
4.1.2. IlepeTBopeHHsi aH a jio roB oro  cn rH a jiy  b  mi(|)poBiii

Ilpn  oópoóui 6e3nepepBHoro cnraany i,a,eajibHHM aica nepeTBopioe 6e3nepepBHHH 

(aHanoroBHH) cnraan Ha iiH(j)poBHH, toSto nocjiiflOBHicTb KimieBOi TOHHOCTi, a6o 

KBaHTOBaHy no piBHio nocjiiflOBHicTb

^HCKpeTH3aLtHH Aijn
* a (0 X 0 (t)

t
T

t
T

OÓHflBi CHCTSMH MO>KHa pSajli3yBaTH c})i3HHHHMH npHCTpOaMH. AU ,II - LieH c})i3HHHHH 

npHCTpi h, iu,o nepeTBopioe aMnjiiTyfly Hanpyry a6o chjih CTpyMy, mo no/iaeTbca Ha 

Bxi^, b ABiHKOBHH KOfl, npe,ncTaB.nflK)mHH KBaHTOBaHi 3HaneHHa aMnjiny,zi,H Bxi,nHoro 

cnraany. TTi/r KOHTponeM 30BHiiHH0r0 ro,a,HHHHKa AU ,II MO>Ke o6HHCJiK>BaTH Biernie 

Komri T c. IIpoTe nepeTBopemra Bi/ióyBaeTbca He mhttgbo, i 3 uhx npHHHH bhcoko- 
e(j)eKTHBHi AU ,II 3a3BHHan BicniOHaiOTb cxeMy ,nHCKp6TH3auri i 3anaivi'flTOByBaHHfl. 
IfleanbHa CHCTSMa flHCKpeTH3aiiii i 3anaM'aTOByBaHHfl - ue CHCTSMa 3 BHxi,n.HHiYi cnr- 
HanoM BH^y

OO

x o(t)  =  ^ 2  x[n]h0(t -  nT ) ,
71—  — OO

x [ń\  =  x a( n T )  -  i^eanbHa AHCKpeTroaiiifl cnraany x a ( t )  5 a hQ( t ) ~  iMnyjibCHa 

xapaKTspHCTHKa chctsmh 3anaivi'jiTOBy Barn-ui HyjibOBoro nopa^Ky, toSto

h0(t) =
1, 0 <  t <  T,

0 , matcme.

51 Kmo nepenncaTH (j)opM yjiy y  BHrjM,a,i 3ropTKH
OO

x 0(t)  =  ho(t )  * ^ 2  x a(n T ) S ( t  -  n T ) ,
Tl— — OO

to MO>KHa noMiTHTH, mo i,neajibHa cxeMa AHCKpeTroaiiifl i 3anaM'aTOByBaHHfl 3kbh- 
BansHTHa M0,nyjMT0py jiaHUK)>KKa HMnyjibcoB, 3a akhm H,a,e jiimiiHe (J)HjibTpoBaHHS 3 
chctsmok) 3anaivi'flTOByBaHHfl HyjieBoro nopa^Ky.

ĤCKpeTH3aqHH h 3anOMHHaHHe



Bnxifl, c h c t s m h  3 a n aM 'a T 0 B yB a H H a  H y jib O B o ro  n opH / iK y Mae C T yn iH H a c T y  (j )o p M y , 

to S t o  3HaneHHa Bi^miciB nocTifim Ha Bi,zi,pi3Kax 3aBfl,OB>KKn b Tc^ q  T - KpoK ah c-

KpeTH3auii'. Oi3HHHi cxsmh /iHCKpeTH3auii' i 3anaM'flTOByBamra po3po6jiaK)Tbca TaK, 
iu,o6 flHCKpeTH3aiiia cnraany Bifl,6yBanaca MaKCHMajibHO możkjihbok) iiirh/tkictfo. a 
Bi^JiiKH 3anaM'aTOByBajiHca 3 HaHMeHinoio iiomhjikok). Bca npoue/iypa Mae Ha MeTi 
36epe>KeHHa 3HaHemra Hanpyrn (hh chjih CTpyMy) Ha BHxofli, mo icTOTHO niw A U II.

K Bam yBaTejib - ue HejiimiiHa CHCTSMa, h h a  c })yH K u ia  nonarae b n e p e T B o p e H H i 

3HaneHb K om ioro  Bi,a,jiiKy Bxi,a,Horo cn raan y  x[n ] y  o^He 3 Km iieBoro 6e3Jiin 3a^a- 
HHX BSJ1HHHH.

Il03HaHHM0 h,k) onepaiUK) ak

x[n] — Q (x [ n ])

i Ha3HBaTHMSMO HJ1SHH nOCJliflOBHOCTi x[n]  KBaHTOBaHHM B i f lm K O M .  KBaHTyBaTejlb 

MO^CHa BH3HanaTH 3 piBHOMipHHMH a6o HepiBHOMipHHMH piBHaMH. OflHaK, OCKUlbKH 

MH njiaHyeMO pOÓHTH OÓHHCJISHHa H2LJI Bi/UliKaMH, BapTO BHÓnpaTH piBHOMipHS KBa- 

HTyBaHHa.

TffllOBHH piBHOMipHHH KBaHTyBaTejlb, XapaKTSpHCTHKH B flKOMy 3aKpyrjieH i flO 

HaHÓijibiH 6jiH3bKoro piBHa KBaHTyBaHHJi noKa3aHHH Ha flnarpaM i.



I le p e fly c iM  n o M n m io , m o TaKHH KBaHTOBaTejib ni/ixo^HTb CHraaniB ak  3 no3H- 

THBHHMH, TaK i HSraTHBHHMH BiflJHKaMH (SinOJlflpHHH). 5IkIU,0 anpiopi BiflOMO, mo 
BiflJHKH, m o  BXOflOTb, 3<łB>K,H.H n03HTHBHi (HH HSraTHBHi), TO 3pyHHilIie BHÓpaTH iH - 

i i ihh p o3 n o fliji piBHiB KBamyBamra. HaBe,a,eHHH KBaHTyBaTejlb Mae napHe hhcjio piB- 

HiB KBĆłHTy BćłHHfl. Ajie, OCKijlbKH OflHH 3 HHX 3aHH5ITHH HyjieM , BHXOflHTb pi3Ha 

KijlbKiCTb n03HTHBHHX i HSraTHBHHX piBHiB KBĆłHTy BćłHHfl. 5Ik npaBHJlO, HHCJIO piBHiB 

kbaHTybaHHa ,nopi bhfog Mipi abIhkh i, OCKijlbKH ua M ipa 3Han ho S ijibm e bocbmh, Bi- 
flMmmCTK) y  KijlbKOCTi HSraTHBHHX i n03HTHBHHX piBHiB MO>KHa HSXTyBaTH.

Y  HaBe^eHOMy npHKjiafli -  BiciM piBHiB, i mh mojkcmo no3HaHHTH ix 3a AonoMoroio

0 B+1
flBiiiKOBoro KOfly 3 Tpbox 6mB. (Y  3aranbHOMy BHnaflKy fljia KOflyBaHHa ^  piB

HiB MO^CHa HCn0Jlb30BaTb flBiilKOBi (5 + 1)-  3Hanm HHCJia.) B npHHUHni jinn no-

3HaneHHa piBHiB MO>KHa S p a ra  6ya,b-flKi chmbojih, i icHye 6e3Jiin ,n.Bi hkobhx cxeM 
KOflHpoBaffira, m o MaiOTb cboi nepeBarn i HeflOJiiKH 3ane>KHO Bi,a, KOHKpsTHoro 3a- 
CTOcyBamra. HanpHKnafl, npaBHH CTOBneub ,n.Bihkobhx n n ce ji ijiiocTpye 3mi 11 le hhh 
ABiilKOBHH KOfl, B 5IKOMy piBHi HyMepyiOTbCfl HHCJiaMH B ABiilKOBiil CHCTSMi HHCJ1SH- 
Hfl b nopa^Ky ix  3pocTam ra, noHHHaiOHH 3 caM oro HsraTHBHoro. IIpoTe npn UH(})po- 
Biii oópoóui cn raan y  npHHHaTHime KopncTyBaTHca ,n.Bi hkobhm ko^om, m o A03BOJiae 
BHKOHyBaTH aphc})meTHhhi flii 6e3nocepeflHbo 3 MiTKaMH ak 3 hhcjiobhm npeflCTaB- 
J1SHH3M KBaHTOBaHHX Bi/UliKiB. JliBHH CTOBneUb nOKa3ye p03MiTKy piBHiB, m o Biflno- 
Bmae flOflaTKOBOMy ,a,BiHKOBOMy Ko^y. TaKa CHCTSMa npeflCTaBjieHHa n n ce ji 3i 3Ha- 
KaMH BHKopncTOByeTbca y SijibinocTi KOMn'iOTepiB i MiKponpouecopiB. TaKHM hh- 
hom, ue, mo/kjihbo, HaiiSijibHi 3pyHHHH cn o ciS  HyiYiepauii' piBHiB kb aHTy b aHHa. 3aMi-
THMO MDK 1HTTTHM, mO 3MilIl,6HHH ^BiHKOBHH KOfl MO>KHa nepeTBOpHTH B flOAaTKOBHH 
KOfl, npocTO flO^aiOHH HaiiSijibHi 3HaMymnH 6iT. Y  AO^aTKOBOMy ,a,BiHKOBOMy KOfli 
KpaHHiii jiiBHH, a6o HaiiSijibm 3HaHym,HH, 6iT Bi,a,noBi,zi,ae 3a 3HaK HHCJia, a mini 
npe,zi,CTaBjMK)Tb a6o uijie, a6o ApoSoBe aScojnorae 3HaneHHa HHCJia. M h npnnycKa- 
THMeMO, mo Mae Micue ocTaHHa CHTyauifl, toSto BBaacaeMO, mo ^BiiiKOBa KOMa ko-
IHTye Mi>K flBOMa CaMHMH JliBHMH 3HaKaMH. 3HaHeHHa ,Zl,BiHKOBHX CHMBOJliB flO^aTKO- 

B oro  KOfly n pn B = 2 BHnHcam b TaóJiHui. Y  3arajibHm CHTyaun (B + l)— 6i-

TOBHH ApiS , 3anHCaHHH B AO^aTKOBOMy flBiilKOBOMy K o^i BH rjia^y

a0oa ia2 ... ag,

npeflCTaBjiae hhcjio

—ao20 + f l i2  ^+^22 2 +  • • • +  f is 2 ^ .

BiflMmiMO, mo chmboji "o" 03Hanae "^BiiiKOBy TOHKy" HHCJia. B 3aeM03B'a30K Miac 
cjiOBaMH KOfly i piBH^MH KBaHTyBaHHJi cnraany 3ajie>KHTb bi/x napaMeipa X t  3 . Y  3a- 
rajibHiii CHTyauii uen napaMeip Ha3HBaeTbca nobhomacLUTaóhmm pibhjim AU,II. 5Ik 
npaBHjio, iioro 3HaneHHa KOJiHBaeTbca Bi ,̂ 10 ^o IB.



CHMBOJI ^H cejibH e 3HaneHHa x  b

Ooll 3/4

OolO 1/2

OoOl 1/4

OoOO 0

loll -1/4

lolO -1/2

loOl -3/4

loOO - 1

Bi,a,CTaHb ivii>K cyciflmMH piBHaMH KBaHTy BaHHJi CKna^ae

^ _ 2-X̂ j7j _ X m

~  2b + 1 “  ~ W '

HaHMeHini piBHi KBamyBaHHfl ( i A )  Bi^noBi/iaFOTb HaHMSHHiOMy 3HaLiymoiviy 6 i Ty

ABiHKOBoro cjiOBa. Bijibme Toro, Mae Micije HHcejibHe cniBBi,zi,HOHiemM mdk cjiobom 
KOfly i KBaHTOBaHHMH BiflJliKaMH :

x[n] =  X mxB[n\,

ocKijibKH mh npnnycTHjiH, mo xB [n] - ,a,BiHKOBe hhcjio, mo 3aflOBOJibHae HspiBHOCTi

— \<XB\n\<\ (y ,H,OflaTKOBOMy AB iH KO B O M y K O fli).  I I p H  T a K in  C X eM i KOflOBaHHH B i-

AJiiK xb [n] np^MO nponopuihhhh KBaHTOBaHOMy Bi/uiiKy (b AonojiHHTejibHOM ^Bin- 
KOBOMy KOfli), i TOMy noro MO>KHa BHKopHCTaTH ak HHcejibHe npeflCTaBjieHHa aMnjii- 
Ty^H. /JincHO, npHHHflTO npiinycKaTH, mo Bxi,a,HHH CHrHan H0pMajii30BaHHH TaKHM 
HHHOM, mo HHCejIbHi 3HaHSHH5I KBaHTOBaHOrO BiflJliKy x[n] i flBiHKOBOrO CJIOBa

xB[n] cniBna^aiOTb, i TOMy He BHHHKae He06x0 flHM0CTH np0B0,a,HTH Me>Ky mi>k KBa

HTOBaHHMH BiflJliKaMH i IX ABiHKOBHMH n03HaHeHHflMH.



Ha fliarpaMi noKa3aHHH npocTHH npHKnafl kbaHTybaHHa i KOflyBaHHa Bi^jiiiciB CHHy- 
coiflanbHoi' xBHjii 3a ^onoMoroio 3-6iTOBoro KBamyBaTejM.

HeKBaHTOBaHi Bi/uiiKH x[n] no3HaHaK>TbCfl hophhmh TOMKaMH, a KBaHTOBam - Kpy- 
>KSHKaMii. Ha ubOMy ManiOHKy npeflCTaBjieHHH bhxi/thhh cnraan i,a,eajibHOi cxsmh 
flHCKpeTH3aiiiii 3anaM'flTOByBamra. nyHKTHpHa jiima 03Hanae "bhxi/t UAn. Bxi,7T-
hhh aHanoroBHH cnraan xa(t) BHxo,a,HTb 3a Meaci noBHOMacniTaÓHoro piBHa KBaH- 
TOBarejui, OKpeMi nojio>KHTejibHbie Bi/uii kh BHABjMiOTbCfl M3pi3aHHMn".

4.1.3. AHajii3 noMHjioK KBaHTyBaHHH

OneBHAHO, mo KBaHTOBaHHH Bî JiiK x[n] y SijibmocTi Banâ KiB Bifl,pi3HaeTbca Bi,a, 
icTHHHoro 3HaneHHa x[n] . Pi3HHua mi>k hhmh HamBaeTbca iiomhjikok) KBaHTyBaHHH 
i BH3HaHaeTbca no (j)opMyjii

e[n] =  x[n\ — x[ń\.

HanpHKnafl, y pa3i 3-6iTOBoro KBaHTOBaTejia npn A/2 < x[n] < 3A/2 3HaneHHa 
x[n] ̂ opiBHioe A , 3Bi,ziKH

—A/2 <  e[n] ^  A/2.

R j w  flaHOi CHTyauii' ua HepiBHicTb 3ajiHHiaeTbca BipHHM 3aB>K,nH, ko jih

-9 A / 2  <  x[n\ ^  7A/2.



Y 3aranbH0M y BHna,a,Ky (5  +  1) - SrroB oro  kb aHTy b a re jia  i3 3 h aw e h h a m A noMHjiKa 

kb aHTy b aHHa 3aflOBOJibHae 3a3HaneHiH HepiBHOCTi 3a yMOBH

( ~ X m -  A/2) < x[n) ^ (X m -  A/2).

Mkiuo x[n] BHxoflHTb 3a 150  oSjiacTb, ak Bifl,6yBaeTbca npn t =  0 to  noMHjiKa KBaH- 

TyBaHHa 3a aScojiiOTHOK) bsjihhhhoio nepeBHmye A/2 5 i roBop^Tb, m o Bi/uiikh 3pi-

3VWmbCR.

C n pom eH a, ajie KopncHa M o^enb KBaHTOBaTejia 3o6pa>KeHa hh>kh6.

x[n]

KBaHTOBaTejib

£ ( • ) x[n] =  Q ( x [ n ] )

x[n] o x[n] =  x[n\ +  e[n]

e[n]

M o ^ e jlb  B TOHHOCTi SKBiBajlSHTHa KBaHTOBaTSJIK) 3a yMOBH, m o  HaM Bi,a,OMa nOMHJlKa

e[n\.

Y  Sijibm ocTi BHnaflKiB, npoTe, noMHjiKa HeBi/iOMa, i y  TaKHx CHTyauiflx e k o p h c h o k ) 

CTaTHCTHHHa MOflejIb. CTaTHCTHHHe npeflCTaBJieHHa nOMHJlOK k b  aHTy b  aHHa b h x o - 

AHTb 3 HacTynHHx npHnymeHb:

1. nocjiiflOBHicTb nOMHJlOK e\n\ e nocjim oBH icTio Bi^JiiiciB cTaiiioH apH oro b h -  

na^KOBoro npo iiecy .

2. IIocjimoBHicTb He Kopejiioe 3 nocjiiflOBHicTK) x[ń\.

3. BrniaflKOBi b s j ih h h h h  n po u ecy  nOMHJlOK He K0pejii0K)Tb m i>k c o So io , t o Sto  

noMHjiKH - ue  BHnaflKOBHH n po ijec , m o  on n cye  SijiHH m yM .

4. Bipori,a,HicTb nOMHJlOK po3noflijieH a piBHOMipHO Ha Bi,zi,pi3Ky nOMHJlOK BaH- 

TyBaHHa.

IIpHKnafl m yM y k b  aHTy b  aHH^i: a ) HeKBaHTOBam Bi/uii kh  CH raajiy

x[n\ =  0.99 x cos
v l 0 y

6 ) KBaHTOBam Bi,zi,jriKH CH raajiy x[n ] ,  oipHMam 3a flono-

Moroio 3 -  SiTOBoro KBaHTOBaTejib; b) nocjiiflOBHicTb nOMHJlOK KBaHTyBaHHJi cnraa- 

jiy x[n] 3 -  SiTOBHM KBaHTeBaTejieM; r ) nocjiiflOBHicTb nOMHJlOK kb aHTy b aHHa cnr- 

Hajiy x[n] 8 -  SItobhm KBaHTeBaTejieM
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O c K ijib K H  cyciflHi E>i,n.ni kh  m y M y  H e K o p e ji ic n o T b  o ^ h h  3  o ^ h h m , a e[n ]  -  3 x [n ]  MO-

>KHa BBa>KaTH, m o e[n\ -  piBHOMipHO po3noflijieH a nocjiiflOBHicTb THny S ijio ro  rny-

My. C epe^H e  3HaHemra bc jihh hh h  s[n\  ^opiBH ioe 0, a  11 flH cnepcia  o6HHcm oeTbca 3a 

(j)opM yjioio:

A/2

ol —  I ez— de =e
A 2

A 12
-A/2

f ln a  (B  + 1) -  6iTOBoro KBam yBaTejM  3 nobhomacLUTaÓHhm piBHSM X m ^n cn epc ira  

m y M y , a6o noTy>KHicTb, flopiBHioe

o — 2B \r2
2 _  z m

12

3BHHaHH0K) M ipoio KijibKOCTi .nerpa^aun  c u ra a n y  i3-3a 3 /t/ttttttbhoro m yM y c.ny>KHTb 

BiflHOinemra cnraan/m yM  (C / II I ),  bH3han6he ak  Bi^HOinem ra ^H cn epc ii (n0Ty>KH0C- 

t h )  c n ra a n y  flo flH cnepcii m yM y. BnpaaceH e b ,a,eiiii6ejiax (,a,E) Bi^HOinem ra c u r -

Han/myM .ana (B  + 1) - 6iTOBoro flHCKpeTH3aTopa flopiBHioe



3Bi,a,CH BHTiKae, mo npn flo^aBaHm Komioro Sria ao ,u,ob»chhh cjiOBa, mo 03Hanae 
piBHi KBaHTyBaHHJi, C / I I I  36ijibinyeTbCfl npH6jiH3HO Ha 6aE.

4.1.4. IlepeTBopeHHsi mi(|)poBoro cnrH ajiy b  aHajioroBHH

Y  TepMmax nepeTBopemra Oyp'e BiflHOBjiemra Bi,a,6yBaeTbCfl no (j)opMyjii:

X r (jQ) = X ( e ^ ) H r (jn),

Ae X  {e J ) _ ^ B I I O  nocjiiflOBHOCTi BWiiiciB, a X r ( y ^ )  - Oyp'e-o6pa3 BiflHOBjie- 

Horo HenepepBHoro cnraany. I,a,eanbHHH (j)ijibTp HH>KHix nacTOT onncyeTbca xapaic- 
TSpHCTHHHOK) (j)yHKLUeK):

'  T , \n\ <  7r/r,

0, \n\ ^  n/T.
Hr( m  =

IIp H  TaKOMy BHÓOpi H r w  CniBBifl,HOmeHHa M i >K Bi^HOBJlSHHM

Xr ( t ) i

cnraanoM

nOCJllflOBHlCTBO x\n\ Mae BHrjMfl,

^  sin 7T (t -  n T )  T )
xr (t) = > x[n]----’ .

v ^  L J 7T( t -  n T )  T
Tl—  — OO

CncTeMa, mo Bi,a,HOBjiK)e cnraan •*> (/ ) no n0CJii,i],0BH0CTi x\n\ 5 Ha3HBaeTbca i,a,ea- 

jibHHM AHCKpeTHO-6e3nepepBHHM nepeTBopK)BaHeM (^ H I I ).  

Oi3HHH0K) peani3auieK) /THTT cjiy>KHTb i^eanbHHH UH(})po-aHanoroBHH nepeTBopio- 
Ban (U A I I ) ,  ao aicoro npneflHyeTbca anpoKCHMOBaHHH (j)ijibTp HH>KHix nacTOT. 1 \AU 
OTpHMye Ha Bxofli nocjiiflOBHicTb ,n.Bi hkobhx cniB i BH/iae 6e3nepepBHHH cnraan bh-

OO oo

x i fA ( t )  =  ^ 2  X m X B [n]h0( t  -  n T )  -  ^  x[n\hQ(t -  nT ) ,
Tl—  — CO Tl—  — OO

fle ( 0  - iMnyjibCHa xapaKTspHCTHKa chctcmh 3anaM'flTOByBamM HyjibOBoro no- 

p^flKy .


