MhiX npouecCOB B38HMO~eHCTBH.ff 'ti8CTJm. Bee STofrropO.I(HJIO MHOrO'tDIC-
1 

JieHHhle rrporpaMMhl-reHepaTOphl CTOJIKHOBeHHH ~~OHOB.H aTOMHhiX .FI.,IJ;ep 

·~ npH ~COKKX 3Hepr~8-I2/, KOTOpHe Heo6XO~ KSK H~ 3Taiie ITO~
! 
' 

_:ora~::::;: ::T~~p:::::~M;:::;:K::pBc-
ycnex~x CT8H,:n;apTHOH TeOpHR CHJlbHhiX H 3Jl9KTpOCJI86hiX B38RMO,:n;eHCTBH~ 
H p83JIH't1HhiX W9HOM9HOJIOrH't19CRRX MO,:n;eJIRX. 

O,:n;HaKo npH onncaHHM y'JKe ID~JeromnxcR: sRcnepHMeHTaJIDHhiX ,:n;aHHhlX 

liJIH npe,:n;CK838HIDIX pe3yJJ.hT8TOB Ciy,IJyiiUIX 3KCII9pnM9HTOB y,:n;odHee HC

IIOJ!b30B8T:C rrporpaMMhi 8H8JlliTW19CKUX Bbf't1HCJ19HH:ti xapaRT9pliCTI!f 

B38~~o,:n;eHCTByromnx 't18CTRU. B H8CTOR:m9ll pa60T9 OIIHC8H8 rrporpaMMa 

8H8JIHTH't19CKKX Bbl't1HCJI9HMH HHB8pH8HTHhiX HHKJII03HBHhiX C9't19HHH M 

\ 



1.· 

2. 

pacnpe.n;e~eHIDI ITO MHOJK9CTB9HHOCTH 38p.mK9HHhiX ~aCTHU, OCHOB8HH8fl 

Ha MO~e~ KBapR-r~ommx CTpyH (~M\I'C)/I3 ,I5/. 
~v1KrC ~pe3B~8HHO ycrremHO OITHCI:lBaeT orpOMHYIO COBOicy1IHOCT:& 

8KCIT9pHM9HT~HhiX ~8HHhiX: M8CCH H illHpHHH pe30H8HCOB, pOCT ITOAHHX 

Ce~eHEH H MHOJK9CTB9HHOCTH BTOpi~HhiX ~aCTHU B ~pOHHHX CTO~HOBe

HRffX. BaJKHHM ~ocTOHHCTBOM MKrc RBJIReTcH orrHcaaRe aaepreTl!trecKo~ 

38BHCHMOCTH HH~3HBHHX CIT9KTpOB. B p8MR8X 8TOM MO~e~ ycrremHO 

06~CHff9TCfl Ha6~~89MOe H8 OITI:lTe C~HOe HapymeHHe WeH~aHOBCKOrO 

CKeH~Hra B UeHTp8.7lPHOH 06~aCTH RHKHD~HHX CITeKTpoa H OTKnOHe

HRe OT }(A/0-cKeH~Hra ~ pacrrpe~e~eHKH ITO MHDm9CTBeHHOCTH. 

B onzcHBaeMoM s~ec:n nporpaMMHOM BapxaaTe MKrc HecKo.7lPKo 

Mo~epHH3RpoBaHa. Bo-rrepBHX, 6u~ HSMeHeHhi/I?/, rio cpaBHeHHIO c HC

~no.7lPsoBaBIIlHMRCfl· paHee/14• 15/' WYHKI.Um wparMeHT8I.l;HH c TeM' ~TOOI:l 
OHH 6o~ee TO~HO y~OB~eTBOpfl~ 38KOHaM COXpaHeHHR 8Hepr.KH, aneKT

pl!treCKOro z! 6apzoaaoro sap.ff,IJ;oB. Bo-BTopHx, ~TeH BMa~ rrpe~·acm.trr-
i 

TOT:PJ:q9CKBX ITOITpaBOK. ITOMepOHHOMY 06Meay, Be~ CSOH C 8HeprH-

eii: KaK ( S /So )cl~ + 1 1181, 'llTP aeo6xo,nJIMo ~ Ka'lleCTBeHHO 

rrpaBHJIOHoro orm:caHKR aa6~~aeMHX 1Ha oiiHTe rroJlHJ:lx ce'tfeHd ~oH
a~poaaoro paccerrHJIR rrpz aHeprPI.F.IX' -10 raB. B-TpeT:&PIX, B'MKrC 

' 2 

BBe,D;eHa 38BJWlfMOCT:& OT rronepe't!HOfO KMny.7lPC8 BJI,D;a e- SPT /19/ 

I • M o.zren 
MKrC rrpe~cTa~eT co6o~ BapHaHT Mo~e~ ~a.7lPHO~ Torro~orz

~ecRotf YHHTap~38UKH. 0Ha HCIT0.7lP3yeTCfl ~~ OITHC8HRH npOU9CCOB 

MHOJKeCTBeHHoro o6pa30B8HM a~pOHOB c He60.7lPIIlliMH r;. ( F)T ~ rraB/c) 

npH BHCOKHX 8HeprMX. C~T89TCfl, 'CITO CHJibHOe B38HMO~e~CTBH9 

a.n;poHa BbiCOKOH 8HepriUI C MHIIIeHI>IO JpOHCXO.n;HT rryTeM 06MeHa O~HIDJJ 
I 

HJlll HeCKOJIOKRMH noMepoHaMl'I. IIoMep JH.. rrpe.n;cTaB~eTCfl B BH,IJ;e IJ,H-

~H.n;pxqecRotf ITOB9pXHOCTH, o6p830Bi3HHOM KBapKOB~H H~ r~HHH¥M 

WHRm.nr. B ocHoBaHMR:X aTotf rroBepxHocTJI JieJKaT Ba~eHTHhie RBapKn 

" ' 

·\ 



3. 

~ ~apKH cTaHKKBaromBxcn ~acT~. llpo~eccH yrrpyroro pacceHHHH 

JI .nJI!flpaKI.U!OHHOH ,IU!CCOUHaiUUI COOTB9TCTByiOT paspe3aHH.RM yrrpyroii 

aMnnETY~ M9~ ITOM9pOH8MH, a rrpo~eCCH MH0~9CTB9HHOrO p0~9Hlm 

-pa3p93aHXID O~Horo H~ H9CKO~KBX ITOM9pOHOB. Paspe3aHJI9 K~OrO 

ITOMepoHa ITpJmO.I(JIT K o6pa30BaHJIIO )J;ByX ~erro~eK BTOpJNHhiX ~aCTJIIJ;. 

!IpJI B3aJIMO~ei!CTBD, IlpJIBO.wmteM K p -IlOJllOCY, CTaJIKJm8100lJI9M 

a.npOHH, rrpOJieTaH MJIMO .npyr .npyra, 06MeHJIBaiOTCH O,nlmM JL1II H9CKOJID

KJIMJI rmooHaMI.· B'pesyADTaTe B03HJIKaeT UBeTHaH nepesap~a JI Ba

~eHTHHe KBapKJI B pa3HHX ~OHaX, H8XO~·CH B 6e~OM COCTOHHXH, 

OKa3HBa.IOTC.fi CBH3aHHHMJI KBapK-rJllOOHHHMJ! CTpyHaMII. !IpJI pa3~9T9 

KBapKOB STJI CTpyHH pa3pHBaDTCH JI npeBpamaroTC.fi B AXBHII po~eHHhiX 

a.npOHOB~ 

B MKrC JIHKJll03JmHHe ce~eHJIR BHpa~aroTci ~epes ~H~ pacnpe

~eJieHE "o~eTHX" KBapKOB (KOH!l;OB CTpyH) B CTaJIKJIB8IOIQIXCH a.ztpOHaX 

I J! WY~ wparMeHTaiUDI T8KJ!X "F.BapKOB". AHaJ.ll!3 n~aHapHhiX ,ItJiar-

i prum/161 nosBoMeT saiTJicaT:& CTPYKTYPHHe WYHKLUUI 11 WYHKI.UIJI c}}parMeli 

T8UIJI KBapROB ~epe3 nepeee~eHJIH H3B9CTHHX M930HHHX H 6apHOHHHX 
i 

TpaeKTOpd Pe,II')lte. ilpH/ 0C-+ 0 H X .. -( MO~eJI:b IlpHB.O,nHT R T9M JKe 

BHpruiteHHHM, ~TO H pe.zi,KeoHHaH ,I:UiarpaMMHa.fl T9XHHKa. B T0 JKe Bp9MH 

MKrC IT03BOMeT·B~C~T:b MHOrHe CB060~HH9 napaMeTpH pe,II')lt90HHOi! 

Teopo. 

HHRJllOMillfl:di CfieRTp BTOplftiHOrO M,POHa h B lvl.KI'C B c.nyqae 

HY~OHHOH MHill9HH HM99T BH~/!4/ 
d .. t, 

r E lcr d2Pr = 2: 0, (s) 'f, (S, :X) +-CJ; 'f'})"(s,-x) (I) 
J cl p hc:-f . ) 

T.e. HH~3HBH09 C9~9HH9 o6pa30BaHH.fi ~poHa n . Ollp9~9Jl.fi9TC.fi 
CYMMOH B~~OB, COOTB9TCTBYID~IX pa3~93aHMID B ~ - KaH~e BC9X 

UHJlliH.n,P~ecKHx H MYJI:bTID.W...JIHH~mecKIDC ,ItRarpaMM • .a cpopMY~e (I) 

Be~HHa a;, (S) - ecT:& ce~eHP.:e odpasoBaHHR Z·n· ~eno~eK, 

• 



4. 

B03HHKaiOIIUDC rrpH paspesamm h UH.JIHH.n;poB (rroMepoHoB), rrpmeM 

?J;, = 0rt /rr;: - BepO.R:THOCT:b o6p830B8HIDI 8THX IJ;eiiO'leK 

( 6i~h - rroJIHoe Heynpyroe ce"G:eHHe . o6pasoBaHIDI a.n;poHa h ) , 
'J';.J. ( S, X) - pac4rrpe,IJ;eJieHHe a.n;pOHOB h ITO ~eHHM8HOBCKOH 

nepeMeHHOll X= ~ B llpC!ISCCe pOJK,IIeHilH 2 n !18llO'I9K. 

q;reH C n =0 OTBe'laeT rrpou;eccy .n;H~p81\4HOHHOH ,IJ;HCCOIJ;Hau;HH HaJie

Taromero ~oHa H HYKJIOHa MHrneHH. 

Ce~eHR.R: ~ HCrryCKaHH.R: n ITOMepOHHHX JIHBHeH BH'lKC~C.ff B 

I~ C IIOMOmDID·IIpaBKJI paspe3aHKR pe~eOHHHX ~arpaMM A6paMOBCKo

ro-rpx6oBa-KaaqeJIK/ZO/ H II03BOJI.R:IDT BU'lHCJIHT~ BeJIH'lKHH f>" , 
ec.JIH H3BecTHH BKJia,IJ;H nepepacceJLqH:f;t B aMTIJIHTy.n;y yrrpyroro pacceH

HK.R: BIIepe.n;. 0co6o IIpOCTOH BK,IJ; Ce"tleHK.R: ()" KMeroT B IIpK6JIKEeHHH 

"KB83H8HKOHaJia n/14/ 1C 

- ()p ( 1 - -1; ~1 z ) J1. ~ 1 
0"'- n.z e ~ k! 1 ' 

(2) 

2 = 2 c,. op ( S )
6 

R; + J; &, .1. So ' 
Sc. 

(3) . 

I 

· e,. = 8ff r,. ({)"', I 

! 
j 

(4) 

! 

r.ne op ~ BKJia,zr; rroMepoHa B rroJIHoe ce"tleiDie, ~ = ol.p( 0)- 1 
rrpeBHme~e KHTepcerrTa rroMepoHa Ha.n; e.n;HHHUeH~ ITapaMeTp ·~ orrpe

e~ayro BeJlH'lHay rrocJie.n;oBaTeJIDHHX rrepepaccesrHKH, 
2 2 2 

1, = 91 (o) · j 2 {0) - (Bu'leT rroMepoHa) K R,., = R 1 + R. 2. 

"" 1 ()":Ja xapaKTepH3YIDT BepiDHay CBH3M a.n;pOHOB C IIOMepOHOM, \.:.p = + "-;;;:-
. Vf/ 

~aKTOp JIHBHeBoro ycKJieHHR, LJ~ 9 - IIOJIHOe ce-qeHHe .nHWP81\UHOHHOM 
I~ .n;HccoiJ;HaiUIM, ~ ,- - HaKJIOH TpaeKTopHM IToMepaH'zyKa. 

I Ce-qeHHe ~ .n;H~paKIJ;MOHHHX rrpou;eccoB yrrpyroro paccesrHHH 

H ,II;H!!JpaKIJ;HOHHOH ,n;HCCOIJ;Hai.Uni B MO,IJ;eJIH 11KB83H8HKOHaJia" 38IIHCUBaeTC.ff 
\ .. 

B BH,D;e/14/ , 

·-



5. 

(5) 

llo~oe ce~eHHe B38HM0~9HCTBHff CTa~HBaromHXCR ~pOHOB 9CTb CyMMa 

C9'ti9HHH 6, pOJK,IJ;9HIDI JIIOOOrO 'tiHCJia TIOMepOHHhlX JIMBH9ll 
00 

Otct (S) =~0 (),. (S) ;: CJp I ( ~) J 

(6) 
\)0 

Dcn (s) = ~3 + L. o" (S) . 
lt•f 

J, 
~HKIUnl f, ( S, 'X) B (I) BHpaJKaJOTCR ~epes CTPYKTYPHhle 

\l!YiiltlliiR KBB.PKOB 1; ('X,, I!) ( :I!Jil! ,101KB8pKOB /g_; ( :K,, n.) B 

CT8JIKJ[BaiOmHxCR a.npoHax H WYHKIUUI Q?parMeHTarum cooTBeTcTBYIOOUtt 

KBapKoB G"' ... "(r) /I6 ,2l-23/ 

11 " "' It . "'( . 'f., (s, x) = Ftt (x+ 7 n) Fttct- (~c_, n) .,.. Fi (x4-,n} Ft ~-1n) +-
. J, . k ( 7) 

+ 2(h-1) FseA(x.,.., 11) Fs-e.o. (or-, n), 

r~e 

x± =: f(V4m;;s +x£ ± ::x:). <a) 
h h h A 

Be~HHhl Ftt , F f-. , Fi H Fs~a cooTBeTcT-
• I 

.' 

BYDT B~anaM wparM9HT8UHH ~apKOB BaJieHTHHX H MOpCKHx KBaPKOB, , 

npH'tieM BKJ18,IJ; H8J19T8IOII{ero 8.Iij)OH~ _ 38BHCHT OT B9Jli!'t1HHhl ~ + 'i 
BKJ18,IJ; HYKJIOHa MIDI19HH OT .X_ . 3Ha"tl9HHff 8THX B9JIWIKH BlipaJKa C.R: . 

'tlepe3 CBepTKR RMnyJIDCHhlX pacnpe~eJieHHH ~BapKOB H KBapKOB 

CT8JIKKB~mHXC.R: 8.Iij)OH8X H illYH~HH wparM9HT8UKH ~HKBapKOB H KBap

KOB. HanpHMep, 

(9) 

\ .. 



6. 

h 
r ,lle / t (x., 11.) oiD!cHBa eT pa qrrpe,lleJie Hl!e rr o X. KOHL\ oB c TPYH , 

CBH;aHHhiX 9 BaJieHTHhiM KBapKOM q,.. • KaR HMIIYJI:bCHhte pacnpe,:n;eJieHM 

/., ( =x, 11.) , TaR H qwHro.um tpparMeHTaiJ;IIH G- (l) onpe,:n;eJIH-

DTCH B I~ CBOKMH pe~eBCRRMH aCHMITTOTHRaMH. 

~THUTTTrTX G\...., I. (:2) ~J ... ~........ c: onHchtBaDT a,:n;poHH3ai.J;Ino cTpyHht H CB.fi3aHhi 

C WoYHKUH.fiMH wparMeHT~HH COOTHOilleHHeM 

G-q,....,J. (l) = l gt (i). ( IO) 

B npe,:n;eJie l ..., 0 WHKUD ~t~Jr ( r) .fiBJI.fiiOTC.fi ROHCTaHTaMH 

QJ. He 3aBHCR:mKMH OT COpTa RBapKOB ~ • Be~HH~ ROHCTaHTht 
-.Qit onpe,:n;eJI.fieTCH ,1J;HH8MHKOH pa3phiBa CTpyHH npH pQJKJJ;eHHH ~~ -

rrapH H3 Ba~Ma H Henocpe,:n;CTBeHHOe B~HCJieHHe STHX ROHCTaHT B 

·paMKaX i~ llOK.a HeB03MO~O. 

~. fiHigum: dmarMeHTauu B J<.,.P_CTO"KHOBEH~SIX 
h . ~ 

?J/yHRUHH ti>parMeHTaUHH RBapKOB 1J i. (l) H ,nHKBapKOB 2U (r) 
mHpoKo HcnoJIDsymTc~I~I?, ZI-Z4/ npH orrHcaHRH KaK xecrKHX, TaR 1 

H MHrRHX a,DJ>OHHHX npo~eCCOB. Q6HqHO npe.n;nOJiaraeTCH, "CiTO BH,II; qJyHK-' 

UHH wparMeHTauHH He 3aBHCHT OT TOrO, B KaKOM npogecce npOHCXO~T ! 

wparMeHTauHH KBapKOB. Taxoe rrpe,:n;noJio~eHHe onpaB,:n;aHO B rrapTOHHO! 

MO,:n;eJIH, o,:n;aaxo B paMKax K X 4 WYH~H wparMeHT~ saBHCHT .OT 
Z ·- I 

xapaKTepHOH BHPTY~HOCTH RBapKOB Q H MQryT ~aMeTHO OTJIH"q8TD-

CJi ~ TO"Cie"CiHHX KBapKOB B ~eCTKHX npo~ecca~ H ClCTa~X KBap- . 

KOB B npoueccax c ae6oJI:bmHMH nepe,:n;aHHHMH KMIIYJI:b aMH. . -

. B pa6oTaX/Z 5/ 6HJI npe,:n;JIO~eH M9TO,:n; onpe,:n;eJie Kff CBOHCTB ~HK~ 
:u;Illi ~parMeHTaiUm aerrocpe,:n;cTBeHHO H.3 aHaJIHsa nJiaHepHhtx ,:n;HarpaMM 

;:1- -pa3JIO~eHHR: B KX.1I, y-qHThiBaioiiJ.MH CB.fl3:0 ~THX ,:n;HarpaMM C pe,:n;

~eOHHOH ,:n;HarpaMMHOH TeXHHROH. TaKOli rro,:n;xo,:n; IT03BOMeT TeopeTKtrec

/ KH OUeHHT:b IIOBe,:n;eHHe @rHKUHii IJ;parMHHTaiJ;HH IIpH Z _,. 0 H E _,..., . 

H TeM CrhiM B 3Ha"CiHTeJI:bHOH CTerreHH tlJHKCHpOBaT:C.ITOBe,:n;eHHe c};JyHK

UHi1 2)~ ('J.~) {t) . Tio.JI.V:IeHHoe aTHM MeTo.noM noBe.neHHe HHRJID3HB

i \ 

r 

• 



7. 

HHX CII9KTpOB anPOHOB ·, COrJiacyeTCfl C TpeXp9.IOK90HHHM npeneJIOM IWH 

't _,-{ 

PaHee l~ npHMeHRJI8C:b .nJ1R OIIHC8HH.ff HHKJII03HBHhiX cneKTpOB 

K -Me30HOB B pp-BsaHMo,IJ;eHcTBHH. EbiJlo rro.KasaHo/26/, 'iTO HCIIOJ!b

soBaHHe IIO~eHHhiX B pa6oTef27 f ~YH~Hfi ~parMeHTBUHH KB8pKOB H 

,IJ;HKBapKOB B }r-Me30Hhi II03BOJ!ffeT II]8KTH'ieCKH 6e3 CB060,Il;HhiX rrapa

MeTpOB OIIHC8T:b BCe X8p8KTepHhie 'iepTR H~3KBHOrO po~eHHH }(± 

H K' MesoHoB npH BRCO:tmX 3Hepr:IDix. 

O.nHaKo HCIIOJI:b30BaHHe no~eHHOH B/271 WYHKUKH ~parMeHTauKH 
CTpaHH_9rO 8HTHKB8pKa -fitt + ~ + 2 ( 1 _ ~ ) 

2)K~ {c) 7= f[ O.~e (1- l) 't ~ _ (II) 

+ 81t z -f-.{'1 ( {- l)-..l~ +-l 1 'C: 21.,' (~) +- 2: (i), 
r,IJ;e OK , 8. - CB060,IJ;HHe napaMeTpR, Jll. = Q. 5 , tf..'f '= 0. -
HHTepcenTH 6030H~X TpaeKTOpHH, )l = 2 J. ~ P,. 2 

, ,(; : 1 
H8I\JIOH 6030HHO:ti .TpaeKTOpD, He 069CII9'iKB8eT H906XO,II;IIMOrO po~aBJie~ 

. i 

HHH CTpaHHOCTH. ~ paspemeHHO~ wparMeHTa~ CTpaHHRX KBapKOB B 

)( -Me30HH ~HKUHR wparMeHTauHH (II) CO,IJ;epEKT ,IJ;Ba CJiaraeMHX, 

H3 KoTopHx nepBoe oTBe'iaeT rrapHOMY poJIUJ:eHmo K -MesoHoB B cJie,IIyD

mHX· 3B9H:bflX M,YRbTHIIepH~epH'i9CKOH ~eiiO'iKH, a BTOpoe - HeiiOCpe,Il;CT-
- . 0 I f--t. 

BeHHOMY nepexo.ny S -KBapKa B Ks -MesbH (MijODTeJI:b i! 't 

OIIp9,I1;9JlfleT_BepO.fiTHOCTb 38M9,IJ.JieHKH_crparoro ~HTHKB8pKa). 

Heo6XO~OrO IIO,IJ;8BJ19HHR CTpaHHOCT MO~O 6HJIO 6H · 

yMeHI>IlleHHeM KO~RUHeHTa BK. B (II) H . yBeJllft!eHHeM napaMeTpa 
· -z · (,8' 

R . Ho BemHHa Jl ~ o. 5 orpaHWieHa ( Pr ~ 0. 2 s cz)' a B/( 
WJiU<eHpyeTcfl ns npaBHJia cyr-M./I5/ 

1 -

2_' ~ 'ZJ; ( i) d l z= f 
1 

( 12) 
As o 

OTBelffilomero. coxpaHeHHIO cTpaHHOCTH ( OJ(.~ O. 5 ) . 

i\ 

" 
• 



7. 

HHX CIT9KTpOB anPOHOB;COr~acyeTCR C TpexpenmeoHHHM rrpenexOM rrpK 

't _,-{ 

PaHee iAKI'C rrpHMeiDI~ac:o .D;Jl.ff OITHC8HRff HHKJl.I03HBHhiX crreKTpOB 

K -Me30HOB B pp-B3aHMo.nei!cTBHH. El:lJ.lo rro.Ka3aHol26/, 'tiTO HCIIOJlb-

3oBaHHe IIOJJ.YCI9HHhiX B pa6oTe/27/ ClJYHIW;Hll ~parMeHTtmim KBapKOB H 

~KBapKOB B }r-M930Hhl IT03BO~eT IIp8KTH'ti9CKH 6e3 CB060,IJ;HHX napa

M9TpOB OITHC8T:O BCe XapaKTepHHe ~epTH H~3HBHOrO po~eHHR Kj; 

:a K~ Me3oHoB rrpu BHcoruoc 3HeprMx. 

0,IJ;H8KO HCII0~30B8HHe rro~eHHOH B/271 WYHKUHH wparMeHTauHH 

CTpaHH_f)rO 8HTHKBapKa -fir{ +A .,_ 2 (-( _ af ) 
2)K~ (c) = f[ O.~e (1- 2) ~ ~ - (II) 

+ 8/t z -f-.l'f ( 1- ~)-~fi +l 1 It: 21.,' (t) ..... 2; (i), 
r.ne aK ' D~e - CB060,IJ;Hble napaMeTpH' Jll. = Q. 5 ' tl.'f = 0. -
HHTepcenTH 6030H~X TpaeKTOpllli, Jl = 2 J. ~ if-2 

, .(; : 1 
H8!\JIOH 6030HHOit .TpaeKTOpD, He o6ecne'tlliB89T H906XO,nJIMOrO 1JO.D;8BJ19~ 

. . ! 
HHH CTpaHHOCTH. ~ pa3pemeHHOH Wp8rM9HT8~ CTpaHHHX KBapKOB B 

)( -M930Hhi W,yHKUHR wparMeHTauHH (II) CO,IJ;9pmKT ,IJ;Ba c~araeMHX, 

H3 KOTOpHx rrepBoe oTBe~aeT napaor~ po~eHKID K -M~30HOB B c~e.nym

mHX· 3BeH:oRx MY~TxnepH~epxqecKoii uerro~KH, a BTopoe - aenocpe.ncT-
- • C) I f-./, 

BeHHOMY nepexo.ny S -KBapKa B Ks -Me3bH (MijODT~ Z 't 

onpe,IJ;e~eT_BepORTHOCTb 38M9~9HHH_ CTparoro ~HTHKB8pKa). 

Heo6XO,nHMOrO ll0,!1;8B~9HIDI CTpaHHOCT MOJKHO 6HJIO 6H 

YM9H:Oill9HK9M KO~KUHeHTa ~K B (II) H yBe~eHHeM nagaMeTpa 
oz . (,8 n /l . Ho Be.JIH1IHHa ;t ::: 0. 5 or_paH~eHa ( rr ~ 0. 2 S cz), a oK 

tPl!KCHpyeTCR H3 rrpaBMa CYMM/I5/ 
1 -

L_' ~ 7.1; (~)dl z= 1, (I2) 
4s o 

oTBe't!ruomero coxpaHeHHIO cTpaHHOCTl! ( OJ(.- O. 5 ) . 

;\ 
\' 

i 



8. 

Heo6XO,IUfMOe H3M9Hetme WYHKIUm wparMeHTaUHH CTpaHHoro KBapKa 

6HAO BHnonHeHO B pa6oTe/I?/, r~e nOK838HO, ~TO 
?J~~ (r J == f [a It (t- -r )-~~ .. a + 2(1-ti'f) + 

+ RIC z f-.t.., (1- ~ y:-.ltt f?.( 1- 03 z )( GS-s. 21 )3) 

~H~ wparMeHTauHH (13) 60Aee TO~HO Y~OBA9TBOp~ 38KOHaM 

coxpaHeHHR SHeprHR, sAeKTp~ecKoro H 6apHOHHoro sap~oB. Onpe~e

JieHHHJ.i H3 (I~) C TIOMOIIrbiO (13) KO~mJ;H9HT gl( OK838JIC.f! paBHHM 

O.I5. 

IIpaBMO cyMM ( U) cnpaBe.rr.mmo B MKrC npK acKMIITOTKtiecKE: 

6oJI:bllllDC sHepr:wrx. B c.nyqae saeprvJI - IO rsB sTH npaBHJia CYMM 

~O~HH 6HTb 3aM9H9HH 6oJiee TO~HHWH 
1 -

L. S 21: (1!) d.r-== i', <r4) 
It, ~ . 

JtoiU'I ..1 .i ( 2 1M '~tj 
r~e ~ . - 0 r INf In* . "'fr - -, .Jt :Zj s m s I z:::.,.."' - • ~ "l.l. ,-lltfJ.X 7 IM14f - 2 VS i ' JCo, X J 

jt -flJyHKIUlfi Tp·eyrOJlbHHKa, $;''"' . onpe~eJieHa K3 MHHHMaJll,HO:ti 

pea.KI.Um K~n ~ x•p . 0TM9THM, liTO BCIO.IJY B HacTomne:ti pa-

6oTe HCnOJI:b30B8JlHCb TOqHHe BHpa~eHHR ~ KHH9M8TKl!9CKHX nepeMeH

HHX, B qacTHOCTH, nepeMeHHHe cBeToBoro wpoHTa (8) 6paJIHCb B B~e 
I 

1 (VP..4 z. ~ 111 2.' ~ P.* ) (I5) 

xf :=:; .t. P~ ~l + fr; + /(• - ·--'-'_ --·~~~~~----........._. 
HeTpy~HO B~9Tb, ~TO CTIOJ1b30B8HHe npaB~ CYMM (I4) npKB~·· 

~HT. K 38BHCHMOCTH K08~H~9HTa gk OT cpe~Hero KBa~aTa none-
-~ 

peqHorO.HMIIYJI:bCa Pr H, CJ19;D;OB8'I9JI:bHO, OT SHeprHH. 0co6eHHO 

~BCTBHT9JlbHa K 8TOM 38BHCHMOCTH qyHKUHfl wparM9HT8UKH (I3),T.K. 

11 gJ( c:: B" ( P/) _ 11 ft. =- A ( P:) - QWHKUMM pTz 
06I:NHO IIOJiaraiOT PT 2 

= 0. 2 S" ( r~ A} 2. ' 'IT 0 crrpaBe;D;JIHBO npH 

8CKMTITOTHqecRH 60JI:billMX SHeprH.f!X, HO npH SHeprHRX H8Jl9Taromero -
r.:)T:Z a;n;poHa - IO rsB /9 38M9THO H3~eHfl9TCfl H CTaHOBHTCfl CB06o~-

Hbll\1 napaMeTpOM. '\' 



9. 

3. ITpeAaCHMTITOTHqecKHe norrpaBKH 

B TeopHH Pe~e n~oe ce~eHHe B3aRMO~elicTBHR ~acTKU 

MO~O rrpe~CT8BHT:& B C~9~IDm9M B~e(~B/ 
_J.. _., 

O+of (S) == fat + l<o.l S .2 + n &IS • (I6) 
I 

~ o6~acTR aaeprRli -IO.raB r~aBHHil B~~ ~aroT rrepBHe ~a ~eaa, 

r~e Pal -TpaeKTOpHR IIoMepawcy-Ra c RHTepcenTOM Lp (0) = f.+ Ll , 

If at - pe,w~teOHHHe TpaeRTOpHH C HHTepCeTITOM ,/ll (~) ~ 0. 5 

B T8KOM rrpe~cTaBJI~HRH C9"t19HH9. (fto-t -+ P , TIOCKOJrbicy" OCTaJrb

HHe "tJ:~eHH C pOCTOM S YM9HDill8DTCH. 

B~a~ TIOMepoHa B TIO~HOe C9"t19Hli9 ~aeTCH BHp~9HH9M (4) H 

cooTBeTCTByeT nepBOMY . c~araeMOMY B (IS) • B ~·AKrC . o6Meay rtOMepoHOM 

conoeTaBXHeTCH ~~~eCKHH rpaWHK,· a BTOpH"tiHHM pe~OHaM

TI~aHapHHe rpaWHKH. B~~ B TIO~HOe ~9"ti9HH9 ~H~pHHX rpaWHKOB 

y6HBaeT c ~HeprH9it KaK ( S / S~) .L.~t-f , "tiTO cB.R:saHo c aHmtrHJI.R:IUtei! 

BaH9HTHHX KBapKOB B CT~a~CR ~OHaX._ B pa6oTe/IB/ B paM

K8X MKI'C 6HJI ytiTeH BRJ18,D; TaK Ha3HB86MHX ,nHarpaMM "HepaSBHTOrO 

~a", Kor.na Jimllb O.ztRH ;me~ B. paspesamm I.UIJIHH.lij)a 1 pasBHT 
i 

TIOJIHOCT:&ID, a H8 BTOpOM Y"tJ:HTHB89TCR TOJrbKO BKJla;:J; MaJIHJq M8CC. 

Y"tJ:eT TaKIDC .n;aa:rpaMM TipHBO.n;HT K TIO.fiBJ19HHI> B 8Ml.1JIHTy~e/ynpyroro 

pacceHHKf! ,IJ;OITOMHT9Ji:&HHX it119HOB, y6HB8IOIUHX TipHMepHO ~aK 

( s I So) J.g- f ~ • a B UOJIHOM ce-qemm UOI!BJIHSTCII ,IJ;06aBKa 

Q; = g r 4,. v Te '(~),L.tt.-1 + A/2 ·~~ (I6) 
0 ft. 4 AR So . J 

r~e Ot~... = 0, 663, /liZ - ~orapmf>MirtWcKRli aa~oH aMTI~Ty.n;H pe.ll)Ke

oaaoro o6MeHa no ~ ~ ( napaMeTp). B c.nyqae K.,. f' -pacceHHIDI 

HM99TCH TpM .n;aarpaMMH 11H9p83BMToro I.Ui~H~pa", TI08TOMY/IS/ 

r.;---1< ~f- P\IC# ~I(. I/ 
U -Up + 3 Ua • 

' 

\ 

(I7) 



!0. 

B COOTB8TCTBMM C rMOOT830~ 0RROKa-XappapM BTOpOA ~eH B (!?) 

OTHOCMTCg K nouepOHHOMY 06MeHy M H8Rft8TCR npeA&CMMnTOTMQ8CKOA 
Kif 

.nonpaBKOA, a nepBHA - QM~MHAPKQ8CKMI qneH C)f -aCMMOTOTMQeC-

Kid~ IKJI~. 

I 4. R -SaBMCMYOCTb 

. B MKfC pSOCY&TpMB&nTCR B OCHOBHOM X&paKTepMCTMKM, npoMHT&r

pMpOBSHHYe nonepeqHOMY MMnyJibCY f'T • qT06Y nonyqMTb 3aBMCMUOCib 
. . . 
Ha6nn~aeMYX B8JIMqMH OT ~ H806XO~O 3H&Tb ~ -SaBMCMMOCT& 

4iJHKQMA pacnpe~eJ'IeHMR KB&p!COB M MX ~parlleHT&qMR B 8.,D.poHY. B pa-

60Te /!9/, ~R aHaJ'IM3& npOQeCCOB B paMK8X MKrC C yqBTOM nonepeq

HYX MYnyn•coB KB&pKOB M AMKB&pKOB H8MM 6&n npe~o.eH cnoco6 

sse,neHMft P.,. -S&BMCMMOCTM B ~~YHKQMM pacnpe~eRef:IMR xaapxoa (AM

xsapxos) ',JI MX tparMeH'l'&'-"11 B &,npOHii. ()H OCHOB&H H& ,11.8JI8HMR 

B~peHHero nonepeQHoro MM"YJ'IbC& M8ZAY KB&pKaMM M ~B&pK&MM 

B npoTOH8t &H&J'IOr~ noc•e,D.OB&T8JibHOyY A8JI8HMn 8HeprMM Me~ 
i 

11 -noMepoHHH101 JIJIBJUDOI. B STOM OO,ltXO,Ue &HaJIMSMpoBU:MCb XU 

8)lpoJotli1le, Tax M a,npoH-R,nepHYe npoueccH. 
i 
I 

HaxlnSIIBHYI MHBapM&HTHYR cnex~p &Apo~OB, o6yCJIOB.JieHHHI 
' 

A&mBMMM OCHOBHOR BKJI~ nM&rpaMM8MM QMJIM~pMqecxoro TMD&, 8&011-

CYB~OJI B BJI,ll8 I 

I (!8) 

r,ne ()rt 00p8A8Jifti)TCR topM)'J18.MM (2)-(4), a 'fit MM80T BM,lt,. 

aHaJIOrMQHHR (?), OpMqey/!9/ 
1 1 h 

F~ (x±; .;(,, :{., Pr, tt) = S dx.J f.{ ct.~ d}
7 

~~ ( .;(,,., kr) · 
. ~ ~-

(!9) 
\ 



II. 

KBapKOB8R W,yHKURH 6HJI8 npe~cTaBJieHa B waKTOpH30B8HHOM B~e 

l,"ra:, kr, h) =: 1/r~. n). /.J /( r.tz.). (;GO) 

B K8't19CTB9 j,Jkr, h) Ha!vfH HCll0~'11>30B8JI8C:& qJyHKIJ;IDI raycca, 

poBaHHaR Ha I, 
,2 

,.. )",. -lttlzr J" . (2I) 
g,_Ckr,nJ ~ T e . ' r,. =- n 4 

~HKUHH ~parMeHT~H KBapKoB B a~poHR Ta~e 6~·B3RTH B waKTo

p~:rs·oBaHHOM BH,D;e 

,., f,-f'J. t_,. J. - I . - ( - ) 

G r ~ j Pr- 2 kT) ~ G- . ( 1:1 k r) ff f, k r J ( 22) 

- ._ -r..k.l 
a. (k J ='.b. e e ,. .- (23) 
gf, 1' fC 7 k T -:=. I? - C k T • 

I. . 
TaKHM o6pasoM, ~. WYHKI.Ufi! 'fh ( ~, Pr) 6blJIO noJiy't{eHo 

·. BHpaJK9HHEJ . · · · 

'f: (~ f~) = j d.a:,{lu. (~, n) G-u (~) I,. (t, F;) + 
::Itt i - (:::!4) 

i t.seCil ~ J. lt-1 

4f~,lf) tr"-.J.(!)I,(l, P,.) + It se1(:7C, h) G;;1u. (l) '{;.I" (l, f'..)+ 

(~5) 

I 
. r.n;e 1;. - cBo6o,n;H1Ie napaMeTphi (. J::. ~ 3/) . 

\ .. 



............. -----------------------
~-

Mcno~aoBaHHHii HaMH cnocod ~e~eHRH rronepe~Horo RMTIYADCa 

M~ KB8pK-r~OHHHMH CTpyHaMH IT~HBO~T K do~ee pe3KOH 38BHCR

MOCTH cpe,u;Hero nonepe~aoro Ht'IAny~ca Pr ~aCTIDJ; B a.n:pommx B3a

HMo,u;eticTB:WOC OT -;X H OT ~HCJia ITOMepOHHHX JIKBHeH }1 , ~TO no,u;

TBepJIQJ;89TC.ff 9KCnepHMeHT8~HO. HaH,jo~ee R:pKO T8KOH M9X8HH3M .D;O~

JiteH rrposmAATI>C.ff B h A -cTo~HoBeH:rrmc, r,u;e BMa,n; MHororroMepoHHWC 

U9ITO~eK 3H~~~e~eH ,u;~e B Od~8CTH H8~an!>HHX 8.n:pOHOB. 

B I\OO:'C B c~ae J., A -cTo~HoBeHH.ff npH Bl:lCOKoii saeprHH 

CTPYKTYP8 B3aHMo,u;eiicTBHR ocTaeTC.ff npHHUHITHa~Ho TaKOY Jite, KaK 

H B h N -coy,u;apeHRH. O,u;HaKo cpe,u;Hee ~HcJio paapeaaHHHX ?OMepo

HOB oKaaHBaeTcJI ropaa,u;o doADIIlRM, lieM npH h N -BaaRMo,u;eiicTBHH. 
i -

ilOSTOM,Y 38BHCHMOCT:b illYHKUHli pacnpe,u;e~eHH.ff BaJieHTHHX H MOpCKHX 

KBapKOB OT ~HCJ18 paapeaaHHHX llOMepOHOB rrpoJIBnReTC.ff B kA -
CTOJIKHOBeHH.ffX H8HdOJiee CH~HO. 

B rrpe~oJiteHHOM MeTo,u;e ~eTa norrepe~HHX HMflYJlbCOB KBapKoB 

B MKrc B c.nyqae h A - BaaHMo,u;eiicTBHii saBHCHMOCTI> WY"HKr.Uiii 

pacnpe,u;eJieHH.ff KB8p~OB H .D;HKB8pKOB H HX WP8rM9HT8UHH B a.n:pOHH 

oT kT 6HJia Bl:ldpJaa B TaKoM !te BH.D;e, KaK H B CJiy'lae A 1/ -cTOJIK-, 

HOBeHHii • .IJ.,rui HH~3HBHoro crreKTpa -qacTHU, odpaaymmHXCR B h A -
B38HMO,II;9HCTBKH, 6k.11o 38nHC8HO BHp~eHHe/I9/: 

. dO A - ' .. I V) ( t0 ) - , J I) VJ e ( ) E- '(JffJ =-?- tv 11 T11 ~1 r-r + v" T1 ~, P.,. . 

r.n;e ~k ,u;aeTCR tiJOPMY~OM (24) , 

j' --= _L r d 2~ [tJ; T( g J] "e-o-,"' TC 1 J (27) 
IV~ Ylf l VI 

- ~eKTHBHHe 'IHCJia; 6';·f1 - ce11eane aeyrrpyroro fr N' -B3ai1Mo-

.n;eiicTBHR, T(l) -11'YHKUHR TO-Hhl. C~araeMOe v1' 'Pf3 
B (~7) 

COOTBeTCTByeT BKJia.n;y' B HHRJII03lffifWH erreKTp npOIJ;8CCOB .n;HWpaKIJ;HOH-

Hoi! .n;Hcco:u;Har.um. \ •' 



I3. 

B ( 27) npMHR'l'O, tl'l'o HMe'l'umdt a_apoH npM cTomcHoBeHJJH c 

O,IlHRM lfYKJJOHOM Jl,llp8. o6MeHRB&e'l'Cfl 'l'OJn.:a:o O.DJUDI noMepoHOM, c ABY

~ HyK~OH8MIJ ~ ABYMR nowepoH&MM H T • .JJ.. Hono~•soaaaMe to~~H 

r ( 27) )Uifl p&eqeTa HHBS.pM&HTHHX HHKJIDSMBHYX cneKTpoB J, A -BSSJJNO

.u.eAC'l'BMI ODpaB,IlaHO DpM 8HeprMIIX nopH.JU(~ ,ll8CJI'l'KOB raB, KOI'p.a 

.JJ.OMIIHIIpye'l' O,D.HODOM8poHiitd 06MeH, a BKJ18.)1 MHOI'ODOMepoHHYX 06118-

HOB. C,_O!'B8HeH !'O~biCO B 06Jl&O!'M X ~ 0. 3. C poC!'OM 8H8pl'llll 

( "" IOO reB) BJCJI8A aot:oronoMepoHHHX 06M8H08 B08p80'1'88'1'. 

5. OIUicaue Rcnep¥1ft'8JibHHX .Jl8,HHHX 

I 

C DOMO .. D np8,UI.I'UIIOI RpOI'paUW, OCHOB&HHOI H& IIIO,Jl8JII1 
. d6 

KB&I*-I'JII)()HIIHX C!'pyH, OIIJIC8HIII ~peHQH8JibHil8 C8Q8HM d.~ 
. + 

-npoqeccoa I< P ... K~X np11 70 raB, ,D.MftepeHQJiubHYe ceaHIIJI 

d:~A-'" npoqecooa K.,.f'-+ x-x ,. k .,_A -+ K- X , A=t,AI.,U,.,Pb 
Dpll IOO reB, K+ p __. I<' r npH I6 raB, K +A ~ K' X ~ A c 8~, Cl4 /'' 

_npll II.2 raB. 

I. I. OrpY!vpa nporpaMMH 

Ilpol'p&MM& BIIUO.Uf;t!' EB&plf8H~ JIHKJIJ)8M8HY8 CD8K'l'pil 
I . I 

F(~, P,.) B'l'Opii1IBIIIX &APGJIOB a npoqaccax J, A ~ h X c HcnoJJbao~ 
j . ' 

88HJIJ8~ M8BeC'l'HHX tylacqMI pacnpe.Jl8J18HRJI KB&ptOB If JDC fparM8Hif~ 
I 

QBW ~ a.lPOHII• 
. ' 
1 Ha• npol'peMMMpoaaHHs 

H,aeH'l'lltMK&'l'Op 

~ODO~HM'1'8JibHY8 BXO~ 

: BHeJDHee yc'l'poAc-rao 

06 paa8HM8 K BH8DIHMN 

nporpaaataM 
I 

\. 

«>PIPAH-4 

- nporpaMM& 

- CROSS· 
- OTCyTC'l'ByM' 

- C'l'&HA&p'l'H08 yc'l'poiCTBO BYBO.Il& 

- Vt.EI?O - S&HyJl8HMe Mao-

CMBOB 

•. 



............. ------------------------

BcrroMoraTeJIDHbie 

nporpaMMhi 

l1CIIOJID3Y9Mhi9 

o6IItHe 6JIOKJII. 

06paute~me 

I . 2 . nHI£ImomrpoBaHJII.e rrporpaMMhi 

I4. 

G AU S 51- BbfCIHcJieHHe o.nH 

KpaTHbiX HHTerpaJIOB, 

8 ES K¢-Bll30B WYHKIUIH MIDI

MOra apryMeHTa, SI H PS 

SI M PT-Bll'i.HcJieHHe .I4BYKpaT· 

Hl:lX HHTerpaJIOB. 

- SIG-, FI, G; FlQ, 
FGUARK,E~FN'Ufv1, 

FIJ/t!IL, FUNK 

-!v'7JIA G~, CR.SECT, 

FSU~M, Fl.DNE., 

XFEY, H~Ass, PTMIM{. 
SE:AIEt<&.) KEYS, AlA~.· 
CONST, A'1JAT, FKJIO I i 

P.f<OG.f~AM CROSS 
(INPUT, OUTPUT, 
TAPE-I, TAPE2) 

YnpaBJieHne pa6oToii rrporpaMMhi ocymacTBJIHeTCH ynpaBJIRDmHMH 
. I 

napaMeTpBMH H RJIIO'fleBHMH napaMeTpaMH K £ Y (t, K} . MMeeTCH )tsa 

CB060.I(Hl:IX nap-aMeTpa: a" - rrapaMeT p HOpMHpOBKJII.' 8 ~ Jli.JIH A ) I 

- HaKJioH ,nHqxj?epemmpoBaHHHX ce'tleami no P,. . 
. .UpyrHe rrapaMeTphi rrporpaMMhi C !e 0 S S HMeiOT cJie,IJ;yiOOlJII.ti: MhiCJl: 

I!= l 0 A/(i - yrrpaBJl.ffeT yqeToM norJiomea:ru:r BTopH'IHhiX a.npoHoB B 

.F.£.IJ;pe ( 't!epe3 ,IJ;Jmay WOpW.HpOB8HHR) ; 

I FS I r;. - Bhi6HpaeT IIOJIHoe Heyrrpyroe ce'!eHHe ~AI- B3aHMo,neii

l CTBHR; 

IXLXF - , Bhi6HpaeT rrp ,Il; JIDeyiO IIepeMeHHy-10 X B Jia6. CHCT9M9 
\ ~ 

HJIH C4M; 



I5. 

NMAK 
!FI<AG 
A/UCL 

- ~C~O IIOMepOHHHX 06MeHOB, yqHTHB89MHX B peaKUHH; 

~ BH6HpaeT ~HKUHID ~parMeHTBUHH ~pyro,mero KB8pKa; 

- napaMeTp BH60pa ~a MHID9HH; 

AK 
·pK 

- cBo6o~~ napru~eTp (Hop~mpoBKH); 

- HMIIY JIDc na.n;ruomero a.n;poHa. 

I ... 3. BcnoMoraTeJIDHHe n/nporpaMM!i nporpaMMH CR. OS S 
( SIG, FI, (;. 1 FQUA RK, FUNK., EFFNUM) 

BHIIOJlH.fiDT c~e,IJyiOmHe oneparum 

- BIAHc.rureT ce-qe.HHJr 6;. no (tlopMY~e (2). IlpH BwmcJiemm 

STHX ce-qemm y-qHTHBamcR nonpaBKH ( 3* S I ¢ ) K noMepoa

HOMY 06Meey. COOTBeTCT~ no.n6op napaMeTpOB r, ~ 
~ . . . 

. R P, r,. ·, ll.lf. II03BOMeT qJHKCHpOBaT:D 3H8't{9Hrui ce-qef!d 

{). ft· ().t ili:"- B COOTBeTCTBHH-.C 3KCnepH-
fot ' 0\ 7 • 1 v 0 & 

M9HT8JIDHRMH ,II;8HHHMH. 

06oamemie: 

F -e:: S IG(N) 

N - 't{JICJIO paspesaHHHX noMepoHoB B S KaHaJie, 

FI - onpe.n;e.rureT wmaum 'f .. (11t, f'r J B COOTBeTCTBmi c qJOPMY-

Jia.MH · (24); cBepTKH CTPYKTYPHHX <lJyHKI.Ufit c WYHKIUlfiMH «>par

MeHTan;mt KBapKOB BW~Hc.ruwrcR c noM-~IItDIO n~orpaMMH GAUSS { • 

B 3TO~ no.zm:porpaMMe-W'. HKmm y-qHTHBa_eTCR 1aue $Ma.n; Mope- : 

KKX KBapKOB B paccMaTpHBaeMOM nponecce • 

. 06pameHHe: 

F = FICX) 
X - 3Ha-qeH~e ~eHHMaHOBCKOH nepeMeHHOH. 

\. 

OcHOBHaR HHWOpMa:uru:r B azy n/gwHKUHIO nepe.naeTcR -qepes 

CO~MOAI- 6~0KH: 

/XfN/ 'If, XIJ 
;\ 
J 



!6. 

X P, X!J - nepeMeHHHe cBeToBoro lppoHTa X.,. , X_ 

Ho; 

'l¢, X 1 - npe~enH HHTerpHpOB8HHR no ~eHHM8HOBCKOH nepeMeHHOH 

/KEYS/ KEY(I,3) 
KE y(f, K) - Maccza KJIIO'tieBHx napaMeTpoB. 

G - Bhi6HpaeT ( H3 Ha6opa zaBecTillix WYHKT..Uill qJparMeHTarnm 1J , 
Q- _ H S -KBapKOB B a,IJ;pOHll) COOTB9TCTBYIOOUf9 ,II;8HHOMY 

npon;eccy qJy-maum !j)parMeHTa~ (~), a TaroKe BBO.Jn!T B ~ 

aaBHCHMOCT:O oT nonepe't1Horo HMnyJII,ca Pr . BH6op cooTBeT-

CTBJIOIIUDC ,II;8HHOMY npon;eccy KBapKOB U 8,II;pOHOB ocymeCTBJIJt9T-

csr c noMolil:&IO MaTpimH RJII(}q9Bh£X napaMeTpoB KE Y(t, t) 
06pame~me: 

F-=- G-(Z) 

~ · - nepeMeHHM ~ (Jm6o ~ ) , I'.IJ;e x... ~- -
~ X ~ ~, i 

nepeMeHHHe cBeToBoro wpoHTa, X - Q)eilHMaHOBCKM nepeMeHHaJI. 

B MaTpKU;e KJII()q9BHX napaMeTpoB K E Y ( K, J.) 

K - napaMeTp HOMepa KBapKa, 

L - napaMeTp HOMepa a.IJ;poHa. 

IIepeMeHHasr KL = kEY(K, L) B on~paTope GO TO 

(10, 20..,30, 40, ·s-o, 601 r_o, 8f) 7 Kl 
onpe,I!;e~eT WYHKD;KID wparMeHTaD;HH, coo BeTCTBYDmyD ,II; 

HHFINI K H L .. 

• 

F QUARK - Bhi6HpaeT cooTBeTCTBJ-'10l.IUf9 .IJ;aHHO.MY. npon;eccy CTPYKTYp- · 

•. 

HHe WYHKUHH KBapKoB; B30,IJ;HT aaBHCHMOCT:o sTHX WYHR

IJ;Hir OT Pr . 
06paiUeHHe: 

F-.: FG.UA f<l< (X) 

t 

i\ 
r 



............. --------~--------------~ 
I7. 

I 

X - [)eitHMaHoBcKaf! rrepeMeHHaH. HoMepa KBapKOB K H a,zu>oHa /. 

FUNIL 

.. 

FIQ 

c rroMoD.tD:ro rrepeMeHHoii K 1- :::r. KEY{I<,J.) orrpe.I(eJlfiiOT cooTBeTcT

BYro~ CTPYKTYPHYID illYHKUHID KBapKa B pe~. 

- orrpe.I(eJI.R:eT qJyHKUHH EecceJI.R: MHHMoro apryMeHTa K .Jir+1 ( P,.) 
. 8P. 2 

HCIIOJTh3yeMhie B fT - 38BHCHMOCTH BH.IJ;a e- r • 

06pameHH§: 

- BBO,nHT ·38BRCHMOCT:D OT IIO!Iepe'tlHOrO HMilYJThCa BH,IJ;8 
. -1P.2 e r 

06pameHRe: 

cor~acHO ~OPMY~ (25) 

F-- FUNIL (PrJ· 
- ~Bo~T ( c rroMOIIU>I> FUNK ) smmci!MocT:o · oT nonepe"'-

-8Pr 
. HOro HM!IYJThCa BH,IJ;a e . 

EFFAIUM - BI:ltmCJISieT alxJ)eKTHBHhte tmc.n.a }/11 (27), Beca 

A 

'/)/, s:; ~ -. H ITOJIH09 Heynpyroe C9"19HHB 

" ~ " ~A Jl:' B38HMO.I(ettCTBKR: a,Iij)OH8 Jr C 

H.lij>OM A . 
06pameHHe: 

OcHOBHhie nepeMeHHHe: 

- aTOMHbiH HOMep JW>a, 

u;,.. 

R - pa,nmyc H.I(pa, I 

.SIG-[A/ - IIOJlHOe Heynpyroe e'tieHR~ Jt# -BSaRMo.n;eiicTBKR:, 

SIGft( A - noMbe Heynpyroe h A 
A BSD~8 - Y'iRTHBaeT rror~o eHHe BTOp:iflH1IX a.npoHoB B smpe. 
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1-XMlt\1'0 ~J1L04; !?) ytn1Uu mtn4 npo tllO~IUin'M".N~ n~ 

It L~),P0!-lBf»4Y ~. BC~ COCXI C ~l®!'Jl'f-JOfi uaK (S/SoY;Lf(-'1 

f. ~ ~ CB7001fJ :~::n~ 'Irra.1:bWl' lJUtmlC ~"'!r.Jtm-

wx ~toeeon K+f .-. K0 X • I(+ A ~· Ko X • K +A -+ K- X t41'l1 

:xK,rd1!X I:l + IlJ rss. 
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