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BBEJAEHHUE

JluciuiuiiHa SBJIAETCS OJHOM M3 3aBEpPIIAIOIINX B CUCTEME IOATOTOBKU
CHELUAINCTOB B OOJACTH KOHCTPYMPOBAHMS M TEXHOJIOTMU PAJIHOAIEKTPOHHBIX
cpencts UBT. Metonb! u cpencta npoekTupoBanus POC ucnonb3yroTcsl TaKke B
JIpyTrux u3ydaembix aucuuiumHax HampasieHus 09.03.01 UBT, npeaxycMOTpeHHBIX
y4€OHBIMHU IUIAHAMHU.

B mpouiecce BeImonHeHHs 1a00paTOPHOTO MPAKTUKyMa CTYIACHT OJIKEH
POJEMOHCTPUPOBATh YMEHHUE HMCIOJIb30BaTh TEOPETHUUYECKHE 3HAHMS, HAKOILJICH-
HbI€ B PE3YyJIbTaTE€ W3Y4YEHUs IPEIIECTBYIOMMNX JUCUUIUIMH, JUIS PEIICHHUsS KOH-
KPETHOM KOHCTPYKTOPCKOM 3aJauH:

- TIIy0OKO U3YUYUTh (PU3NUECKHE MPOLIECCHI, TpoTeKatomue B POA, ux
BJIUSI-HUE HA DJIEKTPUUYECKHUE MTapaMETPhL;

- PaCHIMPUTH 3HAHUS IO TEXHOJIOTMYECKUM IpOLeccaM, TPUMEHAEMbIM
IIPU U3TOTOBJIEHNH POA;

- YMETh OLICHUBATh TEXHOJOTMYHOCTh KOHCTPYKIHUH AeTalnu U u3nenus POA
B LIEJIOM;

- YMETh aHAIM3UPOBATH PE3yIbTATHI pacyeTa U MPUHAMATh
COOTBETCTBYIOIIME KOHCTPYKTOPCKUE PEIIECHUs C 1eJIbI0 00ecIeYeHns HapaMeTpoB
PDA;

- BBINIOJIHATH TPEOOBaHUS, IPEIBSABISIEMbIE K O(POPMIICHUIO
KOHCTPYKTOPCKOW JOKyMEHTALUH;

- IPUMEHSATh aBTOMATU3UPOBAHHBIE CUCTEMBI IPOCKTUPOBAHUS KOHCTPYK-
topckoit fokymenTainuu (CAIIP-koHCTpYKTOD);

- HAYUYUTHCS TOJB30BATHCA TEXHUYECKOW JIMTEPATYpOW, B TOM YHUCIIE CIIpa-
BOYHMKAaMH, CTaHIAApPTaMH U JPYTMMU HOPMAaTHBHO-TEXHUYECKUMHU JOKYMEHTaMH
(HT), npuMeHsieMbIMA 1 Ha IPOMBILIJIEHHBIX TPEANPUATHUSAX.

B nporecce nMoAroTOBKH MHKEHEPHO-TEXHUYECKUX KaJpOB HapsLy C Tpaau-
IUOHHBIMH (pOpMaMH U MeTOoAaMH OOy4eHHs HEeO0OXOJUMO HCIOJIB30BaTh HOBBIE,
CHOCOOCTBYIOIINE aKTUBHU3AIMK MMO3HABATEIBHON NIEATEIBLHOCTU CTYACHTOB, (Pop-
MHUPOBAaHUIO CAMOCTOSITEIBHOCTH MX MBIIUICHUS M HANpaBiCHHbIE HAa OBICTPYIO
aJanTalyueo MOJIOABIX CIIEHHUAIMCTOB B PEANbHBIX IPOU3BOACTBEHHBIX YCIIOBHSIX,
CaMOCTOATENILHOE MPOEKTUPOBAHNE, UCCIIEIOBAHUE U OLEHKA [TapaMeTPOB U Kaye-
crBa koHcTpykuuii POC ¢ yuerom TpeboBanmii rocynapctBeHubix (I'OCT) u ot-
pacneBbix (OCT) cranmapTos.

OcHoBHas 11e/1b MTOCOOUSI — MPUBUTH CTYIEHTAM HABBIKM BBITTOJIHEHUS KOH-
CTPYKTOPCKUX pabOT, 0Ka3aTh UM MOMOIIb B PEIICHUH TEXHUYECKUX 3aay M0 KOH-
cTpyupoBaHuto POA, HayduTh MX MOJIb30BATHCS CTAHAAPTAMU U B IIEPBYIO OYEPEIb
cranaapramMu EqunHoii cuctembl KoHCTpyKTOpckux Aokymentanuu (ECK]I), nepas-



PBIBHO CBsi3aHHOM ¢ EnmuHol cucteMoit TexHosorudeckoi nokymentaruu (ECT/I)
Y €JIMHOM CUCTEMOM TeXHOJOornudeckoi moarotosku npousBoactea (ECTIIII).

Tak Kak cTaHIAPTHI NOCTOSIHHO Pa3BUBAIOTCS U JOMOJHSIOTCS, TO BCE U3ME-
HEHUS HeOOXOAMMO YUYHTHIBATh NMPU MPOCKTUPOBaHNH KOHCTpYKInid POC.

JlaHHOE€ pPYKOBOACTBO MOKET HCIOJB30BATHCS TAKXKE MPU JTUILIIOMHOM
MPOEKTUPOBAHUH.

1. AHAJIU3 TEXHUYECKOTI'O 3AJAHUS HA TIPOEKTUPOBAHUE
P2C

OCHOBHBIMM JaHHBIMHM [JI1 KOHCTPYMPOBaHHUA J0O00H pPagMO3IEKTPOHHON
anmnapatypsl (POA) sBnstoTcs Texuudyeckoe 3aaanue (T3) u cxema snekTpudeckas
npuHuunuanbHas (23). O0mme MEeToAUYECKHE YKa3aHUsl MO0 KOHCTPYHUPOBAHUIO
POA, HaunHas ¢ paHHHUX CTAaIW{ aHAJIN3a, HALEJIEHbl HA PEAIN3ALNUI0 CUCTEMHOTO
MO/IX0/1a K KOHCTPYUPOBaHUIO. B HacTOSIMIMX yKa3aHUSIX pacKpbITa METOANKA KOH-
CTPYKTOPCKOT'O aHaJIN3a TEXHUYECKOTO 3aJaHUsl U CXEMbI JIEKTPUUECKOW TPUHIIH -
nuaiabHOU. B pe3ynbrare ananuza T3 yTOUHSIOTCA U KOHKPETHU3UPYIOTCS TEXHUYE-
CKUe TpeOOBaHUs K KOHCTPYKLIMH U3JETHSL.

1.1. AHaIu3 Ha3HAYEHUS U3AeJIUA

[Ipu ananu3e Ha3Ha4YeHUs B MEPBYIO OUEpEab ONpENEseTCs TUIl anmnapary-
pBL: cnenuanbHas uiau ObiToBast. Jyis ObITOBOM ammaparypbl HapsAIy C BBIIOJIHSIE-
MbIMU (DYHKIIUSIMU Ha3HAaYeHUs (YCUIIMTENb, TFOHEP U T. 1I.) JOJKHO YUYUTHIBATHCS,
4TO paanodsiekTpoHHbie cpeacTBa (POC) ObITOBOr0 Ha3HAUYECHUS SBIISIOTCS YACThHIO
UHTEphEPA U JODKHBI OBITh €0 TAPMOHUYHOMN COCTaBJIsIONEH. BasxkHbIM 17151 HTOTO
TUIIA aNnapaTypsl ABISIETCS €€ COBMECTHOE HCIIOJIb30BAHUE C YXKE MMEIOIICHCS y
noTpebutens annaparypoi. [loaTomy 00s3aTenbHO TOKEH OBITH PACCMOTPEH Ba-
pPHAHT UCMOJIb30BaHUs pa3zpadaThiBa€MOro Mpudopa B cOCTaBe, HapUMep, HEKOTO-
pOro BUAE0-ayAMOKOMILIEKCA.

AHanOrMYHBIM MOAX0J HEOOXOJMM M TMPU MPOCKTUPOBAHMM KOHTPOJBHO-
M3MEPUTEITFHOM ammapaTyphl U anmapaTypbl aBTOMAaTUKH, TaK KaK 3TH THUIIbI U3e-
71 OOBIYHO UCIIOJIB3YIOTCSI B COCTaBE U3MEPUTEIBHBIX KOMITJIEKCOB.

OyHKIMOHANBHOE HAa3HAYEHUE U3JENUS ONPEAESIOT U MUHUMAIBHO JOMY-
CTUMBbIE Macco-TabapUTHbIE XapaKTepUCTUKHU. Hampumep, sl MUKPOKAJIbKYJISTO-
POB, BJEKTPOHHBIX TeJIE(POHHBIX aIIMapaTOB U JPYrUX W3AEIUN C KIaBUATYpPHBIM
yIpaBjIeHUEM MUHUMH3AIUS Pa3MEpPOB KHOMOK U KJIABHIL CHUXKAET YIAOOCTBO pa-
OOTBI MOJIB30BATENS], U KOHCTPYKTOP MPH aHATU3€ JAOJDKEH JaThb KPUTEPUH JTOCTH-
YKEHUsI KOMIIpOMUCCa NpU pazpadoTke ykazaHHbiX uzfenuit POC. CHuxenue mac-
Chl HE BCErjia MPUBOAUT K yAOOCTBY pabOThI C 3JIEKTPOHHBIM amnmnaparoM. Eciu
Macca HaCTOJIbHOTO TejedoHa Maia, TO MPU CHATUU TPYOKH U €€ yIaJeHU! BO3-



MO>KHO U TIEpEeMEIIeHHE caMoro arrmapara (Hanpumep, mojenb HT-8686 kutaiicko-
r'o MPOU3BOCTBA).

Jliist ycTpaHeHus ykazaHHOTO 3 (eKTa aHTIMICKUM pa3paboTyrKam mpu-
IIJIOCh UCKYCCTBEHHO YBEIIMYMBATh Maccy TeneoHHoro anmnapara (moaens UT-
286) BBeIeHHEM METAILIMYCCKHUX TUTACTUH 001Iel Maccoi 150 r.

1.2. AHAJIN3 KOHCTPYKTOPCKHUX aHAJIOTOB

B kauecTBe KOHCTPYKTOPCKUX aHanoros, B coorBercTBuu ¢ ['OCT 2.116 —
84, cienyer BHIOMpATh WU3ETHUS, UMEIOUINE TO XK€ (PYHKIHMOHAJIbHOE Ha3HAYECHHE,
4TO U pa3pabaTsiBaeMoe. Kak mpaBuiio, KOHCTPYKTOPCKUE aHAJIOTH 10 apaMeTpam
JOJIKHBI COOTBETCTBOBATH JIYUIIMM OT€YECTBEHHBIM U 3apyOeKHBIM 00pa3LaMm.

Llenp BBINOTHEHUS aHAJIM3a KOHCTPYKTUBHBIX PEIICHUN aHAJIOIOB COCTOUT B
TOM, YTOOBI KOHCTPYKTOpP MOT IpeACTaBUTh cebe oOpa3 Oyaymero uzaenus. [lo-
MHUMO 3TOT0, IIPHU BHIIOJHEHUHM TAKOIO aHaJIM3a KOHCTPYKTOpP M3ydaeT Haubosee
yIAuHbIE PELIECHUS IEMEHTOB U Y3JI0B, KOHCTPYKIIMH U TEXHOJIOTHIO UX U3TOTOB-
JIEHUsI C T€M, YTOOBI HCIIONIb30BaTh UX B pazpadaThiBa€MOM HU37ENInU, 00ecreunBas
TEM CaMbIM MPEEMCTBEHHOCTh KOHCTPYKTOPCKOM pa3paboTku. [Ipu n3ydyeHnn KoH-
cTpykuuii POA aHanornyHoro HazHaueHHUs HEOOXOJUMO OLICHHUTh BHEIIHIOK KOM-
MOHOBKY C TOYKH 3p€HHUs o0ecnedeHusl yno0cTBa paboThl OlepaTopa U BBINOJIHE-
HUS TpeOOBaHUM TeXxHUYeCKOM 3cTeTuku. CrieyeT u3y4uTh criocoObl o0ecneyeHus
PEMOHTOINPUTOJHOCTH, BJIArO3aIUThl, B TOM YKCJIE METOJIbI 3aIIUThl KOHCTPYKIIU-
OHHBIX MaTEPUaJIOB OT KOPPO3HH, 00ECIIEUEHUS TEIIIOBOTO PEKUMA; YCTAHOBUTD
OCOOEHHOCTH  BHYTPEHHEW  KOMIIOHOBKHM,  KPEIUIEHUS]  KOHCTPYKTHBHO-
(YHKIIMOHAJIBHBIX Y3JIOB Ha HECYUIEH KOHCTPYKIMH, CIIOCOOBI BBIITOJHEHUS AJIEK-
TPUYECKOTO MOHTAaXa, KOHCTPYKTUBHBIE METOJIbI 00ECTIEUEHHSI IIEKTPOMArHUTHON
COBMECTUMOCTH, 3aIIUThl OT MEXaHUYECKUX BO3JEHCTBUM.

B T3 Ha koHCTpyupOBaHUE B KpaTKoi (hopMe CO CChUIKaMH Ha CTaHJIApThl U
JUTEPATYPY YKa3bIBAIOT OCHOBHBIE JAHHbIE O HAa3HAYEHHH, KOHCTPYKTHUBHO-
TEXHOJIOTUYECKUX OTPaHUYCHMSIX U YCIOBUSX JKCIUTyaTanuu uzgenus Llenprto aHna-
Jn3a ABJISIETCS paclIupeHre MHPOpMaluu 00 UMEIOUIUXCS TaHHBIX Ha OCHOBE HUC-
MOJIb30BAHUS JINTEPATYPHBIX UCTOYHUKOB, CTAH/IAPTOB, & TAKXKE YTOUHEHUE U KOH-
KpeTu3alus TEXHUYECKUX OTPaHUYEHUI Ha KOHCTpyupoBaHue uzaenus POA.

AHanu3 Ha3HAYeHUs W3JENUs B LEIOM HMHTEpPECYeT KOHCTPYKTOpA C TOYKH
3pEHUs] OTPAaHUYEHUN SJEKTPUUECKOTO, MEXaHMUECKOT0 U MH(POPMAIMOHHOTO CO-
OPSDKEHUSL C JIPYTUMH OOBEKTaMH M YEJIIOBEKOM. YTOUHSAIOTCS U PACIIUPSIIOTCS
OTrpaHUYeHMsI, KOTOPbIE JOJKHBI 00€CTIeUnTh 33a/laHHOe (YHKIIMOHUPOBAHHUE U3J1e-
usi. KOHCTpYKTUBHO-TEXHOJIOTHYECKUE OIPaHUYEHUsI HA KOHCTPYUPOBAHHUE U3JIE-
JUST MOTYT OBITh 3aJaHbl B COOTBETCTBUHU cO cTaHmapramu (Hampumep, ['OCT
20504 — 81 u CTCDOB 3266 — 81), pazmepaMu aHAJIOTMYHOW KOHCTPYKLUUU WA
CHEeLMATIbHBIMUA, UHIUBUAYaIbHBIMU OrpaHudeHusAMU. Ecinu B T3 Ha KOHCTPYKIMIO
U3JIeNHs OTPAHUYEHUS] YKA3aHbl B COOTBETCTBUHM CO CTaHAApTaMM WM aHAJIOTHUY-
HOW KOHCTPYKLKEH, TO HA0Op BO3ZMOXKHBIX TaOAPUTHBIX Pa3MEPOB IS U3ENUs



MOYKET XPaHHUThCSI B OaHKE JAHHBIX aBTOMATH3WPOBAHHOW CHUCTEMBI KOHCTPYHPO-
BaHus. [Ipudem TunopasMep Moayssi CBS3aH C ONPEIEICHHBIMU MOKA3aTeIsIMH Ka-
YECTBA, YMCIO KOTOPBIX MOKHO OTPAaHUYUTh U B CAMOM IPOCTEHMIIEM CIy4dae CBE-
CTH K OJTHOMY — IJIaBHOMY WJIM 00001eHHOMY OKOHYATeIbHBIN BHIOOp TUIIOpA3-
Mepa MOAYJI CBSI3aH C PEIICHUEM ONTUMU3ALMOHHON 3a/1a4l CHHTE3A.

Ha craguu ananuza T3 Ha OCHOBE YTOUHEHHBIX JTaHHBIX O Ha3HAYEHHH KOH-
CTPYKUMU U3AENUS CIEAYET PACUIMPUTh CBEJACHUS O MEXaHUYECKHUX, KIMMaTHYe-
CKUX M paJIMallMOHHBIX (hakTOopax BHEIIHEH cpebl B cooTBeTcTBUU ¢ ['OCT 21552
— 84, TOCT 15484 — 81, ’'OCT 18298 — 79, 'OCT14254 — 96.

[Tocnenyromas cTaaus aHaIM3a NPEIIoIaraeT yCIoOBHOE pa30HeHe U3EIUs
Ha MOJICUCTEMBI B COOTBETCTBUH C NMPUHATOW KOHCTPYKTHUBHOM mepapxuen. Mexon-
HbIE JJaHHbIC Ha KOHCTPYMPOBAHUE JJIsl KaXJAOTO PacCMaTpUBAEMOTO YPOBHS KOH-
CTPYKTUBHOU uepapxuul POA onpenensoTcs B COOTBETCTBUH C PE3yJIbTATAMU Pa3-
pabotku ©Oojee BbICOKOTO YypoBHS. [Ipudem, Ha3HaueHHE, KOHCTPYKTHUBHO-
TEXHOJIOTUYECKUE OTPAHUYECHUS U YCIIOBUS HKCIUTYaTallMM OTAEIbHBIX MOJICUCTEM
JIOJDKHBI COOTBETCTBOBATH TpeOOoBaHUSIM T3 Ha KOHCTPYKITUIO U3/IETHUS B 1IEJIOM.

Hcnonb3yst MOyIbHBIN TNPUHITUIL, BBIOJHUTE pa30oueHne HecaoxHo. OaHa-
KO TIPaBUJILHOCTH BBITIOJTHEHHOTO Pa30MEHUsI CIIEyeT MPOBEPUTh Ha COOTBETCTBHE
T3. Cnenyromuit 3Tan KOHCTpyHpoBaHusi POA npuHATO Ha3piBaTh CUHTE30M. OH
BBITIOJTHSIETCSI METOJOM arperaTupoBaHUs MOACUCTEM (T. €. OOBEIUHEHUEM) U OIl-
TUMU3AIKMEN KOHCTPYKTUBHBIX PELICHUM 2JIEMEHTOB KOHCTPYKIIUH.

[IpoBepka KOHCTPYKTUBHOI'O PEMICHUS U3/IETUs HAUMHAETCS C COTJIaCOBAaHMS
pa3MepoB MojicucTeM. Pa3zMepbl KOPITyCOB 3JIEMEHTHOM 0a3bl M3BECTHBI U3 MPE/I-
HiecTByIoMe craauu anaimza. C yyeToM 3THUX JaHHBIX OLIEHUBAIOT pa3Mephl Ijia-
ThI, 3aT€M OJIOKa 1 U3Aenus B 1eaoM. 715l OLleHKH pa3MepoB MIIaT U OJI0KOB MOKHO
ucnosb3oBath pexkomenaanuu OCT 41°0.010.009 1...5, kotopsie narT 00600I1IEH-
HYI0 MH(GOPMAIMIO O pa3Mepax, dJIECKTPUYECKUX M MEXAHUYECKHUX CBA3SIX MEXKIY
AJIIeMEHTaMH Ha 1iate ¥ B Osoke. JlanpHelee coriaacoBaHue TpeOOBaHUN M KOH-
CTPYKTUBHBIX PEIICHUMN 3JIEMEHTOB BBITIOJIHSIETCS B COOTBETCTBUM C TTOKa3aTEISIMU
KaueCTBa, TEXHOJIOTMYHOCTH, MUKPOMHHHUATIOPU3AIMUA, KOHCTPYKTUBHOW HaJE¥kK-
HOCTH, TEIJIOBOI'0 PEKUMA, MEXaHUYECKUX BO3JACUCTBUM U T. TI.

TexHonorudyeckue nokasarenu 3agarorcs B T3. Hanpumep, mo I'OCT 20397
— 82 s TexHU4YecKux cpeacTB Masibix OBM koapunnent npumensemoctu Ki,
noiikeH OpITh He MeHee 40%. [Ipuuem KoHCTpyupyemble u3enus B OOJbITMHCTBE
CJTy4aeB JIOJKHBI COOTBETCTBOBAThH arperaTHOMY MPUHIUITY TTOCTPOCHHS.

B tpeGoBanusix Ha KOHCTpyupoBaHue uznenus POA ykas3pIBaloTCs OrpaHH-
YEHUS MO0 YCTOMUUBOCTH K BHEIIHUM BO3JCHCTBYIOMKUM (pakTOpaM B COOTBETCTBUU
¢ 'OCT 15150 — 69, I'OCT 17785 — 72, T'OCT 16962.1 — 89, 'OCT 21552 —
84. TpeOoBaHUS K HAJIC)KHOCTH HA U3/CNIUSI KOHKPETHOTO BHJIa YKa3bIBAIOT B COOT-
BerctBuu ¢ ['OCT 20397 — 82.

OOpaieHre Kk 0aHKaM JaHHBIX C MOMOIIbI0 TEPMUHAIBHBIX CPEJCTB MO3BO-
JSET MHUPOKOMY KPYTY pa3pabOTYMKOB KOHCTpyKIui POA monb30BaThcs crpa-
BOYHBIMU UJTU APYTUMH UCTOYHUKAMHU UHPopManuu. J1Jisi aBTOMaTU3auy aHaiuu3a



T3 u paneHeimero koHcTpynpoBanusi POA ¢ npumenenuem OBM crienyet ynopsi-
OYNTh W (OPMAITM30BATh JAHHBIC O HA3HAUYCHUU, KOHCTPYKTUBHO TEXHUYCCKUX
OTPAaHUYCHMSIX W YCIOBHUSAX JKCIUTyaTanuu usnenus. Kak cnpaBouHble AaHHBIE 00
aHAJIOTUYHBIX U CTaHJAPTHBIX KOHCTPYKIMIX, TaK W JaHHBIC JJIA aHAIHU3a, Mpei-
ctaBisieMble B DBM B Bujie 0aHKOB JAHHBIX, JOJIKHBI OBITH C TaK HA3bIBAEMBIM OT-
KpeITbiM nocTynioM (tuna KAMA — JIMAJIOI', KBAHT u np.). Takas dopma
npeacTtaBiieHuss T3 1 OaHKOB TaHHBIX MO3BOJIIET UMETh THOKYIO CUCTEMY aBTOMa-
TU3UPOBAHHOT'O KOHCTPYUPOBAHHUS B YCIOBUSIX OBICTPO U3MEHSIOIICHCS HOMEHKIIA-
TYpbl KOMIUIEKTYIOUIUX 3JIEMEHTOB, HOBOW 3JIEMEHTHOM 0a3bl U T.1I.

1.3. Ycaosus sxcmuryarauuu PIC

VYcnoBust 3KCIUTyaTaliy, OMPEACISIIOTCS, B MEPBYIO OYEpeab, KIUMaThue-
CKMMU U MEXaHUYECKUMHU BO3CHCTBUSIMU.

Kaxnoe kamMaTHuecKOe€ HCIIOIHEHUE C YYETOM KaTErOpUU HCIOJHEHHS
('OCT 15150) xapakTepu3yercsi KOHKPETHBIMU BO3JCUCTBYIOMIMMH (HaKTOpaMHU:
TEMIIEPATYPOH, BIAKHOCTBHIO, TABJICHUEM, BIUSIHUEM JTOKAS, IbUIM U T. 1. U3 me-
xanndeckux napametpoB (I'OCT 16019, 'OCT 22261 u ap.) oObIYHO BBIAETSIOT
MPOYHOCTh U YCTOMYMBOCTh K MEXaHUUYECKHM yJlapaM U BUOpAIUsM, a TaKKe JIU-
HEWHBIE YCKOPEHMUSL.

1.4. JladbopaTropHasi padora Ne 1.

1.1. Anasm3 T3 Ha npoexkTupoBanue 0;10ka PIC (24)
1.2. Pa3memienne JPJ Ha neyaTHou miiare (4 4.)

1.3. IIpoekTUpOBaHUE NMEYATHOTO PUCYHKA (4 4.)

1.4. Pazpaborka npubopos u 0;10xk0B PIC(44)

Heas padorsi: Jlabopatopuas padora Ne 1(JIP Ne 1) mpecneayer nse oc-
HOBHBIE 11EJIH:

1. 3akperieHre TEOPETUUECKUX 3HAHUM 1O JUCHUTUIMHY «OCHOBBI KOHCTPY-
MPOBAHUSI U TEXHOJIOTUU MPOU3BOACTBA PAAuO03IEKTPOHHBIX cpeacTBy» (OKuTPOC)
MyTEM AKCIIEPUMEHTAILHOTO MCCIICIOBAHUS X XapaKTEPUCTUK U TTapaMeTPOB.

2. IToaroToBKa MaTepHaioB JIJIsl BHIIOJHEHUSI B OYIyIlIEeM KOHCTPYKTOPCKOM
yacTu auruioMHoro npoekta (JII). st aToro nenecoodpa3Ho onpeaeauThes ¢ Te-
Mol JIIT u ucnonib3oBath st BeinonHeHUs: JIP Ne 1 gaHHbIE IO KOHCTPYKTOPCKOM
gactu [II. C yuetom aToro Bce 4 wactu JIP No 1 mpencraBisitoT enuHbld OJIOK U
odopmisieTcst OOIIMM OTUET 10 BceM ueThipeM yacTsam JIP Ne 1

3agaum JadopaTopHoOi padoThI



KoHCTpyKTOpCKMI aHanmnM3 WMCXOAHBIX JAaHHBIX — HA4YaJIO0 TBOPYECKOU
paboThl KOHCTpYKTOpa. Ha JaHHOM 3Tane KOHCTPYKTOP JOJKEH MPEACTaBUTh cee
NepBOHAYANIbHBIN 00pa3 KOHCTPYKLUU pa3padaThIBA€MOT0O U3/EIHA.

K 3agauam naGopatopHoit pabOThI OTHOCATCS:

> [IPOU3BECTH aHAIU3 TpeboBanuii T3;

> BBIIIOJIHUTH AaHAJIU3 cXeM D3, YACHUTb PUHLUI PaOO0ThI U3IEIIHS;

> IPOU3BECTU aHAJIN3 JIEMEHTHON 0a3bl; > U3Y4YUTh

KOHCTPYKTOPCKHE aHAJIOTH.

3aaHue 1J19 MOATOTOBKH K padoTe

> (O3HaKOMbBTECH C LIEJISIMHU, 33/1a4aMU U COJIepKaHueM JabopaTopHOil pabo-
THI.

> W3yunTe TEOpETUUECKUE CBEJICHUS K padoTe.

> [IpoiinuTe BXOIHOE TECTUPOBAHUE UITU OTMPOC JIJIsl AOIMYCKa K paboTe.

> TlonyuuTe y npenoaBaTeisi BAPUAHT SICKTPUUECKON CXEMbl MPUHITUTIN-
anbHOM, BapuaHT T3 ¥ TUI KOHCTPYKIIMH.

Bauaﬂne AV IKCIIEPUMECHTAJIBHOI'0 UCCJICA0BAHUA

HNcxonnpie TaHHBIC:

> DCKU3 CXEMBI 3JIEKTPUYECKOTO y3ia (010ka) POA;

> KOHCTpYHpOBAHUE pajivoanmapaTypsl B BUJIE y3Jia Ha eYaTHOU IUIaTe;

> KOHCTPYHUPOBAHME pajroanmnapaTypsl B BUje 0J0Ka C MPOBOJHBIM MOHTA-
KOM;

> KOHCTPYUPOBaHUE PA3TUIHBIX TUIIOB DJIEKTPOHHBIX y3JI0B (TThE302JIEKTPH-
YECKUX, aKyCTOIJICKTPUUECKUX H T.1.);

> KOHCTPYMPOBAHUE PA3IUYHBIX TUIIOB PAIUOYCTPONUCTB
(MuKpocxeMbl, TpaHChHOPMATOPHI U T.1.).

Jjis BcexX TUMOB amnmapaTypbl 0053aTeIbHO JOJKHO OBITH OMPEEICHO MECTO
pacnoyioKeHus: U37eusi Ha 00bEKTEe YCTAaHOBKH, MOHOOJIOUYHOE UCTIOJTHEHUE WU B
COCTaBe CTOeK, mKadoB u T. 1. BeiBogoM u3 ananuza 3toi yactu T3 10IKHO OBITH
dbopmynrpoBanre TpeOOBaHMIA:

* 110 rabapuTam, Macce, KOMIIOHOBKE HU3JIEHSI C YUETOM CTUJICBBIX PEIICHHUIA;

* K MaTepuaiaM 1 TOKPBITHIM, OTPEICIISIOIINUM JU3aifH 1 COBMECTUMOCTD
C 00BEKTOM YCTaHOBKH;

* K KOHCTPYKIIUHU DJIEMEHTOB KPETIJICHHUS Ha 00BEKTE YCTaHOBKH.

HOpﬂI{OK BBIINTOJIHCHHUA 3aJaHUA
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B pesynbraTe ananuza tpedoBanuit T3 101KHO OBITH KOHKPETHO
YCTAHOBJICHO CJIEAYIOIIEe:

> Ha3HAYCHUE U3JIEIHs, aHAJIN3 KOHCTPYKTOPCKUX aHAJIOTOB,;

> MECTO YCTaHOBKH U YCJIOBUS SKCILTyaTallly;

> c1oco0bI COUJIEHEHUS pa3padaThIBAEMOT0 U3/EIUs C 00BEKTOM

YCTaHOBKH; > TpeOOBaHMS K rabaputaM, Macce, Gopme U3IeIus; >

TpeOOBaHHUS 3aLTUTHI OT KIMMAaTHUYECKUX BO3JIEHCTBUH; > TpeOOBaHMS

3aIMTHI OT MEXaHUUYECKUX BO3JICUCTBUM; > TpeOOBaHUSA 00eCTICUCHUS

AJIEKTPOMArHUTHOM M TEIJIOBOM COBMECTUMOCTH;

> TpeOoBaHMs 00ECIICUCHHUS PEMOHTOIPUTOHOCTH;

> TpeOOBaHMs IO 00ECTIEUEHUIO TEXHOJIOTMYHOCTH KOHCTPYKIIUY;

> TpeOoBaHUsI 00ECIICUCHHS AIEKTPUUSCKOM MPOYHOCTH M TEXHUKH Oe301ac-
HOCTH; > TpeOOBaHUS TEXHUYECKOU ICTETUKHU U

YPrOHOMUKHU;

> 3KOHOMUYECKHE TPeOOBaHNUS;

> ocTajbHbIE TPeOOBaHUS, YUUTHIBAIOIINE KOHCTPYKTHUBHBIC
OCOOCHHOCTH U3/ICIHS.

TpedoBanus k opopMiIeHUIO 0TYETA 110 JIA0OPATOPHOI padoTe

B otuere 10KHBI OBITH TPUBE/ICHBI:

1. O0uue 3aga4u BBIMOJHEHUS 1a00PATOPHOUM pabOTHI.

2. AHanmM3 KOHCTPYKTOPCKUX aHAJIOTOB

3. B otuere B kpaTkoil opMe CO CChUIKAMHU Ha CTAHIAAPTHI U JIUTEPATYPy
YKa3bIBalOT OCHOBHBIE JAHHBIE O HAa3HAYEHUHU, KOHCTPYKTHBHO-TEXHOJIOTUYECKHUX
OTPAaHUYECHHUSIX U YCIOBUAX IKCIUTyaTallMK U3ETuUs

Llenpro aHanu3a sSBASETCSA paclIMpeHUue MHPOpMaluu 00 UMEIOIIUXCS JIaH-
HbIX Ha OCHOBE HCIMOJb30BaHUS JIUTEPATYPHBIX UCTOYHUKOB, CTAHAAPTOB, & TAKXKE
YTOUHEHUE W KOHKPETHU3ALUsS TEXHUYECKUX OrPAHMYEHUN HA KOHCTPYHPOBAHUE
n3aenust POA.

4. ITpeacTaBUTh KOMILIEKT KOHCTPYKTOPCKOM JOKYMEHTAIINH, BIOJIHEHHBII
B ntojiHoMm cooTBeTcTBUM ¢ ECK/I B cocrase:

- cXeMa JJIEKTPUYECKasi IpUHIMIIHAIbHAS J3;

- IepeveHb ieMeHToB [193;

- COOPOYHBII YEPTEK MEYATHOU IJIATHI,

- TPACCUPOBKA IEYATHOM ILJIATHI.

KoHTpoJibHBIE BONIPOCHI



11

1. Onpenenenre KOHCTPYKITUU.

2. CTpyKTypHbIE€ YPOBHU KOHCTPYKIIMU U TIOHSITHE KOHCTPYKTOPCKOM Hepap-
XHH.

3. IpunHImnel GyHKIIMOHATILHON U pa3MepHON YHU(DUKAIIUU U arperaTupo-
BaHMUS.

4. bazoBblii METO/I KOHCTPYUPOBAHHUSI.

5. [lonsiTre mapaMeTpU4IECKUX U THIIOPA3MEPHBIX PSIOB.

6. Pa3mepHBbIit MOAYTb B KOHCTPYKTOPCKOM HepapXuH.

7. Ilpumeps! koHcTpykuHoHHBIX cucteM (KAMAK, KC M3K, KC mukpo-
OBM, YTP PDA u np.).

8. Metoa nepapXxuyeckoro abCTparupoBaHusl U CTPYKTYPHOH JI€KOMITO3ULIUU
AIIEKTPUIECKON CXEMbI Ha KOHCTPYKTUBHO-TEXHOJOTUYECKUE €AMHUIIBI (KOHCTPYK-
THUBBHI).

9. [IpaBuna koHcTpyupoBaHus kopiycoB MC 1 MUKpOCOOPOK.

10. TlpaBuna kouctpyrpoBanust TO3 u cyOO0I0KOB.

11. TlpaBwiia KOHCTPYHPOBaHUS OJIOKOB U IMaHEIIEH.

12. TlpaBuiia KOHCTPYMPOBAHHUS CTOCK U ITKa(OB.

2. 3JIEKTPOMAT'HUTHASA COBMECTUMOCTDb
2.1. KoHcTpyKTOpCKMH aHAIM3 dJIeKTpHYeckou cxembl PIC

[Ipexxne yeM MNPUCTYNUTh K KOHCTPYKTOPCKOW pa3pabOTKe IJIEKTPO-
MOHTa)ka, HEOOXOJAUMO TMPOBECTH AHAIMU3 DJIEKTPUUYECKON CXEMBbl, MPUHIIMIA pa-
00ThI, crneuuPUKA 3IEMEHTHOW O0a3bl, TpeOOBaHMU K HMCTOYHUKAM MUTAaHUA U
TEIJIOBOM COBMECTUMOCTU. ONEHUBAIOTCS CIEAYIOIUE XapaKTEePUCTUKHU DJie-
MEHTHOM 0a3bl: OBICTPOACHCTBUE, TOMEX0YCTOMYMBOCTD, TA0APUTHI, TPEOOBAHMUS
K YCTaHOBKE U (DOPMOBKE BBIBOJIOB, METOJIbI KpEIUICHUs, HE0OXOJAUMOCTh
TeII00TBOAA U T. J. OLICHUBAIOTCA TOKU M HAMNPSDKEHUS B CXEME IyTeM TMOBe-
POYHOr0 pacyeTa WIM MO KapTaM HalpsHDKEHUN, COCTABIEHHBIX CXEMOTEXHUKAMU.
AHaJIM3UPYETCST YYBCTBUTEJIBHOCTh DJJIEMEHTOB K TEM WM HWHBIM TOMEXaM:
TEIJIOBBIM ITyMaM BO BXOJHBIX IIETISIX, TIOMEXaM IO IIETsIM MHUTAHHUS U 3a3eMJie-
HUSI, TEPEKPECTHBIM ToMeXaM. BBISBISIIOTCS 3JIEMEHThI U CBSI3M, CIIOCOOHBIE
co37aBaTh MOMEXH, a TAKXKE DJEMEHTHI, HanOOJIee YyBCTBUTEIIbHBIC K MOMEXaM.
Ocoboe BHUMaHHE clieyeT oOpailaTh Ha OJHOPOIHOCTBH AJIEMEHTOB IO OBICTPO-
JEUCTBUIO (BBISBIISIIOTCS AJIEMEHTHI ¢ HEOOOCHOBAHHO 3aBBINIEHHBIM OBICTPOJICH-
CTBHEM) U IO TEMIIEpaTypHOMY JHarna3oHy padOThl (YTOUHSIOTCS SJIEMEHTHI C
3aHUKEHHBIM TEMIEPATYPHBIM quara3zoHoM). OnpeaenstoTcsl TeIIOBbIICISI0-IIUE
AJIIEMEHTHl U HAMEUaIOTCsI MEphl UX TEIUIOM3OJISIMU, a TaKXKE ONpPEeAeIs-eTCsl TUIL
IIPOM3BOICTBA AJIEMEHTOB (CEpUilHOE, MACCOBOE), MX CTOMMOCTh U Jie-(pUIIUTHOCTb.
B pe3ynbrare aHanuza BbIpabaThIBAOTCS TPEOOBAHMS K KOMITO-HOBKE OTIEIBHBIX
y3110B 1 POC B 11enom, HaMeuyaroTcsl T€ UM UHBIE KOH-
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CTPYKTHBHBIE PELICHUS MO PEaTN3alUd JIEKTPUUYECKHX CBSA3EH (MEXKKOHTAKT-Has
KOMMYTallMsi W KOHTaKTHpOBaHWE). B ToM ciydae, ecid HPUHATBIE MEpPHI HE
00eCreunBalOT 3JEKTPOMAarHUTHOM COBMECTHUMOCTH WM JPYTHX XapaKTEepPU-CTHK
POC (rabaputoB, mMacchl, CTOUMOCTH, HaJ€XKHOCTH U T. J.), pa3padaTbIBa-t0TCs
JIpYyrue BapuaHThl KOHCTPYKIUH.

[Ipu pa3paboTke KOHCTPYKLUMH DJIEKTPUUECKUX COCIUHEHHH aHaJIOorOBOTO
y37a 0c000€ BHUMAaHUE YIEISETCS TEXHOJOTMYHOCTU KOHCTPYKIIHMH: HCIIOJIb30Ba-
HUIO HECYyILeH KOHCTPYKUMHU U3 JaTyHU WIH JPYroro MeTajuia ¢ MoKpbeiTueM (J1y-
KEHHEe W JAp.) AN 0O0JeryeHus: KOHTAKTUPOBAHUA C 3E€MIISTHOM IIMHOW B Ou-
YKaNIIel K 2JIEMEHTY TOYKE; MCIOJIb30BAHUI0 KOHCTPYKIIMM JIEKTPUUECKUX COEIU-
HEHUW, TOAJAIOIIMXCA aBTOMAaTHU3allMd W MeEXaHu3aluudu (IeYaTHBbIE IUIAThl U
HnUIe@bl, KOHTAKTBHI [JIsi TPYNIOBOTO KOHTAKTUPOBAHMS, CTEKKOBBIA MOHTAaX,
KOHTAaKTHPOBAaHWE HAKPYTKOW, HAJIMYME KOHTAKTHBIX IJIOIIAJOK JJIi aBTOMATHU3H-
POBAHHBIX KOHTPOJIBHBIX YCTPOWCTB); OOECHEYEHUIO0 HAJEKHBIX COEIHMHEHHM
DKpPAHOB € 3eMJITHOM muHOM (B ToMm umcie BY - coemuHuTeneil ¢ orieTkoin
KOAaKCHAJIbHBIX Ka0enei); yA00CTBY MOJArOTOBKM KOMIIOHEHTOB K COOpPKE U MOH-
Taxy (3a4McTKa U30JSUH, POPMOBKA BBIBOJOB, JTY>KEHHE KOHTAKTHBIX IUI0-I1aJI0K
u T.4.). I[lpu U3roTOBIEHHMH 53KpPaHOB CIEIYET MCIOJIb30BaTh BBICOKOMIPO-
U3BOJIUTEIbHBIE METOAbl (PopMooOpazoBaHusd U COOpKM (IITAaMIOBKA, MPECCO-
BaHHE, TEPMUYECKOE HAIBUICHUE U T.[.), MUHUMAJIbHOE KOJIMYECTBO APAro-LEHHBIX
METaJUIOB, A€(UUUTHBIX U TOKCUYHBIX MAaTEPHAIIOB.

2.2. AHAJIHU3 cXeMbI JIeKTPUYECKO NPUHIUIIHAIBbHOU

Ero nenecoo6pazHo mpoBOAUTH Ha ypoBHE (DYHKIIMOHATBLHOU cxeMbl. [Ipu
ATOM YJIA€TCs BBIJICTUTH (DYHKIIMOHAIBHBIE y3JIbl U YCTPOMCTBA, KOTOPHIM B MOCTIE-
JTYIOLIEM MOXHO TPUJIaTh KOHCTPYKTHUBHYIO 000coOjeHHOCTh. [Ipu anammze 23
1[eJIeCO00pa3HO YCTAaHOBUTH pPabOyYMe YacTOThI, OMPEACIUTh JJIEMEHTHI U Y3IIbI,
YyBCTBUTEIBHBIC K TTAPA3UTHBIM HABOJKAM, KOTOPHIC, B CBOIO OYEpEb, MOTYT SIB-
JSTHCSA UCTOYHUKAMH TIOMEX, a TAKXKE CENaTh BHIBOJBI O 1IEIECO00PA3HOCTH IKpa-
HUpoBaHUsA. HeoOXomMMO YSICHUTH, KaKWe OpraHbl YIPaBICHUS W WHIUKAINH
JIOJDKHBI OBITh BBIHECEHBI HA JIMIIEBYIO TIAHENh, KAKUE W3 AJIEMEHTOB M MPUOOPOB
SIBJITFOTCSI HauOoJIee TSHKEIIBIMU M TPEOYIOT CICIMAIBHOTO KPEIUICHUS, KaKue 3JIe-
MEHTHI SIBJISIIOTCS TEIJIOHArpy>KeHHbIMU. ClemayeT TakKe ONpeeinTh, KaKUMH
AJIEMCHTAaMH BHEIIHEH DJCKTPUUYCCKON CBS3W H3JCIHNE COCAUHEHO C APYTHMH
YCTPONCTBAMH, YCTAHOBUTH HAJMYHUE BHICOKOBOJIBTHBIX IIETEH ¢ TEM, YTOOBI, C Of-
HOM CTOPOHBI, 00ECMEYUTh AIEKTPUUECKYIO MPOYHOCTh, a C APYyrol — Oe3omnac-
HOCTh paboThl omeparopa. Ha ocHOBaHMM BBHITIOJIHEHHOTO aHal3a HEOOXOIMMO
YSICHUTB TIPUHITUI pabOTHl KOHCTPYUPYEMOTO H3ICITHSL.

2.3. AHAJIN3 DJIEMEHTHOM 0a3bI
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Ilens ananmm3a 3IeMEHTHOM 0a3bl COCTOMT B TOM, YTOOBI YCTAHOBHUTH, COOT-
BETCTBYET JIM dJIEMEHTHas 0a3a 3aJlaHHBIM XapaKTEPUCTUKAM KOHCTPYHPYEMOTO
U3JIeNIUsl IPU TPEAYCMOTPEHHBIX T3 yCIOBUSX 3KCIUTyaTallud U, B CIy4yae HECOOT-
BETCTBUSA, MPEIJIOKUTh KOHCTPYKTHUBHBIE METOJIbI 00ECIEUYEHUs HOPMAJIBHOTO
byHKIHOHUpoBaHUs u3nenus. [Ipy TakoM aHaau3e MPOU3BOAMTCS TAKXKE OIEHKA
CXEMHOU Hajie:KHOCTU. COMOCTaBICHUE JAaHHBIX, MOJYYCHHBIX HA OCHOBE aHau3a
YCJIOBUH 3KCIUTyaTalluH, C XapakTepucTukamMu JP3D mo3BOIsIET KOHCTPYKTOPY CHE-
J1aTh 00OCHOBAHHBIC BHIBO/IEL.

2.4. DJIeKTPOMArHUTHAs COBMECTUMOCTb HU(POBBIX Y3J10B

[Ton BHyTpeHHEH sneKTpoMarHuTHON coBMecTUMOCThIO (DMC) moHmMmaeTcs
cBoiictBo POC u ero uvacreit (sueex, O6J0KOB, mKadoB, MyJIbTOB) GYyHKIIMOHUPO-BAThH
0e3 yXyJUIeHUs Ka4eCTBEHHBIX IOKazareneil mpu 3agaHHo BHyTpu POC wmnm ero
yacTell dJEKTPOMArHUTHOW oOcTtaHoBKe. (ObOecmeueHre BHYTPEHHEW JIIEKTpO-
MarHUTHOW COBMECTUMOCTH CTAHOBUTCA BCe OOJee aKTyaJlbHOM 3ajJadeil BBUAY
HEMPEPHIBHOTO YMEHBIIICHUS YHEPTUU CUTHANIOB HU(PPOBBIX ycTpoicTB POC u po-cta
B3aMMHOIO BJIMSIHUSA D3JIEMEHTOB, H3-3a2 YBEJIMYEHMSI IUIOTHOCTH KOMIIOHOBKH H
CIOXHOCTH ycTpoiicTB. Ha 1mdpoBbie y376I MOTYT BIMATH U BHEIIHHE TOMEXH,
MPOHUKAIOUIUE, HAPUMEpP, MO LEMsAM NUTaHus. s 3amMThl OT 3THX MOMEX MpH-
HUMAIOT T€ K€ MEpPBI, YTO U JUISI 3alIUThl OT BHYTPEHHUX momeX. [[ns1 obecrneuenus
BHyTpeHHeit OMC 1udpoBoro yzna He0OX0IUMO, YTOOBI (haKTUYEeCcKasi ToMexa

nom nom

JUTMTEIILHOCTH mon  JJIs1 Toruueckux dsemenToB TTJI cepuit K130 u K155 npen-

cTaBjieHbl Ha puc. 2.4.1, 2.4.2. I3 rpaduKkoB ciaenyeT, 4TO MPU YMEHBIICHUH JTH-
TEJIbHOCTH TMMOMEX HUX JONyCTHUMas aMIUIUTYJla YBEJIWYHMBaeTCs. B TeXHUUYEeCKHX
ycnoBusx Ha 1udpoBeie UC 0OBIYHO MPUBOAMTCS CTATHYECKAs MOMEXOYCTONYH-
BOCTh, COOTBETCTBYIOIIAsI TOPU3OHTAIBHON YaCTU KPUBBIX. JJIsI pa3IM4HBIX JIOTH-
YECKHUX DJIEMEHTOB CTaTHMYECKasi MOMEX0ycTonunBoCcTh paznuuHa: 0,4 B g TTII
cepuu K155; 0,125...0,15 B (otHocurensHo ypoBHedt — 0,9 u — 1,7 B) nnsa OCJI
cepuu 500; 1 B nns anementoB KMJII cepun K176.

st ymobcTBa paccMOTpeHUsi METOJ0B oOecrieueHuss BHyTpeHHerd OMC
udpoBeix y31m0B POC Bce anekTpuuecKkre COCIMHEHUS MOXKHO YCIOBHO pasfe-
JIUTh HA DJIEKTPUYECKH JUIMHHBIE U AIEKTPUUECKU KOPOTKUE. DINEKTPUUECKHU JIJTUH-
HOM HA3bIBACTCS JIMHUS CBSI3M, T€OMETPUUYECKAasl JJIMHA KOTOPOM COM3MepHUma C
JUTMHOM BOJIHBI Han0O0Jiee BLICOKOYACTOTHOM COCTABJISIOIICH CIIEKTpa JUCKPETHOTO
CUTHaJa.
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Puc. 2.4.1. 3aBuCUMOCTb aMIUTUTY/BI IOMEX IO HAIPSDKEHUIO (@) U MO0 TOKY (6) OT ux
JUTHTEITLHOCTH JIIst Jiormdeckux 3nemMeHToB TTJI: 1 — mis ornuparonux; 2 — s 3alUParoIInX
CUTHAJIOB

YacTo 351eKTpUUECKYIO JUIMHY JIMHUU ONPEIEIISAIOT U3 COOTHOLLIECHHUS 3a1ePK-KH
CUTHAJIA B JIMHUH 7; U JIUTEIBHOCTU (PpOHTA UMITYJIBCA h - Ecmn t,>0,174 , TO

JIMHUSA CYUTACTCS IICKTPUYECKHU Zlﬂl/lHHOi/i, ecinun — DJIEKTPUUYECKH KOPOT-

tﬂ<0,1rqb
Koi. Bpems pacipocTpaHeHHs] CUTHAJIOB Ha €IMHUILY JUIMHBI 17151 O0JIbIIMHCTBA
anekTpuyeckux coenuHenun POC cocraBusier ;=4...7uclm . IloaToOMy npu

T¢=1 HCIMHUS SBIISETCS DJIEKTPMYECKH JIMHHOM y’KE P F€OMETPUYECKOM JUTHHE
oouee 14...25 mwm.

XapaKTepI/ICTI/I‘-IeCKI/IM napaMeTpOM SJICKTPHUICCKHU I[J'IPIHHOﬁ JJUHUU ABJISICTCS

BOJTHOBOE comnpoTusieHue (Om) Z,= / L,/ d 1»T€ L,—WHIYKTUBHOCTb JIUHUU, [ 1; C; —
EMKOCMb JIUHUU, D. Hpu pacnpocmparneHuu CucHala 6 3J1eKmpudecKu

JUTMHHOW JINHUH, UMEIOIIEH HEOJHOPOIHOCTh BOJTHOBOTO COMPOTUBIJIEHUS OTIEIIb-
HBIX YYaCTKOB, OT 3TOW HEOJTHOPOJHOCTHA MPOUCXOIUT OTPAKECHUE MAJAIOIIETO

curHazia (MPUJIOKEHHOTO K HaYaly JJMHUU) HANPSDKEHUS Uy, 9 UK TOKA Iy, - OTpa-
YKEHHBIN CUTHAJI CKJIQJIbIBAECTCS C MAJAOIIUM U UCKAXKAET €TO0.

B kauecTtBe HEONHOPOIHOCTH JIMHUM CBSI3M MOTYT BBICTYIIATh, HAIPUMED,
BHYTPEHHEE CONPOTUBJIEHUE M€HEPATOPA CUTHAJIOB, MOJAKIIOUYEHHOTO K HaYaly Jiu-
HUM, WK CONPOTUBJIEHUE HATPY3KU B KOHIIE JIMHUU, HE PABHBIE BOJTHOBOMY COITPO-
TUBJICHUIO JIMHUU CBSI3U. [IprunHON HEOTHOPOTHOCTH MOXKET OBITh TAK)KE HATTUUHE
B JIMHUU CBSI3U YYACTKOB PA3JIMYHOTO KOHCTPYKTHBHO-TEXHOJOTMYECKOTO HCIIOJI-
HeHUs (OJMHOYHBIN 00BEMHBIN TPOBOTHUK, TICYATHBIA MPOBOJHUK, KOAKCUATHHBIH
Ka0enb, DKPaHUPOBAHHBIN TTPOBOJHUK, KOHTAKT COCTUHUTENS U T. J.), TEXHOJOTH-
YECKU Pa3z0dpoC BOJHOBOTO CONPOTHBIICHHS JUMHUU CBSI3M (HampuMep, W3-3a pas-
Opoca TOJITUHBI WK JUIICKTPUIECKON MPOHUIIAEMOCTH U30JISIIUN KOAKCHAIBHOTO
Ka0eJsl) WM pa3BeTBICHHUE JIMHUN.

OTpaskeHHas SHEPTUs XapaKTepusyeTcs Kod(PPUIUEHTOM OTpaKeHUs

1o HanpspkeHuto ( Ky ) wim 1o Toky ( K| ):
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K:ZH_ZJZ ;K:ZJZ_ZH ;K:—K

VoZu+Z, 'Zu+Z, v
Unowm,

K155

1~ K130

E;U 1I00 T TI0M, HC

Puc. 2.4.2. 3aBUCHMMOCTh aMIUIMTYABI JOMYCTHMOW MOMEXU OT JJIMTENbHOCTH Ansi RS-
Tpurrepa Ha jorudeckux annemenrtax cepuu K130 u K155

AMIUTATY1a OTPAXKEHHOTO UMITYJIbCa MOXKET OBITh ONpe/ieieHa U3 COOTHO-
H.ICHPIIZ Uomp=KUUna0, | omp= K1 lnao.

BrnusHre HEOMHOPOJHOCTH JIMHUN Ha XapakTep MCKAXKEHUS HMITYJIbca
HaIpsHKeHUsT wumiocTpupyercest puc. 2.4.3. K Hadanmy corinacoBaHHOW C T€HEpaTo-
POM CUTHAJIOB JICKTPUYECKH JIMHHOW JIMHUM MOJIaH CKAYOK HaIpsDKEeHUs (puUc.

2.4.3, a). Ecnu nuHUs Ha KOHIIE Harpy»XeHa Ha COMPOTHBICHUE  Z,=Z, (JTMHHS CO-
rJIacOBaHa Ha KOHIIE), TO TIepena/l HaNpsHKEHUs, JOCTUTHYB Yepe3 BpeMs t,; KOHIIa
JIMHUU, HE U3MEHUT cBoel (opmel (puc. 2.4.3, 6), Tak KaK KOdPHULIMEHT OTpaxe-
HUSL 110 HANPSDKEHHIO K=0 U Uyy,,=0 . Eciivl TMHMS He cortacoBaHa ¢ OJHOTO WK C

000MX KOHIIOB, TO UCKa)XEHUsI CUTHAJa HOCAT anepuoandeckuil (puc. 2.4.3, ¢) uiu
KoJiebaTenbHbId (puc. 2.4.3, 2) XxapakTep.

Aneprouveckuii IepeXoaHbIH MPOIECC UMEET MECTO MPH yciIoBuH K1Ko>0 (

K1=K2<0 miu K1=K>0 ), a xosiebaTeIbHbIi — npu yciaoBuH K1Ko<0 , e K1 1 Ko—
KOd(OPUIIMEHTHI  OTpaKEHHWs] TI0  HANPSHKCHWIO OT Havajla W KOHIA

JUHUN. J[TUTETLHOCTh «CTYIEHEK» CUTHAJIOB COCTaBisieT 2t;, . Eciau mepexoaHbii
npoiiecc

HOCHUT alepuoJIMYecKuil XapakTep, TO ObICTpoJeHcTBUE U(GPOBBIX Y3JI0B YMEHb-
11aeTCs, TAK KaK YBEIIMYUBACTCS BPEMs HapacCTaHUs aMIUIMTYAbl CUTHAJIA 10 HOMU-
HAJIBHOTO 3HAYEHUS M JOJDKHA OBITh YMEHbIIIEHA TAaKTOBAas 4acTOTa CIIEAOBAHUSA
UMITyJIbCOB. Eciin mepexoaHblil mponecc KojedaTeNbHbI, TO 3TO MOXXET BbI3BaTh
JIO’)KHOE cpadaThIBaHUE JOTUYECKUX AJIEMEHTOB MPHU 3HAYUTEILHON aMIUTUTYI€ KO-
ne0aHui CUTHAJIa OKOJIO MOPOroBoro 3HadeHus. Kpome Toro, BEIOPOCH HampsKe-
HUSL MOTYT MPHUBECTH K MPOOOI0 P-N-TIEPEeX00B MOIYNPOBOJHUKOBBIX MPUOOPOB
WIH K HACBIIEHUIO TPAH3UCTOPOB JIorHueckux 3eMeHToB DCJI (310 Takke CHU3UT
OBICTPOJICHCTBHE).

MakcuManibHast TeOMETpUYecKas JUIMHA HECOITIaCOBAHHOW JJIEKTPUYECKHU
JUIMHHOM JIMHUY pa3jIM4yHa [IPU Pa3INUHbIX JJINTEIBHOCTAX (PPOHTA CUTHATIA!
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Imax=1500 »m Tipu 7 =30 nc; Imax=250mm TPU 7 =5nc | Imax=15..50 un TIpH
T qb=1 HC.OTpa)KCHI/Ie HMITYJIbCOB B DJICKTPUUYCCKH KOPOTKHX JIMHUAX HC OIIACHO H3-
3a UX MaJoil (10 CPaBHEHUIO C JJIUTEIBHOCTHIO (PPOHTA) JJIUTEIBHOCTH. JTO OIpe-

JIEJSIETCSl OTPAHUYEHHOM MOJIOCOM MPOITYCKAHUS JIMHUN CBSA3H, a TAKXKE MOBBIIICH-
HOM TTOMEXOYCTOMYUBOCTBIO CXEM IMPU MaJIbIX JIUTENBHOCTAX momex (puc. 2.4.1,

2.4.2).

Puc. 2.4.3. VckaxxeHue UMITYJIbCHOTO CHTHAJIA (@) TPU Mepeaye ero mno JIMHHON JTHHUN
B ClTydae ee TMOJHOTO CorjiacoBaHus (6) U paccoriacoBaHHs Ha 000MX KOHIAX (8, 2).

[Tomexu B AMEKTPUUECKH KOPOTKMX JMHUSAX CBS3M BO3HUKAIOT HM3-3a «Iapa-
3UTHBIX» CBSI3ed MEXKIY Pa3IUYHBIMH DJIEKTPUUCCKUMU COCAUHEHHUSMU W pa3iud-
HBIMH KOMIIOHEHTAMH B MPEJIeNiax OJTHOTO COeUHEHUs (HampuMep, IIMHBI TUTa-HUs)
U MOTYT IPHUBECTH K cO010 B paboTe mudpoBsix cxeM. HecMoTps Ha TO, 4TO B
U(POBBIX y371aX UCIOJIB3YIOT CXEMBI C HEOOIBIIUM KOA(DPHUITMEHTOM yCUICHHUS

10 ...10

PJIC), nanuuue GOJBIIOTO YKciia TapallIeIbHBIX CBS3€H, a TaK)Ke BHICOKAsSI TUIOT-
HOCTh KOMIIOHOBKH TpeOYIOT IPUHATHUS CIIEHUATIbHBIX Mep A obecnieuenus DMC
C YYETOM IOMEX B DJIEKTPUUYECKU KOPOTKUX JUHUAX. [lapa3utHble cBsI3u ompene-
asitoTest KoHeTpykiuein POC u mapamerpamu MCIONb3yeMbIX MaTepranoB (0COOEH-
HO JAMRJIEKTPUYECKON MPOHUIAEMOCTHI0). Bece BUIbI BHYTPEHHUX Mapa3uTHBIX CBSI-
3ei JIeNAT Ha €eMKOCTHbIE, MHAYKTHUBHBIE U KOHAYKTHBHBIE. Ecnu curnan (coctas-
JSOIIAs CIEKTpa), HABOSIIMN IMOMEXy, UMEET TapMOHHUYECKUW XapakTep, TO
HE3aBUCHMO OT XapaKTepa Mmapa3uTHOM cBA3U (puc. 2.4.4) aMIuIUTy1a TIOMEXU MO-
XKeT ObITh ompesesieHa mo Gopmyre

U=U Z/Z+Z ) 241

u nom

rae Uy, — HaIpsHKEHHE IIOMEXU HAa CONPOTUBIICHUH HATPY3KHU ,
HATPSDKCHUE UCTOYHHMKA TIOMEX, MPHIIOKEHHOE K JIMHUH, HABOSIIEH TIOMEXY; Zyqp
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— COIPOTHBIICHUE NAPASUTHON CBSA3H; Kyqp=Zy/(Zy+Znqp) — KOIPDUIMEHT CBA3M 110

HaIpPsHKEHUIO.

N3 paccmorpenus puc. 2.4.4, a u dhopmynsl (2.4.1) cnemyer, 9To B 0OIIEM
cllydyae CONPOTHUBIICHUE IMAPA3UTHOM CBSI3M M CONPOTUBJIICHHE HArpy3ku OOpa3yroT
JCIATEb HANpsODKEHUS. B TOM cilydae, Korja mapasWTHas CBSI3b HOCHUT €MKOCTHBIN

xapakrep (puc. 2.4.4, 6), Zyqp=1/(«Cpgp) , THE Cpgp — NAPA3UTHAS EMKOCTH (EMKOCTh
napasutHo# cBsasu). Torna rae Ko=Cpup/(CitCrap) — KOIGOUIMEHT EMKOCTHOH CBSI3H;
C;=C;+Cgpix+Cax — EMKOCTBH HAarpy3KH, paBHass CYMME €MKOCTEH COOCTBEH-

HO JIMHUHU CBSA3H, BBIXOJHOW €MKOCTH IMEPEIAIOIIEN U BXOJHOM EMKOCTH IPUEMHON
CXEMBbI COOTBETCTBEHHO.
B Tom ciyuae, korzna mapasuTHas CBsI3b HOCUT MHIYKTHBHBIM XapakTep (puc.

2.4.4, B), HanpspkeHUE noMexu Uy,=Mdl1/ dt , Tne M — B3auMHasi UHIYKTUBHOCTb,
I'H; 11 — TOK B mEpBOM KOHTYpE, A; t — Bpems, c. MOXKHO MoKasarh, YTO

U on=U1 M/ L1=U1 K|,rme K | = M/ L1—K03(pPUITUEHT HHIYKTUBHOM CBSI3U; L1—
WHIYKTUBHOCTH TIEPBOTO KOHTYpa. MokHO onpeaenuTth K|, He Beraucisast M u L1 ,

a UCIOJIb3Ys TO OOCTOSITENBCTBO, YTO MPH &=1, 1=1 (BaKyyM)KO3 (D PUIIUEHT eM-
KOCTHOM CBSI3M B BakyyMe Kcg paBeH K03 OHUITUEHTY HHAYKTHUBHOM CBS3HU K| .

nap =U K
U U _
nom u nom (C+C ) u nomC
Hnap

M

Znap Cnap A

! —

ZH Uu nom ZH Unt riom |

a) 6) B)

Puc. 2.4.4. Cxembl mapa3uTHOM CBSI3U: @ — 00OOIIEHHO; 6 — €MKOCTHOM; 8 — UHIYK-
TUBHOMW; 2 — KOHJYKTUBHOM.

[Ipy KOHIYKTUBHOM CBSI3W OMEXU BBIJICIISIFOTCS HA CONPOTUBJIEHUH CBSI3U
Zo61y,KOTOPOE CKJIA/IBIBACTCSI U3 BHYTPCHHETO COMPOTHBIICHUS IIHH MUTAHUSAZ ;1

BHYTPEHHETO CONPOTHUBIIEHHS UCTOYHUKA MUTAHUS Z,;, . TaK KaK Z,g,4<Z;, , TO
KO2(-PUIIHEHT KOHAYKTUBHOM CBSI3U

K z=2Z 06u/( Z 06w+ Z )= Z o6u! Zn-

Hpnpoz[a ZO5M4 , 3dBUCUT OT YaCTOTHOI'O CIICKTpa CUI'HaJId, HABOJAIICTO I10-

Mexy. JlJ1s MOCTOSHHOTO TOKA M OY€Hb HU3KUX YacTOT 3TO B OCHOBHOM COIPOTHUB-
JIieHue apoccenen puibTpa, IMO0B BRIMPSIMUTENS, BHYTPEHHETO COMPOTUBICHUS
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XUMUYECKUX MCTOYHMKOB MUTAHUS, JJII 3BYKOBBIX YaCTOT — aKTUBHOE COTPOTHB-
JICHUE IITUH MUTaHUs, EMKOCTHOE COMPOTHUBIICHUE KOHICHCATOPOB (DMUIILTPA; HA BbI-
COKHMX 4aCTOTaX — WHIAYKTHBHOE COTMPOTHBIICHWE IIMH MHUTAHUS U KOHJCHCATOPOB
bunpTpa.

UToOBl OIIEHHUTh OKHJACMOE HCKaXCHHE CHUTHAJIOB M HABOJIKU (TIOMEXH),
HEOOXOJMMO  pPAacCUMTaTh  JJICKTPUUYECKHE TapaMeTpbhl JIMHWA  CBSI3U  (

L,C ﬂ,Cnap,Zﬂ,M,Zogm ) 10 U3BECTHBIM KOHCTPYKTUBHBIM JAHHBIM (T€OMETpUYE-

CKUM pa3MmepaM, (U3MYECKUM MapaMeTpamM MaTepHalioB, KOHCTPYKTUBHOMY HC-
MOJIHEHUIO; YHCIY W B3aUMHOMY PAaCIOJIOXKECHUIO B3aUMOJCHUCTBYIOIIUX JIMHUN
CBs3M) MO (popmysiaMm, NMpUBEIECHHBIM B Tabn. 2.4.1, a Takxke mo rpadukam puc.
245 —2.4.6. Tounocts popmyi coctaBiset: S... 10% 11 oMMHOYHOTO 0OBEMHO-
ro MPOBOJHUKA, OJUHOYHOIO MPOBOJHUKA HAJl HKPAHOM, SKPAHUPOBAHHOTO MPO-
BOJIHHKA, KOaKcuaiabHOTO Kaoens; 15...20% aJist mapbl 00bEMHBIX POBOHUKOB HAJY
skpaHoM; 20...30% s mevaTHbIX IPOBOIHUKOB.

Tabmuua 2.4.1
Tum 31eKTpOMOHTaXa DCKU3 KOHCTPYKIIUU PacueTHblE COOTHOIIEHUS

L =0.21(2.31g__ —-0.75),
[leyaTHBII TPOBOTHHUK do

do =0.67hy,+0,567w

L =0, 46l Ig_m )
w do

. 4 1
[levaTHBIN MPOBOIHUK HaJ 44—‘1;

C= o9

3KpaHOM 't;:zs::: 4h ’
lg do

do=0, 67 hy,+0, 567w

r|-

[Tpumeuanue. Pazmeprnocts uHnyktuBHOoCTH L — MKI'H; emkoctu C — nd;
BOJIHOBOTO COITPOTHUBIICHUS YA — Owm; JIMHEVHBIX pa3sMepoB
( I,d,D,h,A,dO,hnﬂ,hnp,W ) — M.

Ha puc. 2.4.5 npeacraBieHa 3aBUCUMOCTb BOJTHOBOTO CONTPOTHUBIICHUS T1€-
YaTHOTO MPOBOJAHUKA, PACIIOJI0KEHHOTO B BakyyMme ( &=1), OT COOTHOIIEHHUS €T0

HIUPUHBI W K pacCTOSHUIO hy,; 10 SKpAaHUPYIOLIEH MIIOCKOCTH. DT rpaduKu crpa-

BCJTMBBI, €CJIH TOJIINHA TPOBOHUKA hy,;, Maja 10 CPABHEHHUIO C IUPUHOK W. Jlyist
MeYaTHOTO MPOBOJHUKA, PACIIOIIOKEHHOTO B CPEJIE C £>1, BOJITHOBOE COMPOTHUBIIE-

HUE JTUHUM Z;=Z0/ / gaqz[-l:pa(l)HKH, OpEeACTABIICHHBIC HA

puc. 2.4.6, nozsossitoX (/XS] (/] @i (@3 )/l X (Z[H (el (@ /o@D
XXy U mol [1Zalew, i (AT Y 10l Qex /O fefzrldl o Lol
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IIpY YCJIOBUU, YTO hypsw,e21. BoaHOBOE cOnpOTHBIIEHNE TMHUY Ha IU1aTe 0€3
DKpaHa COCTaBJISICT 27 .

Z0,0m

I

S |_I——

180 — =

140 \ }:
N

100 \
N
60 T
20 Z
1

Puc. 2.4.5. I'paduku 111 pacyera BOJTHOBOTO COTPOTHUBIICHUS BHEIIHETO M BHYTPEHHETO
IIPOBOJAHMKOB IEYATHON IUIAThl C SKPAHUPYIOIIEH MIIOCKOCThIO (KpuBas 1) U BOJIHOBOIO COIPO-
TUBJICHUS! BHYTPEHHETO MPOBOJHHKA, PACIIONOKEHHOIO MEKIY ABYMS SKPAHUPYIOIIUMU IIOCKO-
CTSIMU B BakyyMe (KpuBas 2)

ni

N[H//i

o

ol hy,

EmMkocTh Mexay AByMs NMPOBOJHUKAMHU, PACIIOJIOKEHHBIMU C OJHOW WM C
JIBYX CTOPOH TEYaTHOM TJIaThl, MOXKHO OMPEEIUTh, UCIIONB3Ys TpapUUecKue 3a-

BUCUMOCTH puC. 2.4.7 1 2.4.8, 10 popmyiie C=Coleyg, , Ti€ Co — yEIbHAS EMKOCTh

auHuY, nd/cM, pacnosioKEHHOU B cpefie ¢ e=1 (BaKyyM, CyXoH Bo3ayX); | — aym-Ha
auHuM, cM. [lpm pacdere MOMYyCTHMBIX IMApPaMETPOB DJICKTPUUYECKH KOPOTKUX
JUHUA 0OBIYHO MCXOJSAT M3 SKBUBAJICHTHOU cxeMbl (puc. 2.4.9, 6). JlomycTuM, 4to
COOCTBEHHOW WMHIYKTUBHOCTBHIO JIMHUU MOXKHO MPEHEOpeUh; BXOJHOE U BBIXOJIHOE

CONPOTHBJICHUS U GPOHTHI JiMHENHBI. Torna s uHTepBana BpeMeHu 0<t<zy,

HaIpsHKEHUE TIOMEXH, OTCUYUTHIBAEMOE OT CTATHYECKOTO YPOBHS HANPSDKCHHS B
nuHuu [1, 5]

R |IR
e w
o (t)=1 w AUETMR ) n-expl-" (2.4.2)
Td) 661X |_ 7 J

rae Al — nepenaj Toka B JUHUM, HABOJAIINN TOMEXY; 7=CRgpixRex: (RguitRex)

— NoCTOosiHHAA BpEMEHH; C=C);4p+Cgpix+Cax+C; — CyMMapHast EMKOCTb. U3 cootHO-
menusi(2.4.2) cneayer, 9To eMKOCTHAsI ToMexa npeobaaaeT, ecim RepixCnapAU > MAI

.Takum O6p330M,eMKOCTHa$I InoMexa CymeCTBCHHA Ipru OOJIBIITNX
nepemnaaax HarpsKCHU A, OOIBIINX BBIXOJAHBIX COIMPOTUBJICHHUAX U CHJIBHOM €M-
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KOCTHOM CBsi3u. IHIyKTUBHAS TIOMeXa CYIIEeCTBEHHA MPU OOJIBIITUX Meperaax To-
KOB B JIMHUSAX (MaJIbIX Ry ) U CHUIBHOM MHAYKTUBHOM CBSI3H.
z

oM
400 [@) ® g
i [ , Sy
— \
b“‘.‘&.’.A‘A“
e a>30 | *
30 . a>om - 5
\ h,,<<® a>30
100=—— np
pa———
70
e=1
50
30 S
20 ’
10 10 \
0,2 04 0,6 1 2 4 6 810 w/h

ni

Puc. 2.4.6. BonHoBoe COIIPOTUBJICHUC IICYATHBIX IMOJOCKOBBIX JIMHUH

Wd W
C,n®/cu _ 1 2
7 ! Y:&?‘?&“ Wi=Wp

n

N
3 \ e1
A N

s
7

N

[~ \\
1 \\\\ _—
\——\{"—“-t:—“
d/Wsp
0,1 0,2 0,3 0,7 1,0 2 3 h
" W1

Puc. 2.4.7. B3auMHasi eMKOCTb NI€YATHBIX MPOBOIHUKOB B BaKyyMe
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Co,n®/cm

0,15

01|

0,05 | diw

1 2 3 4 7 10 20 30 0,2

Puc. 2.4.8. 3aBUCHMOCTb €EMKOCTU MEX/1y INIOCKUMHU IIPOBOJHUKAMHU, PACIIOI0XKEHHBIMU B
BaKyyMe, OT OTHOIICHHUS PACCTOSHIS MEKIY MPOBOTHUKAMH d K IIUPUHE TIPOBOJTHUKOB W

A/ 7 .1
\ . T 2
o Lo

[« I

Puc. 2.4.9. TlapannenbHble 2JIEKTPUYECKH KOPOTKHE JUHUM CBs3u: AJl — akTuBHas
(HaBogsmas nomexy) aunHus; [1IJI — maccuBHas nuHus; 1 — nepenaromue; 2 — NpueMHBIE CXe-

MBI, Cﬂ — €MKOCTb JIMHUM OTHOCUTEIBHO 3€MJISHON IITHHBI

Jlornueckue snementsl TTJI paznuuarorcst ObicTponeiicTBUEM (mOTpedIise-
MOM MOIIIHOCTBIO) U BBIXOJIHBIM COMPOTHUBIICHHEM. MasioMOITHbIE 37eMeHThI (P< 1

MBT) ¢ 607BIITUM BBIXOAHBIM COMPOTUBIICHUEM Ry, HANOOJIEE KPUTHYHBI K €M-

KOCTHBIM  3allUpalOlIMM TOMEXaM. OJIEMEHTbl BBICOKOTO OBICTPOJEHCTBHS
(P>10MBT) ¢ MaibiM BBIXOJHBIM CONPOTHBICHUEM HAWOOJEE YYBCTBUTEIBHBI K
WHIYKTUBHBIM oTnHparomuM nomexaM. Jis snementoB TTJI cpemnero GwicTpo-
nerctBus (1<P<10MBT) HE0OX0IMMO YYUTHIBATh EMKOCTHBIE 3alUPAIONINE U WH-
JYKTUBHBIE OTIUPAIOIINE TTOMEXU. DIEMEHTHI cOo cTpykTypoir M/IIT xapakTepusy-
IOTCS OYEHb MAJIbIMU BXOJHBIMH TOKaMu M OosbMMH (KOM) BBIXOJAHBIMHU COIPO-
TuBJIeHUsMH. [loaTOMY 117151 HUX Hambosee OMaCHBIMU SIBJSIOTCS €MKOCTHBIE OTIIN -
paromye u 3anuparomue noMmexu. InaeMeHTel DCJI, uMeromume o4eHb MaJo€ BbI-
xoziHoe conpoTusieHue (okosio 10 OM), HEUYBCTBUTENbHBI K EMKOCTHBIM U MHIYK-
TUBHBIM IIOMEXaM B JIEKTPUUYECKU KOPOTKUX JIMHUSX.

[Ipu pacuere AMHMIA CBSI3U MHUKPOCOOPOK Ha MOJIMAMMIHOM, KEPAMUYECKOM
WIK aJIFOMMHHAEBOM (C aHOAWPOBAHHMEM) OCHOBAHMM HEOOXOJHWMO YUWTHIBATH HE
TOJIbKO Mapa3uTHBIEC CBSI3U, HO U MOCTOSIHHBIE BPEMEHH JIMHUN CBSI3U. DTO OCOOEH-
HO B@XXHO JUIS JIMHUM CBSI3M MUKPOMOIIHBIX 2JIEMEHTOB cO crpykryporn KMJIII.
[TocTosiHHAst BpEMEHH JINHUU CBSI3U 3aBUCUT OT EMKOCTU CXEMHBIX JJIEMEHTOB, EM-
KOCTH JIMHUH CBSI3U OTHOCUTEJIBHO LIUHBI C HYJIEBBIM TOTEHIIUATIOM («3EMIITHONY),
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MIapa3UTHBIX EMKOCTEN OTHOCUTENIBHO APYIUX JIMHUW CBSI3H, AaKTUBHOI'O COIIPOTHB-
JICHUs JINHUM CBA3U. B psine ciiyyaeB MUHMMYM IIOCTOSSHHOW BPEMEHU JIMHUW CBS3H
SBJIIETCS KPUTEPUEM ONTUMAIBHOIO pa3MenieHuss uHrerpaipHoil cxemsl (MC) B
COCTaBE€ MUKPOCOOPKH.

2.5. BHeKTpOMaI‘HI/ITHaH COBMECTUMOCTD YCHJIMTCJIIBHBIX CXEM

Haubonee yHuBepcaibHBIM (IIUPOKO MPUMEHSIEMBbIM) U HanboJiee 4yBCTBH-
TEJIbHBIM K TIOMEXaM aHaJIOTOBBIM Y3JIOM SBIIsieTCsl ycunutenb. [Ipu orcyrcTBum
IIOJIE3HOTO CUTHAJla HAa BXOJE€ YCWIMTEIS HA €ro BBIXOJE HMEETCS HEKOTOpOe
(0OBIYHO HEOOJBIIOE) HANPSKEHUE, 00YCIOBICHHOE BHYTPEHHUMU ITOMEXaMH (BBI-
3BAaHHBIMHU TEIUIOBBIMH IIYMaMH PE3UCTOPOB M AKTUBHBIX DJIEMEHTOB), a TaKXKe
BHEUTHUMH NIOMEXaMH (HaBOJKAMM) Ha BXOJE C BbIXO/A YCUIIUTEINS WIN OT APYTUX
ycrpoiictB. Haubomnbiiee BIusHME OKa3bIBalOT BHEIIHUE MTOMEXHU, KOTOPbIE MOTYT
MOCTYNaTh Ha YCUIUTENb PA3TUYHBIMU MyTAMH Y€pe3 eMKOCTHbIC, NHIYKTHBHBIC U
KOHJIYKTHUBHBIE TIAPA3UTHBIC CBSI3U.

Ha puc. 2.5.1. noka3zana cxema TpEeXKacKaJHOIO yCUJIUTENA, HA BXOJ KOTO-
pOro MOCTyIMaeT eMKOCTHas nomexa (puc. 2.5.1, a) ¢ BbIXo/1a MOCIEIHEr0 Kackaa.
JI71s OIIeHKU JOITYCTUMOM BETUYMHBI Mapa3sUTHOM €MKOCTHU MPEIOJI0NKHM, YTO 00-
paTHBIC CBSI3U UMEIOTCS TOJIBKO MEXKY BXOJOM U BBIXOJOM OJHOKACKAJHOTO YCH-
autens (puc. 2.5.2), kod3pHUIMEHT YCUIIEHHUs] KOTOPOro 0e3 00paTHOM CBSI3U paBeH
K ,a k03¢ duIueHT,moKka3bIBatonii, Kakas J0Jisi BHIXOJHOTO CUTHAJIA TIepeaacTCsIHa
BXO]1 Yepe3 0OpaTHYIO CBsI3b, paBeH £ . KoaduimeHnt ycunenus ycunmrens ¢

00paTHON cBA3BI0 K, =K/(1-AK) . Eciu 1—ﬂK|<1, 'T(')‘06paTHa;1 CBSA3b MTOJIOKHM-TEIbHAS,
ecim 1-pK>1 , T9 oTpufiatenbHas. [Ipoussenenne AK 3aBUCHT OT Ya-

CTOTBI, U Ha OJHUX YAaCTOTaX HAOIIOJIaeTCs MOJIOKUTEIbHAs o0paTHasl CBs3b, a HA
Ipyrux — orpuniarenbHas. [letnsmMu oOpaTHOM CBA3M MOXKET OBITH OXBAau€H OJWH
WJIM HECKOJIBKO KaCKaJoB.
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Puc. 2.5.1. O6pa3oBaHue mapa3uTHOU CBSI3U B MHOTOKACKaJTHOM YCHUJIUTENE: @ — EMKOCT-
Hasl CBSI3b MEXK/y BXOJIOM U BBIXOJIOM; 6 — UHIYKTUBHAs CBA3b MO 3€MJISTHOM IIMHE
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Usx Usbix

Puc. 2.5.2. Cxema ycunutens ¢ 0OpaTHOM CBSI3bIO

IIpu kodpdunmenTe MONMOKUTEIBHOW OOpaTHOW CBSI3M JIFOOOW W3 TETEb,
pPaBHOM HWJIM TPEBBIAIONIEM E€IWHUILY, YCHIUTEIh MOXXET caMoBO30ymuThes. [lpum

€MKOCTHOM COIPOTUBIICHUU 0OPATHOM CBSI3U XC , MHOTO OOJIBIINM COMTPOTHUBIICHUS

BXOJIHOM LIENU YCWINTENSA Zg , B KOTOPYIO MOMAMAET HANPSHKEHUE TIOMEXH, YCIIO-
BHE CaMOBO30YX/ICHUSI IMEET BUJI:

Ky=Z gx/(Z gx+ X C)» KZ gyl X =| KZ gxaCpgpl21,

i€ Ky, — KO3)QUIMEHT YCUIIEHHUS 110 HAMPSDKEHUIO YaCTH YCUIIUTENS, OXBa-
YEHHOW 0OPATHOM CBS3bIO YePE3 EMKOCTD Cyqp, -

U3 sToro YCIOBUA CIACAYCT, YTO AO0CTATOYHAA JIA CaMOB036y>KI[€HI/I$I YCHIIN-
4 3 7
TENS EMKOCTb Cyyqp=1/(0ZxKy) . TIpr K)=10" ; Zg,=10" OM; 0=10" (f=1,5MI'n) n

OJIaronpUATHOM /17151 BO30YKIAEHHS (ha30BOM CABHUIe MOMEXHU Cyqy = 0,01 nd. Yro-
OBl XapaKTEPUCTUKHU YCTPOUCTBA MPU HATUIMH OOPATHON CBS3U 3aMETHO HE U3MeE-

HHWJINCH, BCIIMYHMHA Cnap MCIKAY BXOAOM H BBIXOJOM YCHIIUTCIIA JOJIKHA OBITH Ha

NOPSZA0OK MeHbIe, T.€. HokHa ObITh paBHa 0,001 nd. YMeHblIeHUS €MKOCTHOM
Mapa3uTHOUN CBA3U MOXKHO JOOUTHCS, pa3HOCS UCTOYHUKHU U TPUEMHUKHU TTOMEX UJIH
UCIIOJB3YSd BO BXOJHOW IEMU JUAJEKTPUKUA C HEOOJIBIIOW OTHOCUTEIBHOW JU-
ANEKTPUYECKON MPOHUIIAEMOCTBIO, HaITpuMep (oJIbrupoBaHHbIA GTopomact (OP-
4, ®AD-4), nonmuuMuI. ITO OJHOBPEMEHHO MO3BOJISET YMEHBLIUTh MOTEPU BO
BXOJIHBIX LETISX YCUJINTENS U Mapa3uTHYIO CBA3b C IPYTUMH YCTPOMCTBAMM.

IIprMepoM KOHIYKTUBHOM IIOMEXH SBIAECTCS IoMexa Ej ), , TOCTynaromas Ha

BXO/J1 YCWJIUTENS C IIUHBI MUTaHUS yepe3 aenurensb R1Ro (puc. 2.5.3). B koHCTpyK-
usix aHasoroBbix POC 1 ux y3710B UMEIOT MECTO Mapa3uTHbIE O0IKE COMPOTUB-

JICHUA ZO5LL{ , BXOIAIIHUC OJHOBPECMCHHO B ICIIb HICTOYHHUKOB U IIPUCMHHUKOB HABO/I-

KM. B KayecTBe TaKUX CONPOTUBIIEHUN MOTYT BBICTYNIaTh AKTUBHOE U MHIYKTUBHOE
CONPOTHUBJICHUS IIWH NMUTAHHUS W IIHH C HYJEBBIM NOTEHUIMAJIOM, BHYTPEHHEE CO-
MPOTUBJICHUE MCTOYHUKA MUTAHUS, a TAKXKE OT/AEJbHbIE YYaCTKU IINH, 00IIHe s
HECKOJIbKHUX Ienel (MepexoIHbIe JIEIECTKH, YYaCTKU MPOBOAOB B IIEMHU 3a3eMiie-
Hus, (puc. 2.5.4). IlapazuTHas CBsI3b Yepe3 BHYTPEHHEE CONMPOTUBICHUE UCTOUYHUKA
NUTaHWsT U NUTAIOLIME IIWHBI SBJSETCS HauOoyiee pacnpoCTPaHEHHOM, TaK Kak
OOBIYHO HMCTIONB3YETCsl UCTOUHUK MUTAaHUs, OOLIUI 1JIs1 SJIEMEHTOB U Y3JI0B, PA3JIN-
YaIOIIHUXC MOIIHOCTBIO M IOMEX0YCTONYMBOCTBI0. MUHMMAaIbHBIC CUTHAJIBI HA
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BXOJC YCHUIIUTCIIA MOTYT JOCTHUI'aTh I[OJICI;'I MHKPOBOIJIBT. Hcnonp30BaHNE UCTOYHU-
Ka IMUTaHuA, UMCIOIICTO Ha IMOPAA0K Oosiee HU3KUH YPOBCHBb ITOMCX, CJIIOKHO U O0-

poro.
- - -
1, = ;
T
R1
Bbixo0
R2

Puc. 2.5.3. Cxema BO3/1eHCTBUSI IOMEX Ha BXOJ YCHJIUTEINSI OT IIMHBI TUTAaHUS
1

—

. * ; ¢ o
1

[
1

2

a) 6) 8)

Puc. 2.5.4. [1apa3uTHble cBsI3U B 00ILeH IIMHE Yyepe3 O0IIui JIenecToK (a), uepe3 oOImuii
qu1st meneit 1 u 2 ydactok kopiryca (6), uepe3 o0IMil y9acTok a—O0 B IENH 3a3eMJICHUSI MHOTO-
KaCKaJIHOM CXeMBI (6).

Rep1

L] Rop1 L L Rp2 L e b b
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LT
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a

Puc. 2.5.5. TlocnenoBarensHoe (@) 1 napasuieabHoe (0) BKIIOUEHUS! GUIBTPOB B LIETH TH-
TaHUSL.

[ToaToMy OH pacCUMTHIBAETCS HMCXOAS W3 MyJNbCALUN, AOMYCTUMBIX IS
MOIIHOTO KacKaja, a JOMOJIHUTEIbHOE CIVIaXXUBAHUE MYJbCAliil, BO3HUKAIOIIUX
U3-3a MaJeHNsI HallPsDKEHUS Ha BHYTPEHHEM COIMPOTUBICHUH UCTOUYHUKA MUTAHUS
M IIMHAX MUTaHU, OCYIIECTBIIAIOT C TTOMOIIBIO (PHIBTPOB, MOAKIIOYEHHBIX K Ma-
JIOMOIIIHBIM KacKaJam.

[Tpu ucnons3oBanuu RC-punabTpoB (puc. 2.5.5) pe3ucTop BHIOUPAIOT U3

ycnoBus Rp=Ug/l =(0, 05...0, 5)E,/lg , Tie E; — 3J1C uCTOYHMKA MTUTAHUS; lg —
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NOCTOSIHHAs cocTaBisiomas Toka. KoadduuueHnT pasBsasku ¢uibtpa K gp=U

nom!Uoon-TAU yo,—1OTTYCTUMAS aMITIUTYIa TTIOMEXH Ha BbIX0JIe GHIbTPA;U; ;00—
aMIUTUTY/]a TOMEeXH Ha Bxone puibTpa.B 3TOM citydae eMKOCTh (PHIIBTPaMOKHO

ONpeNeNuTh 10 Gopmyiie Cgp= I d)p—ll(ad[id)).Ha pakTuke Kod3purmeHt

Pa3BA3KHU BCCTAd MCHBIIC BEIYUCIICHHOI'O, ITOCKOJIbKY ITPHU pACUYCTC HC YUUTBIBAIOT-
Cs IapPa3UuTHBIC ITaApaMCTPhI 3JICKTPOMOHTAYXKA (1)I/IJ'II>TpOB.

B kadectBe nprmepa paccMOoTpuM GUIBTP, BKIIOYEHHBIN Ha BBIXOJE TeHepa-
TOpa MOMEX C BHYTpEHHUM comnpoTuBieHueM R, = 100 Om (puc. 2.5.6, a) u napa-

Metpamu C1=Cp=C3 = 0,05 Mk®; L1=Ly — 100 mMxl'H. YacTtoTa curHama moMex Ha
Bxoze pusbTpa paBHa 6 MI'1. TeopeTnueckuii Ko3pHULUKUEHT pa3BsI3KU PUIbTPA

2 83 42
« - Rr dg SR 22100276109 510 ) (10210

o3 @C) / (@) /(aC )
1 2 3

10

JomycTtum, ipu MOHTaXXe PUIBTPa EMKOCTH C1—C3 TOJACOSANHEHBI K IITUHE C

HYJIEBBIM TMOTEHIMAIOM 4epe3 oTpe3oK a0 jmmHoM 30 MM, MHAYKTUBHOE COIPO-
THUBJIEHUE KOTOpOro Ha dacrore 6 MI'm coctaButr npumepno 1 Om. Torma namps-

JKeHue nomexu, ocnadnenHoe B 100 pa3, mocTynuT yepe3 KoHJieHcaTop C3 MpsiMo

Ha BbIXOA (uibTpa. Takum 06pasoM, QakTHYECKOe 3HAYCHHE Kgp»  MEHbIUE TEO-
pETHYECKOro B 10s pa3s.

Cnap
i |
E M ’
Re : g, :

Re L1 L2 i L1 ¥4 L2 :
I I I C1 c2 C3
] 6

a) 6)

Puc. 2.5.6. Cxema MHOT03BeHHOTO GUIBTPA (@) ¥ €ro HEBEpHOTro MOHTaxka (6): ab — 00-
M y9aCTOK B IETH 3a3€MIICHHUS.

JUIsi yMEHBIIEHUS BIMSHHUS AKTUBHOTO W WHAYKTHBHOTO CONPOTHBIICHUMN
KOHJICHCATOPOB (DUIIBTPYIOIINE 3JIEMEHTHI, KaK MPaBHJIO, BBHINOJHSIOT U3 IMapal-
JeNIbHO BKIIFOUEHHBIX AJIEKTPOJIUTUUYECKOTO M «OE3bIHIYKIIMOHHOTIO» KepamHue-
CKOTrO KOHAeHcaTopoB. /{151 yMeHbIIEHUs UHAYKTUBHOCTH COEAMHUTENIbHBIX IMPO-
BOJAHUKOB (PHIIBTPYIOIIME KOHAEHCATOPHI PACIONAraloT Kak MOXHO ONMke K 3a-
MIMIAEMOMY KacKaJly, a 3a36eMJICHUE OCYILECTBISETCS B OIMKalIel TOUKe.

CBsi3p yepe3 KOpIyC, KOTOPBIA YacTO BBINONHSET (YHKIUIO IIUHBI C HyJe-
BbIM IIOTE€HLIMAJIOM, IIPOSBIIIETCS TEM CUJIbHEE, UeM BblllIe pabouas yactora. C mno-
BBIIICHUEM YacCTOTHI BO3PACTalOT TOKM B KOPILyCE, MPOTEKAIOIINE YEPE3 €MKOCTH
MOHTaXXa U JI€Talel, yBEIMUUBAIOTCI aKTUBHOE U PEAKTUBHOE COITPOTHUBIICHHUS.



Puc. 2.5.7. Cxema pa3menieHusi 3J€MEHTOB B IIMPOKOIIOJIOCHOM ycuiurtene: ¥1-V3 —

YCUIIUTENbHBIE TPUOOPHI KackanoB; 1 — 3 — aeMeHThl COOTBETCTBYIOIIUX KackanoB; 1-2, 2-3 —
3JIEMEHTHI MEKKACKAIHOMN CBA3HU

Ha wactorax oT kxuiorepiy A0 €IWHUI] MErarepl] pa3HOCTH MNOTCHIMAIOB
MEXIY Pa3IMYHbIMU TOYKAMHM KOPIyCa HACTOJIBKO MaJbl, YTO €ro MOBEPXHOCTH
MOKHO CUMTATh HKBUIIOTCHIIMAIBHOW U, CIEIOBATEIbHO, HE CO3JAIONICH Mapa3uT-
HOW CBSI3H.

B mMpoKOMOJIOCHBIX YCUITUTENSAX BBICOKOW M MPOMEKYTOYHOM YaCTOThI, pa-
OOTarOIMX Ha YacTOoTaxX B JIECATKH Merarepll, MpoTEKarollie B MOBEPXHOCTHOM
CJIO€ KOpIyca TOKU MOTYT OBITh NMPUYMHON 3HAYUTEIHLHOTO YXYJIICHHUS yCTONYH-
BOCTH YCHJIUTEIIS.

JInst ycTpaHeHus: 0OpaTHBIX CBSI3€l MO KOPITYCY YCHUIIUTENsT HE0OOXOIUMO BCE
3JIEMEHTHI, NIPOBOAA U TOYKH MPHUCOETUHEHHUS K HEMY, OTHOCAIIMECS K BBIXOIY U
BXOJY JABYX COCEIHUX aKTUBHBIX MPUOOPOB, pa3MelllaTh TOJBKO B MPOMEKYTKE
MEXIy HUMH, TI0 BO3MOYKHOCTH OJIMDKE K TIPOJIOJIBbHON oceBor auHuU (puc. 2.5.7).
DJIEMEHTBI CBSA3U U TOYKHU MPUCOCIUHEHUS K KOPIYCY, OTHOCSIIMECS K LETSAM OJl-
HOTO YCHJIUTEIIBHOTO MPUOOpa, CIeAyeT pa3MeriaTh Kak MOKHO OJIM)KE K €ro Io-
nepevyHoit ocu. Mexy yCUIUTeIbHBIMUA TPUOOpaMHU, JaKe Ha IOBOJBHO OOJIBIIIOM
PACCTOSAHUU OT MPOJOJIBHOW OCH, HEIOMMYCTUMO Pa3MENIaTh JIETaIN, CBSI3U U TOYKHU
MIPUCOEIMHEHNS K KOPITYCY, OTHOCSIIMECS K IPYTUM KackajaMm JaHHOTO yCUJIUTE-
7s1. Bee T ycnoBus BBITTOHSIOTCS HAMITYYIIIUM 00pa3oM, €CITH KacKaabl pacrosia-
TarTCs OJIMH 3a IPYTMM HA OJHOW JIMHUM. Takas KOHCTPYKUMS HA3bIBACTCS JIMHEM -
KOM.

[Ipu aBTOMaTHYECKOM pa3MEIICHUU 3JIEMEHTOB Ha IJIAT€ aHAJIOTOBOTO y3Ja
3ampenaeTcs yiaydllaTh pa3MeIIeHUe 3JIEMEHTOB IYyTEM MEPECTAHOBKH UX MeECTa-
MU, JTOMyCKAaeMOM ISl DJIEMEHTOB MU(POBBIX y370B. JJIsT YMEHBIICHUS MEPEXO/I-
HOTO COINPOTHUBIICHHUS] KOHTAKTa 3a3¢MJICHUS W MOBBIIMICHHUS €r0 CTAaOMIBHOCTH IIe-
Jeco00pa3HO BBITMIOJHATH €TI0 B BUJIE MOHOJHUTHOIO (MastHOTO WJIM CBApHOTO), a HE
MPUKUMHOTO WJIM Pa3beMHOI0 COeIUHEHUS. DPHEKTUBHBIM MYTEM YMEHBIIICHUS
JUTHHBI OOIIUX yYaCTKOB SIBJISIETCSI MCIIOJIB30BAHUE OTIAEIHHOW IIMHBI C HYJIEBBIM
MOTEHIMAJIOM ISl KaXKJOM TPYMIIbl ENEr: MAJIOCUTHAIBHBIX, C CUTHAJIaMHU CpeJl-
Hel 1 00Ol MolHOCTU. Tak, B paAMOTEXHUYECKOM YCTPONCTBE IIMHBI C HYJIE-



27

BBIM TOTEHIIMATIOM (3€MJISTHBIE IIWHBI) JOJKHBI BBITIOJHATHCS OTACIBHO VIS BXOJ-
HBIX IIeTIeH MPUEMHUKA, UCIIOJTHUTEIHBIX 1IeTIeld aBTOMAaTHKA M BBIXOJIHBIX KacKa-
JIOB TiepeaTIukoB (puc. 2.5.8).

Lucpposbie
ycmpoticmea
namsimu
(magHumHas Veunumenu Yeunumenu | Neuzamenu
neHma
unu uck) CYUMBIBAHUST sanucu
-------------------------- Bbix00OHbIE
lMpuemo- Bxookibie Lenu Kackaob!
nepedarowjue uenu asmomamuku nepedamyuka
ycmpoticmea npuemMHuUKa

LuHbI ¢ HynesbIm
rnomeHyuanom

Puc. 2.5.8. Cxema BbIOJHEHUS WHAUBUAYAIbHBIX IIMH C HYJIEBBIM MOTEHLHAJIOM (3€M-
JISTHBIX IIMH) JUTSE KaXKI0H TPYIIBl YCTPOUCTB (LM(POBBIX, aHAIOTOBBIX )

KonnykTuBHasi moMexa MOKET BO3HUKHYTh, €CII, HAIIPUMED, 3EMJIISTHAS 11 -
Ha BbINOJIHEHA (pUC. 2.5.9) B BUJI€ 3aMKHYTOI'O KOHTYpa. B 3ToM ciydae oT mocro-
POHHEr0 MCTOYHHMKA 3a CUYET WHIYKTHUBHOW CBSI3M B HEW MOXKET OBITh HaBeJCHA

S/1C (B) E:4,44fHF-10_4 , rne f — 4acrora, I'u; H — cpeaHsis HanpsKEHHOCTh
MarHuTHOTO MoJsi, A/M; F — TMJIOMAab «IETIW» KOHTYpa, cw: . Jlaxke cpaBHU-
TenabHO HeOoubmas D/C Ha MaIoM CONMPOTUBIICHUU ITMHBI MOXKET CO3/1aTh B KOH-
Typ€ BIOJIHE OUTYTUMBIN TOK, KOTOPBIA MOXKET MPUBECTU K MAJCHUIO HANPSKCHUS
(KOHAYKTHBHOM momMexe) Ha ydacTke ab (puc. 2.5.9), paBHomy nipumepHo E/4 (s
JAHHOM KOHCTPYKIMH). [[1s1 MCKIIOueHus: MoAoOHOM MOMeXHU HEeOOXOAMMO Pa3o-
MKHYTh KOHTYp. WHIYKTUBHYIO CBSI3b MOXXHO TakK>K€ OCIa0WUTh, YMEHbIIAs ILIO-
11aJb B3aMMOCBSI3aHHBIX KOHTYPOB B PE3YJIbTATE UCIOJIb30BaHUS CKPYUEHHBIX WM
ONpUIAPHBIX TIap MPOBOJHUKOB (B TOM YHCIIE B DKpPaHE), PACIOJIOKEHUS 00bhEeM-
HBIX U MEYATHBIX MPOBOJHUKOB BOJIM3U MJIOCKOCTH C HYJEBBIM MOTEHIIMAIOM. TaK,
3aMeHa OJIMHOYHOTO MmpoBojHUKA nuameTpoM 0,5 mm u anuHoit 500 MM, OTCTOS-
MIETO OT IJIOCKOCTH ¢ HyJeBbIM noTeHimaiom Ha 100...200 MM, cKkpyTKOii mim Ou-
GUIApOM MO3BOJISIET YMEHBIIUTh UHAYKTUBHOCTH KOHTYpa (@, CJeA0BaTEIbHO, U
nomexu) ¢ 800...900 o 180...320 ul'H, T. €. B 3...4 pa3a. OGbIUHO CKpYyUYECHHbIE Ma-
pbl ¥ OuUIAPHl UCTIONB3YIOT 10 YacToThl 100 k['11 (Ha wactote 10 MI'1i Benmuku
MOTEPH ); KoakcuaabHbie kabenu — 10 yactoThl 100 MI'nt (Ha wactote 1 I'T'1 Benuku
MOTEPH ); TOJIbIE BOJIHOBO/BI — Ha 00Jiee BHICOKUX YaCTOTaX.

Ecnu Ha o6a Bxona nuddepeHanibHOr0 yCUIUTENS TOCTYaloT OJUHAKO-
Bbl€ 10 MOJSIPHOCTH M aMIUINTyAE MoMexH (cuH(pa3Hbe), TO OHU MOAABISAIOTCA
ycunuteneM. Ecnu Ha oba Bxona muddepennuanbioro ycwmmrtens (puc. 2.5.10)
MOCTYMAIOT MTOMEXH OJIMHAKOBBIE TI0 aMIUTUTY e, HO
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Puc. 2.5.9. 3emsisinas neyatHas MIKMHA B BUJIE 3aMKHYTOI'O KOHTYpa: @ — MarHUTHBIN
HOTOK OT I0JIL PaCCEeMBAHUS CHIJIOBOTI'O TpaHC(hopmaTopa

Puc. 2.5.10. Cxema BosxeiictBus curHama Uc u cuHgasHoil momexu Upgy ¢ HA

YCUIIUTEIIb C ABYMS BXOJaMU

MIPOTHUBOIIOJIOKHBIE TIO TOJISIPHOCTH WJIM OAWMHAKOBBIE IO TMOJSIPHOCTH, HO
pasHble To amrumtyae (auddepeHianbHbple MOMEXH), TO OHH YCHUIIUBAIOTCS.
Judbdepennmanpuple MOMEXH MOTYT BO3HHUKHYTh M3-3a PA3IMYHON MMapa3uTHOMN

CBSA3H BXOJIOB YCHIJIMTENS C UCTOYHMKOM HOMEX ( Cygpl B Cpgp2 Ha puc. 2.5.10).

JIJisi aHAJIOTOBBIX Y3JIOB HIUpPE, YeM JUIsl MU(PPOBBIX, UCTOIB3YIOT METO/IBI,
MO3BOJISIONIME OCYIICCTBUTh B3aUMHYIO KOMIICHCAIIMIO TOMEX OJMHAKOBOM am-
TUTUTYABI U TIPOTUBOIIOJIOKHOM MOJIIPHOCTH: CKpy4YeHHBIE napbl, AuddepeHimais-
HBIC YCUJITUTENH, PEXKEKTOPHBIE GUILTPHI (puc. 2.5.11).

PO En
leHepamop :’ ______ 1
ougbcbepeHuyuarss- Y — Bbixod

HO20 cuzHana : |
W cuHgpasHot [T Y Y Y

rnovexu

Puc. 2.5.11. Cxema BkIItoueHHs pexeKTOpHOTrO QuibTpa (PD) Ha BXOAE ycuiIuTeNs.
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Hcnonb3oBaHne pekeKTOPHOTO (GUIbTpa OCHOBAHO HAa TOM, YTO OH HMMEET
Majioe COMPOTUBIICHHE Ui TOKa nud@epeHnanbHOro curHana (MMEIoero pas-
HYIO TIOJIIPHOCTB) Ha BX0jA€ (GuiIbTpa U OONBIIOE CONPOTUBICHUE IS TOKA CHUH-
¢dazHoil moMexu (B pe3yibTaTe CyMMHUPOBAaHUS MarHUTHBIX MMOTOKOB 0OMOTOK). B
KayecTBe 3((HEKTUBHBIX AJIEMEHTOB T'aJIbBAHUYECKOM Pa3BA3KH MOXKHO HCIIOJIB30-
BaTh ONTPOHBI.

B mporecce paboThl AIIEKTPOHHBIE YCTPONCTBA MOJBEPrarOTCs JEUCTBHUIO
AIEKTPOMArHUTHBIX NMOMEX. B LensX ¢ aHaJoroBbIMM CUTHAJIAMH ITOMEXH MCKaXkKa-
IOT MOJIE3HBIN CUTHAJ, U TPOXOAUTCS TOBOPUTH O JOIMYCTUMOM YPOBHE UCKAKECHUM.
JUisg 1u@pOBBIX U UMITYJIBCHBIX CXEM JIOIYCTUMBIN YPOBEHb IIOMEXH OINPEAEIIAETCS
OPOroM cpadaTbIBaHUs JIEMEHTA, Ha BXOJ KOTOPOrO OHa IOCTYIAET, IOMeXa He
JOJDKHA ONPOKUABIBATH TPUITEP, 3aIyCKaTh >KIYIIUNA MYJIbTUBUOpAaTOp U T.JA. BO
BCEX Cy4asiX MPUXOAUTCS OLIEHUBATh OTHOLUICHHE CUTHAJI/TIOMEXaA.

WcTOYHMKM BHEIIHUX IMOMEX /I 3JIEKTPOHHOM ammaparypbl MOTYT OBITh
BEChbMa Pa3HOOOPa3HbI — PAJUOTEXHUUECKUE CBSI3HBIE U JIOKAIIMOHHBIE KOMILIEKCHI,
PEHTITEHOBCKME YCTAHOBKHM, MOIIHBIE BEHIATEIbHBIE CTAHUWHU, CHUIOBOE JJIEKTPO-
00OpylI0BaHUE, CETEBBIEC MPOBOJA, TPaHC(HOPMATOPHI U T.I. SJIEKTPOHHAs armapa-
Typa MOJABEPracTcs AEUCTBUIO HE TOJIBKO TEXHOTEHHBIX, HO U €CTECTBEHHBIX JJICK-
TPOMAarHUTHBIX MoMeX. EcTecTBeHHbIE TOMEXU 00YCIOBIEHBI TPUPOIHBIMU (PU3U-
YECKMMH IPOIIECCAMH B BHUJE JJIEKTPOMArHUTHBIX H3IYYEHHU, 3JIEKTPOCTaTHYE-
CKMX IIOMEX BCJICICTBUE DJIEKTPU3ALUU DIEMEHTOB KOHCTPYKLIMH, MOLIHBIX JJIECK-
TPOMArHUTHBIX MUMIYJbCOB. DJIEKTPOMATrHUTHBIM UMITYJIbC OT OJU3KOro paspsaa
MOJIHUHM CIIOCOOEH HE TOJBKO CO3/1aTh MOIIHYIO IIOMEXY B IIMPOKOH MoJjioce Ya-
CTOT, HO U Pa3pyLIUTh YyBCTBUTEIBHBIEC LIENU AIEKTPOHHOM anmnapaTyphl.

Cpeau noMex TEXHOTEHHOIO MPOUCXOKICHUSI OOBIYHO BBIACISIIOT JIBE PYII-
IIbl AJIEKTPOMAarHUTHBIX IOMEX: IEepBasi — MOMEXH, M3Iy4aeMbI€ paJuolepeaaro-
MM YCTPOUCTBaMH B paboyeil moyioce 4acTOT U BHE 3TOM MOJIOCHI; BTOpasi — UH-
JyCTpUaIbHbIE TIOMEXHU, CONMYTCTBYIOIIHME PA0OTE ANEKTPOTEXHUYECKUX MU IJICK-
TPOHHBIX YCTPOMCTB: JJIEKTPOJABUTATENEH, JMHUU DJIEKTpOIepenay, KOHTAKTHON
CETH, JIEKTPOCBAPOYHBIX AIapaTOB, CUCTEMbI 3A)KUTaHUS B JIBUTATEISAX BHYTPEH-
HEro CrOpaHusi, CPEACTB BBIYMCIUTEIBHON TEXHUKH U T.I. UHAYCTPUAIbHBIE TTOME-
XM, KaK MpaBUIIO, UMEIOT UMITYJIbCHBIN XapaKTep U MOTYT MPOSIBIATHCS B IIUPOKOM
JAAMa30He 4YacTOT — OT AECATKOB T'epll 0 €AUHULL TUTarepl.

Haubounee ys3BumMbIiMH yacTaMu POA 115 51€KTPOMArHUTHBIX TOMEX SIBJISI-
I0TCSI IPOBOJIHBIC JIMHUM BBUY UX MPOTSKEHHOCTH. [loMexu MOTyT ynaBiauBaThCs
Y HEMOCPEACTBEHHO 3JIEKTPOPAANOIIIEMEHTAMHU, BXOJAIMMH B COCTaB yCTPOWCTBA.

EcTtecTBeHHBIM IpreMOM OOpbObI C MATHUTHBIMU TTIOMEXaMHU SBIISIETCS dKpa-
HUPOBAHUE MPOBOJIOB JIMHUI CBSI3U. DKPAHUPOBAHUE 3aKIIOYAETCS B JIOKAJIU3ALNU
AJIEKTPOMArHUTHOW 3HEPTUM B ONPEACIEHHOM 4YacTh npoctpancTBa. [lormomas u
OTpakasi MOTOK 3JIEKTPOMArHUTHOW 3HEPTUH, SKPAaH OTBOJAUT €ro OT 3aIIHIIAEMOU
obnactu. DPHEeKTUBHOCTh IKPAHUPOBAHUS ONPEACIIICTCS KaK OTHOIICHHE MarHUT-
HBIX (MJIM AJIEKTPUYECKUX) COCTABIIAIOIIMX TOJS B 3allUIaeMON 00JacTu U B OT-
CYTCTBUH JDKpaHa K COOTBETCTBYIOIMM BEJIMYMHAM IIPU HAJTMYMH DKPAHA.
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B ta6n. 2.5.1 npuBeneHbl pa3IMuHbIe CXEMbl IKPAaHUPOBAHMS, CBUBKH MPO-
BOJIOB M COOTBETCTBYIOIIUE UM YPOBHU MOJAABICHUS MOMEX.

Tabmuma 2.5.1

Ne
CXCMbI

Cxema COCAUHCHMS 3KpaHa U CUTHAJIb-
HBIX ITPOBOJIOB
(Rp< 1xOm, Ry< 1IMOwm)
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[TpuBeneHHBIC TaHHBIC OTHOCSTCS K YIABTPa3BYKOBBIM YacTOTaM (ITPHUMEPHO
ot 30 no 100 kI'w). [TogaBnenue ykazaHo B aenuodenax (B3sTO OTHOIIEHHE TOMEXH

B HE3aLIUILIEHHOM IIPOBOJIE K YPOBHIO IIOMEX B JAHHOU CXeMe). DIEMEHTHI e U Ry
Ha cX€Max E)THOC}ITCH K HCTOYHUKY CHUI'HAJIA, RH — COIIPOTHUBJICHUC HAI'PY3KH, 1101~
KIITOYCHHOHU K BBIXOAHOMY KOHIY JIMHUU.

B cxemax 1-6 Tabm. 2.5.1 uemnu 3a3emiieHbl ¢ IByX CTOpOH. Bo3BpaTHbie TOKU
MCTOYHHUKOB CUTHAJIA MPOXOJIAT Yepe3 MUHY 3eMJIU MOJTHOCTHIO WU YACTUYHO, I10-
ATOMY IUIOIIAJb KOHTYpa, IEPECEKAEMOI0 MarHUTHBIM MOJIEM, Beluka. B cxemax 7-
11 TaGauipl TPOBOJHUK BO3BPATHOTO TOKA HMCTOYHMKA CUTHANIA PACMOJIOXKEH
OJIN3KO K CUTHAJIBHOMY ITPOBOJY, IO3TOMY IOJABIEHUE MarHUTHBIX HABOJOK 3/1€Ch
OPUHLMIUAIBHO BbIle. B cxemax 1-2 TaGnuibl MarHUTHOTO SKPAaHUPOBAHUS HET,
TaK KaK KOHTYp, [E€PECEKaeMblii MATHUTHBIM MOTOKOM, HE U3MEHUJICS 110 CpaBHE-
HUIO C MPOCTBIM MPOBOJHUKOM. 3a3€MJICHHE dKpaHa ¢ OJHOW CTOPOHBI OO0ecreyu-
Ba€T SKPAaHUPOBAHUE TOJBKO IJIEKTPUUYECKOTO MOJs. 3a3eMJIEHHE OOOMX KOHIIOB
’KpaHa (cxeMa 3) JaeT CPaBHHUTEIbHO Mallbli 3(P(EKT, MOCKOIbKY 3HAYUTEIbHAs
4acTh BO3BPATHOIO TOKA MPOXOIUT M0 IKHE 3eMiu. Kpome Toro, sxpan obpasyer ¢
IIMHOW 3€MJIM KOHTYpP, B KOTOPOM B CBOIO OYEpE]Ib MOSIBISETCS MarHUTHAs HABOJ -
ka. Butas mapa, 3a3emiieHHasi ¢ 000MX KOHIIOB (cxeMma 4) oOecrieynBaeT HEKOTOPOE
MO/IABJICHHNE MAarHUTHOM HABOJKH, 3aBUCAILEE OT PACIPEACICHUS TOKAa MEXY BO3-
BpaTHBIM IPOBOJOM Tapbl M IHUHOW 3eMiu. JloOaBneHue skpaHa maet dPpdekt
TOJIBKO MPU 3a3€MJICHUH 3KpaHa ¢ 000UX KOHLOB (CXeMbl 5 U 6).

Cpenu cxem ¢ He3a3eMJICHHbIM MCTOYHMKOM CHUTHaNa HAWIyYIlIeW SIBISETCS
cxeMa 7, B KOTOpOM IJIoIaab KOHTypa MUHUMaJIbHA OJ1arofjapst COOCHOCTH SKpaHa
U LEHTPAJIbHOTO CUTHAJILHOTO MpoBoJia. HecKobKO Xyke MoJaBjIeHUuEe B BUTOM Ma-
pe (cxema 8) u3-3a BIMSHUS BJECKTPUUECKUX TOJEH M HEMpPaBWIBHON N€OMETPUH,
YTO BUJHO U3 CpaBHEHUd co cxemoil 9. Cxema 11 ycrymaer npyrum, Tak Kak B HEW
MarHuTHbIE HABOJKH B KOHTYpPE SKpaH-3eMJIsl MOTYT MPOHUKATh B CHUTHAJIbHYIO
uenb. Jns ynydieHus: SKpaHUpOBaHUS Ha HU3KUX YaCTOTax CONMPOTUBIICHUE dKpa-
HUPYIOUIEH OIMJIETKH IOHKHO OBITh KaK MOXXHO MEHbIIE, MPU 3TOM HAWIYyYIIen
CXeMOW 3KpaHHpoBaHuUs sBisieTcss cxemMa 10, B KOTOpOH CONPOTUBIIEHUE SKpaHa
UTPaeT MEHBIIYIO POJIb. DKpaHbl BO BCEX CIIydasix CJIEIyeT U30JIUPOBATh, UTOOBI HE
JOMYCTUTh HMX CIy4allHOTO 3aMbIKaHUsA. [[OMOJHUTENBHOE 3a3€MJICHHE WM Ya-
CTUYHOE 3aMbIKaHUE 000JIOYKHA MOXKET YXYAIIUTh SKPAHUPYIOMHM 3PPeKT, TaK Kak
IpU 3TOM 4acTh OOpPATHOrO TOKa OyAeT MpOoTeKaTh MUHYS dKpaH. Jljig 3a1mThl Ju-
HUH ¢ c1a0bIMU CUTHAJIAMHU B BBICOKOYACTOTHOM MAarHMTHOM I10JI€ MCHOJB3YIOTCS
Ka0enu MmapHOW CKPYTKHU C IBOWHOM 3KpaHUPOBKOW. BHEITHUN 3KpaH 3a3eMIIIeTCs
y KOHIIOB Ka0es (nmpu JynHe kadens He 6osee 0,2 1JIMHBI BOJIHBI), @ BHYTPEHHUHN Y
UCTOYHHUKA CUTHAJA.

[IpuBeaEHHBIE CXEMBI SKPAHUPOBAHUS MO3BOJISIOT CYIIECTBEHHO CHU3HUTH HE
TOJIBKO MAarHUTHYIO, HO U 3JEKTPUYECKYIO «HABOJKY». OIHAKO 31ech Tpedyercs
MpaBUJIBLHO BIOMPATH MECTO MOJKIIOUEHHUS dKpaHa: MpU MPUCOECIUHEHUH YKpaHa K
TOYKE CXEMbI, B KOTOPOH HE 00eCreynBaeTCs MOCTOSIHHBINA HYJIEBOM MOTEHIMA,
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roMexa MOXKET I0IaJlaTh B CUTHAJbHBIC IIETH Yepe3 OOJIBIIYI0 €eMKOCTh CUTHAIIh-
HBII TPOBOJI — KPaH UHTEHCUBHEE, UEM B CIIy4ae OTCYTCTBHUS dKpaHa.

YacToTHBIE BO3MOKHOCTH TOM WJIM MHOW CXE€MbI SKPAHUPOBAHUA 3aBUCAT OT
KOHCTPYKTUBHBIX MapaMETPOB JIUHUM TI€PEIauM U BIUAHUSA HA HEE UCTOYHUKA CUT-
Haja W Harpy3kW. DKpaHUPOBAHHBIC KaOemu MapHON CKPYTKH 00ECIeUnBaIOT XO-
POIIYIO 3alIUTy OT JIEKTPOMATHUTHBIX MMOMEX BILUIOTH 0 YacTtoThl 100 kIt u y0-
BJIETBOPUTENIbHO (PYHKIHOHUPYIOT A0 10 MI'n. Curnanel mpsiMoro u oopaTHOTO
TOKa pPAaCHpOCTPAHAIOTCS TO BHYTPEHHHM IIPOBOJHUKAM, a TOKM TOMEX TEKYT
TONBKO B 3KpaHe. [IpenenpHas pabovasi yacToTa BUTOM Mapbl MPOBOJIHUKOB OIpE-
JICTIIETCS PAaBHOMEPHOCTBIO M BEJIMYMHOM I1ara CKpyTku. C poCTOM 4YacTOThI CHUT-
Hajia yXYAIIaeTCsl TOMEX03alUIIEHHOCTb, U YBEIMYUBAIOTCS OTPAXKEHUSI OT HEO/I-
HOpojHOcTel JmHUH. KoakcuanbHble KaOeau 00EeCreYrBarOT YIOBICTBOPUTEIIh-
HYIO TTIOMEX03alUIIEeHHOCTh BILUIOTh 10 100 MI'ti. Ha wacrorax Beime 1 MI'1y 61a-
roaapsi CKuH-3(pPeKTy KoakcuaabHbIM KaOellb HauMHAET JEeWCTBOBATh KAaK TpHAaK-
CHAJILHBIN: 0OpaTHBIC TOKM CHUTHAJIA TEKYT IO BHYTPEHHEH CTOPOHE 3KpaHa, a I1o-
MeX 1o BHemHe. Ha 6onee HU3KUX 4acToTax JUIsl 3alUThI CI1a0BbIX CUTHAJIOB MIPH-
MEHSIIOTCSI CIIeIMalIbHbIC TPHaKCHAIbHbIE KaOeu.

2.6. J1abopaTopHas padora Ne 2.

2.1. MccaepgoBanme 3J1eKTPUYECKUX JJUHHUI CBA3H HA 3JIEKTPOMATHUTHYIO COB-
MEeCTUMOCTh M JKpaHUpoBaHue y3a08 PIC.
2.2. AHa/IM3 Ka4yecTBa pa3padoTKH Me4YaTHOr0 MOHTaka (2 4).

Heas pabdoTbl: UCCIENOBAHUE TMOMEXO3AUIUIICHHOCTH  IPOBOJIHBIX
JIMHUMNCBS3M, UCIIOJIB3YEMbI B PAJIMO3JICKTPOHHOM U JIEKTPOHHO-BBIYMCIUTEIbHOM
amnrmna-paType.

IoaroroBka Kk padore

1. I3yuuTe TEOpHUIO U MPAKTHUECKHE METO/bI, HCTIOIb3yeMbIe AJIs oOecreue-
HUS 3JEKTpOMarHuTHOM coBmectumMoct POC. OOpatute 0cob00€ BHMMaHHE Ha
CJIEYIOIIKE BOIPOCHIL:

a) OCHOBHBIC XapaKTEPUCTHUKH DIEKTPUYECKUX TMPOBOJHBIX JIMHUN CBSI3U
(oMHUYeCcKO€ COMPOTHUBICHUE MPOBOAHUKOB, MPOBOJAMMOCThH H3OJSIMH, TOTOHHAS
€MKOCTb, TOTOHHAsI UHYKTUBHOCTb);

0) KOHCTPYKTUBHBIC BAPUAHTHI DIIEKTPUICCKUX JTHHUNA CBS3H, UCIIOJIb3yEMbIX
B POC 1 OBC, ux 10CTOMHCTBA M HEAOCTATKHU,

B) MIOMEXO3AIIUIIICHHOCTh PA3IUYHBIX KOHCTPYKTUBHBIX BAPUAHTOB
IPO-BOJIHBIX AJIEKTPUUECKUX JTMHUM CBSI3U;

I') COCOOBI SKPAHUPOBAHMSI IMHUH CBSI3U U Y3710B POA;

1) IpaBUJIA BBIIIOJHEHUS COEAMHEHNUH KTyTaMH IIPOBOJOB U KaOeIsIMHU.

2. BpinonHMUTE pacueTHOE 3aJaHUE 110 YKa3aHHOMY IPEIo1aBaTeeM Bapy-
aHry.
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HNcnoab3yembie NpudoOpbI M 000py10BaHME

1. JTaGopaTopHBIit CTEHI.

2. Uccnenyembie 00pa3iibl TPOBOIHBIX AIEKTPUUECKUX JIMHUM.

3. U3mepurensubie mpudopsl — ocimuniorpad C1-118, mumnuBonsT™MeTp B3-
48 A wnu aHaNOTUYHBIE.

B 1abxn. 2.5.1 npuBeaeHbI pa3aMvHbIE CXEMbl SKPAHUPOBAHUS, CBUBKHU MTPO-
BOJIOB M COOTBETCTBYIOILIME UM YPOBHU IIOJIABJIICHHS [IOMEX.

[IpuBeneHHbIC TaHHBIE OTHOCATCS K YIBTPa3BYKOBBIM YacTOTaM (IIPHUMEPHO
ot 30 go 100 kI'w). [TogaBnenue ykazaHo B nenuodenax (B3sTO OTHOIICHUE TOMEXH

B HE3aLIUILEHHOM IIPOBOJE K YPOBHIO IIOMEX B TAHHOU CXeM€). DJIEMEHTHI e U Ry
Ha CXEMaxX OTHOCATCS K HCTOYHUKY CHTHAIa, Ry — conpoTuBiieHre HATPY3KH, MTO/-
KIIIOYCHHOM K BBIXOAHOMY KOHITY JIMHUU.

B cxemax 1-6 Tabn. 2.5.1 uenu 3a3eMJieHbI € IByX CTOpOH. Bo3BpaTHbIe TOKH
MCTOYHHUKOB CUTHAJIA MPOXOJAT YEPe3 IUHY 3€MJIU MOJHOCTHIO MIIM YaCTUYHO, MO-
ATOMY TUIOIIAh KOHTYpa, IEPECEKaeMOTr0 MarHUTHBIM T10JIEM, BesnKa. B cxemax 7-
11 Tabauupel TPOBOJHUK BO3BPATHOIO TOKA HMCTOYHHMKA CHUTHANa PacHoOJIOKEH
OJIM3KO K CUTHAIBLHOMY MTPOBOJTY, IIOITOMY MMOJABJICHUE MarHUTHBIX HABOJIOK 3/1€Ch
MPUHITMITHAIRHO BIE. B cxemax 1-2 TaOauIlkl MarHUTHOTO SKPAHUPOBAHUS HET,
TaK KaK KOHTYp, MepeceKaeMblii MArHUTHBIM MTOTOKOM, HE M3MEHUJICS 110 CpaBHE-
HUIO C MPOCTBHIM MPOBOJHUKOM. 3a3€MJIEHHE dKpaHa C OJHOW CTOPOHBI OOecreyu-
BAa€T SKPAaHUPOBAHUE TOJBKO BJIEKTPUUYECKOTO MOJisA. 3a3eMJeHHe O0OMX KOHLIOB
’KpaHa (cxeMa 3) JaeT CpaBHHUTENIbHO Malbli 3(P(EKT, MOCKOIbKY 3HAUUTENIbHAS
4acTh BO3BPATHOI'O TOKA MPOXOIUT M0 IKHE 3eMiu. Kpome Toro, sxpan odbpasyer ¢
IIMHOM 3eMJIM KOHTYpP, B KOTOPOM B CBOIO OYEpE/lb MOSIBISETCS MarHUTHAsE HABOJI -
ka. Butas mapa, 3a3emieHHast ¢ 000ux KOHIIOB (cxeMa 4) 00ecreunBaeT HEKOTOPOe
MO/IABJICHHE MAarHUTHOW HABOJKH, 3aBUCAILEE OT paClpeAesIeHUs TOKa MEX]y BO3-
BpaTHBIM IPOBOJOM Tapbl M IHMHOW 3eMiu. JloOaBneHue sKkpaHa maeT dPdekT
TOJIBKO TP 3a3€MJICHUH dKpaHa ¢ 000X KOHIIOB (CXeMBbI 5 U 6).

Cpenu cxem ¢ He3a3eMJICHHBIM MCTOYHUKOM CUTHaja HaWJTy4dllle SIBIIAECTCS
cxema 7, B KOTOpOH IuIonaab KOHTYpa MUHUMAaJIbHA 0J1aro/iapsi COOCHOCTH dKpaHa
Y LIEHTPAJIIBHOTO CUTHAJIBHOTO NpoBoJa. Heckonpko XyKe MoAgaBiIeHUE B BUTOM Ma-
pe (cxema §) M3-3a BIMSHMS IICKTPUUECKUX TMOJIEH M HEMPaBUIbHON T€OMETPUH,
YTO BUJHO U3 CpaBHEHUA cO cxemoil 9. Cxema 11 ycrymaer apyrum, Tak Kak B HEH
MAarHWTHbIE HABOJKH B KOHTYpPE 3KpaH-3€MJIsI MOTYT NPOHHMKATh B CHUTHAJIBHYIO
uenb. s ynydimeHns SKpaHUpOBaHUs HA HU3KUX 4aCTOTaX CONPOTHUBIIEHUE DKpa-
HUPYIOIIEH OIUIETKH JOJKHO OBITh KaK MOKHO MEHbIIE, MPU TOM HaWITydllIeu
CXEMOU IKpaHUpOBaHUs sBIsIeTCs cxema 10, B KOTOpoil CONpOTHUBIIEHUE DKPaHa
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UTPAET MEHBIIYIO POJIb. DKpPaHbl BO BCEX CIIydasix CJIEAYeT U30JIUPOBAThH, YTOOBI HE
JOMYCTUTh HMX CIy4YallHOTO 3aMblkaHuA. JIOMOJHUTENbHOE 3a3€MIICHHE WM 4a-
CTHYHOE 3aMBIKaHHE 000JI0YKH MOXKET YXY/IIIUTh SKpaHUPYIOUTHi 2PPeKT, TaK Kak
P 3TOM 4YacTh 0OpPATHOrO TOKa OyAeT MpoTeKaTh MUHYS dKpaH. JlJig 3a1mThl Ju-
HUMl ¢ cnabbIMU CHUTHAJaMH B BBICOKOYaCTOTHOM MAarHUTHOM II0JI€ UCIOJIb3YIOTCS
Ka0enu mapHON CKPYTKHU C IBOMHOW SKpaHUpPOBKOM. BHemHui skpan 3a3emisercs
y KOHIIOB Ka0es (rmpu anuHe kadens He 6onee 0,2 IJIMHBI BOJHBI), @ BHYTPEHHUN Y
UCTOYHHUKA CUTHAJA.

[IpuBenCHHBIE CXEMBI IKPAHUPOBAHMS MO3BOJISIOT CYIIECTBEHHO CHU3UTH HE
TOJIBKO MAarHUTHYIO, HO U 3JEKTPUYECKYI0 «HaBOJKY». OIHAKO 371eCh TpeOyeTcs
MPaBUJILHO BBIOMPATH MECTO MOJKIIOUEHUS dKpaHa: MpH MPUCOCIMHEHUN dKpaHa K
TOYKE CXEMbI, B KOTOpPOH HE 00eCleunBaeTCs MOCTOSHHBIN HYJIEBON MOTEHIIMAI,
noMexa MOXKET TMONaJaTh B CUTHAJIbHBIC IEMU Yepe3 OOJBIIYI0 €eMKOCTh CUTHAb-
HBII TPOBOJI — SKPaH UHTEHCUBHEE, YEM B CIIy4ae OTCYTCTBHUSI SKpaHa.

YacToTHBIE BO3MOKHOCTH TOM MJIM MHOW CXEMbI SKPAHUPOBAHUA 3aBUCAT OT
KOHCTPYKTUBHBIX MTapaMETPOB JIMHUY MEPEJAYU U BIUSHUS HA HEE UCTOYHUKA CHUT-
Haja W Harpy3ku. DKpaHHpPOBaHHbIE Kabelu MapHON CKPYTKH 00ECIeurBarOT XO-
POIIYIO 3aIIMTy OT IEKTPOMArHUTHBIX TOMeX BILUIOTH 10 4acTtoThl 100 xI'n u ynmo-
BIETBOPUTENIbHO (QyHKIMOHUPYIOT 0 10 MI'. CurHansl mpsMoro u oOpaTHOTO
TOKa PaCIpOCTPAHSIOTCS MO BHYTPEHHUM MPOBOAHUKAM, a TOKU TOMEX TEKYT
TOJIBKO B dKpaHe. [IpenenvHas pabouasi yacToTa BUTOW TMaphl MPOBOAHUKOB OMpeE-
JEJISIeTCSl PAaBHOMEPHOCTBIO M BEJIMYMHOM 11ara ckpyTku. C poCTOM 4acTOThI CHT-
Haja yXyAIIaeTCcsl TOMEXO03alUIIEHHOCTh, U YBEIUYUBAIOTCS OTPAKEHUS OT HEOI -
HOopojHocTel JuHuU. KoakcuanbHble Kabeau 00ecrneyuBaroT YIOBJIECTBOPUTEIh-
HYIO0 TTIOMEX03alUIIEeHHOCTh BILUIOTh 10 100 MI'. Ha gacrorax Beime 1 MI'1t 611a-
rojiapss CKUH-3((PEeKTy KOaKCHaIbHBIN KaOeahb HauMHAeT JACHCTBOBATH KaK TpPUAK-
CHAJIbHBIN: OOpaTHBIE TOKU CUTHAJIA TEKYT MO BHYTPEHHEH CTOpPOHE dKpaHa, a TMo-
MeX 1o BHemHe. Ha 6osiee HU3KuX 4acToTax JUIsl 3alUThl CJ1a0bIX CUTHAJIOB MIPH-
MEHSIOTCS CIIEIUaIbHbIC TPUAKCUATIBHBIE KaOeH.

Onucanue Ja00PaTOPHOIro CTEHAA

JIaGopaTopHBIil CTEH BBIIIOJIHEH B METANIMYECKOM KOpITyCe, Ha MepeaHen
NAHEIU KOTOPOIO PACIOJIOKEHBI THE3/1A IS MOJAKIFOUEHUS U3MEPUTENIbHBIX MTPU-
6opoB (ocuuiiorpada win MUJUIMBOJIBTMETPA), @ TAKXKE OpraHbl ympasjieHus [6].
[ToaxatoueHne U3MEpPUTENbHBIX NPUOOPOB U 00Pa3LOB MPOBOJHBIX JUHUI K CTEH-
1y TIOKa3aHo Ha puc. 2.6.1.
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Puc. 2.6.1. Cxema skcriepuMeHTa

Hanpsixkenue, HaBeICHHOE B POBOIHOM JIMHUY F€HEPATOPOM MTOMEXH,
peru-cTpupyercs U3MEpPUTEIIbHBIMU TPUOOpaMHU.

IHopsinok BbINOJIHEHUS PAOOTHI.

1. U3yuute npuHImn paboThl JIA0OPATOPHOTO CTEH 1A U TPHUOOPOB.

2. BxatounTe mpruOOps M UCTOYHUK MUTAHKS CTEH]IA.

3. [oxkimrounTe BHIXOJHBIE THE3IA K BXOAY ocIimuiorpada.

a) TIPUCOCIWHHUTE DKBHBAJICHT BBIXOJHOTO COINPOTHBJICHHUS TeHepaTopa K
BXOJIy OTpE3Ka HCCIEIyeMOW JIMHUHM TyMOJEpPOM, PaCIOJIOKECHHOM Ha TepeaHei
naHesn 1a00paTOpHOTO CTEH/IA,;

0) HacTpoiiTe ocuiorpad Takum o0pa3oM, 4ToObI Ha €ro KpaHe YBEPEHHO
HAOIOIAJIOCh HAIPsHKECHUE ToMeXH (IPH OTCYTCTBUHU CITEIIMATBLHOTO TeHepaTropa
MOMEXH HaOJII0TaeTCs «HABOJKA» OT JIFOOOTO CTOPOHHETO MCTOYHHKA, HAIpUMED,
OT MOIIIHOM MECTHOW paJrOBEIIaTeIHHON CTaHIMH, paOOTAIONIETO CHIOBOTO 000-
PYIOBAaHUS U T.I1.);

B) M3MEphTE Yyroyl O, ONpeAcISIIONINi MOJI0KEHNE TIPOBOJHUKA OTHOCHUTEITh-
HO MCTOYHWKAa ToMmexu. [loAkmounTe K BBIXOAY CTE€H/Ia MIJUIMBOJBTMETD U W3-
MepbTe 3P hEeKTUBHOE 3HAUCHUE HAIIPSHKCHHS TTIOMEXH;

4. VI3amepbTe yPOBHU «HABOJKI» B MIPOBOIHBIX JTHHUSAX Pa3IMYHBIX THITOB.

Omnpenenure ypoBEHb MOMEX JIISI CICTYFOIIUX dIIEKTPUICCKUX JTTHHMA:

- IJTOCKas Mapa HEAKPaAaHUPOBAHHBIX MPOBOJHUKOB;

- Iapa CKPy4EHHBIX MTPOBOJIOB C 3aHYJICHUEM Y BXOJIa; -

AKPaHUPOBAHHOM MPOBOJI C HE3a3EMJICHHBIM YKPAHOM;
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- HKpPaHUPOBAHHBIN IPOBOJ C 3a3€MJICHUEM JKPaHAa;

- SKpaHUPOBaHHAas JIBYXIIPOBOAHAS JUHUS (CUTHAJIbHBIA U HYJIEBOW MTPOBOJ
BHYTpPH 3KpaHa) C 3a3€MJICHUEM Y BXO/A.

5. Pe3ynbraThl u3MepeHuil 3aHecuTe B padounii mpoTokoii. Bece usmepeHHbie
3HAUCHUS HaBEJEHHOTO HampsbkeHus Un mepeBenurte B JienuOenbl, MPUHSAB 3a
HAYaJIbHBIN YPOBEHb HANIPSHKEHUE, U3MEPEHHOE B I1.3:

A, 1B = 20*1g(UrT / U3),

riae UT]3 — ypOBEHb «HABOJKW», U3MEPEHHBIN B 11.3.

6. OueHUTE ICKTPUUSCKYIO JUTMHY KPUTUUECKUX JIMHUHN CBS3HM, HAMOOJIBIIINE
KOHJIYKTHUBHBIE M KPOCC-TIOMEXH B TIEYaTHOM CXeMe KOHCTPYKIIMH CIIPOSKTHPOBAH-
HOTO OJIOKa.

7. HW3mepbTe YpOBHHM «HABOJKH» B IPOBOJHBIX JIMHUIX PA3IUYHBIX THIIOB
IIPU DJIEKTPOCTATHIECKOM IKPaHUPOBAHWM (JATYHHBIH DKpaH) W DJICKTPOMArHUT-
HOM SKpaHMPOBAHUH (CTATBHOM IKpaH).

Conep:xanue oTyera

1. CtpykTypHas cxemMa SKCIIepUMEHTA.
2. DKCTIEpUMEHTAIbHBIE PE3YIbTATHI:
YPOBHU HABOJKH IS PA3JIMYHBIX THIIOB MPOBOAHBIX JTUHUM.
3. PacuetHoe 3amanue.
4. AHanM3 COOTBETCTBUS PACUCTHBIX U DKCIIEPUMEHTAIbHBIX TaHHBIX.
5. Kparkue BbIBO/IBI IO padoTe.

KoHTpoJibHBIE BOIIPOCHI

1. Yto Takoe BHYTPEHHSA PJIEKTPOMArHuTHasE COBMeCTUMOCTh POC?

2. KakoBa mOMeX0yCTONYMBOCTh OCHOBHBIX BHJIOB JIOTUYECKUX DJIEMEH-
TOB?

3. Kakue nuHUM CBS3H SIBISIIOTCS JICKTPUYECKHU JUIMHHBIMU U KaKUe — KO-
POTKUMHU?

4. Kak BiusieT COrIaCOBAaHHOCTD JIMHUU CBSI3U HA UCKAXKEHUSI cUrHasa’?

5. Kakue Buibl apa3uTHBIX CBsizel BaMm M3BECTHBI?

6. Kak onpenenuTs aMIUIUTYy Ay CUTHAIA MEPEKPECTHON MOMexXu?

7. KakuMu CUCTEMO — M CXEMOTEXHUUECKUMH METOJIaMU MOKHO YMEHb-
IIUTh MEPEKPECTHBIC TOMEXU?

8. Kakumu KOHCTPYKTOPCKO—TEXHOJIOTHYECKUMU METOTaMH MOYKHO
YMEHb-IIIUTh NEPEKPECTHHIC TOMEXU?

9. Kakwe 3agaun pemaroT Mpu KOHCTPYHUPOBAHNUHN y371a HAa TICYaTHOM Tutate?
10. B yem cucTeMHOCTH PTUX 3a1a4?



37

11. B yeM cucTeMHOCTh 0O€eCIeYeHUs AIEKTPOMArHUTHOM
COBMECTUMOCTH aHAJOTOBBIX y3JI0B?

12. Kakumu cucTeMO— M CXEMOTEXHHUUYECKMMHU METO/IaMH MOXHO oOecre-
YUTH JJIEKTPOMArHUTHYIO COBMECTUMOCTh aHAJIOTOBBIX Y3JIOB?

13. Kak ocymiecTBiIsieTcs 3JIEKTPOCTaTHIECKOE SKpaHUPOBaHNE?

14. Kak ocy1iecTBiIsieTcsl MAarHUTOCTaTUYECKOE SKpaHUpPOBaHUE?

15. Kak ocyiecTisieTcs 371€KTPOMarHUTHOE SKpaHUPOBaHKE?

16. Ha3zoBuTE OCHOBHBIE HICTOUHUKHU TTIOMEX B 3JIEKTPOHHOM armaparype.

17. Yto noHMMaeTcs oA 3JI€KTPOMAarHuTHOM COBMECTUMOCThI0 POC?

18. Yto nmoHMMaeTCs MOJ1 BHyTpHUANIapaTypHON AJIEKTPOMArHUTHOM COBMeC-
TUMOCTBIO?

19. Jlnst 4ero BBIAETSIOT OIMXKHIOI U JAIBHIOI 30HBI M3TyUYE€HUS UCTOYHUKA
MOMEXH?

20. OOBsIcHUTE, KAKUM 00pa30M HABOJIUTCS ITOMEXa B IPOBOAHON JTMHUHT
B MarHUTHOM TOJIE.

21. O0bsacHUTE, TOYEMY BUTAs Mapa MPOBOJHUKOB 00JIa1aeT JIydIlei momMe-
XO3aLUIIEHHOCTBIO TI0 CPABHEHUIO C IIJIOCKON Hapoii?

22. O0BsICHUTE, KAKUM 00pa30M HaBOJUTCS ITOMEXa B TIPOBOAHON JIMHUN
B DJIEKTPUYECKOM I10JIE.

23. Kakum 00pa3om opueHTaIis MMPOBOIHUKA OTHOCUTEIBPHO NCTOYHHKA TI0-
MEXH BIIUSIET HA YPOBEHb «HABOAKW»? OTBET MOSICHUTE.

24. Kakum 00pa3oM ypOBEHb «HABOJKWY 3aBUCUT OT JIJTUHBI IPOBOTHUKOB?
OTBeT NosSICHUTE.

25. Kakum 00pa3omM gacToTa reHepaTopa—ToMeXH BIHUSET HA YPOBEHb «Ha-
BOJIKH» B IMPOBOIHUKE?

26. O0bsacHHTE, TOYEMY Pa3TUYHbIC TT0 KOHCTPYKIIUH ITPOBOJIHBIE JIMHUH 00-
JaJar0T pa3HON YyBCTBUTEIBHOCTHIO K BHEITHEN IToMexe?

27. Kakum 06pa3om (B KaKMX MECTax) JIOJDKHA 3a3eMIISIThCS OTUIETKA dKpa-
HUPOBAHHOTO MPOBOJIHMKA JJI YMEHbIlleHus nomexu? [Ipuseaure npumep.

28. Kak nposiBnsieTcst JSHCTBUE TaK Ha3bIBAEMBIX IIOTIEPEUHOM» U «IIPO-
JOJIBHOM» TMIOMEX B aHAJIOTOBBIX ycTpoiicTBax POA?

29. Ot KakuX BUAOB IIOMEX OCBOOOXKIAIOTCS C TIOMOIIBIO SKPAHOB?

30. Kak ocyIecTBIsSeTCs 2IEKTPOCTATUIECKOE IKPAaHUPOBAHKE?

31. Kak ocyriecTBiseTcs MArHUTOCTaTUYECKOE SKpaHUpOBaHuE?

32. Kak ocyniecTBIsETCS JIEKTPOMAarHUTHOE SKpaHUpOBaHUE?

33. Kakumu cnoco0aMu MOKHO YMEHBIIUTH B3aUMHbBIE TTOMEXH JIUHU CBSI-
3M, 00BEUHECHHBIN B 3JIEKTPHIECKOM Kabere?

34. OObsicHUTE MEXaHU3M MOJABJICHUS TOMEX MPH JIEKTPOCTATUIECKOM
HKpPaHUPOBAHUU (JIATYHHBIN SKpaH) U SJEKTPOMAarHUTHOM SKPaHUPOBAHHH.



38

3. BBIBOP CITIOCOBA OXJIAKIAEHUSA
3.1. Meroanueckne YKa3aHus M0 BHIOOPY CHCTEMBI OXJIAMKICHUSA

Hean paGoThi: BEIOOP criocoba OXJIaXKAeHUs sl pa3paboTaHHOM HAa KOH-
CTPYKTOPCKOM MpakTUKyMe KOHCTpYKIHH B cootBeTcTBUM ¢ OCT41'0.070.003 (I).

HcxoaHble JaHHbIE

a) MoiHoCTh, paccenBaeMasi 6JIOKOM WIIM UHIUBUIYTBHBIM 3JIeMeHTOM Q,
Br.

0) [onycTtimas Temreparypa HarpeToii 30ubl tyop , C°.
B) /IlnanazoH u3MeHeHUs TeMIIepaTypbl OKPYKaIOIIEH Cpe bl

0
toemin— tocmax. C

[Topsnoxk BEINOZHEHHS padoTel. OnpenensoT pacueTHYIO MOBEPXHOCTh

HarpeTou 30HbI 53, M
— JUI OJI0Ka C BO3AYIIHBIM OXJIKICHUEM

S3=2[L1Ll2+ (L1+L2) L3K3],
rae L1 u L2 - ropusoHTansHble pazmepsl Koxkyxa; L3 - BeicoTa

KOKyxa Onoka; K3-xkoa¢punment 3anonaenus, (0,2-0,3)
— JUTsl OJIOKA TIPH YKUJIKOCTHOM M MCTIAPUTEIHLHOM OXJIKICHUH W JIJIST WH]IH -
BU/yaJIbHOTO 3JIEMEHTA IIPH BO3YITHOM, KUJIKOCTHOM M MCTIAPUTEIHHOM OXJIa-

KACHUHU BCINYHNHBI 83 PaCCUUTBIBAIOT 11O TCOMETPUUCCKUM ITapaMETpaM OXJIaxK/aa-
eMOH IMOBCPXHOCTH, H&XOI[?IIHCIZCH B HCIIOCPCACTBCHHOM KOHTAKTC C TCHJ’IOH%CI/ITG-

assmMu. OnpeenssioT BEIMUMHY YASTbHOM MOITHOCTH HarpeTon 30HbI (, BT/M

Q

S3

q:

OnpenenstoT MUHUMAJIbHYIO BETMYUHY JOIYCTUMOTO MEperpeBa HarpeTon
30HBI Lo, °C

At =t -t

oon oon 0C max

1o u3BECTHBIM 3HAYCHUSIM ( U Uyop OCYMIECTBISIOT BBIOOp crocoba oxiia-

XKIEHUSI COOTBETCTBEHHO 30HE Ha puc. 3.1.1. HukHAA yacTh puCyHKa OTHOCHUTCS K
0JI0KaM, BEpXHSS — K MHAUBUAYAJIbHBIM 3JIEMEHTAM.
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B ta6m. 3.1.1 npuBenena pacumudponka 301 puc. 3.1.1.

Tabmuna 3.1.1

3oHa CucreMa OXJIaXXKIeHUA

1. BOSILYH_IHOG CCTCCTBCHHOC

ECTGCTBCHHO'HpI/IHy,[[I/ITeJ'IbHOC BO3YHIHOC

HpI/IHy,Z[I/ITeJ'IBHOC BO3QYIIHOC

CwmernranHOe BO3IYITHO-KUIKOCTHOE

KunkoctHoe

KunkocTHo-ucnapuTenbHoe 0€3 MPOKauKH

KuaKoCTHO-HCTIAPUTEIBHOE ¢ UHTEHCUBHOM MPOKAYKOM

KuaKoCTHO-UCTIAPUTEIBHOE ¢ UHTEHCUBHOM MPOKAYKON

Ol N Rl

HcnapeHue ¢ npokadyxkon

3.2. EcTecTBeHHOE BO3AYILIHOE OXJIAKIEHHUE TPH HOPMAJIbHOM
aTMO-C)epHOM JaABJICHUU

ITo 3Ha4eHusIM ( U o OTPEICTICHHBIM B I1. 2 ¥ 3 HAXOJIT 3HAYCHHE BEPO-
ATHOCTH P o0ecrnieueHnss HOpMaJIbHOTO TEIJIOBOTO pexkuma 0710k0B (puc. 3.2.1).
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B 3aBucumMoctu ot odnactu 3HaueHus P (puc. 3.2.1), onpeaensior:

a) P< 0,05 — obecrnieunTh HOPMAIBHBINA TEIJIOBOU PEXHUM OJIOKA TPAKTHUYE-
CKU HEBO3MOJKHO;

6) 0,05 < P< 0,1 — obecrieunTs HOPMAIIbHBIH TETIJIOBON PEKUM
0J10Ka CJIOJKHO;

B) 0,1 < P< 0,3 — obecnieunTh HOPMAIBHHBIN TETIOBOW PEKUM OJIOKa
BO3-MOJKHO;

r) P> 0,8 — obecreunTs HOpMaIbHBIN TETIJIOBOM PEXKUM OJI0Ka MOKHO,
IPUYEM HE CIICIYeT YISNIATh 0COO0T0 BHUMAaHHSI BOIIPOCAM OXJIAXKIICHUSL.

3.3. EcTecTBeHHOE BO3AYLIHOE OXJIA2K/IeHHE NPU ATMOC(EPHOM /1aBJie-
HHUHU OTJIMYHOM OT HOPMAJILHOT'O

KpOMe NMCPCUNCIICHHBIX UCXOAHBIX JAHHBIX HOJIZKHBI OBITH M3BECTHEI 3HAUE-
HHA CICAYIOIMINX BCIIMYMUH:

— atMocdepHoe aaBienne H1 BHe kopiyca, MM. PT. CT.

— atMocepHoe naBineHue H9 BHYTpH Kopiiyca, MM. pT. cT. Onpenensiercs
CIoCcOo0 €CTECTBEHHOTO OXJIAXKICHUS BBIIICH3I0KEHHBIM METO/IOM.

CooTBeTcTBEHHO 3HaUYeHUAM H1{ 1 [ onpenesnsatoT 3HaueHHe
MOMPaBOYHOTO KOA(P(ULIMEHTA TPU TTOMOUTH CJIEIYIOUIUX TaOIHIL;:

— OJIOKHU C TepMETU3UPOBAHHBIM KOKYyX0oM Tad. 3.3.1

— 0110kU ¢ IepHOpPUPOBAHHBIM KOXKYyXOM TabJ. 3.3.2

— OJIOKM C TEpPMETUYHBIM KOXKYXOM C Hapy>KHbIM nojayBoM Tabm. 3.3.3. [la-
Jiee ONPEAEIISIIOT IKBUBAJIEHTHOE 3HAYEHUE YI€TbHON MOIIHOCTH HAarpeTOu 30HBbI:

q1=9-n.
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Ta6mmma 3.3.1
Omnpenenenne koddhuimeHTa n.

N’}\ 1520 | 760 | 500 | 400 |300 | 200 | 100 | 80 | 60 | 40 | 20

1520 09 |092| 0,9 098 |10 |104 | 111 (114|116 |118 121

760 — 1,0 | 1,01 1,04 (1,07 (1,11 ( 1,19 | 1,22 | 1,24 | 1,26 | 1,29
560 — — | 1,06 1,10 (1,13 (1,17 ( 1,25 | 1,28 | 1,31 (1,33 | 1,36
460 — — | — 1,11 (1,15 (1,19 | 1,26 | 1,29 | 1,36 | 1,34 | 1,36
200 — — | — — |— 1126|132 | 135 (138 (139|141
100 — — | — — | — | — 1,35 [ 1,38 | 1,40 | 1,42 | 1,45

TaOmuma 3.3.2

H1=H2
mMm. pT. | 1520 | 760] 500[ 400 ([ 300 | 200 100 80| 60 40 20 5

CT.

n 0,85 | 101,07 1,19 |1,28|1,35 1,60 167|176 | 1,87 | 2,02 | 2,17

Tabmuua 3.3.3

Hi| 1520|760 |500 | 400 |[300 |200| 100( 80 60 40 20 5
1,2 09110 |1,03 1,06 [1,10|116| 1,24 1,28 | 1,30 | 1,30 | 1,35 |1,37
3,4 0,89(1,0 (1,05(1,09 |1,15(122| 1,32 1,35 (1,38 | 1,38 |1,45 |148

3.4. JlabopaTopHas padora Ne 3. AHa/IU3 TenJa0BOro pe;xkuma 6jaoxka PIOC
U BBIOOP cioco0a oXJIaxKIeHU s

Hean padoThl:3aKkperiecHue TEOPETUISCKUX 3HAHUN 00eCTIeueHrs TeIIoBO-
ro pexuma (TP) myTem OLleHKH ero mapaMeTpoB I CIIPOSKTUPOBAHHOM B jabopa-
TopHOU padoTe Ne 1 KoHCTpyKIMHU prudopa.

3anauu 1adbopaTopHoii padoThI

K 3amauam nabopatopHoit pabOThl OTHOCSITCS:

> ananu3 TP Ha OCHOBaHMM MCXOHBIX JaHHBIX MO cxeme D3;

> KOppEeKIns KOHCTPYKITUH 1J1st o0ecnieduenus TP;

> 000CHOBaHHME TEXHUKO-IYKOHOMHYECKOH YPPEKTUBHOCTH MIPUHSITHIX PEIIIe-
HUM.
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3ajanue 1JIs MOATOTOBKH K padoTte

O3HAaKOMBTECH C IEJISAMHU, 33J]a4aMi U COJIEpKaHUEM JT1abopaTOpHOM pabOTHI.
N3yuute TeOpeTHUECKUE CBENICHUS K padoTe.
[IpoiinnTe BXOAHOE TECTUPOBAHKUE UITU OIPOC JJIsl AOIYCKA K padoTe.

HOpH}IOK BBIINTOJIHCHHUA 3alaHUA

Hcnonp3yst HCXOIHBIE JaHHBIE CXEMBI J3:
a) MOIITHOCTb, paccenBaemas 06jokom , Q, BT.

0) nomycrumas Temieparypa HarpeToi 30usl tyop ,°C.
B) IMaIla30H U3MEHEHUS TEMIIEPAaTypPhl OKPY>KaIOIIEH Cpebl

_ 0
tocmin— tocmax: C

OIpCACIIACTCA: 2

- pacyeTHas IOBEPXHOCTh HArPETOU 30HBI 53, M
- BEJMYMHA yJIeIbHON MOLIHOCTH HAarpeToi 30HbI 4, BT/M .
- MMHUMaJIbHas BEJIMYWHA JOIIYCTUMOIO IIEperpeBa HarpeTon 30HbI tror

- Ilo 3HaueHusAM q U Lo OCYIIECTBISIOT BBIOOD CIIOCO0A OXITAKIACHHS.
TpedoBanus k opopMiIeHUIO OTUYETA 110 JIA0OPATOPHOI padoTe

B oTdeTe momKHBI OBITH TPUBECHBI:
1. O6mme 3aaa4u BBITIOJIHEHUS JTA0OPAaTOPHON PabOTHI.
2. Anamuz TP. llenpro ananu3a sBIseTCS pacumiipeHre uHbopManuu 00

MMEIOIINXCS JaHHBIX Ha OCHOBE HCIOJIb30BAHUSl JIMTEPATYpPHBIX HCTOYHHUKOB,
CTaHJApTOB, a TAK)KE YTOUHEHHE U KOHKPETU3ALMS TEXHUYECKUX OTPaHUYECHHI Ha
KOHCTpYKLMIO n3enus POA.

3. Koppexkuus koHcTpyKinu jyist ooecniederus: TP;
4. OOG0CHOBaHHE TEXHUKO-IKOHOMUYECKOHN 3(P(HEKTUBHOCTH MPUHATHIX pe-

HICHUUN.

KounTposbHbIe BONPOCHI

1. KonnyKTuUBHAs TEMIOMPOBOTHOCTb.

2. KoHBeK1Us 1 U3ydeHHUE Teria.

3. DIEeKTpOTEIJIOBas aHAJIOTUS ¥ pacyeT TEIUIOBBIX PEKUMOB anmnaparyphl.
4. Bupl cuCTEMbI OXJIQXKICHHUS.
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4. PACYHET HAJJE2KHOCTH

[Ipouecc mpoektupoBanust POA nmeeT nenbo co3gaHue KOHCTPYKUUH, YI0-
BJIETBOPSIOLIEH ONTUMAJIBHBIM COOTHOIICHHUSIM MEXY 33JaHHBIMU TEXHUYECKUMH
XapaKTepUCTUKaMH U3JIENHsI, YDOBHEM €0 HaJEKHOCTH, TEXHOJOTUYHOCTBIO U3I0-
TOBJIEHUS U YJOOCTBOM 3KCILTyaTal1y.

B cooTrBeTcTBUM ¢ TNpUBENCHHBIMU TPEOOBAHUAMHU B XOJAE OINBITHO-
KOHCTPYKTOPCKOM  pa3paOOTKU HPOU3BOJAUTCS ONPEICIICHUE XapaKTEPUCTUK
HAJE)KHOCTH:

P (t)-BeposTHOCTH O€30TKa3HOMN paOOTHI

CUCTEMBI; A — UHTEHCUBHOCTH OTKa30B CUCTEMBI;

T ¢p—cpenHeit HapaDOTKH HA OTKA3 CHCTEMBL.

?)aI[a‘Ieﬁ pacde€ToOB HAACIKHOCTH, IIPOBOJUMEIX B JUIIJIOMHOM IIPOCKTC, SIB-
JSICTCA BBIYMCIICHUC YKA3aHHBIX XaPAKTCPUCTHUK IJIA IPOCKTUPYCEMOT'O U3 ACIIHA.

4.1. ITan 3CKU3HOI0 NPOEKTHUPOBAHUS

B opreHTHpOBOYHOM pacueTe HaJAEHKHOCTH, MPOBOJUMOM Ha ATaIe 3CKU3HO-
IO IIPOEKTUPOBAHMSI, YUUTHIBACTCS BIMSHUE HA HAJIEKHOCTb POA TOJIBKO KoJMye-
CTBA U TUIIOB IPUMEHSAEMBIX DPD.

1). Pacyer uHTEHCMBHOCTH O0TKa30B POA mpu ocHOBHOM coenuHenun DP3
MIPOU3BOJIUTCS IYTEM CYMMHMPOBAHUsI MHTEHCUBHOCTENW OTKAa30B Bcex DPD, Bxoxs-
mux B POA:

Aog=N1401+ N 2409+...4+ N mlom =2 N i Aoj, (4.1.1)
i=1

rae N1,No,....,Ny — koaumyecTBO ogHOTUIIHBIX DPJ; A01,409,...,Ao;m — co-
OTBETCTBYIOIINE UM HHTCHCUBHOCTH OTKA30B.
2). BeposiTHOCTh 6€30TKa3HON PaOOTHI MOTYJIS:

m

Po(tep)=¢ tap_ZNi et 4 (4.1.2)

i=1 op oc
3). CocTaBnsieM Ta0JMIly 3aBUCUMOCTH BEPOSITHOCTH 0€30TKa3HON paboThI

MoOJysst OT BpemeHu. [Ipu t5p>(0,2—0,3) T cp AQHHBIE BBIYHCIIAIOTCS TONBKO MO TOY-
HOU opmyite (4.1.2).

Tabnmma 4.1.1
Top-4 100 200 500 1000

P(tgp)
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Ha ocHoBaHWM JaHHBIX CTPOUTCS IpaduK 3aBUCUMOCTH BEPOSTHOCTH 0€30T-
Ka3HOU pabOTHl MOIYJIS OT BPEMEHH.
4). Cpennee BpeMs 0€30TKa3HON pabOTHI MOIYIIS:

T =1 |
w /A (4.13)

4.2. JTan TeXHNYECKOro NPOeKTHPOBAHMS

Ha sTane TeXHMYECKOIro MPOEKTa CTAHOBSTCS U3BECTHBI PEAJIBHBIE DIICKTPHU-
YECKHE U TEIJIOBBIE PEXXUMBI pad0Thl PO U3 3KcrepuMenTa uin pacyeTos. [1o-

3TOMY TaOJIMUYHBIEC 3HAYEHUSI HHTEHCUBHOCTEW 0TKa30B Kaxkaoro OPD — A)j
MOTYT OBITh YTOYHEHBI IIyTEM BBEJEHHUS COOTBETCTBYIOIIUX KO3()(PHUIIMEHTOB:

Ai=Apj a1a2 az a4 a5 ag. . ., (4.2.1)

rae a1 — AKCIUTyaTallMOHHBIN KO3()PUIMEHT 0TKA30B, YUUTHIBAIOIIUN BIIHS-
HUE DJIEKTPUUCCKON HATPY3KU U pabodel TemMIepaTypshl;

ag, a3, a4—Ko3(pPUIHMEHTHL,yUYNTHIBAIONINE BIUSIHUE HOMHHAJIOB,KOHCTPYK-
TUBHBIX 0COOCHHOCTEH M BO3MOXKHOCTH yX0/1a ImapaMmeTpoB DP3;

a5—K03(ppULKEHT,yunThIBAOIMN KPpUTUYHOCT, DOPD naHHOrO BHJA K Jei-
CTBUIO MEXaHWYECKHUX Harpy3oK. YPOBE€Hb MEXaHMYECKHX HArpy3okK, AEHCTBYIO-
mux Ha POA, onpenensiercss TEXHUUYECKUMU YCIIOBUSIMU,

ap—K03(h(PUIIMEHT,yYNTHIBAIOLINI COOTHOIIEHUE MEXKAY OTKa3aMu
TUTIaO0PBIBY» U «KOPOTKOE 3aMBIKAHUEY.

Koaddunments! a1 u a5 aBasroTcst 00s3aTeIbHBIMU TP PACUYCTaX PeaIbHBIX

3Ha4YeHUH onacHocTel 0Tka3oB. Koo uuments! a2, a3, a4 v ag pacCunThIBAIOTCA
TOJIBKO JUISI CTIEUATIbHBIX CXEM.
Hawnbonee cyniecTBeHHOE BIMSHUE OKAa3bIBAIOT HA HAJEKHOCTh DPD arek-

TpUYECKas Harpy3Ka U TeMIeparypa.
4.2.1. Y4eT 3J1IeKTpU4eCKOi HATPy3KH

PexxuM siekTpudeckoit Harpy3Ky y4uThIBaeTCs KO3PHHUIIMEHTOM HArpy3KH

X
Ku= P‘/ )

oon (4211)

riie Xpa — 3HaYCHUE napamerpa X OPD B paboueMm pexume;
XnomrHOMUHAIIBHOE WM JIONYCTUMOE 3HaYeHUe napameTpa IP3.

KoadpduimenTsl 31eKTpUYECKO Harpy3kd B 3aBUCUMOCTH OT Buaa OPO
pacCUMTBHIBAIOTCS 110 IapamMeTpaM, B HauOOJIbLIEH CTENEHW BIUSIOLMM Ha HX
HAJCKHOCTh. [Ipy 3TOM NpUHKMMAaIOT HAMOOJBUINKI U3 OmpeneisieMbix Kodhduim-
€HTOB, T.€. YYUTHIBAIOT HAUXYALIMMN CITy4au.
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[Mocie BeramcICHUS KOXPPHUIIMEHTOB HATPY3KU PEKOMEHIYETCS TIPOBECTH X
CpaBHEHHE C JIOMYCTHMBIMH 3HAUCHHSIMH.

B cnydyae mpeBbIIIEHUS] TOMYCTUMBIX 3HAYEHUH KOA(PQPUIIMEHTOB HATrPy3KH
HE00XOIMMO MTPOBECTH KOPPEKTUPOBKY MPUHIIMITAATBHON CXEMBI HITH 3aMEHY THIIa
OPD, Tak Kak HECOOTBETCTBUE €r0 PEXKHMOB PabOThl YCTAaHOBJIEHHBIM HOpMam
BJICUET 3a cO00I HeMUHYeMbIi 0TKa3 POA.

4.2.2. YdeT BJUSIHUSA TeIUIa U MeXaHUYECKOH HATPY3KH

[To xoaddunrenTam 3MeKTpUUYecKoi Harpy3ku Ky U TeMIeparype oKpyxa-

romeit cpeapl t, °C ¢ MOMOIIbIO Ta0IUIl WK TpadUKOB ONpEaeseTcs IKCIUTyaTa-
IUOHHBIA KOA(DPHUITUEHT OTKA30B

a :’1% (4.2.2.1)

Bnnsaue mexaHuueckoun Harpy3kKku Ha UBMCHCHHNC MHTCHCHUBHOCTHU

OTKa30B A j yUUTBIBAETCS KOA()(HUIUEHTOM KECTKOCTH KCILIyaTalluu ak,.

Bce Bo3MOHBIE BUJIBI YCIOBUM MEXaHUYECKOTO HArPY>KEHUS CBEJICHBI K
TpEM rpyImmnam, K KOTOPbIM U OTHOCHUTCS UCIIOJIb3YEMbI 00BEKT YCTAHOBKHU.

[Ipn skcrumyatanuu B J1aOOPaTOPHBIX YCIOBUSX a5 = 1, M pacueThl MPOBOMAAT-CS C
YUETOM TOJIBKO IKCIUTyaTallMOHHOTO K03 uiimeHTa oTka3os aj.

OKOHYATENIbHOE YTOUHEHUE XapPAaKTEPUCTUK HAACKHOCTH MPOBOAUTCS MyTEM
ydeTa KOHCTPYKTUBHBIX 0coOeHHOCTel DPD, UX HOMHHAJIOB U BO3MOXKHOCTH yXO-

Jla TlapaMeTpoB. MeTo/iuKa pacuera NPpUBOAUTCS B CICAYIOUIUX pa3jaenax JJjs pas-
JIMYHBIX BUAOB DPD.
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Tabmuma 4.2.2.1

Bun annaparypst

HaumenoBanue 9P2 Ha3eMHas KopaOenbHas Mot JIA
as
1 2 3 4
Marunerponsl, kauctponsl, JIBB 2-3 6-12 16-21
DNeKTPOBaKyyMHBIC TPHOOPHI 3-5 6-10 18-20
KeHOoTpoHBI BHICOKOBOJIBTHBIC 3 5 15
DIIEKTPOHHO-JTY4YEBbIC TPYOKH 2 5 10
Tpan3ucTopsl 1 3
Jnoap 15 45
Pe3ucTopbl KOMITO3UIIMOHHBIE 15 7,5
Pe3ucTopbl mpoBoI0YHBIE 1 8
Pesucrops! nepemeHHbIe 1 30
Kongencaropsr:
Bymaxxubie 1 MeTaIIo0yMaxKHbIE 15 45 17
CaroasiHbIe 1 8
Kepamnueckue 15 10
DNEKTPOTUTHIECKUE 3 15
Jlpoccenu u TpaHcopMaTopsl 1-4 2-8 5-12
NHIyKTUBHOCTH 4 10 24
[lepexntouarenu 4 6-8 20-36
Pa3bembl 4 4 12
CenbCHHEBI 3 9 14
Pene 4 6 30
Jlunuu 3anepxKu 4 7 10
KBapiisr 4 6
[Tanenu 1aMmoBbIe 25 5
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4.2.3. YueTr KOHCTPYKTHBHBIX 0co0eHHOCTeH DPI

I[J'ISI TPAaH3UCTOPOB PCAJIbHOC 3HAYCHNC NHTCHCUBHOCTHU OTKA30B

Ai=A0j a1as as ag, (4.2.3.1)
rae a2 — Ko3pUIHUEHT, yYUTHIBAIOIINUNA BIUSHUE YX0/1a TapaMeTPOB.
B kauecTBe mapameTpa TpaH3UCTOpa NPUHAT KOI(DPHUIIMEHT yCUICHUS 110
HaIIPAKCHUIO B, 1 B 3aBUCHUMOCTH OT €TI0 UBMCHCHUA 3HAUCHUC KOB(i)(i)HHI/IeHTa a2

onpenensercs no tadn. 4.2.3.1.
Tabmuua 4.2.3.1

a
N3menenne napamerpa 2 Ans TpaH3McTopa
repMaHucBOro KPEMHHECBOI'O
0]
2040< AB! 1 <307 1 1
V)
3000< AS <50/ g 1-1,5 1,5-2
S0y <A
9/ 0 gﬂ HOM 2 2-3

I[J'ISI MMOJYIIPOBOJHUKOBBIX JUOAOB PCAJIbHOC 3HAYCHUC HHTCHCUBHOCTH OT-
Ka30B

Aj =A0jajas ag ag, (4.2.3.2)

rae a2 — Ko3(pGpUIHUEHT, yYUTHIBAIOIIMNA BIMSHUE yXOAa 1apaMETPOB OT JIEH-
CTBUSI MEXaHUYECKON HAarpy3KH.

[IpakTHyeckn A7 BCeX THIOB KPEMHHEBBIX JAMOMOB KOXPPHUUMEHT a2 = 1, a ans
repMaHHEBBIX JHO0B 3aBUCUT OT 4§ U onpeaenseTcs mo tadmn. 4.2.3.2.

Tabmuma 4.2.3.2

a5 1 100 >500
a2 1 2-25 3-5

st pe3ucTopoB peanbHOE 3HaY€HUE HHTEHCUBHOCTH OTKAa30B

Aj =A0j ajas a5 ag, (4.2.3.3)

riae a3 — Ko3(pGUIueHT, yYuTHIBAIOUINN BIMSHIE HOMUHAA PE3UCTOPA; a4 —
KO3 PUIIMEHT, YUUTHIBAIOIIUI BIUSHUE MOIIHOCTH PE3UCTOPA.

Bnusinue yxoza nmapameTpoB He YUUThIBaeTcs, T.e. a? = 1. 3Hauenue kod(d-dunrenrta
a3 onpexensiercs no tadi. 4.2.3.3, a koapduuuenra ag no tadin. 4.2.3.4.
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Tabmuma 4.2.3.3

a3AJ1s1 HOMUHAJIOB pe3I/ICTOpOB,KOM

Tun pesucropa 10 -1 1,1-100 | 110-620 >620
TBO, BC, YJIU, YJIM, YHY, C2-
1, MT, MTB, MJIT OMJITE, 03 0.5 0.6 2
OMUJIT,
BJII, C2-14, MITI, 82 8’2 018 2
CTI, CIIE, CIIO ! ! ’

Tabmuma 4.2.3.4

Tun pesucropa

a/npHA HOMMHAJILHOW MOIIHOCTH PE3UCTOPOB,BT

0,125 0,25 0,5 1 2 5-60

BC, VHY, TBO - 0,8 1 3 6 10
VJIU, C2-1 0,5 1 2 3 - -
MT, MTE, BJIII, C2-6 1,5 1,2 1 1 0,5 -
MJIT, OMJIT, OMJITE, C2-13,

C2-14, C2-15 - 0,8 1 2 3 -

I[J'ISI KOHACHCATOpa PCaJIbHOC 3HAYCHUC NHTCHCUBHOCTH OTKAa30B
Aj =Apj @122 az a4 as ag, (4.2.3.4)

rae a® — xKo3(pQUUMEHT, YYUTHIBAIOLIUI BIUSHUE HOMHHAJIBHOM €MKOCTH

KOHJIeHCAaTopa; a3 — KO3(PULMEHT, yYUTHIBAIOUIMM BIUSHHUE HOMMHAIBHOIO

HanpsDKEeHUs: KoHAeHcaTopa; a4= 1.
Jns 6ymaxknbix koHaeHcaTopoB Tuma bM-2, BMT-2, BI'T, OKbI', OKIIb

3HaueHus koddduimenta a2 omnpenenstorcs no Tadm. 4.2.3.5, a ana kodpduimenta

a3-10 1a61.4.2.3.6.

Tabmauma 4.2.3.5

Tabmuma 4.2.3.6

CHoM,
<0,01f 0,01-1 >1
MKD
a
2 0,5 1 2

300- [ 700- 1000-
Unom, B | 160-250 600 750 1500
a3 0,7 1 2 S

Jns meramnoOymaxkHbeix KoHaeHcatopoB tuma MBM, OMBI, MBIO,
MBI'T, K 42-4 3nauenus koaduimenta a2 onpenenstorcs mo tadm. 4.2.3.9, a nns

koaddummenta a3 — mo tabi. 4.2.3.10.

Tabmuma 4.2.3.7

Tabmuma 4.2.3.8

Chom, <1  2110| >10
MKD
a) 1 2 3

Unowm, 950 300- 700- 1000-
B 600 750 1500
a3 0,7 1 2 5
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PeanpHOE 3HAYEHUE MHTEHCUBHOCTH OTKA30B I KEPAMHUYCCKHNX KOHACHCA-
topos tuna KT-1E, KT-2E, KTII-E, KOE, KJIC, KITM

Ai=Apj a1a5 ag; (4.2.3.5)

st anektpoautuueckux tuna K53-4, K53-5A, K53-6A u chmoasiHeIX KOH-
JIEHCATOPOB

Ai=Apj a1a3 a5 ag;

3HadeHus1 KodpPUIUEHTa a3 1JIs MEKTPOIUTUYECKUX KOHIEHCATOPOB Ollpe-
nensrorcs no tadum. 4.2.3.9, a s ciroasHeIX — 110 Taoi. 4.2.3.10.

Tabmuma 4.2.3.9 Tabmuma 4.2.3.10
o 6 15 20-30 o 250 500 1000
as 1 2 3 as 2 1 3

Jlist pazbeMoB. PeanbHoe 3HaueHnE UHTEHCUBHOCTH OTKa30B I Pa3bEMOB
tuna PC, PII-4, PM, 11IP

Ai=A0j a2 as, (4.2.3.7)

rae a? — Ko3(QQUIMEHT, YUUTHIBAIOIINI KOJIUYECTBO IITHIPHKOB pazbeMa U
onpenensemsiil no rpaduky puc. 4.2.3.1.

08

0,6

0.4 /
L~

0 10 20 30 40  uMCrO WTHIPLKOB
Puc. 4.2.3.1. 3aBUCHUMOCTb 3KCILTyaTallHOHHOTO KO3 (UILIMEHTa OTKA30B Ul Pa3beMOB

B yTOUHEHHOM BapuaHTE pacyeTa XapaKTEPUCTUKU HAJEKHOCTU IMOTYYarOT-
cs1 6oJiee BHICOKMMH, TaK KaK MEHbIIIee YHCIIO AOMYIIEHUN U OoJiblee KOJTUYECTBO
UCIIONIb3yeMON NH(OPMALIMU TO3BOJISIET MOIYYUTH 00Jiee JOCTOBEPHBIE OLICHKH.
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4.2.4. Pacuet Hage:KHOCTH (PYHKIIMOHAJIBHBIX Y3JI0B HA MHUKPOCXeMax

HanexHocTh PyHKIIMOHAIBHBIX Y3710B HA MUKpocxemax (MC) MOXeT ObITh
TaK)Ke OIEHEHA C TIOMOIILI0 XapaKTEPUCTHUKNA HHTEHCUBHOCTH OTKA30B.
NuTencuBHOCTh 0TKa30B MC omnpenensieTcs clieIyronmum o0pa3oM:

A=A K aa,
-0 i, mc -0 oi, mc wiyme 71 T (4241)
rae koi MC 310 -1510 1/9 — ’HTEHCUBHOCTB OTKA30B I-0H |1 IpH
HOP-MaJBHBIX YCIOBUSX JKCILTyatammu; | — T (cepusi) Ue; KgiMC — KodbduuueHt

Harpy3ku i—oit MC, onpeessieMblii ClocOO0M, 3aBHCSIIAM OT CEpPUH HATrpyXkKaro-
mmx MC; a7 =2,5 — koaddunnent, xapakrepusyromuii cBoiictsa kopryca MC, ar

— IKCIUTyaTallMOHHBIN KO3 (UIIMEHT 0TKA30B, OMPeIesieMbli 10 rpaduKy puc.
4.24.1

ar
100

//

1 /

0

20 40 60 80 100 e

Puc. 4.2.4.1. 3aBucumocts k03¢ (pUIMEHTA @ OT TEMIIEPATYPBI.

I/IHTGHCI/IBHOCTI) OTKA30B BHCIIIHHUX BBIBOJAOB
A8 =2 Nei Asi (4.2.4.2)
i

I7ie Ag j — MHTCHCHBHOCTb OTKa30B BHEIIHETO COCAMHEHNs; g j = 7-10 1/a—

JUISL ATIFOMUHUEBBIX IIPOBOIHUKOB, COCAMHAEMBIX IPU IIOMOIIH YJIBTPAa3BYKOBOU
=13x10

b0 TepMokomnpeccuu; Ny | — 4rcio BHemHUX BbIBOA0B MC; A g — HHTEHCUBHOCTh
5 (V)
OTKa30B BHEIIHUX BbIBOJI0B MC, peanu3yromux (pyHKINOHATBHBIN y3€ll.
MHTEHCUBHOCTH OTKa30B BHELIHETO y3JIa:

A (ke ) (4.2.4.3)
\i )

rie a5 — ko3 PpUIHUEHT )KeCTKOCTH, YUYUTHIBAIOIINN YCIOBHSI SKCILTyaTallUH.
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Bce nannslie 3anocarcs B Tadi. 4.2.4.1
Tabmuua 4.2.4.1

Tabuuna A pe3ynbTaToB pacyeTa HaeKHOCTH.

DddpexTrn OKemny- | YyrencupHOCTS
no | O0o3Haue- | Hoe 3Haue- | Koad. | Kon-Bo | arar. orkazax 10 1/4| Koad.
Hue DPD | Hue mapa- | xu Ky i oTKa3a a5
MeTpa
P ai oi i iAi

4.3. OueHKa XapaKTepUCTHUK BOCCTAHABJIUBAEMOCTH ICKTPOHHOM
an-naparypbl

BoccranaBiamBaeMOCTh CUCTEMBI — 3TO CIIOCOOHOCTHF PDA BOCCTaHABIWBATH
CBOH CBOMCTBA B pe3yibTare peMoHTa. [Ipr 3TOM onpeaensoT XapaKTEPUCTUKH

BOCCTAHABJIMBAEMOCTH: [lc - MHTEHCUBHOCTh PEMOHTA, 15 — CpelHEe BpEMs PEMOH-
Ta.

[TosyuyeHHbIE XapaKTEPUCTUKU MO3BOJIAIOT ONPENEIUTh KO3((ULUEHT To-
TOBHOCTH M3JIETUsl K HEMEUICHHOW padoTe B YyCTAaHOBUBLIEMCS PEXUME SKCILUTya-
Taluu

T
K -
c=T ; (4.3.1)
PiT,
1 K03 (DUIIMEHT pEMOHTONPUTOTHOCTH
T
Kp= ¢ (4.3.2)

OTIPEACISIONIUN MPUCTIOCOOICHHOCTh M3JIENHs K OOHApYKEHUIO M yCTpaHe-
HUIO0 0TKa30B. CKOPOCTh BOCCTAHOBJICHHSI 3aBUCUT OT MPHUCTIOCOOIEHHOCTH PDA K
PEMOHTY - «PEMOHTONPUTOAHOCTHY, a TAKXKE OT OPraHU3aLMOHHBIX 0COOCHHOCTEH
SKCIUTyaTaluu (CHaOXEeHHs, OCHAILIEHHOCTH MPUOOpaMH KOHTPOJISA, MOATOTOBIIECH-
HOCTHU MacTepoB U T. 1I.).

JJ1s KOJIMYeCTBEHHOTO U3MEPEHUSI BOCCTAHABIMBAEMOCTH YI00HO UCTIOJIb-

30BaTh XapaKTEPUCTUKU ciydaiiHoro mporecca G(tg) HaX0XKICHUS B PEMOHTE, KO-

TOPBIE AHAJIOTUYHBI COOTBETCTBYIOIIUM XaPAKTEPUCTUKAM HAJICKHOCTH.
3a Mepy BOCCTaHABIMBAEMOCTH MPUHUMAETCA BEpOSTHOCTh G OCyIlleCTBIIE-

HUs PEMOHTA CUCTEMBI 3a BpeMs g, T. €. BepoATHOCTB TOro, 4TO BpeMs BOCCTAHOB-
aenust Ty OyAeT MeHblIIe 33JaHHOTO BpeMEHH g
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S

G(t)=FT <t (4.3.3)

KOTOpas Ha3pIBaeTcs (PyHKUIHEH PEeMOHTA.

HCXOI[H U3 IPCOIOKCHUA, YTO U3BCCTHA BCIIMYHNHA M(tB), Ha3bIBacMasa MHTCH-
CUBHOCTBIO PCMOHTA, ITOJTYYUM

|_ te —|
G(t B)zl—exp| —|J.p,(t B)dts ; | (4.3.4)
L o |
IIpu pj = const
[t |
G ( to)>=1-expl-pitsl=1-expl - T - (4.3.5)
i i |_ /BiJ

cpeaHee BpeMsi peMOHTa OyeT

1
Bi /
Hi

JUIs BBIYUCIICHUS BECh IMAIa30H BPEMEHH ICIIUTCS Ha AtBiztBi—tB(t—l).
JU1s KaXKI0ro MHTEpBaia BBIYUCIIACTCS 3HAYCHUE CTATUCTUYECKON MHTEHCUBHOCTU
peMOHTa

Bi

Hi:
[NB_ N Bi]AtBi , (4.3.7)

TJ€ Tgj- YUCII0 ycTpoiicTBa POA, BpeMsi OKOHUaHHS pEMOHTA KOTOPBIX JIEKHUT
B HHTepBaje Atgj;

Ngj-o011ee HakoIIeHHOE Ynucio yeTpoilcTB POC,0TpeMOHTUPOBaHHBIX 3a
BpeMms Atgj;

Ng-o61ee uncno yctpoiictsa POC.

HOJ’Iy‘ICHHBIe XapaKTCPUCTUKN HHTCHCUBHOCTH PEMOHTA U UL OTHACIIBHBIX

OPD, Bxonsamux B POA, N03BOJSIOT BHIYUCIUTD CPEIHIOI HHTEHCUBHOCTh PEMOH-
Ta POA B BuzE

e :Z_l;h Ui, (4.3.8)

rae M - 9rucio IPYyIHI 3JICMEHTOB ¢ OJJMHAKOBBIMUY 3HAYCHUSIMHU

uj; Nj-umcio snemMeHTOB B | -0l TpymIe.
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I1o cpenHell MHTEHCUBHOCTH PEMOHTA [Lc MOXKHO HAWTHU BPEMsI BOCCTAHOBIIE-
Hus POA

T= / ; (4.3.9)

Ue

Ha npaktuke npu oneHke 7y MOJIB3YIOTCA TaOIuMUaMH 3aTpaT BPEMEHU Ha
YCTpaHEHHE OTKa3a JJisl TUIOBbIX DPJD. B 3TOM ciiyuae pacdeTsl MpOBOASTCS B pe-
KOMEHTyeMOM MOCJIe10BATEIbHOCTH:

1. Onpenensercst KoAhPUIUEHT 0TKA30B IS Kak10M rpyrnsl DPD mno 3aBu-
CUMOCTHU

K
Zﬂ,i
i=1

om — —

Ac

r7ie Aj — FHTEHCUBHOCTB OTKa3a KaxkJoro Buaa JPD, koTopast onpeaessiercs u3
TaOJUIIBI pacyeTa Ha/Ie)KHOCTH;

Ac — MIHTCHCUBHOCTb OTKa3a BCEIl CUCTEMBI;

K — gucno OP3 gannoro Buaa (I10bl, pE3UCTOPHI U T. 11.).

, (4.3.10)

2. Tlo Tabmurie onpeaesieTcs: cpeaHee BpeMsi BOCCTaHOBIICHUS
JAHHOM TPYIIIHI AJIEMEHTOB

_z'=Kt ,

omi Hi (4.3.11)

rac tHl — BPCMs BOCCTAHOBJICHHUA I JAHHOI'O 3JICMCHTA.

3. OnpenensieTcs cpeiHee BpeMsi BOCCTAHOBJICHUS JI1 BCETO MOJTYJIS

Te=> Komiti  =2.7, (4.3.12)
i=1

i=1

rae M — 49ucio rpyHIl 3JICMCHTOB JIAHHOTO BHUA.

[Tonmy4yeHnHsle 3HaueHus 7, cp M T TO3BOJISAIOT BBIYUCIUTH KOA()(PUIIMEHT TO-
TOBHOCTH

K.= - : (4.3.13)

P+Te Aot u.
1 K03 QUIIUEHT PEMOHTOIPUTOAHOCTH
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K T
p:T =

PiT,

Hce

e+ He

(4.3.14)

YTouHeHHOe 3HaUYeHHe Kod(dduireHTa ToToBHOCTH (KoadduienTa TexHu-
YECKOTO MCITOJIH30BAHUST) MOKHO BBIYHCIINTD, YUUTHIBAS BpEMS MPOPUITAKTUKH

T

K=

C
TAHTg +Tnpod)

(4.3.15)

rae Trpog — CPeAHME 3aTPaThl BPEMCHH, MPUXOJALIMECS HA BBIOTHEHHE

IpOPHIAKTHYECKUX padOT, HA UKI HApaOOTKU U MPocTos 1, cpt Tgo (Tgo —

BpeMsi 00CITY>KHBaHU).

3anaTLI BPCMCHU YCTPAHCHUSA OTKA30B

Ta0muua 4.3.1

MunumansHoe BpeMsi | MakcuManbHOE BpeMs
Tum 5PD BOCCTaHOBJICHUS BOCCTAHOBJICHUS

i min tai max
DNeKTpOBaKyyMHBIE TPUOOPHI 0,225 0,956
Pesuctopsr 0,3 1,275
Konnencaropst 0,4 1,7
NHnykTuBHOCTH 0,5 2,125
Tpancdopmartops 0,6 2,848
Pene 0,7 2,975
[lepexmtouarenu 0,25 1,063
W3mepuTtenbHble TpuOOpHI 0,4 1,7
Ksapiist 0,175 0,744
WNHpukaToOpHBIE TaMITbI 0,03 0,128
KonebaTtenbHbie KOHTYPBI 0,65 2,763
[Mpenoxpanurenu 0,75 3,188
Tpan3ucTopbl 1,75 3,18
Jnonapr 11 2,51
[Ipoune DPD (manenu, kiemmel, YDVY) 0,575 2,444

[Ipu orpaHMYEeHHOM YHCIIE IEPCOHANA, TPOU3BOIAILETO PEMOHT, IPOSBIISACT-

cst BpeMs oxunanus Tg. B atom ciyuae ko3 uuneHT roroBHOCcTH OyIET ompene-

JITBCA BBIPAKCHHUCM:

T o OHIpEACIICTCA 110 YCJIOBUAM OpraHU3alluu pEMOHTA.

KezTcp ‘|‘T0
T +Ts6

(4.3.16)
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Kaxnaplii pacder NOJDKEH 3aKaHYMBATHCS AHAJIM30M PE3YJIbTAaTOB M BBIBOJA-
MH, XapAKTEPU3YIOIUMHU IPUTOJHOCTh KOHCTPYKIIMM K DKCIUTyaTaluy B 3aJaHHBIX
YCIOBUSIX, a Takke OOOCHOBAHHBIMH KOHCTPYKTHBHO-TEXHOJOTUYECKUMHU PEKO-
MEHIALUSIMHU, HAIIPABJIICHHBIMU Ha MTOBBIIEHUE HAJIC)KHOCTH.

4.4. JladbopaTopHas padora Ne 4. PacueT Ha/Ie’KHOCTH KOHCTPYKIIUM

Leap padorThl: 3aKpemyieHUE TEOPETUUECKUX 3HAHUI 00eCredeHMs] HalekK-
HOCTH IIyTEM OIIEHKH MapaMeTpOB KOHCTPYKLMH JJI1 CHPOEKTHPOBAHHOM B J1a00-
paTtopHoii padote Ne 1 koHCTpyKIIUM pUdOpAa.

3agaum JadopaTopHOM padoThI

K 3anayam nmabopaTopHOil pabOThI OTHOCSTCS:

> aHaNM3 HAJEKHOCTU HA OCHOBAHMM MCXOJHBIX IJaHHBIX 10 cxeme O3;

> KOPPEKIUs KOHCTPYKIUH J1s1 00€CTIeUeHUs HAJIEKHOCTH;

>000CHOBAHHE TEXHUKO-PKOHOMUYECKOUN 3(PPEKTUBHOCTH MPUHATHIX pellie-
HUM.

3aganue 11 MOATOTOBKM K padore

O3HaKOMBTECH C IEJIAMHU, 33J]a4aMU U COJIEpKaHUEM JT1abopaTOpHOM paboTHI.
N3yuute TeopeTHUECKUE CBEICHUS K padoTe.
[IpoiinnTe BXOIHOE TECTUPOBAHUE UITU OTPOC JJIS JOIyCKa K padoTe.

HOpﬂI[OK BbINNOJIHCHHUA 3aJaHUA

Hcnonb3ys UCXOAHBIE AaHHBIE PEKUMOB PabOThl CXeMbl D3, mepeyHs 3Jie-
MeHTOB [193 u TpeboBanuii T3 1Mo KIMMATHYECKUM U MEXaHUYSCKUM BO3/ICHCTBH-
SIM OTIPEICTISTFOTCSL:

- P.(t)— BeposiTHOCTH 0€30TKa3HOI PaOOTHI CHCTEMBI;
- Ac — MHTEHCUBHOCTH OTKa30B CHCTEMBI;
-T cp~ cpenHel HapabOTKK HAa OTKa3 CHCTEMBI.

- KO3 (PUITMEHT TOTOBHOCTH U3JICIIHS |
- K03 GUITUEHT PEMOHTOIPUTOTHOCTH,

TpeboBanus k opopMiIeHUIO 0TUETA 110 JIA0OPATOPHOI padoTe
B oTtuere n10KHBI OBITH TPUBEACHBDI:

1. O0mue 3aga4M BBITIOJHEHHS 1a00paTOPHOM pabOTHI.
2. [IpenBapuTeNnbHBIN pacdyeT HAJAC)KHOCTH.
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KOppeKHI/IH KOHCTPYKIHHU IJIsA obecrieueHus HaACKHOCTH B COOTBETCTBHUU

¢ TpeboBanusiMu T3;

4.

IECHUMH.

OO0 ~NOoO OTWN -

O060CHOBaHNE TEXHUKO-PKOHOMHYECKOU (D PEKTUBHOCTH MPUHSATHIX pe-

KOHTpOJIBHLIe BOIIPOCHI

. OCHOBHBIE TIOHATHUS U OINIPEAEIECHUS TEOPUH HAJE)KHOCTH.

. Bunbr 0TKa30B.

. Onpenenenne korhpuIueHTa HArPy>KEHHOCTH.

. KonmnyecTBeHHBIE XapaKTEPUCTUKU HAJEKHOCTH.

. Pacuer XapakTepHUCTHK HA/IE)KHOCTH T10 BHE3AITHBIM OTKAa3aM.
. [TonsiTue nsiMO1a-XapaKTEPUCTUKH.

. DKCIUTyaTallMOHHAs HAJIeKHOCTb.

. KoappummenTel roTOBHOCTH M PEMOHTOIIPUTOAHOCTH.
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5. OCHOBbBI OPTOHOMMKH POA
5.1. Dpromomuueckoe NpoeKTUPOBaHue u3aeanii PIA

DproHOMUKa 3aHUMAETCSl UCCIEAOBAHUEM TPYIHOM NIEATEIBHOCTH C LENbIO
e¢ yIy4llIeHUs, T.€. CAHTE30M ONTUMAJIbHBIX CBsI3€ U ycloBui B cucteme «Yeno-
Bek — omneparop — POA». C no3uiuit kKubepHETUKH CUCTeMa €CTh NepedyeHb (hak-
TOPOB, KOTOPBIC JTOJDKHBI OBITH MPUHSATHI B pacueT. B 3proHOMUYECKOM MPOECKTH-
pPOBaHUU TaKUMH (PaKTOpaMH SIBJIIFOTCSI aHTPOIIOMETPUYECKUE JAHHBIE U YCIOBHS
OKpY’KarOUIEN Cpelbl, UICXOAHBIE JAHHBIE MPU MPOECKTUPOBAHUU ONTUMAJIBHBIX Xa-
PaKTEpUCTUK pabOYero MecTa ornepaTopa.

JlaHHbIE aHTPONIOMETPUU HEOOXOAUMO 00padaThIBaTh C YIYECTOM KOHKPETHO-
ro tumna amnmnaparypa. POA He TpeOyer O0JIbIION TOYHOCTH B COPAa3MEPHOCTH, U
JTAHHBIE aHTPOIIOMETPHUU ISl HEC PErJIAMEHTUPYIOTCS HE a0CONIOTHBIMHM BEJINYM-
HaMH, a ONPENEIICHHBIMYU IUaNa30HaMU U TPeOYIOT MOAYJIBHOTO BhIpaxeHus. [Ipu
ATOM BaXHO HAaWTH MapaMETPUUYECKUE MHTEPBaNbl «0€3pa3nuyuus aHTPOIIOMETPH-
YECKHUX JIaHHBIX MO OTHOIIECHHUIO K 3prOHOMUYECKHU BaKHBIM pa3MepaM yCTPOUCTB U
obopynoBanusi. Heobxoaum u nocTatoyeH yueT MUHUMAIBHBIX U MaKCUMAaJIbHBIX
3HAYCHUN aHTPONOMETPUUYECKUX JAHHBIX CTATUCTUYECKH 3HAYMMOUN BBIOOPKU TO-
Tpeouresnen.

BaknelmM 3TanomM 3proHOMHYECKOr0 TPOCKTUPOBAHUSI SABJISIETCS ONTHUMU--
3a1Ms B3auMMOJAECHCTBUA omneparopa ¢ POA, KOMNOHOBKa maHeNned W MYJbTOB
yHIpaBJIeHHs. MeToAMKa KOMIIOHOBKH BKJIFOYAET CJIEYIOLIEE:

1. Ananu3 T3.

2. CocTraBleHHE CXEMbI CBA3EH 1 alnroputMa (Iocie 0BaTeIbHOCTH Orepa-
1uil) pu paboTe orneparopa ¢ MaHe b0 WU MYJIFTOM YIIPABICHUS.

3. ®opMUpOBaHUE CEHCOPHOTO TOJIsA (CPEICTB OTOOPAKEHUS
uH(dopMaIum), MOCTPOCHUE MAPIIPYTHBIX KapT 0030pa.

4. ®opmupoBaHKE MOTOPHOTO TOJISI (30HBI YIIPABIIECHU),

MOCTPOEHUE. MAPUIPYTHBIX KapT pabOUYuX JIBHKEHHM.

5. @opMupoBaHUE 30HBI MOJCOCIUHEHUI U BAPUAHTOB
KOHCTPYKTUBHOT'O UCTIOJIHEHHSI.

6. CpaBHEHHUE U OLIEHKA MOJIYYeHHBIX BAPUAHTOB MMAHENIU, B YACTHOCTHU, U 1O
KPUTEPUI0O MUHUMYMa CIIOHTAHHOW OTBJIEKAEMOCTH OINEpPaTOpPa, BO3HUKAIOIIEH TIpH
MOTIAIaHAK B MapHIpyT 0030pa WM YIPABJICHHS HE3aJCHCTBOBAHHBIX WHIMKATO-
POB ¥ OPTraHOB YIIPABJICHHUSI.

DOProHOMUYECKOE M ICTETHYECKOE KAaueCTBO M3ICIUM PaJMO’IEKTPOHHON
anmnaparypsl ONpeAeNseT ee KOHKYPEHTOCIOCOOHOCTh M yI00CTBO, HaJCKHOCTh B
AKCIUTyaTallMi. XOTs MPOCKTUPOBAHUE ITUX KAYECTB PAJIMOAICKTPOHHOU arapa-
TYpBI SIBJISIETCS MPEPOTaTUBON OCOOBIX MOAPaA3AeIEHUN, KOHCTPYKTOP 00s13aH 3HATh
OCHOBHbIE TPEOOBAaHUS U MpaBuiia oOecreYeHus] TpPeOyeMOro SproHOMUYECKOTO U
ACTETUYECKOTO YPOBHS KOHCTPYKIIUHU, YTOObI UCKIIFOUUTD JTUIIHUE TPYAHOCTU U
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U3JIEPKKU B TU3AMHEPCKOM MPOSKTUPOBAHUU. J{J1s1 5proHOMHYECKON MPOPabOTKU
MPOEKTa HEOOXOIMMO, UCTIOJB3YsI CIPaBOYHBIC TaHHBIC [7]:

1. BeiuepTuTh cxemy pabodero Mecra orneparopa u o
aHTPOITOMETPUUECKUM TabJIUIIaM OTIPEICTTUTh €ro pa3mMepsl (puc. 5.1.1).

2. CornmacoBaTh NWHAMHYECKHE XapPaKTEPUCTHUKUA OPTaHOB YIIPABJICHUS H
O0TOOpakeHUs MHPOPMALUU C MCUXO(PU3NOIOTHIECKUMU BO3MOXKHOCTSIMU CEHCO-
MOTOPHOTI'O anmnapara 4eJoBeKa.

3. CocTaBuTh CXeMy CBsi3el W anropuT™m (IMOCIEIOBATEILHOCTh OIEpaIUii)
(puc. 5.1.2) npu paboTe omeparopa ¢ MyJbTOM YIpaBieHUs, NMPU HAIAYUU HE-
CKOJIBKHUX PEXUMOB pabOThI almapaTyphl; cleiaTh COOTBETCTBYIOIIME ICKHU3HBIC
KOMITOHOBKH ITyJIbTa, U3 KOTOPHIX HYXKHO BBIOpATh ONTHUMAIBHYIO MO KPHUTEPHUIO
MUHHUMYMa CIIOHTaHHOW OTBJIEKAEMOCTH olepaTopa (OpraHu3alyy IUKIOB, yCTpa-
HEHMS TiepecedeHuid u.T.1.) [7].

4. OnpenenuThb yCIOBHSI POU3BOJICTBEHHOM Cpeibl HAa pabouyeM MecTe
orne-patopa. [Ipu BeinoaHeHuu 0. 3 u 4 He0OXOAUMO:

a) HanOoJiee BaXKHbIC OpraHbl YIPABJICHUS U MHIUKATOPHI pacroiaraTh B OI-
TUMaJIbHBIX 30HaX pado4ero, yA0OHbIX JJIsl OOCTYKUBAHUS U HAOIIOICHNUS,

0) opraHbl yrpaBieHHUsI U UHAUKATOPHI TPYNIUPOBATH B IOTUYECKHUE OJIOKH;
B) OpraHbl YIPABJICHUS U UHIUKATOPHI pa3MeIlaTh ¢ y4€TOM YacTOThI UX UC-
MOJIb30BAHUS; T') aBapUIMHbBIC OPTaHbl YIIPABJICHHS U UHIUKATOPHI YCTAaHABIUBATH B

JIETKO-JIOCTYIHBIX MECTaX; 1) BTOPOCTEIICHHBIC OPTaHbl YIIPABICHUS U
WHIUKATOPBI

pacroJiaraTh B IIpe-J/ieJiaX MOJHBIX U 00s3aTeIbHO ONTUMAJIbHBIX; €) B
(GYHKIIMOHATBLHOW TPYIIITHPOBKE

BCE OpraHbl YIIpaBJIeHUS WIK UHIUKA-TOPY pa3MeIlaTh
COBMECTHO; JK) K&KIbIF HHIUKATOP pacrojararh

HEIMOCPEICTBEHHO HAJ| CBA3aHHBIM C HUM OPTaHOM YIIPABIICHUS WU BCE
WHIUKATOPHI pa3MelaTh B BEpXHEH yacTy, a
BCE OpraHbl YIIPaBJICHUS - B HIDKHEW YacTH TIaHENH; 3) YCTaHABIIMBATh

MPaBUIIHHYIO M TIOCTOSTHHYIO B3aUMOCBSI3h MEXKTY KaXKIbIM
OpraHOM YIIPaBJICHUS U COOTBETCTBYIOIIUM €My UHINKATOPOM
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Puc. 5.1.1. Cxema 3proHoMrueckoil KOMIOHOBKH NyabTOB yrpasienus (I1Y) paanosnex-
TpoHHbIX cucteM (POC) B BepTHKaabHOM (@) U TOPU30HTAIBHOM (6) MPOSKIIUU

Puc. 5.1.2. TlocnenoBaTebHOCTh ONEPALIMN U CXEMA CBSI3U: @ - UCXOHBIA BapHAHT; 0 -
ONTUMHU3UPOBAHHBIN BapHAHT

1 - BKITIOUCHHE MTUTAHUS TyMOJIEpOM; la - KOHTPOJIb BKIIOUEHHS UHIUKATOP-
HOM JIAMIIOYKOM; 2 - MEPEKIIOUCHUE PeXruMa TyMOiIepoM; 3 -TiepeKIIoUeHUE Tua-
Ma30Ha py4yKou; 4 - HACTPOMKa PYYKOW U KOHTPOJIb; 5 - YTOUHEHUE HACTPOMKH TIPHU
BKJIIOUEHHOM TyMmOJiepe (uibTpa; 6 -OKOHUYATENIbHAsi PEryJUpOBKa TPOMKOCTH
pYyUKoii; 7 - mogdOp TOHAa BHYTPEHHETO T'€HepaTopa; 8§ -peryaupoBka TeMOpa pyd-
KOM;

MapHipyT pabounx ABUKEHUHN TIpaBasi pyka ; JIeBasi pyka ---------

; MapuIpyT o63opa -/-/-/-/.

Tabmuma 5.1.1

Pa3mep xeHckoro tena
HanMeEHbIINN HauOOJIBIIUHA
W3mepsiemast Bemn4nHa . | cpeaHekBagpaTHUe- o
CpeaHuiA CKOE OTKNOHCHIE (uckmounthb 5% | (MCKITIOUUTH
CHU3Y) 5% cBepxy)
1 2 3 4 5
Pocr 1567 57 1470 1560
3ona BepTHKaNLHOM 1981 76 1860 2100
IOCATAEMOCTH
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[Tponomxkenne Tadauier 5.1.1

Pasmep xeHckoro tena
N3mepsemas BennurHa HaWMEHbIINI HauOOIBIINN
. | cpennexBagpaTuye-
CpeIHui (ucxmounth 5% | (MCKIIOUUTH
CKOE OTKJIOHCHHE
CHU3Y) 5% cBepxy)
1 2 3 4 5
JlnvHa pyku, BBITSAHY-
. 661 30 510 711
TOH B CTOPOHY
3o0Ha O0KOBOIi mocsra-
€MOCTH (OT IJICUYEeBOM 568 26 526 610
TOUYKH)
JlnuHa HorH 330 11 765 900
lupuHa KoJeH 226 18 200 256
[[IupuHa ey 349 16 323 375
JlHa mieya 202 16 276 330
[[InpuHa pacCTaHOBKHU
726 72 600 846
HOT
Bricora rias 1458 52 600 1548
BricoTa mieueBoi Tou-
1281 52 1200 1365
K1
Bricora nanbueBoit
584 36 524 644
TOYKH
JlnnHa pykn 697 31 646 748
BricoTa BepxHeETrpy-
. 1271 50 1190 1350
JTUHHOU TOYKU
BricoTa nuHumM Tanuu 976 43 906 1046
JlniHa pyKu, BBITSHY-
. . 686 31 635 737
TOI BIEpE
HawnGonpmmii carut-
. 300 - . -
TaJIbHBIN THAMETP
Poct cung 11 1211 45 1136 1286
Bricora rnas (cuast) 1100 42 1030 1170
JlokTeBas mupuHa 452 44 380 525
HaunGonpmmii tuamerp
383 31 337 439
oenep
Poct cups [ 842 30 790 890
Bricora cuieHbs 370 22 334 406
Bericota rnas Haj cune-
725 28 630 770
HbEM
BelicoTa miteu Haj mo-
930 41 863 1010
JIOM
BricoTa nokTa Hax mo-
JIOM 605 35 550 663




BricoTa 10KTS HaI cH-

JCHBEM

235

25

195

276

BricoTa xosena

467

24

427

507
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[Tponomxkenne Tadauier 5.1.1

Pa3mep xeHckoro tena
" HauMEHbIITNN HanOOJIBIINH
3MepsieMasi BeJIM4rHa . | cpenHekBanparuye- o
CPElHUE | = oHeHIE (uckmrounthb 5%| (MCKIIOUUTH
CHU3Y) 5% cBepxy)
1 2 3 4 5
JnuHa npenmieubs u 427 18 395 457
KHCTU
JAnuna Genpa penyuu- 472 22 436 508
pOBaHHAs
JnuHa 6enpa 568 28 522 614
JlnuHa HorHM 983 47 905 1060
Jlnamerp 6enpa 143 13 122 164
[TosicHuHBI AHaMeTp 255 40 188 332
Tabmuma 5.1.2
Pasmep myxckoro Tena
CpenHe- HAaUMEHBIINK | HAUOOJBIIHIA
H3mepsiemas BenuuuHa cpen-
- |xkBampaTuuHOE (MCKIMIOUUTD | (MCKIIIOUUTH
HUH
OTKJIOHCHHE 5% cHm3y) 5% cBepxy)
1 2 3 4 5
Poct 1680 58 1585 1775
z;):lla BEPTUKAIBHOHN J0CATaEMO- 2110 84 2000 2980
JnuHa pyku, BEITSAHYTOU B CTO- 723 33 670 777
pOoHY
3oHa 601<vOBOI?1 J0CSATaeMOoCTH (0T 622 30 579 672
IJIEYEBOM TOUKH)
JlnuHa Horu 900 43 830 971
[Inpuna KoseH 230 18 200 260
HlupuHa ey 380 18 350 410
JlnuHa mieya 327 17 300 355
[IIupuHa pacCTaHOBKH HOT 830 72 710 950
Bricora ria3 1560 58 1465 1655
BricoTa nuieueBoid TOUKH 1370 55 1280 1460
BricoTa manslieBoil TOUYKH 620 33 565 675
JlimHa pykn 754 35 696 812
EI/II:ICOTa BEPXHETPYAHMHHOHN TOY- 1360 50 1975 1445
BricoTa cockoBO# TOUKH 1210 51 1125 1305
Bricota nuHuuM Taauu 1035 47 955 1110
JltnHa pyKH, BBITSTHYTOM BITEPET 743 33 688 100
HauOonpmii carmransl 1 biii 300 i i i
JTUaMETP
Poct cupng 11 1310 43 1240 1400
Bricora rnas (cuas) 1180 43 1140 1250




62

[Ipomomxkenne Tadnuipl 5.1.2

Pasmep myxckoro rena

S — cpenHe- HAaUMEHBIINNA | HAMOOJIBIINI

p CPEIHMI | KBAJPaTUIHOE (MCKJIFOYNTB| (MCKITFOUUTH

OTKJIOHEHHE 5% cHu3y) 5% cBepxy)

1 2 3 4 5

Haunbonpmmii quametp 6eaep 344 21 310 380
Pocr cuns 1 887 31 836 938
BricoTa cuneHbs 422 22 386 458
BrIcoTa rias Haj cuaeHBEM 770 30 720 820
BricoTa mied Haj 10JI0M 1010 42 940 1080
BrIcoTa JIOKTS Ha 110JIOM 654 33 600 710
BrIcoTa jomaTox Haj IOJIOM 435 27 390 478
Bricora j0KTS Hax CUAEHBEM 232 25 190 273
BrIcoTa 1u1eya Haj CUIEeHbEM 586 27 543 629
Bricora konena 506 24 466 546
JlnvHa npenriedbs U KUCTH 465 20 432 500
Jnuna G6enpa peaynupoBaHHas 490 22 455 525
JnmuHa 6enpa 590 27 540 633
JnuHa HOrH 1040 18 960 1120
JHuametp 6enpa 135 12 115 155
[losicHnuHBIN THaMeTp 230 28 184 276

OnTuManbHOE MOJE 3pEHUsl CUISAIIEr0 OlepaTopa OXBAaThIBAET MPOCTpPAH-
CTBO, TIpocTHuparomieecs Ha 60° Huxe ypoBHs T1a3 U Ha 30° B m00yI0 CTOPOHY OT
CpelHEel TIJIOCKOCTH Tena. JlaHHble aHTPONOMETpUHM HEOOXOAMMO 00paboTaTh ¢
Y4€TOM KOHKPETHOrO THIIAa ammnaparypbl. PagnosnekTpoHHas ammapatypa He Tpe-
OyeT 0OJIbLION TOYHOCTH B COPAa3MEPHOCTH; JAHHBIE aHTPOIOMETPHUM JJIsi HEE pe-
INIAMEHTUPYIOTCS HE a0COJIOTHBIMU BEJTMYMHAMMU, a ONPEICIICHHBIMU Arana3oHaMu
U TpeOyIOT MOAYJIBHOTO BhIpaxkeHus. IIpu 3TOM BaKHO HAWTH MapaMeTpUYECKue
WHTEPBAJIBl «O0e3pa3Iuuus», COOTBETCTBYIOIIUE AHTPOMOMETPUUYECKUX BAXKHBIM
pazmMepaM yCTpPOUCTB U 000py10BaHUS.

HeoOXoauMbIM M JOCTaTOYHBIM SBJISETCS YY€T MHUHUMAJIBHBIX M MaKCH-
MaJbHBIX 3HAYCHUN aHTPOMOMETPUUECKHUX JAHHBIX CTATUCTUYECKH 3HAYUMOU BHI-
OOpKM OTpeOUTEINICH T.€. CPEAHUX 3HAUCHUMN U TUCTIEPCUI.

BakHbIM 3TanoM 3proHOMHYECKOTO MPOEKTUPOBAHUSI CUUTAETCS ONTUMHU3A-
LM B3aUMOJICUCTBHS OINEPATOPA C PAAUOIEKTPOHHON anmapaTrypou mpu KOMIIO-
HOBKE TaHeJel U MyJbTOB yIpaBieHusl. MeToguka KOMIIOHOBKH BKIIFOUAET CIIETy-
IoLEe:

- aHaJIM3 TEXHUYECKOTO 3a/1aHus;

- COCTABJIEHUE CXEMBbI CBA3EH U aJITOPUTMA [TOCJIEI0BATEILHOCTH
oreparuii mpu padboTe orepaTopa ¢ MaHeNbI0 WU MYyJIbTOM yIpPaBICHHUS;
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- (opMHUpOBaHHUE CEHCOPHOTO MOJIS (CPEICTB OTOOPAKEHHUS
uH(pOpMAaIIUK), TOCTPOCHUSI MApPIIPYTHBIX KapT 0030pa;

- (hopMUpOBaHKE MOTOPHOTO TOJIS (30HBI YIIPABJIEHUS ), TOCTPOCHHUE MapIIl-
PYTHBIX KapT pabo4mX ABMKCHU;

- (hopMHUPOBaHNE 30HBI MTOICOCANHEHNUN 1 BAPUAHTOB KOHCTPYKTUBHOTO UC-
MOJTHEHUS;

- CpaBHEHHE M OLIEHKA IOJIYYCHHBIX BAapUAHTOB MAHENIH, B YACTHOCTH, IO
KPUTEPHIO MUHUMYMa CIIOHTaHHOW OTBJIEKAEMOCTHU OIEpaTopa, BO3HUKAIOUICH MPH
MOMAaJaHUN B MapuIpyT 0030pa WM YIpaBIICHUs HE3aJCMCTBOBAHHBIX MHIUKATO-
POB U OPTAaHOB y MPABJICHHUS.

5.2. JIabopaTopHasi padora Ne 5.
5.2.1. Dpronomuka KoHcTpykuui PIC

Hean padoThI: HCCIIEIOBAHUE (haKkTOpOB,0NPEACSIOMNX
ONTUMAJIbHOCTBIIPOCKTUPOBAHKUS ~ paboyero Mecta omneparopa H  IyJbTa
VIOpaBJICHHS, pPAcUeT TMapa-MeTpoB paboyell 30HBI U KOMIIOHOBKA ITyJbTa
YIPABJICHHUS.

IHopsinok BbINOJIHEHNs JIaDopaTopHOi padoTsl 5.2.1.

1. BeiuepTuTh cxemy pabodero Mecrta orneparopa v Mo aHTPONOMETPUUYECKUM
TabJIMIaM OIpEeNeTUTh ero pa3Mepsl. PazMepsl yka3aTh Ha cxeme (puc. 5.2.1 u
5.2.2).

2. IlpousBectu 3aMepbl OCHOBHBIX CBOMX AHTPOIIOMETPUYECKUX JTaHHBIX B
COOTBETCTBUH CO CXEMOM, COMOCTaBUTh UX C TAOJIMUYHBIMH aHTPONOMETPUUECKUMU
JAHHBIMH, TIPOM3BECTH aHanu3 (Tabm. 5.1.1 u 5.1.2).u npeasioXuTh KOHCTPYKTOP-
CKHUE€ CpEJCTBAa KOMIICHCAIIMM OTIUYHBIX OT TAOJUYHBIX AHTPOMOMETPHUECKUX
JAHHBIX JIJIs1 3pTOHOMHYECKOM ONTUMU3ALUU paboyero MecTa.

3. CocTaBuTh cXemy CBsi3el W alroput™m (MOCJIeOBATEIBHOCTh ONEpALIHii)
npu paboTe omeparopa ¢ MyJbTOM YIpPaBJi€HUS, CACNATh TPU - YETHIPE ICKU3HBIX
KOMITIOHOBKH IyJIbTa, U3 KOTOPBIX HYXKHO BBIOpaTh ONTHUMAIbHYIO MO KPHUTEPHUIO
MUHHUMYMa CIIOHTAHHOM OTBJIEKAEMOCTHU Omeparopa (OpraHusalusi UKIOB, yCTpa-
HEHHE nepecedyeHuit u T.1.) (puc.5.2.3).

4. OnpenenuTh YCIOBHUS IPOU3BOJICTBEHHOM Cpeibl HA pabodyeM MeCTe orie-
paropa.

[Ipn BbIMOJHEHNH MYHKTOB | M 2 CXE€MBbI BBINOJHATH COTJIACHO puc. 5.2.1 u
5.2.2, UCOAB30BaTh CIPABOYHbIE AHTPOTIOMETPUUYECKUE JAHHbBIC, IPUBEJICHHBIE B
tabmn. 5.1.1 u 5.1.2. TlonmpaBku K pa3MepaM YeJIOBEYECKOTO Tela C yUETOM O IbI
MY>KCKOH - 25 MM, skeHCKoH - 10 MM; 00yBU My>KCKOH - 30 MM, skeHCKOM - 40 MM.

3ajaHus Ha BBINOJHEHHE MMYHKTOB 3 U 4 BbIJIaeT mpenojaBaresb. Mapuipyt-
HBIE KapThl 0030pa U pabounX JBUKEHUH BBIMOIHSIOT 10 IPUMEPY, TPUBEACHHOMY
Ha puc.5.2.3.
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[Tpu BbIIOTHEHUH MYHKTOB 3 U 4 HEOOXOIUMO:

a) HauOoJiee BaXKHBIC OpraHbl yIPaBJICHUS U WHJIUKATOPHI pacrojaraTh B OM-
TUMaJIbHBIX 30HaX pabouero Mecrta, yA00HbIX JJisl O0CTYKHUBaHUS U HAOJIIOJECHNUS,

0) opraHbl yIIpaBJIeHUS U MHANKATOPHI TPYNITHUPOBATH B IOTHYECKHUE OJIOKU;

B) OpraHbl yIpaBiIeHUS U UHAUKATOPBI pa3MeNaTh ¢ yY€TOM YaCTOThI UX HC-
MOJIb30BaHUS;

') aBapuiHbIEC OpTraHbl yIPABICHUS U UHIUKATOPHI pa3MelaTh B JErKO0-
CTYMHBIX MECTax;

1) BTOPOCTETIEHHBIE, OpraHbl YIPABJICHUS U UHIUKATOPHI pa3MeIlaTh B Ipe-
JieJax MOJIHBIX 30H, HO HEOOS3aTeNbHO B Mpe/ieax ONTUMAaIbHBIX 30H;

€) B (DyHKIIMOHAJIBLHOM TPYIIIUPOBKE BCE OPTraHbl YIIPABICHUS U CBA3aHHBIE C
HUMH UHAUKATOPHI pa3MeliaTb COBMECTHO;

) KXl MHAUKATOP pa3MeNiaTh HEMOCPEICTBEHHO HaJl CBSI3AaHHBIM C HUM
OpraHOM YIIPaBIICHUS WM BCE MHANKATOPHI pa3MeIlaTh B BEpXHEN YacTH, a BCE Op-
raHa yrnpaBJ€HUs - B HIJKHEN 4aCTH MaHENH;

3) YCTaHABJIMBATH NPABUIIbHYIO U MMOCTOSTHHYIO B3aUMOCBSI3b MEXAY KaXKIbIM
OpraHOM yIPaBJIEHUS s COOTBETCTBYIOIINM €MY UHIUKATOPOM.

OntumanbHOE TOJIE 3PEHUSl CUJAILETO OINEpaTopa OXBAThIBAE€T MPOCTPaH-
CTBO, MpocTHparotieecss Ha 60° Huxe ypoBHs 171a3 1 Ha 30°.B J1I00YI0 CTOPOHY OT
CpeaHEeN MIIOCKOCTH Tea.
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Puc. 5.2.1. Pabouee mMecTo omneparopa: 1 - ceHCOpHOe 1oJie; 2 - MOTOpHOE MoJie; ,b,C -

pa3Mepsl pabouero Mecta; d,e- mpoCTPaHCTBO IS HOT; { - BEICOTa paboueii MOBEpXHOCTH;
ml, M2 -MUHUMAJILHAS U MaKCHuMaJlbHas 30HbI 10CATaCMOCTH, f -BbICOTA JIMHWUU B30pa




65

800

= e
1T

\\
\
\
th \

4’ / ifk\\\“
AL 20\ Az S
(LS AN

400

oy
L/

]

-800 -400 0 400 800
Puc. 5.2.2. 3oHbI pacnonioXeHus WHANKATOPOB U OPraHOB YIPaBICHUS Ha MyJIbTeE:

1,2,3 - yacTo ucnonp3yembie OpraHbl ynpasieHus; 1,4 - KOHTpOIbHBIE TPUOOPEI Oe3 pe-
ryaupoBokK; 1,4,5 - perynupoBkH, TpeOyIOIIHe BBICOKOW OCTPOTHI 3peHus; 5,6,7 - kuonku; 1,2 -
TOHKHUE PEryaupoBKy; 1,2,7 - paboTa KUCThIO pyKU
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1 - ucxoHbIH BapuaHT 2- OHTI/IMHSPIpOBaHHLIﬁ BapuaHT
JIeBas pyKa ------=========-=

npaBasi pyka —H—HK—H—

Puc. 5.2.3. Cxema cBsizeil 1 MOCIeA0BATENbHOCTD ONEPALINiA

[TocnenoBaTenbHOCTH CBsi3eil Ha puc. 5.2.3 cienyromas: 1 - BKIOYEHHUE IH-
TaHUuA TyMOJepoM; 2 - MEPEKITIOYCHHE peXuMa TymOiIepom; 3 - MEepeKIoYeHue
JMana3oHa pydkoi; 4 - HacTpoillka pydkoil; 6 - mpenBapuUTeNbHas PEryJIUpPOBKa
TPOMKOCTH; 5 - YTOUHEHHE HACTPONKU MpU BKIIOUECHHOM Tymbiepe dbunbtpa; 7 -
noa0oOp TOHA BHYTPEHHETO TeHepaTopa; 8 - peryiaupoBKa TeMOpa pyukoii; 6 -
OKOHYATEIbHasl PEryJIUpPOBKa TPOMKOCTH PYUYKOH.

Conep:xanue oTuéTa

Odopmienue oTyeTa J0KHO cooTBeTcTBOBaThH TpeboaHusiM ECKJI u CTII
K TEKCTOBBIM M TpapuyecKuM JOKyMeHTaM. B oTueéTe He00X01MMO MpeICTaBUTh
CIIEAYIOIINE PA3IEIBL:

1. Cxema pabouero Mecra orneparopa ¢ OCHOBHBIMH pa3MEPaAMH.

2. AnTponomeTrpuueckas TaOJuIla C YyKa3aHUEM COOTBETCTBHSI 3aMEPOB
CPEIHECTATUCTUUECKUM CIPABOYHBIM JAaHHBIM CPEACTBA KOHCTPYKTOPCKOM KOM-
MEHCALUU OTKJIOHECHHM.
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3. Tpu - 4eTpIpe ACKU3HBIX KOMIIOHOBKH OpPTaHOB YMPABICHHS U CPEACTB
oToOpakeHrs MHGOPMAIMK Ha TTAHETW WM MyJIbTe YIIPaBICHUS U aJlTOPUTM pado-
THI OoTiepaTopa. BapuaHT maHe I WM MyJbTa YIPaBJICHUS BbIIASTCS MpEIoiaBare-
JeMm,

4. Ananu3 pabouero Mecrta onepaTopa B YCIOBUM MPOU3BOACTBEHHOU CPEIbI,
PEKOMEHIAITH TI0 €TO ONTUMHU3AITUH.

5.2.2. UccaenoBanue ncuxopu3nog0orn4ecKoro COCTOSTHUS oneparopa u omnpe-
JAeJieHHe TOYHOCTHBIX XapakTepucTuk cucteMbl «KOIIEPATOP-PIA)

JUist BBINOJIHEHHST AaHHOW paOOThl HEOOXOIWMO 3HAHUE OCHOBHBIX IIO-
JIO’KEHUW BEPOSITHOCTHOTO aHANIM3a, a TAK)KE MPUKIIATHON Teopuu MHPOpMALUU U
MaTeMaTu4eckor cratuctTuku. HeoOXoaumo 3HATh OCHOBHBIC XapaKTEPUCTUKU
NCUXO(PHU3NOIOTMYECKON HAMPSKEHHOCTH OIlepaTopa.

OCHOBHBIM TIOKa3aTeJIEM COCTOSHHS OIlepaTopa, €ro CHUCTEMBI KpPOBO-
oOpamienusi (reMoguHaMUKH) sBisieTcsl mysibc. Hanbonee pacnpocTpaneHa peru-
cTpalusi myJibca NMpu momoIu 3iekTpokapauorpammel (OKI), T.e. perucrpanus
OMORJIEKTPUYECKON aKTUBHOCTH cepauna. HopmanbHas smropa OMONMOTEHIIMAIOB
npuBesieHa Ha puc. 5.3.1, a. XapakTepHble TOYKU MIOPHI 0003HAUYECHBI JATUHCKUMU
OykBamu, a uMeHHO P - BostHa, QRS - 3y6ert u T - BosHA.

CHsTHE DJIEKTPOKAPANOTPaMMBbI TPEOYeT HAJIOKEHHS TISITH DJIEKTPOJOB (Tak
Ha3bIBAEMbIX CTAHJIAPTHBIX OTBEJICHUI) HA 3aMACThS PYK, TOJICHU HOT U Ha TPY/b C
MapJIeBOM MPOKIIAJKON MEXAY JJIEKTPOAOM U KOXKEW, CMA3aHO CIICLUAJIbHOU Mpo-
BOJISILLIEN MACTOM MJIU COJIEBBIM PAaCTBOPOM. DTO OTPaHHYMUBAET BO3MOKHOCTU DKI
B NCUXO(PU3UOTOTUUECKOM IKCTIEPUMEHTE.

Hapsiny ¢ OKI' Gosbiioe pacnpocTpaHeHue MOIyqriid (OTOIIETU3MOTpa-
(dbuueckue METoAbl PETUCTPAIlUU MYJIbCa, OCHOBAHHBIC HA U3MEPEHUU CBETOHEIPO-
HUIIAEMOCTH TKAaHEW, 3aBUCSIICH OT KPOBEHAIOIHEHHS MEepU(EepUYECKUX Karuii-
JSIPHBIX COCY/IOB. DIMIOpA HAIPSIKEHUSI CUTHAJA MyJIbca (POTOITEKTPUIECKOTO J1aT-
4yuKa, NpuBeACHHas Ha puc. 5.3.1, 6, 0ToOpa’kaeM MBIIICUHYIO aKTUBHOCTh CepAlIa.
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Puc. 5.3.1. Curnanst OKC (a) u CIIB (6)

B criokoiiHOM COCTOSIHMM IepUoJ Myjbca OlepaTopa, U3MEpSEMbI paccTos-
HueM Mexay R - 3yonamu OKI' (R - R - nHTEpBanbl) uMeeT KOppEIIUMOHHYIO 3a-
BUCHMOCTD OT JIbIXaHHsI. DTO TaK Ha3bIBa€Masi HOPMaJIbHAs JIbIXaTeIbHasl apUTMUS,
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BbIpaKaromiasics B ykopoueHuu R-R- uHTepBana, Bo BpeMs BJoXa U YAJIMHEHUH €T0
BO BpeMsl BbIOXa.

ITo mepe HapacTanus MCHXO(MU3UOIOTUYECKON HArpy3KH Ha omeparopa u
HACTYIUJICHUS, CTPECCOBOTO COCTOSIHUS JbIXaTelibHasi apuTMus BbIpoxkaaeTcs R-R
MHTEpBaJ YKOPAUMBAECTCS U CTAOUIIU3UPYETCSI.

CoOOTBETCTBEHHO THUCTOTpamMMa Iepuojaa Imyiibca TpaHnchopmupyercs u3 Ou-
MOJAJIbHOM B YHUMOJIAJbHYIO, aCCUMETPHUsI KOTOPOUM XapakTepusyeT BiHsHUE 00-
Jee HU3KOYACTOTHBIX OHOPUTMOB (MIEPUOJOB aJanTallK, YTOMIIEHUS M T.IL.,
«TPEH» U30JIMHUU MYJIbCA).

AHaIIM3 3TUX XapakTepUCTUK R-R - MHTEpBAJIOB M MO3BOJIAET ONPEACTUTH
MCUXO(PHU3UOIOTHYECKYIO HAITPSHKEHHOCTD OnepaTopa.

P. M. baeBCcKUM MNpeaiioKeHbl OLIEHKN MOKA3aTeNe MaTeMaTHYeCKOro aHa-
au3a putMa cepama (tadma. 5.3.1) u cienyromas pabouas KiacCU(PpUKALUS COCTOS-
HUW OpraHU3Ma MO CTENEHU HAIPSIKEHUS PETYISITOPHBIX CUCTEM:

1. CocrosiHM€ MOJHOW WM YACTUYHOM ajanTaiii OpraHu3Ma K BHEIIHUM
YCJIOBUSIM, KOTOPasi COMPOBOXKIAETCS MUHUMAJIbHBIM (WJIM ONTUMAaIbHBIM) HaIpsi-
YKEHHEM MEXaHWU3MOB PETYJISILINHU.

2. CocTosiHME HaANpPSDKCHHs, KOTOPOE MPOSBISACTCS MOOWIM3aIMel 3aluT-
HBIX OPTaHU3MOB, B TOM YHCJI€ MTOBBIIIEHUEM aKTUBHOCTH CHUMMATOAJAPEHAIOBOU U
JIPYTUX CUCTEM OpraHu3Ma.

3. CocrossHUEe TEepeHANPSDKCHHSI, I KOTOPOTO XapaKTEepPHBI HEIO0CTATOY-
HOCTh aJaNTAIMOHHBIX MEXaHU3MOB, MX HECMOCOOHOCTH O0OECIEUUTH ONTUMAIh-
HYI0, aJICKBaTHYIO PEaKIMI0 OpraHu3Ma Ha BO3ACHCTBHE (DAKTOPOB OKpPYKAIOIICH
Cpelbl.

4. CoctostHue cphiBa (10JIOMa) MEXAaHU3MOB aIaNTallui, B KOTOPOM
MOYHO BBIICJIHUTH ABE CTAIUU:

a) UCTOIIEHUE (ACTEHU3AIMIO) PETYIISITOPHBIX MEXaHU3MOB C MpeobagaHu-
eM HecrenupUIeCKuX N3MEHEHUI;

0) nmpemMopOuIHOE cocTosTHUE (TIPen00Ie3Hb) ¢ MpeodIaaHueM crieruduye-
CKUX U3MCHECHUMU.

Nupexc nanpsbkenus P. M. baeBckoro nokassiBaeT CTENEHb HAIPSYKEHUS
PEeryJISITOPHBIX MEXaHU3MOB pUTMa CepALla, BEIUUCISIETCS 110 hopmyJie

Taomuma 5.3.1
OrneHKY noka3aTeneld MaTeMaTHYeCKOT0 aHanu3a pUTMa cepa
HaumenoBanue u ¢popMyIibl BeIYHCIIE-

du3noIorudeckas HUHTCPpHpCTA-
OOo3HaueHye |HUSA MOKA3aTeIsd U €ro JOBCPUTECIIBHOT'O

U
UHTEpBAJIa *+ A

MaremaTnueckoe oxxuilanue (CpeaHee)
X== L AKTHUBHOCTH TYMOPAJILHOTO KaHa-

Ja peryJisLMy pUTMa cepaua
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[Tponomkenne Tadauier 5.3.1

HaunmenoBanue u ¢hopMyJsibl BEIYUCIIE-

®u3noNoruyecKas HHTeppeTa-

OO0o3HaueHue | HUA OKa3aTels U €ro JOBEPUTEIbHOTO -
uHTepBasia Xt A
CpenHexkBagpaTU4eCcKoe OTKIOHEHUE
(curma) D, rne D — nucniepcus;
I Y2 .
S D=(n-1) X(Xi-X)", AKTHBHOCTB BaryCHOM peryJsiuu
i=1 puTMma cepana
2D(n-1)
Ap =
D 2(n-1) -1 +Z
p
Mona — nanboJsee BeposITHOE 3Haue-
HUeE
N AKTHBHOCTb I'yMOpaJIbHOI'O KaHa-
MO CITy4aiHOM BeJIMYMHBI (cepeuHa
Ja peryJsiiiy puTMa cepana
pas3psia THCTOIPaMMBbl, UMEIOILEr0
MaKCUMAaJIbHYIO YaCTOTY)
AMIUIATY1a MOJBI: BEPOSTHOCTH MOJIbI
AKTHUBHOCTH CUMITATUYECKOU pe-
AMO B IPOLIEHTaxX (MaKCHUMaJIbHasi OTHOCHU-
TYJSIIUY pUTMaA CEepALa
TeJbHAs YaCTOTa TMCTOTPAMMBI)
WNunexc nanpsixxennoctu P.M. baes-
CKOTO CreneHp HaNpsHKEHUs! peryJis-
NH AMO TOPHBIX MEXaHU3MOB PUTMa
NH =2AX-MO cepaua
BapuanuoHHslii pazmax AKTUBHOCTb BaryCHOW peryJsiiiuu
AX
max min pyuTMa cepaua
D¢ dexkTuBHAs YaCTOTAa IPOITYCKAHUS
CHrS_IiTpa AKTHBHOCTb JOMUHUPYIOLIETO
" XSk Aw KOHTYpa YIIPaBICHUS PUTMOM
f o=ia cepaua
o
max
AKTHBHOCTb aBTOHOMHOI'O
9
g AMIUINTY 1A IBIXATENbHBIX BOJIH KOHTYpa YIIpaBJIEHUs PUTMOM
cepaa
AKTHBHOCTb PETYIATOPHBIX
MEXaHH3MOB, 00eCIIeUNBAOIINX
S AMIUIMTY1a MEJIIEHHBIX BOJIH IIEPBOTO JIOKaJIbHOE MIPUCTIOCOOIEHUE CO-
MBI .
HopsIKa CYJMCTOM CUCTEMBI K N3MEHEHUAM
yJIapHOTO U MUHYTHOTO 00BEMOB
KpOBH
AKTUBHOCTb LIEHTPAJIBHOTO
AMILIUTY]a MEJICHHBIX BOJIH 2-TO
SmB2 KOHTYpa YIIPaBJICHUS PUTMOM

nopsiika
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Ha3zna4yenue pexopaepon Tuna MKM

ATnmnapaTHO-TIpOTpaMMHBIA KOMILIEKC Ha 0a3e MUKPOIJIEKTPOHHBIX KapHO-
MOHHUTOPOB (pHC. 5.3.2) npeaHa3HaueH sl JUIUTEIHHOTO HAOIIOACHHS U HAaKOILJIe-
HUSl B TBEPAOTEIBHOM 3allOMUHAIONIEM yCTpoicTBe (3Y Ha OCHOBE (PIIAII-NIaMSATH,
coxpanstonied MHGOPMAIMIO TPH OTKIIOYEHHOM MHTAHWW) KapIUOMHTEPBAIOB
(K1) ¢ mocnenyromeii 06paboTkoi U aHanuzoM KapauouHTepBanorpammbsl (KUI)
Ha nepcoHanbHOM DBM c 11eNbi0 BBISIBJICHHS apUTMUNA, KOHTPOJIS JeHCTBUS (pu3u-
YEeCKUX Harpy3okK, JEKapCTBEHHBIX IpemapaToB, (U3MO- U OaTbHEONPOLETYp,
ayTOTPEHHUHTA U TICKXOTEPAH, ISl TOHO30JIOTHUECKON TUarHOCTUKHU U T.I1.

a 6 Puc. 5.3.2. ATIK nHa 6aze MKM-08 (@) u
pexopaep MKM-03(6)

B cocTaB komIuiekTa BXOAIT OJIOK KapAUOMOHUTOPA, AIEKTPObI I CHATHUS
KapJMOCHUTHaJla, UHTEPPENCHBIN Kabenb conpskeHus kapauoMoHuTopa ¢ [I9BM,
nuckera ¢ nporpammoid ananuza (KUIY) na [I9BM, nHCTpyKIuMs MO SKCIUTyaTalyuu.
JlonoJIHUTENBHO MpUOOpETalOTCs CcTaHaapTHhie pa3zoBble OKI-aiexkTpoasl s
JUTUTEJIbHOTO HAOIIOACHUS U 3JIEKTPOIPOBOAIIAs MacTa.

NHcTpyKums 1o NpMMeHEeHU 0

1. YcranoBka DKI -anekTpo10B. MUKpOKapIMOMOHUTOP UMEET JIBa Criocoba
cHATUA KapauocurHana. IlepBeiii crmocod — 3To mpumenenuwe pa3zoBbix OKI'-
AIEKTPOAOB, KOTOPbIE YKPEIUIAIOTCA Ha Tene nauuenta (puc. 5.3.3, a). s aTtoro
HEO0OXOJIMMO MPOTEPETh KOXKY B MECTe KperieHus: 1eKTpooB 70%-HbIM pacTBO-
poMm crmpTa U 3Gupa B OTHOIICHUH OAMH K OJHOMY. YTIyOJeHHE MHOTOPa30BOTO
AJIEKTPOAA 3aMOIHAETCS JECKTPONPOBOAHOM MACTOM C BHICOTOM MEHHUCKA B IICHTPE
He Oosnee 1 MM. MecTa KperieHus: 3JIEKTPOIOB: MO TPABOM KIIIOUUIIEH HA YPOBHE
2-T0 MeXpeOephs I KpacHOTO 3JEKTPOoAa, JJISl YEPHOTO Ha TPyJUMHE Ha OCHOBA-
HUU MEUEBHJIHOTO OTPOCTKA M JIJIS TOJIyOOT0 3JIEKTPOIa Ha YPOBHE TPYIHOTO OTBE-
JICHUS TI0 JIEBOM CpEIHEW MOAMBIIICYHOM JIMHUU. [IpoBoma 3JIEeKTPOAOB NOJIKHBI
OBITH HAMpAaBIICHBI B CTOPOHY mpubopa. llenecoobpa3sHo AOMOTHHUTENIBHO 3aKpe-
MUATH MOJIOCKAMHU JIEMKOIIACTHIPS IPOBO/IA BO3JIE 3JIEKTPOJIOB ISl UCKITKOYEHNUS
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BJIMSIHUSI HATSDKEHUSI TIPOBOJIOB, BBI3BIBAIOIINE TOSBICHHUE JIOKHBIX CUTHAJIOB (ap-
TeakToB). BTopoii cmocol 3akitoyaeTcsi B CHATUM OMOMOTEHIAIa KapAHUOCUTHA-
Ja OO0 ¢ MajbleB JIEBOW U MPaBOM PyKH 3a CYET KOHTAKTa MOIYyIICUeK MaJbIeB C
ANIEKTPOAAMH, 3aKPEIUIIEMBIX JINITyYKaMH, JTHOO C TOMOIIBIO 3aKPETUICHHBIX Ha 3a-
IsICThe OpaciieToB ¢ nekTpoaamu (puc. 5.3.3, 0).
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Puc. 5.3.3. KperuieHnue 31eKTpoJI0B: @ — Ha Tesle NalueHTa, O — Ha pyKax.

2. [ToaxIrounTh AMEKTPOIBI K IPUOOpY.

3. Bxotouuts mMukpokapauomonutop. [Ipu BimroueHun npudopa aBTOMaTH-
YECKU MPOU3BOJUTCS TECTUPOBAHNE OCHOBHBIX Y3JIOB, PYU HOPMAIBHOU X padoTe
3BYYUT OJMH 3BYKOBOM CHUTHAJI. [IpW mpaBUIIbHOM yCTAHOBKE 3JIEKTPOJOB B COOT-
BETCTBHH C MEPUOJIOM TyJibca OYIyT pa3iaBaThCsl 3BYKOBBIC CUTHAIIBI (IETYKH) U
MUTaTh CBETOIHUOI.

4. Jlns mepeBojia KapJHMOMOHHTOPA B PEKHUM HAKOIUICHHS WH(POPMAIUU O
KapJMOWHTEpBAIaX HEOOXOAMMO HakaThb OJWH pa3 KHOMKY C OJHOM TOYKOM
{.}(«3amucey). [loaTBepkIeHWEM BKIIOYCHHUS PEXKHUMA HAKOIUICHUS CIYXKUT KO-
POTKHI 3BYKOBOW CHTHAQJI W TpPOTMAJaHWE IMICIYKOB KapJHOCHTHANA, MPU 3TOM CBe-
TOMOJ] OyIET MPOAOIDKATh MUTATh JIUIsl KOHTPOJISl HAJTMUHWS CUTHAJIA MTyJIhCa.

5. Tlpu Ha)xaTuW KHOMIKHA {.} B 3alHCH MOSBISCTCS UICHTU(DUKAITMOHHAS
MeTKa 0COOBIX MOMEHTOB B 9KCIIEPHUMEHTE.

6. OcraHoBKa peKMMa HAKOTUICHHS KapJAHMOWHTEPBAJIOB IPOU3BOJIUTCS
TPOWHBIM HAKaTHEM KHOMKU C TpeMs TOYKaMmu {...}(«ctom»). [Ipu 3TOM 3By4YHT
cepusi U3 BOChbMHU KOPOTKHUX TOHAJIBHBIX CUTHAJIOB U TOSBISIETCS 3BYKOBOW CHUTHAI
nysbca. HOBBIH UK 3amicH MOXKET OBITh TIPOJOJKEH Ha)KATHEM KHOTIKU
{.}(«3amucepy).

7. Ecnu mpenpiaymnye 3amucyd He HY)KHBI, TO TIEpe]l BKIIOUCHHEM MUTAHUS
prubopa HEOOXOIMMO HAXKATh U, YICPKUBAS KHOTIKY {...}(«CTOM»), BKIFOUUTD TH-
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TaHHE, T0KAATHCA IBYX TOHAIBHBIX CUTHAJIOB, ITOCJIE YETO 3alMCh HAYHETCS C
HY-JICBOU STYENKU MaMSTH.

8. I paboThI B pexkume «0N line» (¢ BO3MOKHOCTBIO HAOJIOICHUS KapIHO-
MHTEpBAJIOrpaMMbl B Mpouecce sKcrnepuMeHta Ha auciuiee [IOBM) k paszbemy
MKM-3m nogkitodaeTcss KOMOMHUPOBAHHBIM MHTEpEHCHBIN Kabeab, COBMEIICH-
HbIil ¢ OKI -amekTpogamu.

YcranoBka NnmporpaMmMHoOro ob0ecreueHus

JIJIsT yCTaHOBKH ITPOTPAMMBI JIOCTATOYHO KOTIMPOBATh (aitiibl «ksrgonl.comy
C TUCKEThI B KaTajior mosb3oBateis (Hampumep, C:\KSRG)).

JI71st HacTpOMKH MPOrpaMMbl HEOOXOUMO MPOAEINIATh CAEAYIOIINE TEHCTBUS:

1. Ilepezarpy3uts (!) komnerorep B pesxkume MS-DOS.

2. llepeiiTu B KaTanor, Ha3HAYCHHBIN MTPU YCTAHOBKE, U 3aIlyCTUTh MPO-
rpammy KSRG.COM.

3. B mento « YCTAHOBKA» kmasumamu {PgUp, PgDn} ycranaBimuBatoTcs
CJIEIyIOLIUE TapAMETPHI:

a) LIBET U300paXKEHUsI — YePHO-0eNbIi NN LIBETHOM;

0) MOHUTOP-3;

B) mopT — COM 1, ipu UCNOIB30BaHUU 9-TH KOHTAKTHOTO pazbeMa WIH MOPT
— COM 2, npu UCNIOJIb30BAHUU NIEPEXOIHOTO AIANTEPA C 25-TU KOHTAKTHBIM Pa3b-
eMOM;

') COXpaHUTh YCTAaHOBKH.

IIpumeHeHue nporpamMmabl

st Beirpy3ku B [I9BM HakormieHHON mMHGOpMAIMK U3 KapJIHUOMOHUTOpA
BMECTO 3JIEKTPOJOB K HEMY MOJKIIIOYAaETCAd MHTEPPEHCHBIN Kadenb, Ipyroil KoHell
KoTOoporo noakiovaercs k noptry COM1 wnm yepes nepexoanuk k COM2PC.

BHUMAHMUE! Ilpu noakmrouenun kabenss k [IDBM HeoOXoIuMoO CHSTH
ANIEKTPOCTATUYECKUH 3aps/l, Kacasich Kopiryca uinu 3azemiienus [I9BM.

Jlst BBoja mporpamMmbl 00paboTku mHGOpMAIM HE0OXOAMMO Tepe3arpy-
3UTh KommbloTep B pexxume MS-DOS, nepeliTu B KaTajgor Ha3HAYEHHBIA B IIPeIbl-
nayieM paszaene u 3amyctuTh nporpammy KSRG.COM. B BepxHeit cTpoke qucriies
MOSIBJISIETCS. MEHIO PEKUMOB PaOOTHI TPOTPAMMBI.

B menro «BbIBOP PEXKMIMA» ycranaBiuBaetcs pexum «BBOJ MTHDOP-
MAIIMN 13 MOHUTOPA»{ ,BBoja} (Takke B COOTBETCTBHH C MOjCKa3koi). Ha
DKpaHe MOSBATCS «Oerymue» udpbl, MOKa3bIBAIOIINE BRITPY3KY WH(MOpPMAIUU U3
MoHuTopa. [lociae okoHUaHMs BRITPY3KH YCTAHABIMBACTCS PEKUM BBOJA JIAHHBIX B
0a3y W 3aIoJIHAETCS CTPOKA JAHHBLIX O MalMeHTe {KiaaBuartypa}, { }. Eciu mo ka-
KUM-IMOO0 mpuurHaM Bbl He BBeNM JaHHBIE O MAIMEHTE WA ObUIM JOMYLIEHBI
omuOKHu, TO BIOCHEACTBUM cienyeT BoiOpath pexxum «BbIBOJ B BA3Y JIAH-
HbIX» u BBecTH HEOOXOIMMBbIE HCTIPABJICHUS.
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Boiinsa B pexxum «ITPOCMOTP» M0xkHO BBIBECTH HA AUCIUIEH |- JIMCTUHT,
coZlep KAl KapAHOWHTEPBAJIOTPaMMy, TUCTOTPaMMYy KapJIUOWHTEPBAJIOB, IPH-
YeM MO’KHO BBIOpaTh JKeJaeMbIe YYaCTKH KapAHOMHTEPBAIOTPAMMEBI C ITOMOIIBIO
kinaBuid {F4}. B BepxHel cTpoke HaXOIUTCS perucTpaldoHHas 3anuck. Ha 6oko-
BOM I10JI€ YKa3bIBaeTCs 00111ee BpeMsi HaOII0IeH!s. U 00111ee KOJIMYECTBO OTCYETOB
K.orc.Hmwxke ykaspiBaeTcsi BpeMsl Hadajga W JUIMTEILHOCTH OTOOpa)kaeMoro ¢par-
MEHTa M YHCJI0 OTCYETOB B 3TOM (pparmente, pazmax D, moma Mo, ammmtyaa Mo-
a1l AMo ¥ BenuuMHa MHAEKca HanpsbkeHHocTd MH, Beramciennyro no dopmyne
P.M. baesckoro. Ilpu Haxxatuu kiaBumu {F2}M0XHO OJTHOBPEMEHHO MPOCMATPH-
BaTh IMATh TeKyMuX 10-MUHYTHBIX (ParMEHTOB KapIHOMHTEPBAIOTPAMMBI.

BBI3BaB peKUM «KapauocrekTporpammay {ESc},{ } MoXHO mpocMOTpeTh 2-
1 JINCTUHT, COAEPKAIIMMN CIEKTP KAPAUOUHTEPBAIIOrPAMMBI M1 OTHOCHUTEIIBHBIN CO-
craB HkHUX (L), cpennux (M) u BepxHux yactot cnekrpa (H), mpuueM MOKHO
BBIOpaTh jKeJacMble yYacTKH cIleKTpa ¢ momoinbio kiaBuin {Alt}-{F4}, 3atem
{Esc} u «COXPAHUTH YCTAHOBKMW». B npaBom moJie yKa3bIBaeTcs IOJ0ca
Oypwe-ananu3a crnekrpa - 11S. [lonocy @ypse-ananusa cnekrpa - 11S MoxHO ycra-
HaBJIMBATH C MOMOIIIBIO OJTHOBpeMeHHOro HaxkaTus kiasuin {Ctri}-{F4}.

OTHOIIIEHHE CHEKTPATBHBIX IUIOTHOCTEH MOIIHOCTH COOTBETCTBYIOIIUX WH-
tepBasioB KUI" moxeT cinyxkuth ungaekcom 3¢ dextuBHoct (M13) Bo3aeiicTBUS Ha
nepecTporky HyHKIIMOHATBHBIX CUCTEM.

OTHOIIIEHHE CTEKTPAIBHBIX IUIOTHOCTEH MOIIHOCTA MOXKET OIPEICISIThCS
T epeHIIMPOBAHHO B YCTaHABIMBACMBIX C MOMOIIbI0 HakaTus kiaaBuin {Alt}-
{F4} monocax crmekTpa, COOTBETCTBYIOIIMX OMPEACICHHBIM PETYIATOPHBIM ITHK-
JaM, B YaCTHOCTH, JIJIsi CTaHJAPTHBIX auara3oHoB (MHGpaHu3kodactoTHoro— ULF,
HU3Ko4yacToTHOTO — LF 1 BBIcOKOUactotHoro — HF). IlponienTHOE CcoOTHOIICHUE
CHEKTPATBHBIX TJIOTHOCTEH MOIIHOCTHA OTOOpa)KaeTCsl B UUCIAX U B BUJIE CEKTOPOB
Kpyra Ha OOKOBOM TMarpamme.

Jlns nonydenus dypbe-aHanu3a criekTpa B pesxume «on line» Heo6xoaumo
Ha)kaTh KiaBumy (S).

B HIWKHEM MpaBOM yTITy 3KpaHa MPUBOIATCS MATPHUITBI YACTOT MOJ CTICKTpa
¥ COOTBETCTBYIOIINUX CHEKTPATBHBIX TUIOTHOCTEH MOIITHOCTH.

[To MoTy4eHHBIM CIIEKTPaM OTPEICSIOTCS CKEHIIMHTH KapAHOPUTMa 10 MO-
nam (F) u ciektpanbHoOM IoTHOCTH (A) KapAHOPUTMa, OTPAXKAIOIINE CTEICHD Je-
CHHXPOHO3a B roMeocrtasze. Eciu nmpeacTaBuTh MOJENbh YE€JIOBEUECKOTO OpraHu3Ma
KaK OTKPBITYIO TUCCUTIATUBHYIO CHCTEMY C BHYTPEHHUM TPEHUEM, a TOMEOCTa3 KakK
CUCTEMY CJIAa0OCBSI3aHHBIX HEJIMHEWHBIX SHIOTCHHBIX OCIUJUIATOPOB, B3aUMOJCH-
CTBYIOIIMX C IK30T€HHBIMH IUKJIAMH OKPYXKAIOIIEH Cpeibl, TO CHHEPTeTUYECKUM
KPUTEPUEM YCTOWYMBOCTH TAKOW JMHAMUYCCKON CHCTEMBI SIBIISICTCS OTCYTCTBHE
KOH(DJIMKTOB DHJIOTCHHBIX ITUKIIOB. ECTECTBEHHO TIPENIONIOKUTE, YTO IS 3I0POBO-
ro OpraHu3Ma JOJKHO CYIIECTBOBATH ONPEIEICHHOE rapMOHUYECKOE PABHOBECUE
MEXIy PUTMAMH Pa3HON MEPUOJMYHOCTH MPHU FOMEOCTase, T.e. HAIM4YKEe OIpese-
JICHHOTO CKEWJIMHTA U €T0 BBIPOKICHUE TIPH MMATOJIOTHSX.
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JUist onpeniesieHusl CKEMIMHIOB (PEHOPMAIIM3AlMIOHHON HHBAPHUAHTHOCTH) 110
MonaMm crnektpa (F) u crekTpaiibHOM MIOTHOCTH MOUTHOCTU (A) BBIOMpAIOTCS N10-
CTaTOYHO JJIUTENIbHbIE (HECKOIBKO YaCOB) BPEMEHHbBIE UHTEPBAJIbI.

B pexume «KAPJIMOCIIEKTPOI'PAMMAY» ¢ moMoIlbi0 BhI30Ba KJIaBU-
men {F4} 3amatorcs «OKHa» - Hayallo U KOHEI] MHTEPECYIOIIEro MHTepBaia. bes
yKa3aHUsl MHTEPBaJa CIIEKTP BBIYMCIIAETCS ISl BCErO BPEMEHHU 3amucH. B pexume
«CKATTEPOI'PAMMA», BeiBOguTCS (ha30BbIi MOPTPET KapIAUOPUTMA, KOTOPBIN
MOKAa3bIBAET CTEIIEHb APUTMUN KapIUOPUTMA.

Jliig BbIBOZIa Ha MevaTh clieayeT Haxkathb kinaBuury {F5}. IIpu atom
OyZeT pacrneyaTaHo TEKyIllee OKHO ITPOrpaMMBl.

Jlnst paboter B pexkxume «on line» B mento «BBIBOP PEXXUMA» «ITPO-
CMOTP» ycrananuBaercs pexkum «KapaumomnrtepBanor On-L», mpu sTom Ha
JUCIUJIEE BBIBOAMUTCS KapJIMOMHTEBAJorpaMma B pPEXHE peanbHOro BpeMeHu. Bos-
MO>KHA YCTaHOBKAa BPEMEHHU YCPEIHECHHS KapAUOMHTEPBAJIOB € MOMOIIbIO KIABUILH
{F4}. Jlns 0JHOBPEMEHHOTO MPOCMOTpPA MapaLIEIBHO MATH 10-MUHYTHBIX TOCIIE-
QyIOMMX (PparMeHTOB 3alUCU HEOOX0IUMO HaxkaTh kiaBuily {F2}. Ilpu HaxaTuun
KJIABUIIHN {S} BBIBOJATCS CIEKTPAJIbHBIC XapaKTEPUCTUKH MSTUMHUHYTHBIX (par-
MEHTOB KapAUOUHTEPBAIOTPAMMBI.

IIpocmoTp KaHHBIX 0€3 BBOAA U3 MOHUTOPA

Jlnst npocMoTpa nHpopmMauu HeoOX0AUMO:

Banyctuth nporpammy KSRG.COM{ ,Bsox}.

B mento «BBOZI/BBIBO/I» Be10pats pexxum «BBOJ] U3 BA3bI JTAHHBIX»
{ ,BBox}.

B packpbIBIIIEMCSI MEHIO BEIOpATh TpeOyeMyro 3amuch { ,BBOa}.

B mento «[IPOCMOTP» BwiOpath no xenanuto «KAPJIUMOMHTEPBAJIO-
IPAMMA», «KAPANOCIIEKTPOI'PAMMAY», «CKATTEPOIPAMMA» {,
Bron}.

eas padoThl: onpeeneHre NPOMyCKHOW CIIOCOOHOCTH M HAJIC)KHOCTU pa-
60tel cuctembl «Oneparop — POAy, ucciaenoBanue BIUSHUS TICUXOJIOTHU U (PU-
3MOJIOTUU YeJIOBEeKa Ha TPYJI0BOM mpouecc. BapuaHT paboThl yKa3bIBaeTCs MPETo-
JaBatesieM Kak o0paboTKa pe3yinbTaTOB OMPEACIICHHOIO SKCIIEPUMEHTA.

PaboTa BKJIIOYAET ClEYIONINE ITAMbI:

1) TeOpeTHUUECKYIO IOJATOTOBKY K BBIIIOJHEHUIO PaOOTHI;

2) DKCTIEPUMEHTAJIBHOE OINPE/ICIICHHE TOYHOCTHBIX XaPAKTEPUCTHK CUCTEMBI
«Omneparop — POA» s cUrHanoB pa3iMYHON MOJAIBHOCTH (BU3YyaJIbHOW M aKy-
CTUYECKOM ), TATEHTHBIX MEPUOJIOB MPOMYCKHOW criocoOHOCTH omepaTtopa JlaTeHT-
HbI€ MEPHOJBI ONPEACISIOTCA KaK CPEJHEE BpeMs CTHUMYJ-PEaKUus s KaXI0h
MOJAJIBHOCTH CUTHAJIOB, T. €. CpeHee BpeMs «BOMPOC-OTBETY.

3) sKCIepUMEHTAITBFHOE OIpe/ieNieHrne (PYHKIIMOHATBHOTO COCTOSHUS Omepa-
TOpAa;
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4) MaTeMaTH4YeCKyI0 00pabOTKY 3KCIICPUMEHTAIbHBIX JaHHBIX U COCTaBJIC-
HUE OTUYETA.

IHopsiioKk BbINOJIHEHUS JIA00paTOPHOH padoThI 5.2.2.

1. DKcriepuMEHTaNbHO ONPENETUTh TOYHOCTHBIE XAPAKTEPUCTUKU CHCTEMBI
«Omeparop - POA». DkcriepuMeHT MpoBOAUT Opuraaa u3 4 4eloBeK, KaKIbIid U3
KOTOPBIX MO OYEpPEIU BBIMONHICT QYHKIHUU «IKCIEPUMEHTATOPa», «UCHBITYEeMO-
ro», KKOHTPOJICPA-TIPOTOKOIUCTA» U «(PUZUOIIOTAY.

DKCHEepUMEHTATOP MPEABSBISET UCIIBITYEMOMY Ha KapTOUYKax (CUTHAN BU3Y-
aIbHOW MOJAIBHOCTH) MAaCCHUB YHCEIN MOMAapHO, Pe3yJbTaT CYMMHUPOBAHUS KOTO-
PBIX HUCTIBITYEMBIM 3aHOCUTCSI B ITPOTOKOJ U MPOBEPSIETCS KOHTPOJIEPOM - MPOTO-
KOJIUCTOM. 3aT€M 3KCIEPUMEHT MOBTOPSIETCS MPU CUTHAJIE aKyCTUYECKON MOJalb-
HOCTH, KOT'/Ia SKCIIEPUMEHTATOP MPOU3HOCUT uncia. Bo Bpems Bcero akcneprumeH-
Ta «()U3MO0JION» HE3AaBUCUMO PETUCTPUPYET 3HAYEHUS KaXAO0ro NepHoa Mmysbca 1o
kapauoMoHuTopy MKM.

2. Ilo pe3ynpTaTam BapuaHTa KCIEPUMEHTA, MPEAIaraéMoro npernoiaBare-
JIEM, ONIPEACIIUTD CIAEAYIOIINE XapaKTePUCTUKHA ONIEPATOPOB:

a) JaTEeHTHbIE EPUOBI ONEPATOPOB JJII CUTHAJIOB PAa3IMYHON MOJAIbHOCTH
KaK CpelHee BpeMs OTBETa Ha OJWH BOMNPOC NPHU 3aMEMNJIEHHOM TEMIE OIpoca
(Temm, Mpu KOTOPOM UCHBITYEMBIN YCIIEBAET MPABUIIBHO OTBETUTH HAa BOMPOC);

0) IpOMyCKHYIO CIIOCOOHOCTD ONEpaTopa, Kak pa3HOCTh B €MHUILY BPEMEHU
anpUOPHOM U allOCTEPUOPHON SHTPONUH COOOIIEHUH IO CIIEAYIOIIUM (hopMyIam:

1 11

C :-1: (Hanp_Hanacm) =(-N- IOg—ZD —Hzp) T

3|ZLTCB N — o011ee KoJu4ecTBO BOMPOCOB; T - BpeMs SKCIIEPUMEHTA;

06 =OHTPOIMHS FIKCIIEPUMEHTA 13-3a COOEB(IPOMYCKOB
1 omnookK);D -nmuanazon usmepeHus yucen;

omj

6 2 ‘€N ij 6 omj omj
H 05=Z|0g2 Z(l - ) -2 - log 2- )
- N-1 i i a1 Nj Nj
: IN
rac - KOJIMYCCTBO OTBECTOB B 3KCHepI/IMCHTC J-M Ha

IPEITIONOKEHNY HOPMAJIBHOTO 3aKOHA BONPOCOB(BPACIIPEACICHHS
HOCTH CU€Ta). OTHOCHTEIILHOM TOTper-



3. OIHOBPEMEHHO C IPOTOKOJIOM I10 pe3yjbTaTaM HAOIIOACHUN ¢ TOMOLIbIO
kapanoMonuropa MKM u nporpammel KSRG ctpoutcs BaprallMOHHBIA CTaTUCTU-
yeckuil psan R-R- mHTepBanoB nyinbeca (puc. 5.3.4), 10 KOTOPOMY MOKHO IpOCIIE-
JUTh WU3MEHEHUs CEepJAECYHO-COCYIHUCTON IEATEIbHOCTH BO BpPEMEHHU (IIEPUOJIbI
ajanTanuy, yCTON4YMBOM paboTa, yTOMJIEHHS U T.J.) U BBIYUCINTh UHJIEKC HaIps-
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xennocTt (MH) pyuakmuonansaoro coctosaust P. M. baesckoro (puc. 5.3.4 u Tabm.
5.3.1):
4. ITpoaHanu3upoBaTh THCTOTpaMMy MepHoa myibca (puc. 5.3.4).

Mauuent: BB12 28-84-2084 17:58 Pogorelskiy A.A. Bpn B4 9m 3c

KapauounTepeanorramMma K.oTc. 744

R-Rc
1.8
1.6
1.4
1.2
é:g hlﬂnﬁvk ‘-IA. ~n /.:S.n.‘.h 0 P Y f\ A o
8.6 VUV Wy VLIV TV TN NIV T WA ] AT
8.4
8.2
6.8

a 1 2 3 4 5 6 7 8 9 mui. Herp By Bm Bc
9 Pacnpegenevue R-R untepeanoe P*/18 HuT By 9m 3c
8 K.oTc. 744
7.
6 T+ AM= 22
5t dX= 588mc
4 MB= 738mc
3t WH= 38
2.-
1+ J//r’\\\\h; PgUp ,PgDn,Home
6 +—F+—F+—+—+——+—+—F—+—"F—"F—"F—"F—"F—"F—"F—"F—"— End,F4,F5,Esc

8.2 6.4 8.6 8.8 1.8 1.2 1.4 1.6 1.8 2.8 R-Rc

Puc. 5.3.4. KapnuounrepBanorpamma u ructorpamma K1

Nunexc HanpspkeHuss P. M. baeBckoro mokasbIBaeT CTEIEHb HAIPSHKCHHS
PETYJIATOPHBIX MEXaHU3MOB PUTMa CEpIia, BEIYUCIACTCS 10 hopMyJie MPUBEICH-
HOU B Tad. 5.3.1.

Conep:xkanue oTueéTa

Otuet BbIMONHAIOT B cooTBeTcTBUM ¢ TpeboBaHusimu ECK/I, CTII oH BkiItO-
4aeT CIEAYIOIINE pa3/Ieibl:

1. ITporokon sxcnepumenTa. [Ipumep npusenex B Tad. 5.3.2.

2. Tabnuiyy pacdyeToB MPOIYCKHON CIOCOOHOCTH OMEPaTOPOB M JIATEHTHBIX
NEPUOAOB JIUIS Pa3IMYHBIX YCIOBUHN pabOThI: B 3aMEJIJIEHHOM U YCKOPEHHOM PEKU-
Max, Ha pacCTOsIHUM | U 3 M MeXay SKCHEPUMEHTATOPOM U HCIBITYEMbIM, JIJISl BU-
3yaJlbHOTO M aKyCTHYECKOTO CUTHAJIOB.

3. Kapnuounrtepsanorpammsr. [Ipumepst mpuBeneH Ha puc. 5.3.5.

4. I'mctorpaMMbl KapJMOMHTEPBAJIOB AJIsl BCEX PEKUMOB pabOTHI orepaTopa.

5. Kparkuii aHanus v OLEHKY MCUX0(PU3HOJIOTHYECKOTO COCTOSIHUSI OTlepaTo-
pa IPUrOTHOCTH €ro K padore.

Tabmnuua 5.3.2

Ne [Yucna [ Utor |baiixanos M.U. |Iloropensckuii A.A. | Tonctukosa E.B. | Yapkosckuii /1.P.

1 [71+17] 88 88 88 88 88 88 88 88 88
2 |31+52| 83 83 83 83 83 83 83 83 83
3 |62+19] 81 81 - 81 81 81 81 81 81
4 155+45] 100 | 100 100 100 100 110 100 100 100
5

67+34 | 101 91 101 101 101 101 101 101 101
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[Iponomxenne Tabaupst 5.3.2

No |UYwucna | Utor |BaiikanoB .W. | Tloropensckuit A.A.| Tonctukosa E.B. | Yapkosckuii /1.P.
6 |44+32| 76 76 76 76 76 76 76 87 76
7 |82+27] 109 | 109 109 109 109 109 109 109 109
8 |77+33] 110 | 110 110 110 110 110 110 110 110
9 |36+17| 53 53 53 53 — 53 123 53 53
10 [43+95 [ 138 | 138 138 138 139 138 128 138 138
11 [22+65 [ 87 87 87 87 87 87 87 87 87
12 [23+32 | 55 95 99 95 95 95 99 95 99
13 |61+90 [ 151 | 151 151 151 151 151 — 151 151
14 |87+63 [ 150 | 150 150 150 150 150 160 150 150
15 |89+98 [ 187 | 177 — 187 187 186 187 177 187
16 [55+99 [ 154 | 154 154 154 154 154 154 154 —
17 [14+85 | 99 99 99 99 99 99 99 99 99
18 [58+11 [ 69 69 69 69 69 69 69 69 69
19 [25+78 | 103 93 103 103 103 103 123 103 107
20 [34+56 [ 90 90 90 90 90 90 110 90 90
21 (41454 | 95 95 95 95 — 95 95 95 95
22 [34+49 | 83 73 79 83 83 83 133 83 73
23 [64+79 | 143 | 143 143 143 158 143 143 143 133
24 [99+11 | 110 | 110 - 120 110 110 110 110 110
25 [97+72 1 169 [ 169 169 169 169 169 169 169 —
26 [31+97 | 128 | 128 132 128 128 128 128 120 128
27 [75+28 | 103 | 103 92 103 — 103 165 103 103
28 |12+24 | 36 36 36 36 36 36 36 36 36
29 (17484 | 101 | 101 101 101 101 101 101 101 101
30 [85+36 | 121 | 131 131 121 121 121 121 121 121
§§ i k" | nwm%r.r rEn PR Yﬁww..‘.i, Aferd § e i ity CRTNA LR CARZEN SN L A R a2l
H—
2124_6._4///:‘:\;8'816 {2=1;4:l}6=1=9:2%ﬁkn zl t {J/i\i\ t t t f t
ES Riiime s o i
< [ bl ded

OCHRNWANPNDY OOOODH KRR RD

||||||||||||||

Pacnpege nenie R-R untere.

Tttt
8.2 8.4 8.6 8.8 1.8 1.2 1.4 1.6 1.8 ZBHR

Puc. 5.3.5. Kapauounrepsanorpammsl U rucrorpammel KU1 uenbityeMsix.

Ha ocHoBaHuM nepuoiorpamm, oJIMTOHOB, TUCTOTPaMM MPOBOJAT AHATIU3 U
JIEJIal0T BBIBOJIBI O Ka4eCTBE pabOThI OMEPATOPOB M UX MCUXOPUINOIOTUIECKUX
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BO3MOKHOCTSIX. BBIYMCISAETCA PEUTUHT UCIBITYEMBIX IO CyMME PAaHIOB 3 OLIEHOK
(paHr OmepaTMBHOCTU OTBETOB, PAHI TOYHOCTH M PAHT TNCUXO(PHU3UOIOTUUECKON
HANPSHKEHHOCTH IIPU OTBETE)

6. XYAOKECTBEHHOE KOHCTPYUPOBAHMUE P3C

6.1. KoMno3uiiuoHHbIE MOCTPOEHNSI M TAPMOHM3AIUSA YacTei
U 1eJIOT0 B KOHCTPYKIIUHA

Kommno3zumus (;at. COMPOSItio - coctaBieHue, PacioioKEHHE, COUYMHEHHE) -
CTPYKTypa, B3aUMOCBSI3b BKHEHIIMX JJICMEHTOB IMPOU3BEIACHUS HCKYCCTBA WIIH
MPOMBIIIUICHHOTO U3JIETUsl, KOTOPBIMH OINPENEIsIeTCS UX CMBICH, BbhIpakaeTcs 3a-
MbIceNl. B OCHOBE KOMITO3HMIIMH TPOMBIIIEHHOTO HU3/CIUS JIGKUT BBIOOP dJIEMEH-
TOB (WJIM UX TPYIIIbBI) U UX COMOAYMHEHHOCTH. B KauecTBe 371eMEHTOB MCIIOIb3YIOT
T€OMETPUUYECKHE, CBETOTCHEBBIC, WIIM IIBETOBBIC CBOMCTBA (hopmbl m3aenms. Kom-
MO3UIIMS XapaKTEPU3yeTCsl KaTEropusiMu, CBOCTBaMu, cpenctBamu [7, 8]. Haubo-
Jee OOMMMH KaTETOPUSMU KOMITO3HUIIMM SIBJISIFOTCS TEKTOHWKAa W 0OBEMHO-
MPOCTPAHCTBEHHAS CTPYKTypa u3jenus. [ JJaBHbIE U BTOPOCTEIIEHHBIE CBOMCTBA U
KauecTBa KOMITO3HUIIMHA BeCbMa pa3HooOpasHbl. MIX BeIOOp OymeT onpeaeisTh IiaB-
HOE, OPTraHM3YIOIIEee Havajao KOM MO3UIMU KOHKpeTHoro u3aenus. [Ipu 3Tom kpo-
M€ 3HaHUSA M Yy4yeTa OOBEKTHUBHBIX (DAKTOpOB (QopMooOpazoBaHus U3E-TIHS,
HEOOXOJMMO 3HaHUE OOIIUX 3aKOHOMEPHOCTEM KOMIIO3UIIMKM W CPEACTBA UX
BBIPKEHMsI, OOIINX MOAXOJ0B K OTHOIICHUSIM 00OBEMOB M3JICTHUS M MPOCTPAHCTBA.
PaccMOTprM OCHOBHBIE KaT€TOpPUM KOMIIO3MIIMH: TEKTOHHKY, OOBEMHO - TIPO-
CTPAHCTBEHHYIO CTPYKTYPY U UX B3aHMOCBSI3b.

TexToHUKa - 3pUMOE OTpakeHUE B (popMe M3ACNNS CYIIECTBA €r0 KOHCTPYK-
IIMY ¥ OpraHu3aliyi B HEM maTepuaina. [lo cymecTBy IMEHHO B TEKTOHHKE BbIpa-
YKAETCS CBSA3b (DOPMBI U COJICPIKAHUS U3ICTTHS.

OOBEMHO-TIPOCTPAHCTBEHHASI CTPYKTypa — BTOpas BaKHAsl KaTeropus KOM-
no3unuu. Ero ompesensieTcss B3auMoOEHCTBUE, OTHOIICHUE (BopMbI (M3menusi) u
npocTpaHcTBa. MHXeHEep O BTOPOM KOMIIOHEHTE OOBEMHO-TIPOCTPAHCTBEHHOMN
CTPYKTYPBI - TIPOCTPAHCTBE - 4acTO HE nymaeT. JluzaifHep ke He MOXKET CO3/1aTh
ACTETUYECKHU TOJIHOIICHHOTO M3jAenus 0e3 ydera mpocTtpaHcTBa. [Ipu paspaboTke
00BEMHO-TIPOCTPAHCTBEHHOM CTPYKTYPHI U3ACIIHUS HEOOXOMMO 3HATH 3aKOHOMEP-
HOCTH CTPOCHHS (POPMBI, KOTOpBIE OOJIETrdaroT MOHUMaHWE TPHUHIIMIIA Pa3BUTHSI
dbopM. DTO 0COOCHHO Ba)XXHO MPpH pa3pabOTKe CIOXKHBIX IO 00BEMHO - IMPOCTPaH-
CTBEHHOH CTPYKTYpe M3JCNIMH, B KOTOPHIX JODKHA OBITh OpraHWYecKas U yIops-
JIOUYCHHAS CHU3b MEXIY OTACIbHBIMU AieMeHTamMu. [loaToMy mipu Xy/105KECTBEHHO
- KOHCTPYKTOPCKOM TipopadboTke PDA, B KOTOpPOIl UCTIOIB3YETCS MHOKECTBO PETY-
JSTOPOB U UHJIMKATOPOB, OU€Hb BAXKHOU SBJISICTCS TPYIIITUPOBKA 3JIEMEHTOB B KOM-
MO3UIMOHHBIE 00IIHOCTH. KoMIo3uiimoHubie 0OUTHOCTH AOKHBI UMETh (YHKITH -
OHAJILHYIO BHYTPEHHIOIO CBSI3b, KOTOpAs IOMOTAET YEJIOBEKY B paboTe ¢ U3/eIueM
1 o0JagaeT OnpeaesIeHHON A3CTETHUECKON BRIPA3UTEILHOCTRIO. Mexny MaTepua-
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JIOM KOHCTPYKILUH, €€ TEKTOHUKOW U OOBEMHO - MPOCTPAHCTBEHHOH CTPYKTYpOH
CYILLECTBYET B3aUMOCBS3b.

TexkToHMKa W3AenHs BOCHPUHUMAETCS 4YEpe3 CBOMCTBA MaTepuana KOH-
ctpykiuu. [loaToMy Henb3s npeHeOperaTs CBOMCTBAMHM MaTepualia, 0O MpaBUilb-
HOE BBIPAXEHHE CBOMCTB MaTepuana CO3Ja€T BBIPA3UTEIBHYIO TEKTOHUKY KOH-
CTPYKLMH, &, BBIPA3UTENIbHAS TEKTOHUKA SIBISETCS OCHOBOW BBIPA3UTEIBHOCTH OT-
HOIIEHHUSI OOBEMHO-NPOCTPAHCTBEHHOM CTPYKTYpbl. B cCBOMCTBaX M KayecTBax
KOMITO3HULIMK BBIJCIAIOTCS CIEAYIOLIUE MOKA3aTeau U3ACINA: TapMOHUYECKAs Le-
JOCTHOCTH (POPMBI U3IENHSI, COTOAYUNHEHHOCTh 3JIEMEHTOB, KOMITIO3UIIMOHHOE PaB-
HOBECHUE AJIEMEHTOB, CHMMETPHS U aCUMMETPUS U UX KOMOMHALIMH, TUHAMAYHOCTb

U CTaTUYHOCTb, €IUHCTBO Xapakrtepa. COBpeMEHHbIE MaTepualbl MO3BOJSIOT CO-
3/1aBaTh MPOYHBIC M YCTOWYUBBIE KOHCTPYKIIMU CaMOW HEOOBIYHOU (HhOPMBI, KOTO-
pbI€ 3PUTENBHO MPEACTABISIOTCA BECbMa HEYCTOMYMBBIMH. 3a/lada AU3aliHEpa U
3aKJII0YaeTCsl B TOM, YTOOBI CO3/7aBaTh MPUAABaTh 3pUTEIbHYI0 YCTOMYMUBOCTD U3-
nenuto. [lon cummerpueit (rped. oippeTpio- copa3MepHOCTh) B ACTETUKE TTOHUMA-
IOT TAPMOHUYHOE PACTIOJIOAKEHUE OTIEIbHBIX YaCTEN 1EJI0r0, COPA3MEPHOCTh U CO-
OTBETCTBHUE MEXKIY HUMHU.

[IpocTeiitiue BUIbI CUMMETPUU: 3€pKajibHAasl, [IEHTpabHasl TJIOCKOCTHAs U
oceBas - MIMPOKO M3BECTHBI, HO B MPAKTHUKE XYJ0KECTBEHHOTO KOHCTPYHUPOBAHUS
UCIIOJB3YIOTCS peako. MHorooOpasue 3J1eMEHTOB U3JeIui (B TOM YUCIIE U Pauo-
AIIEKTPOHUKH) W TIpaBUjia pabOTHI YeslOBEeKa C M3ACIHEM MPAKTUYECKU HE MO3BO-
JISIIOT UCIOJIB30BaTh CTPOrO0 CUMMETPUYHBIE CTPYKTYpHI. [loaTOMy nuszaiiHepy ya-
CTO MPUXOAUTCS UMETh JEJO C YaCTHOW acuMMmeTpuen (HopMbl U3IETUs, C aCUM-
METPUYHBIMU, HO KOMIO3UIIMOHHO YPaBHOBEIICHHBIMU CTPYKTypamMu. OJHUMH U3
OCHOBHBIX CIIOCOOOB CO3/IaHUSI KOMITO3UITMOHHOTO PAaBHOBECHS SIBJISIFOTCSI KOHTPACT
1 HioaHc. KOHTpacT - MpOTUBOIOCTaBIEHUE JIEMEHTOB CTPYKTYPHI IO (hopme, TeK-
CType, LIBETY, a HIOAHC - TOHKOE Y B3aMMOCBSI3aHHOE U3MEHEHUE B KOMITO3UIINH.

He cnyyaiiHo KOHTpacTHbIe 35eMeHThl POA B BUIE pa3HOOOpPA3HBIX pydeK
VIPABJICHHUS BBITIOJTHSAIOT HE YEPHBIMH, a CEPhIMH WM KOPUYHEBBIMH. [Ipm mx
OOJIBIIIOM KOJMYECTBE TAaKME TOHA CIIOCOOCTBYIOT JOCTHKEHHUIO 1ETOCTHOCTH Ta-
HEeJM, 00JIeTYaroT MCUX0(PU3NOIOTHUECKYIO0 Harpy3Ky oreparopa ImpH JJIUTEIbHOM
pabote omepaTtopa ¢ uzAenueM. Ecnu BHenIHee BO3JeHCTBUE KOHTPACTa PE3KOE U
CUJILHOE, TO HIOAHC BOCIIPUHHMMAETCS ropasjio ciadbee. OJIHAKO OTCIOAA HEJb3s Jie-
JIaTh BBIBOJ] O CJIA0OCTH BO3JICUCTBUS HIOAHCHBIX OTHOIICHHUH (0OCOOCHHO TIPH JIJTH-
TEJIBHOM paboTe oneparopa ¢ U3ACIUEM) U O POCTOTE HIOAHCUPOBKHU (POPMBI.

B oTnmune ot koHTpacta (KOTOPHIA 4acTo ompeaenseTcs (PyHKIHMOHATLHON
KOMIIOHOBKOW 3JIEMEHTOB M3JEJHs) HIOAHC €1a00 3aBUCUT OT (DYHKIHMOHAIBHOU
KOMIIOHOBKH U OOBEMHO-TIPOCTPAHCTBEHHOM CTPYKTYpBI, SBISASACH B OCHOBHOM
cepoit YMCTO Xy10’KECTBEHHOTO OCMBICIMBaHMs (POPMBI U MaTepuaia usnenus. B
3TOM - €ro dorareiume BO3MOXHOCTH U TPUYHMHA CI0KHOCTH peasln3aliu.

Metprueckuil ITOBTOP U PUTM ONPENEICHUE 3aKOHOMEPHOCTH IOBTOPEHMS
Pa3IMYHBIX 0 KOHTPACTY AJIEMEHTOB. Eciiy 1m1ar moBTOpOB MOCTOSIHHBIN (WK 3pHU-
TEJIbHO KaXXYLIMHCS MOCTOSIHHBIM), TO 3TO - METpUUecKuil noBTop. Ecin mar no-
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BTOPOB MOCTENEHHO MEHSAETCA, TO 3TO - PUTMUKA. PUTM - 3aKOHOMEPHOE U3MEHE-
HUE TOpSJKA CTPYKTYPhl 3JIEMEHTOB. MeTpuuyecKuil MOBTOP TEXHOJOTHUECKUX
CTBIKOB KOHCTPYKTHUBHBIX MOJYJICH, 3JIEMEHTOB KpEIeKa, OPraHoB YIPaBICHUS U
KOHTPOJIS, LIBETOBBIX MOJIEH U APYTUX MOJOOHBIX CTPYKTYP - XapakTepHas 0coOeH-
HOCcTh POA. Vimenno B POA nambonee moimHO MPOSBISAIOT ce0sl pa3iuyHbIe BUJIBI
pa3MepHO-NapaMeTPUUYECKUX PSAAOB, MOCTPOCHHBIX HA €JUHOM XYAO0’KECTBEHHO-
KOHCTPYKTOPCKOM MOJYJIE.

Hcxons u3 TOro, 4yto MpW MrHOBEHHOM HAOJIOJIEHUU YEJIOBEK CIOCOOEH
BOCIIPUHATE OT 3 10 8 XapaKTEPUCTUK PA3TUUYUI, MOXKHO MPUHATh HUKHIOIO Tpa-
HUIy METPUYECKOrO0 MOBTOpa MPUMEPHO B 5-6 smemeHTOB. [lo3TOMY Ha cambIx
HayaJbHBIX ATanax pa3pabotku POA HeoOXoauma TiiaTtenbHas MpopadboTKa MeET-
pUYECKUX TOBTOPOB, KOTOPHIE MOTYT BBICTYIIHThH B POJIM CPEACTBA FapMOHU3AIUU
u3nenus B uenom. K cpencrBaMm KOMIO3UIMK OTHOCSTCS: ONPEAEISIIONIMI KOMITO-
3UIIMOHHBIN MPUEM, MPONOPIMU U MaciTad, KOHTPACT U HIOAHC, METPUYECKUH T10-
BTOp. Ilpu pazpaboTke miacTUKu OOBEMHO-MPOCTPAHCTBEHHON CTPYKTYpPHI H3JE-
JUSL Ha dTane MpeaBapuTebHON ((POPICKU3HOM) MPOPAOOTKH KOHCTPYKIIUU JAU3AM -
HEp CTpEMUTCS HalTH 00pa3 M3Jeusl C MOMOUIbIO IPOPUCOBKHU CTPYKTYPBI, COCTO-
Alend U3 Habopa MPOCTBIX T€OMETPUUECKUX AIEMEHTOB, OTPAXKAIOIINX TEKTOHUKY
m3aenust. [Ipy 3TOM HCHONB3YyEeTCs ONBIT, HAKOIUICHHBIM TMOKOJICHUSIMUA BBbIJIAI0-
HIUXCS XYJIOKHUKOB - PUCOBAIBIINKOB.

OueHb NOYYUTENBbHBI B 3TOM CMBICIIE PUCYHKH SITOHCKOrO XynoxHuKa K.
Xokycas. OH ocTaBuI OOJBINOE XYJ0KECTBEHHOE Hacienue. Hapsay ¢ orpoMHbIM
KOJIMYECTBOM OJIECTAIIMX KOMITO3UIIMOHHBIX PadOT M3BECTHO MHOI'O 3CKH30B €T0
JKU3HEHHBIX HAOJI0ICHUM, OMyOJIMKOBAHHBIX B ISTHAAIATA COOpHUKAX MOJ 00-
MM Ha3BanueMm «Manra». Bo BpemMena Xokycasi CIIOBO «MaHray OOBIYHO O3Haya-
JI0 TIPOU3BOJIbHBIE HAOPOCKH, CMEIIaHHbIe KapTHHBL. B «MaHra» u npyrux anb00-
Max, KapTUHaX U KHUTaX OH CTaBWUJI 3a/lady CO3/laHusi oOpasIoB sl yUeHUKOB. B
anpbooMe «YCKOPEHHOE PYKOBOJICTBO IO PHUCOBAHUIO» W3JIOKEHBI MPUHIIUIIBI
yrporuieHus: GOpMbl, KOTOPHIE TECHO CBSI3aHbI M MPEKPACHO NIEPENAIOT ABIKCHHE.

JlyXx aHanu3a IPOHU3BIBAET KOMIIO3MLIMM U pUCYHKHM XOKycasd. B ocHoBe
Bcex (hopM, MO €ro MHEHHMIO, JIeKaT TeoMeTpuueckrue (Urypbl. AHATUTHYECKUE
pa300pbl, MOMEIIEHHBIE B agbOOME, HE 3aCIOHSIOT MOITUYECKOTO BOCHPUSITHS
MIPUPOABI, HE HAPYIIAOT TAPMOHUYHOCTH KOMIIO3UIIMU JIUCTA B LIEJIOM U HUKOTIA
HE MTOKUJIABIIIETO aBTOpA YyBCTBA IUIACTUKU. B nu3aitHe Takoit aHanu3 Gpopmsel mo3-
BOJISIET 00ECIEYUTh CTUJIEBOE €IMHCTBO OOBEMHO-NPOCTPAHCTBEHHON CTPYKTYPHI
uzaenus (puc. 6.1.1).
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Puc. 6.1.1. Ananutnueckue pucyHku «manra» K. Xokycas

[Tocne Toro, kak Ha CTagUU TEXHUYECKOTO MPEIJIOKEHUS WM SCKU3HOTO
MPOEKTa ONpEaeSIeHbl OCHOBHBIC DJICMEHTHI M3JCIHSI U BO3MOXKHBIC BapHUAHTHI WX
KOMITOHOBKH, OOECIIEYMBAIOIINE 3aJlaHHbIE TEXHUYECKUE MapaMeTphl, JU3aiHep
JIOJDKEH BBIOPATh OMPEACIISIONINA KOMIO3UITMOHHBIA MMPUEM, BBISIBUTH HJICH0 KOM-
MO3UIIMNA M3JENusi, 00eCIeUuTh €IWHCTBO (PopMOOOpa3oBaHUA KaK IEJOW KOH-
CTPYKIIMH, TaK U €€ YacTel BIUIOTh 0 YCTAHOBOYHBIX M3EITHN (KIaBUIIHN, KHOTIKH,
WHIUKATOPHl U T. I1.). 3Has BapHUallMM TEXHUYECKON KOMIIOHOBOYHOW CXEMBI, JTH-
3alfHep CO37aeT CBOM XYJI0’KECTBEHHO-KOHCTPYKTOPCKHE BApUAHTHI, OIMpEnesseT
o011y KapTuHy (HopMoOOpa3oBaHUs: PaJNyCHBIC JICKAIbHBIC WIH TJIOCKUE PyO-
JeHbIe (HOPMBI 00Pa3yIOIMINX TTOBEPXHOCTEH, HIDAHCHOE MJIM KOHTPACTHOE PEIlIeHUE
dbopmbl, MaTEpHalia, CTBIKU JIEMEHTOB (pOopMbI U T. 1. (puc. 6.1.2). D10 mo3BosseT
B KOMIIO3UIITMOHHOM IPOEKTE BOIJIOTUTH €IUHCTBO CPEJICTB KOMITO3HITHH
JAHHOTO W3JICITHS WIIH UX TPYTIIIHL.
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Puc. 6.1.2. Bunsl popmoobpazoBaHus: a - INIOCKONApaieNIbHOEe; 6 — pyOJIeHOE; 6 -
JIe-KaJIbHOE; 2 - OBAJIbHOE WM 00TeKaeMoe

[Ipomopiuu 1 macmtad - ocoOble MO Ba)KHOCTH CPEACTBA KOMITO3HIIMH.
[Tponopuyu SIBJISIFOTCS MOIIHBIM CPEACTBOM rapMoHu3anuu ¢opmbel. YacTo mbiTa-
IOTCSl UCTIOJIb30BaTh KAHOHUYECKUE COOTHOIIEHUS THIA «30J10TOe ceueHuey. Onna-
KO MIPAKTUYECKUHN OMBIT MOKA3BIBAET, YTO JEJI0 HE TOJBKO U HE CKOJIbKO B KAHOHH-
YECKUX COOTHOIIEHUSIX, CKOJIbKO B YMEHHUM JAW3aiiHEpa TapMOHHU3UPOBATH CJIOXK-
Hyto Gpopmy. HeoOxoaumo yuuThiBaTh JBa OYEHb BaXHBIX (pakTopa: 1) BocmpusTue
MPOTIOPIINI 3aBUCUT OT XapakTepa MOBEPXHOCTH (POPMBI U €€ pUCYHKA, KOTOPHI
MOXET CHJIBHO HU3MEHHUTb 3PUTEIHHOE BOCHPUATHE;, 2) MPOMOPIHUOHUPOBAHKE
JIOJDKHO OXBAaTHIBATh BCE AJIEMEHTHI ()OPMBI B €AMHOM CHCTEME B3aUMOTIPOHUKAO-
HIMX MPOMOPIUH, 005S3aTeIbHO COOTHECEHHBIX C YEJIOBEKOM. «30JIOTOE CEUYEHUE)
OTHOCHTCS K 00JIaCTH MPOMOPIIH, T. €. K CBSI3U YacTeH 1es1oro Apyr ¢ apyrom. [lon
MHOTOYMCJICHHBIMU HAUMEHOBAHUSMH «30JIOTOTO CEUEHUs» (YUCia), «rapMOHUYE-
CKOTO JICICHHS», «O0KECTBEHHON MPOMOPIMIY MOAPA3YMEBACTCSI BCEM U3BECTHOE
U3 IIKOJIBHOTO Kypca MaTeMAaTUKH JEJIEHHE OTpe3Ka B CPETHEM U KpailHEM OTHO-
ICHUSX
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MCHBIIIUI OTPE30K, @ OTHOCHUTCS K OoJibIieMy b Tak ke, kak OONBIINH K UX

CyMME:
a b

b a+b (6.1.1)

PemmB ypaBuenue (6.1.1), HaiiieM uncIeHHOE 3HaYEHHE 3TOU «O0KECTBEH-
HOM IIPOTIOPLIAN:

X=a=+5-1 =0618
b

N

(6.1.2)

Bort 3T0-TO 3Hauenue (X=0,618) 3aHrMano yMbl OTPOMHOIO YUCJIA TEOPETH-
KOB M MPAKTUKOB UCKYCCTBA B TEUEHUE MHOTHUX BEKOB.

" 0 B
s O
A
1,618
E
|
2,618 0/ 1618 B e

4,236

5,236

L
A B

Puc. 6.1.1. [IpuMepsl MOCTPOSHHS «30J0TOTO CEUSHHSI»: d - 3B€3M4YAThI MATHYTOJbHHK -
smbIeMa daroperieB; 6 - reOMeTpUIECKast HHTEPIIPETAINS «30JI0TOTO CEUSHUS; 6 - POTIOP-
My nupamMuasl MukepuHa
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Puc. 6.1.2. l'apmonmsanust popmbl KOHCTpYKIIUH POA: a - MmeTonom
reOMETPHUECKOro Mo100us; 6 - UCIOIB30BAHUEM NPUHIIUIIA MOAYJIBHOCTH

OTHOIIEHUIO «30JI0TOT0 CEYEHUS» YSTSIOCh CTOIb OOJIBIIIOC BHUMAHHUE T10-
TOMY, YTO OOBEKTHI, MPOMOPIIMA KOTOPBIX €My OTBEYAIOT, MPEACTABIISIINCH OOJTb-
IIMHCTBY JIFOJEH TapMOHUYHBIMU, TIPEKPACHBIMU, €CTECTBEHHBIMH U T. 1., XOTS B
JA3aiHEPCKON MPAKTUKE ITUPOKO MPUMEHSIOTCS M JPYTHUe OTHOIICHUS TPH yCIIO-
BUM COXPaHEHHUs caMONo100us yacTei u 1enoro (puc. 6.1.2).

6.2. JJadbopaTopHast padora Ne 6. Xyno:kecTBeHHOe KOHCTPYHMPOBaHHUE
P2C

eab padorbi: OCBOMTH HABBIKK MTOCTPOSHUS AU3ANH-KOHIICTIIIUN U3/ICITHS
UXYJ10’)KECTBEHHO-KOHCTPYKTOPCKOTO MPOSKTUPOBAHUS MPUOOPA.

Bb100p TeMbI

Bb160p TeMbl MPOU3BOAUTCS MO CIIEIYIOIIUM HallPABJICHUSM:
a) B paMKaxX MHUIIMATUBHOM CTYI€HUYECKOU PabOThI;

0) B paMKax JUIUIOMHOTO IIPOEKTa;

B) TEMa MIPEAJIAraeTcs IpernoaaBaTesieM.

IHopsinok BbINOIHEHHS JIa00OPATOPHOH PadOTHI

1. Pa3pabGoTka mpOeKTHOM KOHIICTIIINH TU3aiiHa.

1.1. CpenoBoii 1 cCUTyallMOHHBIN aHaNIK3 (COrIacHo pa3aeny | B yueOHOM
NOCOOHMH — KTO, TJI€ U B KAKUX YCJIOBUAX OyAET UCIOJIb30BaTh JAHHOE U3EIne).

2. KoMmoHOBKa KOHCTPYKIIMU TapMOHHU3ALIUN €€ 00BEMHO
IIPOCTPAHCTBEH-HOU CTPYKTYPBHI.
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3. ®oparcKu3HAasE KOMIOHOBKA (DYHKIIMOHAJIBHBIX TPYIM U 30H U MPUBEICHUE
UEpapXUH MX Pa3MEpPOB K OMpPEACICHHOMY MapaMeTPUUYECKOMY sy MPOMOPIHO-
HUPOBaHUE HAa OCHOBE 30JI0TOBA CEUCHUS, TEOMETPUUYECKON Mporpeccuu u apudpme-
TU4Yeckoi mporpeccur. PopmupoBaHue (QPyHKIMOHATBHBIX 30H MOXKET MPOU3BO-
TUTCST CIACAYIONINM JEKOPATUBHBIMH MPHEMaMH C MOMOIIBI0 PAMOK Pa3IMYHBIX
I[BETOBBIX KOHTPACTOB W PA3UYHBIX (PaKkTyp (TJISHIIEBBIN, MIEPOXOBATHIM, TECHEH-
HBIN, (packaMu, BEIIIITAMIIAMH, OKAHTOBKaMH ).

4. Bri6op hopMooOpa3yroux U CTUICOOPA3YIOIINX JIEMEHTOB KOHCTPYK-
U,

5. Bri0op ¢popmMo00Opa3yomux U CTUIEO0PA3YIOIINX MOKET ObITh BBIIIOJIHEH
KaK KaHOHMYECKUX (TIPSIMOYTOJIbHBIX, pYOJIEHBIX, OBAIbHBIX) 00pa3yIOMIUX U C UC-
N0JIb30BaHUEM 3KJIUIITUKA Ha KOHTPACTE OCHOBHOTO (hOpMOOOpa30BaHUs U aKIEH-
TUPYIOIIUX JETaNIEH.

6. Bb100p KOHCTPYKIIMOHHBIX MaTEPHAIIOB M TEXHOJIOTHUS IEKOPATUBHOM OT-
TICJIKH.

7. ®opmupoBaHne PUPMEHHOTO CTHUJIS.

Pa3paboTka KOHCTPYKIIMH U3IENUsI MPOU3BOIUTCS C MOMOIIBIO MaKeTa Mpo-
rpamm SolidWorks 2001 Plus wnu Gonee HOBBIMH BEpCHSIMH JTAHHOTO MPOTPAMM-
HOTOo o0ecrieueHmMs..

Puc. 6.2.1. [Ipumep mocTpoeHMsT KOHCTPYKIIMH C MTOMOIIBIO rakeTa mporpamm SolidWorks
2001 Plus

W3penust MOJKHBI YAOBJIETBOPSITH TPEOOBAHUSAM IPrOHOMUKH M TEXHUYE-
ckoil acretuku. Pexkomenayercs ucnosibzoBatb ['OCT 24750 — 81, u T'OCT
12.3.033 — 84. Pa3zmeps! mipudTa HaaMMCe, HAHOCUMBIX Ha MMaHEJIH YIIPABIICHUS

A CUTHAJIM3AIHH U3AeJIMi, 1OJLKHBI cooTBeTcTBOBATE ' OCT 2930 — 62 uim
I'OCT 26.020 — 80.
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3AK/IIOYEHUE

OcHoBHas 3a7a4a MOCOOMS] — IPUBUTH CTYJACHTAM HABBIKM BBITOJIHEHUS KOH-
CTPYKTOPCKUX pabOT, OKa3aTh UM MOMOLIb B PEIIEHUN TEXHUYECKUX 3a7a4 M0 KOH-
cTpyupoBaHuto POA, HaydnuTh WX NOJIb30BaThCS CTAHAAPTAMH U B MIEPBYIO OYEPEIb
cranaapramMu EnuHol cuctembl KoHCTpykTOopckux AokymeHtauuu (ECK/I), nepas-
pBIBHO CBs3aHHOU ¢ EquHol cuctemoii TexHonoruueckoit nokymenrtanuu (ECT/I)
Y €IMHOU CHUCTEMOM TEXHOJOTMYeCKOM moAroToBku npousBojactea (ECTIIII).

[IpoekTupoBaHKe KU3HECTIOCOOHBIX ANEKTPOHHBIX CPEACTB U CUCTEM Ha OC-
HOBE COBPEMEHHBIX METOOB IOCTpoeHUs1 KOHCTpykuuil POC, ocBoeHue coBpe-
MEHHBIX METOJIUK MpoekTupoBaHus 3pdextuBHbIXx POC, 00ecrneuynBammx BbICO-
KU YpOBEHb TEXHUYECKUX U IKCIUTYyaTallMOHHBIX XAPAKTEPUCTHK M TEXHOJOTHUY-
Hocth POC, cucremarnsanus, 3aKpeIyieHUE U PACIIMPEHHUE MTOJYYEHHBIX TEOPETH -
YEeCKUX 3HAHUM, MPUOOpPETEHUE MPAKTUUECKUX HABBIKOB CO3/IaHUS, pacyeTa U KOH-
cTpyupoBaHusi POA B COOTBETCTBHHM C IEUCTBYIOIIMMH CTaHJAPTaAMH ITOMOTYT Oy-
YIIEMY UHKEHEPY B CAMOCTOSITENBHOM NMpoekTupoBaHuu POC u pu BRINOIHEHUT
JUIIOMHOIO ITPOEKTA, U B PEAJIbHOM MPOU3BOJICTBEHHOM JECATENBHOCTH.
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HNPUJIOKEHUSA
IMpunoxenne 1
CIIMCOK MCITIOJIb3YEMBIX COKPAIIIEHUH

— aBTOMAaTU3UPOBAHHBIN JTAOOPATOPHBIN MaKeT

— aBTOMAaTU3UPOBAHHBIN JTAOOPATOPHBIN MPAKTUKYM

— aBTOMATU3UPOBAHHBIN JTAOOPATOPHBIN MPAKTUKYM C y1aJ€HHBIM
JOCTYIIOM

— aHAJIOTOBBIA MYJIBTHILIEKCOP

— anmapaTHO-IIPOrPAMMHBIA KOMILIEKC

— aIapaTHO-MIPOTPAMMHBIN KOMIUJIEKC C YJAJIE€HHBIM JOCTYTIOM
— aBTOMAaTU3UPOBAHHYIO CUCTEMY cOOpa 1 00pabOTKU JaHHBIX
— aHaJIOroBo-UU(POBOM IPeodOpazoBaTeb

— OydepHoe 3aIIOMHUHAOIIEe YCTPOMCTBO

— BOJIbT-aMIIEpHAs XapaKTEPUCTUKA

— UCCIIEyEMBbI OOBEKT

— UHTEPAKTUBHOE 3JIEKTPOHHOE TEXHUYECKOE PYKOBOJICTBO

— 0OBEKTHBIN MOYJIb

— IPOrpaMMUPYEMBII aTTEHIOATOP

— IporpaMMHOE obecTieueHne

— IIEPCOHAIBHBIN KOMITBIOTEP

— IpOorpaMMHasi JIOTHYecKasi MHTerpajbHas cxema

— IPOrpaMMUPYEMbIN YCUITUTEIb

— PETUCTP TaHHBIX

— PaJIMO’IIEKTPOHHBIE CPEJCTBA

— paJO3JIEKTPOHHAS anmnaparypa

— MIEpCOHAJIbHAS AJNEKTPOHHO-BbIUUCIUTEIbHAS MallITHA

— YCTPOMCTBO BHIOOPKU-XPAHEHUS

— YCTPOUCTBO cOOpa JaHHBIX

— (GUIBTP HUZKUX YACTOT

— 1(pOBOI aHATIOTOBBIN MPeoOdpa3zoBaTENb

— L[EHTP KOJUIEKTUBHOIO MOJIb30BAHUS

— 1iu(ppoBOE YCTPOUCTBO

— DIIEKTPOABUKYILAS CUIa

— Application Programming Interface— nadop meto10B (pyHK-
1), KOTOPBIA MPOrPaMMHUCT MOKET UCIOIb30BATH JIJIS IOCTYyNA K
(GYHKIIMOHATBHOCTH TPOTPAMMHOM  KOMITOHEHTHI  (TIPOTPaMMBEI,
MOYJIsl, OMOTMOTEKN)

— Computer Aided Manufacturing — kommbroTepHast o IepPIKKa
MIPOM3BOJCTBA U3AEIUN

— Computer Aided Software Engineering — koMmbroTepHas MOJI-
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JIepKKa pa3pabOTKU MTPOTPAMMHBIX CPE/ICTB

— nocnennss Bepeus apaiiepa NI-DAQ ¢ HOBbIMU QYHKITUSIMH U
WHCTPYMEHTAMH JIJISl YIIPABIICHUS U3MEPUTEIbHBIMU YCTPOMCTBA-
MU

— MPOTOKOJ 00MeHa, oaaepxkuBacmblii LabVIEW, mis coBmect-
HOTO MCTIOJIb30BaHUS JUHAMUYCCKH MEHSICMBIX TAHHBIX

— Digital Versatile Disc —udpoBoii mHOTOTIENEBOM qrick. Hocu-
TeIh MHGOPMAITMH B BUJE TUCKA, BHEIITHE CXOKHUH C KOMITAKT-
JTMCKOM, OJTHAKO UMEIOIIHI BO3MOXKHOCTb XPaHUTh 00 JILITUNA 00b-
€M MH(OpMAIINH 32 CUCT UCTIONB30BAHUS Jla3epa C MEHbIIEH JJTH-
HOM BOJIHBI, Ye€M JJISI OOBIYHBIX KOMITAKT JTUCKOB

— Laboratory Virtual Instrumentation Engineering Workbench—
3TO cpejia pa3padOTKHU U TuIaTGopMa JUisl BHIMOTHEHUS TIPOTPaMM,
CO3JaHHBIX Ha TpaduueckoM s3bIKe MporpammupoBanus "G
¢bupmer National Instruments (CILIA))

— National Instruments

— Compact PCI Extension For Instrumentation — pacimpenue
mHel Compact PCI s ncronp30BaHus B HHCTPYMEHTATBHBIX
cuctemMax (MOAyJIbHAs armapaTHas iatgopma, akTUBHO HCIIONb-
3ytoias Bo3moskHocTH 1mHbl Compact PCI (mogudukarus mmHb
PCT) n nporpammubix Texnosoruii Microsoft Windows)

— Transport Control Protocol —rpancriopTHBIH TPOTOKOT

— Internet Protocol — MaTepHeT-nmpoToKko

— Universal Serial Bus —ynuBepcaiibHas mocieaoBarebHast M-
Ha, IpeIHa3HaueHHas s nepudepuitapix ycrpoicts. [luna USB
MPEACTaBIIET COOOW TOCIeOBATEbHBI WHTEpQEHC mnepeaadn
JTAHHBIX TSI CPETHECKOPOCTHBIX U HU3KOCKOPOCTHBIX mepude-
PUUHBIX YCTPOWCTB
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IMpua

o)XeHue 2

Tabmuma I1.2.1

Cpe[[HeCTaTI/ICTI/I‘-IeCKI/Ie SHAYCHHUA UHTCHCUBHOCTH OTKAa30B KOMILJICKTYIOIIUX I/I3I[CJII/II\/JI,

MIPUMEHSIEMBIX B U3JICTTUIX
HaumenoBanue u ch.CT.*IO-Dl/H HaumenoBanue u ch.CT.*IO-Ol/lI HaumenoBanue u | Acp.ct.® 10-01/11
THUII U3ACTTUS THUIT U30CITUSL THUIT U3CITUSL

Pesuctopsl K50-3 13,23 1220 0,017
Pesuctopsl mocTosHHBIC K50-31 0,50 J1223 0,020
BC-0,125 0,02 K50-35 0,08 11226 0,411
BC-0,25 0,04 K50-6 0,14 Ju42 0,001
BC-0,5 0,13 K50-7 3,59 119 0,030
BC-1,0 0,31 K53-19 0,03 KJ1103 0,001
BC-2,0 0,04 KoHneHcaTopsl HEANEKTPOIIU- KJ1105 0,165
K5B 0,06 THYECKHE KJ1109 0,480
MJIT-0,125 0,04 EM 0,02 K121 0,001
MJIT-0,25 0,03 BMT 0,04 KJ1122 0,001
MJIT-0,5 0,11 KBU 0,07 KJ1202 0,103
MJIT-1,0 0,17 KJI-1 0,01 KJ1205 1,639
MIJIT-2,0 0,10 KJI-2 0,01 KJ1208 0,230
MOH-0,5 0,01 KM-4 0,01 KJ12091 1,843
MOH-1,0 0,65 KM-5 0,20 KJ[212 0,210
I15B 0,57 KM-6 0,07 KJ1213 0,071
P1-7 0,08 KIIK-MII 0,01 K221 0,080
CM-0,125 0,01 KCO 0,26 KJ1226 0,238
C1-4-0,25 0,04 KC-2A 0,03 KJ1409 0,061
C3-14 0,01 KT-1 0,04 KJ1410 0,099
C5-35 0,19 KT-2 0,06 K411 0,405
TBO 0,09 KT-4 0,01 KJ1503 0,001
VIIM 0,06 KT3-13 0,01 KJ1504 0,001
Pe3ucropsl nepeMeHHbIE KT4-23 0,01 KIIS10A 0,061
HP 1-9 0,19 KT5-5 0,01 K512 0,001
CII-0,4 0,02 K10-1O1 0,01 K521 0,057
CII-0,5 0,16 K10-18 0,01 KJ1522 0,029

CII3-1 0,02 K10-19 0,01 CTaOWIHTPOHBI
CII3-23 0,01 K10-29 0,01 J1802 0,001
CII3-24 0,01 K10-38 0,01 J1809 0,031
CII3-27 0,19 K10-7B 0,01 11814 0,814
CII3-29 0,49 K10IT-4 0,04 J815 0,030
CIro-30 0,02 K15-4 0,35 J817 J1.690
CII3-36 0,05 K 15-5 0,03 J1818 0,137
CII3-38 0,07 K21-7 0,01 KC 133 0,001
CII3-4 0,11 K21-9 0,02 KC147 0,001
CII3-42 0,01 K22-5 0,01 KC 156 0,220
CII5-28 0,01 K26-1 0,01 KC 168 0,107
CII5-50 0,03 K3 1-11 0,13 KC 170 0,001
Tepmope3nucTops K42-11 0,01 KC 175 0,001
KMT | 0,01 K71-7 0,01 KC182 0,204
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MMT 0,01 K73-11 0,01 KCI191A 0,001
CT1-17 0,01 K73-13 0,13 KC210 0,001
CT15-2 0,03 K73-15 0,03 KC213 0,001
CT3-17 0,01 K73-17 0,03 KC512 0,001
CT3-23 0,01 K73-21 0,01 KC518 0,001

Bapuctopsr K73-5 0,01 KC520 0,001

CHI1-1 0,06 K73-9 0,02 KC531 0,270
CH1-14 0,57 K78-2 0,07 KC680 0,063
CHI1-16 0,07 MBI"'O 0,01 Bapukansl
CHI-1 0,01 CI'M 0,18 J1902 0,130

Haumenosna- -6 -6 -6
HHUE U TUI U3- XCp.CT.*lO 1/9| HaumeHnoBauue KCp.CT.*lO 1/4 | HaumeHoBauue ka.CT.*lO 1/4
Jenus Y TUT U3CITHSI Y TUIT U3ICIHS
Konpgencaropsr MBEM 0,03 KB109 0,008
KOHHeHcaT(:Ir:(’:IKSI/IH:KTpOHHTH_ [TomympoBOTHUKOBBIE TIPHUOOPEI KB121 0,006
K50-12 0,12 AJI307 0,021 KB122 0,001
K50-16 0,14 J1104 0,001 — —
K50-19 0,02 J1106 0,001 — —
K50-20 0,01 J12 0,055 — —
K50-24 0,21 J120 0,153 — —
K50-26 0,06 J1202 0,001 — —
K50-28 0,01 J1221 0,003 — —
TpaH3uCTOpPHI CeneHoBbIE BBIPSMUTENHU U TBC-70112 6,592
I'T346 0,300 OTPaHUYUTENN TBC-70113 0,754
I'T905 2,470 BT-18-0.2 9992 TBC-90114 1,132
KIT103K 0,001 OCT-9 0,073 TBC-90JI115 3,695

KT117 0,441 SI'E40AD 0,189 TBC-90I11110 0,719
KT205 0,909 SI'E140D 0,001 TBC-90IT1111 2021
KT209 0,418 STE200A®C 0,058 Tparcqopuatops  BHIXOHBIC

KaJIpOBOM pa3BEepPTKH
KT3102 0,043 HHTerpanbHble MUKPOCXEMBI
KT3107 0,341 K1551 /11 1,519 TBK-110JIA 4,327
KT3109 0,380 K155ME9 0,001 TBK-110JIM 0,934
KT3126 0,820 K155J1IA3 0,561 TBK-110J12 1,941
KT3127 1,020 K155J1A8 0,072 TBK-70J12 3,876
KT3128 0,331 K155TB1 0,001 TBK-90JIL15 0,256

KT315 0,326 K155TM1 0,070 TBK-90I1114 0,309
KT326 0,750 K155TM2 0,410 TBK-90IT115 0,176
KT339 0,944 K174AD1A 3,786 TBK-90I12 0,302
KT342 0,070 K174AD4A 5,502 TpancdopmaTopsl nuTaHus
KT346 0,001 K174A®5 11,865 TIIN-3 0,233
KT361 0,219 K174T @1 8,698 TI11-4-3 0,057
KT363 0,440 K174YKI 0,189 TIIN-5 0,711
KT368 0,190 K174YH7 5,840 TC-14-2 0,001
KT502 0,754 K174VII1 2,750 TC-160 1,110
KT503 0,193 K174YP1 1,571 TC-180 2,146
KT601 0,410 K174YP2b 5,066 TC-250 0,144
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KT602 0,550 K174VYP5 0,669 TC-80 0,001
KT603 0,196 K174XA11 0,900 TC-90 0,001
KT604 1,340 K174XAS8 0,446 TCII-170 0,677
KT605 0,171 K174XA9 0,779 OUT-1 0,174
KT611 1,060 K174YH4b 2,768 Tpanchopmaropsl coriiacoBa-
KT630 0,001 K224VK1A 2,765 HMS1, HU3KOYaCTOTHBIE
KT642 0,001 K224TII1 1,113 TB3-11 0,781
KTo645 0,457 K224VII1 1,205 TB3-1-1 0,703
KT801 2,690 K224VI12 1,566 TB3-1-9 1,280
KT803 3,692 K224VYP2 0,551 TB3-3A 0,211
KT8056M 2,633 K224YP3 0,001 Tpancopmaropsl nepexoiHble
KT812 4,490 K224YP4 0,897 1 MEXKaCKaIHbIE
KT814 2,146 K224XA3 52,098 TIIC-10 0,471
KT815 2,320 K224XK3 19,910 TIIC-51TI1] 0,001
KT817 0,850 K224XI11 4,984 TIIC3-1123 0,001
KT&828 15,102 K416KH1 11,289 TMC-10 0,283
KT&8&29 0,639 K421KH1 0,480 TMC-20 0,001
KT8&35 3,974 MukpocOopku T™C-21 0,258
KT8&37 0,632 K04A®D002 0,993 OTKIOHSIOIINE CUCTEMBI
KT8&38 5,873 KO04KI1020 1,739 OC-1 IOJIA 0,688
KT940 1,208 K04®DE001-01 0,652 0C-110-J11 1,022
KT961 0,750 K04DEOO3 0,001 OC-70 0,184
KT969A 0,321 K04YP029 6,757 OC-70114 0,001
MI'T108 0,001 K04YPO30 5,310 0C-90,291T1117 0,001
HaumeHoBa- -6 -6 -6
HUE U TUII U3- XCp.CT.*lO 1/4 HaumeHnoBauue ?\,Cp.CT.* 10 1/4 HaumenoBauue ?\,Cp.CT.*IO 1/4
Jeaus Y THII U3IEJIN Y TUII U31ETHS
MII25 0,406 K04XA026 9,982 0C-90.33IT1112 0,175
MI142 0,134 K04XK007 10,866 OC-90JIL12 1,048
11213 0,401 K04 XTI(Ne6 5,899 OC-90ITI110 1,137
OC-
11214 0,199 YITUS8-1M 2,288 90,201 11132 0,001
I1215 3,011 MortouHble u3aenus 1 Npoune OC-90114 0,001
TupucTopsl Y3I1bI Perynaropsl nuHelHbIE
KV112 1,602 TpanchopmaTopbl BEIXOTHBIE PJIC-1 0,240
KVy202 0,940 CTPOYHOH Pa3BEPTKH PJIC-1 IOJIA 0,110
KV221 2,749 TBC-110J14 4,860 PJIC-110J11 0,105
KpemHueBbie BHITPSAMUTENb- TBC-110J16 6,432 PJIC-110114 0,001
HBIE CTOJIOIBI U OJIOKH TBC-110I1I115 1,152 PJIC-90I11 0,001
KI1106 0,001 TBC-110I11116 1,732 PJIC-4 0,161
II109A 12,440 TBC-110ITI[18 1,810 - -
K11405 1,172 TBC-110I13 0,720 — -
- — TBC-70AM 3,691 — -
Tabmuna I1.4

3Ha4YeHus NOMPABOYHOTO KOA(PPUIIMEHTA O AT TOJIMATHIICHTEpe(TanaTHRIX KOHACH CA-
TOPOB

toxp |

ITonpaBounskIit KodhdummeHT o npu Ku
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0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 09 | 10
20 | 0,33 0,46 0,55 0,65 0,72 0,78 0,85 0,90 (0,94 | 1,00
30 | 0,42 0,61 0,74 0,85 0,94 1,08 1,09 1,16 [1,24 | 1,29
40 | 0,55 0,77 0,94 1,07 1,20 1,29 1,41 150 |[1,57 | 1,66
50 | 0,70 0,98 1,18 1,35 1,52 1,64 1,78 1,88 |[2,00 | 2,09
60 | 0,87 1,22 1,48 1,70 1,86 2,05 2,20 2,35 |[2,48 | 2,60
70 | 1,07 1,50 1,81 2,07 2,31 2,52 2,70 2,89 |[3,05 | 3,20
80 | 1,31 1,81 2,20 2,52 2,79 3,05 3,27 3,50 [3,70 | 3,88
Tabmuna I1.5
3Ha4YeHUs OTIPABOYHOTO KOA(PPUIMEHTA o A1 PTOPOIIIACTOBBIX KOHJICHCATOPOB
t ITonpaBouHnbIii KO3huHEHT 0o Tpu KH
o ol [ 02 | 03 ] o4 [ o5 [06 |07 [08 [ 09 |10
20 0,30 | 044 | 054 | 0,62 0,71 0,77 | 0,83 | 0,89 0.94 1.00
30 033 [ 053 | 0,65 | 0,75 0,84 0.92 [ 0,99 1,07 | 1,13 1.19
40 045 | 0,66 | 0,77 | 0,89 0,99 1,10| 1,18 1.27 | 1,34 1.42
50 0,53 | 0.74 | 0,90 1,06 1,18 1,28 | 1,39 1,48 | 1,57 1,66
60 0,60 | 0,86 1,06 1,22 1.36 1,49 ] 1,61 1.72 | 1,83 1,93
70 0,71 | 0.99 1,22 1,40 1,57 1.72 | 1,86 199 [ 2,11 | 2.22
80 0,80 1.15 1.39 1.61 1,80 196 | 2,13 | 2,28 2,42 2,55
Tabnuna I1.6
3HaueHus NONPaBOYHOro KoddduurenTa o st MOIUCTUPOIbHBIX KOH/IEHCATOPOB
) [ToripaBouHsbIil K03 duIHeHT o npu Ku
“ o1 ] o2 o3 ]os |05 [o06 07 [o081]o09 [ 10
20 0,08 0,11 0.18 | 0.28 0.39 055 | 0,61 | 0.73 | 0.85 1.00
30 0,06 0,14 0,26 | 0,37 0,51 0,67 | 0.81 | 098 | 1.15 1.32
40 0,08 0.19 0.34 | 0.50 0,67 0,86 1,07 1.28 | 1,51 1,73
50 0,09 0.25 0.44 | 0.64 0.87 1.12 1.37 1,65 | 1.98 2.23
60 0.12 0.31 0.55 | 0,81 1,11 1.42 1,75 | 209 | 2.45 2,84
70 0,15 0.39 0,69 1,01 1.36 1,76 | 2,18 | 2.62 | 3.07 3,54
80 0,19 0,48 0,86 1,26 1,70 218 | 2,70 | 3.23 | 3.79 4,37 |
Tabmuua I1.7

3HadueHUS IOIIpaBO4YHOTO KOZ—)(p(I)I/IL[I/ICHTa o JJI1 METAJJIOIIJIICHOYHBIX U KOM6I/IHI/IpOBaH-
HBIX KOHOCHCATOPOB

[TonpaBouHbIil K03 PuimeHt o npu Ku
foxp 005 01 ] 02 [ 03 ] o4 o5 o6 07 ] 08]o09 [ 10
20 | 0.05[ 011 [020 [027 [ 041 [047 [055 [ 071 | 0.80 | 090 | 1,00
30 | 006 012 [ 021 [028 [041 [051 061077 ] 090|098 | 115
40 | 008 013 [ 023 [ 020 [ 042 [ 055|068 |086 | 1,00 120 | 140
50 0,0/ 0,16 | 0,25 [ 0,32 [ 045 | 062 [ 0,78 | 1,00 | 1,40 [ 1,70 | 1,95
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60 0,121 0,18/ 0,28/ 0,37] 0,51f 0,71 1,000 1,45 1,95 2,45 3,35

70 0,15 0,22 0,33] 0,44, 0,60f 0,83 1,40 2,10f 2.80[ 3.60[ 5,70

80 0,27] 0,33 0.38) 0,55 0,80 1,25 1,70 2,700 3,70 5,25 —
Ta6mumna I1.8

3HaueHUs IMOIIpaBO4YHOI'O KOS(b(bI/IHI/IeHTa O AJIA IMTOCTOSHHBIX HEITPOBOJIOYHBIX METAJLJIO-
IICHOYHBIX 1 MCTAJIJIOOKHCHBIX PC3UCTOPOB

[TonmpaBounsbIit KO3huIHEHT o Tpu KH
oy 005 01 [ 02 [03 04 [05 [o06 ] 07 0809 [ 10
20 0,12 0,15 | 0,20 | 0,26 | 0,35 | 0,42 | 0,50 | 0,60 0,72 | 0,84 | 1,00
30 0,18 0,21 | 0,27 | 0,34 | 043 | 0,51 | 0,60 | 0,75 0,88 [ 1,07 | 1,26
40 0,25/ 0,27 | 0,33 | 0,42 | 0,51 | 0,60 | 0,76 | 0,94 1,11 ( 1,38 | 1,71
50 0,31 0,37 | 040 | 050 | 0,59 | 0,71 | 0,92 | 1,17 1,38 | 1,76 | 2,22
60 0,37 0,40 | 0,47 | 057 | 0,67 | 0,82 | 1,08 | 1,43 1,70 | 2,17 | 2,81
70 0,43 046 [ 054 | 064 | 0,75 | 094 [ 1,26 | 1,72 2,04 | 2,69 | 3,52
80 0,50 054 | 064 | 0,75 | 0,94 | 1,26 | 1,72 | 2,04 2,69 | 3,52 | 4,40
Ta6muna I1.9
3Ha4YeHHS MOMPABOYHOTO KOAPGUIIMEHTA 0L JUTS MOTUATHIICHTepe(TaTaTHBIX KOHJIEHCATOPOB
[TonpaBounbIit KO3 duient o npu Ku
b o1 [ 02 |03 04 [ 05 [ 06 | 07 [ o8 [ 09 [ 10
20 0,33 0,46 | 0,55 0,65 0,72 0,78 0,85 0,90 0,94 1,00
30 0,42 0,61 |0,74 0,85 0,94 1,08 1,09 1,16 1,24 1,29
40 0,55 0,77 (0,94 1,07 1,20 1,29 1,41 1,50 1,57 1,66
50 0,70 0,98 |1,18 1,35 1,52 1,64 1,78 1,88 2,00 2,09
60 0,87 122 1,48 1,70 1,86 2,05 2,20 2,35 2,48 2,60
70 1,07 150 |1,81 2,07 2,31 2,52 2,70 2,89 3,05 3,20
80 1,31 1,81 | 2,20 2,52 2,79 3,05 3,27 3,50 3,70 3,88
Ta6auna I1.10
3HaueHusl NoNpaBoOYHOro koddduirenra o st ToOpoIIacTOBbIX KOHASHCATOPOB
t [TorpaBounbIil ko3 urmenT o npu Ku
o 0,1 0,2 03 | 04 05 06 | 07 | 08 0,9 1,0
20 0,30 0,44 0,54 0,62 0,71 0,77 0,83 0,89 0,94 1,00
30 0,33 0,53 0,65 0,75 0,84 0,92 0,99 1,07 | 1,13 1,19
40 0,45 0,66 0,77 0,89 0,99 1,10| 1,18 1,27 | 1,34 1,42
50 0,53 0,74 0,90 1,06 1,18 1,28 1,39 1,48 | 1,57 1,66
60 0,60 0,86 1,06 1,22 1,36 1,49 1,61 1,72 | 1,83 1,93
70 0,71 0,99 1,22 1,40 1,57 1,72 1,86 1,99 | 2,11 2,22
80 0,80 1,15 1,39 1,61 1,80 196 | 2,13 2,28 2,42 2,55
Tab6muna 5.11
3HaueHus OMPaBOYHOTO KO PHIIMEHTa o IS TOTUCTUPOIBHBIX KOH/IEHCATOPOB
foxp | IlonpaBouHbBIN KO duImenT o npu KH |
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0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
20 | 0,08 0,11 0,18 | 0,28 039 | 055 | 061 | 0,73 | 0,85 1,00
30 | 0,06 014 | 026 | 0,37 051 | 067 | 081 | 098 | 1,15 1,32
40 | 0,08 0,19 0,34 | 0,50 0,67 086 | 1,07 | 1,28 | 151 1,73
50 | 0,09 0,25 0,44 | 0,64 0,87 1,12 | 1,37 | 165 | 1,98 2,23
60 | 0,12 0,31 0,55 | 081 1,11 142 | 1,75 | 2,09 | 2,45 2,84
70 | 0,15 0,39 0,69 [ 1,01 1,36 1,76 | 2,18 | 2,62 | 3,07 3,54
80 | 0,19 0,48 0,86 | 1,26 1,70 | 218 | 2,70 | 3,23 | 3,79 4,37

Tabauua 5.12

3HayeHMA IIOIIpaBO4YHOI'O KOB(b(bI/II_II/IeHTa o 4JI1 METAJLJIOINNICHOYHBIX 1 KOM6I/IHI/IpOBaH'
HBIX KOHACHCATOPOB

i ITonpaBounbIii KOdhuHEHT 0o Tpu KH

o 005 01 | 02 |03 [o04 o5 |06 [07 | 08]09 [ 10
20 0,05 0,11 | 0,20 | 0,27 | 0,41 | 0,47 | 055 | 0,71 | 0,80 [ 0,90 [ 1,00
30 0,06 0,12 | 0,21 [ 0,28 | 0,41 | 0,51 | 0,61 | 0,77 | 0,90 | 0,98 | 1,15
40 0,08 0,13 | 0,23 | 0,29 | 0,42 | 0,55 | 0,68 | 0,86 1,00 [ 1,20 [ 1,40
50 0,10 0,16 | 0,25 | 0,32 | 0,45 | 0,62 | 0,78 | 1,00 140 [ 1,70 [ 1,95
60 0,12 0,18 | 0,28 | 0,37 [ 0,51 | 0,71 | 1,00 | 1,45 195 [ 2,45 [ 3,35
70 0,15( 0,22 | 0,33 [ 0,44 | 0,60 | 0,83 | 1,40 | 2,10 | 2,80 | 3,60 | 570
80 0,27/ 0,33 1 0,38 | 0,55 [ 0,80 | 1,25 | 1,70 | 2,70 | 3,70 | 5,25 —

Tabmanma 5.13

3HaueHUs IOIpaBO4YHOI O KOB(b(l)I/IHI/IeHTa o I TIOCTOAHHBIX HEITPOBOJIOYHBIX MCTAJLIIO-
IJICHOYHBIX 1 METAJIJIOOKHMCHBIX PE3UCTOPOB

t [TonpaBouHbIi KO uLeHT o npu KH

® 0,05 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
20 0,12/ 0,15 | 0,20 | 0,26 | 0,35 | 0,42 | 0,50 | 0,60 | 0,72 [ 0,84 | 1,00
30 0,18/ 0,21 | 0,27 | 0,34 | 0,43 | 0,51 | 0,60 | 0,75 | 0,88 | 1,07 [ 1,26
40 0,25 0,27 | 0,33 | 0,42 [ 051 | 0,60 | 0,76 | 0,94 [ 1,11 | 1,38 | 1,71
50 0,31} 0,37 | 0,40 | 0,50 | 0,59 | 0,71 | 0,92 | 1,17 | 1,38 | 1,76 | 2,22
60 0,37/ 0,40 | 0,47 | 0,57 | 0,67 | 0,82 | 1,08 | 1,43 | 1,70 | 2,17 | 2,81
70 0,43| 0,46 | 0,54 | 064 [ 0,75 | 094 | 1,26 | 1,72 | 2,04 | 2,69 | 3,52
80 0,50[ 0,54 | 064 | 0,75 | 094 | 1,26 | 1,72 | 2,04 | 2,69 [ 3,52 | 4,40

Tabmuma 5.14
3Ha4YeHHs IONIPABOYHOTO KOA(DPUIMEHTA O JIJTST KEPAMUIECKUX KOHJICHCATOPOB

t [TonpaBouHbIi KOdpunueHT o npu Ku

** | 005 01 [ 02 [03 |04 |05 [ 06 |07 [081]09 |10
20 0,02/ 0,03 | 0,04 | 0,05 | 0,08 | 0,13 | 0,23 | 0,38 | 0,52 [ 0,76 | 1,00
30 0,02/ 0,03 | 0,04 | 0,06 | 0,09 | 0,16 | 0,29 | 0,42 | 0,61 | 0,88 [ 1,17
40 0,25/ 0,04 | 0,05 | 0,07 | 0,10 | 0,18 | 0,33 | 0,46 | 0,69 | 0,89 [ 1,36
50 0,03| 0,04 | 0,05 | 0,07 | 0,12 | 0,20 | 0,38 | 0,52 [ 0,78 | 1,13 [ 1,54
60 0,04/ 0,05 | 0,06 | 0,08 [ 0,13 | 0,23 | 0,42 | 0,61 [ 0,89 | 1,30 [ 1,74
70 0,05/ 0,06 | 0,07 | 0,09 | 0,24 | 0,29 | 0,48 | 0,70 | 1,03 [ 1,52 | 2,00
80 0,06| 0,07 | 0,08 | 0,10 | 0,16 | 0,38 | 0,56 | 0,80 [ 1,19 | 1,77 [ 2,00

Tabmuma 5.15
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3Ha4YeHus TONPaBOYHOT0 K03 UITHEeHTa oL AT SJEKTPOITUTUIECKUX
KOHJICHCATOPOB (KpOME TaHTAJIOBBIX)

[TonmpaBounblii KO duImeHT o npu KH

be 02 0,3 0,4 0,5 0,6 0,7 08 0.9 1,0
20 0,80 0,66 0,50 0,40 0,50 0,66 0,80 0,84 1,00
30 0,94 0,82 0,66 0,50 0,66 0,82 0,94 1,15 1,40
40 1,40 1,10 0,88 0,68 0,88 1,10 1,40 1,75 2,00
50 2,20 1,75 1,45 1,10 1,45 1,75 2,20 2,70 3,20
60 3,40 2,75 2,15 1,90 2,15 2,75 3,45 4,40 5,40
70 5,70 4,40 3,70 3,00 3,70 4,40 5,70 7,715 —
80 9,00 7,00 5,70 4,60 5,70 7,00 9,00 — —
90 — — 8,00 6,70 8,00 — — — —
100 — — — 9,00 — — — — —
Tabmuua 5.16
3HaueHUs TOMPaBOYHOTO Kod(duimenTa o 1isi OyMaKHBIX U METAIIO0YMAaXKHBIX KOH-
JIEHCATOPOB
¢ [TonnpaBouHBIN KO3 dHUIHEHT o ipu KH
** ] o005/ 01 [02 |03 |04 [05 06 |07 ] 08 |09 [ 10
20 0,08| 0,11 |0,20 | 0,27 | 0,41 | 0,47 | 0,55 | 0,71 | 0,80 | 0,90 [ 1,00
30 0,09 0,12 10,21 | 0,28 | 0,41 | 0,51 | 0,61 | 0,77 | 0,90 | 0,98 | 1,15
40 0,10| 0,13 ]0,23 | 0,29 [ 0,42 | 0,52 | 0,68 | 0,86 | 0,99 | 1,20 | 1,40
50 0,12} 0,16 |0,25 | 0,32 [ 0,45 | 0,62 | 0,78 | 1,00 | 1,40 | 1,70 | 195
60 0,14| 0,18 10,28 | 0,37 [ 0,51 | 0,71 | 1,00 | 1,45 | 195 | 245 | 3,35
70 0,18| 0,22 10,33 | 0,44 [ 0,70 | 0,83 | 1,43 | 2,10 | 2,80 | 3,60 [ 5,70
80 0,32 0,33 10,44 | 0555 | 0,80 | 1,25 | 1,70 | 2,70 [ 3,70 | 5,25 —
Tabmuma 5.17
3HaueHus MONPaBOYHOro KO3 PUIMEeHTa o ISl CIIOAIHBIX KOHIEHCATOPOB
(xpome KCOT u K31VY-3E)
¢ [TorrpaBouHbIif KO3 uineHT o npu KH
*" o005 01 Jo2 [o03 04 [O05([06 [ 07]08 709 [10
20 0,015 | 0,03 | 0,06 0,08 | 0,20 { 0,15 | 0,20 | 0,30 | 0,40 | 0,50 | 1,00
30 0,025 | 0,05 |0,10 0,12 | 0,18 | 0,22 | 0,28 | 0,36 | 0,50 | 0,80 | 1,40
40 0,040 | 0,08 |0,11 0,19 | 0,25 { 0,30 | 0,32 | 0,45 | 0,60 | 1,00 | 1,60
50 0,065 | 0,11 | 0,18 0,25 (032 (038|045 | 048 | 0,72 | 1,25 | 2,00
60 0,16 | 0,20 {0,25 0,33 | 0,45 [ 050 | 0,60 | 0,70 | 0,90 | 1,28 | 2,60
70 0,23 | 0,30 (0,38 0,50 [ 0,60 [ 0,70 | 0,90 | 1,20 | 1,50 | 2,50 | 4,00
80 0,30 | 0,40 |0,55 0,70 | 0,90 | 1,10 | 1,40 | 1,60 | 2,20 | 3,60 | 6,00
90 0,44 | 0,60 (0,80 1,00 | 1,40 | 1,60 | 2,00 [ 2,50 | 3,20 | 5,50 —
100 0,70 | 1,00 1,25 150 | 1,80 | 2,20 | 2,60 | 3,50 | 520 — —

Tabmuma 5.18
3Ha4YeHUs OMPABOYHOTO KOA(PPHUIIMEHTA 0L AT IFICHOYHBIX KOMITO3UIIMOHHBIX (IIOJCTPO-
€YHBIX ) PE3UCTOPOB
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¢ ITonpaBounsbIit kKodhduEeHT o npu KH

** 101 |02 | 03 |04 [ 05 [ 06 [07 |08 [ 09 | 10
20 0,15 | 0,20 | 0,30 | 0,45 0,60 0,75 | 0,80 | 0,90 0,98 1,00
30 0,20 | 0,30 | 0,40 | 0,55 0,70 0,90 1,00 1,10 1,15 1,20
40 0,35 | 0,50 | 0,60 | 0,80 0,90 1,00 1,30 1,55 1,65 1,80
50 0,80 1,00 1,15 1,30 1,50 1,60 1,70 1,90 2,20 2,80
60 1,30 1,50 1,70 1,90 2,50 2,80 [ 3,00 3,50 [ 4,00 5,00
70 180 | 2,50 2,70 3,20 4,00 550 | 6,00 6,50 7,00 7,50
80 250 [ 3,00 | 400 | 4,50 6,50 8,00 [ 8,50 9,00 9,50 10,5

Tabmauua 5.19
3Ha4YeHHS TOMPABOYHOTO KO3 HUIIHEHTA O TSI O0BEMHBIX KOMO3HITMOHHBIX TIEPEMEHHBIX

PE3UCTOPOB

toxp ITonpaBounskIil KodhdurmenT o npu Ku
0,1 02 (0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0
20 0,15 | 0,20 0,25 0,30 0,40 0,50 0,60 0,70 0,85 1,00
30 0,20 [ 0,30 |0,35 0,40 0,45 0,65 0,75 0,90 1,00 1,10
40 0,30 | 0,35 0,40 0,50 0,60 0,75 1,00 1,15 1,20 1,20
50 0,50 [ 0,55 |0,60 0,65 0,75 1,00 1,15 1,20 1,25 1,30
60 0,70 | 0,80 10,85 0,90 1,00 1,20 1,25 1,28 1,30 1,40
70 0,90 | 0,95 |1,00 1,10 1,30 1,40 1,45 1,50 0,55 1,60
80 1,00 | 1,10 [1,20 1,30 1,40 1,50 1,55 1,65 0,75 1,80
90 1,20 | 1,50 [1,80 2,00 2,20 2,50 2,80 3,00 3,20 3,50
100 1,80 | 2,00 [2,20 2,70 3,00 3,30 3,80 4,20 4,50 5,00

Taobmuua 5.20

3HaueHUS IMOIIpaBOYHOT'O KOS(i)(i)I/IIII/IeHTa O JJ19 TOCTOSAHHBIX HCIPOBOJIOYHBIX
TIJICHOY-HBIX YIVICPOJHBIX PE3UCTOPOB

[TonpaBouHbIi KO3 duirieHt o npu Ku
towp 0,051 01 0,2 0,3 0,4 0,5 0,6 0,7 08 | 09 | 10
20 0,33 0,34 | 0,36 | 0,40 0,43 0,46 0,52 0,60 | 065 | 0,8 | 1,00
30 0,341 0,35 [ 0,39 | 043 0,46 0,53 0,60 | 0,68 | 0,75 [ 0,94 | 1,40
40 0,36 0,38 | 0,42 | 0,48 0,52 0,61 0,70 | 0,80 | 0,86 [ 1,35 | 1,95
50 0,44| 046 | 0,48 [ 0,54 0,60 0,72 0,82 0,92 [ 1,00 |1,90 | 2,25
60 0,46| 047 | 052 | 0,62 0,71 0,85 0,98 120 [ 1,60 | 2,75 | 5,15
70 0,50| 054 [ 0,60 | 0,72 0,84 1,00 1,45 1,90 | 2,50 | 4,20 | 8,00
80 0,56 0,62 | 0,72 | 0,84 1,00 1,45 1,90 250 | 4,20 |1 800 [ —
90 0,62| 0,71 [ 0,85 | 1,00 1,45 2,00 3,30 6,60 | 8,00 | — —
100 0,72 0,82 | 1,00 | 1,50 2,00 3,30 5,00 8,00 | — — —
Tabmuma 5.21
3HaueHnsa IMOIpaBO4YHOI' O KO3(1)CI)I/II_[I/IGHT3 O JJ1A TIOCTOSAHHBIX HEITPOBOJIOYHBIX KOMITO3H -
IIMOHHBIX PE3UCTOPOB
t [TonmpaBounsiit KO duImenT o npu Ku
o 005] 01 Jo2 ] 03 [ o4 [ o5 [ o6 [07 [08] 09]10
20 0,731 0,75 [ 0,78 | 0,79 0,80 0,83 086 [ 089 |09 |09 | 1,0
30 0,74 0,76 | 0,80 | 0,84 0,88 0,92 096 | 1,02 [ 103 | 1,11 | 1,14
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40 0,76 0,80 084 091] 098 1,02 106 [ 1,14 1,22 1,29] 1,36

50 0,79] 084 092 101] 110(| 1,15 120 1,32| 1,40 1,54] 1,68

60 0,85 090 100 110] 120 1,27 134 1,48( 162 1,81] 1,99

70 09| 100 108 121 134| 1,43 150| 168( 1,86| 2,18] 2,50

80 1,07 1,10 120] 135 150 1,60 168 | 190( 2,10 2,50] 3,30

90 1,12 122 136 154| 166 1,72 197 225| 2,67 3,60] 4,00

Tabmuua 5.22
3HaueHUs OMPaBOYHOTO Kod(PHIMEHTa o ISl MPOBOJOYHBIX TOCTOSIHHBIX PE3UCTOPOB

t [TonpaBounbIi KO3 punment o npu Ku
> 005 01 [ 02 |03 [04 |05 |06 |07 [08 |09 [ 10
20 0,05[ 0,05 | 0,06 | 0,06 0,07 0,08 | 010 |0,23 10,44 |0,75 | 1,00
30 0,09 0,10 | 0,12 | 0,13 0,14 017 1024 0,40 |0,62 |0,88 [ 1,15
40 0,13( 0,15 | 0,17 | 0,18 0,20 0,25 | 0,39 0,58 10,82 |1,08 | 1,37
50 0,19 0,21 | 0,23 | 0,25 0,27 034 | 053 |0,76 1103 |130 | 161
60 0,25 0,27 | 0,29 | 0,31 0,34 0,43 | 0,67 0,95 11,25 | 154 | 1,80
70 0,29( 0,31 | 0,34 | 0,37 0,40 0,51 | 0,81 1,15 (1,48 [ 1,74 | 1,80
80 0,32 0,34 | 0,37 | 0,40 0,45 0,63 | 0,90 1,30 (162 (180 | —
90 0,36/ 0,40 | 0,47 | 0,54 0,60 0,70 | 1,15 1,50 (1,80 [ — —
Tabauua 5.23
3Ha4YeHHs ONPABOYHOTO KOA((DHUIMEHTA O JIsl IPOBOJIOYHBIX MIEPEMEHHBIX PE3UCTOPOB
t ITorpaBouHblil K03 GuimeHT o npu KH
o 005] 01 [ 02 J0o3 [ 04 | 05 [06 [ 07 [08 ] 09 [ 10
20 0,06 | 0,07 | 0,10 | 0,13 0,17 0,23 (031 ] 041 059 | 080 | 1,00
30 0,07 0,08 | 0,11 [ 0,14 0,19 0,25 [034 ] 045 | 0,65 | 086 | 1,07
40 0,081 0,09 | 0,12 | 0,15 0,20 0,27 | 0,38 | 0,50 | 0,69 | 091 | 1,14
50 0,091 0,10 | 0,13 | 0,16 0,22 0,30 [ 041 | 055 ]0,73 | 097 | 1,20
60 0,10 0,11 | 0,14 [ 0,17 0,24 032 [044 | 060 | 0,78 | 1,02 | 1,26
70 0,11 0,12 | 0,16 | 0,19 0,25 034 [048 | 064 | 0,83 | 107 | 1,33
80 0,11 0,13 | 0,18 | 0,22 0,27 0,36 [ 050 | 068 | 0,88 | 1,12 | 1,40
90 0,121 0,15 | 0,20 [ 0,24 0,29 038 [052 | 0,72 )093 | 117 | 145
3HadyeHue nonpaBoyHoro koxgduuuenta K=A/Ao s snemeHToB POC B 3aBUCUMOCTH OT
YCJIOBUH 3KCILTyaTalluu
YcnoBus dKcILTyaTanuu [TorrpaBo4HbIM KOAPHUIHEHT
JlaGopaTopHbie U 6J1ar0yCTPOCHHBIE TTOME- 1,0
HICHUS
CrannoHapHble Ha36MHbIE YCTPONCTBA 10...20
3amuTHBIE OTCEKH Kopabiein 17...40
ABTOnpHIEN 25...50
JKenesnonoposkHas miatTgopma 40...60
Camoner 100...150
Y1paBisieMblil CHapsij 300...350
Pakera 700...1000
[Ipumeuanue:
A — HHTEHCUBHOCTb OTKA30B 3JIEMEHTA NPH KCIUTyaTaluy, 1/4; A0 — MHTEHCUBHOCTb OTKAa30B
HJIEMEHTA B JIAOOPATOPHBIX YCIOBHSIX, 1/4.
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HexoTopsble cipaBoYHble TaHHbIE, HCIIOJIb3YyeMble IPH KOHCTPYHPOBAa-

Huu PIOC
Tao6muua I1.1
Jlonnyctumeble HanpspkeHust (B) Mexay mpoBOJHUKAMU NEYATHBIX TIAT
Paccrosuue Paccrosaue
MEXIY IIPO- I'etnnaxc Crexo- MEXKIY IIpOo- TI'eTnHakc CTeKI0TEKCTOINUT
TEKCTOJIUT
BOJAHHKAMH, MM BOJHUKAMH, MM
0,15 - 20 0,7 150 150
0,2 - 25 0,8 175 175
0,25 30 30 0,9 200 200
0,3 50 50 1,0 250 250
0,4 75 75 1,2 300 300
0,5 100 100 15 400 400
0,6 125 125 2,5 450 500
[Tpumeuanus:
1.Ha BHyTpeHHue ciou MHOTocI0NHbIX neyaTHbIX Tuiat (MIIIT) nogaBaTe HanpsbkeHue O6osee
250B He pekoMeHayeTcsl.
2.I'etunakc B repmernyHbix POC He ucnomb3yercs.

Taomuua I1.2

OTtHOCHTEIbHAS JUIJICKTPUYICCKAA IMMPOHUIACMOCTb HCKOTOPBLIX MAaTCpHUaAJIOB

OTHOCHUTENbHAS JTH- OtHocuTeNnbpHas qU-
Marepuan JJIEKTpUYECKas Ipo- Marepuan JJEKTpUYECKas Mpo-
HUI[AEMOCTh
HHUIIAEMOCTh & €
@roponnact-4 (te- 2..2,1 CTeKIOTEKCTOIHUT 4...6
¢b0H)
[Tonustunen 2,2..23 AHOIHO® IIOKPHITHE 6...7
QATFOMUHUS
[Tonukop(99,8%

IT 2 ’ .1

OJINCTUPOIT .55 A1203) 9...10

Bpokeput(99,7%
[Tomucynshon 3,1 Be204) 6,3...6,5
Kepammuka 22XC(96%

J 3,1 8,5...9,5

aBcaH A1203)
Buunmnact 3,0...3,5 Curann CT-50-1 6...8,5
(TIOTMBUHMII - XJIOPH]T)
[Nomm bupcyabdon 3,5 Curay KI1-10 10
IMonnmung 3,5 Kpemuuit 11,7
DIOKCUIBI 3,5...4 ApceHu rajums 13,3
CHJINKOHBI 3,5..4,2 DeppuThl 9...14
ITonuypeTtanbl 3,5..4

Ta6muma I1.3

[ToronHas eMKOCTh TIEUATHBIX MTPOBOAHUKOB (ID/CM), pacmonoKEeHHBIX JPYT MO APYTOM
Ha COCEJIHUX CJIOSAX, JUISl AUDJICKTPUUECKON MPOHUIIAEMOCTH TUIaThl €11 = 6+10%

[upuna mpoBoa-
HUKA, MM

JIIIIT TonmmHOM

MIIIT TommmHOI ci10eB

MM

1,5

0,15 | 0,25

0,5
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0,2 0,54 14 1,05 0,75
0,3 0,6 1,86 1,35 0,78
0,5 0,72 2,55 1,86 1,2
1,0 0,96 - 2,76 1,86
210 1)6 - 2,76
50 2,6 - )
Tab6muna I1.4
Jlonyctumast MHIYKTUBHOCTD (MKI H) IIMH 3a3eMiieHus
MMIynbCHBIN CKa4OK TOKA B 36MJITHOM IITMHE
C ncC
=it 200 160 120 90 60
115 0,33 0,55 - - -
130 - - 0,04 0,54 -
133 - - 0,04 0,54 -
155 0,10 0,15 0,25 0,40 -
187 - - - - 0,08
217 - - 0,10 0,25
230 - - 0,30 0,60
231 - 0,35 0,60 -
240 0,08 0,32 - -
Tabmnuma I1.5
Jlonyctumplii TOK (A) meyaTHBIX MPOBOTHUKOB
Tonmuua [IInprHa NPOBOIHHUKA, MKM
MeTo4 U3TrOTOBICHUS Hp(&?gﬂsf;(a
TP 045 | 0,25 05 1,0 3,0
MKM
XuMudeckuii (BHyTpEHHHE 20 0,05 0,08 0,15 0,30 0,90
cirou MITIT) 35 0,08 0,13 0,26 0,53 1,58
50 0,11 0,19 0,37 0,75 2,25
Xumuueckui (HapyKHbIE 20 0,06 0,10 0,20 0,40 1.2
crow OTTIT, JITTI) 35 0,11 0,18 0,35 0,70 2,1
’ 50 0,15 0,25 0,50 1,00 3,0
KoMOuHnpOoBaHHBIH MO3H- 20 0,23 0,38 0,75 1,50 4,50
Tusmbi (T 35 0,24 0,40 0,80 1,60 4,80
50 0,29 0,48 0,95 1,90 5,70
DIEKTPOXUMHYCCKHIA 35 0,11 0,18 0,35 0,70 2,10
Tabmnua I1.6

ConpoTHUBJIEHUE NTE€YATHBIX TPOBOAHUKOB JUIMHOW 1M

Mertona n3roToBieHU

TonmuHa mpo-
BOJIHUKA, MKM

Conporusnenne, Om, HE OoJiee, IPH K-

pHUHE 1T

DOBOJHHWKA, MM

0,15 0,25

05 | 10 | 30
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XUMHAYECKUH 20 6,60 4,00 2,00 1,00 0,33
35 3,80 4,29 1,10 0,57 0,29
50 2,66 1,60 0,80 0,40 0,13
KoMOnHUpOBaHHBII 20 4,10 2,46 1,20 0,60 0,18
35 2,80 1,63 0,80 0,40 0,14
50 2,14 1,28 0,60 0,32 0,10
DJIEKTPOXUMHYECKUIN 35 10,66 6,40 3,20 1,60 0,53
Ta6muua I1.7
IToronnsie emkocTy (Md/cCM) COCETHUX TIEYATHBIX MPOBOIHUKOB, PACTIONOKEHHBIX B OJTHOM CJIOE
Iupuna mpo- 3a30p MEXy Mpo- Al Buyrpennne
BOJHIKA, MM BOHIKAMH, MM HEJAaKUPOBAaHHBIC | JAKUPOBAHHBIC ciou
E5¢h=3,9 €3¢h=5 MIIIL gy 3=6
0,2 0,2 0,53 0,75 0,90
0,2 0,6 0,35 0,5 0,60
0,3 0,3 0,53 0,75 0,90
0,3 0,6 0,42 0,60 0,72
0,4 0,4 0,53 0,75 0,90
0,5 0,3 0,63 0,90 1,08
0,5 0,5 0,53 0,75 0,90
0,6 0,2 0,7 1,00 1,2
0,6 0,6 0,53 0,75 0,90
[Tpumeuanue:

1. dnsa nakoB YP — 231 u OI1 — 9114 enn=4

2. Bayrpennue ciou MIIIT u3rotoBieHb METOIOM METAJLTU3AIIMN CKBO3HBIX OTBEPCTHIA, MO~

MapHOT0 IPECCOBAaHUS 1 KOMOMHUPOBAHHBIM METOJIOM

Ta6muna I1.8

JlonycTrMble 3HaUeHUsI Tapa3uTHOW EMKOCTH 3JIeKTpHueckux cBsizeit (nd) npu noxHOM

cpabareiBaHuu ornyeckux MC

Cepus

e 114 130 133 155 187 217 230 231 240
Cud 25 35 50 60 45 20 50 50 40
Ta6muna I1.9
JlmanazoH U3MEHEHHS DIICKTPUICCKHX ITAPAMETPOB JICKTPOMOHTAXKA
DJIeMEHT CBA3U Z,0Mm L, mx['a/m C,ud/m C’ch)/ R,Om b’M
ITomockoBas TMHAS 2822%(;(; 0,02...0,5 5...50 5...20 - -
MeKCIIOUHEIN Ie-
pexXo]1 neyaTHOU 140 0,2 1 - 0,0004 1...3
[UIaThI
OnnHOYHBIN 006
€MHBII MPOBOTHUK
HALOKPAMOM WA~ 1 16 140 | 0,14...1,4 7...80 - | 000s6...1,1| -

metpoM 0,1...2MmM;
paccTosiHue 110
skpana 1...100mm




100

IlepeBuTas napa
npoBoaHuKoB Tumna | 120...160 1...2 50...100 - - -
MITO
Konraxrias napa 200 30 ulH 0,8 nd - | 001...002| 20
pa3zbema

50...100 -
KoakcuanbHbIi Ka- + 0,1...0,5 | 0,64...0,15*10 - - -
Oenb (4...20)%
Okpanuposannbii | 30...40 = . 100...200 ) ) )
IPOBOJ 20%

*PazmepHocTh — OM/M.

Tabmuna I1.10
[IpenenbHO TOMYCTHUMBIE TTOJIOKUTEIBHBIC TEMIIEPATYPHI JJIT HEKOTOPBIX H3O0JISIIH -
OHHBIX MaTEePHAIIOB

Matepuaiibt Temnepartypa, °C
HemnpornuranHbie BOJIOKHUCTBIC (IpeBecHas Oymara, kapToH, ¢puopa, 90
x/0 BOJIOKHO, HATYPAJIbHBIM IIEIIK)
BosokHHCTEIE, MPONUTAHHBIC MACIISTHBIMU, MACIISTHO-CMOJISTHBIMU U JIPY- 105
UMM JIaKaMd. DMaJieBasi ¥ JIaKOBast U30JISIUS
[TnacTmaccer u3 (heHoIPOPMATBACTHIHBIX H JPYTUX CMOJ C HEJUTFOJIO3- 120
HBIMH HAIIOJIHUTEISIMH (T€TUHAKC, TEKCTOJIUT | JIP.)
CTeKJIO BOJIOKHHUCTHIE, MPOIUTAHHBIC KOMITAyHIaMU Ha OCHOBE BBICHIXa- 130
IONIMX MAacel, eJuIaKa, OaKkeJInuTa u T.JI.
U3 cTeknoBoioKHa, acoecTa, MPOMUTAHHBIE: 155
STIOKCHTHBIMHY JIaKaMH (CMOJIaMH ) KpEMHUHOPTaHMYECKUMU COCTaBa 180
Heopranudeckne HeTpomUTaHHbIE (CIIOA, CTEKIIO, KepaMUKa, KBapil, Bonee 180
¢roporuiact-4 )

Tabmuma I1.11
O peKTUBHOCTH pa3NUYHBIX CIIOCOOOB KOHBEKTUBHOIO TEIJIOOTBOIA MIPH MEPETPEBE
anmnapaTypbl OTHOCUTENIBHO OKpYyXkaroen cpeasl 10 30°C

TemnooTBo, IImoTHOCTH TerIoBOrO MMOTOKA, BT/CM?
EcTecTBeHHO BO3AYIIHBIN:
B T€PMETUYHOM OJIOKE 0,007...0,015
B HETEPMETHYHOM OJIOKE 0,01...0,05
[IpuHYIUTENTHEHO — BO3AYIIHBIN KUJIKOCTHBIM: 0,15...0,4
MacjoM 0,5...31
BOJOM 1,5...10
HcnaputeabHBIM OXJIaKICHUEM:
dTOpopraHUYeCcKUMHU KUIKOCTAMU ((ppeoHs) 1,5...25
BOIOI 1,5...150

Tabnmma I1.12
XapaKTepUCTUKU HEKOTOPBIX MaTEPHATIOB T€PMETHU3UPYIONIUX MPOKIAJI0K

Marepuan NpoKIagKu | Jlomycrumoe masnenne, | Jlomyctumas Temmeparypa, °C |




101

H/cm? (Tpu OrpaHUYEHHOM YHUCIIC

TEPMOIIMKIIOB)
Mens 4000 -183...+150(0 600)
AmoMuHUT 600 +150(m0 400)
CBuHen be3 orpannuenuit +100
Wit To xe +150
Pe3una 2500 -60...+250
dropomact-4 100...300 -195...4+260
dToportact-3 100...150 -85...4200
IMonmuamu el 250...300 -40...+80

Taomuua I1.13
3HaueHue nonpaBoyHoro kodddummenra K=A/Ao aus snmemenToB POC B 3aBUCHMOCTH OT
YCIIOBHI KCIUTyaTaI[H

VYcoBus dKCIUTyaTaluu [TonpaBouHbIi KOAhPHUITECHT
JlaGopaTopHbIe U 6J1ar0yCTPOCHHBIE TTOME- 1,0
HICHUS
CranroHapHble Ha3eMHbIE YCTPONCTBA 10...20
3almuTHBIC OTCEKH Kopabiei 17...40
ABTOnpHULIET 25...50
KenesnonopoxxHas niaatrgopma 40...60
Camorner 100...150
YIpaBisieMbli CHapsij 300...350
Pakera 700...1000
IIpumeyanue:
A — MHTEHCUBHOCTb OTKA30B 3JIEMEHTA MPH KCIUTyaTalluu, 1/4; A0 — MHTEHCUBHOCTh OTKa30B
AJIEMEHTA B JIaOOPaTOPHBIX YCIOBUSAX, 1/4.







