[TPUJIOXXEHME 1
MHWHHUCTEPCTBO HAYKHU 1 BBICILIETO OBPAZOBAHUS
POCCUNCKOM ®EJIEPAITNN
®denepaibHOE TOCYIapCTBEHHOE OI0IKETHOE 00pa30BaTEIbLHOE YUPEKICHUE
BBICIIEr0 0Opa3oBaHus
PS3AHCKUI I'OCYTAPCTBEHHBIN PAJITMOTEXHUYECKUI
YHUBEPCUTET UMEHU B.®. YTKUHA

Kadenpa pagnoTrexHuuecKux CUCTEM

OHEHOYHBIE MATEPHAJIbI
0 JUCHUTUTHE (MOYJIIO)

b1.B./1B.04.01 «Cpencrsa 3amutsl PJIC oT momex»

Harmpasnenue noaroroBku

11.03.01 «PagnorexHuka

HampasieHnHocts (poduiib) MOATOTOBKU

PaglI/IOTeXHI/I‘IGCKHC CHUCTCMBI JIOKAIINHW, HABUTAIIUH U TCIICBUACHUW A

YPpOBEHB MOJATOTOBKHU

OakasiaBpuaT

[IporpammMa noaroToBKH

aKaJeMUYeCKUii OaKanaBpuar

KBanmudukanus BeITyCKHUKA — OaKanaBp

®opmbl 00yUEHUS — OYHAs; 3a04HAas

Psazaun 2026



O1neHOYHBIE MaTEPHUAIIBI — 3TO COBOKYITHOCTh Y4€OHO-METOINYECKUX MaTepUaIOB
(KOHTPOJBHBIX 3a/IaHUM, ONUCaHUM (HOPM U MpoLeayp), TPEeIHA3ZHAYCHHBIX I OLIEHKH
KAuecTBa OCBOEHMS OOYyYalIIMMHCS [JAHHOM JUCUUIUIMHBI KaK YacTH OCHOBHOW
npodeCCUOHAIBHONM 00pa30BaTEIbHON MPOrpaMMBI.

[lenb — OLEHUTh COOTBETCTBHE 3HAHWNM, YMEHHH U YPOBHSI TNPUOOPETEHHBIX
KOMIETEHIIMH, 00y4YaroIuxcsl LedsiM U TpeOOBaHUSIM OCHOBHOW MpodeccHoHaTbHOM
oOpa3oBaTeNpHOM NpOrpaMMbl B XOJA€ THPOBEACHHUS TEKYIIEro KOHTPOJS H
IIPOMEKYTOUYHOU ATTECTALUU.

OcHoBHass 3amaya — oOOecCIeYuTh OLIEHKY YPOBHS C(HOPMHPOBAHHOCTH
OOLIEKYIbTYPHBIX, OOHIENPO(ECCHOHANBHBIX W MNPO(EeCCHOHATBHBIX KOMIIETEHIUH,
npruoOpeTaeMbIX 00y4YaroIMMCsl B COOTBETCTBUU C 3TUMH TPEOOBAHUSIMU.

KoHTposnb 3Hanuii npoBoautcs B (popmMe TEKyIIEro KOHTPOJISI U MIPOMEKYTOUHOM
aTTecTaluu.

Texymmii KOHTPOJIb YCIIEBAEMOCTH MPOBOJMUTCS C LEIBIO ONPEICIICHHUS CTEIIEHU
YCBOGHUSA y4eOHOro MarTepuana, CBOEBPEMEHHOTO BBISBICHHUS W YCTpaHEHUS
HEJOCTaTKOB B TMOATOTOBKE OOYyYarOIIMXCS M MPUHATHS HEOOXOAHWMBIX MEp IO
COBEPIICHCTBOBAHUIO METOAMKH TPENoJaBaHus Yy4eOHOM MUCHUIUIMHBI (MOIYJIs),
opranu3zanu paboThl OOyYAIOIIMXCS B XOA€ YYEOHBIX 3aHATUH M OKa3aHUs WM
VHJIMBUTyaJIbHOW TOMOIIY.

K KOHTpomo Tekymien ycreBaeéMOCTH OTHOCATCS NMPOBEPKA 3HAHUM, YMEHHU U
HABBIKOB, MPUOOPETEHHBIX OOYYAIOIIMMHUCS B XOJE€ BBINOJHEHUS HHAUBUAYaJIbHBIX
3aJlaHUi Ha MPAKTUYECKUX 3aHATUSAX U J1abopaTtopHbix paborax. Ilpu oneHuBaHuun
pE3yNbTAaTOB OCBOCHHUS MPAKTHUYECKUX 3aHATUN W Ja0OpaTOpPHBIX pabOT MpPUMEHSAETCS
IIKaJIa OLUEHKU «3a4T€HO — HE 3auTeHO». KonnuecTBo J1ab0opaTOPHBIX U IMPAKTHUECKUX
paboT U uX TeMaTHKa oIpejesaeHa pabodeil mporpaMMoi TUCHUIUIMHBI, YTBEPKICHHON
3aBelyIOIINM Kadeapo.

Pe3ynpraT  BBINOJHEHHsST  KaXJAOr0 HMHJIMBUAYAJIbHOIO  3aJaHUS  JOJDKEH
COOTBETCTBOBATh BCEM KpPHUTEpPUSM OLEHKH B COOTBETCTBUU C KOMIIETCHIUSIMM,
YCTaHOBJICHHBIMH JUISl 33JaHHOTO pa3/iesia AUCIUIUINHBIL.

[IpoMeXyTOUHBI KOHTPOJb MO JUCHUIUIMHE OCYIIECTBISETCS IPOBEACHUEM
TEOPETUYECKOIO 3a4EeTa.

Kpurepun oneHuBanusi ypoBHS C(HOPMHUPOBAHHOCTH KOMIIETEHIIMI B IpoLecce
BBINOJIHEHUS JTAOOPATOPHBIX Pa0OT M MPAKTHYECKUX 3aHATHMI:

41%-60%  nDpaBUIBHBIX  OTBETOB  COOTBETCTBYET  IIOPOTOBOMY  YPOBHIO

c(hOpMHPOBAHHOCTH KOMIIETEHIIMU HA JAaHHOM 3Tare ee (OpMUpPOBaAHMUS;

61%-80% npaBUIBHBIX OTBETOB COOTBETCTBYET IPOJBHUHYTOMY YPOBHIO

c(pOpMUPOBAHHOCTH KOMIIETEHIIMH HA JAHHOM JTare ee (OPMUPOBAHNUS;

81%-100% mnpaBuIbHBIX OTBETOB COOTBETCTBYET  O3TAJOHHOMY  YPOBHIO

c(pOpMUPOBAHHOCTH KOMIIETEHIIMH HA JJAHHOM JTare ee GOpMUPOBAHUS.

CchopMupOBaHHOCTh YpPOBHS KOMIIETEHIIMA HE HWXKE IOPOTOBOTO SIBISETCA
OCHOBaHHUEM ISl JOIyCcKa 00ydYaromerocss K MpoMeXXyTOUYHOM aTTecTalluu MO JaHHON



JTHUCITATIIINHE.

dopMOl TPOMEKYTOUYHOM aTTECTAllMU MO JAHHOW JUCIUILIMHE SBJISETCS 3a4eT,
orneHuBaembii mo mnpuHaTo B ®I'BOY BO «PI'PTVY» cucreme: «3auteHo» / «HE
3a4TCHOY.

Kpurepun oreHuBaHus MPOMEKYTOUYHON aTTECTAIMH MPEICTABIICHBI B TaOHIE 1.

Tabnuua 1 - Kpurepuu olieHHMBaHUsI TPOMEKYTOUHOM atTecTanuu (JiabopaTopHbie U
MPAKTUYECKUE 3aHATHSI, TCOPETUUCCKUIN 3a4€T, IK3aMEH )

IIxaja oneHUBaHUA KpuTtepun oueHuBanusi

«3a4TEHO» CTYIEHT JI0JIZKEeH: [IPOJEMOHCTPUPOBATh 00II€e 3HaHNE
U3y4aeMOro MaTepuaa; 3HaTb OCHOBHYIO PEKOMEHIyEMYO
IPOrpaMMON TUCHUIUIMHBI Y4eOHYIO JINTEPATYPY; YMETh
CTPOUTB OTBET B COOTBETCTBUM CO CTPYKTYPOU M3J1araeéMoro
BOINPOCa; MOKa3aTh 0011ee BIaJICHUE MOHATUIHHBIM
anmnapaTroM JUCUUIUIMHBL, YMETh YCTPAHUTh JOMYILIEHHBIE
MOTPEIIHOCTH B OTBETE HAa TEOPETHUECKHUE BOIIPOCHI W/MIIH
IIPU BBITTOJIHEHUH TPAKTUYECKUX 3aJaHHH MO PYKOBOJICTBOM
npenojasaress, JM00 (Mpy HEMPaBUILHOM BBIIIOJIHEHUU
IPAKTHUYECKOT0 3aJjaHKsl) 10 YKa3aHHIO PENo1aBaTelsl
BBINIOJIHUTD JPYTUE MPAKTUUECKUE 3aJIJaHUs TOTO Ke pasjena
JUCIUIUIAHBI.

«He 324TeHO» CTABHUTCH B CJIy4ae: HE3HAHUS 3HAUYUTENbHOM YacTH
IPOrpaMMHOTr0 MaTepualla; He BiIaJIeHUs] HOHATUHHBIM
anmnapaToM JUCIUIUIMHBL, CYIIECTBEHHBIX OINOOK MpU
U3JI0’KEHUH y4eOHOro MaTepuasa; HEyMEHHs CTPOUTh OTBET B
COOTBETCTBHHM CO CTPYKTYPOU HM3JIaraéMoro BOIpoca;
HEYMEHUS JeNIaTh BBIBOJBI [10 U3JaraéMOMY MaTepHaly.
OneHka «He 3a4TeHO» TaK)Ke CTABUTCS CTYACHTAaM, KOTOPbIE
HE BBINOJHWIN U 3alUTHINA Ja00paTOpHbIE pabOTHl U
IPAKTUYECKUE 3aHATHS, IPEyCMOTPEHHbIE pabouei
IIPOrPAMMOM.

O1eHKa «HE 3a4TEHO)» TaKXKe CTAaBUTCS CTYAEHTAaM, KOTOpPbIE
B XOJI€ 3a4eTa CIUCHIBAJIU OTBETHI HA BOIIPOCHI CO MIMApraiok
WIN C IPUMEHEHUEM TEXHUYECKUX YCTPOUCTB.

KoHTpoJibHBbIE BONPOCHI JISl 3aIIIMTHI JIA00PATOPHBIX padoT

1. Kimaccudukanus paanoioKarlmOHHbIX TTIOMEX.

2. DHepretudeckass pAanbHOCTh JedictBusi PJIC mpu OTCyTCTBUM TOMEX, MpHU
HaJMYUW TIaCCHBHBIX, aKTUBHBIX W KOMOMHHPOBAHHBIX TIOMEX. YpaBHEHHUE
MIPOTUBOPAINOJIOKAITUH.

3. ®akrtopsl, BaugmOmIMEe Ha JanbHOCTh AcicTBUaA PJIC u 30HBI mojaBlieHUs €€
IIOMEXaMH.




OcCHOBHBIE METO/IBI U YCTPOMCTBA OOPHOBI C TACCHBHBIMU TTOMEXaAMHU.

OCHOBHBIE METO/IbI U YCTPOMCTBA OOPHOBI C AKTUBHBIMH ITOMEXAMHU.

Bunbl nepenaTynkoB akTUBHBIX TOMeX. VX TOCTOMHCTBA M HEJTIOCTATKH.

XapakTepuCTUKH CUTHAIOB U TIOMEX B PaIMOJIOKAIUH.

AJTOPUTM H CTPYKTYpa ONTUMAJILHON 00paboTKM curHaia Ha GOHE MOMEX.

. OCHOBHBIE XapaKTEPUCTUKHU IUPPOBHIX (PUIHTPOB.

10 MeTopl CHHTE3a HEPEKYPCHUBHBIX PEXKEKTOPHBIX (DHITBTPOB.

11. MeTton cuHTE3a HEPEKYpPCHUBHOIO (WIbTpa 1O KPUTEPUIO MaKCUMyMma
koxdduLreHTa nogaBIeHUS! TOMEXH.

12. XapakTepuCTUKHN PEKYPCUBHBIX PEKEKTOPHBIX (PUIBTPOB.

13. Xapakrepuctuku 3¢pHEKTUBHOCTH HTUPPOBBIX (HUIBTPOB.

14. CpaBHuTenbHBIM aHamu3 XapakTepuctuk ¢uibTpoB UIIK u  ¢unstpoB ¢

ONTUMHU3UPOBAHHBIMU KOY(PPUIIMEHTAMH.

R RS

IIpumepsl 3a1a4 17151 NPAKTHYECCKUX 3aHATHH
1. Onpenenure LEHTPaIbHBIE YAaCTOTBI CIEKTPOB OTPAXEHUH OT 3E€MHOM
IIOBEPXHOCTH, €CIIM HOCHUTENb HWMITYJbCHO-HoIuiepoBckoit bBPJIC nBmxkercs co
ckopocThto V' = 2160 km/4, Hecyias yactota fo = 36 [T, yron BusupoBanus 6= 60w,
a MaKCHMaJIbHas OJHO3HAYHO U3MepsieMas JATbHOCTD Ryx = 6 KM.

2. Omnpenenute «cCiemnbie» AATBHOCTH (B KM) U CKOPOCTH (B KM/4) UMIYJIbCHBIX

PJIC ¢ nepuomamu moBTopenus: 1) 1 mc, 2) 100 mxc, 3) 50 mkc, ecnu pabodast 4acToTa
PJIC fo=3T1Tmu.

3. Ompenenure «ciaensie» ckopoctu (B M/c) ummnyiabcHoi PJIC ¢ ¢punsTpom UIIK,

eciu B PJIC ucnonb3yercs BOOYNAIMS 4aCTOThI MMOBTOPEHUSI UMITYJIbCOB F =2 k[l u
F>,=2,5kl'n, a gnuna Bonue! PJIC 4+ =3 cwm.

4. Omnpenenute padouyro yactory (B I'T) umnynscaoit PJIC ¢ dpunstpom UIIK,
ecnu B PJIC ucnonb3yercst BOOYJISIIIUS 4aCTOThHI MOBTOPEHUS uMIysibcoB Fy = 1,5 kI,
F,=1,6 x'nu F;=2 kl'1, a neppas «cuenas» ckopocTs Ve, = 1080 km/4.

5. Paccuuraiite yacroty noropenus (B kl'm) mmmynbcoB PJIC, mpu koTopoii
IIUPUHA CTIEKTpa o0JaKa TUIIOJIBHBIX OTPa)KaTeJIe ¢ TaycCOBCKOW (popmoil criekTpa u
koadurmenTom mMexrnepuoanon koppensiuuu X (7) = 0,991227 pasna 100 I,

6. Haiimute xospdunmentsl mnopaBieHus (B Ab MO MOIIMHOCTH) IMacCUBHOMU
MOMEXH C rayccoBcKoi (hopmoii criektpa Guinbrpamu UIIK nepBoro u BToporo nopsiaka,
€CIIM MaKCUMallbHasi OJHO3HAYHO H3MepseMas NAIbHOCTh Ry, = 75 KM, a IIMpUHA
CIeKTpa MmoMexu g&f;, = 80 Iy,



7. Haiinure xosddunumentsl monmaBieHus (B Ab 1O MOIIHOCTH) TACCUBHOMN
MOMEXH C pe3oHaHCHOU (opmoii crekTpa ¢uasTpamu YIIK mepBoro m BTOpOro
MOPsJIKA, €CIIM MEPUOJI CJIETOBAaHUS UMITYJIbCOB 7 = 0,5 MC, a IIMpUHA CIIEKTpa TOMEXHU

g/, = 60 I'i.

8. Haitnute xoadduimentsl mopaBieHus (B ab 1o MOIIHOCTH) TAacCUBHOMN
MOMEXH B BHUJIE BECOBOM CYMMBI MOMEX C TayCCOBCKOM M pe30HaHCHOW (opmamu
cnektpa ¢unprpamu YIIK nepBoro u BTOpOro MOpSAKA, €CIU IO TayCCOBCKOM
cocrapistonieit v = 0,9, a OTHOCUTENIbHAS IUPUHA CIIEKTpa MoMexH g&f,, 7 = 0,05.

9. Omnpenenure MUHUMANBHBIN moOpsaok ¢uibTpa YIIK, HEoOXOomuMBIMN Mi1s
MOJIABJICHHS IO YPOBHSI LIyMa MacCUBHOW MOMEXM C rayCCOBCKOM (pOpMOH crekTpa u
HIMPUHON  crekTpa g&f; = 50 I'm, ecnm  oTHomieHWe  Imym-omexa  (TM0
MOIITHOCTH)

+ =-50 nb, a nepuon cinenopanus umnysibco PJIC 7T, = 1 mc.

10.00ecrieynuT 1M MOAABICHUE MACCUBHOW IMOMEXM C PE30HAHCHOW (opMOM
CIIEKTpa ¥ OTHOCHTEIbHOMN IMUPHHOM criekTpa g/ T = 0,008 10 ypoBHS miyma QUIbTP
YIIK 5-ro mopsaka, eciu OTHOILIEHWE IIyMm-miomexa (mo MomHoctu) + = -20 nb?
OO6ocHyiiTe CBOM OTBET.

11.Bo ckonbko pa3 u kak u3MeHUTCs AanbHOCTh aeiictBusi PJIC npu AT us
BBIHECEHHOM TOYKU MPOCTPAHCTBA, €CIU KOIDDUITMEHT KOPPEIISIIUU TTOMEXHU B KaHaIax
kommeHcaTopa X yeBennuutcs ¢ 0,995 no 0,999?

12. Bo ckonbKO pa3 IpU IMPOYMX PABHBIX YCIOBHMSX OTIMYAKOTCA AAIBHOCTH
oOHapyxeHust uenu npu noctaHoBke AUIIl, ecin B mnepBom ciydyae Leiab U
MOCTAHOBIIMK HaxomATcss B oOcHOBHOM Jienectke JIHA, a Bo BTopoMm ciyuae
MOCTAHOBILMK MMOMEX AeMCTBYeT no nepsomy Jenectky JIHA c ypoBuem kg, = -12 nb
(mo momHOCTH)? PaccTosiHUSA A0 LEIU U MOCTaHOBIIMKA IOMEX CUATATh OJMHAKOBBIMHU.

13.Bo cKkoibkO pa3 M Kak uU3MEHUTCS JanbHOCTh JeictBusi PJIC mnpu
CaMOMPUKPHITUU TEIH TMPULETBHON aKTUBHOM TOMEXOH, eciu KOd(PPHUIIMEHT
KOppeJdluyi MOMEXU B KaHanmax komreHcaropa X ysemnuutca ¢ 0,91 mo 0,971, a
moutHocTh 1 KH/I reneparopa nomex yBenu4arcsi COOTBETCTBEHHO B 1,5 u 2 pasza?

14.PaccuuTaiite BEpOSTHOCTH JIOKHOM TpeBoru F mpu BozueiictBuu Ha PJIC
AIII, cnexkTpanbHasg MUIOTHOCTh KOTOPOM MPEBOCXOAUT CIHEKTPAIbHYIO IJIOTHOCTh
MOIITHOCTH IITymMa IpueMHuKa B 1) g, = 2, 2) g, = 5, 3) g, = 10 pa3, eciu u3HavaabHO
napametpbl PJIC paccunrtanbl Ha OOHapyXEHHUE IMOJIE3HOTO CUTHAJIA CO CIy4YalHBbIMU
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HayaJibHOM (a3oil M aMmiauTynod Ha (OHE COOCTBEHHBIX ILIYMOB NPHUEMHHKA C



BEPOSATHOCTBIO JIOXKHOM TpeBorn F = 10°. Tloporosoe Hampspkenue Up,, CYHTATH
(bUKCUPOBaHHBIM.

15.Paccunraiite BEpOATHOCTH MPaBUIBHOTO OOHapyx)eHus: D npu Bo3aeiicTBUM Ha
PJIC AILIII, cnekTpanbHas MIOTHOCTh KOTOPOU MPEBOCXOAUT CIEKTPAIBHYIO IIJIOTHOCTh
MOIITHOCTH IIIyMa NpueMHuKka B 1) qum = 2, 2) qu = 5, 3) qu = 10 pa3, ecii u3Ha4ajabHO
napametpbl PJIC paccunrtanbl Ha OOHapyXEHHUE MOJIE3HOTO CUTHAJIA CO CIy4YalHBIMU
HayaJbHOM (a30oil ¥ amMIuMTy0il Ha (oHE COOCTBEHHBIX UIYMOB HPHUEMHHKA C
BEPOSITHOCTSIMHU JI0’)kHOU TpeBoru F = 10-6 u nmpaBunsHOTO 00Hapyx)enus D = 0,9. Ilpu

pacyeTe moJjiaraTh, 4TO IOPOroBoe HampsbkeHue Umnop M3MeHseTcs i CTaOHIu3aruu
noxkHo TpeBoru. (D2 = 0,732, D5 =0,544, D10 =0,341)

IIpumepHbIi NepedeHb OWJIETOB ISl TEOPETHYECKOI0 3a4eTa

Buasl nomex. Knaccudukamus nomex.

KorepeHTHO-KOMIIEHCAMOHHBIN NPUHIIUIT 3aIIUTHI OT MACCUBHBIX MOMEX.

[IpyuHLMT 3a1IUTEL OT HECUHXPOHHBIX UMITYJIbCHBIX TTIOMEX.

Ha3nauenue, coctaB, mpuHIUI pabOThl anmmaparypbl 3allUThl OT TOMEX IO

dbynkunonaisHoOM cxeme PJIC.

VYBoad1IKE 0 JATbHOCTH TOMEXU. METOIbI 3alUTHI.

VYBoa1IKe 10 CKOPOCTH MOMEXH. MEeTOIbI 3aIlUTHI.

YBogsiue 1o yriy noMexu. MeTo bl 3aluThI.

[Tpumenenue kputepust Baibaa B 3a7aue OOphOBI ¢ YBOISAIIUMHU [TOMEXaMHU.

9. OOBEMHO U MOBEPXHOCTHO PACIIPEACIICHHBIE TOMEXH.

10. TlosyBoJIHOBBIC AUTIOJIM U 00JIaKA AUTOJIBHBIX OTPAXKATEICH.

11. Pacuer 3¢ deKkTHUBHOI 101111 pacCesTHUsI KOPPEIUPOBAHHOM TOMEXH.

12. 3arpaautenbHbIE U MPUIIETBHBIC TOMEXHU.

13.  IIpukpbITHE 1IEIU U3 BBIHECEHHOW TOYKU U CAMOIPUKPBITHE.

14.  VYpaBHeHHE [ANbHOCTH PAJAMOJIOKALMOHHOTO OOHApY>KEHHUS IIPU aKTUBHBIX
MoMeXxax.

15. OtBerHbIe MOMEXU. METOIBI 3AIINTHI.

16. Xaormueckue umnysbcHbie momexu (XUIT). MeTosl 3aUTHI.
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CocraBun
K.T.H., goneHT kadeapsl PTC / 1.C. XoiormoB /
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[IOKYMEHT MOZAMNWCAH 3MEKTPOHHOM NMOAMWCHIO
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