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1. IIEJII,I OCBOEHVLfl,A

If em,ro ocBoeHr4l{ Ar.rcqrrlnr4Hrr <Mareuaru
sBJlterrlr o3iFIaKoMJreHr4e c $usrauecruMl{ ocHoBatur,r pe

onrriKrrr" 3Aecr cJre4yer BbrAeJrrrrb paspa6orru n oblacrH
o cHoB aHHbrx ua s (f Q exr:e rolr6ranaqI,roHHoro pacce flHprfl,

LIMIIyJIbCOB, I'eHepaII[r4 OIITI4 qeCKHX COJII,ITOHOB.

2. MECTO.IUCUIIIIJII,IHbI B
[ucguntmHa <MareMarr,rqecKoe MoAeJrrrpoBaH

o6qs aremHr,rM Ar{cuurrn lrH aM 6 ag onofi qacrr.r OIIO 'fI.
I4sy,renze l[cqrrnJrr{Hbr rrpeAnonaraer HaJr

MaTeMatTI,rqecKI{X 3Hanufr, ocHoBaHHbIx Ha rypcax <T
crarr{c:rr{KaD, <fapruouuuecrr,rfi aHEUrr43), <9raclen
ilporpaMMr4poBaHkrs,, Korophre Molyr 6rrm rronyqe
irnropaTMll3ar\krLr v nporpaMMr,rpoBaHl,rtl) v 3rraHl4t

xsaHro nofi cpnsuxn>, <K.nanronas MexanrrKa r,r

<llpurura4Hils onrr.rKa).

3I. IIJIAHI,IPYEMbIE PE3YJIbTAT}il OB
fhannpyeurre pe3ynblarbr o6yueuux ro Arlcnlrl

Jlbraral,rr{ ocBoeHvr OilOII

uo4Qmrponaunf: n frasepuoii (pupuxe>

r4r4 rrpvKnagui,rx $aAaq nenmnefi sofi
)o3Aar[u{ HoB6r4 BOJIOKOHHbD( JriqepoB,

BeTA, yCTpOr{CTq nO C}KaTUK) OBeTOBbTX

CULIIIJIIIHbI

YKTYPE OIlOil ]BO

rbrarlbr o6yuenulr no,{acqurrJn4He
tranr'I Sopu uponluut rcounerernrpril
H ocBOeHr4s lrounilrenuzu)

rEIIVrfl rr o ArI c I[r4[JIr,r H E
, coprr{ecenr#1e o [naHrlpyeMbrMr4

I(oa
Sopnarpyenrr,rx
xounr:reul;nft

Yponenr
ocrBoeHus

KOMIIETEHIII4II

3

ecrecTBeHHbrx Ht{yK;

'reprexefi v KoHcrpyKropoxofi
lrlareuaraue:cnol'o a]F.ailt43& kr

Klrx ycTaHoBoK, a TaruKe orrl.ll4qeoKHx

reunpnayuntre )z ra4xeHepHblre 3HaHr4t
r(oHcTpyHpoBawus r{ npo[r3BOAcTBa

eCTeCTBeHHOHatI/qHBllX lI I4H)I(€)H0DHbIX

H KOMnbmTqpHLIlv[4 CI4O',reMaMr.I,

MOACJJ}TPOBAHIZI,I H NOOEKTIADOBAHI4II
I

xourfrercon, (,ucre,u v na3epHr,rx

pr npoeKTnpoB4r{t4r rexn,olorlri lz

llctc/,nuvHbtu 3narr ocHoBHbIe 3a

rlpaBr4na otfoprvrl
AOKyMeHTarlr4r,r;

B.na4err MeroAaMr{

MOAenLrpoBaHx{r; ocHoB

AlrcltrrrnnuH; noHVMaTb
[poH3BOACTBa sJreMe

na3epHbrx TeXHOJIO

MaTepuanoB r{ SJreMeHTO

Yuerr, [prlMeHxrb
AnA rrpoeKTprpoBaHrrtr,

rasepuofi TexHr4Kr,r;

HccJre,rloBaHufi ma

3I{AHHI1II METOAAM}I

I4CnOnHyeMbrMn IIpu
na3epHbrx ycTaHoBoK,

rexuonorufi;
vacmwHbtu

ONTPIqECKHX KBfIHTOB

Jra3epHbrx usuepeuuft;
3KonepI4MeHTiUrbrrblX

aHann3a:'

Yuerr, orleHr{Barb
LICnOJIb3OBaTb JIa3epH

Ars peIIIeHlIJr 3aItar{
aHa.tn43r{poBarb Syu
ollTl{rlecKvx KOHlpOnbH
OqHOBHbIx A3MepLITenb

cxeMbr Anfl npOBeAeH

3nars Qusuuecmze +

reudparopon; MeToAbr vr cpe)AcrBa
pHHrllrrbr opfaHrBarll4r,r pr npoBe,qeHr.rt

a0saHraft; MeroAbr cprcrett,tHoro

[apaMqTpbr Bbr](oArlroro r,r3iJr).4lreHu.s;

KOFTTpOJTbHO-H3MepHTenbH.bre IlDfl OoDbt

lusrtrep[renrHbrx ]'crpcrftcrn; padorars Ha

,IX orrrt4 qecxux npn6opax; co()TaBJrsrb
r excflepuneHTaurbHbrx rzccle4onarufi;

TexHvKH ra fna:gpurx rexrrololufi;
HbIE V ilPIIHII4NI,IZUIbHI,II9 CXEMT,I

BJr.rrrb vr odboona;rsrr

4 npznqur{sr $ynxquoHllU)oBaHut



pe3yJr6TaTr,r SKonrepr,rMe

B.naaers HaBrrKaMH

THTIOBbIMI4 METONI'

ptl^3Jrv qrrbrx BeJIuqr{H r4

HABbIKAMI{ BbII]OJ]

r,r3h,repr4TenbHbrx

usuepeuafi rr onteHKr{

opMal-(ttoHHIE,IX C

HACtnutillbtu 3nars o6que rroHrrr{t
rrpeAcTaBJreHns, kr

MeroAbr uacrpofinr,r
ycJroBr4r 3allaqH;
IAMSTbIO U BI,I

Yuerr, pa6orarr, c
ceT.rlx; cocTaBJr.f,Tb UIJI

o6racru lasepuofi
HayqHbre sKcrrepr4M

TEXHOJIOII{}I C UCIIOJI

I{ BbIqI4CJIHTEJIbFIbIX

Bragerr coBpeMeHHbt

OI4OJIHOTCKAMPI; HABbI

KOMnbroTepHr,IX ceTrx;
o6pa6orxn oKc[eprrM
nporpaMMbr Anfl
coBpeMeHHbIMr4

KOHCTpyT{pOBaHVu rr

crpyKrypHoro
AOKyMeHTr,rp oBaFrH.rr aJI

VI I,jCTIbIT AHV,fi IPOTDAMM

HACtnuvHbtw 3narr gneMeHTFryro

xapaKTepr{cTr4Kr,r

sJreKTpOHHbrx nlp

HayqHo-Texnuqecrofi n
Yuerr onpe,qeJr.rrrb

Jra3epHbrx cucTeM vl

na3epHoro u3[y{IeHrI_rI

r.ruQoprvraqraoHHbre

HHQOpMarIHro B

TEXHI4qECKOU JIVITE

B.nanels HaBbIKaMIi

rrpoeKTr{poBaHrrr,
y3noB vt 6roros
rrpoeKTHpoBaEvs Tu
rasepHofi TexHr{KH,
CPICTEM:

uacl,nuvHbtu 3Hars ocHoBHbIe rHn
Jla3epHbrx o

TexHoJrofHI4; tlpI4HrIHn
3JreKTpOHHbrX

6a:y, ucnonb3yeMyro
paooTbl c H0yt111g-t"*"
rrpaBr4na oQopMJre

AOKyMeHTaTIVH; KOMI
KOHCTpyt4pOBaHr4S

Yuerr paccquTbrBarb n
ylna Jra3epr{Erx

KoHcrpyKropcKylo

TIX
cO cpeAcrBaMl4 nqrepr{brx l{3ur

reopl{l4 IEutfopnaaiuuuJ ocuoeulre

Texr{IIK}r; ocHoBHhte Tr{IIbr 14

ECKHX CI,IOTEM

IIO 3|'LAAIIHbIM



rrapaMerpaM r,r

npr4oopoB u cprcreM;

TEXHOJIOII4II;

p*yJrb'raTbr rr

pa3paoorKe Jra3epHbrx

BlaAerr [prrrKJraAHbrM

eneKTpoHHbx npu6opo

lKOHCTpyKTOpCttOft {eflTbrro.r.l,rr" ilpn
a6op0n, crrcreM qi rexrloloruft;
nporpAMMalru papudra Jra3epHb,rx oqrr4Ko-
rounhorepuunrqir re>|nolorurun paf:uera

i npeAcranrsrr,

qacmuuHbtu 3Harr Mero.rlbr 14

uccrenosaHufi vl

3KCnepHMeHTOB Vr

un{roprvraqr,ru; MeToA

rrepcoHaJroM; reopeTr4

TexHoJIOTUlI,

ocyuecTBneHr,ur
KoHcrpyKropcxoft
Ae.fl'reJrEHocTHl
Ylrerr Haxornrb aH

Teopuu; npaKTuqecKrz
perrreHur.r Qn:uuec
HCCJIENOBATEJIbCKIIE PI

c$epe JriBepnbrx H

BlaAerr MeroAaMV
uccJre,rloBaHafi n o6n
BKJrIOqat [JraHLIpOBa

vccJreAoBaHufi; uanrmu
AIfl peueHnq THItoBbIX

)ACTBa- [naHHpOBaHrlit H opraHil3aqHu
pa3paooToK; rdeTo,4bl rrlloB(lIeHHt

:CKHe H OpfaHH3Urlronnbta aC[eKTbl
Ho-r4ccJreAonaletucroDi oIIbITHo-

-- -------- -_r-_
3aAaq; npoFroAr{rb HayqHo-
b-noncrpyrifopolKrae paspra6orrrn r
Texsororafi.

rIpnMeHeHVq r4arpn4aT][qecKoro a[flapara
tAaq xbarmonoii rr,i,exaryuru

HanmeHonaHue relr u/u.nr.t pa:ge.nroo/reu Ailcqu[Ju{Ht r

BrpuHue Henrznefi so -At4 crrep cuoHHbrx
ecpQemon Ha pacnpocrp aHe:ulafl, cBe'roBbrx
I{MITVJI bCOB B O ITHqCCKT,IX

Peiiruun-
rornprorrr J\!l

Peiirrrsn-
rourpo:rr ),,102

[teiirlrrir:-
norrrpo!ru J\!2

r{acJre,nuue MeroAbr a:glaJru.tr,a uelznefiurrx
gu$QepeHqarurbHbrx ypanueuzfi B qacrnbrx

npor.r3BoAHbrx. HelunefiHoe ypaBHeHr.re

IVlogeraponaHue [poqeccoB
pacnpocTpaHeHzr Jra3epHofo r{3ryqeHprq B

Arrcnepcr{oHno-nelranefi Hbrx cperax
Cncreuu reHepaqrirr u nelusefinoro

Ht4rr Jra:i epHbrx cI4IHaJroB
Ha.nuque B ancuurrJrr{He KII/I(P
llroro no /u{currrrJrr{He

4. OBbEM I4 CTPYKTYP
Tpy4oerrarocrb AlrcqulJrlrHbr cocraBrurer 4 sa.rernrx

C ogepxaHv e Jrexrlr{oHHbrx 3aH
Teua 1. Binzsnue Helr.treftuo-AucrrepcuoHHbrx
I,IMIryJrr,COB ll OrrTarlecKlzrx cpeAax.

1, 1. BonorcoHHbre cBeroBo,rlbr: I43roroBJrenLre 14

al)oirMbl

T€tsyueno
KOHTpOnC

ycnetBt€MocTH,
qropMa

n poMoryrocHofi
{necTaudH

(no cutecntpGil)



1 . 2 C)r;nosrr reopnlr xpoMaruqecroft 4racnre pcr4r4.

cpeAall. Oarosa{ u rpyrrnoBaq cKopocrr.r.

1.3 llenunefiHrre sQ$er:ru B BoJroKoHHbrx

Teua 12. 9acnenHbre MeroAbr anaJrur3aHelunefinrx nI.r

npor43noArl,x. Heluneiisoe ypaBHeHr4e IJJpe4znrepa (H
21. L fllenuueftnoe ypaBHeHrre lllpe4uurepa (I{YIX)
2\.2 M, et o I pacrqettrneH r4fl. rro Suszuecrrau
2!..3 C ny-rmtir cB epxKop orKr.rx rr Mn yJrb co B : rr ecrarlr4

s,$$exmr.

T ervr a 13. Mo4ennpoB aHue np oqeccoB pacrpocrp aH: envrfl
HeruHeftrtr,rx cpeAax.

3i. I FacupocrpaHe)Hr,re orrruqecKr4x lrMlynbcoB B

3 .2 FeLcnpocrpaHeHr{e onrr4qecKrrx rrMrryJrbcoB B

3 . 3 FI e czrvrM erp r4qe cKrae'rp an c (f opM arlr4r.r r.rMnyJr

Arrcle)pctrr{.

3 . 4 O (5pas o Banvre y4apu ofi BoJrHbr orra6axrllefi .

Teua rl" Cncreurr reHepaur{r4 m nelaneftHoro n
4 . I E r,rnyNAeHH o e pacce-rrHr4e lvlan4elrlr rarua Epu
4.2 EPMB-na3epbr.

4 . 3 C)rnzqecKr4 e c o Jrr.rroHbr : (bynaartleuraJrbr{bre co

4 . 4 f I<>p e gaua r.r n ( opu a\vrrr Ha o rrrr.rqe cKl{x c o Jrrrro

Co4epxauue .rraSoparopHr,rx 3aH
n.P.Ilb I . dl acqer napaM erpoB BonoKonHhrx cBe,rorjroAoB)

L P, Nsl2. <14.s yveune AuicrepcHbrx xapaKTepr,rcrr{K u

II. P. J\b 3 . < Mo4enzpoB aHr.re ypaBHeHr4 e pacrpocrpaueHr4t
Jl. P. l\b,+. <Nlo4enup oB aHr.re pacrpo crp aHeus. orrrr{LrecKlrx

ueruuerfinofi cpe4e> .

JLP.l1b5. <<)\,{o4envpoBalglle o6pasonanua ygapuofi nonn

5. OEPA3OBATEJII,HbI
B ntrleuo4an anvrn 1hcr\r4rrJrr{Hbr Mareuarpr

r{cnonEsyroucfl pa3Hoodpasurre o6paronareJrbHbre rex
IIpI{Mer{eHr4eM aKTr,rBHbIX rA IIHTep aKTUBHbX MeTOAOB

Axrlrunrre r4 vHT'epaKTHBHbre MeroArr o6yrenrzx:
IrIumeparcmuzH afl reKt4un (meua Jtfe 2 ) ;
fpynnoaaa ducrcyccun (meua Nel);
Auanus cumyaquil (meua 1Yb3);

Ifpuueuettue uMumaquoHHbtx uodeneil (
P as 6 op KoHKp emHbtx cumyar4uil (metta

6. OUEHOTTHb|E CPEACTB A LJIfl TEKy
TIPOM E}ITYTOIIHOfr NTTNCTN

AI4CIIUIJIUHbI I,I yqEEHO-METO
CAMOCTOqTEIbHOIZ PA

Bonpor:rr a.nq pefrTuHr.Ko

Pefirr.rnr-rc0HlpoJrb
1, Ongraqecr<ue

IIorJroueHrzrfl.

xapaKTepr4 cTI4 KI4 OIITI{r{eCKI4X

B CBeTOBOAaX.2, C)ilru.recrcve uorepr4

[penoruJreHrls, Mi

HOBT-TE IIAKET'b] B AI,ICIIEPTUP}TO]IIIHX

u).

apHE,Io

e c flr.rcnepcvefr,i.
c .qI,rcrrepcuei;r u neluueftnrocldrc,

Tperre npu6ruixeilrae reopzu

IO3HA.

r:oHrl pr coJrr{'roHbr B6rcr[[x nopx4{ron.

fi no lucqnrrJr{He

HbD( CBeTOITOAOB)) 
"

B ql{oroM Ar4cleF}cr{OrrHoM pe)rfl,rMe) .

orz6alorueft> .

-VIVI

uaq n .tlaeepnofi

KOHTP OJI]f, YICTIEBAEMO CT'tr{,

IIo u'rof ANr ol:]BoulJ:vl;,fl
KOE OEECfIEIIEI{I4II

JIOr[rr KaK Tp4Ar4rI]AOHHbre),

eHuE.

Smaure>
TA.K 14 O

qnuarc na6[rmoi ms-s\;

HenrrHer.r H:o -AlrcIIepcuo Frrrbre



3" Eh,ruyxr4eHuoe roudnHarlr4oHHoe paccefrHr4e.
t[. E[,myrx4eHHoe paccernue MaH4eluureurla Bp
jt. l[nuanrara noJrHbr HaKarrKt4 kr croxcosofi

Man4elrnlraua-EpHlJrrooHa. trTopor BPMB.
6. C)cuosrr reopru xpoMarur{ecroft 4racnepcr{r4.

cpeAax. @atosas Ia rpylnoBaf, cKopocrrr.
',t. flpeo6pasoBaHr.re (foprrau r,r crreKrpa lrMrryJrbca

ti. tCarr,ro0onyclrpoBKa orrrr.rqecKr4x rrMrryJrbcoB.

tl. FlennneftHue eS(fexrbr Bbrcrrrr4x rroprrKoB.
10" trieueparlu-rr cyMMapHbrx rr pa3HcJcrHbrx rltacror.

I 1" Henzneftsue s$$ercrrr B BoJroKoHHbrx cBero

Peftruur-rcou'rpoJrb
Xllenuuefinoe ypaBueHue lllp€4raurepa (HYIII)
Ct6o6rqennoe nenvnefiHoe ypaBHenue IJ[pe4ra

V panneuue f Zns6ypra -IIau1ay .

tOagoeas Kpooc-MoA y ilil\vrfl (OKM), tpat onax
Clnrvqecrue ooruroHbr: SyH4anreHTaJrbHbre co

IvIeroI o6parnoff 3a1a'tkrpacceflHufl. rrpz pe
cfrypre-uero4 pacuenJreHar no Qrasuvecruu
IJ,oprrarzp onxa Helunefi Horo yp aBHenur I IIpe4
Konauyrarop Eeft rcepa-Xayc4opQa.

10. Peureune HYIII prBHocruhrMr{ MeroAaMrr.

Peftrunr-rcoHTpoJrb
L Vpannenux Mar<ceefira. Ocuosnoe ypaBHenr{e

2. Ilonorosubre cBeroBoAbr: tr3foroBJrenrr4e I,r M

3. OnrnqecKze raMnynbcrr. MoAenu cBe,ronbrx

4. SrccueprznreHlirJrbHoe ua6lro4eur.re BbrHyxAeH

Bpurmoeua. BonoxonHue BPMB-na3epbr.

5. I{ecuuuerpvqecKrre rpanc(fopuarlur r{Mrryn

IUCIIeprCI4I4.

6. Ilepe4aua zurpopnraqrrrz B BoJroKoHHbrx crrcre
7 " B:aunroAeftcrBrze ortrrdqecKllx coJrrrroHoB.

8. C:xarue olrl4rrecKux raMtryiu,coB: BonoKon
9. C:xarze orrrrrnrecKl4x r{MrrynbcoB: KoMrrpeccop
1 0. flapauerpvqecKoe nsavnao4eficrBr4e tfetr:rocex

rapMonrrKr4 (llBf).
1 1" F,fapanrerpuqecKoe ycurreHrre KoporKHX ]nMnyJr

I 12. Bo.nor<oHHbre na3epbr.

Bonpocrr rc saq€Ty c oueHKofi
1. Ypanuenux Mar,cserra" Ocnonuoe ypaBHerme

2. @u:irtrqecrclle xapaKTepr4crplKr4 olrr,rqecKn4x

IIorJI,oIIIeHr4s.

3.

4.

5.

6.

B olclronnue cB eroB oAbI : r43roroBJreHr,re Lr vrar epLI

Onrrrqecxne r4Mrnynbcrr. MoAelra cBeroBhrx r,rMrry

Onllr.recKze norepu B cBeroBo"qax.

Burlyx4ennoe x,rrnr6raHarlr4oHHoe pacce'{Hrre.

Brrn'yNgeHHoe paccernrze M4H4eJrbrxraMa lipznn

IOSHA

Hbr rrpu

Ar4 cnepcuoH Hr,rix .$.au*.

MeTpr.rtre cKHe ccrJrr4To Hr,r,

IdY6uqnrrft orKtHK cpeAr,r.

*o'ofr,r"u"" 4locryn;,
Hr r4 conrzToHbr []hlcrrrl4x [opsAKoB.

euz HVIII.
O6que .tptlittq".r"r.

repa

I
rlp0crpaHeHrnlr.

urbl.

cBf,qv.

X.

,

KOMII

nropoft

pocTpaHeHlrr.

: xos$(fraqrzelr

bI.

bcoB.

[peno.MJlerrr4r [1:.



8.

9.

.{urraltuxa BoJIHrI HaKaqKr.r v cror<conofi

Marr4eltnnanaa-BpulJrrooHa. [Iopor BPMB.
3rcnepulreHTtutbHoe ua6ruo4eHue

BprEnmoeua. Bonoxonurre BPMB-na3epbr.

Ocnonrr reopunr xpoMarurrecrofi Aucrrepcr4Lr.
cpe;1ax. Oasonaifl ra rpyIrrroBar cKopocrr,r.

llpeo6pasoBaHne $opnmr r cneKrpa r{MrryJlbca B

Henraneftsue e([Qexrb]r B BoJroKoHHbx c

HenaHefinoe )T)aBHeHue lllpe4HHrepa (HVIII).
ar onas Kp o cc-MoA y nfrrrf (OKM), (f a:l onar cav

Cau o(f orcycrlpoBKa orrrr{qecKr4x r,rMrryJrr,co B.

HecanalrerpuqeoKrre rpancQoprraaqun rdMrryn

A'ICIIepckr?r.

Bs a la\aoAeft crBrle orrr4qecKr4 x coJrr{ToHoB.

Cxtarze olrr,IqecKprx r,rMrryJlbcoB : BoJroKoH

r{Mrry

qacToT.

i

bre rraKeTr,r B AtrcilepfHpyloulrx""-l
i

)nepcproHHbrx cpeAax.
rf -Kyor4 qHbrr{ oTK Jrr,rK cpeAbr.

10,

11,

12.

13.

t4.
15.

t6.

17,

18.

19,

20.

2t.
22.

^azJ.

MoAyflsrrr{n (OOM)

fperre dpz6nr.rNenui:

llepe4a.ra raH (f opuaqr{r.r B B o JroKoHHbrx cr{

Henasefi nr,re e$ (f exrbr Bbrcrrux loprAr(oB. np y.qapH BoJrnbr oru6rarouleft.
ourl,I.recxv e co JrrrroHb]r : (f yH4arvreuTaJrbTlbre co JI4 bI L\ COJII4TO Bbr0[Iux u0pjrAKr]B.

1]eHepaqrM

tk opr"
I

BToporr

tre xorunp(,.rdp",.
CNarz e orrrr.rqeoKr4x r.rMrrynbco B : KoMnpec copbr MHOTIOCOn[TOr] IroM c]KaTr4r{.

fI a.pr arr,r erpr.rqe cro e ns arauo4eft crB r4e (p erra.ro cexy
rapvroHr,rKr.r (fBI-).

2 4 . ITapt atvte Tpr{rre cK O e yCun eHr{ e KOp o TKr4X rrMnyn
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