He kaxObilU opu2uHan nuwem Opu2UHalbLHO,
He 8Cé opuzuHanbHoe NuUWYym opu2uHarn.l.
I.K.Jlnxrenbepr

CHez cyumarom casaHoM oMepmeesiuell npupoodsi;

HO OH Xe CITyXXUum nepaonymbeM 0N XU3HEeHHbIX Npunacos.
Tak pazzadaume xe npupody!
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BBEOEHWE

B.1. lnana3oHbl 3NeKTPOMarHUTHbIX BONH
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B.2. UHTerpanbHbie CTPYKTYPbI U Nepcnexiuebl MuHnatiopu3auun CB4Y n KBY
annapartypbl CBepXxObICTpOU 00paboTKKn uHOpMauun ana uenem Meau-

LIMHCKUX, DUONOIrUYECKuX, 3KONTOTHYECKMUX U UHLIX NDUITOXEHUN
B.2.1. CuctemMb! ObICTPOW U CcBEpX ObicTpon 06paboTku uHdopmaLn (12).
B 2.2 lnockocTHble U 00beMHLIe MHTErpansHioie cxembl CBY n KBY (13). B.2.3. OcHos-
Hble NPUHUUNLI 0OBEMHbLIX WHTErparibHbix cxem CBY u KBY (13). B.Z2.4. O copepwaHum
Hawero Kypca (19).

o ——

12

B.3. OcHOBHbIe HanNpaBneHwsn (TeHAEeHLUK) P23BUTUS COBPEMEHHOW Paano-
TEXHUKK - cUCcTEM 06paboTku nupopmaumm

B.3.1. WiTerpanbHoie cxembl 8 papguotexHuke (16). B.3.2. WUsyyeHue u
TEXHWYECKOEe OCBOEHWE HOBbIX, BCe Donee KOPOTKOBOMHOBEIX AMAMNA30H50B 3anexTpomar-
HUTHBIX (@ TalKe akyCTUHEeCKnx W marHumtocTaruyeckux) 2onH (16). B.3.3. lNosblweHue
VDOBHS MOUIHOCTM uany4deHus (17). B.3.4. YcTraroBneHvwe (yHaamMeHTanbHbiX Npeaenos
| paauotexHukn (18). B.3.5. llepexon K nHTerpansHoi TexHonoruy (20) B 2.6, AsTomaTi-
3MPOBaAHHOE NpOoeKTUpoBaHWe cuctem ceepx OwicTpon cbpabotkm wHbopmauyum {(21).
B.3.7. MNepexon kK cucTteMmam urgpoBon obpaboTkin wHdopmauum (22). B.3.8. MpoHuk:o-
BEHUE ULEN U METOAOB PAAMOTEXHUKY B CAMble Pa3HoCGpasHbie OTPECcNU YenoBayeckoin
| KM3HW v JeATensHoCTH (22)

|
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B.4. YXuBan matepus Kak 00bekT PUIMYeCKUX uccne1o08aHnm
B.4.1 Beepenvue n HEMHOIO UCTopUK (27) B 4.2. XKuas knerka kak du-
anveckas cucrtema (30). B.4.3. KBaHTOBbIN acnekT opraHu3aunmn v OyHKUMOHUPDOBAHUS XKi-
Boro (32). B.4.4. NHdopmaLlnoHHoe coaepxatve bBrnocuctem kak uandyeckasn xapaxkrepu-

| HepasHoeecuu (36)

| CTuka (34). B.4.5. XXvBan cucteMa Kak hunanyeckun obvexT, pabotawlwuii B yCTORYMBOM |

| B.5. UHdopmauun, ynpasnslowui CUrHan, MORYNALKS, paAnoCcUrHan
B.5.1. Matepus u vHdopmauus (37). B.5.2. Ynpaensawowun curdan. Pa-
| AvocurHan (40). B.5.3. CnekTpanbHblii aHanua ynpasnsiolumx curdanos (42). B.5.4. Kop-

PenaunMoHHbIM aHanu3 ynpasnauux CUrHanos (45)
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BmMmecTo 3aKn0YeHns

"TMABA 1. OCHOBb! 3NEMEHTHOW BEA3bl COBPEMEHHOW TEXHUKA CBY n KBY
OVWANA30OHOB

1.1. BeeneHue

:
|
!_____,_ , : S _ _ B )
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1

1.2. Knaccupukauma nNMHUU nepenain ¥ KpaTkas XapaxkTepuCTUKa CBOMCTB
3N1eKTPOMArHUTHbLIX BOSIH B HUX PACTIPOCTPAHAIOIWMXCH

1.2.1. JluHun nepepayu c nonepedHon (T) sonHow (49). 1.2.2. NIuHuu ne-

pepayun (BONHOBOAb!) C nonepeyHo-marHuTHeiMu (TM) 1 nonepeyHo-anexkrpuyeckumu (TE)

BonHamu (50). 1.2 3. JInHni nepefayun OTKPLITOro (NONyoTKpbITOro) Tuna. MorepxHOCTHbIE

|
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' CokpatieHus yakocneumanbHbix TeprmrHos B 0BnacTi Guonorum u huUanky paclundpoBLIBAHOTCS

B TEKCTE, a Talkoke B marepuanax Hebonbuioro Crosapuxa
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“BonHbl (52). 1.2.4. KBA3WONTUYECKUE NMHUNA NEPeaaYs U HeKOTOPbIE 3NEMEHTbI KBaauon- |
Tuyeckoro Tpakra (54). 1.2.5 JlnHun nepeaayu BOMH ONTUHECKOro guvanasoHa — CBEeTOBO-
Abl (58). 1.2.6. OCHOBHbIE XapakTepucTuku nuHuK nepeaadu (60). 1.2.7. Knaccudpukauus
ANEeKTPOANHAMUYECKUX CTPYKTYP (62)
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| 1.3. PacnpeneneHne MHTEHCUBHOCTU U KapTUHbLI SNEKTPOMArHUTHbIX NOJien B |
HEKOTOpPbIX BONTHOBEAYLWMUX CTPYKTYpax |
1.3.1. lnockas sonHa 8 ceobogHOM OAHOPOAHOM NPOCTP3HCTBE U KOAK-
cuanbHon NuHUKW (65). 1.3.2. MpaMOyronbHblA BOMHOBOL. 3nekrtpuyeckre BONHbI (68). 65
| 1.3.3. MpamoyronbHeld MeTannu4eckuin BonHosoA. MarHuTHbie BonHb! (69)
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BMecTO 3aKIIH04eHUs 71

I'I'IABA 2. DPUSUYHECKUE U EMOQJHSHLIECI{HE 3¢¢FEKTI:I - OCHOBA AnA
CO3AHUA TEXHUYECKUX YCTPOUCTB B MEQULIMHE, EUONOMUH,

:
|
|
|
E

IKONOorumu . 73
2.1. PezoHaHcHbie ABnenus B [pupoae, anekTpoauKamuKke, TeXHuke, 6uono-
rmn
2.1.1. Pe3oHaHc kak obuiee asnenune (71). 2.1.2. OcobeHHocT BnukHero 73

NONS - 3NEKTPOMArHUTHOE Mone C ABHO BbIPaXEHHON NPOAONBHON COCTAaBNAIOLLEN INEKTPK-
yeckoro nona (72). 2.1.3. MNpoHukawLas cnocobHoCcTL BJ'IEKTPC!MEI'HHTHDFD Nnona ¢ SBHC Bbi- |
PaXKeHHON NPOAObHOM COCTARNAKLWIENH 3NeKTpUYeckorc nons (76). |

2.2. YeguHeHHbIe BOMNHbI - CONMUTOHbI |
2.2.1. CcHoBHble CBOWCTBA YeAUHEHHBIX BCONH (77). 2.2.2. Mecio yeau- 80
HEHHbLIX BOMH B MartemaTtuke, pusunke, dnohusnke, TexHnke (79) 2.2.3. YeauHeHHble sBon-
Hbl - CO/IMTOHHbIZ NMPOUECCH! B XUBCM oprasuame (82).
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2.3.1. bucTponHele NapaMeTpbl MUNITUMETPOBOro uanyyerus {(85). 2 3.2.
Pe30HaHCHBLIW, HeTennoeeh xaparrtep Guonornieckux apdDeKToB N HEKOTOPLIE 2ro cne,q~ |
creust (87). 2.2.3. BnuaHre MUNNMMETPOBbIX HaHOCEKYHOHBIX MMMNyNbcos ¢ DONLLLON NMUMKOBON | 38
mowHocTb (90). 2.3.4. Buonornyeckne 3agmerTbl HUSKOUHTEHCUEHOTO MWNIMMETPOBOIC U3~ |
nygdeHus (51) 2 25 Haubonee c,ymea'raemm.e 13 duenorudeckux adbbekros {92) 2.5.6. I
,rOch-aua buosioruueckme 3PgerTni (92}
r
I
|

|
b- |
! 2.3. brnonoruveckne agdhexThl ¥ INEKTPOMArHuTHOE None |
|
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I
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2.4. B3auMHas CBA3b NPOAONLHLIX 3N1eKTPOMArHUTHLIX BONH |

Cc GMonorMseckn akTUBHLIMK TOYKaMM |

| 2.4.1. BogHble aamevanuna (95). 2.4.2. CTpykTypa BUCROrMHECKY aKTHUS- |
| HEIX TO4eK (I6). 2.4.3. bUONCrMYECKy: aKTUBHAA TOYKa KaK reHepaTop v getektop (97). | 98 -
[ 2.4.4. Texnuka namepenuit napameTpos BAT Ha KBY v HexoTopble pesyneratel (97). 24.5. | |
| [IpeactasneHuse cuctemMsl bAT ¢ LIHC B Bige ADAP ¢ HelporomibioTepom (100).
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|

2.5. BsanmopercTaue BUXpeBbIX 3NTEKTPOMArHMTHbIX NOJIEU M BOAL!

06.1. Obwue coobpaxennsa (101). 2.5.2. TexHvKa, OnbiTbl, HEKOTOPLIE |
pe3ynbTaThl (102). |
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2.6. Puznyeckue 3dhdekrbi B3auMoaenCcTBUA npogonbibix AVMB ¢ sewecTsom
U UX UCNONbL30BaHMe B BOGHHbIX TEXHONOIMUAX

2.6.1. Obwun Bxop (106). 2.6.2. OcHOBHbIE HanpaBneHus pPasBuTWA BON-
HOBOrO opyXus. Knaccudukauus BONHOBCTO opyxus (106). 2.6.3. BonHoBoe opyxne Ha |
OCHOBE akycTudeckux reHeparcpos (CLLUA) (107). 2.6.4. 'eHepaTopb! BUXPEBOro ABMKEHUA
napamarHuTHon cpebl (108). 2.6.5. BonHOBOE opyXue Ha OCHOEE KOPOTKOBOSMHOBEIX le-
Hepatopos {109). 2.6.6. Pusnueckme OCHOBbI AencTBuUs BonHoBoro opyxus (110). 2.6.7. |

| dopmupoBaHue NpoaonbHeix AMB (111). 2.6.8. BonHoBble NOTCKM B NPUPOAHbLIX cpeaax !
(114). 2.6.9. lopaxawiiee gencTasue NoToKos npoaonbHbix IMB Ha XiuBble 0praknambl | 109 |
{115). 2.6.10. [AnCTaHUMOHHbLIA NepeHoc 3neKkTpoHoB. BonHoBoe B3aumMoaencTasne MUKpo- 1
oprakvi3moB C BHelWHen cpegov (116). 2.6.11. YnpaBnexsue OencTBUeM nNiiasMouaoB Ha ‘
paccrosHuu (118). 2.6.12. [leAcTBre nNasMongos Ha TexHuyeckne cuctemst (119). 2. 6.13.
. BepositHble HanpasneHus paspaboikd CUCTEM 3alliuTb! U NPOTUBOAEUCTBUS BONHOBOMY
opyxuic (119). 2.6.14. MeTogbi CO34aHUA aKTUBHBIX cpea W noTokoB (119). 2.5.15. leHe-
paTtopbl NPOAONbHbLIX 3nekTpoMarkiuTHelx BonH (120). 2.6.16. dopmupoeaHue BOMNHOBbLIX
naketoB (121). 2.6.17. [wngposuxpeBon reHepatop.(121). 2.6.18. [wnoTesa
| .H.Netpakosuya (125). 2.6.19. BosgencTene nnasmerHbIX CTPYKTYP Ha TeXHUYECKUE CUC-
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I-$EM;| (130). 2 6.20. Migeonorus paspaboTky CUCTEM 3aLUMTHI U NPOTUBOAEUCTBUS BOMHO-
somy opyxuio (131). 2.6.21. VHbie npunoxeHus paspaboTaHHbix METOA0B u cuctem (131).

3aKknwuyeHue
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[MABA 3. OGLIAS ANEKTPO®U3VKA =
= OU3UKA + ANEKTPOAVHAMMUKA = KUBOIO

135

3.1. BeegeHue: XXuBasa MaTep1a U 3NeKTPOMarHMTHbie Nons
31.1. ObobuweHHbie onepaTtopbl BucanekrpoanHammkn (133). 3.1.2. Ku-
pansHble nona (135). 3.1.3. SnekrpoMarHuTHoe none u gansHogencrTene (136).

135

| 3.2. Xusas matepus U (puanyeckue CTpyHbl
| 3.2.1. O6wme 3ameyanus (137). 3.2.2. COOTHOLLEHUE JUCKPETHOTO U He-
| npepblBHOro. MapmoHuueckuin ocumnnaTtop (138). 3.2.3. HekoTopble OCHOBHbIE NOHATUSA
| Teopum cTpyH (139). 3.2.4. HekoTopkie BO3MOXHOCTH annapara puandeckux cTpyH (141).
3.2.5. Wpesa «mupa Ha bBpaHer» (143). 3.2.6. XKusasa matepusa - pusn4eckue CTpyHbl — anek-

- TpomarHeTusm (145). 3.2.7. BMmecTo 3aknyeruns (145).

140

3.3. NNokanu3auua 3MeKTPOMarHMTHbLIX BOJIH B DMONGIrAvYecKUX cpegax
¥ ha3oBble nepexoibl
3.3.1. ®U3MKa MexaHu2ama nokanusauun 3N1eKTpoMarHuTHeIX sonH (146).
3.3.2. dazoesie nepexodsl B Buocuctemax (148). 3.3.3. Ksasukpucrtannuyeckas mogens
Duocpeabl u CTpYKTYpHble hasosbie nepexodbl (150). 3 3.4, HeobkiuHble ha3osbie nepe-
xoAbl 2-ro popa (156C).
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148

3.4. O maTtepualibHbIX YpaBHEHUAX 3NeKTPOMU3IUKN KUBbLIX CUCTEM
3.4.1. GTHOWeEHUE K Knaccu4eckon anekTpoguHamuke (151). 3.4.2. dusuka
UBOTrO W xapakrepucTuka dbuocpen (152). 3.4.3. Kavans! pacnpoctpaHeHus 3MB 8 Huo-

HW BuoanekTpoguHamku (156).

cuctemax (156). 3.4 4. Metoaguyeckne BOnpoCsl (hopMupoBaHits marepuanbHbiX vpasHe-

| 3.5. Bozgeuncreue Ha 6Mondbbwexkt KBY uznyyeHuem, MoavinpoeRaHHbLIM
yactoramun /\ -puTMa ronoBHOTO MO2ra

| BOZAEUCTBAU MOoaynupoBaHHbim OMV KBY (158). 3.5.3. Pesynbtars! HEKOTOpbLIX OMbITOB
(199)
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3.5.1. BmecTo BBegeHus (157). 3.5.2. SdMeKkT «3NeKTpOCHa» Y KPLIC npy

3.6. MepeHoc PYyHKUHOHANLHOW MH(POPMaLUK C 3TANOHHCTO OMooBHLeKTa Ha
HETPOHYThIN B Npoxoasiuiem KBY uanyuyenun
| 3.6.1 Obwan unges {(16C). 3.6.2. UHCTpyMEHTanNbHbIA ONLIT NO [OK&3a-
| TenbCTBy ABNEHWs npcocTpaHcTBeHHON moayndauun (161). 3.6.3. buodusuyeckuin onbir No
| [oKasarensCTBy ABNEHUA NPOCTPAHCTBEHHOW MoAynaunk (162). 3.6.4. PesynbTaTh! ONbiTa B KOH-
ETpDﬂbe!}f rpynnax (163). 3.6.5. PesynbTatbl ONbITOB Npy OOHOBPEMEHHOM 0ONyYeHW)
GonbHOK W 340p0BOI Kpbickl (163). 3 6.6. KpaTtkuit 6o n3nkouHthopMaLmMoHKLIiA asanus pe-
| 3ynbTaToe onbiTos (1€5). 3.6.7. Wicnonb3oBanue npocTpaHCTBEHHOW moaynsauum B KBY-
Tepanuu (166).

3.7. Bzaumopeuncrtene KBY nanyyeHuns, npoweailero yepes SMonoruyeckue
MaTpUibl, Ha XXMBOW OPraHvuim

YanbHO 3a3AaHHoro hakra eosgencrenem Ha buoobwexktet IMU KBY (169). 3.7.3. Hekoro-
pble pesynbtarh (170).

S

163

3.7.1. BxogHoe 3amevanue (169). 3.7.2. BO3MOXHOCTbL NCAMEHbI U3Ha- |

172

3.8. JBCMNIOLUMOHHAEA NaMAThL XKUBoTo Npu KBY oGrniyyeHus opraHuima
3.8.1. llocTaHoBKa 3agakuv uccnegosanus (171). 3.8.2. Kateropus sBonio-
yuoHHou namatik (172). 3. 8.3. OTaanenHble BonesHeHHble peaklun Ha Bosaevictene MU
KBY Ha cpranuam (174). 3.8.4, HekoTopble pedynbrartkt (175). 3.8.5. [unoTesa 0f 3Bonto-
LMOHHOW NnamaATK ¢ Toukn 3peHus KBY-ocbnydyeHus opraHuama (176).
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182

FMABA 4. SNNEKTPOOUNHAMUWKA U ®PAKTAJIbHAA TEEOMETPUA BUOCUCTEM

4.1. Opakranbl U 3NeKTpoaKHaMMKa XHUBOTIO
4.1.1. Beeaenve. OB B3rNag Ha anekTpoauHamiky xueoro (181). 4.1.2

183
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O npocTpaHCTBEHHOW opraH3auunen buoctpyktyp. Camononobue. (182;. 4.1.3. MpuKumn He- j

183




i pasnuuumoro Toxaecrtsa. Betenenusa (182). 4.1.4. YpasHeHue MaHOensbpoma u 6UC-
| mkaHb (183). 4.1.5. HopMaunoHHas NepBoOCHOBA XWUBbIX CUCTEM - CTPYKTYpa WU (PYHK-
uun OHK (185). 4.1.6. dyHaameHTanbHoe npasuno agonwouunu (186). 4.1.7. HK v uHdop-
mauus (187). 4.1.8. CnekTpanbHblid Noaxoa U Teopus pakranos (187).

4.2. Npucnocobnexune annaparta (ppakranbHOM reOMeTpuUM
K buoanekrpoagnHaMmuke
4.2.1 [pobHasa dpakranbHas pasmepHocTs (189). 4.2.2. [1pobHas pasmep-
HOCTb - OCHOBa (hpakTasibHon reomeTpun Buocucrem (190). 4.2.3. OcHoBHbIE onpeaene-
HUSA PpaKTanbHOW reoMeTpun B NpunoXxenun K buocucremam (191)

4.3. Ondpakuus u pacnpoctpaHeHue INMB B Omonoruyeckux
(ppaKkTanbHbIX cpegax
4.3.1. PaccesHue OMB Ha thpakranbHon nosepxHoctTn BuoobbektoB (193).
4.3.2. PacnpocTtpaHerdue OMB B Buonoruyeckux ppakransHbix cpegax (194)

195

4.4. CONUTOHHO-TONOrpagpu4ecKkme 3neKTpoOMariuTHble BOSMHbI
B buonornyeckux hpakranbHbix cpeaax

201
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MABA 5. UHOOPMAUMOHHO-MNOJIEBAA CAMOOPIrAHU3ALUUA BUCCUCTEM

205

5.1. Puanuyeckan CTpykrypa XUBOTO

| 5.1.1. Onpepnenenve. Cxema uUsnLeckoin opraHnsaumm GuootsekTa (202).
| O6uyie xapaKTepucTuky oprasusma (203).

5.2. O6WwMe NPUHLUKNBLI CAaMOOPraHU3aLUM GUOCUCTEM W ponb HAOPMALIUK
5.2.1. GHTponua v camoopraHusauus {(205). 5.2.2. BuoobbekT ¥ BHELKAS
cpepa (207)

5.3. UndropmMaLius camoopraH K3YIOWMXCA BUOFIOTMYECKMX OTKPbITHLIX CUCTEM
. U «(3HEProeMyoCThLY WHI(POPMALMOKHLIX NPOLECCOoRB

| 5.2.1. Hdopmaums no leknHory (209). 5.3.2. 3HepreTudyeckue xapakre-
pUCTUKK Buocuctembl. YpaeHerue dokkepa-Nnanka (211). 5.3.3. 3HeproemkocTs Oue-
| MHpopmaLuu (212) o

5.4. Monesan caMOOpPraHM3aLmMs GROCUCTEM

5.4.1. lNonesas camoopraHulaliug buocucTembl (213). 5.4.2. HenokanoHbi#
| CaMmocarnacosanHblil noTeduman (215)
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| AaMEHTaNbLHbLIX 3aKoHOS Mpupoabi
5.5.1. Onpenenexrve. 3akoH Ymosa.

| cnekTp (217). 5 5.3. Pe3oHaKcHbie ¥ bruoputmuyeckue yactorb! (218)

55. WHhOpMaLVOHHO-NONEBas CaMOOPraHM3aLMus OMOCKCTEM ¢ MO3MLKA c;:yu-‘

(216). 5.5.2. CobeTeeHHbIE HaCTOThI U |

3al{nm-:EHHe

FﬂAEA 6. GJMSW-IECKME N MATEMATUYECKME MOAENA N METO1b!
QHEKTPOHHHAMH U TEXHUKU XKUBbIX CUCTEM

F il

6.1. dnekTpoprsnveckne u hUIUKO-TOMNONOIrMYECKME XapaKTepUCTUKM
GuoTKaHu U PaHTOMHOE MOAENUPOBaHKE OPraloB YenoBeKka
6.1.1. Xapakrepucruiv buotkanu (221). 6.1.2. HekoTtapble gaHHbIe uamepe-
HUIW 3NeKTpobu3nYecknx napaMeTpoB Mmatepuna Buotkanu (224). 6.1.3. MeTtoa namepeHus.
PesoHaTopbt (224). 6.1.4. ®aHToOMHOE MoaenupoBaHue BuoobbekTos {229)

6.2. O BOIMOXHOM MeXaHK2Me aKkTUBauun cCOOCTREHHLIX JNeKTPOMarHUTHbIX
NoMNen KrneTok opraHuaMa npu BHewWwHeM o6ny4vyeHnu
6.2.1. Nogxoab! k npobneme {231). 6.2.2. AHanus BO3IMOXHbIX 0ObLACHE-
HUA MEXaHU3Ma B3aUMOOENCTBUA CODCTBEHHLIX NONen KIeToK C BHeLLHUMW [10AsIMiA

(232). 6.2.3. KcppenaunoHHblA noaxoa K OBbACHEeHUID MeXaHu3Ma akTusaunu cobecTBeH-
| HbiX NONen kNeTok (234).
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MABA 7. TEXHHHECI{HE ?CTPOHCTBA CBY4, KB4 U ONTHUYECKKX qACTGT B

|
I
|
| MPUMEHEHWM K MEOWUUMHE, BUONOMUK, SKONOTUU U UHbLIM
| [MPUIOXKEHMAM
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7.1. MogenupoBaHue ¥ CUHTE3 00beMHEbIX (PYHKUMOHANbHLIX Y3NOB ANA Me-
' AULMHCKOK U BMONoruvyeckon annaparypbl 243
7.1.1. MogenupoBaHue HeoOAHOPOAHOCTEN - BA30BbIX ANEMEHTOB ODBLEMHbIX
B (hyHKUNOHaNbHbLIX y3noB (238). 7.1.2. MeTtoabl gexomnosunumm (239) -
7.2. MpUHUUNBbI NOCTPOEHUSA 00 bEMHbIX (PYHKLMOHANBHLIX Y3NOB
7.2.1. OBwas naes (241). 7.2.2. HeogHopoaHoctn OUC CBY n KBY (241). 246
| 7.2.3. MocToBble cxeMbl B 06beMHOM UcnonHeHuun (242). 7.2.4. Yctpoucrea obpaboTku
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