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Jleknus Nel

1. Tema: Jluddepeniman GyHKIIMHA HECKOIBKUX apTyMEHTOB
2. leab: OOBACHUTH CTyIEHTaM TMOHsATHE Au(depernnana (GyHKIMU HECKOIbKUX IEPEMEHHBIX.
3. Te3uchl JEeKINHU:
[Inan nexuuu:

1.IToHATHE QPYHKIMHK HECKOJIBKUX apr'yMEHTOB.

2.IlonmHble 1 yacTHBIC pUpaLIeHUs QYHKIUNA ABYX apryMEHTOB.

3.YacTHble Ipou3BOAHbIE (PYHKIIUU ABYX apIyMEHTOB.

4. YacTHbIC TPON3BOAHBIC BBICIINX MOPSIKOB.

5. HactHblii ¥ nonHbli Auddepernnans GyHKIUN 1ByX apryMEHTOB.
[TonaTne PYHKIIUN HECKOJIBKUX apTyMEHTOB:
BosIbIIMHCTBO TPOLIECCOB, MPOTEKAIOUIMX B OKPYXamolleil Hac MNpupojae, MOMYMHEHBI 3aKOHaM,
BBIPA)XAIOUINM 3aBHCUMOCTh MEKAY HECKOJBKHUMHU apryMEHTaMH, OAMH U3 KOTOPBIX (YHKIMOHAIHHO
CBSI3aH C OCTaJbHBIMU. Hampumep, miomiaap OpsMoyrojibHuKa S=XY ecTh (QyHKLHNSA JBYX apr'yMEHTOB.
O0BeM MpsAMOYyToIBHOTO Napaiuienenunena V=xyz ssisercs GyHKINEH Tpex apryMEeHTOB.
VYpaBHenune coctosHus raza pV = RT mnpexacraBiser 3aBUCUMOCTh MEXIY TpeMs apryMEHTaMu:
JaBJIEHUEM «p», 00beMoM «V» u Temneparypoil «T» (R — yHHBepcanbHas ra3opas IIOCTOSHHAs).
Jlro6ass Qusmnonornyeckas XapakTepUCTHUKAa OpraHu3Ma (JaBjeHHE, TeMmIeparypa, pocT U T. 1.)
aBIsieTcs (PyHKIUMEH MHOTHX apryMeHToB. Hampumep, Temmeparypa «T», u3mepsieMas B pa3IU4HBIX
TOYKax Teja, eCTh (PYHKIUSA OT KOOPIUHAT TOUKHU, B KOTOPOI OHA U3MepseTCs, U OT MOMEHTa BPEMEHH
«t»: T=1(x,y, z, t).
Jis u3y4yeHHs TakuX 3aBHCHMOCTEH BBOJUTCS MOHATHE (YHKUUU HECKOJBKHX apryMEHTOB.
OCHOBHBIE TIOJIOKEHUSI TEOPUN (PYHKIMH HECKOJIBKHX apTyMEHTOB CIPABEUIMBHI /Ui (YHKIUN JBYX
aprymeHToB. [lepemeHHas «z» Ha3bIBaeTCs QYHKIMEH JIBYX apryMEHTOB «X» U «y», €CIIi HEKOTOPbIM
mapaMm 3HaYeHWH (X, y) MO KakoMy-IIMOO TIpaBWIy WM 3aKOHY CTaBUTCS B COOTBETCTBHE
OIpeJIeJIeHHOE 3HaueHue «z». OyHKIMA ABYX apryMeHToB obo3HadaeTcs: z = (X, y).
[TomHble 1 YacTHBIE pUpAIICHUsT QYHKIUNA ABYX apTyMEHTOB:
ITycth nana HekoTopast QyHKIUS ABYX apryMeHToB z = f(X,y). aaum «X» U «y» NpUpamieHus «Ax» u
«Ay» " MIOJIyYUM 3Ha4YCHUE GbyHKIUN B TOYKE: (x+Ax; y+AYy).
Pasnocte  f(x+Ax, y+Ay) - f(X,y) Ha3bBaeTcs  NOJHBIM  TpUpALICHHEM  (QYHKLIUHU
z =1(x,y) u o6o3nauaercs Af: Af = f (x+Ax, y+Ay) - f(X,y).
Ecnu nagum npuparieHue JIMib 0JHOMY apryMeHTy, TO QyHKIus z = f(X,y) momaydnT yactHOE
MPUPAILIEHHUE IO ATOMY apryMEHTY.
Paznoctsb f(x+AX, y) - f(X,y) Ha3bIBaeTCsS YaCTHBIM IpUpalieHneM GyHKIUH z = f(X,y) 0 apryMeHTy
«x»: Axf(x,y)= Axf = f(xtAX, y) — f(X.y).
Paznoctb Ayf(x,y) = Ayf = f(x, y+Ay) - f(X,y). Ha3bIBaeTCs YaCTHBIM MpHUpalieHueM QYHKIUUA Z =
f(x,y) mo aprymeHry «y».
YacTHble TPOU3BOJHBIE (PYHKIIUH JBYX apTyMEHTOB:
YacTHOM MPON3BOIHOM MEPBOTO nop;uIKa q)yHKumI z = f(x,y) o apryMeHTy «X» B paccMaTpuBaeMoit

f(x+AX,y)— (X,
Touke (X;y) Ha3bIBAETCS IPEIEN: ||m I ( y) (%, y)
AXx—0 AX~>0 AX

Yactras npousBoaHas GyHkiun Z = f(x,y) mo apryMeHTy «x» obo3Ha4aercs: z'x, fx '(x, y),

6f82
oy 8y

Tak Kak yacTHas IPOM3BOJHAs - 3TO OObIYHAS MPOU3BOAHAS (PYHKIMM OJHOIO apryMeHTa, TO €€
HETPYIHO BBIYUCIUTH. J{JIs1 3TOro HYKHO IOJIb30BaThCs MpaBuiaamMu AuddepeHunpoBaHus, yUUThIBas

a o
"0

AHAJNIOTMYHO YaCTHasl MPOM3BOIHAS 110 «y» obo3Havaercs: z'y, fy '(X, y), —
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B KaXJIOM CJIy4ae, KaKOW M3 apryMEHTOB NMPHHUMACTCS 3a «IIOCTOSHHOE YHCII0», a KAKOW CITY)KHUT
«IEePEeMEHHOU b hepeHIMPOBAHUS.
3ameuanue. [yl HAaXOXKIECHUS YacTHOW TPOHM3BOJHOM, HANPUMEpP MO apryMeHTy «x» - Of/0x,
JOCTaTOYHO HAaWTH Mpou3BOAHYI0 QyHKIMH f(X, y), cunTas «x» - GyHKIHEH 0JHOTO apryMEHTa, a «y»
- IOCTOSTHHOM; /IS HaX oK 1eHust Of/0y - Ha000pOT.

YacTHble MPOU3BOIHBIE BBICIIUX MTOPSIKOB:

Oynknus f(X,y) uMeeT yacTHbIe IPOU3BOHBIE IEPBOTO MOPSAIKA — ,—

OX 0Oy
OTU MPOW3BOJHBIE B CBOK O4YEpeIb SBISIOTCS (QYHKIHSIMH apryMEHTOB «X» M «y». YacTHBIC
MPOU3BOJIHBIE ITUX (PYHKIMI HA3BIBAIOTCS YAaCTHBIMU MPOHM3BOJAHBIMH BTOPOTO MOpPSAKA JAaHHOU
byHKIIUU f(x,y).
Ecan  cymecTBylOT MpOM3BOJHBIE BTOPBIX IPOU3BOJHBIX, TO OHHU HAa3bIBAIOTCA YacCTHBIMHU
MPOU3BOAHBIMU TPETHETO MOPSIKA U T. 1.
YactHblil 1 onHbli quddepeHnuransl GyHKIUNA IBYyX apryMeHTOB:

of
Oyukuust z = f(x,y) umeer yacTHble npousBojHble: [IpousBeneHue a—dx Ha3bIBAIOT YAaCTHBIM
X

0
muddepenmmanom  dynkuuu  f(x,y) mo «x». IlpousBenenue 6_dy Ha3bIBAIOT YaCTHBIM

maddepenmmanom pyaknun f(x,y) mo «y». Cymmy ugactaeix auddepenuuano ¢pynkunu z = f(X,y)
of

HA3bIBAIOT e¢ MOJHBIM Auddepennnanom: of = rv dx+—dy
X

4. WnmocTpaTtuBHbIi MaTepuad: [Ipe3enrtanus, ciaiabl.
S. JIureparypa:
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6. KoHTpoJIbHBIE BONIPOCHI:

1. Kakwe mnpuparieHusi Ha3bIBaIOTCS YACTHBIMH TNPHUPANICHUSMH (YHKIUUA JBYX apryMEHTOB?
2. B uem otinume yactHOro AuddepeHimaia oT Mpou3BOAHON (YHKIIMU ABYX apryMEHTOB?

Jlexkuusa No2

1. Tema: J[BoiiHOI MHTErpasl ¥ UX OCHOBHBIE CBOWCTBA
2. Heab: OOBSICHUTD CTY/ICHTaM IIOHSATHE IBOWHOTO HHTETpaja.
3. Te3ucel JeKUNHU:
[Inan nexuunn:
1. ITonsiTvie IBOMHOTO UHTETpaIa.
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2. UnTerpanbHas cymma.

3. OCHOBHBIE CBOWMCTBA JBOMHOTO HHTETpaJIa.

4. IlpaBuia BEIYMCICHUS IBOMHBIX HHTETPAJIOB.
[Mycte ¢ynxums f(x,y) ompeneneHa B OrpaHHMYEHHOH 3aMKHYyTOW obOsactu «D» miaockoctu OXy.
Pazo6bem obOmacte «D» mNpou3BONBHBIM 00pa3oM Ha «N» 3JIEMEHTApHBIX OO0JacTed, HWMEIOLUX
wiomann Acl, Ac2, .., Aon u gmamerper dl, d2, ... , dn. Jluamerpom o0macTu Ha3bIBacTCA
HauOoJbllee U3 PacCTOSIHUI ~ MeXIy  ABYMA  TOYKAMU  [paHULbl  3TOH  0OJacTH.
BriOepeM B kax0i 37eMeHTapHOM 00acTi mpou3BoibHYy0 Touky PK (CKinkK) u ymHOXHM 3HaucHME
bynkpn B Touke «PKy» Ha miommaap 3Toi 001acTH.
Wuterpansaoit cymmoit uist pysakimu f (X,y) mo o6iactu «Dy Ha3pIBaeTCs cymma:

Y flcn)Ao, = f(um)Ao + t(s,.m)A0, +...+ T(5,.m,)Ac,
k=1

JIBOWHBIM MHTETpaioM OT GyHKIMH f(X,y) 110 00mactu «D» HazpIBaeTCs Mpezes HHTETPAITbHON CyMMBI
IPU YCIOBHM, YTO HAUOOJBLIMA M3 JAMAMETPOB SJIEMEHTapHbIX O00JacTell CTpeMHTCS K HYJIO:

[[fxydo= lim > f(5.n)A0
D k k=1

Ecim dynkuus f(X,y) HempepblBHA B 3aMKHYTOW 00mactd «D», TO Tpenen WHTerPaTbHOW CYMMBI
CYIIECTBYET U HE 3aBUCHT OT cIiocoba pa3duenus obnactu «D» Ha 3neMeHTapHble U OT BHIOOpa TOUEK

Ecian f(x,y)>0 B oOJyactu «D», TO JIBOMHOM HUHTETpaT _U f(x,y)do

paBeH 00beMy HUIMHAPUYECKOTO Tela, OTPAaHHMUEHHOTO CBEpXY MOBEPXHOCThIO z = f(X,y), cOOKy
LHUIMHIPUYECKON MOBEPXHOCTHIO ¢ 00pa3yIoIUMU, napajiielbHbIMi ocu Oz, u cHU3Yy 00nacThio «Dy»
mockocTH xOy.

OcCHOBHBIE CBOMCTBA ABOMHOTO HHTETpaa:

1jj(f (X, y)+ f,(x, y))do = H f,(x, y)da+jjf (x,y)do
zjj(f (x,y) = f,(x,y))do = jj f,(x,y)do - Hf (x,y)do
3ﬂcﬁ4xywa:cﬂf4xyma

4. Ecnu obnactb uHTerpupoBanus «Dy pa3zdura Ha ase obsactu «D1» u «D2», To:

”f(x, y)da:”f(x, y)da+”f(x, y)do

[TpaBuia BeIYMCIIEHUS IBOMHBIX HHTETPAJIOB:
1. Ob6nacth unTerpUpOoBaHus «Dy orpaHWYeHa ClieBa U CIpaBa

npsMbIME X = a U Xx=b (a < b), a cHM3y U CBepxy - T | v
HETMIPEPBIBHBIMU KPUBBIMU Y= 1(X) 1 y=02(x) npuyem @1l(x) < R
92(x), >
KaXJasg U3 KOTOPBIX TEPECEKAEeTCs] BEPTUKAIBHOW MPSAMOM
TOJILKO B OJTHOU TOYKE. -..\_/ L Y=0,(%)
Jlns Takoit oOiactu I{BoﬁHoﬁ HWHTErpaj BBIYUCISAETCA IO

?2(X) 5
bopmysre: j [ £0x y)dxdy= j dx [ f(x y)dy o] xa x=b 4

a  ¢a(x)
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?2(x)

IIpUYeM, CHayaa BBIYUCIISICTCS HHTETpall, J. f (X, y)dy B KOTOpOM «X» CUMTAECTCS MOCTOSIHHOA.

()
2. O6nactp uHTErpUpoBaHus «D» orpaHuyeHa CHU3Y M CBepXy npsaMbiMU y=c U y=d (c<d), a crmeBa u
CIpaBa - HeMpephIBHBIMHU KpUBbIMU X= Y1(y) u X = y2(y) npuuem yl(y)< y2(y), Kaxmaas U3 KOTOPBIX
[IEPECEKACTCs TOPU3OHTAIBHON IIPSIMOM TOJBKO B OJHOU TOYKE.

Hns TaKou obsactu JIBOMHOM WHTErpai BBIYUCIIACTCS o dbopmyie:
b wa(X)
[[ fOoyydxdy=[dx [f(x,y)dx npuuewm, chavara ¥4
D ¢ y(x) / =y, (¥) \ =y, (¥)
w2 (X) v=d
BBIUUCIIICTCSI MHTErpal, I f(x,y)dx B KOTOpOM «Y»
v (X) D
CUHTAETCS MTOCTOSIHHOM.
[IpaBpie uyacTH yKa3aHHBIX (OPMYT  Ha3BIBAIOTCS
IBYKPATHBIMH WU TIOBTOPHBIMH HHTETPAJIAMH. y=c
1. Beraucnuth H XIn ydxdy \ l
D ) { { x

ecsn 001acTh «Dy - IpSIMOYTOJIbHUK
0<x<4,1<y<e.

Pewenue:
4 e
Hxln ydxdy:jxdlen ydy = : [y Iny-— y]i3 =8(e—-e+1)=8
D 0 1 0
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Jlexuus Ne3

1. Tema: KpuBonuHeiiHble HHTETpaJibl IEPBOT0, BTOPOIO poja U UX OCHOBHbIE CBOWTCBA
2. Heab: OOBACHUTH CTYIEHTaM TEOPUIO KPUBOJIMHEWHBIX HHTETPAJIOB TIEPBOTO POJa.
3. Te3ucel JeKINHU:
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1. KpuBoauHEHHBII HHTETpa MIEPBOrO PoJa.

2. OCHOBHBIE CBOWCTBA KPUBOJIMHEHHOTO MHTETpajia MepBOro poja.

3. KpuBonuHeHHBII HHTETPpa 110 KOOpAMHATaM (KpUBOJWMHEWHBIN nHTerpan Il poma).

4. OcHOBHBIE CBOMCTBa KpUBOJUHEHHOTO HHTEerpana Il pona
KpuBonuHelHbIii HTHTErpajl IepBOro poja:
dynkuus f(x,y) onpeneneHa u HenpepbiBHA B TOYKax Jyru «ABy riaakoit kpuBoi «K», uMerorneit
ypaBHeHHE y=0(X) (a<X <Db).
Pazobbem nyry «AB» mpou3BOIIbHBIM 00pa3oM Ha «N» 3JIeMEHTAapHBIX Ayr Toukamu A = A0, Al,
A2,..., An=B.
ITycts ASK - niuHa nyru Ak-1 AK.
Ha kaxoii 35ieMeHTapHo# ayre BeioepeM mpou3BoibHyto Touky MK(CK, nK) u ymMHOXHM 3HaYeHHE
dyukuu f(CK, nk) B 3T0# Touke Ha MHY ASK COOTBETCTBYIOILEH TyTH.
WuTerpanbaoit cymmoit s ¢pyuakuuu f(x,y) mo mune nyru «AB» Ha3biBaeTcs cymma:

Z f(Sesm)AS,
k=1

KpuBosmHeliHbIM HHTETpasioM 10 JutnHe ayru «AB» ot ¢pynkimu f(X,y) Ha3pIBaeTCs mpeaent
UHTErpaJIbHOM CyMMBI TIPH YCIOBUH, 4TO MaxASK—0:

n
JBf (X; y)dS - max'g:_)() é f (gk d nk)ASk rre ds - muddepeHnyman ayru.
Kpusonunelinsiii uHTerpai I poga Beraucisercs no gopmyse
b
[ 10 y)ds = [ F1x o)W1+ [0/ ()] dx
AB a

OcHOBHBIE CBOWCTBA KPUBOJIIMHEHHOTO HHTErpaja IepBOro poja:
1. KpuBosnHelHbIN nHTErpai [ posa He 3aBUCUT OT HANPABIICHUS IIyTH UHTEIPUPOBAHUS:

j f(x,y)ds= j f(x,y)ds
2. j [,(xY) £ f,(X, y)lds= j f,(x, y)ds+ j f,(x, y)ds.

3. _[Cf (x,y)ds= CJ. f(x,y)ds, eoe "C"—nocmosnnas
K K

4. Ecnu xoHTYp unTerpupoBanus «K» pazour Ha nBe yactu K1 n K2, Torna:

j f(x,y)ds= j f(x,y)ds+ j f (X, y)ds.

Oynkmun P(x,y) u Q(X,y) HempepbIBHBI B Toukax Ayru «AB» rmagkoil kpuoil «K», umeromiei
ypaBHEHHE y = @(X) (a<x < y). MHTerpanbHoil cymmoit st pynkumii P(x,y) u Q(x,y) no koopauHatam

Ha3bIBACTCSl CyMMa: kZ[P(gk J nk)AXk + Q(g k! nk)Ayk], raie AXKk u AyK — TPOEKIUU
=1

3JIEMEHTApHOM Nyru Ha ocu «Ox» u «Oy».

KpuBonuneiHbM HWHTETpaioM
Il pona ot Bepaxkenus P(x,y)dx + Q(X,y)dy mo HampaBineHHON ayre «AB» Ha3pIBaeTcs mpeaen
UHTErpalIbHOM CyMMBI IIPH yCI0BUH, 4To Max AxK—0 n max Ayk—O0:
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IP(X’ y)dx+Q(x, y)dy = ||m i[P(gk’nk)AXk +Q(gk’77k)Ayk]

max Ax, =0 k=1

max Ay, —0
KpuBonuneninsiii unrerpan Il pona ects pabora, coBepiiaemas nepeMeHHou cwioi F= P(X,y)i +
Q(X,y) ] Ha KPUBOJIMHEHHOM MyTH «AB» (MeXxaHWYeCKOe UCTOJIKOBAHUE).
OcHOBHBIE CBOMCTBA KPUBOJIMHEHHOTO HHTErPajia BTOPOTrO pojia:
1. KpuBonuneiinsiii uaterpan Il pona MeHsieT CBOM 3HAK Ha MPOTHUBOMOJIOKHBIA TPU M3MEHEHUH
HaIpaBJICHUs TyTH UHTETPUPOBAHUS:

Ide+Qdy=—Ide+Qdy J'de+Qdy: dex+IQdy
AB BA AB AB AB

OcranbpHbIe CBOMCTBA aHAJIOTMYHBI CBOMCTBaM HHTerpaia I pona.
Kpuonuneiinsiii uarerpain Il pona Beraucisiercs no dpopmyie:

[ PO y)dx+Q(x, y)dy = [{P[x, 0]+ ¢/ ()Q[x, ¢ (x) Jax

BEIYHCINTS: J-(X_Y)ds' e «K» - orpesok mpamoii or A(0; 0) mo B (4;3).
K

Pemenne. YpaBuenue npsimoit ot «AB» umeer Bun y = (3/4) x. Haxoaum mpoiizBonnsie: y' = 3/4,

CJICOIOBATCIIBHO:
¢ 3 9 5
X—y)ds= | (x—=x).[1+—dx=— | xdx=—x?[===25
l( ¥) !( PR T 16-([ 32 1°
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1. Tema: [luddepennuanbubie ypaBHEHHUS EPBOT0, BTOPOrO MOPSIKA U UX BUJIBI.
2. Heab: OOBACHUTH CTyIEHTaM TeOpuIo Au(QepeHIInaTbHBIX YPaBHEHUH IIEPBOTO MOPSIKA.
3. Te3uchl JEeKINHU:
[Inan nexuuu:
1. [Tonsarue muddepeHraTbHBIX ypaBHSHUM.
2. Obuiee u yacTHOE pemeHus TupdepeHHaTbHbBIX YPaBHEHUN.
3. Buasl quddepeHnnanbHbIX ypaBHEHUN IEPBOTO TOPSIKA.
4. Jlnddepennpanbable YpaBHEHUS BTOPOTO MOPSIKA TOIMYCKAIOIIHE
MOHIKEHUE MOPSIKA.
5. He coxepxatine nckomMoi GyHKIIMU U €€ MPOU3BOTHOM.
6. He cogepxatue uckomoii GyHKIUU.
7. JInneitabie onHOpoIHBIE MU (DHEepeHIInAIbHBIC YPABHEHHUSI BTOPOTO TOPSIKA
C IOCTOSTHHBIMU KO3(ppHuImeHTamMu.
B uém otnmumne nuddepeHaTbHBIX YPaBHEHHI OT OOBIYHBIX YPaBHEHUN?
JuddepeHnanbHpIM HA3bIBAIOT ypPaBHEHHUE, CBS3BIBAIOLICE APTyMEHT «X», HUCKOMYIO (YHKIUIO
y=f(x), e€ npousBoanusie Y, y"..., y(n) uau quddepennmanst dy, d2y, ... d(n)y.
JuddepennnanbHoe ypaBHEHHE B OOIIEM BHJI€ MOKHO 3aHCaTh:

F(X, y’ yr, yrr’ ym’.“’ y(n)) -0
F(x,dy,d?y,d’y,..,d™y)=0

Ecnu uckomast ¢pynkiust y=Ff(X) 3aBUCHT OT OJHOTO aprymMeHTa, To auddepeHIraibHoe ypaBHCHHE

Ha3bIBAIOT OOBIKHOBEHHBIM: y' = 4x°

OT yero 3aBUCUT NOPAIOK TU(PHEPEHITNATHLHOTO YPABHEHUS ?

[Topsankom nuddepeHIMaTbHOTO YpaBHEHUE HA3bIBACTCS MOPSIOK HAMBBICHIEH MPOWU3BOJHOM WK
auddepeHnmana, BXOIAMUX B ypaBHEHHUE.

y' = 4x® + 3—nepeozo nopaoka
y"+4y'—y=0-6mopozo nopsoxa

y" =sin(x) —mpemwveco nopsoka

Ecmu mpaBas vacte auddepeHnnansHOT0 ypaBHEHUS pPaBHSETCS HYIIO, TO TaKOe YpaBHEHHE
Ha3bIBaeTCs ONHOPOJIHBIM. Ecin mpaBas 4acTe He paBHSETCA HYIIO, TO YPaBHEHHE Ha3bIBAETCS
HEOJHOPOAHBIM. B deM oTnuume pemenne mudQepeHIIHaTbHOT0 YPaBHEHHUS OT PEUICHUs MPOCTOTrO
ypaBHeHHst? OOumM pereHreM TuddepeHnanbHoro ypapaeHus HaspiBaercst pynkuus y=f(x,C),or
«X» C TPOM3BOJBHBIMU TOCTOSHHBIMU «C», oOpalmaromas 3TO ypaBHEHHE B TOXaecTBO. OOmiee
peleHue 3anucanioe B HesiBHOM Bujie D(x,y,C)=0 Ha3bpIBaeTCs OOLIMM UHTETPATIOM.

Oob1ee penienne 3anvcannoe B HesiBHOM Buae D(x,y,C)=0 Ha3bIBaeTCs OOLIUM UHTETPATIOM.

YroObl HaWTH YacTHOE pelleHue, HeoOXOAMMO MoAOUpaTh HavyaibHble YycioBus. IlojacraBus
HayalbHBIE yCJIOBHS (X, y, Y') B oOlmiee penieHue, OINpeAeNseTcsl 3HadeHUE MPOU3BOIBHBIX
MOCTOSIHHBIX «C» nuddepeHMaaTbHOr0 ypaBHEHUS.

3arem, TMOACTAaBUB 3HAYCHHUE MPOU3BOJILHBIX TIOCTOSHHBIX B OOIIee pemieHHe, MOMyInM (DYyHKITHIO,
KOTOpast Ha3bIBAETCS YACTHBIM pPEIICHHEM

Bunsl nuddepenimanbHbIX ypaBHEHU:

1. uddepeHnnansHbIM ypaBHEHHEM TIEPBOTO MOPSIKA € PA3AEIAIONUMUCS IEPEMEHHBIMH,

naspiBaetcst ypasrenue Buga: 1,(X)@ (Y)dx+ f,(X)¢, (y)dy = 0 Jins perenus takux ypaBHeHuii
HEOOXOIMMO:




ONTUSTIK-QAZAQSTAN
MEDISINA
AKADEMIASY

SOUTH KAZAKHSTAN
MEDICAL
ACADEMY

«OHTYCTiKk KasakcTaH MmeguumHa akanemMmuscol» AK AO «HOxHO-KazaxcTaHcKas MmeauurHCKas akanemMusa»

Kadenpa «Megnuuackoit 6nodusnkn 1 mHGOPMAITMOHHBIX TEXHOJIOTHI Ne35-11 (M)-2025

JlexumoHHbIN KOMIUIEKC «MaTeMaTuka - 4acThb 2» Crp. 13 u3 36

fl(X) dX+ (oz(y) dy: 0
() ely)

Orto nuddepeHmanibHOe YpaBHEHHE C Pa3IeIeHHBIMU ITEPEMEHHBIMHU.
2) UnterpupoBath 00¢ yacTu AuddepeHIratbHOro YpaBHEHHS C pa3Ie/ICHHBIMU IIEPEMEHHBIMU:

J. fl(x) dX+ ¢2(y) dy:C

f,(x) @ (Y)
3) TlonydyeHnass B pe3ynbTare WHTETPUPOBAHUS (YHKIUS HA3bIBACTCS OOIIMM PEIICHHEM JaHHOTO
muddepeHIMaTbHOTO YpaBHEHUS.

1) Pa3znenuth nepeMeHHEbIE:

[Ipumep:
i 2
y' =y’ cosx [ _ [cosxdx= [ y*dy = [ cos xax
dy _ e Y
dx_y e —y*=sinx+C
y 1 )
—> = cos xdx —=-sinx+C - obwee pewenue

y

2. JluneriHpiMU JUQQepeHIIHaTbHBIME YPaBHEHUSIMHE TIEPBOTO MOPSAKA HA3bIBAIOTCSl YPAaBHEHUS BHIA!
y' +p()y=1(x)

Pemenne Takux ypaBHEHHMH HaXOIMTCS C IHOMOIIBIO NPOU3BEACHMS ABYX HE3aBUCUMBIX (YHKLUH
y=uv,rae u=u(x) v=v(x).

Jlnst perieHus: ypaBHEHUs:

1) HeoOXonMMO ONpeAeNuTh MEPBYIO NPOU3BOAHYIO y' ' =u'v+uv or GyHKIUM  Y=UV.
2) [loncraBuTh 3HaYeHNE (PYHKLINUK U TPOM3BOAHON B OCHOBHOE YpaBHEHUE.

uv+uv' + p(x)uv= f (x)

3) U3 2-ro u 3-r0 caraeMoro BbIHECTH ITEPEMEHHYIO «U» 33 CKOOKH.

uv+u(v + p(x)v) = f(x)

4) TlpupaBHHBAas K HYJIIO BTOPOE ClIaraeMoe, OMpeeisieM 3HaueHue QYHKIHU «V.

V'=—p(x)v
dv
— =—p(x)v
i p(x)
y=—p(x)dx
{v’+ p(x)v=0 Y
N, dv
u'v= f(x) —:—J.p(x)dx
v
|nv=—j p(x)dx
v = g PO

5) Ioacrasisist HalIGHHOE 3HAYEHUE «V» B YPABHEHUE, ONPEAEIsIEM 3HaUeHNE QYHKIUU «U».
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!,
u'v="f(x)
,_ (X
e*f p(x)dx

u' = f (x)el!PI

u =_[ f (x)e! P %dx

v — p-lp(Xx)d p(x)d
6) Pewenue ypapuenns: Y — UV =€ I5C* XJ- f(X)ej VX

Huddepennunanbable ypaBHEHHSI BTOPOro MOpsijKa JOMyCKarollye MOHKEHHE MopsiaKa:
Huddepennnansaoe ypaBHenue Buaa: F(x, y, y', y") = 0, B KOTOpoe BXOJUT BTOpasi MPOU3BOIHAS
HeusBecTHON ¢yHkuuu y = f(X), Ha3pBalOT AudQepeHnatbHbIM ypaBHEHUEM BTOPOTO MOPSAKA.
JuddepennnansHoe ypaBHeHne BToporo mnopsaka y"' = f(x, y, y') umeer obmee pemenue y = ¢(X,
C1,C2), coneprkaiiiee AB€ MIPOU3BOIBHBIC IOCTOSHHBIC.

Bunsl tuddepeHnnanbHeIX ypaBHEHUI BTOPOTO MOPS/IKA TOITYCKAIOIINE TTOHMKEHUE TTOPSIKA:

1.1. JuddepenumanbHble ypaBHEHUS BTOPOrO HOpsijika HE cojepialue MCKOMOW (QyHKIMM U ee
MIPOM3BOHOM:

VYpaBHenue Buaa y" = f(x) Ha3piBaoT auddepeHnnanbHbBIM ypaBHEHHEM BTOPOTO IMOpsKa, HE
COZepKaIIMM HCKOMOW (YHKIHMH W €€ MPOM3BOAHOH. Takue ypaBHEHHUS PEHIAIOTCS ABYKPATHBIM
MHTETPUPOBAHUEM C BBEIECHHEM HOBOM (DYHKIUH, Harolieil BO3MOKHOCTh MOHM3UTh UX HOPSIOK.
BBeznem HOBYIO yHKIHIO U(X), MOJ0KUB Y' = U(X), Torna y" = (y)' = U'(x), U'(x) = f(x) uwau du/dx =
f(x). Pa3nenuB nepeMeHHbIE U TPOMHTETPUPOBAB, TOJIYUUM:

du = f(x)dx [du=[ f(dx.u(x) = [ f(x)dx+C,
unu
Y=If(@dx+cpgxsz(de+C.

dx

dy=(jf00dx+ngx

Paznenum nepemMeHHbIE U IPOUHTETPUPYEM: I dy = J- ( J. £ (x)dx+C,)dx,
y=[([ f(x)d)+C x+C,
- oOmee pernieHue JaHHOTO MU hepeHITHATHPHOTO YpaBHEHUS.
[Tpumep. Haiitu ob1iee pemieHne ypaBHeHHS y" = X.

Pemrenne. O6o3nauum y' = U(X), torma y"= U'(x) u U'(X) = x WIH du/dx = x. Paznmenus
MePEeMEHHbIE U TPOUHTETPUPOBAB, HAZIEM MEPBYIO MPOU3BOIHYIO:

du:xdx,jdu:_fxdx,u :X?Z+C1

uiu
du x°
y'=—="_%+C,.
dx 2
PazmenuB B ypaBHEHUHM TIEpEMEHHbIE W IMPOUMHTETPUPOBAaB €ro, HaineM ¢QyHKOUIO Y:

X? X2
dy = ?dx+C1dx,jdy = J'?dx+_[cldx.
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Takum oOpazom, y = x3/6 + Clx + C2 — oOmee pemieHHe ypaBHEHHS, COJEp)KaIlee IBE

npou3BoJbHbIC nocTosinubie C1, u C2.
1.2 Tudpdepennmanbable ypaBHEHUS] BTOPOTo MOPAIKa HE coAepKalue HCKOMON (QyHKINU:
VYpaBuenue Buma y" = f(x,y') HaspBaoT audQepeHInanbHBIM YPAaBHEHHEM BTOPOTO IMOPSIKA, HE
cozepkainue Uckomoii ¢yHkiuu. Beens HOByr QyHKnuio y' =z(X), MOJy4dM ypaBHEHHE IEPBOTO
HopsiiKa MOpsiJKa OTHOCUTENBHO z: Z' = f(X, z).
[Ipumep.
Haiitu oOmiee permenue ypasuenus: (1 +x2)y" - 2xy' = 0.
Pemenue.
(1+x*)z'—2xz=0,

| n _ .

O6o3nauum y' = z(x), y" = z'(x), Toraa: L) % " e

PaznenumM nepemMeHHbIE U IPOUHTETPUPYEM:

dz  2x
— = 5 dx;
z 1+X
dz 2X
— = dx:
z I1+ NG

In(z) = In(1+ x*) +In(C,)
[Morenuupyem Boipakenue: z=C1(1+x2). Tak kak z =y', o y'=C1(1+x2) wm dy/dx = C1(1 + x2).
Pa3nenuB nepeMeHHbIe U IPOUHTErpUpOBaB, nonydum: dy = C1(1+x2)dx;

jdy = jCl(l+ x?)dx

orkyna y = C1 x3/3+ Clx+ C2 — oO1iee pelieHne JaHHOTO YpaBHEHHS.
2. JIuHEHHBIM OJHOPOIHBIM UG GEepEeHINATbHBIM YPaBHEHHEM BTOPOTO MOPAIKA € MOCTOSHHBIMHU
koddunuentamu (p, ( - CONst), Ha3bIBaeTcs ypaBHeHue Buaa: y” + py’ +qy =0
OOI1ee penieHne TaKoro ypaBHEHUs! ONPEACeTCs ¢ TOMOIIbI0 QyHKIMU Ditnepa: y=ekX.
Jlnst penmienust ypaBHEHUS:
1) Heobxomumo ompenenuts oT ¢yHkmu Ditnepa (Y=€kX) nepByro U BTOPYIO HPOU3BOJHBIC OT 3TON
byHKIIUH:
yl — kekx ,
y” A k28kx
2) TlonydyeHHble 3HAUYEHUS (QYHKLIMH, NEPBOMl W BTOPOH MPOMU3BOJHOM IOACTABUTH B OCHOBHOE
ypaBHEHHE:
k?e* + pke* +qe* =0
3) BeiHocs ¢yHkiuio Ditiepa 3a CKOOKH M, YYUTBIBasi, YTO OHA HE paBHA HYIIIO, 3allMCATh BBHIPAKECHUE
B CKOOKax paBHOE K HYIIO:
e“”(k?+ pk+q)=0
e #20,k?+ pk+q=0

2
ke+ pk+g=0
JlaHHOE YypaBHEHHE HAa3bIBACTCS XaPAKTCPUCTUUYECKHM ypaBHEHHEM OJHOPOIHOTO JTMHEWHOTO
Qg QepeHInaIbHOr0 YpaBHEHHs BTOPOTO MOPS/IKa ¢ MOCTOSSHHBIMU K03 duimenTamu.

k’+ pk+q=0,

4) OnpenenuTh KOPHU XapaKTEPUCTUYECKOTO YPABHEHHUS: p p2
+

2 T T T‘q
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5) OOuiee pelnieHue OTHOPOJHOTO JUHEMHOro nuddepeHMalbHOTO YpaBHEHHSI BTOPOTO MOpsiaKa ¢
MOCTOSTHHBIMH KO3()(DUIIMEHTAMH 3aBUCUT OT KOPHEH XapaKTEPUCTUUECKOTO YPABHCHHUS:
5.1 Eciu xopam K1 1 K2 XapakTeprCTHYECKOro ypaBHCHHS ACHCTBUTEIbHBIC U Pa3IHYHBIC YHCIIA, TO

D >0,k =k,

ki x Ko Xx
y=Ce" +C,e™
5.2 Ecnmu xopuu k1 u K2 xapakreprCTHYECKOro ypaBHEHHS ICHCTBHTEIbHBIE W PaBHBIC YHCIA, TO

D=0,k =k, =k
y:ekx(clx"'cz)

5.3 Ecnu xopau K1 m k2 xapakrepuctudeckoro ypaBHEHHs KOMIUIEKCHBIC WJIM MHUMbBIE YHCIA, TO
o0l11ee perleHue ypaBHEeHUs] UMEEeT BUI:

D <0k, #k,,k,,, =a+ i 5
y =e”(C,cos S x+C,sin Sx) Zae'“__?ﬂ_“/ﬁ"_“/__l'
4. UnunioctpatuBHbIi MaTepuad: [IpeseHTanus, cianbl.
5. Jluteparypa:
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1. Tema: CocraBieHue u pemeHue AuddepeHnranbHbIX ypaBHEHUH Ha IpuMepax 3aaad (pU3MKo-
XMUMHYECKOT0 1 (hapMareBTHIECKOT0 COJIepyKaHUS
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3. Te3ucsl JeKuMu:
[Inan nexuuu:

[Tpuxnanueie 3anaun papManuu, OMOJIOTUU U METULIUHBI:

1. 3akoH pacTBOpeHHs JIEKApPCTBEHHBIX (hOPM BEILIECTBA U3 TaOJIETOK.

2. 3aKOH Pa3MHOKEHUS OaKTEPUIl C TCUCHHEM BPEMCHH.

3. 3aKOH pocTa KJIETOK C TEUEHUEM BPEMEHHU.
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4. 3aKoH pa3pylIeHUs KIETOK B 3BYyKOBOM I10JIE.
5. CocraBnenue u peuienue auddepeHnnanbHbIX YpaBHEHUH B TECOPHH STTHIECMHIA.
Juddepennnanbable ypaBHEHHs 3aHUMAIOT BaKHOE MECTO B PELICHUHU 33134 (PU3UKO-
XHUMHYECKOT0, (papMaleBTHIeCKOro 1 MEANKO-O0MOIOTHIECKOT0 coepkanus. [1onp3ysch MU, MBI
YCTaQHaBJIMBAEM CBSI3b MEXKIY NIEPEMEHHBIMU BEJINYMHAMU, XapaKTEPU3YIOIIUMU JIaHHBIN MPOLECC UIIH
SIBJICHHE.
Pemenue m060# 331241 ¢ TOMOIIbI0 MATEMAaTUYECKOIO aHAJIM3a MOXKHO pa30UTh Ha TPU dTama:
1. mepeBoA yCIOBHIA 3a]]a4M HA S3bIK MATEMAaTHKH;
2. pellieHHE 3a/1a4u;
3. OLIEHKA pe3yJIbTaTOoB.
IlepBas yacTh pabOTHI OOBIYHO 3aKJIIOYAETCS B COCTaBICHUH TU(PHEPEHIINATIBHOIO YPAaBHEHUS U
ABIISICTCA HanboJee TPYAHOH, TaK Kak OOLIMX METOJIOB coCcTaBiIeHUs U] PepeHInanbHbIX ypaBHEHUI
HET U HAaBBIKM B 3TOI 00JacTH MOT'YT OBITh IPUOOPETEHBI JINIIb B PE3YJIbTAaTe  U3YYEHUS
KOHKPETHBIX PIMEPOB:
ITpuknaanele 3agaun papMary, OMOJIOTUU U MEAULIUHBIL:
1. 3akoH pacTBOpEHUs JIEKapCTBEHHBIX (POPM BEIIECTBA U3 TAOJIETOK:

CKOpOCTb pacTBOPEHUs JICKaPCTBEHHBIX (hOPM BEILIECTBA U3 TaOJIETOK NPONOPLUOHATIbHA
KOJIMYECTBY JICKApPCTBEHHBIX (DOPM BeIIecTBa B TabJeTKe. Y CTAaHOBUThH 3aBUCHMOCTH U3MEHEHHSI
KOJINYECTBA JIEKAPCTBEHHBIX (POPM BellecTBa B TAOJETKE ¢ TEUCHHUEM BPEMEHU.

O0603Ha4YMM Yepe3 «my KOJIMUYECTBO BEIIECTBA B TAOJIETKE, OCTABIIEECS KO BPEMEHU PACTBOPCHUS «t»:
dm/dt = - km, rie k — mocTosiHHAs: CKOPOCTH PaCTBOPEHMS. 3HAK MUHYC O3HAYAET, YTO KOJHICSCTBO
JICKapCTBEHHBIX ()OPM BEIIECTBA C TEYCHHEM BPEMEHH YObIBACT.

dm
— =—kd
dt :

e ~[ kdt, In(m) = —kt+In(C),

Pa3nienum nepeMeHHbIE U IPOMHTErpUpYeM: J (t
In(m) =Ine™* +In(C),

m=Ce ™.
[Monaras, uto nipu t = 0, m = m0, noaygaem C =m0, caemoBareiapro: M = mOe-kt — 3akon
pacTBOpPEHUS JIEKApCTBEHHBIX ()OPM BelIeCcTBA U3 TaOJIETOK.
2. 3aK0H pa3MHOXKEHHUs OaKkTepHil ¢ TeueHneM BpeMeHn: CKOPOCTh pa3MHOKEHUS HEKOTOPBIX
OaxkTepuil MPOMOPIIMOHATIFHA KOTUYECTBY OaKTepuil B JaHHBIII MOMEHT. Y CTAHOBUTH 3aBUCUMOCTh
M3MEHEHUs KOJUYECTBA OAKTEpHil OT BpPEMEHH.
KonnyectBo GakTepuii, UMEIOIIUXCS B TAHHBIH MOMEHT, Yepe3 «x». Toraa: dx/dt = kx, rme «k» —

KO3 (QHUIIMEHT MPOTIOPIMOHATBHOCTH. Pa3ienum nepeMeHHbIe U IPOUHTETPHPYEM:
dx

ot In(x)=fr+m(C). . i .
[Z -, o) Q)= pt )= R =exm O

4 . | [ AN l
[Monaras, yro mpu t=0, x = x0, momyuaem C = x0, cnegoBarenpHo, X = X0ekt - 3akoH pa3MHOKEHUS
OakTepuil ¢ TEeUEHUEM BPEMEHHU.
3. 3aKOH pocTa KJIETOK C TCYCHUEM BPEMEHHU:
J1JT TaJIOYKOBUIHBIX KJIETOK, Y KOTOPBIX OTHOIIIEHUE ITOBEPXHOCTH KIIETKH K €€ 00BhEMY COXPaHSICTCS
MOCTOSIHHBIM, CKOPOCTh pocTa kietku dL/dt mponoprronansHa muHe kietku «Ly: dL/dt = (a - )L,
r71e o, B - MOCTOSIHHBIE, XapaKTEPHU3YIOIIHE POLIECCH CHHTE3a U pacrajia.
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| ~(@=pt

dL
—=J@-pat
Paznenum nepemennsie u npounrerpupyeM: In(L) = (a — B)t+In(C),
In(L)—In(C) = (= p)t
L L
In(=)=(a—-p/)t,— = e(afﬂ)t’ L = Cel@At
(C) (a—pB) i

ITpu t = 0, L= LO noctrosiunas C = L0, moatomy

L=L0e(a- ft) — 3ak0H pocTa NAJIOYKOBUIHBIX KJICTOK C TCUCHHEM BPEMECHH.

4, 3aKOH pa3pylleHus KJIETOK B 3ByKOBOM TIOJIE:

KaBuraiust yasTpa3sByKOBBIX BOJIH IIPOSIBIISIETCS B BUIE Pa3pBIBOB CYCIIEH3MOHHOU CPEJIbI U
00pa3oBaHUs MEJILYARIINX MY3bIPHKOB U MYCTOT, IUIOTHOCTH KOTOPBIX HE3HAYNUTEIILHA [0 CPAaBHEHHIO
C IUIOTHOCTBIO BOJIBL. IIpocTeiimime 6aKTepuu, BOJOPOCIH, IPOKIKH, JICHKOLUTHI, SPUTPOIIUTH MOT'YT
OBITh pa3pyIlCHBI IPH KABUTAIMH, BOSHUKAIOIIEH B MHTEHCHBHOM 3BYKOBOM M0Jie. OTHOCUTEIBHBIC
CKOPOCTH pa3pyIleHHs ONOJOTHYECKHUX KIETOK Pa3IMUHBIX BUIOB OCTAIOTCS [TOCTOSHHBIMH B OYE€Hb
[IXPOKOM JIHAMa30HEe YaCTOT.

DT CKOPOCTH MOT'YT XapaKTE€PU30BaTh OTHOCHTEIILHYIO XPYIIKOCTh KJIIETOK PAa3IHUHBIX BUIOB. YTOOBI
BBIPA3HTh 3TO KOJUYECTBEHHO, HY)KHO OMPEICIUTh CKOPOCTh Pa3pPyIICHHUs KICTKH B IIOCTOSIHHOM
3BYKOBOM T10Jie. MI3ydeHune 3Toro BOompoca rmoka3bIBaeT, 4To, [OKa 1o KpaiHei Mepe 1 % momyJisiuu
OCTaeTCsl Hepa3pyIICHHBIM, MOKHO 3aITHCaTh:

dN/dt = - RN, rie «N» - KOHIIEHTpAIHs KIETOK; «t» - Bpemst; «R» - mocrosiaHas.Pa3nenum B
ypaBHEHHH TIEPEMEHHBIC U TIPOUHTETPUPYEM:

N _ _Rat,
N

dN

W A —J. Rdt,

In(N) =—-Rt+In(C),
IN(N)—-In(C) =-Rt
In(ﬁ) = —Rt,E =e " N=Ce™.

C C
IIpu t=0, N =NOu C =NO.
Torma N = NOe-Rt - 3akoH pa3zpylieHue KJIeTOK B TOCTOSSHHOM 3BYKOBOM TIOJI€.
5. CocraBnenue u peuieHre quddepeHanbHbIX YpaBHEHUH B TEOPUU SITUAEMUMN:
PaccMOTpuM, Kak COCTaBIISIOTCS U pelaroTcs JudQepeHraIbHbple ypaBHEHUS B TEOPHH SITHIEMHMA
MPU  yCIIOBHUU, YTO H3y4aeMoe 3a00JeBaHWE HOCUT JUIMTENBbHBIA Xapakrtep. [lpm 3TOoM mporecc
nepeaayn MHQPEKIMHU 3HAYUTEIbHO Oosee OBICTpBIM, YeM TedeHHe camMoi 00Je3HH, U 3apa’keHHbIE
0CcOo0M He yNaSIFOTCS U3 KOJIOHUH U MepelaloT IIPU BCTpeuax HHPEKIUI0 He3apakeHHBIM 0COOSM.
B nHauvanbHbIi MOMEHT t = 0 «a» - YHUCII0 3apaXKeHHBIX, «by» - YMCII0 He3apaXeHHBIX ocolei, x(t), y(t)—
COOTBETCTBEHHO YMCIIO 3apa)XCHHBIX M HE3apaXKeHHBIX 0co0ell K MOMEHTY BpeMeHHu «t». B yro0oi
MOMEHT BPEMEHHU «t» JUIsl IPOMEXKYTKA, MEHBILIETO BPEMEHU KU3HU OJHOTO MOKOJIEHUS, UMEET MECTO
PaBEHCTBO
xt+ty=a+h.
[Ipu 3THX yCIOBUSX HYXHO YCTAaHOBUTH 3aKOH U3MEHEHUS YMClla He3apakeHHBIX 0co0el ¢ TeueHneM
BpEMEHH, T. €. HaiiTh y = f(t).
Tak kak nHEKIUs nepeaaeTcs Mpu BCTPeUax 3apakeHHbIX 0c00el ¢ He3apakeHHBIMU, TO YUCIIO
He3apaXeHHBIX 0co0elt OyaeT yObIBaTh ¢ TEUCHHEM BPEMEHH MPOITOPIIMOHATEHO KOJINYECTBY BCTPEY
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MEKTY 3apOKCHHBIMU U HE3apaKCHHBIMU OCOOSIMHU.

st mpomexyTka BpeMeHH «dt» dy= - Bxydt, orkyna dy/dt = - Bxy, rae B - koo dunuent
PONOPIHOHATbHOCTH. [0/ICTaBUB B 3TO ypaBHEHHUE 3HaYeHUEe x=a+h-y, moay4dnm
muddepeHIraibHOe ypaBHEHHE ¢ pasaenstonumucs nepemenabivu: dy/dt = - By(a+ b - y).

[Tocne pasgenenust auddepeHaToB u MEPEeMEHHBIX B IMOCICIHEM YPaBHCHHUH, MMOJYYUM:

dy
———— =—/dt.
y(a+b-y)
[IpeoOpazyeM JeByIO YacTh 3TOrO YPaBHEHUS:
1 1 1
(—+ )dy =-/&,
a+b'y a+b-y
1,1 1
—+ dy=—| A,
Ia+b y a+b—y)y fﬂ

2\ ﬂ+ 1 J dy =—-pt+C,
Vnrerpupyem: 8+b7 y a+b’a+b-y
In(y)-In(a+b-y)=—(a+b)at+In(C),

In(—Y——) = In(e #®*) 1 In(C),

a+b-y
y _ Ce At
a+b-y
b
C=—,
a
ITpu t =0, y = b — Haitmem:
pu >y Hauaem y > 9 et
at+tb-y a
b(a+b)
Paspemas 3T0 ypaBHEHHE OTHOCUTEIIBHO «Y», MOJy4aeM: Y(t) S m

- 3aKOH yOBbIBaHUs YKCJia HE3apaKEHHBIX 0COOEH ¢ TeUEHUEM BPEMEHHU.
4. UnmoctpaTuBHbIi MaTepuan: [Ipesenranus, cnaiasl.
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2. VI3 kakux 3TamoB COCTOMT cocTaBiieHne AuddepeHnaabHbIX YpaBHEHUN?
Jlexkmus Neb

1. Tema: OcHoBbI TeOpuM BeposITHOCTH. Kitaccudeckoe u CTaTUCTUYECKOE OMPEEIIEHNE BEPOSTHOCTU
2. Heab: OOBACHUTH CTYJIEHTaM TEOPUIO OCHOB TEOPHH BEPOSTHOCTH.
3. Te3ucel JEeKINHU:
[Inan neknuu:
1.OcHOBHBIE MOHSITUSA TEOPUU BEPOSITHOCTEH.
2. Knaccuueckoe 1 CTaTUCTUYECKOE OMPE/IeTICHUE BEPOSITHOCTH.
3. OCHOBHBIE TEOPEMBI TEOPUHU BEPOSTHOCTEM.
UTto n3yyaeT Teopus BEpOATHOCTEMN?
Teopus BeposiTHOCTEH M3ydaeT 3aKOHOMEPHOCTH MACCOBBIX SIBIICHUMN, HOCSIINX CIIy4ailHbII XapakTep.
MaccoBble sIBJICHUSI U MPOIECCHl XapaKTEPU3YIOTCS MPEXKAC BCETO MHOTOKPATHBIM TOBTOPEHUEM TIPHU
MOCTOSIHHBIX YCIOBUSX HEKOTOPBIX OMBITOB, H3MEPEHUM, ONepalyii U T.1.
UTto ABNISIOTCS OCHOBHBIMU MOHATUSIMU TEOPUU BEPOSITHOCTEH?
OCHOBHBIMU MOHATUSMU TEOPUH BEPOSTHOCTEH SBISIFOTCS UCIBITAHUS M COOBITHS.
HcnbiTanueM Ha3bIBaeTCS  OCYIIECTBICHHE HEKOTOPOTO OMPEEJICHHOTO KOMILIEKCAa —YCJIOBUH,
KOTOPBI MOXET OBITh BOCIIPOU3BEIEH CKOJb YTOHO OOJIBIIOE YHCIIO Pas.
Pe3ynbrat niam HCXo1 UCTIBITAHUS HA3bIBACTCS COOBITHEM.
CobbiTHE 0003HaUaeTCs 3arjaBHBIMU OyKBaMu JIaTUHCKOro andasura: A,B,C
Buabr coObITHHA:
1. JlocToBepHBIMU Ha3bIBAIOTCSA COOBITHS, KOTOPhIE MPOUCXOASIT HEM30EKHO, B PE3YNIbTaTe KaKIOTO
HCTIBITAaHUS
2. HeB03MOKHBIMH Ha3bIBAOTCS COOBITHS, KOTOPhIE HUKOTa HE TPOUCXOST.
3. Cy4aifHBIMU Ha3bIBAIOTCS COOBITHS, KOTOPHIC MOTYT IPOW3OUTH WJIM MOTYT HE TIPOM30UTH B
JTAHHOM MCHBITAHUH.
Bunpl cinygaitHbIX cOOBITHIA:
1. CoObiTHe Ha3bIBA€TCA HECOBMECTHMBIM, €CJIIM B Pe3yJlbTaTe HCIBITAHUS OCYIIECTBICHUE
OJIHOTO M3 HUX UCKITFOYAET OCYIIECTBIEHUE OCTAIHHBIX.
2. CoObITHEe Ha3BIBAETCS COBMECTUMBIM, €CJIU B PE3YNbTAaTe HCIBITAHHUS OCYIIECTBICHUE OAHOTO
M3 HUX HE UCKIIFOYAET OCYIIECTBICHUE OCTAIbHBIX.
Ornpezenenne BEpOATHOCTH:
Kanaccuueckoit BeposiTHOCTBIO P(A) coObiTHS «A» Ha3bpIBaeTCd OTHONICHHE YHCIA  «My
ANIEMEHTAPHBIX COOBITHIA,0IArONPUSATCTBYIOMIUX COOBITHIO «A», K YUCITY «N» BCEX AJIEMEHTaPHBIX

coosrtiii. P(A) = &0
n

CBolicTBa BEPOSITHOCTH IO KJIACCUYECKOMY OMPEIEIEHHUIO:

1. BeposITHOCTB TOCTOBEpHOTO COOBITHS paBHA eauHMmIe - P(A)=1.

2. BeposaTHOCTh HEBO3MOXKHOT'O COOBITHSI paBHA HyIIO - P(A)=0.

3. BepoaTHOCTH cirydalfHOTO COOBITHS paBHA OT HYJs 10 eauHuIb - 0< P(A) <1.

2. CTaTucTUYeCcKOe ONpeIeTICHNE

Ecnu mpoBoauTcst cepusi U3 «N» UCIBITAHHUMA, TPOBECHHBIX B OJHUX U TEX XK€ YCIOBHSX, TpeOyercs
OTIPEAETUTh OTHOCUTEIHHYIO YAaCTOTY COOBITUH «A» B 3TOM ceprH UCTIBITAaHUM.

Ecnu B cepumn ucnbITaHUu cCOOBITHE «A» OCYHIECTBIIOCH «M» pa3, TO OTHOIICHUE YHCIA MOSBICHHMA
COOBITUA «A» K 00leMy 4YHCIy «N» TPOBEACHHBIX HCHBITAHUI JaHHOW CEpUU Ha3bIBAETCS

D N g, . m
OTHOCHUTEJIBHOW 4acTOTOM COOBITUS «A» B 3TOH cepuu UcCbITaHUNH. P*(A) = — =W
n

Ecnu oTHOCHUTENbHAS 4acTOTa KOJIEOJETCS OKOJIO OQHOI'0 4YucCijia, 3TO CBHACTCILCTBYECT O TOM, YTO
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OTHOCHTEJIbHAs YacTOTa MPEJICTaBIIICT COOOW pPe3yJbTaThl M3MEPEHUN M HA3bIBACTCS CTATHYCCKOM
BEPOSITHOCTBIO COOBITUN «A .

OCHOBHBIE TEOPEMBI TCOPUH BEPOSITHOCTEH:

1. CnoxxeHne BepOsATHOCTEN

CyMMoO#i IByX HECOBMECTHUMBIX COOBITHI «A» U «B» Ha3wpiBaeTcs coObiTHe C=A+B, 3aKitodaronieecs
B HACTYIUICHUH COOBITHS «A», WiH cOObITHS «B», Wi 000MX COOBITHIA OTHOBPEMEHHO.

1.1 BeposITHOCTh HACTYIUUICHUS CYMMBI IBYX HECOBMECTHUMBIX COOBITHH paBHA CyMME BEPOSTHOCTEH

stux cobsrrnit: P(A+ B)=P(A) + P(B)

1.2 BeposITHOCTb HACTYIUICHHS OJHOTO U3 HECKOJBKMX IOMAPHO HECOBMECTHBIX COOBITHH paBHA

n
CyMMe€ BEPOSTHOCTEH dTUX COOBITHIA: P(Ai + Az + As Tt An) = Z P(AI )

1=1
1.3 Cymma BeposSTHOCTEH HECOBMECTHBIX COOBITHH 00pa3yloUIMX MOJHYIO TPYIIY COOBITHH, paBHA

emmmne: P(A+A + A +...+A) =Zi:P(A,):1

1.4 JlBa cOOBITHSA HA3BIBAIOT IIPOTUBOINONOKHBIMHU, €CIIA OHM HECOBMECTHBI M OOPa3sylOT MOIHYIO
rpymmy. <

CyMMa BepOsTHOCTEIl IPOTHBONOIOKHBIX cobbrtuil pasua equrnue. P (A)+P (A)=p+q=1
2.YMHOXXEHHE BEpOSTHOCTEHN

[IpousBeieHUEM [BYX HE3aBHCUMBIX COOBITHH «A» n «B» HasbiBaloT cobbitue C=AB, cocTosee B

COBMECTHOM OCYILIECTBICHUH 3TUX COOBITHH.
2.1. Teopema. BeposTHOCTb NpOU3BENCHMUS JBYX HE3aBUCHUMBIX COOBITMH «A» U «B» paBHa

nponsBeneHuio Bepositrocteit atrx cobsrruit: P(AB) = P(A) - P(B)

2.2. BepoATHOCTb TIPOU3BENCHMS IBYX 3aBHCHMBIX COOBITHH «A» U «B» paBHa IPOU3BEICHHIO
OHOTO U3 HMX Ha YCIOBHYIO BEPOSATHOCTH BTOPOIO, BBIYMCIEHHYIO MPH YCIOBMH, YTO IIEPBOE
CoOBITHE OCYIECTBUIOCH: P(A-B) = P(A)- P(B/ A) = P(B)-P(A/B)

2.3. BepoaTHOCTH OCYIIECTBIEHHS XOTs OBl OJIHOTO U3 COOBITHIT HE3aBUCUMBIX B COBOKYITHOCTH, PaBHA
Pa3sHOCTM MEXKIy eIUHMIEH U IPOU3BEICHMEM BEPOATHOCTEH MPOTHUBOMOIONKHBIX COOBITHIA:

P(A)=1-q, q; 05.--9 ,=1-Q"
4. UnmocrpaTuBHbIi MaTepuan:IIpesenranus, ciaisl.
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6. KoHTpoJibHbIE BONIPOCHI :
1. YeM OTIUYAIOTCSI HECOBMECTHBIC COOBITHUS OT COBMECTHBIX ?
2. JInst xakuXx 1eield UCIoyIb3yeTcsl TEOpHUs BEpOsITHOCTEH B (hapmarun?

Jlexkmusa Ne7

1. Tema: IloBTOpHBIC HE3aBUCUMBIE UCIIBITAHUS
2. Heab: OOBSICHUTH CTYy/IGHTAM TIOHSATUE MTOBTOPHBIX HE3aBUCHMBIX UCITBITAHUN.
ILnan gekuun:

1. TloBTOpHBIC HE3aBUCUMBIC UCTIHITAHUS.

2. ®opmyna bepnysmiu.

3. JlokanpHast Teopema MyaBpa-Jlamnaca.

4. HWnterpanpHas Teopema MyaBpa-Jlamnaca.

3. Te3ucel JEeKINHU:
[ToBTOpHBIC HE3aBUCHUMBIC UCTIBITAHUSL:
[Ipy mpakTHYECKOM TNPUMEHEHHH TEOPUU BEPOSATHOCTEH 0co00€ 3HAYCHHUE HWMEKOT COOBITHS,
CBSI3aHHBIC C HE3aBUCUMBIMU IMOBTOPHBIMU UCTIBITAHUAMH, JIJIST KOTOPBIX:
1. Yncno ucnbITaHUuK «Ny» KOHEYHO;
2. Kaxxioe ncnplTaHre MMEET TOJIBKO J[BA UCXO0/1a: ) COOBITUE «A» OCYIIECTBUIIOCH;
0) coObITHE «A» HE OCYILIECTBUIOCH;
3. Bce ncnbITaHus HE3aBUCHUMBIC;
4. BeposITHOCTh MOSIBIIEHUS COOBITUS «A» B KaKJIOM HUCIBITAHUU MTOCTOSHHA.
®opmyna bepHylnu - NpUMEHSIETCSl B TEX Ciy4asx, KOTJAa YHUCIO HCHBITAaHUN «N» U «M»<l0,
BEPOSTHOCTH MOSBIECHUS COOBITUS «A» B KaXJI0M UCIBITAHUH (P) MOCTOSIHHA U MeHbIIe <I.
n!

P(m)=———=p"q""

m!l(n —m)!
I'ne Pn(m) — BEpOATHOCTD OCYIIECTBICHHS COOBITHS «A» «My pa3 B «N» UCTIBITAHUSIX.
2. JlokanbHas Teopema MyaBpa-Jlamiaca - mpuMeHSIETCS B TE€X CIIy4asik, KOT/Ia YACIO UCTBITAaHUI «Ny
1 «M»>10, BepOATHOCTD MOSBICHUS COOBITUS «A» B KOKJIOM UCIBITAHUU (P) MTOCTOSIHHA U MeHbIe <1

-x?/2 m-n
X = P

Jnpg
I'te 3HaueHus @(X) ONMpenesitoTCs U3 CHeUATbHBIX TaOIHII.
3. UnrerpanpHas teopeMa Myaspa-Jlamiaca-npuMeHsieTCs B TEX Cllydasx, KOI/la YMCIIO UCIIBITAHUN
«N» 1 «Mm»>10, BEpOATHOCTb MOSBICHUS COOBITUS «A» B KaXJIOM HCHBITAaHUU (p) MOCTOSIHHA WU
MeHblIe <] 1 ocylecTBaAsETCS OT «M1» 10 «M2» pas.

P,(m) =&(X,) - @(x,), P(—X)=—-D(x) x =P M 1P
Jnpg Jnpg
I'ne 3nauenus O(x) onpenenstorcs U3 crielualbHbIX TaOIHII.
4. 3akon Ilyaccona - mpumeHsieTcsl B T€X CiydasX, KOIZIa YMCIO HCHObITaHUM «N»>10, «m»<10,
BEPOATHOCTh MOSIBICHUS COOBITHS «A» B KaXIOM HCHbITaHUM (p) mocrosiHHa W MeHbuie < 0,1.

P.(M) = ——— p(x), @(X) =t
%1 OCYH_ICCTBHHCTCﬂ pOBHO «M» pa3. n \/qu ) \/Z

R(M)=“—e, u=np
m!

3HaueHue QYHKIMH €-|l OMPeNesieTCs U3 CIIeHUaATbHBIX Ta0JIHII.
4. NiunloctpatuBHbIN MaTepuad: [IpeseHranus, cnanbl.
S. Jluteparypa:

OcHoBHas:
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1. Maremaruka: yueOnuk / U. B. IlaBnymikos, JI. B. PozoBckuii, 1. A. Hapkeuu. - M.: I'DOTAP-
Menua, 2013-320 c.
2. PaxumkanoBa C. K. Teopus BeposiTHOCTEH 1 MaTeMaTUYeCKas CTAaTUCTUKA: y4€OHO-METOINYECKOe
nocobue/ C. K. Paxumxanosa, J[. C. KaparaeBa.- Anmarer: OCIIH, 2023.- 188 c.
3. PaxumxkanoBa C. K. bIKTUManAbIKTap TEOPHUACH MKOHE MATEMAaTHUKAIBIK CTAaTUCTUKA: OKY-
onicremenik kypan/ C. K. Paxumxanosa, J[. C. Kaparaesa.- Anmarsr: DCIIU, 2023. - 184 Ger.
4. Kpodr, D. Marematuka Herizaepi. 2-0emiM: OKyIbIK.- AnmaTel: KP skoFapbl OKy OpBIHIAPBIHBIH
KaybIMIacThIFbL, 2014. - 324 Ger.
5. Maremaruka. 1-6emiM: okyisIK / K. XK. Kynabaes Anmater: OBepo, 2014. - 144 Ger.
6. Maremaruxka. [I-6emim: okynsik / K. XK. Kynabaes - Anmarsr: 9Bepo, 2014. - 176 Ger.
7. bazapbekoBa A.A. XKorapsl maTemaruka: okyiaslk/ basap6exoBa A.A., bazap6ekoBa A.b.- AnmaThl:
OCIIH, 2023.
8. Ammp6aeBa H.K. JKorapel MaTemaTHKa KypChIHBIH HeTi3epi: oKy Kypaisl.- Anmatel: JCIIN, 2023.
9. AxmeroBa A.Y. Matemarnueckuii aHam3: yaeoHoe mocobue/ Axmerosa A.Y., Kaparaesa /1.C.-
Anmartsr: 9CIIN, 2023. - 132 c.

JonmostHuTEIbHAS:
1. UBanoBa M.b. O 6a3ucHOCTH COOCTBEHHBIX M MPHUCOEAMHEHHBIX (YHKIUI HECaMOCOMPSKEHHBIX
KpaeBbIX 3a7ad I oaHoMepHoro ypaBHeHus Illpeamnrepa: monorpadus/ M.b. WBanoma. -
IIsiMkeHT: OJeM Oacmaxanacel, 2020. - 100 c.
2. KaryeibaeB K.M. Maremarukansl oKbITY omicremect okynbik/ K.U. Kanneibaes, O.C. Catesibanaues,
C.A. Ixanabepauena; KP bBFM.- Anmartser: [{oyip, 2013. - 368 et
3. UckakoBa A.C. Pemenue 3a1a4 Teopun BEpoITHOCTEH B cucteMe Matlab: yuebnoe mocodue/ A.C.
Hckakona.- Anmatel: DCIIH, 2023. - 204 c.

DJIEKTPOHHbIE U31aHUS:
1. VisanoBa M.b. O 6a3ucHOCTH COOCTBEHHBIX W MPHUCOEAMHEHHBIX (YHKIMH HECaMOCOMPSKEHHBIX
KpaeBbIX 3aaad Jyisi oJgHOoMepHoro ypaBHeHus Ilpeamurepa [DneKTpoHHBIN pecypc]: MoHorpadus/
M.b. MBanoBa.- DnekTpoH. TekcToBblie naH. (1,131 Kb).- HIsmvkenT: Onem 6acnaxanacsl, 2020.
2. Maremaruka, MaTeMaTHKaHbl OKBITY OJiCcTeMeci/ MaTeMaTHKa, METOJAMKa [PEnoJOBAHUS
MaTeMaTHKH, OKy Kypaisl.- Kaparauaer 2017 https://aknurpress.kz/reader/web/1884
3. MareMaTuKaiablK aHAIM3 JKOHE AHAIMTUKAIBIK (DYHKUIMSAJIAp TEOPHSCBHIHBIH OacTaManapbl: OKY
kypanbl. Kaparanger. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.Ill. Kanmnosa. [Ipaktuueckue paboThl 10 BeICHIEH MaTeMaTHKe: yueOHOe
nocobue. — Kaparanna: UznarensctBo «AKHYP».— 2016. https://aknurpress.kz/reader/web/1109
5. Komranosa I'.P. Marematuka 1: oKy Kypaisl, -Anmater 2019. https://aknurpress.kz/reader/web/2080
6. Komnranosa I'.P. Maremaruka 2: oKy Kypaisl: Anmatst 2019. https://aknurpress.kz/reader/web/2081
7. K.K. Kyna6aes, I'.C. CapbacoBa, M.A. NmanbaeBa, A.C. KeigpipbaeBa. Matematuka. 1 Geim:
OkynbIK. AnMatsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/2515/
8. K. K. Kyna6aes, I'.C. CapbacoBa, M.A. Uman6aeBa, A.C.KpiapipbacBa. MaTemaTtuka. 2 6eim:
OkynbIK. Anmatsl, IBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
9. HypmaramOeros /I.E. Meaununanarsl ;xorapel MareMaTuka Herizaepi: Oky Kypaisl/ J1.E.
Hypmarambe-toB, M.O. Hypmaran6eroBa.- Anmatsl: «9Bepox» 6acmacel, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/
10. Kynabaes K.JK. Maramartuka: oKy Kypaisl.— AnMatsl: OBepo, 2020.-136 6.
https://elib.kz/ru/search/read_book/3091/
11. XKymabae K.)K. Korapsl MaTemaTuka (KEHICTIKTET1 aHATUTUKAIBIK T€OMETPHUS, aHBIKTAYBIIITAP
MEH MaTpulaiap, ChI3bIKTHIK TEHIEYIep): MpakTUKyM.- Anmatsl, Mocksa: EDP Hub, Aii Ilu Ap
Menua, 2024.- 169 c. //IPR SMART: https://www.iprbookshop.ru/143330.html
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12. TectoBbIe BOIPOCH IO TEOPUH BEPOSATHOCTEH: yueOHO-MeToauueckoe mocodue / B. [1. [Iponenko,
E. A. JlykpsinoBa, T. B. JlsmyHosa [u ap.].- Mocksa: PY/IH, 2017.- 68 c. // IPR SMART:
https://www.iprbookshop.ru/91081.html

13. Kypasiosa ¥.0. XKorapsl MaTemaTuka Heriznepi: oKy Kypaisl / ¥.9. Kypanosa, I'.E. Xunexkynona.-
Tapas: Tapl'V um. M. X. [ynaru, 2019. // IPR SMART: https://www.iprbookshop.ru/127267.html

14. Mansuea JK.JI. MaremaTuka ais cTyeHTOB-MeUKOB. B 4 wactax. Y.1. Hauana nuneitHoi
anreopsl: yueoHoe mocodue / XK. JI. Mansuesa, C. B. Manbsuesa, O. B. Psa3anosckas.- HoBocubupck:
HI'V, 2023.- 112 c. //IPR SMART: https://www.iprbookshop.ru/134642.html

15. Annu6aeBa JI.T. Ti30ekTiH >koHe PYHKIUSHBIH II€Ti: OKY Kypaibl.- Anmatsl: Hyp-TIpunt, 2014.-
129 c. //IPR SMART: https://www.iprbookshop.ru/67161.html

16. Kyrreiroxkxuna A.C. XXorapbel MmaTemMaTrka Heri3aepi: oKynblK.- Anmatel, MockBa: EDP Hub, A
[Tu Ap Menua, 2025.- 212 c. //IPR SMART: https://www.iprbookshop.ru/149969.html

17. Matthew A. Rewald, Bradley A. Lorang, Garrett E. Schramm. Pharmacy Calculations: An
Introduction for Pharmacy Technicians: An Introduction for Pharmacy Technicians.- [Place of
publication not identified] : ASHP.- 2021. // eBook Medical Collection EBSCO

6. KoHTpoJIbHBIE BOMPOCHI :

1. Korna npumensercs ¢hopmyna bepuysmmm?

2. 151 KakuX LeJICH UCIOIb3YETCs TIOBTOPHBIE HCIIBITAHMS B (hapMariuu?

Jlekusa Ne8

1. Tema: CiyuaiiHble BEIMYMHBI U MX BUIbL. 3aKOH pacHpelesIeHUus AUCKPETHOM CiydailiHON
BEJIMYMHBI U UX YUCIIOBBIE XapaKTEPUCTUKU
2. Heab: OOBACHUTH CTYICHTAM TEOPHIO CIyYailHBIX BETMYMH U 3aKOH PACIIpPEeIICHUs JUCKPETHON
CIIy4alHOU BEJIUYHHBI.
3. Te3ucnl JeKINHU:
IInan nexuuu:

1. IloHsATHE Cy4alHBIX BEJIMYHUH.

2. JIucKkpeTHas cily4aiiHas BETUYHHA.

3. 3aKkoH pactpeaeneHus: AUCKPETHBIX CIIy4alHbIX BEIUYNH.

4. YncnoBble XapaKTEPUCTUKH TUCKPETHBIX CIyYalHBIX BEJINYHUH.
Kaxue BennunHbI HA3bIBAIOTCS CIyYallHBIMM U YEM OHU OTJIMYAIOTCS OT MPOCTHIX BEIUUHUH?
Bennunny, KoTopas B pe3yibTaTe MCHBITAHUS MPUMET OJHO M TOJIBKO OJHO BO3MOXHOE 3HA4YCHHE,
Ha3bIBalOT cCiy4aiiHOM. [IpuMepamu CilydallHbIX BEJIWYMH SIBISIOTCS:  KOJUYECTBO PELENTOB,
NOCTYNUBIIMX B aNTeKy B TeUeHHE paboyero IHs, KOJUYECTBO OONBHBIX B JaHHOM pailoHE,
MPOJOJIKUTENLHOCTD YEJIOBEUECKON KU3HHU, IOTPEUIHOCTh MTPU U3MEPEHNHU TOW WM MHOM BEIMYMHBI U
ap. CaydaiiHple BenWYHHBI 0003HA4aroT mponucHeiMU (X,Y,Z,...) a WX BO3MOXKHBIC 3HAUYCHUS —
COOTBETCTBYIOIIMMHU CTPOUYHBIMU OYKBaMH JJATUHCKOTO aniaButa (X,Y,Z,...). BeposaTHOCTh ciiyualHbIX
BEJIMYMH 0003Ha4Yar0T OyKBaMU C COOTBETCTBYIOIMMU HHAeKkcamu: P(x), P(y), P(2),...
JIucKkpeTHBbIE CllyqaiiHble BEINYUHBI
1. JluckpeTHoii (MpephIBHOI) HA3BIBAIOT CAYYalHYIO BEIUYHHY, NPUHUMAIOLIYIO OTAEIbHbIE APYT OT
Jpyra BO3MO>KHbIE 3HAUEHHUSI C OMpPEJICICHHBIMU BEPOSITHOCTSAMHU, KOTOPHIE MOYHO MPOHYMEpPOBATh.
Yucno BO3MOXKHBIX 3HAYEHMH JTUCKPETHOW CIIydyallHOH BEIMYMHBI MOXKET OBITh KOHEYHBIM U
OECKOHEYHBIM (KOJIMYECTBO CTYACHTOB Ha JIEKUUH, KOJ-BO MaJbUMKOB, POJUBLINXCA B pa3InyHbIC
MECSIIIBI U3 OOLIET0 YMCiia HOBOPOXKACHHBIX B OMPEACTICHHOM paifoHe U T.1I.).
3aKkoH pacrpeneiaeHus] TUCKPETHOU ClydyallHOM BEIHYMHBI:
3aKOHOM  pacIpeleieHHs] JAUCKPETHOW ClyJyailHOM BEJIMYMHBI HA3bIBAIOT COOTBETCTBHE MEXIY €€
BO3MOHBIMU 3HAYECHHUSIMU U MX BEPOATHOCTSMH. 3aKOH PACHPEACIICHUS IUCKPETHOW CIy4alHOU
BEJIMYMHBI 33/1a€TCSI B BUJE TaOJMIIBL:
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X | x| X [ CymMMa BEpOsITHOCTEI
" COOTBETCTBYIOIIHNX BO3MOKHBIX
3HAUEHMIT BCerJa paBHIETCs €AUHULIE:
) p. i 7,
B\Pp, pPr+p,+..p, =2 p, =1

i=1

Bce Bo3MOKHBIC 3HAYCHHSI CITy4aifHOM BETUYMHBI i KX BEPOSTHOCTH, YKa3aHHBIC B TA0JIMIIE HA3BIBAIOT
PSAIOM pacrpeeacHusl.

UucoBbie XapaKTePUCTUKU JUCKPETHBIX CIIyYalHbIX BEJIMYUH:

1. MaremMaTH4YeCKMM OKMJIAHUEM JIUCKPETHOM CIIy9allHOW BEJIWYMUHBI «X» HaA3bIBACTCSI CyMMa
MPO3BEJICHUN BCEX BO3MOXKHBIX 3HAUYEHUM BEIIMUMHBI «X» Ha COOTBETCTBYIOIIUE BEPOSATHOCTU «P»
3TUX 3HAYEHUM:

n
M (X) =X, Py + X, Py +...t X, Py = DX Py
i=1
CBOﬁCTBa MAaTEMAaTHUYCCKOI'O O KUIaHUA:

1) M(C)=C Maremaruueckoe 0’KHIAHUE IOCTOSIHHOM BENUYUHBI «C» PAaBHO TOH MOCTOSIHHOM.
2)M(CX) =CM (X) TlocrosinHbIi MHOXKHTENIb «C» BBIHOCHTCS 33 3HAK MATEMATHYECKOTO OXKUIAHUS
0€e3 N3MEHEHUH.

3) M(XtY)=M(X)£xM(Y) Maremarnyeckoe OXUAAHUE CYMMBI WIH PAa3HOCTH CIy4alHBIX

BEJIMYHMH PABHO CyMME MIIH Pa3HOCTH MX MaTeMAaTUYECKMX OKHIAHMIA.
MareMatndeckoe OXHIaHHE HPOM3BENCHMS HE3aBHCHMBIX CIyYalHBIX
4) M(XY)=M(X)M(Y) Benuuun paBHO HPOM3BEICHHIO X MATEMATHYECKUX OKUIAHHIA.

2. lucnepcueil TMCKPETHOW CITy4aifHOW BEJIMYMHBI HA3BIBAIOT MAaTEeMAaTHYECKOE OKHUJAaHHE KBajpaTa
OTKJIOHEHHSI BO3MOKHOI'O 3HAYEHHUs CIYyYaWHON BEIIMUYMHBI «X» OT €€ MaTeMaTH4eCKOro OKMIaHWS:

D(X) =M ((X =M (X))*)
CaoiicTBa AMCTIEPCHUH:
1) D(C)=0 [ducnepcus mocTOSHHO# BemnauHbl «C» paBHA HYITIO.

2) D(CX)=C?D(X) IocrosHHBI MHOXHUTENb «C» BHIHOCHM 3a 3HAK JIMCIEPCHH, BO3BOAS €T0 B

KBaJIpar.

3) D(X£Y)=D(X)+D(Y) Jucnepcusi cyMMbl MM Pa3HOCTH CIAyYalHBIX BEJIMYHH PaBHA TOJBKO
CYyMMe X JUCTIEPCUI STHX BETHUKH.

4) D(X)=M(X?)=(M (X))’ VnpouieHHas 3amuch (GOPMyIbl AHCIEPCHH OMpelensercs U3
Pa3HOCTH MaT.0KUAAHUS KBaJpaTa ClyqaiiHOW BEIMYUHBI U KBAJIpaTa MaT.0KUAaHHsI STOH BETNIHUHBIL.
3. CpeaHuM KBaIpaTHYeCKUM OTKJIOHEHHEM CIy4aiiHON BEITMYMHBI Ha3bIBAIOT KBAJPATHBIA KOPEHb

u3 qucnepeun: o(X) =/ D(X)

M(x)=#=5-01+7-02+8-0,2+10-035+15-015=925
M(X*)=25-01+49-02+64-02+100035+2250,15=

MNpumep: PN \ ﬁ
X, 5 7 8 10 | 15 D(x) =M(X7)—(M(X)) —9385-(9,25) =9385-8556=
P, 0.1 0.2 0.2 035 |0.15 =829
X2 25 49 64 100 225 o(x)=+/8,29=288

4. WnunloctpatuBHbIN MaTepuad: [IpeseHTanus, cianibl.
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17. Matthew A. Rewald, Bradley A. Lorang, Garrett E. Schramm. Pharmacy Calculations: An
Introduction for Pharmacy Technicians: An Introduction for Pharmacy Technicians.- [Place of
publication not identified] : ASHP.- 2021. // eBook Medical Collection EBSCO

6. KoHTpoJIbHbIE BONIPOCHI:

1. YeM oTnuyaercs HEMpepbIBHAS CydyaiiHas BEJIMYUHA OT JAUCKPETHOM?

2. [l KaKuX [eJIeH UCIOIb3YIOTCS YHCIIOBBIC XapaKTEPUCTHKHU JUCKPETHBIX CITyUYalHBIX BETHUMH B
dhapmanuu?

Jlexkmus Ne9

1. Tema: ®DyHKIUS pacnpenesNeHuss U IUIOTHOCTb paclpesieleHus BEepOATHOCTEH HenpepbIBHOMN
CIy4ailHON BEJTMYUHBI
2. Heab: OOBACHUTH CTYACHTaAM TEOpPHIO (PYHKLIMHU paclpeleNeHuss HEeMpepbIBHOW CilydaiiHOMN
BEJINYUHBI.
3. Te3ucel JeKUUHU:

[Inan nexuun:

1. HenpepsbiBHas cinydaiiHas BEITUYMHA.

2. OyHKUWs pacupeleNeHus U MX CBOWCTBA

3. IInotHOCTH pacnpeneneHns U UX CBONCTBA.

4. YucnoBble XapaKTEPUCTUKH HEMPEPBIBHBIX CAyYalHBIX BEJIUYUH.
HemnpepsiBHON HAa3bIBaIOT CIy4alHYX0 BEJIWYMHY, KOTOpass MOKET IIPUHHUMATh BCE 3HAYEHHUS U3
HEKOTOpPOT0 KOHEYHOTo WJIM OECKOHEYHOIo MHTepBasia. YNCI0 BO3MOXKHBIX 3HAUEHUH HENpephIBHON
Cly4yailHOM BeNTUYMHBI OECKOHEUHO (TOTpeIIHOCTh MPU U3MEPEHHH, TEMIIEpaTypa BO3/lyXxa B TeUCHUE
TTHSL U T.J0.).
Jlis onucaHus peanbHBIX BEIWYMH, 3aBUCAILUX OT CiIyyas, Kjlacca JUCKPETHBIX CIIy4alHBIX BEIUYNH
HeZ0CTaTOYHO. TakuM BeNUYMHAM, KaK pa3Mepbl JI0ObIX (U3NYECKUX OOBEKTOB, TeMIleparypa,
JaBlieHHe, JJTUTEIBHOCTh TeX WIM HUHBIX (U3MYECKUX IPOILECCOB, HEECTECTBEHHO IPUITMCHIBATh
JUCKPETHOE MHO>KECTBO BO3MOXKHBIX 3Ha4YCHMI. HanmpoTuB, €CTECTBEHHO CUUTATh, YTO UX BO3MOYKHBIE
3HAa4YeHUsl B MPUHIMIIE MOTYT OBITh JIOOBIMHM YMCIIAMHU B HEKOTOPBIX Ipejenax, T. €. OHU SBIISIOTCS
HETPEPBIBHBIMUA BEIIMYNHAMH.
HeBo3MOXXHO omucaTh 3aKOH pPACHpEleICHUS HENPEPbIBHOW CIy4alHOW BEJIIMYMHBI C IIOMOILBIO
Ta0JIUIBI, B KOTOPOH OBLIM OBl MepeurcieHbl BCE BO3MOMKHBIE 3HAYEHHUS 3TOW BEIMYMHBI M HX
BEPOSITHOCTH.
OpHako pa3iauyHble 00JIaCTH BO3MOXKHBIX 3HAUEHUN HENPEPBHIBHOM CIIy4ailHON BEIMYMHBI BCE XK€ HE
SABJSIIOTCA  OJAMHAKOBO BEPOATHBIMU, U I HENPEPBIBHOW CIIyYalHOM BEJIMYMHBI CYIIECTBYET
«pacrIpelesCHne BEpOSATHOCTEW», XOTA U HE B TOM CMBICIE, Kak M JAUCKpeTHoW. Jlms
KOJIMYECTBEHHON XapaKTEPUCTUKH 3TOTO PACHpEeNICHUs] BEPOSITHOCTEH YIOOHO MOJb30BaThCs HE
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BEPOSATHOCTBIO COOBITUSA «X = X», @ BEpOATHOCTbIO coObITHA «X < X». Ilox BelpaskeHHeM «X < X»
MIOHUMAETCS COOBITHE Cy4aliHas BEIMUMHA «X)» MIPHUHSATA 3HAYCHNUE, MEHBIIIEE «X».

DyHKIMEN pacrpeaeeHus CIIydalHOW BEJIMYUHBI:

OyHKIMe pacnpeneneHusl CIydailHOW BenuuMHbl «X» HaseiBaercs (ynkmus F(x), paBHas
BepossTHOCTH P(X<X) TOro, 4To ciryyaiiHas BeIMYMHA IPHUHSIA 3HAYEHUE, MEHBIIIEE «X»: F(x)=
P(x<x). ®ynxmuro pacnpeneneHus F'(x) nHoraa Ha3bpIBAlOT HHTETPATBHON (QyHKLIMEH pacipeneieHus
WA MHTErpalbHbIM 3aKOHOM PAaCHpPEeTICHMUSL.

OyHKIMSA paclpeieIeHUs MOJTHOCTRIO0 XapaKTePU3yeT CIyYaiHYI0 BEJIMYMHY C BEPOATHOCTHOW TOUKH
3peHMUs, T. €. SIBJIAETCS OAHOM U3 (HOpM 3aKOHA pacIpeesIeHHs.

CBoiicTBa (DyHKIMU pacTpeeTICHHS:

1. 0< F(x) <1 310 cBOMCTBO ciiefyeT U3 onpeaeneHus pyHKIUKN pacrpeneneHus Kak BepostHocTH (0
<P <1).

2. F(x) - neyObIBaromas GpyHKLHs CBOETO apryMeHTa, T.e. eciu x1 <x2, to F(x1) < F(x2) unuP(x1 <
X <x2) = F(x2) - F(x1).

BeposTHOCTB 1100010 COOBITHS €CTh YUCIO HeoTpuuareiabHoe, nostoMy P(x1 < X < x2) > 0; 3Hauur,
F(x2) > F(x1).

3. Eciin BO3MOXKHBIC 3HAYCHUSI CIIy4ailHON BEMMUYMHBI «X)» NPUHAIIekKAT UHTepBany |a, b[, To: F(x) =
Onpux<a F(x)=1mpux>Db

[1noTHOCTBIO pacnpesieNeHusl HEPEPhIBHOM C1y4aiiHONW BETMYUHBIL:

[InoTHOCTBIO pacnpeneneHus (IIOTHOCTHIO BEPOSITHOCTH) HENPEPBHIBHOM CIIy4aliHON BEIMYMHBI «X»
Ha3bIBalOT GyHKIMIO f (X), paBHYIO IPOU3BOAHON €e MHTEerpalibHON QyHKUIMU pactipenenenus: f(x) =
F'(x).

WNuorna ¢ynknuto  f(x) HaspBaoT auddepeHnnanbHOl  QYHKIUEH — pacmpeneneHus — Win
mudQepeHIraIbHBIM 3aKOHOM PACIIPEIEIICHUS BETMIUHBI «X)».

1. BeposiTHOCTHh TOTrO, YTO HEINpEpbIBHAS ClydaiiHas BeIMYMHA B Pe3yJbTaTe WUCHBITAaHUS MPUMET
Kakoe-HHOyIb 3HAa4YeHWEe W3 HWHTepBanala, D[, paBHa ONpeneNieHHOMY HHTErpaly OT IJIOTHOCTH

b
BEpOSTHOCTH B Ipejienax ot «a» g0 «by: P(a < X <b) = _[ f ()dx=F(b)-F(a),

UucnoBble XapaKTEPUCTUKU HEIIPEPBIBHBIX CIIyYalHBIX BEIMYMH:
1. MaremaTu4ecKkuM OXUJAAHUEM HENPEPHIBHOW CIlydalHOM BENWYMHBI «X», BO3MOXHbBIE 3HAYEHUS
KOTOPOM  IPUHAIJIEKAT  OTPE3KY [a, b], Ha3bIBAIOT  BEIUYUHY  OINPEHCICHHOIO

b
uHTerpana: M (X) =y = J xf (x)dx, f(X) — mIOTHOCTH BEPOSITHOCTH.
a
2. Jlucmepcueid HENpephIBHON CIy4allHOW BEIMYMHBI «X», BO3MOXKHBIC 3HAUCHHS KOTOPOM
NpUHAAIEKAT  OTpe3Ky [a, D], Ha3piBarOT  BeMMUYMHY  ONPEJCICHHOTO  HMHTErpaja:
b 2
D(X)=0o P I(X_ﬂ) f (x)dx, rae (n - MaremaTudeckoe oxuganwe; f(X) - IUIOTHOCTH
a
BEPOSITHOCTH

3. Cpennee KBagpaTUYECKOE OTKJIOHEHHE HENpPEephIBHOW CIIy4aillHON BEIMYUHBL: O = o’.
4. WiutoctpatuBHbIi Matepuadn:IIpesenranus, ciaiiabl.
5. JIuteparypa:
OcHoBHas:
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14. Manbuera XX.JI. Maremaruka ajis cTyIeHTOB-MeIMKOB. B 4 wactsax. U.1. Hauana nunelinon
anreopsr: yueoHoe mocobue / XK. JI. Manbuesa, C. B. Manbuesa, O. B. Ps3anoBckast.- HoBocubupck:
HI'Y, 2023.- 112 c. //IPR SMART: https://www.iprbookshop.ru/134642.html

15. Annmn6aeBa JI.T. Ti30ekTiH oHe (PYHKIMAHBIH IIET1: OKY Kypaibl.- Anmartsl: Hyp-IlpunT, 2014.-
129 c. //IPR SMART: https://www.iprbookshop.ru/67161.html

16. Kyrreiroxxuna A.C. XXorapsl MaTeMaTHKa HeTi3/epi: OKymIbIK.- Anmatel, MockBa: EDP Hub, Aii
ITu Ap Meaua, 2025.- 212 c. //IPR SMART: https://www.iprbookshop.ru/149969.html

17. Matthew A. Rewald, Bradley A. Lorang, Garrett E. Schramm. Pharmacy Calculations: An
Introduction for Pharmacy Technicians: An Introduction for Pharmacy Technicians.- [Place of
publication not identified] : ASHP.- 2021. // eBook Medical Collection EBSCO

6. KoHTpoJibHbIe BONIPOCHI:

1. Kakumu cBoiictBamMu 001aaeT QyHKIMS pacipeiereHus ?

2. [lepeuncnure 4MCIOBbIE XaPAKTEPUCTUKN HETIPEPHIBHBIX CIIYYalHbBIX BEIHYHUH?

Jlexuus NelO

1. Tema: DneMeHTHI TEOPUN KOPPETALUN

2. leab: OOBSICHUTH CTYyICHTaM 3JIEMEHTHI TEOPHH KOPPEIISAIIUH.
3. Te3uchl JeKINHU:

[Inan nexuun:

1. Cratuctuueckas, reHepajibHasi 1 BHIOOpPOUHasi COBOKYIHOCTH.

2. Cratucrudeckasi 1 KOppeasiiUOHHAs 3aBUCUMOCTH.

3. YpaBHeHue JIMHEHHON perpeccuu 1 onpeesaeHne ero KoapQUINeHTOB U apaMeTpoB.
MHO0€eCTBO OJHOPOJHBIX 0 KaUE€CTBEHHBIM U KOJMYECTBEHHBIM NMPHU3HAKaM OOBEKTOB Ha3bIBAETCS
CTaTUCTUYECKON COBOKYITHOCTBIO.

Cratudeckast COBOKYIHOCTb, M3 KOTOpPOW OTOMpPAIOT YacTb OOBEKTOB, HA3bIBAIOT T'€HEpaIbHOU
COBOKYITHOCTBIO.

MHO0k€ecTBO 00BEKTOB, CIIy4aiiHO OTOOpaHHBIX U3 I'€HEPaJIbHOU COBOKYITHOCTH, HAa3bIBAIOT BHIOOPKOA.

ITpu KakuX U3MEHEHUIX 00pa3yeTcsi CTAaTUCTUYECKas 3aBUCUMOCTh?

Ecnu m3MeHeHue OAHON BENWYMHBI BiE€YeT 3a cOo00l M3MEHEHHE paclpeneieHus] (MaT.OKUIAaHUs,
JHCIIEPCUH, CPETHEr0 KBaJIpaTUYECKOrO OTKIOHEHMS) APYrod BEJIWYMHBI, TO TaKylH 3aBHUCHMOCTh
Ha3bIBAKOT CTATUCTUYECKOM.

ITpu KakuX U3MEHEHUIX 00pazyeTcs KOppeasHOHHas 3aBUCUMOCTh?

Ecny u3aMeHeHne oHOM BEIMUYMHBI BI€YET 3a OO0 M3MEHEHUE TOJbKO MATEMaTHYECKOrO OXKUAAHUS
ApYroy BEJIMYUHBI, TO TAKOM YaCTHBIN CiIy4all 3aBUCUMOCTH HAa3bIBAIOT KOPPEIALIOHHOM.

Uro onpenenser JUHEHHAS KOPPETALIH?

KoppensiuoHnHas 3aBUCUMOCTh XapakTepusyercs: kodduimentom koppensuu [Iupcona, KOTopslii
Ha3bIBAETCS KO3PPUIIMEHTOM JIMHEHHON KOPPEISIUH.

JInneitHast koppenanus onpeAeseT CTENeHb NPONOPIMOHATBHOCTH 3HAYEHUN IBYX IEPEMEHHBIX JPYT

ApYTY.
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Ha yem ocHOBaH MeTO1 HAUMEHBIITUX KBAJIPATOB?

[Ipsimasi, mocTpoeHHass METOJ0M HAUMEHBIIUX KBaJAPATOB HA3BIBAETCA MPSIMON PErpecCru. ITOT METO/T
OCHOBaH Ha TOM, YTO CyMMa KBaJpaTOB PACCTOSHHI OT HAOIIOJAEMBIX TOUYEK JIO MPSMOU SBISETCS
MUHHMAaJbHOM.
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VARIABLE X W WARIABLE
KOppeﬂﬂHHOHHafl 3aBUCUMOCTH «Y» oT <<X>> OIIUCBIBACTCA C ITOMOIIIBIO ypaBHeHI/Ifl BHU1A

M(Y), = f(x)

KOTOPOE Ha3bIBACTCS YPAaBHEHUEM perpeccur «Y» Ha «X».

Ine M(Y)X ycnoBHOe MaT.ouAaHHE BEIHYUHBI «Y)», COOTBETCTBYIOIICE TAHHOMY 3HAUCHHUIO «X),
«X» - OT/ICNIbHOE 3HAYCHUE BETHMUMHBI «X», f(X) — HeKoTOpast pyHKIIHSL.

KoppemsunonHas 3aBUCUMOCTE «X» OT «Y ) OIMHCBHIBAETCS C TOMOIIBIO YPABHEHHSI PETPECCUU «X» Ha

«Y»: M(X), =o(y)

I'me M(X)y ycioBHOE MaT.0XHJAaHHUE BEIHMYUHBI «X», COOTBETCTBYIOIIEEC NAaHHOMY 3HAYCHHIO «Y»,
«Y» - OTJICIbHOE 3HAYCHUE BETUIUHBI Y », O(Y) — HEKOTOpast QyHKITHS.

Ecmu ¢ynkimu 3amanel B Buge: f(X)=Ax+B u ¢(y)=Cy+D, To ypaBHEHHE perpeccuu Ha3bIBacTCs
YPAaBHEHUEM JIMHEHHON PErpeccuu U UMEET BUL:

M(y), = Ax+B
M(x), =Cy+D
yyx N pyxx+ b, Plyx —K09¢qbuz4uefm, b—napaMemp
Xy =pyY+d, p, —Kxosppuyuenn, d—napamemp

Bri0opounsie koaddurmentsr (pyX, pXy) u mapametpbl (b, d) ypaBHeHHs JMHEHHO#N perpeccuu
OTIPEIEINISTIOTCS C TIOMOMIBIO METO/Ia HANMEHBIIINX KBaJPATOB:
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4. UnunioctpaTtuBHbIN MaTepuad: [IpeseHranus, cianbl.
5. JIuteparypa:
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6. KoHTpoJIbHBIE BONPOCHI:

1. Yem oTimvaeTcst KOppeISIUOHHAs 3aBUCUMOCTD OT CTATHCTUYECKOM ?

2. JIns KaKoM 1esy UCTIoNIb3yeTcs KOppesMoHHast 3aBUCUMOCTb B (hapMaruu?
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