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YHusepcutetr UTMO



[1haH

1. BBegeHue
*  WHTepBasbHbIXN aHaNN3
* [BWHbDI

2. [NMpnnoxeHne TBUHOB
*  VHTepBanbl B U3OTOMHOM aHaNn3e
 KnaccndumKkauma ammMHOKUCNOT
* 3aaava IMHENHOWN perpeccum
e (O6paboTtKa LIDAR aaHHbIX

3. 3aknwyeHue
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MHTepBasibHbIX aHaN3

* Knaccuyeckaa nHTepBanbHada apupmMeTnka:

IR = {x = [g,i]:@ X, X € ]R}.

Pe3ynbratom ntobon apnpmetnyeckom onepaumm x € {+,—, -, /} aBndaetca
MHTEepBan, Takom YTo
xxy={x*xy|x €xy€Ey} x,y € R.

* [lonHaa nHtepBanbHaa apnomMeTnka nnun apnpmetmnka Kayxepa:
KR = {X = [g, i], X, X € IR}.

[loaBunmncb HenpaBu/bHble MHTepPBanbl!
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Onepaunun c MHTepPBalaMM

N

( )
( )

R _
a=|aal, b=]b,b]

dual(a) = [a, a]

wid(a) =a—a
[na HenpaBUbHbIX UHTEPBA/IOB LLUMPUHA OTPULLATE/IbHA
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Onepaunun c MHTepPBalaMM

B3ATWE MaKCUMyMa U MUHMMYMa M0 BK/TOUYEHMIO
a,b) = [max(a,b), min(a,b)]
a,b) = [min(a,b), max(a,b)]

ana HelrnepecekKkarnwmnxcd MnHrtepsasioB MMeeEM HeﬂpaBMﬂbeIVI MNHNMYM 10

7~ N
) e
[ ’ . ] R 5/31
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TBUH

OnpepeneHue

TBMHOM NO CBOMCTBY BNIOXKEHHOCTK (€) Ha3biBaeTcs cneayowmim oobekT
T = [tin' Tex] — {X € KR |tin CXC Tex}»

rae t;,, To,, Oyaem HasbiBaTb BHYTPEHHEW M BHELWHEN OUEHKaMMN.

tin

v

()
L ) R
Tex

AnbTepHaTtuBa:
ornpeneneHmne no _

CBONCTBY <: R 6/31
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ApudmeTnKa TBUHOB

Ty = |[t B, [Tio Tl | K € {1,2)

Ty *xT, = [tin' TeX], *x € {+' —,',/}
Tex = [Ty Ty * [T, T,

TBUHbI Sainz et al.:
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ApudmeTnKa TBUHOB. TBUHbLI HecTepoBa

Ty =(la",a*],[A7,A") T, = ([b",b"],[B7,B'])

Define the numbers p and q as follows:
e ifla,at]=@and [b",b"] 20 p= min (a” +B", b +4")
g= max (a* + B, bt + A)
o if[a,at]=0and[b,b" ) =0p=b"+A qg=b"+4
o if[a,a*]#@and[b,b" 1=0p=a +B  g=a*+B"
o if[a",at]=0and [b~,b"] = © p,q is undefined

Define the functions ¢ and 1y as follows:
Z is empty set or it have one element, I1,I; € IR.

o ifIy,NI,=2Z @, I) =minc((c”,ct) | (c €Elyandct €1,)V (e~ €El,and ¢t € 1))
o elsep(l,1;)=0

Y(Iy,13) = maxc((c™,c¢™) | ™, ct €1, UI)

Sum
Let's define inner length of twin as |T|, = | X;| and outer length as [T | = | X|. If I £ (0, X)
than |T|, = — 1. It means that only outer estimation exists. Than

o if Ty | = [Tol,VIT2| = |T1|,T1+T2=((p.q).(A— +B,A" + BY))
e elseT;+T,=((0),(A— +B,A"+B™))

Multiplication

Multiplication of two twins Ty, T,

e if [Ty, # —1and|T;|,# —1, then
Ty Ty = (Y(e(a (B7,B),a* (B, B¥)), (b (A7,A"),b"(A7,4%))),(47,4%) - (B, B™))

o if|T4],= —1and|T,|, # —1, then
Ty T = (@b~ (A7, A%),b7(47,A"),(47,4") - (B7,B)
e if [Tq];# —1and |T,|,= —1, then
Ty T, = (¢(a (B",B"),a*(B",B")),(A,A")-(B",B"))
o if|Ty],= —1and |Ty|,= —1,then Ty T, = (0,(A",A")-(B",BM))
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ApndpMeTNKa TBUHOB. TBUHDI
HecTtepoBa

ApundmeTuka HectepoBa onpegensietTcs yepes cneumarnbHbie OYHKLUM
@, P, N HEKOTOPbIE BENMUYMHBI P, q.

B cnyyae HenpaBunbHbIX MHTEPBANOB BHYTPEHHSS OLIEHKa
npeBpaLlaeTcs B NyCTOe MHOXECTBO
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ApudmeTnKa TBUHOB. TBUHbLI HecTepoBa

Ty =(la",a*],[A7,A") T, = ([b",b"],[B7,B'])

Define the numbers p and q as follows:

e ifla,at]=@and [b",b"] 20 p= min (a” +B", b +4")
g= max (a* + B, bt + A)

o if[a,at]=0and[b,b" ) =0p=b"+A qg=b"+4

o if[a,a*]#@and[b,b" 1=0p=a +B  g=a*+B"

o ifla”,at]=0and [b~,b"] p,qis undefin@

Define the functions ¢ and 1y as follows:
Z is empty set or it have one element, I1,I; € IR.

o ifIy,NI,=2Z 0, I,) =minc((c”,ct) | (c €Elyandct €1,) V(e €El,and ¢t € I4))

@@(11-12) =0 )

Y(Iy,13) = maxc((c™,c¢™) | ™, ct €1, UI)

Sum
Let's define inner length of twin as |T|, = | X;| and outer length as [T | = | X|. If I £ (0, X)
than |T|, = — 1. It means that only outer estimation exists. Than

o if Ty | = [Tol,VIT2| = |T1|,T1+T2=((p.q).(A— +B,A" + BY))
e elseT;+T,=((0),(A— +B,A"+B™))

Multiplication

Multiplication of two twins Ty, T,

e if [Ty, # —1and|T;|,# —1, then
Ty Ty = (Y(e(a (B7,B¥),a*(B™,B%)), (b  (A7,A7),b"(47,47))),(47,4%) - (B™,BY))
o[if |4, = —1and |T,|, = —1, then
Ty Ty = (@b~ (A7,4%),b7(47,4M),(47,47) - (B7,BY))
e if |Ty|,# —1and then
Ty T, = (¢(a”(B",B"),a”(B",BM),(4,4")-(B",B"))
if |Ty],= —1and |T3|,= —1|thenT{-T, = (®,(A",A")-(B",BM))
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ApudmeTnKa TBUHOB. TBUHbLI HecTepoBa

HoBoe onpeaeneHve B COBPEMEHHOM HOTAL MM C UCMOMb30BaHUEM
MUHMMYMa MaKCMMyMa NO BK/IFOYEHUIO U Ayanu3aumm:

ti, = V(dual (/\ (t_l* [E,T_z],ﬁ* [E,T_Z )) dual (/\ (t_z* [E’T_ll 4, * [E»T_l )))
ti, = V(ty xdual T, ,t, xdual T)

[MoaBMAUCb HeMpaBUbHblIE UHTEPBAasbl BO BHyTpeHHen oleHke ©
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HeKoTopble onepaunmn c TBUHaMU

* YMHO>XXEeHUe Ha ckanap

AT = [A tjy, 4 Tex]

* WHpekc (Mepa, koapodnumeHT) XKakkapa — Mepa cXxoacTBa ABYX

MHO>XECTB (](A,B) = :igﬁ:):

. . Wid(tin)
JUT) = wid(Tey) \ Ji(T) <0

(MoxxeT 6bITh!)
12/31




BO3HMKHOBEHME HENPABU/IbHbIX MHTEPBAaNOB
BHYTPEHHUX OLLEHOK

OueHKa aKkcnepMMeHTabHbIX AAaHHbIX C HE OAHOW MPUYNHOU

HeonpeaeneHHoOCTU

[TpuMep: naMepeHne TeMnepaTypbl (HeonpeaeneHHoOCTb ABMEeHUS

cornocTaBmnMa Cc HeonpeaeneEHHOCTbIO N3MepPEHNA)

] []lRi _[ ]IR{

Lieft Lright Liert Lright
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IUPAC Periodic Table of Elements and Isotopes

HTepBanbHble 3HaYEeHMA MacC NOYTU BCEX 3/1IEMEHTOB, 06pa3yroLLMX
opraHnyeckme coeanHeHus.

BaykHenLume: Boaopoa 1 yrnepoa

https://applets.kcvs.ca/IPTEI/IPTEI.html

N helium
H He
* @ N
11.007 B4, 1.00 4007 6333
Lithiwm beryllium boron carbon nitrogen oeygen fluorine necn
Li Be B C N 0 F Ne
-9 @ Element Colors And Legends ‘B @ @ .9 .m [
j5.52E, 5857] 2017 183145) e )
sodium magnesium al m|r||um con ph o su
Na Mg Sl Ar
iy Bl omowowo Jw.
zzzzzzzzzzzzzzzzzzzz

i e


https://applets.kcvs.ca/IPTEI/IPTEI.html

|JUPAC Periodic Table of Elements

IUPAC Periodic Table of the Elements

1 18
1 2
H He
hydrogen helium
10080 40026
00002 2 Key: 16 17 40,0001
3 4 atomic number 8 9 10
Li Be Symbol o F Ne
lithium beryllium name fluorine neon
694 9.0122 ‘abridged standard 15.999 18.998 20480
+006 +0.0001 ‘atomic weight +0.001 +0.001 +0001
1" 12 16 17 18
Na Mg S Cl Ar
sodium magnesium sulfur chlorine argon
2299 24305 3206 3545
£0.001 +0.002 3 4 5 6 7 8 9 10 " +002 001 £0.16
19 20 21 22' 23 24 25 26 27 28 29 34 35 36
K Ca Sc Ti \'/ Cr Mn Fe Co Ni Cu Se Br Kr
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper selenium bromine ton
39.008 40078 44.956 47867 50,942 51.996 54.938 55.845 58.933 58,693 63.546 78971 79.904 83798
+0.001 +0.004 +0.001 £0.001 0001 +0001 £0.001 +0.002 +0.001 +0001 +0.003 +0.008 +0.003 +0002
37 38 39 40 41 42 43 44 45 46 47 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Te | Xe
rubidium strontium yttrium zirconium niobium it i rhodium palladium silver tellurium iodine xenon
85468 81.62 83.906 91224 92906 95.95 101.07 10291 10642 107.87 127.60 126.90 131.29
£0001 +001 +0.001 +0002 +0001 £0.01 197) £0.02 001 £001 +0.01 +0.03 +0.01 £0.01
55 56 57-71 72 73 74 75 76 77 78 79 84 85 86
Cs Ba |, o | Hf Ta w Re Os Ir Pt Au Po At Rn
caesium barium hafnium tantalum tungsten rhenium ‘osmium iridium platinum gold polonium astatine radon
13291 13733 17849 18095 18384 18621 190.23 19222 19508 196.97
£001 1001 001 £001 £001 001 003 £001 £002 £001 208 210) 1222)
87 88 105 106 107 108 109 110 111 116 117 118
Fr Ra Db Sg Bh Hs Mt Ds Rg Lv Ts Og
francium radium dubnium seaborgium bohrium hassium meitnerium | darmstadtium | roentgenium i
(223 [228) [268) 269 270) 269 (211 [281) (282) [293) (294] (204

INTERNATIONAL UNION OF
PURE AND APPLIED CHEMISTRY

HeonpeneneHHOCTb aTOMHOW MaccChbl
T e e e CBMHLa rnpesbillaeT eanHnLy
aToOMHOW Macchl!
https://www.isotopesmatter.com/ 15/31



N30TONHAA MHPOpPMaLUMA BOAOPOAA

1.00785

Atomic weight, A (H)
1.00790 1.00795 1.00800 1.00805

1.00810

rvr|jrrrr|rrrr|yrrrr|1rrrrror T

Amount fraction, x(°H)

0.00000 0.00005 0.00010 0.00015 0.00020 0.00025

STANDARD ATOMIC WEIGHT

| | LA | | |

WATER

Sea water (deep)

Other (naturally occurring)
Fruit juice and wine

SILICATES
Pectolite
Other

HYDROXIDES
Aluminum and iron

ORGANIC HYDROGEN
Non-marine organisms
Marine organisms
Organic sediments
Coal
Crude oil
Ethanol (naturally occurring)
Reagents (synthetic)

METHANE
Atmospheric
Other (naturally occurring)

HYDROGEN GAS
Air

SLAP _ GISP  VSMOW

NBS 30

*zllll |
o))
(%]
N
N

NGS NGS1
NGS3

Other (naturally occurring)
Commercial tank gas

Auto exhaust & industrial contamination
| |

| | | | | | |

-1000 -800

-600 -400 -200 O 200 400 600
1000 6°H

VSMOwW

800

I3oTonHaa nHpopMauuns
MCMO/b3YEeTCA B PA3/INYHbIX
HayKax U UHOYCTPUWN:.
KOCMO/JIOTUMN,
KnnMaTonorunu,

dbunonorumn,

HayKax o0 3eMre,
KPpMMUHaNNCTUKE,
naneoHToIornmu

N OPYrux.
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ATOMHbIN Bec BOAOPOAA

Hydrogen

Water (Sea water (deep)) 4

Water (Other (naturally occurring)) -

Water (Fruit juice and wint) 1

Silicates (Pectolite)

Silicates (Other) 1

Hydroxides (Aluminum and iron)

Organic hydrogen (Non-marine organisms) -
Organic hydrogen (Marine organisms) -

Organic hydrogen (Organic sediments)

Organic hydrogen (Coal)

QOrganic hydrogen (Crude oil) 1

Organic hydrogen (Ethanol (naturally occurring)) -
Organic hydrogen (Reagents (synthetic)) 4
Methane (Atmospheric)

Methane (Other (naturally occurring))

Hydrogen Gas (Air) +

Hydrogen Gas (Other (naturally occurring)) -
Hydrogen Gas (Commercial tank gas) -

Hydrogen Gas (Automobile exhaust and industrial contamination) -

p internal estimation

external estimation

1.00785

1.00790  1.00795  1.00800  1.00805  1.00810
Atomic weight
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Cymma TBMHOB

Tyrosine - CoH{{NO;
Phenylalanine - CgH{{NO,
Tryptophan - C;1H1,N-50,
YcnoBune npaBUIbHOCTU BHYTPEHHEN OLEHKN Y HecTepoBa

Sum
Let's define inner length of twin as |T|, = | X;| and outer length as [T | = | X|. If I E (@, X)
than |T|, = — 1. It means that only outer estimation exists. Than

o[if1T1 < 1TV I T2 ] < I T)Ti+ T2 = @), (A— + 57,47 +BY)
e elseT;+T>,=((®),(A— +B , A" +B"))
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Pe3ynbTaThl

NHpekcobl JKakkapa

wid(tin)
wid(Tey)

Ji(T) =

anda aMNMHOKUNC/OT C pa3HbIM

TUIMOM TBUHOB.

B eHnnanaHunHe

MNPOC/NEXNBAETCAH TUMM

doTOoCKMHTESA.

Acid Type of twin  Jaccard index
Tyrosine Nesterov
Phenylalanine Nesterov
Tryptophan Nesterov .
Tyrosine Sainz et. al. 0.00999
Phenylalanine  Sainz et. al. 0.0095
Tryptophan  Sainz et. al. 0.00913

Tyrosine — CgH11NO3
Phenylalanine — CyH;1 NO,
Tryptophan — Ci1Hi2 N> O
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OTKpbITble BONPOCH!

 Kak nocTpouTb TBUH MO AaHHbIM?

 [pyrne npunnoxxeHma?
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3aga4va IMHEUHOW perpeccumn. YacTHbIN
c/y4aun

Ar = b

Y =05g+p1-X

reference source results of measurements
7 {Bo, B1} "
INPUTS 20, 1 y OUTPUTS
8 x 1024
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MHorxecTtBa peweHnmn UCJTAY

Euni ={x € R™|(3A € A)(3B € B)(Ax = b)},
Ziol = {x ER™|{x € R™|(VA € A)(3B € B)(Ax = b)}.

Pacno3Harowmim pyHKLMOHAN
1<isn

Tol(B,X,y) = min {rad y; — |mid y; — 2 xiiB |}
j=1m

Tol;(B,X,y) =rady; — |mid y; — z xiiBil} <0 — 1
j=1,m 22/31



3a4a4a TIMHENHOWN perpeccmmn

[ lexternal [ lexternal
4 [ Jinner 5l [ linternal
[ twin data

2+ \ 10 |
Q 0f >~ 5
2 \ 0
4 5
6 -10
0 2 4 6 8 0 1 ) 3
Bo X

A 4UTO ecnm cnctema c BHYTPEHHUMWN OLUEHKaAaMN MMEET NyCcToe MHO>KXECTBO pemezg/l/%l;/'l?



MeTon |

1. MocuuntaTtb

Tol;(B,X,y) = rad y; — |mid y; — xijBj |}

J

]

3

1,

2. Hantn nHaekcol otpuuatensHbix Tol; .

3. B3aTb BHeLLHMe nHTepBanbl 419 HanaeHHbIX UHOEKCOB.
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MeTogn II

[Jo6aBnTb B CUCTEMY HOBbIE YPaBHEHUA, COOTBETCTBYHOLLME OPYTUM

MPaBbliM HYHaCTAM.

[ =

ah
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[Mpnmep. MHoOKecTBa pelleHni

54
[ external
T [ method 1
50 ™ [ method 2
H b
5 |
5 4.8
46
44
4.2 . .
0.35 04 0.45 0.5 055 06 0.65 07

12 ;

[ lexternal

[ Imethod1

[ method2
I twindata
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[lpnnoxeHune

PaccMoTpuM gaHHble no kannbposke 1024 npnboposB No IMHENHOM
perpeccuu no 9 yposHAM. [1na 100 c HeboNbLLIMM ciy4yaeB BCe AaHHbIE
coBMecTHbI. [1na 400 cnyyaeB npAamMasa npoxoauT Yepes3 NosIOBUHY
namepeHunmn (Kkaxxgaa touka - 100 nsmepeHmnin)

400
300 +
200 |

0.

0 1 2 3 4 5 6 7 8 9 27/31

Number of rows with Tol; < 0

Number of ISLAEs




[MpenmyLLecTBa M HeJOCTaTKMN a/ITOPUTMOB

* YMeHbLUEeHMEe MHOXXECTBA pPeLLEHUN
* YBenmuyeHue paaMmepa CUCTEMBI

 Kak BbibpaTb MHTEpPBAsbI 4719 ABOMHOIO OUEeHNBaHUA?
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3aKaw4deHne

« B pabote pacwumpeHa tBUHHaa apndmeTnka Hectepona (gobaBneHa
nosiHada nHtepeBasnbHaa apndmeTnka)

« PaccMoTpeH cnocob ncnonb3oBaHMA TBMHOB B USBOTOMHOM aHanunse
NaHHbIX

* [lpmnBeneHbl gBa anropuntMma pereHuna IBuHHbIX CJ1AY
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To-do

¢ Pa3Butme YncneHHbIXx METOO0B C MCMNOMNb30BaHNEM TBUHOB

 PaccMoTpeHue pa3nnyHbix cnocoboB cocTaBneHUs TBUHA U3
M30TOMHbIX AaHHbIX

« PaccMoTpeHue apyrmx NoCcTaHOBOK 3a4a4 ¢ ABYCTOPOHHUM
oLEeHMBaHMNEM
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Cnacmnbo 3a BHUMaHue!

tatianaiavoruk@gmail.com

github.com/Tatiana655/Twins
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