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1 Jopic Nel. Kapreuiai eTki3rim auoarap

JlapicTiH Ma3MyHBbI:

— MEHIIIKTI ’oHe KOCTaJIbl KapThlJIald ©TKI3TIIITEP;

— DJICKTPOH/IBI-KEMTIKTIK aybICY;

— MeTaJuI-)KapThUIail ©TKI3rill TYHicrenepi;

— >KapThlJIal ©TKI3TIII JUOTAP.

JapicTiH MaKcaTTapbl:

— MEHIIIKTI oHE KOCHaJIbl KapThlUIal OTKITIIITEPAIH OTKI3TIIITITIH OKBII
olry;

— Teme TeHMIK KyiJe >XOHE BIFBICY KEpHEYiH Tyciprenjae P-n — aysicyda
OomaThIH TIporieccTepai (YpAICTEP i) OKBIM OLITy;

— MeTaJI-KapThlUIald OTKI3TII TYHiCTIENepiH OKbII O11y;

— SKapThIJIal ©TKI3TIII JUOATAPIbI OKBIN OLTY.

1.1 MeHIKTI 7K9He KOCHAJIBI dKAPThLIAM 6TKI3rimrep

XKapTpuaii ©TKI3TIIITEP — KAJIBIITHI TEMIIEpaTypajarbl MEHIIIKTI 3JEKTp
kexeprici p = 107+ 10° Om-cM GomaThiH 3aTTap, OTKI3rilITepae Oy CUITATTaMa p <
10+ 10"° Om-cm apachirna, an gudexrpuxrepze p > 10°+10" Om-cwm.

XKapTpuiail ©TKI3riIITEPre 3JIEMEHTTEPAIH NEPUOIATHIK KECTECIHIH TOPTIHIII
TOOBIHIAFBl AJIEMEHTTEP, WHTEPMETAJABIK KOCHanap, TOTBIKTAp, CYIbPUATED,
KapOuATep *KaTabl.

XKapTtpinait ©TKI3TIITEPIIH METAJUIAAPAaH HET13T1 allbIpMaIIbLITBIKTAPbI:

a) Ta3a ®apThUlail OTKI3TIIITEPIIH IEKTP KeAepTici TeMreparypara TOyeIirt
OFaphl Ooubin keneni. Omapaarsl Keaeprinig temrepatypaibik eceniri KTE = —
(5+6) %/°C, metannapna KTE = (0,4 + 0,6) %/°C;

0) JkapThUIall OTKI3TIIIKE KOCHa KOChIJICA OHBIH MEHIIIKTI KeIeprici a3asiibl.
MpeIcaibl, repMaHunre 10™° % MBIIBIAKTBI KOCy OHBIH Kenepricid 200 ece azaiiTajsl,
ajl KOopbITHaJapAblH KEAEprici KOphITHa KypaMblHA KIPETIH KEKe MeTaJulIapAbiH
KEJIEPTiCIHEH opKalllaH YJIKEH 00Jaibl.

DHEPrusiHbIH Ta3a koHe O1p TEKTI MEHIIIKTI )KapThljail OTKI3TIIIKE dcep €Tyl
Ke3iHJe O0O0C DJIEKTPOHIAP MEH KEMTIKTEp >KYNTANbI TY3UIeIl >KOHE MEHIIIKTI
OTKI3TIMTIK I (Intrinsic) AMEKTPOHIBIK (7) dKOHE KEMTIKTIKTIH (p) KOCBIHIBICHIHA TCH
Oomazapl i =N+ p, MyHaa N = p.

boc anexTpoHmap MEH KEMTIKTEp CaHbl Mapayljiesib KYPETiH MPOIECTEPAIH —
reHepaIus )KoHEe PEKOMOMHAITUSHBIH TMHAMHUKAJIBIK TeTe-TeHIITIMEH aHbIKTaJIa/Ibl.

I'enepanus — 3apsa TackIMalaymibLIapAblH 00C >KYOBIHBIH maiiga 0oy
npotieci (MbICabl, )KbUTYJIbIH 9CEpIHEH 00Jica — TEpMOreHEpAaLHs ), PEKOMOMHAIUS —
OocaraH JeHren1 (KeMTIKTEP) 3JIEKTPOHMEH TOJTHIPY KE31HJIe TachbIMaiaylibliap
JKYOBIHBIH JKOHUBLTYHI.

['enepanust >xoHe pEKOMOMHAIMS AaKTUIEPIHIH OpTalia CaHbl TYPaKTh
TeMIlepaTypajarbl yakbIT Oipiirinae Oipaen, COHABIKTaH OepuIreH TeMiepaTrypaaa

3



KPUCTAJUIAAFBl 3JCKTPOHAAP MEH KEMTIKTEepAIH opTama caHbl Oenrun. byn
KaFJaiaa KpUCTauT TOJIFBIMEH dJISKTPIIiK OeliTapan Kyiiae 6onambl.

Taza >kapTeuiaii eTKi3rimTepae 3apsA] TachIMaNIAyImIbUIapablH — 0ocC
ANIEKTPOHAAP MEH KEMTIKTEP/IiH CalbICThIPMAJIbI YJIecl — HET131He TeMIeparypara
JKOHE pYKCaT €TUIMETeH aMaKThIH €HiHe Toyenai. Meicansl, KpeMuuiiae F3 = 1,2
»B, Oyi1 ke3aeri MeHIIKTI keaepri p = 60 kOm-cm, repmanuiine E£3 = 0,75 3B, an p
=50 Om-cMm.

1.2 DyeKTPOHABI KEMTIKTIK aybICy

Tene-Tenaix Kyhaeri P-N aybpICyIbl KapacThlpaMbl3. AYBICYJBIH TeNe-TeHIIK
KY#1 — OyJ1 chIpTKBI KepHEY (U= 0) TyCIpLIMEreH Ky¥i.

p- >KoHe N-TUNTI ekl »kapTbulail eTk3rimTi Oipiktipemid (1lla cyper).
Kocnanapnabiy, aemek, TachIMaiiayliblIapblH OacTanmKbl HIOFBIpJIAHYbl Olpjaeit
emec (1.1,0 cyper): Ppo>>Pno &KOHE Nyo>>Nyo. COHBIMEH KaTap, aybICy CUMMETPHSLIBL
eMec (Ppo>Nno). AyBICY IIEKapaChIHIAFbl LIOFBIPIAaHYy TPAJAUECHTI KEMTIKTEpIiH P-
oOnbpicTaH N-00JbIcKa TUDPY3USACHIH, KOHE KEpICIHIIE, JIIEKTPOHIApIAbIH N-
oOnbIcTaH P- o0abicKa AU Y3UICHIH TybIHAATAAbl. AYbBICY MaHBIH/Ia KEMTIKTEP
JJIEKTPOHIAPDMEH  pPEKOMOWHALMSAJIAHAAbI  JKOHE  P-O0JbICTa  HOHJAIIFaH
aKIenTopJapAblH KOJEeMJIIK Tepic 3apsbl, aa N-00bpICTa HOHJAIFAH JIOHOPJIAPIbIH
KeJIeM/IIK OH 3aps/bl naiaa oonansl (1.1,9 cyper).

Ocpuraiiia, €Ki KapThUlaid OTKI3TIIITIH I[IEKapachblHAa, KO3FAJIAThIH 3apsl
TaChIMAJIAYIIBUIAPBI JKOK, COHJBIKTaH OJJIGKTP aFbIChIHA Kenueprici skorapsl |g
aOy1ibl Kabat maiina 6osanbl. KaOyiibl KaOaTThIH KaJbIHABIFEI 9JIETTE OlpHEIIe
MHUKPOMETPJIEH acCIlanabl.

JloHOpJTap MEH aKIEeNTOPJIAPIbIH KEHICTIKTIK
3apsAATaAPBIHBIH KOJIEMIIK THIFBI3IBIKTAPhI O1p-OipiHe
teH, srHu N, = — q-N,. Kenemuik 3apsig ecebinex
p-n aysicybiHga E epici naiiga 6onanst (1.1,0 cyper),
OHBIH KEpHEYJIrl aybiCy HIEKapachlHAa €H YJKEH

b e -

I
Ll 1maMara JKETEJI. By epic HeTi3ri
Q4 ;‘71""' TachIManaymbUiapaply — aud@y3usaceiHa  Kenepri
I: : a) Kacaapl (AU Py3usaIbIK  TOK  Kemuai), Oipak
I ra LAl KOCAJIKbI 3apsin TachbIMaJIayIbIIaP IbIH
-qNa |~ = KO3FaJIBICBIHA  CCMNTINH  TUTri3enmi. FE  epiciHiH
5 ; ! ' 5) OCepiHEH KOCAIKBI 3apsj TachIMaAaylIbUIapbIH

KapaMa-Kapchl OarbITTap/laFrbl KO3FAIBICHI dCEPIHEH,
SAFHU KEMTIKTEpIIH N-00JbICTaH P-00JbICKA, aj
AJIEKTPOHAAPIbIH p-o0JIbICTaH N-00JIBICKA
KO3FaJIBICBIHAH, BIFY TOTBI  Taiga  OoJajbl.
Ox1ayanfaH >KapThUlail OTKI3TIIITE TOKTApbIH
KOCBHIH/IBICHI HOJITE€ TCH, COHJIBIKTaH TUHAMUKAJIBIK

i
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Tene-TeHIIK OpHaiAbl. AybICy OOJBICHIHIA 3HEPTEeTUKAIBIK Juarpammanapably
KHcarobl 0Oonanbl koHe KalaTrap IIeKapachlHIa OeTTecy MOTEeHUUAIAapbIHbIH
alBIPMAchI JICTI aTaJIaThlH MOTEHIIMAJIBIK TOCKAYbLT Naiiaa 0onansl ¢, = AE/Q (1.1,B
Cyper).

P-n aybICyFa Typa bIFbICY KepHEYiH U,,,,, Oepelik, sFHA P-00JIBICKa ILIIOC, all
N- 00mbIcKa — MUHYC. U,,,,, P-N aybICyIbIH NOTEHIMANIBIK TOCKAYbUI IAMACBIH ¢y
asarranbl U= @c— Upa

P-N aybICYIOBIH €HI a3asjbl 1a, HETI3rl 3aps] Tacylibulap aybICyFa Kapai
KO3FaNbIl, WHXKEKIUA eceOiHeH AUPQPYy3UsubIK TOK eceni. MHxKeKuus — Herisri
3apsi[i TacylIbUIapAbl aybiCy apKbUIbl, Typa BIFBICY KE31HJE OJap KOCaJKbIFa
aifHaaThIH OOJIBICKA €HT13Y.

onerre U,,,, — BOIBTTBIH OHIBIK OeiikrepiHe, an l,,,, — OlpaeH Oactan
OHJIaFaH MUJUTMAMIIEPTe KEeTyl MYMKIH.

p-N aybicyFa Kepi BIFBICTBIPY KEpHEYIH TyCipeHik. P-o0JbIcKa MUHYC, aj N-
obOnpicka — mtoc Oepemis. [loTeHmanablk TOCKaybuUl Imamachkl ecefl. JKaOyribi
ka0ar keHeienl, U = @tUy. 3apsan Tacylmbulap aybICyIaH albICTaiAbl Aa,
aybICy Keaeprici korapbutaiiibl. JudQy3usanbik TOK KeMual A€, Kepi TOK IIamMachl
eceni. Kepi pIFpICya SKCTpaKIusl OPBIH aJIbI — KEP1 BIFBICY CalJapbIHAH KOCAJIKBI
3aps]l TaCyIIbUIAPAbI, HET13T1 TaCyIIbIFa aliHAJAThIH O0JIBICKA €HT13Y.

|Usepi | > @r Gonranna, xepi TOK |y, P-N aybICYIBIH BIFY TOTBIHBIH KaHBIFY
mamacbiHa lo ymTeinansl. ly Tek KocallKbl TacylmbulaplaH TybIHAAraHABIKTaH U,
KEpHEYIHEH TOYeJICI3.

Uyepi IIAMAachl OHJAFaH >KOHE JKY3IETCH BOJBTKA JKETyl MYMKIH (GKBLIY
OCEpIHEH TeCUIyMeH IeKTenenl), lq, — OIpIereH »oHe KY3JereH MHKpOaMIIep
0oJ1aIbl.

Typa »oHe Kepi BIFBICYABl KapacTblpa OTBHIPHIN, MBIHAHAANH MAaHbI3/IbI
KOPBITBIHABI  JKacayra OoJyiapl: KOCAJKbl TacylIbLIApAbIH  YJE€Cl  HEri3ri
TacylIbUIap/IbIH YJIECIHEH OipmiamMa a3 OoJiFaHABIKTaH, KOCAIKbI TacylIbUIapJaH
TybIHJIaFaH Kepl TOK, HET13T1 TacylbUlapAaH TybIHJaFaH Typa TOKTaH Oipiiama a3
(leepi << liypa), AFHE OTKEN OIp>KaKTHI OTKI3TIMITIKKE HEMEcEe TY3ETKIIITIK KaCUETKE
ue 00Jaabl.

I P-N aybicy apKbUIbI OTETIH TOKTHIH OFaH
h KEJTIPUITeH KEpPHEYACH TAYENIUIrT 3JIeKTPOHAbIK-
KEMTIKTIK ©TKEJIIIH BOJbTaMIEPJIIK CUIIaTTaMachl Jer
atananel (BAC). OubIH TYDI:

| = 1o [exp (Ulpr) —1],

myHaarel lg — |-U| >> ¢@r Oonranmarst
KAHBIFYJIBIH KEP1 TOTHI.

1.2 cyperre p-n aysicyasiH BAC kenrtipiires,
MYHIaFbl ©CTePAIH MacIITadTapbl TOKTHIH OH

1.2 cyper

(MIILTHAMITEp ) JKOHE TepiC MoHAEpl (MUKpOoaMIIep) YIIIH pTypIIi.



Typa xepueyni U,,,, apTTeiprania Typa TOK l,,,, SKCIIOHeHTa OOMBIHILIA
ocenl, oirtkeHl U,,,, apTybIMEH NOTCHUHMAIABIK TOCKAYbUI TOMEHJIEN HETI3rl
TacymbuIapAeIH AUby3uscel eceal.

Kepi Tox mamacel Temneparypara aca Toyenai (rpaguxre Ty > Ty), |Uyep| >>
@r Oomranma lp TOTBI Kepi KepHEyre TOyelai eMec, OJ KOCAJKbl 3apsi
TaCyIIbUIap IbIH KOHIICHTPALUSICHIMEH 1IapTTaJIFaH.

P-N ayvicyowiy Hezizei kopcemKiumepi.

a) TYpaKThl TOK >KOHE alHbIMaJIbl TOK OOMBIHIIIA KEAEPTIeD;

9) P-N aywicymarbl CHIHBIMABUIBIKTAD TOCKAYBUIIBIK JKOHE TUDDY3HSIIBIK
OOJIBII ~ @XBIPATBUIAABL: TOCKAYBUIABIK (3apSATHIK) CHIMBIMABUIBIK  Cppe  P-N
aybICYNIBIH TEMe-TCH/IIK IIApThI XOHE Kepl BIFBICYBI Ke3iHae XaOymisl Kabarra
3apsAaTapAblH  (OH JKOHE Tepic HOHAAPIbIH) OONybIHAaH TYBIHAAWABI, SIFHU
aybICyJlarbl 3apsATapAblH KaWTa TapalyblH OeiHeneiial xoHe Iuddy3usiibik
CBIMBIMABLIBIK Cy,g P-N AyBICYAAFbl Typa BIFBICY KE€31HJIE HETI3I1 TacylIbUIApAbIH
WHXKEKLIMICHl €ceOlHeH 3apsAaTaplblH  e3repylHeH naiga Oosiagel  (eTken
MaHBIHJIaFbI 3apsATapAbIH KaliTa TapadyblH OeiHeNen/11);

0) Kepl TOKTBIH TeMIEPATYyPaNIbIK TOYEIILIITI.

p-n aysicyoazer mecinyinep. Teciny nereHiMi3 KEpHEY/I1 €eycl3 apTThIpFaH/a
Kepl KeIepriHiH KeHETTEH a3aiblll Kepi TOKTHIH apTybl. Teciy/IiH eki Typi O0Iaabl:

a) KBUTYJIBIK — OTKeJJeri OeJlIHreH KyaT KOpIlaraH opTara TapasaTbliH
KyaTTaH KeIl OoJiFaHfa, SFHM SKbUIYJBl CBIPTKA IIBIFAPY JKETKUIKCI3 OO0y
HOTHKECIHIE OPBIH anajabl. Tecity KalThIMCBI3 00Jica, acian iICTEH IIbIFa/Ibl;

0) DIEKTPIIK Teculy >kaOymibl KabaTTarbl KEpPHEYJIKTIH apTybIMEH
OallIaHBICTHI.

DJIEKTPIIIK TECUTy €Ki Typre OesiHe1Il:

a) KOIIKIHIIK TEeCUTy KapKbIHJIbl MOHU3AIMS 9CEPIHEH Maifia 00JIaThIH KYIITI
AJIEKTP OPICIHE TaCyIIbUIAPIAbIH KOOCIOIMEH OalIaHbICTHI.

o) TYHHENBIIK Teculy (3eHepiik) Tap eTKenaepAce OpbiH anaawl. Kocma
KOHLIEHTPAUSIChl KOFaphl KapThUlall ©TKI3TIIITEPAE OpIiC KEPHEYJITIHIH JCEpiHEH
TYHHEJBJIK TECUTy TYBIHIAWIbI, SFHU  OJICKTPOHIAPABIH  MOTEHIUAJIBIK
TOCKAaybUIJaH KOCBIMIIIA JHEPTrHsl JKyMcaMail oTim KeTyl (erep TOCKaybll
KaJIBIHABIFBI a3 Oosica). TyHHenbaik 3¢dekT Kepi >KoHE a3 IIaMaJarbl Typa
KEepHeyJiepe, 0TKI3y aliMarbIHBIH TYOl1 BaJIeHTTIK aliMakK TeOOECIHEH TOMEH OOJIFaH
JKaraaiaa MyMKiH.

1.3 MetaJjun -kapTbliail 6TKI3rim Tyiicnesnepi

Tyiticnenepal Ty3eTKill >KoHE TY3€THEHTIH Jen axbiparansl. Tyilicne Typi
meTanaal (@y.) KOHE JKapThUlail eOTKi3rimTeH (¢,) IIBIFY KYMBICTAPBIHBIH
KaTbIHACBIMEH aHbIKTajaabl. KaTTbl JEHEeNeH WIbIFY dKYMBICBI — OYJI 3JIEKTPOHIBI
®depMmu eHreiliHeH BaKyyMFa ©TKI3Y YIL1H )KyMcayFa KaXeTTi )KYMBbIC.

N-KapThUTai OTKI3TIIITEP YIIIiH KapacThIPANBIK;

a)  Qu>@, OomraHma, IIBIFY  JKYMBICTApbIHBIH  IIaMajapbIHbIH
allBIpMaIlIbUIBIFEIHAH O€TTep apachlHIa MOTEHIMAIAAP aWbIPMachl N Oyn= @y — @
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naiia Oomampl. DJEKTPOHIAp JKApThUIA OTKI3TIMITEH MeTainFra eTemi. Mertan
ANIEKTPOHAAP €ce0iHeH Tepic 3apsATanajbl, ajl >KapThUlail OTKI3rimTe Oerrecy
KaOaThIHa TOHOPJIAPIBIH KOJIEMIIK OH 3apsabl TY3UIEAl — 3aps]l TaCyIIbUIap CaHbI
azaifFaH aliMak, SFHU *KaOymbl KadaT. On OYKLI KYHEHIH KeJAepriciH aHbIKTaNThIH
»Korapsbl keaeprire ue. by 6errecy llloTTku 6apbepi e aranajbl.

1.4 YKaprbLiaid eTKi3rim guoarap

XKapreuait eTKi3rim auoa — OYJI €Kl MIBIKIAChl 0ap KoHE KYMBIC iCTEy
OPUHLIUIIL p-N  aybICYJAbIH KAaCHETTEpiH TMalJanaHyFa HeTI3[eNreH >KapThliaii
OTKI3rimTi acnan (0ipak p-N aybICy bl Maliganan0aiTeIH Aa quoaTap 6ap).

Mpeicanbl, TY3€TKIII AWOATA  YHHITOJSPIIBI
1'\1 OTKI3TIIITIK KaCUeTl KOoJJaHbuIaAbl. Ty3eTKill AHOJ
allHBIMaJIbl TOKTBI TYPAKThl TOKKA TYpPJICHIIpYyTe
apHaJlFaH acmar. p-N aybICyIbIH OIlp  JKaKThl
OTKI3TIITIK KacWeTl maiganaHpuiagbl. Ty3eTKim
JMONTHIH, ~ HEri3ri  CUIaTTaMachl OHBIH  BOJBT-
aMIIepIiK cumaTrraMachl OoJiblll  TaObutagpl. 1.3
cyperre p-n aysicyabiH (1) Hemece nuoaThiH (2)
TEOPUSIIBIK JKoHE HAKThl BAC-bI KENTIPIITEH.

1.3 cyper
CurHangap KyaTblHbIH JEHI€MIH CAHTUMETPIIK JKOHE MMJTUMETPIIIK
IYana3oHja TypJeHAlpy, Oesinm aiy, KYLIEWTy, KeOeHTy, TYbIHAATy >KOHE Kyar
JIeHTeiiH Oackapy YIIiH KoJilaHbuTa/ibl. byl acmanTapaa aynaHbl a3 HYKTETIK p-N
OTKeN mahjanaHbuIagbl. TOMEHI1 JKUUIKTI JUOATApJIaH epeKIIeNiri, OHBIH
KOaKCHaJIbl MIBIKNAckl 0ap. Apanacteiprbim guon AXOK curnammapnel apanbik
KUTIKKE TYPJCHIIPY YIIIH CyNepreTepoIuH/IIK KaObUIIaFbIITapaa, 1eTEKTOPIIBIK
muontap — AXK curHamgapein  Tabyna, TOMEHI1 KHUITIKTI  CHTHAJJIBI
MOIYJIAIUSIAHFAH >KOFaphl JKMUTIKTI CHUTHAJJAH OeJlin aiyaa NaiaagaHbLIaIbl.
[lapameTpnik  auoATap  MapaMeTpiliK  KYIICUTKIIITepJe  maijanaHbLIajbl.
KeGelTkiml guonrap — BapukanTapiblH Oip Typl — XHUUIK KOOEHTKIIITEpiHIE
KOJITaHBLIA/IbI.
1.1 xectene nuoaTapAbIH rpadUKaIbIK APTThl OENTUICHYIepl KENTIPUJIreH.

1.1 xkecte

Artaysbl benrinenyi

Ty3etkim auon

CrabunuTpoH

TyHHEIBAIK TUOT

KaiTbeIMabl 11O/

ihdaah




Bapukan I—

[IoTTKM TUOIBI —E%—

Exi %aKThl CTaOHINTPOH %

2 JTopic Ne 2. bunoasipJbIK TPaH3UCTOPJIAP

JapicTiH Ma3MyHBbI:

— OUMOJIAPIIBIK TPAH3UCTOPIBIH KYPBUIBICHI MEH JKYMBIC 1CTEY MPUHITUIIL;

— TPaH3UCTOPJIAPABIH KOCBUTY CYJI0anaphl;

— OpTaK SMHUTTEp CYI0AaChIMEH KOCBUIFAaH TPAaH3UCTOPJBIH CTATUKAJBIK
cunaTTamaiapbl MEH HET13T'1 KOpCeTKIIITepi;

— TPaH3UCTOPBIH KYIMEHTY KOIPDUIIMEHTIHIH KULTIKKE TOYEIIUTIT1.

JlapicTin MaKkcaTTapbl:

— TPaH3UCTOPABIH KYPBUIBICHI MEH XKYMBIC 1ICTE€Y IPUHIIUIIIH OKBII OLTY;

— TPaH3UCTOPABIH JKYMBIC PEXHUMICPIH XOHE 0a3a MOMYIALMACHIH OKBII
YHpeHy;

— TPaH3UCTOPBIH KOCHUTY CYJIOaTapbiH OKBII OLTy;

— TPaH3UCTOPBIH CTATUKAJIBIK CUIIATTaMajapblH OKBIN YHPEHY.

2.1 BunoJasipjabIK TPaAH3UCTOPABIH KYPbLIbIMbI

bunonspielk TpaH3UCTOp — KYIICUTY KacueTTepi 3apsa TacyIIbLIapablH
WHXKCKIMSICHI KOHE OKCTPAKIUACH KYOBLIBICTAPBIMEH TYBIHIAWTHIH, ©3apa
OpEKETTECYII €Kl P-N aybICybl Oap >KapThUIail ©TKI3TIM Tpuoa. TOk Ty3yre 3apsia
TacCymIbUIAP/IbIH €K1 TeTifie: AJIEKTPOHJap/ia KeMTIKTEP/I€ KAThICATHIHABIKTAH OJIap
OUMONSPIIBI T aTaabl.

B 3 K Omap vym »>JeKkTpoa koHE ekl p-n

o— 9 —° aybICyJlaH TYpaThlH YII KabaTTaH Kypajajabl
(2.1 cyper). ni-p apacbiHmarbl aymaH P-Np
apachlHIarblfa KaparaHaa ofjeKaiiia  as.
TpaH3uCTOPBIH KYPHUIBIMBI O€HCUMMETPHUSIIBI.
AyJniansl KIIII1 ACKBIH KOCITaJIaHFaH
TaCyIIbLIAPIbI Oazara WHXCKIHSIIayFa
apHaJFaH KabaTkl SMUTTEp Jen aTanaasl ().

2.1 cyper

AynaHbl YIKEH, TacymibUiapAbl 0a3agaH ASKCTpaKIMsUIayFa apHAJIFaH >KOHE OCHI

TacymibUIap/ibl KMUHAUTBIH KabaT, koyutektop aen arananwl (K). Tacymbiiapabiy

OMUTTEPJICH KOJUICKTOpFa Kapail KO3FalbIChIH OacKapaThlH OpTaHFBI KabaT, 0asa
nen aranajsl (Bb).

baza apkputel smutTepiik (DA) xkoHe kosuiekTopiblk (KA) ayeicymap gemn

aTaJaThlH €K1 P-N aybICyJapAblH OaillaHbIChl KY3€re achblpbliaibl. AybICYIapIbIH

8



e3apa ocepiiecyl aybICyjap apachlHIarbl Oa3aHBIH OTE€ a3 KaJbIHIBIFBl APKBLIBI
Ky3ere achIpbutanbel (OHZaraH MHUKpoMeTp). Ke3 kenreH >karmadima on 0a3amarsl
KOCAJIKBI TaCyIIbUIapabIH T Py3usUTbIK KaOaThIHBIH KaJbIHIBIFBIHAH JJIIeKai1a a3
oomyel KakeT. CoHbIMEH Karap ©Oa3aHbIH AJICKTPOTKI3TIIITIIT AIMHUTTEPAIH
AIEKTPOTKI3TIITITIHEH aUTapIbIKTal a3 00ybl KaXKeT.

bazacel Oip TekTi TpaH3UCTOpJAp
npeidceis, 6a3zacel op TEKTI — aperdTi men
atanazbl. JKapTbutail eTKI3TiII KaOaTTaphl
TUNTEPIHIH OpHAJlacy peTiHe OalIaHbICThI N-
p-N- >KoHE P-N-p- THUNOTI TpaH3UCTOpIAP
OOJTBIIT OemiHemi. Exi THUIITET1
TPaH3UCTOPJIAPABIH KYMBIC ICTEY

K K

a) 6)
2.2 cypeT

OpUHIMNTEP] OipAei, allbpMalIbUIBIFBI T€K N-P-N-TUOTI TpaH3UCTOpAa Oa3ajgaH
KOJUIEKTOpFa, dMUTTEPJICH MHXKEKIIUSUIaHFaH, SJIEKTPOHAAp KO3Falajsl, ai P-N-p-
THUIITI TPaH3UCTOP/Ia — KeMTIKTep. O YIIiH TPaH3UCTOP/IbIH JIEKTPOATAPhIHA KEpi
MOJIFOCTI  KOpPEeK Ke3lepl KochuUiansl. Mukpocyiibanapaa HeriziHeH N-p-n-
TpaH3UCTOpJIAp TMaijajaHbUIafbl, an pP-N-p-tunti N-p-N — TUMEeH Oipre
naijananbplIafbl JKOHE OYJI JKYIl KOMIUIEMEHTAapJbl JIeN aTajiajibl, JUCKPETTIK
JKY#enep YIiH HeT131HeH P-N-P-TUI KOJIJaHbLIA bI.

2.2 bunoasipjibl  TPaH3UCTOPABIH  KYMBIC icTey  pe:kuMaepi.
TpaH3uCTOPABIH AKTHUBTI KYLIECHTY Pe:KUMIHAE dKYMBIC icTey NPHHIMIII

AybicynapJbIH BIFBICY KEpHEYIHE Kapail yll Typil — aKTHUBTI, TOK TOKTaTy
YKOHE KaHBIFY KOCBUTY PEKUMJICPIH aXKbIpaTaIbl:

AKTHBTI peXHMJE aybICyJdapAblH Oipi Typa, €KIHIIICI — Kepi OaFbITTa
pIFbICaIbl. Erep Typa OarbiTTa SMUTTEPIIK aybICy KOCHLICA, OHAA MYHAAN PEXUM
KAJIBINTHl aKTUBTI HEMECE KYIIEUTY pexxkumi fen aranajbl. ChIpTKbI Ti30eKTepAeri
TOKTAp AaKTUBTI PEXUMJE alllbIK aybICyIbIH OacKapylibl TMOTEHIIHAIIBIK
TOCKAYBUIBIHBIH OWIKTITIMEH, SIFHHM, aybICYJIbIH KOCAJKBl TacyIIbUIapbl Oa3zara
WHKEKIMsIay KabilJIeTIMEH aHbIKTaJIa Ibl.

NuBepcti akTUBTI pesxkumie DA kepi 6arbiTTa, an KA — Typa bIFbicaibl.

Tok TOKTaTy peXuMMIHIE €Ki aybicy Ja Kepi OaFbITTa bIFbICAIbl. by
JKarJaiia ChIpTKbl TI30EKTEpAEri TOKTap a3 »oHE aybicylapblH OipiHiH Kepi
TOTBIMEH IlIamaJsac, 6ackailla aiTKaH/1a, TPAaH3UCTOP KaAOBIK.

Kanplry pexuMiHIe €Ki aybicy Ja Typa OarbITTa BIFBICAJIbI, SIFHHU AlllbIK.
bazara oSMuTTEp JKOHE KOJUICKTOp OOJIBICTapblHAH KOCAIKBI — TacylIbLaap
WHXKEKIMsIaHaIbl (KOC MHXKEKIus pexkuMi). Exi aypicy na amblK OOJFaHIBIKTaH,
KYpbhUTBIM/Ia a3fiaraH kepHey Tycenl. COHABIKTaH KAHBIFY PEXKHUMIi, TPAH3UCTOP
TI30€KTI TYWBIKTayFa apHajJFaH KUITTIH POJIH aTKapaThlH Ke3Jeaepae Kl
KOJTaHbLIaAbl. T130€KTI @XbIpaTy TPaH3UCTOPABI TOK TOKTATy pEXUMIHE
aybICTBIPYMEH JKY3€re achIpbUIaibl, OV Ke3/l€ TPaH3UCTOPIBIK KYPHUIBIMHBIH
KeJIeprici JKoFapbl 00aabl.



AKTHBTI peXUMIE TPAH3UCTOPABI 0ACKapy TOJBIFBIMEH JKY3€Te achIPhLIaIbl
KOHE OJ aKTHBTI DSJEMEHTTIH pOJliH aTKapaabl. TOK TOKTaTy XKoHE KaHBIFY
peXUMIIEPIHIC KYIICUTY KOK Aeyre 0oaipl.

TpaH3uCTOPIBIK KYPBUIBIMIAFEl (DU3UKAIBIK TPOIECTEP SMHUTTEPIIK KOHE
KOJUIEKTOPJIBIK aybICYTapAblH KYHIMEH aHBIKTamaabl. Bi3MiH Kamfbel3 P-N aybicy
YIIIiH jKacaraH TYXKbIPBIMJIAPBIMBI3 TPAH3UCTOPJILIH OpOip P-N aybICyhl YIIIH KYIIIH
cakraiiipl. Teme-TeHaik Kyiae opOip P-N aybICy apKbUIBI aFaThIH, JIEKTPOHIAp MECH
KeMTIKTepIH apachblHAarbl JWHAMUKAJBIK TeMe-TeHIIK OalKamaabl JKoHE
KOPBITBIHABI TOKTap Hedre TeH. KaubInThl aKTHBTI pPEXUMAC TPaH3UCTOP
anekTponaTapeiHa Esp  koHe  Eyp  kepHeynepin  Oeprenme, S5.3-cyperTe
KOPCETUIreHIeH, SMUTTEPIIIK aybICy Typa, ajl KOJUIEKTOPJIBIK aybICy Kepi OarpITTa
pIFbICaAbl. [lOTEHIIMANABIK TOCKAYBUIABIH TOMEHJACYl HOTIDKECIHAE DIICKTPOHIAp
AMUTTEP OOJIBICBIHAH 3MUTTEPIIK aybICy apKbUIbl 0a3a OOJbIChIHA (IJIEKTPOHIAP
WHXKEKITUACHI), aJl KEMTIKTEp — 0a3zajad dSMUTTEp oO0ibIChIHA CiHel. bipak, 6a3aHbIH
MEHIIIKTI KeJEprici Korapbl OOJFaHJIBIKTAH, 3apsj TaCylIbLIapIbIH SJIEKTPOH/IBIK
arbIHBl KEMTIKTIKIHEH OachIiM Oojaisl Aa, 0azaaa 3JIeKTPOHAAPABIH Yiieci keOeheri.
DA-7arbl TOJIBIK TOKTHIH KYpPaMbIH MOJIIEPJICY YIIIH SMUTTEPIIK WHXKEKIUS
HEeMece THIMIIIK €Ceiri Y, naiganaHblUIajIbl.

Vs = Iaa/ (|3a+|3a) = I3a/|3;

myHzaarel |,, xoHe |,, — SMHTTEpNIK aybICy TOTBIHBIH KEMTIKTIK »OHE
AIEKTPOHIBIK KYpayIIblUIaphI,

|, — ayBICYIBIH TOJBIK TOTHI.

v> MaH1 0,980,995 apanbirbinaa 0onaabl.

31 KIT KonnekTopnblK aybicy Kepi OarbITTa
BIFBICAIBI, COHJBIKTAH  3JIEKTPOHIAPIBIH
0a3agaH KOJUICKTOPFA IIBIFYhI KYIICHemi ne,

Oa3ana KOJUICKTOPMEH neKapasa
AICKTPOHAAPIBIH YJIE€C] a3asiibl.
bazana AJIEKTPOH AP YJIECIHIH

rpagueHTl maiia OoJybl  HOTHIKECIHC
anexktpouaap IA-nan KA-ra edeni.

2.3 cyper

bazanbig eHi qudy3usIbIK KambIHIBIKTaH KoM ece a3 OO0JIFaHIbIKTaH, Oa3ara
€HI'eH OJJIEKTPOHIAPABIH KO0l OHAarbl KEMTIKTEPMEH 9CepJiecil YJrepMen/l.
DJIEKTPOHAP/IbIH TEK a3jaraH OeJiri FaHa KEeMTIKTEpMEH ocepiecenai (1mamMaMeH
1 %). DnexrpongapabiH KainraH 99 %-1 KoJIeKTOpFra »KeTe/l /e, KOJUIEKTOPJIBIK
OTKEJJIIH YIETUITeH OpiCiHe TYCIN, OFaH TapThUIaAbl (3JIEKTPOHAAPABIH IIBIFYHI).
bazanbiH OeliTapanThifbiHa OAMIAHBICTBI OJ]aH CHIPTKBI TI30€KKE IIBIKIA OOMBIHIIIA
AIEKTPOHAAPABIH KEMTIKTEPMEH dCepJIeCKeH 06JIiri KeTei Jie, 0a3a TOTbIH KYpPauibl.

Ocsbunaiiia, SMHUTTEPIIK aybiCy TOTHI KOJUIGKTOPJIBIK aybICy TOTHIHAH
OipmamMa yikeH 6omaapl. TpaH3UCTOPBIH KOJIIIEKTOPIIBIK aybICYbIHA JKETKEH JKOHE
KOJUIEKTOpP TOTHIH |, KYpaWThIH KOCAJIKbl 3apsij] TaCYHIbUIAPABIH CATBICTHIPMAIIBI
MOJIIIEP1, TAChIMAJIIAY €CEITIMEH Oy CHUTIATTAAJIBI

Oork = lxo /1,0 = 0,98+0,995.
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Konnekrop ToreiH |, ecipy YIIiH, 3I€KTPOHAAPABIH OMIp CYPY YaKbIThI
0a3azarbl TachIMANIIAy YaKbIThIHAH QJIJIEKAi1a YJIKeH 001ybl KaxeT. O yiIiH:

— 0azajarbl KOCMalap/blH YJIECIH a3aiTy KaeT, COHJIa SMUTTEP TOTHIHBIH
ocepiiecyIlll KypayIsICHl l,,.., a3asabl;

— 0a3a eHiH W a3aiTy KaXerT;

— KOJUICKTOPJIBIK ~aybICYJIbIH ayJaHbl AMUTTEPJIK aybicy ayJaHbIHAH
QNJIeKa1a YIKeH 00yl KaKeT S, >> S,,.

KonnektopiplK aybiCyZia COKKbI HOHU3ALMS SCEPIHEH 3apsi/l TaCyUIbLIap IbIH
Ko0€I01 TYBIHIaybl MYMKIH, OJ1 KOOCIO €CENITIMEH CUITATTAJIA bl

M=1/ [1'(Ukepi/Umypa)n];
MyHJarbl N =3+5 TpaH3ucTop MaTepuanbiHa OalIaHBICTHI KAObLUTIaHA IbI.
OMUTTEP TOTHIH KOJUIEKTOP Ti30eriHe Oepy/IiH >Kajrbl €Ceiri:
OC:|K9/|3 =Y 8E)TK ‘M.

Hakrs! kypsutbimaap ymin o =0,9 +0,99.

OMUTTEPIIK aybICyNbIH Kejaeprici a3 (Ky3JereH OM), ajl KOJUIEKTOPIIBIK
aybICYIbIH KEJIEPTiCl JKY3/IeTeH KUIOOMIbI KYPan/Ibl.

KomnekTopnbik Ti30€KKe TIpKeW >kalFaHFaH kykTeme kexaeprici R, =1 xOwm
KOCBUICBIH JI€JIIK, OJI TPaH3UCTOPJIbIH JKYMBIC 1CT€Y PEKHUMIHE dCEpiH TUTi30eiini,
O1pak KeJepriJicH YJIKEeH KepHey atyra 00Jajibl.

OmutTep Ti30eriHe  ailHpIManbel curHan ke3lH E.  kocy 0azana
WH)KCKIMSUTAHATBIH  KOCAJIKBl  3aps/l TaCyIIbUIAPABIH CaHBIH ©3TepTell >KOHE
AMUTTEP MEH KOJUIEKTOp TOrbIHbIH E.-MeH Oipaeil e3repyine okeneni. R

HC
KYKTEMECIHJIe KHUUTI KIpiC CHUTHAJABIH >KUUINTNHE TEH KYHIEHTUITeH KepHEey
Oemineni, Oipak OV Ke3/Jeri IIBIFBIC CUTHAIJIBIH KepHeyl Kipic curHamman E.
annekaiiia yiakeH 6omaasl. Ochutaiiiia CUTHANIBIH KYIIEUTLTY1 JKy3€ere acapl.

2.3 Tpan3ucTopjapabiH KOCBLIY CYJ10aJapbl

TpaH3ucTop MIBIKHAIAPBIHBIH KAWCBICHI ~ KIPICTErlT CUTHAlI K3l MeH
TPaH3UCTOPJBIH IIBIFBIC Ti30€ri apacblHAa OpTaK OoJibil  TaObUIATHIHBIHA
0allIaHBICThI, TPAH3UCTOPABI DJICKTP TI30€TiHE KOCY/bIH YII HET13ri cyjibacel Oap:
optak 6Oazanel (OB, 2.4,a cyper), oprak smutrrepii (0D, 2.4,0 cyper), opTak
xosiekTopiisl (OK, 2.4,B cyper).

Ix kg
Is
i A —t{ks
6 -I- lfa
%
0)
2.4 cyper
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2.4 OpTak SMUTTEPJIi TPAH3UCTOP/IBIH CTATUKAJIBIK CHIIATTAMAJIAPbI

OD cynba OoiibiHIIIA KOCBUIFaH TPAH3UCTOPBIH KipiC CUIIATTaMachl, OepuIreH
U, kepHeyiajae Kipic |; Torbiabeiy Uy, KepHEYIHEH ToyeauIiri 0onbin Tadsutansl: |,
=f(Us,). MyHgaii  TOoyemgUNKTEpAiH  JKUBIHTBIFBI  TPAH3MCTOPJIBIH  KIpiC
CUTIaTTaMalapblHbIH TOOBI jAen artanmanael (2.5,a cyper). U,, =0 Oonran ke3ne
KOJUIEKTOP Ti30eriHae »KbLIyiblK TOK | Oonmariael sxone |y =f(U;,) Toyemmimiri
Typa OarbITTa KocbuiFaH p-hN—aybicyablH BAC-ma coiikec. U,,>0 Oonranga
KOJUTIEKTOp Tiz0erine |; ToreiHa Kapcel OarbITTanFaH -l, TOrbl maiiga 0omasl.

ba3za TorbiHaare OV TOKTHIH OPHBIH TOJBIKTHIPY YIIiH KaxeTTi Us, KepHEYiH
oepim, l;= |,y TOKTBI amy KaxkeT. byi Kipic cumaTTaMaHBIH OHFa >KOHE TOMEH
BIFBICYBIHA OKETE/II.

Optak >MuUTTEpiai cyjiba OOUBIHINIA TPAH3UCTOPABIH IIBIFBIC CUIIATTAMACHI
nereHimis oepinren l; Toremarsl |, = f(U,,) Toyenminiri (2.5,6 cyper). Erep 1,=0
0osca, OHJIa KOJUIEKTOP TI30€TiHJE TEK KbUIYJBIK TOK KaHa arajbl, ©UTKEH1 Oy
YKaF/Iaila KeMTIKTEP/IIH dIMUTTepJIeH 0a3ara eHyi (P-N-P-TpaH3UCTOp YIIiH) HEMECE
AIIEKTPOHJAPIBIH SMUTTEpACH 0a3ara eHyi (N-P-N—TpaH3UCTOp YIIiH) OOJIMAaMIbI.
U, =0 Oonranga kouiekTOp Ti30erineH Tok etmenai, Oyn U xone U,,
KepHeyJiepiHiH Oip-OipiHe Kapama-Kapchl OarbITTadybIMEH TYCIHAIpUIC, SFHU
KOJUIEKTOP MOTEHIMAIBI 0a3a MOTCHIIMAJIBIHAH KOFaPhI )KOHE KOJIJIEKTOPJIBIK aybICy
Oy ke3ne xa0bIK Oonanbl. COHNBIKTAH IIBIFBIC CUIATTamManap OpAvHATaIap ©CIH
KHBII OTIIENI:

a) l; = -l,, KUCBIFBI P-N ayBICYJBIH KEP1 TApMAaFbIHA COMKEC KeNeIl;

0) OD mireic cumartamanapsl Ob-HBIH coiikec cumartamanapbiaei U, = 0,
I, = 0 oxarmaiimarpl OacTankbl O6JITHEH ©3relie OWTKEHI, KOJJIEKTOPJIBIK
aybICyIaFbl MOTEHITMAJIAP albIPMAaChl HOJITE TCH;

B) l; = 0 GosFaHgaFrbl KUCBIK, QXKbIPAThUIFAaH 0a3alibl PeKUMIe COUKEC KeJel.
Tpan3ucTop apKbUIbl KOJUIEKTOPABIH |95 — ©THeNm (CKBO3HO#) TOTHI araibl. |,g; > 1y,
OUTKEHI TEK | ) TOTBI FaHa eMec, COHbIMEH O1pre |,, Torsl 1a arazbl.

Ex M kad Tos
.!I—-E;MEA‘h U= R
- 10- Io3
0,14
: U=
Is2
5 -
0,05+ I
Ixo
K . — N
0,5 1,0 10 Ex Unos

2.5 cyper

OpTak >MUTTEPIII CYJI0a YIIIiH KOJIJIEKTOP TOTHIH aHBIKTANBIK:
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o [
|l =—1,+ x0
l-o

K 1_a :ﬂ|6+|1<0'

OD cyn0achIHBIH APTHIKIIBUIBIKTAPHI:

a) TOKTBI, KEPHEY/I )KOHE KyaTThl KYIIEUTe 1,

0) LIBIFBIC KOHE KIpiC KeAeprilepiHiH apachbIHIAFbl AlbIPMAIIBLIBIK a3, Ry, >>
RKip6-

CoHBIMEH KaTap KeMIIUTIKTepi:

a) TeMIiepaTypara TOyeAUIIT1 )KOFaphl;

0) cunaTTaManapbl IPONOPILUOHAIIBIKTAH aUTapIbIKTal aybITKUIbI;

B) ’KYMBIC ICTEHTIH KULIIT1 TOMEH.

OD cynbacel KYWEHUTKIIITEPAE, TIeHeparopiapaa oHe Oacka Ja
KYpBUIFbLIAp/1a KOJIaHBLIAIbI.

2.5 Tpau3ucTopabiH KymeiTy ko3 puuueHTiHiH Kuijlike TIyenaiiri

TemeHr1 KuUTIKTEpAE, 3apsA] TacylIbLIapAblH 0a3agarbl YIIIT OTY YaKbIThI
CUTHAJIJIbIH KalTallaHy MEepUOJIbIHAH a3 OoJFaHza, JIEKTPOHAp YJeciHiH 0a3ana
Tapaaybl SMUTTEPJICH KOJJIEKTOPFa Kapail O1p KaJIBITITHI a3asi/ibl.

Erep anextponmapapiH 0azagarbl YIIBIT OTY yaKbIThl CUTHAJIBIH KalTamaHy
nepuoJibiIMeH OipJeit 60Jica, Tapaty CUIIAThI ©3repel.

Tpan3ucTopaplH KipiCiHE CHHYcOWJa TOpi3ai

ﬁ curHan Oepuicin  genik. CHUTHaIIBIH OH  KapThI
9!7.3 . TOJKBIHBI OC€p eTKEHAE OSMHUTTEPIIK aybICYIbIH
: o MOTEHIMATIBIK TOCKAYBITBI a3asIIbl 112, DA apKbLIBI
0,700 F=FF—= OTETIH MHXXCKIIUSUIAHFaH 3apsiJl TaCYIIbLIAP IbIH aFbIHBI
| T\ keOerieni. JKapTel mnepuoaTaH KEWIH CUTHAJIIbIH
! l ® MOJIOCT  e3repin, DA MOTEHUHAIJBIK TOCKAYBLIbI

JKorapbliauael. Erep  anexkTpoHmap  3MUTTEpAEH
KOJUUIEKTOpFa JIEWIHT1 >KOJABIH Oip OejiriHeH oTce,
2.6 cyper OHJIa BJIEKTPOHJAP YJECIHIH Tapailybl e3repeil KIHE

3apsii TacyliblUlap KOJUIGKTOpFa FaHa eMec Kepi

OarpITTa Ja, SFHU AMUTTEpre A¢ MHXKeKusaaHaael. Tok O6epy eceniri azasasl. Tok

Oepy eceliri @ TOMEHT1 JKHULUTIKTE 0lp-MEH CAJIBICThIPFaH/1a J2 ecere (3 nb) azasTeIH
KUUTIK @, - KYIIEHTYIiH IMEeKTIK Xuidiri gen atanazasl (2.6 cyper).

blry Tpan3ucropsl aen, 6azanarsl KOCAJIKBI 3apsi/l TaCYIIbUIAP bl TACKIMAIIAY
HETI31HeH DJJIEKTP OpICIHAETI BIFy MpoIeci Heri3iHae Oo0maThlH, OWITOIIOCTI
TPaH3UCTOP/IbI AUTAMBI3.

Opic, SMUTTEpJIeH KOJUIEKTOpFa Kapal SKCIIOHCHTAMEH a3asThiH, 0a3agarbl
KOCIajap/ibIH 0acTamnKbl YJIECIHIH opKeIKl 00TybIHaH TybIHAANABI. MbIcamisl, N-P-N-
TPaH3UCTOP/Ia AKIENTOPJBIK KOCMAa YJECIHIH TPagueHTI OoCepiHEH KEeMTIKTEep
OMUTTEPIIIK OTKEIEH KOJJIEKTOPJIBIKK oTKenre Kapa nuddysusmen oepineni. KO
MaHbIHJIa KEMTIKTEP e€ceOiHeH OH 3apsaTap >KUHajdaAbl, aql DO Tepic UOHIAPIbIH
OpHBI  TOATBHIPBUIMAFaH 3apsAabl JKMHAKTaNaabl. baszama  3IeKTpPOHIApABIH
OMUTTEPJICH KOJUICKTOpFa KO3FAIBICBIH AU dy3usiMeH calbicThipranma 2...5 ece
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YJIKEH KBUIAAMIBIKICH YAETETIH, dJEKTp opici £ TyblHAaiawl. TpaH3uCTOPIBIH
HIeKapaJibIK KYIIEUTY JKuiiri 2 - 5 ecere ecei .
blry TpaH3ucTopiapbel KocapiaanFaH AU QGy3Us TEXHOJOTHUICHIMEH JKacajlabl.

3 JIopic Ne 3. OpicTik TpaH3UCTOpJIAP

JlapicTiH Ma3MyHBbI:

— OackappUIaTBIH P-N-aybICybl Oap KOHE OKIIAyJTaHFaH THEKTI OPICTIK
TPAH3UCTOPABIH KYPBUIBICHI MEH KYMBIC 1CT€Y MPUHIIUIII;

— TPaH3UCTOPABIH HET13r1 KOPCETKIITEPl MEH CTaTUKAJIBIK CUTIaTTaMallaphl;

— 3apsAATHIK OalaHbICHl Oap acmanrap.

JapicTin MaKcaTTapbl:

— OPICTIK TPaH3UCTOPJBIH KYPBUIBICHI MEH XYMBIC 1CT€Y HMPUHLHUIIH OKBII
ouny;

— TPaH3UCTOPABIH HETI3r1 KOpPCEeTKITEpl MEH CHullaTTaMajapblH OKBIII
YHpeHy;

— 3apsAATHIK OaiJIaHBICHl Oap acmanTapAbl OKBIIT 01Ty .

OpiCTIK TpaH3UCTOp JETreHIMI3 KYMBIC ICT€y TPHUHLHUII >KapThUIal
OTKI3TIIITIH KEAEPTICIH KOJJECHEH JJICKTP OpICIMEH MOAYJSLUsUIayFa HET13/Ie/TeH,
XKapTbUiail eTKi3rimTi acnan. OHbIH KYWIEUTKIIITIK KaCHUETTEPl, OTKI3YIIl apHAaCHI
apKpUIbl ©TeTIH Oip TaHOanmbl HEri3ri 3apsj TacylibUIiapiblH (YHUIIOJIOCTI)
arbIHBIMEH aHBIKTAJIAIbI.

TpanzucTtopnap MbIHa Typiepre OemiHeal:

a) OackapbLIaThiH P-N aybicysl 6ap OT,;

0) oxwaynanran tuekti OT (MK, MOX);

B) AMDJICKTPIIIK TabaHarbl el Topizzal epictik (KOT).

3.1 backapbuIaThIH P-N aybIcybl 0ap OPiCTIK TPaH3UCTOP

MyHpaail TpaH3ucTopiapablH OipHerie

T(3) ,nCe Typi Oap. 1952 x. Iloknu anramksl per
Bl =i, / VHUTPOHIBI — Ka3bIK KOH(MUTYpAITHASIIBI
BT aks A ‘e
7 OpICTIK TPaH3UCTOPIBI CUTATTAIbI.
B =S R(C)  TpaH3ucTopmarbl OTKI3yIli apHa THEKTEH,
= | Kepl OaFbITTa BIFBICKAH P-N aybICyJapMeEH,
U okmaymanrad.  Kyiima  xoHe  Oactay
Kb DIIEKTPOJATAPHl apachlHAAFbl apHa OOWBIHIIA
3.1 cyper HET13T1 TacyIIbUIapIbIH TOTHI aFabl.

bacray (b) nenm apHagarbl Heri3ri 3apsiy
TaCyIIbUIAP/IbIH KO3FAIBICH OacTalaThH DJIEKTPOATHI aTalbl. 3apsi TacyllbLiap
JKUHANAThIH (KyWbLIaThIH) aekTpoa Kyiima (K) nen aramanel. backapyiibl kepHey
yuriHmm snextpon — tuekke (T) Oepimenmi. MyHnmail TpaH3UCTOPIBIH KYPBUTBIMBI
KepHey Oepy cys10achIMEH KoHEe TOKTapIbIH O0arbIThiMeH 3.1 cyperte OeliHeIeHTeH.
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Mpeicansbl, Ury < 0 gemik:

a) erep Ugy = 0 Oonca, onma Oipkenki p-n aywicy maiiga Oomansl, |Urg |
KEepHEYi 6CKEH CailblH, aybICy KeHEHe 1, ajl OTKI3YIII apHa TapblUIabl;

0) erep Uy KepHEyl Henre TeH 0oiMaca, OH/Ia apHaHBIH €Hi, KyliMa TOTbIHbIH
|5 ocepiHeH apHa KenepriciHaeri KepHeyaiH Tycyl ceOeOlHEeH opKenki Oonanabl. a
HykTeciHne kepHey U,=Urs-fa TeH, 6 HykTeciHne — U; = Urg + Ugp. ApHaHbIH
KMMachl OacTayaaH KyliMara Kapad Kimipeiesni. backapeliaTelH p-n aybIicybl 0ap
TPAH3UCTOPABIH JKYMBIC 1CTE€Y MPUHLUII, Kepl KEPHEYIH OCEPIHEH p-n AyBICYAbIH
3apsa TacymibLIap yJecl a3aiFaH OOJBICHIHBIH €HIHIH e3repyl ceOeOiHeH, apHa
Kenepriciniy e3repyine HerizaenreH. Ury apTKaH Ke3ne p-n aybiCy apHara Kapau
ecelli, apHaHbIH KOJIICHEH KUMAachl jKoHEe KyiiMa Torbl a3asabl. Tuekre kepHey Urg
YJIKeH OoJFaH Ke3je apHa kaObutaabl (KaObicaasl) Aa, TOK HOJTE YMThUTaAbl. THek
neH OacTay apacblHarbl Oy kepHey U7y TOK TOKTaTy KepHeyl Uy nen atananubl.

TpansuctopaelH Herisri cunarramanapbl Ugy = CONSt OonraHzarbl KyliMa
trekTiK lx = f(U7g) (3.2,a cyper) xxone Uzy = CONSt OonFaHmarsl KyHMalbIK HEMece
mweirbic cunartamanapsl Iy = f(Ugs) (3.2,6 cyper). LlbiFpic cumaTTamanapasl eki
aiimakka Oexyre Oonaabl: [-aliMak TOKTBIH KYPT ©3repyl (CUMAaTTaMaHbIH ChI3BIKTHI
OMJIBIK 0OJIiT1) %oHE KaHBIFy pexuMiHe coiikec keneTiH I aiimarbl (O€HCHI3BIKTHI
’Kas3bIK, KYMBICTBIK 06iK). A3 UgyKe31He ka0ylibl KaOaTThIH KEHEI01 MapAbIMCBHI3.
Ugs apTkaH ke3ge KyiiMa Torel OM 3aHpl OOHBIHIIA ecell, JTUHAMUKAJIBIK TeIe-
TEeHIIK TYBIHIANABI: KyiiMa TOTBIHBIH apTybl p-n aybICyAaFbl KEPHEYIIH TYCyiHE
’KOHE KyliMa TOTBIH a3alTaThlH, apHaHbIH TapbLIyblHA JKeleldl. Ugs-HBIH KE3€eKTl
apTybl KAMaHBI a3alTITAWIBI all, «JI9JT13» HEMECE «KBUITa» JICT aTalaThlH, KHMaHbIH
Tap OeJIriHIH Y3bIHIBIFbIH aPTTHIPAIBL.

1 s " 5y Uns COHIBIKTaH KyiiMa TOTbI TYPaKThI
= / Oonaabl. B HYKTeCiHAE KylMa KepHeyi
S OTKEIIIH TeCUTy KepHEyiHe JKeTel.
| Ugs KepHEylH apbl Kapall apTThIpcak
' KyiiMa TOTBI apThIll, acmam iCTeH

. ; HIBIFYBl MYMKIH.

U Us. san Uk Urs apTTBIpFaHmarbl  ypaicTEp
(Gacrankpl KUManap a3z 6osiFaHzaa)
3.2 cyper
OCbIFaH Colikec, Olpak apHaHBIH TapbUIybl epTepek Oacranaabl, OYJ KaHBIFY
OeJiiriHe epre HIbIFyra okesnei. Kyiima Torbl ToMeH JAeHTeie MeKTeNe/Il.
Ugs = const 6oaraH ke3zeri KyliMa THEKTIK HemMece OeplIic CHUraTTaMachl g =
f(Urs) (3.2,a cyper). Byn cumarramaHbl, THEKTIH OacKapylibl OpEKETiHIH

C : : o dl
TUIMIITITIH KOPCETETIH KOPCETKINI — cumarrama TIKTINH S =—%*
dU U, =const
mo
ecenTey/ie MmamanaHagbpl. TpaH3UCTOPABIH EKIHII MaHBI3bl TapaMeTpi IIBIFBIC
du

keneprici R, =

T ‘Umzconst Oonpin  TaOBLIAABL. OPICTIK TPaH3UCTOPJIAPABIH
K
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KYIIEUTKIIITIK KacHETTepl, CUIMATTaMaHbIH TIKTITIHE >XOHE IIBIFBIC KeAEpriciHe

dUK6

OailIaHbICTBI 4=R,.S, KymIeuTy KodhDUIHEHTIMEH L = du ‘. —const
mo )

CHUIIaTTaJ1aakbl.

3.2 OKuayJaHFaH THEKTi OPIiCTiK TPaH3UCTOPJIAP

OxuiaynaHfaH THEKTI ©PICTIK TPaH3UCTOPIAPIbIH OacKapyIbl p-n aybICYbI
Oap epiCTIK TpaH3UCTOPJIAPAAH EPEKIIEIIri, aJFalKbIapPhIHAAFBl THEK JJICKTPOIBI
apHAHBIH KaPThIJIail ©TKI3TIMTI 00JBICHIHAH JUAICKTPHUK KaOAaTHIMEH OKIIayJIaHFaH.
byn TtpaH3ucTopiap KypbUIBIMBI METaUl — AMDJIEKTPUK — KApThUIal OTKI3TIII
oonanel ga Keickama MJDK nen artanmaael. Erep AMAJIEKTpUK peTiHAE KPEMHHUM
OKcUl mainanansuica, onapasl MOXK-Tpansucropnap nen araiabl. ApHaHBIH
KEJIeprici, CBIPTKBI JJEKTP ©picli OCEpiHEH KapThUlail OTKI3TIIITIH OeTKi
Ka0aThIHAAaFbl (THEK acThl) KO3FaJMallbl TacylIbUIAp YJIECIHIH e3repyl ceOeOiHeH
e3repe/il. Opic, THEKKE KEeNTIPUIETIH KepHEYMEH >Kacanaabl. Tuek — Oyl xKapThliail
OTKI3TIII OCTIHEH JUANEKTPIIIK Ka0aTTaH KyKa IIeJIMEH OOJIIHI€H, METAJLT AJIEKTPO.
[Ilen Thekke OH HeMmece Tepic KepHey Oepyre MyMKIHAIK Oepeal. Tuek apKbLibl
OTETIH TOK €Kl 'Karjaiia na 6onmaiiael. TpaH3ucTopiiap eki Kjiacka OesiHel:

a) KOHJBIPbUIFaH (6TKI3YII) apHaJIbL;

0) UHAYKIUsJIaHFaH (6TKI30EHTIH) apHaJIbI.

3.2.1 KoHapIpbuTFaH apHaIbl ©PICTIK TPAH3UCTOP

Tpan3uctopasiH KYpbUIBIMBEL 3.3 CypeTTe

B Me |T | K KenTipinreH. MyHaarel p° —  KOCHAHbIH
(KOHIIEHTpAILUSICHI) YJIecl *KoFaphl aimak; [l —
i P I nudIekTpuk; Me — meramr; b — Gacray; T —

P tuek; K — Kyiima.

Ugs # 0 sxxone Uy = 0 Gonranma kyiima
TOTHI | aFrajpl.

Erep Uy <0 Oosica, apHara KeMTIKTEp
TapThlIaabl — OalbITy pexuMi, | TOTBI ecenl.
An Uy >0 Oonca, KeMTIKTEp THEKTEH KEUlH TeOulenl /1€ KeAeIeHy pexXumi OpbIH
anazpl, |x TOrel azasifpl.

3.2.2 aaykuusiaHFaH apHAIbl ©PICTIK TPAH3UCTOP.

by TPaH3UCTOPIa (3.4 cyper)
T Me |5 |* | K KYPBUIBIMIBIK ~ TYPFBIIAH  aHBIKTAIFAaH  apHa
O0IMaIbI.
p+ _____ I_ p+ 5 U'T :\, 0, U]{E 75 0 60Hca, OHIa !1{ .: Q,
OUTKeHI KyiiMa MeH 06acTay apachlHJa ©TKI3T1IITIK
OonmMaiiael. MyHaa Kapama-Kapchl KOCBUIFaH €Ki
p-n aybIcy OoJapl.

U7 > 0 Gonranma a5ekTpoHAap O0eTke Kapai

tapteinanel  lxy = 0. Kepeineny pexumi

1nSi - TeceHim

3.3 cypeT

nSi - Tecenim

3.4 cyper
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KonnaneManabpl. Uy < 0 OonfaHza KEMTIKTEpP TapTbUIBII TOK OTETIH
WHIYKIUSTIaHFaH apHa A naiga 6onaabl.

Wunykuuananrad  p  apHaJbl  TPAH3UCTOp,  JKacalybl  KapamabiM
OOJFaHIbIFbIHA OalIaHBICTHI KEHIHEH KOJIIaHbLIA IbI.

OpICTIK TpaH3UCTOPJIAP OPTYPJl KYIICUTKIII >KOHE aXKbIPAThII KOCKBIII
KYpBUIFbLJIap/la KOJIIaHbUIA/IbI, OJIApJbl OMIOJAPIBl TPAH3UCTOPIAPMEH Oipre Kui
nanaagsaHaabl.

OxuraynaHfaH THEKTI TPAH3UCTOPIAPIBIH aPTHIKIIBIIBIKTAPHL:

a) JKorapel Kipic kezxeprici — R, =10° +10%Om (p-n aysicynel OT);
- =10" +10"Owm;

0) >Koraphl IIANIIAHIBIK KOHE TEMIIEPAaTypajblK TYPAaKThUIbIK ©HTKEHI, TOK
HET13I'1 TacylIbUIap/iaH Kypajiaabl — HHXKEKIHUS )KOHE IKCTpaKIusl O0IMai ibl;

B) JKacaly KapanaibIMIbLIbIFbI )KOHE TEXHOJIOTHSICHIHBIH OHANIIBUIBIFBI,

I') eJIIIEM/JIEp] MEH aJaThIH OPHBI a3;

1) GYHKUMSUIBIK MYMKIHIIKTEp1 KE€H — PE3UCTOpP, KOHAEHCATOp, TUOJ PETIH/IE
naigananyra 0onaabl — TEXHOJOTHUIBIK TypFbiiad TuiMal UC;

€) KIpIC ’KQHE LIBIFBIC TI30€KT1H rajdbBaHUKAJIBIK a)KbIPAaThUIYHI;

) apHaibl BIFBICTBIPYCHI3 KYMBIC icTey MYMKIHAIT] (MC pIKIIamaaiiae);

1) 11y JICHI el TOMEH,;

K) TEMIEPATYPAJIbIK TYPAKThUIBIFBI APKACBIH/IA, apHABI TY3€TYCI3 Mapaielib
YKYMBIC 1CT€Y MYMKIH/IITI.

Kemmrimikrepi:

a) TO3IMJILIITT TOMEH;

0) eckipyre OalJIaHBICTBI YaKbITKa TYPAKTBUIBIFBI TOMEH (AMAJIEKTPUKTIH
KAacHeTTepl HaIapJanbl);

B) JKYKa TUAJIEKTPUK KaOAThIHBIH CTATUKAJIBIK HEMECE KEITIPUITeH 3apsiarneH
TECUTy MYMKIHJITIHE OaliIaHbICThl KayINCI3[AiK IIapajapblH KaObUIIAyAbl KaXeT
eTenl;

I') YJIKEH KIpIC CBHIMBIMIBUIBIFbIHA OalIaHBICThl >KHUIKTIK KAaCUETTEPIHIH
HanapJjaysbl.

3.1 kecrene OPICTIK TPAH3UCTOPIAPBIH MAPTTHI TpadUKaAIBIK OenTiaeHynepi
KEJITIPLJITEH.

R

3.1 kecte

AcranTbiq aTaybl benrinenyi

backappiiaTelH P-N aybicybl 0ap N-apHaiIbl ©PICTIK
TPAH3UCTOP 6
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T
BackapbeinaTteiH P-N aybicybl 0ap p-apHalibl ©PICTIK
TPaH3UCTOP
Ei K
T
OxmiayanfraH THEKTI KOHABIPBIIFAH N-apHAIIBI ©PICTIK
T
PaH3UCTOP .
T
T
Okiaynanfrad TUEKTI KOHABIPBUIFAH P-apHaJIbl ©PICTIK
TPaH3UCTOP
T K
T
OkxiiaynanfaH THEKTI HWHAYKUUSJIAHFaH —N-apHaJIbl
OPICTIK TPAH3UCTOP
11K
T
T
OkxmiaynanfraH THEKTI HWHIAYKIUSJIAHFaH —[P-apHaJIbl CII}—P
OPICTIK TPAH3UCTOP 5 FTTx

4 Jlopic Ne4. Onro3/1eKTPOHABIK acnanTap

JlapicTiH Ma3MYHBbI:

— OITORJIEKTPOHUKAHBIH AJIEMEHTTIK 0a3achl;

— JKapbIK XKOJAAphI, XKapbIK Ke3aepi, (oToKaObUIIaFbIIITaD;

— OINTPOHJIAP;

— ayBICTBHIPHIN KOCKBIII KapThUTal OTKI3TIII acranTap.

JlapicTiH MaKcaTTapsbl:

— OINTORJIEKTPOHUKAHBIH 3J€MEHTTIK 0a3achblH OKbIN OLTY;

— JKapbIK KOJJApbIH OKbII YHPEHY;

— COYJICNIK AUOJITHIH KYPBUIBICHI MEH JKYMBIC 1CT€Y IPUHITUIIIH OKBIT OLITY;

— (OTOAMOATHIH KYPBUIBICHI MEH 5KYMBIC i1CT€Y MPUHUMUITIH OKbIN OLTY;

— ONTPOHIAPABIH KYPBUIBICHl MEH KYMBIC 1CTEY MPUHLIUITIH OKBII O1TY;

— JUHUCTOpJIAp MEH THUPHUCTOPJIAPAbIH KYpPbUIBICBI MEH KYMBIC ICTEy
MIPUHITUIIIH OKBIN YHPEHY.

4.1 OnTo03/IeKTPOHUKAHBIH 3JIEMEHTTIK 0a3achl

OnTO3JIeKTPOHUKA — ONTHKAIBIK CUTHAIAP/IBI AJICKTP CUTHAJIBIHA JKOHE Kepi
TYPJICHIIpY MacelenepiMeH alfHaJILICAThIH, AIIEKTPOHUKA OOJIBICHI.
Panunosnexktponukagarsl jkaHa OarblT — omnTodjiekpoHuka (O3), yII FHUIBIMHBIH
TOFBICHIH/IA — KATThl JIeHEe (PU3MKAChl, ONTUKA JKOHE DJIEKTPOHHWKA Maiyia OOJIbl.
OD-HBIH DJJIEMEHTTIK HETI31H JKapbIK Ke37epi, ONTUKAIBIK opTaiap (KapbIK
YKOJIZIAPHI) KOHE (POTO KAOBUIIAFBIIITAP KYPANIBI.

4.2 7KapbIK KoJaapbl
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KapbIk *xoJyiapbl — MOJIIIP MIBIHBIIAH YKacalaThiH, KAObIpFagaH KeIl caThLIbI
1K1 IIAFBIIBICY HOTHKECIHIC JKaphIK TapaTyFa apHaliFaH, KIHIIIKE TaIIIBIKTapIbIH
Oymacel. KanblHABIFBI OipHEIIEe MHUKPOH IIBIHBI TaJIIBIK apKbUIBI KY3/IEH aca
ONTHUKAJILIK CHUTHAJAAp eJeyci3 IIBIFbIHAapMeH Oepiyie anaawl. Erep TammbiKkTapra
oenruti Olp XUMHUSUIBIK 2JIEMEHTTEP KOCBUIBIN >Kacajica, OJiap >KapblK CHUTHAJIBIH
KYLIEUTE aJiajibl.

4.3 Kapbik ke3aepi (KK)

KK KyMmbIC icTey NpPHHLHMII COYJCHIH HWHIYKIHMSUIAHY JKOHE JJICKTP
JIOMUHECICHIINS KYOBLTBICTAphIH MaiiiaJaHyFa Her13/1e/reH.

NuaykuusiianFan CcoyselieHy CBIPTKBI  (OTOHAAPABIH 9CEpPIMEH IKY3ere
acblpblIabl. OChbl IPUHLMIIIEH JXYMBIC ICTEUTIH COYJENEHIIPTIIITEp — Ja3epiiep
(kemeci aFbUIIIBIH  CO3JIEPIHEH KbICKapThUIFaH (abOpeBuatypa) aray - light
amplification by stimulated emission of radiation — >kapbIKTbl MHIYKIHSUIAHFaH
COYJIEHIH KOMETIMEH KYIIEUTY).

4.3.1 Coynenik auO/I.

Coynenik JUOATHIH JKYMBIC 1CT€yl P-N-OTKEAEri Ccoyjie IIalibIipary
pEeKOMOMHALMACHIHA Heri3aenred. Typa bIFbICY Ke31HAEe MHKEKIUSIaHFaH KOCAJIKbI
Tacylbluiap OTKE MaHBIH]1A Oa3agarbl Heri3r1 TacylIbUIapMEH
pexoMOuHanusIaHaabl. byn ke3ge skapbhlK KBaHTTaphl mamibipaiael. Coyme mamry
CHEKTPAIH HH(PPAKBI3bUI, KOPIHETIH OHE YJIBTPAKYIrIH OOJBICTAphIHAA OOJIyBI
MYMKiH.

4.4 ®oToKAOBLLIIAFBIIITAP

doTtokalObutIareiTa HEMece (HOTOIIEKTPIIK aACMaNTa COYyJIe IHEPTUSICHIHBIH
AJIEKTP DHEPTHSICHIHA TYPJIEHY1 XKYpPEei.

OnapIpIH )KYMBICHI HET13T1 YIII (DOTOAIEKTPIIIK KYOBUIBICTapFa HET13/IeNTeH:

a) 1mki @ororddekT — OTKITIMTI JKAPBIKTAHABIPY KE31HAE TOK
TacylIbUIAP/IbIH YJIECIHIH apTybl c€0eOIHEH OHBIH DJIEKTP OTKI3TIIITITIHIH apTyhl
(dboTopesucrop);

0) Oekitym kaOartarbl (OTO3(PPEKT — €Ki MaTepuaiblH IIeKapacblHIa
#apbIKThIH acepineH DKK-H TybiHaaysl (poToauon, GoToTpaH3uCTop);

B) CBIPTKbI (POTOIPGHEKT — KAPBIKTHIH OCEPIHEH 3aTThIH JJICKTPOHIAPIbI

mbiFapybl — (OTONIEKTPOHABIK AMUCCHS  ((DOTOITEMEHT, (HOTOIIEKTPOHIBIK
KOOCUTKIIII).
doTonuOATH  KapacThipaliblk. doToauon — KYMBIC 1cTeyl OekiTyii

kKabartarel Qororddexrire HerizaenreH (HOTOINIESKTPOHABIK acmam, P-N aysicyaa
XKapbIK arbIHBIHBIH ocepineH DKK maiiga 6omanb.

KypbuibiMbl  KapamalibiM ~ P-N aybsiCyblHAArblIal. ['epmManuii  Hemece
KPEMHUIJICH yKacaliaibl, KoOiHece KPEMHUNICH, OUTKEHI OHBIH TYPJICHIIPY €Ceiri
KOFapPHI.
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@doToaNO CHIPTKBI KOPEK KO3IMEH HeMece
OHCBI3 J1a KOChIJIa alajbl:

a) CBIPTKBI KOPEK KO31HC13 — BEHTHJIB/IIK HEMeCe
(OTOreHEPATOPIIBIK PEKUM JICTI aTajlabl;
0 0) CBIPTKBI KOpEK Ke3l 6ap. 69ﬂca Ecpipm
=0 —— 4({, > . (GOTOINOATHIK HeMece (POTOTYPIACHAIPTIIT PEKHUM JCTI

4 Im, n4

aTaJajpl.
P I3 DOTOANOATHIH BOJBT-aMIIEPIIIK CHITATTaMAChI
Twepi,ura I=f(U)|®= const (4.1 cyper).

4.1 cyper

My#nparel [V mumpekTe reHepaTopiiblK pexXuM OCHHEIEHIeH:

1) 1 = 0 6osranga (60c¢ xypic pexumi) U = @4 — poto IKK;

2) U = 0 6onrana (KbICKa TYWBIKTAY PEXHMi) lx7TOThI aFaipbr,

3) R, # 0 6onranna Tok | = ¢,/ R,

I mmpekre GoTOAMOATHIK pexuM OeitHeneHreH. @ = 0 Oosca, cunarrama
TY3€TKIII JUOJTHIH Kepi TapMarbIMEH (KapaHFbUIBIK PEXHMI) colikec keneni. @-H
aptybiMeH |4 otoTorel ma ecemi. JKammbl TOK |u, Kepl TOK TEeH (OTOTOKTHIH
KOCBHIHJBICBIHA T€H, |eumu=loF!o.

|-mupexte — @ = 0 6onranga BAC Ty3eTkiimn TUOATIKIHIEH OOabI.

@ > 0 6onranza l,,, >> ly xone |y —11 1, KaIKacelHAa aXKBIPATy MYMKIH
emec. CoHabIKTaH (HOTOAMOJ Typa KOCBUIyJda MalfanaHbUuIMaiibl. | skoHE |,
Meutiepiiec 0oJIFaHAbIKTaH, GOTOAUO]T Kepi OaFbITTa KOCHLIAbI.

Kemmimikrepi:

a) TeMrepaTypaHblH KYLITI 9Cep eTyi;

0) UHEPUUSIIBUIBIFbI )KOFaphI;

B) IIBIFBIHHBIH KOFAPBIIBIFEIHAH TYPJICHIIPY €CeIIiri TOMEH.

doTtoanoaTapabIH KOJITaHBLTYHI:

a) 9JIC13 TOMEH KUUITIKTI )KapbIK CUTHAJAAPBIH TIPKEY YIIiH;

0) SKapbIK DHEPrUsICHIH OJJIEKTP DJHEPruschiHA TYpJCHIIpreHae (KyH
Oarapesapbl, KOpeK Ko3aepi);

B) aKMapaTThl OKY KYPBUIFbLIAPHIHIA;

r) aBTOMAaTHWKaga, (QOTOMETpHsiga, COYJEJNEeHY Ko3JAepiHiH Oap OOIybIiH
KaJiaranay Ke3iHJe XoHe T.0.

4.5 OnTpoHgap

EH xapanaiibiM onTpoH — (POTOHIBIK OaliIaHbICKI Oap HKYII.

OntpoH  —  XKapblK  KO31H  JKOHE  OHBIMEH  COHKECTEHIIpUIreH
(G OTOKAOBUIAAFBIIITEI OIPIKTIPETIH AKTUBTI AJIEMEHT, OHJIa CHIPTKBI 3JIEKTP CUTHAJIbI
ONTUKAJIBIK CUTHAJIFA TYPJICHIN KYIICUTUIENl, COHaH KEWIH KalTajaH 3JIEKTPIIIK
CUTHAJIFa alHaJAbIPbLIAbl, HEMECE OChl MPOLECTEP Kepi OarbITTa >KYpriziien,
O1pak KYIIEUTy eceiri MiHAETTI Typ/ie OIp/IeH YJIKeH OOTybl KaKeT.
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Heri3ri apTBIKIIBUIBIFBI — KIpIC JKOHE MIBIFBIC TI30EKTEpiH aXKbIpaTy
MYMKIH/IIT1, SFHH TaJIbBAHUKAIBIK HEMECE ONTHKAIBIK aXbIPaTy.

OnTtponaap exi Typre OemiHe/i:

a) CBIPTKBI (POTOHJIBIK JKOHE 1IIIK1 DJISKTPJIIK OailmaHbIChl 0ap ONTPOH;

0) 1mKi (POTOHIBIK OalIaHbICKI Oap OMTPOH.

OnTpoHmap 3JIEKTP CUTHAJIBIH TYPJICHIIPY, KYIICUTY, KAJIBINTACTHIPY KOHE
T.0. MakcaTTap/a naiiagaHblIa bl

Herizinen xapbIK Ke31 peTiHAe ONTPOHAApAa WHXKEKIMSUIBIK COYJIeNi TUOJ
naiinanansinaapl.  CoyneneHy CHEKTpl JaspiiaHy MaTepuaiblHa TOYyemal KOHE
(OTOKAaOBUIAAFBIIITEIH TUIIIMEH €peKIIeNeHeIl. A KOChIMIIAChIHAA ONTPOHIAP/IBIH
HIAPTTHI OeNTiIepl KeATIPIITEeH.

4.6 AsKpIpaThIN - KOCKBILI KAPTHLJIAN OTKI3rim acnanrap

AXBIpaThIll KOCKBIII JKapThUIall OTKI3TILI acnanTapra TUpUcTopiap, Oip
aybICyJbl JKOHE KYWBIHIBIK TpaH3UCTOpiap »aTaabl. Tupucropmap — ekl Teme-
TEHAIK KyHi Oap ken KaOaTThl a)KbIpaThlll KOCKBII KypbUibiMAap. OHga 4 Hemece
OJIaH Kol P-N KabaTsl )koHE 3 HEMece OJ1aH /1a Kell P-N aybIcysbl Oap.

Omnap MbIHa TYpiepre OemiHeal:

a) 6acKapbUIMalTBIH TUPUCTOPJIAP — €K1 AIEKTPOATHI — AUHUCTOPIIAp HEMECE
JTUOI-TUPUCTOPIIAP;

0) OackapbUIaThIH THUPUCTOPJIAP — OPTAHFBI AJIEKTPOATApAbIH OlpiMeH
OackapblUIabl — TPUHUCTOPIIAP HEMECEe TPUOA-TUPUCTOPIIAp.

bapnblk TeOpPT 3MEKTpOABIHAH IIBIKNATAphl 0ap OpPTaHFBI SJEKTPOATApAAH
0acKapbUIaThIH — TETPO-THPUCTOP.

4.6.1 Tuaucrop.

4.2-cyperTte IUHHUCTOPABIH KYPBLIBIMBI

KENTIpUIreH. byn KYPBUIBIM/IbI eKl
pl nl | p2 | n2 TPaH3UCTOPIBIH Oipiryl peTiHAe KOpceTyre
T Oomanel: P-n-p koHe N-p-n TekTi (4.2 cyper),
ol “6‘ =0 OUMOJISIPIBIK TpaH3UCTOpFa ykcac pl, n2 —
+ - smutrepiep, nl, p2 — 6azamap, IIl, T13 —
U AMUTTEPIIK aybicynap, [12 — KOJIEKTOPIBIK
4.2 cyper aysbICy.

I11 sxome II3 Ttypa, [12 — kepi OarbiTTa KocbUIFaH. ChIpTKbl Kepuey U
ToNBIFBIMEH Aepitik [12 aypicyFa Tycemi. Acmam apKbUIBl JKaOBIK KOJUICKTOPJIBIK
aybicyabIH | = |, TOTBI aFajbl.

U kepneyin U,,.-Fa neiiin aprreipranna I12 aysicya COKKbUIBIK HOHM3ALNS
JKOHE KYHBIHJIBIK TECUTY JaMHABI, TacYIIbUIAPABIH JKaHA JKynTapbl Tysuremi. 112
epiciMeH d3JeKTpoHAap nl-0a3aceiHa, anm KeMmTikTep p2-0a3achbiHa KaWTapbLIaJbI.
bazanapnarel Herisri TacymbLIapablH yieci ecei. nl-0a3amgarbl SIEKTPOHAAP COT
xakK DA - I11 >xakpIHan, TOTEHIMAIIBIK TOCKAYBUIIBI TOMEHIETII, HOHIAPIBIH OH
3apsAnbiH OewtapanTtaiinbl. byn, kemtikrepain pl-mern nl-re conan keiin [12
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apKbUIBI aFbIHBIH apTThIpaabl. OckiHAal nporiectep oH kak [13 aysicyna ga xyperi.
DneKTpoHAapAbIH aFbIHbI 6cel. [Iporecc KyibIH Topi3aec AaMUIbl.

I12 apkputel skoHE OYKII acmam apKbUIbl ©TETIH TOK ecemi. 12 apKpuibl
KOPBITBIHBI TOK OTE/I1:

L =M (el + 1o+l ),

MyHIaFel M — keOeuTy K03 OUITMEHTI;

s, oz — [11 sxone [13-Ten I12-re Tox 6epy kordunmenTrepi.

bapawik ym aypicygaH ©TETiH TOKTap
Oipmeil  KOHE  CBIPTKBI  TOKKAa  TEH
OoJFaHBIKTaH, ObLIAM Ka3yFa 00Jaabl

| — MI , |
1-Ma
Myngaret o0 = a; + o3 — €Ki
AMUTTEPAECH KOJUIEKTOpFa TOK OepyliH
U KODBITBIHJBI KOG GHUIHEHTI.
0| Ussap 1 Ukoc OJIeTTe Oazanap opTYpIi
KaJIBIHIBIKIICH JKacanaiel: P2 — KanbiH, W>L
4.3 cyper (muy3usabIK Y3BIHABIK) JKOHE TOK Oepy
kod(punmenTi az << 1, n1 — xyka, W < L, oy
~1. M=f(U) 6onranapikTaH, (4.1) epHeri aiikbia emec Typaeri BAC.

(4.1) 6otibiama quaucTopAbiH BAC canaiibik (4.3 cyper). BAC-HbI 4 Ootikke
Oeiyre 00JaIbI:

a) | — xkepueyniy a3 mouaepinae [12- xaboik, o <« 0,5. KepHeyiH apTybIMeH o
anci3 ecenl, M ke0Oipek eceni. by Geliik a3 TOKTapMEH jKoHE YJIKEH KepHEyJIepMEH
CUTIATTaIa Ibl — acliall aXKbIPATHLUIFaH;

0) I1 - U = U,,,, 6onranna M-a=1, aramn (4.1) opHEKTIH O0IIMI HOJITE TEH.
[12 KOMIEKTOPNBIK aybICybl Typa OaFbITTa BIFBICANBI. 03 MXOHE O3 TOK Oepy
kodpdunreHTTepl Kom ocel, Oipak epHEKTIH OoJiMi HOJIJIEH Killl 0oJia aqMaiiibl,
OUTKEHl TOK Typa OarbiTTa arajpl. COHABIKTAH O-HBIH apTybl M-HIH a3ai0bIMEH
Katap Ooayel KaxkeT, an M-HiH a3zatobl U a3zaiifaHjga FaHa MYMKIH, SIFHM TOKTBIH
apTybl KEpHEYJIIH TOMEHJEyIMeH Katap xypenl. byn Tepic keneprici Oap ertmeni
OeJ1iK OOJFaHABIKTAH MPOIECC KYMBIH TOPI3AEC XKYPe/Il;

B) III — nuHMCTOp KOCHUIFaH, KEpHEYJIEp a3, TOKTAP YJIKEH >KOHE JUHHUCTOP
Ti30eriHe Ti30eKTel Keaepri KOCyMeH IIeKTeel;

r) IV— acman xoceurran, BAC kepi TapMarbl KapanaibIM JAOATIKIHACH.

JluaucTOpABIH emeMiepl 0acka aXbIpaThIll KOCKBIII cysidamapMeH (pene)
CaJIbICTBIpFaHa Killli, O1paK KeMIIIIT — KOCBLTY COT1 OacKapbUIManIbI.

Tupucropiapasig OipHeIIe Typaepi KOaaaHbLIa bl

a) >KaObUIaTBIH TPUOATHIK THUPUCTOPJIAP — OACKapyIIbl AJIEKTPOJ apKbUIbI
SMHUTTEPIIIK oTKeNre U,,,; KbICKa MMITyJIbC Oeprenie sxa0bl1apl;

0) cuMHCTOpIIap HEMeCce CHMMETPHUSIIBI TUPUCTOPJIAP TOKTHI €Ki OarbITTa Ja
OTKI3€EIl.

Tupucropmapasin  maptTel rpadukanslk Oenrinepi b KockmimaceiHga
KEJTIPiITEeH.

(4.1)

L aserp

IKOC
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5 Jdapic NeS. MHTerpaagblk MUKpOCYJI0aaap

Tpauzucropisi-Tpansuctopisl joruka (TTJI) cymbacer (5.1 cyper) — TTJI-

HBIH JaMYBIHBIH HOTMKECl. JlmoATap MaTrpuiuachl KOMAIMUTTEPIIK TPaH3UCTOPMEH
(KOT) aybICTBIpBLIA/IbIL.

byn nuoaThIK JOTHUKaNBIK —cyi0amap MeH

F, o
< TPaH3UCTOPJIBIK KYIICHTKIIITI KOCATHIH HHTETPAJI/IbI
. KypbUtFbl. KOT KypambiHna OipHelie >MUTTepiep
D R D 2 . Oap, omap Oip-OipiMeH Typa OpEKEeTTECIEHTIH eTil
| . F OpHaJACTBIPBLIFaH. KOT TE3-9pEKEeTTECY/ i

KT

Uy YJAKEUTyre, KOJJIAHBUIATHIH KyaTThl TOMEHJIETYTe
Uy QJL@ 1L xome BIKIIAMCYJI0aIap bl JNalbIHIAY
TEXHOJIOTUACHIH KEMENIJIEHAIPYre MYMKIHJIIK Oepel.
5.1 cyper KOT  wunrerpanmel  cyn0aTexHUKa  KE3EHIHJE
JMaWbIHAATFaHABIKTaH, TUCKpeTTl KoMoHeHTT1 TTJI anamorrapsl 60IMasbI.

TTJI noteHuuanpl daemMeHTTepre xataasl. JEM cynbanapbsiH Kypy Ke3iHje
OJIapJIbIH HETI31HJAE OJIap MOTEHUUAbl OailJIaHbICTICH, SFHU KOHJEHCATOP MEH
TpaHchOpPMAaTOPIIAPCHI3 OAIaHBICTHIPHLIABI.

Jlorukaisik Gipain kepreyi U'=2,4 B, norukansik Henain kepreyi U° <0,4 B.

5.2 cypetiniH cynbaceinarel VD;... VD3 auonrapel KOT-AiH SMUTTEPIIK
aybicynapbiMeH, ail Dy, Dy — KOT-I1H KOJUIEKTOPJIBIK —ayblcyJdapbIMEH
anMacThIpbUIFaH. by skarnaiina £y Anoapiaaa Ry KaKeTTUTIr AKOoFaiaibl.

TTJI o6azaneik onementi J[TJI cexingi JXKOHE-EMEC  morukaibik
omeparusiCblH OopbIHAaibl. CUTHANBIH TOMEHT1 JeHreuinae (jmoruxkaisik 0) KOT
KOIIAMUTTEPIIIK TPAH3UCTOP/ABIH KIpiCTEpAIH €H OonMaraHja OipeyiHAe TPaH3UCTop
KAHHBIKKaH Kyiiae 0omaabl, an VT, xa0bik. Cyi0a MIBIFBICBIHIA KEPHEY/IIH KOFapbl
neHreii (Jorukanbik Oip) Oonampl. bapiblk KipicTepiHAE CUTHAJABIH >KOFapbl
neHreiti 6onranga KOT akTUBTI MHBEPCTI PEXKUMIE KYMBIC JKacalbl (IMUTTEPIIIK
aybICy Kepl OarbITTa J>KbUDKBIFAH, all KOJJIEKTOPJIBIK — Typa OarbiTTa), VT,
KaHbIKKaH Kyine Oosanbl. Cysnba MIBIFBICBIHAA CUTHAJABIH TOMEH JEHTCHl, SFHU
HOJI.

Mynna kaspuiran TTJI GazanblK dleMEHTI, JalbIHIATy TEXHOJIOTHSCHIHBIH
KaparnalbIMIbIIBIFBIHA KapaMacTaH, Kelbip cumarraManapbiHa OalIaHbICTHI YIIKSH
KOJJIaHbICKA M€ OOJIFaH JKOK, SFHM Oereyuinepre TYpPaKTbUIBIFBI TOMEH,
CBIMBIM/IBUIBIKTBI )KYKETEMEMEH JKYMBIC KE31HJIET1 T€3-9pPEKETTLIIr a3, )KYKTeMeIlK
KaOUIeTTLIII TOMEH.

TeMeH >KYKTeMeliK KaOUIeTTUNK >KoHE KIll aWbIpbulblc KO3()PUIIUEHTI
Keyeci Typae TyciHaipiaemi. VT TpaH3UCTOPBIHBIH XaObIK KyHiHae R, apKbuibl
JKYKTEMENIK DJEMEHTTEP/IIH KIpIC TOKTapbl arajbl, >KOHE ojap kem Ooiica, R,
KOJUIEKTOPJIBIK ~ JKYKTEMECIHAEe KEpHEyAlH TeMeH Tycyl kebeieni. VT,
KOJUICKTOPBIHIAFbl KEPHEY, SFHU >KOFAPFbl JIOTUKANBIK JCHTCHIIH MOHI, a3asbl,
cyi10a KyMbICHI Oy3bu1abl. COHNIBIKTAH Kypaei naBeprepsi 17/ KoiaaHbuIa b,
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5.2 cypet

Kypoeni unsepmepni TTJI cynbacei.

Kypneni unseprepii 7771 cynbace! (cypet 5.2) eki 06IKTeH Typabl:

a) KOT xemsMuTTepil TpaH3uCTOpabl KocaThlH JKOHE KOHBIOHKTOPHI XKoHE
R; pe3uctopbl. JKOHE cynOacbiHbIH 2-7IeH 8-re JIediH KipicTepl OO0dybl MYMKIH
(xipicTep caHbIHBIH Ko0eto1 T7J/I-111H TOTUKAIbIK MYMKIH/IIKTEPIH KeHEHTE1);

0) kypambeiaaa VT, VT, VT3, VD, Ry, R3, Ry 6ap EMEC xypneini uaBepTepi.

Kypaem wuHBeprepai (a3a-axplpaTylllbl KacKaja MEH KIpIC KYMIEHTKIIIIHEH
Typajbl T KapacThIpyFa 00Iabl.

daza-axpipatyiibl Hemece (dazounBepeti kackan (VTy, Ry, Rs-TeH Typaasi)
VT, xxone VT3 TpaH3ucTopiapblH Oackapy YIIIH KbI3MET ereli. V7T TpaH3UCTOPHI
aybICTBIPBINT  KOCBINT ~ axbIparty mieriH yukedrtemi, TTJI-miH OGereyuinepre
TYPAKTBUIBIFBIH apTTHIPA/IbI.

Kipicreri kymettkim (V71, VTs, VD, R;) smuttepiik KalTamarbIl OOJbII
TaObLIABI.

VT, VT3 Tpan3ucTopiapbl KOCapJIaHFaH TPaH3UCTOpJap Hemece [[apiauHrToH
aKyObl Oousbin TaObLIabI. JKYMBICTBIH CTaTUKAIBIK pexxumaepinae VT; cynbanapbl
VT, kyiliH Kaitranaiael. VT, xxa0buica, VT3 TpaH3uCTOpBIHBIH 0a3ackl R3 pe3nctopbl
apKbUIbI KOPITyCKa Kocbutaabl, coHaa VT3 ka0bIK Kyii KaMTaMachl3 eTiIeIl.

VT, TpaH3UCTOPBI KaHBIKKAH >XOHE TOKCBHI3 KYWJE >KYMBIC 1CTEH anajbl.
JKYMBICTBIH CTaTUKAJBIK PEXUMAEPIHAE OHBIH KyHl opkamaH VT3 KyliHe,
colikecinme VT, kyiiHe Kapama-kapchl 0onaanl. VT3 TpaH3UCTOPBIHBIH KaHBIKKaH
kyiinge VT, xa0bik Hemece kepiciHie. VT, VT3 TpaH3ucTOpiaphl €KITaKTiI KyaT
KYIICUTKIII OOJIBIT TaObLIa/Ibl.

VD nuwonsel VT3 amblk ke3iHae V7T, TpaH3UCTOPBIH Oepik a0y MakKcaThIHJa
KbI3MeT etefl. VT3 TpaH3UCTOPBIHBIH KaHBIKKAH KyHi ke3inae VT, ambury meriH
KOTEpY apKbUIbl OHBIH KaOBIK KYHiH KaMTaMachl3 erefi. [IIbiHpIMeH:

U, = Ukomr + Upsz — Ugors — Uvp = U o3 - Uyp < U,uus2, MBIHagAM
MoHjiepre ue 6onrauabikTad: Uz, = 0,7 B; Uxr=0,3 B, Uyp = 0,7 B; U,,6 = 0,6 B.

Ugs:= Ugs - (Up+Ugos) = Ugo+Upps — Uyp - Uk =0,3 +0,7-0,7- 0,3 = 0.

Erep VD ok 6oica, Ugy, = Uy + Ugys - Ugss = 0,7 B, mynaa VT, alibik.

Ugsz = Ugz - Uny = (Ugor+Usss) - (Ugos+Up) = 0.

Erep VT, kanbikkan 6osica, VT3 0a3achkl apKbUIbl TOK aFajibl

153 = 17 — Irs = [(Ex - Uromr — Uras)l aRa] — (Upas/Rs).
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VT, rtpamsuctoper xoHe VD gmonmbmHeiH  xaOblKk — ke3iHmeri  VTj
TPaH3UCTOPBIHBIH KAHBIKKAH KYWIH KAMTaMachl3 €Ty YIIiH KeJlecl IapTThl OPbIHAAY
KaXXeT

I53:B3> Iy = n'lom'p oreyrm

MYHJIaFbl B — YJIKEH CUTHAJ PEKUMIHJETT TOKTHI k10epy Kod(phHuIiueHTi;

N — KapacThIPbUIBIN KATKAH CYJIOAHBIH IIBIFBICBIHA KOCBUIFAH >KYKTEMel
T'TJI-cynbanap caHbl;

IOK,-p sepxm — JKYKTEMenl T7T/I-cyn0aHbIH KIpiC TOTHL

Ocwl xepaeH OepinreH CyjI0aHBIH JKYKTEMENiK KaOlJeTTUTNH aHbIKTayFa ,
srau VT3 TpaH3UCTOPHI oI JIe¢ KAaHBIKKAH PEKUMJIC KYMBIC 1ICTeH alaThlH Ke3Jeri
KYKTEMETTIK cys10anapaplH MAaKCHMAaJIIbl CAHBIH aHBIKTayFa 00JIa IbI:

Nyaxe = |E3'B3/ IOKip HCyKm

R4 pe3uCTOpBI TOMEHTIEP YILIH KaXEeT:

a) KipicTe KbICKa TYHBIKTATY *Karnaiibiaaa VT, sxxone VD kopray;

0) cyi0aHbl JIOTUKAJIBIK HOJACH JIOTUKAIBIK Olpre aybICThIpFaH Ke3Je
KOJUIEKTOPJIBIK TOTHIH IiekTey. VT; »xaObutraHHaH coH, VT, Tpansuctopel VT3
KAHBIKKAH TPaH3UCTOPbIHAH OYpBIH aliblIajJbl ©WTKEHI, TPAH3UCTOPBbIHA KAHBIFY
peXUMIHEH WIBIFY YIIH Olpiiama yakbIT KaxkeT. HoTwxkecinae, OipiiaMa yakbIT
apanbirbiHaa, VT, xkoHe VT3 TpaH3ucTopiapsl amblk, xkoHe E,, VT, VD u VT3
AJIIEMEHTTEPIHEH TYPAThIH Ti30€K OOWbIHIIA, E, KOPEKTCHIIPY KO31HEH TYTHIHBUIBII
YKATKAH TOK arajibl, ’)KoHE KOPEKTEHIIPY IIHMHACHI Ooiiblla Oereyin UMIyJibel naiiaa
0onazapl. bereyin aMIIMTyJacklH MIEKTEY YILIH, lIaMaMeH OipHeme oHaaraH OMm-ra
TeH R; pe3ncTOpHl KONBLIABI.

TTJI cynbacel keneci Typle >XKyMbIc >kacaiael. Erep eH Oonmaranna
KipicTepAiH OipeyiHJle TOeMEH JeHreim Uokip kepHeyl Oosica, KOT smurrepmix
aybICybl alllbUIANBI Jla, TOK aranbl: +Ex-nmaH, R; apKeUibl, 0a3a-dMUTTEP aybICYBI
xepre. KOT kommekTopiblK aybIiCybl Kepi OarbiTTa KbUDKbIFaH (KOT akTHBTI
pexumae). baza Torel |z = 0, coiikecinme, VT, Tpan3uctopsl xabObuiagsl. VT
KOJUIEKTOPBIHIA KepHEYIiH >korapbl aeHreni Uy, = Ex. VT aMuTTepinmeri kepHey
U 3] = 0.

VT, tpan3uctopsl TokneH R, pe3uctopsl apkpuibl ambiiansl. Ugz; = Uy, = 0
oonrauabIKTaH, VT3 TpaH3UCTOPHI KaAOBIK skoHE U, ;= U

Erep TT/I-mix Gapmeik kipictepinme U' sxorappl meHreitni Gomca, KIT
OMUTTEPJIIK  aybICylapbl xKaObLIaabl, ©0a3za mnoreHuuansl yikeieni, KOT
KOJUICKTOPJIBIK aybICYhI Typa OarbITTa XbDKUABL. KOT akTUBTI HHBEPCTI pekuM/IC
JKYMBIC KaCaAN/IbI.

VT, xone VT3 TpaH3UCTOpPJIAphl AILIBIK >KOHE KaHBIKKAH. VT, TpaH3UCTOPHI
xone VD muomsl kabwik. T7J] mbrbickinna Tomen genreini = U° = 0. O3
keseringe, 17171 JKOHE-EMEC onepauusicelH opbiHgaiael, srau  leddep
nJIEMEHTI OOJIBIN TaObLIAEL.

TTJ/I-cynGanapbIHBIH TE3-0pEKEeT €Ty KaOuleTi HEeTI3iHEeH TPaH3UCTOP/IbI
aybICTBIPBIIT KOCY Ke3IHJEri aybICrajibl MpolecTepiMeH, coHbiMeH Katap Cy
Mapa3uTTi KOCHIH/BI CHIMBIMIBUIBIFBIHBIH 3apsiIbIMEH aHbIKTanaabl. Kapamaitbim
unBeptepai TTJI cynbaceinaa (cyper 5.2) Cpy CHIABIMIBLIBIFBIHBIH 3apS/Ibl YIKEH
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TYPAKThI YaKbITTaH R, pe3UCTOPBI apKbUIBI MIBIFAIBI, OYJT CYJIOAHBIH TE€3-0PEKET €Ty
KaOUIETIH TOMEHIETE].

Kypaem wunBeprepni 7771 cxeMmacblHAa S>XYKTEMENIK CHIABIMABUIBIKTBIH
TYPaKThl 3apsiibl a3asiibl, OWTKEHI CHIMBIMIBUIBIFBI AMUTTEPIIIK KaWTaJaFrbIIl
cxeMmachlHJarbl VT3 TPaH3UCTOPBIHBIH IIBIFBIC PE3UCTOPHI APKbUIbI 3apsiaTaiaibl
(Reux 3 << R;). OCBIHBIH apKachIH/a TE3-OPEKET €Ty KaOIJIeTi apTabl.

TTJI cynnbanapbIHBIH TYpJIEpi.

TTJI cynbanapbIHbIH KeNeci TypJiepl MpaKkTUKaia KeHIHEH KOJIJaHbLIa/Ibl:

a) WIBIFBICBIHBIH Y1 KY#1 Oap 771 cynbachl.

bazaneik  77JI cynbGanapblH, KOpPEKTEHAIPY KO3IHEH YJIKEH TOK
KOJIIAHBLIFAH/IBIKTaH, COHBIMEH KaTap IIBIFBIC CUTHAJ JIEHIeH1 JIOTHKAIBIK TYPJE
aHBIKTAJIMAFaH/IBIKTaH, IIBIFBIC OOMBIHIIIA OIPIKTIPY MYMKIH €MecC.

bipak keiine (MbIcayibl, €Ki OaFbITTHl aKNapaTTHIK IIMHAIAPIbl JalbIHIAY
KE31HJIe) MIBIFBICTap/Ibl OIpIKTIpy Kepek. byn ymriH yurHmi kyili 6ap (Gkorapsbl-
HUMITETAHCThI) MBIFBICTHI 711 KbI3MET €TeIl.

TTJI-nin 6a3ansik cynbackiHa (cypet 5.3) Kockimia Rs pesuctopsl sxxaue VT,
TPaH3UCTOPBI KOChUIFaH (cypeT 5.4). Z kipiciHe ToMeH aeHreim Uz = Uo,dp KEepHEYIH
Oepren kesne, V1, xa0bIK sxoHe T7J1 sxyMbIchiHa ocep etmneial. Cyda MbIFbICHIHAA
Kipic curHaiapeiHa OainanbicTel 1 Hemece 0 Gomasbl.

aE}{

5.3 cyper

VT, «xipicine xorapsl gemreiimi U; = U'zy Gepremme, V7T, TpaH3uCTOp
kaupiFaapl. Ug, = 0. bynm VT, xkone VT3 xaObulyblH KamTamachis eremi. 17J1
TOJIBIFBIMEH JKYKTEMEJICH aXXKbIPaThLIa b, SFHU TOKTHI KOJaHOAWIbI 1a, OepMeiimi
ne. byn kyit U, sxxone Up kipic curHanmmapblHaH Toyenl emec. byi cynbamapabt
HIBIFBICTAPBI OOMBIHINIA O1p OPTaK KYKTeMere OipikTipyre 00aibl, )KOHE Ke3 KeJITeH
YaKbIT ME3ETIHJEC XYKTEME Ke€3 KEJTeH JJIEMEHTIEH KYTUTyl KepeK, aja KaJiFaH
AJIEMEHTTE YIIIHII KYH/Ie KATyhl KQXKET;

0) llorTku Tpansuctopnsl 77/ cynbanapsl.

bazanpik sieMeHT cyi0achiHIa KapamaibiM TPAH3UCTOPJIAp OPHBIHA aKTUBTI
pexumae okymbic ictedTiH IlloTTku TpaH3ucTOpnapblH  Konnxasbein, 171JI-
cyI0anapblH Te3 OpeKeT €Ty KaOUIeTTUIrH kKeTepyre Oosansl. MyHna cysba
TPaH3UCTOPJIAPBIHBIH ~ AYBICTBIPBIIT  KOCY  YakKbITBl  KbicKapaapl.  IIloTTkm
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TPAH3UCTOPJIAPBl HETI31HJIE >KacanfaH JOTuKaiblK 171J1 muxpocynoanapsr 17TJI11]
MUKpocyJI0aiapsl e aTaiaibl;

B) allIbIK KOJIEKTOPJIbI 1771 cynbanapsl.

AmipIk KosmekTopibl 7771 cynbackl CBIPTKBI aTKAPYIIIBl )KOHE WHIMKATOPIIBIK
KYPBUIFBUIAPIBIH  JIOTHUKAIBIK CYJIOQNaphlH KHUBICTBIPYFA apHAJFaH, MBICAIIHI,
KaPBIKIUOATHl WHIUKATOpJAp, JIaMIlajap, pelie opamMaapbl koHE T.0. AJIIBIHFBI
KapacThIPbUIFAHHAH albIPMAIIBUIBIFEI MIBIFBIC KyaTThl KYIICHTKIIIHIH O1pTaKTIIIK
cy106a OOMBIHIIIA KEKE )KYKTEMETIK PE3UCTOPBIHCHI3 JKacaTybIH Ia.

MyHpmaii 37I€MEHTTIH NPUHIUMUAAIIAR JJICKTPIIK Ccyibacel 5.3 cyperrte
KepceTiireH. by aieMeHTTe, COHBIMEH KaTap, CBI3BIKCHI3 KOPPEKIHS Ti30eri JKOK.
DJEeMEHTTIH JIOTHMKAJIBIK KYPBUIFBIHBIH HIBIFBICHIHA KOWBUTYBl JKOHE OFaH CHUTHAI
KBAHTTAy TaJalTApPbIHBIH TOMEH [9pekele KOWBUTybIMEH OalllaHBICTBI. OJETTe
cxemanblH VT, KIpiC TpaH3UCTOpPbBl KapamaWblM 3JEMEHTKE KaparaHjia,
KOJUIEKTOPJIBIK TOK MEH KEPHEY/IIH YJIKEH MOHCPIH/IE OPbIHAIA IbI.

KepHeyain kayinTi kepi ocepii Kipic aybicyiapblHaH KOT-Ti Kopray YIIiH
TTJI-ne SMUTTEpJep MEH Kep apacblHIa KockiMia auoarap Kocwiaamsl (5.3
cyperre VD xone VD).

IbBJI cxemacwl - amummepni-6auNaHbLICKAH 102UKA CY0ACHL.

OBJI cynbanapblHbIH €pEKIIETIKTEPI.

TTJI cynbamapbiHa KaparaHja, SMUTTEpJi-OallaHbICKAaH JIOTMKAHBIH
HU(QPABIK MUKPOCYJIOATapbIHBIH TE€3 9PEKET €Ty KaOUIeTTUIrl »ofapsipak. Onap
Ka3ipri yakbITTa CyOHAaHOCEKYH/ITHIK AUana3oHFa KOJ KEeTKi31, ce0eoi:

a) TPaH3UCTOPJAPJbIH KaHBIFYbl OOJIMaiiAbl (ApPTHIK 3aps]l TaCyIIbLIAPIbI
TapaTy yakbIThI t ., = 0);

0) cynbana smutTepiik KaWtajarbimiTap (JK), CHIMBIMABUIBIK 3apsiAbIHBIH
MPOILIECiH KbUIIaMIaTaThIH KYKTEMeETep KOJITaHbLIIA Ibl, AMUTTEPIIIK
KalTanarplThIH R, IIBIFBIC Keaeprici a3 00JFaHIbIKTaH, IIIBIFBIC TOK YJIKEH;

B) JIOTHKAJIBIK aybICy a3bIpak AU, =U'-U°.

XKyndazanbl WBFBICTEIH 00Mybl TY3y JKOHE HWHBEPCTI MOHAEP allyFa
MYMKIHJIIK Oepeil, Oyl KOJIJaHbUIATBIH MUKPOCYJIOanap CaHbIH a3alTabl.

TTJI-npiH  KapanailbiM cyJi0ajapblHaH aWbIPMAIbUIBIFEI  —  JIOTHMKAJIBIK
MYMKIHIIKTEpAl 1iemry yuriH, J9bJI OipHemnie 2JIeMEHTTEPiHIH IIbIFbICTAPbIH
OipikTipyre 601aIbI.

6 Jlopic Ne6. AHAJOITBIK JJIEKTPOHABIK KYPbUIFbLIAPAbIH Heri3ri
CUNIATTAMAJIaAPbI

JlopicTiH Ma3MYHBbI:

— AHAJIOTTHIK JIECKTPOH/IBIK KYIICUTKIIITEPIIH KIKTEy1;

— QHAJIOTTHIK  JJEKTPOHABIK  KYPBUIFBUIAPABIH ~ HETI3TI  TEXHUKAJIBIK
KOPCETKIMITEPl MEH CHMATTaMaIaphl,
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— KYLIEHTKITepAeri kepi OaiaaHbICcTap.

JapicTin MaKcaTTapbl:

— aHAJIOTTHIK JIEKTPOHJIBIK KYIICHKIIITEP/IIH KIKTEIy1H OKBII YUPEHY;

— aHaJIOTTHIK SJCKTPOHABIK KYPBUIFBUIAPABIH CHIaTTaMajapbl MEH HeETi3ri
TEXHUKAJIBIK KOPCETKIMTEPIH OKBII O1TY;

— KYLIEHTKIITeperi kepi OalmaHbICTap bl OKBIT OLTy.

6.1 AHAJIOTTBHIK 3JIEKTPOHABIK KYPbLUIFbLIAPABIH KIKTEJTyi

DONEKTPOHABIK KYPBUIFBUIAD AHAIOTTHIK KoHE IUQPIBIK OOJIBII  eKire
OemiHel.

AHAJOTTHIK 3JEKTPOHMBIK KYPBUIFBUIAP ACTEHIMI3, Y3IIKCi3 (DyHKITUS 3aHBI
OOWBIHIIA ©3TePeTiH CHUTHAIAAPABl KYLIEHUTyre, TYPJICHIIPYre MXKOHE OHJEeyre
apHaJFaH KypbUIFbLIAp.

AHAJOTTHIK KYPBUIFBLIAPIbIH AP THIKITBUTBIKTAPHI

1) cajpIcThIpMAabl KaparmaibIMIbLIBIFH;

2) CeHIMILIIT;

3) Te3 opeKeTTiIri.

OchbI apTHIKUIBUIBIKTAPhIHA OANIaHBICTHI K€H KOJIaHBICKA Ue OOJIIbI.

Hudpaslk KypbUIFbUIap €KUTIK HemMece 0ackaaa Oip KOATapJarbl UMITYJIbCTIK
CUTHAJIJIAp/Ibl OHJIEYTE apHaAIFaH KYPBUIFbLIAP.

AHAJIOTTBIK AJICKTPOHIBIK KYPBUIFbLIAP YIKEH €Ki TOIKa OeJiHeIi:

1) xymeuTkimrep;

2) KYUICUTKIIITEp HETI3IHACTI KYPhUIFbLIAp.

DONEeKTPOHABIK  KYIIEWTKIIITEp JEreHIMI3 TYpPaKThl KEpHEY KO31HIH
DHEPTUSCHIH TalJaTaHbIT, CUTHAJIIBIH KyaThIH KYIICUTYTe apHAJIFaH KYPHUIFBI.

DNEKTPOHABIK  KYHMIEHTKIIITEp paauoanmaparypa MEH  JJIEKTPOHIBIK
XKyienepaiH Heri31 00JbIn Ta0bUIa b

KymeiTkimrep Heri3iHAeri KypbuIFbliap Keieciieil Typiepre OemiHel:

1) oayeKkTp CUTHAJNAApBIH TYPJCHIIPTIIITED HEMECE CUTHAIIAPbl OHICYTE
apHAIIFaH aHAJIOTTHIK KYPBUIFbUIap. ApHaiibl Kepl OainmaHbic Ti30ekTepi Oap
KYIIESHTKIIITEp HET131HE JKacalabl.

Onmnapra: KOCBIH/IbLIAYBIIITAP (cymmarop), HHTErpaTopJap,
mubddepeHnuaropiap,  akTUBTI  Cy3ruiep,  JOrapupMIik  KYIIEHTKIIITEp,
JETEKTOpIIap, KOOSHTKIIITEP, OONTIIITEp, CATBICTHIPY KYPBUIFBIIAPHI (KOMIIAPaTOp)
KoHe 0acKa Ja KYpbUIFbLUIAp KaTabl,

2) kenepri TypieHaiprimrepi. bynapaa kepi 6aiaHbIChl 6ap KyIISHTKIIITEp
HETi31HAe TYpFbI3bUIaAbl. Onap KenepriiepiiH CUMaThbliH, TaHOACBIH JKOHE MOHIH
TYpJICHIIpE/I];

3) epekiie TONTHI OAPJILIK MYMKIH OOJIATBIH CHTHAJIZAp TE€HEPATOPJIAPhI
XKoHE olapMeH OalIaHbICKaH KYPBUIFbLIAP KYpaiibl.

AHAJIOTTBIK AJEKTPOHIBIK KYIIEUTKIMITEPAIH KIKTEIYI.

Kyme#itkimrep 6ipHere 6enrinepine Kapai OesiHe:

1) KyIISHTIIETIH XUITIK ayMarbIHa Kapau:
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a) typaxtsl Tok kymeiTkimTepi (TTK), TTK kipic curHanasl HenIiK MOHHEH

KaHaaiaa O1p >KOFapFrbl )KUITIKKE JEeHIHTT ayMaKTa KylIenTe

0 < fTTK Sf){c;
onap, 0+10°T' aymaFeIHa Kipic CHTHAIIBIH aifiHBIMABI KYpaylIbUIAPEIMEH KaTap
TYPAKThI KYpayIIbUIapbIHAa KYIICHTE/I1;

0) alHBIMaJIbl TOK KYIICHTKIIITEPl, OJlap CHUTHAJIIBIH TEK alHBIMAaJIbI
KypayllbUIapblHFaHa KylieiTe amaabl. Onap TOMEHT1 MIEKTIK KUUTIK ayMarblHaH
YKOFapbl MEKTIK )KUUTIKKE ICHIHT1 CUTHA TOJKBIHIAPBIH KYIIEHTe/I1,

fT < fATK Sf){c

AMITTUTYHanmbl  KAUTIKTIK ~ cumartamanapeiablH  (AXKC)  typrnepine
OailJIaHBICTBI, KeJIeciiel Typiepre OeiHe:

a) temenri xwuimik kymentkimrepi (TXKK) nemece NnbIOBICTBIK KULIIK
kymeiTkimrepi (JXKK), omapasin xuimikrepi,

f.= 151y, f.=20«ly;
0) xorapsl kuuik kymentkimrepi (KXKK),
f.~onparan k', f, ~ommaran MI'1;
B) KeH »koiakThl kymenTkimrep (KXKK),
f.~onpmaran ', f,~ xy3meren MIm;

r) TaHJayJbl KYIIEHTKIIITEp HEMECe TapKOJaKThl; pe30oHaHCThK LC-
KOHTYpJIapbl HETI31HAE TYPFBI3bUIATBIH — PE30HAHCTHIK KymenTkimrep; RC-
CY3riujIepl HET131H/IET1 - )KOJAKTHIK KYIIEUTKIIITEp 00JI1aIbI.

KymelTineTin curHaigapablH TeriHe OallaHbICThI, OJlap: TYPAKThl TOK
kymentkimrept (TTK), cunHyconmanblk HeMece TapMOHUKAJIBIK TOJKBIHIAP
KYLIEHTKILITEP] )KOHE UMITYJIbCTIK CUTHAJIAAP KYIIEHUTKIIITEpiHE OOMiHEe M ].

KYIEeNTKITIH )KYMBIC ICTEy peXUMAepl OOMBIHIIA TOK KYIIEHTKII, KEPHEY
YKOHE KyaT KYIIEHTKIIITepi O0bIn OeIiHEe/].

DOneMeHTTIK 0a3achl OOMBIHIIA — HIAMABIK, TPAH3UCTOPJBIK, WHTETPAIIbIK
YKOHE OITOAJICKTPOHABIK OOJIBITT OOJIIHE 1.

Kackamapanbik Oaitmanbic ofici OOMBIHINIA — TajbBaHUKAIBIK OalIaHBICTICH
(Tikemne#t),  CHIMBIMIOBUIBIKTBI  pe3ucTuBTI  OainmanbicnieH  (RC)  »xoHe
TpaHchOPMAaTOPIIBIK OalIaHbICTIEH OOJIBITT OOTiHEe].

ATKapaTblH KbI3METIHE JKOHE KOJIJaHy aiiMarblHAa OalllaHbICTBI —
MUKPOGDOHABIK, TPAHCISALUUIIBIK, OJIICYIIl, PaJAOJOKAIMIIBIK, a3 MIyJbl,
KOIapHaJIbl, )KOFaphl CHI3BIKTHI KOHE Tarbl Oacka OOJIbIN OeTiHe].

KapacTeipbuiFran Herisri kikteny OenrijgepiHeH Oacka oJiapAblH Oacka Ja
TYypJiepl KOJAAHBUIAJBI: MbICAJIbI, KOPEKTEHIIPYy TYpiHE, KacKajTap CaHbIHA,
KOHCTPYKTHBTI HEMECE TeXHOJIOTHSUIBIK OPBIHIATYbIHA OaiIaHBICTHI.

6.2 AHAJOITBIK JJICKTPOHABIK KYPBUIFbLIAPABIH HEri3ri TeXHUKAJbIK
KOPCETKIIITePi ’KIHe CHIIATTAMAJIAPbI

HomuHanapl miblFbIC KyaThl:

_ Uzmblé’.HOM._ 2
PIHLI}‘.HOM. - I

Rowe IIbIF.HOM. .R‘?{cl
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M¥HHaFBI UI.LII)IF.HOM. )Iche II.HI)IF.HOM.
Kymeitry xkoaddunuenti (KK), KK — kymeHdTKIITIH KYMBICHIH KOPCETETIH
MaHBI3/IbI CAH IBIK KOPCETKIIIT:

Ky = LLJJ“‘ — xepHey KK;

Kip

K, = LV TokK KK;
|
Kr =K, - K, —kyar KK.
KenkackanTel  KYMIEHUTKIIITIH  JKaIMbl  KYMIEUTY KO3 UIIMEHTI,
kackanrapaeiH KK keOeliTinaicine TeH 001aibl:
K= K]_'KZ'K3 = 27};1 Kj.
Kymeity ko3¢ ¢dunnenti enamemci3 mama 0obll TadbUIabl, 01 Keine nb-ne
eJIIEHEI]:
Ku(0b)=20lg (K.);
Ki(0b)=20lg (K);
Ko(05)=10Ig (Kp).
Kymeity kodpduimenTi KOMIUIEKCTIK aMa OOJIbIN TaObUIAbl, ©NTKEHI
HIBIFBICTAFBI CUTHAJI KipicTeT1 curHai (a3a OolbIHIIa epekiieneneni. XKanmsl Typae,
MBbICaJIbI KEPHEY YIIIiH:

U U .eth .ej(”m

K, =—"“= __~__—K.el",
szp Um'p . ejwt . leﬂmp
myHnarsl K — monyms Ky; @, =@, —@,, — KIpIC KoHE WIBIFBIC (azanapbIHbIH
Al bIPBIMBI.
AMruTynanel ;kuuTikTik cunarrama (AXKC):

K=Fi(f) - oxwuinikrin K kymeiry

K K03 pULIEHTIHE TOYEALIIrI.
i} _Kﬁ-- -- AXKC — OolibIHIIIa KeNecl KOpCEeTKIIITep

0,707k, / aHBIKTAJIAIbI:
| a)  Af =1, - f,— eTki3y xonarsr;
' A 4 L - f., f. — ToMeHTri jkoHE KOFapbl IIEKTIK
KYIICUTY KUITIKTEPI,;

6.1 cyper M — OepulreH >KUUTIKTErl MXUUIIKTIK

oypMaiany ko3 huimeHTi,

Mr= 0 =1,02+1,2,
Kl

B
\ Ju 7 Kuiniktik OypMaiiaHyiap ChI3BIKTBI OOJIBITI
_ L Je \ TaObLIa b, SIFHU CUTHAJIJIBIH cdbopmacel
TeT T T T e3repMeni, eIIKaH1an CITEKTPaJIIbIK
6.2 cyper Kypaylbulap KOCBUIMalbl, T€K TOMEHI1 >XJHE

sxoraprbl xxuinikrepae KK-1i kymaiapl.
®a3za xwuiniktik cunarrama (OXC).
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@®XKC — curnanasiH (aza BIFBICYBIHBIH @k, XKULTIKKE Toyemnimirid @k = Fy(f),
(Qx — KIpiC YKOHE MIBIFBIC CUTHAIAAPBIHBIH apaChIHIaFbl OYPHIIIL.

AMIUTMTYIIIBIK CHITATTaMa.
U = f(Ugp) — (kuimix  TypakTsl

: C D
Dz OONFaH Ke3zie).
U ons e A nykrecisze Uiy = 0, Unsramn = Usorer-
Al B Ui B nykrecinge kipiciHae Uy OV
¥
Uiprian Usipmar Ke3le 6ereTTeiH CUTHAJIJIBI AKBIPATyFa 6(iJIa,Z[I>I.
| Usipran= U bazem BC — aiimarbIH/Ia, CHI3BIKTHI KYIICHTY
OpbIH allajbl, SFHU CHTHAIABIH  IIIIiHI
6.3 cyper e3repMenl.
C — HyKTeciHAC, CBI3BIKCHI3 KymehTy Oactamansl, U vae CHI3BIKCHI3

OY3bUIBICTApPABIH OEPUIreH ACHI€IMEH IIEKTEE .

AMITUTYIANBIK CUIATTamMa ChI3BbIKTHI KYIIEUTY IIeKapachlHa COKEC KEJNEeTIH
KipiC CUTHAJIJIBIH aMIUTUTYJAChIHBIH MIEKTIK MOHIH Oarajayra MyMKIHJIIK Oepe/.

byn cumarrama OoHBbIHINA KYMIGUTKIIITIH JUHAMUKAJIBIK ayMmarel D
aHBIKTAJTA]IbI:

Dz[6 =20 Ig (UKip.MaKc /UKip.MI/IH)'

CD — aiimarbIH/Ia, TPAH3UCTOPBIH CUIIATTaMaJIaPbIHBIH ChI3bIKCHI3IbIFBIHBIH
eceOIHEH CBhI3BIKCHI3 OypManaHyjap TYbIHAAWABl KOHE CUTHAJJIBIH MilIiHIHIH
OypMaliaHysapbIHa 9CEp €TEeIl.

On, cBBBIKCHI3 OypmanaHy Ko3(h@uiueHTi Hemece KauppaKkTopMeH

OarajlaHajbl, V.
fU22+ UZ +--

=t
Uq

myHaarel U,, Uz — sKoFapbl rapMOHUKAap;

U, — Gipinini rapMoHuKa (Taiansl TapMOHUKA).

[bIFbIC CUTHAJIIBIH CIIEKTPIH/IE JKaHa dKOFaphl FTapMOHUKANAp naiaa 0omaabl,
oJiap CUTHaJIBIH OypManaHybiHa ceben 00Iabl.

KymenTkim MmelFbICKa TEK Naijalibl KYMIEHMTUINeH CUTHanjgapraHa Oepin
KoliMal, COHBIMEH KaTap OHBIH 1MIHAE TyaThlH Ka)XETC13 TOJIKbIHAApbIAA Oepel,
oJlap/ibl MEHIIIKTI OereTrtep aen ataiabl. OnapIbplH HETI3riiepi: pe3ucTopiapablH
YKBUTYJIBIK LTyJIAphl, (POH, HABOAKATIAP XKOHE KYIIEHTKIII 3JIEMEHTTEPA1H IIyIaphl.

Kymeditkimrin [1OKi — 77 = 1;—”,
z

KYKTeMere OepuIeTiH HOMHHAIILI IIBIFBIC KyaTThIH OapiblK KOPEK KO37epiHEeH
TYTBIHATBIH KyaTTap IbIH KOCBIHIBUIAPBIHBIH KATBIHACKIMEH aHBIKTAIIA IbI.

6.3 KymeiiTkimrepaeri kepi 0ailsianbic TypJiepi
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Kymeitkimrepain  camaiblKk — KOPCETKIIITEpiH  JKOFappuUiaTy  YIIIiH
KOJITAaHBUTATBIH €H KoMl TapajFaH TOCUIIIH Oipeyl - kepi Oaitnanbic (Kb) Teopusicbin
Manganany.

KbB-Th1 kymieity ko3 PUIMeHTIH TYpaKTaHABIPYFa, KYIIEHTUINeH CUTHAIBIH
OY3BUIBICTAPBIH KEMITYre »OHE KYIICHTKIII JJIEMEHTTEPIHIH JXYMBIC PEXKHUMIH
TUSIHAKTayFa KOJJaHAIbI.

Kb nern curHanapiH MBIFBIC Ti30€TiHEH Kipic TI30eTiHe OepiliciH alTabl.

Kymeitkimrepaeri kepi  OaljmaHblc [N,  KYHMIEUTKIIITIH  IIBIFBIC
Ti30eKTepiHEeH CUTHAIIABIH Oip OemiriH kipic Ti30ekTepiHe Oepyal KaMTamachi3
ETETIH DJICKTPJIIIK TI30CKTEPAiH apachIHIarbl OAMIaHBICTHI AWTAIBI.

1) (K) — kymeiTKim,

Uyap som 2) (B) — xepi OaiimaHbIC Ti30ET!I.
5 1 . Kb kenecineit Typyepre OesiHe1:
= K Y meiF o 1) imxki Kb — akTHBTI 31IeMEHTTiH

. (bU3UKaIBIK KaCHETI MEH KYpPBUIBICHIHA
- “— Ui ie (KOHCTPYKIMSIChIHA) HET13/IEJITEH;

4 2) ceiptkel Kb — apnaiiel Kb
TI30€KTepl1 eHT131Ie/];

3) napazuttik Kb — ennipymiig
KaJIaybIHCHI3 TyaThIH OailflaHbic. DHEPTrUsHbl Kepl Kapail TapaTy VIUIiH, Taiiga
OONaThIH XKOJIJAp TI30EKTEp apachlHAAFbl HWHIYKTUBTI, CHIMBIMABUIBIKTBHIK >KOHE
rajgbBaHUKANbIK Oailianbic. OHBI apHailibl cyja0aliapJbl €HII3Y apKbUIbl >KOKOFa
THIPBICAIBI.

KymeiTkimrin kepi 6ainansic KipriziuireH 6eniMin Kb Ty3arsl gen ataiiabl.

Kb Ty3arbl 61p HEMece OlpHelIe KYIIEeUTy KaCKaJATapblH KAMTH aajibl.

Enrizinren ty3ak canbiHa OaitnanbicThl Kb-Thl Oip TY3aKThl JKOHE Kol
TY3aKThl Jien 2-re Oeneni.

Kb Tty3akrapel Toyenciz Ooia anaapl >KOHE JKapThlIail Hemece Tyrelnjei
Oipeyi eKiHIIICiHe Kipe alajbl.

Erep, Ty3ak KymeWTKITIH TeK Oip FaHa KacKaJblH KaMTbHICA, OJIAPIbI
xeprimikti Kb nem araiapr.

Erep, Ty3aK KYIIEHTKIIITIH €Ki HEMECe OJaH Ja Kell, OapJbIK KacKaaTapblH
KaMmThIca, onapbl oprak Kb nem aranabl.

Erepae kipic curnanabiH kepHeyi Ugp MEH Kepi OallaHbIC CUTHAJIBIHBIH
kepHeyl Uyg (aza OolibiHIIA coiikec Ooubin, OipiMeH-O0ipi KOChLICA, OHJA
myHail Kb-1e1 o Kb nen ataibl.

byn xarpmaiia KYIIEWTKIIITIH KipiCiHAE YAKeWTuUireH curHan U; acep
eTel.

Erepne Kb «kockanma, kipic curHanasiH kepHeyli Ugp Men Kb
curHasbiHBIH KepHeyl Uyg (aza OolibiHIa Kapama-Kapchl 00, O6ipiHeH-01pi
anbiHCca, oHja myHaaid Kb-1e1 Tepic Kb nem ataiab.

Kymenitkimrepae Herizinen Tepic Kb-Thl Konmanaasl, ©MTKEH1 O )KYMBIC
TYPAKTBUIBIFBIH  JKOFapbUIaTajbl, OypManmaHylapibl >KOHE MEHIIIKTI Iy
JIEHreHIepiH a3anTaIpl.

L]
UTeir KE —»] s

[
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On Kb-T151, aBTOTEHEpATOp CYsI0aIaphIHIA KO KOJIAHA bl C€KEH.

Cangpik Typae (can mominae) Kb-ter Kb-Tei Oepy kodddunmeHntiMeH
Oarayaiiibl 3, O IIBIFBICTAFBl KEPHEY/IH KaHIma OeJliri KipiCKe KeJeTiHIH
KOPCETETIH KOPCETKIIIL.

UK6
U .

w

B=

Kb-Tb1 mbIFbIC TI30EKTEpre KOCy 9MiCTepiHe Kapal KepHEYy OOMBIHIIA YKOHE
tok Ootiniamia Kb-ra Oemeni:

a) kepuey OoiibiHa Kb-ta Ugg= £ U,

oy xarmaiiga Kb Ti30eri )kykTeMmere napaiienb KOChUIaIbL;

Uks — Kb kepneyi;

S — Kb 181 6epy k03¢ dutinenTi;

Uiy — IIBIFBIC KEPHEY;

0) Tok 6otipiHIa Kb-Tta Uy =Rys L,

Rks — Kb keneprici;

l{1151r — IIBIFBIC TOK.

SAran Kb Ti30eri KYMIEHTKIMITIH WIBIFBICHIHA, >KYKTEMEre Ti30eKTeli
KOCBLIAJIbI.

Erepne, cynbana Kb, atanran exi oJICTIH KOCBUIBII TYPJEHYIHEH KacaJjca,
oHj1a mbIFeIc OoMbIHIIA apanac Kb nen atanansi.

KymeiTkim KypbutFbiHbIH KipiciHe Kb Ti30erin ymr Typii 9IICIIeH KOCyFa
Ooaanl:

a) cMrHaj Ke3iMeH Ti30ekren Kocca — 1i30ekTi Kb aen aTanassr;

0) curHaJ ke3iHe mapaneinb Kocca — napajnens Kb gen atanazapi;

B) apajac Kocbuica — Kipic 6oitbiHIIa apanac Kb nem aranasner.

Kipic 6oiipiamia apanac Kb, Hemece kepuey OoiibiHina Ti30ekTi Kb, Roy-HbI
©3TePTKEH/IC KYIICUTKIIITIH MIBIFBICHIHIAFBI KEPHEYI1 TYPaKTaHIBIPAIbI.

CoHbIMeH KaTap, TOK OOMbIHIIA TI30€KTI JKOHE KepHey OOMBbIHINA Tapalieib
Kb-na ke3necei.

Enai KB-ThIH KyIIEUTKIIT KOPCETKIMITEPIHE 9CEPIH KapaCThIPANbIK.

KB-ThIH ocepi KYMIEHTKIMTIH KipiC CUTHAJIBIHBIH MOHIHIH ©3TepylHE oKl
COFaJIbl.

UC: UKip+ UKG: UKip+B ' UHII:IF'

K= U—“‘ — Kb k0K Ke3iHer! KYMEHTKIMTIH KEpHEY KYIIeHTy KodphuimenTi,

U'wbie

K= T Kb-nier kamteurad kymenTkimTig KK ko3¢ dunmenTi,
Kip
OHJa, ULHbIFzK.UC :K'(Ukip-l-ﬂ * ULHblF)!

ek1 Oemirinae Uy~ ke Oomcek:

LlJJ“’ =K -1+ 8- LlJJ“‘ ) HeMece =>K,g= K-(1+f * K,s) Oy xepaeH
Kip Kip
K= K(1-8 - K),
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myHnarsl - K — Kb ¢akropsr, on Kb cunmarein xone Ky KymienTty
KO3 UIIMEHTIHIH MOHIH aHBIKTAMIbI.

S - ot

XKanmer xarnmaiina, K = K-e/?%xone f = -e/9°, mynnarsl ¢, )xoHE @, -
KymenTkimreH sxoHe Kb Ty3arbl apKbUIbl €HT13UITeH, CUTHAIABIH (a3ajblK BIFBICY
oypermtapsl. OHga 3 popMyaHbl KeJeciiel eTin xa3yra 00oJabl:

. K .el#
Ko = 1 K el@coq)
- IB ) Kﬁe
Erep ¢ +¢ =7, PK=—pK, asran Kb xo3pdunumenti MoHAl opi Tepic
mamajel 6oaazasl. by xkarnaiiaa:

KKB = K/(l"‘ﬁK)

Conppikran, erep Kb curnHampl KyMIEWTKIIITIH KipiciHAeri curHaira ¢asa
OOMBIHIIA Kapama Kapchbl TycCe, OHJA KYIIECWTKIMITIH KYIIEUTYy KO3(PQULHEHTI
1+BK ece azasmpl.

A=1- ,8 K. — A mamaceia Kb TEePEH/IIT1 ACT aTanIbl.

Mynnait Kb-te1 Tepic Kb gen araiinbr.

Kymedtynin a3zaiiranpiHa Kapamactan, Tepic Kb-Tel kymeiTkimrepae
KeHIHeH KoijaHaabl. OWnTkeHi, oHmail Kb eHrizy KymeuTkimrig OipHere
KOPCETKIIITEPIH HKAKCAPTalbl CKCH:

1) Erep, B K. — KB TepeHmrl MOH/I1 9pi oH OoJica, oHaa Kb-Ta oH 60mas:

KKG_ K/l B KK6§0k + §0K6 = 0.
2) Erep, B - K MoHi opi Tepic Gornca, onma KB Ta Tepic 6omampr:
Ke=KI1+p K
Pt P =7

On Kb KylelTKimTiH KepHey KymenTy Kko3p(ULHUEHTIH YIKelTenl (eHTKeHi
(bazanapsl colikec keneai, kipic curaan meH Kb curnangapbiHbig).

Kymeittkim TtexHukana HeridiHeH Tepic Kb KommaHbBUIBIABI, OJ1 Kejeci
KOPCETKIIITEPI1 yKetimeoi:

a) OTKI3Y JKOJaFbl;

0) KYIMIEUTKIIITIH JUHAMUKAIBIK ayMaFblH,

B) Ti30ekTi Kb ke3inne;

r) ToK OotipiHma Kb ta

asaumaovl:

a) KYImenTy ko3¢ UIUEHTIH;

0) TYPaKChI3/bIFbIH;

B) CBI3BIKCHI3 KOHE CBI3BIKTHI OYpMajaHyIap/bl;

r) napayienb Kb-ta Ryp-Ti;

n) kepHey ooiibiHIa Kb-ta Ryjjpp-ThI.

Kopvimeinowr: 1) Kb Ti30eriH eHri3y, KYIIEHTKIIl KYPBUIFbUIBIPIBIH HETI3r1
KOPCETKILITEPIH CaH/Ibl 9p1 carnalbl e3repTei;

2)on Kb xone Tepic KB Ti30OekTepin eHrisy, oferTeriieil KyIIeHTKim
KOPCETKIMITEPIHE Kapama KapChl dcep eTe/l.

34



7 Jopic Ne 7. KylmueMTKIIITiH }KYMBIC PeKHMIH KAMTaMAChI3 €Ty

JlapicTiH Ma3MyHBbI:

—  KYHIEHTKIIITIH KYMBIC PEKUMJICPIH KAMTaMachl3 €Ty 9/IICTEPi;

—  KYIICHTKIII KacKajaTa >KYMbIC PEKUMIH TYPaKTaHABIPY 9IICTEPI;

—  KYHIEWTKIIITEP/IIH MIBIFBIC KACKaITapHhI.

JapicTin MaKcaTTapbl:

— KYMBIC HYKTECIH BIFBICTBIPY TYPJIEPIH OKbIN YHPEHY;

—  KYHIEHTKIIITIH KYMBIC PEKUMIH TYpPaKTaHIBIPY 9AICTEPIH OKBII O11Y;

—  KYIMEUTKIMTEPAIH MBIFIC KACKAATAPBIHBIH )KYMBICTAPBIH OKBIT YHPEHY.

KymelTkimTiH KipiCiHI¢ CHUTHAJd >OK KE31HAeri OHBIH Ti30eKTepiHaeri
TYPAKTHI TOK TI€H KEPHEY/I1 THIHBIIITHIK TOTHI )KOHE KEPHEYI JIET aTalIbl.

THIHBIIITHIK TOTHI MEH KEPHEYl KYIIEUTY 3JEMEHTTEPIHIH CTaTUKAJIBIK KIpic
YKOHE MIBIFBIC CUITaTTaMaJIapPbIHIAFbl THIHBIIITHIK HYKTECIH aHBIKTaNIbI.

THIHBIIITHIK HYKTECI KYIIEUTY AJIEMEHTTIH >KYMBIC PEKHUMIH CHUMATTAM]IbI.
KaxxeTTi ®yMbIC peKUMIH KaMTaMachl3 €Ty YIIIH KYHIEHTY 3J€MEHTIHE BIFBICTBIPY
YKOHE KOPEKTEHIIPY KO31HIH KepHeyJepi oepineni.

blrpicteipy Ti30ekTepi (bIT) Typakranran >koHe TypakTaiMmaraH OOJIBII
OemiHen|.

Typakranmaran bIT eki Typae Kypbuiabl:

1) HakThUIBI (DUKcanMsiIaHFaH) 0a3aJIbIK TOThl APKbLIBL,

2) HaKTHUIbI 0a3a-dMUTTEP KEPHEY1 apKbLIbI.

£y 7.1 KywedTKITIH KYMBIC HYKTECiH
BIFBICTBIPY/ABI KAMTAMACBhI3 €Ty

U TpaH3UCTOPIBIH KYMBIC p@KHMi, KYKTEMe
CBI3BIFBIHJIAFBI ~ HEMEce  OTHeNl  JAMHAMUKAJIbIK
CUNATTaMaJaFbl, THIHBIIITHIK PEXKUMIE, SFHU KIpiC
CUTHAJIBI O0JIMaraH Ke3fe, skyMbic HykTeciHiH (OKH)
Oactankpl KyWimMeH cumartanangel. On  Kipic
TI30€KTErT TOK MOHIMEH HEMECE€  BIFBICTBIPY

Epix KepHeyiMeH Oepuiei.

7.1 cyper
Kenm Ttapanran Typriepi: TOyencCi3 BIFBICTBIPY MEH  KOJUJICKTOPIIBIK

KOPEKTEHIIPYJEH BIFBICTHIPY. By -TaH Rg apKbLIbl 00aTHIH TOYEIICi3 BIFBICTHIPY
(7.1 cypeT) Kyat KYMIEHTKIIITEPIHIE KOHE UMITYJIBCTIK cysi0anapia KOJAaHbIIaIbl.

7.2 /KyMbIC HYKTECIiH KOJJIEKTOPJIBIK KOPEKTEeHIPY/1eH bIFbICTBIPY

7.2.1  KoJneKkTopiblK KOPEKTeHAIpyJeH 0a3aiblK OOMTill  apKbLIbI
(UKCUPJICHTEH BIFBICTBIPY.
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bazanbpiH moteHumansl KaraH Typlae Ri, R
Oeurimr apkeuisl pukcupieneni (7.2 cyper). Tok,
_ E. man Gazayblk Oeurimn apKbUIbl araabl. R, meri
Kyjgay kepHeyl Oazara FE,...=Ugs BIFBICYBIH
TYFbI3aJibl. BONTITIH TOTBl 0a3aJbIK THIHBIIITHIK
TOKKa TOyelJl OoJiMac VIIiH, Kejecl IapT
OpBIHAATYBI KEPEK |50,=(25) 15 .

U IEIF

7.2 cypet
ConppikTan, R, =

bleblC.

(2 - 5)16.mbm.

EK_Eblé?blC.

TaHJanajbl, COHBIMEH Katap Ry = ——F———
(2+5) K.mblH./
B
Oomanbl.
R;, R, pesucropnapsl TypakTbl TOK OOHNBIHIIA TI30EKTEH >KaJlFaHFaH

R,, =R, +R,, an aliHpIMajibl KypaylbLiapbl OOMBIHIIA MAPAJLIENh —

ﬂ >>R

R, = Kip*
"2 R +R, v

Cyni0aHbIH apTHIKIIBUIBIFEI TPAH3UCTOP/IBI AYBICTHIPY KE31HIIE KOJIAMCHI3IBIK
TYFbI30aliIbl, KEMIIIITT — TEMIEPATYPAHbI ©3MEPTKEHAE JKYMBIC PEXKUMI aybICAIbI.
7.2.2 YKyMbIC HYKTECIH 0a3abIK THIHBIIITHIK TOKIIEH BIFBICTBIPY .
N E, Cynbana (7.3 cyper) wirbicy, E1an Ry,
531 J_’ - EK! Eblablc.:UEQZEK - |6 R6 APKbLIbI
Rs | |Ry araThlH 0a3aJbIK THIHBIIITHIK TOKIIEH Tyaabl.
Cp Ochl  KepleH, KaXKEeTTI  BIFBICYIbI
gﬁ—| KaMTaMachl3 €Ty YIIH cyjidara OopHaTy Kepek
Rs, KeepriciH aHbIKTaybIMBI3Fa 00J1aIbI

[::I
-

Kip Hipls

E.-E EK_U63_

. I R P i

7.3 cyper

Cyn0aHblH KEMIIUIrl, TPaH3UCTOPIbl AaybICTBIPFaHAA JKOHE KOpLIaraH
OpTaHbIH TEMIIEPATYPAChl ©3TePreHIe, bIFbICYIbIH 63repyl OOJIBIN TaObLIAbI.

7.3 KymedTKim KacKaaTa pe:xuM/Ii TYPAKTAHABIPY

7.3.1 TpaH3uCTOPIbIH KOPCETKIIITEPIHIH TEMIIEpaTypara TOYyeIIIIiIT.

TemnepatypaHnsl apTThIpFaHia:

a) |9 KOJIEeKTOPIBIH KBLUTYJIBIK TOTHI apTabl;

0) kipic cumarrama cojira Kapai brFbicanbl (7.4

; cypetr). KepHeyain TemmepaTypanblk Kod3(PhHUITUEHTI

, KTK=-2,5 B/°C, an virbicy AUz;,=yAt 7/2(2,2...2,5)]0'3.

g Yss TemneparypaHblH ocepiH a3alTy VIIIH, SFHU
KYMBIC ~PEXHMIH TYpaKTaHABIPY  VIIIH, apHaWbI

g 30°C 20°C
!
I

—
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KOPCETKIMTEPIl TEPMOTYPAKTAHIBIPFBIIII HEMECE TEPMOKOMIICHCAIMS Ti30eKTepi
€HT131Ie/1.

7.3.2 JKyMbIC HYKTECIH OMUTTEPIIK TEPMOTYPAKTAHIBIPY.

Cys10a THIHBIIITHIK HYKTECIHIH KOFapbl TYPAKThUIBIFBIH KaMTaMachl3 €Te/l.
R, meH ajpIHATBIH, TOK OOMBIHINA TI30EKTEH
tepic kepi Oainmaneic (TKB) (7.5 cyper)
Konmanbeutanel. blreicy Ry, R, kepHey Genrimti
apKBUIBI Kacalbll, R, TeH oIIeHIN aTbIHAbI.
(o C) << R, xwmimikrepi ymin R,HI
TYWBIKTall OTBIPBIN, IKUUTKTEPIIH >KYMBIC
KOJIAaFBIH/IA  aWHBIMaNbl  KYpaylIbUIaphI
oompiama Kb annpia any yurin C, KOMbUIAIBL.
Tex X.= 0,1 R, mapTel opeIHAATYBI KaXKeT.

7.5 cypet Kopuraran opTaHblH TeMIiepaTypachbiH

T ynralTKaH Ke3/ie KOJUICKTOPJBIK aybICYAbIH | KBUTYJIBIK TOTBIIa apTajbl,
colikeciHIle KouieKkTop Toreiaa apra tyceal (L= ly+pls). byn amutrep Toreinbig |,
(L= 1L+ 15) xone R, (Ug,= |, R,)ri Uy, Kyi1ay KepHEYIHIH YJIKCHyiHE OKEJIiI COFaIbl.
Onpga Oazamarbl bIFbICY Uy, azasgel, eitkeHi Ug,= Ug, — Ui, U;, azaiowl
KOJUIEKTOPJBIK ~TOKTBIH  ©CYylH TEXKEHJl, COHbIMEH Oipre OHBIH MOHIH
TYpaKTaHABIPAIBI.

7.3.2 KONEKTOPIIBIK TEPMOTYPAKTaAHABIPY .

R; apKbulbl KepHEy OOMBIHIIA Tapaljieib
tepic kepi Oaimanbic (TKB) (7.6 cyper)
KOJITaHBLIAIbI.

Kopmaran opranblH TemneparypacblH 1
ocipreH  Ke3le, KOJUICKTOPJBIK  aybICYIbIH
KBUTYJIBIK ~ TOTBl  l,o apramel, colikeciHIie
KOJIJIGKTOp ToThiaa |,

7.6 cyper aptanbl. R, marel Kyjiay KepHeyiae yiakenenl, al
oi U, meH 6a3a Torebi lg, 15, = U/Rs azarobina okerinn corajbl.

baza TOTHIHBIH a3ar0bl KOJUIGKTOpP TOTHIHBIHIA a3al0blHA OKEJIedl SFHH,
OacTanKel MOHTE KaiTa opaiajibl.

CynbaHblH apTHIKIIBUIBIFB, Oa3zara bIFbIcY EJian R, xoHe R; apkbuibl
yKacaJaTbIHJBIKTAaH, apHaibl BIFBICY Ti30eri Kaxker eruiMenal. bipak, Ti30ekTe
aitHBIMaITBI Kypaytibuiapsl Ooitbiama TKB G6onranbl, kymeiTy kodpduimenTi MeH
KipiC KeJIepriCiH KeMITe/Ii, OChI KeMIIIIIr1 OOJIBIT TaObLIa/IbI.

7.4 UC 7KH TepMOTYpPaAKTAHABIPY

Kymeitkim kackanrapasiy MC ken TapairaH
TypJiepiHiH Oipeyi, 7.7 cypeTTe KepceTinreH cysda
0o TaObLIAAbI, TEK KOHJIEHCATOPJIAPCHI3, SFHU
OMUTTEPITIK TEPMOTYpPaKTaHABIPY Cy10achI.
CoHbIMEH  Karap,  IIBIFBICBIHAA  AMHUTTEPIIK
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KalTaareIbl 0ap cyiidama xkui Koagansuagst (7.7 cyper).

Mynna Rs — Kb kegeprici. Ry — Kb kipici, Ry — Kb mbirsicel. Kepuey
oobHIMA (U, xp. I€H Uy, g5 O1p HyKTEne xanranrad) napaienb Kb (U .
nieH Uy, k5 O1p HYKTE/Ie KaJTFaHFaH JKOHE 63 apa Mapalijieiib) OpbIH alabl.

Kepi Oaiimanbic Tepic Oomanbl eWTKeHl, U,,.xs KYIIECHTKIIITIH Kipic
kepHeyiMeH U, . a3a OolibiHIa Kapama Kapesl. VT, (O3 6ap) Gipinmn kackan
dazanbl © Oypansl, an VT, (OK 6ap) exiHin kackaj (asaHbl ©3repTICHl, SFHH
Kanmbl (pa3anblK BIFBICY T TEH.

R, KOCBHIMIIIA TOK Oo¥bIHIIA Ti30ekTel Tepic keprimikti Kb TyFbi3aast.

7.5 ZKyMbIC HYKTECIH TEPMOKOMIIEHCALMSIJIAY

Xorapbel TYypakTBUIBIKTBI ally >KOHE KyaTThIH IIAIIbIpAayblH a3alTy VIIiH,
CBI3BIKCBI3 TEpMOCE3IMTall KeAepruiep: TEPMHUCTOpPJAp, IHUOATAP KOHE EpeKIle
kenepridiyg temmepatypaiblk kodddummenti (KTK) 6ap Gacka ma snementrepai,
KOJITaHyFa 00JaIbl.

7.8 cyperre pEXHMHIH TEPMOKOMIICHCAITUACH KOJJIaHbUTFaH. ba3asbik
OeurimTiH Ti30ETiHACTI TEPMHUCTOPABIH Keaeprici R; temmeparypara Toyenmi (t).
TemnepaTypaHbl apTThIpCcaK KOJUIEKTOPIBIK aybICYIBbIH KBUIYJIBIK TOTH | apTa
TYCeMl, COMKECIHIIE KOJIEKTOp Torbl aa |, apranel, conbiMeH Oipre R; kexmeprici
azasigpl, U; BIFBICY KepHEYI KOHE KOJUIEKTOP TOTHI a3asi/Ibl.

7.6 KymedTKimITepaiH MbIFbIC KACKAATAPbI

B L [eFpic  KackagTapbl — Oy, Kyar
KymeiTkimrepi. Onap, MakcuMal MYMKIH
oonatein [IOKne >xoHe MHMHHMMAaNl CHI3BIKCHI3
OypmarnaHynapaa, OKYKTeMelIe  MaKCcHuMal
. KyaTThl ally YUIIH KbI3bIMET aTKAPaIbl.
= liklE MukpossieKTpoHMKaga A KYLIEUTy
knacelH IIOK Temen OoJFaHABIKTaH, ©OTE
CUpPEK KoJaHaabl. Ouruiieynepi B xone AB
KJIACTAPBIHBIH €K1 TaKTUIl KYIIEUTKIIITEpI.
bazanwik Ti30eriHue kepHey Oednrimi Oap
oectpancopmMaToNbIK KyaT KYMICHTKINIHIH
KOl TypiHiH OipiH KapacTteipaibik (7.9 cyper).
Mynpmaii cyimba KOCBIMIIIA CHUMMETPHSCHI Oap
- 5 cyi0a gen Te atamanpl. MyHnarel Ry, Ry, Rz — B
ul KJIAChIH/IA BIFBICY TYJBIPAThIH KEpHEY OOJIT1IIL.
33 R, =R, >> R, mapThl OpbIHIATYbI KAXKET.

R, OpPTaHFbI HYKTECIHIH HOJIIIK
noTeHIManbl 0apbl aHbIK. EKi TpaH3MCTOPIABIH
na OaszajapplH alHBIMAJIbl TOK OOMBIHIIA
TYUBIKTAJIFaH JIeN ecenTeyre 00aaapl xKoHE Kipic
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KepHeyai 0azanapaeiH OipiHe Tycipyre Oonansl. CUTHAI €Kl TpaH3UCTOpFaga Oip
dazana OepiIeTIHIIKTEH, OJjlap Ke3eKTece JKyMbIc icTedal. R, opHbIHa opeTrTe
auoATap Kosnubl. Op nuoara U*= (),7 B kepHey KyJalbl, al o1 B Kiacc pexxumi
KaMTaMachl3 €TETIH bIFBICY/Ibl TYFbI3a/IbI.

OpTak KOJUIEKTOPMEH KOChUIFaH TPAH3UCTOPIAP IbIH KOChLTY Cys10anaphl.

8 dapic Ne8. Inddepenuuajabik KymeHTKi

Jlopic Ma3MyHBbI:

— nuddepeHIuanabK KYIeUTKIIT;

— TYPaKThl TOK TeHepaTopsl O0ap nuddepeHuanIbK KymenTKIII,

— NWHAMUKAJBIK JKyKTeMecl 6ap auddepeHuaniblK KymenTKIII.

JlapicTiH MakcaTTapsbi:

— nuddepeHuanablK KYIMEeUTKIIITI OKbITT YHpPEHY;

— nuddepeHIHaNIbIK KYIEHTKIMTIH KYMBIC 1CT€Y PEXUMIEPIH OKBII
YUpEHY;

— cuH(a3adblK CUTHAIJBIH OCEpIH, OHBI TYPAKThl TOK T'€HEpaTOphl Oap
muddepennmanapik kymentkimre (TTE AK) azaity, TTI epekiienikTepiH OKbIM
YHpeHy;

— IMHAMHKAJIBIK )KYKTeMeci 6ap nuddhepeHIHaIIbIK KYIIECHTKIIITI OKBIIT
YHpeHy.

8.1 InddepeHunanaplK KymedTKIII

8.1.1 Tudpdepentmanabix kKymentkimTiy ([IK) cyndacsr.

TypakTbl TOK  KYIIEUTKIIIIHIH
(TTK) npetidpin azaiityasiH Oip amanbl —
0J1 napajuIesbIi OaJIaHCTHI
(muddepeHImanapik) KacKaATapbl
KOJIZTaHy OOJIBIT TaObLIaIbI.

JAK cursangapIblH apachIHIaFbl
alipipMachiH Kymenrteni. Omap Heri3iHeH
BT »xone OT Heri3iHe xacaiasbl.

bamaHcThl cxema memn aramybl, OyII
KYLIEHTKIIITIH LIBIFBIC Ti30eri
OayaHCTaFaH Komip OOJBIN TaObIIAIbI,

Ukip1 &
U6s \

U3

8.1 cyper

OHbIH OIp JMaroHajiblHA - KOPEKTEHY Ke31 KOCBUIbIN, aj E€KIHIIl JAWaroHajiblHa -
KyKTeMe Kenepri KocbulFaH. Kemipaiy OIipiHIIl €Ki HWBIFbIHAAFBl OipiHE-01pi
napayuiens pesucropiap Ry, Men Ry,, 6ipine-0ipi mama >karblHaH TEH J€, SFHA Ry
= Ryo. An ekiHII UBIFBIHAAFE OipiHE-0ipl mapamiens eki Tpanszuctop VT1 men
VT2 xepceTkimTepi )KarbIHaH Olpjel 00iaThIHAAN eTil OpHATHLIAIBI.

CoHbIKTaH, KaJIbI TYp/e cyyi0a mapaienbal — OaTaHCThl JAeT aTalabl.

R pe3ucTopsl, TpaH3UCTOPJIAPABIH TOFBIH TYPAKTaHABIPY YUIIH KOMBLIA b,
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1) Rxi= Rio;

2) VT1 xxone VT2 — kepceTkimTepi Oip/aeii 00BN allbIHAIbI,

3) Ex = E» KOpekTeHaipy €Ki KOPEeK KO31HEH aJIbIHAIbI;

4) >xanmbl cynbanbl KopekTeHaAipy Exop=Ex+Es.

Huddepennmanapik KymenTkimTiH Kipicine Uyp; xoHe Ugp, CUTHAIIAPBIH
Oepcek, oHa KaCKaJThIH IIBIFBICBIHIA KEPHEY:

Unisir = Ukipr - Ukipz = K (Ukrp1 - Ukipa), (1)

Ky — nuddepenunanaplk Kymeity KodppuuueHri.

Kymeittkimrin ~ nuddepeHnuanaplk  Aen  ataiaybl, O TeK KaHa
mudpepeHInanaplK (alBIPMANIBUIABIK) CUTHAIAAPABI KYIICHTeml, SIFHU OipiHIII
KOHE EKIHIII KIpICTep apachIHIarbl CHUTHAT KEpPHEYIHIH aWbIpMacChlH KYIIEHTel,
Ukip1-Uxkipy alibIPBIMBIH.

1) Ugpr MeH Ugp, KepHEYJIepiHiH TaHOamapbl op Typii Oolica, sFrHH (asza
OolipIHIIIa KapaMa-Kapchl 0oiica, Ugp-Ugp, aliBIPBIMBI ©T€ YIIKEH 00J1a/bl, O©UTKEHI
OJlap/blH ~ a0COJIOTTIK ~ MOHJIEpl  KOCBHUIaAbl,  MYHAAM  KIpiC  CUTHAI
nuddepeHnanabIK Kipic CUTHAM JIeT aTaiabl.

2) An, erep Uyp; Men Ugp, Oipaeii ¢da3aga Ooiica, oHIa CUrHaNI CUH(pA3aIbI
JIeT aTajiajibl.

HubdepeHnmanaplk KYMIEUTKIMTIH KIpICIHE CUMMETPHUsUIBI  CHH(Da3aIbl
CHUT'HaJI 6CpCGK, SAFHU UKIPIZUKIPZa OHIOa OJIapAbIH aﬁBIpBIMBI UKIPI - UKIP2 =0 TCH,
0omnael, an JIK-TiH mbFbICEHAA curHa 0oamaiiabl (1) popmysa OoitbIHIIA.

Ceiitii, JK cuH}a3anplk curHanabl QicipeTin, auddepeHnnanbk
CUTHAJIbI KYIICUTE 1.

JIK TOJIBIFBIMEH CUMMETPHSIIBI 00J1a anMaiiasl, cedbedi gonme-aain Oipaei Ry
MeH Ry,, VT1 men VT2-ni Tapaan anyra 60JMaiibl.

Conpnpikrad, cuH(azanblk curHan Oeprenae JIK IMIBIFBICHIHIA KINIKEHTAM
kepHey AUcq 60omab.

CundazanblKk CUTHAIIBI KYIIEUTY KO3 OUITUEHT:

Kco = AUco/ AUkip co.

JK cuHbazaiblk CUTHAIABI MYMKIHJIITIHIIE KOIl QJcipeTy KaOuleTiH

cuH(ba3aIbIK CUTHAJIBI ICipeTy KO3 UIIMEHTIMEH CUTIaTTal IbI:
KCCBK =20 Ig(ch;/Kﬂ), (z 60100 ,Z[B)

8.1.2 InddepenHnmaniblk KyMEUTKIMITIH )KYMBIC iICTEY PEXXKUMIEPI.

a) THIHBIIITHIK PEXUMI (KIPIC CUTHAIIAPBIHBIH KO3/EP1 Kepre KOChUIFaH),

UKIP] = UKIPZ =O, COMKECIHIIIE U531 = UE32 - - U3.

O3 keseringe Uy = -E5 + (Iy; + 13)Ry < 0 Oomamel, OymaH MbIHAzaw
KOPBITBIHABI kacayra 0osazasl, Ugy; = Ugy, > 0.

Exi TpaH3ucTopyma akTHBTI peXuMie >XYMbIC icteimi. OHBIH OolbIHAH
THIHBIIITHIK TOKTAPHI arajbl. |y, = lx, > 0, 6yi Toktap Ry Mmen Ry,-1e Gipaeit kynay
KepHeyJIepiH TyFbi3aabl, corikecinme Uy, = Uy,, mbIFbic KepHEY1 Ry-maH anbHamb!,
Unipir = Uk - Uk = 0.

Cyn6aHbIH apTHIKIITBUIBIKTAPHI:

1) morennmanmapabl kemictipy yuria OKK KoMneHcanusuialTeiH KOpPeK
KO31H KaXKET eTIEHII;
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2) HembIiK aApeidTi azalTambl.

Mpicanbl, KOpEKTCHIIpDY KEpHEYiHIH TYpaKChI3IbIFbIHAH TMaiga OoaThiH
npeidTi KapactelpaThiH Ooisicak: Ey-H miamacel yikeiai nemik, oHaa Iyx; = Il
KOJUISKTOpJIapJaFbl ~ TOKTapbIHBIH  IaMajapbl Ja  apra  Tycell  JKoHe
KOJUIEKTOpJIapJaFbl KEepHEYJepIiHAe ImaMackl Oipaeit mamara e3repeai AUy, =
AUy, xaue Upgr = 0 Ooaasl.

0) kipicte curHaiaap 6ap kezzaeri pexxumaep. CUrHamabl yuI TYpJl JIICIIEH
oepyre 00Ja/bI.

1) Kipic curnamast 6a3anapIsiH apacsiHa oepy:

a) ec>0;
9) ouza Ugipr = ec/2; Ukpr = - €¢/2;
0) koyutekTopaarel TOKTapAbIH ocimieci 0 < Iy = - Aly..

Kepueynepain ecimmieci 0>AUg=-AUy,, ouna meirsic kepHEY Uiy = Uk +
AUKl - UK2 + AUKQ = 2AUK

KomnekTop TOTbIHBIH ©3repici, SMMHUTTEpAeT] TOKTHI 1a o3repTedi 0 < Aly; = -
|5, aMMuTTEpaeri Xaumbl TOK I5=ly+l5), coiikeciHme I5=ly;+Aly+Aly,-Alyy=
I51+15,=const — smuTTep TOTBI TYpaKTHI O0MaaBI, Us=Cconst, AU,=0.

2) Curnan JIK 6ip kipicine Oepinemi, an ekiHimiici sxepieneni. Kipictep
nuddepeHnnanapIK et aTaiaibl.

Ukipr = ec >0, Ugpr = 0.

Alg1 >0, Al >0, AUy <0.

I + I = const — TypakTel Kypayumbuiap OOHMBIHIIA Kepi OalIaHbICTBIH
apKachlH/Ia SMUTTEP TOTHI TYpakThl 00aaabl. ColikeciHie Alyy = -Alsy, Alg, = -Aly,
AUy, = -AUy;, o1a Uypir = Uk -Ugo = AUgo-AUy=2AU.

2) Eki Toyenci3 KOpek Ke3IepiHEeH, CHrHajjap €Ki Kipicke ne Oepijesi.
MyHza cyneprno3uius TpUHIUII 1ICKE achIpbliaibl

Unieir = K(Ukppr - Ukips), K — muddepennmanaplk KYMEATKIIITIH KYIIEHTY
KoahpuImeHTi.

Erep mmbIFbIC cHUTHaIABl KOJUICKTOPJIAPJBIH apachlHaH aJlaThlH 0oJjica
(CUMMETPHSUIBIK ~ IIBIFBIC) JeN aTrajajbl, al TeK Oip KOJJIEKTOpJaH ajca
(CUMMETPHSUIBIK €MEC IIIBIFBIC) JIeT aTaaa/bl.

8.2 Typakraaran Tok reneparopol 6ap JIK. KocbuL1y cxemachl
Cundazansix curnan (CC) nereHimis, cyji0aHbIH €Ki KipiciHe Oip yaKbITTa
acep ereTiH curHajd. O KOpEKTeHY KEpHEYIHIH ©3TrepyiHeH, TeMIepaTypaHbIH

©3repyiHeH *KoHe T.0. ocepiHeH maiiga 6oyiaThiH OereT curHai. SFrHu cyidana OHbIH
9CepiH SJICIPETy KaXKeT.
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Cunda3zanbik CUTHAJIIBIH
oCepiH a3alTy YIIiH, SMUTTEP TOTHIH
TYpaKTaHBIPY KepeK.

Meicansl, eki kipicke ae CC
ocep erenl nenik. On KOJIEKTOpAarsl
TOKTapJIbl apTThIpyFa THIPBICAAbI, aj
KOJIJICKTOPAaFbl TOKTap/IbIH
KOCBIHABICKI ~ JEreHIMI3  — O

1 OMUTTEPAETI TOKTHI ~ Oepemi, ai
OMUTTEPAETI TOK TYPaKThl IIama
OombIll  TaOBLIAJEI. CoHnpIKTaH
KOJUIGKTOPJIAFbl TOK OCTCHIl KoHE
Uk men Uy e3repMmeiii.

8.2 cyper DMuTTEpAEri  TOKTBHI  Iy-Hi

TYpaKTaHJABIPY VIIiH, Ry-HIH IIamMacklH apTTBIPy KEpPEeK, ajl OHBI apTTHIPCAK,

KOpPEKTEHY KEpHEYIHIH Jie IIlaMachlH YJIFaUTy KepeK OoJajbl, ajl OHBI ©3TepTyre

O0onmMaiinpl. Ro-HIH OpHBIHA TOKTBIH KOPEKTEHY KO31H HeMece TYpPaKThl TOK

OoMbIHIIIA a3 FaHa Keaeprici 0ap, an aifHpIMalIbl TOK OOMBIHIIIA YIIKEH Kejepricl 0ap,

TPAH3UCTOP HETI3IHJAC KacajraH, TypaKTajlfaH TOK T'€HepaTOpbIH MaijalaHyra

0oJIaabI.

TTI-H cynbaceiHa: VT3 Tpanzuctopsl, VD auoawi, Ri;, R, xone Rj
Kenepruiepi, E; — KopekTeny ke31 Kipe/l.

1) 15 = Iy, + |5, — TeH 60manpl, 6y Iy VT xxone VT, Tpan3ucTopiapsl yiliH
|51 MeH I3, KOCBIHIBICHIH aHBIKTaN b1, skoHe o1 TTI-HaH, VT3 — Heri3inae O6epiieni.

2) A OHBIH IIBIFBIC Keaeprici Ry-eH Oipiama yikeH 00Jiabl.

3) VT3 TpaH3uCTOpBIHBIH 0Oa3ackiHa BIFBICY Rj;, Rp, VD Oenrimii apKbUIbI
oepineni.

4) VD auobl TEPMOKOMITEHCAIUS YIITIH KaXKeT.

5)R; »R,, Ry gered mapt opbIHAANybl KepeK. R; apKbUIbl araThlH TOK
TYpakThl koHE Ri-A1H m1amackl yJIKeH OOJIFaHIBIKTaH TeMIepaTypara Toyelci3 o3
keserinnue, I; = I+ ly; TeH 6onaapl.

6) TemnepaTypaHsl JKOFapjaTKaHaa, Kipic CHUIaTTaMa COJIFa BIFBICAJIbI, SIFHH
ly; ynkedieni. ConbiMen 6ipre VD muoatsiH Keaeprici TeMeHaenal, I, Torel ecemi
woHe Ig; Torsl azasnel, an o Iz; = I; - |,. Consimen Gipre [,3= alg; Torsina azasasl.
ConppikTan, con cedenter [IK-TiH I5 TOrbl TypakThl OOJIBIIT TYpaIbL.

t 12 Ly = f(Up) — comra Kapait siebicasl, |53 T, Rypd = 1= 166 = 1 - 1,

ls3d-ca, [3= a * ls3l, conapikTan 1,3 TOFBI TypakThl OOIaabI.

|, TOFBIH, KypAell eMmec TYPJCHIIPYACH AaHAIUTUKAJIBIK >KOJIMEH ajyfa
0oaapl:

1) 13K I» 6onranmapiktan |y =l 3 = Iamen ecenreyre Gonazgwl, onga Ug +
Ib 'R3 = |,-R,+ Uyp;

2) lg3 & I» GonranabikTaH, oHaa I; = I,

_Eo—-Uvd Es

T RI+R2  RI+R2’

1

42



Uvp=Us,3, ouna |,-Hi Obl1aii TabaMel3.
| ZILRZH+UVD-U53) _ I1-R2
? R» - R»

HaH TaJar eTUIi OTBIPFAaHbI J1a OCHI.

, SIFHM [3>-TOFBI TemmnepaTypara a3 toyenmal, TTT-

8.3 InddepeHuuaIAbIK KylIeHTKIII cy10a/1apbIHBIH TYpJiepi

JK cynbanapblHblH TypliepiH (eHAIpreHnae) acaraHAa HETri3Tl Makcart:
KYIIEUTKIIITIH KYMIEUTy KO3(DPUIMEHTIH XKOFapiaTy MXoHE KIpic KeAepriciH
JKOFapJIaTy OOJIBIN TaObLIA/IbI.

JK-HbIH cym0aTapeIHBIH KeJleciiel Typiepi KOIIaHbLUIa b

a) JK-tiHg kipictepiHe KocapijiaHFaH TpaH3uctopiap (dapJuHrToH >xyObl)
KOMBLIAbI, OJIapAbIH KIpic KeAepriiepl e Kaiiaa skorapbl 00J1aIbl )KOHE TOK Oepy
KO3 PUITMEHTI €Ki TPaH3UCTOPABIH TOK Oepy KodhDUIIMEHTIHIH KOOSHTIHAICIHE TEH
00J1aIbl;

0) JK-TiH KipicTepiHe SMHUTTEPJIIK KaWTalarbllITap KOWBLIAIbI, OJapIbIH
Kipic Kezeprijepi xxy3aereH kuiioOM mamMachbiHia 00Ia bl

B) Kipicinae OT-ps1 6ap JIK;

') IMHaAMUKaNbIK xykTemeci 6ap JIK.

8.4 IunamukaabIK :kykTemeci 6ap K

. oEx . Kocwzy c.¥n6.acm.
VT3 Ugli,Jvn Kywevnrkimrig Ky — kepHey
OOWBIHIIIA KYHIEUTY KOA(DPHUIIUEHTIH
YJIKEHTy  YIIiH  OHBIH  Ry-HBIH
KOJUICKTOPJIBIK JKYKTEMECIH YJIKEHTY
Kepek, Oipak on ke3ne  Ex-Hbl
KOPEKTEHY KO31HIH KEPHEYIH YJIKEHTY
KaXXET OoJIaabl. HNuTerpanabik
cyibanapaa,  Ryg-HbIH ~ 11amachiH
YIAKEUTY, TUIMCI3 OOJIbIIT TaObLIA/IbI,
eiitkeHi o1, WC-H aynaHel MeH
8.3 cyper KOJIEMIHIH YJKEWylHEe OKeNiN COFaibl.
Con cebenten MC nuHaMHMKalbIK KYKTEME KOJJIaHbUIaAbl, SSFHU Ry; MeH Ryp
Kenepruiepinin opabiHa VT3 skoHe VT, TpaH3ucTOpIIaphl KOMbLIAAbI €KEeH, OJap IbIH
TYpakThl TOK OOWBIHIIIA TOMEH, ajl alHbIMaJbl TOK OOMBIHIIA YOFApbl KeJeprici
OoJIaabl.
VT3 xone VT, TpaH3ucTopiapsl HETI3r1 TPaH3UCTOpJIApFa Kapama — Kapchl
MOJIIOCTA KOChLIAIbI.
VT, xxone VT, Tpan3uctopaapsl — N-P-N-TEKTI — HET13T1 KYKTEME.
VT3 xone VT, Tpan3uctopaapsl — P-N-P-TEKTI — KOJJIEKTOPIIBIK KYKTEME.
by Tpan3zuctopiap 6ip- OipiMeH KOJUIEKTOPIaphIMEH KaFaHFaH.
VT3 TpaH3uCTOPBI AMOATHIK KOChUTYAa KOJIAaHbLIA b

U"lbh’
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Omutrepnik  T1izoeringe TTI koibaapl, o cyI0aHbBIH KYMBICBIHA
cuH(}a3anbIK CUTHAJIIBIH 9CEPIH a3alTy YIIIiH KOChUIa/Ibl.

JIK-T1iH kipici — qudepeHIuanabiK, al MBIFBICHI — OIPTaKTLI1 ST aTajabl.

VT; xone VT, TpaH3ucTOpJiapbl, TOKTapAbIH KOPIHICI, TOKTHIK aiHajap
cyy10achl OOMBIHINIA KOCHIJIFaH.

1) Iy Torel VTzTpan3uctopbl apKbuibl arbid, Ug,; =Ug,s TPaH3MCTOPBIHBIH
OazanapeiHaa Oipjaeit bIFbicy TyAbIpaabl. COHABIKTaH [3= lyg, @ I3 - lyxg- JIH TOFBI
Oonbim TaObUIAABI, SFHU = ly— ke. VT rpansuctopei, VTi- 1eri TOKTapasiH
©3TepiCiH KaluTanaabl, sFHN [y TombIFbIMEH Iy — i KalTanaiiabl, con cedenteH VT
*KoHe VT, TpaH3ucTOpiaphl TOKTBHIK aliHA JETI aTa1a Ibl.

2) Ny, U koHE Ky —1bI Tabaiiblk. CyI0aHBIH KipiCiHE €. - CHUTHAJIBI
OepinreH, oHja 6azanarsl TOKTapAbIH eciMmenepl A lg = lgokoHeA lg= 1, - TeH.
OHJa KOJUIEKTOpJAaFrsl TOKTAp:

I3 I3
I kl— 3+ BI Kip ,OHJla IKZ_ 3 - ﬂl Kip

|K1: IK4’ IK4:12_3+ BIKip

1) duddepeHinanaplk KYMEATKIMTIH MbIFBICHIHAAFEI TOK,

I)K = IK4 - IK2 = ZB IKip-

Kepin oTeipransiMbiziaii JIK-TiH MIBIFBICEIHAAFEI TOK [3— ecere KoHe 2 ecere
KylIehel eKeH.

2) JIK-TiH IIBIFBICBIHIAFB KEPHEY

UI_HLIF = IO!CRDIC: 2 B I}(ip : Rgfc;

R, — Keleci KaCKaJThIH Kipic KeAepricl.

3) IK-TiH kepHey OOWbIHIIA KYIICHTY KO3 HHUIIMESHTI

U ’
e, e, Imﬁg+ﬂg+ga+ﬁﬂ
R.—0, K, = R,

r.+r 1+ /)

R, — HBIH 11aMachel OipHele xy3gereH Kuino OM 00iybl MYMKIH , COMKECIHILIE,
JK-TiH xymeity ko3¢ duiiuenTiniy, kepHey OoitbiHma K, -1pH mamacel OipHere
YKY3/ETCH JKOHE MBbIHIaraH OOJabl.

CoHnpIKTaH, TOKTapAbl OciHeHnerim K -IbIH )KoFapbl MOHIH KoHE O1pTaKTLI
IIBIFBICTA CUTHAJIIBI €Ki €CeNICHIIPEe anajbl eKeH.

9 Topic Ne9. OnepauusjibIK KYIIeHTKIIITEPAiH Heri3ri kepceTkimrepi

JlapicTiH Ma3MYHBbI:

— OnepalysulblK  KYIIEUTKIITEpJIH  HEri3rl  KOpCeTKIITepl  MEH
TarablHAATYBI,

— €Kl KaCKaJThl ONIePAIUsIIBIK KYIICHTKIIIL.

JapicTin MaKcaTTapbl:

—  HMHTETPAIIBLIK OINEpPalMsUIBIK KYMEHTKIINTEPIIH HETI3Tl KepCEeTKIITepi
MEH cUMaTTaMaJlapbiH JKOHE OJIapbIH €PEKIIETIKTEPIH OKBIN YHPEHY;
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— ©Kl KacKaJThl OMNEpaIMsUIbIK KYIIEHTKIIITIH YMBIC 1CT€y MPHUHIIMIIH
OKBIIl YUPEHY.

9.1 OnepamusyiblK KymeWTKIIITEPAiH Heri3ri KepceTkiliTepi MeH
TaFaAaUbIHAAJYbI

Omnepamusnpik kymenTkim (OK) merenimi3 auddepeHuaiapk Kipici xKoHe
OIpTaKTLIi LIBIFBICHI Oap, omOebar TypakThl

[+ .
d-wi wipic TOK KYIICHTKIIII.
> LSO OK-Tep — KOHCTPYKIUSIIBIK >KaFbIHAH
2~ wipic OipTyTac ’kacajaTblH, ©6T€ KIIITKEHE KOJEeM/II,
_ YKOFapbl camabl, )KOFapbl CTAOMIIbI1, KULIIK

Usipi OOMBIHIIIA KEH ayKbIMJIbI, ©T€ YJIKEH KYIIEUTY

Ukip?  -E, Vuivis KO3 PUIIIUEHTI Oap TYPaKTBl  TOK

T b KYIIEHTKIIITEPI.
OK-xapTbuiait nudepeHITnaIbIK
9.1 cyper KacKaATapJaH  TYpaThlH, KYpAedl  Kell

KaCKaJIThI SJIEKTPOHIBIK KYPBUIFBI OOJIBINT TaOBLIa b,

OK-TiH OipiHIII KacKaATapbl KEpHEY IIaMachlH KylIeHUTyre OarpITTalica,
KaJIFaHAaphl )KYKTEMeIeT1 TOK (KyaT) IIaMachlH KYIIEUTyre apHajFaH.

byn  KymeWTKIimTiH aTaybl  aJfaliKpla  OJIapAbl  MaTeMaTHKaJBIK
onepauuanap, amangap: Kocy, aiay, KeOeuTy, Joropupmaey koHe T.0. Kyprizyre
KoJmanyaaH Tyrad. Kazipri kezne OK-Tep om6e6an KypbouiFbuiap 00JIbI TaObLIabl.

OK-tiH mapTtTth! O6enrici 9.1 cyperTe KenTipiireH.

Mynoa:

[ Kipic — TEepICTEMEUTIH KIpIC, SFHU IIBIFBIC CUTHAN (Daza OoMbIHIIA KipiC
CUTHAJIMEH COHKeC Kelel;

2 kipic — TEpICTeUTIH Kipic, SFHHU IIBIFBIC CUTHAJ Kipic curHanra (dasa
OOMBIHIIIA KapaMa-KapCHhl,

wwbl2blc — OIPTAKTLIL;

+Exop KOHe —Eyxop — €KI KOPEKTEHy KO3IHIH IIbIKIagapbl HEMece €Ki
TOJISIPJIBI KO3/I1H HIBIKIAIaphI.

Nneannpt OK keneci KopCeTKIIITEPMEH CUIIaTTala Ibl:

1) kepney OoiibIHIIA KymeiTy KodduneHTi, Ky —o;

2) kipic kexaeprici, Ryp —o0;

3) mbIFbIc Keaeprici, Ry —0;

Mynpail kepcetkimuTep cyiibaga tepeH kepi OainmanbicTel (Kb) xonmanyra
MyMKiHIIK Oepeni skoHe OK kacmerrepi Kb  Ti30eriHiH 3JIeMEHTTEpiHIH
KOpCETKIIITEepiMEH FaHa, aHbIKTanaabl. Kb-ThIH op TypiH KOJmaHa OTBIPHIM, Op
TYpJIl MaTEMaTHUKAIIBIK aMaJiJIap ikl OPBIHIAyFa 00JIaIbI.

Peanapt OK-TiH cunarramanapsl uaeaiiplaH a3 FaHa epeKIeIeHe .

WUneannpl, peanablHbI  ONETT€  CTATUKAIBIK  KOHE  JIUHAMHUKAJIBIK
KOPCETKIIITEP1 AT T¢ alTaIbl.

Peannpr OK-TiH Heri3ri kepceTkimTepi:
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1) muddepeHIMaNABIK CUTHAIABI KYIIEHTY K0A( QuIleHTI:

U U .
Koy =—7—= “ , mamacs (10°) neitin Gomapr,
U Kip.ough. U Kip.1 - U Kip.2
2) cuH(Da3aIBIK CUTHAIIBI KYIISHTY KO3 (HIIeHTI:
U B .
= ~10 *+107°;
AL a8 U Kip.ceh

1 3) OK-tig cuHpazabIK CUTHAJIBIH
coHipy K03 duneHTi, 1b-meH:

_ K
Ukip, a8 K...=20lg %, ~ (80 +100)oh,

1 e
Umm.&. B,
1 / 4) Rgp, onerre 400 kOm (onmaran kKOwm-
Utaeoms. HaH, ongarad MOM feiiiH 60omasl),
o 5) R]_]_[])H?., ~ 20+ 2000 Om.
AU
9.2 cyper Rusr = AI—W
LRI
AU
6) R,,=—"F.
AI KIP

OK-TiH Heri3ri cunarramanapsbl:
1) aMIIUTyHaNbIK HeMece Oepilic CHIIaTTaMachl;

2) AXKC, ©KC.
Amnaumyoanvik Hemece 6epinic cunammamacsi.
Unpr = F(Ukip) — mIBIFBIC CHUTHAJBl aMIUIMTYJACBIHBIH KIpIC CHUTHAI
aMIUTUTYJAChIHA TOYEJ/I1 ©3repyiH KepceTe/l.
1-1 — KymeiTy pexuMi, KyWeHTKIII OHma, TepicTe CHrHAIIBI

IPONIOPLMAHAN KYLICUTE anajibl.

1-2 nemece 1'-2' apanpIKTaphbl — CUMIATTaAMaHbBIH KAHBIFY OOJIIKTEPI.

Sruu, xipic curHansl Oenrim Oip mramaman ackad coH (Uy;)-aen, OK-rteri
IIBIFBIC CUTHAIBIHBIH ocyl norapbutajibl. OHBIH cebebi Je TYCIHIKTI: IIBIFBIC
curHanbl (Uypy) €318 Kopektenaipin otbipran DKK mamaceinan (Ex) aceim kete
anmainael. OHBIH YCTiHE Ti30eKTelae KOCBUIFAH TPAH3UCTOPJIApJAFbl  ©31HIIK
KepHeyaiH Tycyl (2-3)B mamaceinga 0oJica, OHJA LIBIFBIC CUTHAJIBIHBIH €H YJIKEH
aMIUTATYAachl KOPEKTCHAIPTill KO31HIH KEpPHEYIHEH OCHI IllamMara TOMEH O0JIajibl,
sran Uppy=[Ex — (2 — 3)]|B, Oy aHbIKTaMa KiTanTapblHaa apHaiibl KepceTiim,
HeTi3ri KepceTKimTepain 6ipi 6o cananansl, Up—birpicy kepaeyi = [1 ... 3MB].

blrpicy KepHEY1 TEXHONIOTHSIIBIK KEMITITIKTEPAIH KaJABIFbI OOJIBIT TaObIIaIbI.
On, apeidxe ykcac, Kipic CUTHAJIbI JKOK Ke3/e, IIBIFBIC CUTHAJIBI HOJITEe TEH €MeC
(Uppy). U — miamacklH HeJire TEH €Ty YIIIH KYMICHTKIm KipiciHe Oenrismi Oip
OarpITTa, Oenrum Olp IIaMmalibl Kipic CUTHaJIBIH OepyiMi3 Kepek. Ocbhl IIamMaHbI
BIFBICY KepHeyl jaen araiiapl, U, OHbIH omeTTeri mamacel OipHeme 1..3 mB
0oJ1aIbI.
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v Amnaumyoansl  HCUINIKMIK  CUNAMMAamda

) _\m % (A2KC), KYIIEHTKIIITIH KYIICHTY
; ; Ok f o KOA(PPUIIMEHTIHIH >KUUTIKKE TOYyeJJll ©e3repiciH

" Sepr- Jp: kepcereni, — K = F(f). OK-tin AXC-b

T ; ~ "7 KekelereH KacKaJITapabIH AXKC-HpIH

6 &} ----- : KOCBIHJIBICBIHAH Typajabl. JKWUITIKTIH OH ece
I q-- _-]_ e3repyl (0ip gdekanara), KepHey OOMBIHIIA

KYIIEUTY K03 PHUIIMEHTIHIH OH €ce a3aioblHa
9.3 cypet
okemn coranbl (srHE—2010/mex). Exi xackanrer OK-tiH, AXKC-ma ki ChIHBIFBI
Oomanel (op Kackaa Oip CHIHBIK €HTI3€1).
Daza ocuinikmix cunammama (@XKC), OK-tiH curHanmbiH ¢a3acbIHBIH
xuimikke toyenmi rpaduri ¢ = F(f). Op kackax, >xoraprbl Kuiiikre (- g) TEH

. . T o«
OoJsathiH, ¢azanbiK biFbicy eHrizeni. ®XKC-ra (n E)-maMacmHa KELIIT OThIPapbl,

myHaarbl n — OK-TiH kackaatapbiHblH caHbl. OK-TiH XYMBICBIH TYpaKTaHIBIPY
yiriH AJKC men @XKC-np1 Ty3eTy (KOppeKIus) Tajlar eTiae/l.

fr — Gipmik KyIIeHUTy >KULIT, SFHU KYIIEHTY Kod(duieHTi Oipre TeH 0oiFraH
Ke31€T1 JKULTIK.

“+E, ¢ OnepanusuiblK ~ KYIIEUTKIIITIH
QI GITI3 €Ki KacKajThl MOJENb cyibacer 9.5
CYpETTE KOPCETUIrEH.
VT VT, —K vr; Kipic nuddepeHInanIbIK
Uyipi = % ¢ JEZVDI _ KYIIEHTKIII VT, = VT,
.k K VD, R TPaH3UCTOPJIAPBIHIA  TYPFBI3BLIFAH.
Kip= . f1_"”—|{@ H VT xone VT, Tpanzucropiapsl - p-n-
jf_ -VT Vg VIg p-tunti. J[MHAMUKAIBIK  JKYKTeMe
VI 479 (VT3 oxome VT, - N-p-n-tumri
w-Ep> TPaH3UCTOPJIAPBI)  TOKTBHIK  aifHa
Hemece TOKTap/Ibl
9.4 cyper HIaFBUTBICTBIPFBIIITHL Oepeai. TOKTBIK

aitHacel O6ap JAK aug@epeHnmanaplk Kipici >koHE OIpTaKTUTl MIBIFBICHI 0O0JIaJIbI.
Omurrepaik Tizoekreri TTI; SMUTTEPIIK TOKTHI TYPaKTaHIBIPY >KOHE KEpPHEYiH
npeidin azaity yurH Kobianasl. Kackan, OK-TiH KaXeTTi Kipic KOPCETKIIITEPIH
KaMTamachl3 eTe/ll.

Oprak  smuttep cyibacel  OoibiHma VTs xoHe VIg  Kypama
TPaH3UCTOPJIAPBIHAH TYPFBI3BUIFAH CKIHII KacKaJ, aMIUTUTyda’dapbl KYIICHTKIIT
Ooonbinm TaObutagbl. OK KaxerTi kepHey OoilblHIIA KymEeHTy Ko3(QQUUIUEHTIH
KamTaMachi3 erenl. KackaaTelH skykTteMe keneprici pertinme, TTI, Tok ke3si
KbI3bIMET aTtKapaabl. Cx~30 n@ - CHIUBIMIBUIBIFBI KUITIKTIK CUIIATTaMaHbl TY3€TY
yiriHa koubuianel. VD, xone VD, muoarapsl mBIFBIC Kackajara OacTamkbl yKYMBIC
HYKTECIH BIFBICTBIPYIBI KAMTAMAaChI3 €TE/I.

HIeirpic  kackamka: VT;  (n-p-n-tunti) xome VTg  (p-n-p-Twmti)
TPaH3UCTOPJIAPBIHBIH KoMIUleMeHTap #kyObl, VD; »xone VD, nmuoprapei, 171
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TYpakTaafaH TOK reHeparopbl, VTg Tpausuctopbl kipeai. LIeiFeic xackang AB
KJIACBIHBIH €K1 TaKTUIl KyaT KymeuTkimi Oombin Tadsmansl. 7715, VD, VD, xoHe
VTg TypaThin kepHey Oenrim, VT7xone Vg TpaH3UCTOPIAPBIHBIH )KYMBIC HYKTECIH
BIFBICTBIPYAB! TyAbIpangsl. ConbiMeH Katap, R, <<R,, -, = R,, 0omagsl. Kaxerti

OacTankpl BIFBICY, al/ibIHIA ailThiIFanAal, VD, xxone VD, nuoarapbiMeH kacaiajibl.
Jlon ocel AuoaTap, MIBIFBIC KYMIEUTKIIMITIH THIHBIIITHIK PEKUMIHIH TEMIEPATYPaJIbIK,
TYPAKTBUIBIFBIH KAMTAMaChI3 €Te/Ii.

OK «ipiciage curHan 6omvaran ke3ne Ugp = 0 KykTeMe apKbUIbl aFaThIH
TOK lx = 0 Oomaael. VT; TpansuctopbiHna Uyp; KepHEyiHIH Typa kxoHe VTg
TpaH3ucTopbinga Uyp, KEpHEYIHIH Tepic BIFBICYbIMEH aibiHFaH, V17 xoHe VTg
TpaH3UCTOPJIaphl APKBUIBI a3 FaHa OacTankbel TOK aranbl. Juoarap Typa OarbITTa
KOCBUIFAH JKOHE OpKe3lle allblK Oonagsl  eiTKeHl, VTg. TpaH3UCTOPBIHBIH
KOJIJIEKTOPBIHAH OH KyJlay KepHeyiH OepreH kesne, + £, )koHe — E,o KOPEeKTEeHIIpy
KEpHEYIHIH KOe3JepiHiH ece0iHeH IUOATHIH aHOJTapblHa KaTOATApbIHA KaparaHia
YJIKEHIpEK OH KepHey OepiireH. AHbIMaIbl Kypaylbuiapbl OOUBIHIIA AUOTAPIbIH
KEJIeprici HeJIre KYbIK OOJIFaHABIKTaH, €K1 TPAH3UCTOP/IBIH /1a 0a3anapbl aliHbIMAJIbI
TOK OoWbIHINIA TYHBIKTaNFaH Jen ecenteyre Oomaabl. VT; xoHe VTg
TPaH3UCTOPJIAPHI Ke3eKTece ambuianbl. Vg TPaH3UCTOPBIHBIH KOJUIEKTOPBIHAH OH
KyJiay KepHeyiH Oepcek, Vg TpaH3uCTOpBI Ka0bu1aas! 1a, an V17 — ambuianel. Tok:
+ Eep1 Kot Rye, - Eipp1.1i130€r1 OoMbIHIIA aFanpl. Vg TPaH3MCTOPBIHBIH
KOJUIEKTOpPBIHAH TepiCc KyJay KepHeyiH Oepcek, V7 TpaH3uCTOPHI KaObUIa bl /1a, ajl
VTg — ambinansl. Tok: + E,, 2, Ry, kK9vrs, - Ejop.2 TI30€T1 OOMBIHIIA aFafbl.

10 Jopic Nel0. Curnanmaapabl aHAJOTTHIK 6H/IeY KYPbLIFbLIAPHI

JIopicTiH Ma3MYHBI:

— TEpICTEUTIH KOHE TEPICTEMEUTIH KYIICUTKIII,

— eIy KyIEeUTKIITEP: KOCBIHABLIAYBII, HHTErpaTop, AuddepeHuuaTop,
jgorapudMaeyl KymenTKIIIL

— komrmapatop xaHe HIMuar tpurrepi.

JlapicTin MakcaTTapbi:

— IIENTyII KYIEHTKIITEePAIH CYII0aIapbIHbIH dKYMBICHIH OKBIN YHPEHY;

— komnaparop xaHe LLIMUAT TpurrepiHiH epeKmeniKTepiH OKbIN YHPEHY.

OrnepanusuiblK KYIICUTKIIITEPAE 9JIETTE Tepic Kepl OalIaHbIC KOJaHbLIaIbl,

oeiitkeni oncei3 U, .. =0 Oonca na, Kymeiry KodpUIMEHTI MIEKCI3MIKKe

YMTBUIaAB! 5koHEe U IIEKTIK MOHTE KETyl MyMKIH.

Tepic kepi Oainanwic, OepiireH (QyHKIUSICH Oap cysin0aHbI amyra, KaKeTTi
KymeinTy kodhduIueHTiHe KeTyre, CYJ0aHBIH TYPAKTBHUIBIFEI MEH TO3IMIUIITIH
apTThIpyFa, KKeTTi R, koHe R, MOHIEPiH anyFa )OHE ChI3BIKThI XKOHE ChI3BIKChI3

OypmanaHyapIbl a3alTyra MyMKIHIIK Oepe/l.
10.1 cyperre TepiCTeWTIH KymIeWTKim cynbacel kenTipinreH. Kackaarbig
KYIIEHTy KO3()PUITMEHTIH aHBIKTANBIK.
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Erep OKTiH keneci KepceTKIITepiH

Rys L6 €CcIMI3Te aJICaK:
—0 3 Ko =+ Ry = 0; (10.1)
U
: ) =_—w 10.2
Umisiz Yo K . (10.2)
Ky —> o Oonca, onma U, — 0.

CoiikeciHiie A HYKTECIH KepJIEHTeH
nen  ecenteyre Oomansl.  KupxrodTsig
Oipinmii 3aupl OobiHma 1, =1, +1,,, Kipic

10.1 cyper
Kezepri Rm.p_ — 00 yMThUICa, OHaa |

cip. =0 xone |, =1,, . Enm Ttepicreiitin

KYLIEUTKIIITIH KYIIEUTY KO3 (UIIMEHTIH aHBIKTaNbIK;
Ky ==5" =—RF§5 'I'KEz—RFfE. (10.3)
Kip 1" VKB 1
(10.3) Oyn  dopmymamaH  Kepill  OTHIPFAHBIMBI3AW,  TEPICTCHTIH
KYLIEHTKITIH KYIenTy ko3 duunrenti OK-TiH KepceTKIITepiHe TAyeN Il eMeC, O
TE€K EHrI3UIreH Kepl OailjaHbIc TYpPIMEH faHa aHbIKTanaibpl. MyHIa KepHey
OolibIHIIIa apaIens Tepic Kepi Oainanbic OopbIH anaisl. Erep R, =R, = K, =-1,

Oyn karnmaijga KymiedTkiml Ttepicrerim (uHBepTop) Oonmanbl. Kipic ToOKTapsi
cuMMeTpusiiay (TEHIECTIpy) YIIiH, TepICTEMENTIH Kipicke R kemeprici KOWbLIa kI,
OJI TTapaJljiesib KOChUTFaH Ry MeH Ry apKbLIbl aHBIKTANAIbI,
— R - Ry _
R + R
10.2,a cypeTTe TEpiCTEMEUTIH KYMIEUTKIIITIH cyji0achkl kentipuireH. Rxs—R;
T130€ri, KepHey OoWbIHIIA Ti30eKTeNreH Tepic Kepi Oailyanbic TyFbi3ansl. Kipic
curHan  OKTiH TepicreMeliTin KipiciHe Oepineni. Meicansl, K, p 0 OHE

Rm.p —> 00 mapTTapbl OpBIHJAANAbLI JIeN ecenTecek, oHaa K, , — oo OOJFaHIBIKTaH,

UK[p.c)d)
OHJIa TEPICTEMEUTIH KYMICUTKIITIH KYIIEHTy KO3(P(GUIMEHTI KeJecl MOHre TeH
OoJIaabl:

ogp

—0, an Rm.p — oo OonranabikTad | =0 Oonanpl. CynbagaH TabaMbi3,

kip

U, _ 1,(R +Rys) :1+R_1<5

K =

= Ing U .
—Rzkﬁ—-}\h U Kip IlRl Rl

o el ' Erep Rygs = 0  xoHe

fl: | Ui Umee R —oo— K, =1 Gonca, (10.2,6

cyper) oHma Oyn cyiba KepHey
KalTangarplibl  Oonazel.  MyHza
KepHey OolibiHIa Tiz0ekTenred TKb
100% opsinnanassl. IIbFpICTAFR]

10.2 cyper

CUTHAJ KIPICTET1 CUTHAJIJIbI KalTaJlaif Ibl.
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10.3 cyperte TepicTelTiH KOCHIHABLIAYHII KepceTiired. Cyibda O60ibIHIIA,

U . U . U .
Ikﬁ — . — kipl Kip2 Kip3
|R—x6| - U, Ris Lo RKE( R, + R, + R, ]
I 10.4 CypeTTe TepiCTEHTIH
Uiz AHTCTPATOP (MHTETpanIayBbILI)

4 T KOPCETIIrEeH.

(10.1) maprrapeiHan U, =-U,.

I"—K.ipj Ri

}

I"rrc.ip2 2

[E

Oonanel. KonjgeHcaTop apKbUIbI aFaThIH

10.3 cyper _ dQ  Ccdu,
TOK: iy =——>=——"+—FC

dt dt

Usipa B3 I
—1=

, aJl Kipic TOK

C I:
= Y

I
1l 'R,

I
- K1

Disns (10.1) dbopMynagarsl mapTrTap
—  opbiHganareiapikran, |, =0 xone I =1..
U,, Cdu ,

CoalikeciHIlIE, = )
R, dt

U rip

U .
du =-——"_(dft, 0 TeHIEYIi
“TTR.C ¥ Y

HHTCIpaJlgall, Kemecl TGHI[Gy,Hi aJlaMbI3.

ty
umz—QLqumz—iLuW.
Ci R,C

U., CBI3BIKTBI TYpJIE Ui TayeInIl

Oomanpl, Oyyn cynba CBI3BIKTBI ©3TEPETiH
KepHEY TeHEPATOPHIHBIH KaparanbiM
cys10achl OOJIBITT TaOBLIAIBI.
10.5 CyperTe TepICTEUTIH
nuddepeHnmangaysii cyjadackl KeITIPUITeH,

10.5 cyper

w

= VD MYH/J1aFbl Rxs aApKbLIbl araThIH TOK | =—

KB
TeH, all C ChIMBIMIBLIBIFBI APKbLIbI aFaThIH TOK

du,,
dt

Kipicreri Tox Henre TeH OOJFaHIBIKTaH,

U dUKz'p
10.6 cyper I =1c xone —=-C oonazgsl. Ocel
Ris dt

Vil
== Ri

I-'mex | c — C

TCH.

U Kip

au,,
dt

xepren U, =-CR,,
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10.6 cyperre KenTipiIreH JOrapuQMAIK KYIIEHTKIM YUIH |, =1, MYHIaFbl
U

_ [/s8 _ Kip
I, =1e7, 1, =—%
1
U

) . ? _ Kip _ Kip
Coiixecinme, 1,6 =—=. bynxepaen U , =—¢;In
R1 Rllo
AHAJOTTBIK CUTHAJIIABI TIPEKTI KEPHEYMEH CAJBICTBIPY YIINIH aHAJIOTTHIK
kommnapatop Koigansuiaasl (10.7,a cyper).
10.7,a cyperre OK-tiH TepicremeiTin Kipicine Urp TIpeKkTi KepHey, ai
TepicTelTiH Kipicine Uyp aHAIOTTBIK CUTHAJIBI OEPIJITeH.

IU_HLMS
rr+
—— T BT AT
Ussinae Umiﬁ'
s —3 [ Fiin
7T ST .
a) 0)
10.7 cyper

byn xe3ne kenecineii maptrap opbIiHAAIA b (OEpislic CUMTaTTaMachl):

Erep: UKip< UTip) OHZa UIHLIF: U+U_II>IF.MaKC'

Erep: UKip> UTip , OHZ1a UHILIf: U-HII:IF.MaKC'

An Ugp= Uy, 60mca, Upy=0 6omagsl. OK kymeity koad@uuueHTi xys3
MBIHJIaFaH I1aMajia OoJaThIHABIKTaH, KOMIApaTOPbIH IIBIFBICK KapamMa — KapChbl
MOHTE aybICaIbl.

10.8 cyperre KOMITapaTOIbIH

or U_F{'Ep Umzp JKYMBICBIH aWKBIH KOPCCTCTIH, OHBIH

“‘{7——\ KIpIC JKOHE MIBIFBIC KEpHEYJEPIiHiH
——F e ¢ YaKbITTBIK AHarpammanapbl KeITipiireH.
- | |
Uhiseazy | g Komnapatop — KHCBIHABI IIBIFBIC
im“g'mm CUTHaJ  KIpiCiHE  TycipiireH  eKi
- KepHEYIIH KaWChICHI YJKEH eKEeHIH
Ussivra. ssaxc KOpCeTeTiH cyJiba.
10.8 cyper
10.4 lImuar Tpurrepi

[IMuUAT TpUTTEPiHIH €Kl TYpPaKThl Kyl O0ap >KoHE OJ aHAJOTTHIK CHUTHAJIJIbI
UMITYJIbCTIKKE TYPICHIIpEII.
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10.9,a cyperre TpurrepAiH NpUHIUOHAIAB cyidacel kenrtipiireH, 10.9,6
OHBIH O€plIiC CUITaTTaMacHI.

R; xoHe R, kenepriiepi oH Kepi OailIaHBIC TYFbI3aJbl, OJ TPHUITEPIIH
IIBIFBICBIHBIH, OHHAH TEpICKE JKOHE KEpICIHINE, IOPMEHI KYHAe aybICYybIH
KamMTaMachI3 eTefll. TpurrepiH aybICybl Ke31HAeT1, TabaIIBIPBIKTHIK KEPHEY1 Keleci
TYpJIC aHBIKTaJIa/Ibl:

+(U* -U,.)R; .

) U — U ) . maKkc :
Umﬂﬁ-j*‘Ump ) ma6l mip Rl + R2
rr Pl .
bl 5 ran——
+ U~ +U )R
| mi
Umm&.mm — \\—/ U =U, — P’ 2
.t R +R,
., |
HEDLEMARE 10.9 CYpeTTeH KepiI
10.9 cyper OTBIPFAHBIMBI3/IAH,

1) erep Ugp= 0, onna mbreicta U= U™ e vaxe, TEPICTEMEHTIH KipiciHe
U+Kip, U.ip >0 GepiiarenaikreH.

2) Uyip, U,ue6. 1 IaMachIHa Aeiiin yiiFaiiranaa U+Kip BIFBICY IIIaMaChIiHA TEHJIECITI,
TPUTTEP Upr™ U wipir aaxe IIAMACHIHA AyBICATTBI.

3) Ry xxoHe R, kepepriyiepi apKbUIbI aJIbIHATBIH OH Kepi OaiyiaHbIC eceOiHEeH,
eH/I1 U+Kip-Teri bIFbICY U5, mamaceiHa TeH O0omansl. An Uy, U, mamaceiHa
neiiin a3aifranna, TpurrepAid kepi Kocklnysl 60mapl, SFHA U= U e vare:

1) Ugip=0; Upyr= U s e OOJTAIIBI, OUTKEHI U+Kip:UTip >0

2) UKip_>UT36.1T1U+Kip = UKip! UHII:IF = U-HII:IF.MaI(C 6OJ'I3I[BI.

3) Rlv RZ: U+1<ip = Uma6.2; UKip - Uma6.2 ‘L: UHILH‘ = U+mLIr.MaKc

TabanaplpbIKTEl KEpHEY IamMachl Olp MOHHEH eKIHIIICIHE CeKipiCleH
aybICATBIH/IBIKTAH (©3TePETIHIIKTEH), TPUTTEP — 0ACKAPBUIATHIH KOMIIApaTOp OOJIBII
TaObLIAIBI.

11 dapic Nell. Curnanaap reHeparopJaapsbl

JlapicTin Ma3MyHBI:

— CHUTHaJIIap reHepaTopJiapbl, TeHEPATOPABIH O31HIK KO3y IIapTTaphl;

— BuH keripi 6ap cuHyCOMIANBIK TOJKBIHAAPABIH RC-TeHepaTopsr;

— MYJIBTUBHOpATOP;

— CBI3BIKTBI ©3rEPETIH KEPHEYIH F€HEPATOPHI.

JlapicTiH MakcaTTapsbi:

— TEeHepaTOPJbIH KYMBIC €PEKIIETIKTEPIH OKbIN YHPEHY;

— TYPJIi MiIIiH/I TOJKBIH]IBI T€HEepaTOPIap IbIH CYJI0aaphiH OKBITT YUPEHY.

11.1 Curnanmap reHepaTop/japbl, TIeHepaTOPAbIH O3iHIIK K03y
APTTAPBI
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DJEKTPIIiK TOJMKBIHAAP TeHEpaTOpJIaphl KOPEKTEHY KO31HIH TYPaKThl KEpHEY
OHEPTHUACHIH, CUTHAJIBIH TilIiHI OOMBIHIIIA TAPMOHUKAIBIK HEMECE CHHYCOUIANIBIK
TOJIKBIHAAD KOHE peJaKCallMsUIBIK TOJIKBIHAAp TeHepaTopiapbiHa O6IiHEeTiH,
OepUIreH MINHADKOHE KUUTIKTET1 alHbIMalbl KEpPHEY SHEPTUsSChIHA TYPICHAIPY
YIIIiH KBI3MET aTKapaibl.

DJEeKTpIiK  TOJKBIHAApD TEeHEepaTOpJaphl
KOPEKTEHMIPY KO3JEepiHIH TYpPaKThl KEpHEy
A SHEPTUSICBIH OEpUIreH MIIMIH MEH JKULTIKTEri
l- k0 AjHRIMANBl KepHEY JHEprHsAchIHA TYpPIEHIIpen,
oJIap COWKECIHINEe CUTHAJIBIH TIIIiHI OOWBIHIIA
TapMOHHUKAJIBIK HEMECEe CUHYOHUANBIK TOJIKBIHIAP
. 4 1\_ KOHE peaKcammanTbiK TOJIKBIHIAP

Yuserpu / \Ukipxs reHepaTopiaapbiHa OoiHe.
' 11.1 cyper I'enepaTtop nerenimiz kepi OailylaHbIC
Ti30eriMeH KaMThUIFaH KymenTkim. 11.1 cyperre

TeHEePaTOPIbIH KYPBUIBIMJIBIK CYJIOACHI KENTIPUITeH:

Ux:'p Ky
_/

==

Tt

]

K - KYWEUTKIIITIH KYIEUTy KO3 OUIIMEHTTI;

V. - OH Kepl OalJaHbICIIEH KaMTBUIFAaH KYHIEHTKIIITIH KYIIEHTY
K03 pUIEeHTI.
Kepi1 Gaiinanbichl 6ap KYMIEHTKIIITIH KYIEHTY KO3 PUIueHTi:
K K
K6 :
1_ 7/ K6 K

KymenTkimTi e3airiHeH Ko3bplpy mapTsl y,, - K =1.
Con cusKTBI, OH Kepi OaiJIaHbICThIA:

Koo =, (11.1)
Veol€'™ | Kle'™| =1 (11.2)
alIbIl KapanbIK.
Oumn, exi OeJIMHEH TYpabl:
a) [7s|-|K|=1 - amnnuryna GananchHBIH mApTHL. (11.3)

7;(6
KyHieiTkinmeH conma pet (K) KymenTutyi Tiic nereHai ouiaipen;

On kepi Oainmanbic  Ti30eTiHIET] -peT  OJCI3JIEHTeH  CHUTHAJ

6) €'% &' =1 xone @ + ¢, = 2m - pasa GanaHceHbIH waptel.  (11.4)

On kepi OaiiylaHbIC TI30€TiHIH JKOHE KYMICUTKIIITIH CYMMAapibIK (ha3aibIk
oypsutysl 2 7 (0,1,..) OYTiH MOHIHE T€H 0OJIybI KEPEK JACTEH/II KOPCETE .

Erep, dhazamap 6anmaHchIHBIH MIApTHI Oip FaHA TAPMOHWKA YIIIIH OPBIHIAJIATHIH
0oJica, OHJa CHHYCOHMJAJbl TepOeJICTep TeHepalusUIaHabl, erep >KUUIIKTIH KEeH
CIIEKTP1 YIIIiH 00Jica — peIaKIMOH bl TePOeTICTEP reHepalusIaHabI.
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11.2 RC-reHepaTopbIHbIH CHHYCOUAAJBI TepOeJici

OK-Teri CUHYCOUIAJIBI Tepoenicrep RC-renepaTopiapbIHbIH
apTHIKIIBUIBIKTAphl  OOJIBIN, KapamabIMIBUIBIK, ap3aHJbUIBIK, CaJIMAFbIHBIH
YKEHUJIJIIT1, OJIIIEMIHIH a3/bIFbl TAOBLIA b, AJT KEMIIJIIT — TeHepaIusIay KUUTITTHIH
TYPAKTBUIBIFBIHBIH KOFaphl 00JIMAayhbl CaHAIA IbI.

Buna kemipi Heri3iHmeri TeHEpaTop

cyibaceiH (11.2 cypeT) KapacThIpaibIk.
vD, VD, Uuse Kepi Oaiimanbpic  Ti30€TiHIH  KYIICHTY
& A [‘J R, koap¢unuenti (Buna Kelmpl) MBbIHaFaH TEH
0oJca, Yo = TR G OHJIA,
R 1+ _1 + 1
RZ C2
11.2 cyper .. 1
KBa3UPE30HAHCTHI KUK @) = ———.
\l R1C1R2C2
13 1
¥ x6 Erep C,=C,=C xoHe R =R,=R, oHzma 7K5=§,
oo L
> ° RC’
% / Pes 11.3 cyperre Buna kemipinin AXKM sxone @XM
\ KENTIpUIreH, Oy *Kepie KBa3UPE30HAHCTHI KUUTIKTE @,

~7'? (azanbIK Oypy V. HeIre, al Kepi GaiiaHbIC Ti30€TiHiH

11.3 cyper
KyueiTy ko3ddunmenti J,; 1/3-re TeH exeHiH Kopemis.

byn cynbana (11.2 cypet) keaepri R ammiutyna OanaHChIH OpBIHAAY YIIIH
KOKETTI Tepic Kepl OaiaHplC TEPEHMINH KYpy YIIiH KocburraH. VD; xone VD,
KapaMa-KapcChl TapaJijiesibl JUOJATAP IIBIFBIC CUTHAT aMIUITUTYJAChIH CaKTay YIIiH

Kochlran. Ote xorapsl U,,,. ke3inme muoarap Typa O©TKi3y JKaFJaliblHa aybICIIANIbI

TYpZle Kipedl >KOHE CHUTHABIH KYIIEHTy KOA(hOUIIMEHTIH a3aiiTa OTBHIPBINT TEPIC
Kepi OaitTaHbIC CUTHAJTBIHBIH aMIUTATYIaChIH YIIFaiTaIbl.

11.3 ABTOoTepOeicTi MyJbTUBHOPATOP

OKB Ry, R, (11.3 cypert) kepHey OenrimiMeH KamTamachi3 eriaetin OK-teri
aBTOTEPOETICTI MYJIbTUBUOPATOP KYMBICHIH LIBIFBICBIHAH TEPICTEMEUTIH KipiCiHEe
Kapail KapacTbIpailblKk. MynbTUBUOpaTOpAbl Olp KBa3UTYPAKThl TEHI€PIMHEH
eKinmicine aysicThIpbin Kocy U kip  pemakcanmoHmsl o3repy eceOiHEH Ky3ere

aCBIPBLIAIBI.
Erep t=0 ( 11.3 cyper) ke3inge OK Kopek ke3iH KocaTbiH OoJicak, oHIa Ry,

R, Geurimi ecebinen U, mbIFbic kepHEYi oce GacTaiibl, TepicTeMeiiTiH Kipicinae
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Je KepHey »orapbuiaiinsl, an 6yn U, GypbIHFBICBIHAH Ja JKOFAphIpaK YJIFalOFa
anein keneni. Horwkecinge, mopMmeHnai arsiHanl ypaicte U, mbIFeic kepHeyi

cexipmeni Typae E° -ke meitin, an kipic U kp YE'-Te meitin sxorapsLiaiiapl, Oyn
xepae y= Ru/(Ry +R;), E — uHTErpaiIpl OrnepanuoH bl KYIIEHTKIIT KOPEeK KO31HIH
kepueyi. U «p Oy xarmaiima esrepin yarepmeiini xone mHonre teH Oomamsl. C
KOHJIEHCATOP 3apsi/bl R apKbUIbI GacTanabl. Byt TypakTel yakbITIeH 7., =RC E -

ke ymTeltrad, U «ip yiIraloblHa anein Kene.
. — + + o . . .
t; kesinge, U wip =U "wp = )E" Gonran xarmaiina U, pexumi ne cekipmeni

Typae E--re neiiin esrepeni, an U 'kip = JE . By mopMeH i aFbIH/IBI TYPJE KYPEi.
E” -Te OH KamnTama, ajl Kopiycka Tepic Oaitnansickan C koHaencatopsl +C, R,
OK mbirbichl, — C Ti30eri OoiibiHINIA E™-re ACHiH KailTa 3apsaTaiyra YMTbUIa b t)
kesinge U wp =—)E~ -Gonmranmma KaiiTamaH
e -~ aynapy OoJajibl.
¢ byn ypaictep nepuoaTel  Typhe
KaWTajlaHaJbl.
7ot B I/IMHyJIBC Y3aKTBIFbI TEH:
o [ .t t* =t =RCIn-"7 .
; , 1-y
A A NmmnynbcTepii KailTanay nepuob:
WY N T =t +t; =2RCIn=TL
0) 1-y
Kysictbutbirer Q=T/t, =2.

11.4 cyper

11.2 OnepanmusiiblK KYIIEHTKIIITEri ChI3BIKTHI  O3IrepPeTiH  KepHey
rerepaTopsl (COKI)

11.3 cyperre COKI' cynbacwinna tepicreiitin RC —ti36eri OK Tepic kepi
Oaitnanbic Tiz0erine kKoceurran. COKI' apa Topizmi Typa >KOJibl yakbIThIHA TeH t,

Y3aKThIFBIMEH, Ukip OH TIOJISIPJIBI UMITYJILCTEPMEH OacKapbuiasl. Kipic uMmynbcrep

VD pgumonrap ©OasaceiHa Oepineni, oHbiH sMuTTepi OK TepicteiiTiH KipiciMeH
OailJTaHbICKaH.

["enepaTopapiH OacTankbl Kanmsl (I<t;), Ukip =0 Gonranma VD muomsl alllbIK,
TOK Kopek ke3ineH R, VD muonsl, Uy, curnan kesi, kopryc apkpuibl 6epinesi:

U _kip = U 0= 0 .
TepicTeiTiH KipicTeri KepHey
N R
U kip :—ZE:]/.E’
R +R,
Oy Kepae
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RZ
Y=o 5 -
R +R,
U xepreyi U, =E" 6oxran xesge OK 1mexTey pesxuMiHe 5KETKi3y YIIiH
U “«ip -Ten ackin Tycei.

VD, Uy, curnan kesi, kopmyc L.

. Byn Ke3Jie C
ﬁ ﬁ el o1t xomgencatoper U (0) = E
R, E o 1 TR — KepHeyiHe JEHiH

1 N g i —
Cow _ - [T 3apsATalFaH. Konnencarop
Urip 14 b__ov ] 4\| I z 3apsAIbI E" OK mmirbics, C,

& %q_? - ‘|; AN VD, Uy, curman xesi, L
KOPITyChI Ti30eri OOMbIHIIA
11.5 cyper Kypeal.

T,,, apa TOp1321 AKYMBICBIHBIH OapBICBIH KAJIBIITACTHIPY.
t; KocbUTy Ke3iHZAe, Y3aKTbIrbl t, Kipic mMmmynbciH xki0eprenge VD auonbr

xaObutanpl. E kesinen U wp oH kepueyiniy cexipmenimgiri OK-Hbl CBI3BIKTBIK
KYIIEHTKII peXuMre aybIcThipannl xkoHe OK e3iHe Kipic OoJbin TaObUIaThIH £
KepHEYiH TepicTeil Oacraiinpl. t; kesinme U kip Kipicinmeri oH cekipy IIBIFBICHIHIA
Tepic cexipy Oepe/i.

C 3apsaTanm¥aH KOHJIEHCATOPHI aKbIPhIH paspsarana Oacrtaimsl, om U,
IIBIFBIC KEPHEYiHiH a3arobiHa Herizgenred U kp Kipic KepHEYAiH —yYIIFAObIH

TyIBIPAJIbIL.
JKyMbIc OapbICBIHBIH Y3aKThIFBI 1,, = 1, 5koHe TypakThl yaksITThl RC Ti30ert t,

WHTEPBAJIbl asKTaJFaHIIA HOJTe NEHIH pa3psaTTansin yiarepin xone U, =E~ — re
JIeHiH KalTa 3apsaATaIybl THIC.

T\; apa Topi3ni Kepi KOJNBIH KAIBIITACTLIPY

t, kesimme kipic wMnynscTiH askranyel VD muoaka ambutagel U kip
cexipmeni Typae Uy, =0-re neitin asasael. byn kesme OK kymeiity pexnMineH

IIBIFAJIBI. UM,,Z E'— rte neiiin yiIFasapl. E- — re JediH 3apsaTalifaH, >KOrapbl
KbUTTaMABIKTEI, VD ambIK AUOMBIHBIH KeIepriCiMEH aHBIKTAJIaThIH KOHJICHCATOD,
HeJre JeHiH paspsaaranaasl koHe Oactankel KaiamnbiHa Ue (1) = ES neitin kaiita
3apsAATanaIbl.
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a) pE3UCTOPJIBIK OMTOXKYIl (a CypeT), OHJAFbl >KapbhIK KO31 — CoyJeNl U0/,
boTOKAOBUIAAFBIIT — KaJAMHUH  CEJCHUIIHEH, KaJMHI HeMece KOpFachiH
CyJIb(pUITEPIHEH KacallFaH (POTOPE3UCTOP;

0) nuoateiKk onTpoH (O cypeT) coyneni auoxa (GaAs) nen GoroauoATsiH (S1)
OIpIKTIPUIyl1H KepceTe i,

B) (hOTOBapHUKANTHIK ONTPOH (B CYPET);

I') TPAH3UCTOPJIBIK ONTPOH — TaJUTMM apCEHUIHEH KacaJFaH COyJell U0
KpeMHuii (poToTpaH3ucTopMmeH (T Cyper);

1) Kypama TpaH3UCTOPJbI ONTPOH, OHBIH CE3IMTAIIABIFBI JKOFaphl, Olpax
HIAMIIaHBIFBl TOMEH ([T CYypeT);

€) HOHMOITHI TPAH3UCTOPJBIK ONTPOH (€ CypeT), IanIaHIbIFbl aJIbIHFbI
ONITPOHFA KapaFaHia >KOFaphl;

) O1p ©TKEJI1 TPAH3UCTOPJIBI ONTPOH (3 CYpeT).

bip eTkenai poToTpaH3UCTOPIbI MbIHA MaKcaTTap/1a Naiigaianyra 00a bl

1) Tex 6a3anap KOCbUIFaH Ke3/1e (OTOPE3UCTOP PETIHIIE,

2) TeK SMUTTEPJIIK OTKE KOChUIFaH Ke3/ie (POToauoa peTiHE;

3) OapibIK YIII SJEKTPOJ] KOCBUTFaH Ke3/1€ O1p OTKEJ/I1 TPAaH3UCTOP PETIHIE;

M) OpICTIK TPAH3UCTOPJIBI ONTPOH YKAKCHI CHI3BIKTHI IIBIFBIC CHIIATTaMajlapbl
OOJFaHIBIKTAH OJIAP/Ibl AHAJIOTTHI KYPBUTFbLIAP/A Mai1aliaHy KOJIANIbI,

K) THUPUCTOPABIK onTpoH. DOTOPE3UCTOPIBIK kOHE  (POTOTUOATHIK
ONTPOHAAPJAH ACKBIH JKYMBICTHIK KEpHEYyJep Ke3IHJEerl >KOFaphl KYKTEMEIIK
KaOUIeTTIrIMEH epeKIIeIICHEe ],

JI) OMTORIEKTPOHIBIK UHTETpaIbIK cyinbanapaa (O3 UC) xeke OemmiekTep
apachlHIa ONTHKAJIBIK Oaimanpic Oap. byn wMukpocynbamapna JIUOATHIK,
TPAH3UCTOPJIBIK JKOHE THUPHUCTOPJIBIK OMTOXKYIITAP HETI3IHAC KapblK Ke3lIepl MEH
dboTokaObUIAaFbIIITAPAAH O0acKa, POTOKAOBUIIAFBIIITAH KEJITEH CUTHAIABI OHICYTE
apHaiFad Kypwuirsuiap 6ap. OO MC epekieniri — CUTHaIILI O1p JKaKThl TapaTy
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XKoHe  Kepi  OailmaHbIcTbiH ~ OonmMaybl.  ONTORNEKTPOHIBIK — acTanTapiAblH
TEXHUKACBIHBIH KeJleneri 0ap >KoHe Y3A1KCi3 JaMy YCTIiH/IE.

b xocbIMIIachl

AcnanTblH aTaybl benrinenyi
JluHucrop —%—
XKyka 6a3anan 6acKapbUIaTHIH THPUCTOP ZB\;

+

Kanpin 6a3agan 6acKkapbLIaThIH THPUCTOP

Kanpin 6a3agan 6ackapblIaThIH KaOBIIATEIH TUPUCTOP

Kyka 6a3anan 6acKapblIaThIH KaObLIATEIH TUPUCTOP f '

=1
|-

Jnax NAVARN

L i
Tpuax V71N

oaeduerrTep Tizimi
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